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Addendum A   

Part A Form

Date Received  Reviewed by:    Date: 

Month  Day  Year  Approved by:   Date: 

I.  This form is submitted to: (place an “X” in the appropriate box) 

Request modification to a final status permit (commonly called a “Part B” permit) 

Request a change under interim status 

Apply for a final status permit. This includes the application for the initial final status permit for 
a site or for a permit renewal (i.e., a new permit to replace an expiring permit). 

Establish interim status because of the wastes newly regulated on:  

List waste codes:  

II. EPA/State ID Number

W  A  7  8  9  0  0  0  8  9  6  7   

III. Name of Facility

U.S. Department of Energy – Hanford Facility 

IV. Facility Location (Physical address not P.O. Box or Route Number)

A. Street 

Refer to Permit Attachment 2 – Hanford Facility Permit Legal Description 

City or Town State  ZIP Code 

Near Richland  WA 
County Code 

(if known) County Name 

0  0  5  Benton 

B. 
Land 
Type 

C. Geographic Location D. Facility Existence Date 

Latitude (degrees, mins, secs) 
Longitude (degrees, mins, 
secs) 

Month  Day Year 

F 
Refer to TOPO Map (Attachment C) for Central Waste Complex (CWC) ‐ 
Waste Receiving & Processing Facility (WRAP) OUG‐6 

1 1  1  9  1 9 8 0

V.  Facility Mailing Address 

Street or P.O. Box 

P.O. Box 550 

City or Town State ZIP Code 

Richland  WA  99352 
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VI. Facility Contact (Person to be contacted regarding waste activities at facility)

Name (last)  (first)
Charboneau  Stacy 

Job Title  Phone Number

Manager  (509) 376‐7395 

Contact Address 

Street or P.O. Box 

P.O. Box 550 

City or Town State ZIP Code 

Richland  WA  99352 

VII. Facility Operator Information

A. Name Phone Number 

U.S. Department of Energy Owner/Operator 
CH2M HILL Plateau Remediation Company Co‐Operator for dangerous waste management units in 
CWC‐WRAP Unit Group* 

(509) 376‐7395 
(509) 376‐0556* 

Street or P.O. Box 

P.O. Box 550 
P.O. Box 1600* 

City or Town State  ZIP Code
Richland  WA  99352 

B. Owner Type C. Does the name in VIII.A. reflect a 
proposed change in owner? 

Yes
If yes, provide the scheduled date for the change:
Month Day Year

F  No

C. Does the name in VII.A. reflect a proposed change in operator? Yes  No 
If yes, provide the scheduled date for the change: Month  Day  Year

D. Is the name listed in VII.A. also the owner? If yes, skip to Section VIII.C. 
Yes 

No 

VIII. Facility Owner Information

A. Name Phone Number (area code and number) 
U.S. Department of Energy Owner/Operator  (509) 376‐7395 

Street or P.O. Box 

P.O. Box 550 

City or Town State ZIP Code 

Richland  WA  99352 

B. Owner Type C. Does the name in VIII.A reflect a 
proposed change in owner? 

Yes
If yes, provide the scheduled date for the change:
Month Day  Year

F  No
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IX. NAICS Codes (5/6 digit codes)

A. First B. Second

5  6  2  2  1  1  Waste Treatment & Disposal  9  2  4  1  1  0 
Administration of Air & Water 
Resource & Solid Waste Management 
Programs 

C. Third D. Fourth

5  4  1  7  1  2 
Research & Development in the 
Physical, Engineering, & Life Sciences 

X.  Other Environmental Permits (see instructions) 

A. Permit Type B. Permit Number C. Description 

E  AOP 00‐05‐006  Air Operating Permit 

E  DE01NWP‐002  WAC 173‐400 & ‐460 Criteria & Toxics approval 

E  FF‐01‐439  WAC 246‐247 Radioactive Air Emissions approval, AIR 08‐801, 
Emission Unit 439 

E  FF‐01‐461  WAC 246‐247 Radioactive Air Emissions approval, AIR 08‐801, 
Emission Unit 461 

E  FF‐01‐486  WAC 246‐247 Radioactive Air Emissions approval, AIR 11‐1006, 
Emission Unit 486 

E  FF‐01‐1183  WAC 246‐247 Radioactive Air Emissions approval, AIR 12‐301, 
Emission Unit 1183 

E  FF‐01‐193  WAC 246‐247 Radioactive Air Emissions approval, AIR 12‐301, 
Emission Unit 193 

E  ST0004511  State Waste Discharge Permit Misc. Streams Permit 

XI. Nature of Business (provide a brief description that includes both dangerous waste and non-
dangerous waste areas and activities) 

SEE ATTACHMENT A, NATURE OF BUSINESS and ADDENDUM C, PROCESS INFORMATION for further description 

The Hanford Facility, located in southeastern Washington State, is owned by the U.S. Government and operated by the 
U.S. Department of Energy and CH2M HILL Plateau Remediation Company. Dangerous waste and mixed waste 
(containing both dangerous and radioactive components) are generated and managed on the Hanford Facility. 

The Central Waste Complex (CWC) ‐ Waste Receiving and Processing Facility (WRAP) Operating Unit Group (OUG) is 
located in the 200 West Area of the Hanford Facility. Waste management operations began at CWC in August 1988. 
WRAP began waste management operations in March 1997. CWC provides container storage and treatment for 
dangerous and/or mixed waste generated from both onsite at Hanford and offsite, including the retrievably stored waste 
being retrieved from the Hanford Facility Low‐Level Burial Grounds. WRAP provides storage and treatment for dangerous 
waste and/or mixed waste generated both on and off the Hanford Facility. 

CWC‐WRAP consists of the following dangerous waste management units (DWMUs): 

 Low Flashpoint Storage Modules

 2402‐W, WB, WC, and WE through WL Waste Storage Buildings

 2402‐WD Waste Storage Building

 2403‐WA through WC Waste Storage Buildings

 2403‐WD Waste Storage Building



DOE/RL-2015-74, REVISION 0 
DECEMBER 2015 

ECY 030‐31 (6/2003)  Page 4 of 8 

 CWC Shipping and Receiving

 2336‐W Building Process Area

 2336‐W Building NDA/NDE Area

 2336‐W Building Shipping and Receiving Area

 2336‐W Building Room 152

 2404‐WA and WB Waste Storage Buildings

 2404‐WC Waste Storage Building

 High Energy Real Time Radiography (HERTR) and Super High Energy Neutron Counter (HENC) Waste Outdoor

Storage Area

S01 (Container Storage). The storage (S01) process design capacity of CWC‐WRAP is 24,949 m3 (32,632 yd3). See 
Attachment A for storage capacities at each CWC‐WRAP DWMU. It is assumed that all the waste treated is also placed in 
storage; therefore, the estimated annual quantity of waste stored is equal to the amount treated under T04. 

T04 (Treatment‐Other): 

Treatment within CWC‐WRAP DWMUs consists of volume reduction, deactivation, extraction technologies, deactivation 
and recovery of organics (i.e., puncture and decant aerosol cans/cylinders), neutralization, absorption, controlled 
reaction with water, solidification/stabilization, mercury amalgamation, macroencapsulation, microencapsulation, and 
sealing. Addendum C has full descriptions of treatment types. Treatment will be performed in the 2402‐WD Waste 
Storage Building, 2403‐WD Waste Storage Building, 2404‐WC Waste Storage Building, and 2336‐W Building Process Area 
DWMUs. The maximum container treatment process design capacity is 382 metric tons (421 short tons) per day; 
however, the total volume of treatment at CWC‐WRAP cannot exceed this amount. Assuming 250 working days per year, 
this would allow an estimated annual quantity of container treatment (T04) of 95,458 metric tons (105,224 short tons). 
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EXAMPLE FOR COMPLETING ITEMS XII and XIII (shown in lines numbered X-1, X-2, and X-3 below): A 
facility has two storage tanks that hold 1200 gallons and 400 gallons respectively. There is also treatment in tanks at 
20 gallons/hr. Finally, a one-quarter acre area that is two meters deep will undergo in situ vitrification. 

Section XII. Process Codes and Design Capacities Section XIII. Other Process Codes 

Line 
Number 

A. Process 
Codes 

B. Process Design 
Capacity 

C. Process 
Total Number 

of Units 
Line 

Number
A. Process 

Codes 

B. Process Design 
Capacity 

C. 
Process 

Total 
Number 
of Units

D. Process 
Description 1. Amount

2. Unit
of

Measure 1. Amount

2. Unit of
Measure 

X1 S02 1,600 G 002 X1 T04 700 C 001 
In situ 

vitrification
X2 T03 20 E 001 

X3 T04 700 C 001 

1  S01  24,949  C  013  1  T04  185  S  004 

Volume 
reduction 
(includes 
sorting and 
segregation) 

2  T04  382  S  004  2  T04  5.4  S  004 

Deactivation 
(includes 
neutralization 
and controlled 
reaction with 
water) 

3  3  T04  75  S  004 

Extraction 
Techniques 
(includes debris 
washing and 
physical 
extraction) 

4  4  T04  2.7  S  004 

Deactivation 
and Recovery 
of Organics 
(Puncture and 
decant aerosol 
cans and/or 
cylinders) 

5  5  T04  5.2  S  004  Absorption 

6  6  T04  31  S  004 
Solidification/ 
Stabilization 

7  7  T04  0.056  S  004 
Mercury 
Amalgamation 

8  8  T04  77  S  004 

Microencap‐
sulation/ 
Macroencap‐
sulation 

9  

10  

11  

12  



DOE/RL-2015-74, REVISION 0 
DECEMBER 2015 

ECY 030‐31 (6/2003)  Page 6 of 8 

13  

14  

15  

16  

17  

18  

19  

XIV. Description of Dangerous Wastes

Example for completing this section: A facility will receive three non‐listed wastes, then store and treat them on‐site. 
Two wastes are corrosive only, with the facility receiving and storing the wastes in containers. There will be about 200 
pounds per year of each of these two wastes, which will be neutralized in a tank. The other waste is corrosive and 
ignitable and will be neutralized then blended into hazardous waste fuel. There will be about 100 pounds per year of 
that waste, which will be received in bulk and put into tanks. 

Line 
Number 

A. Dangerous 
Waste No. 

B. Estimated 
Annual Quantity 

of Waste 
C. Unit of 
Measure 

D. Processes 

(1) Process Codes 
(2) Process Description 

[If a code is not entered in D.(1)] 

X1 D 0 0 2 400 P S 0 1 T 0 1 

X2 D 0 0 1 100 P S 0 2 T 0 1 

X3 D 0 0 2 Included with above 

A description of the Dangerous Wastes managed in CWC‐WRAP is provided in Attachment B. 

XV. Map

Attach to this application a topographic map of the area extending to at least one (1) mile beyond property 
boundaries. The map must show the outline of the facility; the location of each of its existing and proposed intake and 
discharge structures; each of its dangerous waste treatment, storage, recycling, or disposal units; and each well where 
fluids are injected underground. Include all springs, rivers, and other surface water bodies in this map area, plus 
drinking water wells listed in public records or otherwise known to the applicant within ¼ mile of the facility property 
boundary. The instructions provide additional information on meeting these requirements. 

A topographic map of the Hanford Facility has been provided separately. Topographic maps for CWC‐WRAP are located 
in Attachment C. 

XVI. Facility Drawing

All existing facilities must include a scale drawing of the facility (refer to Instructions for more detail). 

Facility drawings of the Hanford Facility have been provided separately. Drawings for the CWC‐WRAP are located in 
Addendum C. 

XVII. Photographs

All existing facilities must include photographs (aerial or ground-level) that clearly delineate all existing 
structures; existing storage, treatment, recycling, and disposal areas; and sites of future storage, treatment, 
recycling, or disposal areas (refer to Instructions for more detail). 

Photographs of the Hanford Facility have been provided separately. Photographs for the CWC‐WRAP are located in 
Attachment C. 
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XVIII. Certifications

I certify under penalty of law that this document and all attachments were prepared under my direction or supervision 
in accordance with a system designed to assure that qualified personnel properly gather and evaluate the information 
submitted. Based on my inquiry of the person or persons who manage the system, or those persons directly responsible 
for gathering the information, the information submitted is, to the best of my knowledge and belief, true, accurate, and 
complete. I am aware that there are significant penalties for submitting false information, including the possibility of fine 
and imprisonment for knowing violations. 

Operator 

Name and Official Title 

U.S. Department of Energy 
Richland Operations Office 
By Stacy L. Charboneau, Manager 

Signature  Date Signed 

Co‐Operator 

Name and Official Title 

CH2M HILL Plateau Remediation 
Company 
By John A. Ciucci, President and Chief 
Executive Officer 

Signature  Date Signed 

Co‐Operator – Address and Telephone Number 

P.O. Box 1600 
Richland, WA 99352 
(509) 376‐0556 

Facility‐Property Owner 

Name and Official Title 

U.S. Department of Energy 
Richland Operations Office 
By Stacy L. Charboneau, Manager 

Signature  Date Signed 

Comments 

Section XI. Refer to Attachment A for further description. 

Section XIV. Refer to Attachment B for waste codes for storage and treatment at the CWC‐WRAP. The waste codes have 
been divided into two groups for CWC‐WRAP based on the two main processes at CWC‐WRAP: storage and treatment. 

Section XV. A topographic map of the Hanford Facility has been provided separately. Topographic map for CWC‐WRAP is 
located in Attachment C. 

Section XVI. Facility drawings of the Hanford Facility have been provided separately. Drawings for the CWC‐WRAP are 
located in Addendum C, Process Information. 

Section XVII. Photographs of the Hanford Facility have been provided separately. Photographs for the CWC‐WRAP are 
located in Attachment C. 
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A1 Introduction 1 

The Hanford Facility, located in southeastern Washington State, is owned by the U.S. Government and 2 
operated by the U.S. Department of Energy, Richland Operations Office and its contractors. Dangerous 3 
waste and mixed waste (containing both dangerous and radioactive components) are generated and 4 
managed within the Hanford Facility. 5 

Please note, the terms “mixed waste” and/or “waste” when seen in this document refer to dangerous waste 6 
or hazardous waste, as applicable.  7 

The Central Waste Complex (CWC)-Waste Receiving and Processing Facility (WRAP) Operating Unit 8 
Group (OUG) is located in the 200 West Area on the Hanford Facility (Attachment C, Figure C-1). Waste 9 
management operations began at CWC in August 1988, and WRAP began waste management operations 10 
in March 1997. CWC provides container storage and treatment for waste, including the retrievably stored 11 
waste from the Hanford Facility Low-Level Burial Grounds. The waste received and processed by CWC 12 
has been generated both on and off the Hanford Facility. The primary mission for WRAP is to process 13 
transuranic (TRU) and transuranic-mixed (TRUM) waste to meet the Waste Isolation Pilot Plant (WIPP) 14 
acceptance requirements; however, WRAP also has processing capabilities to disposition low-level waste 15 
(LLW) and mixed low-level waste (MLLW). The waste received and processed by WRAP has been 16 
generated both on and off the Hanford Facility. 17 

Previously, CWC and WRAP were managed separately; however, due to similar missions and operational 18 
capabilities, they are now combined into one OUG.  19 

A2 General Description of Onsite Activities 20 

CWC-WRAP provides storage for waste from Hanford onsite generating locations, including waste from 21 
the Waste Retrieval Project (WRP) and offsite generators. CWC-WRAP dangerous waste management 22 
units (DWMUs) are designed for storage; treatment of mixed waste is provided in the following 23 
DWMUs: 2402-WD, 2403-WD, 2404-WC, and 2336-W Building Process Area. 24 

These storage and/or treatment DWMUs provide space for the storage and processing of waste, including 25 
Toxic Substances Control Act of 1976 (TSCA) polychlorinated biphenyl (PCB) contaminated wastes. 26 

Table A-1 identifies the operating and closing DWMUs at CWC-WRAP where waste is treated or stored. 27 
The type of DWMU and corresponding treatment authorization are indicated in Table A-2. 28 

A3 Operating DWMUs 29 

The function of each operating DWMU is provided in the following subsections. 30 

A3.1 Low Flashpoint Storage Modules DWMU (Storage) 31 

The Low Flashpoint Storage Modules are pre-engineered structures that vary in size and weight. As a 32 
result, there is no set standard module. Currently, there are 24 flammable waste storage modules and 33 
2 alkali metal waste storage modules. The overall DWMU dimension, including the surrounding asphalt 34 
pad, is approximately 112 m (367 ft) long by 49 m (160 ft) wide. No treatment of waste is authorized 35 
within the Low Flashpoint Storage Modules. See Addendum C, “Process Information,” for further unit 36 
description.  37 

 38 
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Table A-1. Central Waste Complex-Waste Receiving and Processing Dangerous Waste Management Units 

OPERATING DWMUs 

DWMU Name Treatment Storage Notes 

Low Flashpoint Storage Modules 
NO YES 

Includes outdoor areas around storage 
modules 

2402-W, WB, WC, and WE through 
WL Waste Storage Buildings 

NO YES 
Includes outdoor areas 

2402-WD Waste Storage Building YES YES Includes outdoor areas 

2403-WA through WC Waste Storage 
Buildings 

NO YES 
Includes outdoor areas 

2403-WD Waste Storage Building YES YES Includes outdoor areas 

2404-WA and WB Waste Storage 
Buildings 

NO YES 
Includes outdoor areas 

2404-WC Waste Storage Building YES YES Includes outdoor areas 

CWC Shipping and Receiving Area NO YES None 

2336-W Building Process Area YES YES Treatment within gloveboxes only 

2336-W Building NDA/NDE Area NO YES Includes outdoor area 

2336-W Building Shipping and 
Receiving Area 

NO YES 
Includes outdoor areas 

2336-W Building Room 152 NO YES None 

HERTR and Super HENC Waste 
Outdoor Storage Area 

NO YES 
None 

CLOSING DWMUs 

DWMU Name Notes 

CWC Outside Storage Area A Currently storing mixed waste; see closure plan for additional 
information 

CWC Outside Storage Area B Currently storing mixed waste; see closure plan for additional 
information 

CWC 2401-W Waste Storage 
Building 

No waste 

CWC D-10 Outside Storage Area Currently storing a mixed waste container 

CWC East Outside Storage Area No waste 

CWC = Central Waste Complex 

DWMU = dangerous waste management unit 

NDA = nondestructive assay 

NDE = nondestructive examination 

HENC = High Energy Neutron Counter 

HERTR = High Energy Real Time Radiography 

 1 
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Table A-2. Summary of Central Waste Complex-Waste Receiving and Processing Operating Dangerous 
Waste Management Units Treatment and Storage Authorization 

Management Unit 
Type 

CWC-WRAP Operating Unit Group 
DWMUs 

Part A Treatment 
Type 

Part A Storage 
Type 

Container 

(Storage) 

Low Flashpoint Storage Modules 

2402-W, WB, WC, and WE through WL 
Waste Storage Buildings  

2403-WA through WC Waste Storage 
Buildings 

2404-WA and WB Waste Storage 
Buildings 

CWC Shipping and Receiving Area  

2336-W Building NDA/NDE Area 

2336-W Building Shipping and 
Receiving Area 

2336-W Building Room 152 

HERTR and Super HENC Waste 
Outdoor Storage Area 

N/A S01 

Container  

(Storage and 
Treatment) 

2402-WD Waste Storage Building 

2403-WD Waste Storage Building 

2404-WC Waste Storage Building 

2336-W Building Process Area 

T04 S01 

CWC = Central Waste Complex 

DWMU = dangerous waste management unit 

NDA = nondestructive assay 

NDE = nondestructive examination 

HENC = High Energy Neutron Counter 

HERTR = High Energy Real Time Radiography 

 1 

A3.1 2402-W, WB, WC, and WE through WL Waste Storage Buildings DWMU 2 

(Storage)  3 

The 2402-W, WB, WC, and WE through WL Waste Storage Buildings are pre-engineered steel 4 
structures. Each of the 11 buildings is approximately 15 m (50 ft) wide, by 24 m (80 ft) long, by 5 
6 m (20 ft) high (to the eave), for a total footprint area of approximately 370 m2 (4,000 ft2).  6 

The associated outside storage area for each building consists of the approach aprons and access paths to 7 
the vehicle entrance roll-up doors for the buildings. These areas provide a place to stage containers prior 8 
to placement inside the building for storage, or in preparation for transfer to/from another facility, to 9 
another Hanford OUG, to the Environmental Restoration Disposal Facility (ERDF), or for offsite 10 
shipment to another treatment, storage, and/or disposal facility (TSDF). The 2402-W, WB, WC, and WE 11 
through WL Waste Storage Buildings do not have engineered secondary containment; therefore, any 12 
waste containers requiring secondary containment stored within this area will be stored over devices 13 
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meeting the requirements of WAC 173-303-630(7), “Dangerous Waste Regulations,” “Use and 1 
Management of Containers.” 2 

No treatment is authorized in the 2402-W, WB, WC, and WE through WL Waste Storage Buildings. 3 

A3.2 2402-WD Waste Storage Building DWMU (Storage and Treatment) 4 

The 2402-WD Waste Storage Building is a pre-engineered steel structure. The building is approximately 5 
15 m (50 ft) wide, by 24 m (80 ft) long, by 6 m (20 ft) high (to the eave), for a total footprint area of 6 
approximately 370 m2 (4,000 ft2). The associated outside storage area consists of the approach aprons and 7 
access paths to the vehicle entrance roll-up doors for the building. These areas provide a place to stage 8 
containers prior to placement inside the building for storage or treatment, or in preparation for transfer 9 
to/from another facility, to another Hanford OUG, to ERDF, or for offsite shipment to another TSDF. 10 
This area does not have built-in engineered containment. Waste packages not meeting the criteria 11 
specified in WAC 173-303-630(7)(c) (e.g., waste package containing free liquids) are placed on portable 12 
spill containment equipment. 13 

Treatment of waste will be performed within 2402-WD Waste Storage Building. Treatments anticipated 14 
in this building include volume reduction, deactivation, extraction technologies, deactivation and recovery 15 
of organics (i.e., puncture and decant aerosol cans/cylinders), neutralization, absorption, controlled 16 
reaction with water, solidification/stabilization, mercury amalgamation, macroencapsulation, 17 
microencapsulation, and sealing. See Addendum C for further treatment details. 18 

A3.3 2403-WA through WC Waste Storage Buildings DWMU (Storage) 19 

The 2403-WA through WC Waste Storage Buildings are approximately 51.9 m (170 ft) wide, 61.0 m 20 
(200 ft) long, and 6 m (20 ft) high (to the eave), each with a total footprint area of approximately 3,170 m2 21 
(34,000 ft2). 22 

The associated outside storage areas consist of the approach aprons and access paths to the two vehicle 23 
entrance roll-up doors for the 2403-WA through WC Buildings. These areas provide a place to stage 24 
containers prior to placement inside the building for storage, or in preparation for transfer to/from another 25 
facility, to another Hanford OUG, to ERDF, or for offsite shipment to another TSDF. Additionally, 26 
shipping conveyances (e.g., flatbed trailers, van trailers, and casks) are staged at these locations and 27 
loaded with waste containers. These areas do not have built-in engineered containment. Waste packages 28 
not meeting the criteria specified in WAC 173-303-630(7)(c) (e.g., waste package containing free liquids) 29 
are placed on portable spill containment equipment. 30 

No treatment is authorized in the 2403-WA through WC Waste Storage Buildings DWMU. 31 

A3.4 2403-WD Waste Storage Building DWMU (Storage and Treatment) 32 

The 2403-WD Waste Storage Building is a large storage building that is approximately 51.9 m (170 ft) 33 
wide, 99.1 m (325 ft) long, and 6 m (20 ft) high (to the eave), for a total footprint area of approximately 34 
5,130 m2 (55,300 ft2). 35 

The associated outside storage area consists of the approach aprons and access paths to the two vehicle 36 
entrance roll-up doors for the 2403-WD Building. This area provides a place to stage containers prior to 37 
placement inside the building for storage or treatment, or in preparation for transfer to/from another 38 
facility, to another Hanford OUG, to ERDF, or for offsite shipment to another TSDF. This area does not 39 
have built-in engineered containment. Waste packages not meeting the criteria specified in 40 
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WAC 173-303-630(7)(c) (e.g., waste package containing free liquids) are placed on portable spill 1 
containment equipment. 2 

Treatment of waste will be performed within 2403-WD. Treatments anticipated in this building include 3 
volume reduction, deactivation, extraction technologies, deactivation and recovery of organics (i.e., 4 
puncture and decant aerosol cans/cylinders), neutralization, absorption, controlled reaction with water, 5 
solidification/stabilization, mercury amalgamation, macroencapsulation, microencapsulation, and sealing. 6 
See Addendum C for further treatment details. 7 

A3.5 CWC Shipping and Receiving Area DWMU (Storage) 8 

The CWC Shipping and Receiving Area is an asphalt pad approximately 60.7 m (199 ft) long and 46.0 m 9 
(151 ft) wide that is located east of the 2402-W Series buildings, south of the CWC East Outside Storage 10 
Area. This area does not have built-in engineered containment. Waste packages not meeting the criteria 11 
specified in WAC 173-303-630(7)(c) (e.g., waste package containing free liquids) are placed on portable 12 
spill containment equipment. 13 

No treatment of waste is authorized within the CWC Shipping and Receiving Area. 14 

A3.6 2336-W Building Process Area DWMU (Storage and Treatment) 15 

The 2336-W Building Process Area is located inside the 2336-W Building. The waste storage and 16 
treatment area measures approximately 23 m (75 ft) wide by 30.4 m (100 ft) long. The heating, 17 
ventilating, and air conditioning (HVAC) system and process airlock areas measure approximately 15 m 18 
(50 ft) wide by 15 m (50 ft) long. The total footprint area of the DWMU measures approximately 927 m2 19 
(9,900 ft2). The 2336-W Building Process Area houses four gloveboxes used for the inspection, 20 
repackaging, and treatment of the various types of waste that is received into the facility. 21 

Waste storage in this area consists of containerized (drums) waste stored on drum carousels, conveyors, 22 
and the floor. Uncontainerized waste may be stored inside the gloveboxes during processing. 23 

Treatment of waste will be performed within the 2336-W Building Process Area. Treatments anticipated 24 
in this building include volume reduction, deactivation, extraction technologies, deactivation and recovery 25 
of organics (i.e., puncture and decant aerosol cans/cylinders), neutralization, absorption, controlled 26 
reaction with water, solidification/stabilization, mercury amalgamation, macroencapsulation, 27 
microencapsulation, and sealing. See Addendum C for further treatment details. 28 

A3.7 2336-W Building NDA/NDE Area DWMU (Storage) 29 

The 2336-W Building NDA/NDE Area houses the nondestructive assay (NDA) and nondestructive 30 
examination (NDE) equipment used in support of certifying TRU and TRUM waste for WIPP acceptance. 31 
Various sized drums and standard waste boxes are normally managed in this area.  32 

Waste storage in this area consists of both inside and outside storage areas: 33 

 The inside storage area measures approximately 23 m (75 ft) by 30.4 m (100 ft) for a total floor area 34 
of approximately 698 m2 (7,500 ft2). 35 

 The outside storage area consists of a 12 m (40 ft) by 12 m (40 ft) unsealed concrete pad located just 36 
outside of Roll-Up Door 103. This area does not have built-in engineered containment. 37 
Waste packages not meeting the criteria specified in WAC 173-303-630(7)(c) (e.g., waste package 38 
containing free liquids) are placed on portable spill containment equipment. 39 
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No treatment of waste is authorized within the 2336-W Building NDA/NDE Area. 1 

A3.8 2336-W Building Shipping and Receiving Area DWMU (Storage) 2 

The 2336-W Building Shipping and Receiving Area houses the waste shipping and receiving equipment 3 
and storage space for WRAP. Waste storage in this area consists of both inside and outside storage areas. 4 
The inside area is designed to store waste packages containing free liquids per WAC 173-303-630(7)(a) 5 
and (b) and measures approximately 23 m (75 ft) by 42.7 m (140 ft) for a total floor area of approximately 6 
980 m2 (10,500 ft2). 7 

The outside storage area is an irregular shaped paved, unsealed asphalt pad measuring approximately 8 
122 m (400 ft) wide by 45.8 m (180 ft) long. The outside storage area surrounds the east end of the 9 
2336-W Building. This outdoor storage area does not have built-in engineered containment. Waste 10 
packages not meeting the criteria specified in WAC 173-303-630(7)(c) (e.g., waste package containing 11 
free liquids) are placed on portable spill containment equipment. 12 

No treatment of waste is authorized within the 2336-W Building Shipping and Receiving Area. 13 

A3.9 2336-W Building Room 152 DWMU (Storage) 14 

The 2336-W Building Room 152 DWMU is a small inside room measuring approximately 3.0 m (10 ft) 15 
by 8.5 m (28 ft) for a total floor area of approximately 25.5 m2 (280 ft2). The room is located next to the 16 
material receiving dock on the east side of the 2336-W Building.  17 

The floor of Room 152 is sealed concrete that does not provide secondary containment. Waste packages 18 
not meeting the criteria specified in WAC 173-303-630(7)(c) (e.g., waste package containing free liquids) 19 
are placed on portable spill containment equipment. 20 

No treatment of waste is authorized within 2336-W Building Room 152. 21 

A3.10 2404-WA and WB Waste Storage Buildings DWMU (Storage) 22 

The 2404-WA and WB Waste Storage Buildings consist of two storage buildings and associated outside 23 
storage areas, measuring nominally 54.9 m (180 ft) by 36.6 m (120 ft), for a total footprint area of 24 
approximately 2,010 m2 (21,600 ft2). 25 

The outside storage areas consist of the approach aprons and access paths to the two vehicle entrance 26 
roll-up doors for each respective building measuring approximately 24 m (78 ft) long,  and tapering from 27 
33 m (109 ft) down to 24 m (78) wide. These areas provide a place to stage containers prior to placement 28 
inside the building for storage or in preparation for transfer to/from another facility, to another Hanford 29 
OUG, to ERDF, or for offsite shipment to another TSDF. The storage area is constructed of concrete next 30 
to the building (i.e., approach aprons) and asphalt further out (i.e., access paths). This area does not have 31 
built-in engineered containment. Waste packages not meeting the criteria specified in WAC 173-303-32 
630(7)(c) (e.g., waste package containing free liquids) are placed on portable spill containment 33 
equipment. 34 

No treatment of waste is authorized within the 2404-WA and WB Waste Storage Buildings DWMU. 35 

A3.11 2404-WC Waste Storage Building DWMU (Storage and Treatment) 36 

The 2404-WC Waste Storage Building consists of a structure and associated outside storage areas. 37 
The building measures approximately 54.9 m (180 ft) by 36.6 m (120 ft). 38 
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Treatment of waste will be performed within 2404-WC. Treatment will not be performed in the associated 1 
outside storage area. Treatments anticipated in this building include volume reduction, deactivation, 2 
extraction technologies, deactivation and recovery of organics (i.e., puncture and decant aerosol 3 
cans/cylinders), neutralization, absorption, controlled reaction with water, solidification/stabilization, 4 
mercury amalgamation, macroencapsulation, microencapsulation, and sealing. See Addendum C for 5 
further treatment details. 6 

The outside storage area consists of the approach aprons and access paths to the two vehicle entrance 7 
roll-up doors for the 2404-WC Waste Storage Building and measures approximately 24 m (78 ft) long, 8 
and tapers from 33 m (109 ft) down to 24 m (78) wide. This area provides a place to stage containers prior 9 
to placement inside the building for storage or treatment, or in preparation for transfer to/from another 10 
facility, to another Hanford OUG, to ERDF, or for offsite shipment to another TSDF. The storage area is 11 
constructed of concrete next to the building (i.e., approach aprons) and asphalt further out (i.e., access 12 
paths). This area does not have built-in engineered containment. Waste packages not meeting the criteria 13 
specified in WAC 173-303-630(7)(c) (e.g., waste package containing free liquids) are placed on portable 14 
spill containment equipment.  15 

A3.12 HERTR and Super HENC Waste Outdoor Storage Area DWMU (Storage) 16 

The High Energy Real Time Radiography (HERTR) and Super High Energy Neutron Counter (HENC) 17 
Waste Outdoor Storage Area DWMU consists of an outside storage pad servicing HERTR and Super 18 
HENC. The pad consists of a concrete section, adjacent to Super HENC, and asphalt leading up to 19 
HERTR; the area measures approximately 18.8 m (61.7 ft) wide by 41.1 m (135 ft) long, for a total 20 
footprint area of approximately 579 m2 (6,320 ft2). This area provides temporary storage while staging 21 
containers that will be processed through HERTR and Super HENC. 22 

This area does not have built-in engineered containment. Waste packages not meeting the criteria 23 
specified in WAC 173-303-630(7)(c) (e.g., waste package containing free liquids) are placed on portable 24 
spill containment equipment.  25 

No waste treatment is authorized in the HERTR and Super HENC Waste Outdoor Storage Area. 26 

A4 Closing DWMUs 27 

CWC-WRAP includes DWMUs currently undergoing closure activities per an approved closure plan. 28 
These units are not authorized to accept waste into the units. 29 

A4.1 CWC Outside Storage Area A (Closing) 30 

The CWC Outside Storage Area A is an outside area west of the 2403-W Series buildings that is 31 
approximately 252 m (823 ft) long and 140 m (460 ft) wide, for a total area of 35,280 m2 (378,580 ft2). 32 
The CWC Outside Storage Area A is an uncovered area, graded and leveled with gravel, that was 33 
primarily intended for management of waste boxes. The CWC Outside Storage Area A currently contains 34 
mixed waste, as described in the closure plan for this DWMU. 35 

This DWMU is undergoing Resource Conservation and Recovery Act of 1976 (RCRA) closure. No future 36 
receipts of waste for storage or treatment are authorized within Area A. 37 

A4.2 CWC Outside Storage Area B (Closing) 38 

The CWC-WRAP Outside Storage Area B was activated in December 2006 with the primary purpose of 39 
storing large TRUM waste boxes removed from storage as part of the WRP. Outside Storage Area B is 40 
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located between the CWC Outside Storage Area A and the 2403-W Series buildings. Area B is 1 
approximately 257 m (843 ft) long and 20 m (66 ft) wide, for a total area of approximately 5,140 m2 2 
(55,330 ft2). Area B is an uncovered area that is graded and leveled with gravel. The CWC Outside 3 
Storage Area B currently contains mixed waste, as described in the closure plan for this DWMU. 4 

This DWMU is undergoing RCRA closure. No future receipts of waste for storage are authorized within 5 
Area B. 6 

A4.3 CWC 2401-W Waste Storage Building (Closing) 7 

The 2401-W Waste Storage Building (2401-W Building) is a pre-engineered steel structure. It is 8 
approximately 15.2 m (49.9 ft) wide, by 24.4 m (80.1 ft) long, by 6.1 m (20 ft) high (to the eave), with a 9 
total waste management area of approximately 371 m2 (3,990 ft2). 10 

This DWMU is undergoing RCRA closure. No future receipts of RCRA waste for storage or treatment of 11 
waste are authorized within the 2401-W Building. 12 

A4.1 CWC D-10 Outside Storage Area (Closing) 13 

CWC D-10 Outside Storage Area is a gravel pad located between the 2403-WD Building and the Low 14 
Flashpoint Storage Modules Area. It currently stores one mixed waste container, as described in the 15 
closure plan for this DWMU. 16 

This DWMU is undergoing RCRA closure. No future receipts of RCRA waste for storage or treatment of 17 
waste are authorized within the CWC D-10 Outside Storage Area. 18 

A4.2 CWC East Outside Storage Area (Closing) 19 

The CWC East Outside Storage Area is located east of the 2402-W Series buildings, north of the CWC 20 
Shipping and Receiving Area, and approximately 27 m (89 ft) wide by 30 m (98 ft) long, for a total area 21 
of approximately 810.3 m2 (8,722 ft2). 22 

This DWMU is undergoing RCRA closure. No future receipts of RCRA waste for storage or treatment of 23 
waste are authorized within the CWC East Outside Storage Area. 24 

A5  Storage and Treatment Capacities 25 

The following subsections describe the CWC-WRAP DWMUs treatment and storage capacities 26 
(Tables A-3 and A-4). 27 

A5.1 S01 (Container Storage) 28 

The total storage (S01) process design capacity is 24,949 m3 (32,632 yd3). 29 

The maximum total volume is shown in Table A-3 within each DWMU at CWC-WRAP, as well as the 30 
resulting total storage capacity of CWC-WRAP. A diverse range of waste containers is managed within 31 
the CWC-WRAP DWMUs. 32 
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Table A-3. Storage Capacity for CWC-WRAP DWMUs 

Dangerous Waste 
Management Unit 

Maximum Total Storage 
Capacity Volume 

Process Codes(Part A 
Form Section XII and 

Section XIII) 
Line Numbers (Part A 

Form Section XII) 

Low Flashpoint Storage 
Modules 

251 m3 (328 yd3) S01 Line Number 1 

2402-W, WB, WC, WE 
through WL Waste 
Storage Buildings 

2,581 m3 (3,376 yd3) S01 Line Number 1 

2403-WA through WC 
Waste Storage Buildings 

8,955 m3 (11,710 yd3) S01 Line Number 1 

CWC Shipping and 
Receiving Area 

1,977 m3 (2,586 yd3) S01 Line Number 1 

2336-W Building 
NDA/NDE Area 

26.8 m3 (35.1 yd3) S01 Line Number 1 

2336-W Building 
Shipping and Receiving 
Area 

138.5 m3 (181.2 yd3) S01 Line Number 1 

2336-W Building Room 
152 

0.62 m3 (0.81 yd3) S01 Line Number 1 

2404-WA and WB Waste 
Storage Buildings 

3,758 m3 (4,915 yd3) S01 Line Number 1 

HERTR and Super HENC 
Waste Outdoor Storage 
Area 

198 m3 (259 yd3) S01 Line Number 1 

2402-WD Waste Storage 
Building 

234.6 m3 (306.8 yd3) S01 Line Number 1 

2403-WD Waste Storage 
Building 

4,942 m3 (6,464 yd3) S01 Line Number 1 

2336-W Building Process 
Area 

7.9 m3 (10 yd3) S01 Line Number 1 

2404-WC Waste Storage 
Building 

1,879 m3 (2,458 yd3) S01 Line Number 1 

Total Storage Capacity 

Process Code Maximum Storage Capacity 

S01 24,949 m3 (32,632 yd3) 

CWC = Central Waste Complex 

DWMU = dangerous waste management unit 

NDA = nondestructive assay 

NDE = nondestructive examination 

HENC = High Energy Neutron Counter 

HERTR = High Energy Real Time Radiography 

 1 
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A5.2 T04 (Treatment-Other) 1 

Treatment within CWC-WRAP DWMUs consists of volume reduction, deactivation, extraction 2 
technologies, deactivation and recovery of organics (i.e., puncture and decant of aerosol cans/cylinders), 3 
neutralization, absorption, controlled reaction with water, solidification/stabilization, mercury 4 
amalgamation, macroencpasulation, microencapsulation, and sealing.  5 

The total process design capacity for treatment-other (T04) is 382 metric tons (421 short tons) per day and 6 
is shown in Table A-4 for each DWMU at CWC-WRAP. To determine maximum treatment capacity, 7 
calculations were performed that conservatively estimated the maximum volume of waste expected to be 8 
treated using the volume of containers expected to be managed at CWC-WRAP in a day. Each DWMU 9 
authorized for treatment can treat up to 382 metric tons (421 short tons) per day; however, the total 10 
volume of treatment at CWC-WRAP cannot exceed this amount. The estimated annual quantity of waste 11 
processed is based on an average of 250 working days per year, which equals 95,458 metric tons/year. 12 

Table A-4. Treatment Capacity for CWC-WRAP DWMUs 

Dangerous Waste 
Management Unit 

Maximum 
Treatment 
Capacity 

(Metric 
Tons/Day) 

Process Codes(Part A 
Form Section XII and 

Section XIII) 

Line Numbers (Part A Form 
Sections XII and XII) 

Part A Form 
Section XII 

Part A Form 
Section XIII 

Low Flashpoint Storage 
Modules 

No treatment proposed 

2402-W, WB, WC, and WE 
through WL Waste Storage 
Buildings 

No treatment proposed 

2403-WA through WC Waste 
Storage Buildings 

No treatment proposed 

CWC Shipping and Receiving 
Area 

No treatment proposed 

2336-W Building NDA/NDE 
Area 

No treatment proposed 

2336-W Building Shipping and 
Receiving Area 

No treatment proposed 

2336-W Building Room 152 No treatment proposed 

2404-WA and WB Waste 
Storage Buildings 

No treatment proposed 

HERTR and Super HENC 
Waste Outdoor Storage Area 

No treatment proposed 

2402-WD Waste Storage 
Building 

No treatment proposed 

2403-WD Waste Storage 
Building 

No treatment proposed 

2336-W Building Process Area No treatment proposed 
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Table A-4. Treatment Capacity for CWC-WRAP DWMUs 

Dangerous Waste 
Management Unit 

Maximum 
Treatment 
Capacity 

(Metric 
Tons/Day) 

Process Codes(Part A 
Form Section XII and 

Section XIII) 

Line Numbers (Part A Form 
Sections XII and XII) 

Part A Form 
Section XII 

Part A Form 
Section XIII 

2404-WC Waste Storage 
Building 

No treatment proposed 

2402-WD Waste Storage 
Building 

382 T04 Line Number 2 
Line Number 1 
through Line 
Number 8 

2403-WD Waste Storage 
Building 

382 T04 Line Number 2 
Line Number 1 
through Line 
Number 8 

2336-W Building Process Area 382 T04 Line Number 2 
Line Number 1 
through Line 
Number 8 

2404-WC Waste Storage 
Building 

382 T04 Line Number 2 
Line Number 1 
through Line 
Number 8 

Total Treatment Capacity 

Process Code Maximum Treatment Capacity 

T04 382 metric tons/day 

Note: The maximum treatment rate for all CWC WRAP DWMUs is 382 metric tons/day total. This treatment rate can be 
realized in any of the four DWMUs having treatment capability; however, the combined daily treatment rate cannot exceed 
382 metric tons/day. 

CWC = Central Waste Complex 

DWMU = dangerous waste management unit 

NDA = nondestructive assay 

NDE = nondestructive examination 

HENC = High Energy Neutron Counter 

HERTR = High Energy Real Time Radiography 

 1 

A6 Waste Generated 2 

CWC-WRAP receives waste from various onsite and offsite waste generators (e.g., Plutonium Finishing 3 
Plant, Pacific Northwest National Laboratory, and Perma-Fix Northwest). The waste received at CWC-4 
WRAP includes TRUM waste, MLLW, and TSCA PCB contaminated waste. 5 

CWC-WRAP also generates waste from routine maintenance and processing operations. Waste includes 6 
batteries, oils, solvents, paint, miscellaneous debris, and discarded chemicals. 7 
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A7 Universal Waste 1 

Universal waste is managed at CWC-WRAP and includes batteries, mercury thermostats, and lamps under 2 
WAC 173-303-573, “Dangerous Waste Regulations,” “Standards for Universal Waste Management.” 3 

A8 Corrective Actions Statement 4 

There are no historical or ongoing corrective actions taken at CWC-WRAP under WAC 173-303; 5 
WAC 173-340, “Model Toxics Control Act—Cleanup;” or federal regulations. 6 
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U.S. Environmental Protection Agency State Identification Number WA7890008967 

Line 
Number 

A. 
Dangerous 

Waste 
Number 

B. Estimated 
Annual 

Quantity of 
Waste 

C. Unit 
of 

Measure 

Processes 

(1) Process Codes (2) Process Description 

1   D001 95,458 M S01 Storage 
2   D002    Included with above 
3   D003    Included with above 
4   D004    Included with above 
5   D005    Included with above 
6   D006    Included with above 
7   D007    Included with above 
8   D008    Included with above 
9   D009    Included with above 

10   D010    Included with above 
11   D011    Included with above 
12   D012    Included with above 
13   D013    Included with above 
14   D014    Included with above 
15   D015    Included with above 
16   D016    Included with above 
17   D017    Included with above 
18   D018    Included with above 
19   D019    Included with above 
20   D020    Included with above 
21   D021    Included with above 
22   D022    Included with above 
23   D023    Included with above 
24   D024    Included with above 
25   D025    Included with above 
26   D026    Included with above 
27   D027    Included with above 
28   D028    Included with above 
29   D029    Included with above 
30   D030    Included with above 
31   D031    Included with above 
32   D032    Included with above 
33   D033    Included with above 
34   D034    Included with above 
35   D035    Included with above 
36   D036    Included with above 
37   D037    Included with above 
38   D038    Included with above 
39   D039    Included with above 

40   D040    Included with above 
41   D041    Included with above 
42   D042    Included with above 
43   D043    Included with above 
44   WSC2    Included with above 
45   WT01    Included with above 
46   WT02    Included with above 
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47   WP01    Included with above 
48   WP02    Included with above 
49   WP03    Included with above 
50   WPCB    Included with above 
51   F001    Included with above 
52   F002    Included with above 
53   F003    Included with above 
54   F004    Included with above 
55   F005    Included with above 
56   F006    Included with above 
57   F007    Included with above 
58   F008    Included with above 
59   F009    Included with above 
60   F010    Included with above 
61   F011    Included with above 
62   F012    Included with above 
63   F019    Included with above 
64   F027    Included with above 
65   F039    Included with above 
66   U001    Included with above 
67   U002    Included with above 
68   U003    Included with above 
69   U004    Included with above 
70   U005    Included with above 
71   U006    Included with above 
72   U007    Included with above 
73   U008    Included with above 
74   U009    Included with above 
75   U010    Included with above 
76   U011    Included with above 
77   U012    Included with above 
78   U014    Included with above 
79   U015    Included with above 
80   U016    Included with above 
81   U017    Included with above 
82   U018    Included with above 
83   U019    Included with above 
84   U020    Included with above 
85   U021    Included with above 
86   U022    Included with above 
87   U023    Included with above 
88   U024    Included with above 
89   U025    Included with above 
90   U026    Included with above 
91   U027    Included with above 
92   U028    Included with above 
93   U029    Included with above 
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94   U030    Included with above 
95   U031    Included with above 
96   U032    Included with above 
97   U033    Included with above 
98   U034    Included with above 
99   U035    Included with above 

100   U036    Included with above 
101   U037    Included with above 
102   U038    Included with above 
103   U039    Included with above 
104   U041    Included with above 
105   U042    Included with above 
106   U043    Included with above 
107   U044    Included with above 
108   U045    Included with above 
109   U046    Included with above 
110   U047    Included with above 
111   U048    Included with above 
112   U049    Included with above 
113   U050    Included with above 
114   U051    Included with above 
115   U052    Included with above 
116   U053    Included with above 
117   U055    Included with above 
118   U056    Included with above 
119   U057    Included with above 
120   U058    Included with above 
121   U059    Included with above 
122   U060    Included with above 
123   U061    Included with above 
124   U062    Included with above 
125   U063    Included with above 
126   U064    Included with above 
127   U066    Included with above 
128   U067    Included with above 
129   U068    Included with above 
130   U069    Included with above 
131   U070    Included with above 
132   U071    Included with above 
133   U072    Included with above 
134   U073    Included with above 
135   U074    Included with above 
136   U075    Included with above 
137   U076    Included with above 
138   U077    Included with above 
139   U078    Included with above 
140   U079    Included with above 
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141   U080    Included with above 
142   U081    Included with above 
143   U082    Included with above 
144   U083    Included with above 
145   U084    Included with above 
146   U085    Included with above 
147   U086    Included with above 
148   U087    Included with above 
149   U088    Included with above 
150   U089    Included with above 
151   U090    Included with above 
152   U091    Included with above 
153   U092    Included with above 
154   U093    Included with above 
155   U094    Included with above 
156   U095    Included with above 
157   U096    Included with above 
158   U097    Included with above 
159   U098    Included with above 
160   U099    Included with above 
161   U101    Included with above 
162   U102    Included with above 
163   U103    Included with above 
164   U105    Included with above 
165   U106    Included with above 
166   U107    Included with above 
167   U108    Included with above 
168   U109    Included with above 
169   U110    Included with above 
170   U111    Included with above 
171   U112    Included with above 
172   U113    Included with above 
173   U114    Included with above 
174   U115    Included with above 
175   U116    Included with above 
176   U117    Included with above 
177   U118    Included with above 
178   U119    Included with above 
179   U120    Included with above 
180   U121    Included with above 
181   U122    Included with above 
182   U123    Included with above 
183   U124    Included with above 
184   U125    Included with above 
185   U126    Included with above 
186   U127    Included with above 
187   U128    Included with above 
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188   U129    Included with above 
189   U130    Included with above 
190   U131    Included with above 
191   U132    Included with above 
192   U133    Included with above 
193   U134    Included with above 
194   U135    Included with above 
195   U136    Included with above 
196   U137    Included with above 
197   U138    Included with above 
198   U140    Included with above 
199   U141    Included with above 
200   U142    Included with above 
201   U143    Included with above 
202   U144    Included with above 
203   U145    Included with above 
204   U146    Included with above 
205   U147    Included with above 
206   U148    Included with above 
207   U149    Included with above 
208   U150    Included with above 
209   U151    Included with above 
210   U152    Included with above 
211   U153    Included with above 
212   U154    Included with above 
213   U155    Included with above 
214   U156    Included with above 
215   U157    Included with above 
216   U158    Included with above 
217   U159    Included with above 
218   U160    Included with above 
219   U161    Included with above 
220   U162    Included with above 
221   U163    Included with above 
222   U164    Included with above 
223   U165    Included with above 
224   U166    Included with above 
225   U167    Included with above 
226   U168    Included with above 
227   U169    Included with above 
228   U170    Included with above 
229   U171    Included with above 
230   U172    Included with above 
231   U173    Included with above 
232   U174    Included with above 
233   U176    Included with above 
234   U177    Included with above 
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235   U178    Included with above 
236   U179    Included with above 
237   U180    Included with above 
238   U181    Included with above 
239   U182    Included with above 
240   U183    Included with above 
241   U184    Included with above 
242   U185    Included with above 
243   U186    Included with above 
244   U187    Included with above 
245   U188    Included with above 
246   U189    Included with above 
247   U190    Included with above 
248   U191    Included with above 
249   U192    Included with above 
250   U193    Included with above 
251   U194    Included with above 
252   U196    Included with above 
253   U197    Included with above 
254   U200    Included with above 
255   U201    Included with above 
256   U203    Included with above 
257   U204    Included with above 
258   U205    Included with above 
259   U206    Included with above 
260   U207    Included with above 
261   U208    Included with above 
262   U209    Included with above 
263   U210    Included with above 
264   U211    Included with above 
265   U213    Included with above 
266   U214    Included with above 
267   U215    Included with above 
268   U216    Included with above 
269   U217    Included with above 
270   U218    Included with above 
271   U219    Included with above 
272   U220    Included with above 
273   U221    Included with above 
274   U222    Included with above 
275   U223    Included with above 
276   U225    Included with above 
277   U226    Included with above 
278   U227    Included with above 
279   U228    Included with above 
280   U234    Included with above 
281   U235    Included with above 



 DOE/RL-2015-74, REVISION 0 
 DECEMBER 2015 

A-B-7 

U.S. Environmental Protection Agency State Identification Number WA7890008967 

Line 
Number 

A. 
Dangerous 

Waste 
Number 

B. Estimated 
Annual 

Quantity of 
Waste 

C. Unit 
of 

Measure 

Processes 

(1) Process Codes (2) Process Description 

282   U236    Included with above 
283   U237    Included with above 
284   U238    Included with above 
285   U239    Included with above 
286   U240    Included with above 
287   U243    Included with above 
288   U244    Included with above 
289   U246    Included with above 
290   U247    Included with above 
291   U248    Included with above 
292   U249    Included with above 
293   U271    Included with above 
294   U278    Included with above 
295   U279    Included with above 
296   U280    Included with above 
297   U328    Included with above 
298   U353    Included with above 
299   U359    Included with above 
300   U364    Included with above 
301   U367    Included with above 
302   U372    Included with above 
303   U373    Included with above 
304   U387    Included with above 
305   U389    Included with above 
306   U394    Included with above 
307   U395    Included with above 
308   U404    Included with above 
309   U409    Included with above 
310   U410    Included with above 
311   U411    Included with above 
312   P001    Included with above 
313   P002    Included with above 
314   P003    Included with above 
315   P004    Included with above 
316   P005    Included with above 
317   P006    Included with above 
318   P007    Included with above 
319   P008    Included with above 
320   P009    Included with above 
321   P010    Included with above 
322   P011    Included with above 
323   P012    Included with above 
324   P013    Included with above 
325   P014    Included with above 
326   P015    Included with above 
327   P016    Included with above 
328   P017    Included with above 
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329   P018    Included with above 
330   P020    Included with above 
331   P021    Included with above 
332   P022    Included with above 
333   P023    Included with above 
334   P024    Included with above 
335   P026    Included with above 
336   P027    Included with above 
337   P028    Included with above 
338   P029    Included with above 
339   P030    Included with above 
340   P031    Included with above 
341   P033    Included with above 
342   P034    Included with above 
343   P036    Included with above 
344   P037    Included with above 
345   P038    Included with above 
346   P039    Included with above 
347   P040    Included with above 
348   P041    Included with above 
349   P042    Included with above 
350   P043    Included with above 
351   P044    Included with above 
352   P045    Included with above 
353   P046    Included with above 
354   P047    Included with above 
355   P048    Included with above 
356   P049    Included with above 
357   P050    Included with above 
358   P051    Included with above 
359   P054    Included with above 
360   P056    Included with above 
361   P057    Included with above 
362   P058    Included with above 
363   P059    Included with above 
364   P060    Included with above 
365   P062    Included with above 
366   P063    Included with above 
367   P064    Included with above 
368   P065    Included with above 
369   P066    Included with above 
370   P067    Included with above 
371   P068    Included with above 
372   P069    Included with above 
373   P070    Included with above 
374   P071    Included with above 
375   P072    Included with above 



 DOE/RL-2015-74, REVISION 0 
 DECEMBER 2015 

A-B-9 

U.S. Environmental Protection Agency State Identification Number WA7890008967 

Line 
Number 

A. 
Dangerous 

Waste 
Number 

B. Estimated 
Annual 

Quantity of 
Waste 

C. Unit 
of 

Measure 

Processes 

(1) Process Codes (2) Process Description 

376   P073    Included with above 
377   P074    Included with above 
378   P075    Included with above 
379   P076    Included with above 
380   P077    Included with above 
381   P078    Included with above 
382   P081    Included with above 
383   P082    Included with above 
384   P084    Included with above 
385   P085    Included with above 
386   P087    Included with above 
387   P088    Included with above 
388   P089    Included with above 
389   P092    Included with above 
390   P093    Included with above 
391   P094    Included with above 
392   P095    Included with above 
393   P096    Included with above 
394   P097    Included with above 
395   P098    Included with above 
396   P099    Included with above 
397   P101    Included with above 
398   P102    Included with above 
399   P103    Included with above 
400   P104    Included with above 
401   P105    Included with above 
402   P106    Included with above 
403   P108    Included with above 
404   P109    Included with above 
405   P110    Included with above 
406   P111    Included with above 
407   P112    Included with above 
408   P113    Included with above 
409   P114    Included with above 
410   P115    Included with above 
411   P116    Included with above 
412   P118    Included with above 
413   P119    Included with above 
414   P120    Included with above 
415   P121    Included with above 
416   P122    Included with above 
417   P123    Included with above 
418   P127    Included with above 
419   P128    Included with above 
420   P185    Included with above 
421   P188    Included with above 
422   P189    Included with above 
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423   P190    Included with above 
424   P191    Included with above 
425   P192    Included with above 
426   P194    Included with above 
427   P196    Included with above 
428   P197    Included with above 
429   P198    Included with above 
430   P199    Included with above 
431   P201    Included with above 
432   P202    Included with above 
433   P203    Included with above 
434   P204    Included with above 
435   P205    Included with above 
436   D001 95,458 M T04 Other Treatment 
437   D002    Included with above 
438   D003    Included with above 
439   D004    Included with above 
440   D005    Included with above 
441   D006    Included with above 
442   D007    Included with above 
443   D008    Included with above 
444   D009    Included with above 
445   D010    Included with above 
446   D011    Included with above 
447   D012    Included with above 
448   D013    Included with above 
449   D014    Included with above 
450   D015    Included with above 
451   D016    Included with above 
452   D017    Included with above 
453   D018    Included with above 
454   D019    Included with above 
455   D020    Included with above 
456   D021    Included with above 
457   D022    Included with above 
458   D023    Included with above 
459   D024    Included with above 
460   D025    Included with above 
461   D026    Included with above 
462   D027    Included with above 
463   D028    Included with above 
464   D029    Included with above 
465   D030    Included with above 
466   D031    Included with above 
467   D032    Included with above 
468   D033    Included with above 
469   D034    Included with above 
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470   D035    Included with above 
471   D036    Included with above 
472   D037    Included with above 
473   D038    Included with above 
474   D039    Included with above 
475   D040    Included with above 
476   D041    Included with above 
477   D042    Included with above 
478   D043    Included with above 
479   WSC2    Included with above 
480   WT01    Included with above 
481   WT02    Included with above 
482   WP01    Included with above 
483   WP02    Included with above 
484   WP03    Included with above 
485   WPCB    Included with above 
486   F001    Included with above 
487   F002    Included with above 
488   F003    Included with above 
489   F004    Included with above 
490   F005    Included with above 
491   F006    Included with above 
492   F007    Included with above 
493   F008    Included with above 
494   F009    Included with above 
495   F010    Included with above 
496   F011    Included with above 
497   F012    Included with above 
498   F019    Included with above 
499   F027    Included with above 
500   F039    Included with above 
501   U001    Included with above 
502   U002    Included with above 
503   U003    Included with above 
504   U004    Included with above 
505   U005    Included with above 
506   U006    Included with above 
507   U007    Included with above 
508   U008    Included with above 
509   U009    Included with above 
510   U010    Included with above 
511   U011    Included with above 
512   U012    Included with above 
513   U014    Included with above 
514   U015    Included with above 
515   U016    Included with above 
516   U017    Included with above 
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517   U018    Included with above 
518   U019    Included with above 
519   U020    Included with above 
520   U021    Included with above 
521   U022    Included with above 
522   U023    Included with above 
523   U024    Included with above 
524   U025    Included with above 
525   U026    Included with above 
526   U027    Included with above 
527   U028    Included with above 
528   U029    Included with above 
529   U030    Included with above 
530   U031    Included with above 
531   U032    Included with above 
532   U033    Included with above 
533   U034    Included with above 
534   U035    Included with above 
535   U036    Included with above 
536   U037    Included with above 
537   U038    Included with above 
538   U039    Included with above 
539   U041    Included with above 
540   U042    Included with above 
541   U043    Included with above 
542   U044    Included with above 
543   U045    Included with above 
544   U046    Included with above 
545   U047    Included with above 
546   U048    Included with above 
547   U049    Included with above 
548   U050    Included with above 
549   U051    Included with above 
550   U052    Included with above 
551   U053    Included with above 
552   U055    Included with above 
553   U056    Included with above 
554   U057    Included with above 
555   U058    Included with above 
556   U059    Included with above 
557   U060    Included with above 
558   U061    Included with above 
559   U062    Included with above 
560   U063    Included with above 
561   U064    Included with above 
562   U066    Included with above 
563   U067    Included with above 
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564   U068    Included with above 
565   U069    Included with above 
566   U070    Included with above 
567   U071    Included with above 
568   U072    Included with above 
569   U073    Included with above 
570   U074    Included with above 
571   U075    Included with above 
572   U076    Included with above 
573   U077    Included with above 
574   U078    Included with above 
575   U079    Included with above 
576   U080    Included with above 
577   U081    Included with above 
578   U082    Included with above 
579   U083    Included with above 
580   U084    Included with above 
581   U085    Included with above 
582   U086    Included with above 
583   U087    Included with above 
584   U088    Included with above 
585   U089    Included with above 
586   U090    Included with above 
587   U091    Included with above 
588   U092    Included with above 
589   U093    Included with above 
590   U094    Included with above 
591   U095    Included with above 
592   U096    Included with above 
593   U097    Included with above 
594   U098    Included with above 
595   U099    Included with above 
596   U101    Included with above 
597   U102    Included with above 
598   U103    Included with above 
599   U105    Included with above 
600   U106    Included with above 
601   U107    Included with above 
602   U108    Included with above 
603   U109    Included with above 
604   U110    Included with above 
605   U111    Included with above 
606   U112    Included with above 
607   U113    Included with above 
608   U114    Included with above 
609   U115    Included with above 
610   U116    Included with above 
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611   U117    Included with above 
612   U118    Included with above 
613   U119    Included with above 
614   U120    Included with above 
615   U121    Included with above 
616   U122    Included with above 
617   U123    Included with above 
618   U124    Included with above 
619   U125    Included with above 
620   U126    Included with above 
621   U127    Included with above 
622   U128    Included with above 
623   U129    Included with above 
624   U130    Included with above 
625   U131    Included with above 
626   U132    Included with above 
627   U133    Included with above 
628   U134    Included with above 
629   U135    Included with above 
630   U136    Included with above 
631   U137    Included with above 
632   U138    Included with above 
633   U140    Included with above 
634   U141    Included with above 
635   U142    Included with above 
636   U143    Included with above 
637   U144    Included with above 
638   U145    Included with above 
639   U146    Included with above 
640   U147    Included with above 
641   U148    Included with above 
642   U149    Included with above 
643   U150    Included with above 
644   U151    Included with above 
645   U152    Included with above 
646   U153    Included with above 
647   U154    Included with above 
648   U155    Included with above 
649   U156    Included with above 
650   U157    Included with above 
651   U158    Included with above 
652   U159    Included with above 
653   U160    Included with above 
654   U161    Included with above 
655   U162    Included with above 
656   U163    Included with above 
657   U164    Included with above 
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658   U165    Included with above 
659   U166    Included with above 
660   U167    Included with above 
661   U168    Included with above 
662   U169    Included with above 
663   U170    Included with above 
664   U171    Included with above 
665   U172    Included with above 
666   U173    Included with above 
667   U174    Included with above 
668   U176    Included with above 
669   U177    Included with above 
670   U178    Included with above 
671   U179    Included with above 
672   U180    Included with above 
673   U181    Included with above 
674   U182    Included with above 
675   U183    Included with above 
676   U184    Included with above 
677   U185    Included with above 
678   U186    Included with above 
679   U187    Included with above 
680   U188    Included with above 
681   U189    Included with above 
682   U190    Included with above 
683   U191    Included with above 
684   U192    Included with above 
685   U193    Included with above 
686   U194    Included with above 
687   U196    Included with above 
688   U197    Included with above 
689   U200    Included with above 
690   U201    Included with above 
691   U203    Included with above 
692   U204    Included with above 
693   U205    Included with above 
694   U206    Included with above 
695   U207    Included with above 
696   U208    Included with above 
697   U209    Included with above 
698   U210    Included with above 
699   U211    Included with above 
700   U213    Included with above 
701   U214    Included with above 
702   U215    Included with above 
703   U216    Included with above 
704   U217    Included with above 
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705   U218    Included with above 
706   U219    Included with above 
707   U220    Included with above 
708   U221    Included with above 
709   U222    Included with above 
710   U223    Included with above 
711   U225    Included with above 
712   U226    Included with above 
713   U227    Included with above 
714   U228    Included with above 
715   U234    Included with above 
716   U235    Included with above 
717   U236    Included with above 
718   U237    Included with above 
719   U238    Included with above 
720   U239    Included with above 
721   U240    Included with above 
722   U243    Included with above 
723   U244    Included with above 
724   U246    Included with above 
725   U247    Included with above 
726   U248    Included with above 
727   U249    Included with above 
728   U271    Included with above 
729   U278    Included with above 
730   U279    Included with above 
731   U280    Included with above 
732   U328    Included with above 
733   U353    Included with above 
734   U359    Included with above 
735   U364    Included with above 
736   U367    Included with above 
737   U372    Included with above 
738   U373    Included with above 
739   U387    Included with above 
740   U389    Included with above 
741   U394    Included with above 
742   U395    Included with above 
743   U404    Included with above 
744   U409    Included with above 
745   U410    Included with above 
746   U411    Included with above 
747   P001    Included with above 
748   P002    Included with above 
749   P003    Included with above 
750   P004    Included with above 
751   P005    Included with above 
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752   P006    Included with above 
753   P007    Included with above 
754   P008    Included with above 
755   P009    Included with above 
756   P010    Included with above 
757   P011    Included with above 
758   P012    Included with above 
759   P013    Included with above 
760   P014    Included with above 
761   P015    Included with above 
762   P016    Included with above 
763   P017    Included with above 
764   P018    Included with above 
765   P020    Included with above 
766   P021    Included with above 
767   P022    Included with above 
768   P023    Included with above 
769   P024    Included with above 
770   P026    Included with above 
771   P027    Included with above 
772   P028    Included with above 
773   P029    Included with above 
774   P030    Included with above 
775   P031    Included with above 
776   P033    Included with above 
777   P034    Included with above 
778   P036    Included with above 
779   P037    Included with above 
780   P038    Included with above 
781   P039    Included with above 
782   P040    Included with above 
783   P041    Included with above 
784   P042    Included with above 
785   P043    Included with above 
786   P044    Included with above 
787   P045    Included with above 
788   P046    Included with above 
789   P047    Included with above 
790   P048    Included with above 
791   P049    Included with above 
792   P050    Included with above 
793   P051    Included with above 
794   P054    Included with above 
795   P056    Included with above 
796   P057    Included with above 
797   P058    Included with above 
798   P059    Included with above 
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799   P060    Included with above 
800   P062    Included with above 
801   P063    Included with above 
802   P064    Included with above 
803   P065    Included with above 
804   P066    Included with above 
805   P067    Included with above 
806   P068    Included with above 
807   P069    Included with above 
808   P070    Included with above 
809   P071    Included with above 
810   P072    Included with above 
811   P073    Included with above 
812   P074    Included with above 
813   P075    Included with above 
814   P076    Included with above 
815   P077    Included with above 
816   P078    Included with above 
817   P081    Included with above 
818   P082    Included with above 
819   P084    Included with above 
820   P085    Included with above 
821   P087    Included with above 
822   P088    Included with above 
823   P089    Included with above 
824   P092    Included with above 
825   P093    Included with above 
826   P094    Included with above 
827   P095    Included with above 
828   P096    Included with above 
829   P097    Included with above 
830   P098    Included with above 
831   P099    Included with above 
832   P101    Included with above 
833   P102    Included with above 
834   P103    Included with above 
835   P104    Included with above 
836   P105    Included with above 
837   P106    Included with above 
838   P108    Included with above 
839   P109    Included with above 
840   P110    Included with above 
841   P111    Included with above 
842   P112     Included with above 
843   P113    Included with above 
844   P114    Included with above 
845   P115    Included with above 
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846   P116    Included with above 
847   P118    Included with above 
848   P119    Included with above 
849   P120    Included with above 
850   P121    Included with above 
851   P122    Included with above 
852   P123    Included with above 
853   P127    Included with above 
854   P128    Included with above 
855   P185    Included with above 
856   P188    Included with above 
857   P189    Included with above 
858   P190    Included with above 
859   P191    Included with above 
860   P192    Included with above 
861   P194    Included with above 
862   P196    Included with above 
863   P197    Included with above 
864   P198    Included with above 
865   P199    Included with above 
866   P201    Included with above 
867   P202    Included with above 
868   P203    Included with above 
869   P204    Included with above 
870   P205    Included with above 
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References: NAD83, North American Datum of 1983; NAVD88, North American Vertical Datum of 1988. 

Figure C-1. CWC-WRAP Aerial Photo Operating and Closing Units
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References: NAD83, North American Datum of 1983; NAVD88, North American Vertical Datum of 1988. 

Figure C-2. Topographic Map of the CWC-WRAP Operating and Closing Units      D
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References: NAD83, North American Datum of 1983; NAVD88, North American Vertical Datum of 1988. 

Figure C-3. CWC-WRAP Aerial Photo Closing Units Only 
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References: NAD83, North American Datum of 1983; NAVD88, North American Vertical Datum of 1988. 

Figure C-4. Topographic Map of the CWC-WRAP Closing Units Only 
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References: NAD83, North American Datum of 1983; NAVD88, North American Vertical Datum of 1988. 

Figure C-5. CWC-WRAP Aerial Photo Operating Units Only 
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References: NAD83, North American Datum of 1983; NAVD88, North American Vertical Datum of 1988. 

Figure C-6. Topographic Map of the Operating Units Only 
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Photo C-1. CWC-WRAP Aerial Photo (2012) 
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Photo C-2. AMW-4 (Typical Alkali Metal Waste Storage Module; March 2013) 

Photo C-3. FS-23 (Typical Flammable Waste Storage Module; March 2013) 
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Photo C-4. 2402-W Series Waste Storage Buildings (March 2013) 

 

Photo C-5. 2402-WI (Typical of Outdoor Areas Associated with 2402-W Series Waste Storage  
Buildings; March 2013) 
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Photo C-6. 2403-WB (Typical of 2403-WA through WC Series Waste Storage Buildings, Including Outdoor Area; 
March 2013) 

 

Photo C-7. 2403-WD Waste Storage Building (Including Outdoor Area; March 2013)

 

Photo C-8. 2404-WA Waste Storage Building (Including Outdoor Area; March 2013) 
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Photo C-9. CWC D-10 Outside Storage Area (March 2013) 

 

Photo C-10. CWC East Outside Storage Area (March 2013) 
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Photo C-11. CWC Shipping and Receiving Area (March 2013) 

 

Photo C-12. 2336-W Building Process Area (April 2012) 
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Photo C-13. 2336-W Building NDA/NDE Area (April 2012) 

 

Photo C-14. 2336-W Building NDA/NDE Area, Outdoor Storage Area (February 2013) 
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Photo C-15. 2336-W Building Shipping and Receiving Area (April 2012) 

 

Photo C-16. 2336-W Building Shipping and Receiving Area, WIPP Conveyance Staging Area 
(Outdoor Area; 2010) 
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Photo C-17. 2336-W Building Shipping and Receiving Area and Loading Dock (Outdoor Area; February 2013) 

 

Photo C-18. 2336-W Building Room 152 (January 2013) 
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Note: Typical of the 2404 series buildings, including entry apron (February 2013). 

Photo C-19. 2404-WC Waste Storage Building 

 

Photo C-20. HERTR and Super HENC Waste Outdoor Storage Area (near Super HENC, February 2013) 
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Photo C-21. HERTR and Super HENC Waste Outdoor Storage Area (near HERTR, April 2012) 

 

Photo C-22. HERTR and Super HENC Waste Outdoor Storage Area (near Super HENC; February 2013) 
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Photo C-23. CWC Outside Storage Area A (Closing DWMU; March 2013) 

 

Photo C-24. CWC Outside Storage Area B (Closing DWMU; March 2013) 
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Photo C-25. CWC 2401-W Waste Storage Building (Closing DWMU; September 2013) 

 

Drawing C-1. CWC 2401-W Waste Storage Building Layout (Closing DWMU) 
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Drawing C-2. 2402-W Series Waste Storage Buildings Layout 
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Drawing C-3. 2403-WA through WC Waste Storage Buildings Layout 
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Drawing C-4. 2403-WD Waste Storage Building Layout 
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Drawing C-5. CWC East Outside Storage Area Layout 
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Drawing C-6. 2336-W Building Layout 
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Drawing C-7. 2336-W Building Elevations
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Drawing C-8. 2404-WA and WB Waste Storage Buildings Layout 
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Glossary 1 

Characterization Information provided for a waste stream that includes the use of “Knowledge” 
and/or the methods of laboratory analysis approved in WAC 173-303-110, 
“Dangerous Waste Regulations,” “Sampling, Testing Methods, and Analytes.” 

Knowledge Sufficient information about a waste to make a reliable substitution for direct 
testing of the waste. To be sufficient and reliable, “knowledge” used must 
provide information necessary to manage the waste in accordance with the 
requirements of WAC 173-303-300, “General Waste Analysis.” 

Note: “Knowledge” may be used by itself, or in combination with testing to 
designate a waste, pursuant to WAC 173-303-070(3)(c), “Designation of 
Dangerous Waste,” or to obtain a detailed chemical, physical, and/or 
biological analysis of a waste as required in WAC 173-303-300(2). 

Labpack A packaging method where a number of inner containers of waste are 
packaged into an outer drum as specified in 49 CFR 173.12(b), 
“Transportation,” “Shippers—General Requirements for Shipments and 
Packagings,” “Exceptions for Shipment of Waste Materials.” For this 
document, the term also could be used for U.S. Department of Transportation 
(DOT) Class 7 material packaged in the same manner. 

Nonconformance A significant discrepancy difference in quantity or type of waste. A waste 
shipment may be classified as nonconforming if it is different in chemical or 
physical properties from the information on the waste profile. A variation in 
shipment piece count from the manifest as defined by WAC 173-303-370(5) 
“Manifest System,” is nonconforming. 

Retrievably Stored 
Waste 

Waste that was previously generated and accepted for storage at the 200 Area 
burial grounds. 

Retrieved Waste Waste that was formerly retrievably stored waste and has now been accepted 
for management at the Central Waste Complex-Waste Receiving and 
Processing Facility (CWC-WRAP), T Plant, or other treatment, storage, and 
disposal facility. 

Testing Performance of a procedure that yields a quantitative or qualitative evaluation 
of the type and/or quantity of materials present. Sometimes referred to as 
analysis or laboratory analysis. 

Testing for Total 
Metals 

Includes sample preparation followed by analysis for arsenic (D004), barium 
(D005), cadmium (DO06), chromium (D007), lead (D008), mercury (D009), 
selenium (D010), and silver (D011). 
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Testing for Total 
Organics 

Includes sample preparation followed by analysis for benzene (D018), 
carbon tetrachloride (D019), chlordane (D020), chlorobenzene (D021), 
chloroform (D022), 1,4-dichlorobenzene (D027), 1,2-dichloroethane (D028), 
1,1-dichloroethylene (D029), 2,4-dinitrotoluene (D030), endrin (D012), 
heptachlor and heptachlor epoxide (D031), hexachlorobenzene (D032), 
hexachlorobutadiene (D033), hexachloroethane (D034), methoxychlor 
(D014), methyl ethyl ketone (D035), nitrobenzene (D036), 
pentachlorophenol (D037), tetrachloroethylene (D039), toxaphene (D015), 
trichloroethylene (D040), 2,4,5-trichlorophenol (D041), 
2,4,6-trichlorophenol (D042), and vinyl chloride (D043). 

Treatment Physical, chemical, or biological processing of dangerous waste to make such 
wastes nondangerous or less dangerous, safer for transport, amenable for 
energy or material resource recovery, amenable for storage, or reduced in 
volume, with the exception of compacting, repackaging, and sorting as 
allowed under WAC 173-303-400(2), “Interim Status Facility Standards,” and 
WAC 173-303-600(3), “Final Facility Standards.” 

Waste Shipment Waste transferred from point A to point B under a single waste manifest or 
shipping paper. 

Waste Stream Waste or a group of wastes from a process or a facility with similar physical, 
chemical, or radiological properties. 

1 
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B1 Introduction and Unit Description 1 

This addendum details the waste analysis plan (WAP) required by WAC 173-303-300(5), “Dangerous 2 
Waste Regulations,” “General Waste Analysis,” in effect at the Central Waste Complex (CWC) -Waste 3 
Receiving and Processing Facility (WRAP) Operating Unit Group (OUG). This WAP expressly 4 
supersedes Exhibit A, Sections 1.8.1 and 1.8.2 of Ecology, 2014, Agreed Order and Stipulated Penalty 5 
No. DE 10156.  6 

The purpose of this CWC-WRAP WAP is to provide a clear outline of the pre-waste acceptance and 7 
waste analysis processes that occur for the treatment and storage of wastes at CWC-WRAP. This WAP 8 
demonstrates compliance with the requirements of WAC 173-303-300(1) through (5), as well as 9 
applicable federal and state land disposal restrictions (LDRs). Additional information on CWC-WRAP 10 
waste storage and treatment processes is detailed in Addendum C, “Process Information.” 11 

Please note, the terms “mixed waste” and/or “waste” when seen in this document refers to dangerous 12 
waste or hazardous waste, as applicable. 13 

 CWC-WRAP Unit Description 14 

The CWC-WRAP OUG is comprised of the following dangerous waste management units (DWMUs): 15 

 Low Flashpoint Storage Modules 16 

 2402-WD Waste Storage Building 17 

 2402-W, WB, WC and WE through WL Waste Storage Buildings 18 

 2403-WA through WC Waste Storage Buildings 19 

 2403-WD Waste Storage Building 20 

 2404-WA and WB Waste Storage Buildings 21 

 2404-WC Waste Storage Building 22 

 CWC Shipping and Receiving Area 23 

 2336-W Building Process Area 24 

 2336-W Building Nondestructive Assay Area(NDA)/Nondestructive Examination (NDE) 25 

 2336-W Building Shipping and Receiving Area 26 

 2336-W Building Room 152 27 

 High Energy Real Time Radiography (HERTR)–Super High Energy Neutron Counter (HENC) Waste 28 
Outdoor Storage Area. 29 

 CWC-WRAP Waste Management Activities 30 

Waste management within CWC-WRAP includes the following activities: 31 

 Waste receipt 32 

 Storage 33 
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 NDE 1 

 Physical/chemical screening 2 

 Sampling 3 

 Treatment 4 

 Sorting and repackaging 5 

 Waste notification and certification (e.g., LDRs) 6 

 Shipment of waste offsite 7 

 Transfer of waste to another Solid Waste Operations Complex (SWOC) treatment, storage, and/or 8 
disposal (TSD) location. 9 

 Waste Managed at CWC-WRAP 10 

The following waste is managed at CWC-WRAP: 11 

 Newly generated waste from onsite and offsite generators comprised of contaminated debris, 12 
size-reduced items, and other waste types (e.g., polychlorinated biphenyl [PCB]-contaminated waste) 13 

 Waste previously accepted at other SWOC TSDs and then transferred to CWC-WRAP 14 

 Retrieved waste (RW), including but not limited to contaminated debris, contaminated soils, absorbed 15 
oils, PCB-contaminated waste, and labpacks 16 

 CWC-WRAP-generated waste from operations and maintenance (O&M) activities, including debris, 17 
discarded personal protective equipment, and maintenance waste 18 

 Waste that was treated at CWC-WRAP. 19 

B2 Waste Pre-acceptance Processes 20 

The following sections address the waste pre-acceptance process, including waste stream identification 21 
and classification, and profile review and approval at CWC-WRAP. 22 

 Identification and Classification of Waste 23 

Generators must characterize and designate their waste and submit all required waste profile information 24 
to a Waste Management Representative (WMR). Waste is designated by the generator using known 25 
information provided by manufacturers, safety data sheets, laboratory analysis, knowledge of the 26 
waste-generating process (Section B2.1.1), and reference materials such as NIOSH, 2014, Registry of 27 
Toxic Effects of Chemical Substances; EPA, 2015, ECOTOX Database; or the U.S. National Library of 28 
Medicine TOXNET: Toxicology Data Network Hazardous Substances Databank website. 29 

For additional information on waste codes accepted at CWC-WRAP, refer to WA7890008967, Hanford 30 
Facility Resource Conservation and Recovery Act Permit (hereinafter called Hanford Facility RCRA 31 
Permit) Part A. 32 

For identification of waste prohibited at CWC-WRAP, refer to Addendum C. 33 
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B2.1.1 Use of Knowledge 1 

Waste designated using knowledge (i.e., not directly sampled and analyzed) requires sufficient 2 
information about the waste-generating process to provide a reliable substitute for direct testing of the 3 
waste (WAC 173-303-040, “Definitions”). Waste profiles, using knowledge defined in 4 
WAC 173-303-040, must include all supporting data and records, including a description of the 5 
methodology employed to obtain the data. The waste profile review and approval process (Section B2.2) 6 
includes an evaluation of generator knowledge. Knowledge of the waste-generating process may be used 7 
with a combination of chemical, physical, and/or biological analysis (WAC 173-303-300(2)) to 8 
designate waste. 9 

 Waste Profile Review and Approval Process 10 

The waste profile review and approval process consists of review and approval of new draft waste profiles 11 
and review of standing waste profiles. The WMR coordinates the documentation for all waste profile 12 
reviews and approvals and ensures that waste profile information complies with CWC-WRAP solid waste 13 
acceptance requirements. 14 

B2.2.1 New Waste Profile Review and Approval 15 

Generators submit draft waste profiles for each new waste stream destined for CWC-WRAP. 16 

Each waste profile is assigned a unique number for tracking purposes. Once the draft waste profile is 17 
received, the WMR performs a consistency check of profile information. This consistency check is the 18 
primary means by which CWC-WRAP obtains data about each waste stream. These data are required to 19 
ensure that a waste stream can be managed in compliance with CWC-WRAP waste acceptance 20 
requirements. The profile must provide a clear picture of the waste stream’s physical and chemical 21 
characteristics, regulatory classification, and packaging methods. Any relevant background information, 22 
documents, and analytical data must be referenced or attached. The consistency check also determines if 23 
knowledge provided in lieu of other analysis methods (Section B2.1.1) is adequate to quantify waste 24 
constituents and determine waste characteristics. 25 

The waste profile includes the following information, at a minimum: 26 

 Waste-generating process description 27 

 Waste category (e.g., low level, mixed, or PCB) 28 

 Estimated volume of the waste 29 

 Estimated number of waste containers to be shipped 30 

 Knowledge used for characterization of the waste stream 31 

 Sampling and analysis information performed to characterize the waste stream 32 

 Regulatory requirements of the waste stream (e.g., testing for underlying hazardous constituents) and 33 
federal LDRs 34 

 Waste characteristics (e.g., flash point and pH), physical state (e.g., sludge or debris), liquid content 35 
information, and waste composition 36 

 Description of the packaging to be used, including container compatibility with the waste 37 
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 Provisions for handling (e.g., maximum container size and weight and special handling requirements) 1 

 Conditions of approval (when applicable) 2 

Errors discovered by the WMR during the waste profile review process must be reconciled by the 3 
generator, and the profile information must be updated. Upon successful review and approval of the waste 4 
profile, the generator will receive an approval notice with the initial container verification rate, 5 
as determined by the Performance Evaluation System (PES) (Appendix B-A, Section B-A2). 6 

B2.2.2 Standing Waste Profile Review 7 

A standing waste profile is used to receive multiple shipments from the same generator for the same 8 
waste stream. Standing waste profiles are subject to review and must be recertified at least annually or 9 
revised, if applicable, when the waste stream or generating process changes. Standing waste profiles are 10 
subject to review and revision if CWC-WRAP personnel have reason to suspect a change in the waste, 11 
based on inconsistencies in packaging, labeling, or visual verification of the waste. A generator may also 12 
request that a standing waste profile be revised and approved for additional waste generated that consists 13 
of the same types of waste. The WMR coordinates the revisions and recertification by the PES, 14 
as required. 15 

B2.2.3 Waste Exempted from Profile Process 16 

CWC-WRAP-generated waste from O&M activities is exempt from the profile process. Additional 17 
information on CWC-WRAP-generated waste is provided in Section B4.2. 18 

RW is exempt from the waste profile process as a previously accepted waste stream. 19 

B3 Waste Acceptance Process 20 

The CWC-WRAP waste acceptance process includes confirmation of waste against the previously 21 
reviewed and approved waste profile information and receipt of the waste into the CWC-WRAP for 22 
treatment and/or storage. 23 

Once waste profiles are reviewed and approved, a generator may request to ship or transfer the approved 24 
waste containers to CWC-WRAP for treatment and/or storage. Each waste container received at CWC-25 
WRAP must match the identity of the waste container specified on the accompanying shipping or transfer 26 
paperwork. 27 

Waste shipments or transfers to CWC-WRAP for treatment and/or storage can be received and verified 28 
prior to acceptance. Documentation of an approved waste profile (if applicable), sufficient 29 
characterization to manage the waste safely, designation of waste codes identifying any dangerous 30 
constituents of the waste, and all other information required by the CWC-WRAP waste acceptance 31 
process must accompany the shipment or transfer at the time of container receipt. 32 

Retrievably stored waste (RSW) transfers, newly generated waste from onsite and offsite generators, and 33 
SWOC waste transfers are accepted into CWC-WRAP by the processes detailed in the following sections. 34 

 Confirmation 35 

WAC 173-303-300(1) requires confirmation of waste before treatment, storage, or disposal. Confirmation 36 
for waste is a two-part process consisting of verification and preshipment review. Verification occurs 37 
either before or after preshipment review.  38 
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B3.1.1 Verification  1 

Verification ensures that waste received into CWC-WRAP matches the waste in the approved profile. 2 
Verification can occur at CWC-WRAP or at the generator location prior to shipment or transfer of the 3 
waste containers to CWC-WRAP. The verification rate is established by the PES during approval of the 4 
waste profile (Section B2.2). After the initial verification rate has been established, the verification rate 5 
may be reduced (Appendix B-A, Section B-A3). 6 

Verification can include the use of physical screening (NDE and visual verification) or 7 
chemical screening. 8 

NDE is performed, using RTR, by observing inventory documentation and comparing the NDE results to 9 
the waste profile.  10 

Visual verification includes observing the packaging of contents of the container and comparing those 11 
contents to the waste profile or waste acceptance criteria. Containers can be subject to NDE or visual 12 
verification, but the use of both techniques for the same container is not required. 13 

Chemical screening is most often performed for containers with liquids or labpacks. Of the mixed waste 14 
verified by visual verification, 10 percent will be chemically screened as allowed by the waste stream 15 
characteristics. 16 

The following cases do not require chemical screening: 17 

 Small containers of waste in overpacked containers (labpacks) packaged in accordance with 18 
WAC 173-303-161, “Overpacked Containers (Labpacks),” and not prohibited under LDRs specified 19 
in WAC 173-303-140, “Land Disposal Restrictions”, which includes by reference 40 CFR 268 20 

 Commercial chemical products in the original product container(s) (e.g., off-specification, outdated, 21 
or unused products) 22 

 Chemical-containing equipment removed from service, (e.g., ballasts and batteries) 23 

 Waste containing asbestos 24 

 Waste, environmental media, and/or debris from the cleanup of spills or release of a single substance, 25 
commercial product, or otherwise known material 26 

 Confirmed noninfectious waste (e.g., xylene, acetone, ethyl alcohol, or isopropyl alcohol) generated 27 
from laboratory tissue preparation, slide staining, or fixing processes 28 

 Hazardous debris as defined in WAC 173-303-040 29 

B3.1.1.1 Verification of Waste from Non-SWOC Onsite or Offsite Generators 30 

Verification may be conducted either at the generator location or at CWC-WRAP. Verification is 31 
conducted by the Waste Verifier and, in the case of visual verification and chemical screening, most often 32 
occurs during container packaging at the generator location.  33 

Certain types of waste (e.g., debris to be macroencapsulated) may be difficult or impossible to verify after 34 
treatment. Generators planning to treat waste prior to shipment to CWC-WRAP must obtain an approved 35 
waste profile before treating the waste. If required, verification will then occur prior to treatment or 36 
packaging of the waste. The waste will be verified at the frequency determined by the PES during waste 37 
profile review and approval (Appendix B-A, Section B-A2). 38 
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B3.1.1.2 Verification of Waste from Other Hanford Solid Waste Operations Complex Treatment, 1 
Storage, and/or Disposal Units 2 

Verification at other SWOC TSDs is conducted by the Waste Verifier and, in the case of visual 3 
verification and chemical screening, most often occurs during container packaging. Once the container 4 
has been verified, a tamperproof seal is placed on the container. Containers can undergo multiple transfers 5 
between SWOC TSD Units; however, additional verification is not required upon receipt at CWC-WRAP 6 
if the tamperproof seal is intact. Containers that arrive at CWC-WRAP with a compromised tamperproof 7 
seal will require notification of waste services for evaluation of potential reverification or application of a 8 
new tamperproof seal. 9 

B3.1.1.3 Waste Exempted from Verification Process  10 

RSW is waste that was accepted for storage at the 200 Area burial grounds. During the retrieval process, 11 
this waste is unearthed, retrieved, and identified by a unique container number or by burial location. 12 
During retrieval activities, RSW historical records and knowledge of waste-generating processes are 13 
reviewed to characterize the waste and designate dangerous waste codes. As previously accepted waste, 14 
RSW is exempt from the waste profile approval and verification processes. However, NDE will be used 15 
on drums and boxes, for which NDE capability exists, and will be performed either at the trench prior to 16 
shipment or following receipt at CWC-WRAP. 17 

CWC-WRAP waste generated from O&M activities is exempt from the verification process. 18 
See Section B4 for additional details. 19 

B3.1.2 Preshipment Review  20 

Prior to shipping or transferring waste containers to CWC-WRAP, the WMR conducts a preshipment 21 
review of documentation. This review ensures that all previously submitted and approved generator 22 
information is current and complete. 23 

The generator must provide the following documentation: 24 

 Characterization information and waste code designations 25 

 List of containers, each with a unique identification number  26 

 Container inventory information, including the following: 27 

 Name and location of the waste-generating facility  28 

 Specific contents of each container 29 

 Approximate weight of waste in each container 30 

 LDR notification/certification (required for waste subject to the requirements of WAC 173-303-140 31 
which includes by reference 40 CFR 268) 32 

If the WMR discovers an error during the preshipment review, the generator must reconcile the error and 33 
provide updated information, as applicable. For additional information on conformance issue resolution, 34 
refer to Appendix B-A, Section B-A4. 35 

CWC-WRAP-generated waste from O&M activities is generated and located at the CWC-WRAP facility 36 
and is, therefore, exempt from the preshipment review. Additional information on 37 
CWC-WRAP-generated waste is provided in Section B4.2. 38 
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 Waste Receipt  1 

The waste receipt process includes container receipt inspection and waste receipt discrepancies. 2 
CWC-WRAP-generated waste from O&M activities is generated and located at the CWC-WRAP facility 3 
and is, therefore, exempt from the waste receipt process. See Section B4.2 for additional details. 4 

B3.2.1 Container Receipt Inspection 5 

Arriving container shipments are assigned a specific delivery location within CWC-WRAP. Transport 6 
vehicles may access the CWC Shipping and Receiving area or DWMU container storage buildings. 7 
Upon arrival, 100 percent of containers will undergo physical inspection for the following items: 8 

 Damage to the container 9 

 Evidence of leaking 10 

 Presence of accurate labeling 11 

 Tamper-resistant seal integrity (if present) 12 

Waste received at CWC-WRAP will be accompanied by the following container receipt documentation: 13 

 Receipt report and container list for each approved shipment 14 

 Uniform Hazardous Waste Manifest, if applicable 15 

 LDR certification/notification for waste subject to LDR requirements of WAC 173-303-140 which 16 
includes by reference 40 CFR 268 certifying that the waste meets the appropriate treatment, variance, 17 
or exemption standard 18 

In addition to the physical container inspection, an inspection of paperwork and documentation will also 19 
be conducted for each shipment or transfer to confirm that waste containers received are listed on the 20 
manifest/receipt report. 21 

Following completion of the receipt process, the waste is considered accepted at CWC-WRAP. Following 22 
acceptance at CWC-WRAP, RSW is referred to as RW. 23 

B3.2.2 Waste Receipt Discrepancies 24 

If discrepancies, such as improper container labeling, improper packaging, nonconformance issues, or 25 
manifest inconsistencies, are discovered during the container receipt inspection, discrepant containers or 26 
shipments will not be accepted into CWC-WRAP until the discrepancies have been resolved using one or 27 
more of the following alternatives: 28 

 Incorrect or incomplete entries on the Uniform Hazardous Waste Manifest or onsite shipping or 29 
transfer paperwork can be corrected upon receipt at CWC-WRAP with concurrence from the 30 
generator. Corrections are made by drawing a single line through the incorrect manifest entry. 31 
Corrected entries are initialed and dated by the individual making the correction. 32 

 The waste package(s) can be held at CWC-WRAP and segregated from other stored waste, in which 33 
case, the generator must provide written instructions for correcting the discrepancies.  34 

 The waste package may be returned to the generator. 35 

If a discrepant (nonconforming) waste container or shipment is received from an offsite generator and is 36 
returned to the generator, then a new manifest will be prepared in accordance with WAC 173-303-37 
370(5)(f). If the waste container or shipment is nonreturnable to the offsite generator because of container 38 



 DOE/RL-2015-74, REVISION 0 
 DECEMBER 2015 

B-8 

condition deficiencies, and if an agreement cannot be reached among the parties to resolve the 1 
noncompliant condition, then the Washington State Department of Ecology (Ecology) will be notified in 2 
writing within 15 days after receiving the noncompliant shipment. A copy of the manifest at issue will 3 
accompany the notification (WAC 173-303-370, “Manifest System”). Pending resolution, the 4 
nonreturnable package will be segregated from other waste and not accepted at CWC-WRAP. If the 5 
discrepancy is discovered after the manifest has been signed and returned to the delivering transporter or 6 
offsite generator, the manifest will be updated to include the discrepancy, re-signed and dated. A copy of 7 
the updated manifest must be sent to the transporter and offsite generator within thirty days and 8 
maintained in the operating record for a minimum of three years. 9 

If the waste container or shipment is damaged to such an extent, or the waste is in such a condition as to 10 
present a hazard to the public health or the environment in the process of further transportation, then 11 
actions must be taken in accordance with Addendum J, “Contingency Plan”. 12 

B4 CWC-WRAP-Generated Waste 13 

Waste generated at CWC-WRAP from processing and treatment operations, performing repair and 14 
maintenance activities, spill cleanup materials, or other sources within CWC-WRAP will be managed to 15 
ensure proper handling and disposition. This includes two different categories of waste: waste resulting 16 
from treatment at CWC-WRAP and CWC-WRAP waste generated from O&M activities. 17 

 Waste Resulting from Treatment at CWC-WRAP  18 

Waste from onsite and offsite generators may be processed and/or treated at CWC-WRAP, resulting in a 19 
newly generated waste stream. Treatment may be performed at CWC-WRAP to change the characteristics 20 
and/or to render the waste LDR compliant. Methods for confirming the effectiveness of treatment are 21 
shown in Table B-1.  22 

 Other CWC-WRAP-Generated Waste 23 

Waste will be characterized by CWC-WRAP personnel for proper handling. Information for 24 
CWC-WRAP waste generated during O&M activities is captured during the work planning process and 25 
provided to a WMR for review. Laboratory analysis for the waste is performed as necessary by the WMR. 26 
Planning for the CWC-WRAP-generated waste stream begins prior to waste generation. 27 
For CWC-WRAP work activities, CWC-WRAP-generated waste is identified, reviewed, and designated. 28 
Packaging and storage requirements are determined based on compatibility, receiving TSD acceptance 29 
criteria, and U.S. Department of Transportation regulations. Requirements for CWC-WRAP-generated 30 
waste are placed in work plans to be executed in the field during generation of the waste. Waste to be 31 
generated is identified for the work activity to be performed.  32 

The following CWC-WRAP-generated wastes do not require chemical analysis: 33 

 Commercial chemical products in the original product container(s) (e.g., off-specification, outdated, 34 
or unused products) 35 

 Articles removed from service, (e.g., ballasts and batteries) 36 

 Waste containing asbestos 37 

 Waste, environmental media, and/or debris from the cleanup of a spill or release of a single substance, 38 
commercial product, or otherwise known material 39 
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 Waste, environmental media, and/or debris from the cleanup of a spill or release from a container 1 
previously accepted at CWC-WRAP  2 

 Hazardous debris as defined in WAC 173-303-040 3 

 Liquids discovered in CWC-WRAP that are known to be precipitation 4 

Waste not meeting the preceding exceptions will be sampled using the applicable parameters in Table B-2 5 
and will be designated according to the regulatory requirements of WAC 173-303-070, “Designation of 6 
Dangerous Waste.” Known precipitation liquids will be managed as nondangerous waste. 7 

B5 Waste Analysis Parameters  8 

Table B-2 details the physical and chemical analyses to be performed as well as the rationale for the 9 
selection of analyses. 10 

In addition to the analysis frequencies listed, laboratory analyses may be used, as needed, upon the 11 
discretion of the WMR. 12 

The most recent revision of U.S. Environmental Protection Agency test methods (SW-846, Test Methods 13 
for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Update V) will be used. 14 

 15 



 

 

 
D

O
E

/R
L-2015-74, R

E
V

IS
IO

N
 0 

 
D

E
C

E
M

B
E

R
 2015 

B
-10 

Table B-1. Post-treatment Waste Analysis Confirmation 

Treatment Type Description Frequency 

Confirmation 

Debris* Liquids 
Homogeneous 

Solids 

Sorting/Segregation 
Removes items to facilitate future disposal at 
WIPP; separates potentially ignitable, 
reactive, and/or corrosive materials 

Every 
container 
treated 

Visual inspection 

Liquids removed 
from containers 
will be managed 
as newly 
generated waste 
in accordance 
with Section B4. 

Visual 
inspection 

Solidification and/or Absorption 
of Liquids 

Includes stabilization and cementing; 
immobilizes hazardous constituents and can 
change or remove characteristics of waste 

Every 
container 
treated 

N/A 
Analysis: Method 
9095, paint filter 

N/A 

Puncture and Decant of Aerosol 
Cans or Cylinders 

Renders cans as empty containers; contents 
of punctured/ decanted container will be 
collected and designated. 

Daily when 
puncturing 
containers 

Verify that the 
puncturing 
device is 
operational. 

N/A N/A 

Deactivation 

Neutralization  
Removes the characteristic of corrosivity of 
a waste 

Every 
container 
treated 

N/A pH screening N/A 

Controlled 
Reaction with 
Water 

Removes the characteristic of reactivity of a 
waste: Reactive Sulfides Subcategory 

Every 
container 
treated 

N/A 

Technology-
Based Standard, 
waste treatment 
personnel must 
determine that the 
treated waste no 
longer exhibits a 
reactive 
characteristic. 

N/A 
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Table B-1. Post-treatment Waste Analysis Confirmation 

Treatment Type Description Frequency 

Confirmation 

Debris* Liquids 
Homogeneous 

Solids 

  
Removes the characteristic of reactivity of a 
waste: Water Reactive Subcategory 

 

Technology-
Based Standard, 
waste treatment 
personnel must 
determine that the 
treated waste no 
longer exhibits a 
reactive 
characteristic. 

  
Removes the characteristic of reactivity of a 
waste: Reactive Cyanides Subcategory 

 

Analysis: 
SW-846 9010 or 
9012 (Total 
Cyanides) 

  
Removes the characteristic of reactivity of a 
waste: Other Reactive Subcategory 

 

Technology-
Based Standard, 
waste treatment 
personnel must 
determine that the 
treated waste no 
longer exhibits a 
reactive 
characteristic. 

 Absorption 
Reduces or eliminates liquid to the point of 
changing or eliminating characteristics of the 
waste; may be used for spill cleanup 

Every 
container 
treated 

N/A 
Analysis: 
Method 9095 

N/A 

 Encapsulation 
Immobilizes and changes waste 
characteristics through macroencapsulation 
and/or microencapsulation  

Every 
container 
treated 

Visual inspection N/A 
Visual 
inspection 
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Table B-1. Post-treatment Waste Analysis Confirmation 

Treatment Type Description Frequency 

Confirmation 

Debris* Liquids 
Homogeneous 

Solids 

Chemical Stabilization 
Stabilization with a reagent to reduce the 
leachability of the contaminant; can change 
or remove characteristics of a waste 

Every 
container 
treated 

N/A 

Preparation: 
Method 1311 

Analysis: 
Method 6010 

N/A 

Mercury Amalgamation 

Amalgamation of liquid, elemental mercury 
utilizing inorganic reagents such as copper, 
zinc, nickel, gold, and sulfur that result in a 
nonliquid semisolid amalgam and, thereby, 
reducing potential emissions of elemental 
mercury vapors to the air  

Every 
container 
treated 

N/A 
Analysis: 
Method 7471 

N/A 

Microencapsulation/ 
Macroencapsulation 

Stabilization of the debris such that the 
leachability of the hazardous contaminants is 
reduced  

Every 
container 
treated 

Visual inspection N/A 
Visual 
inspection 

Volume Reduction 
Can include compaction or crushing to 
remove void spaces 

Every 
container 
treated 

Visual inspection N/A N/A 

Reference: SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Update V. 

* Confirmation for waste debris is performance based when meeting the requirements of the treatments listed in 40 CFR 268.45, “Land Disposal Restrictions,” “Treatment 
Standards for Hazardous Debris.” 

N/A = not applicable 

WIPP = Waste Isolation Pilot Plant 

  1 
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Table B-2. Waste Requiring Verification or Characterization Analysis 

Verification 

Waste 
Stream Parameter Method Frequency of Analysis Sampling Method Rationale for Selection 

Debris 
Physical 
Inspection 

Visual inspection 

Other SWOC and non-SWOC-generated 
waste: The verification rate will be 
established by the PES during approval of 
the waste profile (see Section B3.1.1). 

RSW – Exempt from verification; however, 
NDE will be used on drums and boxes for 
which NDE capability exists, either at the 
trench prior to shipment or following receipt 
at CWC-WRAP. 

CWC-WRAP waste generated during 
operations and maintenance activities – 
Exempt 

Visual inspection of 
open container 
content 

Consistency between 
container documentation and 
container content is 
confirmed.  

NDE NDE scan 

Used to confirm consistency 
between container 
documentation and container 
content. Used to minimize 
handling of waste.  

Liquids 

Physical 
Inspection 

Visual inspection 

Other SWOC and non-SWOC-generated 
waste: The verification rate will be 
established by the PES during approval of 
the waste profile (see Section B3.1.1). 

RSW – Exempt from verification; however, 
NDE will be used on drums and boxes for 
which NDE capability exists, either at the 
trench prior to shipment or following receipt 
at CWC-WRAP. 

CWC-WRAP waste generated during 
operations and maintenance activities – 
Exempt 

Visual inspection of 
open container 
content 

Consistency between 
container documentation and 
container content is 
confirmed.  

NDE NDE scan 

Used to confirm consistency 
between container 
documentation and container 
content; used to minimize 
handling of waste  

pH Liquids Field pH test paper 
10% of the mixed waste verified by physical 
verification will be chemically screened as 
allowed by the waste stream characteristics 
described in Section B3.1.1. 100% of 
containers chemically screened will be 
screened for this parameter. 

Grab Confirms D002, corrosivity 

Peroxides 
Field peroxide test 
paper 

Grab 
Confirms container contents 
are consistent with 
documentation 

Oxidizers 
Field potassium 
iodide test paper 

Grab Confirms D003, reactivity

Cyanides Field cyanide screen 
For waste subject to chemical screening, 
performed at the discretion of the 
Verification Team Lead 

Grab Confirms D003, reactivity 
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Table B-2. Waste Requiring Verification or Characterization Analysis 

Verification 

Waste 
Stream Parameter Method Frequency of Analysis Sampling Method Rationale for Selection 

Sulfides Field sulfide screen 
For waste subject to chemical screening, 
performed at the discretion of the 
Verification Team Lead 

Grab Confirms D003, reactivity

Homogenous 
Solids 

Physical 
Inspection 

Visual inspection 

Other SWOC and non-SWOC-generated 
waste: The verification rate will be 
established by the PES during approval of 
the waste profile (see Section B3.1.1). 

RSW – Exempt from verification; however, 
NDE will be used on drums and boxes for 
which NDE capability exists, either at the 
trench prior to shipment or following receipt 
at CWC-WRAP. 

CWC-WRAP waste generated during 
operations and maintenance activities – 
Exempt 

Visual inspection of 
open container 
content 

Consistency between 
container documentation and 
container content is 
confirmed.  

NDE NDE scan 

Used primarily for RW to 
confirm consistency between 
container documentation and 
container content; used to 
minimize handling of waste; 
may also be used for newly 
generated containers restricted 
from visual verification due to 
content type (e.g., sludge, soil, 
or cement chips) 
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Table B-2. Waste Requiring Verification or Characterization Analysis 

Verification 

Waste 
Stream Parameter Method Frequency of Analysis Sampling Method Rationale for Selection 

Characterization Analysis for Other CWC-WRAP-Generated Waste* 

Liquids 

pH Liquids 
Analysis: 9040,
9041, and 9045 

Each container of liquids is generated as 
described in Section B4.2. 

Pipet, dip 

Grab 

COLIWASA 

Confirms regulatory status as 
WSC2 

Flashpoint 
Analysis: 1010 or
1020 

Confirms D001, ignitability 

Cyanide 
Analysis: 9012, 
9014, and 9213 Confirms D003, reactivity 

Sulfide Analysis: 9030 

Total 
Organics 

Preparation: 5030 
and 3510 or 3520 

Analysis: 8260 and 
8270 

Determines the presence of 
TCLP organics 

Total 
Metals 

Preparation: 3005 
or 3010 or 3015 or 
3052 

Analysis: 6010 or 
6020 or 200.8 
(ASTM) 

Preparation and 
Analysis: 7470 

Confirms the presence of 
TCLP metals  
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Table B-2. Waste Requiring Verification or Characterization Analysis 

Verification 

Waste 
Stream Parameter Method Frequency of Analysis Sampling Method Rationale for Selection 

Homogenous 
Solids 

Presence of 
Free 
Liquids 

Analysis: 9095 

Each container of homogeneous solids is 
generated as described in Section B4.2. 

Grab 

Confirms presence of liquids, 
if any 

pH Solids Analysis: 9045 
Confirms regulatory status as 
WSC2  

Total 
Organics  

Preparation: 1311  

Analysis: 8260 and 
8270 

Confirms the presence of 
volatile/semivolatile organic 
compounds 

Cyanide Analysis: 9013 
Confirms D003, reactivity 

Sulfide Analysis: 9030 

Reference: SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Update V. 

* Parameters and methods are analytical, and SW-846 methods will be used unless otherwise noted. Analytical results for solids and soils will be reported on a dry weight basis. 

ASTM = ASTM International, formerly the American Society for Testing and Materials 

COLIWASA = composite liquid waste sampler 

CWC = Central Waste Complex 

NDE = nondestructive examination 

PES = Performance Evaluation System 

RSW = retrievably stored waste 

RW = retrieved waste 

SWOC = Solid Waste Operations Complex 

TCLP = toxic characteristic leaching procedure 

WRAP = Waste Receiving and Processing 

 1 
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 Sampling Methods and Equipment 1 

Sampling methods performed at CWC-WRAP are in accordance with WAC 173-303-110(2), “Sampling, 2 
Testing Methods, and Analytes.” Sampling equipment appropriate to the waste type to be sampled, and in 3 
accordance with WAC 173-303-110, will be used. Sampling equipment used at CWC-WRAP is shown in 4 
Table B-3. 5 

Table B-3. Sampling Equipment 

Waste Stream Waste Forms Equipment 

Liquids Free-flowing liquids and slurries COLIWASA, glass thief, pipet, dip, tank 
bomb, and bailer/tube samplers 

Homogeneous Solids Sludges Trier, scoops and shovels, tube-type 
samplers and augers, and spoons (for small 
containers) Sand or packed powders and granules 

Large-grained solids 

Moist powders or granules 

Moist powders or granules 

Dry powders or granules 

COLIWASA = composite liquid waste sampler 

6 

B6 Quality Assurance/Quality Control 7 

Quality assurance (QA) and quality control (QC) programs in effect at CWC-WRAP ensure that sampling 8 
and analysis of waste, generator performance, and waste receipt documentation provide data confirming 9 
that waste is sufficiently characterized to be managed at CWC-WRAP.  10 

 Waste Receipt Quality Assurance 11 

To ensure that waste shipped or transferred to CWC-WRAP is properly characterized and meets 12 
acceptance requirements, an initial container verification rate is determined. This decision uses the 13 
following generator-provided information to determine the relative potential for problems in a 14 
waste stream: 15 

 Documentation of the customer’s waste management program 16 

 Waste profile characterization information 17 

 Potential for inappropriate segregation of the waste 18 

For more information on initial verification rate determinations, refer to Appendix B-A, Section B-A2. 19 

Generators are monitored on a monthly basis to identify trends in performance and to correct potential 20 
problems before they arise. For more information on generator performance evaluations, refer to 21 
Appendix B-A, Section B-A5. 22 
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 Laboratory Selection 1 

Onsite and offsite laboratories providing analytical support to CWC-WRAP must be approved by a 2 
U.S. Department of Energy (DOE) evaluation organization. The laboratory QA plan will be submitted to 3 
Ecology in accordance with the Tri-Party Agreement Action Plan (Ecology et al., 1989, Hanford Federal 4 
Facility Agreement and Consent Order Action Plan), Section 6.5, for review as a secondary document 5 
before commencement of analytical work. The QA plan will contain the following information, at 6 
a minimum: 7 

 Sample custody and management practices 8 

 Sample preservation protocols 9 

 Sample preparation and analytical method requirements 10 

 Instrument maintenance and calibration requirements 11 

 Internal QC measures (e.g., method blanks, spikes, and duplicates) 12 

 Corrective action process 13 

Periodic audits performed by a DOE evaluation organization ensure compliant operations by approved 14 
laboratories. 15 

B7 Recordkeeping  16 

Documentation will be placed into the Hanford Facility Operating Record (CWC-WRAP portion), as 17 
required by Permit Condition II.I (WAC 173-303-380, “Facility Recordkeeping”) to include approved 18 
waste profile documentation (Hanford Facility RCRA Permit, “Dangerous Waste Portion,” 19 
Condition II.I.1.j) and confirmation records (Hanford Facility RCRA Permit, “Dangerous Waste Portion,” 20 
Condition II.I.1.b [WA7890008967]). LDR records referred to in Section B3.2 will be maintained in the 21 
Hanford Facility Operating Record, CWC-WRAP portion, in accordance with WAC 173-303-380(1)(m). 22 

B8 Training 23 

For training requirements related to duties described in the CWC-WRAP WAP, refer to Addendum G, 24 
“Personnel Training.” 25 
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B-A1 Introduction 1 

The Central Waste Complex (CWC)-Waste Receiving and Processing Facility (WRAP) Performance 2 
Evaluation System (PES) committee acts as an agent to ensure that waste accepted for treatment and 3 
storage at CWC-WRAP meets applicable permit and regulatory requirements. The PES Committee 4 
conducts performance-based generator oversight in support of compliant waste acceptance.  5 

B-A2 Initial Waste Profile Review 6 

As a component of the waste profile review process, the PES evaluates the waste profile, information 7 
related to other waste streams from the same generator, and any other generator-provided information. 8 
The PES determines if there are concerns in any of the following areas: 9 

 Documented Waste Management Program: Concerns could exist in this area if the processes, 10 
procedures, or certification methods used by the generator might not be sufficient to ensure that the 11 
waste meets the acceptance criteria. Recent verification failure in similar waste streams due to 12 
deficiencies in the generator’s Waste Management Program would indicate concerns in this area. 13 

 Waste stream characterization information: Concerns could exist in this area if the generator’s 14 
knowledge and/or sampling and analysis data might lead to mischaracterization or misdesignation of 15 
the waste. Recent verification failure in similar waste streams due to incorrect characterization data 16 
would indicate concerns in this area. 17 

 Potential for inappropriate segregation: Concerns could exist in this area when inappropriate 18 
segregation of waste streams might lead to incorrect designation of the waste. Waste streams that 19 
require segregation from other waste streams (e.g., that have different waste codes or 20 
treatment/disposal pathways) could lead to concerns in this area, depending on the specific 21 
waste-generating process and details of segregation procedures used by the generator. Recent 22 
verification failure in similar waste streams due to incorrect segregation would also indicate concerns 23 
in this area. 24 

The PES then establishes initial verification rates as identified in Table B-A-1. 25 

Table B-A-1. Initial Verification Rates 

Areas of Concern Verification Rate 

None 20 to 50% 

Concern in 1 Area 50 to 100% 

Concern in 2 Areas 100% 

 26 

B-A2.1 Nonverifiable Waste 27 

Certain waste streams, including the following, may not be verifiable: 28 

 Shielded waste that cannot be viewed through nondestructive examination 29 

 Classified waste 30 

 Remote-handled waste 31 
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 Other waste that cannot be physically screened because no facility is available to perform such 1 
screening (either at the generating location or at a Solid Waste Operations Complex facility unit) 2 

In the case of nonverifiable waste, the following information will be assembled and provided to the PES 3 
for review: 4 

 Procedures used to segregate and package the waste 5 

 Process knowledge documentation and sampling 6 

 Analysis data used to characterize the waste 7 

The PES will evaluate whether the combination of characterization data and segregation/packaging 8 
procedures provide reasonable assurance that the waste will be properly designated and meet the 9 
treatment, storage, and/or disposal unit acceptance criteria, or if additional actions are needed, such as 10 
verification of the waste at the point of generation or observation of the generating process. If the PES 11 
determines that there is insufficient information to accept the waste at CWC-WRAP, the waste profile 12 
will be rejected. 13 

B-A3 Reducing the Verification Rate 14 

The minimum verification rate is 5 percent for onsite generators and 10 percent for offsite generators. 15 
At a minimum, each month, the PES reviews waste streams above these percentages and can make 16 
changes as identified in Table B-A-2. 17 

Table B-A-2. PES Verification Rate Reduction 

Reduction Step Criteria Reduction 

Step 1 Five containers from the waste stream (or group 
of related streams) pass verification with no 
failures. 

Reduce the verification rate by a 
maximum of 66% (e.g., from 100% to 
a minimum of 34%). 

Step 2 Complete Step 1 reduction, plus five additional 
containers (or group of related streams) pass 
verification with no failures. 

Reduce the verification rate by a 
maximum of 50%. 

Step 3 Complete Step 2 reduction, plus five additional 
containers (or group of related streams) pass 
verification with no failures. 

Reduce the verification rate to 5% for 
onsite generators or 10% for offsite 
generators. 

PES = Performance Evaluation System 

 18 

Additionally, if the verification rate was elevated due to past conformance issues, the PES Committee 19 
must have evaluated the generator’s corrective action plan and found it to be adequate. 20 

B-A4 Addressing Conformance Issues 21 

Nonconformance issues identified during pre-waste acceptance or during the waste acceptance process 22 
will be addressed and evaluated by the PES for resolution. The following types of conformance issues 23 
require PES Committee actions: 24 

 Shipment of unmanifested waste (from an offsite generator) 25 

 Shipment of a container that has not been approved for shipment 26 
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 Shipment of leaking or severely damaged containers 1 

 Containers that fail verification 2 

 Other conformance issues identified subsequent to receipt of a container that cannot be resolved 3 
within 1 week of discovery  4 

A generator may be contacted to provide additional information or requested to provide corrective 5 
actions. If conformance issues are unable to be resolved, waste will not be accepted into the CWC-WRAP 6 
OUG. The verification rate for that waste stream will be increased to 100 percent, and the generator’s 7 
other waste streams will be evaluated to determine whether all waste streams or a subset of waste streams 8 
might be subject to the same type of conformance issue. Also, the physical screening frequency for each 9 
waste stream that might be subject to the same type of verification failure will be adjusted to 100 percent.  10 

B-A5 Monthly Evaluations 11 

Monthly evaluations of generators by the PES will monitor performance on a programmatic basis. 12 
The number of conformance issues for areas described in Section B-A4 and the severity of the issues are 13 
reviewed by the PES. Increases to verification frequencies are established, based on the severity of the 14 
nonconformance. Corrective actions for nonconformance issues are requested from generators. The PES 15 
may also address the status of existing corrective actions during the monthly evaluation. 16 

When waste acceptance issues are identified (nonconforming items), the PES Committee performs the 17 
following actions: 18 

 May increase the verification rate for the waste streams that have incurred verification failures or for 19 
waste that has been received and deemed nonconforming. 20 

 May reject waste from receipt into the CWC-WRAP OUG if conformance issues are unable to be 21 
resolved. 22 

 May request corrective actions for nonconformance issues from generators. The PES may also 23 
address the status of existing corrective actions during the monthly evaluation.  24 
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C1 Introduction and Operating Unit Group Description 1 

This addendum provides a description of storage operations, waste management, treatment processes, and 2 
associated equipment required by WAC 173-303, “Dangerous Waste Regulations,” in effect at the Central 3 
Waste Complex (CWC) -Waste Receiving and Processing Facility (WRAP) Operating Unit Group 4 
(OUG), hereinafter referred to as CWC-WRAP. 5 

CWC-WRAP also conducts processing and storage of nondangerous low-level radioactive waste in 6 
accordance with the Atomic Energy Act of 1954 (AEA). Management of radioactive waste is not within 7 
the scope of the Resource Conservation and Recovery Act of 1976 (RCRA) or WAC 173-303. 8 
Any information provided in this document for radioactive waste is for informational purposes only. 9 

C1.1 Dangerous Waste Management Unit Description 10 

Located in the 200 West Area of the Hanford Facility (Appendix C-A), CWC-WRAP provides container 11 
storage and treatment for mixed waste (MW)1 from onsite and offsite Hanford generators, and CWC-12 
WRAP operations as well as storage of waste2 generated by CWC-WRAP operations. Waste management 13 
activities are conducted within the dangerous waste management units (DWMUs) shown in Table C-1 14 
and Figure C-1. 15 

Table C-1. Dangerous Waste Management Unit Operation 

DWMU Operation 

Low Flashpoint Storage Modules  

Storage 

2402-W, WB, WC, and WE through WL Waste Storage Buildings 

2403-WA through WC Waste Storage Buildings 

CWC Shipping and Receiving Area 

2336-W Building NDA/NDE Area 

2336-W Building Shipping and Receiving Area 

2336-W Building Room 152 

2404-WA and WB Waste Storage Buildings 

High Energy Real Time Radiography (HERTR) and Super High Energy Neutron 
Counter (HENC) Waste Outdoor Storage Area (HERTR and Super HENC Waste 
Outdoor Storage Area) 

2402-WD Waste Storage Building 

Storage and Treatment 
2403-WD Waste Storage Building 

2336-W Building Process Area 

2404-WC Waste Storage Building 

 16 

Capacity for each storage area was calculated, based on the storage requirements in accordance with 17 
WAC 173-303-630, “Use and Management of Containers,” and then used to determine the total DWMU 18 

                                                      
1 Mixed waste refer to dangerous waste or hazardous waste, as applicable. 
2 Waste refer to dangerous waste or hazardous waste, as applicable. 
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maximum permitted storage capacity. Permitted storage and secondary containment capacities are listed 1 
in Table C-2. 2 

Treatment of waste is primarily conducted using a variety of technologies to meet the requirements of 3 
WAC 173-303-140, “Land Disposal Restrictions.” Treatment activities are discussed in Section C3. 4 
The process design capacity for waste treatment is shown in Table C-3. To determine the maximum 5 
permitted treatment capacity, calculations were performed that conservatively estimated the maximum 6 
volume of waste expected to be treated using the volume of containers expected to be managed at the 7 
DWMU in a day. 8 

Engineering drawings illustrating secondary containment design, general structure layout, and fire 9 
suppression systems are located in Appendix C-B. The following subsections briefly describe 10 
each DWMU. 11 

C1.1.1 Low Flashpoint Storage Modules 12 

The Low Flashpoint Storage Modules DWMU is located to the south of the 2403-W Series buildings and 13 
is permitted for waste container storage. The overall DWMU dimension, including the surrounding 14 
asphalt pad, measures approximately 112 m (367 ft) long by 49 m (160 ft) wide for a total footprint area 15 
of approximately 5,500 m2 (58,700 ft2). 16 

The DWMU consists of 24 flammable waste storage modules and 2 alkali metal waste storage modules. 17 
There are nine different styles of modules labeled Style ‘A’ through Style ‘J’ (the letter ‘I’ is unused for 18 
clarity). All areas within each of the following modules are available for container storage resulting in the 19 
same approximate total footprint and available waste storage area listed in Table C-2: 20 

 Style ‘A’ 2 m (8 ft) wide by 6.1 m (20 ft) long 21 

 Style ‘B’ 3.0 m (10 ft) wide by 9.8 m (32 ft) long 22 

 Style ‘C’ 3 m (9 ft) wide by 7.3 m (23 ft) long 23 

 Style ‘D’ 3.0 m (10 ft) wide by 7.3 m (24 ft) long 24 

 Style ‘E’ 3 m (9 ft) wide by 6.7 m (22 ft) long 25 

 Style ‘F’ 3 m (9 ft) wide by 7.3 m (24 ft) long 26 

 Style ‘G’ 3 m (9 ft) wide by 7.3 m (24 ft) long 27 

 Style ‘H’ 2.6 m (8.5 ft) wide by 7.3 m (24 ft) long 28 

 Style ‘J’ 2 m (5 ft) wide by 8.08 m (26.5 ft) long 29 

Each module is equipped with engineered secondary containment and designed to meet the following 30 
storage requirements for ignitable, reactive, and corrosive waste: 31 

 Pre-engineered covered/enclosed structure is constructed of metal and divided into three separate 32 
compartments accessible by separate doors that open onto an asphalt pad. 33 

 Floor support system is constructed for loads up to 1,221 kg/m2 (250 lb/ft2). 34 

 Internal sealing is with a chemically resistant coating (e.g., epoxy resin). 35 

 Vented catch sump/basin prevents accumulation of liquids and exceeds minimum capacity 36 
requirements for spill containment. 37 

 Roof collects and directs precipitation to the rear of the module away from the doorways and 38 
loading platforms. 39 

Secondary containment is discussed further in Section C2.3. Treatment of waste will not be conducted 40 
within this DWMU. 41 
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Figure C-1. 2011 Aerial Photo of CWC-WRAP DWMUs (2012) 2 
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Table C-2. CWC-WRAP DWMU Capacities 

DWMU 

Available Waste 
Storage Area 

Maximum Permitted 
Storage Capacity 

Secondary Containment 
Capacitya Maximum Treatment Rate 

(Metric Tons/Day)b m2 ft2 m3 Liters m3 Liters 

Low Flashpoint Storage Modules 

FS-01, FS-02 (Style ‘A’) 14.9 160 6.65 6,650 1.70 1,700 N/A 

FS-03, FS-14 (Style ‘B) 29.7 320 14.97 14,970 6.03 6,030 N/A 
FS-05, FS-06, FS-07, FS-09, FS-10, 
FS-11, FS-12, FS-15 (Style ‘C’) 

19.1 206 9.15 9,150 3.27 3,270 N/A 

FS-16, FS-17, FS-18 (Style ‘D’) 22.3 240 11.64 11,640 4.25 4,250 N/A 
FS-19, FS-20 (Style ‘E’) 18.4 198 9.15 9,150 3.27 3,270 N/A 

FS-21, FS-22, FS-23, FS-24, FS-25 
(Style ‘H’) 

19 204 9.98 9,980 2.89 2,890 N/A 

FS-26, FS-27 (Style ‘J’) 12.3 133 5.40 5,400 1.95 1,950 N/A 

AMW-1 (Style ‘G’) 20.1 216 9.56 9,560 3.06 3,060 N/A 

AMW-2 (Style ‘F’) 20.1 216 10.81 10,810 3.06 3,060 N/A 

Total DWMU Capacityc 251 251,000 85 85,000 N/A 

2402-W, WB, WC, and WE through WL Waste Storage Buildings DWMU 

2402-W Waste Storage Building 340 3,700 234.6 234,600 49.2 49,200 N/A 

2402-WB Waste Storage Building 340 3,700 234.6 234,600 49.2 49,200 N/A 

2402-WC Waste Storage Building 340 3,700 234.6 234,600 49.2 49,200 N/A 
2402-WE Waste Storage Building 340 3,700 234.6 234,600 49.2 49,200 N/A 

2402-WF Waste Storage Building 340 3,700 234.6 234,600 49.2 49,200 N/A 

2402-WG Waste Storage Building 340 3,700 234.6 234,600 49.2 49,200 N/A 
2402-WH Waste Storage Building 340 3,700 234.6 234,600 49.2 49,200 N/A 

2402-WI Waste Storage Building 340 3,700 234.6 234,600 49.2 49,200 N/A 

2402-WJ Waste Storage Building 340 3,700 234.6 234,600 49.2 49,200 N/A 
2402-WK Waste Storage Building 340 3,700 234.6 234,600 49.2 49,200 N/A 

2402-WL Waste Storage Building 340 3,700 234.6 234,600 49.2 49,200 N/A 

Total DWMU Capacity 2,581 2,580,600 541.2 541,200 N/A 

2403-WA through WC Waste Storage Buildings DWMUd 

2403-WA Waste Storage Building 2,600 28,000 2,985 2,985,000 129.3 129,300 N/A 
2403-WB Waste Storage Building 2,600 28,000 2,985 2,985,000 129.3 129,300 N/A 
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Table C-2. CWC-WRAP DWMU Capacities 

DWMU 

Available Waste 
Storage Area 

Maximum Permitted 
Storage Capacity 

Secondary Containment 
Capacitya Maximum Treatment Rate 

(Metric Tons/Day)b m2 ft2 m3 Liters m3 Liters 
2403-WC Waste Storage Building 2,600 28,000 2,985 2,985,000 129.3 129,300 N/A 

Total DWMU Capacity 8,955 8,955,000 388 387,900 N/A 

CWC Shipping and Receiving Area DWMU 

CWC Shipping and Receiving Area 2,570 27,660 1,977 1,977,000 N/A N/A N/A 

Total DWMU Capacity 1,977 1,977,000 N/A N/A N/A 

2336-W Building NDA/NDE Area 

2336-W Building NDA/NDE Area 660 7,100 26.8 26,800 100 100,000 N/A 

Total DWMU Capacity 26.8 26,800 100 100,000 N/A 
2336-W Building Shipping and Receiving Area 

2336-W Building Shipping and 
Receiving Area 

907 9,800 138.5 138,500 138 138,000 N/A 

Total DWMU Capacity 138.5 138,500 138 138,000 N/A 

2336-W Building Room 152 

2336-W Building Room 152 25.5 280 0.62 620 N/A N/A N/A 

Total DWMU Capacity 0.62 620 N/A N/A N/A 

2404-WA and WB Waste Storage Buildings DWMU 

2404-WA Waste Storage Building 2,010 21,600 1,879 1,879,000 402 402,000 N/A 

2404-WB Waste Storage Building 2,010 21,600 1,879 1,879,000 402 402,000 N/A 

Total DWMU Capacity 3,758 3,758,000 804 804,000 N/A 

HERTR and Super HENC Waste Outdoor Storage Area DWMU 

HERTR and Super HENC Waste 
Outdoor Storage Area DWMU 

434 4,680 198 198,000 N/A N/A N/A 

Total DWMU Capacity 198 198,000 N/A N/A N/A 

2402-WD Waste Storage Building DWMU 

2402-WD Waste Storage Building 
DWMU 

340 3,700 234.6 234,600 49.2 49,200 382 

Total DWMU Capacity 234.6 234,600 49.2 49,200 382 
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Table C-2. CWC-WRAP DWMU Capacities 

DWMU 

Available Waste 
Storage Area 

Maximum Permitted 
Storage Capacity 

Secondary Containment 
Capacitya Maximum Treatment Rate 

(Metric Tons/Day)b m2 ft2 m3 Liters m3 Liters 

2403-WD Waste Storage Building DWMUe 

2403-WD Waste Storage Building 4,340 46,700 4,942 4,942,000 220 220,000 382 

Total DWMU Capacity 4,942 4,942,000 220 220,000 382 
2336-W Building Process Area DWMU 

2336-W Building Process Area 650 7,000 7.9 7,900 99 99,000 382 

Total DWMU Capacity 7.9 7,900 99 99,000 382 

2404-WC Waste Storage Building DWMU 

2404-WC Waste Storage Building 2,010 21,600 1,879 1,879,000 402 402,000 382 

Total DWMU Capacity 1,879 1,879,000 402 402,000 382 
a. Containers stored in any DWMU or outside storage area that meet the criteria specified in WAC 173-303-630(7)(c), “Dangerous Waste Regulations,” “Use and Management 
of Containers” (i.e., waste packages containing free liquids) are placed on portable secondary containment systems, such as spill pallets and/or berms. Containers stored in any 
DWMU or outside storage area that meet the criteria specified in WAC 173-303-630(7)(c) (i.e., ignitable and/or reactive waste) are placed on portable secondary containment 
systems (i.e., containment pallets) in accordance with IFC requirements. Containers stored in any DWMU that meet the criteria specified in WAC 173-303-630(7)(c) 
(i.e.,  ignitable and/or reactive waste) are placed on portable secondary containment systems, such as spill pallets and/or berms, in accordance with IFC requirements. 
b. Individual treatment unit is permitted to process at the daily maximum treatment rate; however, the maximum treatment rate for all associated treatment units combined 
within the Central Waste Complex-Waste Receiving and Processing Facility cannot exceed 382 metric tons/day. 
c. The area and dimension values listed for Low Flashpoint Storage Modules DWMU are for one module style only; “Total DWMU Capacity” includes all 26 modules. 
d. The 2403-WA through WC Waste Storage Buildings DWMU maximum permitted storage capacity for containers holding waste listed under WAC 173-303-630(7)(c) 
(i.e., free liquids, ignitable, and/or reactive) is limited to a maximum of 1,290 m3 (1,290,000 L). However, if containers of waste do not contain free liquids or ignitable and/or 
reactive waste, the maximum permitted storage capacity listed in the table may be utilized. 
e. The 2403-WD Waste Storage Building DWMU maximum permitted storage capacity for containers holding waste listed under WAC 173-303-630(7)(c) 
(i.e., free liquids, ignitable and/or reactive) is limited to a maximum of 2,200 m3 (2,200,000 L). However, if containers of waste do not contain free liquids or ignitable and/or 
reactive waste, the maximum permitted storage capacity listed in the table may be utilized. 
DWMU = dangerous waste management unit 
IFC   = International Fire Code 
n/a   = not applicable 

 1 
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Table C-3. Treatment Technologies 

Treatment Technology 

2402-WD Waste 
Storage 
Building 

2403-WD Waste 
Storage Building 

2404-WC 
Waste Storage 

Building 
2336-W Building 

Process Area 

Volume Reduction Yes Yes Yes Yes 

Extraction Technologies Yes Yes Yes Yes 

Deactivation Yes Yes Yes Yes 

Deactivation and Recovery 
of Organics (i.e., Puncture 
and Decant Aerosol Cans/ 
Cylinders) 

Yes Yes Yes Yes 

Neutralization Yes Yes Yes Yes 

Absorption Yes Yes Yes Yes 

Controlled Reaction with 
Water 

Yes Yes Yes Yes 

Solidification/Stabilization Yes Yes Yes Yes 

Mercury Amalgamation Yes Yes Yes Yes 

Macroencapsulation Yes Yes Yes Yes 

Microencapsulation Yes Yes Yes Yes 

Sealing Yes Yes Yes Yes 

 1 

C1.1.2 2402-W, WB, WC, and WE through WL Waste Storage Buildings 2 

The 2402-W, WB, WC, and WE through WL Waste Storage Building DWMU is located to the east of the 3 
2403-W Series buildings and is permitted for waste container storage. The DWMU consists of 4 
11 buildings and associated outdoor storage areas. 5 

The outdoor storage areas are uncovered/unenclosed and do not contain engineered secondary 6 
containment systems. The storage areas are constructed of concrete next to the building (i.e., approach 7 
aprons) and asphalt further out (i.e., access paths). The outdoor storage area for each building, except for 8 
the 2402-W and 2402-WB Buildings, consists of two locations measuring approximately 7.9 meters 9 
(26 feet) wide by 8.5 meters (28 feet) long and 7.9 meters (26 feet) wide by 4.3 meters (14 feet) long. 10 
The two outdoor storage areas for the 2402-W Building measure approximately 15 meters (50 feet) wide 11 
by 8.5 meters (28 feet) long and 7.9 meters (26 feet) wide by 4.3 meters (14 feet) long, while the 12 
2402-WB Building outdoor storage areas measure approximately 10 meters (34 feet) wide by 8.5 meters 13 
(28 feet) long and 7.9 meters (26 feet) wide by 4.3 meters (14 feet) long. Containers stored in the outside 14 
storage areas that do not meet WAC 173-303-630(7)(c) criteria (e.g., waste packages that contain free 15 
liquids or exhibit characteristics of ignitability or reactivity) are placed on portable secondary 16 
containment systems, as described in Section C2.3. These storage areas provide a place to stage 17 
containers prior to placement inside the building for storage or in preparation for transport:  18 

 To/from another CWC-WRAP DWMU 19 

 To/from another Hanford OUG 20 

 To/from an offsite shipment to another treatment, storage, and disposal facility (TSDF) 21 
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 To the Environmental Restoration Disposal Facility (ERDF) 1 

Shipping conveyances (e.g., flatbed trailers, van trailers, and casks) can be staged at this location and 2 
loaded with waste containers in transit. 3 

Each building is constructed to meet National Fire Protection Association (NFPA) codes and is equipped 4 
with fire, heat, and smoke detectors as well as a fire suppression system. Building foundations measure 5 
approximately 15 m (50 ft) wide by 24 m (80 ft) long, for a total footprint area of approximately 370 m2 6 
(4,000 ft2). Interior areas not available for container storage were subtracted from this value, resulting in 7 
an available waste storage area of approximately 340 m2 (3,700 ft2). The buildings have engineered 8 
secondary containment systems and are structurally designed with the following features: 9 

 Floors are constructed from reinforced concrete that has been sealed with a chemically resistant 10 
coating (e.g., epoxy resin). 11 

 Foundations are integrated into continuous perimeter concrete curbs that measure approximately 12 
15 cm (5.9 in.) above grade providing secondary containment for entire storage areas. 13 

 Curbs are arranged, so they do not interfere with container handling equipment, and ramps are 14 
constructed across the concrete curbs for loading and unloading operations. 15 

 Piping penetrations and construction joints in the floors have been grouted or caulked and sealed. 16 

Outside, adjacent areas to the buildings and associated outdoor storage areas are stabilized and graded to 17 
slope away, preventing run-on. Treatment of waste will not be conducted within this DWMU. 18 

C1.1.3 2403-WA through WC Series Waste Storage Buildings 19 

The 2403-WA through WC Waste Storage Buildings DWMU is centrally located within CWC-WRAP 20 
and is permitted for waste container storage. The DWMU consists of three buildings and associated 21 
outdoor storage areas. 22 

The outdoor storage areas are uncovered/unenclosed and do not contain engineered secondary 23 
containment systems. The storage areas are constructed of concrete next to the building (i.e., approach 24 
aprons) and asphalt further out (i.e., access paths). They consist of five locations with the following 25 
approximate dimensions: 26 

 18 m (60 ft) wide by 64.6 m (212 ft) long (east of 2403-WB) 27 

 18 m (60 ft) wide by 27 m (90 ft) long (west of 2403-WB) 28 

 14 m (45 ft) wide by 123 m (402 ft) long (west of 2403-WA and 2403-WC) 29 

 11 m (37 ft) wide by 42.4 m (139 ft) long (east of 2403-WC) 30 

 7.0 m (23 ft) wide by 51.8 m (170 ft) long (east of 2403-WA) 31 

Containers stored in the outside storage areas that do not meet WAC 173-303-630(7)(c) criteria (e.g., 32 
waste packages that contain free liquids or exhibit characteristics of ignitability or reactivity) are placed 33 
on portable secondary containment systems, as described in Section C2.3. These storage areas provide a 34 
place to stage containers prior to placement inside the building for storage or in preparation for transport: 35 

 To/from another CWC-WRAP DWMU 36 

 To/from another Hanford OUG 37 

 To/from an offsite shipment to another TSDF 38 

 To ERDF 39 
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Shipping conveyances (e.g., flatbed trailers, van trailers, and casks) can be staged at this location and 1 
loaded with waste containers in transit. 2 

Each building is constructed to meet NFPA codes and is equipped with fire, heat, and smoke detectors as 3 
well as a fire suppression system. Building foundations measure approximately 51.9 m (170 ft) wide by 4 
61.0 m (200 ft) long, for a total footprint area of approximately 3,170 m2 (34,000 ft2). Interior areas not 5 
available for container storage were subtracted from this value, resulting in an available waste storage 6 
area of approximately 2,600 m2 (28,000 ft2). The buildings have engineered secondary containment 7 
systems and are structurally designed with the following features: 8 

 Floors are constructed from reinforced concrete that has been sealed with a chemically resistant 9 
coating (e.g., epoxy resin). 10 

 Foundations are divided into quadrants by concrete curbs that are approximately 13 cm (5.1 in.) 11 
above grade with sloping floors and sumps providing secondary containment for entire storage areas. 12 

 Curbs are arranged, so they do not interfere with container handling equipment, and ramps are 13 
constructed across the concrete curbs for loading and unloading operations. 14 

 All piping penetrations and construction joints in the floors are grouted or caulked and sealed. 15 

Outside, adjacent areas to the buildings and associated outdoor storage areas are stabilized and graded to 16 
slope away, preventing run-on. Treatment of waste will not be conducted within this DWMU. 17 

C1.1.4 CWC Shipping and Receiving Area 18 

The CWC Shipping and Receiving Area DWMU is an outdoor storage area, located east of the 2402-19 
W Series buildings, and is permitted for waste container storage. The DWMU is an uncovered/ unenclosed 20 
asphalt pad located outside that does not have an engineered secondary containment system. It measures 21 
approximately 46.0 m (151 ft) wide by 60.7 m (199 ft) long, for a total footprint and available waste 22 
storage area of approximately 2,570 m2 (27,660 ft2). Containers stored in the outside storage area that do 23 
not meet WAC 173-303-630(7)(c) criteria (e.g., waste packages that contain free liquids or exhibit 24 
characteristics of ignitability or reactivity) are placed on portable secondary containment systems, as 25 
described in Section C2.3. These storage areas provide a place to stage containers prior to placement 26 
inside the building for storage or in preparation for transport: 27 

 To/from another CWC-WRAP DWMU 28 

 To/from another Hanford OUG 29 

 To/from an offsite shipment to another TSDF 30 

 To ERDF 31 

Shipping conveyances (e.g., flatbed trailers, van trailers, and casks) can be staged at this location and 32 
loaded with waste containers in transit. Treatment of waste will not be conducted within this DWMU. 33 

C1.1.5 2336-W Building NDA/NDE Area 34 

The 2336-W Building Nondestructive Assay (NDA)/Nondestructive Examination (NDE) Area DWMU is 35 
located to the north of the 2404-W Series buildings and is permitted for waste container storage. 36 
The DWMU also houses the NDA and NDE equipment used in support of certifying transuranic mixed 37 
(TRUM) waste for Waste Isolation Pilot Plant (WIPP) acceptance. NDA equipment is used to determine 38 
the AEA regulated material content of each waste container. NDE is used to identify waste items to 39 
indicate the physical appearance of the waste, identify if liquids are present, and/or identify if other 40 
suspect nonconformance waste forms are present to support waste characterization and processing, 41 
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confirmation, treatment, and/or certification. The DWMU consists of an area located within the 1 
2336-W Building and associated outdoor storage area. 2 

The outdoor storage area is uncovered/unenclosed and does not contain an engineered secondary 3 
containment system. The storage area is constructed of concrete next to the building and measures 4 
approximately 12 m (40 ft) wide by 12 m (40 ft) long. Containers stored in the outside storage area that 5 
do not meet WAC 173-303-630(7)(c) criteria (e.g., waste packages that contain free liquids or exhibit 6 
characteristics of ignitability or reactivity) are placed on portable secondary containment systems as 7 
described in Section C2.3. 8 

The 2336-W Building is constructed to meet NFPA codes and is equipped with fire, heat, and smoke 9 
detectors as well as a fire suppression system. The NDA/NDE Area, located inside the building, measures 10 
approximately 23 m (75 ft) wide by 30.4 m (100 ft) long for a total floor area of approximately 11 
698 m2 (7,500 ft2). Areas not available for container storage were subtracted from this value, resulting in 12 
an available waste storage area of approximately 660 m2 (7,100 ft2). The engineered secondary 13 
containment system and building portion include the following features: 14 

 Foundation is integrated into a continuous perimeter concrete curb measuring approximately 15 cm 15 
(5.9 in.) above grade and providing secondary containment for the entire storage area. 16 

 Reinforced concrete flooring has been sealed with a chemically resistant coating (e.g., epoxy resin). 17 

 There are no floor drains within the bermed areas of the building. 18 

 Curbing, embedded water stops, and slope of the floors at points near the exits and outer walls of the 19 
buildings are designed to contain liquids. 20 

 Floor is located above ground level to prevent run-on. 21 

Treatment of waste will not be conducted within this DWMU. 22 

C1.1.6 2336-W Building Shipping and Receiving Area 23 

The 2336-W Building Shipping and Receiving Area DWMU is located to the north of the 2404-W Series 24 
buildings and is permitted for waste container storage. The DWMU also houses the Transuranic Package 25 
Transporter Model 2 (TRUPACT-II) container loading bay and automated stacker/retrieval system. 26 
Loading docks, roll-up doors, container storage equipment, and material handling equipment, including 27 
the TRUPACT loading equipment, are maintained as part of the DWMU. The DWMU consists of an area 28 
located within the 2336-W Building and associated outdoor storage area. 29 

The outdoor storage area is an uncovered/unenclosed concrete pad and does not have an engineered 30 
secondary containment system. It consists of an area measuring approximately 122 m (400 ft) wide by 31 
54.8 m (180 ft) long. Containers stored in the outside storage area that do not meet WAC 173-303-32 
630(7)(c) criteria (e.g., waste packages that contain free liquids or exhibit characteristics of ignitability or 33 
reactivity) are placed on portable secondary containment systems, as described in Section C2.3. 34 
These storage areas provide a place to stage containers prior to placement inside the building for storage 35 
or in preparation for transport: 36 

 To/from another CWC-WRAP DWMU 37 

 To/from another Hanford OUG 38 

 To/from an offsite shipment to another TSDF 39 

 To ERDF 40 
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Shipping conveyances (e.g., flatbed trailers, van trailers, and casks) can be staged at this location and 1 
loaded with waste containers in transit. 2 

The 2336-W Building is constructed to meet NFPA codes and is equipped with fire, heat, and smoke 3 
detectors as well as a fire suppression system. The Shipping and Receiving Area, located inside the 4 
building, measures approximately 23 m (75 ft) wide by 42.7 m (140 ft) long for a total floor area of 5 
approximately 980 m2 (10,500 ft2). Areas not available for container storage were subtracted from this 6 
value, resulting in an available waste storage area of approximately 907 m2 (9,800 ft2). The engineered 7 
secondary containment system and building portion include the following features: 8 

 Foundation is integrated into a continuous perimeter concrete curb, measuring approximately 15 cm 9 
(5.9 in.) above grade and providing secondary containment for the entire storage area. 10 

 Reinforced concrete floor has been sealed with a chemically resistant coating (e.g., epoxy resin). 11 

 There are no floor drains within the bermed areas of the building. 12 

 Curbing, embedded water stops, and slope of the floors at points near the exits and outer walls of the 13 
buildings are designed to contain liquids. 14 

 Floor is located above ground level to prevent run-on. 15 

Treatment of waste will not be conducted within this DWMU. 16 

C1.1.7 2336-W Building Room 152 17 

The 2336-W Building Room 152 DWMU is located next to the material receiving dock on the east side of 18 
the 2336-W Building and is permitted for waste container storage. Room 152 also provides storage for 19 
universal waste, recyclables, and materials. The DWMU consists of one room in the 2336-W Building. 20 

The 2336-W Building is constructed to meet NFPA codes and is equipped with fire, heat, and smoke 21 
detectors along with a fire suppression system. The 2336-W Building Room 152 DWMU is the only area 22 
within the building that does not have an engineered secondary containment system. The foundation for 23 
this room measures approximately 3.0 m (10 ft) wide by 8.5 m (28 ft) long, for a total footprint and 24 
available waste storage area of approximately 25.5 m2 (280 ft2). The floor is constructed of bare concrete 25 
and no curbs. Containers stored in this area that do not meet WAC 173-303-630(7)(c) criteria (e.g., waste 26 
packages that contain free liquids or exhibit characteristics of ignitability or reactivity) are placed on 27 
portable secondary containment systems, as described in Section C2.3. Treatment of waste will not be 28 
conducted within this DWMU. 29 

C1.1.8 2404-WA and WB Waste Storage Buildings 30 

The 2404-WA and WB Waste Storage Building DWMU is located to the south of the 2336-W Building 31 
and is permitted for waste container storage. The DWMU consists of two buildings and associated 32 
outdoor storage areas. 33 

The outdoor storage areas are uncovered/unenclosed and constructed of concrete and/or asphalt, and they 34 
do not contain engineered secondary containment systems. The two storage areas located on the east end 35 
of the buildings are irregularly shaped measuring approximately 24 m (78 ft) long, and tapering from 36 
33 m (109 ft) wide down to 24 m (78 ft) wide. The third storage area is shared with the 2404-WC Waste 37 
Storage Building DWMU, described in Section C1.1.13. Containers stored in the outside storage areas 38 
that do not meet WAC 173-303-630(7)(c) criteria (e.g., waste packages that contain free liquids or exhibit 39 
characteristics of ignitability or reactivity) are placed on portable secondary containment systems as 40 
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described in Section C2.3. These storage areas provide a place to stage containers prior to placement 1 
inside the building for storage or in preparation for transport: 2 

 To/from another CWC-WRAP DWMU 3 

 To/from another Hanford OUG 4 

 To/from an offsite shipment to another TSDF 5 

 To ERDF 6 

Shipping conveyances (e.g., flatbed trailers, van trailers, and casks) can be staged at this location and 7 
loaded with waste containers in transit. 8 

Each building is constructed to meet NFPA codes and is equipped with fire, heat, and smoke detectors as 9 
well as a fire suppression system. Building foundations measure approximately 36.6 m (120 ft) wide by 10 
54.9 m (180 ft) long, for a total footprint and available waste storage area of approximately 2,010 m2 11 
(21,600 ft2). The buildings have engineered secondary containment systems and are structurally designed 12 
with the following features: 13 

 Floors are constructed from reinforced concrete that has been sealed with a chemically resistant 14 
coating (e.g., epoxy resin). 15 

 Foundations are integrated into a continuous perimeter concrete curb measuring approximately 15 cm 16 
(5.9 in.) above grade with sloping floors and sumps providing secondary containment for entire 17 
storage areas. 18 

 Curbs are arranged, so they do not interfere with container handling equipment, and ramps are 19 
constructed across the concrete curbs for loading and unloading operations. 20 

 All piping penetrations and construction joints in the floors are grouted or caulked and sealed. 21 

 Curbing, embedded water stops, and slope of the floors at points near the exits and outer walls of the 22 
buildings are designed to contain liquids. 23 

Outside, adjacent areas to the storage buildings and associated outdoor storage areas are stabilized and 24 
graded to slope away, preventing run-on. Treatment of waste will not be conducted within this DWMU. 25 

C1.1.9 HERTR and Super HENC Waste Outdoor Storage Area 26 

The High Energy Real Time Radiography (HERTR) and Super High Energy Neutron Counter (HENC) 27 
Waste Outdoor Storage Area DWMU is located to the west of the 2404-W Series buildings, is permitted 28 
for waste container storage, and provides temporary container staging for HERTR and Super HENC. 29 

The DWMU is an uncovered/unenclosed concrete pad adjacent to Super HENC; an asphalt section leads 30 
up to the HERTR and concrete pad section. The DWMU does not have an engineered secondary 31 
containment system and measures approximately 18.8 m (61.7 ft) wide by 41.1 m (135 ft) long, for a total 32 
footprint of approximately 579 m2 (6,320 ft2) and an available storage area of approximately 434 m2 33 
(4,680 ft2). Containers stored in the outside storage area that do not meet WAC 173-303-630(7)(c) criteria 34 
(e.g., waste packages that contain free liquids or exhibit characteristics of ignitability or reactivity) are 35 
placed on portable secondary containment systems, as described in Section C2.3. These storage areas 36 
provide a place to stage containers prior to placement inside the building for storage or in preparation for 37 
transport: 38 

 To/from another CWC-WRAP DWMU 39 
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 To/from another Hanford OUG 1 

 To/from an offsite shipment to another TSDF 2 

 To ERDF 3 

Shipping conveyances (e.g., flatbed trailers, van trailers, and casks) can be staged at this location and 4 
loaded with waste containers in transit. Treatment of waste will not be conducted within this DWMU. 5 

C1.1.10 2402-WD Waste Storage Building 6 

The 2402-WD Waste Storage Building DWMU is located to the east of the 2403-W Series buildings and 7 
is permitted for waste container storage and treatment. The DWMU consists of one building and 8 
associated outdoor storage area. 9 

The outdoor storage area is uncovered/unenclosed and does not contain an engineered secondary 10 
containment system. The storage area is constructed of concrete next to the building (i.e., approach 11 
aprons) and asphalt further out (i.e., access paths). It consists of two locations measuring approximately 12 
7.9 m (26 ft) wide by 8.5 m (28) ft long, and 7.9 m (26 ft) wide by 4.3 m (14 ft) long. Containers stored in 13 
the outside storage area that do not meet WAC 173-303-630(7)(c) criteria (e.g., waste packages that 14 
contain free liquids or exhibit characteristics of ignitability or reactivity) are placed on portable secondary 15 
containment systems, as described in Section C2.3. This storage area provides a place to stage containers 16 
prior to placement inside the building for storage or in preparation for transport: 17 

 To/from another CWC-WRAP DWMU 18 

 To/from another Hanford OUG 19 

 To/from an offsite shipment to another TSDF 20 

 To ERDF 21 

Shipping conveyances (e.g., flatbed trailers, van trailers, and casks) can be staged at this location and 22 
loaded with waste containers in transit. 23 

The 2402-WD Waste Storage Building is constructed to meet NFPA codes and is equipped with fire, 24 
heat, and smoke detectors as well as a fire suppression system. The foundation measures approximately 25 
15 m (50 ft) wide by 24 m (80 ft) long, for a total footprint area of approximately 370 m2 (4,000 ft2). 26 
Interior areas not available for container storage or treatment were subtracted from this value, resulting in 27 
an available waste storage and treatment area of approximately 340 m2 (3,700 ft2). The building has an 28 
engineered secondary containment system and is structurally designed with the following features: 29 

 Floors are constructed from reinforced concrete that has been sealed with a chemically resistant 30 
coating (e.g., epoxy resin). 31 

 Foundation is integrated into a continuous perimeter concrete curb that is approximately 15 cm 32 
(5.9 in.) above grade providing secondary containment for the entire storage area. 33 

 Curbs are arranged, so they do not interfere with container handling equipment, and ramps are 34 
constructed across the concrete curbs for loading and unloading operations. 35 

 Piping penetrations and construction joints in the floors have been grouted or caulked and sealed. 36 

Outside, adjacent areas to the buildings and associated outdoor storage areas are stabilized and graded to 37 
slope away, preventing run-on. Treatment of waste is conducted within the building using a variety of 38 
technologies to meet the requirements of WAC 173-303-140 and/or acceptance criteria for WIPP, another 39 
TSDF, and/or other approved facilities. Treatment processes are discussed in Section C3. 40 
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C1.1.11 2403-WD Waste Storage Building 1 

The 2403-WD Waste Storage Building DWMU is centrally located within CWC-WRAP and is permitted 2 
for waste container storage and treatment. The DWMU consists of one building and associated outdoor 3 
storage area. 4 

The outdoor storage area is uncovered/unenclosed, and does not contain an engineered secondary 5 
containment system. The storage area is constructed of concrete next to the building (i.e., approach 6 
aprons) and asphalt further out (i.e., access paths). It consists of two locations measuring approximately 7 
9.1 m (30 ft) wide by 51.8 m (170 ft) long, and 18 m (59 ft) wide by 46.3 m (147 ft) long. Containers 8 
stored in the outside storage area that do not meet WAC 173-303-630(7)(c) criteria (e.g., waste packages 9 
that contain free liquids or exhibit characteristics of ignitability or reactivity) are placed on portable 10 
secondary containment systems as described in Section C2.3. This storage area provides a place to stage 11 
containers prior to placement inside the building for storage or in preparation for transport:  12 

 To/from another CWC-WRAP DWMU 13 

 To/from another Hanford OUG 14 

 To/from an offsite shipment to another TSDF 15 

 To ERDF 16 

Shipping conveyances (e.g., flatbed trailers, van trailers, and casks) can be staged at this location and 17 
loaded with waste containers in transit. 18 

The 2403-WD Waste Storage Building is constructed to meet NFPA codes and is equipped with fire, 19 
heat, and smoke detectors as well as a fire suppression system. The building is maintained at atmospheric 20 
pressure. Ventilation complies with 1997 International Building Code requirements (ICC, International 21 
Building Code). 22 

The foundation measures approximately 51.9 m (170 ft) wide by 99.1 m (325 ft) long, for a total footprint 23 
area of approximately 5,130 m2 (55,300 ft2). Interior areas not available for container storage or treatment 24 
were subtracted, resulting in an available waste storage and treatment area of approximately 4,340 m2 25 
(46,700 ft2). The building has an engineered secondary containment system and is structurally designed 26 
with the following features: 27 

 Floors are constructed from reinforced concrete that has been sealed with a chemically resistant 28 
coating (e.g., epoxy resin). 29 

 Foundations are divided into quadrants by concrete curbs that are approximately 13 cm (5.1 in.) 30 
above grade, with sloping floors and sumps, providing secondary containment for the entire 31 
storage area. 32 

 Curbs are arranged, so they do not interfere with container handling equipment, and ramps are 33 
constructed across the concrete curbs for loading and unloading operations. 34 

 All piping penetrations and construction joints in the floors are grouted or caulked and sealed. 35 

Outside, adjacent areas to the buildings and associated outdoor storage areas are stabilized and graded to 36 
slope away, preventing run-on. Treatment of waste is conducted within the building using a variety of 37 
technologies to meet the requirements of WAC 173-303-140 and/or acceptance criteria for WIPP, another 38 
TSDF, and/or other approved facilities. Treatment processes are discussed in Section C3. 39 
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C1.1.12 2336-W Building Process Area 1 

The 2336-W Building Process Area DWMU is located to the north of the 2404-W Series buildings and is 2 
permitted for waste container storage and treatment. To meet acceptance criteria for WIPP, another 3 
TSDF, and/or other approved facilities, TRUM waste may also be treated. The DWMU consists of an 4 
area located within the 2336-W Building. 5 

The 2336-W Building is constructed to meet NFPA codes and is equipped with fire, heat, and smoke 6 
detectors as well as a fire suppression system. The waste storage and treatment area measures 7 
approximately 23 m (75 ft) wide by 30.4 m (100 ft) long. The heating, ventilating, and air conditioning 8 
(HVAC) system and process airlock areas measure approximately 15 m (50 ft) wide by 15 m (50 ft) long. 9 
The total footprint area of the DWMU measures approximately 927 m2 (9,900 ft2). Areas not available for 10 
container storage or treatment were subtracted from this value, resulting in an available waste storage and 11 
treatment area of approximately 650 m2 (7,000 ft2). The engineered secondary containment system and 12 
building portion include the following features: 13 

 Foundation is integrated into a continuous perimeter concrete curb, measuring approximately 15 cm 14 
(5.9 in.) above grade, providing secondary containment for the entire storage area. 15 

 Reinforced concrete flooring has been sealed with a chemically resistant coating (e.g., epoxy resin).  16 

 There are no floor drains within the bermed areas of the building. 17 

 Curbing, embedded water stops, and slope of the floors at points near the exits and outer walls of the 18 
buildings are designed to contain liquids. 19 

 Floor is located above ground level to prevent run-on. 20 

Treatment of waste is conducted within the building using a variety of technologies to meet the 21 
requirements of WAC 173-303-140 and/or acceptance criteria for WIPP, another TSDF, and/or other 22 
approved facilities. Treatment processes are discussed in Section C3. 23 

C1.1.13 2404-WC Waste Storage Building 24 

The 2404-WC Waste Storage Building DWMU is located to the south of the HERTR and Super HENC 25 
Waste Outdoor Storage Area and is permitted for waste container storage and treatment. The DWMU 26 
consists of one building and associated outdoor storage area. 27 

The outdoor storage area is uncovered/unenclosed and constructed of concrete and/or asphalt, and it does 28 
not contain an engineered secondary containment system. Located on the west end of the building, it is 29 
irregularly shaped and measures approximately 24 m (78 ft) long, and tapers from 33 m (109 ft) wide, 30 
down to 24 m (78 ft) wide. The other outdoor storage area location that is integrated with the 2404-WA 31 
and 2404-WB Waste Storage Buildings is also irregularly shaped. It consists of measurements varying 32 
from approximately 6.1 m (20 ft) to 77.4 m (254 ft). Containers stored in the outside storage area that do 33 
not meet WAC 173-303-630(7)(c) criteria (e.g., waste packages that contain free liquids or exhibit 34 
characteristics of ignitability or reactivity) are placed on portable secondary containment systems, 35 
as described in Section C2.3. This storage area provides a place to stage containers prior to placement 36 
inside the building for storage or in preparation for transport: 37 

 To/from another CWC-WRAP DWMU 38 

 To/from another Hanford OUG 39 

 To/from an offsite shipment to another TSDF 40 

 To ERDF 41 
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Shipping conveyances (e.g., flatbed trailers, van trailers, and casks) can be staged at this location and 1 
loaded with waste containers in transit. 2 

The 2404-WC Waste Storage Building is constructed to meet NFPA codes and is equipped with fire, heat, 3 
and smoke detectors as well as a fire suppression system. The building is insulated and has a HVAC to 4 
provide a temperature controlled environment in support of specific WIPP certification activities 5 
(e.g., head gas sampling and NDE) and basic ventilation during forklift use and other operational 6 
activities within the building. 7 

The foundation measures approximately 36.6 m (120 ft) wide by 54.9 m (180 ft) long, for a total footprint 8 
and available waste storage area of approximately 2,010 m2 (21,600 ft2). The building has an engineered 9 
secondary containment system and is structurally designed with the following features: 10 

 Floors are constructed from reinforced concrete that has been sealed with a chemically resistant 11 
coating (e.g., epoxy resin). 12 

 Foundations are integrated into a continuous perimeter concrete curb measuring approximately 15 cm 13 
(5.9 in.) above grade with sloping floors and sumps providing secondary containment for the entire 14 
storage area. 15 

 Curbs are arranged, so they do not interfere with container handling equipment, and ramps are 16 
constructed across the concrete curbs for loading and unloading operations. 17 

 All piping penetrations and construction joints in the floors are grouted or caulked and sealed. 18 

 Curbing, embedded water stops, and slope of the floors at points near the exits and outer walls of the 19 
buildings are designed to contain liquids.  20 

Outside, adjacent areas to the storage buildings and associated outdoor storage areas are stabilized and 21 
graded to slope away, preventing run-on. Treatment of waste is conducted within the building using a 22 
variety of technologies to meet the requirements of WAC 173-303-140 and/or acceptance criteria for 23 
WIPP, another TSDF, and/or other approved facilities. Treatment processes are discussed in Section C3. 24 

C1.2 List of Wastes 25 

CWC-WRAP manages listed hazardous waste, characteristic hazardous waste, state only dangerous 26 
waste, and AEA regulated nonhazardous low-level radioactive waste. 27 

Waste generated at CWC-WRAP from processing and treatment operations, performing repair and 28 
maintenance activities, spill cleanup materials, or other sources within CWC-WRAP will be managed to 29 
ensure proper handling and disposition. Waste from onsite and offsite Hanford generators may be 30 
processed and/or treated at CWC-WRAP, resulting in newly generated waste streams. 31 

For a comprehensive list of waste managed in accordance with RCRA regulations, including 32 
classification and estimated annual quantities, refer to WA7890008967, Hanford Facility Resource 33 
Conservation and Recovery Act Permit (hereinafter Hanford Facility RCRA Permit) Part A. 34 

C2 Container Management 35 

This section details management of containers at CWC-WRAP. Newly generated waste and containers 36 
accepted for storage and treatment are subject to WAC 173-303-630 requirements. Treatment 37 
technologies are addressed in Section C3. A summary of the waste managed, including classification and 38 
estimated annual quantities, is located in the Hanford Facility RCRA Permit (WA7890008967) Part A. 39 
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C2.1 Description of Containers 1 

Containers vary in shape and size, depending on the waste form and how the waste was packaged. 2 
The most common containers include, but are not limited to, waste boxes (e.g., 115,000 L [30,380 gal]) 3 
and 19 L (5 gal), 114 L (30 gal), 208 L (55 gal), 322 L (85 gal), 379 L (100 gal), and 416 L (110 gal) 4 
drums. 5 

Containers of waste stored in designated areas of CWC-WRAP may contain small quantities of free 6 
liquids. The quantity of liquids is limited, based upon AEA safety requirements, such that bulk liquids are 7 
not accepted for storage. Containers with and without free liquids are managed in the same manner with 8 
the exception of providing required secondary containment for containers with free liquids. Requirements 9 
for secondary containment, including what defines free liquids in a container, are located in Section C2.3. 10 

All waste will be packaged in U.S. Department of Transportation (DOT) and/or U.S. Department of 11 
Energy approved containers, including alternate packages required due to the size, shape, or form of 12 
waste (e.g., metal boxes and flexible containers). 13 

C2.1.1 Condition 14 

Containers accepted shall be in good condition or in overpacks. If a container is not in good condition 15 
(e.g., severe rusting, apparent structural defects, or leaks), and returning it to the generator for 16 
repackaging is not possible, the container may be segregated from other waste and managed in 17 
accordance with waste receipt discrepancies. Resolutions are located in Addendum B, “Waste Analysis 18 
Plan.” 19 

C2.1.2 Identification and Labeling 20 

Each waste container placed in storage will be affixed with a label identifying the major risk(s), as 21 
applicable, associated with the waste contents. Labels will be managed to facilitate compliance with the 22 
requirements outlined in Addendum I, “Inspection Plan.” If waste management activities (e.g., treatment 23 
processes or overpacking) obscure the label, a new label will be affixed. During management of empty 24 
containers, old labels will be destroyed by removing them from the containers, or the labels will be made 25 
non-legible. 26 

C2.1.3 Waste Compatibility 27 

Newly generated waste and waste accepted for storage and/or treatment are packaged in containers that 28 
are compatible and nonreactive with the waste to be stored.  29 

Waste containers are made of or lined with materials (e.g., chemical resistant epoxy). Labpacks will have 30 
at least two layers of containment (outer container and inner container). 31 

C2.2 Managing Containers 32 

Containers accepted for storage and treatment are packaged by offsite and onsite Hanford generators. 33 
Prior to shipment and receipt of containers, generators must complete the acceptance criteria detailed in 34 
the WAP (Addendum B). 35 

Containers used to store waste will be handled, managed, stored, and/or treated in a manner that maintains 36 
containment and limits personnel contact with the waste. Waste containers are managed, based on the 37 
following criteria: 38 

 Waste contents must be compatible with all layers used for containment (e.g., container and lining). 39 
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 Waste contents must be authorized in accordance with the Hanford Facility RCRA Permit 1 
(WA7890008967). 2 

 Each container must display a dangerous waste label and a major risk(s) marking or label, if 3 
applicable. 4 

 All waste containers generated off the Hanford Facility that are shipped to CWC-WRAP must have 5 
an accompanying manifest. 6 

If waste discrepancies, such as improper container labeling, improper packaging, or manifest differences, 7 
are discovered during the container receipt inspection, the nonconforming containers or shipment will not 8 
be accepted until the discrepancies have been resolved. Discrepancy resolutions are detailed in the WAP 9 
(Addendum B). 10 

C2.2.1 Procedure for Handling 11 

Waste container handling practices are conducted by trained and qualified personnel. Containers shall 12 
always be closed, except at the following times: 13 

 While adding or removing waste  14 

 While conducting waste treatment activities 15 

 When sampling activities are required  16 

 When the container is managed in accordance with Level 1 controls based on 40 CFR 264.1086(c)(3), 17 
“Standards: Containers,” and Level 2 controls based on 40 CFR 264.1086(d)(3) 18 

 When the container meets the definition of empty as defined in WAC 173-303-160(2)(a), 19 
“Containers” (i.e., a nonregulated container) 20 

If upon examination it is determined that a container should not be opened, the container will be shipped 21 
to another appropriate Hanford onsite or offsite facility capable of managing it. 22 

C2.2.2 Container Handling Equipment 23 

Containers may be handled individually or grouped on pallets (e.g., four 208 L [55 gal] drums). 24 
The primary types of container handling equipment are described briefly in the following subsections. 25 
This list is not all inclusive, but provides examples of equipment utilized while moving containers. 26 

C2.2.2.1 Forklifts 27 

Forklifts unload waste containers from trailers. They also move waste containers within and between 28 
facilities, stack waste containers, and load containers onto vehicles. Drum lifting attachments commonly 29 
called drum grabs or grabbers (i.e., parrot beaks) are used to remove single drums. The drum grabs pick 30 
up the drum effectively so that no additional banding, strapping, or anchoring is necessary. Grabs are 31 
sized for the waste drums to be moved. Waste received on pallets or in waste boxes is unloaded using the 32 
forklift tines. Pallets of drums are secured, as necessary, with banding or load straps to prevent toppling. 33 
Loads are kept close to the ground to prevent drops from height. 34 

C2.2.2.2 Cranes 35 

Various cranes are used to lift heavy containers or when remote handling is needed. The types of cranes 36 
used include mobile cranes, temporary A-frame type cranes, and other lifting devices. 37 
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C2.2.3 Aisle Spacing 1 

A minimum of approximately 91 cm (36 in.) shall be maintained for means of ingress or egress in 2 
container storage areas. Containers are stored on rows of pallets and/or when required, portable secondary 3 
containment or selectively chosen structures contingent upon container size. Containers are placed in such 4 
a way to ensure space to allow unobstructed movements of personnel (e.g., daily operations and 5 
inspections) and emergency equipment (e.g., fire protection, spill control, and decontamination). 6 
Secondary containment requirements and activities are discussed in Section C2.3. 7 

C2.2.4 Inspections 8 

Inspections of active storage areas and containers are conducted by qualified personnel trained in 9 
accordance with Addendum G, “Personnel Training,” to detect any signs of malfunction, deterioration, 10 
discharges, or other anomalies. Content and frequency of inspections are described in Addendum I. 11 

C2.3 Secondary Containment 12 

This section details the secondary containment design and operation at CWC-WRAP required for storage 13 
areas in which containers hold free liquids and/or wastes exhibiting the characteristic of ignitability or 14 
reactivity, as described in WAC 173-303-090(5) and (7), “Dangerous Waste Characteristics.” 15 
CWC-WRAP does not accept wastes designated as F020, F021, F022, F023, F026, or F028 for storage or 16 
treatment. 17 

Other containerized waste (i.e., no free liquid, not ignitable, or reactive) may be stored without a 18 
containment system under either of the following conditions: 19 

 Storage area is sloped to drain and remove liquids resulting from a known source (e.g., precipitation). 20 

 Containers are elevated or otherwise protected from accumulating liquids (e.g., pallets). 21 

Free liquids are defined as liquids that readily separate from the solid portion of waste under ambient 22 
temperature and pressure. The following containers hold liquids that are not considered free liquids: 23 

 Containers meeting WAC 173-303-161, “Overpacked Containers (Labpacks)” requirements 24 

 Very small containers, such as ampules 25 

 Containers designed to hold free liquids, for use other than storage, such as a battery or capacitor 26 

 Containers packaged with a sufficient quantity of sorbent to sorb all of the liquid contents completely 27 

Secondary containment for containers with free liquids can consist of portable secondary containment 28 
equipment (e.g., spill pallets and totes). Secondary containment can also include engineered containment 29 
systems where the floors have been sealed with a chemically resistant coating (e.g., epoxy resin), and 30 
there is a controlled method to collect liquids (e.g., sump, sloped floor, concrete curbing, and water stops 31 
embedded into concrete joints). Identification of DWMUs that are equipped with engineered secondary 32 
containment is described in Section C1.1. Additional requirements for free liquids are located in the WAP 33 
(Addendum B). 34 

C2.3.1 Base 35 

All DWMU secondary containment systems (portable and engineered) are inspected in accordance with 36 
Addendum I to ensure that they are free of cracks or gaps that could allow the release of liquids. 37 
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Portable secondary containment equipment will be used for containers that do not meet the criteria 1 
specified in WAC 173-303-630(7)(c) (e.g., waste packages that contain free liquids or exhibit 2 
characteristics of ignitability or reactivity) when they are stored in areas that do not contain an engineered 3 
containment system. Portable secondary equipment is constructed of materials that are compatible with 4 
waste that will be stored in/on it and are able to contain any liquids from leaks, spills, and precipitation. 5 
Examples of portable secondary containment equipment are listed in the following subsections. This list 6 
is not all inclusive but merely serves to illustrate common types of equipment used during operations. 7 

C2.3.1.1 Portable Spill Pallets 8 

Typically, portable spill pallets are constructed of high-density polyethylene (HDPE), which is 9 
compatible with a wide variety of waste. The pallets have a support structure and support grate that 10 
elevate containers off the base/floor, preventing contact between containers and accumulating liquids. 11 
The grate also provides visual detection of liquids. Portable spill pallets may also be constructed of steel 12 
or stainless steel to minimize combustibles inside the storage buildings. 13 

C2.3.1.2 Fabricated Spill Pans 14 

Fabricated spill pans are typically constructed of steel. All containers stored in the spill pans will be elevated 15 
off the base of the pan to prevent contact between the container and spilled or leaking waste. Spill pans may 16 
be designed with a grated platform to allow for visual detection of accumulated liquids. 17 

C2.3.1.3 Spill Berms 18 

Typically, portable spill berms are constructed with chemically resistant urethane and polyvinyl chloride, 19 
which are compatible with a wide variety of waste. The berms provide for rapid deployment preventing 20 
contact between containers and accumulating liquids. 21 

C2.3.2 Drainage Control 22 

All DWMUs are constructed and/or operated with positive drainage control (e.g., graded slopes, drainage 23 
valves, and sumps) to prevent release of contaminated liquids and facilitate prompt removal of 24 
uncontaminated precipitation. Removal of liquids is discussed in Section C2.4. 25 

C2.3.3 Containment Capacity 26 

This section describes DWMU capacity information for both engineered and portable containment 27 
systems operating in accordance with WAC 173-303-630 and/or International Fire Code (IFC) 28 
requirements. 29 

C2.3.3.1 DWMUs Managing Free Liquids 30 

DWMUs managing free liquids (nonreactive and nonignitable) are designed and/or operated in 31 
accordance with WAC 173-303-630(7) through the use of engineered secondary containment and/or 32 
portable secondary containment (e.g., spill pallets and/or berms). 33 

Engineered and portable secondary containment systems for all DWMUs managing nonreactive and/or 34 
nonignitable free liquids are designed and/or operated to contain a minimum of 10 percent of the total 35 
volume of containers, or 100 percent of the volume of the largest container (WAC 173-303-630(7)(a) and 36 
(a)(iii), and IFC Chapter 50, “Hazardous Materials-General Provisions,” Section 5004.2.2.4). 37 

C2.3.3.2 DWMU Managing Ignitable and/or Reactive Waste 38 

DWMUs managing ignitable and/or reactive (liquid or solid) waste are designed and/or operated in 39 
accordance with WAC 173-303-630(7) to meet IFC requirements through the use of engineered 40 
secondary containment and/or portable secondary containment (i.e., containment pallets). Containment 41 
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pallets are used as an alternative to engineered containment for uncovered and/or unenclosed outdoor 1 
storage areas and comply with all of the following requirements: 2 

 A liquid-tight sump accessible for visual inspection shall be provided. 3 

 The sump shall be designed to contain not less than 250 L (66 gal). 4 

 Exposed surfaces shall be compatible with material stored. 5 

 Containment pallets shall be protected to prevent collection of rainwater within the sump 6 
(IFC Chapter 50, Section 5004.2.3). 7 

Engineered secondary containment systems for covered/enclosed DWMUs managing ignitable and/or 8 
reactive waste are designed and/or operated to contain either of the following volumes:  9 

 At least 10 percent of the total volume of containers (WAC 173-303-630(7)(a)(iii)) 10 

 100 percent of the volume of the largest container (WAC 173-303-630(7)(a)(iii)), plus the volume of 11 
water resulting from a 20 minute automatic sprinkler system discharge (IFC Chapter 50, 12 
Section 5004.2.2.3)  13 

Portable secondary containment systems for uncovered/unenclosed DWMUs managing ignitable and/or 14 
reactive waste free liquids are designed and/or operated to contain either of the following volumes:  15 

 At least 10 percent of the total volume of containers (WAC 173-303-630(7)(a)(iii)) 16 

 100 percent of the volume of the largest container, plus the precipitation from a 25-year, 24-hour 17 
storm event (WAC 173-303-630(7)(a)(iii) and IFC Chapter 50, Section 5004.2.2.4) 18 

Engineered and portable secondary containment systems for unenclosed DWMUs managing free liquids 19 
are designed and/or operated to contain a minimum of 10 percent of the total volume of containers, or 20 
100 percent of the volume of the largest container (WAC 173-303-630(7)(a) and (a)(iii) and 21 
IFC Chapter 50, Section 5004.2.2.4). 22 

C2.3.3.3 Capacity Calculations 23 

Secondary containment capacities for each DWMU equipped with engineered secondary containment are 24 
shown in Table C-2. Supporting calculations were completed utilizing the following examples of 25 
site-specific inputs and conditions: 26 

 Containment structure design and drum pallet dimensions 27 

 Container storage arrangement 28 

 Volume of the largest container for liquids and nonliquids 29 

 Total volume of all containers storing free liquids 30 

 Additional volume from automatic fire sprinkler systems (where applicable) 31 

Designs for each secondary containment system are provided in Appendix C-B. 32 

C2.3.4 Controlling Run-on and Runoff 33 

Run-on into and runoff away from the containment systems are prevented by one or more of 34 
the following characteristics: 35 

 Engineering controls physically separate containers and run-on such as perimeter berms/curbs, walls, 36 
and/or ramps. 37 
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 Foundation is elevated or otherwise graded to slope away from the system, preventing and/or 1 
diverting run-on from adjacent areas. 2 

 Engineered secondary containment systems are designed with positive drainage to preclude runoff. 3 

 Outdoor storage areas may utilize equipment (e.g., spill pallet and pallet) to elevate containers. 4 

The only major runoff foreseen at CWC-WRAP would be an event, such as a fire sprinkler activation or 5 
pipe breakage. DWMU areas equipped with water fire suppression systems control runoff using drains 6 
leading to sumps, foundations with curbs collecting water within the building, and drainage to sumps. 7 

C2.3.5 Exemption from Containment Requirements 8 

No exemption from secondary containment requirements is being requested. 9 

C2.4 Removal of Liquids from Containment System 10 

Liquids found in containment systems from sources, such as rain and fire system water, are collected and 11 
handled as nondangerous waste in accordance with the WAP (Addendum B). 12 

Waste generated from cleanup of spills or releases is also managed in accordance with the WAP 13 
(Addendum B). 14 

C2.5 Requirements for Ignitable, Reactive, and Incompatible Wastes 15 

CWC-WRAP DWMUs are operated to comply with IFC requirements. Containers of waste designated as 16 
D001 (ignitable) or D003 (reactive) can be placed in any CWC-WRAP DWMU. 17 

Ignitable or reactive wastes are stored and protected from sources of ignition or reaction including, but 18 
not limited to, open flames, smoking, cutting, and welding hot surfaces, frictional heat, sparks, 19 
spontaneous ignition, and radiant heat. 20 

Areas where ignitable or reactive waste is stored will be inspected in accordance with 21 
WAC 173-303-395(1)(d) by facility personnel in the presence of a professional person who is familiar 22 
with the IFC or in the presence of the Hanford Fire Marshal. 23 

Incompatible waste will not be accumulated in the same container or placed in an unwashed container that 24 
previously held incompatible waste or material. Incompatible wastes are stored in separate containers and 25 
segregated by separate containment systems such as spill pallets, separate DWMUs, separate storage 26 
modules, or separation by a dike, wall, berm, or other acceptable physical barrier. 27 

Engineering drawings illustrating secondary containment design, general structure layout, and fire 28 
suppression systems are located in Appendix C-B. Buffer zones and/or location of containers stored 29 
within DWMUs that do not have engineered secondary containment are maintained as part of the Hanford 30 
Facility Operating Record (CWC-WRAP portion). 31 

CWC-WRAP is not authorized to receive shock sensitive or Class 4 oxidizer (IFC) waste. Confirmation 32 
and verification processes for ignitable, reactive, and incompatible waste are described in the WAP 33 
(Addendum B). 34 

C2.6 Tank Systems 35 

There are no associated operating tank systems within CWC-WRAP. Therefore, the requirements outlined 36 
in WAC 170-303-395, “Other General Requirements;” WAC 170-303-640, “Tank Systems;” and 37 
WAC 170-303-806, “Final Facility Permits,” do not apply. 38 
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C2.7 Air Emissions 1 

This section addresses the air emission standards required under WAC 173-303-690, “Air Emission 2 
Standards for Process Vents,” incorporated by 40 CFR 264, “Standards for Owners and Operators of 3 
Hazardous Waste Treatment, Storage, and Disposal Facilities,” Subpart AA, “Air Emission Standards for 4 
Process Vents;” WAC 173-303-691, “Air Emission Standards for Equipment Leaks,” incorporated by 5 
40 CFR 264, Subpart BB, “Air Emission Standards for Equipment Leaks;” and WAC 173-303-692, 6 
“Air Emission Standards for Tanks, Surface Impoundments, and Containers,” incorporated by 7 
40 CFR 264, Subpart CC, “Air Emission Standards for Tanks, Surface Impoundments, and Containers.” 8 

C2.7.1 Applicability of Subpart AA Standards 9 

The air emission standards in 40 CFR 264, Subpart AA apply to process vents associated with distillation, 10 
fractionation, thin-film evaporation, solvent extraction, or air or steam stripping operations for hazardous 11 
wastes with organic concentrations of at least 10 parts per million (ppm) by weight. Because 12 
CWC-WRAP does not have any process vents subject to Subpart AA, these standards do not apply. 13 

C2.7.2 Applicability of Subpart BB Standards 14 

The air emission standards in 40 CFR 264, Subpart BB apply to equipment that contains or comes into 15 
contact with waste with a total organic concentration of 10 percent by weight or more. 16 

C2.7.2.1 Demonstrating Compliance with Subpart BB Standards 17 

The only equipment utilized within CWC-WRAP that is subject to the provisions of WAC 173-303-691 is 18 
the carbon canister associated with the aerosol can venting equipment. This equipment qualifies as a 19 
control device subject to the provisions of 40 CFR 264.1060, “Standards: Closed-Vent Systems and 20 
Control Devices,” incorporated by WAC 173-303-691. 21 

An exemption is provided in 40 CFR 264.1050(f), “Applicability,” for equipment that contains or 22 
contacts hazardous waste with organic concentrations of at least 10 percent by weight for a period of less 23 
than 300 hours per calendar year. Because this equipment will be managed in a manner that meets the 24 
requirements of this exemption, this equipment is exempt from the requirements of 40 CFR 264.1052, 25 
“Standards: Pumps in Light Liquid Service,” through 40 CFR 264.1060. As required by 26 
40 CFR 264.1064(g)(6), “Recordkeeping Requirements,” the aerosol can venting equipment is identified 27 
in the Hanford Facility Operating Record, CWC-WRAP file. This equipment will be marked as required 28 
by 40 CFR 264.1050(d). 29 

C2.7.3 Applicability of Subpart CC Standards 30 

Air emission standards of 40 CFR 264, Subpart CC apply to tank, surface impoundment, and container 31 
storage units that manage waste with average volatile organic concentrations equal to or exceeding 32 
500 ppm by weight, based on the waste composition at the point of origination. However, containers that 33 
solely manage MW are exempt per 40 CFR 264.1080(b)(6), “Applicability.” 34 

CWC-WRAP does not have tank systems or surface impoundments; therefore, 40 CFR 264, Subpart CC 35 
standards for MW containers, tanks, and surface impoundments do not apply. OUG operators are not 36 
required to determine the concentration of volatile organic compounds (VOCs) in wastes that are placed 37 
in storage and/or treatment areas employing air emission controls in compliance with 40 CFR 38 
264, Subpart CC standards. 39 

C2.7.3.1 Demonstrating Compliance with Subpart CC Standards 40 

CWC-WRAP will meet all container Level 1 and Level 2 standards by managing all hazardous wastes in 41 
DOT containers (40 CFR 264.1086(f)). Level 1 controls are required for containers that have a design 42 
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capacity of more than 0.1 m3 (approximately 26 gal) and less than or equal to 0.46 m3 (approximately 1 
120 gal). Level 2 controls are required for containers that have a design capacity of more than 0.46 m3 2 
(approximately 120 gal) of waste that is in light material service. Light material service is required where 3 
waste in the container has one or more organic constituents with a vapor pressure greater than 4 
0.3 kilopascal at 20°C, and the total concentration of such constituents is greater than or equal to 5 
20 percent by weight. 6 

Monitoring requirements for containers with Level 1 and Level 2 controls include visual inspection under 7 
the following conditions: 8 

 Container of hazardous waste is received at any DWMU. 9 

 Hazardous waste is initially placed in a container at any DWMU. 10 

 At least once every 12 months when stored onsite for 1 year or more. 11 

When DOT noncompliant containers are used at CWC-WRAP, alternate container management practices 12 
will be used that comply with the Level 1 or Level 2 standards, as applicable. Specifically, Level 1 13 
standards allow the following “container equipped with a cover and closure devices that form a 14 
continuous barrier over the container openings such that when the cover and closure devices are secured 15 
in the closed position there are no visible holes, gaps, or other open spaces into the interior of the 16 
container. The cover may be a separate cover installed on the container...or may be an integral part of the 17 
container structural design...” (40 CFR 264.1086(c)(1)(ii)). An organic vapor suppressing barrier, such as 18 
foam, may also be used (40 CFR 264.1086(c)(1)(iii)). 19 

Level 3 standards apply to a container with the following characteristics: 20 

 Design capacity greater than 0.1 m3 (approximately 26 gal) that is used for treatment of a hazardous 21 
waste by a waste stabilization process (40 CFR 264.1086(b)(2)) 22 

 Vented directly through a closed-vent system to a control device (40 CFR 264.1086(e)(1)(i)) 23 

 Vented inside an enclosure that is exhausted through a closed-vent system to a control device 24 
(40 CFR 264.1086(e)(1)(i)) 25 

Because CWC-WRAP does not conduct treatment of hazardous waste in Level 3 containers, does not vent 26 
containers directly to a closed-vent system to a control device, and does not vent containers inside an 27 
enclosure exhausted through a closed-vent system to a control device, these standards do not apply. 28 

C3 Treatment 29 

This section describes treatment technologies conducted at CWC-WRAP. Treatment is defined as the 30 
physical, chemical, or biological processing of dangerous waste to make such wastes nondangerous or 31 
less dangerous, safer for transport, amenable for energy or material resource recovery, amenable for 32 
storage, or reduced in volume, with the exception of compacting, repackaging, and sorting as allowed 33 
under WAC 173-303-400(2), “Interim Status Facility Standards,” and WAC 173-303-600(3), 34 
“Final Facility Standards” (WAC 173-303-040, “Definitions”). 35 

Treatment is primarily conducted in accordance with 40 CFR 268, “Land Disposal Restrictions,” 36 
Subpart D, “Treatment Standards,” and WAC 173-303-140 for waste subject to land disposal restriction 37 
(LDR) requirements. Compliance with LDR is achieved through one or more of the following standards: 38 

 Concentration based treatment standards (40 CFR 268.40, “Applicability of Treatment Standards”)  39 
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 Technology based standards (40 CFR 268.42, “Treatment Standards Expressed as Specified 1 
Technologies”) 2 

 Alternative treatment standards for hazardous debris (40 CFR 268.45, “Treatment Standards for 3 
Hazardous Debris”) 4 

 Alternative LDR treatment standards for soil (40 CFR 268.49, “Alternative LDR Treatment Standards 5 
for Contaminated Soil”) 6 

Multiple waste codes may require multiple forms of treatment prior to disposal. Treatment residues will 7 
be managed in accordance with 40 CFR 268, Subpart D, as required. In some instances, treatability 8 
studies may be performed to ensure that applicable LDR requirements will be met. 9 

CWC-WRAP may also partially treat or pretreat waste before shipment to another Hanford Facility OUG, 10 
to ERDF, or offsite to another TSDF that could perform additional treatment of the specific waste to meet 11 
applicable LDR treatment requirements. Waste(s) requiring additional treatment(s) within CWC-WRAP 12 
or elsewhere can be repackaged, labeled, transferred, or stored onsite in accordance with the Hanford 13 
Facility RCRA Permit (WA7890008967). 14 

Treatment effectiveness is verified in accordance with the WAP (Addendum B.) Waste generated or 15 
requiring reclassification, as a result of treatment, is characterized in accordance with the WAP 16 
(Addendum B.). The following sections provide details about the treatment processes summarized in 17 
Table C-3. 18 

C3.1 Treatment Equipment and Structures 19 

This section describes modular containment/confinement structures and portable and permanent glovebox 20 
units for treatment. 21 

C3.1.1 Perma-Con 22 

Perma-Con® structures are pre-engineered, prefabricated structures designed for containment and 23 
isolation of waste operations including repackaging, examination, decontamination, and treatment. 24 
Structures are designed to meet international seismic building code and site-specific seismic 25 
requirements. Interior panels are sheathed with stainless steel to ease decontamination and cleaning. 26 
All of the panel-to-panel joints are covered with seam tape. Structures are assembled from modular panel 27 
components that can include the following equipment: 28 

 Large equipment rollup doors 29 

 Personnel doors 30 

 Air locks for personnel and material 31 

 Material transfer ports 32 

 Roof openings for large equipment 33 

 Spill control curbing arrangements 34 

 Drip pan floors for containment 35 

 Bridge/monorail cranes 36 

 Fire protection and suppressions systems 37 

 Modular electrical installations 38 

 Integral variable speed high-efficiency particulate air (HEPA) units for maintaining negative pressure 39 

                                                      
® Perma-Con is a registered trademark of Radiation Protection Systems, Groton, Connecticut. 
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 Exterior lighting modules 1 

 Integral HVAC systems 2 

 Material handling equipment, such as jib cranes 3 

 Special radiation shielding 4 

The 2402-WD, 2403-WD, and 2404-WC Waste Storage Building DWMUs can be fitted with temporary 5 
modular Perma-Con structures to facilitate management and treatment of waste. 6 

C3.1.2 Work Tents 7 

Work tents are portable pre-engineered structures that are designed to reduce cross-contamination and 8 
serve as a barrier between work surfaces and clean areas. Tents are used to create a controlled 9 
environment to conduct waste management activities. 10 

The 2402-WD, 2403-WD, and 2404-WC Waste Storage Buildings DWMUs can be fitted with a 11 
temporary work tent to conduct treatment activities. 12 

C3.1.3 Gloveboxes 13 

A glovebox is a sealed unit that provides separation between the waste and individuals conducting waste 14 
management activities. Gloves are built into the unit, allowing individuals to perform tasks inside the box 15 
without breaking containment. 16 

The 2403-WD and 2404-WC Waste Storage Buildings DWMUs may utilize portable gloveboxes to 17 
facilitate management and treatment of waste. The 2336-W Building Process Area DWMU contains four 18 
stainless steel gloveboxes that are designed for opening, sorting, sampling, repackaging, and treating waste. 19 

C3.2 Volume Reduction 20 

Volume reduction is a waste minimization technology that reduces the total volume, quantity, or toxicity 21 
of waste to accommodate subsequent treatment, storage, and disposal. Volume reduction is achieved with 22 
heavy equipment (e.g., compactors) and hand tools (e.g., hammers), including the following: 23 

 Manual and equipment assisted reduction 24 

 Compaction (i.e., waste compactor and aerosol compactor) 25 

Process descriptions for these technologies are outlined in the following subsections. 26 

C3.2.1 Applicability  27 

Volume reduction is applicable to waste codes listed in the Hanford Facility RCRA Permit 28 
(WA7890008967) Part A for waste minimization processing. Waste minimization technologies (i.e., 29 
volume reduction such as compaction, repackaging, and sorting), described in this section, do not meet 30 
the WAC 173-303-040 definition of treatment. 31 

C3.2.2 Process Description Overview  32 

Volume reduction may be performed within modular containment/confinement structures, such as 33 
Perma-Cons and work tents, or gloveboxes. While handling requirements are tailored to each specific 34 
waste or waste type, volume reduction is generally preceded by sorting and segregation activities to 35 
ensure separation of potentially ignitable, reactive, and/or corrosive materials and/or to meet acceptance 36 
criteria for WIPP, another TSDF, and/or other approved facilities. The process can be generally described 37 
as follows: 38 

 Debris waste is placed onto the sorting area (e.g., steel lined sorting table or mixing bin). 39 
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 Materials are sorted and/or segregated either manually or by equipment (e.g., loader or glove box). 1 

 Debris is stored, reduced in sized, and sent for processing and/or disposal. 2 

C3.2.2.1 Manual and Equipment Assisted Reduction 3 

Manual and equipment assisted volume reduction is generally conducted following the described sorting 4 
and segregation activities by reducing debris in size either manually (e.g., segregating by hand) or with 5 
heavy equipment (e.g., loader or crane). 6 

C3.2.2.2 Compaction 7 

Compaction is used to reduce the actual volume of a waste and/or container by applying a force to the 8 
material using mechanical equipment. This process is conducted on debris and can generally be described 9 
as follows: 10 

 Debris waste is loaded into the compactor, either manually or with drum lifters, and compacted. 11 

 Compacted debris waste is placed into another container or overpack contingent upon size. 12 

 Once the container/overpack is adequately filled, void filler may be added to meet the 90 percent 13 
requirement for LDR. 14 

C3.2.3 Limitations 15 

Control measures and limitations include the following: 16 

 Management of waste is solely for the purpose of reducing waste volume and void space or removal 17 
of prohibited items. 18 

 If reduction results in material that no longer meets the 60 mm (approximately 2.4 in.) minimum 19 
particle size limit for debris, the material will be managed in accordance with waste specific treatment 20 
standards for waste contaminating the material, unless the debris has been cleaned and separated from 21 
contaminated soil and waste prior to size reduction. 22 

 Process activities prevent any release to the environment and are conducted in accordance with 23 
WAC 173-303-200(1)(b), “Accumulating Dangerous Waste On-Site,” and WAC 173-303-395(1)(a) 24 
and (b). 25 

 Waste must be separated and protected from sources of ignition or reaction including, but not limited 26 
to, open flames, smoking, cutting and welding, hot surfaces, frictional heat, sparks (static, electrical, 27 
or mechanical), spontaneous ignition (e.g., from heat producing chemical reactions), and radiant heat.  28 

 While ignitable or reactive wastes are being handled, sources of ignition or reaction are not allowed 29 
within the same area or building. 30 

C3.3 Deactivation 31 

Deactivation is used for treating wastes exhibiting the characteristics of ignitability, corrosivity, 32 
and/or reactivity. 33 

C3.3.1 Applicability 34 

Deactivation is applicable to D001, D002, and D003 waste codes listed in the Hanford Facility RCRA 35 
Permit (WA7890008967) Part A and can be used to achieve applicable LDR treatment standards for 36 
nonliquid and liquid waste streams. 37 
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C3.3.2 Process Description 1 

Treatment may be performed within modular containment/confinement structures, such as Perma-Cons 2 
and work tents, or within gloveboxes. While treatment operations may be tailored to specific waste types, 3 
the following general process is used: 4 

 Waste is placed in a container capable of holding the waste container and reagents, while maintaining 5 
sufficient freeboard to prevent spills or releases from overtopping or splashing. This may be the 6 
container in which waste was shipped to the facility. 7 

 Volume or mass of reagents required to complete deactivation of the waste is added to the container. 8 

 Waste and reagents are mixed to provide contact between the components. 9 

 Chemical reactions that provide deactivation effects are completed. 10 

C3.3.3 Limitations 11 

Waste must meet the definition of ignitable, reactive, or corrosive in accordance with WAC 173-303-090. 12 

C3.4 Extraction Technologies 13 

Chemical extraction is conducted with the use of water sprays or water baths of sufficient temperature, 14 
pressure, residence time, agitation, surfactants, acids, bases, and detergents to remove hazardous 15 
contaminants from debris surfaces and surface pores or to remove contaminated debris surface layers. 16 

C3.4.1 Applicability 17 

Chemical extraction is applicable to all waste codes listed in the Hanford Facility RCRA Permit 18 
(WA7890008967) Part A and can be used to achieve applicable LDR treatment standards. 19 

C3.4.2 Process Description Overview 20 

Treatment may be performed within modular containment/confinement structures, such as Perma-Cons 21 
and work tents, or within gloveboxes. While treatment operations may be tailored to specific waste types, 22 
the following general process is used: 23 

 Debris waste is placed in a container capable of facilitating a water bath, while maintaining sufficient 24 
freeboard to prevent spills or releases from overtopping and splashing. This may be the container in 25 
which the waste was shipped to the facility. 26 

 Rags and cloths, dampened with aqueous solution(s), are used to clean waste items to achieve a clean 27 
debris surface. 28 

C3.4.3 Limitations 29 

Waste must meet the definition of debris in accordance with 40 CFR 268.2(g), “Definitions Applicable in 30 
This Part.” Treatment to a clean debris surface using materials (e.g., cloth or concrete) requires debris to 31 
be no more than 1.2 cm (0.50 in.) in one dimension (i.e., thickness limit), and debris surfaces must be in 32 
contact with water solution for at least 15 minutes. 33 

If treatment results in material that no longer meets the 60 mm (approximately 2.4 in.) minimum particle 34 
size limit for debris, the material will be managed in accordance with waste specific treatment standards 35 
for the waste contaminating the material, unless the debris has been cleaned and separated from 36 
contaminated soil and waste prior to size reduction. 37 
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C3.5 Deactivation and Recovery of Organics 1 

Treatment for aerosol cans and cylinders include the following treatment technologies: 2 

 Deactivation (DEACT) for ignitable compressed gas using a low capacity, manually operated, can 3 
puncturing device 4 

 Recovery of organics (RDGAS) through use of carbon adsorption and decanting: 5 

 Carbon Adsorption – The design and operation of the low capacity can puncturing device 6 
includes an activated carbon adsorption canister to capture any VOC propellants during the 7 
treatment process. 8 

 Physical Phase Separation – Decanting is a process of actively moving or separating materials 9 
from one container to another and is used to drain liquids and render aerosol cans and 10 
cylinders empty. 11 

C3.5.1 Applicability 12 

Deactivation and removal of organics, as described in this section, is exclusively for ignitable waste code 13 
D001 (for low total organic carbon [TOC]) listed in the Hanford Facility RCRA Permit (WA7890008967) 14 
Part A for nonpunctured aerosol cans and cylinders to achieve applicable LDR treatment standards. 15 

C3.5.2 Process Description 16 

The treatment process for safely depressurizing nonpunctured aerosol cans and cylinders and collecting 17 
liquids during the decanting process includes the following items: 18 

 Aerosol cans and/or cylinders identified with incompatible constituents will be segregated based on 19 
compatibility, then punctured and decanted (drained) into separately grouped containers lined 20 
with plastic. 21 

C3.5.3 Limitations 22 

Control measures and limitations include the following: 23 

 Waste must meet the definition of ignitable in accordance with WAC 173-303-090. 24 

 Waste must be separated and protected from sources of ignition or reaction including, but not limited 25 
to, open flames, smoking, cutting and welding, hot surfaces, frictional heat, sparks (static, electrical, 26 
or mechanical), spontaneous ignition (e.g., from heat producing chemical reactions), and radiant heat. 27 

 While ignitable wastes are being handled, sources of ignition or reaction must be confined to 28 
specially designated locations. 29 

C3.6 Neutralization 30 

Neutralization is a deactivation technology that reduces a materials corrosivity by using reagents, such as 31 
acids (e.g., hydrochloric acid or sulfuric acid), bases (e.g., sodium hydroxide or calcium carbonate), or 32 
water (including wastewaters) to adjust the pH. The objective of neutralization is to conclude with a 33 
treatment residual that displays a pH greater than 2 and less than 12.5. 34 

C3.6.1 Applicability 35 

Neutralization is applicable to the waste codes listed in the Hanford Facility RCRA Permit 36 
(WA7890008967) Part A that meet the definition of corrosivity in WAC 173-303-090, or are listed in 37 
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either WAC 173-303-081, “Discarded Chemical Products,” or WAC 173-303-082, “Dangerous Waste 1 
Sources,” specifically for this reason. Neutralization can be used to achieve applicable LDR treatment 2 
standards for nonliquid and liquid waste streams. 3 

C3.6.2 Process Description 4 

Treatment may be performed within modular containment/confinement structures, such as Perma-Cons 5 
and work tents, or within gloveboxes. While treatment operations may be tailored to specific waste types, 6 
the following general process is used: 7 

 Waste is placed in a container capable of holding the waste container and reagents, while maintaining 8 
sufficient freeboard to prevent spills or releases from overtopping or splashing. This may be the 9 
container in which the waste was shipped to the facility. 10 

 Volume or mass of reagents required to complete neutralization of the waste is added to the container. 11 

 Waste and reagents are mixed to provide contact between the components. 12 

 Chemical reactions that provide neutralization effects are completed. 13 

C3.6.3 Limitations 14 

Waste must meet the definition of corrosivity in accordance with WAC 173-303-090. Treatment may 15 
only be performed within mixing bins or containers. 16 

C3.7 Absorption 17 

Absorption is a deactivation technology for liquids exhibiting the characteristics of ignitability by which 18 
contaminants are taken into and soaked up by absorbent materials (e.g., polyacrylates, polypropylene, 19 
super absorbent polymer, and various inorganic based absorbents). This includes waste that is liquid and 20 
has low TOC content (less than 10 percent). 21 

Absorption may also be used for solidification/stabilization technologies utilizing the same process 22 
described in this treatment section. 23 

C3.7.1 Applicability 24 

Absorption is applicable to all waste codes listed in the Hanford Facility RCRA Permit (WA7890008967) 25 
Part A and can be used to achieve applicable LDR treatment standards for liquid waste. 26 

C3.7.2 Process Description 27 

Treatment may be performed within modular containment/confinement structures, such as Perma-Cons 28 
and work tents, or within gloveboxes. While treatment operations may be tailored to specific waste types, 29 
the following general process is used: 30 

 Liquid will be absorbed by either rearranging the absorbent originally packed in the container or 31 
adding new absorbent materials. 32 

 If necessary, due to volume increase, the additional absorbent and waste will be transferred to a 33 
larger container. 34 

The quantity of absorbent materials used varies widely depending on the nature of the liquid phase, 35 
original solids content of the waste, moisture level/capability in the sorbent, and availability of any 36 
chemical reactions that take up liquids during reaction. 37 
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C3.7.3 Limitations 1 

Sorbent materials must be compatible with the characteristics of waste to mitigate reactivity. 2 

C3.8 Controlled Reaction with Water 3 

Controlled reaction with water is a deactivation technology, and the primary method of treatment for 4 
highly reactive inorganic or organic chemicals, such as sodium metal. 5 

C3.8.1 Applicability 6 

Controlled reaction with water is exclusively for designated waste codes D001 (Ignitable) based on 7 
WAC 173-303-090(5)(a)(ii), and D003 (Water Reactive) based on WAC 173-303-090(7)(a)(ii), (iii), and 8 
(iv) listed in the Hanford Facility RCRA Permit (WA7890008967) Part A to achieve applicable LDR 9 
treatment standards. 10 

C3.8.2 Process Description 11 

Treatment may be performed within modular containment/confinement structures, such as Perma-Cons 12 
and work tents, or within gloveboxes. While treatment operations may be tailored to specific waste types, 13 
the following general process is used: 14 

 Waste is placed in a container capable of holding the waste container and reagents, while maintaining 15 
sufficient freeboard to prevent spills or releases from overtopping or splashing. This may be the 16 
container in which the waste was shipped to the facility. 17 

 Volume or mass of reagents required to complete reaction of the waste is added to the container. 18 

 Waste and reagents are mixed to provide contact between the components. 19 

 Chemical reactions that provide deactivation effects are completed. 20 

C3.8.3 Limitations 21 

Treatment is exclusively for designated waste codes D001 (Ignitable) and D003 (Water Reactives). 22 

C3.9 Solidification/Stabilization 23 

Solidification and stabilization are processes that reduce the mobility or toxicity of pollutants in the waste. 24 
They apply to a wide range of discrete technologies that are closely related in their ability to reduce 25 
potential adverse impacts on the environment from the disposal of wastes. The processes of solidification 26 
and/or stabilization mixes wastes with treatment agents to physically and/or chemically immobilize the 27 
hazardous constituents in the waste. 28 

Solidification refers to processes that encapsulate waste to form a solid material and restrict contaminant 29 
migration by decreasing the surface area exposed to leaching and/or by coating the waste with 30 
low-permeability materials. Treatment can be accomplished by a chemical reaction between a waste and 31 
binding reagents, or by mechanical processes. 32 

Stabilization refers to processes involving chemical reactions with inorganic or organic binders to reduce 33 
the leachability of waste. The process chemically immobilizes waste or reduces their solubility via 34 
chemical reaction. The physical nature of the waste may or may not be altered through this process. 35 
Inorganic binders include cement, fly ash, lime, soluble silicates, and sulfur-based binders, while organic 36 
binders include asphalt, epoxide, polyesters, and polyethylene (PE). Organic binders are generally used to 37 
solidify MWs or specific hazardous organic compounds. 38 
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To meet applicable LDR requirements, waste is often treated prior to solidification/stabilization using one 1 
or more technologies for further prevention of leachability of constituents. Development of an appropriate 2 
treatment strategy includes the following considerations: 3 

 Waste should be treated to obtain the most chemically inert and insoluble form. 4 

 Sorbent materials should be added to absorb any free liquids present. 5 

 When necessary, a binding agent should also be added. 6 

Binding agents may be selected based on their characteristics to stabilize the waste further (e.g., alkalinity 7 
of Portland cement). In cases where waste is extremely soluble or no suitable chemical binder can be 8 
found, waste may be encapsulated in a hydrophobic medium (e.g., asphalt or PE). 9 

C3.9.1 Applicability 10 

Solidification/stabilization is applicable to waste codes listed in the Hanford Facility RCRA Permit 11 
(WA7890008967) Part A and can be used to achieve applicable LDR treatment standards for nonliquid 12 
and liquid waste. 13 

C3.9.2 Process Description 14 

Treatment may be performed within modular containment/confinement structures, such as Perma-Cons 15 
and work tents, or within gloveboxes. While treatment operations may be tailored to specific waste types, 16 
the following general process is used: 17 

 Waste is placed in a container capable of holding the waste container and reagents, while maintaining 18 
sufficient freeboard to prevent spills or releases from overtopping or splashing. This may be the 19 
container in which the waste was shipped to the facility. 20 

 Volume or mass of reagents required to complete stabilization of the waste is added to the container. 21 

 Waste and reagents are mixed to provide contact between the components. 22 

 Chemical reactions that provide the stabilization effects are completed. 23 

C3.9.3 Limitations 24 

Waste must be solidified using nonbiodegradable binder(s). Criteria for meeting this standard are found in 25 
WAC 173-303-140(4)(b)(iv). Treated waste must not contain any free liquids and must resist degradation 26 
due to changes in temperature or moisture or exposure to radiation, chemicals, or compression. 27 

C3.10 Mercury Amalgamation 28 

Amalgamation is a physical immobilization technology unique to liquid elemental mercury in which 29 
another metal forms a semisolid alloy (amalgam) with mercury. Treatment is conducted as a nonaqueous 30 
process where finely divided metal powders are added allowing the mercury to dissolve in the solid metal 31 
forming a nonliquid, semisolid amalgam. 32 

C3.10.1 Applicability 33 

Mercury amalgamation is applicable to waste codes listed in the Hanford Facility RCRA Permit 34 
(WA7890008967) Part A for elemental mercury requiring treatment to achieve applicable LDR treatment 35 
standards. 36 
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C3.10.2 Process Description 1 

The amalgamation treatment system is comprised of temporary portable gloveboxes equipped with 2 
negative pressure HVAC systems that vent through HEPA filters. The units are designed for containment 3 
purposes preventing release of solid waste and/or vapors into the environment. 4 

Amalgamation of liquid elemental mercury is achieved using inorganic reagents, such as copper, zinc, 5 
nickel, gold, and sulfur. The process is described as follows: 6 

 Elemental mercury containers are placed and sealed inside the portable glovebox unit. 7 

 Using the attached gloves, the lid is removed from the elemental mercury container. 8 

 Waste is mixed with the amalgamation reagents in a separate small treatment container or in the 9 
original container. 10 

 Container is mixed using a paint shaker for the applicable amount of time. 11 

C3.10.3 Limitations 12 

Treatment may only be conducted in gloveboxes designed specifically for treating elemental mercury. 13 

C3.11 Macroencapsulation 14 

Macroencapsulation is an immobilization technology that is dependent on the ability of the surface 15 
coating material (e.g., a stainless steel container or grout reagent) to create a barrier around the waste, 16 
thereby reducing exposure to potential leaching media. The encapsulating barrier does not need to be 17 
chemically bound to the waste or constituent. 18 

C3.11.1 Applicability 19 

Macroencapsulation per 40 CFR 268.45 is applicable to waste codes listed in the Hanford Facility RCRA 20 
Permit (WA7890008967) Part A. With the exception of radioactive lead solids, waste to be 21 
macroencapsulated must meet the definition of hazardous debris in accordance with 40 CFR 268.2(g), 22 
“Definitions Applicable in This Part.” Since macroencapsulation is dependent on the properties of the 23 
coating rather than the properties of the waste, and because there are no contaminant restrictions specified 24 
in Table 1 of 40 CFR 268.45, macroencapsulation can effectively treat all debris types. 25 

Macroencapsulation (MACRO) per 40 CFR 268.42 is applicable to radioactive lead solids including, but 26 
not limited to, all forms of lead shielding and other elemental forms of lead (nonwastewaters only). 27 
These lead solids do not include treatment residuals, such as hydroxide sludges, other wastewater 28 
treatment residuals, or incinerator ashes, that can undergo conventional pozzolanic stabilization, nor do 29 
they include organo-lead materials that can be incinerated and stabilized as ash. Macroencapsulation per 30 
40 CFR 268.42 specifically does not include any material that would be classified as a tank or container 31 
as defined in 40 CFR 260.10, “Hazardous Waste Management System: General,” “Definitions.” 32 

C3.11.2 Process Description 33 

Containers are expected to come in all shapes, sizes, and physical forms. As a result, it is not feasible to 34 
prescribe all possible methods to macroencapsulate waste. The primary objective of this section is to 35 
ensure that waste(s) will be encapsulated using surface coating materials resistant to degradation by the 36 
waste and its contaminants, and any substances it may come into contact with after final placement 37 
(i.e., leachate and microbes). 38 

While reagents, mixing, and handling requirements are tailored to each specific waste or waste type, the 39 
processes described in the following subsections provide two examples of containerized waste treatment. 40 
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C3.11.2.1 Grout Filled Overpack 1 

 Approximately 5 to 8 cm (2 to 3 in.) of the following surface coating material (grout reagent) is 2 
poured into the macroencapsulation container to create a grout foundation: Portland cement or 3 
lime/pozzolans (e.g., fly ash and cement kiln dust). 4 

 Prior to placement of containerized waste, the preformed grout foundation is provided approximately 5 
72 hours to initially cure. Additional reagents (e.g., iron salts, silicates, carbon, or clays) may be 6 
utilized to enhance the set/cure time and working properties of the grout. 7 

 Containerized waste is placed inside the prepared macroencapsulation container ensuring that a 8 
minimum 5 cm (2 in.) annulus and head space will be maintained.  9 

 If needed, to mitigate floating of containerized waste during deployment of reagent, a restriction tool 10 
is placed across the inside of the macroencapsulation container to ensure that containerized waste 11 
remains stationary.  12 

 Volume or mass of grout reagent required to complete macroencapsulation is deployed into the 13 
macroencapsulation container to ensure complete covering of the containerized waste. 14 

 Initial curing is performed in the same manner described. 15 

Large pieces of debris (e.g., long length equipment) may be encapsulated with approved materials 16 
(e.g., polymeric organic resins/plastics). When encapsulating debris in plastic, it may be double wrapped 17 
with a PE liner (or equivalent) that meets the minimum specifications required. 18 

C3.11.3 Polyethylene Lined Macroencapsulation System 19 

A typical system contains a PE containment liner that resides within a steel box. Waste containers can be 20 
loaded directly into the system, thereby reducing the need to repackage or directly handle the waste. 21 
The following provides a general description of treatment utilizing the Ultra-MacroEncapsulation, High 22 
Modulus Polymeric Packaging System for radioactive lead solids: 23 

 Container(s) of radioactive lead solids are added to macroencapsulation macroliner systems 24 
comprised of HDPE/low-density PE liners. 25 

 Filler material (e.g., vermiculite) is added to eliminate void space within macroliner. 26 

 Once filled, the PE macroencapsulation lid is put in place and bonded (sealed) to the PE liner body. 27 

 Macroencapsulation bond is verified. 28 

C3.11.4 Limitations 29 

Control measures and limitations include the following: 30 

 For alternative treatment standards (40 CFR 268.45), waste must meet the definition of debris in 31 
accordance with 40 CFR 268.2(g), with the exception of radioactive lead solids. 32 

 With the exception of radioactive lead solids, no other wastes with specific treatment standards may 33 
be macroencapsulated unless requirements under 40 CFR 268.42 are met. 34 

 Radioactive lead solids will be treated via macroencapsulation, (MACRO) as required by 35 
40 CFR 268.40 and defined in 40 CFR 268.42. 36 
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C3.12 Microencapsulation 1 

Microencapsulation is an immobilization technology that encapsulates waste with low-permeability 2 
materials and restricts contaminant migration through decreasing the surface area exposed to leaching. 3 

C3.12.1 Applicability 4 

Microencapsulation is applicable to waste codes listed in the Hanford Facility RCRA Permit 5 
(WA7890008967) Part A to achieve applicable LDR treatment standards. Microencapsulation has no 6 
contaminant restrictions specified in Table 1 of 40 CFR 268.45. 7 

C3.12.2 Process Description 8 

Where the precise volume of waste in a container is unknown (e.g., contains irregular shaped debris), 9 
microencapsulation will be utilized for void filler to ensure that the container meets the 90 percent 10 
full requirement. 11 

Treatment may be performed within modular containment/confinement structures, such as Perma-Cons 12 
and work tents, or within gloveboxes. While reagents, mixing, and handling requirements are tailored to 13 
each specific waste or waste type, the following general process is used: 14 

 Waste in the containers can be accessed by removing the lid or through the top via drilled holes or 15 
grout ports. 16 

 Microencapsulating reagent (e.g., flowable grout) is added directly into the containerized waste filling 17 
in void/interstitial areas in the debris waste. 18 

 Microencapsulating reagent is in direct contact with the waste where it chemically and physically 19 
stabilizes the waste contaminants, reducing their leachability. 20 

 Microencapsulating reagent is provided approximately 72 hours to initially cure. Additional reagents 21 
(e.g., iron salts, silicates, carbon, or clays) may be utilized to enhance the set/cure time or reduce the 22 
leachability of debris constituents. 23 

C3.12.3 Limitations 24 

Control measures and limitations include the following: 25 

 Waste must meet the definition of debris in accordance with 40 CFR 268.2(g). 26 

 Debris that is not conducive to microencapsulation where surfaces are not exposed such that it is not 27 
reasonable to expect appropriate coating to occur such as: 28 

 Internally contaminated surfaces (e.g., piping) 29 

 Complex shapes (e.g., pumps) 30 

 Containers must demonstrate that they are not leaking and have sufficient integrity to contain the 31 
material being added into and mixed within the container. 32 

 Treatment may not be performed on process residuals (i.e., slag) or waste with specific 33 
treatment standards. 34 

 If treatment results in material that no longer meets the 60 mm (approximately 2.4 in.) minimum 35 
particle size limit for debris, the material will be managed in accordance with waste-specific 36 
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treatment standards for the waste contaminating the material, unless the debris has been cleaned and 1 
separated from contaminated soil and waste prior to size reduction. 2 

C3.13 Sealing 3 

Sealing is an immobilization technology and is the application of materials (e.g., epoxy, silicone, and 4 
urethane compounds) that adhere tightly to the debris surface to avoid exposure of the surface to potential 5 
leaching media. When necessary for effective sealing of the surface, debris surface is pretreated to 6 
remove foreign matter and/or to clean and roughen the surface. 7 

C3.13.1 Applicability 8 

Sealing is applicable to waste codes listed in the Hanford Facility RCRA Permit (WA7890008967) Part A 9 
to achieve applicable LDR treatment standards. Sealing has no contaminant restrictions specified in Table 10 
1 of 40 CFR 268.45.  11 

C3.13.2 Process Description 12 

Containers are expected to come in all shapes, sizes, and physical forms. As a result, it is not feasible to 13 
prescribe all possible methods to seal debris. The primary objective of this section is to ensure that sealed 14 
materials adhere tightly to the container and avoid exposure of the surface to potential leaking media. 15 
Polyurea, or other similar materials, may be used for treatment. 16 

Treatment may be performed within modular containment/confinement structures, such as Perma-Cons 17 
and work tents, or within gloveboxes. While sealing materials, mixing, and handling requirements are 18 
tailored to each specific waste or waste type, the following process provides a general explanation of 19 
containerized waste debris treatment utilizing polyurea: 20 

 Polyurea material is applied to the container or debris utilizing an applicator (e.g., polyurea 21 
spray gun). 22 

 Container or debris is initially cured per manufacturer direction and recommendation. 23 

Large pieces of debris (e.g., long length equipment) may be sealed with approved materials (e.g., epoxy, 24 
silicone, and urethane compounds). When sealing the debris with polymer (or equivalent), sealing 25 
material will be applied by hand or with spray devices.  26 

C3.13.3 Limitations 27 

Waste must meet the definition of debris in accordance with 40 CFR 268.2(g). Containerized MW debris 28 
must have an adequate surface for the materials to adhere. 29 

C4 Recordkeeping 30 

The Permittees will place documentation into the Hanford Facility Operating Record (CWC-WRAP 31 
portion) as required by Permit Condition II.I (WAC 173-303-380, “Facility Recordkeeping”) to include 32 
approved waste profile documentation (Hanford Facility RCRA Permit, Condition II.I.1.j) and 33 
confirmation records (Hanford Facility RCRA Permit, Condition II.I.1.b [WA7890008967]). LDR 34 
records will be maintained in the Hanford Facility Operating Record (CWC-WRAP portion) in 35 
accordance with WAC 173-303-380(1)(m). 36 



 DOE/RL-2015-74, REVISION 0 
 DECEMBER 2015 

C-37 

C5 Training 1 

For training requirements related to duties described in the CWC-WRAP Process Information, refer to 2 
Addendum G. 3 
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Figure C-A1. Overall Facility Map of the Hanford Site 2 
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E1 Security 1 

The following sections document security measures in effect at the Central Waste Complex 2 
(CWC) -Waste Receiving and Processing Facility (WRAP) Operating Unit Group (OUG). CWC-WRAP 3 
consists of the following active dangerous waste management units (DWMUs):  4 

 Low Flashpoint Storage Modules  5 

 2402-WD Waste Storage Building  6 

 2402-W, WB, WC, and WE through WL Waste Storage Buildings  7 

 2403-WA through WC Waste Storage Buildings  8 

 2403-WD Waste Storage Building 9 

 CWC Shipping and Receiving Area  10 

 2336-W Building Process Area  11 

 2336-W Building Nondestructive Assay (NDA)/Nondestructive Examination (NDE) Area 12 

  2336-W Building Shipping and Receiving Area 13 

 2336-W Building Room 152 14 

 2404-WA through WB Waste Storage Buildings 15 

 2404-WC Waste Storage Building 16 

 High Energy Real Time Radiography (HERTR) and Super High Energy Neutron Counter 17 
(HENC) Waste Outdoor Storage Area. 18 

E1.1 Security Provisions 19 

CWC-WRAP, located within the 200 West Area of the Hanford Facility, complies with access control 20 
and warning sign requirements pursuant to WAC 173-303-310(1) and (2), “Dangerous Waste 21 
Regulations,” “Security.” Hanford Facility access is controlled by 24 hour surveillance as described in 22 
WA7890008967, Hanford Facility Resource Conservation and Recovery Act Permit, Attachment 3, 23 
“Security.” 24 

E1.1.1 Access Control 25 

Unknowing entry and the possibility for unauthorized entry of persons or livestock onto the active 26 
portions of CWC-WRAP are minimized through implementation and maintenance of the following 27 
security measures: 28 

 Hanford Patrol forces will maintain 24 hour surveillance of the Hanford Facility and OUGs located 29 
within. A continuous presence of protective force personnel will provide access controls to active 30 
portions of the Hanford Facility, thus meeting WAC 173-303-310(2)(b) requirements. 31 

 Access to CWC Low Flashpoint Storage Modules, 2402-W and WB through WL Waste Storage 32 
Buildings, 2403-WA through WD Waste Storage Buildings, and the CWC Shipping and Receiving 33 
Area is controlled by an approximate 2 m (7 ft) high chain link fence encircling the CWC perimeter. 34 
The CWC main entry gate is under surveillance by CWC personnel during operating hours. Alternate 35 
vehicle entry gates at points in the CWC perimeter fence are either locked or, when open for 36 
operations, subject to surveillance by CWC personnel. Authorization clearance for all entrants to the 37 
CWC is required. During non-operations hours, the main gate is locked. Gate keys are controlled and 38 
accessible by authorized personnel only. [WAC 173-303-310(2)(c)] 39 
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 WRAP 2336-W Building Process Area and 2336-W Building NDA/NDE Area are located within the 1 
2336-W Building structure. Located adjacent to the 2336-W Shipping and Receiving Area loading 2 
dock, 2336-W Building Room 152 is accessible by an external door. Sign-in by personnel to these 3 
DWMUs is required. During operating hours, door access is controlled by WRAP personnel. External 4 
building doors will remain locked when not in use. During non-operation hours and periods of non-5 
activity or lay-up, all doors accessing the 2336-W Building will remain locked. The keys are 6 
controlled and may only be accessed by authorized, trained personnel. 7 

 The 2336-W Shipping and Receiving Area is under WRAP personnel surveillance when operations 8 
are in effect. Shipments of dangerous and mixed waste to and from the 2336-W Building are 9 
conducted within secure fencing at the rear of the building. 10 

 The 2404-WA through WC Waste Storage Buildings and the HERTR and Super HENC Waste 11 
Outdoor Storage Area are enclosed by an approximate 2 m (7 ft) high chain link fence. Access is 12 
controlled through the main CWC gate or through one of several alternate vehicle access gates in the 13 
fenced perimeter. Alternate vehicle access gates remain locked during periods of non-use. 14 
Only authorized, trained personnel may access the controlled gate keys. [WAC 173-303-310(2)(c)] 15 

Visitors to the CWC and 2336-W Building are required to sign in and adhere to all personal protection 16 
requirements, and are subject to escorting protocols. 17 

Personnel training requirements for CWC-WRAP operators and workers are found in Addendum G, 18 
“Personnel Training.” 19 

E1.1.2 Warning Signs 20 

Warning signs, stating “Danger-Unauthorized Personnel Keep Out” or “Danger Do Not Enter-Authorized 21 
Personnel Only,” are posted at each gate entrance to the CWC and on each access door to the 2336-W 22 
Building DWMUs. Signs identical to those affixed at CWC gate entrances are posted intermittently on the 23 
fence surrounding the CWC. Permittees must maintain warning signs at points described in this 24 
Addendum and ensure that signs are written in English, legible from a distance of approximately 7.6 m 25 
(25 ft) or more, and visible from all angles of approach. [WAC 173-303-310(2)(a)] 26 
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F1 Introduction 1 

This addendum addresses preparedness and prevention measures in effect at the Central Waste Complex 2 
(CWC)-Waste Receiving and Processing Facility (WRAP) Operating Unit Group (OUG). CWC-WRAP 3 
is comprised of the following dangerous waste management units (DWMUs): 4 

 Low Flashpoint Storage Modules 5 

 2402-W, WB, WC, and WE through WL Waste Storage Buildings 6 

 2402-WD Waste Storage Building 7 

 2403-WA through WC Waste Storage Buildings 8 

 2403-WD Waste Storage Building 9 

 CWC Shipping and Receiving Area 10 

 2336-W Building Process Area 11 

 2336-W Building Nondestructive Assay/Nondestructive Examination Area 12 

 2336-W Building Shipping and Receiving Area 13 

 2336-W Building Room 152 14 

 2404-WA and WB Waste Storage Buildings 15 

 2404-WC Waste Storage Building 16 

 High Energy Real Time Radiography-Super High Energy Neutron Counter Waste Outdoor 17 
Storage Area 18 

For descriptions and details of CWC-WRAP DWMUs, refer to Addendum C, “Process Information.” 19 

The purposes of preparedness and prevention are to minimize the damage caused by a fire or explosion 20 
and help avoid or mitigate any unplanned releases of dangerous waste constituents to air, soil, surface 21 
water, or groundwater. This addendum complies with regulations set forth in WAC 173-303-340, 22 
“Dangerous Waste Regulations,” “Preparedness and Prevention;” WAC 173-303-806(4)(a)(viii), “Final 23 
Facility Permits;” and WAC 173-303-395(4), “Other General Requirements.” 24 

F2 Preparedness and Prevention Requirements 25 

Preparedness and prevention requirements of WAC 173-303-340 are addressed in the following 26 
subsections. 27 

F2.1 Required Equipment 28 

Communications equipment, fire suppression systems and equipment, spill control equipment, and 29 
decontamination equipment are available for use at CWC-WRAP, in accordance with the requirements of 30 
WAC 173-303-340(1). 31 

F2.1.1 Internal Communications 32 

CWC-WRAP is equipped with internal communications devices used to provide immediate emergency 33 
instruction to personnel. Whenever waste handling operations occur at CWC-WRAP, all personnel 34 
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involved must have immediate access to hand-held two-way radios and/or cellular phones capable of 1 
direct emergency communications with another employee. The communications devices described in this 2 
section meet the internal communications requirements of WAC 173-303-340(1)(a), (1)(b), and (2)(a). 3 

Two-way radios and cellular telephones carried by personnel are used to give and receive emergency 4 
instructions throughout CWC-WRAP at both indoor and outdoor DWMUs. 5 

The 2336-W Building, 2402-W series, 2403-W series, and 2404-W series buildings are equipped with 6 
local audible and strobe light fire alarm signals that provide personnel notice to evacuate. Inside the 7 
2336-W Building, telephones and a public address system with ceiling mounted speakers are interfaced 8 
for voice paging throughout waste processing and storage areas. A manually activated evacuation/take 9 
cover siren, located in the 2336-W Building administration area, provides personnel warning to evacuate 10 
or take cover. 11 

F2.1.2 External Communications 12 

As required by WAC 173-303-340(1)(b), the communications equipment (described in Section F2.1.1) 13 
must have the capability for contacting the Hanford Patrol Operations Center and Hanford Fire 14 
Department to request the assistance of local emergency response organizations. The Hanford Patrol 15 
Operations Center Point of Contact can be contacted for 24 hour emergency communications and for 16 
information relays by landline telephone, cellular phone, or two-way radio. 17 

State and local response organizations are contacted through the Hanford Patrol Operations Center by 18 
dialing emergency number 911 from site telephones, or 509-373-0911 from cellular phones; or for 19 
non-emergencies, by dialing the main contact number for the Hanford Patrol Operations Center at 20 
509-373-3800. Onsite responders are notified and/or dispatched through the Hanford Patrol 21 
Operations Center. 22 

In the instance that just one employee is at any CWC-WRAP DWMU during operations, the individual 23 
must have immediate access to a hand-held two-way radio or cellular phone capable of summoning 24 
external emergency assistance (WAC 173-303-340(2)(b)). 25 

F2.1.3 Emergency Equipment 26 

CWC-WRAP operations personnel are trained in the use of emergency equipment. Addendum G, 27 
“Personnel Training,” provides details of personnel emergency training.  28 

Portable fire extinguishers (at least one in each waste storage or treatment building), fire control 29 
equipment, spill control equipment, and decontamination equipment required by WAC 173-303-340(1)(c) 30 
are available for use throughout CWC-WRAP. A list of emergency equipment is found in Addendum J, 31 
“Contingency Plan.”  32 

Emergency response trailers available at the Solid Waste Operations Complex (SWOC) OUGs, including 33 
CWC-WRAP, contain emergency supplies as well as personal protective equipment (PPE). 34 
A decontamination shower inside the 2336-W Building is available to personnel. Spill kit drums with 35 
portable containment materials are located near the 2402-WD and 2402-WH Buildings. Self-contained 36 
spill kits are located outside the 2401-W Building (closing DWMU), near the 2402-W and 2402-WL 37 
Buildings, outside the east entrance of the 2403-WA Building and at a staging area (SA-1) near the 38 
2402-WA Building. 39 

Automatic fire suppression provided in each of the main buildings at CWC-WRAP is a key control in 40 
minimizing damage caused by fire. Fire suppression for the 2402-W through 2402-WL Buildings is 41 
provided by a single dry pipe automatic sprinkler system in each building. These buildings have two 42 
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fire pull boxes located near personnel exit doors. Fire suppression for the 2403-WA through –1 
WD buildings is provided by two dry pipe automatic sprinkler systems in each building. Each half of 2 
each structure is protected by a separate system, one located in each of two small heated rooms outside 3 
each building. Fire pull boxes are located near exit doors. Fire suppression systems for the 2404-WA 4 
through WC Buildings are hydraulically designed overhead sprinkler systems allowing for storage of 5 
National Fire Protection Association (NFPA) containers. Fire alarms signals are transmitted by a radio 6 
fire alarm reporter (RFAR) to the Hanford Fire Department through the fire alarm control panels 7 
(FACPs) located in each 2402-W, 2403-W and 2404-W series buildings.  8 

The 2336-W Building fire suppression sprinkler system is a hydraulically designed dry pipe system 9 
designed to include adequate coverage throughout the 2336-W Building. Four gloveboxes, located in the 10 
2336-W Building Process Area, are equipped with a dry chemical fire suppression system that can be 11 
discharged automatically by internally mounted thermal detectors or by operating an externally mounted 12 
manual pull station. Fire alarms signals are transmitted by a RFAR to the Hanford Fire Department 13 
through the FACP. 14 

Communications and alarm systems, fire protection equipment, spill control equipment, and 15 
decontamination equipment are tested and maintained to assure proper operation in time of emergency 16 
(WAC 173-303-340(1)(d)). 17 

F2.2 Water for Fire Control 18 

Water for fire control at the 200 West Area is pumped from the Columbia River then delivered to 19 
CWC-WRAP through an underground pipeline loop that serves SWOC buildings and fire hydrants. 20 
Underground piping installations are designed in accordance with NFPA standards and maintained to 21 
ensure adequate volume and pressure to supply CWC-WRAP fire control equipment. In the event that 22 
water pressure is lost, alternative water source equipment from the Hanford Fire Department will be 23 
deployed for fire control. 24 

F2.3 Aisle Space Requirement 25 

Aisle spacing requirements in WAC 173-303-630(5)(c), “Use and Management of Containers,” mandate a 26 
minimum of 0.76 m (30 in.) between rows of containers stored at CWC-WRAP. This allows the 27 
unobstructed movement of personnel, fire protection equipment, spill control equipment, and 28 
decontamination equipment during emergency situations. Containers are stored on rows of pallets, 29 
portable secondary containment, when required, or other structures depending on the size of the container. 30 
Rows of drums will be placed no more than two drums wide. Waste container boxes, modules, and long 31 
length containers must be spaced to allow unobstructed movements of personnel and emergency 32 
equipment (WAC 173-303-340(3)). 33 

F3 Preventive Procedures, Structures, and Equipment 34 

The following subsections describe preventive procedures, structures, and equipment, including spill 35 
control measures, in effect at CWC-WRAP. 36 

F3.1 Container Loading, Unloading and Handling Preventative Measures 37 

Containers loaded onto, or unloaded from, transport vehicles may be handled and/or stored in 38 
CWC-WRAP. To minimize potential for container damage or accidental opening during loading, 39 
unloading, and/or handling operations, the following preventative measures are observed by 40 
CWC-WRAP personnel: 41 
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 Containers are U.S. Department of Transportation (DOT) and/or U.S. Department of Energy 1 
compliant. 2 

 Operators conduct physical inspections for container damage and abnormal appearance that are 3 
performed prior to loading and unloading operations. 4 

 All containers, including bulk and long length, are handled by equipment appropriate for loading, 5 
unloading, and container movement (e.g., forklift, high weight capacity forklift, or crane). 6 

 Waste is not loaded or unloaded without the approval of operations supervision. 7 

 Pathways from unloading locations to storage or treatment areas must remain clear of obstructions. 8 

 Transport vehicles are positioned in a manner that provides an unobstructed workspace to load and 9 
unload containers. 10 

 Collected wastes resulting from spills and leaks will be removed, as soon as possible, in a manner that 11 
prevents release of dangerous waste constituents. 12 

 Operators must comply with container stacking, aisle spacing, and segregation requirements. 13 

F3.2 Prevention of Run-on, Runoff, and Contamination to Water Supplies 14 

CWC-WRAP processing and container storage areas, buildings, and modules are designed and/or 15 
operated to mitigate run-on and runoff, minimize the generation of potentially contaminated liquids, and 16 
prevent migration into local groundwater resources. Detailed descriptions of the design, construction, and 17 
operation of each DWMU are provided in Addendum C. A general description for preventing run-on, 18 
runoff, and contamination of water supplies and groundwater is provided in the following paragraphs. 19 

Spill pallets or portable containment systems are required for containers holding liquids or containers 20 
designated with waste codes D001 through D003 in areas where engineered secondary containment is not 21 
available, such as outdoor container staging areas. Runoff of spills, container leaks, fire sprinkler 22 
activation, and other sources of potentially contaminated liquids are controlled from migration out of 23 
secondary containment areas at CWC-WRAP by observing containment volume limits, removing sump 24 
liquids, and utilizing available containment and spill equipment, when necessary. 25 

Run-on sources at CWC-WRAP will typically consist of rainfall or storm water. Water migrations into 26 
secondary containment or into other areas of possible contamination are minimized by containment 27 
berms, drainage structure, and building design. Additional information and details on run-on/runoff can 28 
be found in Addendum C. 29 

F3.3 Equipment and Power Failure 30 

Loss of electrical power at CWC-WRAP does not constitute an emergency. Operating systems and 31 
structures are designed for safe, limited operations during power outages. All CWC-WRAP DWMU 32 
buildings are equipped with battery powered lighting units, located near exits, to provide 33 
emergency illumination. 34 

A universal power supply (UPS) provides a battery backup system for alarms, computers (which may 35 
control equipment operations), and instrumentation in the 2336-W Building. The UPS automatically 36 
engages during failure of the primary power supply. Within the 2336-W Building, automatic container 37 
movement and handling functions controlled by computer may be shut down by pressing one of several 38 
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emergency stop buttons located throughout process area. With the exception of 2336-W Building and fire 1 
watch personnel, waste storage and treatment buildings must not be occupied during power outages. 2 

Equipment failures at CWC-WRAP are minimized or mitigated by the following preventive measures: 3 

 Critical equipment redundancy allows for continuous process operation of key components. 4 

 Surveillance of equipment and scheduled preventive maintenance are performed to minimize 5 
unplanned downtime and prevent failure. 6 

F3.4 Personal Protective Equipment 7 

CWC-WRAP minimizes personnel exposure to occupational injury, dangerous waste, and hazardous 8 
chemicals by ensuring the availability and use of adequate PPE during normal operations and 9 
emergencies. All personnel must use PPE in accordance with work documentation specifications and in 10 
compliance with posted requirements. Protective clothing use requirements will vary, depending on the 11 
form, content, and handling of waste. When possible, engineering and/or administrative controls are first 12 
implemented to minimize the possibility of exposure to dangerous wastes or chemicals. 13 

Protective masks, including air purifying respirators and supplied air purifying respirators, are stored and 14 
available for personnel in CWC-WRAP. Gloves, safety glasses, protective clothing, and other PPE may 15 
be procured at PPE storage lockers in the 2336-W Building and at additional locations within the 16 
boundaries of CWC-WRAP. Emergency response trailers contain a wide variety of PPE for emergency 17 
use. Ear protection is available at door entrances of rooms with elevated noise levels (e.g., compressor or 18 
heating, ventilating, and air conditioning mechanical rooms). 19 

F4 Prevention of Ignition or Reaction of Ignitable, Reactive, and/or 20 

Incompatible Waste 21 

The following subsections describe prevention measures in effect at CWC-WRAP to minimize the 22 
possibilities of ignition or reaction of ignitable, reactive, and/or incompatible waste. Records generated 23 
from the handling or treatment of ignitable, reactive, and/or incompatible waste must be added to the 24 
facility operating record (WAC 173-303-380(1)). 25 

F4.1 Precautions to Prevent Ignition or Reaction of Ignitable or Reactive Waste 26 

Precautions to prevent ignition or reaction of ignitable or reactive waste involve separating 27 
ignitable/reactive waste from ignition sources and preventive measures to minimize the potential for 28 
accidental ignition or reaction. There are no routine sources of ignition or open flame at CWC-WRAP. 29 
Work activities conducted with ignition or heat sources, if required, are limited and controlled in the 30 
following ways: 31 

 Activities involving open flames, cutting, welding, or hot surfaces must be controlled by an approved 32 
hot work permit. 33 

 Smoking is prohibited inside CWC-WRAP structures. “NO SMOKING” signs are posted in 34 
conspicuous locations, legible at approximately 7.6 m (25 ft) or greater. 35 

 Ambient temperatures at 2336-W Building are controlled by heat pump with no sources of ignition. 36 

 Vehicles carrying more than approximately 151 L (40 gal) of propane are not allowed inside 37 
CWC-WRAP buildings or within approximately 7.6 m (25 ft) of stored containers. 38 
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 Only noncombustible containers are used for storage of waste in CWC-WRAP buildings.  1 

 No empty wooden pallets are stored inside CWC-WRAP buildings. 2 

 Electrical equipment used in flammable atmospheres is required to comply with NFPA 70, National 3 
Electric Code. 4 

 All static electricity sources require grounding in areas where ignitable vapors might be present. 5 

 Compatibility between wastes is ensured prior to mixing waste streams (e.g., documentation review, 6 
container label review, or testing).  7 

 Containers holding incompatible waste are stored and segregated by dikes, walls, berms, or other 8 
facility approved devices. 9 

The following waste is not accepted at CWC-WRAP: 10 

 Explosive, pyrophoric, shock sensitive, or NFPA Class 4 oxidizer waste 11 

 Waste reasonably expected to become unstable or explosive 12 

 Waste that may generate excessive heat or toxic gases, vapors, or fumes in a quantity sufficient to 13 
present a danger to human health and the environment 14 

 Waste that contains gases packaged at pressures in excess of established facility limits 15 

 Infectious waste 16 

F4.2 Precautions for Handling Ignitable or Reactive Wastes, and Mixing Incompatible Wastes 17 

CWC-WRAP observes the following waste handling measures to prevent the ignition or reaction of 18 
ignitable or reactive wastes and minimize the possibility of mixing incompatible wastes: 19 

 Incompatible wastes are not packaged within the same container. 20 

 Containers emptied of reactive agents are thoroughly flushed with an appropriate solution prior to 21 
reuse, thus minimizing incompatible waste mixing. If inadvertent mixing of incompatible wastes 22 
occurs, toxic or noxious fumes produced will be mitigated by negative pressure ventilation. 23 

 Containers of waste that are incompatible or potentially reactive to other containers of stored waste 24 
are stored in covered buildings or areas and segregated by dikes, walls, berms, or other facility 25 
approved devices. For information on incompatible waste, refer to Addendum B, “Waste 26 
Analysis Plan.” 27 

 Explosive, shock sensitive, or pyrophoric materials are prohibited at CWC-WRAP. Notwithstanding, 28 
should this type of waste be identified, segregation will occur immediately. Handling and packaging 29 
of these materials must be conducted under the direction of the Hanford Fire Department or other 30 
approved organization. If a discovery meets the conditions in Addendum J, the Hanford Facility 31 
Contingency Plan will be implemented. 32 

 Upon receipt of ignitable waste, sampling, processing, and solidification may occur. Flammable 33 
and/or ignitable liquid waste may be immobilized, using absorbent material, in order to facilitate 34 
future treatment. 35 

 Mixed waste containers within CWC-WRAP may be vented with filters to prevent buildup of gases. 36 
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 Wastes shipped to CWC-WRAP are segregated for transportation as required by DOT to ensure that 1 
reactions cannot occur during transportation or receipt. 2 

 Areas where ignitable and/or reactive wastes are treated and stored must be inspected at least yearly 3 
by facility personnel in the presence of a professional, who is familiar with the International Fire 4 
Code or the in the presence of the Hanford Fire Marshal (WAC 173-303-395(1)(d)). 5 

F5 Arrangements with Local Authorities 6 

Written emergency assistance agreements exist with local authorities that include arrangements to 7 
familiarize and furnish local hospitals, police departments, fire departments, and city and county 8 
emergency response teams with Hanford Facility information. The response agreements designate 9 
primary emergency authority (WAC 173-303-340(4)(a) through (c)). If state or local authorities decline to 10 
enter into a response agreement or familiarization arrangement with the Hanford Facility, the Permittees 11 
will record the refusal in the Hanford Facility Operating Record, CWC-WRAP portion, as required by 12 
WA7890008967, Hanford Facility Resource Conservation and Recovery Act, Condition II.I.1.g (WAC 13 
173-303-340(5).  14 
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G1 Personnel Training 1 

This addendum describes the personnel training requirements for the Central Waste Complex 2 
(CWC) -Waste Receiving and Processing Facility (WRAP) Operating Unit Group. 3 

Permittees will ensure that personnel training will meet the requirements for WAC 173-303-330, 4 
“Dangerous Waste Regulations,” “Personnel Training.” Specific requirements for the Hanford Facility 5 
training program are described in WA7890008967, Hanford Facility Resource Conservation and 6 
Recovery Act Permit Attachment 5, “Hanford Facility Personnel Training Program.”  7 

Permittees will comply with the training matrix in Table G-1, which provides training requirements for 8 
Hanford Facility personnel associated with CWC-WRAP. Training requirements are only for personnel 9 
that perform waste management duties at CWC-WRAP. Refer to the CWC-WRAP Dangerous Waste 10 
Training Plan (DWTP) for a complete description of the personnel training requirements. As required by 11 
Permit Condition II.I.1 (WAC 173-303-380, “Facility Recordkeeping”), which satisfies the training 12 
record requirement set forth in WAC 173-303-330(3), a copy of the CWC-WRAP DWTP will be placed 13 
in the Hanford Facility Operating Record (CWC-WRAP portion) and will be updated by the Permittees as 14 
unit-specific conditions change.  15 

Training received by facility personnel will be commensurate with the duties they perform. Individuals 16 
are not required to receive training for work duties they do not perform. Continuing training is 17 
administered annually, or at 2-year or 3-year retraining frequencies. A course is administered annually if 18 
it is administered not less than 30 days after the retraining date set for that course. 19 

20 
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Table G-1. CWC-WRAP Training Matrix 

Training Category  
Course Descriptiona 

Frequency of 
Training 

Training 
Typeb 

Job Title/Position 

Non-CWC-
WRAP 

Personnel 
or Visitor FWS SPOC 

Waste 
Service 

Providerc 
Maintenance 

Craft RCT NCO ECO BED 

General Training  Annual GHFT, CPT X X X X X X X X X 

Container 
Management  

Annual GHFT, OT X X X X X

Building Emergency Annual ECT X 

ECO Training Initial OT X 

Inspections  Every 2 years OT X X 

Facility Health and 
Safety 

Annual GHFT, CPT Xd X Xd Xd X X X X X

Waste Designation  Annual OT X 

Waste Services Initial OT X 

Waste Shipper Every 3 years OT X 

Waste Management Every 2 years GHFT, CPT, 
OT 

X Xe Xe X 

Storage Operations Every 2 years CPT, OT X X 

LLW/TRU RWM 
Glovebox 

Every 2 years OT Xf Xf

Shipping and 
Receiving 

Every 2 years OT X X 

Facility Operator Every 2 years CPT, OT X X 

Waste Handler Annual OT X X X 

DOS and SOM Every 2 years CPT, OT X 
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Table G-1. CWC-WRAP Training Matrix 

Training Category  
Course Descriptiona 

Frequency of 
Training 

Training 
Typeb 

Job Title/Position 

Non-CWC-
WRAP 

Personnel 
or Visitor 

 

FWS SPOC 

Waste 
Service 

Providerc 
Maintenance 

Craft RCT NCO ECO BED 

a. See the CWC-WRAP DWTP for a complete description of coursework in each training category. 
b. Training types defined in the WA7890008967, Hanford Facility Resource Conservation and Recovery Act Permit, Attachment 5, “Hanford Facility Personnel 
Training Program.” 
c. Waste Service Providers include TSDRs, Verifiers, Shippers, and WMRs. The different Waste Service Providers are only required to take the necessary courses 
specific to their waste management duties. 
d. This training is required only if workers are unescorted in the facility.  
e. Maintenance Crafts and RCTs take only initial Waste Management Training. 
f. Training required for waste management activities is performed prior to glovebox operation.  

BED = Building Emergency Director 
CPT = Contingency Plan Training 
CWC = Central Waste Complex 
DOS = Duty Operations Supervisor 
DWTP = Dangerous Waste Training Plan 
ECO = Environmental Compliance Officer 
ECT = Emergency Coordinator Training 
FWS = Field Work Supervisor 
GHFT = General Hanford Facility Training 
LLW = low-level waste 

NCO = Nuclear Chemical Operator 
OT = Operations Training 
RCT = Radiological Control Technician 
RWM  =  restricted waste management 
SOM  = Shift Operations Manager 
SPOC  = Single Point of Contact 
TRU  = transuranic waste 
TSDR = Treatment, Storage, and Disposal Unit Acceptance Representative 
WMR = Waste Management Representative 
WRAP = Waste Receiving and Processing Facility 

1 
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H1 Introduction 1 

Addendum H discusses closure activities for dangerous waste management units (DWMUs) in the Central 2 
Waste Complex (CWC)-Waste Receiving and Processing Facility (WRAP) Operating Unit Group 3 
(OUG). 4 

Please note, the terms “mixed waste” and/or “waste” when seen in this document refers to dangerous 5 
waste or hazardous waste, as applicable. 6 

H1.1 Hanford Facility Contact Information 7 

The Hanford Facility is owned by the U.S. Government and operated by the U.S. Department of Energy 8 
(DOE) and its contractors. The contact information is as follows: 9 

U.S. Department of Energy, Richland Operations Office 10 
P.O. Box 550 11 
Richland, WA 99352 12 
(509) 372-2400 13 

H1.2 Hanford Facility Description 14 

The Hanford Facility is located in southeastern Washington State. The Facility is owned by the 15 
U.S. Government, and it is managed and operated by DOE and its contractors. Waste (containing both 16 
dangerous and radioactive components) is generated and managed at the Hanford Facility. 17 

H1.3 Unit History, Function, Location, and Layout 18 

CWC-WRAP is located in the 200 West Area of the Hanford Facility. (Figure H1-1) Waste management 19 
operations began at CWC in August 1988, and WRAP began waste management operations in March 20 
1997. CWC provides container storage and treatment for waste. Waste received and processed by CWC 21 
has been generated both on and off the Hanford Facility. The primary mission for WRAP is to process 22 
transuranic and transuranic-mixed waste to meet Waste Isolation Pilot Plant acceptance requirements; 23 
however, WRAP also has processing capabilities to disposition low-level waste and mixed low-level 24 
waste. Waste received and processed by WRAP has been generated both on and off the Hanford Facility. 25 

Previously, CWC and WRAP were managed as separate OUGs; however, due to the significant amount 26 
of interaction between the facilities and their proximity to each other, they are now being combined into 27 
one OUG. 28 

H1.4 Products and Production Processes 29 

The CWC-WRAP OUG does not produce products and does not have production processes. This section 30 
is not applicable. 31 

H1.5 Dangerous Waste Management Units 32 

CWC-WRAP DWMUs are designed for storage and treatment of waste. CWC-WRAP can also verify the 33 
characterization of containers of mixed waste and perform nondestructive examination on an as needed 34 
basis. Treatment of waste is provided in the 2402-WD, 2403-WD, and 2404-WC Buildings, and the 35 
2336-W Building Process Area DWMUs. Waste treatment will consist of volume reduction, deactivation, 36 
extraction technologies, deactivation and recovery of organics (i.e., puncture and decant aerosol 37 
cans/cylinders), neutralization, absorption, controlled reaction with water, solidification/stabilization, 38 
mercury amalgamation, macroencapsulation, microencapsulation, and sealing. 39 
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The WA7890008967, Hanford Facility Resource Conservation and Recovery Act Permit Part A Form 1 
corresponding to DWMUs in the CWC-WRAP OUG identifies various Resource Conservation and 2 
Recovery Act of 1976 permitted capabilities for the DWMUs, as well as operating DWMUs and closing 3 
DWMUs. 4 

CWC-WRAP consists of the following storage and/or treatment DWMUs identified in purple on 5 
Figure H1-1: 6 

 Low Flashpoint Storage Modules (Storage) 7 

 2402-W, WB, WC, and WE through WL Waste Storage Buildings (Storage) 8 

 2402-WD Waste Storage Building (Storage and Treatment) 9 

 2403-WA through WC Waste Storage Buildings (Storage) 10 

 2403-WD Waste Storage Building (Storage and Treatment) 11 

 CWC Shipping and Receiving Area (Storage) 12 

 2336-W Building Process Area (Storage and Treatment) 13 

 2336-W Building Nondestructive Assay (NDA)/Nondestructive Examination Area(NDE) (Storage) 14 

 2336-W Building Shipping and Receiving Area (Storage) 15 

 2336-W Building Room 152 (Storage) 16 

 2404-WA and WB Waste Storage Buildings (Storage) 17 

 2404-WC Waste Storage Building (Storage and Treatment) 18 

 High Energy Real Time Radiography (HERTR) and Super High Energy Neutron Counter (HENC) 19 
Waste Outdoor Storage Area (Storage) 20 

The following CWC-WRAP OUG closing DWMUs are identified in red on Figure H1-1: 21 

 CWC Outside Storage Area A (Closing DWMU) 22 

 CWC Outside Storage Area B (Closing DWMU) 23 

 CWC 2401-W Waste Storage Building (Closing DWMU) 24 

 CWC East Outside Storage Area (Closing DWMU) 25 

 CWC D-10 Outside Storage Area (Closing DWMU) 26 

 27 
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Figure H1-1. CWC-WRAP Operating and Closing DWMUs (Aerial 2012)2 
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H1.6 References for CWC-WRAP Closure Plan Appendices 1 

40 CFR 268, “Land Disposal Restrictions,” Code of Federal Regulations. Available at: 2 
http://www.gpo.gov/fdsys/pkg/CFR-2010-title40-vol26/xml/CFR-2010-title40-vol26-3 
part268.xml. 4 

 268.40, “Applicability of Treatment Standards.” 5 

 268.44, “Variance from a Treatment Standard.”  6 

 268.45, “Treatment Standards for Hazardous Debris.” 7 

DOE/RL-96-68, 2014, Hanford Analytical Services Quality Assurance Requirements Document 8 
(HASQARD), Rev. 4, Volume 1, Administrative Requirements; Volume 2, Sampling Technical 9 
Requirements; Volume 3, Field Analytical Technical Requirements; and Volume 4, Laboratory 10 
Technical Requirements, U.S. Department of Energy, Richland Operations Office, Richland, 11 
Washington. Available at: http://www.hanford.gov/files.cfm/DOE-RL-96-68-VOL1-04.pdf. 12 
http://www.hanford.gov/files.cfm/DOE-RL-96-68-VOL2-04.pdf.  13 
http://www.hanford.gov/files.cfm/DOE-RL-96-68-VOL3-04.pdf.  14 
http://www.hanford.gov/files.cfm/DOE-RL-96-68-VOL4-04.pdf.  15 

DOE/RL-2009-60, 2011, Sampling and Analysis Plan for Selected 200-MG-1 Operable Unit Waste Sites, 16 
Rev. 1, U.S. Department of Energy, Richland Operations Office, Richland, Washington. 17 
Available at: http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0087632. 18 

DOE/RL-2001-36, 2001, Hanford Sitewide Transportation Safety Document, U.S. Department of Energy, 19 
Richland Operations Office, Richland, Washington. Available at: 20 
http://www.osti.gov/scitech/biblio/808095  21 

Ecology Publication 94-111, 2005, Guidance for Clean Closure of Dangerous Waste Units and Facilities, 22 
as amended, Washington State Department of Ecology, Olympia, Washington. Available at: 23 
http://www.ecy.wa.gov/pubs/94111.pdf. 24 

EPA/240/B-06/002, 2006, Data Quality Assessment: A Reviewer’s Guide, EPA QA/G-9R, Office of 25 
Environmental Information, U.S. Environmental Protection Agency, Washington, D.C. 26 
Available at: http://www.epa.gov/quality/qs-docs/g9r-final.pdf. 27 

EPA/240/R-02/005, 2002, Guidance on Choosing a Sampling Design for Environmental Data Collection, 28 
EPA QA/G-5S, Office of Environmental Information, U.S. Environmental Protection Agency, 29 
Washington, D.C. Available at: 30 
http://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=20011HKB.txt. 31 

EPA 402-R-97-016, 2000, Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM), 32 
Rev. 1, U.S. Environmental Protection Agency, U.S. Department of Energy, U.S. Department 33 
of Defense, and U.S. Nuclear Regulatory Commission, Washington, D.C. Available at: 34 
http://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=9100MG4M.PDF. 35 

EPA 540/R-93/051, 1992, Specifications and Guidance for Contaminant-Free Sample Containers, Office 36 
of Solid Waste and Emergency Response, U.S. Environmental Protection Agency, 37 
Washington, D.C. Available at: http://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=2001266X.txt. 38 

Resource Conservation and Recovery Act of 1976, 42 USC 6901, et seq. Available at: 39 
http://www.epa.gov/epawaste/inforesources/online/index.htm.  40 
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SW-846, 2015, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; 1 
Final Update V, as amended, Office of Solid Waste and Emergency Response, 2 
U.S. Environmental Protection Agency, Washington, D.C. Available at: 3 
http://www.epa.gov/epawaste/hazard/testmethods/sw846/online/index.htm. 4 

“The Public Health and Welfare,” “Standards Applicable to Owners and Operators of Hazardous Waste 5 
Treatment, Storage, and Disposal Facilities,” 42 USC 6924(m). Available at: 6 
http://www.gpo.gov/fdsys/pkg/USCODE-2006-title42/pdf/USCODE-2006-title42-chap82-7 
subchapIII-sec6924.pdf. 8 

USEPA-540-R-08-01, 2008, National Functional Guidelines for Superfund Organic Methods Data 9 
Review, USEPA Contract Laboratory Program, OSWER 9240.1-48, Office of Superfund 10 
Remedial Technology and Innovation, U.S. Environmental Protection Agency, 11 
Washington, D.C. Available at: http://www2.epa.gov/sites/production/files/2015-12 
03/documents/somnfg_0.pdf.  13 

USEPA-540-R-10-011, 2011, National Functional Guidelines for Inorganic Superfund Data Review, 14 
USEPA Contract Laboratory Program, OSWER 9240.1-51, Office of Superfund Remedial 15 
Technology and Innovation, U.S. Environmental Protection Agency, Washington, D.C. 16 
Available at: http://www2.epa.gov/sites/production/files/2015-03/documents/ism1nfg.pdf. 17 

WAC 173-303, “Dangerous Waste Regulations,” Washington Administrative Code, Olympia, 18 
Washington. Available at: http://apps.leg.wa.gov/WAC/default.aspx?cite=173-303. 19 

 303-070, “Designation of Dangerous Waste.” 20 

 303-140, “Land Disposal Restrictions.” 21 

 303-170, “Requirements for Generators of Dangerous Waste.” 22 

 303-230, “Special Conditions.” 23 

 303-320, “General Inspection.” 24 

 303-340, “Preparedness and Prevention.” 25 

 303-390, “Facility Reporting.” 26 

 303-400, “Interim Status Facility Standards.” 27 

 303-610, “Closure and Post-Closure.” 28 

 303-630, “Use and Management of Containers.” 29 

 303-670, “Incinerators.” 30 

 303-680, “Miscellaneous Units.” 31 

 303-690, “Air Emission Standards for Process Vents.” 32 

 303-692, “Air Emission Standards for Tanks, Surface Impoundments, and Containers.” 33 

 303-64620, “Requirements.” 34 

 303-800, “Permit Requirements for Dangerous Waste Management Facilities.” 35 

 303-806, “Final Facility Permits.” 36 

 303-830, “Permit Changes.” 37 
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WAC 173-340, “Model Toxics Control Act—Cleanup,” Washington Administrative Code, Olympia, 1 
Washington. Available at: http://apps.leg.wa.gov/WAC/default.aspx?cite=173-340. 2 

 340-200, “Definitions.” 3 

 340-700, “Overview of Cleanup Standards.” 4 

 340-740, “Unrestricted Land Use Soil Cleanup Standards.” 5 

 340-745, “Soil Cleanup Standards for Industrial Properties.” 6 

 340-760, “Sediment Cleanup Standards.” 7 
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H-A1 Introduction 1 

This appendix discusses closure activities for the Central Waste Complex (CWC)-Waste Receiving and 2 
Processing Facility (WRAP) Operating Unit Group (OUG) Low Flashpoint Storage Modules dangerous 3 
waste management unit (DWMU). This DWMU is located on the south end of the CWC and East of the 4 
2403-W Series buildings (Figure H-A1).  5 

This plan describes in detail the closure activities which are necessary to establish clean closure levels for 6 
the Low Flashpoint Storage Modules DWMU. Such closure activities include: removal of all waste, 7 
records review (i.e., container storage, operating, and inspection records) for documented spills or 8 
releases of waste, visual inspection of the modules after waste removal to evaluate the likelihood of 9 
potential contamination of the underlying soil, demolition/removal of the modules, visual inspection of 10 
the asphalt pad, demolition of the asphalt pad, visual inspection of the underlying soil, and soil sampling 11 
and analysis to confirm that clean closure standards have been achieved. 12 

Closure will be performed in accordance with the included schedule. This closure plan complies with the 13 
WAC 173-303-610(2) through WAC 173-303-610(6), “Dangerous Waste Regulations,” “Closure and 14 
Post-Closure.” Amendments to this closure plan will be submitted as a permit modification in accordance 15 
with WAC 173-303-610(3)(b). 16 

Please note, the terms “mixed waste” and/or “waste” when seen in this document refers to dangerous 17 
waste or hazardous waste, as applicable. 18 

H-A1.1 Unit Description 19 

The Low Flashpoint Storage Modules (Figure H-A1) are pre-engineered structures that vary in size and 20 
weight. As a result, there are nine different types of module styles. Currently, the Low Flashpoint Storage 21 
Modules DWMU includes 24 flammable waste storage modules and 2 alkali metal waste storage modules 22 
located on a large asphalt area. All Low Flashpoint Storage Modules are listed in Table H-A1. 23 

All modules have a vented catch sump under the storage floor, which provides spill containment and 24 
precludes spills from affecting other containers by keeping the storage deck clean. Each sump has a 25 
capacity of 1.7 m3 (1,700 L) to 6.03 m3 (6,030 L) depending on the size of the module. 26 

The Low Flashpoint Storage Modules are designed to meet the storage requirements for ignitable, 27 
reactive, and corrosive waste. Only compatible waste occupies any one storage module or dedicated 28 
secondary containment system at any one time. 29 

H-A1.1.1 Maximum Waste Inventory 30 

The maximum storage capacity of the Low Flashpoint Storage Modules DWMU is a total volume of 31 
251 m3 (251,000 L). Details on the waste storage capacities are presented in Table H-A1. During 32 
operation of the Low Flashpoint Storage Modules DWMU, if any of the flammable waste storage 33 
modules or alkali metals waste storage modules are deemed unfit for use as container storage 34 
(i.e., structural integrity issues), the module will be removed from service, a permit modification request 35 
will be submitted in accordance with WAC 173-303-610(3)(b) to update the maximum storage capacity 36 
of the DWMU, and the unit will be physically removed.  37 
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Table H-A1. Low Flashpoint Storage Modules Maximum Storage Capacity 

Storage Module Module Design 
Maximum Storage 

Capacity per Module 
Maximum Storage 
Capacity per Style 

FS-01, FS-02 Style A 6.65 m3 (6,650 L) 13.3 m3 (13,300 L) 

FS-03, FS-14 Style B 14.97 m3 (14,970 L) 29.94 m3 (29,940 L) 

FS-05, FS-06, FS-07,  
FS-09, FS-10, FS-11,  
FS-12, FS-15 

Style C 9.15 m3 (9,150 L) 73.2 m3 (73,200 L) 

FS-16, FS-17, FS-18 Style D 11.64 m3 (11,640 L) 34.92 m3 (34,920 L) 

FS-19, FS-20 Style E 9.15 m3 (9,150 L) 18.3 m3 (18,300 L) 

AWM-2 Style F 10.81 m3 (10,810 L) 10.81 m3 (10,810 L) 

AWM-1 Style G 9.56 m3 (9,560 L) 9.56 m3 (9,560 L) 

FS-21, FS-22, FS-23,  
FS-24, FS-25 

Style H 9.98 m3 (9,980 L) 49.9 m3 (49,900 L) 

FS-26, FS-27 Style J* 5.40 m3 (5,400 L) 10.80 m3 (10,800 L) 

Total Maximum Storage Capacity 251 m3 (251,000 L) 

* Style I omitted for clarity. 

 1 



DOE/RL-2015-74, REVISION 0 
DECEMBER 2015 

H-A-3 

 1 

Figure H-A1. CWC-WRAP Low Flashpoint Storage Modules (August 2010) 2 

H-A2 Closure Performance Standard 3 

Closure performance standards for the Low Flashpoint Storage Modules will ensure compliance with 4 
WAC 173-303-610(2), which requires closure of the facility in a manner that accomplishes the 5 
following objectives:  6 

 Minimize the need for further maintenance. 7 

 Control, minimize, or eliminate, to the extent necessary to protect human health and the environment 8 
(HHE), post-closure escape of dangerous waste, dangerous constituents, leachate, contaminated 9 
runoff, or dangerous waste decomposition products to the ground, surface water, groundwater, or the 10 
atmosphere. 11 

 Return the land to the appearance and use of surrounding land areas, to the degree possible, given the 12 
nature of the previous dangerous waste activity. 13 

These performance standards are addressed in Sections H-A2.1 and H-A3.9 of this closure plan, and 14 
furthermore identified in Table H-A5. 15 

North 
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H-A2.1 Clean Closure Levels 1 

The Low Flashpoint Storage Modules will be clean closed. After removal of all waste, the modules will 2 
be visually inspected for structural integrity, and a decision will be made for repurposing of the modules. 3 
Should the module be deemed inadequate for reuse, the module will be designated as a newly generated 4 
waste and managed in accordance with Section H-A3.7.1.  5 

The asphalt pad will be removed and managed as a newly generated waste debris. Section H-A3.7 details 6 
waste generated during closure. Once the asphalt pad is removed, the underlying soil will be sampled to 7 
demonstrate compliance with clean closure standards. 8 

The soil underlying the asphalt pad will be sampled and must meet clean closure levels. In accordance 9 
with WAC 173-303-610(2)(b)(i), clean closure levels for the soil are the numeric cleanup levels 10 
calculated using unrestricted use exposure assumptions according to the WAC 173-340, “Model Toxics 11 
Control Act—Cleanup,” hereinafter called MTCA, cleanup regulations (WAC 173-340-700, “Overview 12 
of Cleanup Standards,” through 173-340-760, “Sediment Cleanup Standards,” excluding 13 
WAC 173-303-745, “Soil Cleanup Standards for Industrial Properties”). These numeric cleanup levels 14 
have been calculated according to the requirements of WAC 173-303-610(2)(b)(i), using the MTCA 15 
(WAC 173-340) Method B closure performance standards for soil. These cleanup levels consider 16 
carcinogens, noncarcinogens, groundwater protection, and ecological indicator values. Table H-A5 17 
provides the MTCA (WAC 173-340) Method B closure performance standards for unrestricted use 18 
exposure assumptions for soil for each individual target analyte (Table H-A2). 19 

A null hypothesis is generally assumed to be true until evidence indicates otherwise. The null hypothesis, 20 
as defined in WAC 173-340-200, “Definitions,” for the Low Flashpoint Storage Modules is that the soil 21 
underlying the asphalt pad is assumed to be above unrestricted use cleanup levels, commonly called 22 
MTCA (WAC 173-340) Method B cleanup levels. Therefore, the site is presumed to be contaminated. 23 
Rejection of the null hypothesis means sampling and analysis results of the site indicate that soil contains 24 
contamination below the MTCA (WAC 173-340) Method B cleanup levels. Sampling and analysis will 25 
be used to determine whether the null hypothesis can be rejected, thereby confirming that soil meets the 26 
closure performance standards [MTCA (WAC 173-340) Method B]. 27 

Should sampling and analysis provide a basis that the null hypothesis can be accepted, such an event will 28 
be considered an unexpected event during closure, and the soil would then be identified as contaminated 29 
environmental media and managed in accordance with Section H-A3.8. 30 
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H-A3 Closure Activities 1 

The Low Flashpoint Storage Modules DWMU will be clean closed under Resource Conservation and 2 
Recovery Act of 1976 (RCRA) and confirmation sampling will be performed to verify the closure 3 
performance standards (Table H-A5) are met. As a storage unit, clean closure determination for the Low 4 
Flashpoint Storage Modules will be based on successfully completing the closure activities in this section. 5 
Sampling and analysis activities were developed utilizing the U.S. Environmental Protection Agency 6 
(EPA) guidance document EPA/240/R-02/005, Guidance on Choosing a Sampling Design for 7 
Environmental Data Collection (EPA QA/G-5S), and Washington State Department of Ecology 8 
(Ecology) Publication #94-111, Guidance for Clean Closure of Dangerous Waste Units and Facilities, 9 
and will be conducted via a sampling and analysis plan (SAP) (Section H-A3.10). The objective of the 10 
sampling described in this document is to determine if the MTCA (WAC 173-340) Method B closure 11 
performance standards for soil were met, demonstrating clean closure of the Low Flashpoint 12 
Storage Modules. 13 

The following closure activities are required to achieve and verify clean closure: 14 

 Remove all waste. 15 

 Review waste container storage, operating, and inspection records for documented spills or releases 16 
of waste. 17 

 Perform visual inspection of the storage module buildings for cracks, holes, or other types of breaches 18 
in the storage module containment for purposes of focused sampling. 19 

 Remove storage modules and disposition for repurposing or disposal. 20 

 Perform visual inspection of asphalt pad surrounding and under the prior storage module locations to 21 
identify any cracks that may penetrate to the soil level for purposes of focused sampling.  22 

 Remove asphalt pad. 23 

 Perform waste determination of asphalt pad waste debris. 24 

 Complete and document disposal of the asphalt pad as newly generated waste. 25 

 Perform visual inspection on underlying soil to identify any staining for purposes of 26 
focused sampling. 27 

 Perform soil sampling and analysis to confirm clean closure standards are met. 28 

 If contamination is detected during initial sampling efforts, remove, treat (if necessary), and dispose 29 
of contaminated environmental media (soil) as necessary. 30 

 Resample, as necessary, to confirm that MTCA (WAC 173-340) Method B clean closure levels have 31 
been met. 32 

 Transmit closure certification to Ecology. 33 

H-A3.1 Health and Safety Requirements 34 

Closure will be performed in a manner that will ensure safety of personnel and the surrounding 35 
environment. Qualified personnel will perform any necessary closure activities in compliance with 36 
established safety and environmental procedures. Personnel will be equipped with appropriate personal 37 
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protective equipment (PPE). Qualified personnel will be trained in applicable safety and environmental 1 
procedures in accordance with Addendum G, “Personnel Training,” and have appropriate training and 2 
experience in sampling activities. Field operations will be performed in accordance with applicable health 3 
and safety requirements. 4 

The Permittees have instituted training or qualification programs to meet training requirements imposed 5 
by regulations, U.S. Department of Energy (DOE) orders, and national standards such as those published 6 
by the American National Standards Institute/American Society of Mechanical Engineers. For example, 7 
the environmental, safety, and health training program provides workers with the knowledge and skills 8 
necessary to execute assigned duties safely. Attachment 5 to the WA7890008967, Hanford Facility 9 
Resource Conservation and Recovery Act Permit (hereinafter Hanford Facility RCRA Permit) describes 10 
specific requirements for the Hanford Facility Personnel Training program. The Permittees will comply 11 
with the CWC-WRAP Training Matrix detailed in Addendum G, “Personnel Training” which provides 12 
training requirements for Hanford Facility personnel associated with the Low Flashpoint 13 
Storage Modules. 14 

Project-specific safety training, addressed explicitly to the project and the day’s activity, will include 15 
the following:  16 

 Training will provide the knowledge and skills that sampling personnel need to perform work safely 17 
and in accordance with quality assurance (QA) requirements 18 

 Samplers are required to be qualified in the type of sampling being performed in the field. 19 

Pre-job briefings will be performed to evaluate activities and associated hazards by considering many 20 
factors, including the following: 21 

 Objective of the activities 22 

 Individual tasks to be performed 23 

 Hazards associated with the planned tasks 24 

 Environment in which the job will be performed 25 

 Facility where the job will be performed 26 

 Equipment and material required 27 

 Safety protocols applicable to the job 28 

 Training requirements for individuals assigned to perform the work 29 

 Level of management control 30 

 Emergency contacts 31 

Training records are maintained for each employee in a training record database. The Permittees training 32 
organization maintains the training records system. 33 

H-A3.2 Removal of Wastes and Waste Residues 34 

All waste will be removed from the storage modules and will be managed in accordance with 35 
WAC 173-303, and CWC-WRAP waste management practices. The waste will be designated and shipped 36 
to an approved facility for treatment, storage, and/or disposal (TSD).   37 

Waste containers meeting the U.S. Department of Transportation (DOT) requirements will be packaged 38 
and shipped in accordance with 49 Code of Federal Regulations (CFR) “Transportation” criteria. Waste 39 
packaged in non-DOT regulation containers (large or irregular shaped containers) will be shipped in 40 
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accordance with DOE/RL-2001-36, Hanford Sitewide Transportation Safety Document. Waste shipments 1 
primarily occur utilizing highway transportation but may also include shipping my air or rail. 2 

Waste will be treated (if necessary) to meet the land disposal restriction (LDR) treatment standards 3 
specified in WAC 173-303-140 which includes by reference 40 CFR 268, then ultimately disposed of in 4 
an appropriate waste disposal facility. 5 

While waste residues are not anticipated, if waste residues are found during clean closure activities, then 6 
the waste residues will be managed in accordance with all applicable requirements of WAC 173-303-170, 7 
“Requirements for Generators of Dangerous Waste,” through 173-303-230, “Special Conditions.” Waste 8 
subject to the LDR requirements of WAC 173-303-140 which includes by reference 40 CFR 268, will be 9 
characterized, designated, stored and/or treated, as applicable, prior to disposal in an approved 10 
disposal facility. 11 

H-A3.3 Unit Components, Parts, and Ancillary Equipment 12 

The Low Flashpoint Storage Modules are made up of prefabricated storage modules. The modules have 13 
ventilation openings in the eaves of the roof line to allow for natural cross ventilation, but there are no 14 
additional heating, ventilating, and air conditioning components. 15 

H-A3.4 Inspection of Units Before Decontamination 16 

Although decontamination of the storage modules is not planned, following the removal of all waste and 17 
waste residues, a visual inspection of the storage modules will be performed to determine the usability of 18 
the module.  19 

Once removal of all modules is complete, a visual inspection of the asphalt pad will be performed. During 20 
the inspection, cracks, holes, or other breaches in the asphalt, which potentially reach the underlying soil, 21 
will be documented to determine if focused sampling of the underlying soil during confirmation sampling 22 
is necessary. 23 

During the closure period, to prevent threats to HHE, the Low Flashpoint Storage Modules will be 24 
inspected in accordance with WAC 173-303-320(2), “General Inspection.” Inspections of the Low 25 
Flashpoint Storage Modules will be performed annually, until the clean closure certification is accepted 26 
by Ecology, and will verify the following: 27 

 Posted warning signs at each entrance to the OUG are present, legible, and visible at 7.6 m (25 ft). 28 

 No evidence of unusual conditions exists at the closing DWMU site. 29 

H-A3.5 Decontamination  30 

Decontamination of the Low Flashpoint Storage Modules is not planned. 31 

H-A3.6 Demolition of the Low Flashpoint Storage Modules Underlying Asphalt Pad 32 

Once all of the modules have been removed and visual inspection of the asphalt pad has been completed, 33 
demolition of the asphalt pad can be initiated. Demolition of the pad will include the following 34 
primary activities: 35 

 Location of utilities 36 

 Mobilization of equipment 37 

 Removal of the asphalt pad 38 
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H-A3.6.1 Location of Utilities 1 

Prior to demolition, any in-use utilities will be located to ensure no disruptions to the surrounding 2 
activities. The fire water line may supply water to other CWC-WRAP DWMUs. The fire hydrants may 3 
also be used to supply water for dust control during rubblization of the containment system. Utilities such 4 
as electrical connections will be isolated prior to the start of demolition activities. 5 

H-A3.6.2 Equipment Mobilization 6 

The resources, equipment and materials which are necessary to perform demolition will be staged in 7 
designated laydown areas in proximity to the Low Flashpoint Storage Modules. 8 

H-A3.6.3 Removal of the Asphalt Pad 9 

Demolition of the asphalt pad will primarily be accomplished utilizing large equipment to rubblize the 10 
asphalt pad. Large equipment such as an excavator with a hoe-ram, front loader, or backhoe will be used 11 
to perform the rubblizing. Water may be used to control dust generated from demolition activities. 12 
The amount of water used will be minimized to prevent ponding and runoff. Additional storm water 13 
run-on and runoff controls may be implemented, as needed. Disposal will occur at an approved 14 
disposal facility. 15 

Crusting agents or fixatives will be applied to any disturbed portion of the demolition area and excavation 16 
site when deemed necessary. For example, if wind should arise, fixative will be applied to prevent the 17 
spread of dust particulates from the work site. 18 

H-A3.7 Identifying and Managing Waste Generated from Closure Activities 19 

The closure activities for the Low Flashpoint Storage Modules will result in the generation of two 20 
potential waste streams requiring management and disposal; storage modules not deemed fit for reuse, 21 
and debris from demolition. The waste generated during closure activities will be managed as a newly 22 
generated waste stream in accordance with WAC 173-303-610(5). Waste generated during the closure 23 
period must be properly disposed. The newly generated waste must be handled in accordance with all 24 
applicable requirements of WAC 173-303-170 through 173-303-230. 25 

Management and disposal of waste generated during closure will be documented and included with the 26 
clean closure documentation included in Section H-A3.12. 27 

H-A3.7.1 Storage Modules for Disposal 28 

Storage modules that are not deemed fit for repurposing will be reduced in size and managed as debris 29 
from demolition (Section H-A3.7.2). Size reduction of the modules will be primarily accomplished 30 
through shearing. Large equipment such as a hydraulic shear with steel shear jaws or breaker jaws will be 31 
used to perform any shearing. A backhoe or similar equipment may be used for compaction/size reduction 32 
of the resulting debris. 33 

H-A3.7.2 Debris from Demolition 34 

Debris from demolition generated during closure will be packaged onsite at CWC-WRAP and transported 35 
to an approved disposal facility. Debris includes but is not limited to the following types of wastes 36 
resulting from the demolition of the Low Flashpoint Storage Modules: 37 

 Equipment and construction materials  38 

 Asphalt and associated rubblized debris 39 

 Miscellaneous waste (e.g., rubber, glass, paper, PPE, cloth, plastic, metal) 40 
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The preferred management of the debris resulting from demolition of the asphalt pad is in a bulk form. 1 
Bulk waste will be placed into bulk containers such as roll-off boxes to transport for disposal. These bulk 2 
containers will be stored in a suitable area in proximity to the DWMU area or may be accumulated for up 3 
to 90 days in another suitable location. Bulk containers of waste will be covered when waste is not being 4 
added or removed. Lightweight material (e.g., plastic and paper) will be bagged, if appropriate, prior to 5 
placement in the bulk container, to eliminate the potential for materials blowing out of the bulk container. 6 

The debris will be containerized, labeled, and sampled (if necessary) for waste characterization. Waste 7 
subject to the LDR requirements of WAC 173-303-140 which includes by reference 40 CFR 268, will be 8 
characterized, designated, stored and/or treated, as applicable, prior to disposal in an approved 9 
disposal facility. 10 

H-A3.8 Identifying and Managing Contaminated Environmental Media 11 

If contaminated environmental media (soil) is identified as a result of clean closure verification sampling 12 
activities (i.e., samples indicate contamination above clean closure standards), the nature and extent of 13 
contamination will be evaluated. Contaminated soil will be removed up to the diameter distance to the 14 
adjacent node locations and approximately 3 feet (0.9 meters) below the surface. Contaminated soil will 15 
be removed using equipment capable of removing the quantity of material required to complete removal 16 
and clean close the DWMU. Following removal of contaminated soil, additional confirmatory sampling 17 
will be conducted in the location of the original node which identified contamination above clean closure 18 
levels, in accordance with the approved closure plan SAP (Section H-A3.10). This process will continue 19 
until analytical result of confirmatory soil samples prove that clean closure levels have been achieved.  20 

Contaminated soil will be managed as a newly generated waste stream in accordance with 21 
WAC 173-303-610(5). Contaminated soil generated during the closure period must be handled in 22 
accordance with all applicable requirements of WAC 173-303-170 through 173-303-230. Contaminated 23 
soil will be containerized, labeled, and sampled (if necessary) for waste characterization. Waste subject to 24 
the LDR requirements of WAC 173-303-140 which includes by reference 40 CFR 268, will be 25 
characterized, designated, stored and/or treated, as applicable, prior to disposal in an approved disposal 26 
facility. Management and disposal of the contaminated environmental media will be documented and 27 
included with the clean closure documentation included in Section H-A3.10.12. 28 

H-A3.9 Confirming Clean Closure 29 

The Low Flashpoint Storage Modules will be clean closed. Demonstration of clean closure standards will 30 
be accomplished through sampling and analysis performed in accordance with the included SAP Section 31 
H-A3.10. The SAP consists of random grid sampling with judgmental sampling of areas of concern 32 
identified during the visual inspection (i.e., areas where cracks or other openings in the asphalt may have 33 
allowed a release of waste to the underlying soil). 34 

Once the removal of the asphalt pad is complete, confirmation sampling of the underlying soil will be 35 
conducted in accordance with the SAP detailed in Section H-A3.10 to confirm that soil unrestricted use 36 
cleanup standards [MTCA (WAC 173-340) Method B] have been achieved. If sample results indicate 37 
contamination above clean closure levels, contaminated soil will be removed and managed in accordance 38 
with Section H-A3.8. Once analytical results confirm clean closure levels of the target analytes, a clean 39 
closure certification will be prepared in accordance with Section H-A3.12.  40 
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H-A3.10 Sampling and Analysis and Constituents to Be Analyzed 1 

The SAP summarizes the sampling design and associated assumptions based on knowledge of the Low 2 
Flashpoint Storage Modules. Sampling and analysis for the Low Flashpoint Storage Modules will be 3 
performed on the soil underlying the asphalt pad to demonstrate clean closure levels. The sampling design 4 
includes input parameters used to determine the number and location of samples. 5 

H-A3.10.1  Sampling and Analysis Plan 6 

Sampling and analysis of the Low Flashpoint Storage Modules underlying soil will be conducted to 7 
confirm that clean closure levels have been achieved. All sampling and analysis will be performed in 8 
accordance with the sampling and quality standards established in this closure SAP. The closure SAP 9 
details sampling and analysis procedures in accordance with SW-846, Test Methods for Evaluating Solid 10 
Waste: Physical/Chemical Methods, Third Edition; Final Update V; the American Society for Testing 11 
and Materials (ASTM) International, formerly the ASTM, Annual Book of ASTM Standards; and 12 
applicable EPA guidance. Sampling and analysis activities will meet applicable requirements of SW-846, 13 
ASTM standards, EPA-approved methods, and DOE/RL-96-68, Hanford Analytical Services Quality 14 
Assurance Requirements Document (HASQARD), at the time of closure. This SAP was also developed 15 
using Ecology Publication #94-111, Section 7.0, “Sampling and Analysis for Clean Closure,” and 16 
EPA/240/R-02/005 (EPA QA/G-5S). 17 

H-A3.10.2  Target Analytes 18 

The Low Flashpoint Storage Modules are an active portion of the CWC-WRAP OUG; therefore, target 19 
analytes at closure may include any or all analytes based on the waste codes permitted in the CWC-20 
WRAP Hanford Facility RCRA Permit Part A (Attachment B, Section XIV-Description of Dangerous 21 
Wastes). A waste management report identifying waste codes historically managed at the Low Flashpoint 22 
Storage Modules was run to identify the existing target analytes. Table H-A2 details the waste codes 23 
identified for the waste containers and the target analytes associated with those waste codes. Additional 24 
target analytes may be identified upon review of the waste tracking records for the DWMU upon receipt 25 
of the final waste. A permit modification updating the SAP with specific target analytes will be 26 
submitted, if necessary, in accordance with WAC 173-303-610(3)(b), 45 days prior to the DWMU 27 
closure. 28 

Table H-A2. Target Analyte List 

Target Analyte (Waste Code) 
CAS 

Number Target Analyte (Waste Code) 
CAS 

Number 

Arsenic (D004) 7440-38-2 Barium (D005) 7440-39-3 

Cadmium (D006) 7440-43-9 Chromium (Hexavalent) (D007)  18540-29-9 

Lead (D008)  7439-92-1 Mercury (D009) 7439-97-6 

Selenium (D010) 7782-49-2 Silver (D011)  7440-22-4 

Endrin (D012) 72-20-8 Lindane (D013) 58-89-9 

Methoxychlor (D014) 72-43-5 Toxaphene (D015) 8001-35-2 

2,4-Dichlorophenoxyacetic Acid (D016) 94-75-7 2,4,5-TP Silvex (D017) 93-72-1 

Benzene (D018) (F005) (U019) 71-43-2 
Carbon Tetrachloride (D019) (F001) 
(U211) 

56-23-5 
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Table H-A2. Target Analyte List 

Target Analyte (Waste Code) 
CAS 

Number Target Analyte (Waste Code) 
CAS 

Number 

Chlordane (D020) 57-74-9 Chlorobenzene (D021) (F002) 108-90-7 

Chloroform (D022) 67-66-3 o-Cresol (D023) (F004) 95-48-7 

m-Cresol (D024) (F004) 108-39-4 p-Cresol (D025) (F004) 106-44-5 

Cresol (Cresylic Acid)a, e (D026) (F004) 1319-77-3 1,4-Dichlorobenzene (D027) 106-46-7 

1,2-Dichloroethane (D028) 107-06-2 1,1-Dichloroethylene (D029) 75-35-4 

2,4-Dinitrotoluene (D030) 121-14-2 Heptachlor (D031) 76-44-8 

Heptachlor Epoxide (D031) 1024-57-3 Hexachlorobenzene (D032) 118-74-1 

Hexachlorobutadiene (D033) 87-68-3 Hexachloroethane (D034) 67-72-1 

Methyl Ethyl Ketone (D035) (F005) 
(U159) 

78-93-3 Nitrobenzene (D036) (F004) (U169) 98-95-3 

Pentachlorophenol (D037) 87-86-5 Pyridine (D038) (F005) (U196) 110-86-1 

Tetrachloroethylene (D039) (F001) 
(F002) (U210) 

127-18-4 
Trichloroethylene (D040) (F001) (F002) 
(U228) 

79-01-6 

2,4,5-Trichlorophenol (D041) 95-95-4 2,4,6-Trichlorophenol (D042) 88-06-2 

Vinyl Chloride (D043) 75-01-4 
Methylene Chloride (F001) (F002) 
(U080) 

75-09-2 

1,1,1-Trichloroethane (F001) (F002) 
(U226) 

71-55-6 CFCsh (F001) (F002) N/A 

1,1,2-Trichloro-1,2,2-Trifluoroethane 
(CFC-133)h (F002) 

76-13-1 Ortho-Dichlorobenzene (F002) 95-50-1 

Trichlorofluoromethane (CFC-11)h 
(F002) 

75-69-4 1,1,2-Trichloroethane (F002)  79-00-5 

Xylenes (F003) (U239) 1330-20-7 Acetone (F003) (U002) 67-64-1 

Ethyl Acetate (F003) (U112) 141-78-6 Ethyl Benzene (F003) 100-41-4 

Ethyl Ether (F003) 60-29-7 Methyl Isobutyl Ketone (F003) (U161) 108-10-1 

n-Butyl Alcohol (F003) (U031) 71-36-3 Cyclohexanone (F003) (U057) 108-94-1 

Methanol (F003) (U154) 67-56-1 Toluene (F005) (U220) 108-88-3 

Carbon Disulfide (F005) (P022) 75-15-0 Isobutanol (F005) 78-83-1 

2-Ethoxyethanolf (F005) 110-80-5 2-Nitropropaned, e (F005) 79-46-9 

Beryllium (P015) 7440-41-7 Copper Cyanideb (P029) 544-92-3 

Cyanide (P030) 57-12-5 Potassium Cyanideb (P098) 151-50-8 

Propargyl Alcoholi (P102) 107-19-7 Sodium Cyanideb (P106) 143-33-9 
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Table H-A2. Target Analyte List 

Target Analyte (Waste Code) 
CAS 

Number Target Analyte (Waste Code) 
CAS 

Number 

Vanadium Pentoxideg (P120) 1314-62-1 Acetonitrilee (U003) 75-05-8 

Acetophenone (U004) 98-86-2 Acetyl Chloridee (U006) 75-36-5 

Epichlorohydrinc (U041) 106-89-8 Cyclohexanee (U056) 110-82-7 

Dibutyl Phthalate (U069) 84-74-2 1,4-Dioxane (U108) 123-91-1 

Formaldehyde (U122) 50-00-0 Formic Acid (U123) 64-18-6 

Methyl Methacrylate (U162) 80-62-6 Naphthalene (U165) 91-20-3 

Phenacetin (U187) 62-44-2 Phenol (U188) 108-95-2 

Tetrahydrofurane (U213) 109-99-9 Thioacetamidee (U218) 62-55-5 

a. The closure performance standard for cresol will be achieved through analysis of its three isomeric forms: o-cresol, m-cresol 
and p-cresol. 

b. Analyzed as total cyanide. 

c. Due to the volatile and reactive nature of epichlorohydrin, quantitation is difficult, and its presence in soil samples is highly 
unlikely; therefore, samples will not be analyzed for epichlorohydrin. 

d. The closure performance standard for 2-nitropropane was removed in the May 2014 CLARC table updates. This analyte will 
not be analyzed for due to the unavailability of a closure performance standard. 

e. This analyte is removed from further consideration because it is not listed in the CLARC table. 

f. Due to the extremely short half-life of 2-ethoxyethanol (between 168 hours and 672 hours), its presence in soil samples is 
highly unlikely; therefore, samples will not be analyzed for 2-ethoxyethanol. 

g. Vanadium pentoxide will be analyzed as vanadium. 

h. A CFC is an organic compound that contains only carbon, chlorine, and fluorine, produced as a volatile derivative of 
methane, ethane, and propane. Examples of CFCs include 1,1,2-trichloro-1,2,2-trifluoroethane (CFC-133) and trifluoromethane 
(CFC-11).  

i. Analyte is being removed from further consideration because historically it has not been analyzed for on the Hanford Site 
within the last 25 years. 

CAS = chemical abstract service 

CFC = chlorinated fluorocarbon 

CLARC = Cleanup Levels and Risk Calculations 

EPA = U.S. Environmental Protection Agency 

N/A = not applicable 

 1 

H-A3.10.3  Low Flashpoint Storage Modules SAP Schedule 2 

Confirmation closure sampling and analysis will be performed in accordance with the closure plan 3 
schedule in Section Error! Reference source not found.. 4 

H-A3.10.4  Low Flashpoint Storage Modules Project Management 5 

The following subsections address project management and ensure that the project has defined goals, 6 
participants understand the goals and approaches used, and planned outputs are appropriately 7 
documented. Project management roles and responsibilities discussed in this section apply to the major 8 
activities covered under the SAP. 9 
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H-A3.10.4.1 Project/Task Organization 1 

The Permittee is responsible for planning, coordinating, sampling, preparation, packaging, and shipping 2 
samples to the laboratory. The project organization (regarding sampling and characterization) is described 3 
in the following subsections and shown graphically in Figure H-A2. 4 

 5 

Figure H-A2. Low Flashpoint Storage Modules Sampling and Analysis Plan Project Organization 6 

The project has several key positions, including the following: 7 

 Lead Regulatory Agency Project Manager: Ecology has assigned project managers responsible for 8 
oversight of the Low Flashpoint Storage Modules closure. 9 

 Project Manager and Technical Lead: The Project Manager provides oversight of closure activities 10 
and coordinates with the DOE Richland Operations Office (DOE-RL), EPA, Ecology, and contract 11 
management. The Project Manager (or designee) for the Low Flashpoint Storage Modules closure 12 
sampling is responsible for direct management of sampling documents and requirements, field 13 
activities, and subcontracted tasks. The Project Manager is responsible for ensuring that project 14 
personnel are working to the current version of the SAP. The Project Manager works closely with 15 
Health and Safety and the Field Work Supervisor (FWS) to integrate these and other lead disciplines 16 
in planning and implementing the work scope. The Project Manager also coordinates with DOE-RL 17 
and the primary contractor management on all sampling activities. The Project Manager supports 18 
DOE-RL in coordinating sampling activities with the regulators. 19 
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 Environmental Compliance Officer: The Environmental Compliance Officer provides technical 1 
oversight, direction, and acceptance of project and subcontracted environmental work, and develops 2 
appropriate mitigation measures with a goal of minimizing adverse environmental impacts. 3 

 Health and Safety: The Health and Safety organization is responsible for coordinating industrial 4 
safety and health support within the project, as carried out through health and safety plans, job hazard 5 
analyses, and other pertinent safety documents required by federal regulation or by internal primary 6 
contractor work requirements. 7 

 Waste Management Lead: The Waste Management organization communicates policies and 8 
protocols, and ensures project compliance for storage, transportation, disposal, and waste tracking. 9 

 Fieldwork Supervisor: The FWS is responsible for planning and coordinating field sampling 10 
resources. The FWS ensures that samplers are appropriately trained and available. Additional related 11 
responsibilities include ensuring that the sampling design is understood and can be performed as 12 
specified. 13 

 Sample Management and Reporting: The Permittee’s sampling organization coordinates field 14 
sampling as well as laboratory analytical work, ensuring that laboratories conform to Hanford Site 15 
internal laboratory QA requirements (or their equivalent), as approved by DOE-RL, EPA, and 16 
Ecology. The sampling organization receives the analytical data from the laboratories, performs the 17 
data entry into the Hanford Environmental Information System (HEIS) database, and arranges for 18 
data validation. The sampling organization is responsible for informing the Project Manager of any 19 
issues reported by the analytical laboratory. 20 

Contract Laboratories: The contract laboratories analyze samples in accordance with established 21 
procedures and provide necessary sample reports and explanation of results in support of data validation. 22 

H-A3.10.5  Sampling Design 23 

The primary purpose of sampling the Low Flashpoint Storage Modules underlying soil is to determine if 24 
analytical data values exceed the MTCA (WAC 173-340) Method B clean closure performance standards 25 
(Table H-A5). 26 

This SAP utilized Ecology Publication #94-111 (Section 7.0) to determine the type of sampling design 27 
that will be utilized to demonstrate clean closure. When designing the sampling plan, both focused and 28 
area wide (grid) sampling methods were considered. Ecology Publication #94-111, Section 7.2.1, 29 
identifies that area wide sampling is appropriate when the spatial distribution of contamination at or from 30 
the closure unit is uncertain. Ecology Publication #94-111, Section 7.3, “Sampling to Determine or 31 
Confirm Clean Closure,” identifies the area wide sampling approach as generally appropriate for 32 
sampling to determine or confirm that clean closure levels are achieved. Area wide grid sampling and 33 
focused sampling are further defined in the following paragraphs. Area wide (grid) sampling is further 34 
defined below. 35 

Area Wide (Grid) Sampling. In grid sampling, samples are collected at regularly spaced intervals over 36 
space or time. An initial location or time is chosen at random, and the remaining sampling locations are 37 
defined so that locations are at regular intervals over an area (grid). Grid sampling is used to search for 38 
hot spots and infer means, percentiles, or other parameters. It is useful for estimating spatial patterns or 39 
trends over time. This design provides a practical method for designating sample locations and ensures 40 
uniform coverage of a site, unit, or process. 41 
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Focused sampling, as identified in Section 7.2.2 of Ecology Publication #94-111, is selective sampling of 1 
areas where contamination is expected or releases have been documented. Once the visual inspections 2 
have been performed and any waste related staining has been identified, focused sampling may be 3 
deemed necessary and added to the sampling and analysis plan. The location of focused samples, if any, 4 
will be identified and recorded as required in Section H-A3.10.12. Judgmental (focused) sampling is 5 
further defined below. 6 

Judgmental (Focused) Sampling. In focused sampling, the selection of sampling units (i.e., the number 7 
and location and/or timing of collecting samples) is based on knowledge of the feature or condition under 8 
investigation and on professional judgment. Focused sampling is distinguished from probability-based 9 
sampling in that inferences are based on professional judgment, not statistical scientific theory. Therefore, 10 
conclusions about the target population are limited and depend entirely on the validity and accuracy of 11 
professional judgment. Probabilistic statements about parameters are not possible. 12 

The number and location of area wide samples were determined utilizing the Visual Sample Plan (VSP) 13 
software. VSP is a tool used throughout Washington State and nationally that statistically determines the 14 
quantity of samples required to accept or reject the null hypothesis based on input parameters specific to 15 
the Low Flashpoint Storage Modules. 16 

For area wide grid sampling determination in VSP, both parametric and nonparametric equations rely on 17 
assumptions about the data population. Typically, however, nonparametric equations require fewer 18 
assumptions and allow for more uncertainty about the distribution of data. Alternatively, if parametric 19 
assumptions are valid, the required number of samples is usually less than if a nonparametric equation 20 
was used. For Low Flashpoint Storage Modules, data assumptions were largely based on information 21 
obtained from a grouping of similar waste sites with the same type of constituents. Parameters from the 22 
200-MG-1 waste sites were approved by Ecology in the SAP (DOE/RL-2009-60, Sampling and Analysis 23 
Plan for Selected 200-MG-1 Operable Unit Waste Sites), evaluated, deemed appropriate, and utilized for 24 
the input parameters for Low Flashpoint Storage Modules. VSP parameter inputs and the basis for those 25 
inputs are detailed in Table H-A3. 26 

The decision rule for demonstrating compliance with the MTCA (WAC 173-340) Method B clean closure 27 
level has three parts: 28 

 The 95 percent upper confidence limit on the true data mean must be less than the MTCA 29 
(WAC 173-340) Method B clean closure level. 30 

 No sample concentration can be more than twice the cleanup level. 31 

 Less than 10 percent of the samples can exceed the cleanup level. 32 

Using a nonparametric test and the input parameters identified in Table H-A3, VSP calculated that a 33 
minimum of 20 samples is required to reject the null hypotheses with 95 percent confidence and ensure 34 
that the Low Flashpoint Storage Modules would not be mistakenly released as clean. For the purpose of 35 
utilizing VSP software, the null hypothesis is to compare a site mean to a fixed threshold. Data will be 36 
evaluated to ensure that less than 10 percent of the individual values exceed MTCA (WAC 173-340) 37 
Method B clean closure performance standards and that no values are more than twice the cleanup level. 38 

Focused sampling is considered biased sampling and therefore cannot be statistically demonstrated to 39 
meet the MTCA (WAC 173-340) Method B closure performance standards. The decision criteria for the 40 
focused sampling results will be a direct comparison to ensure individual values do not exceed the MTCA 41 
(WAC 173-340) Method B clean closure performance standards.42 
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Table H-A3. Visual Sample Plan Parameter Inputs 

Parameter Value Basis 

Primary Objective of the Sampling 
Design 

Compare a site mean or 
median to a fixed threshold 

Reject the null hypothesis. 

Type of Sampling Design Nonparametric Data are not assumed to be normally distributed. 

Working Null Hypothesis The mean value at the site 
exceeds the threshold (WAC 
173-340 “Model Toxics 
Control Act—Cleanup,” 
Method B closure 
performance standards) 

The null hypothesis assumes that the site is dirty requiring the sampling and 
analysis to demonstrate through statistical analysis that the site is clean. 

Area Wide Grid Sampling Pattern Triangular  A triangular pattern provided an even distribution of sample locations over the Low 
Flashpoint Storage Modules dangerous waste management unit. 

Standard Deviation (S) 0.45 This is the assumed standard deviation value relative to a unit action level for the 
sampling area. The value of 0.45 is conservative, based on consideration of past 
verification sampling. MARSSIM suggests 0.30 as a starting point; however, 0.45 
has been selected to be more conservative. (Number of samples calculated increases 
with higher standard deviation values relative to a unit action level.) 

Delta (Δ) 0.40 This is the width of the gray region. It is a user-defined value relative to a unit 
action level. The value of 0.40 balances unnecessary remediation cost with 
sampling cost. 

Alpha (α) 5% This is the acceptable error of deciding a dirty site is clean when the true mean is 
equal to the action level. It is a maximum error rate since dirty sites with a true 
mean above the action level will be easier to detect. A value of 5% was chosen as a 
practical balance between health risks and sampling cost. 

Beta (β) 20% This is the acceptable error of deciding a clean site is dirty when the true mean is at 
the lower bound of the gray region. A value of 20% was chosen during the data 
quality objectives process as a practical balance between unnecessary remediation 
cost and sampling cost. 

MARSSIM Sampling Overage 20% MARSSIM suggests that the number of samples should be increased by at least 
20% to account for missing or unusable data and uncertainty in the calculated value 
of n. 

Reference: EPA 402-R-97-016, Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM). 

1 
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Area wide grid sample locations were determined using the area wide grid with a random start sampling 1 
method run in the VSP software. Statistical analysis of systematically collected data is valid if a random 2 
start to the grid is used. The Low Flashpoint Storage Modules dimensions were entered into VSP to 3 
determine the locations of samples. The triangular grid sampling layout was determined to have an even 4 
distribution over the entire Low Flashpoint Storage Modules sampling area providing the most 5 
representative data set including coverage of the middle portion of the sampling area. The 20 samples will 6 
be taken from the node locations indicated by the VSP software (Attachment H-A.a) and will be assigned 7 
sample location identifications and sample numbers using the Hanford Environmental Information 8 
System (HEIS). The southeast corner of the Low Flashpoint Storage Modules is considered the (0,0) point 9 
of the sampling location map in Attachment H-A.a. 10 

The first node location was chosen at random by the VSP software, and the subsequent 19 sample 11 
locations were assigned by the VSP software using a triangular grid sampling layout. Supporting 12 
documentation and the sampling grid map automatically generated by the VSP software are documented 13 
in Attachment H-A.a. An overlay of approximate sampling location is provided in Figure H-A3.  14 

 15 

Figure H-A3. VSP Sample Locations for the Low Flashpoint Storage Modules 16 

H-A3.10.6 Sampling Methods and Handling 17 

Grab sample matrix will consist of soil collected in pre-cleaned sample containers taken at a depth of 18 
approximately 0 to 15 cm (0 to 6.0 in.) below ground surface and within a 0.6 m (2 ft) radius surrounding 19 
the node location. For the purpose of this SAP, ground surface is defined as the exposed surface layer 20 
once loose gravel has been moved aside. Subsurface sampling [samples collected at depths greater than 21 
approximately 15 cm (6 in.) below ground surface] will be evaluated; based on results of the records 22 
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review. If subsurface sampling is deemed necessary, a permit modification will be submitted in 1 
accordance with Section H-A3.10.14. 2 

To gather the most representative sample, loose surface gravel will be moved aside to expose the surface 3 
soil. Once the soil is sampled, the sampled media will be screened to remove material larger than 4 
approximately 2 mm (0.08 in.) in diameter which allows for a larger surface area to volume 5 
ratio;therefore, increasing the likelihood of identifying any potential contamination in the sample. Grab 6 
samples will be collected into containers at the chosen node sample locations. To ensure sample and data 7 
usability, sampling will be performed in accordance with established sampling practices, procedures, and 8 
requirements pertaining to sample collection, collection equipment, and sample handling. Sampling 9 
generally includes the following activities: 10 

 Generating a sample request 11 

 Sample container and equipment preparation 12 

 Field walkdown of sample area (includes marking sample locations) 13 

 Sample collection 14 

 Sample packaging, transporting, and shipping 15 

Sample container, preservation, and holding time requirements are specified in Table H-A4 for soil 16 
samples. These requirements are in accordance with the analytical method specified. The final container 17 
type and volumes will be identified on the sampling authorization form and the chain-of-custody form. 18 

Table H-A4. Preservation, Container, and Holding Time Requirements for Soil Samples 

Method Analysis/Analytes 
Preservation 
Requirement Holding Time 

Container 
Type 

Sample 
Size 

EPA 6010  Metals by ICP-OES Cool ≤6°C 180 days G/P/PTFE 20 g 

EPA 7196 Chromium (Hexavalent) Cool ≤6°C 30 days prior to 
extraction; 

24 hours after 
extraction 

G/P 20 g 

EPA 7471  Mercury by Cold Vapor 
Atomic Absorption 

Cool ≤6°C 28 days G/P/PTFE 15 g 

EPA 8085 Independent Elemental 
Quantitation of 
Pesticides by GC w/ 
AED 

Cool ≤6°C 14 days prior to 
extraction; 

40 days after 
extraction 

G w/ 
PTFE-

lined lid 

250 g 

EPA 8260 Volatile Organic 
Compounds by GC/MS 

Cool ≤6°C 14 days VOA vial 
w/ PTFE-
lined lid 

5 × 40 g 

EPA 8270 Semivolatile Organic 
Compounds by GC/MS 

Cool ≤6°C 14 days prior to 
extraction; 

40 days after 
extraction 

AG w/ 
PTFE-

lined lid 

250 g 

EPA 8315 Determination of 
Carbonyl Compounds by 
HPLC 

Cool ≤6°C 3 days prior to 
extraction; 3 days 

after extraction 

G w/ 
PTFE-

lined lid 

100 g, zero 
headspace 

EPA 9012 Cyanide Cool ≤4°C 14 days G/P/PTFE 15 g 
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Table H-A4. Preservation, Container, and Holding Time Requirements for Soil Samples 

Method Analysis/Analytes 
Preservation 
Requirement Holding Time 

Container 
Type 

Sample 
Size 

EPA 9056 Anions Cool ≤6°C 28 days prior to 
extraction; 

48 hours after 
extraction 

G/P 250 g 

AED = atomic emission detection 

AG = amber glass 

EPA = U.S. Environmental Protection 

  Agency 

G = glass 

GC = gas chromatography 

HPLC = high performance liquid 

  Chromatography 

ICP = inductively coupled plasma 

MS = mass spectrometry 

OES = optical emission spectrometry 

P = plastic 

PTFE = polytetrafluoroethylene 

VOA = volatile organic analysis 

 1 

To prevent potential contamination of samples, care will be taken to use decontaminated equipment for 2 
each sampling activity.  3 

Level I EPA precleaned sample containers will be used for samples collected for chemical analysis. 4 
Container sizes may vary depending on laboratory specific volumes/requirements for meeting analytical 5 
quantitation limits. 6 

The sample location, depth, and corresponding HEIS numbers will be documented in the sampler’s field 7 
logbook. A custody seal (e.g., evidence tape) will be affixed to each sample container and/or sample 8 
collection package in such a way as to indicate potential tampering.  9 

Each sample container will be labeled with the following information on firmly affixed, water 10 
resistant labels:  11 

 Sampling Authorization Form and form number  12 

 HEIS number  13 

 Sample collection date and time 14 

 Sampler identification 15 

 Analysis required 16 

 Preservation method (if applicable). 17 

Sample records must include the following information: 18 

 Analysis required  19 

 Sample location  20 

 Matrix (e.g., soil).  21 

Sample custody will be maintained in accordance with existing Hanford Site protocols to ensure 22 
maintenance of sample integrity throughout the analytical process. Chain-of-custody protocols will be 23 
followed throughout sample collection, transfer, analysis, and disposal to ensure that sample integrity 24 
is maintained. 25 
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All waste (including unexpected waste) generated by sampling activities will be containerized and 1 
labeled. Waste subject to the LDR requirements of WAC 173-303-140 which includes by reference 2 
40 CFR 268, will be characterized, designated, stored and/or treated, as applicable, prior to disposal in an 3 
approved disposal facility. 4 

H-A3.10.7 Analytical Methods 5 

All analyses and testing will be performed consistent with this closure plan, laboratory analytical 6 
procedures, and HASQARD (DOE/RL-96-68). The approved laboratory must achieve the lowest practical 7 
quantitation limits (PQLs) consistent with the selected analytical method to confirm clean closure levels. 8 
If a target analyte is detected at or above the clean closure level but less than the PQL of the analytical 9 
method, Ecology will be notified and alternatives will be discussed to demonstrate clean closure levels. 10 

Analytical methods and performance requirements associated with the target analytes (Table H-A2) are 11 
outlined in Table H-A5. 12 

H-A3.10.8 Quality Control 13 

Quality control (QC) procedures must be followed in the field and laboratory to ensure that reliable data 14 
are obtained. Field QC samples will be collected to evaluate the potential for cross-contamination and 15 
provide information pertinent to field sampling variability. Laboratory QC samples estimate the precision 16 
and bias of the analytical data. Field and laboratory QC samples are summarized in Table H-A6. 17 

A data quality assessment will be performed utilizing the guidance in EPA/240/B-06/002, Data Quality 18 
Assessment: A Reviewer’s Guide (EPA QA/G-9R), and implementing the specific requirements in 19 
Sections H-A3.10.8 through H-A3.10.10. 20 

Data verification, data validation, and data quality assessment will include both the primary samples and 21 
quality control samples.22 
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Table H-A5. Soil Analytical Performance Requirements 

CAS 
Number Analytea 

Analytical 
Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% Recovery)c 

Precision Req’t 
(Relative 
Percent 

Difference)c Carcinogen 
Non-

carcinogen 

7440-38-2 Arsenic SW-846 
Method 6020 

6.67E-01 2.40E+01 2.00E-01 ±30 ≤30 

7440-39-3 Barium SW-846 
Method 6010 

-- 1.60E+04 2.00E+00 ±30 ≤30 

7440-41-7 Beryllium 
SW-846 

Method 6010 
 1.60E+02 5.00E-01 ±30 ≤30 

7440-43-9 Cadmium SW-846 
Method 6010 

-- 8.00E+01 5.00E-01 ±30 ≤30 

18540-29-9 Chromium (Hexavalent) SW-846 
Method 7196 

-- 2.40E+02 5.00E-01 ±30 ≤30 

7439-92-1 Leadb SW-846 
Method 6010 

-- 2.50E+02 5.00E+00 ±30 ≤30 

7439-97-6 Mercuryd SW-846 
Method 7471 

-- 2.40E+01 2.00E-01 ±30 ≤30 

7782-49-2 Selenium 
SW-846 

Method 6010 
-- 4.00E+02 1.00E+01 ±30 ≤30 

7440-22-4 Silver 
SW-846 

Method 6010 
-- 4.00E+02 1.00E+00 ±30 ≤30 

7440-62-2 Vanadium 
SW-846 

Method 6010 
-- 4.00E+02 1.00E+00 ±30 ≤30 

72-20-8 Endrin 
SW-846 

Method 8270 
-- 2.40E+01 3.30E-03 ±30 ≤30 
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Table H-A5. Soil Analytical Performance Requirements 

CAS 
Number Analytea 

Analytical 
Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% Recovery)c 

Precision Req’t 
(Relative 
Percent 

Difference)c Carcinogen 
Non-

carcinogen 

58-89-9 Lindane 
SW-846 

Method 8270 
9.09E-01 2.40E+01 1.65E-03 ±30 ≤30 

72-43-5 Methoxychlor 
SW-846 

Method 8270 
-- 4.00E+02 1.65E-02 ±30 ≤30 

8001-35-2 Toxaphene 
SW-846 

Method 8270 
9.09E-01 -- 1.65E-01 ±30 ≤30 

94-57-7 
2,4-Dichlorophenoxyacetic 
Acid 

SW-846 
Method 8085 

-- 8.00E+02 4.00E-01 ±30 ≤30 

93-72-1 2,4,5-TP Silvex 
SW-846 

Method 8085 
-- 6.40E+02 2.00E-02 ±30 ≤30 

71-43-2 Benzene SW-846 
Method 8260 

1.82E+01 3.20E+02 5.00E-03 ±30 ≤30 

56-23-5 Carbon Tetrachloride SW-846 
Method 8260 

1.43E+01 3.20E+02 5.00E-03 ±30 ≤30 

57-74-9 Chlordane 
SW-846 

Method 8270 
2.86E+00 4.00E+01 1.65E-02 ±30 ≤30 

108-90-7 Chlorobenzene 
SW-846 

Method 8260 
-- 1.60E+03 5.00E-03 ±30 ≤30 

67-66-3 Chloroform 
SW-846 

Method 8260 
3.23E+01 8.00E+02 5.00E-03 ±30 ≤30 

95-48-7 o-Cresol 
SW-846 

Method 8270 
-- 4.00E+03 3.30E-01 ±30 ≤30 
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Table H-A5. Soil Analytical Performance Requirements 

CAS 
Number Analytea 

Analytical 
Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% Recovery)c 

Precision Req’t 
(Relative 
Percent 

Difference)c Carcinogen 
Non-

carcinogen 

108-39-4 m-Cresol 
SW-846 

Method 8270 
-- 4.00E+03 3.30E-01 ±30 ≤30 

106-44-5 p-Cresol 
SW-846 

Method 8270 
-- 8.00E+03 3.30E-01 ±30 ≤30 

106-46-7 1,4-Dichlorobenzene 
SW-846 

Method 8270 
1.85E+02 5.60E+03 3.30E-01 ±30 ≤30 

107-06-2 1,2-Dichloroethane 
SW-846 

Method 8260 
1.10E+01 4.80E+02 5.00E-03 ±30 ≤30 

75-35-4 1,1-Dichloroethylene 
SW-846 

Method 8260 
-- 4.00E+03 1.00E-02 ±30 ≤30 

121-14-2 2,4-Dinitrotoluene 
SW-846 

Method 8270 
3.23E+00 1.60E+02 3.30E-01 ±30 ≤30 

76-44-8 Heptachlor 
SW-846 

Method 8270 
2.22E-01 4.00E+01 1.65E-03 ±30 ≤30 

1024-57-3 Heptachlor Epoxide 
SW-846 

Method 8270 
1.10E-01 1.04E+00 1.65E-03 ±30 ≤30 

118-74-1 Hexachlorobenzene 
SW-846 

Method 8270 
6.25E-01 6.40E+01 3.30E-01 ±30 ≤30 

87-68-3 Hexachlorobutadiene 
SW-846 

Method 8270 
1.28E+01 8.00E+01 3.30E-01 ±30 ≤30 

67-72-1 Hexachloroethane 
SW-846 

Method 8270 
2.50E+01 5.60E+01 5.00E-03 ±30 ≤30 

78-93-3 
Methyl Ethyl Ketone 
(2-Butanone) 

SW-846 
Method 8260 

-- 4.80E+04 1.00E-02 ±30 ≤30 
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Table H-A5. Soil Analytical Performance Requirements 

CAS 
Number Analytea 

Analytical 
Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% Recovery)c 

Precision Req’t 
(Relative 
Percent 

Difference)c Carcinogen 
Non-

carcinogen 

98-95-3 Nitrobenzene SW-846 
Method 8270 

-- 1.60E+02 3.30E-01 ±30 ≤30 

87-86-5 Pentachlorophenol 
SW-846 

Method 8270 
2.50E+00 4.00E+02 3.30E-01 ±30 ≤30 

110-86-1 Pyridine SW-846 
Method 8260 

-- 8.00E+01 5.00E-03 ±30 ≤30 

127-18-4 Tetrachloroethylene 
SW-846 

Method 8260 
4.76E+02 4.80E+02 5.00E-03 ±30 ≤30 

79-01-6 Trichloroethylene SW-846 
Method 8260 

1.20E+01 4.00E+01 5.00E-03 ±30 ≤30 

95-95-4 2,4,5-Trichlorophenol 
SW-846 

Method 8270 
-- 8.00E+03 3.30E-01 ±30 ≤30 

88-06-2 2,4,6-Trichlorophenol 
SW-846 

Method 8270 
9.09E+01 8.00E+01 3.30E-01 ±30 ≤30 

75-01-4 Vinyl Chloride 
SW-846 

Method 8260 
1.75E+02 2.40E+02 1.00E-02 ±30 ≤30 

75-09-2 Methylene Chloride SW-846 
Method 8260 

5.00E+02 4.80E+02 5.00E-03 ±30 ≤30 

71-55-6 1,1,1-Trichloroethane SW-846 
Method 8260 

-- 1.60E+05 5.00E-03 ±30 ≤30 

76-13-1 
1,1,2-Trichloro-1,2,2-
Trifluoroethane (CFC-133) 

SW-846 
Method 8260 

-- 2.40E+06 1.00E-02 ±30 ≤30 

95-50-1 
Ortho-Dichlorobenzene 
(1,2-Dichlorobenzene) 

SW-846 
Method 8270 

-- 7.20E+03 3.30E-01 ±30 ≤30 
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Table H-A5. Soil Analytical Performance Requirements 

CAS 
Number Analytea 

Analytical 
Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% Recovery)c 

Precision Req’t 
(Relative 
Percent 

Difference)c Carcinogen 
Non-

carcinogen 

75-69-4 
Trichlorofluoromethane 
(CFC-11) 

SW-846 
Method 8260 

-- 2.40E+04 1.00E-02 ±30 ≤30 

79-00-5 1,1,2-Trichloroethane SW-846 
Method 8260 

1.75E+01 3.20E+02 5.00E-03 ±30 ≤30 

1330-20-7 Xylenes 
SW-846 

Method 8260 
-- 1.60E+04 1.00E-02 ±30 ≤30 

67-64-1 Acetone SW-846 
Method 8260 

-- 7.20E+04 2.00E-02 ±30 ≤30 

141-78-6 Ethyl Acetate 
SW-846 

Method 8260 
-- 7.20E+04 5.00E+00 ±30 ≤30 

100-41-4 Ethyl Benzene 
SW-846 

Method 8260 
-- 8.00E+03 5.00E-03 ±30 ≤30 

60-29-7 Ethyl Ether SW-846 
Method 8260 

-- 1.60E+04 5.00E-03 ±30 ≤30 

108-10-1 
Methyl Isobutyl Ketone 
(4-Methyl-2-Pentanone) 

SW-846 
Method 8260 

-- 6.40E+03 1.00E-02 ±30 ≤30 

71-36-3 
n-Butyl Alcohol 
(n-Butanol) 

SW-846 
Method 8260 

-- 8.00E+03 1.00E-01 ±30 ≤30 

108-94-1 Cyclohexanone 
SW-846 

Method 8260 
-- 4.00E+05 5.00E-02 ±30 ≤30 

67-56-1 Methanol 
SW-846 

Method 8260 
-- 1.60E+05 1.00E+00 ±30 ≤30 

108-88-3 Toluene SW-846 
Method 8260 

-- 6.40E+03 5.00E-03 ±30 ≤30 
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Table H-A5. Soil Analytical Performance Requirements 

CAS 
Number Analytea 

Analytical 
Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% Recovery)c 

Precision Req’t 
(Relative 
Percent 

Difference)c Carcinogen 
Non-

carcinogen 

75-15-0 Carbon Disulfide 
SW-846 

Method 8260 
-- 8.00E+03 5.00E-03 ±30 ≤30 

78-83-1 
Isobutanol 
(Isobutyl Alcohol) 

SW-846 
Method 8260 

-- 2.40E+04 5.00E-01 ±30 ≤30 

57-12-5 Cyanide 
SW-846 

Method 9012 
-- 4.80E+01 1.00E+00 ±30 ≤30 

98-86-2 Acetophenone 
SW-846 

Method 8270 
-- 8.00E+03 3.30E-01 ±30 ≤30 

84-74-2 Dibutyl Phthalate 
SW-846 

Method 8270 
-- 8.00E+03 3.30E-01 ±30 ≤30 

123-91-1 1,4-Dioxane 
SW-846 

Method 8260 
1.00E+01 2.40E+03 5.00E-01 ±30 ≤30 

50-00-0 Formaldehyde 
SW-846 

Method 8315 
-- 1.60E+03 2.00E-01 ±30 ≤30 

64-18-6 Formic Acid 
SW-846 

Method 9056 
-- 7.20E+04 2.00E+00 ±30 ≤30 

80-62-6 Methyl Methacrylate  
SW-846 

Method 8260 
-- 1.12E+05 1.00E-02 ±30 ≤30 

91-20-3 Naphthalene 
SW-846  

Method 8270 
-- 1.60E+03 3.30E-01 ±30 ≤30 

108-95-2 Phenol 
SW-846 

Method 8270 
-- 2.40E+04 3.30E-01 ±30 ≤30 
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Table H-A5. Soil Analytical Performance Requirements 

CAS 
Number Analytea 

Analytical 
Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% Recovery)c 

Precision Req’t 
(Relative 
Percent 

Difference)c Carcinogen 
Non-

carcinogen 

Reference: SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Update V. 

Note: Due to the quantity and nature of the waste stored in the 2402-W Series Buildings not presenting a threat to groundwater, and not having soil or the presence of 
plants within the building, no groundwater or ecological indicator MTCA cleanup standards (WAC 173-340-747, “Deriving Soil Concentrations for Groundwater 
Protection,” and WAC 173-340-7490, “Terrestrial Ecological Evaluation Procedures,” through WAC 173-340-7494, “Priority Contaminants of Ecological Concern”) 
are addressed.  

a. Unless otherwise noted, closure performance standards are the numeric cleanup levels calculated using unrestricted use exposure assumptions according to MTCA 
(WAC 173-340) Method B (unrestricted use standards). Where both carcinogen and noncarcinogen performance standards are available, the most conservative value 
will be used. 

b. Closure performance standards are the numeric cleanup levels calculated using unrestricted use exposure assumptions according to MTCA (WAC 173-340) 
Method A (unrestricted use standards). MTCA Method A values were used when MTCA Method B values were not available. 

c. Accuracy criteria for associated batch matrix spike percent recoveries. Evaluation based on statistical control of laboratory control samples is also performed. 
Precision criteria for batch laboratory replicate matrix spike analyses or replicate sample analyses.  

d. Equation 740-1 and Equation 740-2 from WAC 173-340-740(3)(b) are used to calculate MTCA Direct Contact Human Health soil cleanup levels. The MTCA 
human health direct contact soil cleanup level for mercury is calculated to be 24 mg/kg. 

CAS = chemical abstract service 

CFC = chlorinated fluorocarbon 

MTCA = Model Toxics Control Act 

Req’t = requirement 

WAC = Washington Administrative Code 
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Table H-A6. Project Quality Control Sampling Summary 

Quality Control Sample 
Type Quality Control Sample Type Quality Control Sample Type 

Field Quality Control 

Trip Blanks 
One per 20 samples per media 
sampled 

One per cooler for VOCs 

Trip blanks are used to assess contamination 
from sample containers or during transportation 
and storage procedures. 

Field Blanks One per cooler for VOCs 
Field blanks are used to assess contamination 
from surrounding sources during sample 
collection. 

Equipment Rinsate Blanks 

As needed 

If only disposable equipment is 
used, then an equipment blank 
is not required 

Otherwise, one per 20 samples 
per analytical method per 
media sampled, or one per daya 

Equipment rinsate blanks are used to measure the 
cleanliness of sampling equipment and 
effectiveness of equipment decontamination 
procedures. 

Field Duplicates 
One per batchc, 20 samples 
maximum of each media 
sampled (soil samples) 

Field Duplicates are used to assess the precision 
of the entire data collection activity, including 
sampling, analysis, and site heterogeneity. 

Laboratory Quality Controlb 

Method Blanks 1 per batchc Measures contamination associated with 
laboratory sample preparation and analysis. 

Lab Duplicates b Laboratory reproducibility and precision. 

Matrix Spikes One per 20 samplesb 
The spike recovery measures the effects of 
interferences in the sample matrix and reflects 
the accuracy of the determination. 

Matrix Spike Duplicates One per 20 samplesb 
The relative percent difference between matrix 
spike and matrix spike duplicate measures the 
precision of a given analysis. 

Surrogates b 
Surrogate standards are added prior to extraction 
of the sample to evaluate accuracy, method 
performance and extraction efficiency. 

Laboratory Control 
Samples 

1 per batchc The laboratory control sample measures the 
accuracy of the analytical method. 

a. Whenever a new type of nondedicated equipment is used, an equipment blank shall be collected every time sampling occurs 
until it can be shown that less frequent collection of equipment blanks is adequate to monitor the decontamination procedure 
for the nondedicated equipment. 

b. As defined in the analysis procedures. 

c. Batching across projects is allowing for similar matrices. 

 1 
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H-A3.10.9 Data Verification 1 

Analytical results will be received from the laboratory, loaded into a database (e.g., HEIS), and verified. 2 
Verification activities include, but are not limited to, the following: 3 

 Amount of data requested matches the amount of data received (number of samples for requested 4 
methods of analytes) 5 

 Correct procedures/methods are used 6 

 Documentation/deliverables are complete 7 

 Hard copy and electronic versions of the data are identical 8 

 Data seem reasonable based on analytical methodologies 9 

H-A3.10.10 Data Validation 10 

Data validation is performed by a third party. The laboratory supplies contract laboratory program 11 
equivalent analytical data packages intended to support data validation by the third party. The laboratory 12 
submits data packages that are supported by QC test results and raw data. 13 

Controls are in place to preserve the data sent to the validators and allow only additions to be made, not 14 
changes to the raw data. 15 

The format and requirements for data validation activities are based upon the most current version of 16 
USEPA-540-R-08-01, National Functional Guidelines for Superfund Organic Methods Data Review 17 
(OSWER 9240.1-48), and USEPA-540-R-10-011, National Functional Guidelines for Inorganic 18 
Superfund Data Review (OSWER 9240.1-51). As defined by the validation guidelines, 5 percent of the 19 
results will undergo Level C validation. 20 

H-A3.10.11 Verification of VSP Input Parameters 21 

Analytical data will be entered back into the VSP software. If all analytical data for a particular analyte 22 
are nondetectable, verification of VSP input parameters is not required for that analyte. The VSP software 23 
uses the analytical data to determine if the user input parameters were estimated appropriately. 24 
Once analytical data are entered into the VSP software, VSP will calculate the true standard deviation and 25 
if the null hypothesis can be rejected. If the calculated standard deviation is smaller than the estimated 26 
user input standard deviation, no additional sampling will be required. If the calculated standard deviation 27 
is larger than the estimated standard deviation, additional sampling may be required. Comparison of the 28 
maximum data value for each analyte to the clean closure standards will ensure that all individual analytes 29 
are below the action levels. Verification of the null hypothesis through VSP will determine if the mean 30 
value of the site analytical data supports rejection of the null hypothesis (Section H-A2.1). 31 

H-A3.10.12 Documents and Records 32 

The Project Manager is responsible for ensuring that the current version of the SAP is being used and 33 
providing any updates to field personnel. Version control is maintained by the administrative document 34 
control process. Changes to the SAP will be submitted as a permit modification in accordance with 35 
WAC 173-303-610(3)(b). 36 

Logbooks are required for field activities. A logbook must be identified with a unique project name and 37 
number. The individual(s) responsible for logbooks will be identified in the front of the logbook, and only 38 
authorized persons may make entries in logbooks. Logbooks will be signed by the field manager, 39 
supervisor, cognizant scientist/engineer, or other responsible individual. Logbooks will be permanently 40 
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bound, waterproof, and ruled with sequentially numbered pages. Pages will not be removed from 1 
logbooks for any reason. Entries will be made in indelible ink. Corrections will be made by marking 2 
through the erroneous data with a single line, entering the correct data, and initialing and dating 3 
the changes. 4 

The project manager is responsible for ensuring that a project file is properly maintained. The project file 5 
will contain the records or references to their storage locations. The following items will be included in 6 
the project file, as appropriate:  7 

 Field logbooks or operational records  8 

 Data forms 9 

 Global positioning system data  10 

 Chain-of-custody forms  11 

 Sample receipt records  12 

 Inspection or assessment reports and corrective action reports  13 

 Interim progress reports  14 

 Final reports  15 

 Laboratory data packages  16 

 Verification and validation reports 17 

The laboratory is responsible for maintaining, and having available upon request, the following items:  18 

 Analytical logbooks 19 

 Raw data and QC sample records 20 

 Standard reference material and/or proficiency test sample data 21 

 Instrument calibration information. 22 

Records may be stored in either electronic or hard copy format. Documentation and records, regardless 23 
of medium or format, are controlled in accordance with internal work requirements and processes to 24 
ensure the accuracy and retrievability of stored records. Records required by the Tri-Party Agreement 25 
(Ecology et al., 1989, Hanford Federal Facility Agreement and Consent Order) will be managed in 26 
accordance with the requirements therein. 27 

H-A3.10.13 Sampling and Analysis Requirements to Address Removal of Contaminated Soil 28 

In the event that sample results based on the MTCA (WAC 173-340) Method B three part test (Section H-29 
A3.10.5) indicate contamination above clean closure levels, the contaminated soil will be removed in 30 
accordance with Section H-A3.8. Following removal of contaminated soil, additional samples will be 31 
taken at the same grid location as identified in Attachment H-A.a. Additional focused sampling may be 32 
added in areas where contamination is identified. Additional focused samples will be documented, as 33 
required in Section H-A3.10.12, and provided with the closure certification. These samples will be 34 
analyzed in accordance with the methods specified in Table H-A5, with accompanying QC samples as 35 
discussed in Section H-A3.10.8, to confirm that the MTCA (WAC 173-340) Method B clean closure 36 
levels have been achieved. 37 

H-A3.10.14 Revisions to the Sampling and Analysis Plan and Constituents to Be Analyzed 38 

If changes to the SAP are necessary due to unexpected events during closure that will affect sampling, a 39 
revision to this SAP will be submitted no later than 30 days after the unexpected event as a permit 40 
modification as required in WAC 173-303-610(3)(b)(iii) and WAC 173-303-830, “Permit Changes.” 41 
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H-A3.11 Role of the Independent Qualified Registered Professional Engineer 1 

An Independent Qualified Registered Professional Engineer (IQRPE) will be retained to provide 2 
certification of the closure, as required by WAC 173-303-610(6). The IQRPE will be responsible for 3 
observing field activities and reviewing documents associated with closure of the waste storage modules. 4 
At a minimum, the following activities will be performed: 5 

 Observation or review of storage module removal 6 

 Observation or review of visual inspections 7 

 Observation or review of sampling activities 8 

 Review of sampling procedures and results 9 

 Observation or review of contaminated environmental debris removal (if applicable) 10 

 Verification of sample locations o as specified in the SAP 11 

 Verification that closure activities were performed in accordance with this closure plan 12 

The IQRPE will record observations and reviews in a written report that will be retained in the operating 13 
record. The resulting report will be used to develop the clean closure certification, which will then be 14 
provided to Ecology. 15 

H-A3.12 Closure Certification 16 

In accordance with WAC 173-303-610(6), within 60 days of completion of closure of the Low Flashpoint 17 
Storage Modules, certification that the DWMU has been closed in accordance with the specifications in 18 
this closure plan will be submitted to Ecology by registered mail. The certification will be signed by the 19 
owner or operator and by an IQRPE.  20 

Upon request by Ecology, the following information will be submitted to support closure certification: 21 

 Field notes and photographs related to closure activities, including the results of the inspection of the 22 
module units and containment system for cracks and other openings. 23 

 A description of any minor deviations from the approved closure plan and justification for 24 
these deviations. 25 

 Documentation of the final disposition of all dangerous and/or mixed wastes and waste residues. 26 

 Laboratory and/or field data, including sampling procedures, sampling locations, QA/QC samples, 27 
and chain of custody procedures for samples and measurements, including samples and measurements 28 
taken to determine background conditions and/or determine or confirm clean closure. 29 

 A summary report that identifies and describes the data reviewed by the IQRPE and tabulates the 30 
analytical results of samples taken to determine and confirm clean closure. 31 

 A description of what the unit area looks like at completion of closure, including a description of 32 
what parts of the former unit, if any, will remain after closure. 33 

H-A3.13 Conditions That Will Be Achieved When Closure Is Complete 34 

Upon confirmation of clean closure levels through sampling and analysis, the Low Flashpoint Storage 35 
Modules DWMU will be clean closed. The modules and asphalt pad will be removed, so only bare soil 36 
will remain. A permit modification request will be submitted to remove the Low Flashpoint Storage 37 
Modules DWMU from the Hanford Facility RCRA Permit (WA7890008967). 38 
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H-A4 Closure Schedule and Time Frame 1 

The closure activities for the Low Flashpoint Storage Modules will be completed no more than 180 days 2 
after the start of closure (Table H-A7). Should unexpected circumstances arise and an extension to the 3 
180 day closure activity period is deemed necessary, a permit modification will be submitted to Ecology 4 
for approval at least 30 days prior to expiration of the 180 day closure activity period in accordance with 5 
WAC 173-303-610(4)(c) and WAC 173-303-830, Appendix I, Section D.1.b. The extension request 6 
would also demonstrate that all steps to prevent threats to HHE, including compliance with all applicable 7 
permit requirements, have been and will continue to be taken. Closure certification will be submitted to 8 
Ecology, within 60 days following completion of closure activities of the Low Flashpoint Storage 9 
Modules, as outlined in Section H-A3.12 (Figure H-A4). 10 

H-A5 Closure Costs 11 

An annual report outlining updated projections of anticipated closure costs for Hanford Facility TSD units 12 
having final status is not required per Permit Condition II.H. The Hanford Facility is owned by DOE, and 13 
operated by the DOE and its contractors; therefore, in accordance with WAC 173-303-620(1)(c), 14 
provisions of WAC 173-303-620, “Financial Requirements,” are not applicable to the Hanford Facility. 15 

Table H-A7. CWC-WRAP Low Flashpoint Storage Modules Closure Activities 
Closure Activity Description 

Primary Activity Secondary Activity Duration 

Prior To Closure 

Submit Notification to Ecology of 
Intent to Close the Low Flashpoint 
Storage Modules DWMU 

In accordance with WAC 173-303-610(3)(c)(i), 
at least 45 days prior to the date on which closure 
is expected to begin (i.e., no later than 15 days 
prior to receipt last known volume of final 
waste). 

-- 

Begin Closure of the Low Flashpoint 
Storage Modules DWMU 

In accordance with WAC 173-303-610(3)(c)(ii), 
within 30 days of receiving the last known 
volume of final waste. 

-- 

Closure Activities 

Remove All Waste 

Package and ship waste to an approved facility 
for treatment, storage, and/or disposal. 

In accordance with WAC 173-303-610(4)(a), 
within 90 days after the date on which each 
DWMU has received the last known volume of 
final waste, the owner/operator must treat, 
remove, or dispose of all dangerous wastes in 
accordance with the approved closure plan. 
Request extension if necessary. 

40 days (Day 40) 

Records Review (Performed 
Concurrently with Waste Removal) 

Perform review of daily operating records, 
inspection records, and spill records 

40 days (Day 40) 

Perform Visual Inspection of Modules 

Inspect secondary containment areas for breaches 
in integrity 

10 Days (Day 50) 
Inspect structural integrity (visible aspects only) 
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Table H-A7. CWC-WRAP Low Flashpoint Storage Modules Closure Activities 
Closure Activity Description 

Primary Activity Secondary Activity Duration 

Reuse or disposal determination for each module 

Removal of Modules 

Disconnect electrical connections 

30 Days (Day 80) 
Secure module for lifting  

Transfer module to truck 

Ship modules by truck to new location 

Visual Inspection of Asphalt Pad 

Identify areas of concern (cracks in asphalt that 
could potentially reach the soil below the asphalt) 

5 Days (Day 85) 
Document visual inspection with photos, 
locations and dimensions of staining and cracks 

Remove Asphalt Pad 

Remove asphalt pad with large equipment 

40 Days (Day 125) 
Containerize asphalt waste debris  

Perform waste determination on waste debris 

Dispose of waste debris in approved disposal 
facility 

Visual Inspection of Underlying Soil 
Identify areas of concern (waste related staining). 

5 Days (Day 130) Document visual inspection with photos, 
locations, and dimensions of staining. 

Sampling and Analysis of Underlying 
Soil (Following Removal of Asphalt 
Pad, may be performed concurrently 
with waste determination and disposal 
of pad.) 

See Section H-A3.10 for details of sampling and 
analysis 

50 Days (Day 180) If necessary, remove contaminated environmental 
media (soil), and resample and analyze to 
confirm that clean closure levels have been 
achieved. 

Final Closure of the Low Flashpoint 
Storage Modules DWMU 

In accordance with WAC 173-303-610(4)(b), 
within 180 days after the date on which the last 
known volume of final waste was received. 
Request extension if necessary. 

0 Days (Day 180) 

Closure Activities Complete 

Owner/Operators and IQRPE Submit 
Clean Closure Certification  

In accordance with WAC 173-303-610(6), within 
60 days of completion of closure of each 
DWMU; certification that the DWMU has been 
closed in accordance with the specifications in 
the approved closure plan (See Section H-A3.12 
for more details on the clean closure 
certification). 

60 Days (Day 240) 

1 
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Figure H-A4. CWC-WRAP Low Flashpoint Storage Modules Closure Schedule Activities 2 

3 
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Attachment H-A.a 1 

Low Flashpoint Storage Modules Visual Sample Plan Supporting 2 
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 20

Number of selected sample areas b 1

Specified sampling area c 17920.00 ft2

Size of grid / Area of grid cell d 32.1654 feet / 896 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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LFSM-1 LFSM-2 LFSM-3 LFSM-4 LFSM-5

LFSM-6 LFSM-7 LFSM-8 LFSM-9 LFSM-10

LFSM-11 LFSM-12 LFSM-13 LFSM-14 LFSM-15

LFSM-16 LFSM-17 LFSM-18 LFSM-19 LFSM-20

112'

160'

(0,0) Southwest Corner
(-119.64199, 46.55303) Decimal Degrees

Area: Low Flashpoint Storage Modules

X Coord Y Coord Label Value Type Historical

25.9850 4.1749 LFSM-1 Systematic

58.1504 4.1749 LFSM-2 Systematic

90.3158 4.1749 LFSM-3 Systematic

122.4812 4.1749 LFSM-4 Systematic

154.6465 4.1749 LFSM-5 Systematic

9.9023 32.0309 LFSM-6 Systematic

42.0677 32.0309 LFSM-7 Systematic

74.2331 32.0309 LFSM-8 Systematic

106.3985 32.0309 LFSM-9 Systematic

138.5639 32.0309 LFSM-10 Systematic

25.9850 59.8870 LFSM-11 Systematic

58.1504 59.8870 LFSM-12 Systematic

90.3158 59.8870 LFSM-13 Systematic

122.4812 59.8870 LFSM-14 Systematic

154.6465 59.8870 LFSM-15 Systematic

9.9023 87.7430 LFSM-16 Systematic

42.0677 87.7430 LFSM-17 Systematic
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74.2331 87.7430 LFSM-18 Systematic

106.3985 87.7430 LFSM-19 Systematic

138.5639 87.7430 LFSM-20 Systematic

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where

F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
MARSSIM (EPA 2000, p. 5-33).

The values of these inputs that result in the calculated number of sampling locations are:

Analyte na Parameter
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S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and
4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
gridded sample locations were selected based on a random start.

Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 

DOE/RL-2015-74, REVISION 0
DECEMBER 2015

H-A.a-4



probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15

s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 20 Samples

Field collection costs $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs $0.00 $0.00

Fixed planning and validation costs $0.00

Total cost $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.

This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.
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This design was last modified 12/2/2015 9:01:11 AM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.
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Introduction 1 

This appendix discusses closure activities for the Central Waste Complex (CWC)-Waste Receiving and 2 
Processing Facility (WRAP) Operating Unit Group (OUG) CWC Shipping and Receiving Area dangerous 3 
waste management unit (DWMU). This DWMU is located east of the CWC 2402-W Series buildings 4 
(Figure H-B1). Please note, the terms “mixed waste” and/or “waste” when seen in this document refer to 5 
dangerous waste or hazardous waste, as applicable. 6 

This plan describes in detail the closure activities necessary to establish clean closure levels for the CWC 7 
Shipping and Receiving Area DWMU. Such closure activities include: removal of all waste, records 8 
review (i.e., container storage, operating, and inspection records) for documented spills or releases of 9 
waste, visual inspection of the asphalt pad after waste removal to evaluate the likelihood of potential 10 
contamination of the underlying soil, demolition of the CWC Shipping and Receiving Area asphalt pad, 11 
visual inspection of the underlying soil, and soil sampling and analysis to confirm that clean closure 12 
standards have been achieved.  13 

Closure of the CWC Shipping and Receiving Area DWMU will be performed in accordance with the 14 
closure schedule provided in Section H-B4. Within 60 days upon completion of closure activities, 15 
the Permittees’ shall provide the Washington State Department of Ecology (Ecology) a certification of 16 
closure in accordance with WAC 173-303-610(6), “Dangerous Waste Regulations,” “Closure and 17 
Post-Closure.” The closure certification will provide supportive evidence that the CWC Shipping and 18 
Receiving Area DWMU has met the established clean closure standards. 19 

This closure plan complies with WAC 173-303-610(2) through (6). Amendments to this closure plan will 20 
be submitted as a permit modification in accordance with WAC 173-303-610(3)(b). 21 

H-B1.1 Unit Description 22 

The CWC Shipping and Receiving Area DWMU is an outdoor storage area and is permitted for waste 23 
container storage. This DWMU is an uncovered/ unenclosed asphalt pad located outside that does not have 24 
an engineered secondary containment system (Figure H-B2). It measures approximately 60.7 m (199 ft) 25 
long by 46.0 m (151 ft) wide, for a total footprint and available waste storage area of approximately 26 
2,570 m2 (27,660 ft2). 27 

H-B1.2 Maximum Waste Inventory 28 

The maximum storage capacity of the CWC Shipping and Receiving Area is approximately 1,977 m3 29 
(1,977,000 L). 30 

Closure Performance Standard 31 

Closure performance standards for the CWC Shipping and Receiving Area will be based on 32 
WAC 173-303-610(2), which requires closure of the facility in a manner that accomplishes the 33 
following objectives: 34 

 Minimize the need for further maintenance. 35 

 Control, minimize, or eliminate, to the extent necessary, to protect human health and the environment 36 
(HHE), post-closure escape of dangerous waste, dangerous constituents, leachate, contaminated 37 
runoff, or dangerous waste decomposition products to the ground, surface water, groundwater, or 38 
atmosphere. 39 
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Figure H-B1. CWC Shipping and Receiving Area (Aerial View 2012) 2 

 3 

Figure H-B2. CWC Shipping and Receiving Area (March 2013) 4 
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 Return the land to the appearance and use of surrounding land areas, to the degree possible, given the 1 
nature of the previous dangerous waste activity. 2 

These performance standards are addressed in Sections H-B2.1 and H-B3.9 of this closure plan and are 3 
furthermore identified in Table H-B4. 4 

H-B2.1 Clean Closure Levels 5 

The CWC Shipping and Receiving Area DWMU will be clean closed. After removal of all waste, the 6 
asphalt will be removed (Section H-B3.6) and managed as newly generated waste debris. 7 

The soil underlying the asphalt will be sampled and must meet clean closure levels. In accordance with 8 
WAC 173-303-610(2)(b)(i), the clean closure levels to be demonstrated are the numeric cleanup levels for 9 
soil calculated using unrestricted use exposure assumptions according to WAC 173-340, “Model Toxics 10 
Control Act—Cleanup,” hereinafter called MTCA, regulations (WAC 173-340-700, “Overview of 11 
Cleanup Standards,” through WAC 173-340-760, “Sediment Cleanup Standards,” excluding 12 
WAC 173-340-745, “Soil Cleanup Standards for Industrial Properties”). These numeric cleanup levels 13 
have been calculated according to the requirements of WAC 173-303-610(2)(b)(i), using the MTCA 14 
(WAC 173-340) Method B closure performance standard for soil. These cleanup levels consider 15 
carcinogens, noncarcinogens, groundwater protection, and ecological indicator values. Table H-B4 16 
provides the MTCA (WAC 173-340) Method B closure performance standards for unrestricted use 17 
exposure assumptions for soil for each individual target analyte (Table H-B1). 18 

A null hypothesis is generally assumed to be true until evidence indicates otherwise. The null hypothesis, 19 
as defined in WAC 173-340-200, “Definitions,” for the CWC Shipping and Receiving Area is that the 20 
soil underneath the asphalt pad is assumed to be above MTCA (WAC 173-340) Method B cleanup levels. 21 
Therefore, the site is presumed to be contaminated. Rejection of the null hypothesis means sampling and 22 
analysis results of the site indicated that the underlying soil contains contamination below the MTCA 23 
(WAC 173-340) Method B cleanup levels. Sampling and analysis will be used to determine whether the 24 
null hypothesis can be rejected, thereby confirming that soil beneath the asphalt pad meets closure 25 
performance standards (MTCA [WAC 173-340] Method B). 26 

Should sampling and analysis provide a basis that the null hypothesis can be accepted, such an event will 27 
be considered an unexpected event during closure, and the soil would then be identified as a newly 28 
generated waste stream and managed in accordance with Section H-B3.8. 29 

Closure Activities 30 

The CWC Shipping and Receiving Area DWMU will be clean closed under the Resource Conservation 31 
and Recovery Act of 1976 (RCRA), and confirmation sampling will be performed to verify that closure 32 
performance standards (Table H-B4) are met. As a waste storage unit, clean closure determinations for 33 
the CWC Shipping and Receiving Area will be based on successfully completing the closure activities in 34 
this section. Sampling and analysis activities were developed utilizing EPA/240/R-02/005, Guidance on 35 
Choosing a Sampling Design for Environmental Data Collection (EPA QA/G-5S), and Ecology 36 
Publication 94-111, Guidance for Clean Closure of Dangerous Waste Units and Facilities, and will be 37 
conducted via a sampling and analysis plan (SAP) (Section H-B3.10). The objective of sampling 38 
described in this document is to determine if the MTCA (WAC 173-340) Method B closure performance 39 
standards were met, demonstrating clean closure of the CWC Shipping and Receiving Area. 40 
The following closure activities are required to achieve and verify clean closure: 41 

 Remove all waste. 42 
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 Review waste container storage, operating, and inspection records for documented spills or releases 1 
of waste. 2 

 Perform visual inspections of the asphalt pad for cracks, holes, or other types of breaches significant 3 
enough to reach underlying soil for purposed of focused sampling. 4 

 Demolish and remove the asphalt pad. 5 

 Perform visual inspection on underlying soil to identify any staining for purposes of 6 
focused sampling. 7 

 Perform soil sampling and analysis to confirm that clean closure standards are met. 8 

 If contamination is detected during initial sampling efforts, remove, treat (if necessary), and dispose 9 
of contaminated environmental media (soil), as necessary. 10 

 Resample, as necessary, to confirm that MTCA (WAC 173-340) Method B clean closure levels have 11 
been met. 12 

 Transmit closure certification to Ecology. 13 

H-B3.1 Health and Safety Requirements 14 

Closure will be performed in a manner that will ensure safety of personnel and the surrounding 15 
environment. Qualified personnel will perform any necessary closure activities in compliance with 16 
established safety and environmental procedures. Personnel will be equipped with appropriate personal 17 
protective equipment (PPE). Qualified personnel will be trained in applicable safety and environmental 18 
procedures in accordance with Addendum G, “Personnel Training,” and will have appropriate training 19 
and experience in sampling activities. Field operations will be performed in accordance with applicable 20 
health and safety requirements. 21 

The Permittees have instituted training or qualification programs to meet training requirements imposed 22 
by regulations, U.S. Department of Energy (DOE) orders, and national standards such as those published 23 
by the American National Standards Institute/American Society of Mechanical Engineers. For example, the 24 
environmental, safety, and health training program provides workers with the knowledge and skills 25 
necessary to execute assigned duties safely. Attachment 5 of the Hanford Facility RCRA Permit 26 
(WA7890008967, Hanford Facility Resource Conservation and Recovery Act Permit) describes specific 27 
requirements for the Hanford Facility Personnel Training program. The Permittees will comply with the 28 
CWC-WRAP training matrix detailed in Addendum G, which provides training requirements for Hanford 29 
Facility personnel associated with the CWC Shipping and Receiving Area.  30 

Project-specific safety training addressed explicitly to the project and the activities for the day will be 31 
provided, including the following: 32 

 Training provides the knowledge and skills that personnel need to perform work safely and in 33 
accordance with quality assurance (QA) requirements. 34 

 Samplers are required to be qualified in the type of sampling being performed in the field. 35 

Pre-job briefings will be performed to evaluate activities and associated hazards by considering many of 36 
the following factors: 37 

 Objective of the activities 38 
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 Individual tasks to be performed 1 

 Hazards associated with the planned tasks 2 

 Environment in which the job will be performed 3 

 Facility where the job will be performed 4 

 Equipment and material required 5 

 Safety protocols applicable to the job 6 

 Training requirements for individuals assigned to perform the work 7 

 Level of management control 8 

 Emergency contacts. 9 

Training records for each employee are maintained in an electronic database. The Permittees’ training 10 
organization maintains the training records system. 11 

H-B3.2 Removal of Wastes and Waste Residues 12 

All waste will be removed from the asphalt pad and managed in accordance with WAC 173-303 and 13 
CWC-WRAP waste management practices. The waste will be designated (if necessary) and shipped to an 14 
approved facility for treatment, storage, and/or disposal (TSD). 15 

Waste containers meeting U.S. Department of Transportation (DOT) requirements will be packaged and 16 
shipped in accordance with 49 CFR, “Transportation,” criteria. Waste packaged in non-DOT regulation 17 
(large or irregular shaped) containers will be shipped in accordance with DOE/RL-2001-36, Hanford 18 
Sitewide Transportation Safety Document. Waste shipments primarily occur utilizing highway 19 
transportation but may also include shipping by air or rail. 20 

Waste will be treated (if necessary) to meet the land disposal restriction (LDR) treatment standards 21 
specified in WAC 173-303-140, “Land Disposal Restrictions,” which includes by reference 40 CFR 268, 22 
“Land Disposal Restrictions,” then ultimately disposed of in an appropriate waste disposal facility. 23 

While waste residues are not anticipated, they will be managed in accordance with all applicable 24 
requirements of WAC 173-303-170, “Requirements for Generators of Dangerous Waste,” through 173-25 
303-230, “Special Conditions.” Waste subject to the LDR requirements of WAC 173-303-140, which 26 
includes by reference 40 CFR 268, will be characterized, designated, stored, and/or treated, as applicable, 27 
prior to disposal in an approved waste disposal facility. 28 

H-B3.3 Unit Components, Parts, and Ancillary Equipment 29 

The CWC Shipping and Receiving Area is an asphalt pad and does not contain engineered 30 
secondary containment, components, parts, or ancillary equipment. 31 

H-B3.4 Inspection of Units Before Decontamination 32 

Although decontamination of the CWC Shipping and Receiving Area DWMU is not planned, following 33 
removal of all waste and waste residues, a visual inspection will be performed to determine the presence 34 
of cracks, holes, or other breaches in the asphalt pad to reach the underlying soil. These cracks, holes, or 35 
other breaches will be documented to determine if focused sampling of the underlying soil during 36 
confirmation sampling is necessary. 37 

During the closure period, to prevent threats to HHE, the CWC Shipping and Receiving Area DWMU 38 
will be inspected in accordance with WAC 173-303-320(2), “General Inspection.” Inspections of the 39 
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CWC Shipping and Receiving Area DWMU will be performed annually, until the clean closure 1 
certification is accepted by Ecology, and will verify the following: 2 

 Posted warning signs at each entrance to the OUG are present, legible, and visible at 7.6 m (25 ft). 3 

 No evidence of unusual conditions exists at the closing DWMU site. 4 

H-B3.5 Decontamination 5 

Decontamination of the CWC Shipping and Receiving DWMU is not planned. 6 

H-B3.6 Demolition of the CWC Shipping and Receiving Area 7 

Once all waste has been removed from the CWC Shipping and Receiving Area DWMU and visual 8 
inspections are completed, demolition activities can be initiated. Demolition of the asphalt will include 9 
the following primary activities: 10 

 Location of utilities 11 

 Mobilization of equipment 12 

 Demolition and removal of the CWC Shipping and Receiving Area asphalt pad 13 

H-B3.6.1 Location of Utilities 14 

Prior to demolition, any in-use utilities will be located to ensure no disruptions to the surrounding 15 
activities. The fire water line may supply water to other CWC-WRAP DWMUs. The fire hydrants may 16 
also be used to supply water for dust control during rubblization of the asphalt pad.  17 

H-B3.6.2 Equipment Mobilization 18 

Resources, equipment, and materials necessary to perform demolition will be staged in designated 19 
laydown areas. 20 

H-B3.6.3 Removal and Disposal of the Asphalt Pad 21 

Demolition of the asphalt pad will primarily be accomplished utilizing large equipment to rubblize the 22 
asphalt. Large equipment, such as an excavator with a hoe-ram, front loader, or backhoe, will be used to 23 
perform the rubblizing. Water may be used to control dust generated from demolition activities. 24 
The amount of water used will be minimized to prevent ponding and runoff. Additional storm water run-25 
on and runoff controls may be implemented, as needed. Disposal will occur at an approved disposal 26 
facility. 27 

Crusting agents or fixatives will be applied to any disturbed portion of the demolition area and excavation 28 
site when deemed necessary. For example, if wind should arise, fixative will be applied to prevent the 29 
spread of dust particulates from the work site. 30 

H-B3.7 Identifying and Managing Waste Generated from Closure Activities 31 

Closure activities for the CWC Shipping and Receiving Area DWMU will result in the generation debris 32 
from demolition and possibly of contaminated environmental media (soil) requiring management and 33 
disposal. Waste generated during closure activities will be managed as a newly generated waste stream in 34 
accordance with WAC 173-303-610(5). Waste generated during the closure period must be properly 35 
disposed. The newly generated waste must be handled in accordance with all applicable requirements of 36 
WAC 173-303-170 through WAC 173-303-230. 37 
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Management and disposal of waste generated during closure will be documented and included with the 1 
clean closure documentation included in Section H-B3.12. 2 

H-B3.7.1 Debris from Demolition 3 

Debris from demolition generated during closure will be packaged onsite and transported to an approved 4 
disposal facility. Debris includes, but is not limited to, the following types of wastes resulting from the 5 
demolition of the asphalt: 6 

 Equipment and construction materials 7 

 Asphalt and associated rubblized debris 8 

 Miscellaneous waste (e.g., rubber, glass, paper, PPE, cloth, plastic, and metal) 9 

Preferred management of debris resulting from demolition of the asphalt pad is in bulk form. Bulk waste 10 
will be placed into bulk containers, such as roll-off boxes, to transport for disposal. These bulk containers 11 
will be stored in a suitable area in proximity to the DWMU area or may be accumulated for up to 90 days 12 
in another suitable location. Bulk containers of waste will be covered when waste is not being added or 13 
removed. Lightweight material (e.g., plastic and paper) will be bagged, if appropriate, prior to placement 14 
in the bulk container to eliminate the potential for materials blowing out of the bulk container. 15 

Debris will be containerized, labeled, and sampled (if necessary) for waste characterization. Waste subject 16 
to LDR requirements of WAC 173-303-140, which includes by reference 40 CFR 268, will be 17 
characterized, designated, stored, and/or treated, as applicable, prior to disposal in an approved disposal 18 
facility. 19 

H-B3.8 Identifying and Managing Contaminated Environmental Media 20 

If contaminated environmental media (soil) is identified as a result of clean closure verification sampling 21 
activities (i.e., samples indicate contamination above clean closure standards), the nature and extent of 22 
contamination will be evaluated. Soil surrounding the node location, which identified contamination 23 
above clean closure levels, will be removed up to the diameter distance to the adjacent node locations and 24 
approximately 1 m (3 ft) below the surface. Contaminated soil will be removed using equipment capable 25 
of removing the quantity of material required to complete removal and clean close the DWMU. Following 26 
removal of contaminated soil, additional confirmatory sampling will be conducted in the location of the 27 
original node. This process will continue until analytical results of confirmatory soil samples prove that 28 
clean closure levels have been achieved. 29 

Contaminated soil will be managed as a newly generated waste stream in accordance with 30 
WAC 173-303-610(5). Contaminated soil must be handled in accordance with all applicable requirements 31 
of WAC 173-303-170 through WAC 173-303-230. The contaminated soil will be containerized, labeled, 32 
and sampled (if necessary) for waste characterization. Waste subject to LDR requirements of 33 
WAC 173-303-140, which includes by reference 40 CFR 268, will be characterized, designated, stored, 34 
and/or treated, as applicable, prior to disposal in an approved disposal facility. 35 

Management and disposal of the contaminated environmental media will be documented and included 36 
with the clean closure documentation included in Section H-B3.12. 37 

H-B3.9 Confirming Clean Closure 38 

The CWC Shipping and Receiving Area will be clean closed. Demonstration of clean closure standards 39 
will be accomplished through the sampling and analysis performed in accordance with the SAP 40 
(Section H-B3.10) The SAP consists of random grid sampling with judgmental sampling on areas 41 
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identified as a potential area of concern during the visual inspections (i.e., areas where staining, cracks, or 1 
other openings in the asphalt pad that may have allowed a release of waste to the underlying soil). 2 

Confirmation sampling will be conducted in accordance with the SAP detailed in Section H-B3.10 to 3 
confirm that soil unrestricted use cleanup standards (MTCA [WAC 173-340] Method B) have been 4 
achieved. If sample results indicate contamination above clean closure levels, soil will be removed and 5 
managed in accordance with Section H-B3.8. Once analytical results confirm clean closure levels of the 6 
target analytes, a clean closure certification will be prepared in accordance with Section H-B3.12. 7 

H-B3.10 Sampling and Analysis and Constituents to Be Analyzed 8 

The SAP summarizes the sampling design used and associated assumptions based on the knowledge of 9 
the CWC Shipping and Receiving Area DWMU. The sampling design includes input parameters used to 10 
determine the number and location of samples. 11 

H-B3.10.1 Sampling and Analysis Plan 12 

Sampling and analysis of soil beneath the CWC Shipping and Receiving Area asphalt pad will be 13 
conducted to confirm that clean closure levels have been achieved. All sampling and analysis will be 14 
performed in accordance with the sampling and quality standards established in this closure SAP. 15 
The closure SAP details sampling and analysis procedures in accordance with SW-846, Test Methods for 16 
Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Update V; ASTM 17 
International, formerly the American Society for Testing and Materials (ASTM), Annual Book of ASTM 18 
Standards; and applicable U.S. Environmental Protection Agency (EPA) guidance. Sampling and analysis 19 
activities will meet applicable requirements of SW-846, ASTM standards, EPA-approved methods, and 20 
DOE/RL-96-68, Hanford Analytical Services Quality Assurance Requirements Document (HASQARD), 21 
at the time of closure. This SAP was also developed using Ecology Publication 94-111, Section 7.0, 22 
“Sampling and Analysis for Clean Closure,” and EPA/240/R-02/005 (EPA QA/G-5S). 23 

H-B3.10.2 Target Analytes 24 

The CWC Shipping and Receiving Area is an active portion of the CWC-WRAP OUG; therefore, target 25 
analytes at closure may include any or all analytes based on the waste codes permitted in the 26 
CWC-WRAP Hanford Facility RCRA Permit (WA7890008967) Part A (Attachment B, Section 27 
XIV-Description of Dangerous Wastes). A waste management report identifying waste codes historically 28 
managed at CWC Shipping and Receiving Area was run to identify the existing target analytes. 29 
Table H-B1 details the waste codes identified and the target analytes associated with those waste codes. 30 
Additional target analytes may be identified upon review of the waste tracking records for the DWMU 31 
upon receipt of the final waste. A permit modification updating the SAP with specific target analytes will 32 
be submitted, if necessary, in accordance with WAC 173-303-610(3)(b), 45 days prior to the 33 
DWMU closure. 34 

Table H-B1. Target Analyte List 

Target Analyte 
(Waste Code) CAS Number 

Target Analyte 
(Waste Code) CAS Number 

Arsenic (D004) 7440-38-2 Barium (D005) 7440-39-3 

Cadmium (D006) 7440-43-9 
Chromium (Hexavalent) 
(D007)  

18540-29-9 

Lead (D008)  7439-92-1 Mercury (D009) 7439-97-6 

Selenium (D010) 7782-49-2 Silver (D011)  7440-22-4 
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Table H-B1. Target Analyte List 

Target Analyte 
(Waste Code) CAS Number 

Target Analyte 
(Waste Code) CAS Number 

Endrin (D012) 72-20-8 Lindane (D013) 58-89-9 

2,4-Dichlorophenoxyacetic 
Acid (D016) 

94-75-7 
Benzene (D018) (F005) 
(U019) 

71-43-2 

Carbon Tetrachloride (D019) 
(F001) (U211) 

56-23-5 Chlordane (D020) 57-74-9

Chlorobenzene (D021) 
(F002) (U037) 

108-90-7 Chloroform (D022) (U044) 67-66-3 

o-Cresol (D023) (F004) 95-48-7 m-Cresol (D024) (F004) 108-39-4 

p-Cresol (D025) (F004) 106-44-5 
Cresol (Cresylic Acid)a, e 
(D026) (F004) 

1319-77-3 

1,4-Dichlorobenzene (D027) 106-46-7 1,2-Dichloroethane (D028) 107-06-2 

1,1-Dichloroethylene (D029) 75-35-4 2,4-Dinitrotoluene (D030) 121-14-2 

Heptachlor (D031) 76-44-8 Heptachlor Epoxide (D031) 1024-57-3 

Hexachlorobenzene (D032) 118-74-1 Hexachlorobutadiene (D033) 87-68-3 

Hexachloroethane (D034) 67-72-1 
Methyl Ethyl Ketone (D035) 
(F005) (U159) 

78-93-3 

Nitrobenzene (D036) (F004) 
(U169) 

98-95-3 Pentachlorophenol (D037) 87-86-5

Pyridine (D038) (F005) 
(U196) 

110-86-1 
Tetrachloroethylene (D039) 
(F001) (F002) (U210) 

127-18-4 

Trichloroethylene (D040) 
(F001) (F002) (U228) 

79-01-6 
2,4,5-Trichlorophenol 
(D041) 

95-95-4 

2,4,6-Trichlorophenol (D042) 88-06-2 
Vinyl Chloride (D043) 
(U043) 

75-01-4 

Methylene Chloride (F001) 
(F002) (U080) 

75-09-2 
1,1,1-Trichloroethane (F001) 
(F002) (U226) 

71-55-6 

CFCsg (F001) (F002) Not Applicable 
1,1,2-Trichloro-1,2,2-
Trifluoroethane (CFC-133)h 
(F002) 

76-13-1 

Ortho-Dichlorobenzene 
(F002) 

95-50-1 
Trichlorofluoromethane 
(CFC-11)h (F002) (U121) 

75-69-4 

1,1,2-Trichloroethane (F002) 79-00-5 Xylenes (F003) (U239) 1330-20-7 

Acetone (F003) (U002) 67-64-1 Ethyl Acetate (F003) (U112) 141-78-6 

Ethyl Benzene (F003) 100-41-4 Ethyl Ether (F003) (U117) 60-29-7 

Methyl Isobutyl Ketone 
(F003) (U161) 

108-10-1 
n-Butyl Alcohol (F003) 
(U031) 

71-36-3 

Cyclohexanone (F003) 
(U057) 

108-94-1 Methanol (F003) (U154) 67-56-1 

Toluene (F005) (U220) 108-88-3 
Carbon Disulfide (F005) 
(P022) 

75-15-0 

Isobutanol (F005) 78-83-1 
2-Ethoxyethanolf (F005) 
(U359) 

110-80-5 

2-Nitropropaned, e (F005) 79-46-9 Arsenic Trioxidee (P012) 1327-53-3 

Chloroacetaldehydee (P023) 107-20-0 p-Chloroaniline (P024) 106-47-8 

Copper Cyanideb (P029) 544-92-3 Cyanide (P030) 57-12-5 

p-Nitroanilinee (P077) 100-01-6 Potassium Cyanideb (P098) 151-50-8 
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Table H-B1. Target Analyte List 

Target Analyte 
(Waste Code) CAS Number 

Target Analyte 
(Waste Code) CAS Number 

Propargyl Alcoholl (P102) 107-19-7 Sodium Azidei (P105) 26628-22-8 

Sodium Cyanideb (P106) 143-33-9 
Vanadic Acid, Ammonium 
Salte (P119) 

7803-55-6 

Vanadium Pentoxideg (P120) 1314-62-1 Acetaldehydee (U001) 75-07-0 

Acetonitrilee (U003) 75-05-8 Acetophenone (U004) 98-86-2 

Acetyl Chloridee (U006) 75-36-5 Acrylamide (U007) 79-06-1 

Aniline (U012) 62-53-3 Dichloroethyl Ether (U025) 111-44-4 

Epichlorohydrink (U041) 106-89-8 Cyclohexanee (U056) 110-82-7 

Dibenzo(a,h)anthracene 
(U063) 

53-70-3 1,4-Dioxane (U108) 123-91-1

Fluoranthene (U120) 206-44-0 Formaldehyde (U122) 50-00-0 

Formic Acid (U123) 64-18-6 Hydrazinec (U133) 302-01-2 

Hydrofluoric Acide (U134) 7664-39-3 Lead (II) Acetate e (U144) 301-04-2 

3-Methylcholanthrenee 
(U157) 

56-49-5 
Methyl Ethyl Ketone 
Peroxidee (U160) 

1338-23-4 

Methyl Methacrylate (U162) 80-62-6 Naphthalene (U165) 91-20-3 

p-Nitrophenole (U170) 100-02-7 
N-Nitroso-di-n-butylamine 
(U172) 

924-16-3 

Phenol (U188) 108-95-2 Sulfur Phosphidee (U189) 1314-80-3 

1,3-Benzenediole (U201) 108-46-3 Tetrahydrofurane (U213) 109-99-9 

Thallium Nitratej (U217) 10102-45-1 
Thioacetamidee (U218) 62-55-5 

p-Toluidinel (U353) 106-49-0 

a. The closure performance standard for cresol will be achieved through analysis of its three isomeric forms: o-cresol, m-cresol, and p-cresol.

b. Analyzed as total cyanide.

c. Due to the volatile and reactive nature of hydrazine, quantitation is difficult, and its presence in soil samples is highly unlikely; therefore, 
samples will not be analyzed for hydrazine. 

d. The closure performance standard for 2-nitropropane was removed in the May 2014 EPA CLARC table updates. This analyte will not be 
analyzed for due to the unavailability of a closure performance standard. 

e. This analyte is removed from further consideration because it is not listed in the EPA CLARC table.

f. Due to the extremely short half-life of 2-ethoxyethanol (between 168 hours and 672 hours), its presence in soil samples is highly unlikely;
therefore, samples will not be analyzed for 2-ethoxyethanol. 

g. Vanadium pentoxide will be analyzed as vanadium.

h. CFC is an organic compound that contains only carbon, chlorine, and fluorine, produced as a volatile derivative of methane, ethane, and
propane. Examples of CFCs include 1,1,2-trichloro-1,2,2-trifluoroethane (CFC-133) and trifluoromethane (CFC-11). 

i. Sodium azide is reactive with moisture and therefore is highly unlikely to be present in environmental soil samples; thus, samples will not 
be analyzed for sodium azide. 

j. Thallium nitrate will be analyzed as thallium.

k. Due to the volatile and reactive nature of epichlorohydrin, quantitation is difficult, and its presence in soil samples is highly unlikely;
therefore, samples will not be analyzed for epichlorohydrin. 
l. Analyte is being removed from further consideration because historically it has not been analyzed for on the Hanford Facility within the last 
25 years. 

CAS = Chemical Abstracts Service 

CFC = chlorinated fluorocarbon 

1 
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H-B3.10.3 SAP Schedule 1 

Confirmation closure sampling and analysis will be performed in accordance with the closure plan 2 
schedule in Section H-B4. 3 

H-B3.10.4 Project Management 4 

The following subsections address project management and ensure the project has defined goals, 5 
participants understand the goals and approaches used, and planned outputs are appropriately 6 
documented. Project management roles and responsibilities discussed in this section apply to the major 7 
activities covered under the SAP. 8 

3.10.4.1 Project/Task Organization 9 

The Permittee is responsible for planning, coordinating, sampling, preparing, packaging, and shipping 10 
samples to the laboratory. The project organization (regarding sampling and characterization) is described 11 
in the following subsections and shown graphically in Figure H-B3. 12 

13 

Figure H-B3. CWC Shipping and Receiving Area Sampling and Analysis Plan Project Organization 14 
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The project has several key positions, including the following: 1 

 Lead Regulatory Agency Project Manager: Ecology has assigned project managers responsible for 2 
oversight of the CWC Shipping and Receiving Area DWMU closure. 3 

 Project Manager and Technical Lead: The Project Manager provides oversight of closure activities 4 
and coordinates with the DOE Richland Operations Office (DOE-RL), EPA, Ecology, and contract 5 
management. The Project Manager (or designee) for the CWC Shipping and Receiving Area DWMU 6 
closure sampling is responsible for direct management of sampling documents and requirements, field 7 
activities, and subcontracted tasks. The Project Manager is responsible for ensuring that project 8 
personnel are working to the current version of the SAP. The Project Manager works closely with 9 
Health and Safety and the Field Work Supervisor (FWS) to integrate these and other lead disciplines 10 
in planning and implementing the work scope. The Project Manager also coordinates with DOE-RL 11 
and the primary contractor management on all sampling activities. The Project Manager supports 12 
DOE-RL in coordinating sampling activities with the regulators. 13 

 Environmental Compliance Officer: The Environmental Compliance Officer provides technical 14 
oversight, direction, and acceptance of project and subcontracted environmental work, and develops 15 
appropriate mitigation measures with a goal of minimizing adverse environmental impacts. 16 

 Health and Safety: The Health and Safety organization is responsible for coordinating industrial 17 
safety and health support within the project, as carried out through health and safety plans, job hazard 18 
analyses, and other pertinent safety documents required by federal regulation or by internal primary 19 
contractor work requirements. 20 

 Waste Management Lead: The Waste Management organization communicates policies and 21 
protocols, and ensures project compliance for storage, transportation, disposal, and waste tracking. 22 

 Field Work Supervisor: The FWS is responsible for planning and coordinating field sampling 23 
resources. The FWS ensures that samplers are appropriately trained and available. Additional related 24 
responsibilities include ensuring that the sampling design is understood and can be performed as 25 
specified. 26 

 Sample Management and Reporting: The Permittee’s sampling organization coordinates field 27 
sampling as well as laboratory analytical work, ensuring that laboratories conform to Hanford Facility 28 
internal laboratory QA requirements (or their equivalent), as approved by DOE-RL, EPA, and 29 
Ecology. The sampling organization receives the analytical data from the laboratories, performs data 30 
entry into the Hanford Environmental Information System (HEIS) database, and arranges for data 31 
validation. The sampling organization is responsible for informing the Project Manager of any issues 32 
reported by the analytical laboratory. 33 

 Contract Laboratories: The contract laboratories analyze samples in accordance with established 34 
procedures and provide necessary sample reports and explanation of results in support of 35 
data validation. 36 

H-B3.10.5 Sampling Design 37 

The primary purpose of sampling the underlying soil is to determine if analytical data values exceed the 38 
MTCA (WAC 173-340) Method B clean closure performance standards (Table H-B4).  39 

This SAP utilized Ecology Publication #94-111, Section 7.0, to determine the type of sampling design 40 
that will be utilized to demonstrate clean closure. When designing the sampling plan, both focused and 41 
area wide (grid) sampling methods were considered. Ecology Publication #94-111 (Section 7.2.1) 42 
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identifies that area wide sampling is appropriate when the spatial distribution of contamination at or from 1 
the closure unit is uncertain. Ecology Publication #94-111, Section 7.3, “Sampling to Determine or 2 
Confirm Clean Closure,” identifies the area wide sampling approach as generally appropriate for 3 
sampling to determine or confirm that clean closure levels are achieved. 4 

Area Wide (Grid) Sampling: Samples are collected at regularly spaced intervals over space or time. 5 
An initial location or time is chosen at random, and the remaining sampling locations are defined so that 6 
locations are at regular intervals over an area (grid). Grid sampling is used to search for hot spots and 7 
infer means, percentiles, or other parameters. It is useful for estimating spatial patterns or trends over 8 
time. This design provides a practical method for designating sample locations and ensures uniform 9 
coverage of a site, unit, or process. 10 

Focused sampling, as identified in Section 7.2.2 of Ecology Publication 94-111, is selective sampling of 11 
areas where contamination is expected or releases have been documented. After completion of the records 12 
review and visual inspection of the asphalt pad, a determination will be made to identify if focused 13 
sampling is appropriate. The location of focused samples, if any, will be identified and recorded as 14 
required in Section H-B3.10.12. 15 

Judgmental (Focused) Sampling: Selection of sampling units (i.e., the number and location and/or 16 
timing of collecting samples) is based on knowledge of the feature or condition under investigation and 17 
on professional judgment. Focused sampling is distinguished from probability-based sampling in that 18 
inferences are based on professional judgment, not statistical scientific theory. Therefore, conclusions 19 
about the target population are limited and depend entirely on the validity and accuracy of professional 20 
judgment. Probabilistic statements about parameters are not possible. 21 

The number and location of area wide samples were determined utilizing the Visual Sample Plan (VSP) 22 
software. VSP is a tool used throughout Washington State and nationally that statistically determines the 23 
quantity of samples required to accept or reject the null hypothesis based on input parameters specific to 24 
the DWMU. 25 

Both parametric and nonparametric equations rely on assumptions about the data population. Typically, 26 
however, nonparametric equations require fewer assumptions and allow for more uncertainty about the 27 
distribution of data. Alternatively, if parametric assumptions are valid, the required number of samples is 28 
usually less than if a nonparametric equation was used. For the CWC Shipping and Receiving Area 29 
DWMU, data assumptions were largely based on information obtained from a grouping of similar waste 30 
sites with the same type of constituents. Parameters from the 200-MG-1 waste sites were approved by 31 
Ecology in the SAP (DOE/RL-2009-60, Sampling and Analysis Plan for Selected 200-MG-1 Operable 32 
Unit Waste Sites), evaluated, deemed appropriate, and utilized for the input parameters. VSP parameter 33 
inputs and the basis for those inputs are detailed in Table H-B2. 34 

The decision rule for demonstrating compliance with the MTCA (WAC 173-340) Method B clean closure 35 
level has three parts: 36 

 The 95 percent upper confidence limit on the true data mean must be less than the MTCA 37 
(WAC 173-340) Method B clean closure level. 38 

 No sample concentration can be more than twice the cleanup level. 39 

 Less than 10 percent of the samples can exceed the cleanup level. 40 

41 
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Table H-B2. Visual Sample Plan Parameter Inputs 

Parameter Value Basis 

Primary Objective of the 
Sampling Design 

Compare a site mean or 
median to a fixed threshold 

Reject the null hypothesis. 

Type of Sampling Design Nonparametric Data are not assumed to be normally distributed. 

Working Null Hypothesis The mean value at the site 
exceeds the threshold (WAC 
173-340 “Model Toxics 
Control Act—Cleanup,” 
Method B closure 
performance standards) 

The null hypothesis assumes that the site is dirty requiring the sampling and 
analysis to demonstrate through statistical analysis that the site is clean. 

Area Wide Grid Sampling 
Pattern 

Triangular  A triangular pattern provided an even distribution of sample locations over the 
CWC Shipping and Receiving Area dangerous waste management unit. 

Standard Deviation (S) 0.45 This is the assumed standard deviation value relative to a unit action level for the 
sampling area. The value of 0.45 is conservative, based on consideration of past 
verification sampling. MARSSIM suggests 0.30 as a starting point; however, 0.45 
has been selected to be more conservative. (Number of samples calculated increases 
with higher standard deviation values relative to a unit action level.) 

Delta (Δ) 0.40 This is the width of the gray region. It is a user-defined value relative to a unit 
action level. The value of 0.40 balances unnecessary remediation cost with 
sampling cost. 

Alpha (α) 5% This is the acceptable error of deciding a dirty site is clean when the true mean is 
equal to the action level. It is a maximum error rate since dirty sites with a true 
mean above the action level will be easier to detect. A value of 5% was chosen as a 
practical balance between health risks and sampling cost. 

Beta (β) 20% This is the acceptable error of deciding a clean site is dirty when the true mean is at 
the lower bound of the gray region. A value of 20% was chosen during the data 
quality objectives process as a practical balance between unnecessary remediation 
cost and sampling cost. 

MARSSIM Sampling 
Overage 

20% MARSSIM suggests that the number of samples should be increased by at least 
20% to account for missing or unusable data and uncertainty in the calculated value 
of n. 

Reference: EPA 402-R-97-016, Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM). 

1 
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Using a nonparametric test and the input parameters identified in Table H-B2, VSP calculated that a 1 
minimum of 20 samples is required to reject the null hypotheses with 95 percent confidence and ensure 2 
that the DWMU would not be mistakenly released as clean. For the purpose of utilizing VSP software, the 3 
null hypothesis compares a site mean to a fixed threshold. Data will be evaluated to ensure that less than 4 
10 percent of individual values exceed MTCA (WAC 173-340) Method B clean closure performance 5 
standards and no values are more than twice the cleanup level.  6 

Sample locations (Figure H-B4) were determined using the area wide grid with a random start sampling 7 
method run in VSP. Statistical analysis of systematically collected data is valid if a random start to the 8 
grid is used. The CWC Shipping and Receiving Area DWMU dimensions were entered into VSP to 9 
determine the locations of samples. The triangular grid sampling layout was determined to have an even 10 
distribution over each sampling area providing the most representative data set including coverage of the 11 
middle portion of the sampling area. The 20 samples will be taken from the node locations indicated by 12 
VSP (Attachment H-B.a) and will be assigned sample location identifications and sample numbers using 13 
HEIS. The northwest corner of the outside storage area is considered the (0,0) point of the sampling 14 
location map in Attachment H-B.a. 15 

16 

Figure H-B4. Sample Locations for the CWC Shipping and Receiving Area 17 

The first node location was chosen at random by VSP, and the subsequent 19 sample locations were 18 
assigned by VSP using a triangular grid sampling layout. Supporting documentation and the sampling 19 
grid map automatically generated by VSP are documented in Attachment H-B.a. 20 

H-B3.10.6 Sampling Methods and Handling 21 

A grab sample matrix will consist of soil collected in pre-cleaned sample containers taken at a depth of 22 
approximately 0 to 15 cm (0 to 6 in.) below ground surface and within an approximate 1 m (3 ft) radius 23 
surrounding the node location. For the purpose of this SAP, ground surface is defined as the exposed 24 
surface layer once the asphalt pad has been removed. Subsurface sampling (samples collected at depths 25 
greater than approximately 15 cm [6 in.] below ground surface) will be evaluated, based on results of the 26 
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records review. If subsurface sampling is deemed necessary, a permit modification will be submitted in 1 
accordance with Section H-B3.10.14.  2 

Once the soil is sampled, the sampled media will be screened to remove material larger than 3 
approximately 2 mm (0.08 in.) in diameter, which allows for a larger surface area to volume ratio and, 4 
therefore, increasing the likelihood of identifying any potential contamination in the sample. Grab 5 
samples will be collected into containers at the chosen node sample locations. To ensure sample and data 6 
usability, sampling will be performed in accordance with established sampling practices, procedures, and 7 
requirements pertaining to sample collection, collection equipment, and sample handling. Sampling 8 
generally includes the following activities: 9 

 Generating a sample request  10 

 Sample container and equipment preparation 11 

 Field walk down of sample area (includes marking sample locations) 12 

 Sample collection 13 

 Sample packaging, transportation, and shipping. 14 

Sample container, preservation, and holding time requirements are specified in Table H-B3 for soil 15 
samples. These requirements are in accordance with the analytical method specified. The final container 16 
type and volumes will be identified on the Sampling Authorization Form (SAF) and chain-of-custody 17 
form. 18 

Table H-B3. Preservation, Container, and Holding Time Requirements for Soil Samples 

Method Analysis/Analytes 
Preservation 
Requirement Holding Time 

Container 
Type 

Sample 
Size 

EPA 6010  Metals by ICP-OES Cool ≤6°C 180 days G/P/PTFE 20 g

EPA 6020 Metals by ICP-MS Cool ≤6°C 180 days G/P 20 g

EPA 7196 Chromium (Hexavalent) Cool ≤6°C 30 days prior to 
extraction; 

24 hours after 
extractions 

G/P 20 g 

EPA 7471  Mercury by Cold Vapor 
Atomic Absorption 

Cool ≤6°C 28 days G/P/PTFE 15 g 

EPA 8032 
(Modified) 

Acrylamide by GC Cool ≤6°C 14 days to extraction 
/ 40 days after 

extraction 

G 30 g

EPA 8085 Independent Elemental 
Quantitation of 
Pesticides by GC with 
AED 

Cool ≤6°C 14 days prior to 
extraction; 40 days 

after extraction 

G with 
PTFE 

lined lid 

250 g 

EPA 8260 Volatile Organic 
Compounds by GC/MS 

Cool ≤6°C 14 days VOA vial 
with PTFE 

lined lid 

5 × 40 g 

EPA 8270 Semivolatile Organic 
Compounds by GC/MS 

Cool ≤6°C 14 days prior to 
extraction; 40 days 

after extraction 

AG with 
PTFE-

lined lid 

250 g 

EPA 8315 Determination of 
Carbonyl Compounds 
by HPLC 

Cool ≤6°C 3 days prior to 
extraction; 3 days 

after extraction 

G with 
PTFE 

lined lid 

100 g, zero 
headspace 
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Table H-B3. Preservation, Container, and Holding Time Requirements for Soil Samples 

Method Analysis/Analytes 
Preservation 
Requirement Holding Time 

Container 
Type 

Sample 
Size 

EPA 9012 Cyanide Cool ≤4°C 14 days G/P/PTFE 15 g 

EPA 9056 Anions Cool ≤6°C 28 days prior to 
extraction; 48 hours 

after extraction 

G/P 250 g 

AED = atomic emission detection 

AG = amber glass 

EPA = U.S. Environmental Protection Agency 

G = glass 

GC = gas chromatography 

HPLC = high performance liquid 
 chromatography 

ICP = inductively coupled plasma 

MS = mass spectrometry 

OES = optical emission spectrometry 

P = plastic 

PTFE = polytetrafluoroethylene 

VOA = volatile organic analysis 

1 

To prevent potential contamination of samples, care will be taken to use decontaminated equipment for 2 
each sampling activity. 3 

EPA Level 1 precleaned sample containers will be used for samples collected for chemical analysis. 4 
Container sizes may vary depending on laboratory specific volumes/requirements for meeting analytical 5 
quantitation limits. 6 

The sample location, depth, and corresponding HEIS numbers will be documented in the sampler’s field 7 
logbook. A custody seal (e.g., evidence tape) will be affixed to each sample container and/or sample 8 
collection package in such a way as to indicate potential tampering.  9 

Each sample container will be labeled with the following information on firmly affixed, water 10 
resistant labels: 11 

 SAF and form number 12 

 HEIS number 13 

 Sample collection date and time 14 

 Sampler identification 15 

 Analysis required 16 

 Preservation method (if applicable). 17 

Sample records must include the following information: 18 

 Analysis required 19 

 Sample location 20 

 Matrix (e.g., soil). 21 

Sample custody will be maintained in accordance with existing Hanford Facility protocols to ensure 22 
maintenance of sample integrity throughout the analytical process. Chain-of-custody protocols will be 23 
followed throughout sample collection, transfer, analysis, and disposal to ensure that sample integrity 24 
is maintained. 25 

All waste (including unexpected waste) generated by sampling activities will be containerized and 26 
labeled. Waste subject to the LDR requirements of WAC 173-303-140, which includes by reference 27 
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40 CFR 268, will be characterized, designated, stored, and/or treated, as applicable, prior to disposal in an 1 
approved disposal facility. 2 

H-B3.10.7 Analytical Methods 3 

All analyses will be performed consistent with this closure plan, laboratory analytical procedures, and 4 
HASQARD (DOE/RL-96-68). The approved laboratory must achieve the lowest practical quantitation 5 
limits (PQLs) consistent with the selected analytical method to confirm clean closure levels. If a target 6 
analyte is detected at or above the clean closure level but less than the PQL of the analytical method, 7 
Ecology will be notified and alternatives will be discussed to demonstrate clean closure levels.  8 

Analytical methods and performance requirements associated with the target analytes are outlined in 9 
Table H-B4. 10 

H-B3.10.8 Quality Control 11 

Quality control (QC) procedures must be followed in the field and laboratory to ensure that reliable data 12 
are obtained. Field QC samples will be collected to evaluate the potential for cross-contamination and 13 
provide information pertinent to field sampling variability. Laboratory QC samples estimate the precision 14 
and bias of the analytical data. Field and laboratory QC samples are summarized in Table H-B5. 15 

A data quality assessment (DQA) will be performed utilizing the guidance in EPA/240/B-06/002, Data 16 
Quality Assessment: A Reviewer’s Guide (EPA QA/G-9R), and implementing the specific requirements in 17 
Sections H-B3.10.8 through H-B3.10.10. 18 

Data verification, data validation, and DQA will include both primary samples and QC samples. 19 

H-B3.10.9 Data Verification 20 

Analytical results will be received from the laboratory, loaded into a database (e.g., HEIS), and verified. 21 
Verification includes, but is not limited to, the following activities: 22 

 Amount of data requested matches the amount of data received (number of samples for requested 23 
methods of analytes). 24 

 Correct procedures/methods are used. 25 

 Documentation/deliverables are complete. 26 

 Hard copy and electronic versions of data are identical. 27 

 Data seem reasonable based on analytical methodologies. 28 

H-B3.10.10 Data Validation 29 

Data validation is performed by a third party. The laboratory supplies contract laboratory program 30 
equivalent analytical data packages intended to support data validation by the third party. The laboratory 31 
submits data packages that are supported by QC test results and raw data. 32 

Controls are in place to preserve the data sent to the validators and allow only additions to be made, not 33 
changes to the raw data. 34 

The format and requirements for data validation activities are based upon the most current version of 35 
USEPA-540-R-08-01, National Functional Guidelines for Superfund Organic Methods Data Review 36 
(OSWER 9240.1-48), and USEPA-540-R-10-011, National Functional Guidelines for Inorganic 37 
Superfund Data Review (OSWER 9240.1-51). As defined by the validation guidelines, 5 percent of the 38 
results will undergo Level C validation. 39 
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Table H-B4. Soil Analytical Performance Requirements 

Chemical 
Abstracts 

Service 
Number Analytea Analytical Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% 
Recovery)c 

Precision Req’t 
(Relative 
Percent 

Difference)c Carcinogen Noncarcinogen

7440-38-2 Arsenic SW-846 Method 6020 6.67E-01 2.40E+01 2.00E-01 ±30 ≤30 

7440-39-3 Barium SW-846 Method 6010 -- 1.60E+04 2.00E+00 ±30 ≤30 

7440-43-9 Cadmium SW-846 Method 6010 -- 8.00E+01 5.00E-01 ±30 ≤30 

18540-29-9 Chromium (Hexavalent) SW-846 Method 7196 -- 2.40E+02 5.00E-01 ±30 ≤30 

7439-92-1 Leadb SW-846 Method 6010 -- 2.50E+02 5.00E+00 ±30 ≤30 

7439-97-6 Mercuryd SW-846 Method 7471 -- 2.40E+01 2.00E-01 ±30 ≤30 

7782-49-2 Selenium SW-846 Method 6010 -- 4.00E+02 1.00E+01 ±30 ≤30 

7440-22-4 Silver SW-846 Method 6010 -- 4.00E+02 1.00E+00 ±30 ≤30 

72-20-8 Endrin SW-846 Method 8270 -- 2.40E+01 3.30E-03 ±30 ≤30 

58-89-9 Lindane  SW-846 Method 8270 9.09E-01 2.40E+01 1.65E-03 ±30 ≤30 

94-75-7 
2,4-Dichlorophenoxyacetic 
Acid 

SW-846 Method 8085 -- 8.00E+02 4.00E-01 ±30 ≤30 

71-43-2 Benzene SW-846 Method 8260 1.82E+01 3.20E+02 5.00E-03 ±30 ≤30 

56-23-5 Carbon Tetrachloride SW-846 Method 8260 1.43E+01 3.20E+02 5.00E-03 ±30 ≤30 

57-74-9 Chlordane SW-846 Method 8270 2.86E+00 4.00E+01 1.65E-02 ±30 ≤30 

108-90-7 Chlorobenzene SW-846 Method 8260 -- 1.60E+03 5.00E-03 ±30 ≤30 

67-66-3 Chloroform SW-846 Method 8260 3.23E+01 8.00E+02 5.00E-03 ±30 ≤30 

95-48-7 o-Cresol SW-846 Method 8270 -- 4.00E+03 3.30E-01 ±30 ≤30 

108-39-4 m-Cresol SW-846 Method 8270 -- 4.00E+03 3.30E-01 ±30 ≤30 
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Table H-B4. Soil Analytical Performance Requirements 

Chemical 
Abstracts 

Service 
Number Analytea Analytical Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% 
Recovery)c 

Precision Req’t 
(Relative 
Percent 

Difference)c Carcinogen Noncarcinogen

106-44-5 p-Cresol SW-846 Method 8270 -- 8.00E+03 3.30E-01 ±30 ≤30 

106-46-7 1,4-Dichlorobenzene  SW-846 Method 8270 1.85E+02 5.60E+03 3.30E-01 ±30 ≤30 

107-06-2 1,2-Dichloroethane  SW-846 Method 8260 1.10E+01 4.80E+02 5.00E-03 ±30 ≤30 

75-35-4 1,1-Dichloroethylene  SW-846 Method 8260 -- 4.00E+03 1.00E-02 ±30 ≤30 

121-14-2 2,4-Dinitrotoluene SW-846 Method 8270 3.23E+00 1.60E+02 3.30E-01 ±30 ≤30 

76-44-8 Heptachlor  SW-846 Method 8270 2.22E-01 4.00E+01 1.65E-03 ±30 ≤30 

1024-57-3 Heptachlor Epoxide SW-846 Method 8270 1.10E-01 1.04E+00 1.65E-03 ±30 ≤30 

118-74-1 Hexachlorobenzene  SW-846 Method 8270 6.25E-01 6.40E+01 3.30E-01 ±30 ≤30 

87-68-3 Hexachlorobutadiene  SW-846 Method 8270 1.28E+01 8.00E+01 3.30E-01 ±30 ≤30 

67-72-1 Hexachloroethane SW-846 Method 8270 2.50E+01 5.60E+01 5.00E-03 ±30 ≤30 

78-93-3 
Methyl Ethyl Ketone 
(2- Butanone) SW-846 Method 8260 -- 4.80E+04 1.00E-02 ±30 ≤30 

98-95-3 Nitrobenzene SW-846 Method 8270 -- 1.60E+02 3.30E-01 ±30 ≤30 

87-86-5 Pentachlorophenol  SW-846 Method 8270 2.50E+00 4.00E+02 3.30E-01 ±30 ≤30 

110-86-1 Pyridine SW-846 Method 8260 -- 8.00E+01 5.00E-03 ±30 ≤30 

127-18-4 Tetrachloroethylene SW-846 Method 8260 4.76E+02 4.80E+02 5.00E-03 ±30 ≤30 

79-01-6 Trichloroethylene SW-846 Method 8260 1.20E+01 4.00E+01 5.00E-03 ±30 ≤30 

95-95-4 2,4,5-Trichlorophenol  SW-846 Method 8270 -- 8.00E+03 3.30E-01 ±30 ≤30 

88-06-2 2,4,6-Trichlorophenol  SW-846 Method 8270 9.09E+01 8.00E+01 3.30E-01 ±30 ≤30 

75-01-4 Vinyl Chloride SW-846 Method 8260 1.75E+02 2.40E+02 1.00E-02 ±30 ≤30 
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Table H-B4. Soil Analytical Performance Requirements 

Chemical 
Abstracts 

Service 
Number Analytea Analytical Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% 
Recovery)c 

Precision Req’t 
(Relative 
Percent 

Difference)c Carcinogen Noncarcinogen

75-09-2 Methylene Chloride SW-846 Method 8260 5.00E+02 4.80E+02 5.00E-03 ±30 ≤30 

71-55-6 1,1,1-Trichloroethane SW-846 Method 8260 -- 1.60E+05 5.00E-03 ±30 ≤30 

76-13-1 
1,1,2-Trichloro-1,2,2-
Trifluoroethane (CFC-133) SW-846 Method 8260 -- 2.40E+06 1.00E-02 ±30 ≤30 

95-50-1 
Ortho-Dichlorobenzene 
(1,2-Dichlorobenzene)

SW-846 Method 8270 -- 7.20E+03 3.30E-01 ±30 ≤30 

75-69-4 
Trichlorofluoromethane 
(CFC-11) 

SW-846 Method 8260 -- 2.40E+04 1.00E-02 ±30 ±30 

79-00-5 1,1,2-Trichloroethane SW-846 Method 8260 1.75E+01 3.20E+02 5.00E-03 ±30 ≤30 

1330-20-7  Xylenes SW-846 Method 8260 -- 1.60E+04 1.00E-02 ±30 ≤30 

67-64-1 Acetone SW-846 Method 8260 -- 7.20E+04 2.00E-02 ±30 ≤30 

141-78-6 Ethyl Acetate SW-846 Method 8260 -- 7.20E+04 5.00E+00 ±30 ≤30 

100-41-4 Ethyl Benzene SW-846 Method 8260 -- 8.00E+03 5.00E-03 ±30 ≤30 

60-29-7 Ethyl Ether SW-846 Method 8260 -- 1.60E+04 5.00E-03 ±30 ≤30 

108-10-1 
Methyl Isobutyl Ketone 
(4-Methyl-2-Pentanone) SW-846 Method 8260 -- 6.40E+03 1.00E-02 ±30 ≤30 

71-36-3 n-Butyl Alcohol (n-Butanol) SW-846 Method 8260 -- 8.00E+03 1.00E-01 ±30 ≤30 

108-94-1 Cyclohexanone SW-846 Method 8260 -- 4.00E+05 5.00E-02 ±30 ≤30 

67-56-1 Methanol SW-846 Method 8260 -- 1.60E+05 1.00E+00 ±30 ≤30 

108-88-3 Toluene SW-846 Method 8260 -- 6.40E+03 5.00E-03 ±30 ≤30 

75-15-0 Carbon Disulfide SW-846 Method 8260 -- 8.00E+03 5.00E-03 ±30 ≤30 

78-83-1 Isobutanol (Isbutyl Alcohol) SW-846 Method 8260 -- 2.40E+04 5.00E-01 ±30 ≤30 

106-47-8 
p-Chloroaniline  
(4-Chloroaniline) SW-846 Method 8270 5.00E+00 3.20E+02 3.30E-01 ±30 ≤30 

57-12-5 Cyanides SW-846 Method 9012 -- 4.80E+01 1.00E+00 ±30 ≤30 
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Table H-B4. Soil Analytical Performance Requirements 

Chemical 
Abstracts 

Service 
Number Analytea Analytical Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% 
Recovery)c 

Precision Req’t 
(Relative 
Percent 

Difference)c Carcinogen Noncarcinogen

7440-62-2 Vanadium SW-846 Method 6010 -- 4.00E+02 1.00E+00 ±30 ≤30 

98-86-2 Acetophenone SW-846 Method 8270 -- 8.00E+03 3.30E-01 ±30 ≤30 

79-06-1 Acrylamide  SW-846 Method 8032 2.00E+00 1.60E+02 5.00E-03 ±30 ≤30 

62-53-3 Aniline  SW-846 Method 8270 1.75E+02 5.60E+02 3.30E-01 ±30 ≤30 

111-44-4 
Dichloroethyl Ether  
[Bis (2-Chloroethyl) Ether] 

SW-846 Method 8270 9.09E-01 -- 3.30E-01 ±30 ≤30 

53-70-3 Dibenz(a,h)anthracene SW-846 Method 8270 1.37E-01 -- 3.30E-01 ±30 ≤30 

123-91-1 1,4-Dioxane  SW-846 Method 8260 1.00E+01 2.40E+03 5.00E-01 ±30 ≤30 

206-44-0 Fluoranthene  SW-846 Method 8270 -- 3.20E+03 3.30E-01 ±30 ≤30 

50-00-0 Formaldehyde SW-846 Method 8315 -- 1.60E+04 2.00E-01 ±30 ≤30 

64-18-6 Formic Acid  SW-846 Method 9056 -- 7.20E+04 2.00E+00 ±30 ≤30 

80-62-6 Methyl Methacrylate  SW-846 Method 8260 -- 1.12E+05 1.00E-02 ±30 ≤30 

91-20-3 Naphthalene  SW-846 Method 8270 -- 1.60E+03 3.30E-01 ±30 ≤30 

924-16-3 N-Nitroso-di-n-butylamine  SW-846 Method 8270 1.85E-01 -- 3.30E-01 ±30 ≤30 

108-95-2 Phenol SW-846 Method 8270 -- 2.40E+04 3.30E-01 ±30 ≤30 

7440-28-0 Thalliume SW-846 Method 6020 -- 4.30E-01 2.00E-01 ±30 ≤30 
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Table H-B4. Soil Analytical Performance Requirements 

Chemical 
Abstracts 

Service 
Number Analytea Analytical Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% 
Recovery)c 

Precision Req’t 
(Relative 
Percent 

Difference)c Carcinogen Noncarcinogen

Reference: SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Update V. 

Note: Due to the quantity and nature of waste stored in CWC Shipping and Receiving not presenting a threat to groundwater, and no documented release to the soil, no 
groundwater or ecological indicator MTCA cleanup standards (WAC 173-340-747, “Deriving Soil Concentrations for Groundwater Protection,” and WAC 173-340-7490, 
“Terrestrial Ecological Evaluation Procedures,” through WAC 173-340-7494, “Priority Contaminants of Ecological Concern”) are addressed.  

a. Unless otherwise noted, closure performance standards are the numeric cleanup levels calculated using unrestricted use exposure assumptions according to MTCA 
(WAC 173-340-740) Method B (unrestricted use standards). Where both carcinogen and noncarcinogen performance standards are available, the most conservative value will be 
used. 

b. Closure performance standards are the numeric cleanup levels calculated using unrestricted use exposure assumptions according to MTCA (WAC 173-340-740) Method A 
(unrestricted use standards). MTCA Method A values were used when MTCA Method B values were not available. 

c. Accuracy criteria for associated batch matrix spike percent recoveries. Evaluation based on statistical control of laboratory control samples is also performed. Precision 
criteria for batch laboratory replicate matrix spike analyses or replicate sample analyses. 

d. Equation 740-1 and Equation 740-2 from WAC 173-340-740(3)(b) are used to calculate MTCA Direct Contact Human Health soil cleanup levels. The MTCA human health 
direct contact soil cleanup level for mercury is calculated to be 24 mg/kg. 

e. Since there is no closure performance standard for thallium listed in the EPA CLARC tables, the calculated value is based off the closure performance standard for thallium 
nitrate (5.60E-01) which was multiplied by 0.76724 to obtain the closure performance standard for elemental thallium. This multiplication factor is based off of the assumption 
that any thallium present in the sample is in the form of thallium (I) nitrate. 

CFC = chlorinated fluorocarbon MTCA = “Model Toxics Control Act—Cleanup” 
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Table H-B5. Project Quality Control Sampling Summary 

Quality Control Sample 
Type Frequency Characteristics Evaluated 

Field Quality Control 

Trip Blanks 
One per 20 samples per media 
sampled 

One per cooler for VOCs 

Trip blanks are used to assess contamination 
from sample containers or during transportation 
and storage procedures. 

Field Blanks One per cooler for VOCs 
Field blanks are used to assess contamination 
from surrounding sources during sample 
collection. 

Equipment Rinsate Blanks 

As needed 

If only disposable equipment is 
used, then an equipment blank 
is not required  

Otherwise, one per 20 samples 
per analytical method per 
media sampled, or one per daya 

Equipment rinsate blanks are used to measure the 
cleanliness of sampling equipment and 
effectiveness of equipment decontamination 
procedures. 

Field Duplicates 
One per batchc, 20 samples 
maximum of each media 
sampled (soil samples) 

Field duplicates are used to assess the precision 
of the entire data collection activity, including 
sampling, analysis, and site heterogeneity. 

Laboratory Quality Controlb 

Method Blanks 1 per batchc Measures contamination associated with 
laboratory sample preparation and analysis. 

Lab Duplicates b Laboratory reproducibility and precision. 

Matrix Spikes One per 20 samplesb 
The spike recovery measures the effects of 
interferences in the sample matrix and reflects 
the accuracy of the determination. 

Matrix Spike Duplicates One per 20 samplesb 
The relative percent difference between matrix 
spike and matrix spike duplicate measures the 
precision of a given analysis. 

Surrogates b 
Surrogate standards are added prior to extraction 
of the sample to evaluate accuracy, method 
performance, and extraction efficiency. 

Laboratory Control 
Samples 

1 per batchc The laboratory control sample measures the 
accuracy of the analytical method. 

a. Whenever a new type of nondedicated equipment is used, an equipment blank shall be collected every time sampling occurs
until it can be shown that less frequent collection of equipment blanks is adequate to monitor the decontamination procedure 
for the nondedicated equipment. 

b. As defined in the analysis procedures.

c. Batching across projects is allowing for similar matrices.

VOC = volatile organic compound 

1 
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H-B3.10.11 Verification of VSP Input Parameters 1 

Analytical data will be entered back into VSP. If all analytical data for a particular analyte are 2 
nondetectable, verification of VSP input parameters is not required for that analyte. VSP software uses 3 
the analytical data to determine if the user input parameters were estimated appropriately. Once analytical 4 
data are entered into VSP, the software will calculate the true standard deviation and if the null hypothesis 5 
can be rejected. If the calculated standard deviation is smaller than the estimated user input standard 6 
deviation, no additional sampling will be required. If the calculated standard deviation is larger than the 7 
estimated standard deviation, additional sampling may be required. Comparison of the maximum data 8 
value for each analyte to the clean closure standards will ensure that all individual analytes are below the 9 
action levels. Verification of the null hypothesis through VSP will determine if the mean value of the site 10 
analytical data supports rejection of the null hypothesis (Section H-B2.1). 11 

H-B3.10.12 Documents and Records 12 

The Project Manager is responsible for ensuring that the current version of the SAP is being used and 13 
providing any updates to field personnel. Changes to the SAP will be submitted as a permit modification 14 
in accordance with WAC 173-303-610(3)(b). 15 

Logbooks are required for field activities. A logbook must be identified with a unique project name and 16 
number. The individual(s) responsible for logbooks will be identified in the front of the logbook, and only 17 
authorized persons may make entries in logbooks. Logbooks will be signed by the field manager, 18 
supervisor, cognizant scientist/engineer, or other responsible individual. Logbooks will be permanently 19 
bound, waterproof, and ruled with sequentially numbered pages. Pages will not be removed from 20 
logbooks for any reason. Entries will be made in indelible ink. Corrections will be made by marking 21 
through the erroneous data with a single line, entering the correct data, and initialing and dating 22 
the changes. 23 

The Project Manager is responsible for ensuring that a project file is properly maintained. The project file 24 
will contain the records or references to their storage locations. The following items will be included in 25 
the project file, as appropriate:  26 

 Field logbooks or operational records 27 

 Data forms 28 

 Global positioning system data 29 

 Chain-of-custody forms 30 

 Sample receipt records 31 

 Inspection or assessment reports and corrective action reports 32 

 Interim progress reports 33 

 Final reports 34 

 Laboratory data packages 35 

 Verification and validation reports. 36 

The laboratory is responsible for maintaining, and having available upon request, the following items: 37 

 Analytical logbooks 38 

 Raw data and QC sample records 39 

 Standard reference material and/or proficiency test sample data 40 

 Instrument calibration information. 41 
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Records may be stored in either electronic or hard copy format. Documentation and records, regardless 1 
of medium or format, are controlled in accordance with internal work requirements and processes to 2 
ensure the accuracy and retrievability of stored records. Records required by the Tri-Party Agreement 3 
(Ecology et al., 1989, Hanford Federal Facility Agreement and Consent Order) will be managed in 4 
accordance with the requirements therein. 5 

H-B3.10.13 Sampling and Analysis Requirements to Address Removal of Contaminated Soil 6 

In the event that sample results based on the MTCA (WAC 173-340) Method B three-part test 7 
(Section H-B3.10.5) indicate contamination above clean closure levels, contaminated soil will be 8 
removed in accordance with Section H-B3.8. Following removal of contaminated soil, additional samples 9 
will be taken at the same grid location as identified in Attachment H-B.a. Additional focused sampling 10 
may be added in areas where contamination is identified. Additional focused samples will be documented, 11 
as required in Section H-B3.10.12, and provided with the closure certification. These samples will be 12 
analyzed in accordance with the methods specified in Table H-B4, with accompanying QC samples as 13 
discussed in Section H-B3.10.8, to confirm that MTCA (WAC 173-340) Method B clean closure levels 14 
have been achieved. 15 

H-B3.10.14 Revisions to the Sampling and Analysis Plan and Constituents to Be Analyzed 16 

If changes to the SAP are necessary due to unexpected events during closure that will affect sampling, 17 
a revision to this SAP will be submitted no later than 30 days after the unexpected event as a permit 18 
modification, as required in WAC 173-303-610(3)(b)(iii) and WAC 173-303-830, “Permit Changes.” 19 

H-B3.11 Role of the Independent Qualified Registered Professional Engineer 20 

An Independent Qualified Registered Professional Engineer (IQRPE) will be retained to provide 21 
certification of the closure, as required by WAC 173-303-610(6). The IQRPE will be responsible for 22 
observing field activities and reviewing documents associated with closure of the waste storage modules. 23 
At a minimum, the following activities will be performed: 24 

 Observation or review of visual inspections 25 

 Observation or review of sampling activities 26 

 Review of sampling procedures and results 27 

 Verification of sample locations as specified in the SAP 28 

 Observation that contaminated environmental debris removal is complete (if applicable) 29 

 Verification that closure activities were performed in accordance with this closure plan. 30 

The IQRPE will record observations and reviews in a written report that will be retained in the operating 31 
record. The resulting report will be used to develop the clean closure certification, which will then be 32 
provided to Ecology. 33 

H-B3.12 Closure Certification 34 

In accordance with WAC 173-303-610(6), within 60 days of completion of closure of the CWC Shipping 35 
and Receiving Area DWMU, certification that the DWMU has been closed in accordance with the 36 
specifications in this closure plan will be submitted to Ecology by registered mail. The certification will 37 
be signed by the owner or operator and an IQRPE. 38 

Upon request by Ecology, the following information will be submitted to support closure certification: 39 
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 All field notes and photographs related to closure activities, including the results of the inspection of 1 
asphalt pad for staining, cracks, and other openings. 2 

 Description of any minor deviations from the approved closure plan and justification for 3 
these deviations. 4 

 Documentation of the final disposition of all wastes and waste residues. 5 

 Laboratory and/or field data, including sampling procedures, sampling locations, QA/QC samples, 6 
and chain-of-custody procedures for samples and measurements, including samples and 7 
measurements taken to determine background conditions and/or determine or confirm clean closure. 8 

 Summary report that identifies and describes the data reviewed by the IQRPE and tabulates the 9 
analytical results of samples taken to determine and confirm clean closure. 10 

 Description of what the unit area looks like at completion of closure, including a description of what 11 
parts of the former unit, if any, will remain after closure. 12 

H-B3.13 Conditions That Will Be Achieved When Closure Is Complete 13 

Upon confirmation of clean closure levels through sampling and analysis, the CWC Shipping and 14 
Receiving Area DWMU will be clean closed. The asphalt pad will be removed, so only bare soil will 15 
remain. A permit modification request will be submitted to remove the CWC Shipping and Receiving 16 
Area DWMU from the Hanford Facility RCRA Permit (WA7890008967). 17 

 Closure Schedule and Time Frame 18 

In accordance with WAC 173-303-610(4)(b), closure activities for the CWC Shipping and Receiving 19 
Area DWMU will be completed no more than 180 days after the start of closure (Table H-B6). Should 20 
unexpected circumstances arise and an extension to the 180 day closure activity period is deemed 21 
necessary, a permit modification will be submitted to Ecology for approval at least 30 days prior to the 22 
expiration of the 180 day closure activity period in accordance with WAC 173-303-610(4)(c) and 23 
WAC 173-303-830, Appendix I, Section D.1.b. The extension request would also demonstrate that all 24 
steps to prevent threats to HHE, including compliance with all applicable permit requirements, have been 25 
and will continue to be taken. Closure certification will be submitted to Ecology within 60 days following 26 
completion of closure activities at the CWC Shipping and Receiving Area, as outlined in Section H-B3.12 27 
(Figure H-B5). 28 

 Closure Costs 29 

An annual report outlining updated projections of anticipated closure costs for Hanford Facility TSD units 30 
having final status is not required per Permit Condition II.H. The Hanford Facility is owned by DOE and 31 
operated by DOE and its contractors; therefore, in accordance with (WAC 173-303-620(1)(c)), provisions 32 
of WAC 173-303-620, “Financial Requirements,” are not applicable to the Hanford Facility. 33 

  34 
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Table H-B6. CWC Shipping and Receiving Dangerous Waste Management Units Closure Activities 
Closure Activity Description 

Primary Activity Secondary Activity Duration 

Prior To Closure 
Submit Notification to Ecology of 
Intent to Close the CWC Shipping 
and Receiving Area DWMU 

In accordance with WAC 173-303-610(3)(c)(i), at least 45 
days prior to the date on which closure is expected to begin 
(i.e., no later than 15 days prior to receipt last known 
volume of final waste). 

-- 

Begin Closure of the CWC 
Shipping and Receiving Area 
DWMU 

In accordance with WAC 173-303-610(3)(c)(ii), within 30 
days of receiving the last known volume of final waste. -- 

Closure Activities 

Remove All Waste 

Package and ship waste to an approved facility for 
treatment, storage, and/or disposal. 
In accordance with WAC 173-303-610(4)(a), within 90 
days after the date on which the DWMU has received the 
last known volume of final waste, the owner/operator must 
treat, remove, or dispose of all wastes in accordance with 
the approved closure plan. Request extension if necessary. 

40 Days 
(Day 40) 

Records Review (Performed 
Concurrently with Waste Removal) 

Perform review of daily operating records, inspection 
records, and spill records. 

40 Days 
(Day 40) 

Visual Inspection of Asphalt Pad 

Identify stains to determine focused sampling. 

5 Days 
(Day 45) 

Identify cracks in pad that could potentially reach the soil 
below the asphalt. 
Document visual inspection with photos, locations, and 
dimensions of stains and cracks for judgmental sampling. 

Removal of Asphalt Pad 

Disconnect electrical connections and utilities. 
100 Days 
(Day 145) 

Equipment mobilization. 
Demolition and removal of waste generated. 

Visual Inspection of Underlying 
Soil 

Identify areas of concern (waste related staining). 
5 Days 
(Day 150) Document visual inspection with photos, locations, and 

dimensions of staining. 

Sampling and Analysis of 
Underlying Soil (Following 
Demolition of Asphalt, May Be 
Performed Concurrently with Waste 
Determination and Disposal of 
Debris) 

See Section H-B3.10 for details of sampling and analysis. 

30 Days 
(Day 180) 

Data validation and verification. 

If necessary, remove contaminated environmental media 
(soil), and resample and analyze to confirm that clean 
closure levels have been achieved. 

Final Closure of the CWC Shipping 
and Receiving DWMU 

In accordance with WAC 173-303-610(4)(b), within 180 
days after the date on which the last known volume of final 
waste was received. Request extension if necessary. 

0 Days 
(Day 180) 

Closure Activities Complete 

Owner/Operators and IQRPE 
Submit Clean Closure Certification 

In accordance with WAC 173-303-610(6), within 60 days 
of completion of closure of each DWMU; certification that 
the DWMU has been closed in accordance with the 
specifications in the approved closure plan (see Section H-
B3.12 for more details on the clean closure certification). 

60 Days 
(Day 60) 

1 
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Figure H-B5. CWC Shipping and Receiving Area Closure Schedule Activities2 
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 20

Number of selected sample areas b 1

Specified sampling area c 30049.00 ft2

Size of grid / Area of grid cell d 41.6519 feet / 1502.45 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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CWC S&R-1 CWC S&R-2 CWC S&R-3 CWC S&R-4 CWC S&R-5

CWC S&R-6 CWC S&R-7 CWC S&R-8 CWC S&R-9 CWC S&R-10

CWC S&R-11 CWC S&R-12 CWC S&R-13 CWC S&R-14 CWC S&R-15

CWC S&R-16 CWC S&R-17 CWC S&R-18 CWC S&R-19 CWC S&R-20

151'

199'(0,0) Northwest Corner of Pad
(-119.63928, 46.55466) Decimal Degrees

Area: CWC Shipping and Receiving

X Coord Y Coord Label Value Type Historical

30.2043 9.8815 CWC S&R-1 Systematic  

71.8562 9.8815 CWC S&R-2 Systematic  

113.5081 9.8815 CWC S&R-3 Systematic  

155.1600 9.8815 CWC S&R-4 Systematic  

196.8119 9.8815 CWC S&R-5 Systematic  

9.3784 45.9531 CWC S&R-6 Systematic  

51.0303 45.9531 CWC S&R-7 Systematic  

92.6821 45.9531 CWC S&R-8 Systematic  

134.3340 45.9531 CWC S&R-9 Systematic  

175.9859 45.9531 CWC S&R-10 Systematic  

30.2043 82.0247 CWC S&R-11 Systematic  

71.8562 82.0247 CWC S&R-12 Systematic  

113.5081 82.0247 CWC S&R-13 Systematic  

155.1600 82.0247 CWC S&R-14 Systematic  

196.8119 82.0247 CWC S&R-15 Systematic  

9.3784 118.0963 CWC S&R-16 Systematic  

51.0303 118.0963 CWC S&R-17 Systematic  
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92.6821 118.0963 CWC S&R-18 Systematic  

134.3340 118.0963 CWC S&R-19 Systematic  

175.9859 118.0963 CWC S&R-20 Systematic  

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where

F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
MARSSIM (EPA 2000, p. 5-33).

The values of these inputs that result in the calculated number of sampling locations are:

Analyte na Parameter
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S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and
4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
gridded sample locations were selected based on a random start.

Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
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probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15

s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 20 Samples

Field collection costs  $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs  $0.00 $0.00

Fixed planning and validation costs   $0.00

Total cost   $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.

This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.
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This design was last modified 11/30/2015 10:34:34 AM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.
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H-C1 Introduction 1 

This appendix discusses closure activities for the following two Central Waste Complex (CWC) -Waste 2 
Receiving and Processing Facility (WRAP) Operating Unit Group (OUG) 2404-W Series waste storage 3 
buildings dangerous waste management units (DWMUs): 4 

 2404-WA and WB Waste Storage Buildings 5 

 2404-WC Waste Storage Building 6 

Closure for both DWMUs will be performed in accordance with the included schedule but may be 7 
performed independently of each other. 8 

This plan describes in detail the closure activities necessary to establish clean closure levels for each of 9 
the 2404-W Series DWMUs. Such closure activities include removal of all waste, records review 10 
(i.e., container storage, operating, and inspection records) for documented spills or releases of waste, 11 
visual inspection of the buildings after waste removal to evaluate the likelihood of potential 12 
contamination of underlying soil, demolition of the 2404-W buildings, visual inspection of the underlying 13 
soil, and soil sampling and analysis to confirm that clean closure standards have been achieved. 14 

This closure plan complies with WAC 173-303-610(2) through WAC 173-303-610(6), “Dangerous Waste 15 
Regulations,” “Closure and Post-Closure.” Amendments to this closure plan will be submitted as a permit 16 
modification in accordance with WAC 173-303-610(3)(b). 17 

Please note, the terms “mixed waste” and/or “waste” when seen in this document refer to dangerous waste 18 
or hazardous waste, as applicable. 19 

H-C1.1 Unit Description 20 

Both the 2404-WA and WB Waste Storage Buildings and the 2404-WC Waste Storage Building DWMUs 21 
are located near the northern end of CWC-WRAP (Figure H-C1). 22 

The 2404-WA and WB Waste Storage Buildings consist of two waste storage buildings and associated 23 
outside storage areas. The 2404-WC Waste Storage Building includes one waste storage and treatment 24 
building and the associated outside storage areas. 25 

The 2404-WA, 2404-WB, and 2404-WC Buildings each measure nominally 54.9 m (180 ft) by 36.6 m 26 
(120 ft) and have engineered containment berms, liquids collection sumps, and sealed concrete surfaces 27 
meeting WAC 173-303-630(7)(a) and (b) for containers that contain free liquids. The 2404-WC Building 28 
is insulated and has a heating, ventilating, and air conditioning (HVAC) system to provide a temperature 29 
controlled environment, in support of waste treatment, and provide basic ventilation during forklift use 30 
and other operational activities within the building. The 2404-WA and 2404-WB Buildings are not 31 
insulated, but they contain power roof ventilators with filtered inlets around the perimeter of the building 32 
to provide basic ventilation during forklift operations within the building. 33 

The outside storage areas consist of the approach aprons and access paths to the vehicle entrance roll-up 34 
doors for each respective building. The outside storage areas are constructed of concrete next to the 35 
building and asphalt further out.  36 
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H-C1.1.1 Maximum Waste Inventory 1 

The maximum storage capacities of the two 2404-W Series DWMUs are identified in Table H-C1. 2 

Table H-C1. Dangerous Waste Management Unit Maximum Storage Capacity 

DWMU Building Maximum Waste Storage 

2404-WA and WB Waste Storage 
Buildings 

2404-WA 1,879 m3 (1,879,000 L) 

2404-WB 1,879 m3 (1,879,000 L) 

Total DWMU Maximum Waste Storage 3,758 m3 (3,758,000 L) 

2404-WC Waste Storage Building 2404-WC 1,879 m3 (1,879,000 L) 

Total DWMU Maximum Waste Storage 1,879 m3 (1,879,000 L) 

 3 

 4 

Figure H-C1. CWC-WRAP 2404-W Series Dangerous Waste Management Units (Aerial View 2012) 5 

H-C2 Closure Performance Standard 6 

Closure performance standards for the 2404-W Series DWMUs will be based on WAC 173-303-610(2), 7 
which requires closure of the facility in a manner that accomplishes the following objectives:  8 

 Minimize the need for further maintenance. 9 
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 Control, minimize, or eliminate, to the extent necessary, to protect human health and the environment, 1 
(HHE) post-closure escape of waste, waste constituents, leachate, contaminated runoff, or waste 2 
decomposition products to the ground, surface water, groundwater, or the atmosphere. 3 

 Return the land to the appearance and use of surrounding land areas, to the degree possible, given the 4 
nature of the previous waste activity. 5 

These performance standards are addressed in Sections H-C2.1 and H-C3.9 of this closure plan and 6 
further identified in Table H-C5. 7 

H-C2.1 Clean Closure Levels 8 

The 2404-W Series DWMUs will be clean closed. After removal of all waste, the buildings and 9 
associated outdoor storage areas will be demolished (Section H-C3.6) and managed as newly generated 10 
waste debris. Once the buildings are removed, the underlying soil will be sampled to demonstrate 11 
compliance with clean closure standards. 12 

The soil underlying the buildings will be sampled and must meet clean closure levels. In accordance with 13 
WAC 173-303-610(2)(b)(i), clean closure levels for the soil are the numeric cleanup levels calculated 14 
using unrestricted use exposure assumptions according to WAC 173-340, “Model Toxics Control 15 
Act-Cleanup,” hereinafter called MTCA, regulations (WAC 173-340-700, “Overview of Cleanup 16 
Standards,” through WAC 173-340-760, “Sediment Cleanup Standards,” excluding WAC 173-303-745, 17 
“Soil Cleanup Standards for Industrial Properties”). These numeric cleanup levels have been calculated 18 
according to the requirements of WAC 173-303-610(2)(b)(i), using the MTCA (WAC 173-340) Method 19 
B closure performance standard for soil. These cleanup levels consider carcinogens, noncarcinogens, 20 
groundwater protection, and ecological indicator values. Table H-C5 provides the MTCA (WAC 173-21 
340) Method B closure performance standards for unrestricted use exposure assumptions for soil for each 22 
individual target analyte (Table H-C2). 23 

A null hypothesis is generally assumed to be true until evidence indicates otherwise. The null hypothesis, 24 
as defined in WAC 173-340-200, “Definitions” for the 2404-W Series DWMUs is that the soil underlying 25 
the buildings is assumed to be above unrestricted MTCA (WAC 173-340) Method B cleanup levels; 26 
therefore, the site is presumed to be contaminated. Rejection of the null hypothesis means sampling and 27 
analysis results of the site indicated that the underlying soil contains contamination below the MTCA 28 
(WAC 173-340) Method B cleanup levels. Sampling and analysis will be used to determine whether the 29 
null hypothesis can be rejected, thereby confirming that the soil meets closure performance standards 30 
(MTCA [WAC 173-340] Method B). 31 

Should sampling and analysis provide a basis that the null hypothesis can be accepted, such an event will 32 
be considered an unexpected event during closure, and the soil would then be identified as a newly 33 
generated contaminated environmental media and managed in accordance with Section H-C3.8. 34 

H-C3 Closure Activities 35 

The 2404-W Series DWMUs will be candidates for clean closure under Resource Conservation and 36 
Recovery Act of 1976 (RCRA), and confirmation sampling will be performed to verify that closure 37 
performance standards (Table H-C5) are met. For waste storage and treatment units, clean closure 38 
determinations for the 2404-W Series DWMUs will be based on successfully completing the closure 39 
activities in this section. Sampling and analysis activities were developed utilizing EPA/240/R-02/005, 40 
Guidance on Choosing a Sampling Design for Environmental Data Collection (EPA QA/G-5S), and 41 
Ecology Publication #94-111, Guidance for Clean Closure of Dangerous Waste Units and Facilities, and 42 
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will be conducted via a sampling and analysis plan (SAP) (Section H-C3.10.1). The objective of sampling 1 
described in this document is to determine if MTCA (WAC 173-340) Method B closure performance 2 
standards were met, thereby demonstrating clean closure of the 2404-W Series DWMUs. 3 

The following closure activities are required to achieve and verify clean closure: 4 

 Remove all waste. 5 

 Review waste container storage, operating, and inspection records for documented spills or releases 6 
of waste. 7 

 Perform visual inspection of the buildings containment system for cracks, holes, or other types of 8 
breaches significant enough to reach underlying soil for purposes of focused sampling. 9 

 Demolish the storage buildings and associated outdoor storage areas. 10 

 Perform visual inspection on underlying soil to identify any staining for purposes of 11 
focused sampling. 12 

 Perform soil sampling and analysis to confirm that clean closure standards are met. 13 

 If contamination is detected during initial sampling efforts, remove, treat (if necessary), and dispose 14 
of contaminated environmental media. 15 

 Resample, as necessary, to confirm that MTCA (WAC 173-340) Method B clean closure levels have 16 
been met. 17 

 Transmit clean closure certification to the Washington State Department of Ecology (Ecology). 18 

H-C3.1 Health and Safety Requirements 19 

Closure will be performed in a manner that will ensure safety of personnel and the surrounding 20 
environment. Qualified personnel will perform any necessary closure activities in compliance with 21 
established safety and environmental procedures. Personnel will be equipped with appropriate personal 22 
protective equipment (PPE). Qualified personnel will be trained in applicable safety and environmental 23 
procedures in accordance with Addendum G, “Personnel Training,” and have appropriate training and 24 
experience in sampling activities. Field operations will be performed in accordance with applicable health 25 
and safety requirements. 26 

The Permittees have instituted training and/or qualification programs to meet training requirements 27 
imposed by regulations, U.S. Department of Energy (DOE) orders, and national standards such as those 28 
published by the American National Standards Institute/American Society of Mechanical Engineers. For 29 
example, the environmental, safety, and health training program provides workers with the knowledge and 30 
skills necessary to execute assigned duties safely. The WA7890008967, Hanford Facility Resource 31 
Conservation and Recovery Act Permit (hereinafter Hanford Facility RCRA Permit), Attachment 5 32 
describes specific requirements for the Hanford Facility Personnel Training program. The Permittees will 33 
comply with the CWC-WRAP Training Matrix detailed in Addendum G, which provides training 34 
requirements for Hanford Facility personnel associated with the 2404-W Series DWMUs. 35 

Project-specific safety training addressed explicitly to the project and the day’s activity will include 36 
the following: 37 
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 Training will provide the knowledge and skills that sampling personnel need to perform work safely 1 
and in accordance with quality assurance (QA) requirements. 2 

 Samplers are required to be qualified in the type of sampling being performed in the field. 3 

Pre-job briefings will be performed to evaluate activities and associated hazards by considering many of 4 
the following factors: 5 

 Objective of the activities 6 

 Individual tasks to be performed 7 

 Hazards associated with the planned tasks 8 

 Environment in which the job will be performed 9 

 Facility where the job will be performed 10 

 Equipment and material required 11 

 Safety protocols applicable to the job 12 

 Training requirements for individuals assigned to perform the work 13 

 Level of management control 14 

 Emergency contacts. 15 

Training records are maintained for each employee in an electronic database. The Permittees training 16 
organization maintains the training records system.  17 

H-C3.2 Removal of Wastes and Waste Residues 18 

All waste will be removed from the storage buildings and will be managed in accordance with 19 
WAC 173-303 and CWC-WRAP waste management practices. The waste will be designated 20 
(if necessary) and shipped to an approved facility for treatment, storage, and/or disposal (TSD). 21 

Waste containers meeting U.S. Department of Transportation (DOT) requirements will be packaged and 22 
shipped in accordance with 49 CFR, “Transportation,” criteria. Waste packaged in non-DOT regulation 23 
(large or irregular shaped) containers will be shipped in accordance with the DOE/RL-2001-36, 24 
Hanford Sitewide Transportation Safety Document. Waste shipments primarily utilize highway 25 
transportation but may also include shipping by air or rail. 26 

Waste will be treated (if necessary) to meet land disposal restriction (LDR) treatment standards specified 27 
in WAC 173-303-140, “Dangerous Waste Regulations,” “Land Disposal Restrictions,” which includes by 28 
reference 40 CFR 268, “Land Disposal Restrictions.”  29 

While waste residues are not anticipated, if waste residues are found during clean closure activities, then 30 
the waste residues will be managed in accordance with all applicable requirements of WAC 173-303-170, 31 
“Requirements for Generators of Dangerous Waste,” through WAC 173-303-230, “Special Conditions.” 32 
Waste subject to the LDR requirements of WAC 173-303-140, which includes by reference 40 CFR 268, 33 
will be characterized, designated, stored, and/or treated, as applicable, prior to disposal in an approved 34 
disposal facility.  35 

H-C3.3 Unit Components, Parts, and Ancillary Equipment 36 

The 2404-WA, 2404-WB, and 2404-WC Buildings are constructed with a reinforced concrete floor and a 37 
15 cm (6 in.) high curb that slopes down to a liquid sump. The buildings contain fire suppression systems, 38 
which include a pump and dry piping system. The buildings are also equipped with active electrical 39 



DOE/RL-2015-74, REVISION 0 
DECEMBER 2015 

H-C-6 

systems providing power to lighting and fire alarm systems. All piping penetrations and construction 1 
joints are grouted or caulked and sealed. 2 

The 2404-WC Waste Storage Building is insulated and has an HVAC system providing a temperature 3 
controlled environment in support of treatment activities (e.g., headspace gas sampling and 4 
nondestructive examination) and to provide basic ventilation during forklift use and other operational 5 
activities within the building. 6 

The 2404-WC Waste Storage Building may utilize portable gloveboxes, temporary modular Perma-Con® 7 
structures, and temporary work tents to facilitate management and treatment of waste. Treatment 8 
equipment is temporary within the 2404-WC Building and would be removed upon completion of the 9 
management and treatment activities and prior to the start of closure activities. 10 

H-C3.4 Inspection of Units Before Decontamination 11 

Although decontamination of the 2404-W Series buildings is not planned, following the removal of all 12 
waste and waste residues, a visual inspection will be performed to determine the presence of cracks, 13 
holes, or other breaches in the concrete containment system sufficient to reach the underlying soil. 14 
These cracks, holes, or other breaches will be documented to determine if focused sampling of the 15 
underlying soil during confirmation sampling is necessary.  16 

During the closure period, to prevent threats to HHE, the 2404-W Series DWMU will be inspected in 17 
accordance with WAC 173-303-320(2), “General Inspection.” Inspections of the 2404-W Series DWMUs 18 
will be performed annually, until the clean closure certification is accepted by Ecology, and will verify 19 
the following: 20 

 Posted warning signs at each entrance to the OUG are present, legible, and visible at approximately 21 
7.6 m (25 ft). 22 

 No evidence of unusual conditions exists at the closing DWMU site. 23 

H-C3.5 Decontamination 24 

Decontamination of the 2404-W Series buildings is not planned.  25 

H-C3.6 Demolition of the 2404-WA, 2404-WB, and 2404-WC Buildings 26 

Once all waste has been removed from the buildings and the visual inspection has been completed, 27 
demolition activities can be initiated. Demolition of the 2404-WA, 2404-WB, and 2404-WC Buildings 28 
can be done independently of each other but will all follow the same demolition process. The following 29 
primary activities are required to complete demolition of the buildings: 30 

 Location of utilities 31 

 Mobilization of equipment 32 

 Removal of the 2404-WA, 2404-WB, and 2404-WC Buildings and outdoor storage areas surrounding 33 
the buildings 34 

H-C3.6.1 Location of Utilities 35 

Prior to demolition, any in-use utilities will be located as well as the underground fire water line. The fire 36 
water line may supply water to other CWC-WRAP DWMUs. The fire hydrants may also be used to 37 

                                                      
® Perma-Con is a registered trademark of Radiation Protection Systems, Groton, Connecticut. 
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supply water for dust control during rubblization of the buildings and outdoor storage areas. Utilities, 1 
such as electrical connections, will be isolated prior to the start of demolition activities. 2 

H-C3.6.2 Equipment Mobilization 3 

Resources, equipment, and materials necessary to perform demolition will be staged, in designated 4 
laydown areas, in proximity to the 2404-W Series buildings to be demolished. 5 

H-C3.6.3 Demolition Activities for the 2404-WA, 2404-WB, and 2404-WC Buildings 6 

Demolition of 2404-W Series buildings will be accomplished utilizing the primary method of shearing 7 
and rubblizing. Demolition of the buildings will require the use of heavy equipment (e.g., excavator with 8 
various attachments) to demolish the structures. Other standard industry or conventional demolition 9 
practices also may be used (e.g., hydraulic shears with steel shear jaws, concrete pulverizer jaws, or 10 
breaker jaws). Demolition methods will be selected based on the structural elements to be demolished, 11 
remaining contamination, location, and integrity of the structure. Water may be used to control dust 12 
generated from demolition activities. The amount of water used will be minimized to prevent ponding and 13 
runoff. While unlikely, other controls such as portable ventilation filter units and high-efficiency 14 
particulate air filtered vacuum cleaners may be used. Additional storm water run-on and runoff controls 15 
may be implemented, as needed. 16 

Crusting agents or fixatives will be applied to any disturbed portion of the demolition area and excavation 17 
site when deemed necessary. For example, if wind should arise, fixative will be applied to prevent the 18 
spread of dust particulates from the work site. 19 

H-C3.6.3.1 Shearing and Rubblizing 20 

During shearing and rubblizing of the buildings, fog cannons, fire hoses, and misters may be used to 21 
spray mist water for dust suppression. The amount of water used will be minimized to prevent ponding 22 
and runoff. The shears will size reduce/cut components of the buildings and equipment such as roofing, 23 
wall paneling, piping, concrete flooring, and conduit, and front end loaders or grapples will load the 24 
debris into roll-off containers. 25 

Large equipment such as an excavator with a hoe-ram, a hydraulic shear with steel shear jaws, and a 26 
concrete pulverizer jaws or breaker jaws will be used to perform any rubblizing. The debris rubble from 27 
the containment system will be loaded into roll-off boxes for transportation to an approved 28 
disposal location.  29 

H-C3.7 Identifying and Managing Waste Generated from Closure Activities 30 

Closure activities for the 2404-W Series DWMUs will result in the generation of one known waste 31 
stream, debris from demolition, requiring management and disposal. The waste generated during closure 32 
activities will be managed as a newly generated waste stream in accordance with WAC 173-303-610(5). 33 
Waste generated during the closure period must be properly disposed. The newly generated waste must be 34 
handled in accordance with all applicable requirements of WAC 173-303-170 through 35 
WAC 173-303-230. 36 

Management and disposal of waste generated during closure will be documented and included with the 37 
clean closure documentation included in Section H-C3.12. 38 

Debris from demolition generated during closure will be packaged onsite at CWC-WRAP and transported 39 
to an approved disposal facility. Debris includes but is not limited to the following types of wastes 40 
resulting from the demolition of the 2404-WA, 2404-WB, and 2404-WC Buildings: 41 
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 Equipment and construction materials 1 

 Concrete and associated rubblized debris 2 

 Miscellaneous waste (e.g., rubber, glass, paper, PPE, cloth, plastic, and metal). 3 

The preferred management of debris resulting from demolition of the buildings is in a bulk form. 4 
Bulk waste will be placed into bulk containers, such as roll-off boxes, to transport for disposal. 5 
These bulk containers will be stored in a suitable area in proximity to the DWMU area or may be 6 
accumulated for up to 90 days in another suitable location. Bulk containers of waste will be covered when 7 
waste is not being added or removed. Lightweight material (e.g., plastic and paper) will be bagged, if 8 
appropriate, prior to placement in the bulk container, to eliminate the potential for materials blowing out 9 
of the bulk container. 10 

The debris will be containerized, labeled, and sampled (if necessary) for waste characterization. Waste 11 
subject to the LDR requirements of WAC 173-303-140, which includes by reference 40 CFR 268, will be 12 
characterized, designated, stored, and/or treated, as applicable, prior to disposal in an approved 13 
disposal facility. 14 

H-C3.8 Identifying and Managing Contaminated Environmental Media 15 

If contaminated environmental media (soil) is identified as a result of clean closure verification sampling 16 
activities (i.e., samples indicate contamination above clean closure standards), the nature and extent of 17 
contamination will be evaluated. Soil surrounding the node location, which identified contamination 18 
above clean closure levels, will be removed up to the diameter distance to the adjacent node locations and 19 
approximately 1 m (3 ft) below the surface. Contaminated soil will be removed using equipment capable 20 
of removing the quantity of material required to complete removal and clean close the DWMUs. 21 
Following removal of contaminated soil, additional confirmatory sampling will be conducted in the 22 
location of the original node, which identified contamination above clean closure levels and in accordance 23 
with the approved closure plan SAP. This process will continue until analytical results of confirmatory 24 
soil samples prove that clean closure levels have been achieved. 25 

Contaminated soil will be managed as a newly generated waste stream, in accordance with 26 
WAC 173-303-610(5). Contaminated soil must be handled in accordance with all applicable requirements 27 
of WAC 173-303-170 through WAC 173-303-230. The contaminated soil will be containerized, labeled, 28 
and sampled (if necessary) for waste characterization. Waste subject to the LDR requirements of 29 
WAC 173-303-140, which includes by reference 40 CFR 268, will be characterized, designated, stored, 30 
and/or treated, as applicable, prior to disposal in an approved disposal facility. 31 

Management and disposal of the contaminated environmental media will be documented and included 32 
with the clean closure documentation included in Section H-C3.12. 33 

H-C3.9 Confirming Clean Closure 34 

Both the 2404-WA and WB Waste Storage Buildings DWMU and the 2404-WC Waste Storage Building 35 
DWMU will be clean closed. Demonstration of clean closure standards will be accomplished through 36 
sampling and analysis performed in accordance with the included SAP detailed in Section H-C3.10. 37 
The SAP consists of random grid sampling with judgmental sampling of areas of concern identified 38 
during the visual inspection (i.e., areas where cracks or other openings in the containment system may 39 
have allowed a release of waste to the underlying soil). 40 

Once removal of the building is complete, confirmation sampling of the underlying soil will be conducted 41 
in accordance with the SAP, detailed in Section H-C3.10, to confirm that soil unrestricted use cleanup 42 



DOE/RL-2015-74, REVISION 0 
DECEMBER 2015 

H-C-9 

standards (MTCA [WAC 173-340] Method B) have been achieved. If sample results indicate 1 
contamination above clean closure levels, contaminated soil will be removed and managed in accordance 2 
with Section H-C3.8. Once analytical results confirm clean closure levels of the target analytes, a clean 3 
closure certification will be prepared in accordance with Section H-C3.12. 4 

H-C3.10 Sampling and Analysis and Constituents to Be Analyzed 5 

The SAP summarizes the sampling design and associated assumptions based on knowledge of the 6 
2404-WA and WB Waste Storage Buildings and the 2404-WC Waste Storage Building DWMUs. 7 
Sampling and analysis for the 2404-W Series DWMUs will be performed on the soil after demolition of 8 
the buildings to demonstrate clean closure levels. The sampling design includes input parameters used to 9 
determine the number and location of samples. 10 

H-C3.10.1 Sampling and Analysis Plan 11 

Sampling and analysis of the 2404-W Series DWMUs underlying soil will be conducted to confirm that 12 
clean closure levels have been achieved. All sampling and analysis will be performed in accordance with 13 
the sampling and quality standards established in this closure SAP. The closure SAP details sampling and 14 
analysis procedures in accordance with SW-846, Test Methods for Evaluating Solid Waste: 15 
Physical/Chemical Methods, Third Edition; Final Update V; ASTM International, formerly the American 16 
Society for Testing and Materials (ASTM), Annual Book of ASTM Standards; and applicable U.S. 17 
Environmental Protection Agency (EPA) guidance. Sampling and analysis activities will meet applicable 18 
requirements of SW-846, ASTM standards, EPA approved methods, and DOE/RL-96-68, Hanford 19 
Analytical Services Quality Assurance Requirements Document (HASQARD), at the time of closure. This 20 
SAP was also developed using Ecology Publication #94-111, Section 7.0, “Sampling and Analysis for 21 
Clean Closure,” and EPA/240/R-02/005(EPA QA/G-5S). 22 

H-C3.10.2 Target Analytes 23 

The 2404-WA and WB Waste Storage Buildings and the 2404-WC Waste Storage Building DWMUs are 24 
active portions of the CWC-WRAP OUG; therefore, target analytes at closure may include any or all 25 
analytes based on the waste codes permitted in the CWC-WRAP Hanford Facility RCRA Permit 26 
(WA7890008967) Part A (Attachment B, Section XIV-Description of Dangerous Wastes). A waste 27 
management report identifying waste codes, historically managed at the 2404-WA and WB Waste 28 
Storage Buildings and the 2404-WC Waste Storage Building DWMUs, was run to identify the existing 29 
target analytes. Table H-C2 details the waste codes identified for the waste containers and the target 30 
analytes associated with those waste codes. Additional target analytes may be identified upon review of 31 
the waste tracking records for the DWMUs and receipt of the final waste. A permit modification updating 32 
the SAP with specific target analytes will be submitted, if necessary, in accordance with WAC 173-303-33 
610(3)(b), 45 days prior to the DWMU closure. 34 

Table H-C2. Target Analyte List 

Target Analyte (Waste Code) CAS Number Target Analyte (Waste Code) CAS Number 

Arsenic (D004) 7440-38-2 Barium (D005) 7440-39-3 

Cadmium (D006) 7440-43-9 
Chromium (Hexavalent) 
(D007)  

18540-29-9 

Lead (D008)  7439-92-1 Mercury (D009)  7439-97-6 

Selenium (D010) 7782-49-2 Silver (D011)  7440-22-4 



DOE/RL-2015-74, REVISION 0 
DECEMBER 2015 

H-C-10 

Table H-C2. Target Analyte List 

Target Analyte (Waste Code) CAS Number Target Analyte (Waste Code) CAS Number 

Benzene (D018) (F005) 71-43-1 
Carbon Tetrachloride (D019) 
(F001) (F002) 

56-23-5 

1,2-Dichloroethane (D028) 107-06-2 1,1-Dichloroethylene (D029) 75-35-4 

2,4-Dinitrotoluene (D030) 121-14-2 Hexachlorobutadiene (D033) 87-68-3 

Hexachloroethane (D034) 67-72-1 Nitrobenzene (D036) (F004) 98-95-3 

Pentachlorophenol (D037) 87-86-5 Pyridine (D038) (F005) 110-86-1 

Trichloroethylene (D040) (F001) (F002) 79-01-6 Vinyl Chloride (D043) 75-01-4 

Methylene Chloride (F001) (F002) 75-09-2 
1,1,1-Trichloroethane (F001) 
(F002) 

71-55-6 

Chlorinated Fluorocarbons (CFCs)a (F001) 
(F002) 

Not Applicable 
Tetrachloroethylene (F001) 
(F002)  

127-18-4 

1,1,2-Trichloro-1,2,2-Trifluoroethane 
(CFC-133)a (F002) 

76-13-1 Ortho-Dichlorobenzene (F002) 95-50-1 

Trichlorofluoromethane  
(CFC-11)a (F002) 

75-69-4 1,1,2-Trichloroethane (F002)  79-00-5 

Chlorobenzene (F002)  108-90-7 Xylenes (F003)  1330-20-7 

Acetone (F003)  67-64-1 Ethyl Acetate (F003)  141-78-6 

Ethyl Benzene (F003) 100-41-4 Ethyl Ether (F003)  60-29-7 

Methyl Isobutyl Ketone (F003)  108-10-1 n-Butyl Alcohol (F003)  71-36-3 

Cyclohexanone (F003)  108-94-1 Methanol (F003)  67-56-1 

o-Cresol (F004)  95-48-7 m-Cresol (F004) 108-39-4 

p-Cresol (F004) 106-44-5 Cresol (Cresylic Acid)b,c (F004) 1319-77-3 

Toluene (F005) 108-88-3 Carbon Disulfide (F005) 75-15-0 

Isobutanol (F005) 78-83-1 2-Ethoxyethanole (F005) 110-80-5 

2-Nitropropaned,c (F005)  79-46-9 Methyl Ethyl Ketone (F005)  78-93-3 

a. A CFC is an organic compound that contains only carbon, chlorine, and fluorine, produced as a volatile derivative of methane, ethane, 
and propane. Examples of CFCs include 1,1,2-trichloro-1,2,2-trifluoroethane (CFC-133) and trifluoromethane (CFC-11). 

b. The closure performance standard for cresol will be achieved through analysis of its three isomeric forms: o-cresol, m-cresol, and p-
cresol. 

c. This analyte is removed from further consideration because it is not listed in the U.S. Environmental Protection Agency, 2014, Cleanup 
Levels and Risk Calculations (CLARC) table. 

d. The closure performance standard for 2-nitropropane was removed in the May 2014 EPA CLARC table updates. This analyte will not 
be analyzed for due to the unavailability of a closure performance standard. 

e. Due to the extremely short half-life of 2-ethoxyethanol (between 168 hours and 672 hours), its presence in soil samples is highly 
unlikely; therefore, samples will not be analyzed for 2-ethoxyethanol. 

CAS = Chemical Abstracts Service 

CFC = chlorinated fluorocarbon 
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H-C3.10.3  SAP Schedule 1 

Confirmation closure sampling and analysis will be performed in accordance with the closure plan 2 
schedule in Section H-C4. 3 

H-C3.10.4  Project Management 4 

The following subsections address project management and ensure that the project has defined goals, 5 
participants understand the goals and approaches used, and planned outputs are appropriately 6 
documented. Project management roles and responsibilities discussed in this section apply to the major 7 
activities covered under the SAP. 8 

H-C3.10.4.1 Project/Task Organization 9 

The Permittee is responsible for planning, coordinating, sampling, preparing, packaging, and shipping 10 
samples to the laboratory. The project organization (regarding sampling and characterization) is described 11 
in the following subsections and shown graphically in Figure H-C2. 12 

 13 

Figure H-C2. 2404-W Series DWMUs Sampling and Analysis Plan Project Organization 14 

The project has several key positions, including the following: 15 

 Lead Regulatory Agency Project Manager: Ecology has assigned project managers responsible for 16 
oversight for the 2404-W Series DWMUs closure. 17 
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 Project Manager: The Project Manager provides oversight for activities and coordinates with the 1 
DOE Richland Operations Office (DOE-RL), EPA, Ecology, and contract management. The Project 2 
Manager (or designee) for the 2404-W Series DWMUs closure sampling is responsible for direct 3 
management of sampling documents and requirements, field activities, and subcontracted tasks. 4 
The Project Manager is responsible for ensuring that project personnel are working to the current 5 
version of the SAP. The Project Manager works closely with Health and Safety and the Field Work 6 
Supervisor (FWS) to integrate these and other lead disciplines in planning and implementing the work 7 
scope. The Project Manager also coordinates with DOE-RL and the primary contractor management 8 
on all sampling activities. The Project Manager supports DOE-RL in coordinating sampling activities 9 
with the regulators. 10 

 Environmental Compliance Officer: The Environmental Compliance Officer provides technical 11 
oversight, direction, and acceptance of project and subcontracted environmental work and develops 12 
appropriate mitigation measures with a goal of minimizing adverse environmental impacts. 13 

 Health and Safety: The Health and Safety organization is responsible for coordinating industrial 14 
safety and health support within the project, as carried out through health and safety plans, job hazard 15 
analyses, and other pertinent safety documents required by federal regulation or by internal primary 16 
contractor work requirements. 17 

 Waste Management Lead: The Waste Management organization communicates policies and 18 
protocols and ensures project compliance for storage, transportation, disposal, and waste tracking. 19 

 Field Work Supervisor: The FWS is responsible for planning and coordinating field sampling 20 
resources. The FWS ensures that samplers are appropriately trained and available. Additional related 21 
responsibilities include ensuring that the sampling design is understood and can be performed 22 
as specified. 23 

 Sample Management and Reporting: The Permittee’s sampling organization coordinates field 24 
sampling as well as laboratory analytical work, ensuring that laboratories conform to Hanford Facility 25 
internal laboratory QA requirements (or their equivalent), as approved by DOE-RL, EPA, and 26 
Ecology. The sampling organization receives the analytical data from the laboratories, performs data 27 
entry into the Hanford Environmental Information System (HEIS) database, and arranges for data 28 
validation. The sampling organization is responsible for informing the Project Manager of any issues 29 
reported by the analytical laboratory. 30 

 Contract Laboratories: The contract laboratories analyze samples in accordance with established 31 
procedures and provide necessary sample reports and explanation of results in support of 32 
data validation. 33 

H-C3.10.5  Sampling Design 34 

The primary purpose of sampling the underlying soil is to determine if analytical data values exceed the 35 
MTCA (WAC 173-340) Method B clean closure performance standards (Table H-C5). 36 

This SAP utilized Ecology Publication #94-111, Section 7.0, to determine the type of sampling design 37 
that will be utilized to demonstrate clean closure. When designing the sampling plan, both focused and 38 
area wide (grid) sampling methods were considered. Ecology Publication 94-111, Section 7.2.1, identifies 39 
that area wide sampling is appropriate when the spatial distribution of contamination at or from the 40 
closure unit is uncertain. Ecology Publication #94-111, Section 7.3, “Sampling to Determine or Confirm 41 
Clean Closure,” identifies the area wide sampling approach as generally appropriate for sampling to 42 
determine or confirm that clean closure levels are achieved.  43 
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Area Wide (Grid) Sampling. Samples are collected at regularly spaced intervals over space or time. 1 
An initial location or time is chosen at random, and the remaining sampling locations are defined so that 2 
locations are at regular intervals over an area (grid). Grid sampling is used to search for focused areas of 3 
sampling and infer means, percentiles, or other parameters. It is useful for estimating spatial patterns or 4 
trends over time. This design provides a practical method for designating sample locations and ensures 5 
uniform coverage of a site, unit, or process.  6 

Focused sampling, as identified in Section 7.2.2 of Ecology Publication #94-111, is selective sampling of 7 
areas where contamination is suspected or releases have been documented. After completion of the 8 
records review and visual inspection for each building, a determination will be made to identify if focused 9 
sampling is appropriate. The location of focused samples, if any, will be identified and recorded, as 10 
required in Section H-C3.10.12. Area wide grid sampling and focused sampling are further defined in the 11 
following paragraphs. 12 

Judgmental (Focused) Sampling. The selection of sampling units (i.e., the number and location and/or 13 
timing of collecting samples) is based on knowledge of the feature or condition under investigation and 14 
on professional judgment. Focused sampling is distinguished from probability based sampling in that 15 
inferences are based on professional judgment, not statistical scientific theory. Therefore, conclusions 16 
about the target population are limited and depend entirely on the validity and accuracy of professional 17 
judgment. Probabilistic statements about parameters are not possible. 18 

The number and location of area wide samples were determined utilizing the Visual Sample Plan (VSP) 19 
software. VSP is a tool used throughout Washington State and nationally that statistically determines the 20 
quantity of samples required to accept or reject the null hypothesis based on input parameters specific to 21 
the DWMU. 22 

Both parametric and nonparametric equations rely on assumptions about the data population. Typically, 23 
however, nonparametric equations require fewer assumptions and allow for more uncertainty about the 24 
distribution of data. Alternatively, if parametric assumptions are valid, the required number of samples is 25 
usually less than if a nonparametric equation was used. For the 2404-WA and WB Waste Storage 26 
Buildings and the 2404-WC Waste Storage Building DWMUs, data assumptions were largely based on 27 
information obtained from a grouping of similar waste sites with the same type of constituents. 28 
Parameters from the 200-MG-1 waste sites were evaluated, deemed appropriate, and approved by 29 
Ecology in the SAP (DOE/RL-2009-60, Sampling and Analysis Plan for Selected 200-MG-1 Operable 30 
Unit Waste Sites), utilized for the input parameters. VSP parameter inputs and the basis for those inputs 31 
are detailed in Table H-C3. 32 

The decision rule for demonstrating compliance with the MTCA (WAC 173-340) Method B clean closure 33 
level has three parts: 34 

 The 95 percent upper confidence limit on the true data mean must be less than the MTCA 35 
(WAC 173-340) Method B clean closure level. 36 

 No sample concentration can be more than twice the cleanup level. 37 

 Less than 10 percent of the samples can exceed the cleanup level. 38 

Using a nonparametric test and the input parameters identified in Table H-C3, VSP calculated the 39 
minimum samples required for each building to reject the null hypotheses with 95 percent confidence and 40 
ensure that the DWMU would not be mistakenly released as clean. For the purpose of utilizing VSP, the 41 
null hypothesis is to compare a site mean to a fixed threshold. Data will be evaluated to ensure that less 42 
than 10 percent of the individual values exceed MTCA (WAC 173-340) Method B clean closure 43 
performance standards, and no values are more than twice the cleanup level. 44 
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Table H-C3. Visual Sample Plan Parameter Inputs 

Parameter Value Basis 

Primary Objective of the Sampling 
Design 

Compare a site mean or 
median to a fixed threshold 

Reject the null hypothesis. 

Type of Sampling Design Nonparametric Data are not assumed to be normally distributed. 

Working Null Hypothesis 

 

The mean value at the site 
exceeds the threshold 
(WAC 173-340 “Model 
Toxics Control Act—
Cleanup,” Method B closure 
performance standards) 

The null hypothesis assumes that the site is dirty requiring the sampling and 
analysis to demonstrate through statistical analysis that the site is clean. 

Area Wide Grid Sampling Pattern Triangular  A triangular pattern provided an even distribution of sample locations over each 
dangerous waste management unit. 

Standard Deviation (S) 0.45 This is the assumed standard deviation value relative to a unit action level for the 
sampling area. The value of 0.45 is conservative, based on consideration of past 
verification sampling. MARSSIM suggests 0.30 as a starting point; however, 0.45 
has been selected to be more conservative. (Number of samples calculated increases 
with higher standard deviation values relative to a unit action level.) 

Delta (Δ) 0.40 This is the width of the gray region. It is a user-defined value relative to a unit 
action level. The value of 0.40 balances unnecessary remediation cost with 
sampling cost. 

Alpha (α) 5% This is the acceptable error of deciding a dirty site is clean when the true mean is 
equal to the action level. It is a maximum error rate since dirty sites with a true 
mean above the action level will be easier to detect. A value of 5% was chosen as a 
practical balance between health risks and sampling cost. 

Beta (β) 20% This is the acceptable error of deciding a clean site is dirty when the true mean is at 
the lower bound of the gray region. A value of 20% was chosen during the data 
quality objectives process as a practical balance between unnecessary remediation 
cost and sampling cost. 

MARSSIM sampling overage 20% MARSSIM suggests that the number of samples should be increased by at least 
20% to account for missing or unusable data and uncertainty in the calculated value 
of n. 

Reference: EPA 402-R-97-016, Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM). 

1 
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Sample locations were determined using the area wide grid with a random start sampling method run in 1 
the VSP software. Statistical analysis of systematically collected data is valid if a random start to the grid 2 
is used. 2404-WA, 2404-WB, and 2404-WC Waste Storage Building dimensions were entered into VSP 3 
to determine the locations of samples. The triangular grid sampling layout was determined to have an 4 
even distribution over each sampling area providing the most representative data set including coverage 5 
of the middle portion of the sampling area. Samples will be taken from the node locations indicated by 6 
VSP (Attachment H-C.a) and will be assigned sample location identifications and sample numbers using 7 
HEIS. The northwest corner of the outside storage area for each building is considered the (0,0) point of 8 
the sampling location map in Attachment H-C.a. 9 

The first node location was chosen at random by VSP, and the subsequent sample locations were assigned 10 
by VSP software using a triangular grid sampling layout. Supporting documentation and the sampling 11 
grid map automatically generated by VSP software are documented in Attachment H-C.a. Grid sampling 12 
is further defined in the following paragraph. 13 

H-C3.10.6 Sampling Methods and Handling 14 

A grab sample matrix will consist of soil collected in precleaned sample containers taken at a depth of 15 
0 to 15 cm (0 to 6 in.) below ground surface and within a 1 m (3 ft) radius surrounding the node location. 16 
For the purpose of this SAP, ground surface is defined as the exposed surface layer once the buildings, 17 
concrete, and asphalt have been removed. Subsurface sampling will be evaluated, based on results of the 18 
records review. If subsurface sampling is deemed necessary, a permit modification will be submitted in 19 
accordance with Section H-C3.10.14.  20 

Once the soil is sampled, the sampled media will be screened to remove material larger than 21 
approximately 2.0 mm (0.08 in.) in diameter. Removal of material larger than approximately 2 mm 22 
(0.08 in.) in diameter will allow for a larger surface area to volume ratio and be more likely to identify 23 
any potential contamination in the sample. Grab samples will be collected into containers at the chosen 24 
node sample locations. To ensure sample and data usability, sampling will be performed in accordance 25 
with established sampling practices, procedures, and requirements pertaining to sample collection, 26 
collection equipment, and sample handling. Sampling generally includes the following activities: 27 

 Generating a sample request 28 

 Sample container and equipment preparation 29 

 Field walkdown of sample area (includes marking sample locations) 30 

 Sample collection 31 

 Sample packaging, transporting, and shipping. 32 

Sample container, preservation, and holding time requirements are specified in Table H-C4 for soil 33 
samples. These requirements are in accordance with the analytical method specified. The final container 34 
types and volumes will be identified on the Sampling Authorization Form (SAF) and chain-of-custody 35 
form. 36 

To prevent potential contamination of samples, care will be taken to use decontaminated equipment for 37 
each sampling activity. 38 

EPA Level 1 precleaned sample containers will be used for samples collected for chemical analysis. 39 
Container sizes may vary depending on laboratory specific volumes/requirements for meeting analytical 40 
quantitation limits. 41 
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Sample location, depth, and corresponding HEIS numbers will be documented in the sampler’s field 1 
logbook. A custody seal (e.g., evidence tape) will be affixed to each sample container and/or sample 2 
collection package in such a way as to indicate potential tampering. 3 

Table H-C4. Preservation, Container, and Holding Time Requirements for Soil Samples 

Method Analysis/Analytes 
Preservation 
Requirement Holding Time 

Bottle 
Type 

Minimum 
Sample 

Size 

EPA 6010  Metals by ICP-OES Cool ≤6°C 180 days G/P/PTFE 20 g 

EPA 6020 Metals by ICP-MS  Cool ≤6°C 180 days G/P 20 g 

EPA 7196 Chromium (Hexavalent) Cool ≤6°C 30 days prior to 
extraction; 

24 hours after 
extraction 

G/P 20 g 

EPA 7471  Mercury by Cold Vapor 
Atomic Absorption 

Cool ≤6°C 28 days G/P/PTFE 15 g 

EPA 8260 Volatile Organic 
Compounds by GC/MS 

Cool ≤6°C 14 days VOA vial 
with 

PTFE-
lined lid 

5 × 40 g 

EPA 8270 Semivolatile Organic 
Compounds by GC/MS 

Cool ≤6°C 14 days prior to 
extraction; 

40 days after 
extraction 

AG with 
PTFE-

lined lid 

250 g 

AG = amber glass 

EPA = U.S. Environmental Protection 

  Agency 

G = glass 

GC = gas chromatography 

ICP = inductively coupled plasma 

MS = mass spectrometry 

OES = optical emission spectrometry 

P = plastic 

PTFE = polytetrafluoroethylene 

VOA = volatile organic analysis 

 4 

Each sample container will be labeled with the following information on firmly affixed, water 5 
resistant labels: 6 

 SAF and number 7 

 HEIS number 8 

 Sample collection date and time 9 

 Sampler identification 10 

 Analysis required 11 

 Preservation method (if applicable). 12 

Sample records must include the following information: 13 

 Analysis required 14 

 Sample location 15 

 Matrix (e.g., water or soil).  16 
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Sample custody will be maintained in accordance with existing Hanford Facility protocols to ensure 1 
maintenance of sample integrity throughout the analytical process. Chain-of-custody protocols will be 2 
followed throughout sample collection, transfer, and analysis to ensure that sample integrity 3 
is maintained. 4 

All waste (including unexpected waste) generated by sampling activities will be containerized and 5 
labeled. Waste subject to the LDR requirements of WAC 173-303-140, which includes by reference 6 
40 CFR 268, will be characterized, designated, stored, and/or treated, as applicable, prior to disposal in an 7 
approved disposal facility. 8 

H-C3.10.7 Analytical Methods 9 

All analyses and testing will be performed consistent with this closure plan, laboratory analytical 10 
procedures, and HASQARD (DOE/RL-96-68). The approved laboratory must achieve the lowest practical 11 
quantitation limits (PQLs) consistent with the selected analytical method to confirm clean closure levels. 12 
If a target analyte is detected at or above the clean closure level but less than the PQL of the analytical 13 
method, Ecology will be notified and alternatives will be discussed to demonstrate clean closure levels. 14 

Analytical methods and performance requirements associated with the target analytes are outlined in 15 
Table H-C5. 16 

H-C3.10.8 Quality Control 17 

Quality control (QC) procedures must be followed in the field and laboratory to ensure that reliable data 18 
are obtained. Field QC samples will be collected to evaluate the potential for cross-contamination and 19 
provide information pertinent to field sampling variability. Laboratory QC samples estimate the precision 20 
and bias of the analytical data. Field and laboratory QC samples are summarized in Table H-C6. 21 

A data quality assessment (DQA) will be performed utilizing the guidance in EPA/240/B-06/002, Data 22 
Quality Assessment: A Reviewer’s Guide (EPA QA/G-9R), and implementing the specific requirements in 23 
Sections H-C3.10.8 through H-C3.10.10 24 

Data verification, data validation, and DQA will include both the primary samples and QC samples. 25 

H-C3.10.9 Data Verification 26 

Analytical results will be received from the laboratory, loaded into a database (e.g., HEIS), and verified. 27 
Verification includes, but is not limited to, the following activities: 28 

 Amount of data requested matches the amount of data received (number of samples for requested 29 
methods of analytes). 30 

 Correct procedures/methods are used. 31 

 Documentation/deliverables are complete. 32 

 Hard copy and electronic versions of the data are identical. 33 

 Data seem reasonable based on analytical methodologies. 34 

H-C3.10.10 Data Validation 35 

Data validation is performed by a third party. The laboratory supplies contract laboratory program 36 
equivalent analytical data packages intended to support data validation by the third party. The laboratory 37 
submits data packages that are supported by QC test results and raw data.Controls are in place to preserve 38 
the data sent to the validators and to allow only additions to be made, not changes to the raw data. 39 
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Table H-C5. Soil Analytical Performance Requirements 

Chemical 
Abstracts 
Service 
Number Analytea Analytical Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation Limit 

(mg/kg) 

Accuracy 
Req’t 

(% Recovery)c

Precision Req’t 
(Relative Percent 

Difference)c Carcinogen Noncarcinogen 

7440-38-2 Arsenic SW-846 Method 6020 6.67E-01 2.40E+01 2.00E-01 ±30 ≤30 

7440-39-3 Barium SW-846 Method 6010 -- 1.60E+04 2.00E+00 ±30 ≤30 

7440-43-9 Cadmium SW-846 Method 6010 -- 8.00E+01 5.00E-01 ±30 ≤30 

18540-29-9 
Chromium 
(Hexavalent) SW-846 Method 7196 -- 2.40E+02 5.00E-01 ±30 ≤30 

7439-92-1 Leadb SW-846 Method 6010 -- 2.50E+02 5.00E+00 ±30 ≤30 

7439-97-6 Mercuryd SW-846 Method 7471 -- 2.40E+01 2.00E-01 ±30 ≤30 

7782-49-2 Selenium SW-846 Method 6010 -- 4.00E+02 1.00E+01 ±30 ≤30 

7440-22-4 Silver SW-846 Method 6010 -- 4.00E+02 1.00E+00 ±30 ≤30 

71-43-2 Benzene SW-846 Method 8260 1.82E+01 3.20E+02 5.00E-03 ±30 ≤30 

56-23-5 Carbon Tetrachloride SW-846 Method 8260 1.43E+01 3.20E+02 5.00E-03 ±30 ≤30 

107-06-2 1,2-Dichloroethane SW-846 Method 8260 1.10E+01 4.80E+02 5.00E-03 ±30 ≤30 

75-35-4 1,1-Dichloroethylene SW-846 Method 8260 -- 4.00E+03 1.00E-02 ±30 ≤30 

121-14-2 2,4-Dinitrotoluene SW-846 Method 8270 3.23E+00 1.60E+02 3.30E-01 ±30 ≤30 

87-68-3 Hexachlorobutadiene SW-846 Method 8270 1.28E+01 8.00E+01 3.30E-01 ±30 ≤30 

67-72-1 Hexachloroethane SW-846 Method 8270 2.50E+01 5.60E+01 5.00E-03 ±30 ≤30 

98-95-3 Nitrobenzene SW-846 Method 8270 -- 1.60E+02 3.30E-01 ±30 ≤30 

87-86-5 Pentachlorophenol SW-846 Method 8270 2.50E+00 4.00E+02 3.30E-01 ±30 ≤30 



 

 

D
O

E
/R

L-2015-74, R
E

V
IS

IO
N

 0 
D

E
C

E
M

B
E

R
 2015 

H
-C

-19 

Table H-C5. Soil Analytical Performance Requirements 

Chemical 
Abstracts 
Service 
Number Analytea Analytical Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation Limit 

(mg/kg) 

Accuracy 
Req’t 

(% Recovery)c

Precision Req’t 
(Relative Percent 

Difference)c Carcinogen Noncarcinogen 

110-86-1 Pyridine SW-846 Method 8260 -- 8.00E+01 5.00E-03 ±30 ≤30 

79-01-6 Trichloroethylene SW-846 Method 8260 1.20E+01 4.00E+01 5.00E-03 ±30 ≤30 

75-01-4 Vinyl Chloride SW-846 Method 8260 1.75E+02 2.40E+02 1.00E-02 ±30 ≤30 

75-09-2 Methylene Chloride SW-846 Method 8260 5.00E+02 4.80E+02 5.00E-03 ±30 ≤30 

71-55-6 1,1,1-Trichloroethane SW-846 Method 8260 -- 1.60E+05 5.00E-03 ±30 ≤30 

127-18-4 Tetrachloroethylene SW-846 Method 8260 4.76E+02 4.80E+02 5.00E-03 ±30 ≤30 

76-13-1 
1,1,2-Trichloro-1,2,2-
Trifluoroethane 
(CFC-133) 

SW-846 Method 8260 -- 2.40E+06 1.00E-02 ±30 ≤30 

95-50-1 

Ortho-
Dichlorobenzene 
(1,2-
Dichlorobenzene) 

SW-846 Method 8270 -- 7.20E+03 3.30E-01 ±30 ≤30 

75-69-4 
Trichlorofluorometha
ne (CFC-11) 

SW-846 Method 8260 -- 2.40E+04 1.00E-02 ±30 ≤30 

79-00-5 1,1,2-Trichloroethane SW-846 Method 8260 1.75E+01 3.20E+02 5.00E-03 ±30 ≤30 

108-90-7 Chlorobenzene SW-846 Method 8260 -- 1.60E+03 5.00E-03 ±30 ≤30 

1330-20-7 Xylenes SW-846 Method 8260 -- 1.60E+04 1.00E-02 ±30 ≤30 

67-64-1 Acetone SW-846 Method 8260 -- 7.20E+04 2.00E-02 ±30 ≤30 

141-78-6 Ethyl Acetate SW-846 Method 8260 -- 7.20E+04 5.00E+00 ±30 ≤30 

100-41-4 Ethyl Benzene SW-846 Method 8260 -- 8.00E+03 5.00E-03 ±30 ≤30 
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Table H-C5. Soil Analytical Performance Requirements 

Chemical 
Abstracts 
Service 
Number Analytea Analytical Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation Limit 

(mg/kg) 

Accuracy 
Req’t 

(% Recovery)c

Precision Req’t 
(Relative Percent 

Difference)c Carcinogen Noncarcinogen 

60-29-7 Ethyl Ether SW-846 Method 8260 -- 1.60E+04 5.00E-03 ±30 ≤30 

108-10-1 
Methyl Isobutyl 
Ketone (4-Methyl-2-
Pentanone) 

SW-846 Method 8260 -- 6.40E+03 1.00E-02 ±30 ≤30 

71-36-3 
n-Butyl Alcohol (n-
Butanol) 

SW-846 Method 8260 -- 8.00E+03 1.00E-01 ±30 ≤30 

108-94-1 Cyclohexanone SW-846 Method 8260 -- 4.00E+05 5.00E-02 ±30 ≤30 

67-56-1 Methanol SW-846 Method 8260 -- 1.60E+05 1.00E+00 ±30 ≤30 

95-48-7 o-Cresol SW-846 Method 8270 -- 4.00E+03 3.30E-01 ±30 ≤30 

108-39-4 m-Cresol SW-846 Method 8270 -- 4.00E+03 3.30E-01 ±30 ≤30 

106-44-5 p-Cresol SW-846 Method 8270 -- 8.00E+03 3.30E-01 ±30 ≤30 

108-88-3 Toluene SW-846 Method 8260 -- 6.40E+03 5.00E-03 ±30 ≤30 

75-15-0 Carbon Disulfide SW-846 Method 8260 -- 8.00E+03 5.00E-03 ±30 ≤30 

78-83-1 
Isobutanol 
(Isobutyl Alcohol) 

SW-846 Method 8260 -- 2.40E+04 5.00E-01 ±30 ≤30 

78-93-3 
Methyl Ethyl Ketone 
(2-Butanone) 

SW-846 Method 8260 -- 4.80E+04 1.00E-02 ±30 ≤30 
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Table H-C5. Soil Analytical Performance Requirements 

Chemical 
Abstracts 
Service 
Number Analytea Analytical Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation Limit 

(mg/kg) 

Accuracy 
Req’t 

(% Recovery)c

Precision Req’t 
(Relative Percent 

Difference)c Carcinogen Noncarcinogen 

Reference: SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Update V. 

Note: Due to the quantity and nature of waste stored in the 2404-W Series buildings not presenting a threat to groundwater, and not having soil or the presence of plants within 
the buildings, no groundwater or ecological indicator MTCA cleanup standards (WAC 173-340-747, “Deriving Soil Concentrations for Groundwater Protection,” and WAC 173-
340-7490, “Terrestrial Ecological Evaluation Procedures,” through WAC 173-340-7494, “Priority Contaminants of Ecological Concern”) are addressed.  

a. Unless otherwise noted, closure performance standards are the numeric cleanup levels calculated using unrestricted use exposure assumptions according to MTCA regulations 
(WAC 173-340-740, “Unrestricted Land Use Soil Cleanup Standards”) Method B (unrestricted use standards). Where both carcinogen and noncarcinogen performance standards 
are available, the most conservative value will be used. 

b. Closure performance standards are the numeric cleanup levels calculated using unrestricted use exposure assumptions according to MTCA regulations (WAC 173-340-740) 
Method A (unrestricted use standards). MTCA Method A values were used when MTCA Method B values were not available. 

c. Accuracy criteria for associated batch matrix spike percent recoveries. Evaluation based on statistical control of laboratory control samples is also performed. Precision criteria 
for batch laboratory replicate matrix spike analyses or replicate sample analyses. 

d. Equations 740-1 and 740-2 from WAC 173-340-740(3)(b) are used to calculate MTCA Direct Contact Human Health soil cleanup levels. The MTCA human health direct 
contact soil cleanup level for mercury is calculated to be 24 mg/kg. 

CFC = chlorinated fluorocarbon 

MTCA= Model Toxics Control Act—Cleanup. 

1 



DOE/RL-2015-74, REVISION 0 
DECEMBER 2015 

H-C-22 

Table H-C6. Project Quality Control Sampling Summary 

Quality Control Sample 
Type Frequency Characteristics Evaluated 

Field Quality Control 

Trip Blanks 
One per 20 samples per media 
sampled 

One per cooler for VOCs 

Trip blanks are used to assess contamination 
from sample containers or during transportation 
and storage procedures. 

Field Blanks One per cooler for VOCs 
Field blanks are used to assess contamination 
from surrounding sources during sample 
collection. 

Equipment Rinsate Blanks 

As needed 

If only disposable equipment is 
used, then an equipment blank 
is not required  

Otherwise, one per 20 samples 
per analytical method per 
media sampled, or one per daya 

Equipment rinsate blanks are used to measure the 
cleanliness of sampling equipment and 
effectiveness of equipment decontamination 
procedures. 

Field Duplicates 
One per batchc, 20 samples 
maximum of each media 
sampled (soil samples) 

Field duplicates are used to assess the precision 
of the entire data collection activity, including 
sampling, analysis, and site heterogeneity. 

Laboratory Quality Controlb 

Method Blanks 1 per batchc Measures contamination associated with 
laboratory sample preparation and analysis. 

Lab Duplicates b Laboratory reproducibility and precision. 

Matrix Spikes One per 20 samplesb 
The spike recovery measures the effects of 
interferences in the sample matrix and reflects 
the accuracy of the determination. 

Matrix Spike Duplicates One per 20 samplesb 
The relative percent difference between the 
matrix spike and matrix spike duplicate measures 
the precision of a given analysis. 

Surrogates b 
Surrogate standards are added prior to extraction 
of the sample to evaluate accuracy, method 
performance and extraction efficiency. 

Laboratory Control 
Samples 

1 per batchc The laboratory control sample measures the 
accuracy of the analytical method. 

a. Whenever a new type of nondedicated equipment is used, an equipment blank shall be collected every time sampling occurs 
until it can be shown that less frequent collection of equipment blanks is adequate to monitor the decontamination procedure 
for the nondedicated equipment. 

b. As defined in the analysis procedures. 

c. Batching across projects is allowing for similar matrices. 

VOC = volatile organic compound 

 1 
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The format and requirements for data validation activities are based upon the most current version of 1 
USEPA-540-R-08-01, National Functional Guidelines for Superfund Organic Methods Data Review 2 
(OSWER 9240.1-48), and USEPA-540-R-10-011, National Functional Guidelines for Inorganic 3 
Superfund Data Review (OSWER 9240.1-51). As defined by the validation guidelines, 5 percent of the 4 
results will undergo Level C validation. 5 

H-C3.10.11 Verification of VSP Input Parameters 6 

Analytical data will be entered back into VSP. If all analytical data for a particular analyte are 7 
nondetectable, verification of VSP input parameters is not required for that analyte. The VSP software 8 
uses the analytical data to determine if the user input parameters were estimated appropriately. 9 
Once analytical data are entered into VSP, the software will calculate the true standard deviation and if 10 
the null hypothesis can be rejected. If the calculated standard deviation is smaller than the estimated user 11 
input standard deviation, no additional sampling will be required. If the calculated standard deviation is 12 
larger than the estimated standard deviation, additional sampling may be required. Comparison of the 13 
maximum data value for each analyte to the clean closure standards will ensure that all individual analytes 14 
are below the action levels. Verification of the null hypothesis through VSP will determine if the mean 15 
value of the site analytical data supports rejection of the null hypothesis (Section H-C2.1). 16 

H-C3.10.12 Documents and Records 17 

The Project Manager is responsible for ensuring that the current version of the SAP is being used and 18 
providing any updates to field personnel. Version control is maintained by the administrative document 19 
control process. Changes to the SAP will be submitted as a permit modification in accordance with 20 
WAC 173-303-610(3)(b). 21 

Logbooks are required for field activities. A logbook must be identified with a unique project name and 22 
number. The individual(s) responsible for logbooks will be identified in the front of the logbook, and only 23 
authorized persons may make entries in logbooks. Logbooks will be signed by the field manager, 24 
supervisor, cognizant scientist/engineer, or other responsible individual. Logbooks will be permanently 25 
bound, waterproof, and ruled with sequentially numbered pages. Pages will not be removed from 26 
logbooks for any reason. Entries will be made in indelible ink. Corrections will be made by marking 27 
through the erroneous data with a single line, entering the correct data, and initialing and dating 28 
the changes. 29 

The Project Manager is responsible for ensuring that a project file is properly maintained. The project file 30 
will contain the records or references to their storage locations. The following items will be included in 31 
the project file, as appropriate:  32 

 Field logbooks or operational records 33 

 Data forms 34 

 Global positioning system data 35 

 Chain-of-custody forms 36 

 Sample receipt records 37 

 Inspection or assessment reports and corrective action reports 38 

 Interim progress reports 39 

 Final reports 40 

 Laboratory data packages 41 

 Verification and validation reports. 42 
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The laboratory is responsible for maintaining, and having available upon request, the following items: 1 

 Analytical logbooks 2 

 Raw data and QC sample records 3 

 Standard reference material and/or proficiency test sample data 4 

 Instrument calibration information. 5 

Records may be stored in either electronic or hard copy format. Documentation and records, regardless 6 
of medium or format, are controlled in accordance with internal work requirements and processes to 7 
ensure the accuracy and retrievability of stored records. Records required by the Tri-Party Agreement 8 
(Ecology et al., 1989, Hanford Federal Facility Agreement and Consent Order) will be managed in 9 
accordance with the requirements therein. 10 

H-C3.10.13 Sampling and Analysis Requirements to Address Removal of Contaminated Soil 11 

In the event that sample results based on the MTCA (WAC 173-340) Method B three-part test 12 
(Section H-C3.10.5) indicate contamination above clean closure levels, the contaminated soil will be 13 
removed in accordance with Section H-C3.8. Following removal of contaminated soil, additional samples 14 
will be taken at the same grid location as identified in Attachment H-C.A. Additional focused sampling 15 
may be added in areas where contamination is identified. Additional focused samples will be documented, 16 
as required in Section H-C3.10.12, and provided with the closure certification. These samples will be 17 
analyzed in accordance with the methods specified in Table H-C5, with accompanying QC samples as 18 
discussed in Section H-C3.10.8, to confirm that MTCA (WAC 173-340) Method B clean closure levels 19 
have been achieved. 20 

H-C3.10.14 Revisions to the Sampling and Analysis Plan and Constituents to Be Analyzed 21 

If changes to the SAP are necessary due to unexpected events during closure that will affect sampling, 22 
a revision to this SAP will be submitted no later than 30 days after the unexpected event as a permit 23 
modification as required in WAC 173-303-610(3)(b)(iii) and WAC 173-303-830, “Permit Changes.” 24 

H-C3.11 Role of the Independent Qualified Registered Professional Engineer 25 

An independent qualified registered professional engineer (IQRPE) will be retained to provide 26 
certification of the closure, as required by WAC 173-303-610(6). The IQRPE will be responsible for 27 
observing field activities and reviewing documents associated with closure of the waste storage modules. 28 
At a minimum, the following activities will be performed: 29 

 Observation or review of building demolition 30 

 Observation or review of visual inspections 31 

 Observation or review of sampling activities 32 

 Review of sampling procedures and results 33 

 Observation or review of contaminated environmental debris removal (if applicable) 34 

 Verification of sample locations as specified in the SAP 35 

 Verification that closure activities were performed in accordance with this closure plan 36 

The IQRPE will record observations and reviews in a written report that will be retained in the operating 37 
record. The resulting report will be used to develop the clean closure certification, which will then be 38 
provided to Ecology. 39 
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H-C3.12 Closure Certification 1 

In accordance with WAC 173-303-610(6), within 60 days of completion of closure of the 2404-W Series 2 
DWMUs, certification that the DWMU has been closed in accordance with the specifications in this 3 
closure plan will be submitted to Ecology by registered mail. If the two DWMUs are closed 4 
independently of each other, then a separate certification will be provided for each DWMU. 5 
The certification will be signed by the owner or operator and by an IQRPE. 6 

Upon request by Ecology, the following information will be submitted to support closure certification: 7 

 All field notes and photographs related to closure activities, including results of the building 8 
containment system inspection for cracks and other openings. 9 

 Description of any minor deviations from the approved closure plan and justification for 10 
these deviations. 11 

 Documentation of the final disposition of all wastes and waste residues. 12 

 Laboratory and/or field data, including sampling procedures, sampling locations, QA/QC samples, 13 
and chain of custody procedures for samples and measurements, including samples and measurements 14 
taken to determine background conditions and/or determine or confirm clean closure. 15 

 Summary report that identifies and describes the data reviewed by the IQRPE and tabulates the 16 
analytical results of samples taken to determine and confirm clean closure. 17 

 Description of what the unit area looks like at completion of closure, including a description of what 18 
parts of the former unit, if any, will remain after closure. 19 

H-C3.13 Conditions That Will Be Achieved When Closure Is Complete 20 

Upon confirmation of clean closure levels through sampling and analysis, the two 2404-W Series 21 
DWMUs will be clean closed. Each DWMU may be closed independently of each other, but both 22 
DWMUs will follow the same process for closure. The buildings and containment systems will be 23 
removed, so only bare soil will remain. A permit modification request will be submitted to remove the 24 
2404-W Series DWMUs from the Hanford Facility RCRA Permit (WA7890008967). 25 

H-C4 Closure Schedule and Time Frame 26 

In accordance with WAC 173-303-610(4)(b), closure activities for each 2404-W Series DWMU will be 27 
completed no more than 180 days after the start of closure for each DWMU (Table H-C7). Should 28 
unexpected circumstances arise and an extension to the 180 day closure activity period is deemed 29 
necessary, a permit modification will be submitted to Ecology for approval at least 30 days prior to 30 
expiration of the 180 day closure activity period in accordance with WAC 173-303-610(4)(c) and 31 
WAC 173-303-830, Appendix I, Section D.1.b. The extension request would also demonstrate that all 32 
steps to prevent threats to HHE, including compliance with all applicable permit requirements, have been 33 
and will continue to be taken. Within 60 days following completion of closure activities of the 2404-W 34 
Series DWMUs, a closure certification will be submitted to Ecology as outlined in Section H-C3.12 35 
(Figure H-C3). 36 

H-C5 Closure Costs 37 

An annual report outlining updated projections of anticipated closure costs for Hanford Facility TSD units 38 
having final status is not required per Permit Condition II.H. The Hanford Facility is owned by DOE, and 39 
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operated by DOE and its contractors; therefore, in accordance with WAC 173-303-620(1)(c), the 1 
provisions of WAC 173-303-620, “Financial Requirements,” are not applicable to the Hanford Facility.  2 

Table H-C7. CWC-WRAP 2404-W Series Dangerous Waste Management Units Closure Activities 

Closure Activity Description 

Primary Activity Secondary Activity Duration 

Prior To Closure 

Submit Notification to Ecology of 
Intent to Close the 2404-W Series 
DWMU(s) 

In accordance with WAC 173-303-610(3)(c)(i), at 
least 45 days prior to the date on which closure is 
expected to begin (i.e., no later than 15 days prior 
to receipt last known volume of final waste). 

-- 

Begin Closure of the 2404-W Series 
DWMU(s) 

In accordance with WAC 173-303-610(3)(c)(ii), 
within 30 days of receiving the last known 
volume of final waste. 

-- 

Closure Activities 

Remove All Waste 

Package and ship waste to an approved facility for 
treatment, storage, and/or disposal. 
In accordance with WAC 173-303-610(4)(a), 
within 90 days after the date on which each 
DWMU has received the last known volume of 
final waste, the owner/operator must treat, 
remove, or dispose of all wastes in accordance 
with the approved closure plan. Request extension 
if necessary. 

30 Days (Day 30) 

Records Review (Performed 
Concurrently with Waste Removal) 

Perform review of daily operating records, 
inspection records, and spill records. 

30 Days (Day 30) 

Perform Visual Inspection of Building 
Containment System 

Inspect secondary containment areas for breaches 
in integrity. 

5 Days (Day 35) Inspect structural integrity (visible aspects only). 

Identify focused sampling locations 
(as applicable). 

Removal of Building(s), Concrete 
Containment System(s), and 
Associated Outdoor Storage Area(s) 

Disconnect electrical connections and utilities. 

80 Days (Day 115) Equipment mobilization. 

Demolition and removal of waste generated. 

Visual Inspection of Underlying Soil 

Identify areas of concern (waste related staining). 

5 Days (Day 120) Document visual inspection with photos, 
locations and dimensions of staining. 

Sampling and Analysis of Underlying 
Soil (Following Demolition of 
Buildings; May Be Performed 
Concurrently with Waste 
Determination and Disposal of Debris) 

See Section H-C3.10 for details of sampling and 
analysis. 

60 Days (Day 180) Data validation and verification. 

If necessary, remove contaminated environmental 
media (soil), and resample and analyze to confirm 
that clean closure levels have been achieved. 

Final Closure of the 2404-W Series 
DWMUs 

In accordance with WAC 173-303-610(4)(b), 
within 180 days after the date on which the last 
known volume of final waste was received. 
Request extension if necessary. 
 

0 Days (Day 180) 
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Table H-C7. CWC-WRAP 2404-W Series Dangerous Waste Management Units Closure Activities 

Closure Activity Description 

Closure Activities Complete 

Owner/Operator and IQRPE Submit 
Clean Closure Certification 

In accordance with WAC 173-303-610(6), within 
60 days of completion of closure of each DWMU; 
certification that the DWMU has been closed in 
accordance with the specifications in the 
approved closure plan (See Section H-C3.12 for 
more details on the clean closure certification). 

60 Days (Day 60) 

1 
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Figure H-C3. 2404-W Series DWMUs Closure Schedule Activities  2 
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 67

Number of selected sample areas b 3

Specified sampling area c 98090.00 ft2

Size of grid / Area of grid cell d 42.0447 feet / 1530.92 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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(0,0) Southwest Corner of 2404-WA Building
(-119.64198, 46.55648) Decimal Degrees

109'

180'

180'

109'

42'

2404-WA
2404-WB

2404-WC

Area: 2404-WA

X Coord Y Coord Label Value Type Historical

47.3493 -75.4096 WA-1 Systematic  

91.3074 -75.4096 WA-2 Systematic  

69.3284 -37.3408 WA-3 Systematic  

3.3911 0.7281 WA-4 Systematic  

47.3493 0.7281 WA-5 Systematic  

91.3074 0.7281 WA-6 Systematic  

25.3702 38.7970 WA-7 Systematic  

69.3284 38.7970 WA-8 Systematic  

113.2865 38.7970 WA-9 Systematic  

3.3911 76.8659 WA-10 Systematic  

47.3493 76.8659 WA-11 Systematic  

91.3074 76.8659 WA-12 Systematic  

25.3702 114.9348 WA-13 Systematic  

69.3284 114.9348 WA-14 Systematic  

113.2865 114.9348 WA-15 Systematic  

3.3911 153.0036 WA-16 Systematic  

47.3493 153.0036 WA-17 Systematic  
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91.3074 153.0036 WA-18 Systematic  

69.3284 191.0725 WA-19 Systematic  

47.3493 229.1414 WA-20 Systematic  

91.3074 229.1414 WA-21 Systematic  

25.3702 267.2103 WA-22 Systematic  

69.3284 267.2103 WA-23 Systematic  

113.2865 267.2103 WA-24 Systematic  

Area: 2404-WB

X Coord Y Coord Label Value Type Historical

225.3740 -56.0608 WB-1 Systematic  

269.6815 -56.0608 WB-2 Systematic  

181.0666 20.6820 WB-3 Systematic  

225.3740 20.6820 WB-4 Systematic  

269.6815 20.6820 WB-5 Systematic  

203.2203 59.0534 WB-6 Systematic  

247.5277 59.0534 WB-7 Systematic  

291.8352 59.0534 WB-8 Systematic  

181.0666 97.4247 WB-9 Systematic  

225.3740 97.4247 WB-10 Systematic  

269.6815 97.4247 WB-11 Systematic  

203.2203 135.7961 WB-12 Systematic  

247.5277 135.7961 WB-13 Systematic  

291.8352 135.7961 WB-14 Systematic  

181.0666 174.1675 WB-15 Systematic  

225.3740 174.1675 WB-16 Systematic  

269.6815 174.1675 WB-17 Systematic  

203.2203 212.5388 WB-18 Systematic  

247.5277 212.5388 WB-19 Systematic  

181.0666 250.9102 WB-20 Systematic  

225.3740 250.9102 WB-21 Systematic  

247.5277 289.2816 WB-22 Systematic  

Area: 2404-WC

X Coord Y Coord Label Value Type Historical

47.0788 303.4765 WC-1 Systematic  

89.1236 303.4765 WC-2 Systematic  

68.1012 339.8883 WC-3 Systematic  

5.0341 376.3001 WC-4 Systematic  

47.0788 376.3001 WC-5 Systematic  

89.1236 376.3001 WC-6 Systematic  
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26.0565 412.7120 WC-7 Systematic  

68.1012 412.7120 WC-8 Systematic  

110.1459 412.7120 WC-9 Systematic  

5.0341 449.1238 WC-10 Systematic  

47.0788 449.1238 WC-11 Systematic  

89.1236 449.1238 WC-12 Systematic  

26.0565 485.5356 WC-13 Systematic  

68.1012 485.5356 WC-14 Systematic  

110.1459 485.5356 WC-15 Systematic  

5.0341 521.9474 WC-16 Systematic  

47.0788 521.9474 WC-17 Systematic  

89.1236 521.9474 WC-18 Systematic  

68.1012 558.3592 WC-19 Systematic  

47.0788 594.7710 WC-20 Systematic  

89.1236 594.7710 WC-21 Systematic  

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where
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F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
MARSSIM (EPA 2000, p. 5-33).

The values of these inputs that result in the calculated number of sampling locations are:

Analyte na Parameter

S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and
4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
gridded sample locations were selected based on a random start.

Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15
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s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 67 Samples

Field collection costs $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs $0.00 $0.00

Fixed planning and validation costs $0.00

Total cost $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.

This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.

This design was last modified 12/2/2015 8:18:27 AM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.
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H-D1 Introduction 1 

This appendix discusses closure activities for the following two Central Waste Complex (CWC) -Waste 2 
Receiving and Processing Facility (WRAP) Operating Unit Group (OUG) 2403-W Series Waste Storage 3 
Buildings dangerous waste management units (DWMUs): 4 

 2403-WA through WC Waste Storage Buildings (includes 2403-WA, 2403-WB, and 2403-WC Waste 5 
Storage Buildings) 6 

 2403-WD Waste Storage Building 7 

Please note, the terms “mixed waste” and/or “waste” when seen in this document refer to dangerous waste 8 
or hazardous waste, as applicable. 9 

This plan describes in detail the closure activities that are necessary to establish clean closure levels for 10 
the 2403-W Series DWMUs. Such closure activities include removal of all waste, records review 11 
(i.e., container storage, operating, and inspection records) for documented spills or releases of waste, 12 
visual inspection of the asphalt pad after waste removal to evaluate the likelihood of potential 13 
contamination of the underlying soil, demolition of the 2403-W Series Waste Storage Buildings and 14 
associated outside storage areas, visual inspection of the underlying soil, and soil sampling and analysis to 15 
confirm that clean closure standards have been achieved. 16 

Closure for both of the 2403-W Series DWMUs will be performed in accordance with the closure 17 
schedule provided in Section H-D4. Within 60 days upon completion of closure activities, the Permittees’ 18 
shall provide the Washington State Department of Ecology (Ecology) with a certification of closure in 19 
accordance with WAC 173-303-610(6) “Dangerous Waste Regulations,” “Closure and Post-Closure.” 20 
Closure certification will provide supportive evidence that the 2403-W Series DWMUs has met 21 
established clean closure standards. 22 

This closure plan complies with WAC 173-303-610(2) through (6). Amendments to this closure plan will 23 
be submitted as a permit modification in accordance with WAC 173-303-610(3)(b). 24 

H-D1.1 Unit Description 25 

The 2403-WA through WC Waste Storage Buildings DWMU is centrally located within CWC-WRAP 26 
(Figure H-D1) and is permitted for waste container storage. This DWMU consists of three buildings and 27 
associated outdoor storage areas. Figure H-D2 shows the 2403-WB Waste Storage Building which is 28 
typical of the 2403-WA through 2403-WC Waste Storage Buildings. The foundation for each building 29 
measures approximately 51.9 m (170 ft) wide by 61.0 m (200 ft) long, for a total footprint area of 30 
approximately 3,170 m2 (34,000 ft2). The buildings have engineered secondary containment systems and 31 
are structurally designed with the following features: 32 

 Floors are constructed from reinforced concrete that has been sealed with a chemically resistant 33 
coating (e.g., epoxy resin). 34 

 Foundations are divided into quadrants by concrete curbs that are approximately 13 cm (5 in) above 35 
grade with sloping floors and sumps providing secondary containment for entire storage areas. 36 
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The outdoor storage areas are uncovered/unenclosed, constructed of concrete and/or asphalt, and do not 1 
contain engineered secondary containment systems. They consist of five locations with the following 2 
approximate measurements: 3 

 18 m (60 ft) wide by 64.6 m (212 ft) long (east of 2403-WB) 4 

 18 m (60 ft) wide by 27 m (90 ft) long (west of 2403-WB) 5 

 14 m (45 ft) wide by 123 m (402 ft) long (west of 2403-WA and 2403-WC) 6 

 11 m (37 ft) wide by 42.4 m (139 ft) long (east of 2403-WC) 7 

 7.0 m (23 ft) wide by 51.8 m (170 ft) long (east of 2403-WA) 8 

Outside, adjacent areas to the buildings and associated outdoor storage areas are stabilized and graded to 9 
slope away to prevent run-on. 10 

The 2403-WD Waste Storage Building DWMU is centrally located within CWC-WRAP (Figure H-D1) 11 
and is permitted for waste container storage and treatment. This DWMU consists of one building and 12 
associated outdoor storage areas (Figure H-D3). The foundation for this building measures approximately 13 
51.9 m (170 ft) wide by 99.1 m (325 ft) long, for a total footprint area of approximately 5,130 m2 14 
(55,300 ft2). The building has an engineered secondary containment system and is structurally designed 15 
with the following features: 16 

 Floors are constructed from reinforced concrete that has been sealed with a chemically resistant 17 
coating (e.g., epoxy resin). 18 

 Foundations are divided into quadrants by concrete curbs that are approximately 13 cm (5 in) above 19 
grade with sloping floors and sumps providing secondary containment for the entire storage area. 20 

The outdoor storage area is uncovered/unenclosed and constructed of concrete and/or asphalt, and it does 21 
not have an engineered secondary containment system. It consists of two locations measuring 22 
approximately 9.1 m (30 ft) wide by 51.8 m (170 ft) long, and 18 m (59 ft) wide by 46.3 m (147 ft) long. 23 

H-D1.2 Maximum Waste Inventory 24 

The maximum permitted storage capacities of the 2403-W Series DWMUs are identified in Table H-D1. 25 

Table H-D1. Dangerous Waste Management Unit Maximum Storage Capacity 

DWMU Building Maximum Waste Storage 

2403-WA through WC Waste 
Storage Buildings 

2403-WA 2,985 m3 (2,985,000 L) 

2403-WB 2,985 m3 (2,985,000 L) 

2403-WC 2,985 m3 (2,985,000 L) 

Total DWMU Maximum Waste Storage 8,955 m3 (8,955,000 L) 

2403-WD Waste Storage Building 2403-WD 4,942 m3 (4,942,000 L) 

Total DWMU Maximum Waste Storage 4,942 m3 (4,942,000 L) 

 26 
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 1 

Figure H-D1. 2403-W Series Dangerous Waste Management Units (Aerial View 2012) 2 

 3 

Figure H-D2. 2403-WB (Typical of 2403-WA through WC Waste Storage Buildings, Including Outdoor Area; 4 
March 2013) 5 
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 1 

Figure H-D3. 2403-WD Waste Storage Building Dangerous Waste Management Unit (March 2013) 2 

H-D2 Closure Performance Standard 3 

Closure performance standards for the 2403-W Series DWMUs will be based on WAC 173-303-610(2), 4 
which requires closure of the facility in a manner that accomplishes the following objectives:  5 

 Minimize the need for further maintenance. 6 

 Control, minimize, or eliminate, to the extent necessary to protect human health and the environment 7 
(HHE), post-closure escape of dangerous waste, dangerous constituents, leachate, contaminated 8 
runoff, or dangerous waste decomposition products to the ground, surface water, groundwater, or 9 
atmosphere. 10 

 Return the land to the appearance and use of surrounding land areas, to the degree possible, given the 11 
nature of the previous dangerous waste activity. 12 

These performance standards are addressed in Sections H-D2.1 and H-D3.9 of this closure plan and 13 
furthermore identified in Table H-D5. 14 

H-D2.1 Clean Closure Levels 15 

The 2403-W Series DWMUs will be clean closed. After removal of all waste, the buildings, including the 16 
associated outdoor storage areas, will be demolished (Section H-D3.6) and managed as newly generated 17 
waste debris. 18 

Once the buildings are removed, the underlying soil will be sampled and analyzed to ensure that clean 19 
closure levels are achieved. In accordance with WAC 173-303-610(2)(b)(i), clean closure levels for the 20 
soil are the numeric cleanup levels, Method B, calculated using unrestricted use exposure assumptions 21 
according to the WAC 173-340, “Model Toxics Control Act—Cleanup,” hereinafter called MTCA, 22 
cleanup regulations (WAC 173-340-700, “Overview of Cleanup Standards,” through 173-340-760, 23 
“Sediment Cleanup Standards,” excluding WAC 173-303-745, “Soil Cleanup Standards for Industrial 24 
Properties”). These numeric cleanup levels have been calculated according to the requirements of 25 
WAC 173-303-610(2)(b)(i), using the MTCA (WAC 173-340) Method B closure performance standard 26 
for soil. These cleanup levels consider carcinogens, noncarcinogens, groundwater protection, and 27 
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ecological indicator values. Table H-D5 provides the MTCA (WAC 173-340) Method B closure 1 
performance standards for unrestricted use exposure assumptions for soil for each individual target 2 
analyte (Table H-D2). 3 

A null hypothesis is generally assumed to be true until evidence indicates otherwise. The null hypothesis, 4 
as defined in WAC 173-340-200, “Definitions,” for the 2403-W Series DWMUs is that the soil 5 
underlying the buildings is assumed to be above unrestricted MTCA (WAC 173-340) Method B cleanup 6 
levels; therefore, the site is presumed to be contaminated. Rejection of the null hypothesis means that 7 
sampling and analysis results of the site indicated underlying soil contamination below the MTCA 8 
(WAC 173-340) Method B cleanup levels. Sampling and analysis will be used to determine whether the 9 
null hypothesis can be rejected, thereby confirming that the underlying soil meets closure performance 10 
standards (MTCA [WAC 173-340] Method B). 11 

Should sampling and analysis provide a basis that the null hypothesis can be accepted, such an event will 12 
be considered an unexpected event during closure, and the soil would then be identified as a newly 13 
generated contaminated environmental media and managed in accordance with Section H-D3.8. 14 

H-D3 Closure Activities 15 

The 2403-W Series DWMUs will be clean closed under Resource Conservation and Recovery Act of 16 
1976 (RCRA), and confirmation sampling will be performed to verify that closure performance standards 17 
(Table H-D5) are met. As waste storage and treatment units, clean closure determinations for the 2403-W 18 
Series DWMUs will be based on successfully completing the closure activities in this section. Sampling 19 
and analysis activities were developed utilizing EPA/240/R-02/005, Guidance on Choosing a Sampling 20 
Design for Environmental Data Collection (EPA QA/G-5S), and Ecology Publication 94-111, Guidance 21 
for Clean Closure of Dangerous Waste Units and Facilities, and will be conducted via a sampling and 22 
analysis plan (SAP) (Section H-D3.10.1). The objective of sampling described in this document is to 23 
determine if the MTCA (WAC 173-340) Method B closure performance standards were met, thereby 24 
demonstrating clean closure of the 2403-W Series DWMUs. The following closure activities are required 25 
to achieve and verify clean closure: 26 

 Remove all waste. 27 

 Review waste container storage, operating, and inspection records for documented spills or releases 28 
of waste. 29 

 Perform visual inspection of building containment system for cracks, holes, or other types of breaches 30 
significant enough to reach underlying soil for purposes of focused sampling. 31 

 Demolish and remove the storage buildings and concrete containment systems. 32 

 Perform visual inspection on underlying soil to identify any staining for purposes of 33 
focused sampling. 34 

 Perform soil sampling and analysis to confirm that clean closure standards are met. 35 

 If contamination is detected during initial sampling efforts, remove, treat (if necessary), and dispose 36 
of contaminated environmental media (soil), as necessary. 37 

 Resample, as necessary, to confirm that MTCA (WAC 173-340) Method B clean closure levels have 38 
been met. 39 

 Transmit clean closure certification to Ecology. 40 
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H-D3.1 Health and Safety Requirements 1 

Closure will be performed in a manner that will ensure safety of personnel and the surrounding 2 
environment. Qualified personnel will perform any necessary closure activities in compliance with 3 
established safety and environmental procedures. Personnel will be equipped with appropriate personal 4 
protective equipment (PPE). Qualified personnel will be trained in applicable safety and environmental 5 
procedures in accordance with Addendum G, “Personnel Training,” and have appropriate training and 6 
experience in sampling activities. Field operations will be performed in accordance with applicable health 7 
and safety requirements. 8 

The Permittees have instituted training or qualification programs to meet training requirements imposed 9 
by regulations, U.S. Department of Energy (DOE) orders, and national standards such as those published 10 
by the American National Standards Institute/American Society of Mechanical Engineers. For example, 11 
the environmental, safety, and health training program provides workers with the knowledge and skills 12 
necessary to execute assigned duties safely. Attachment 5 of the Hanford Facility RCRA Permit 13 
(WA7890008967, Hanford Facility Resource Conservation and Recovery Act Permit) describes specific 14 
requirements for the Hanford Facility Personnel Training program. The Permittees will comply with the 15 
CWC-WRAP Training Matrix detailed in Addendum G, which provides training requirements for 16 
Hanford Facility personnel associated with the 2403-W Series DWMUs. 17 

Project-specific safety training addressed explicitly to the project and activities for the day will include 18 
the following:  19 

 Training will provide the knowledge and skills that personnel need to perform work safely and in 20 
accordance with quality assurance (QA) requirements. 21 

 Samplers are required to be qualified in the type of sampling being performed in the field. 22 

Pre-job briefings will be performed to evaluate activities and associated hazards by considering many of 23 
the following factors: 24 

 Objective of the activities 25 

 Individual tasks to be performed 26 

 Hazards associated with the planned tasks 27 

 Environment in which the job will be performed 28 

 Facility where the job will be performed 29 

 Equipment and material required 30 

 Safety protocols applicable to the job 31 

 Training requirements for individuals assigned to perform the work 32 

 Level of management control 33 

 Emergency contacts. 34 

Training records for each employee are maintained in an electronic database. The Permittees training 35 
organization maintains the training records system. 36 

H-D3.2 Removal of Wastes and Waste Residues 37 

All waste will be removed from the storage modules and managed in accordance with WAC 173-303 and 38 
CWC-WRAP waste management practices. The waste will be designated (if necessary) and shipped to an 39 
approved facility for treatment, storage, and/or disposal (TSD). 40 
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Waste containers meeting U.S. Department of Transportation (DOT) requirements will be packaged and 1 
shipped in accordance with 49 CFR, “Transportation,” criteria. Waste packaged in non-DOT regulation 2 
(large or irregular shaped) containers will be shipped in accordance with DOE/RL-2001-36, Hanford 3 
Sitewide Transportation Safety Document. Waste shipments primarily occur utilizing highway 4 
transportation but may also include shipping by air or rail. 5 

Waste will be treated (if necessary) to meet the land disposal restriction (LDR) treatment standards 6 
specified in WAC 173-303-140(2), “Land Disposal Restrictions,” which includes by reference 7 
40 CFR 268, “Land Disposal Restrictions,” then ultimately disposed of in an appropriate waste 8 
disposal facility. 9 

While waste residues are not anticipated, they will be managed in accordance with all applicable 10 
requirements of WAC 173-303-170, “Requirements for Generators of Dangerous Waste,” through 11 
WAC 173-303-230, “Special Conditions,” if found during closure activities. Waste subject to the LDR 12 
requirements of WAC 173-303-140(2), which includes by reference 40 CFR 268, will be characterized, 13 
designated, stored, and/or treated, as applicable, prior to disposal in an approved waste disposal facility. 14 

H-D3.3 Unit Components, Parts, and Ancillary Equipment 15 

The 2403-WA, 2403-WB, 2403-WC, and 2403-WD Buildings are constructed with a reinforced concrete 16 
floor and a 15 cm (6 in.) high curb that slopes to a liquid sump. The buildings contain fire suppression 17 
systems, which include a pump and dry piping system. The buildings are also equipped with active 18 
electrical systems providing power to lighting and fire alarm systems. All piping penetrations and 19 
construction joints are grouted or caulked and sealed. 20 

The 2403-WD Waste Storage Building may utilize portable gloveboxes to facilitate management and 21 
treatment of waste or may be fitted with temporary modular Perma-Con® structures to facilitate 22 
management and treatment of waste. The building can also be fitted with a temporary work tent to 23 
conduct treatment activities. Treatment equipment is temporary within the 2403-WD Building and will be 24 
removed upon completion of treatment and before the start of closure activities. 25 

H-D3.4 Inspection of Units Before Decontamination 26 

Although decontamination of the 2403-W Series DWMUs is not planned, following the removal of all 27 
waste and waste residues, a visual inspection will be performed to determine the presence of cracks, 28 
holes, or other breaches in the concrete containment system sufficient to reach the underlying soil. 29 
These cracks, holes, or other breaches will be documented to determine if focused sampling of the 30 
underlying soil during confirmation sampling is necessary. 31 

During the closure period, to prevent threats to HHE, the 2403-W Series DWMUs will be inspected in 32 
accordance with WAC 173-303-320(2), “General Inspection.” Inspections of the 2403-W Series DWMUs 33 
will be performed annually, until clean closure certification is accepted by Ecology, and will verify the 34 
following: 35 

 Posted warning signs at each entrance to the OUG are present, legible, and visible at 7.6 m (25 ft). 36 

 No evidence of unusual conditions exists at the closing DWMU site. 37 

                                                      
® Perma-Con is a registered trademark of Radiation Protection Systems, Groton, Connecticut. 
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H-D3.5 Decontamination 1 

Decontamination of the 2403-W Series DWMUs is not planned. 2 

H-D3.6 Demolition of the 2403-W Series Waste Storage Buildings 3 

Once all waste has been removed from the building, demolition activities can be initiated. Demolition of 4 
the 2403-WA, 2403-WB, 2403-WC, and 2403-WD Buildings can be done independently of each other 5 
but will all follow the same demolition activities. The following primary activities are required to 6 
complete demolition of the buildings: 7 

 Location of utilities 8 

 Mobilization of equipment 9 

 Removal of the 2403-WA, 2403-WB, 2403-WC, and 2403-WD Buildings 10 

H-D3.6.1 Location and Isolation of Utilities 11 

Prior to demolition, any in-use utilities will be located as well as the underground fire water line to ensure 12 
that there are no disruptions to the surrounding activities. The fire water line may supply water to other 13 
CWC-WRAP DWMUs. Fire hydrants may also be used to supply water for dust control during 14 
rubbilization of the containment system. 15 

H-D3.6.2 Equipment Mobilization 16 

Resources, equipment, and materials necessary to perform demolition will be staged at designated 17 
laydown areas in proximity to the two 2403-W Series DWMUs. 18 

H-D3.6.3 Demolition Activities for the 2403-W Series Waste Storage Buildings 19 

Demolition of 2403-W Series DWMU buildings will be accomplished utilizing the primary method of 20 
shearing and rubblizing. Demolition of the buildings will require the use of heavy equipment 21 
(e.g., excavator with various attachments). Other standard industry or conventional demolition practices 22 
also may be used (e.g., hydraulic shears with steel shear jaws, concrete pulverizer jaws, or breaker jaws). 23 
Demolition methods will be selected based on the structural elements to be demolished, remaining 24 
contamination, location, and integrity of the structure. Water may be used to control dust generated from 25 
demolition activities. The amount of water used will be minimized to prevent ponding and runoff. While 26 
unlikely, other controls, such as portable ventilation filter units and high-efficiency particulate air filtered 27 
vacuum cleaners, may be used. Additional storm water run-on and runoff controls may be implemented, 28 
as needed.  29 

Crusting agents or fixatives will be applied to any disturbed portion of the demolition area and excavation 30 
site when deemed necessary. For example, if wind should arise, fixative will be applied to prevent the 31 
spread of dust particulates from the work site. 32 

H-D3.6.3.1 Shearing and Rubblizing 33 

During shearing and rubblizing of the buildings, fog cannons, fire hoses, and misters may be used to 34 
spray mist water for dust suppression. The amount of water used will be minimized to prevent ponding 35 
and runoff. The shears will size reduce/cut components of the buildings and equipment, such as piping, 36 
concrete flooring, and conduit, and front end loaders or grapples will load the debris into 37 
roll-off containers. 38 
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Large equipment such as an excavator with a hoe-ram, a hydraulic shear with steel shear jaws, and 1 
concrete pulverizer jaws or breaker jaws will be used to perform any rubblizing. Debris rubble from the 2 
containment system will be loaded into roll-off boxes for transportation to the approved disposal facility. 3 

H-D3.7 Identifying and Managing Waste Generated from Closure Activities 4 

Closure activities for the 2403-W Series DWMUs will result in the generation debris from demolition and 5 
possibly of contaminated environmental media (soil) requiring management and disposal. Waste 6 
generated during closure activities will be managed as a newly generated waste stream in accordance with 7 
WAC 173-303-610(5). Waste generated during the closure period must be properly disposed. The newly 8 
generated waste must be handled in accordance with all applicable requirements of WAC 173-303-170 9 
through WAC 173-303-230. 10 

Management and disposal of waste generated during closure will be documented and included with the 11 
clean closure documentation included in Section H-D3.12. 12 

H-D3.7.1 Debris from Demolition  13 

Debris from demolition generated during closure will be packaged onsite and transported to an approved 14 
disposal facility. Debris includes, but is not limited to, the following types of wastes resulting from 15 
demolition of the 2403-WA, 2403-WB, 2403-WC, and 2403-WD Buildings: 16 

 Equipment and construction materials 17 

 Concrete and associated rubblized debris 18 

 Miscellaneous waste (e.g., rubber, glass, paper, PPE, cloth, plastic, and metal) 19 

Preferred management of debris resulting from demolition of the buildings is in bulk form. Bulk waste 20 
will be placed into bulk containers, such as roll-off boxes, to transport for disposal. These bulk containers 21 
will be stored in a suitable area in proximity to the DWMU area or may be accumulated for up to 90 days 22 
in another suitable location. Bulk containers of waste will be covered when waste is not being added or 23 
removed. Lightweight material (e.g., plastic and paper) will be bagged, if appropriate, prior to placement 24 
in the bulk container to eliminate the potential for materials blowing out of the bulk container. 25 

Debris will be containerized, labeled, and sampled (if necessary) for waste characterization. Waste subject 26 
to LDR requirements of WAC 173-303-140, which includes by reference 40 CFR 268, will be 27 
characterized, designated, stored, and/or treated, as applicable, prior to disposal in an approved 28 
disposal facility. 29 

H-D3.8 Identifying and Managing Contaminated Environmental Media 30 

If contaminated environmental media (soil) is identified as a result of clean closure verification sampling 31 
activities (i.e., samples indicate contamination above clean closure standards), the nature and extent of 32 
contamination will be evaluated. Soil surrounding the node location, which identified contamination 33 
above clean closure levels, will be removed up to the diameter distance to the adjacent node locations 34 
approximately 1 m (3 ft) below the surface. Contaminated soil will be removed using equipment capable 35 
of removing the quantity of material required to complete removal and clean close the DWMUs. 36 
Following removal of contaminated soil, additional confirmatory sampling will be conducted in 37 
accordance with the approved closure plan SAP. This process will continue until analytical results of 38 
confirmatory soil samples prove that clean closure levels have been achieved. 39 

Contaminated soil will be managed as a newly generated waste stream in accordance with 40 
WAC 173-303-610(5). Contaminated soil must be handled in accordance with all applicable requirements 41 
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of WAC 173-303-170 through WAC 173-303-230. The contaminated soil will be containerized, labeled, 1 
and sampled (if necessary) for waste characterization. Waste subject to the LDR requirements of 2 
WAC 173-303-140, which includes by reference 40 CFR 268, will be characterized, designated, stored, 3 
and/or treated, as applicable, prior to disposal in an approved disposal facility. 4 

Management and disposal of the contaminated environmental media will be documented and included 5 
with the clean closure documentation included in Section H-D3.12. 6 

H-D3.9 Confirming Clean Closure 7 

Both the 2403-WA through WC Waste Storage Buildings DWMU and 2403-WD Waste Storage Building 8 
DWMU will be clean closed. Demonstration of clean closure standards will be accomplished through 9 
sampling and analysis performed in accordance with the included SAP (Section H-D3.10). The SAP 10 
consists of random grid sampling with judgmental sampling of areas of concern identified during the 11 
visual inspection (i.e., areas where staining, cracks, or other openings in the containment system that may 12 
have allowed a release of waste to the underlying soil). 13 

Once removal of the building is complete, confirmation sampling will be conducted in accordance with 14 
the SAP detailed in Section H-D3.10 to confirm that soil unrestricted use cleanup standards (MTCA 15 
[WAC 173-340] Method B) have been achieved. If sample results indicate contamination above clean 16 
closure levels, contaminated soil will be removed and managed in accordance with Section H-D3.8. Once 17 
analytical results confirm clean closure levels of the target analytes, a clean closure certification will be 18 
prepared in accordance with Section H-D3.12. 19 

H-D3.10 Sampling and Analysis and Constituents to Be Analyzed 20 

The SAP summarized the sampling design used and associated assumptions based on knowledge of the 21 
2403-WA through WC Waste Storage Buildings DWMU and 2403-WD Waste Storage Building DWMU. 22 
Sampling and analysis for the 2403-W Series DWMUs will be performed on the soil after demolition of 23 
each building to demonstrate clean closure levels. The sampling design includes input parameters used to 24 
determine the number and location of samples. 25 

H-D3.10.1 Sampling and Analysis Plan 26 

Sampling and analysis of the 2403-W Series DWMUs underlying soil will be conducted to confirm that 27 
clean closure levels have been achieved. All sampling and analysis will be performed in accordance with 28 
the sampling and quality standards established in this closure SAP. The closure SAP details sampling and 29 
analysis procedures in accordance with SW-846, Test Methods for Evaluating Solid Waste: 30 
Physical/Chemical Methods, Third Edition; Final Update V; ASTM International, formerly the American 31 
Society for Testing and Materials (ASTM), Annual Book of ASTM Standards; and applicable U.S. 32 
Environmental Protection Agency (EPA) guidance. Sampling and analysis activities will meet applicable 33 
requirements of SW-846, ASTM standards, EPA approved methods, and DOE/RL-96-68, Hanford 34 
Analytical Services Quality Assurance Requirements Document (HASQARD), at the time of closure. This 35 
SAP was also developed using Ecology Publication 94-111, Section 7.0, “Sampling and Analysis for 36 
Clean Closure,” and EPA/240/R-02/005 (EPA QA/G-5S). 37 

H-D3.10.2 Target Analytes 38 

The 2403-WA through WC Waste Storage Buildings and 2403-WD Waste Storage Building DWMUs are 39 
active portions of the CWC-WRAP OUG; therefore, target analytes at closure may include any or all 40 
analytes based on the waste codes permitted in the CWC-WRAP Hanford Facility RCRA Permit 41 
(WA7890008967) Part A (Attachment B, Section XIV-Description of Dangerous Wastes). A waste 42 
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management report identifying waste codes historically managed at the 2403-WA, 2403-WB, 2403-WC, 1 
and 2403-WD Waste Storage Buildings, was run to identify the existing target analytes. Table H-D2 2 
details the waste codes identified and the target analytes associated with those waste codes. Additional 3 
target analytes may be identified upon review of the waste tracking records for the DWMUs upon receipt 4 
of the final waste. Although there may be minor differences in waste codes historically managed at each 5 
of the two 2403-W Series DWMUs, the same comprehensive list of target analytes will be used for each 6 
DWMU. A permit modification updating the SAP with specific target analytes will be submitted, if 7 
necessary, in accordance with WAC 173-303-610(3)(b), 45 days prior to the DWMU closure. 8 

Table H-D2. Target Analyte List 

Target Analyte (Waste Code) CAS Number Target Analyte (Waste Code) CAS Number 

Arsenic (D004) 7440-38-2 Barium (D005) 7440-39-3 

Cadmium (D006) 7440-43-9 Chromium (Hexavalent) (D007)  18540-29-9 

Lead (D008)  7439-92-1 Mercury (D009)(U151) 7439-97-6 

Selenium (D010) 7782-49-2 Silver (D011) 7440-22-4 

Endrin (D012) 72-20-8 Lindane (D013) 58-89-9 

Methoxychlor (D014) 72-43-5 Toxaphene (D015) 8001-35-2 

2,4-Dichlorophenoxyacetic Acid 
(D016) 

94-75-7 2,4,5-TP Silvex (D017) 93-72-1 

Benzene (D018) (F005) (U019) 71-43-2 
Carbon Tetrachloride (D019) 
(F001) (U211) 

56-23-5 

Chlordane (D020) 57-74-9 
Chlorobenzene (D021) (F002) 
(U037) 

108-90-7 

Chloroform (D022) (U044) 67-66-3 o-Cresol (D023) (F004) 95-48-7 

m-Cresol (D024) (F004) 108-39-4 p-Cresol (D025) (F004) 106-44-5 

Cresol (Cresylic Acid)a, e (D026) 
(F004) 

1319-77-3 1,4-Dichlorobenzene (D027) 106-46-7 

1,2-Dichloroethane (D028) 107-06-2 1,1-Dichloroethylene (D029) 75-35-4 

2,4-Dinitrotoluene (D030) 121-14-2 Heptachlor (D031) 76-44-8 

Heptachlor Epoxide (D031) 1024-57-3 Hexachlorobenzene (D032) 118-74-1 

Hexachlorobutadiene (D033) 87-68-3 Hexachloroethane (D034) 67-72-1 

Methyl Ethyl Ketone (D035) 
(F005) (U159) 

78-93-3 
Nitrobenzene (D036) (F004) 
(U169) 

98-95-3 

Pentachlorophenol (D037) 87-86-5 Pyridine (D038) (F005)  110-86-1 

Tetrachloroethylene (D039) (F001) 
(F002) (U210) 

127-18-4 
Trichloroethylene (D040) (F001) 
(F002) (U228) 

79-01-6 

2,4,5-Trichlorophenol (D041) 95-95-4 2,4,6-Trichlorophenol (D042) 88-06-2 

Vinyl chloride (D043) (U043) 75-01-4 
Methylene Chloride (F001) 
(F002) (U080) 

75-09-2 

1,1,1-Trichloroethane (F001) 
(F002) (U226) 

71-55-6 CFCsh (F001) (F002) N/A 

1,1,2-Trichloro-1,2,2-
Trifluoroethane (CFC-133)h (F002) 

73-13-1 Ortho-Dichlorobenzene (F002) 95-50-1 
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Table H-D2. Target Analyte List 

Target Analyte (Waste Code) CAS Number Target Analyte (Waste Code) CAS Number 

Trichlorofluoromethane (CFC-11)h 
(F002) (U121) 

75-69-4 1,1,2-Trichloroethane (F002) 79-00-5 

Xylene (F003) (U239) 1330-20-7 Acetone (F003) (U002) 67-64-1 

Ethyl Acetate (F003) (U112) 141-78-6 Ethyl Benzene (F003) 100-41-4 

Ethyl Ether (F003) (U117) 60-29-7 Methyl Isobutyl Ketone (F003) 108-10-1 

n-butyl Alcohol (F003) (U031) 71-36-3 Cyclohexanone (F003) 108-94-1 

Methanol (F003) (U154) 67-56-1 Toluene (F005) 108-88-3 

Carbon Disulfide (F005) (P022) 75-15-0 Isobutanol (F005) 78-83-1 

2-Ethoxyethanol f (F005) (U359) 110-80-5 2-Nitropropaned,e (F005) 79-46-9 

Arsenic Trioxidee (P012) 1327-53-3 Chloroacetaldehydee (P023) 107-20-0 

p-Chloroaniline (P024) 106-47-8 Copper Cyanideb (P029) 544-92-3 

Cyanide (P030) 57-12-5 p-Nitroanilinee (P077) 100-01-6 

Potassium Cyanideb (P098) 151-50-8 Sodium Azidei (P105) 26628-22-8 

Sodium Cyanideb (P106) 143-33-9 Thallium oxidee (P113) 1314-32-5 

Hydrazinecarbothioamidee (P116) 79-19-6 
Vanadic Acid, Ammonium Salte 
(P119) 

7803-55-6 

Vanadium Pentoxideg (P120) 1314-62-1 PCBs (Aroclors) (PCB2) 1336-36-3 

Acetaldehydee (U001) 75-07-0 Acetophenone (U004) 98-86-2 

Acetyl Chloridee (U006) 75-36-5 Acrylamide (U007) 79-06-1 

Aniline (U012) 62-53-3 Dichloroethyl Ether (U025) 111-44-4 

Dimethyl Sulfatee (U103) 77-78-1 1,4-Dioxane (U108) 123-91-1 

Fluoranthene (U120) 206-44-0 Formic Acid (U123) 64-18-6 

Hydrazinec (U133)  302-01-2 Lead (II) Acetatee (U144) 301-04-2 

3-Methylcholanthrenee (U157) 56-49-5 
Methyl Ethyl Ketone Peroxidee 
(U160) 

1338-23-4 

Methyl Methacrylate (U162) 80-62-6 Naphthalene (U165) 91-20-3 

p-Nitrophenole (U170) 100-02-7 
N-Nitrosodi-n-Butylamine 
(U172) 

924-16-3 

Phenol (U188) 108-95-2 Phosphorus Sulfidee (U189) 1314-80-3 

1,3-Benzenediole (U201) 108-46-3 Safrole e (U203) 94-59-7 

Selenium Dioxidee (U204)  7783-00-8 Tetrahydrofurane (U213) 109-99-9 

Thioacetamidee (U218) 62-55-5 
Thioureae (U219) 62-56-6 

p-Toluidinej (U353) 106-49-0 

a. The closure performance standard for cresol will be achieved through analysis of its three isomeric forms: o-cresol, m-
cresol, and p-cresol. 

b. Analyzed as total cyanide. 

c. Due to the reactive and volatile nature of hydrazine, quantitation is difficult and its presence in soil samples is highly 
unlikely; therefore, samples will not be analyzed for hydrazine. 
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Table H-D2. Target Analyte List 

Target Analyte (Waste Code) CAS Number Target Analyte (Waste Code) CAS Number 

d. The closure performance standard for 2-nitropropane was removed in the May 2014 EPA CLARC table updates, therefore, 
this analyte will not be analyzed for due to the unavailability of a closure performance standard. 

e. This analyte is removed from further consideration because it is not listed in the EPA CLARC tables. 

f. Due to the extremely short half-life of 2-ethoxyethanol (between 168 hours and 672 hours), its presence in soil samples is 
highly unlikely; therefore, samples will not be analyzed for 2-ethoxyethanol. 

g. Vanadium pentoxide covered by analysis as vanadium. 

h. CFC is an organic compound that contains only carbon, chlorine, and fluorine, produced as a volatile derivative of 
methane, ethane, and propane. Examples of CFCs include 1,1,2-trichloro-1,2,2-trifluoroethane (CFC-133) and 
trifluoromethane (CFC-11). 

i. Sodium azide is reactive with moisture and, therefore, is highly unlikely to be present in environmental soil samples; thus, 
samples will not be analyzed for sodium azide. 

j. Analyte is being removed from further consideration because historically it has not been analyzed for on the Hanford 
Facility within the last 25 years. 
CAS = Chemical Abstracts Service 

CFC = chlorinated fluorocarbon 

CLARC = Cleanup Levels and Risk Calculations  

EPA  =   U.S. Environmental Protection Agency 

N/A = not applicable 

PCB = polychlorinated biphenyl 

 1 

H-D3.10.3 SAP Schedule 2 

Confirmation closure sampling and analysis will be performed in accordance with the closure plan 3 
schedule in Section H-D4. 4 

H-D3.10.4 Project Management 5 

The following subsections address project management and ensure that the project has defined goals, 6 
participants understand the goals and approaches used, and planned outputs are appropriately 7 
documented. Project management roles and responsibilities discussed in this section apply to the major 8 
activities covered under the SAP. 9 

H-D3.10.4.1 Project/Task Organization 10 

The Permittee is responsible for planning, coordinating, sampling, preparing, packaging, and shipping 11 
samples to the laboratory. The project organization (regarding sampling and characterization) is described 12 
in the following subsections and shown graphically in Figure H-D4. 13 

The project has several key positions, including the following: 14 

 Lead Regulatory Agency Project Manager: Ecology has assigned Project Managers responsible for 15 
oversight of the 2403-W Series DWMUs closure. 16 

 Project Manager and Technical Lead: The Project Manager provides oversight of closure activities 17 
and coordinates with the DOE Richland Operations Office (DOE-RL), EPA, Ecology, and contract 18 
management. The Project Manager (or designee) for the 2403-W Series DWMUs closure sampling is 19 
responsible for direct management of sampling documents and requirements, field activities, and 20 
subcontracted tasks. The Project Manager is responsible for ensuring that project personnel are 21 
working to the current version of the SAP. The Project Manager works closely with Health and Safety 22 
and the Field Work Supervisor (FWS) to integrate these and other lead disciplines in planning and 23 
implementing the work scope. The Project Manager also coordinates with DOE-RL and the primary 24 
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contractor management on all sampling activities. The Project Manager supports DOE-RL in 1 
coordinating sampling activities with the regulators. 2 

 Environmental Compliance Officer: The Environmental Compliance Officer provides technical 3 
oversight, direction, and acceptance of project and subcontracted environmental work, and develops 4 
appropriate mitigation measures with a goal of minimizing adverse environmental impacts. 5 

 6 

Figure H-D4. 2403-W Series DWMUs Sampling and Analysis Plan Project Organization 7 

 Health and Safety: The Health and Safety organization is responsible for coordinating industrial 8 
safety and health support within the project, as carried out through health and safety plans, job hazard 9 
analyses, and other pertinent safety documents required by federal regulation or by internal primary 10 
contractor work requirements. 11 

 Waste Management Lead: The Waste Management organization communicates policies and 12 
protocols and ensures project compliance for storage, transportation, disposal, and waste tracking. 13 

 Field Work Supervisor: The FWS is responsible for planning and coordinating field sampling 14 
resources. The FWS ensures that samplers are appropriately trained and available. Additional related 15 
responsibilities include ensuring that the sampling design is understood and can be performed 16 
as specified. 17 
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 Sample Management and Reporting: The Permittee’s sampling organization coordinates field 1 
sampling as well as laboratory analytical work, ensuring that laboratories conform to Hanford Facility 2 
internal laboratory QA requirements (or their equivalent), as approved by DOE-RL, EPA, and 3 
Ecology. The sampling organization receives analytical data from the laboratories, performs data 4 
entry into the Hanford Environmental Information System (HEIS) database, and arranges for data 5 
validation. The sampling organization is responsible for informing the Project Manager of any issues 6 
reported by the analytical laboratory. 7 

 Contract Laboratories: Contract laboratories analyze samples in accordance with established 8 
procedures and provide necessary sample reports and explanation of results in support of 9 
data validation. 10 

H-D3.10.5  Sampling Design 11 

The primary purpose of sampling the underlying soil is to determine if analytical data values exceed the 12 
MTCA (WAC 173-340) Method B clean closure performance standards (Table H-D5). 13 

This SAP utilized Ecology Publication 94-111 (Section 7.0) to determine the type of sampling design that 14 
will be utilized to demonstrate clean closure. When designing the sampling plan, both focused and area 15 
wide (grid) sampling methods were considered. Ecology Publication 94-111 (Section 7.2.1) identifies that 16 
area wide sampling is appropriate when the spatial distribution of contamination at or from the closure 17 
unit is uncertain. Ecology Publication 94-111, Section 7.3, “Sampling to Determine or Confirm Clean 18 
Closure,” identifies the area wide sampling approach as generally appropriate for sampling to determine 19 
or confirm that clean closure levels are achieved. 20 

Area Wide (Grid) Sampling: Samples are collected at regularly spaced intervals over space or time. 21 
An initial location or time is chosen at random, and the remaining sampling locations are defined so that 22 
locations are at regular intervals over an area (grid). Grid sampling is used to search for hot spots and 23 
infer means, percentiles, or other parameters. It is useful for estimating spatial patterns or trends over 24 
time. This design provides a practical method for designating sample locations and ensures uniform 25 
coverage of a site, unit, or process. 26 

Focused sampling, as identified in Section 7.2.2 of Ecology Publication 94-111, is selective sampling of 27 
areas where contamination is expected or releases have been documented. After completion of the records 28 
review and visual inspection for each building, a determination will be made to identify if focused 29 
sampling is appropriate. The location of focused samples, if any, will be identified and recorded as 30 
required in Section H-D3.10.12. 31 

Judgmental (Focused) Sampling: Selection of sampling units (i.e., the number and location and/or 32 
timing of collecting samples) is based on knowledge of the feature or condition under investigation and 33 
on professional judgment. Focused sampling is distinguished from probability based sampling in that 34 
inferences are based on professional judgment, not statistical scientific theory. Therefore, conclusions 35 
about the target population are limited and depend entirely on the validity and accuracy of professional 36 
judgment. Probabilistic statements about parameters are not possible. 37 

The number and location of area wide samples were determined utilizing Visual Sample Plan (VSP) 38 
software. VSP is a tool, used throughout Washington State and nationally, that statistically determines the 39 
quantity of samples required to accept or reject the null hypothesis based on input parameters specific to 40 
the DWMU. 41 

Both parametric and nonparametric equations rely on assumptions about the data population. Typically, 42 
however, nonparametric equations require fewer assumptions and allow for more uncertainty about the 43 
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distribution of data. Alternatively, if parametric assumptions are valid, the required number of samples is 1 
usually less than if a nonparametric equation was used. For the 2403-WA through WC Waste Storage 2 
Buildings and the 2403-WD Waste Storage Building DWMUs, data assumptions were largely based on 3 
information obtained from a grouping of similar waste sites with the same type of constituents. 4 
Parameters from the 200-MG-1 waste sites were approved by Ecology in the SAP (DOE/RL-2009-60, 5 
Sampling and Analysis Plan for Selected 200-MG-1 Operable Unit Waste Sites), evaluated, deemed 6 
appropriate, and utilized for the input parameters. VSP parameter inputs and the basis for those inputs are 7 
detailed in Table H-D3. 8 

The decision rule for demonstrating compliance with the MTCA (WAC 173-340) Method B clean closure 9 
level has three parts: 10 

 The 95 percent upper confidence limit on the true data mean must be less than the MTCA 11 
(WAC 173-340) Method B clean closure level. 12 

 No sample concentration can be more than twice the cleanup level. 13 

 Less than 10 percent of the samples can exceed the cleanup level. 14 

Using a nonparametric test and the input parameters identified in Table H-D3, VSP calculated the 15 
minimum samples required to reject the null hypotheses with 95 percent confidence and ensure that the 16 
DWMUs would not be mistakenly released as clean. For the purpose of utilizing VSP software, the null 17 
hypothesis is to compare a site mean to a fixed threshold. Data will be evaluated to ensure that less than 18 
10 percent of the individual values exceed MTCA (WAC 173-340) Method B clean closure performance 19 
standards and that no values are more than twice the cleanup level. 20 

Sample locations are shown in Figures H-D5 through H-D8 for each of the waste storage buildings and 21 
associated outside storage areas. Sample locations were determined using the area wide grid with a 22 
random start sampling method run in VSP. Statistical analysis of systematically collected data is valid if a 23 
random start to the grid is used. The dimensions of the building and outside storage areas were entered 24 
into VSP to determine the locations of samples. The triangular grid sampling layout was determined to 25 
have an even distribution over each sampling area providing the most representative data set including 26 
coverage of the middle portion of the sampling area. 27 

Samples will be taken from the node locations indicated by VSP (Attachment H-D.a) and will be assigned 28 
sample location identifications and sample numbers using HEIS. The first node location was chosen at 29 
random by VSP, while the subsequent sample locations were assigned by VSP using a triangular grid 30 
sampling layout. Supporting documentation and the sampling grid map automatically generated by VSP 31 
are documented in Attachment H-D.a. 32 

H-D3.10.6 Sampling Methods and Handling 33 

A grab sample matrix will consist of soil collected in precleaned sample containers taken at a depth of 34 
approximately 0 to 15 cm (0 to 6 in.) below ground surface and within an approximate 1 m (3 ft) radius 35 
surrounding the node location. For the purpose of this SAP, ground surface is defined as the exposed 36 
surface layer once the concrete or asphalt has been removed. Subsurface sampling (samples collected at 37 
depths greater than approximately 15 cm [6 in.] below ground surface) will be evaluated, based on results 38 
of the records review. If subsurface sampling is deemed necessary, a permit modification will be 39 
submitted in accordance with Section H-D3.10.14. 40 

Once the soil is sampled, the sampled media will be screened to remove material larger than 41 
approximately 2 mm (0.08 in.) in diameter, which allows for a larger surface area to volume ratio and, 42 
therefore, increases the likelihood of identifying any potential contamination in the sample. Grab samples 43 
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will be collected into containers at the chosen node sample locations. To ensure sample and data usability, 1 
sampling will be performed in accordance with established sampling practices, procedures, and 2 
requirements pertaining to sample collection, collection equipment, and sample handling. Sampling 3 
generally includes the following activities: 4 

 Generating a sample request 5 

 Sample container and equipment preparation 6 

 Field walkdown of sample area (includes marking sample locations) 7 

 Sample collection 8 

 Sample packaging, transporting, and shipping 9 

Sample container, preservation, and holding time requirements are specified in Table H-D4 for soil 10 
samples. These requirements are in accordance with the analytical method specified. The final container 11 
type and volumes will be identified on the Sampling Authorization Form (SAF) and chain-of-custody 12 
form. 13 

 14 

Figure H-D5. Sample Locations for 2403-WA Waste Storage Building 15 

To prevent potential contamination of samples, care will be taken to use decontaminated equipment for 16 
each sampling activity. 17 

EPA Level 1 precleaned sample containers will be used for samples collected for chemical analysis. 18 
Container sizes may vary depending on laboratory specific volumes/requirements for meeting analytical 19 
quantitation limits. 20 

The sample location, depth, and corresponding HEIS numbers will be documented in the sampler’s field 21 
logbook. A custody seal (e.g., evidence tape) will be affixed to each sample container and/or sample 22 
collection package in such a way as to indicate potential tampering. 23 
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 1 

Figure H-D6. Sample Locations for 2403-WB Waste Storage Building 2 

 3 

 4 

Figure H-D7. Sample Locations for 2403-WC Waste Storage Building 5 
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Each sample container will be labeled with the following information on firmly affixed, water 1 
resistant labels: 2 

 SAF and form number 3 

 HEIS number 4 

 Sample collection date and time 5 

 Sampler identification 6 

 Analysis required 7 

 Preservation method (if applicable) 8 

Sample records must include the following information: 9 

 Analysis required 10 

 Sample location 11 

 Matrix (e.g., water or soil) 12 

Sample custody will be maintained in accordance with existing Hanford Facility protocols to ensure 13 
maintenance of sample integrity throughout the analytical process. Chain-of-custody protocols will be 14 
followed throughout sample collection, transfer, analysis, and disposal to ensure that sample integrity 15 
is maintained. 16 

All waste (including unexpected waste) generated by sampling activities will be containerized and 17 
labeled. Waste subject to the LDR requirements of WAC 173-303-140, which includes by reference 18 
40 CFR 268, will be characterized, designated, stored, and/or treated, as applicable, prior to disposal in an 19 
approved disposal facility. 20 

H-D3.10.7 Analytical Methods 21 

All analyses will be performed consistent with this closure plan, laboratory analytical procedures, and 22 
HASQARD (DOE/RL-96-68). The approved laboratory must achieve the lowest practical quantitation 23 
limits (PQLs) consistent with the selected analytical method to confirm clean closure levels. If a target 24 
analyte is detected at or above the clean closure level but less than the PQL of the analytical method, 25 
Ecology will be notified and alternatives will be discussed to demonstrate clean closure levels. 26 

Analytical methods and performance requirements associated with the target analytes are outlined in 27 
Table H-D5. 28 

H-D3.10.8 Quality Control 29 

Quality control (QC) procedures must be followed in the field and laboratory to ensure that reliable data 30 
are obtained. Field QC samples will be collected to evaluate the potential for cross-contamination and 31 
provide information pertinent to field sampling variability. Laboratory QC samples estimate the precision 32 
and bias of the analytical data. Field and laboratory QC samples are summarized in Table H-D6. 33 

A data quality assessment (DQA) will be performed utilizing the guidance in EPA/240/B-06/002, Data 34 
Quality Assessment: A Reviewer’s Guide (EPA QA/G-9R), and implementing the specific requirements in 35 
Sections H-D3.10.8 through H-D3.10.10 36 
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 1 

Figure H-D8. Sample Locations for 2403-WD Waste Storage Building 2 
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Table H-D3. Visual Sample Plan Parameter Inputs 

Parameter Value Basis 

Primary Objective of the Sampling 
Design 

Compare a site mean or 
median to a fixed threshold 

Reject the null hypothesis. 

Type of Sampling Design Nonparametric Data are not assumed to be normally distributed. 

Working Null Hypothesis The mean value at the site 
exceeds the threshold (WAC 
173-340 “Model Toxics 
Control Act—Cleanup,” 
Method B closure 
performance standards) 

The null hypothesis assumes that the site is dirty requiring the sampling and 
analysis to demonstrate through statistical analysis that the site is clean. 

Area Wide Grid Sampling Pattern Triangular  A triangular pattern provided an even distribution of sample locations over each 
dangerous waste management unit. 

Standard Deviation (S) 0.45 This is the assumed standard deviation value relative to a unit action level for the 
sampling area. The value of 0.45 is conservative, based on consideration of past 
verification sampling. MARSSIM suggests 0.30 as a starting point; however, 0.45 
has been selected to be more conservative. (Number of samples calculated increases 
with higher standard deviation values relative to a unit action level.) 

Delta (Δ) 0.40 This is the width of the gray region. It is a user defined value relative to a unit 
action level. The value of 0.40 balances unnecessary remediation cost with 
sampling cost. 

Alpha (α) 5% This is the acceptable error of deciding a dirty site is clean when the true mean is 
equal to the action level. It is a maximum error rate since dirty sites with a true 
mean above the action level will be easier to detect. A value of 5% was chosen as a 
practical balance between health risks and sampling cost. 

Beta (β) 20% This is the acceptable error of deciding a clean site is dirty when the true mean is at 
the lower bound of the gray region. A value of 20% was chosen during the data 
quality objectives process as a practical balance between unnecessary remediation 
cost and sampling cost. 

MARSSIM Sampling Overage 20% MARSSIM suggests that the number of samples should be increased by at least 
20% to account for missing or unusable data and uncertainty in the calculated value 
of n. 

Reference: EPA 402-R-97-016, Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM). 

1 
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Table H-D4. Preservation, Container, and Holding Time Requirements for Soil Samples 

Method Analysis/Analytes 
Preservation 
Requirement Holding Time 

Container 
Type 

Sample 
Size 

EPA 6010  Metals by ICP-OES Cool ≤6°C 180 days G/P/PTFE 20 g 

EPA 6020 Metals by ICP-MS Cool ≤6°C 180 days G/P 20 g 

EPA 7196 Chromium (Hexavalent) Cool ≤6°C 30 days prior to 
extraction; 

24 hours after 
extractions 

G/P 20 g 

EPA 7471  Mercury by Cold Vapor 
Atomic Absorption 

Cool ≤6°C 28 days G/P/PTFE 15 g 

EPA 8032 
(Modified) 

Acrylamide by GC Cool ≤6°C 14 days to extraction 
/ 40 days after 

extraction 

G 30 g 

EPA 8082 PCBs by GC Cool ≤6°C 14 days prior to 
extraction; 40 days 

after extraction 

AG with 
PTFE 

lined lid 

250 g 

EPA 8085 Independent Elemental 
Quantitation of 
Pesticides by GC with 
AED 

Cool ≤6°C 14 days prior to 
extraction; 40 days 

after extraction 

G with 
PTFE 

lined lid 

250 g 

EPA 8260 Volatile Organic 
Compounds by GC/MS 

Cool ≤6°C 14 days VOA vial 
with PTFE 

lined lid 

5 × 40 g 

EPA 8270 Semivolatile Organic 
Compounds by GC/MS 

Cool ≤6°C 14 days prior to 
extraction; 40 days 

after extraction 

AG with 
PTFE 

lined lid 

250 g 

EPA 9012 Cyanide ≤4°C 14 days G/P 15 g 

EPA 9056 Anions Cool ≤6°C 28 days prior to 
extraction; 48 hours 

after extraction 

G/P 250 g 

AED = atomic emission detection 

AG = amber glass 

EPA = U.S. Environmental Protection Agency 

G = glass 

GC = gas chromatography 

ICP = inductively coupled plasma 

MS = mass spectrometry 

OES = optical emission spectrometry 

P = plastic 

PTFE = polytetrafluoroethylene 

VOA = volatile organic analysis 

 1 
Data verification, data validation, and DQA will include both primary samples and QC samples. 2 

H-D3.10.9 Data Verification 3 

Analytical results will be received from the laboratory, loaded into a database (e.g., HEIS), and verified. 4 
Verification includes, but is not limited to, the following activities: 5 

 Amount of data requested matches the amount of data received (number of samples for requested 6 
methods of analytes). 7 

 Correct procedures/methods are used. 8 
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 Documentation/deliverables are complete. 1 

 Hard copy and electronic versions of the data are identical. 2 

 Data seem reasonable based on analytical methodologies. 3 

H-D3.10.10 Data Validation 4 

Data validation is performed by a third party. The laboratory supplies contract laboratory program 5 
equivalent analytical data packages intended to support data validation by the third party. The laboratory 6 
submits data packages that are supported by QC test results and raw data. 7 

Controls are in place to preserve the data sent to validators and only additions to be made are allowed, not 8 
changes to the raw data. 9 

The format and requirements for data validation activities are based upon the most current version of 10 
USEPA-540-R-08-01, National Functional Guidelines for Superfund Organic Methods Data Review 11 
(OSWER 9240.1-48), and USEPA-540-R-10-011, National Functional Guidelines for Inorganic 12 
Superfund Data Review (OSWER 9240.1-51). As defined by the validation guidelines, 5 percent of the 13 
results will undergo Level C validation. 14 

H-D3.10.11 Verification of VSP Input Parameters 15 

Analytical data will be entered back into VSP. If all analytical data for a particular analyte are 16 
nondetectable, verification of VSP input parameters is not required for that analyte. VSP software uses 17 
the analytical data to determine if the user input parameters were estimated appropriately. Once analytical 18 
data are entered into VSP, the software will calculate the true standard deviation and if the null hypothesis 19 
can be rejected. If the calculated standard deviation is smaller than the estimated user input standard 20 
deviation, no additional sampling will be required. If the calculated standard deviation is larger than the 21 
estimated standard deviation, additional sampling may be required. Comparison of the maximum data 22 
value for each analyte to the clean closure standards will ensure that all individual analytes are below the 23 
action levels. Verification of the null hypothesis through VSP will determine if the mean value of each 24 
individual site analytical data supports rejection of the null hypothesis (Section H-D2.1).  25 

H-D3.10.12 Documents and Records 26 

The Project Manager is responsible for ensuring that the current version of the SAP is being used and 27 
providing any updates to field personnel. Version control is maintained by the administrative document 28 
control process. Changes to the SAP will be submitted as a permit modification in accordance with 29 
WAC 173-303-610(3)(b). 30 

Logbooks are required for field activities. A logbook must be identified with a unique project name and 31 
number. The individual(s) responsible for logbooks will be identified in the front of the logbook, and only 32 
authorized persons may make entries in logbooks. Logbooks will be signed by the field manager, 33 
supervisor, cognizant scientist/engineer, or other responsible individual. Logbooks will be permanently 34 
bound, waterproof, and ruled with sequentially numbered pages. Pages will not be removed from 35 
logbooks for any reason. Entries will be made in indelible ink. Corrections will be made by marking 36 
through the erroneous data with a single line, entering the correct data, and initialing and dating 37 
the changes. 38 
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Table H-D5. Soil Analytical Performance Requirements 

Chemical 
Abstracts 

Service 
Number Analytea Analytical Method 

Closure Performance Standard
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% 
Recovery)c 

Precision Req’t 
(Relative 
Percent 

Difference)c Carcinogen Noncarcinogen 

7440-38-2 Arsenic SW-846 Method 6020 6.67E-01 2.40E+01 2.00E-01 ±30 ≤30 

7440-39-3 Barium SW-846 Method 6010 -- 1.60E+04 2.00E+00 ±30 ≤30 

7440-43-9 Cadmium SW-846 Method 6010 -- 8.00E+01 5.00E-01 ±30 ≤30 

18540-29-9 Chromium (Hexavalent) SW-846 Method 7196 -- 2.40E+02 5.00E-01 ±30 ≤30 

7439-92-1 Leadb SW-846 Method 6010 -- 2.50E+02 5.00E+00 ±30 ≤30 

7439-97-6 Mercuryd SW-846 Method 7471 -- 2.40E+01 2.00E-01 ±30 ≤30 

7782-49-2 Selenium SW-846 Method 6010 -- 4.00E+02 1.00E+01 ±30 ≤30 

7440-22-4 Silver SW-846 Method 6010 -- 4.00E+02 1.00E+00 ±30 ≤30 

72-20-8 Endrin  SW-846 Method 8270 -- 2.40E+01 3.30E-03 ±30 ≤30 

58-89-9 Lindane  SW-846 Method 8270 9.09E-01 2.40E+01 1.65E-03 ±30 ≤30 

72-43-5 Methoxychlor  SW-846 Method 8270 -- 4.00E+02 1.65E-02 ±30 ≤30 

8001-35-2 Toxaphene  SW-846 Method 8270 9.09E-01 -- 1.65E-01 ±30 ≤30 

94-75-7 
2,4-
Dichlorophenoxyacetic 
Acid 

SW-846 Method 8085 -- 8.00E+02 4.00E-01 ±30 ≤30 

93-72-1 2,4,5-TP Silvex  SW-846 Method 8085 -- 6.40E+02 2.00E-02 ±30 ≤30 

71-43-2 Benzene SW-846 Method 8260 1.82E+01 3.20E+02 5.00E-03 ±30 ≤30 

56-23-5 Carbon Tetrachloride SW-846 Method 8260 1.43E+01 3.20E+02 5.00E-03 ±30 ≤30 

57-74-9 Chlordane SW-846 Method 8270 2.86E+00 4.00E+01 1.65E-02 ±30 ≤30 

108-90-7 Chlorobenzene SW-846 Method 8260 -- 1.60E+03 5.00E-03 ±30 ≤30 
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Table H-D5. Soil Analytical Performance Requirements 

Chemical 
Abstracts 

Service 
Number Analytea Analytical Method 

Closure Performance Standard
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% 
Recovery)c 

Precision Req’t 
(Relative 
Percent 

Difference)c Carcinogen Noncarcinogen 

67-66-3 Chloroform SW-846 Method 8260 3.23E+01 8.00E+02 5.00E-03 ±30 ≤30 

95-48-7 o-cresol SW-846 Method 8270 -- 4.00E+03 3.30E-01 ±30 ≤30 

108-39-4 m-Cresol SW-846 Method 8270 -- 4.00E+03 3.30E-01 ±30 ≤30 

106-44-5 p-Cresol SW-846 Method 8270 -- 8.00E+03 3.30E-01 ±30 ≤30 

106-46-7 1,4-Dichlorobenzene  SW-846 Method 8270 1.85E+02 5.60E+03 3.30E-01 ±30 ≤30 

107-06-2 1,2-Dichloroethane  SW-846 Method 8260 1.10E+01 4.80E+02 5.00E-03 ±30 ≤30 

75-35-4 1,1-Dichloroethylene  SW-846 Method 8260 -- 4.00E+03 1.00E-02 ±30 ≤30 

121-14-2 2,4-Dinitrotoluene SW-846 Method 8270 3.23E+00 1.60E+02 3.30E-01 ±30 ≤30 

76-44-8 Heptachlor SW-846 Method 8270 2.22E-01 4.00E+01 1.65E-03 ±30 ≤30 

1024-57-3 Heptachlor Epoxide SW-846 Method 8270 1.10E-01 1.04E+00 1.65E-03 ±30 ≤30 

118-74-1 Hexachlorobenzene  SW-846 Method 8270 6.25E-01 6.40E+01 3.30E-01 ±30 ≤30 

87-68-3 Hexachlorobutadiene  SW-846 Method 8270 1.28E+01 8.00E+01 3.30E-01 ±30 ≤30 

67-72-1 Hexachloroethane SW-846 Method 8270 2.50E+01 5.60E+01 5.00E-03 ±30 ≤30 

78-93-3 
Methyl Ethyl Ketone 
(2- Butanone) SW-846 Method 8260 -- 4.80E+04 1.00E-02 ±30 ≤30 

98-95-3 Nitrobenzene SW-846 Method 8270 -- 1.60E+02 3.30E-01 ±30 ≤30 

87-86-5 Pentachlorophenol  SW-846 Method 8270 2.50E+00 4.00E+02 3.30E-01 ±30 ≤30 

110-86-1 Pyridine SW-846 Method 8260 -- 8.00E+01 5.00E-03 ±30 ≤30 

127-18-4 Tetrachloroethylene SW-846 Method 8260 4.76E+02 4.80E+02 5.00E-03 ±30 ≤30 

79-01-6 Trichloroethylene SW-846 Method 8260 1.20E+01 4.00E+01 5.00E-03 ±30 ≤30 
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Table H-D5. Soil Analytical Performance Requirements 

Chemical 
Abstracts 

Service 
Number Analytea Analytical Method 

Closure Performance Standard
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% 
Recovery)c 

Precision Req’t 
(Relative 
Percent 

Difference)c Carcinogen Noncarcinogen 

95-95-4 2,4,5-Trichlorophenol  SW-846 Method 8270 -- 8.00E+03 3.30E-01 ±30 ≤30 

88-06-2 2,4,6-Trichlorophenol  SW-846 Method 8270 9.09E+01 8.00E+01 3.30E-01 ±30 ≤30 

75-01-4 Vinyl Chloride SW-846 Method 8260 1.75E+02 2.40E+02 1.00E-02 ±30 ≤30 

75-09-2 Methylene Chloride SW-846 Method 8260 5.00E+02 4.80E+02 5.00E-03 ±30 ≤30 

71-55-6 1,1,1-Trichloroethane SW-846 Method 8260 -- 1.60E+05 5.00E-03 ±30 ≤30 

73-13-1 
1,1,2-Trichloro-1,2,2-
Trifluoroethane (C-133)  

SW-846 Method 8260 -- 2.40E+06 1.00E-02 ±30 ≤30 

95-50-1 
Ortho-Dichlorobenzene 
(1,2 Dichlorobenzene) SW-846 Method 8270 -- 7.20E+03 3.30E-01 ±30 ≤30 

75-69-4 
Trichlorofluoromethane 
(CFC-11)  

SW-846 Method 8260 -- 2.40E+04 1.00E-02 ±30 ≤30 

79-00-5 1,1,2-Trichloroethane SW-846 Method 8260 1.75E+01 3.20E+02 5.00E-03 ±30 ≤30 

1330-20-7 Xylene SW-846 Method 8260 -- 1.60E+04 1.00E-02 ±30 ≤30 

67-64-1 Acetone SW-846 Method 8260 -- 7.20E+04 2.00E-02 ±30 ≤30 

141-78-6 Ethyl Acetate SW-846 Method 8260 -- 7.20E+04 5.00E+00 ±30 ≤30 

100-41-4 Ethyl Benzene SW-846 Method 8260 -- 8.00E+03 5.00E-03 ±30 ≤30 

60-29-7 Ethyl Ether SW-846 Method 8260 -- 1.60E+04 5.00E-03 ±30 ≤30 

108-10-1 
Methyl Isobutyl Ketone 
(4-Methyl-2-Pentanone) SW-846 Method 8260 -- 6.40E+03 1.00E-02 ±30 ≤30 

71-36-3 
n-butyl Alcohol (n-
Butanol) SW-846 Method 8260 -- 8.00E+03 1.00E-01 ±30 ≤30 

108-94-1 Cyclohexanone SW-846 Method 8260 -- 4.00E+05 5.00E-02 ±30 ≤30 

67-56-1 Methanol SW-846 Method 8260 -- 1.60E+05 1.00E+00 ±30 ≤30 

108-88-3 Toluene SW-846 Method 8260 -- 6.40E+03 5.00E-03 ±30 ≤30 

75-15-0 Carbon Disulfide SW-846 Method 8260 -- 8.00E+03 5.00E-03 ±30 ≤30 
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Table H-D5. Soil Analytical Performance Requirements 

Chemical 
Abstracts 

Service 
Number Analytea Analytical Method 

Closure Performance Standard
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% 
Recovery)c 

Precision Req’t 
(Relative 
Percent 

Difference)c Carcinogen Noncarcinogen 

78-83-1 
Isobutanol (Isobutyl 
Alcohol) SW-846 Method 8260 -- 2.40E+04 5.00E-01 ±30 ≤30 

106-47-8 
p-Chloroaniline (4-
Chloroaniline) SW-846 Method 8270 5.00E+00 3.20E+02 3.30E-01 ±30 ≤30 

57-12-5 Cyanides SW-846 Method 9012 -- 4.80E+01 1.00E+00 ±30 ≤30 

7440-62-2 Vanadium SW-846 Method 6010 -- 4.00E+02 1.00E+00 ±30 ≤30 

1336-36-3 Polychlorinated Biphenyl SW-846 Method 8082 5.00E-01 -- 8.00E-03 ±30 ≤30 

98-86-2 Acetophenone  SW-846 Method 8270 -- 8.00E+03 3.30E-01 ±30 ≤30 

79-06-1 Acrylamide  SW-846 Method 8032 2.00E+00 1.60E+02 5.00E-03 ±30 ≤30 

62-53-3 Aniline  SW-846 Method 8270 1.75E+02 5.60E+02 3.30E-01 ±30 ≤30 

111-44-4 Dichloroethyl Ether  SW-846 Method 8270 9.09E-01 -- 3.30E-01 ±30 ≤30 

123-91-1 1,4-Dioxane  SW-846 Method 8260 1.00E+01 2.40E+03 5.00E-01 ±30 ≤30 

206-44-0 Fluoranthene  SW-846 Method 8270 -- 3.20E+03 3.30E-01 ±30 ≤30 

64-18-6 Formic Acid  SW-846 Method 9056 -- 7.20E+04 2.00E+00 ±30 ≤30 

80-62-6 Methyl Methacrylate  SW-846 Method 8260 -- 1.12E+05 1.00E-02 ±30 ≤30 

91-20-3 Naphthalene  SW-846 Method 8270 -- 1.60E+03 3.30E-01 ±30 ≤30 

924-16-3 
N-Nitroso-di-n-
butylamine  

SW-846 Method 8270 1.85E-01 -- 3.30E-01 ±30 ≤30 

108-95-2 Phenol  SW-846 Method 8270 -- 2.40E+04 3.30E-01 ±30 ≤30 
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Table H-D5. Soil Analytical Performance Requirements 

Chemical 
Abstracts 

Service 
Number Analytea Analytical Method 

Closure Performance Standard
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% 
Recovery)c 

Precision Req’t 
(Relative 
Percent 

Difference)c Carcinogen Noncarcinogen 

Reference: SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Update V. 

Note: Due to the quantity and nature of waste stored in the 2403-W Series DWMUs not presenting a threat to groundwater, and no documented release to the soil, no 
groundwater or ecological indicator MTCA cleanup standards (WAC 173-340-747, “Deriving Soil Concentrations for Groundwater Protection,” and WAC 173-340-7490, 
“Terrestrial Ecological Evaluation Procedures,” through WAC 173-340-7494, “Priority Contaminants of Ecological Concern”) are addressed.  

a. Unless otherwise noted, closure performance standards are the numeric cleanup levels calculated using unrestricted use exposure assumptions according to MTCA (WAC 
173-340) Method B (unrestricted use standards). Where both carcinogen and noncarcinogen performance standards are available, the most conservative value will be used. 

b. Closure performance standards are the numeric cleanup levels calculated using unrestricted use exposure assumptions according to MTCA (WAC 173-340-740) Method A 
(unrestricted use standards). MTCA Method A values were used when MTCA Method B values were not available. 

c. Accuracy criteria for associated batch matrix spike percent recoveries. Evaluation based on statistical control of laboratory control samples is also performed. Precision 
criteria for batch laboratory replicate matrix spike analyses or replicate sample analyses.  

d. Equations 740-1 and 740-2 from MTCA (WAC 173-340-740(3)(b)) are used to calculate Direct Contact Human Health soil cleanup levels. The MTCA human health direct 
contact soil cleanup level for mercury is calculated to be 24 mg/kg. 

CFC = chlorinated fluorocarbon MTCA = “Model Toxics Control Act—Cleanup” 

1 
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Table H-D6. Project Quality Control Sampling Summary 

Quality Control 
Sample Type Frequency Characteristics Evaluated 

Field Quality Control 

Trip Blanks 
One per 20 samples per media 
sampled 

One per cooler for VOCs 

Trip blanks are used to assess contamination 
from sample containers or during transportation 
and storage procedures. 

Field Blanks One per cooler for VOCs 
Field blanks are used to assess contamination 
from surrounding sources during sample 
collection. 

Equipment Rinsate Blanks 

As needed 

If only disposable equipment is 
used, then an equipment blank 
is not required  

Otherwise, one per 20 samples 
per analytical method per 
media sampled, or one per daya 

Equipment rinsate blanks are used to measure the 
cleanliness of sampling equipment and 
effectiveness of equipment decontamination 
procedures. 

Field Duplicates 
One per batchc, 20 samples 
maximum of each media 
sampled (soil samples) 

Field duplicates are used to assess the precision 
of the entire data collection activity, including 
sampling, analysis, and site heterogeneity. 

Laboratory Quality Controlb 

Method Blanks 1 per batchc Measures contamination associated with 
laboratory sample preparation and analysis. 

Lab Duplicates b Laboratory reproducibility and precision. 

Matrix Spikes One per 20 samplesb 
The spike recovery measures the effects of 
interferences in the sample matrix and reflects 
the accuracy of the determination. 

Matrix Spike Duplicates One per 20 samplesb 
The relative percent difference between matrix 
spike and matrix spike duplicate measures the 
precision of a given analysis. 

Surrogates b 
Surrogate standards are added prior to extraction 
of the sample to evaluate accuracy, method 
performance and extraction efficiency. 

Laboratory Control 
Samples 

1 per batchc The laboratory control sample measures the 
accuracy of the analytical method. 

a. Whenever a new type of nondedicated equipment is used, an equipment blank shall be collected every time sampling occurs 
until it can be shown that less frequent collection of equipment blanks is adequate to monitor the decontamination procedure 
for the nondedicated equipment. 

b. As defined in the analysis procedures. 

c. Batching across projects is allowing for similar matrices. 

VOC = volatile organic compound 

 1 
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The Project Manager is responsible for ensuring that a project file is properly maintained. The project file 1 
will contain the records or references to their storage locations. The following items will be included in 2 
the project file, as appropriate:  3 

 Field logbooks or operational records 4 

 Data forms 5 

 Global positioning system data 6 

 Chain-of-custody forms 7 

 Sample receipt records 8 

 Inspection or assessment reports and corrective action reports 9 

 Interim progress reports  10 

 Final reports 11 

 Laboratory data packages 12 

 Verification and validation reports. 13 

The laboratory is responsible for maintaining, and having available upon request, the following items:  14 

 Analytical logbooks 15 

 Raw data and QC sample records 16 

 Standard reference material and/or proficiency test sample data 17 

 Instrument calibration information. 18 

Records may be stored in either electronic or hard copy format. Documentation and records, regardless 19 
of medium or format, are controlled in accordance with internal work requirements and processes to 20 
ensure the accuracy and retrievability of stored records. Records required by the Tri-Party Agreement 21 
(Ecology et al., 1989, Hanford Federal Facility Agreement and Consent Order) will be managed in 22 
accordance with the requirements therein. 23 

H-D3.10.13 Sampling and Analysis Requirements to Address Removal of Contaminated Soil 24 

In the event that sample results based on the MTCA (WAC 173-340) Method B three-part test 25 
(Section H-D3.10.5) indicate contamination above clean closure levels, the contaminated soil will be 26 
removed in accordance with Section H-D3.8. Following removal of contaminated soil, additional samples 27 
will be taken at the same grid location as identified in Attachment H-D.a. Additional focused sampling 28 
may be added in areas where contamination is identified. Additional focused samples will be documented, 29 
as required in Section H-D3.10.12, and provided with the closure certification. These samples will be 30 
analyzed in accordance with the methods specified in Table H-D5, with accompanying QC samples as 31 
discussed in Section H-D3.10.8, to confirm that the MTCA (WAC 173-340) Method B clean closure 32 
levels have been achieved. 33 

H-D3.10.14 Revisions to the Sampling and Analysis Plan and Constituents to Be Analyzed 34 

If changes to the SAP are necessary due to unexpected events during closure that will affect sampling, 35 
a revision to this SAP will be submitted no later than 30 days after the unexpected event as a permit 36 
modification as required in WAC 173-303-610(3)(b)(iii) and WAC 173-303-830, “Permit Changes.” 37 

H-D3.11 Role of the Independent Qualified Registered Professional Engineer 38 

An Independent Qualified Registered Professional Engineer (IQRPE) will be retained to provide 39 
certification of the closure, as required by WAC 173-303-610(6). The IQRPE will be responsible for 40 
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observing field activities and reviewing documents associated with closure of the waste storage modules. 1 
At a minimum, the following activities will be performed: 2 

 Observation or review of building demolition 3 

 Observation or review of visual inspections 4 

 Observation or review of sampling activities 5 

 Review of sampling procedures and results 6 

 Observation or review of contaminated environmental debris removal (if applicable) 7 

 Verification of sample locations as specified in the SAP 8 

 Verification that closure activities were performed in accordance with this closure plan. 9 

The IQRPE will record observations and reviews in a written report that will be retained in the operating 10 
record. The resulting report will be used to develop the clean closure certification, which will then be 11 
provided to Ecology. 12 

H-D3.12 Closure Certification 13 

In accordance with WAC 173-303-610(6), within 60 days of completion of closure of the 2403-W Series 14 
DWMUs, certification that the DWMUs has been closed in accordance with the specifications in this 15 
closure plan will be submitted to Ecology by registered mail. If the two DWMUs are closed 16 
independently of each other, then a separate certification will be provided for each DWMU. 17 
The certification will be signed by the owner or operator and by an IQRPE.  18 

Upon request by Ecology, the following information will be submitted to support closure certification: 19 

 All field notes and photographs related to closure activities, including the results of the inspection of 20 
the building containment system for cracks and other openings 21 

 Description of any minor deviations from the approved closure plan and justification for 22 
these deviations 23 

 Documentation of the final disposition of all wastes and waste residues 24 

 Laboratory and/or field data, including sampling procedures, sampling locations, QA/QC samples, 25 
and chain-of-custody procedures for samples and measurements, including samples and 26 
measurements taken to determine background conditions and/or determine or confirm clean closure 27 

 Summary report that identifies and describes the data reviewed by the IQRPE and tabulates the 28 
analytical results of samples taken to determine and confirm clean closure 29 

 Description of what the unit area looks like at completion of closure, including a description of what 30 
parts of the former unit, if any, will remain after closure 31 

H-D3.13 Conditions That Will Be Achieved When Closure Is Complete 32 

Upon confirmation of clean closure levels through sampling and analysis, the 2403-W Series DWMUs 33 
will be clean closed. Each DWMU may be closed independently of each other, but both DWMUs will 34 
follow the same process for closure. The buildings and containment systems will be removed, so only 35 
bare soil will remain. A permit modification request will be submitted to remove the 2403-W Series 36 
DWMUs from the Hanford Facility RCRA Permit (WA7890008967). 37 
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H-D4 Closure Schedule and Time Frame 1 

In accordance with WAC 173-303-610(4)(b), closure activities for each 2403-W Series DWMU will be 2 
completed no more than 180 days after the start of closure for each DWMU (Table H-D7). Should 3 
unexpected circumstances arise and an extension to the 180 day closure activity period is deemed 4 
necessary, a permit modification will be submitted to Ecology for approval at least 30 days prior to 5 
expiration of the 180 day closure activity period in accordance with WAC 173-303-610(4)(c) and 6 
WAC 173-303-830, Appendix I, Section D.1.b. The extension request would also demonstrate that all 7 
steps to prevent threats to HHE, including compliance with all applicable permit requirements, have been 8 
and will continue to be taken. Closure certification will be submitted to Ecology, within 60 days 9 
following completion of closure activities at the 2403-W Series Waste Storage Buildings, as outlined in 10 
Section H-D3.12 (Figure H-D9). 11 

H-D5 Closure Costs 12 

An annual report outlining updated projections of anticipated closure costs for Hanford Facility TSD units 13 
having final status is not required per Permit Condition II.H. The Hanford Facility is owned by DOE, and 14 
operated by DOE and its contractors; therefore, in accordance with (WAC 173-303-620(1)(c)), provisions 15 
of WAC 173-303-620, “Financial Requirements,” are not applicable to the Hanford Facility. 16 

Table H-D7. 2403-W Series Dangerous Waste Management Units Closure Activities 

Closure Activity Description Expected Duration 

Primary Activity Secondary Activity Duration 

Prior To Closure 

Submit Notification to Ecology of 
Intent to Close the 2403-W Series 
DWMUs 

In accordance with WAC 173-303-610(3)(c)(i), at 
least 45 days prior to the date on which closure is 
expected to begin (i.e., no later than 15 days prior 
to receipt last known volume of final waste). 

-- 

Begin Closure of the 2403-W Series 
DWMUs 

In accordance with WAC 173-303-610(3)(c)(ii), 
within 30 days of receiving the last known 
volume of final waste. 

-- 

Closure Activities 

Remove All Waste 

Package and ship waste to an approved facility for 
treatment, storage, and/or disposal. 

In accordance with WAC 173-303-610(4)(a), 
within 90 days after the date on which each 
DWMU has received the last known volume of 
final waste, the owner/operator must treat, 
remove, or dispose of all wastes in accordance 
with the approved closure plan. Request extension 
if necessary. 

40 Days (Day 40) 

Records Review (Performed 
Concurrently with Waste Removal) 

Perform review of daily operating records, 
inspection records, and spill records. 

40 Days (Day 40) 

Perform Visual Inspection of Building 
Containment System 

Inspect secondary containment areas for breaches 
in integrity. 

5 Days (Day 45) 
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Table H-D7. 2403-W Series Dangerous Waste Management Units Closure Activities 

Closure Activity Description Expected Duration 

Inspect structural integrity (visible aspects only). 

Identify focused sampling locations (as 
applicable). 

Removal of Building(s) and Asphalt 
Pad(s) 

Disconnect electrical connections and utilities. 

100 Days (Day 145) Equipment mobilization. 

Demolition and removal of waste generated. 

Visual Inspection of Underlying Soil 

Identify areas of concern (waste related staining). 

5 Days (Day 150) Document visual inspection with photos, 
locations and dimensions of staining. 

Sampling and Analysis of Underlying 
Soil (Following Demolition of 
Buildings, May Be Performed 
Concurrently with Waste 
Determination and Disposal of Debris) 

See Section H-D3.10 for details of sampling and 
analysis. 

30 Days (Day 180) 
Data validation and verification. 

If necessary, remove contaminated environmental 
media (soil), and resample and analyze to confirm 
that clean closure levels have been achieved. 

Final Closure of the 2403-W Series 
DWMUs 

In accordance with WAC 173-303-610(4)(b), 
within 180 days after the date on which the last 
known volume of final waste was received. 
Request extension if necessary. 

0 Days (Day 180) 

Closure Activities Complete 

Owner/Operators and IQRPE Submit 
Clean Closure Certification  

In accordance with WAC 173-303-610(6), within 
60 days of completion of closure of each DWMU; 
certification that the DWMU has been closed in 
accordance with the specifications in the 
approved closure plan (see Section H-D3.12 for 
more details on the clean closure certification). 

60 Days (Day 240) 

 1 

 2 
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 1 

Figure H-D9. 2403-W Series DWMUs Closure Schedule Activities 2 
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Attachment H-D.a 1 

2403-W Series Visual Sample Plan Supporting Documentation 2 
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 22

Number of selected sample areas b 1

Specified sampling area c 49910.00 ft2

Size of grid / Area of grid cell d 53.6801 feet / 2495.5 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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2403WA-1 2403WA-2 2403WA-3 2403WA-4 2403WA-5 2403WA-6

2403WA-7 2403WA-8 2403WA-9 2403WA-10 2403WA-11

2403WA-12 2403WA-13 2403WA-14 2403WA-15 2403WA-16 2403WA-17

2403WA-18 2403WA-19 2403WA-20 2403WA-21 2403WA-22

(0,0)

(-119.64092, 46.55550) Southwest corner of the building

West OSA

60'

201'

283'

170'
East OSA

Area: 2403-WA

X Coord Y Coord Label Value Type Historical

8.4047 45.8819 2403WA-1 Systematic  

62.0848 45.8819 2403WA-2 Systematic  

115.7649 45.8819 2403WA-3 Systematic  

169.4450 45.8819 2403WA-4 Systematic  

223.1251 45.8819 2403WA-5 Systematic  

276.8053 45.8819 2403WA-6 Systematic  

35.2447 92.3703 2403WA-7 Systematic  

88.9248 92.3703 2403WA-8 Systematic  

142.6050 92.3703 2403WA-9 Systematic  

196.2851 92.3703 2403WA-10 Systematic  

249.9652 92.3703 2403WA-11 Systematic  

8.4047 138.8586 2403WA-12 Systematic  

62.0848 138.8586 2403WA-13 Systematic  

115.7649 138.8586 2403WA-14 Systematic  

169.4450 138.8586 2403WA-15 Systematic  

223.1251 138.8586 2403WA-16 Systematic  

276.8053 138.8586 2403WA-17 Systematic  
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35.2447 185.3470 2403WA-18 Systematic  

88.9248 185.3470 2403WA-19 Systematic  

142.6050 185.3470 2403WA-20 Systematic  

196.2851 185.3470 2403WA-21 Systematic  

249.9652 185.3470 2403WA-22 Systematic  

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where

F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
MARSSIM (EPA 2000, p. 5-33).
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The values of these inputs that result in the calculated number of sampling locations are:

Analyte na Parameter

S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and
4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
gridded sample locations were selected based on a random start.
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Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15

s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 22 Samples

Field collection costs  $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs  $0.00 $0.00

Fixed planning and validation costs   $0.00

Total cost   $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.
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This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.

This design was last modified 10/19/2015 10:30:25 AM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 25

Number of selected sample areas b 1

Specified sampling area c 52120.00 ft2

Size of grid / Area of grid cell d 46.6274 feet / 1882.83 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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2403WB-1 2403WB-2 2403WB-3 2403WB-4 2403WB-5 2403WB-6 2403WB-7

2403WB-8 2403WB-9 2403WB-10 2403WB-11 2403WB-12 2403WB-13

2403WB-14 2403WB-15 2403WB-16 2403WB-17 2403WB-18 2403WB-19

2403WB-20 2403WB-21 2403WB-22 2403WB-23 2403WB-24

2403WB-25

(0,0) (-119.63969, 46.55565)
Southwest corner of the building

60'

200'

60'

212'

90'

80'

West OSA

East OSA

Area: 2403-WB

X Coord Y Coord Label Value Type Historical

18.0600 11.3682 2403WB-1 Systematic  

64.6873 11.3682 2403WB-2 Systematic  

111.3147 11.3682 2403WB-3 Systematic  

157.9420 11.3682 2403WB-4 Systematic  

204.5694 11.3682 2403WB-5 Systematic  

251.1968 11.3682 2403WB-6 Systematic  

297.8241 11.3682 2403WB-7 Systematic  

41.3736 51.7487 2403WB-8 Systematic  

88.0010 51.7487 2403WB-9 Systematic  

134.6284 51.7487 2403WB-10 Systematic  

181.2557 51.7487 2403WB-11 Systematic  

227.8831 51.7487 2403WB-12 Systematic  

274.5104 51.7487 2403WB-13 Systematic  

64.6873 92.1291 2403WB-14 Systematic  

111.3147 92.1291 2403WB-15 Systematic  

157.9420 92.1291 2403WB-16 Systematic  

204.5694 92.1291 2403WB-17 Systematic  

DOE/RL-2015-74, REVISION 0 
DECEMBER 2015

H-D.a-8



251.1968 92.1291 2403WB-18 Systematic  

297.8241 92.1291 2403WB-19 Systematic  

88.0010 132.5096 2403WB-20 Systematic  

134.6284 132.5096 2403WB-21 Systematic  

181.2557 132.5096 2403WB-22 Systematic  

227.8831 132.5096 2403WB-23 Systematic  

274.5104 132.5096 2403WB-24 Systematic  

297.8241 172.8901 2403WB-25 Systematic  

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where

F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.
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Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
MARSSIM (EPA 2000, p. 5-33).

The values of these inputs that result in the calculated number of sampling locations are:

Analyte na Parameter

S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
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3. the population values are not spatially or temporally correlated, and
4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
gridded sample locations were selected based on a random start.

Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15

s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 25 Samples

Field collection costs  $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs  $0.00 $0.00

Fixed planning and validation costs   $0.00

Total cost   $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.
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Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.

This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.

This design was last modified 10/19/2015 12:08:16 PM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 20

Number of selected sample areas b 1

Specified sampling area c 40199.00 ft2

Size of grid / Area of grid cell d 48.1756 feet / 2009.95 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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2403WC-1 2403WC-2 2403WC-3 2403WC-4

2403WC-5 2403WC-6 2403WC-7 2403WC-8 2403WC-9

2403WC-10 2403WC-11 2403WC-12 2403WC-13 2403WC-14

2403WC-15 2403WC-16 2403WC-17 2403WC-18 2403WC-19

2403WC-20

(0,0)

(-119.64092, 46.55550)

West OSA East OSA

45' 200'

201'
139'

37'

31'

31' Northeast corner of the building

Area: 2403-WC

X Coord Y Coord Label Value Type Historical

12.7359 27.2945 2403WC-1 Systematic  

60.9115 27.2945 2403WC-2 Systematic  

109.0871 27.2945 2403WC-3 Systematic  

157.2627 27.2945 2403WC-4 Systematic  

36.8237 69.0158 2403WC-5 Systematic  

84.9993 69.0158 2403WC-6 Systematic  

133.1749 69.0158 2403WC-7 Systematic  

181.3505 69.0158 2403WC-8 Systematic  

229.5262 69.0158 2403WC-9 Systematic  

12.7359 110.7371 2403WC-10 Systematic  

60.9115 110.7371 2403WC-11 Systematic  

109.0871 110.7371 2403WC-12 Systematic  

157.2627 110.7371 2403WC-13 Systematic  

205.4383 110.7371 2403WC-14 Systematic  

36.8237 152.4584 2403WC-15 Systematic  

84.9993 152.4584 2403WC-16 Systematic  

133.1749 152.4584 2403WC-17 Systematic  
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181.3505 152.4584 2403WC-18 Systematic  

229.5262 152.4584 2403WC-19 Systematic  

12.7359 194.1797 2403WC-20 Systematic  

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where

F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
MARSSIM (EPA 2000, p. 5-33).

The values of these inputs that result in the calculated number of sampling locations are:

Analyte na Parameter
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S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and
4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
gridded sample locations were selected based on a random start.

Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
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probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15

s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 20 Samples

Field collection costs  $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs  $0.00 $0.00

Fixed planning and validation costs   $0.00

Total cost   $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.

This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.
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This design was last modified 10/19/2015 10:56:44 AM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 20

Number of selected sample areas b 1

Specified sampling area c 70056.00 ft2

Size of grid / Area of grid cell d 63.5978 feet / 3502.8 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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2403WD-1 2403WD-2

2403WD-3 2403WD-4 2403WD-5

2403WD-6 2403WD-7

2403WD-8 2403WD-9 2403WD-10

2403WD-11 2403WD-12

2403WD-13 2403WD-14 2403WD-15

2403WD-16 2403WD-17

2403WD-18 2403WD-19 2403WD-20

(0 0)

(-119.64170, 46.55392)

59'

325'

170'

30'

41'

Southwest corner of the building
South OSA

North OSA

Area: 2403-WD

X Coord Y Coord Label Value Type Historical

47.5503 60.8469 2403WD-1 Systematic  

111.1481 60.8469 2403WD-2 Systematic  

15.7513 115.9242 2403WD-3 Systematic  

79.3492 115.9242 2403WD-4 Systematic  

142.9470 115.9242 2403WD-5 Systematic  

47.5503 171.0015 2403WD-6 Systematic  

111.1481 171.0015 2403WD-7 Systematic  

15.7513 226.0789 2403WD-8 Systematic  

79.3492 226.0789 2403WD-9 Systematic  

142.9470 226.0789 2403WD-10 Systematic  

47.5503 281.1562 2403WD-11 Systematic  

111.1481 281.1562 2403WD-12 Systematic  

15.7513 336.2336 2403WD-13 Systematic  

79.3492 336.2336 2403WD-14 Systematic  

142.9470 336.2336 2403WD-15 Systematic  

47.5503 391.3109 2403WD-16 Systematic  

111.1481 391.3109 2403WD-17 Systematic  
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15.7513 446.3883 2403WD-18 Systematic  

79.3492 446.3883 2403WD-19 Systematic  

142.9470 446.3883 2403WD-20 Systematic  

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where

F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
MARSSIM (EPA 2000, p. 5-33).

The values of these inputs that result in the calculated number of sampling locations are:

Analyte na Parameter
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S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and
4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
gridded sample locations were selected based on a random start.

Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
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probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15

s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 20 Samples

Field collection costs  $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs  $0.00 $0.00

Fixed planning and validation costs   $0.00

Total cost   $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.

This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.
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This design was last modified 10/19/2015 1:39:44 PM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.
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H-E1 Introduction 1 

This appendix discusses closure activities for the two dangerous waste management units (DWMUs) 2 
associated with the Central Waste Complex (CWC) -Waste Receiving and Processing Facility (WRAP) 3 
Operating Unit Group (OUG) 2402-W Series waste storage buildings. These DWMUs include the 4 
following 12 buildings: 5 

 2402-W, 2402-WB, 2402-WC, and 2402-WE through 2402-WL Waste Storage Buildings (used for 6 
container storage) 7 

 2402-WD Waste Storage Building (used for container storage and treatment of mixed waste) 8 

This plan describes in detail the closure activities necessary to establish clean closure levels for each of 9 
the 2402-W Series DWMUs. Such closure activities include removal of all waste, records review 10 
(i.e., container storage, operating, and inspection records) for documented spills or releases of waste, 11 
visual inspection of the buildings after waste removal to evaluate the likelihood of potential 12 
contamination of the underlying soil, demolition of the 2402-W Series waste storage buildings, visual 13 
inspection of the underlying soil, and soil sampling and analysis to confirm that clean closure standards 14 
have been achieved. 15 

Closure for both of the 2402-W Series DWMUs will be performed in accordance with the closure 16 
schedule provided in Section H-E4 but may be performed independently of each other. Within 60 days 17 
upon completion of closure activities, the Permittees shall provide the Washington State Department of 18 
Ecology (Ecology) with a closure certification in accordance with WAC 173-303-610(6), “Dangerous 19 
Waste Regulations,” “Closure and Post-Closure.” The closure certification will provide supportive 20 
evidence that the 2402-W Series DWMUs have met established clean closure standards. 21 

This closure plan complies with the requirements outlined in WAC 173-303-610(2) through 22 
WAC 173-303-610(6). Amendments to this closure plan will be submitted as a permit modification in 23 
accordance with WAC 173-303-610(3)(b). 24 

Please note, the terms “mixed waste” and/or “waste,” when seen in this document, refer to dangerous 25 
waste or hazardous waste, as applicable. 26 

H-E1.1 Unit Description 27 

Both the 2402-W, 2402-WB, 2402-WC, and 2402-WE through 2402-WL Waste Storage Buildings and 28 
2402-WD Waste Storage Building DWMUs are located to the east of the 2403-WB Building 29 
(Figure H-E1). 30 

The 2402-W, 2402-WB, 2042-WC, and 2402-WE through 2402-WL Waste Storage Buildings DWMU 31 
consists of 11 buildings and associated building outdoor storage areas and is only permitted for container 32 
storage. No treatment of mixed waste is permitted within this DWMU. 33 

The 2402-WD Waste Storage Building DWMU consists of one building and associated building outdoor 34 
storage area and is permitted for both container storage and treatment. 35 

Overall, the 12 total 2402-W Series waste storage buildings associated with the 2 DWMUs are basically 36 
identical, pre-engineered steel structures with concrete foundations measuring approximately 15 m (50 ft) 37 
wide by 24 m (80 ft) long (Figure H-E2). Each building has concrete curbing measuring approximately 38 
15 cm (6 in.) above grade, providing secondary containment for the entire storage area. The floors are 39 
constructed from reinforced concrete that has been sealed with a chemically resistant coating (e.g., epoxy 40 
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resin), and all piping penetrations and construction joints in the floors have been grouted or caulked 1 
and sealed. 2 

The outdoor storage areas associated with the two DWMUs are uncovered/unenclosed areas, constructed 3 
of concrete next to the building (i.e., approach aprons) and asphalt further out (i.e., access paths), and do 4 
not contain engineered secondary containment systems (Figure H-E3). The outdoor storage area for each 5 
building, except for the 2402-W and 2402-WB Buildings, consists of two locations measuring 6 
approximately 7.9 m (26 ft) wide by 8.5 m (28 ft) long, and 7.9 m (26 ft) wide by 4.3 m (14 ft) long. 7 
The two outdoor storage areas for the 2402-W Building measure approximately 15 m (50 ft) wide by 8 
8.5 m (28 ft) long and 7.9 m (26 ft) wide by 4.3 m (14 ft) long, while the 2402-WB Building outdoor 9 
storage areas measure approximately 10 m (34 ft) wide by 8.5 m (28 ft) long and 7.9 m (26 ft) wide by 10 
4.3 m (14 ft) long. These outdoor storage areas are stabilized and graded to slope away preventing run-on, 11 
and they provide a place to stage containers prior to placement inside the building for storage or in 12 
preparation for transfer to/from another approved disposal facility. Shipping conveyances (e.g., flatbed 13 
trailers, van trailers, and casks) loaded with waste containers in transit can be staged at this location. 14 

The 2402-W Series buildings manage various types and combinations of compatible wastes. For a 15 
comprehensive list of waste managed in accordance with Resource Conservation and Recovery Act of 16 
1976 (RCRA) regulations, including classification and estimated annual quantities, refer to 17 
WA7890008967, Hanford Facility Resource Conservation and Recovery Act Permit (hereinafter called 18 
Hanford Facility RCRA Permit) Part A. 19 

Treatment is conducted within the 2402-WD Building DWMU using a variety of technologies to meet the 20 
land disposal restrictions (LDRs) outlined in WAC 173-303-140, “Land Disposal Restrictions,” which 21 
includes by reference 40 CFR 268, and/or to meet the acceptance criteria for the Waste Isolation Pilot 22 
Plant and/or other approved disposal facilities. For an extensive list of treatment activities conducted 23 
within the 2402-WD Building refer to Addendum C, “Process Information.” 24 

H-E1.2 Maximum Waste Inventory 25 

The maximum storage capacities of the two 2402-W Series DWMUs are identified in Table H-E1. 26 

H-E2 Closure Performance Standard 27 

Closure performance standards for the 2402-W Series DWMUs will be based on WAC 173-303-610(2), 28 
which requires closure of the facility in a manner that accomplishes the following objectives: 29 

 Minimize the need for further maintenance. 30 

 Control, minimize, or eliminate, to the extent necessary, to protect human health and the 31 
environment (HHE), post-closure escape of waste, constituents, leachate, contaminated runoff, or 32 
waste decomposition products to the ground, surface water, groundwater, or atmosphere. 33 

 Return the land to the appearance and use of surrounding land areas, to the degree possible, given 34 
the nature of the previous waste activity. 35 

These performance standards are addressed in Sections H-E2.1 and H-E3.9 of this closure plan and are 36 
furthermore identified in Table H-E6. 37 
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Figure H-E1. CWC-WRAP 2402-W Series Dangerous Waste Management Units (Aerial View 2012)2 
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 1 

Figure H-E2. 2402-W Series Waste Storage Buildings (March 2013) 2 

 3 

Figure H-E3. Typical of Outdoor Areas Associated with 2402-Series Waste Storage Buildings  4 
(March 2013) 5 
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Table H-E1. Dangerous Waste Management Unit Maximum Storage Capacity 

DWMU Building Maximum Waste Storage  

2402-W, 2402-WB, 2402-WC, and 
2402-WE through 2402-WL Waste 

Storage Buildings 

2402-W Waste Storage Building 234.6 m3 (234,600 L) 

2402-WB Waste Storage Building 234.6 m3 (234,600 L) 

2402-WC Waste Storage Building 234.6 m3 (234,600 L) 

2402-WE Waste Storage Building 234.6 m3 (234,600 L) 

2402-WF Waste Storage Building 234.6 m3 (234,600 L) 

2402-WG Waste Storage Building 234.6 m3 (234,600 L) 

2402-WH Waste Storage Building 234.6 m3 (234,600 L) 

2402-WI Waste Storage Building 234.6 m3 (234,600 L) 

2402-WJ Waste Storage Building 234.6 m3 (234,600 L) 

2402-WK Waste Storage Building 234.6 m3 (234,600 L) 

2402-WL Waste Storage Building 234.6 m3 (234,600 L) 

Total DWMU Maximum Waste Storage 2,581 m3 (2,580,600 L) 

2402-WD Waste Storage Building 2402-WD Waste Storage Building 234.6 m3 (234,600 L) 

Total DWMU Maximum Waste Storage 234.6 meters3 (234,600 L) 

DWMU = dangerous waste management unit 

 1 

H-E2.1 Clean Closure Levels 2 

The 2402-W Series DWMUs will be clean closed. After removal of all waste, the buildings, including the 3 
associated outdoor storage areas, will be demolished (Section H-E3.6) and managed as newly generated 4 
waste debris. 5 

Once the buildings are removed, the underlying soil will be sampled to ensure that clean closure levels are 6 
achieved. In accordance with WAC 173-303-610(2)(b)(i), clean closure levels for the soil are the numeric 7 
cleanup levels calculated using unrestricted use exposure assumptions according to WAC 173-340, 8 
“Model Toxics Control Act—Cleanup” (MTCA) regulations (i.e., WAC 173-340-700, “Overview of 9 
Cleanup Standards,” through WAC 173-340-760, “Sediment Cleanup Standards,” excluding 10 
WAC 173-303-745, “Soil Cleanup Standards for Industrial Properties”). These numeric cleanup levels 11 
have been calculated according to the requirements of WAC 173-303-610(2)(b)(i), using the MTCA 12 
(WAC 173-340) Method B closure performance standard for soil. These cleanup levels consider 13 
carcinogens, noncarcinogens, groundwater protection, and ecological indicator values. Table H-E6 14 
provides MTCA (WAC 173-340) Method B closure performance standards for unrestricted use exposure 15 
assumptions for soil for each individual target analyte identified in Table H-E2. 16 

A null hypothesis is generally assumed to be true until evidence indicates otherwise. The null hypothesis, 17 
as defined in MTCA (WAC 173-340-200, “Definitions”) for the 2402-W Series DWMUs, is that the soil 18 
underlying the buildings is assumed to be above the unrestricted use MTCA (WAC 173-340) Method B 19 
cleanup levels; therefore, the site is presumed to be contaminated. Rejection of the null hypothesis means 20 
that sampling and analysis results of the site indicate underlying soil contamination below the MTCA 21 
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(WAC 173-340) Method B cleanup levels. Sampling and analysis will be used to determine whether the 1 
null hypothesis can be rejected, thereby confirming that the soil meets closure performance standards. 2 

Should sampling and analysis provide a basis that the null hypothesis can be accepted, such an event will 3 
be considered an unexpected event during closure, and the soil would then be identified as a newly 4 
generated contaminated environmental media and managed in accordance with Section H-E3.8. 5 

H-E3 Closure Activities 6 

The 2402-W Series DWMUs will be candidates for clean closure under RCRA, and confirmation 7 
sampling and analysis will be performed to verify that closure performance standards (Table H-E6) are 8 
met. As container storage units (and treatment in the 2402-WD Waste Storage Building), clean closure 9 
determinations for the 2402-W Series DWMUs will be based on successful completion of the closure 10 
activities outlined in this section. Sampling and analysis activities were developed utilizing 11 
EPA/240/R-02/005, Guidance on Choosing a Sampling Design for Environmental Data Collection 12 
(QA/G-5S), and Ecology Publication 94-111, Guidance for Clean Closure of Dangerous Waste Units and 13 
Facilities, and will be conducted via a sampling and analysis plan (SAP) (Section H-E3.10.1). The 14 
objective of sampling described in this document is to determine if the MTCA (WAC 173-340) Method B 15 
clean closure levels were met, thereby demonstrating clean closure of the 2402-W Series DWMUs. 16 

The following closure activities are required to achieve and verify clean closure: 17 

 Remove all waste. 18 

 Review waste container storage, operating, and inspection records for documented spills or 19 
releases of waste. 20 

 Perform visual inspection of the buildings containment system for cracks, holes, or other types of 21 
breaches significant enough to reach underlying soil for purposes of focused sampling. 22 

 Demolish the storage buildings, concrete containment systems, and associated outdoor storage 23 
areas. 24 

 Perform visual inspection on underlying soil to identify any staining for purposes of 25 
focused sampling. 26 

 Perform soil sampling and analysis to confirm that clean closure standards are met. 27 

 If contamination is detected during initial sampling efforts, remove, treat (if necessary), and 28 
dispose of contaminated environmental media (soil). 29 

 Resample, as necessary, to confirm that MTCA (WAC 173-340) Method B closure performance 30 
standards have been met. 31 

 Transmit clean closure certification to Ecology. 32 

H-E3.1 Health and Safety Requirements 33 

Closure will be performed in a manner that will ensure safety of personnel and the surrounding 34 
environment. Qualified personnel will be trained in and shall perform closure activities in accordance 35 
with the applicable safety and environmental procedures identified in Addendum G, “Personnel 36 
Training,” and must have appropriate training and experience in sampling activities. Field operations will 37 
be performed in accordance with applicable health and safety requirements. Personnel will be equipped 38 
with appropriate personal protective equipment (PPE) for the closure activity being performed. 39 
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The Permittees have instituted training and/or qualification programs to meet training requirements 1 
imposed by regulations, U.S. Department of Energy (DOE) orders, and national standards such as those 2 
published by the American National Standards Institute/American Society of Mechanical Engineers. 3 
For example, the environmental, safety, and health training program provides workers with the knowledge 4 
and skills necessary to execute assigned duties safely. Attachment 5 to the Hanford Facility RCRA Permit 5 
(WA7890008967) describes specific requirements for the Hanford Facility Personnel Training Program. 6 
The Permittees will comply with the CWC-WRAP Training Matrix detailed in Addendum G of the 7 
CWC-WRAP, which provides the training requirements for Hanford Facility personnel associated with 8 
2402-W Series DWMUs. 9 

Project-specific safety training addressed explicitly to the project and the day’s activity will include 10 
the following: 11 

 Training will provide the knowledge and skills that sampling personnel need to perform work safely 12 
and in accordance with quality assurance (QA) requirements. 13 

 Samplers are required to be qualified in the type of sampling being performed in the field. 14 

Pre-job briefings will be performed to evaluate activities and associated hazards by considering many 15 
factors, including the following: 16 

 Objective of the activities 17 

 Individual tasks to be performed 18 

 Hazards associated with the planned tasks 19 

 Environment in which the job will be performed 20 

 Facility where the job will be performed 21 

 Equipment and material required 22 

 Safety protocols applicable to the job 23 

 Training requirements for individuals assigned to perform the work 24 

 Level of management control 25 

 Emergency contacts. 26 

Training records are maintained for each employee in an electronic database. The Permittees training 27 
organization maintains the training records system. 28 

H-E3.2 Removal of Wastes and Waste Residues 29 

All waste will be removed from the storage buildings and managed in accordance with WAC 173-303 and 30 
CWC-WRAP waste management practices. The waste will be designated (if necessary) and shipped to an 31 
approved facility for treatment, storage, and/or disposal (TSD). 32 

Waste containers meeting U.S. Department of Transportation (DOT) requirements will be packaged and 33 
shipped in accordance with 49 CFR, “Transportation,” criteria. Waste packaged in non-DOT regulation 34 
(large or irregular shaped) containers will be shipped in accordance with the DOE/RL-2001-36, 35 
Hanford Sitewide Transportation Safety Document. Waste shipments primarily utilize highway 36 
transportation but may also include shipping by air or rail. 37 

Waste will be treated (if necessary) to meet LDR treatment standards specified in WAC 173-303-140, 38 
which includes by reference 40 CFR 268, then ultimately disposed of in an appropriate waste 39 
disposal facility. 40 
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While waste residues are not anticipated, if waste residues are found during clean closure activities, they 1 
will be managed in accordance with all applicable requirements of WAC 173-303-170, “Requirements for 2 
Generators of Dangerous Waste,” through WAC 173-303-230, “Special Conditions.” Waste subject to 3 
LDR requirements of WAC 173-303-140, which includes by reference 40 CFR 268, will be characterized, 4 
designated, stored, and/or treated, as applicable, prior to disposal in an approved waste disposal facility. 5 

H-E3.3 Unit Components, Parts, and Ancillary Equipment 6 

Each of the 2402-W Series waste storage buildings is a pre-engineered steel structure with concrete floors 7 
that have been sealed with a chemically resistant coating (e.g., epoxy resin), as described in Section H-8 
E1.1. 9 

Fire suppression for the 2402-W Series waste storage buildings is provided by a single dry pipe automatic 10 
sprinkler system in each building. Fire suppression water enters the building through a small heated room 11 
containing the water riser, valves, and controls for the dry pipe sprinkler system. These buildings have 12 
two fire pull boxes located near personnel exit doors. 13 

All of the 2402-W storage buildings are equipped with two electrically powered exhaust fans. 14 
Flow actuated inlet dampers are located on the walls opposite the fans to direct airflow across the storage 15 
area. Each building has electrical power to operate the ventilation equipment, lighting, and heaters in the 16 
water riser rooms. 17 

The 2402-WD Waste Storage Building may utilize temporary work tents, which are portable 18 
pre-engineered structures, designed to reduce cross-contamination and serve as a barrier between work 19 
surfaces and clean areas. Tents are used to create a controlled environment to conduct waste management 20 
activities. Such equipment is temporary within the 2402-WD Building and will be removed upon 21 
completion of the management and treatment activities prior to the start of closure activities. 22 

H-E3.4 Inspection of Units Before Decontamination 23 

Although decontamination of the 2404-W Series buildings is not planned, following removal of all waste 24 
and waste residues, a visual inspection will be performed to determine the presence of cracks, holes, or 25 
other breaches in the concrete containment system, sufficient to reach the underlying soil. These cracks, 26 
holes, or other breaches will be documented to determine if focused sampling of the underlying soil is 27 
necessary during confirmation sampling. 28 

During the closure period, to prevent threats to HHE, the 2402-W Series DWMUs will be inspected in 29 
accordance with WAC 173-303-320(2), “General Inspection,” requirements. Inspections of the 2402-W 30 
Series building DWMUs and associated outdoor storage areas will be performed annually, until the clean 31 
closure certification is accepted by Ecology, and will verify the following: 32 

 Posted warning signs at each entrance to the OUG are present, legible, and visible at approximately 33 
7.6 m (25 ft). 34 

 No evidence of unusual conditions exists at the closing DWMU site. 35 

H-E3.5 Decontamination 36 

Decontamination of the 2402-W Series DWMUs is not planned. 37 
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H-E3.6 Demolition of the 2402-W Series Waste Storage Buildings 1 

Once all waste has been removed from the 2402-W Series waste storage buildings and a visual inspection 2 
has been performed in each building, demolition activities can be initiated. Demolition of the 2402-W 3 
Series waste storage buildings can be done independently of each other, but they will all follow the same 4 
demolition process, including the following activities: 5 

 Location of utilities 6 

 Mobilization of equipment 7 

 Removal of the building and concrete containment system 8 

 Removal of associated concrete and asphalt outdoor storage areas surrounding the building 9 

H-E3.6.1 Location of Utilities 10 

Prior to demolition, any in-use utilities will be located as well as the underground fire water line. The fire 11 
water line may supply water to other CWC-WRAP DWMUs. Fire hydrants may also be used to supply 12 
water for dust control during rubblization of the buildings and outdoor storage areas. Utilities, such as 13 
electrical connections, will be isolated prior to the start of demolition activities. 14 

H-E3.6.2 Equipment Mobilization 15 

Resources, equipment, and materials necessary to perform demolition will be staged in designated 16 
laydown areas in close proximity to the 2402-W Series building(s) being demolished. 17 

H-E3.6.3 Demolition Activities for the 2402-W Series Waste Storage Buildings 18 

Demolition of the 2402-W Series waste storage buildings will be accomplished utilizing the primary 19 
method of shearing and rubblizing. Demolition of the buildings will require the use of heavy equipment 20 
(e.g., excavator with various attachments). Other standard industry or conventional demolition practices 21 
also may be used (e.g., hydraulic shears with steel shear jaws, concrete pulverizer jaws, or breaker jaws). 22 
Demolition methods will be selected based on the structural elements to be demolished, remaining 23 
contamination, location, and integrity of the structure. Water may be used to control dust generated from 24 
demolition activities. The amount of water used will be minimized to prevent ponding and runoff. While 25 
unlikely, other controls, such as portable ventilation filter units and high efficiency particulate air filtered 26 
vacuum cleaners, may be used. Additional storm water run-on and runoff controls may be implemented, 27 
as needed. 28 

Crusting agents or fixatives will be applied to any disturbed portion of the demolition area and excavation 29 
site when deemed necessary. For example, if wind should arise, fixative will be applied to prevent the 30 
spread of dust particulates from the work site. 31 

H-E3.6.3.1 Shearing and Rubblizing 32 

During shearing and rubblizing of the buildings, fog cannons, fire hoses, and misters may be used to 33 
spray mist water for dust suppression. The amount of water used will be minimized to prevent ponding 34 
and runoff. The shears will size reduce/cut components of the buildings and equipment, such as roofing, 35 
wall paneling, piping, concrete flooring, and conduit, while front end loaders or grapples will load debris 36 
into roll-off containers. 37 

Large equipment, such as an excavator with a hoe-ram, a hydraulic shear with steel shear jaws, and 38 
concrete pulverizer jaws or breaker jaws, will be used to perform any rubblizing. Rubble debris from the 39 
containment system will be loaded into roll-off boxes for transportation to the approved disposal facility. 40 
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H-E3.7 Identifying and Managing Waste Generated from Closure Activities 1 

Closure activities for the 2402-W Series DWMUs will result in the generation of one known waste stream 2 
(debris from demolition) requiring management and disposal. Waste generated during closure activities 3 
will be managed as a newly generated waste stream in accordance with WAC 173-303-610(5). 4 
Waste generated during the closure period must be properly disposed. Newly generated waste must be 5 
handled in accordance with all applicable requirements of WAC 173-303-170 through 6 
WAC 173-303-230. 7 

Management and disposal of waste generated during closure will be documented and included as part of 8 
the clean closure certification documentation (Section H-E3.12). 9 

H-E3.7.1 Debris from Demolition 10 

Debris from demolition generated during closure will be managed onsite and transported to an approved 11 
disposal facility. Debris includes, but is not limited to, the following types of wastes resulting from 12 
demolition of the 2402-W Series waste storage buildings: 13 

 Equipment and construction materials 14 

 Concrete and associated rubblized debris 15 

 Miscellaneous waste (e.g., rubber, glass, paper, PPE, cloth, plastic, and metal) 16 

The preferred management of debris resulting from demolition of the buildings is in bulk form. 17 
Bulk waste will be placed into bulk containers, such as roll-off boxes, to transport for disposal. 18 
Bulk containers will be stored in a suitable area in proximity to the DWMU area or may be accumulated 19 
for up to 90 days in another suitable location. Bulk containers of waste will be covered when waste is not 20 
being added or removed. Lightweight material (e.g., plastic and paper) will be bagged, if appropriate, 21 
prior to placement in the bulk container, to eliminate the potential for materials blowing out of the 22 
bulk container. 23 

Debris will be containerized, labeled, and sampled (if necessary) for waste characterization. Waste subject 24 
to the LDR requirements of WAC 173-303-140, which includes by reference 40 CFR 268, will be 25 
characterized, designated, stored, and/or treated, as applicable, prior to disposal in an approved 26 
disposal facility. 27 

H-E3.8 Identifying and Managing Contaminated Environmental Media 28 

If contaminated environmental media (soil) is identified as a result of clean closure verification sampling 29 
activities (i.e., samples indicate contamination above clean closure standards), the nature and extent of 30 
contamination will be evaluated. Soil surrounding the node location, which identified contamination 31 
above clean closure levels, will be removed up to the diameter distance to the adjacent node locations and 32 
approximately 1 m (3 ft) below the surface. Contaminated soil will be removed using equipment capable 33 
of removing the quantity of material required to complete removal and clean close the DWMU(s). 34 
Following removal of contaminated soil, additional confirmatory sampling will be conducted in the 35 
location of the original node, which identified contamination above clean closure levels in accordance 36 
with the approved closure plan SAP. This process will continue until analytical results of confirmatory 37 
soil samples prove that clean closure levels have been achieved. 38 

Contaminated soil will be managed as a newly generated waste stream in accordance with 39 
WAC 173-303-610(5). Contaminated soil must be handled in accordance with all applicable requirements 40 
of WAC 173-303-170 through WAC 173-303-230. Contaminated soil will be containerized, labeled, and 41 
sampled (if necessary) for waste characterization. Waste subject to the LDR requirements of 42 
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WAC 173-303-140, which includes by reference 40 CFR 268, will be characterized, designated, stored, 1 
and/or treated, as applicable, prior to disposal in an approved disposal facility. 2 

Management and disposal of contaminated environmental media will be documented and included with 3 
the clean closure certification documentation included in Section H-E3.12. 4 

H-E3.9 Confirming Clean Closure 5 

Both the 2402-W, 2402-WB, 2402-WC, and 2402-WE through 2402-WL Waste Storage Buildings and 6 
2402-WD Waste Storage Building DWMUs will be clean closed. Demonstration of clean closure 7 
standards will be accomplished through confirmation sampling and analysis performed in accordance 8 
with the SAP, detailed in Section H-E3.10. The SAP consists of random grid sampling with judgmental 9 
sampling of areas of concern identified during the visual inspection (i.e., areas where cracks or other 10 
openings in the containment system may have allowed a release of waste to the underlying soil). 11 

Once building removal is complete, sampling of the underlying soil will be conducted in accordance with 12 
the SAP to confirm that soil unrestricted use cleanup standards (MTCA [WAC 173-340-730] Method B) 13 
have been achieved. If sample results indicate contamination above clean closure levels, contaminated 14 
soil will be removed and managed in accordance with Section H-E3.8. Once analytical results confirm 15 
clean closure levels of the target analytes, a clean closure certification will be prepared in accordance with 16 
Section H-E3.12. 17 

H-E3.10 Sampling and Analysis and Constituents to Be Analyzed 18 

This SAP summarizes the sampling design and associated assumptions based on knowledge of the 19 
2402-W Series DWMUs. After the 2402-W Series waste storages buildings have been demolished, 20 
sampling and analysis will be performed on the underlying soil in order to demonstrate that clean closure 21 
levels have been achieved. The sampling design includes input parameters used to determine the number 22 
and location of samples. 23 

H-E3.10.1 Sampling and Analysis Plan 24 

Sampling and analysis of the 2402-W Series DWMUs underlying soil will be conducted to confirm that 25 
clean closure levels have been achieved. All sampling and analysis will be performed in accordance with 26 
sampling and quality standards established in this closure SAP. The closure SAP details sampling and 27 
analysis procedures in accordance with SW-846, Test Methods for Evaluating Solid Waste: 28 
Physical/Chemical Methods, Third Edition; Final Update V; the American Society for Testing and 29 
Materials (ASTM) International (formerly ASTM), Annual Book of ASTM Standards; and applicable 30 
U.S. Environmental Protection Agency (EPA) guidance. Sampling and analysis activities will meet 31 
applicable requirements of SW-846, ASTM standards, EPA approved methods, and DOE/RL-96-68, 32 
Hanford Analytical Services Quality Assurance Requirements Document (HASQARD), at the time of 33 
closure. This SAP was also developed using Ecology Publication 94-111, Section 7.0, “Sampling and 34 
Analysis for Clean Closure,” and EPA/240/R-02/005 (QA/G-5S). 35 

H-E3.10.2 Target Analytes 36 

The 2402-W, 2402-WB, 2402-WC, and 2402-WE through 2402-WL Waste Storage Buildings and 37 
2402-WD Waste Storage Building DWMUs are active portions of the CWC-WRAP OUG; therefore, 38 
target analytes at closure may include any or all analytes, based on the waste codes permitted in the 39 
CWC-WRAP Hanford Facility RCRA Permit Part A (Attachment B, Section XIV-Description of 40 
Dangerous Waste). A waste management report, identifying waste codes historically managed at the 41 
2402-W, 2402-WB, 2402-WC, and 2402-WE through 2402-WL Waste Storage Buildings and the 42 
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2402-WD Waste Storage Building, was run to identify the existing target analytes. Table H-E2 details the 1 
waste codes identified and the target analytes associated with those waste codes. Additional target 2 
analytes may be identified upon review of the waste tracking records for the two 2402-W Series 3 
DWMUs, upon receipt of the final waste. A permit modification updating the SAP with specific target 4 
analytes will be submitted, if necessary, in accordance with WAC 173-303-610(3)(b), 45 days prior to the 5 
start of closure. 6 

Table H-E2. Target Analyte List 

Target Analyte (Waste Code) CAS Number Target Analyte (Waste Code) CAS Number 

Arsenic (D004) 7440-38-2 Barium (D005) 7440-39-3 

Cadmium (D006) 7440-43-9 
Chromium (Hexavalent) 
(D007)  

18540-29-9 

Lead (D008)  7439-92-1 Mercury (D009) (U151) 7439-97-6 

Selenium (D010) 7782-49-2 Silver (D011)  7440-22-4 

Endrin (D012) 72-20-8 Lindane (D013) 58-89-9 

Methoxychlor (D014) 72-43-5 Toxaphene (D015) 8001-35-2 

2,4-Dichlorophenoxyacetic Acid 
(D016) 

94-75-7 2,4,5-TP Silvex (D017) 93-72-1 

Benzene (D018) (F005) (U019) 71-43-2 
Carbon Tetrachloride (D019) 
(F001) (U211) 

56-23-5 

Chlordane (D020) 57-74-9 Chlorobenzene (D021) (F002) 108-90-7 

Chloroform (D022) (U044) 67-66-3 o-Cresol (D023) (F004) 95-48-7 

m-Cresol (D024) (F004) 108-39-4 p-Cresol (D025) (F004) 106-44-5 

Cresol (Cresylic Acid)a,e (D026) 
(F004) 

1319-77-3 1,4-Dichlorobenzene (D027) 106-46-7 

1,2-Dichloroethane (D028) 107-06-2 1,1-Dichloroethylene (D029) 75-35-4 

2,4-Dinitrotoluene (D030) 121-14-2 Heptachlor (D031) 76-44-8 

Heptachlor Epoxide (D031) 1024-57-3 Hexachlorobenzene (D032) 118-74-1 

Hexachlorobutadiene (D033) 87-68-3 Hexachloroethane (D034) 67-72-1 

Methyl Ethyl Ketone (D035) (F005) 78-93-3 
Nitrobenzene (D036) (F004) 
(U169) 

98-95-3 

Pentachlorophenol (D037) 87-86-5 Pyridine (D038) (F005) 110-86-1 

Tetrachloroethylene (D039) (F001) 
(F002) (U210) 

127-18-4 
Trichloroethylene (D040) 
(F001) (F002) (U228) 

79-01-6 

2,4,5-Trichlorophenol (D041) 95-95-4 2,4,6-Trichlorophenol (D042) 88-06-2 

Vinyl Chloride (D043) 75-01-4 
Methylene Chloride (F001) 
(F002) (U080) 

75-09-2 
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Table H-E2. Target Analyte List 

Target Analyte (Waste Code) CAS Number Target Analyte (Waste Code) CAS Number 

1,1,1-Trichloroethane (F001) (F002) 
(U226) 

71-55-6 CFCsh (F001) (F002) Not Applicable 

1,1,2-Trichloro-1,2,2-Trifluoroethane 
(CFC-133)h (F002) 

76-13-1 Ortho-Dichlorobenzene (F002) 95-50-1 

Trichlorofluoromethane (CFC-11)h 
(F002) (U121) 

75-69-4 1,1,2-Trichloroethane (F002)  79-00-5 

Xylenes (F003)  1330-20-7 Acetone (F003)  67-64-1 

Ethyl Acetate (F003) (U112) 141-78-6 Ethyl Benzene (F003) 100-41-4 

Ethyl Ether (F003) (U117) 60-29-7 Methyl Isobutyl Ketone (F003)  108-10-1 

n-Butyl Alcohol (F003) (U031) 71-36-3 Cyclohexanone (F003)  108-94-1 

Methanol (F003) (U154) 67-56-1 Toluene (F005) 108-88-3 

Carbon Disulfide (F005) (P022) 75-15-0 Isobutanol (F005) 78-83-1 

2-Ethoxyethanolf (F005) (U359) 110-80-5 2-Nitropropaned,e (F005) 79-46-9 

Arsenic Trioxidee (P012) 1327-53-3 Chloroacetaldehydee (P023) 107-20-0 

Copper Cyanideb (P029) 544-92-3 Cyanide (P030) 57-12-5 

Potassium Cyanideb (P098) 151-50-8 Sodium Azidei (P105) 26628-22-8 

Sodium Cyanideb (P106) 143-33-9 Vanadium Pentoxideg (P120) 1314-62-1 

PCBs (Aroclors) (PCB2) 1336-36-3 Acetaldehydee, (U001) 75-07-0 

Acetophenone (U004) 98-86-2 Acetyl Chloridee (U006) 75-36-5 

Aniline (U012) 62-53-3 Dichloroethyl Ether (U025) 111-44-4 

Dibenzo(a,h)anthracene (U063) 53-70-3 Dimethyl Sulfatee (U103) 77-78-1 

1,4-Dioxane (U108) 123-91-1 Formaldehyde (U122) 50-00-0 

Formic Acid (U123) 64-18-6 Hydrazinec (U133) 302-01-2 

Hydrofluoric Acide (U134) 7664-39-3 Lead (II) Acetatee (U144) 301-04-2 

3-Methylcholanthrenee (U157) 56-49-5 
Methyl Ethyl Ketone Peroxidee 
(U160) 

1338-23-4 

Naphthalene (U165) 91-20-3 
N-Nitroso-di-n-butylamine 
(U172) 

924-16-3 

Phenol (U188) 108-95-2 Phosphorus Sulfidee (U189) 1314-80-3 

Safrolee (U203) 94-59-7 Selenium Dioxidee (U204) 7446-08-4 

Tetrahydrofurane (U213) 109-99-9 
Thallium Nitratej (U217) 10102-45-1 

Thioacetamidee (U218) 62-55-5 
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Table H-E2. Target Analyte List 

Target Analyte (Waste Code) CAS Number Target Analyte (Waste Code) CAS Number 

a. The closure performance standard for cresol will be achieved through analysis of its three isomeric forms: o-cresol, 
m-cresol, and p-cresol. 

b. Analyzed as total cyanide. 

c. Due to the volatile and reactive nature of hydrazine, quantitation is difficult and its presence in soil samples is highly 
unlikely; therefore, samples will not be analyzed for hydrazine. 

d. The closure performance standard for 2-nitropropane was removed in the May 2014 EPA CLARC table updates; therefore, 
this analyte will not be analyzed for due to the unavailability of a closure performance standard. 

e. This analyte is removed from further consideration because it is not listed in the EPA CLARC tables. 

f. Due to the extremely short half-life of 2-ethoxyethanol (between 168 hours and 672 hours), its presence in soil samples is 
highly unlikely; therefore, samples will not be analyzed for 2-ethoxyethanol. 

g. Vanadium pentoxide will be analyzed as vanadium. 

h. CFC is an organic compound that contains only carbon, chlorine, and fluorine, produced as a volatile derivative of methane, 
ethane, and propane. Examples of CFCs include 1,1,2-trichloro-1,2,2-trifluoroethane (CFC-133) and trifluoromethane 
(CFC-11). 

i. Sodium azide is reactive with moisture and, therefore, is highly unlikely to be present in environmental soil samples; thus, 
samples will not be analyzed for sodium azide. 

j. Thallium nitrate will be analyzed as thallium. 

CAS = Chemical Abstracts Service 

CFC = chlorinated fluorocarbon 

CLARC = Cleanup Levels and Risk Calculations 

EPA = U.S. Environmental Protection Agency 

PCB = polychlorinated biphenyl 

 1 

H-E3.10.3 SAP Schedule 2 

Confirmation closure sampling and analysis will be performed in accordance with the closure plan 3 
schedule in Section H-E4. 4 

H-E3.10.4 Project Management 5 

The following subsections address project management and ensure that the project has defined goals, 6 
participants understand the goals and approaches used, and planned outputs are appropriately 7 
documented. Project management roles and responsibilities discussed in this section apply to the major 8 
activities covered under the SAP. 9 

H-E3.10.4.1 Project/Task Organization 10 

The Permittee is responsible for planning, coordinating, sampling, preparing, packaging, and shipping 11 
samples to the laboratory. The project organization (regarding sampling and characterization) is described 12 
in the following subsections and shown graphically in Figure H-E4. 13 

The project has several key positions, including the following: 14 

 Lead Regulatory Agency Project Manager: Ecology has assigned project managers responsible for 15 
oversight of the 2402-W Series DWMUs closure. 16 

 Project Manager and Technical Lead: The Project Manager provides oversight of closure activities 17 
and coordinates with the DOE Richland Operations Office (DOE-RL), EPA, Ecology, and contract 18 
management. The Project Manager (or designee) for the 2402-W Series DWMUs closure sampling is 19 
responsible for direct management of sampling documents and requirements, field activities, and 20 
subcontracted tasks. The Project Manager is responsible for ensuring that project personnel are 21 
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working to the current version of the SAP. The Project Manager works closely with Health and Safety 1 
and the Field Work Supervisor (FWS) to integrate these and other lead disciplines in planning and 2 
implementing the work scope. The Project Manager also coordinates with DOE-RL and the primary 3 
contractor management on all sampling activities. The Project Manager supports DOE-RL in 4 
coordinating sampling activities with the regulators. 5 

 Environmental Compliance Officer: The Environmental Compliance Officer provides technical 6 
oversight, direction, and acceptance of project and subcontracted environmental work, and develops 7 
appropriate mitigation measures with a goal of minimizing adverse environmental impacts. 8 

 Health and Safety: The Health and Safety organization is responsible for coordinating industrial 9 
safety and health support within the project, as carried out through health and safety plans, job hazard 10 
analyses, and other pertinent safety documents required by federal regulation or internal primary 11 
contractor work requirements. 12 

 Waste Management Lead: The Waste Management organization communicates policies and 13 
protocols, and ensures project compliance for storage, transportation, disposal, and waste tracking. 14 

 Field Work Supervisor: The FWS is responsible for planning and coordinating field sampling 15 
resources. The FWS ensures that samplers are appropriately trained and available. Additional related 16 
responsibilities include ensuring that the sampling design is understood and can be performed 17 
as specified. 18 

 Sample Management and Reporting: The Permittees sampling organization coordinates field 19 
sampling as well as laboratory analytical work, ensuring that laboratories conform to Hanford Facility 20 
internal laboratory QA requirements (or their equivalent), as approved by DOE-RL, EPA, and 21 
Ecology. The sampling organization receives the analytical data from the laboratories, performs data 22 
entry into the Hanford Environmental Information System (HEIS) database, and arranges for data 23 
validation. The sampling organization is responsible for informing the Project Manager of any issues 24 
reported by the analytical laboratory. 25 

 Contract Laboratories: The contract laboratories analyze samples in accordance with established 26 
procedures and provide necessary sample reports and explanation of results in support of 27 
data validation. 28 

H-E3.10.5 Sampling Design 29 

The primary purpose of sampling the underlying soil is to determine if analytical data values exceed the 30 
MTCA (WAC 173-340) Method B unrestricted use clean closure performance standards (Table H-E6). 31 



DOE/RL-2015-47, REVISION 0 
DECEMBER 2015 

H-E-16 

 1 

Figure H-E4. 2402-W Series DWMUs Sampling and Analysis Plan Project Organization 2 

This SAP utilized Ecology Publication #94-111, Section 7.0, to determine the type of sampling design 3 
that will be utilized to demonstrate clean closure. When designing the sampling plan, both judgmental 4 
(focused) and area wide (grid) sampling methods were considered. Ecology Publication #94-111, 5 
Section 7.2.1, states that, “area wide sampling is appropriate when the spatial distribution of 6 
contamination at or from the closure unit is uncertain.” Ecology Publication #94-111, Section 7.3, 7 
“Sampling to Determine or Confirm Clean Closure,” identifies the area wide sampling approach as 8 
generally appropriate for sampling to determine or confirm that clean closure levels are achieved. 9 
Area wide (grid) sampling if further defined in the following paragraphs. 10 

Area Wide (Grid) Sampling – Samples are collected at regularly spaced intervals over space or time. 11 
An initial location or time is chosen at random, and the remaining sampling locations are defined so that 12 
locations are at regular intervals over an area (grid). Grid sampling is used to search for hot spots and 13 
infer means, percentiles, or other parameters. It is useful for estimating spatial patterns or trends over 14 
time. This design provides a practical method for designating sample locations and ensures uniform 15 
coverage of a site, unit, or process. 16 

Focused sampling, as identified in Section 7.2.2 of Ecology Publication #94-111, is selective sampling of 17 
areas where contamination is expected or releases have been documented. After completion of the records 18 
review and visual inspection for each building, a determination will be made to identify if focused 19 
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sampling is appropriate. The location of focused samples, if any, will be identified and recorded as 1 
required in Section H-E3.10.12. Judgmental (focused) sampling is further defined in the 2 
following paragraphs. 3 

Judgmental (Focused) Sampling – Selection of sampling units (i.e., the number and location and/or 4 
timing of collecting samples) is based on knowledge of the feature or condition under investigation and 5 
professional judgment. Focused sampling is distinguished from probability based sampling in that 6 
inferences are based on professional judgment, not statistical scientific theory. Therefore, conclusions 7 
about the target population are limited and depend entirely on the validity and accuracy of professional 8 
judgment. Probabilistic statements about parameters are not possible. 9 

The number and location of area wide samples were determined utilizing the Visual Sample Plan (VSP) 10 
software. VSP is a tool, used throughout Washington State and nationally, statistically determines the 11 
quantity of samples required to accept or reject the null hypothesis based on input parameters specific to 12 
the DWMU. 13 

Both parametric and nonparametric equations rely on assumptions about the data population. 14 
Typically, however, nonparametric equations require fewer assumptions and allow for more uncertainty 15 
about the distribution of data. Alternatively, if parametric assumptions are valid, the required number of 16 
samples is usually less than if a nonparametric equation was used. For the 2402-W, 2402-WB, 2402-WC, 17 
and 2402-WE through 2402-WL Waste Storage Buildings and 2402-WD Waste Storage Building, data 18 
assumptions were largely based on information obtained from a grouping of similar waste sites with the 19 
same type of constituents. Parameters from the 200-MG-1 waste sites were approved by Ecology in the 20 
SAP (DOE/RL-2009-60, Sampling and Analysis Plan for Selected 200-MG-1 Operable Unit Waste Sites), 21 
evaluated, deemed appropriate, and utilized for the input parameters. VSP parameter inputs and the basis 22 
for those inputs are detailed in Table H-E3. 23 

The decision rule for demonstrating compliance with the MTCA (WAC 173-340) Method B clean closure 24 
level has three parts: 25 

 The 95 percent upper confidence limit on the true data mean must be less than the MTCA 26 
(WAC 173-340) Method B clean closure level. 27 

 No sample concentration can be more than twice the cleanup level. 28 

 Less than 10 percent of the samples can exceed the cleanup level. 29 

Using a nonparametric test and the input parameters identified in Table H-E3, VSP calculated the 30 
minimum number of samples required to reject the null hypotheses with 95 percent confidence and ensure 31 
that each DWMU would not be mistakenly released as clean. The minimum number of samples required 32 
for each of the 12 total 2402-W Series waste storage buildings and associated outdoor storage areas is 33 
shown in Table H-E4. For the purpose of utilizing VSP software, the null hypothesis is used to compare a 34 
site mean to a fixed threshold. Data will be evaluated to ensure that less than 10 percent of the individual 35 
values exceed MTCA (WAC 173-340) Method B clean closure performance standards, and no values are 36 
more than twice the cleanup level. 37 

Sample locations were determined by VSP software using the area wide (grid) sampling approach with a 38 
random start sampling location. Statistical analysis of systematically collected data is valid if a random 39 
start to the grid is used. Dimensions of the 2402-W Series waste storage buildings and associated outdoor 40 
storage areas were entered into VSP to determine the locations of samples. The triangular grid sampling 41 
layout was determined to have an even distribution over each sampling area, providing the most 42 
representative data set including coverage of the middle portion of the sampling area. 43 
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Samples will be taken from the node locations indicated by VSP software (Attachment H-E.a) and will be 1 
assigned sample location identifications and sample numbers using HEIS. The first node location was 2 
chosen at random by the VSP software, while the subsequent sample locations were assigned by the VSP 3 
software using a triangular grid sampling layout. Supporting documentation and the sampling grid map 4 
automatically generated by VSP software are documented in Attachment H-E.a. 5 

H-E3.10.6 Sampling Methods and Handling 6 

A grab sample matrix will consist of soil collected in precleaned sample containers taken at a depth of 7 
approximately 0 to 15 cm (0 to 6 in.) below ground surface (bgs) and within an approximate 0.6 m (2 ft) 8 
radius surrounding the node location. For the purpose of this SAP, ground surface is defined as the 9 
exposed surface layer has been moved aside. Subsurface sampling (samples collected at depths greater 10 
than approximately 15 cm [6 in.] bgs) will be evaluated, based on results of the records review. 11 
If subsurface sampling is deemed necessary, a permit modification will be submitted in accordance with 12 
Section H-E3.10.14.  13 

Once the soil is sampled, the sampled media will be screened to remove material larger than 14 
approximately 2 mm (0.08 in.) in diameter, which allows for a larger surface area to volume ratio; thus, 15 
increasing the likelihood of identifying potential contamination in the sample. Grab samples will be 16 
collected into containers at the established node sample locations. To ensure sample and data usability, 17 
sampling will be performed in accordance with established sampling practices, procedures, and 18 
requirements pertaining to sample collection, collection equipment, and sample handling. Sampling 19 
generally includes the following activities: 20 

 Generating a sample request 21 

 Sample container and equipment preparation 22 

 Field walkdown of sample area (includes marking sample locations) 23 

 Sample collection 24 

 Sample packaging, transporting, and shipping. 25 

Sample container, preservation, and holding time requirements are specified in Table H-E5 for soil 26 
samples. These requirements are in accordance with the analytical method specified. The final container 27 
types and volumes will be identified on the Sampling Authorization Form (SAF) and chain-of-custody 28 
form. 29 

To prevent potential contamination of samples, care will be taken to use decontaminated equipment for 30 
each sampling activity. 31 

EPA Level 1 precleaned sample containers will be used for samples collected for chemical analysis. 32 
Container sizes may vary, depending on laboratory specific volumes/requirements for meeting analytical 33 
quantitation limits. 34 

Sample locations, depths, and corresponding HEIS numbers will be documented in the sampler’s field 35 
logbook. A custody seal (e.g., evidence tape) will be affixed to each sample container and/or sample 36 
collection package in such a way as to indicate potential tampering. 37 
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Table H-E3. Visual Sample Plan Parameter Inputs 

Parameter Value Basis 

Primary Objective of the Sampling 
Design 

Compare a site mean or 
median to a fixed threshold 

Reject the null hypothesis. 

Type of Sampling Design Nonparametric Data are not assumed to be normally distributed. 

Working Null Hypothesis The mean value at the site 
exceeds the threshold 
(WAC 173-340 “Model 
Toxics Control Act—
Cleanup,” Method B closure 
performance standards) 

The null hypothesis assumes that the site is dirty requiring the sampling and 
analysis to demonstrate through statistical analysis that the site is clean. 

Area Wide Grid Sampling Pattern Triangular  A triangular pattern provided an even distribution of sample locations over each 
dangerous waste management unit. 

Standard Deviation (S) 0.45 This is the assumed standard deviation value relative to a unit action level for the 
sampling area. The value of 0.45 is conservative, based on consideration of past 
verification sampling. MARSSIM suggests 0.30 as a starting point; however, 0.45 
has been selected to be more conservative. (Number of samples calculated increases 
with higher standard deviation values relative to a unit action level.) 

Delta (Δ) 0.40 This is the width of the gray region. It is a user-defined value relative to a unit 
action level. The value of 0.40 balances unnecessary remediation cost with 
sampling cost. 

Alpha (α) 5% This is the acceptable error of deciding a dirty site is clean when the true mean is 
equal to the action level. It is a maximum error rate since dirty sites with a true 
mean above the action level will be easier to detect. A value of 5% was chosen as a 
practical balance between health risks and sampling cost. 

Beta (β) 20% This is the acceptable error of deciding a clean site is dirty when the true mean is at 
the lower bound of the gray region. A value of 20% was chosen during the data 
quality objectives process as a practical balance between unnecessary remediation 
cost and sampling cost. 

MARSSIM Sampling Overage 20% MARSSIM suggests that the number of samples should be increased by at least 
20% to account for missing or unusable data and uncertainty in the calculated value 
of n. 

Reference: EPA 402-R-97-016, Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM). 
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Table H-E4. Summary of Sampling Design for the 2402-W Series DWMUs 

Building 
Specified Sampling 

Area Size of Grid Area of Grid) 
Number of 

Required Samples 

2402-W 535.5 m2 (5,764 ft2) 5.282 m (17.33 ft) 24.16 m2 (260.1 ft2) 27 

2402-WB 493.9 m2 (5,316 ft2) 5.072 m (16.64 ft) 22.29 m2 (239.9 ft2) 20 

2402-WC 473.1 m2 (5,092 ft2) 5.227 m (17.15 ft) 23.65 m2 (254.6 ft2) 23 

2402-WD 473.1 m2 (5,092 ft2) 4.965 m (16.29 ft) 21.35 m2 (229.8 ft2) 24 

2402-WE 473.1 m2 (5,092 ft2) 5.227 m (17.15 ft) 23.65 m2 (254.6 ft2) 24 

2402-WF 473.1 m2 (5,092 ft2) 4.703 m (15.43 ft) 19.16 m2 (206.2 ft2) 21 

2402-WG 473.1 m2 (5,092 ft2) 4.389 m (14.40 ft) 16.69 m2 (179.6 ft2) 30 

2402-WH 473.1 m2 (5,092 ft2) 4.965 m (16.29 ft) 21.35 m2 (229.8 ft2) 22 

2402-WI 473.1 m2 (5,092 ft2) 5.227 m (17.15 ft) 23.65 m2 (254.6 ft2) 23 

2402-WJ 473.1 m2 (5,092 ft2) 5.227 m (17.15 ft) 23.65 m2 (254.6 ft2) 23 

2402-WK 473.1 m2 (5,092 ft2) 5.227 m (17.15 ft) 23.65 m2 (254.6 ft2) 20 

2402-WL 473.1 m2 (5,092 ft2) 5.227 m (17.15 ft) 23.65 m2 (254.6 ft2) 24 

 1 

Table H-E5. Preservation, Container, and Holding Time Requirements for Soil Samples 

Method Analysis/Analytes 
Preservation 
Requirement Holding Time 

Container 
Type 

Sample 
Size 

EPA 6010  Metals by ICP-OES Cool ≤6°C 180 days G/P/PTFE 20 g 

EPA 6020 Metals by ICP-MS  Cool ≤6°C 180 days G/P 20 g 

EPA 7196 Chromium (Hexavalent) Cool ≤6°C 30 days prior to 
extraction; 

24 hours after 
extraction 

G/P 20 g 

EPA 7471  Mercury by Cold Vapor 
Atomic Absorption 

Cool ≤6°C 28 days G/P/PTFE 15 g 

EPA 8082 Polychlorinated 
Biphenyls by GC 

Cool ≤6°C 14 days prior to 
extraction; 

40 days after 
extraction 

AG with 
PTFE lined 

lid 

250 g 

EPA 8085 Independent Elemental 
Quantitation of Pesticides 
by GC with AED 

Cool ≤6°C 14 days prior to 
extraction; 

40 days after 
extraction 

G with 
PTFE lined 

lid 

250 g 

EPA 8260 Volatile Organic 
Compounds by GC/MS 

Cool ≤6°C 14 days VOA vial 
with PTFE 

lined lid 

5 × 40 g 
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Table H-E5. Preservation, Container, and Holding Time Requirements for Soil Samples 

Method Analysis/Analytes 
Preservation 
Requirement Holding Time 

Container 
Type 

Sample 
Size 

EPA 8270 Semivolatile Organic 
Compounds by GC/MS 

Cool ≤6°C 14 days prior to 
extraction; 

40 days after 
extraction 

AG with 
PTFE lined 

lid 

250 g 

EPA 8315 Determination of 
Carbonyl Compounds by 
High Performance Liquid 
Chromatography  

Cool ≤6°C 3 days prior to 
extraction; 3 days 

after extraction 

G with 
PTFE lined 

lid 

100 g, zero 
headspace 

EPA 9012 Cyanide Cool ≤4°C 14 days G/P/PTFE 15 g 

EPA 9056 Anions Cool ≤6°C 28 days prior to 
extraction; 

48 hours after 
extraction 

G/P 250 g 

AED = atomic emission detection 

AG = amber glass 

EPA = U.S. Environmental Protection 

  Agency 

G = glass 

GC = gas chromatography 

ICP = inductively coupled plasma 

MS = mass spectrometry 

OES = optical emission spectrometry 

P = plastic 

PTFE = polytetrafluoroethylene 

VOA = volatile organic analysis 

 1 

Each sample container will be labeled with the following information on firmly affixed, water 2 
resistant labels: 3 

 SAF and corresponding number 4 

 HEIS number 5 

 Sample collection date and time 6 

 Sampler identification 7 

 Analysis required 8 

 Preservation method (if applicable). 9 

Sample records must include the following information: 10 

 Analysis required 11 

 Sample location 12 

 Matrix (e.g., water or soil). 13 

Sample custody will be maintained in accordance with existing Hanford Facility protocols to ensure 14 
maintenance of sample integrity throughout the analytical process. Chain-of-custody protocols will be 15 
followed throughout sample collection, transfer, analysis, and disposal to ensure that sample integrity 16 
is maintained. 17 

All waste (including unexpected waste) generated by sampling activities will be containerized and 18 
labeled. Waste subject to the LDR requirements of WAC 173-303-140, which includes by reference 19 
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40 CFR 268, will be characterized, designated, stored, and/or treated, as applicable, prior to disposal in an 1 
approved disposal facility. 2 

H-E3.10.7 Analytical Methods 3 

All analyses and testing will be performed consistent with this closure plan, laboratory analytical 4 
procedures, and HASQARD (DOE/RL-96-68). The approved laboratory must achieve the lowest practical 5 
quantitation limits (PQLs) consistent with the selected analytical method to confirm clean closure levels. 6 
If a target analyte is detected at or above the clean closure level but less than the PQL of the analytical 7 
method, Ecology will be notified and alternatives will be discussed to demonstrate clean closure levels. 8 

Analytical methods and performance requirements associated with the target analytes are outlined in 9 
Table H-E6. 10 

H-E3.10.8 Quality Control 11 

Quality control (QC) procedures must be followed in the field and laboratory to ensure that reliable data 12 
are obtained. Field QC samples will be collected to evaluate the potential for cross-contamination and 13 
provide information pertinent to field sampling variability. Laboratory QC samples estimate the precision 14 
and bias of the analytical data. Field and laboratory QC samples are summarized in Table H-E7. 15 

A data quality assessment (DQA) will be performed utilizing the guidance in EPA/240/B-06/002, Data 16 
Quality Assessment: A Reviewer’s Guide (EPA QA/G-9R), and implementing the specific requirements in 17 
Sections H-E3.10.8 through H-E3.10.10 18 

Data verification, data validation, and DQA will include both primary samples and QC samples. 19 

H-E3.10.9 Data Verification 20 

Analytical results will be received from the laboratory, loaded into a database (e.g., HEIS), and verified. 21 
Verification includes, but is not limited to, the following activities: 22 

 Amount of data requested matches the amount of data received (number of samples for requested 23 
methods of analytes). 24 

 Correct procedures/methods are used. 25 

 Documentation/deliverables are complete. 26 

 Hard copy and electronic versions of the data are identical. 27 

 Data seem reasonable based on analytical methodologies. 28 

H-E3.10.10 Data Validation 29 

Data validation is performed by a third party. The laboratory supplies contract laboratory program 30 
equivalent analytical data packages intended to support data validation by the third party. The laboratory 31 
submits data packages that are supported by QC test results and raw data. 32 

Controls are in place to preserve the data sent to the validators, and only additions, not changes to the raw 33 
data, are allowed. 34 
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Table H-E6. Soil Analytical Performance Requirements 

CAS Number Analytea 
Analytical 

Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy Req’t

(% Recovery)c 

Precision Req’t 
(Relative Percent 

Difference)c Carcinogen Noncarcinogen 

7440-38-2 Arsenic SW-846 
Method 6020 

6.67E-01 2.40E+01 2.00E-01 ±30 ≤30 

7440-39-3 Barium SW-846 
Method 6010 

-- 1.60E+04 2.00E+00 ±30 ≤30 

7440-43-9 Cadmium SW-846 
Method 6010 

-- 8.00E+01 5.00E-01 ±30 ≤30 

18540-29-9 Chromium (Hexavalent) SW-846 
Method 7196 

-- 2.40E+02 5.00E-01 ±30 ≤30 

7439-92-1 Leadb SW-846 
Method 6010 

-- 2.50E+02 5.00E+00 ±30 ≤30 

7439-97-6 Mercuryd SW-846 
Method 7471 

-- 2.40E+01 2.00E-01 ±30 ≤30 

7782-49-2 Selenium 
SW-846 

Method 6010 
-- 4.00E+02 1.00E+01 ±30 ≤30 

7440-22-4 Silver 
SW-846 

Method 6010 
-- 4.00E+02 1.00E+00 ±30 ≤30 

7440-28-0 Thalliume 
SW-846 

Method 6020 
-- 4.30E-01 2.00E-01 ±30 ≤30 

7440-62-2 Vanadium 
SW-846 

Method 6010 
-- 4.00E+02 1.00E+00 ±30 ≤30 

72-20-8 Endrin 
SW-846 

Method 8270 
-- 2.40E+01 3.30E-03 ±30 ≤30 



 

 
 

  
 D

O
E

/R
L-2015-47, R

E
V

IS
IO

N
 0 

D
E

C
E

M
B

E
R

 2015 

H
-E

-24 

Table H-E6. Soil Analytical Performance Requirements 

CAS Number Analytea 
Analytical 

Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy Req’t

(% Recovery)c 

Precision Req’t 
(Relative Percent 

Difference)c Carcinogen Noncarcinogen 

58-89-9 Lindane 
SW-846 

Method 8270 
9.09E-01 2.40E+01 1.65E-03 ±30 ≤30 

72-43-5 Methoxychlor 
SW-846 

Method 8270 
-- 4.00E+02 1.65E-02 ±30 ≤30 

8001-35-2 Toxaphene 
SW-846 

Method 8270 
9.09E-01 -- 1.65E-01 ±30 ≤30 

94-57-7 
2,4-Dichlorophenoxyacetic 
Acid 

SW-846 
Method 8085 

-- 8.00E+02 4.00E-01 ±30 ≤30 

93-72-1 2,4,5-TP Silvex 
SW-846 

Method 8085 
-- 6.40E+02 2.00E-02 ±30 ≤30 

71-43-2 Benzene SW-846 
Method 8260 

1.82E+01 3.20E+02 5.00E-03 ±30 ≤30 

56-23-5 Carbon Tetrachloride SW-846 
Method 8260 

1.43E+01 3.20E+02 5.00E-03 ±30 ≤30 

57-74-9 Chlordane 
SW-846 

Method 8270 
2.86E+00 4.00E+01 1.65E-02 ±30 ≤30 

108-90-7 Chlorobenzene 
SW-846 

Method 8260 
-- 1.60E+03 5.00E-03 ±30 ≤30 

67-66-3 Chloroform 
SW-846 

Method 8260 
3.23E+01 8.00E+02 5.00E-03 ±30 ≤30 

95-48-7 o-Cresol 
SW-846 

Method 8270 
-- 4.00E+03 3.30E-01 ±30 ≤30 
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Table H-E6. Soil Analytical Performance Requirements 

CAS Number Analytea 
Analytical 

Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy Req’t

(% Recovery)c 

Precision Req’t 
(Relative Percent 

Difference)c Carcinogen Noncarcinogen 

108-39-4 m-Cresol 
SW-846 

Method 8270 
-- 4.00E+03 3.30E-01 ±30 ≤30 

106-44-5 p-Cresol 
SW-846 

Method 8270 
-- 8.00E+03 3.30E-01 ±30 ≤30 

106-46-7 1,4-Dichlorobenzene 
SW-846 

Method 8270 
1.85E+02 5.60E+03 3.30E-01 ±30 ≤30 

107-06-2 1,2-Dichloroethane 
SW-846 

Method 8260 
1.10E+01 4.80E+02 5.00E-03 ±30 ≤30 

75-35-4 1,1-Dichloroethylene 
SW-846 

Method 8260 
-- 4.00E+03 1.00E-02 ±30 ≤30 

121-14-2 2,4-Dinitrotoluene 
SW-846 

Method 8270 
3.23E+00 1.60E+02 3.30E-01 ±30 ≤30 

76-44-8 Heptachlor 
SW-846 

Method 8270 
2.22E-01 4.00E+01 1.65E-03 ±30 ≤30 

1024-57-3 Heptachlor Epoxide 
SW-846 

Method 8270 
1.10E-01 1.04E+00 1.65E-03 ±30 ≤30 

118-74-1 Hexachlorobenzene 
SW-846 

Method 8270 
6.25E-01 6.40E+01 3.30E-01 ±30 ≤30 

87-68-3 Hexachlorobutadiene 
SW-846 

Method 8270 
1.28E+01 8.00E+01 3.30E-01 ±30 ≤30 

67-72-1 Hexachloroethane 
SW-846 

Method 8270 
2.50E+01 5.60E+01 5.00E-03 ±30 ≤30 

78-93-3 
Methyl Ethyl Ketone 
(2-Butanone) 

SW-846 
Method 8260 

-- 4.80E+04 1.00E-02 ±30 ≤30 
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Table H-E6. Soil Analytical Performance Requirements 

CAS Number Analytea 
Analytical 

Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy Req’t

(% Recovery)c 

Precision Req’t 
(Relative Percent 

Difference)c Carcinogen Noncarcinogen 

98-95-3 Nitrobenzene SW-846 
Method 8270 

-- 1.60E+02 3.30E-01 ±30 ≤30 

87-86-5 Pentachlorophenol 
SW-846 

Method 8270 
2.50E+00 4.00E+02 3.30E-01 ±30 ≤30 

110-86-1 Pyridine SW-846 
Method 8260 

-- 8.00E+01 5.00E-03 ±30 ≤30 

127-18-4 Tetrachloroethylene 
SW-846 

Method 8260 
4.76E+02 4.80E+02 5.00E-03 ±30 ≤30 

79-01-6 Trichloroethylene SW-846 
Method 8260 

1.20E+01 4.00E+01 5.00E-03 ±30 ≤30 

95-95-4 2,4,5-Trichlorophenol 
SW-846 

Method 8270 
-- 8.00E+03 3.30E-01 ±30 ≤30 

88-06-2 2,4,6-Trichlorophenol 
SW-846 

Method 8270 
9.09E+01 8.00E+01 3.30E-01 ±30 ≤30 

75-01-4 Vinyl Chloride 
SW-846 

Method 8260 
1.75E+02 2.40E+02 1.00E-02 ±30 ≤30 

127-18-4 Tetrachloroethylene 
SW-846 

Method 8260 
4.76E+02 4.80E+02 5.00E-03 ±30 ≤30 

75-09-2 Methylene Chloride SW-846 
Method 8260 

5.00E+02 4.80E+02 5.00E-03 ±30 ≤30 

71-55-6 1,1,1-Trichloroethane SW-846 
Method 8260 

-- 1.60E+05 5.00E-03 ±30 ≤30 

76-13-1 
1,1,2-Trichloro-1,2,2-
Trifluoroethane (CFC-133) 

SW-846 
Method 8260 

-- 2.40E+06 1.00E-02 ±30 ≤30 
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Table H-E6. Soil Analytical Performance Requirements 

CAS Number Analytea 
Analytical 

Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy Req’t

(% Recovery)c 

Precision Req’t 
(Relative Percent 

Difference)c Carcinogen Noncarcinogen 

95-50-1 
Ortho-Dichlorobenzene 
(1,2-Dichlorobenzene) 

SW-846 
Method 8270 

-- 7.20E+03 3.30E-01 ±30 ≤30 

75-69-4 
Trichlorofluoromethane 
(CFC-11) 

SW-846 
Method 8260 

-- 2.40E+04 1.00E-02 ±30 ≤30 

79-00-5 1,1,2-Trichloroethane SW-846 
Method 8260 

1.75E+01 3.20E+02 5.00E-03 ±30 ≤30 

1330-20-7 Xylenes 
SW-846 

Method 8260 
-- 1.60E+04 1.00E-02 ±30 ≤30 

67-64-1 Acetone SW-846 
Method 8260 

-- 7.20E+04 2.00E-02 ±30 ≤30 

141-78-6 Ethyl Acetate 
SW-846 

Method 8260 
-- 7.20E+04 5.00E+00 ±30 ≤30 

100-41-4 Ethyl Benzene 
SW-846 

Method 8260 
-- 8.00E+03 5.00E-03 ±30 ≤30 

60-29-7 Ethyl Ether SW-846 
Method 8260 

-- 1.60E+04 5.00E-03 ±30 ≤30 

108-10-1 
Methyl Isobutyl Ketone 
(4-Methyl-2-Pentanone) 

SW-846 
Method 8260 

-- 6.40E+03 1.00E-02 ±30 ≤30 

71-36-3 n-Butyl Alcohol (n-Butanol) 
SW-846 

Method 8260 
-- 8.00E+03 1.00E-01 ±30 ≤30 

108-94-1 Cyclohexanone 
SW-846 

Method 8260 
-- 4.00E+05 5.00E-02 ±30 ≤30 

67-56-1 Methanol 
SW-846 

Method 8260 
-- 1.60E+05 1.00E+00 ±30 ≤30 
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Table H-E6. Soil Analytical Performance Requirements 

CAS Number Analytea 
Analytical 

Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy Req’t

(% Recovery)c 

Precision Req’t 
(Relative Percent 

Difference)c Carcinogen Noncarcinogen 

108-88-3 Toluene SW-846 
Method 8260 

-- 6.40E+03 5.00E-03 ±30 ≤30 

75-15-0 Carbon Disulfide 
SW-846 

Method 8260 
-- 8.00E+03 5.00E-03 ±30 ≤30 

78-83-1 
Isobutanol 
(Isobutyl Alcohol) 

SW-846 
Method 8260 

-- 2.40E+04 5.00E-01 ±30 ≤30 

57-12-5 Cyanide 
SW-846 

Method 9012 
-- 4.80E+01 1.00E+00 ±30 ≤30 

1336-36-3 Polychlorinated Biphenyls 
SW-846 

Method 8082 
5.00E-01 -- 8.00E-03 ±30 ≤30 

98-86-2 Acetophenone 
SW-846 

Method 8270 
-- 8.00E+03 3.30E-01 ±30 ≤30 

62-53-3 Aniline 
SW-846 

Method 8270 
1.75E+02 5.60E+02 3.30E-01 ±30 ≤30 

111-44-4 
Dichloroethyl Ether [Bis (2-
Chloroethyl) Ether] 

SW-846 
Method 8270 

9.09E-01 -- 3.30E-01 ±30 ≤30 

53-70-3 Dibenzo(a,h)anthracene 
SW-846 

Method 8270 
1.37E-01 -- 3.30E-01 ±30 ≤30 

123-91-1 1,4-Dioxane 
SW-846 

Method 8260 
1.00E+01 2.40E+03 5.00E-01 ±30 ≤30 

50-00-0 Formaldehyde 
SW-846 

Method 8315 
-- 1.60E+04 2.00E-01 ±30 ≤30 

64-18-6 Formic Acid 
SW-846 

Method 9056 
-- 7.20E+04 2.00E+00 ±30 ≤30 
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Table H-E6. Soil Analytical Performance Requirements 

CAS Number Analytea 
Analytical 

Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy Req’t

(% Recovery)c 

Precision Req’t 
(Relative Percent 

Difference)c Carcinogen Noncarcinogen 

91-20-3 Naphthalene 
SW-846 

Method 8270 
-- 1.60E+03 3.30E-01 ±30 ≤30 

924-16-3 N-Nitroso-di-n-butylamine 
SW-846 

Method 8270 
1.85E-01 -- 3.30E-01 ±30 ≤30 

108-95-2 Phenol 
SW-846 

Method 8270 
-- 2.40E+04 3.30E-01 ±30 ≤30 

Reference: SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Update V. 

Note: Due to the quantity and nature of waste stored in the 2402-W Series Buildings not presenting a threat to groundwater and not having soil or the presence of plants within 
the building, no groundwater or ecological indicator MTCA cleanup standards (WAC 173-340-747, “Deriving Soil Concentrations for Groundwater Protection,” and WAC 173-
340-7490, “Terrestrial Ecological Evaluation Procedures,” through WAC 173-340-7494, “Priority Contaminants of Ecological Concern”) are addressed.  

a. Unless otherwise noted, closure performance standards are the numeric cleanup levels calculated using unrestricted use exposure assumptions according to MTCA (WAC 173-
340-740) Method B (unrestricted use standards). Where both carcinogen and noncarcinogen performance standards are available, the most conservative value will be used. 

b. Closure performance standards are the numeric cleanup levels calculated using unrestricted use exposure assumptions according to MTCA (WAC 173-340-740) Method A 
(unrestricted use standards). MTCA Method A values were used when MTCA Method B values were not available. 

c. Accuracy criteria for associated batch matrix spike percent recoveries. Evaluation based on statistical control of laboratory control samples is also performed. Precision criteria 
for batch laboratory replicate matrix spike analyses or replicate sample analyses.  

d. Equations 740-1 and 740-2 from WAC 173-340-740(3)(b) are used to calculate MTCA Direct Contact Human Health soil cleanup levels. The MTCA human health direct 
contact soil cleanup level for mercury is calculated to be 24 mg/kg. 

e. Since there is no closure performance standard for thallium listed in the EPA CLARC tables, the calculated value is based on the closure performance standard for thallium 
nitrate (5.60E-01) which was multiplied by 0.76724 to obtain the closure performance standard for elemental thallium. This multiplication factor is based off of the assumption 
that any thallium present in the sample is in the form of thallium(I) nitrate. 

CAS = Chemical Abstracts Service 

CFC = chlorinated fluorocarbon 

MTCA = Model Toxics Control Act—Cleanup  

 

1 
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Table H-E7. Project Quality Control Sampling Summary 

Quality Control Sample 
Type Frequency Characteristics Evaluated 

Field Quality Control 

Trip Blanks 
One per 20 samples per media 
sampled 

One per cooler for VOCs 

Trip blanks are used to assess contamination 
from sample containers or during transportation 
and storage procedures. 

Field Blanks One per cooler for VOCs 
Field blanks are used to assess contamination 
from surrounding sources during sample 
collection. 

Equipment Rinsate Blanks 

As needed 

If only disposable equipment is 
used, then an equipment blank 
is not required 

Otherwise, one per 20 samples 
per analytical method per 
media sampled, or one per daya 

Equipment rinsate blanks are used to measure the 
cleanliness of sampling equipment and 
effectiveness of equipment decontamination 
procedures. 

Field Duplicates 
One per batchc, 20 samples 
maximum of each media 
sampled (soil samples) 

Field duplicates are used to assess the precision 
of the entire data collection activity, including 
sampling, analysis, and site heterogeneity. 

Laboratory Quality Controlb 

Method Blanks 1 per batchc Measures contamination associated with 
laboratory sample preparation and analysis. 

Lab Duplicates b Laboratory reproducibility and precision. 

Matrix Spikes One per 20 samplesb 
The spike recovery measures the effects of 
interferences in the sample matrix and reflects 
the accuracy of the determination. 

Matrix Spike Duplicates One per 20 samplesb 
The relative percent difference between matrix 
spike and matrix spike duplicate measures the 
precision of a given analysis. 

Surrogates b 
Surrogate standards are added prior to extraction 
of the sample to evaluate accuracy, method 
performance, and extraction efficiency. 

Laboratory Control 
Samples 

1 per batchc The laboratory control sample measures the 
accuracy of the analytical method. 

a. Whenever a new type of nondedicated equipment is used, an equipment blank shall be collected every time sampling occurs 
until it can be shown that less frequent collection of equipment blanks is adequate to monitor the decontamination procedure 
for the nondedicated equipment. 

b. As defined in the analysis procedures. 

c. Batching across projects is allowing for similar matrices. 

VOC = volatile organic compound 

 1 
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The format and requirements for data validation activities are based upon the most current version of 1 
USEPA-540-R-08-01, National Functional Guidelines for Superfund Organic Methods Data Review 2 
(OSWER 9240.1-48), and USEPA-540-R-10-011, National Functional Guidelines for Inorganic 3 
Superfund Data Review (OSWER 9240.1-51). As defined by the validation guidelines, 5 percent of the 4 
results will undergo Level C validation. 5 

H-E3.10.11 Verification of VSP Input Parameters 6 

Analytical data will be entered back into VSP. If all analytical data for a particular analyte are 7 
nondetectable, verification of VSP input parameters is not required for that analyte. VSP uses the 8 
analytical data to determine if the user input parameters were estimated appropriately. Once analytical 9 
data are entered into VSP, the software will calculate the true standard deviation and determine if the null 10 
hypothesis can be rejected. If the calculated standard deviation is smaller than the estimated user input 11 
standard deviation, no additional sampling will be required. If the calculated standard deviation is larger 12 
than the estimated standard deviation, additional sampling may be required. Comparison of the maximum 13 
data value for each analyte to the clean closure standards will ensure that all individual analytes are below 14 
the action levels. Verification of the null hypothesis through VSP will determine if the mean value of the 15 
site analytical data supports rejection of the null hypothesis (Section H-E2.1). 16 

H-E3.10.12 Documents and Records 17 

The Project Manager is responsible for ensuring that the current version of the SAP is being used and 18 
providing any updates to field personnel. Version control is maintained by the administrative document 19 
control process. Changes to the SAP will be submitted as a permit modification in accordance with 20 
WAC 173-303-610(3)(b). 21 

Logbooks are required for field activities. A logbook must be identified with a unique project name and 22 
number. The individual(s) responsible for logbooks will be identified in the front of the logbook, and only 23 
authorized persons may make entries in logbooks. Logbooks will be signed by the field manager, 24 
supervisor, cognizant scientist/engineer, or other responsible individual. Logbooks will be permanently 25 
bound, waterproof, and ruled with sequentially numbered pages. Pages will not be removed from 26 
logbooks for any reason. Entries will be made in indelible ink. Corrections will be made by marking 27 
through the erroneous data with a single line, entering the correct data, and initialing and dating 28 
the changes. 29 

The Project Manager is responsible for ensuring that a project file is properly maintained. The project file 30 
will contain the records or references to their storage locations. The following items will be included in 31 
the project file, as appropriate: 32 

 Field logbooks or operational records 33 

 Data forms 34 

 Global positioning system data 35 

 Chain-of-custody forms 36 

 Sample receipt records 37 

 Inspection or assessment reports and corrective action reports 38 

 Interim progress reports 39 

 Final reports 40 

 Laboratory data packages 41 

 Verification and validation reports. 42 
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The laboratory is responsible for maintaining, and having available upon request, the following items: 1 

 Analytical logbooks 2 

 Raw data and QC sample records 3 

 Standard reference material and/or proficiency test sample data 4 

 Instrument calibration information. 5 

Records may be stored in either electronic or hard copy format. Documentation and records, regardless 6 
of medium or format, are controlled in accordance with internal work requirements and processes to 7 
ensure the accuracy and retrievability of stored records. Records required by the Tri-Party Agreement 8 
(Ecology et al., 1989, Hanford Federal Facility Agreement and Consent Order) will be managed in 9 
accordance with the requirements therein. 10 

H-E3.10.13 Sampling and Analysis Requirements to Address Removal of Contaminated Soil 11 

In the event that sample results based on the MTCA (WAC 173-340) Method B three-part test 12 
(Section H-E3.10.5) indicate contamination above clean closure levels, contaminated soil will be removed 13 
in accordance with Section H-E3.8. Following removal of contaminated soil, additional samples will be 14 
taken at the same grid location as identified in Attachment H-E.a. Additional focused sampling may be 15 
added in areas where contamination is identified. Additional focused samples will be documented, as 16 
required in Section H-E3.10.12, and provided with the closure certification. These samples will be 17 
analyzed in accordance with the methods specified in Table H-E6, with accompanying QC samples as 18 
discussed in Section H-E3.10.8, to confirm that MTCA (WAC 173-340) Method B clean closure levels 19 
have been achieved. 20 

H-E3.10.14 Revisions to the Sampling and Analysis Plan and Constituents to Be Analyzed 21 

If changes to the SAP are necessary due to unexpected events during closure that will affect sampling, 22 
a revision to this SAP will be submitted no later than 30 days after the unexpected event as a permit 23 
modification as required in WAC 173-303-610(3)(b)(iii) and WAC 173-303-830, “Permit Changes.” 24 

H-E3.11 Role of the Independent Qualified Registered Professional Engineer 25 

An Independent Qualified Registered Professional Engineer (IQRPE) will be retained to provide 26 
certification of the closure, as required by WAC 173-303-610(6). The IQRPE will be responsible for 27 
observing field activities and reviewing documents associated with closure of the 2402-W series 28 
DWMUs. At a minimum, the following activities will be performed: 29 

 Observation or review of building demolition 30 

 Observation or review of visual inspections 31 

 Observation or review of sampling activities 32 

 Review of sampling procedures and results 33 

 Observation or review of contaminated environmental debris removal (if applicable) 34 

 Verification of sample locations as specified in the SAP 35 

 Verification that closure activities were performed in accordance with this closure plan. 36 

The IQRPE will record observations and reviews in a written report that will be retained in the operating 37 
record. The resulting report will be used to develop the clean closure certification, which will then be 38 
provided to Ecology. 39 
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H-E3.12 Closure Certification 1 

In accordance with WAC 173-303-610(6), within 60 days of completion of closure of the 2402-W Series 2 
DWMUs, certification that the DWMU has been closed in accordance with the specifications in this 3 
closure plan will be submitted to Ecology by registered mail. If the two DWMUs are closed 4 
independently of each other, then a separate certification will be provided for each DWMU. 5 
The certification will be signed by the owner or operator and by an IQRPE. 6 

Upon request by Ecology, the following information will be submitted to support closure certification: 7 

 All field notes and photographs related to closure activities, including the results of the inspection of 8 
the building containment system for cracks and other openings. 9 

 Description of any minor deviations from the approved closure plan and justification for 10 
these deviations. 11 

 Documentation of the final disposition of all wastes and waste residues. 12 

 Laboratory and/or field data, including sampling procedures, sampling locations, QA/QC samples, 13 
and chain-of-custody procedures for samples and measurements, including samples and 14 
measurements taken to determine background conditions and/or determine or confirm clean closure. 15 

 Summary report that identifies and describes the data reviewed by the IQRPE, and tabulates the 16 
analytical results of samples taken to determine and confirm clean closure. 17 

 Description of what the unit area looks like at completion of closure, including a description of what 18 
parts of the former unit, if any, will remain after closure. 19 

H-E3.13 Conditions That Will Be Achieved When Closure Is Complete 20 

Upon confirmation of clean closure levels through sampling and analysis, the two 2402-W Series 21 
DWMUs will be clean closed. Each DWMU may be closed independently of each other, but both 22 
DWMUs will follow the same process for closure. The buildings and containment systems will be 23 
removed, so only bare soil will remain. A permit modification will be submitted to remove the 2402-W 24 
Series DWMUs from the Hanford Facility RCRA Permit (WA7890008967). 25 

H-E4 Closure Schedule and Time Frame 26 

In accordance with WAC 173-303-610(4)(b), closure activities for each of the 2402-W Series waste 27 
storage buildings DWMUs will be completed no more than 180 days after the start of closure for each 28 
DWMU (Table H-E8). Should unexpected circumstances arise and an extension to the 180 day closure 29 
activity period be deemed necessary, a permit modification will be submitted to Ecology for approval at 30 
least 30 days prior to expiration of the 180 day closure activity period in accordance with 31 
WAC 173-303-610(4)(c) and WAC 173-303-830, Appendix I, Section D.1.b. The extension request 32 
would also demonstrate that all steps to prevent threats to HHE, including compliance with all applicable 33 
permit requirements, have been and will continue to be taken. Within 60 days following completion of 34 
closure activities of the 2402-W Series DWMUs, a closure certification will be submitted to Ecology as 35 
outlined in Section H-E3.12 (Figure H-E5).  36 
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Table H-E8. 2402-W Series Waste Storage Buildings DWMUs Closure Activities 

Closure Activity Description 

Primary Activity Secondary Activity Duration 

Prior To Closure 

Submit Notification to Ecology of 
Intent to Close the 2402-W Series 
DWMU(s) 

In accordance with WAC 173-303-610(3)(c)(i), 
at least 45 days prior to the date on which closure 
is expected to begin (i.e., no later than 15 days 
prior to receipt last known volume of 
final waste). 

-- 

Begin Closure of the 2402-W Series 
DWMU(s) 

In accordance with WAC 173-303-610(3)(c)(ii), 
within 30 days of receiving the last known 
volume of final waste. 

-- 

Closure Activities 

Remove All Waste 

Package and ship waste to an approved facility 
for treatment, storage, and/or disposal. 

In accordance with WAC 173-303-610(4)(a), 
within 90 days after the date on which each 
DWMU has received the last known volume of 
final waste, the owner/operator must treat, 
remove, or dispose of all wastes in accordance 
with the approved closure plan. Request 
extension if necessary. 

30 Days (Day 30) 

Records Review (Performed 
Concurrently with Waste Removal) 

Perform review of daily operating records, 
inspection records, and spill records. 

30 Days (Day 30) 

Perform Visual Inspection of Building 
Containment System 

Inspect secondary containment areas for breaches 
in integrity. 

5 Days (Day 35) Inspect structural integrity (visible aspects only). 

Identify focused sampling locations 
(as applicable). 

Removal of Building(s), Concrete 
Containment System(s), and 
Associated Outdoor Storage Area(s) 

Disconnect electrical connections and utilities. 

80 Days (Day 115) Equipment mobilization. 

Demolition and removal of waste generated. 

Visual Inspection of Underlying Soil 

Identify areas of concern (waste related staining). 

5 Days (Day 120) Document visual inspection with photos, 
locations, and dimensions of staining. 

Sampling and Analysis of Underlying 
Soil (Following Demolition of 
Buildings, May be Performed 
Concurrently with Waste 
Determination and Disposal of Debris) 

See Section H-E3.10 for details of sampling and 
analysis. 

60 Days (Day 180) 

Data validation and verification. 

If necessary, remove contaminated environmental 
media (soil), and resample and analyze to 
confirm that clean closure levels have been 
achieved. 
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Table H-E8. 2402-W Series Waste Storage Buildings DWMUs Closure Activities 

Closure Activity Description 

Primary Activity Secondary Activity Duration 

Final Closure of the 2402-W Series 
DWMUs 

In accordance with WAC 173-303-610(4)(b), 
within 180 days after the date on which the last 
known volume of final waste was received. 
Request extension if necessary. 

0 Days (Day 180) 

Closure Activities Complete 

Owner/Operators and IQRPE Submit 
Clean Closure Certification  

In accordance with WAC 173-303-610(6), within 
60 days of completion of closure of each 
DWMU; certification that the DWMU has been 
closed in accordance with the specifications in 
the approved closure plan (see Section H-E3.12 
for more details on the clean closure 
certification). 

60 Days (Day 240) 

 1 

H-E5 Closure Costs 2 

An annual report outlining updated projections of anticipated closure costs for Hanford Facility TSD units 3 
having final status is not required per Permit Condition II.H. The Hanford Facility is owned by DOE, and 4 
operated by DOE and its contractors; therefore, in accordance with WAC 173-303-620(1)(c), the 5 
provisions of WAC 173-303-620, “Financial Requirements,” are not applicable to the Hanford Facility. 6 
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Figure H-E5. 2402-W Series Waste Storage Buildings DWMUs Closure Activities Schedule2 
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 27

Number of selected sample areas b 1

Specified sampling area c 5764.00 ft2

Size of grid / Area of grid cell d 17.3303 feet / 260.1 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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2402W-1 2402W-2 2402W-3 2402W-4 2402W-5 2402W-6 2402W-7

2402W-8 2402W-9 2402W-10 2402W-11 2402W-12 2402W-13 2402W-14

2402W-15 2402W-16 2402W-17 2402W-18 2402W-19 2402W-20 2402W-21

2402W-22 2402W-23 2402W-24 2402W-25 2402W-26 2402W-27

(0,0)

Outdoor Storage Area
Outdoor Storage A

28' 80'

50'

14'

26'

16'

(-119.63983, 46.55398) Decimal Degrees 
Southwest Corner of 2402-W Building

Area: 2402-W

X Coord Y Coord Label Value Type Historical

0.9276 1.0048 2402W-1 Systematic  

18.2578 1.0048 2402W-2 Systematic  

35.5881 1.0048 2402W-3 Systematic  

52.9184 1.0048 2402W-4 Systematic  

70.2486 1.0048 2402W-5 Systematic  

87.5789 1.0048 2402W-6 Systematic  

104.9092 1.0048 2402W-7 Systematic  

9.5927 16.0132 2402W-8 Systematic  

26.9230 16.0132 2402W-9 Systematic  

44.2532 16.0132 2402W-10 Systematic  

61.5835 16.0132 2402W-11 Systematic  

78.9138 16.0132 2402W-12 Systematic  

96.2440 16.0132 2402W-13 Systematic  

113.5743 16.0132 2402W-14 Systematic  

0.9276 31.0217 2402W-15 Systematic  

18.2578 31.0217 2402W-16 Systematic  

35.5881 31.0217 2402W-17 Systematic  
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52.9184 31.0217 2402W-18 Systematic  

70.2486 31.0217 2402W-19 Systematic  

87.5789 31.0217 2402W-20 Systematic  

104.9092 31.0217 2402W-21 Systematic  

9.5927 46.0301 2402W-22 Systematic  

26.9230 46.0301 2402W-23 Systematic  

44.2532 46.0301 2402W-24 Systematic  

61.5835 46.0301 2402W-25 Systematic  

78.9138 46.0301 2402W-26 Systematic  

96.2440 46.0301 2402W-27 Systematic  

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where

F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
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b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
MARSSIM (EPA 2000, p. 5-33).

The values of these inputs that result in the calculated number of sampling locations are:

Analyte na Parameter

S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45
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Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and
4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
gridded sample locations were selected based on a random start.

Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15

s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 27 Samples

Field collection costs  $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs  $0.00 $0.00

Fixed planning and validation costs   $0.00

Total cost   $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 

DOE/RL-2015-74, REVISION 0 
DECEMBER 2015

H-E.a-5



data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.

This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.

This design was last modified 10/7/2015 9:19:22 AM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 20

Number of selected sample areas b 1

Specified sampling area c 5316.00 ft2

Size of grid / Area of grid cell d 16.6432 feet / 239.884 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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2402WB-1 2402WB-2 2402WB-3 2402WB-4 2402WB-5 2402WB-6

2402WB-7 2402WB-8 2402WB-9 2402WB-10 2402WB-11 2402WB-12 2402WB-13 2402WB-14

2402WB-15 2402WB-16 2402WB-17 2402WB-18 2402WB-19 2402WB-20

(14,0) 28'

34'

14'

26'

80'

16'

Outdoor storage area

Outdoor storage area

Southwest Corner of Building
(-119.46047, 46.55398) Decimal Degrees

Area: 2402-WB

X Coord Y Coord Label Value Type Historical

25.9091 9.0544 2402WB-1 Systematic  

42.5522 9.0544 2402WB-2 Systematic  

59.1954 9.0544 2402WB-3 Systematic  

75.8386 9.0544 2402WB-4 Systematic  

92.4817 9.0544 2402WB-5 Systematic  

109.1249 9.0544 2402WB-6 Systematic  

0.9443 23.4678 2402WB-7 Systematic  

17.5875 23.4678 2402WB-8 Systematic  

34.2307 23.4678 2402WB-9 Systematic  

50.8738 23.4678 2402WB-10 Systematic  

67.5170 23.4678 2402WB-11 Systematic  

84.1601 23.4678 2402WB-12 Systematic  

100.8033 23.4678 2402WB-13 Systematic  

117.4464 23.4678 2402WB-14 Systematic  

9.2659 37.8812 2402WB-15 Systematic  

25.9091 37.8812 2402WB-16 Systematic  

42.5522 37.8812 2402WB-17 Systematic  
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59.1954 37.8812 2402WB-18 Systematic  

75.8386 37.8812 2402WB-19 Systematic  

92.4817 37.8812 2402WB-20 Systematic  

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where

F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
MARSSIM (EPA 2000, p. 5-33).

The values of these inputs that result in the calculated number of sampling locations are:

Analyte na Parameter
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S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and
4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
gridded sample locations were selected based on a random start.

Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
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probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15

s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 20 Samples

Field collection costs  $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs  $0.00 $0.00

Fixed planning and validation costs   $0.00

Total cost   $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.

This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.
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This design was last modified 11/17/2015 1:12:43 PM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 23

Number of selected sample areas b 1

Specified sampling area c 5092.00 ft2

Size of grid / Area of grid cell d 17.146 feet / 254.6 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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2402WC-1 2402WC-2 2402WC-3 2402WC-4 2402WC-5

2402WC-6 2402WC-7 2402WC-8 2402WC-9 2402WC-10 2402WC-11 2402WC-12

2402WC-13 2402WC-14 2402WC-15 2402WC-16 2402WC-17 2402WC-18 2402WC-19

2402WC-20 2402WC-21 2402WC-22 2402WC-23

(28,0) Southwest Corner of Building(0,0) 80'

26'

28'

26'

14'

16'

(-119.63983, 46.55425) Decimal Degrees

Outdoor storage area
Outdoor storage area

Area: 2402-WE

X Coord Y Coord Label Value Type Historical

34.5418 4.6799 2402WC-1 Systematic  

51.6879 4.6799 2402WC-2 Systematic  

68.8339 4.6799 2402WC-3 Systematic  

85.9800 4.6799 2402WC-4 Systematic  

103.1260 4.6799 2402WC-5 Systematic  

8.8228 19.5288 2402WC-6 Systematic  

25.9688 19.5288 2402WC-7 Systematic  

43.1149 19.5288 2402WC-8 Systematic  

60.2609 19.5288 2402WC-9 Systematic  

77.4069 19.5288 2402WC-10 Systematic  

94.5530 19.5288 2402WC-11 Systematic  

111.6990 19.5288 2402WC-12 Systematic  

0.2498 34.3777 2402WC-13 Systematic  

17.3958 34.3777 2402WC-14 Systematic  

34.5418 34.3777 2402WC-15 Systematic  

51.6879 34.3777 2402WC-16 Systematic  

68.8339 34.3777 2402WC-17 Systematic  
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85.9800 34.3777 2402WC-18 Systematic  

103.1260 34.3777 2402WC-19 Systematic  

43.1149 49.2266 2402WC-20 Systematic  

60.2609 49.2266 2402WC-21 Systematic  

77.4069 49.2266 2402WC-22 Systematic  

94.5530 49.2266 2402WC-23 Systematic  

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where

F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
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MARSSIM (EPA 2000, p. 5-33).

The values of these inputs that result in the calculated number of sampling locations are:

Analyte na Parameter

S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and
4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
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gridded sample locations were selected based on a random start.

Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15

s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 23 Samples

Field collection costs  $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs  $0.00 $0.00

Fixed planning and validation costs   $0.00

Total cost   $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
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perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.

This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.

This design was last modified 10/7/2015 8:56:55 AM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 24

Number of selected sample areas b 1

Specified sampling area c 5092.00 ft2

Size of grid / Area of grid cell d 16.2887 feet / 229.776 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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2402WD-1 2402WD-2 2402WD-3 2402WD-4

2402WD-5 2402WD-6 2402WD-7 2402WD-8 2402WD-9 2402WD-10 2402WD-11 2402WD-12

2402WD-13 2402WD-14 2402WD-15 2402WD-16 2402WD-17 2402WD-18 2402WD-19

2402WD-20 2402WD-21 2402WD-22 2402WD-23 2402WD-24

(14,0) Southwest Corner of Building(0,0)
(-119.64047, 46.55453) Decimal Degrees

14'

26'

80'

28'

26'

16'

8'

Outdoor storage area

Outdoor storage area

Area: 2402-WH

X Coord Y Coord Label Value Type Historical

28.8721 3.4906 2402WD-1 Systematic  

45.1609 3.4906 2402WD-2 Systematic  

61.4496 3.4906 2402WD-3 Systematic  

77.7383 3.4906 2402WD-4 Systematic  

4.4390 17.5971 2402WD-5 Systematic  

20.7278 17.5971 2402WD-6 Systematic  

37.0165 17.5971 2402WD-7 Systematic  

53.3052 17.5971 2402WD-8 Systematic  

69.5940 17.5971 2402WD-9 Systematic  

85.8827 17.5971 2402WD-10 Systematic  

102.1715 17.5971 2402WD-11 Systematic  

118.4602 17.5971 2402WD-12 Systematic  

12.5834 31.7035 2402WD-13 Systematic  

28.8721 31.7035 2402WD-14 Systematic  

45.1609 31.7035 2402WD-15 Systematic  

61.4496 31.7035 2402WD-16 Systematic  

77.7383 31.7035 2402WD-17 Systematic  
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94.0271 31.7035 2402WD-18 Systematic  

110.3158 31.7035 2402WD-19 Systematic  

20.7278 45.8100 2402WD-20 Systematic  

37.0165 45.8100 2402WD-21 Systematic  

53.3052 45.8100 2402WD-22 Systematic  

69.5940 45.8100 2402WD-23 Systematic  

85.8827 45.8100 2402WD-24 Systematic  

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where

F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
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unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
MARSSIM (EPA 2000, p. 5-33).

The values of these inputs that result in the calculated number of sampling locations are:

Analyte na Parameter

S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and

DOE/RL-2015-74, REVISION 0 
DECEMBER 2015

H-E.a-22



4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
gridded sample locations were selected based on a random start.

Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15

s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 24 Samples

Field collection costs  $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs  $0.00 $0.00

Fixed planning and validation costs   $0.00

Total cost   $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
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the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.

This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.

This design was last modified 10/7/2015 9:14:34 AM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 24

Number of selected sample areas b 1

Specified sampling area c 5092.00 ft2

Size of grid / Area of grid cell d 17.146 feet / 254.6 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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2402WE-1 2402WE-2 2402WE-3 2402WE-4 2402WE-5

2402WE-6 2402WE-7 2402WE-8 2402WE-9 2402WE-10 2402WE-11 2402WE-12

2402WE-13 2402WE-14 2402WE-15 2402WE-16 2402WE-17 2402WE-18 2402WE-19

2402WE-20 2402WE-21 2402WE-22 2402WE-23 2402WE-24

(28,0) Soutwest Corner of Building
(0,0)

26'

28'

80'

26'
Outdoor storage area Outdoor storage area

14'

(-119.63983, 46.55453) Decimal Degrees

Area: 2402-WE

X Coord Y Coord Label Value Type Historical

30.2272 0.4572 2402WE-1 Systematic  

47.3733 0.4572 2402WE-2 Systematic  

64.5193 0.4572 2402WE-3 Systematic  

81.6654 0.4572 2402WE-4 Systematic  

98.8114 0.4572 2402WE-5 Systematic  

4.5082 15.3061 2402WE-6 Systematic  

21.6542 15.3061 2402WE-7 Systematic  

38.8003 15.3061 2402WE-8 Systematic  

55.9463 15.3061 2402WE-9 Systematic  

73.0923 15.3061 2402WE-10 Systematic  

90.2384 15.3061 2402WE-11 Systematic  

107.3844 15.3061 2402WE-12 Systematic  

13.0812 30.1550 2402WE-13 Systematic  

30.2272 30.1550 2402WE-14 Systematic  

47.3733 30.1550 2402WE-15 Systematic  

64.5193 30.1550 2402WE-16 Systematic  

81.6654 30.1550 2402WE-17 Systematic  
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98.8114 30.1550 2402WE-18 Systematic  

115.9574 30.1550 2402WE-19 Systematic  

38.8003 45.0039 2402WE-20 Systematic  

55.9463 45.0039 2402WE-21 Systematic  

73.0923 45.0039 2402WE-22 Systematic  

90.2384 45.0039 2402WE-23 Systematic  

107.3844 45.0039 2402WE-24 Systematic  

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where

F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
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unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
MARSSIM (EPA 2000, p. 5-33).

The values of these inputs that result in the calculated number of sampling locations are:

Analyte na Parameter

S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and
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4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
gridded sample locations were selected based on a random start.

Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15

s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 24 Samples

Field collection costs  $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs  $0.00 $0.00

Fixed planning and validation costs   $0.00

Total cost   $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
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the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.

This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.

This design was last modified 10/7/2015 8:50:02 AM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 21

Number of selected sample areas b 1

Specified sampling area c 5092.00 ft2

Size of grid / Area of grid cell d 15.4314 feet / 206.226 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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2402WF-1 2402WF-2 2402WF-3 2402WF-4 2402WF-5 2402WF-6 2402WF-7

2402WF-8 2402WF-9 2402WF-10 2402WF-11 2402WF-12 2402WF-13 2402WF-14 2402WF-15

2402WF-16 2402WF-17 2402WF-18 2402WF-19 2402WF-20 2402WF-21

(14,0) Southwest Corner of Building

26'

14'

(-119.64047, 46.55453) Decimal Degrees

80'

28'

26'

8'

16'

(0,0)

Outdoor storage area Outdoor storage area

Area: 2402-WH

X Coord Y Coord Label Value Type Historical

20.3760 10.7618 2402WF-1 Systematic  

35.8074 10.7618 2402WF-2 Systematic  

51.2389 10.7618 2402WF-3 Systematic  

66.6703 10.7618 2402WF-4 Systematic  

82.1017 10.7618 2402WF-5 Systematic  

97.5332 10.7618 2402WF-6 Systematic  

112.9646 10.7618 2402WF-7 Systematic  

12.6603 24.1258 2402WF-8 Systematic  

28.0917 24.1258 2402WF-9 Systematic  

43.5231 24.1258 2402WF-10 Systematic  

58.9546 24.1258 2402WF-11 Systematic  

74.3860 24.1258 2402WF-12 Systematic  

89.8175 24.1258 2402WF-13 Systematic  

105.2489 24.1258 2402WF-14 Systematic  

120.6803 24.1258 2402WF-15 Systematic  

4.9445 37.4898 2402WF-16 Systematic  

20.3760 37.4898 2402WF-17 Systematic  
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35.8074 37.4898 2402WF-18 Systematic  

51.2389 37.4898 2402WF-19 Systematic  

66.6703 37.4898 2402WF-20 Systematic  

82.1017 37.4898 2402WF-21 Systematic  

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where

F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
MARSSIM (EPA 2000, p. 5-33).

The values of these inputs that result in the calculated number of sampling locations are:
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Analyte na Parameter

S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and
4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
gridded sample locations were selected based on a random start.

Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
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gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15

s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 21 Samples

Field collection costs  $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs  $0.00 $0.00

Fixed planning and validation costs   $0.00

Total cost   $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.
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This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.

This design was last modified 10/7/2015 9:15:47 AM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 30

Number of selected sample areas b 1

Specified sampling area c 5092.00 ft2

Size of grid / Area of grid cell d 14.4027 feet / 179.646 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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2402WG-1 2402WG-2 2402WG-3 2402WG-4 2402WG-5 2402WG-6

2402WG-7 2402WG-8 2402WG-9 2402WG-10 2402WG-11 2402WG-12 2402WG-13 2402WG-14

2402WG-15 2402WG-16 2402WG-17 2402WG-18 2402WG-19 2402WG-20 2402WG-21 2402WG-22 2402WG-23

2402WG-24 2402WG-25 2402WG-26 2402WG-27 2402WG-28 2402WG-29 2402WG-30

(28,0) Southwest Corner of Building(0,0)

28'

26'

80'

14'

26'

Outdoor storage area Outdoor storage area

(-11963982, 46.55480) Decimal Degrees

16'

Area: 2402-WE

X Coord Y Coord Label Value Type Historical

34.7292 2.5958 2402WG-1 Systematic  

49.1318 2.5958 2402WG-2 Systematic  

63.5345 2.5958 2402WG-3 Systematic  

77.9372 2.5958 2402WG-4 Systematic  

92.3399 2.5958 2402WG-5 Systematic  

106.7425 2.5958 2402WG-6 Systematic  

13.1251 15.0689 2402WG-7 Systematic  

27.5278 15.0689 2402WG-8 Systematic  

41.9305 15.0689 2402WG-9 Systematic  

56.3332 15.0689 2402WG-10 Systematic  

70.7358 15.0689 2402WG-11 Systematic  

85.1385 15.0689 2402WG-12 Systematic  

99.5412 15.0689 2402WG-13 Systematic  

113.9439 15.0689 2402WG-14 Systematic  

5.9238 27.5420 2402WG-15 Systematic  

20.3265 27.5420 2402WG-16 Systematic  

34.7292 27.5420 2402WG-17 Systematic  

DOE/RL-2015-74, REVISION 0 
DECEMBER 2015

H-E.a-38



49.1318 27.5420 2402WG-18 Systematic  

63.5345 27.5420 2402WG-19 Systematic  

77.9372 27.5420 2402WG-20 Systematic  

92.3399 27.5420 2402WG-21 Systematic  

106.7425 27.5420 2402WG-22 Systematic  

121.1452 27.5420 2402WG-23 Systematic  

13.1251 40.0151 2402WG-24 Systematic  

27.5278 40.0151 2402WG-25 Systematic  

41.9305 40.0151 2402WG-26 Systematic  

56.3332 40.0151 2402WG-27 Systematic  

70.7358 40.0151 2402WG-28 Systematic  

85.1385 40.0151 2402WG-29 Systematic  

99.5412 40.0151 2402WG-30 Systematic  

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where
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F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
MARSSIM (EPA 2000, p. 5-33).

The values of these inputs that result in the calculated number of sampling locations are:

Analyte na Parameter

S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and
4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
gridded sample locations were selected based on a random start.

Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15
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s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 30 Samples

Field collection costs  $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs  $0.00 $0.00

Fixed planning and validation costs   $0.00

Total cost   $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.

This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.

This design was last modified 10/7/2015 9:01:44 AM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.

DOE/RL-2015-74, REVISION 0 
DECEMBER 2015

H-E.a-42



Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 22

Number of selected sample areas b 1

Specified sampling area c 5092.00 ft2

Size of grid / Area of grid cell d 16.2887 feet / 229.776 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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2402WH-1 2402WH-2 2402WH-3 2402WH-4

2402WH-5 2402WH-6 2402WH-7 2402WH-8 2402WH-9 2402WH-10 2402WH-11 2402WH-12

2402WH-13 2402WH-14 2402WH-15 2402WH-16 2402WH-17

2402WH-18 2402WH-19 2402WH-20 2402WH-21 2402WH-22

(14,0) Southwest Corner of Building(0,0)
(-119.64047, 46.55480) Decimal Degrees

26'

80'

28'

26'

8'

14'

Outdoor storage area

Outdoor storage area

Area: 2402-WH

X Coord Y Coord Label Value Type Historical

29.2570 5.9723 2402WH-1 Systematic  

45.5458 5.9723 2402WH-2 Systematic  

61.8345 5.9723 2402WH-3 Systematic  

78.1233 5.9723 2402WH-4 Systematic  

4.8239 20.0788 2402WH-5 Systematic  

21.1127 20.0788 2402WH-6 Systematic  

37.4014 20.0788 2402WH-7 Systematic  

53.6902 20.0788 2402WH-8 Systematic  

69.9789 20.0788 2402WH-9 Systematic  

86.2676 20.0788 2402WH-10 Systematic  

102.5564 20.0788 2402WH-11 Systematic  

118.8451 20.0788 2402WH-12 Systematic  

12.9683 34.1853 2402WH-13 Systematic  

29.2570 34.1853 2402WH-14 Systematic  

45.5458 34.1853 2402WH-15 Systematic  

61.8345 34.1853 2402WH-16 Systematic  

78.1233 34.1853 2402WH-17 Systematic  
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21.1127 48.2917 2402WH-18 Systematic  

37.4014 48.2917 2402WH-19 Systematic  

53.6902 48.2917 2402WH-20 Systematic  

69.9789 48.2917 2402WH-21 Systematic  

86.2676 48.2917 2402WH-22 Systematic  

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where

F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
MARSSIM (EPA 2000, p. 5-33).
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The values of these inputs that result in the calculated number of sampling locations are:

Analyte na Parameter

S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and
4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
gridded sample locations were selected based on a random start.
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Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15

s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 22 Samples

Field collection costs  $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs  $0.00 $0.00

Fixed planning and validation costs   $0.00

Total cost   $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.
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This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.

This design was last modified 10/7/2015 9:09:14 AM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 23

Number of selected sample areas b 1

Specified sampling area c 5092.00 ft2

Size of grid / Area of grid cell d 17.146 feet / 254.6 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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2402WI-1 2402WI-2 2402WI-3 2402WI-4 2402WI-5

2402WI-6 2402WI-7 2402WI-8 2402WI-9 2402WI-10 2402WI-11 2402WI-12

2402WI-13 2402WI-14 2402WI-15 2402WI-16 2402WI-17 2402WI-18

2402WI-19 2402WI-20 2402WI-21 2402WI-22 2402WI-23

(28,0) Southwest Corner of Building(0,0)

28'

26'

(-119.63982, 46.55508) Decimal Degrees

80'

14'

26'
Outdoor storage area

Outdoor storage ar

Area: 2402-WE

X Coord Y Coord Label Value Type Historical

29.8929 4.5617 2402WI-1 Systematic  

47.0389 4.5617 2402WI-2 Systematic  

64.1850 4.5617 2402WI-3 Systematic  

81.3310 4.5617 2402WI-4 Systematic  

98.4771 4.5617 2402WI-5 Systematic  

4.1738 19.4106 2402WI-6 Systematic  

21.3199 19.4106 2402WI-7 Systematic  

38.4659 19.4106 2402WI-8 Systematic  

55.6120 19.4106 2402WI-9 Systematic  

72.7580 19.4106 2402WI-10 Systematic  

89.9040 19.4106 2402WI-11 Systematic  

107.0501 19.4106 2402WI-12 Systematic  

12.7469 34.2595 2402WI-13 Systematic  

29.8929 34.2595 2402WI-14 Systematic  

47.0389 34.2595 2402WI-15 Systematic  

64.1850 34.2595 2402WI-16 Systematic  

81.3310 34.2595 2402WI-17 Systematic  
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98.4771 34.2595 2402WI-18 Systematic  

38.4659 49.1084 2402WI-19 Systematic  

55.6120 49.1084 2402WI-20 Systematic  

72.7580 49.1084 2402WI-21 Systematic  

89.9040 49.1084 2402WI-22 Systematic  

107.0501 49.1084 2402WI-23 Systematic  

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where

F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
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MARSSIM (EPA 2000, p. 5-33).

The values of these inputs that result in the calculated number of sampling locations are:

Analyte na Parameter

S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and
4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
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gridded sample locations were selected based on a random start.

Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15

s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 23 Samples

Field collection costs  $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs  $0.00 $0.00

Fixed planning and validation costs   $0.00

Total cost   $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
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perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.

This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.

This design was last modified 10/7/2015 9:00:28 AM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 23

Number of selected sample areas b 1

Specified sampling area c 5092.00 ft2

Size of grid / Area of grid cell d 17.146 feet / 254.6 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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2402WJ-1 2402WJ-2 2402WJ-3 2402WJ-4 2402WJ-5

2402WJ-6 2402WJ-7 2402WJ-8 2402WJ-9 2402WJ-10 2402WJ-11 2402WJ-12

2402WJ-13 2402WJ-14 2402WJ-15 2402WJ-16 2402WJ-17 2402WJ-18 2402WJ-19

2402WJ-20 2402WJ-21 2402WJ-22 2402WJ-23

(14,0) Southwest Corner of Building

Outdoor storage area

Outdoor storage area

14'

26'

80'

28'

26'

8'

(-119.64047, 46.55508) Decimal Degrees

(0,0)

16'

Area: 2402-WH

X Coord Y Coord Label Value Type Historical

20.4469 0.6675 2402WJ-1 Systematic  

37.5929 0.6675 2402WJ-2 Systematic  

54.7389 0.6675 2402WJ-3 Systematic  

71.8850 0.6675 2402WJ-4 Systematic  

89.0310 0.6675 2402WJ-5 Systematic  

11.8738 15.5164 2402WJ-6 Systematic  

29.0199 15.5164 2402WJ-7 Systematic  

46.1659 15.5164 2402WJ-8 Systematic  

63.3120 15.5164 2402WJ-9 Systematic  

80.4580 15.5164 2402WJ-10 Systematic  

97.6040 15.5164 2402WJ-11 Systematic  

114.7501 15.5164 2402WJ-12 Systematic  

3.3008 30.3653 2402WJ-13 Systematic  

20.4469 30.3653 2402WJ-14 Systematic  

37.5929 30.3653 2402WJ-15 Systematic  

54.7389 30.3653 2402WJ-16 Systematic  

71.8850 30.3653 2402WJ-17 Systematic  
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89.0310 30.3653 2402WJ-18 Systematic  

106.1771 30.3653 2402WJ-19 Systematic  

29.0199 45.2143 2402WJ-20 Systematic  

46.1659 45.2143 2402WJ-21 Systematic  

63.3120 45.2143 2402WJ-22 Systematic  

80.4580 45.2143 2402WJ-23 Systematic  

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where

F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
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MARSSIM (EPA 2000, p. 5-33).

The values of these inputs that result in the calculated number of sampling locations are:

Analyte na Parameter

S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and
4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
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gridded sample locations were selected based on a random start.

Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15

s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 23 Samples

Field collection costs  $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs  $0.00 $0.00

Fixed planning and validation costs   $0.00

Total cost   $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
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perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.

This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.

This design was last modified 10/7/2015 9:11:23 AM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 20

Number of selected sample areas b 1

Specified sampling area c 5092.00 ft2

Size of grid / Area of grid cell d 17.146 feet / 254.6 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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2402WK-1 2402WK-2 2402WK-3 2402WK-4 2402WK-5 2402WK-6

2402WK-7 2402WK-8 2402WK-9 2402WK-10 2402WK-11 2402WK-12 2402WK-13

2402WK-14 2402WK-15 2402WK-16 2402WK-17 2402WK-18 2402WK-19 2402WK-20

(28,0) Southwest Corner of Building(0,0)

Outdoor storage area

28'

26'

(-119.63982, 46.55535) Decimal Degrees

80'

14'

26'

16'

Outdoor storage area

Area: 2402-WE

X Coord Y Coord Label Value Type Historical

35.9347 10.0647 2402WK-1 Systematic  

53.0808 10.0647 2402WK-2 Systematic  

70.2268 10.0647 2402WK-3 Systematic  

87.3729 10.0647 2402WK-4 Systematic  

104.5189 10.0647 2402WK-5 Systematic  

121.6650 10.0647 2402WK-6 Systematic  

10.2157 24.9136 2402WK-7 Systematic  

27.3617 24.9136 2402WK-8 Systematic  

44.5078 24.9136 2402WK-9 Systematic  

61.6538 24.9136 2402WK-10 Systematic  

78.7998 24.9136 2402WK-11 Systematic  

95.9459 24.9136 2402WK-12 Systematic  

113.0919 24.9136 2402WK-13 Systematic  

1.6427 39.7625 2402WK-14 Systematic  

18.7887 39.7625 2402WK-15 Systematic  

35.9347 39.7625 2402WK-16 Systematic  

53.0808 39.7625 2402WK-17 Systematic  
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70.2268 39.7625 2402WK-18 Systematic  

87.3729 39.7625 2402WK-19 Systematic  

104.5189 39.7625 2402WK-20 Systematic  

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where

F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
MARSSIM (EPA 2000, p. 5-33).

The values of these inputs that result in the calculated number of sampling locations are:

Analyte na Parameter
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S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and
4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
gridded sample locations were selected based on a random start.

Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
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probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15

s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 20 Samples

Field collection costs  $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs  $0.00 $0.00

Fixed planning and validation costs   $0.00

Total cost   $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.

This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.
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This design was last modified 10/7/2015 8:58:48 AM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 24

Number of selected sample areas b 1

Specified sampling area c 5092.00 ft2

Size of grid / Area of grid cell d 17.146 feet / 254.6 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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2402WL-1 2402WL-2 2402WL-3 2402WL-4 2402WL-5

2402WL-6 2402WL-7 2402WL-8 2402WL-9 2402WL-10 2402WL-11 2402WL-12

2402WL-13 2402WL-14 2402WL-15 2402WL-16 2402WL-17 2402WL-18 2402WL-19 2402WL-20

2402WL-21 2402WL-22 2402WL-23 2402WL-24

(14,0) Southwest Corner of Building
(0,0)

14'

26'

80'

(-119.64047, 46.55536) Decimal Degrees

16'

26'

28'

8'

Outdoor storage area
Outdoor storage area

Area: 2402-WH

X Coord Y Coord Label Value Type Historical

18.1556 0.9070 2402WL-1 Systematic  

35.3016 0.9070 2402WL-2 Systematic  

52.4476 0.9070 2402WL-3 Systematic  

69.5937 0.9070 2402WL-4 Systematic  

86.7397 0.9070 2402WL-5 Systematic  

9.5825 15.7560 2402WL-6 Systematic  

26.7286 15.7560 2402WL-7 Systematic  

43.8746 15.7560 2402WL-8 Systematic  

61.0207 15.7560 2402WL-9 Systematic  

78.1667 15.7560 2402WL-10 Systematic  

95.3128 15.7560 2402WL-11 Systematic  

112.4588 15.7560 2402WL-12 Systematic  

1.0095 30.6049 2402WL-13 Systematic  

18.1556 30.6049 2402WL-14 Systematic  

35.3016 30.6049 2402WL-15 Systematic  

52.4476 30.6049 2402WL-16 Systematic  

69.5937 30.6049 2402WL-17 Systematic  
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86.7397 30.6049 2402WL-18 Systematic  

103.8858 30.6049 2402WL-19 Systematic  

121.0318 30.6049 2402WL-20 Systematic  

26.7286 45.4538 2402WL-21 Systematic  

43.8746 45.4538 2402WL-22 Systematic  

61.0207 45.4538 2402WL-23 Systematic  

78.1667 45.4538 2402WL-24 Systematic  

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where

F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
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unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
MARSSIM (EPA 2000, p. 5-33).

The values of these inputs that result in the calculated number of sampling locations are:

Analyte na Parameter

S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and
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4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
gridded sample locations were selected based on a random start.

Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15

s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 24 Samples

Field collection costs  $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs  $0.00 $0.00

Fixed planning and validation costs   $0.00

Total cost   $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
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the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.

This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.

This design was last modified 10/7/2015 9:12:24 AM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.
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H-F1 Introduction 1 

This appendix discusses closure activities for the following four Central Waste Complex (CWC)-Waste 2 
Receiving and Processing Facility (WRAP) Operating Unit Group (OUG) 2336-W Building dangerous 3 
waste management units (DWMUs): 4 

 2336-W Building Process Area 5 

 2336-W Building Shipping and Receiving Area 6 

 2336-W Building Nondestructive Assay (NDA)/Nondestructive Examination (NDE) Area 7 

 2336-W Building Room 152  8 

Please note, the terms “mixed waste” and/or “waste” when seen in this document refer to dangerous waste 9 
or hazardous waste, as applicable. 10 

This plan describes in detail the closure activities necessary to establish clean closure levels for the 11 
2336-W Building DWMUs. Such closure activities include removal of all waste, records review 12 
(i.e., container storage, operating, and inspection records) for documented spills or releases of waste, 13 
visual inspection of the asphalt pad after waste removal to evaluate the likelihood of potential 14 
contamination of the underlying soil beneath the DWMUs, demolition of the 2336-W Building, visual 15 
inspection of the underlying soil beneath the DWMUs, and soil sampling and analysis to confirm that 16 
clean closure standards have been achieved. 17 

Closure of the 2336-W Building DWMUs will be performed in accordance with the closure schedule 18 
provided in Section H-F4. Within 60 days upon completion of closure activities, the Permittees shall 19 
provide the Washington State Department of Ecology (Ecology) with a certification of closure in 20 
accordance with WAC 173-303-610(6) “Dangerous Waste Regulations,” “Closure and Post-Closure.” 21 
Closure certification will provide supportive evidence that the 2336-W Building DWMUs has met the 22 
established clean closure standards. 23 

This closure plan complies with the WAC 173-303-610(2) through (6). Amendments to this closure plan 24 
will be submitted as a permit modification in accordance with WAC 173-303-610(3)(b). 25 

H-F1.1 Unit Description 26 

The 2336-W Building is located to the north of the 2404 Series buildings (Figure H-F1). Below is a 27 
description of each of the 2336-W Building DMWUs. 28 

H-F1.1.1 2336-W Building Process Area 29 

The 2336-W Building Process Area DWMU consists of an area located within the 2336-W Building. The 30 
DMWU is permitted for waste container storage and treatment.  31 

The 2336-W Building Process Area has a waste storage and treatment area that measures approximately 32 
23 m (75 ft) by 30.4 m (100 ft) and a second area that measure approximately 15 m (50 ft) by 15 m (50 33 
ft), for a total footprint area of approximately 927 m2 (9,900 ft2). The engineered secondary containment 34 
system and building portion include the following features: 35 

 Foundation is integrated into a continuous perimeter concrete curb measuring approximately 15 cm 36 
(6 in.) above grade providing secondary containment for the entire storage area. 37 

 Reinforced concrete flooring has been sealed with a chemically resistant coating (e.g., epoxy resin). 38 
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 There are no floor drains within the bermed areas of the building. 1 

 Curbing, embedded water stops, and slope of the floors at points near the exits and outer walls of the 2 
buildings are designed to contain liquids. 3 

 The floor is located above ground level to prevent run-on. 4 

H-F1.1.2 2336-W Building NDA/NDE 5 

The 2336-W Building NDA/NDE Area DWMU consists of an area located within the 2336-W Building 6 
and associated outdoor storage area. The DWMU is permitted for waste container storage. 7 

The NDA/NDE Area, located inside the building, has a total footprint area measuring approximately 23 m 8 
(75 ft) by 30.4 m (100 ft), for a total floor area of approximately 698 m2 (7,500 ft2). The engineered 9 
secondary containment system and building portion include the following features: 10 

 Foundation is integrated into a continuous perimeter concrete curb measuring approximately 15 cm 11 
(6 in.) above grade and providing secondary containment for the entire storage area. 12 

 Reinforced concrete flooring has been sealed with a chemically resistant coating (e.g., epoxy resin). 13 

 There are no floor drains within the bermed areas of the building. 14 

 Curbing, embedded water stops, and slope of the floors at points near the exits and outer walls of the 15 
buildings are designed to contain liquids. 16 

 The floor is located above ground level to prevent run-on. 17 

The outdoor storage area is an uncovered/unenclosed concrete pad, does not have an engineered 18 
secondary containment system, and measures approximately 12 m (40 ft) wide by 12 m (40 ft) long. 19 
Containers stored in the outside storage area that do not meet the criteria specified in 20 
WAC 173-303-630(7)(c) (e.g., waste packages containing free liquids) are placed on portable secondary 21 
containment systems, such as spill pallets and/or berms. 22 

H-F1.1.3 2336-W Building Shipping and Receiving Area 23 

The 2336-W Building Shipping and Receiving Area DWMU consists of an area located within the 24 
2336-W Building and associated outdoor storage area. The DWMU is permitted for waste container 25 
storage.  26 

The 2336-W Building Shipping and Receiving Area, located inside the building, measures approximately 27 
23 m (75 ft) by 42.7 m (140 ft), for a total floor area of approximately 980 m2 (10,500 ft2). 28 
The engineered secondary containment system and building portion include the following features: 29 

 Foundation is integrated into a continuous perimeter concrete curb measuring approximately 15 cm 30 
(6 in.) above grade and providing secondary containment for the entire storage area. 31 

 Reinforced concrete floor has been sealed with a chemically resistant coating (e.g., epoxy resin). 32 

 There are no floor drains within the bermed areas of the building. 33 

 Curbing, embedded water stops, and slope of the floors at points near the exits and outer walls of the 34 
buildings are designed to contain liquids. 35 
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The outdoor storage area is an uncovered/unenclosed concrete pad and does not have an engineered 1 
secondary containment system. It consists of an area measuring approximately 122 m (400 ft) wide by 2 
54.8 m (180 ft). 3 

H-F1.1.4 2336-W Building Room 152 4 

The 2336-W Building Room 152 DWMU consists of one room and is located next to the material 5 
receiving dock on the east side of the 2336-W Building. Room 152 is permitted for waste container 6 
storage and provides storage for universal waste, recyclables, and materials.  7 

This DWMU is the only area within the building that does not have an engineered secondary containment 8 
system. The foundation for this room measures 3.0 m (10 ft) wide by 8.5 m (28 ft) long, for a total 9 
footprint and available waste storage area of 25.5 m2 (280 ft2). The floor is constructed of bare concrete 10 
and no curbs.  11 

H-F1.2 Maximum Waste Inventory 12 

The maximum permitted storage capacities of the 2336-W Building DWMUs are identified in Table 13 
H-F1. 14 

Table H-F1. Dangerous Waste Management Unit Maximum Storage 
Capacity 

DWMU Maximum Storage Capacity 

2336-W Building Process Area  7.9 m3 (7,900 L) 

2336-W Building Shipping and 
Receiving Area  

138.5 m3 (138,500 L) 

2336-W Building NDA/NDE 26.8 m3 (26,800 L) 

2336-W Building Room 152 0.62 m3 (620 L) 

 15 

H-F2 Closure Performance Standard 16 

Closure performance standards for the 2336-W Building DWMUs will be based on 17 
WAC 173-303-610(2), which requires closure of the facility in a manner that accomplishes the 18 
following objectives:  19 

 Minimize the need for further maintenance. 20 

 Control, minimize, or eliminate, to the extent necessary, to protect human health and the environment 21 
(HHE), post-closure escape of dangerous waste, dangerous constituents, leachate, contaminated 22 
runoff, or dangerous waste decomposition products to the ground, surface water, groundwater, or 23 
atmosphere. 24 

 Return the land to the appearance and use of surrounding land areas, to the degree possible, given the 25 
nature of the previous dangerous waste activity. 26 

These performance standards are addressed in Sections H-F2.1 and H-F3.9 of this closure plan and 27 
furthermore identified in Table H-F6. 28 
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 1 

Figure H-F1. 2336-W Building Dangerous Waste Management Units (Aerial View 2012) 2 

H-F2.1 Clean Closure Levels 3 

The 2336-W Building DWMUs will be clean closed. After removal of all waste, the building and 4 
associated outside areas will be demolished (Section H-F3.7) and managed as newly generated waste 5 
debris. Once the building and associated outside areas are removed, the underlying soil beneath the 6 
2336-W Building DWMUs will be sampled to demonstrate compliance with clean closure standards. 7 

The soil underlying the 2336-W Building DWMUs will be sampled and must meet clean closure levels. 8 
In accordance with WAC 173-303-610(2)(b)(i), clean closure levels for the soil are the numeric cleanup 9 
levels calculated using unrestricted use exposure assumptions according to WAC 173-340, “Model 10 
Toxics Control Act—Cleanup,” hereinafter called MTCA, cleanup regulations (WAC 173-340-700, 11 
“Overview of Cleanup Standards,” through WAC 173-340-760, “Sediment Cleanup Standards,” 12 
excluding WAC 173-303-745, “Soil Cleanup Standards for Industrial Properties”). These numeric 13 
cleanup levels have been calculated according to the requirements of WAC 173-303-610(2)(b)(i), using 14 
the MTCA (WAC 173-340) Method B closure performance standard for soil. These cleanup levels 15 
consider carcinogens, noncarcinogens, groundwater protection, and ecological indicator values. 16 
Table H-F6 provides the MTCA (WAC 173-340) Method B closure performance standards for 17 
unrestricted use exposure assumptions for soil for each individual target analyte (Table H-F2). 18 

A null hypothesis is generally assumed to be true until evidence indicates otherwise. The null hypothesis, 19 
as defined in WAC 173-340-200, “Definitions,” for the 2336-W Building DWMUs is that the soil 20 
underlying the DWMUs is assumed to be above unrestricted MTCA (WAC 173-340) Method B cleanup 21 
levels; therefore, the site is presumed contaminated. Rejection of the null hypothesis means sampling and 22 
analysis results of the site indicated that the underlying soil contains contamination below the MTCA 23 
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(WAC 173-340) Method B cleanup levels. Sampling and analysis will be used to determine whether the 1 
null hypothesis can be rejected, thereby confirming that the underlying soil meets closure performance 2 
standards (MTCA [WAC 173-340] Method B). 3 

Should sampling and analysis provide a basis that the null hypothesis can be accepted, such an event will 4 
be considered an unexpected event during closure, and the soil would then be identified as a newly 5 
generated contaminated environmental media and managed in accordance with Section H-F3.8. 6 

H-F3 Closure Activities 7 

The 2336-W Building DWMUs will be clean closed under Resource Conservation and Recovery Act of 8 
1976 (RCRA), and confirmation sampling will be performed to verify that closure performance standards 9 
(Table H-F6) are met. As waste storage and treatment units, clean closure determinations for the 2336-W 10 
Building DWMUs will be based on successfully completing the closure activities in this section. 11 
Sampling and analysis activities were developed utilizing EPA/240/R-02/005, Guidance on Choosing a 12 
Sampling Design for Environmental Data Collection (QA/G-5S), and Ecology Publication #94-111, 13 
Guidance for Clean Closure of Dangerous Waste Units and Facilities, and will be conducted via a 14 
sampling and analysis plan (SAP) (Section H-F3.10.1). The objective of the sampling described in this 15 
document is to determine if MTCA (WAC 173-340) Method B closure performance standards were met, 16 
thereby demonstrating clean closure of the 2336-W Building DWMUs. The following closure activities 17 
are required to achieve and verify clean closure: 18 

 Remove all waste. 19 

 Review waste container storage, operating, and inspection records for documented spills or releases 20 
of waste. 21 

 Perform visual inspection of the DWMUs foundation, containment system, and associated outside 22 
concrete/asphalt pads for cracks, holes, or other types of breaches significant enough to reach 23 
underlying soil for purposes of focused sampling. 24 

 Demolish and remove the building and associated outside concrete/asphalt pads. 25 

 Perform visual inspection on underlying soil under the 2336-W Building DWMUs to identify any 26 
staining for purposes of focused sampling. 27 

 Perform soil sampling and analysis to confirm that clean closure standards are met. 28 

 If contamination is detected during initial sampling efforts, remove, treat (if necessary), and dispose 29 
of contaminated environmental media (soil), as necessary. 30 

 Resample, as necessary, to confirm that MTCA (WAC 173-340) Method B clean closure levels have 31 
been met. 32 

 Transmit clean closure certification to Ecology. 33 

H-F3.1 Health and Safety Requirements 34 

Closure will be performed in a manner that will ensure safety of personnel and the surrounding 35 
environment. Qualified personnel will perform any necessary closure activities in compliance with 36 
established safety and environmental procedures. Personnel will be equipped with appropriate personal 37 
protective equipment (PPE). Qualified personnel will be trained in applicable safety and environmental 38 
procedures in accordance with Addendum G, “Personnel Training,” and they will have appropriate 39 



 DOE/RL-2015-74, REVISION 0 
 DECEMBER 2015 

H-F-6 

training and experience in sampling activities. Field operations will be performed in accordance with 1 
applicable health and safety requirements. 2 

The Permittees have instituted training or qualification programs to meet training requirements imposed 3 
by regulations, U.S. Department of Energy (DOE) orders, and national standards such as those published 4 
by the American National Standards Institute/American Society of Mechanical Engineers. For example, 5 
the environmental, safety, and health training program provides workers with the knowledge and skills 6 
necessary to execute assigned duties safely. Attachment 5 of WA7890008967, Hanford Facility Resource 7 
Conservation and Recovery Act Permit (hereinafter Hanford Facility RCRA Permit), describes specific 8 
requirements for the Hanford Facility Personnel Training program. The Permittees will comply with the 9 
CWC-WRAP training matrix detailed in Addendum G, “Personnel Training,” which provides training 10 
requirements for Hanford Facility personnel associated with the 2336-W Building DWMUs. 11 

Project-specific safety training, addressed explicitly to the project and activities for the day, will include 12 
the following:  13 

 Training will provide the knowledge and skills that personnel need to perform work safely and in 14 
accordance with quality assurance (QA) requirements. 15 

 Samplers are required to be qualified in the type of sampling being performed in the field. 16 

Pre-job briefings will be performed to evaluate activities and associated hazards by considering many 17 
factors, including the following: 18 

 Objective of the activities 19 

 Individual tasks to be performed 20 

 Hazards associated with the planned tasks 21 

 Environment in which the job will be performed 22 

 Facility where the job will be performed 23 

 Equipment and material required 24 

 Safety protocols applicable to the job 25 

 Training requirements for individuals assigned to perform the work 26 

 Level of management control 27 

 Emergency contacts. 28 

Training records for each employee are maintained in a database. The Permittees training organization 29 
maintains the training records system. 30 

H-F3.2 Removal of Wastes and Waste Residues 31 

All waste will be removed from the 2336-W Building DWMUs and will be managed in accordance with 32 
WAC 173-303 and CWC-WRAP waste management practices. The waste will be designated 33 
(if necessary) and shipped to an approved facility for treatment, storage, and/or disposal (TSD).  34 

Waste containers meeting U.S. Department of Transportation (DOT) requirements will be packaged and 35 
shipped in accordance with 49 CFR, “Transportation” criteria. Waste packaged in non-DOT regulation 36 
(large or irregular shaped) containers will be shipped in accordance with DOE/RL-2001-36, Hanford 37 
Sitewide Transportation Safety Document. Waste shipments primarily occur utilizing highway 38 
transportation but may also include shipping by air or rail. 39 
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Waste will be treated (if necessary) to meet the land disposal restriction (LDR) treatment standards 1 
specified in WAC 173-303-140(2), “Land Disposal Restrictions,” which includes by reference 40 CFR 2 
268, “Land Disposal Restrictions,” then ultimately disposed of in an appropriate waste disposal facility. 3 

While waste residues are not anticipated, if they are found during closure activities, they will be managed 4 
in accordance with all applicable requirements of WAC 173-303-170, “Requirements for Generators of 5 
Dangerous Waste,” through WAC 173-303-230, “Special Conditions.” Waste subject to LDR 6 
requirements of WAC 173-303-140(2), which includes by reference 40 CFR 268, will be characterized, 7 
designated, stored, and/or treated, as applicable, prior to disposal in an approved waste disposal facility. 8 

H-F3.3 Unit Components, Parts, and Ancillary Equipment 9 

The four 2336-W Building DWMUs are located in the 2336-W Building. The 2336-W Building is 10 
constructed with a reinforced concrete floor. The building contains fire suppression systems, which 11 
include a pump and dry piping system. 12 

The 2336-W Building Process Area utilizes gloveboxes to facilitate management and treatment of waste. 13 
Gloveboxes are permanent within the 2336-W Building Process Area. All equipment will be removed 14 
prior to the start of closure activities. 15 

H-F3.4 Inspection of Units Before Decontamination 16 

Although decontamination of the 2336-W Building DWMUs is not planned, following removal of all 17 
waste and waste residues, a visual inspection will be performed to determine the presence of cracks, 18 
holes, or other breaches in the concrete containment system sufficient to reach the underlying soil. 19 
These cracks, holes, or other breaches will be documented to determine if focused sampling of the 20 
underlying soil during confirmation sampling is necessary. 21 

During the closure period, to prevent threats to HHE, the 2336-W Building DWMUs will be inspected in 22 
accordance with WAC 173-303-320(2), “General Inspection.” Inspections of the 2336-W Building 23 
DWMUs will be performed annually, until clean closure certification is accepted by Ecology, and will 24 
verify the following: 25 

 Posted warning signs at each entrance to the OUG are present, legible, and visible at 7.6 m (25 ft). 26 

 No evidence of unusual conditions exists at the closing DWMU site. 27 

H-F3.5 Decontamination  28 

Decontamination of the 2336-W Building DWMUs is not planned. 29 

H-F3.6 Demolition of the 2336-W Building 30 

Once all waste has been removed from the building and visual inspections are complete, demolition 31 
activities can be initiated. Demolition of the 2336-Building DWMUs will not be done independently of 32 
each other. The entire 2336-W Building and associated outside areas will be demolished and removed 33 
together. The following primary activities are required to complete demolition of the building and 34 
associated outside areas: 35 

 Removal of equipment 36 

 Location of utilities 37 

 Mobilization of equipment 38 
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 Removal of the 2336-W Building and associated outside areas 1 

H-F3.6.1 Location of Utilities 2 

Prior to demolition, any in-use utilities will be located as well as the underground fire water line to ensure 3 
that there are no disruptions to the surrounding activities. The fire water line may supply water to other 4 
CWC-WRAP DWMUs. Fire hydrants may also be used to supply water for dust control during 5 
rubbilization of the containment system. 6 

H-F3.6.2 Equipment Mobilization 7 

Resources, equipment, and materials necessary to perform demolition will be staged in designated 8 
laydown areas in proximity to the 2336-W Building. 9 

H-F3.6.3 Demolition Activities for the 2336-W Building and Associated Outside Areas 10 

Demolition of the 2336-W Building will be accomplished utilizing the primary method of shearing and 11 
rubblizing. Demolition of the building will require the use of heavy equipment (e.g., excavator with 12 
various attachments) to demolish the structures. Other standard industry or conventional demolition 13 
practices also may be used (e.g., hydraulic shears with steel shear jaws, concrete pulverizer jaws, or 14 
breaker jaws). Demolition methods will be selected based on the structural elements to be demolished, 15 
remaining contamination, location, and integrity of the structure. Water may be used to control dust 16 
generated from demolition activities. The amount of water used will be minimized to prevent ponding and 17 
runoff. While unlikely, other controls such as portable ventilation filter units, and high-efficiency 18 
particulate air filtered vacuum cleaners may be used. Additional storm water run-on and runoff controls 19 
may be implemented, as needed. 20 

Crusting agents or fixatives will be applied to any disturbed portion of the demolition area and excavation 21 
site when deemed necessary. For example, if wind should arise, fixative will be applied to prevent the 22 
spread of dust particulates from the work site if wind arises. 23 

H-F3.6.3.1 Shearing and Rubblizing 24 

During shearing and rubblizing of the buildings, fog cannons, fire hoses, and misters may be used to 25 
spray mist water for dust suppression. The amount of water used will be minimized to prevent ponding 26 
and runoff. The shears will size reduce/cut components of the buildings and equipment such as piping, 27 
concrete flooring, and conduit, and front end loaders or grapples will load the debris into 28 
roll-off containers. 29 

Large equipment such as an excavator with a hoe-ram, a hydraulic shear with steel shear jaws, and 30 
concrete pulverizer jaws or breaker jaws will be used to perform any rubblizing. Debris rubble from the 31 
containment system will be loaded into roll-off boxes for transportation to the approved disposal facility.  32 

H-F3.7 Identifying and Managing Waste Generated from Closure Activities 33 

Closure activities for the 2336-W Building DWMUs will result in the generation debris from demolition 34 
and possibly of contaminated environmental media (soil) requiring management and disposal. Waste 35 
generated during closure activities will be managed as a newly generated waste stream in accordance with 36 
WAC 173-303-610(5). Waste generated during the closure period must be properly disposed. The newly 37 
generated waste must be handled in accordance with all applicable requirements of WAC 173-303-170 38 
through WAC 173-303-230.  39 

Management and disposal of waste generated during closure will be documented and included with the 40 
clean closure documentation included in Section H-F3.12. 41 
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H-F3.7.1 Debris from Demolition  1 

Debris from demolition generated during closure will be packaged onsite and transported to an approved 2 
disposal facility. Debris includes, but is not limited to, the following types of wastes resulting from 3 
demolition of the 2336-W Building and associated outside areas: 4 

 Equipment and construction materials 5 

 Concrete and associated rubblized debris 6 

 Miscellaneous waste (e.g., rubber, glass, paper, PPE, cloth, plastic, and metal) 7 

Preferred management of the debris resulting from demolition of the buildings is in a bulk form. 8 
Bulk waste will be placed into bulk containers, such as roll-off boxes, to transport for disposal. 9 
These bulk containers will be stored in a suitable area in proximity to the DWMU area or may be 10 
accumulated for up to 90 days in another suitable location. Bulk containers of waste will be covered when 11 
waste is not being added or removed. Lightweight material (e.g., plastic and paper) will be bagged, if 12 
appropriate, prior to placement in the bulk container to eliminate the potential for materials blowing out 13 
of the bulk container. 14 

Debris will be containerized, labeled, and sampled (if necessary) for waste characterization. Waste subject 15 
to the LDR requirements of WAC 173-303-140, which includes by reference 40 CFR 268, will be 16 
characterized, designated, stored, and/or treated, as applicable, prior to disposal in an approved 17 
disposal facility. 18 

H-F3.8 Identifying and Managing Contaminated Environmental Media 19 

If contaminated environmental media (soil) is identified as a result of clean closure verification sampling 20 
activities (i.e., samples indicate contamination above clean closure standards), the nature and extent of 21 
contamination will be evaluated. Soil surrounding the node location, which identified contamination 22 
above clean closure levels, will be removed up to the diameter distance to the adjacent node locations and 23 
approximately 1 m (3 ft) below the surface. Contaminated soil will be removed using equipment capable 24 
of removing the quantity of material required to complete removal and clean close the DWMUs. 25 
Following removal of contaminated soil, additional confirmatory sampling will be conducted in 26 
accordance with the approved closure plan SAP. This process will continue until analytical results of 27 
confirmatory soil samples prove that clean closure levels have been achieved.  28 

Contaminated soil will be managed as a newly generated waste stream in accordance with 29 
WAC 173-303-610(5). Contaminated soil must be handled in accordance with all applicable requirements 30 
of WAC 173-303-170 through WAC 173-303-230. The contaminated soil will be containerized, labeled, 31 
and sampled (if necessary) for waste characterization. Waste subject to the LDR requirements of 32 
WAC 173-303-140, which includes by reference 40 CFR 268, will be characterized, designated, stored, 33 
and/or treated, as applicable, prior to disposal in an approved disposal facility. 34 

Management and disposal of the contaminated environmental media will be documented and included 35 
with the clean closure documentation included in Section H-F3.12. 36 

H-F3.9 Confirming Clean Closure 37 

The 2336-W Building DWMUs will be clean closed. Demonstration of clean closure standards will be 38 
accomplished through sampling and analysis performed in accordance with the included SAP Section H-39 
F3.10. The SAP consists of random grid sampling with judgmental sampling of areas of concern 40 
identified during the visual inspection (i.e., areas where staining, cracks, or other openings in the 41 
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foundation, containment system, or asphalt/concrete pad may have allowed a release of waste to the 1 
underlying soil). 2 

Once removal of the building and associated outside areas is complete, confirmation sampling will be 3 
conducted in accordance with the SAP detailed in Section H-F3.10 to confirm that soil unrestricted use 4 
cleanup standards (MTCA [WAC 173-340] Method B) have been achieved. If sample results indicate 5 
contamination above clean closure levels, contaminated soil will be removed and managed in accordance 6 
with Section H-F3.8. Once analytical results confirm clean closure levels of the target analytes, a clean 7 
closure certification will be prepared in accordance with Section H-F3.12. 8 

H-F3.10 Sampling and Analysis and Constituents to Be Analyzed 9 

The SAP summarized the sampling design used and associated assumptions based on knowledge of the 10 
2336-W Building DWMUs. Sampling and analysis for the 2336-W Building DWMUs will be performed 11 
on the soil after demolition of the 2336-W Building and associated outside areas to demonstrate clean 12 
closure levels. The sampling design includes input parameters used to determine the number and location 13 
of samples. 14 

H-F3.10.1 Sampling and Analysis Plan 15 

Sampling and analysis of the 2336-W Building DWMUs underlying soil will be conducted to confirm 16 
that clean closure levels have been achieved. All sampling and analysis will be performed in accordance 17 
with the sampling and quality standards established in this closure SAP. The closure SAP details 18 
sampling and analysis procedures in accordance with SW-846, Test Methods for Evaluating Solid Waste: 19 
Physical/Chemical Methods, Third Edition; Final Update V; ASTM International, formerly the American 20 
Society for Testing and Materials (ASTM), Annual Book of ASTM Standards; and applicable U.S. 21 
Environmental Protection Agency (EPA) guidance. Sampling and analysis activities will meet applicable 22 
requirements of SW-846, ASTM standards, EPA approved methods, and DOE/RL-96-68, Hanford 23 
Analytical Services Quality Assurance Requirements Document (HASQARD), at the time of closure. This 24 
SAP was also developed using Ecology Publication #94-111, Section 7.0, “Sampling and Analysis for 25 
Clean Closure,” and EPA/240/R-02/005 (QA/G-5S). 26 

H-F3.10.2 Target Analytes 27 

The four 2336-W Building DWMUs are active portions of CWC-WRAP OUG; therefore, target analytes 28 
at closure may include any or all analytes based on the waste codes permitted in the CWC-WRAP 29 
Hanford Facility RCRA Permit (WA7890008967) Part A (Attachment B, Section XIV-Description of 30 
Dangerous Wastes). A waste management report, identifying waste codes historically managed at the four 31 
2336-W Building DWMUs, was run to identify the existing target analytes. Table H-F2 details the waste 32 
codes identified and the target analytes associated with those waste codes. Additional target analytes may 33 
be identified upon review of the waste tracking records for the DWMUs upon receipt of the final waste. 34 
Although there may be minor differences in waste codes historically managed at each of the four 2336-W 35 
Building DWMUs, the same comprehensive list of target analytes will be used for each DWMU. A permit 36 
modification updating the SAP with specific target analytes will be submitted, if necessary, in accordance 37 
with WAC 173-303-610(3)(b), 45 days prior to the DWMU closure. 38 

  39 
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 1 

Table H-F2. Target Analyte List  

Target Analyte (Waste Code) 
CAS 

Number 
Target Analyte (Waste Code) 

CAS 
Number 

Arsenic (D004) 7440-38-2 Barium (D005) 7440-39-3 

Cadmium (D006) 7440-43-9 Chromium (Hexavalent) (D007)  18540-29-9 

Lead (D008)  7439-92-1 Mercury (D009) 7439-97-6 

Selenium (D010) 7782-49-2 Silver (D011)  7440-22-4 

Endrin (D012) 72-20-8 Lindane (D013) 58-89-9 

Methoxychlor (D014) 72-43-5 Toxaphene (D015) 8001-35-2 

Benzene (D018) (F005)  71-43-2 
Carbon Tetrachloride (D019)(F001) 
(F002)  

56-23-5 

Chlordane (D020) 57-74-9 Chlorobenzene (D021) (F002) 108-90-7 

Chloroform (D022)  67-66-3 o-Cresol (D023) (F004) 95-48-7 

m-Cresol (D024) (F004) 108-39-4 p-Cresol (D025) (F004) 106-44-5 

Cresol (Cresylic Acid)a, e (D026) (F004) 1319-77-3 1,4-Dichlorobenzene (D027) 106-46-7 

1,2-Dichloroethane (D028) 107-06-2 1,1-Dichloroethylene (D029) 75-35-4 

2,4-Dinitrotoluene (D030) 121-14-2 Heptachlor (D031) 76-44-8 

Heptachlor Epoxide (D031) 1024-57-3 Hexachlorobenzene (D032) 118-74-1 

Hexachlorobutadiene (D033) 87-68-3 Hexachloroethane (D034) 67-72-1 

Methyl Ethyl Ketone (D035) (F005)  78-93-3 Nitrobenzene (D036)(F004) 98-95-3 

Pentachlorophenol (D037) 87-86-5 Pyridine (D038)(F005) 110-86-1 

Tetrachloroethylene (D039)(F001)(F002) 
(U210) 

127-18-4 
Trichloroethylene (D040) (F001) 
(F002) (U228) 

79-01-6 

2,4,5-Trichlorophenol (D041) 95-95-4 2,4,6-Trichlorophenol (D042) 88-06-2 

Vinyl Chloride (D043) 75-01-4 
Methylene Chloride (F001) (F002) 
(U080) 

75-09-2 

1,1,1-Trichloroethane (F001) (F002) 71-55-6 CFCsg (F001) (F002) 
Not 
Applicable 

1,1,2-Trichloro-1,2,2-Trifluoroethane (CFC-
133)g (F002) 

73-13-1 Ortho-Dichlorobenzene (F002) 95-50-1 

Trichlorofluoromethane (CFC-11)g (F002) 75-69-4 1,1,2-Trichloroethane (F002) 79-00-5 

Xylenes (F003)  1330-20-7 Acetone (F003) (U002) 67-64-1 

Ethyl Acetate (F003)  141-78-6 Ethyl Benzene (F003) 100-41-4 

Ethyl Ether (F003)  60-29-7 Methyl Isobutyl Ketone (F003) 108-10-1 

n-Butyl Alcohol (F003) 71-36-3 Cyclohexanone (F003) 108-94-1 

Methanol (F003) (U154) 67-56-1 Toluene (F005)(U220) 108-88-3 

Carbon Disulfide (F005) 75-15-0 Isobutanol (F005) 78-83-1 

2-Nitropropaned, e (F005) 79-46-9 Copper Cyanideb (P029) 544-92-3 

Cyanide (P030) 57-12-5 Potassium Cyanideb (P098) 151-50-8 

Sodium Cyanideb (P106) 143-33-9 Vanadium Pentoxidef (P120) 1314-62-1 

Acetonitrilee (U003) 75-05-8 Acetyl Chloridee (U006) 75-36-5 
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Table H-F2. Target Analyte List  

Target Analyte (Waste Code) 
CAS 

Number 
Target Analyte (Waste Code) 

CAS 
Number 

Cyclohexanee (U056) 110-82-7 Dibutyl Phthalate (U069) 84-74-2 

Formic Acid (U123) 64-18-6 Hydrazinec (U133) 302-01-2 

Hydrofluoric Acide (U134) 7664-39-3 p-Nitrophenole (U170) 100-02-7 

Phenol (U188)  108-95-2 Phosphorous Sulfidee (U189) 1314-80-3 

Thioacetamidee (U218) 62-55-5 Thioureae (U219) 62-56-6 

a. The closure performance standard for cresol will be achieved through analysis of its three isomeric forms: o-cresol, 
m-cresol, and p-cresol. 

b. Analyzed as total cyanide. 

c. Due to the volatile and reactive nature of hydrazine, quantitation is difficult, and its presence in soil samples is highly 
unlikely; therefore, samples will not be analyzed for hydrazine. 

d. The closure performance standard for 2-nitropropane was removed in the May 2014 EPA CLARC table updates; therefore, 
this analyte will not be analyzed for due to the unavailability of a closure performance standard. 

e. This analyte is removed from further consideration because it is not listed in the EPA CLARC (EPA, 2014) tables. 

f. Vanadium pentoxide will be analyzed as vanadium. 

g. CFC is an organic compound that contains only carbon, chlorine, and fluorine, produced as a volatile derivative of methane, 
ethane, and propane. Examples of CFCs include 1,1,2-trichloro-1,2,2-trifluoroethane (CFC-133) and trifluoromethane (CFC-
11). 

CAS = Chemical Abstracts Service 

CFC = chlorinated fluorocarbon 

CLARC= Cleanup Levels and Risk Calculations 

EPA = U.S. Environmental Protection Agency 

 1 

H-F3.10.3 SAP Schedule 2 

Confirmation closure sampling and analysis will be performed in accordance with the closure plan 3 
schedule in Section H-F4. 4 

H-F3.10.4 Project Management 5 

The following subsections address project management and ensure that the project has defined goals, 6 
participants understand the goals and approaches used, and planned outputs are appropriately 7 
documented. Project management roles and responsibilities discussed in this section apply to the major 8 
activities covered under the SAP. 9 

H-F3.10.4.1 Project/Task Organization 10 

The Permittee is responsible for planning, coordinating, sampling, preparing, packaging, and shipping 11 
samples to the laboratory. The project organization (regarding sampling and characterization) is described 12 
in the following subsections and shown graphically in Figure H-F2. 13 
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 1 

Figure H-F2. 2336-W Building DWMUs Sampling and Analysis Plan Project Organization 2 

The project has several key positions, including the following: 3 

 Lead Regulatory Agency Project Manager: Ecology has assigned Project Managers responsible for 4 
oversight of the 2336-W Building DWMUs closure. 5 

 Project Manager and Technical Lead: The Project Manager provides oversight of closure activities 6 
and coordinates with the DOE Richland Operations Office (DOE-RL), EPA, Ecology, and contract 7 
management. The Project Manager (or designee) for the 2336-W Building DWMUs closure sampling 8 
is responsible for direct management of sampling documents and requirements, field activities, and 9 
subcontracted tasks. The Project Manager is responsible for ensuring that project personnel are 10 
working to the current version of the SAP. The Project Manager works closely with Health and Safety 11 
and the Field Work Supervisor (FWS) to integrate these and other lead disciplines in planning and 12 
implementing the work scope. The Project Manager also coordinates with DOE-RL and the primary 13 
contractor management on all sampling activities. The Project Manager supports DOE-RL in 14 
coordinating sampling activities with the regulators. 15 

 Environmental Compliance Officer: The Environmental Compliance Officer provides technical 16 
oversight, direction, and acceptance of project and subcontracted environmental work and develops 17 
appropriate mitigation measures with a goal of minimizing adverse environmental impacts. 18 

 Health and Safety: The Health and Safety organization is responsible for coordinating industrial 19 
safety and health support within the project, as carried out through health and safety plans, job hazard 20 
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analyses, and other pertinent safety documents required by federal regulation or by internal primary 1 
contractor work requirements. 2 

 Waste Management Lead: The Waste Management organization communicates policies and 3 
protocols and ensures project compliance for TSD and waste tracking. 4 

 Field Work Supervisor: The FWS is responsible for planning and coordinating field sampling 5 
resources. The FWS ensures that samplers are appropriately trained and available. Additional related 6 
responsibilities include ensuring that the sampling design is understood and can be performed 7 
as specified. 8 

 Sample Management and Reporting: The Permittee’s sampling organization coordinates field 9 
sampling as well as laboratory analytical work, ensuring that laboratories conform to Hanford Facility 10 
internal laboratory QA requirements (or their equivalent), as approved by DOE-RL, EPA, and 11 
Ecology. The sampling organization receives analytical data from the laboratories, performs data 12 
entry into the Hanford Environmental Information System (HEIS) database, and arranges for data 13 
validation. The sampling organization is responsible for informing the Project Manager of any issues 14 
reported by the analytical laboratory. 15 

 Contract Laboratories: The contract laboratories analyze samples in accordance with established 16 
procedures and provide necessary sample reports and explanation of results in support of data 17 
validation. 18 

H-F3.10.5 Sampling Design 19 

The primary purpose of sampling the underlying soil is to determine if analytical data values exceed the 20 
MTCA (WAC 173-340) Method B clean closure performance standards (Table H-F6). 21 

This SAP utilized Ecology Publication #94-111, Section 7.0, to determine the type of sampling design 22 
that will be utilized to demonstrate clean closure. When designing the sampling plan, both focused and 23 
area wide (grid) sampling methods were considered. Ecology Publication #94-111 (Section 7.2.1) 24 
identifies that area wide sampling is appropriate when the spatial distribution of contamination at or from 25 
the closure unit is uncertain. Ecology Publication #94-111, Section 7.3, “Sampling to Determine or 26 
Confirm Clean Closure,” identifies the area wide sampling approach as generally appropriate for 27 
sampling to determine or confirm that clean closure levels are achieved.  28 

Area Wide (Grid) Sampling: Samples are collected at regularly spaced intervals over space or time. 29 
An initial location or time is chosen at random, and the remaining sampling locations are defined so that 30 
locations are at regular intervals over an area (grid). Grid sampling is used to search for hot spots and 31 
infer means, percentiles, or other parameters. It is useful for estimating spatial patterns or trends over 32 
time. This design provides a practical method for designating sample locations and ensures uniform 33 
coverage of a site, unit, or process. 34 

Focused sampling, as identified in Section 7.2.2 of Ecology Publication #94-111, is selective sampling of 35 
areas where contamination is expected or releases have been documented. After completion of the records 36 
review and visual inspection for each DWMU, a determination will be made to identify if focused 37 
sampling is appropriate. The location of those focused samples, if any, will be identified and recorded as 38 
required in Section H-F3.10.12. 39 

Judgmental (Focused) Sampling: Selection of sampling units (i.e., the number and location and/or 40 
timing of collecting samples) is based on knowledge of the feature or condition under investigation and 41 
on professional judgment. Focused sampling is distinguished from probability based sampling in that 42 
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inferences are based on professional judgment, not statistical scientific theory. Therefore, conclusions 1 
about the target population are limited and depend entirely on the validity and accuracy of professional 2 
judgment. Probabilistic statements about parameters are not possible. 3 

The number and location of area wide samples were determined utilizing the Visual Sample Plan (VSP) 4 
software. VSP is a tool, used throughout Washington State and nationally, that statistically determines the 5 
quantity of samples required to accept or reject the null hypothesis based on input parameters specific to 6 
the DWMU. 7 

Both parametric and nonparametric equations rely on assumptions about the data population. Typically, 8 
however, nonparametric equations require fewer assumptions and allow for more uncertainty about the 9 
distribution of data. Alternatively, if parametric assumptions are valid, the required number of samples is 10 
usually less than if a nonparametric equation was used. For the 2336-W Building DWMUs, data 11 
assumptions were largely based on information obtained from a grouping of similar waste sites with the 12 
same type of constituents. Parameters from the 200-MG-1 waste sites were approved by Ecology in the 13 
SAP (DOE/RL-2009-60, Sampling and Analysis Plan for Selected 200-MG-1 Operable Unit Waste Sites), 14 
evaluated, deemed appropriate, and utilized for the input parameters. VSP parameter inputs and the basis 15 
for those inputs are detailed in Table H-F3. 16 

The decision rule for demonstrating compliance with the MTCA (WAC 173-340) Method B clean closure 17 
level has three parts: 18 

 The 95 percent upper confidence limit on the true data mean must be less than the MTCA 19 
(WAC 173-340) Method B clean closure level. 20 

 No sample concentration can be more than twice the cleanup level. 21 

 Less than 10 percent of the samples can exceed the cleanup level. 22 

Using a nonparametric test and the input parameters identified in Table H-F3, VSP calculated the 23 
minimum number of samples required to reject the null hypotheses with 95 percent confidence and ensure 24 
that the DWMUs would not be mistakenly released as clean. The minimum number of samples required 25 
for each of the four 2336-W Building DWMUs is shown in Table H-F4. For the purpose of utilizing VSP 26 
software, the null hypothesis is to compare a site mean to a fixed threshold. Data will be evaluated to 27 
ensure that less than 10 percent of the individual values exceed MTCA (WAC 173-340) Method B clean 28 
closure performance standards, and no values are more than twice the cleanup level. 29 

Sample locations were determined using the area wide grid with a random start sampling method run in 30 
the VSP software. Statistical analysis of systematically collected data is valid if a random start to the grid 31 
is used. The 2336-W Building DWMUs and associated outside storage area dimensions were entered into 32 
VSP to determine the location of samples. The triangular grid sampling layout was determined to have an 33 
even distribution over each sampling area providing the most representative data set including coverage 34 
of the middle portion of the sampling area. Samples will be taken from the node locations indicated by the 35 
VSP software (Attachment H-F.a) and will be assigned sample location identifications and sample 36 
numbers using HEIS. The southeast corner of the 2336-W Building is considered the (0,0) point of the 37 
sampling location map in Attachment H-F.a. 38 

The first node location was chosen at random by the VSP software, and the subsequent sample locations 39 
were assigned by VSP using a triangular grid sampling layout. Supporting documentation and the 40 
sampling grid map automatically generated by the VSP software are documented in Attachment H-F.a. 41 
Grid sampling is further defined in the following paragraph. 42 
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H-F3.10.6 Sampling Methods and Handling 1 

The grab sample matrix will consist of gravel and soil collected in precleaned sample containers taken at 2 
a depth of approximately 0 to 15 cm (0 to 6 in.) below ground surface (bgs) and within an approximate 1 3 
m (3 ft) radius surrounding the node location. For the purpose of this SAP, ground surface is defined as 4 
the exposed surface layer once the concrete or asphalt has been removed. Subsurface sampling (samples 5 
collected at depths greater than approximately 15 cm [6 in.] bgs) will be evaluated, based on results of the 6 
records review. If subsurface sampling is deemed necessary, a permit modification will be submitted in 7 
accordance with Section H-F3.10.14. 8 

Once the soil is sampled, sampled media will be screened to remove material larger than approximately 9 
2 mm (0.08 in.) in diameter, which allows for a larger surface area to volume ratio and, therefore, 10 
increases the likelihood of identifying any potential contamination in the sample. Grab samples will be 11 
collected into containers at the chosen node sample locations. To ensure sample and data usability, 12 
sampling will be performed in accordance with established sampling practices, procedures, and 13 
requirements pertaining to sample collection, collection equipment, and sample handling. Sampling 14 
generally includes the following activities: 15 

 Generating a sample request 16 

 Sample container and equipment preparation 17 

 Field walkdown of sample area (includes marking sample locations) 18 

 Sample collection 19 

 Sample packaging, transporting, and shipping. 20 

Sample container, preservation, and holding time requirements are specified in Table H-F5 for soil 21 
samples. These requirements are in accordance with the analytical method specified. The final container 22 
type and volumes will be identified on the Sampling Authorization Form (SAF) and chain-of-custody 23 
form. 24 

To prevent potential contamination of samples, care will be taken to use decontaminated equipment for 25 
each sampling activity. 26 

EPA Level 1 precleaned sample containers will be used for samples collected for chemical analysis. 27 
Container sizes may vary depending on laboratory specific volumes/requirements for meeting analytical 28 
quantitation limits. 29 

The sample location, depth, and corresponding HEIS numbers will be documented in the sampler’s field 30 
logbook. A custody seal (e.g., evidence tape) will be affixed to each sample container and/or sample 31 
collection package in such a way as to indicate potential tampering. 32 
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Table H-F3. Visual Sample Plan Parameter Inputs 

Parameter Value Basis 

Primary Objective of the Sampling 
Design 

Compare a site mean or 
median to a fixed threshold 

Reject the null hypothesis. 

Type of Sampling Design Nonparametric Data are not assumed to be normally distributed. 

Working Null Hypothesis The mean value at the site 
exceeds the threshold (WAC 
173-340 “Model Toxics 
Control Act—Cleanup,” 
Method B closure 
performance standards) 

The null hypothesis assumes that the site is dirty requiring the sampling and 
analysis to demonstrate through statistical analysis that the site is clean. 

Area Wide Grid Sampling Pattern Triangular  A triangular pattern provided an even distribution of sample locations over each 
dangerous waste management unit. 

Standard Deviation (S) 0.45 This is the assumed standard deviation value relative to a unit action level for the 
sampling area. The value of 0.45 is conservative, based on consideration of past 
verification sampling. MARSSIM suggests 0.30 as a starting point; however, 0.45 
has been selected to be more conservative. (Number of samples calculated increases 
with higher standard deviation values relative to a unit action level.) 

Delta (Δ) 0.40 This is the width of the gray region. It is a user defined value relative to a unit 
action level. The value of 0.40 balances unnecessary remediation cost with 
sampling cost. 

Alpha (α) 5% This is the acceptable error of deciding a dirty site is clean when the true mean is 
equal to the action level. It is a maximum error rate since dirty sites with a true 
mean above the action level will be easier to detect. A value of 5% was chosen as a 
practical balance between health risks and sampling cost. 

Beta (β) 20% This is the acceptable error of deciding a clean site is dirty when the true mean is at 
the lower bound of the gray region. A value of 20% was chosen during the data 
quality objectives process as a practical balance between unnecessary remediation 
cost and sampling cost. 

MARSSIM Sampling Overage 20% MARSSIM suggests that the number of samples should be increased by at least 
20% to account for missing or unusable data and uncertainty in the calculated value 
of n. 

Reference: EPA 402-R-97-016, Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM). 

1 
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Table H-F4. Summary of Sampling Design for the 2336-W 
Building DWMUs 

DWMU 
Number of Required 

Samples 

2336-W Building Process Area  21 

2336-W Building Shipping and 
Receiving Area  

25 

2336-W Building NDA/NDE 21 

2336-W Building Room 152 20 

 1 

Table H-F5. Preservation, Container, and Holding Time Requirements for Soil Samples 

Method Analysis/Analytes 
Preservation 
Requirement Holding Time 

Container 
Type 

Sample 
Size 

EPA 6010  Metals by ICP-OES Cool ≤6°C 180 days G/P/PTFE 20 g 

EPA 6020 Metals by ICP-MS Cool ≤6°C 180 days G/P 20 g 

EPA 7196 Chromium (Hexavalent) Cool ≤6°C 30 days prior to 
extraction; 

24 hours after 
extractions 

G/P 20 g 

EPA 7471  Mercury by Cold Vapor 
Atomic Absorption 

Cool ≤6°C 28 days G/P/PTFE 15 g 

EPA 8260 Volatile Organic 
Compounds by GC/MS 

Cool ≤6°C 14 days VOA vial 
with PTFE 

lined lid 

5 × 40 g 

EPA 8270 Semivolatile Organic 
Compounds by GC/MS 

Cool ≤6°C 14 days prior to 
extraction; 40 days 

after extraction 

AG with 
PTFE 

lined lid 

250 g 

EPA 9012 Cyanide ≤4°C 14 days G/P 15 g 

EPA 9056 Anions Cool ≤6°C 28 days prior to 
extraction; 48 hours 

after extraction 

G/P 250 g 

AG = amber glass 

EPA = U.S. Environmental Protection Agency 

G = glass 

GC = gas chromatography 

ICP = inductively coupled plasma 

MS = mass spectrometry 

OES = optical emission spectrometry 

P = plastic 

PTFE = polytetrafluoroethylene 

VOA = volatile organic analysis 

 2 

Each sample container will be labeled with the following information on firmly affixed, water 3 
resistant labels:  4 

 SAF and form number 5 

 HEIS number 6 

 Sample collection date and time 7 
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 Sampler identification 1 

 Analysis required 2 

 Preservation method (if applicable). 3 

Sample records must include the following information: 4 

 Analysis required 5 

 Sample location 6 

 Matrix (e.g., water or soil). 7 

Sample custody will be maintained in accordance with existing Hanford Facility protocols to ensure 8 
maintenance of sample integrity throughout the analytical process. Chain-of-custody protocols will be 9 
followed throughout sample collection, transfer, analysis, and disposal to ensure that sample integrity 10 
is maintained. 11 

All waste (including unexpected waste) generated by sampling activities will be containerized and 12 
labeled. Waste subject to the LDR requirements of WAC 173-303-140, which includes by reference 13 
40 CFR 268, will be characterized, designated, stored, and/or treated, as applicable, prior to disposal in an 14 
approved disposal facility.  15 

H-F3.10.7 Analytical Methods 16 

All analyses will be performed consistent with this closure plan, laboratory analytical procedures, and 17 
HASQARD (DOE/RL-96-68). The approved laboratory must achieve the lowest practical quantitation 18 
limits (PQLs) consistent with the selected analytical method to confirm clean closure levels. If a target 19 
analyte is detected at or above the clean closure level but less than the PQL of the analytical method, 20 
Ecology will be notified and alternatives will be discussed to demonstrate clean closure levels. 21 

Analytical methods and performance requirements associated with the target analytes are outlined in 22 
Table H-F6. 23 

H-F3.10.8 Quality Control 24 

Quality control (QC) procedures must be followed in the field and laboratory to ensure that reliable data 25 
are obtained. Field QC samples will be collected to evaluate the potential for cross-contamination and 26 
provide information pertinent to field sampling variability. Laboratory QC samples estimate the precision 27 
and bias of the analytical data. Field and laboratory QC samples are summarized in Table H-F7. 28 

A data quality assessment (DQA) will be performed utilizing the guidance in EPA/240/B-06/002, Data 29 
Quality Assessment: A Reviewer’s Guide (EPA QA/G-9R), and implementing the specific requirements in 30 
Sections H-F3.10.8 through H-F3.10.10. 31 

Data verification, data validation, and DQA will include both primary samples and QC samples.32 
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Table H-F6. Soil Analytical Performance Requirements 

Chemical 
Abstracts 
Service 
Number Analytea Analytical Method 

Closure Performance Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% 
Recovery)c 

Precision Req’t 
(Relative Percent 

Difference)c Carcinogen Noncarcinogen 

7440-38-2 Arsenic SW-846 Method 6020 6.67E-01 2.40E+01 2.00E-01 ±30 ≤30 

7440-39-3 Barium SW-846 Method 6010 -- 1.60E+04 2.00E+00 ±30 ≤30 

7440-43-9 Cadmium SW-846 Method 6010 -- 8.00E+01 5.00E-01 ±30 ≤30 

18540-29-9 Chromium (Hexavalent) SW-846 Method 7196 -- 2.40E+02 5.00E-01 ±30 ≤30 

7439-92-1 Leadb SW-846 Method 6010 -- 2.50E+02 5.00E+00 ±30 ≤30 

7439-97-6 Mercuryd SW-846 Method 7471 -- 2.40E+01 2.00E-01 ±30 ≤30 

7782-49-2 Selenium SW-846 Method 6010 -- 4.00E+02 1.00E+01 ±30 ≤30 

7440-22-4 Silver SW-846 Method 6010 -- 4.00E+02 1.00E+00 ±30 ≤30 

72-20-8 Endrin  SW-846 Method 8270 -- 2.40E+01 3.30E-03 ±30 ≤30 

58-89-9 Lindane  SW-846 Method 8270 9.09E-01 2.40E+01 1.65E-03 ±30 ≤30 

72-43-5 Methoxychlor  SW-846 Method 8270 -- 4.00E+02 1.65E-02 ±30 ≤30 

8001-35-2 Toxaphene  SW-846 Method 8270 9.09E-01 -- 1.65E-01 ±30 ≤30 

71-43-2 Benzene SW-846 Method 8260 1.82E+01 3.20E+02 5.00E-03 ±30 ≤30 

56-23-5 Carbon Tetrachloride SW-846 Method 8260 1.43E+01 3.20E+02 5.00E-03 ±30 ≤30 

57-74-9 Chlordane SW-846 Method 8270 2.86E+00 4.00E+01 1.65E-02 ±30 ≤30 

108-90-7 Chlorobenzene SW-846 Method 8260 -- 1.60E+03 5.00E-03 ±30 ≤30 

67-66-3 Chloroform SW-846 Method 8260 3.23E+01 8.00E+02 5.00E-03 ±30 ≤30 

95-48-7 o-Cresol SW-846 Method 8270 -- 4.00E+03 3.30E-01 ±30 ≤30 

108-39-4 m-Cresol SW-846 Method 8270 -- 4.00E+03 3.30E-01 ±30 ≤30 
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Table H-F6. Soil Analytical Performance Requirements 

Chemical 
Abstracts 
Service 
Number Analytea Analytical Method 

Closure Performance Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% 
Recovery)c 

Precision Req’t 
(Relative Percent 

Difference)c Carcinogen Noncarcinogen 

106-44-5 p-Cresol SW-846 Method 8270 -- 8.00E+03 3.30E-01 ±30 ≤30 

106-46-7 1,4-Dichlorobenzene  SW-846 Method 8270 1.85E+02 5.60E+03 3.30E-01 ±30 ≤30 

107-06-2 1,2-Dichloroethane  SW-846 Method 8260 1.10E+01 4.80E+02 5.00E-03 ±30 ≤30 

75-35-4 1,1-Dichloroethylene  SW-846 Method 8260 -- 4.00E+03 1.00E-02 ±30 ≤30 

121-14-2 2,4-Dinitrotoluene SW-846 Method 8270 3.23E+00 1.60E+02 3.30E-01 ±30 ≤30 

76-44-8 Heptachlor  SW-846 Method 8270 2.22E-01 4.00E+01 1.65E-03 ±30 ≤30 

1024-57-3 Heptachlor Epoxide SW-846 Method 8270 1.10E-01 1.04E+00 1.65E-03 ±30 ≤30 

118-74-1 Hexachlorobenzene  SW-846 Method 8270 6.25E-01 6.40E+01 3.30E-01 ±30 ≤30 

87-68-3 Hexachlorobutadiene  SW-846 Method 8270 1.28E+01 8.00E+01 3.30E-01 ±30 ≤30 

67-72-1 Hexachloroethane SW-846 Method 8270 2.50E+01 5.60E+01 5.00E-03 ±30 ≤30 

78-93-3 
Methyl Ethyl Ketone 
(2- Butanone) SW-846 Method 8260 -- 4.80E+04 1.00E-02 ±30 ≤30 

98-95-3 Nitrobenzene SW-846 Method 8270 -- 1.60E+02 3.30E-01 ±30 ≤30 

87-86-5 Pentachlorophenol  SW-846 Method 8270 2.50E+00 4.00E+02 3.30E-01 ±30 ≤30 

110-86-1 Pyridine SW-846 Method 8260 -- 8.00E+01 5.00E-03 ±30 ≤30 

127-18-4 Tetrachloroethylene SW-846 Method 8260 4.76E+02 4.80E+02 5.00E-03 ±30 ≤30 

79-01-6 Trichloroethylene SW-846 Method 8260 1.20E+01 4.00E+01 5.00E-03 ±30 ≤30 

95-95-4 2,4,5-Trichlorophenol  SW-846 Method 8270 -- 8.00E+03 3.30E-01 ±30 ≤30 

88-06-2 2,4,6-Trichlorophenol  SW-846 Method 8270 9.09E+01 8.00E+01 3.30E-01 ±30 ≤30 

75-01-4 Vinyl Chloride SW-846 Method 8260 1.75E+02 2.40E+02 1.00E-02 ±30 ≤30 

75-09-2 Methylene Chloride SW-846 Method 8260 5.00E+02 4.80E+02 5.00E-03 ±30 ≤30 
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Table H-F6. Soil Analytical Performance Requirements 

Chemical 
Abstracts 
Service 
Number Analytea Analytical Method 

Closure Performance Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% 
Recovery)c 

Precision Req’t 
(Relative Percent 

Difference)c Carcinogen Noncarcinogen 

71-55-6 1,1,1-Trichloroethane SW-846 Method 8260 -- 1.60E+05 5.00E-03 ±30 ≤30 

73-13-1 
1,1,2-Trichloro-1,2,2-
Trifluoroethane (CFC-
133) 

SW-846 Method 8260 -- 2.40E+06 1.00E-02 ±30 ≤30 

95-50-1 
Ortho-Dichlorobenzene 
(1,2-Dichlorobenzene) 

SW-846 Method 8270 -- 7.20E+03 3.30E-01 ±30 ≤30 

75-69-4 
Trichlorofluoromethane 
(CFC-11) 

SW-846 Method 8260 -- 2.40E+04 1.00E-02 ±30 ≤30 

79-00-5 1,1,2-Trichloroethane SW-846 Method 8260 1.75E+01 3.20E+02 5.00E-03 ±30 ≤30 

1330-20-7  Xylenes SW-846 Method 8260 -- 1.60E+04 1.00E-02 ±30 ≤30 

67-64-1 Acetone SW-846 Method 8260 -- 7.20E+04 2.00E-02 ±30 ≤30 

141-78-6 Ethyl Acetate SW-846 Method 8260 -- 7.20E+04 5.00E+00 ±30 ≤30 

100-41-4 Ethyl Benzene SW-846 Method 8260 -- 8.00E+03 5.00E-03 ±30 ≤30 

60-29-7 Ethyl Ether SW-846 Method 8260 -- 1.60E+04 5.00E-03 ±30 ≤30 

108-10-1 
Methyl Isobutyl Ketone 
(4-Methyl-2-Pentanone) 

SW-846 Method 8260 -- 6.40E+03 1.00E-02 ±30 ≤30 

71-36-3 
n-Butyl Alcohol (n-
Butanol) 

SW-846 Method 8260 -- 8.00E+03 1.00E-01 ±30 ≤30 

108-94-1 Cyclohexanone SW-846 Method 8260 -- 4.00E+05 5.00E-02 ±30 ≤30 

67-56-1 Methanol SW-846 Method 8260 -- 1.60E+05 1.00E+00 ±30 ≤30 

108-88-3 Toluene SW-846 Method 8260 -- 6.40E+03 5.00E-03 ±30 ≤30 

75-15-0 Carbon Disulfide SW-846 Method 8260 -- 8.00E+03 5.00E-03 ±30 ≤30 

78-83-1 Isobutanol SW-846 Method 8260 -- 2.40E+04 5.00E-01 ±30 ≤30 

57-12-5 Cyanide SW-846 Method 9012 -- 4.80E+01 1.00E+00 ±30 ≤30 

7440-62-2 Vanadium SW-846 Method 6010 -- 4.00E+02 1.00E+00 ±30 ≤30 

84-74-2 Dibutyl Phthalate SW-846 Method 8270 -- 8.00E+03 3.30E-01 ±30 ≤30 
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Table H-F6. Soil Analytical Performance Requirements 

Chemical 
Abstracts 
Service 
Number Analytea Analytical Method 

Closure Performance Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% 
Recovery)c 

Precision Req’t 
(Relative Percent 

Difference)c Carcinogen Noncarcinogen 

64-18-6 Formic Acid  SW-846 Method 9056 -- 7.20E+04 2.00E+00 ±30 ≤30 

108-95-2 Phenol  SW-846 Method 8270 -- 2.40E+04 3.30E-01 ±30 ≤30 

Reference: SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Update V. 

Note: Due to the quantity and nature of the waste stored in the 2336-W Building not presenting a threat to groundwater, and no documented release to the soil, no groundwater 
or ecological indicator MTCA cleanup standards (WAC 173-340-747, “Deriving Soil Concentrations for Groundwater Protection,” and WAC 173-340-7490, “Terrestrial 
Ecological Evaluation Procedures,” through WAC 173-340-7494, “Priority Contaminants of Ecological Concern”) are addressed.  

a. Unless otherwise noted, closure performance standards are the numeric cleanup levels calculated using unrestricted use exposure assumptions according to MTCA 
(WAC 173-340-740) Method B (unrestricted use standards). Where both carcinogen and noncarcinogen performance standards are available, the most conservative value will be 
used. 

b. Closure performance standards are the numeric cleanup levels calculated using unrestricted use exposure assumptions according to MTCA (WAC 173-340-740) Method A 
(unrestricted use standards). MTCA Method A values were used when MTCA Method B values were not available. 

c. Accuracy criteria for associated batch matrix spike percent recoveries. Evaluation based on statistical control of laboratory control samples is also performed. Precision 
criteria for batch laboratory replicate matrix spike analyses or replicate sample analyses. 

d. Equations 740-1 and 740-2 from WAC 173-340-740(3)(b) are used to calculate MTCA Direct Contact Human Health soil cleanup levels. The MTCA human health direct 
contact soil cleanup level for mercury is calculated to be 24 mg/kg. 

CFC = chlorinated fluorocarbon MTCA = “Model Toxics Control Act—Cleanup” 

 1 
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Table H-F7. Project Quality Control Sampling Summary 

Quality Control 
Sample Type Frequency Characteristics Evaluated 

Field Quality Control 

Trip Blanks 
One per 20 samples per media 
sampled. 

One per cooler for VOCs. 

Trip blanks are used to assess contamination 
from sample containers or during transportation 
and storage procedures. 

Field Blanks One per cooler for VOCs. 
Field blanks are used to assess contamination 
from surrounding sources during sample 
collection. 

Equipment Rinsate Blanks 

As needed. 

If only disposable equipment is 
used, then an equipment blank 
is not required.  

Otherwise, one per 20 samples 
per analytical method per 
media sampled, or one per 
daya. 

Equipment rinsate blanks are used to measure the 
cleanliness of sampling equipment and 
effectiveness of equipment decontamination 
procedures. 

Field Duplicates 
One per batchc, 20 samples 
maximum of each media 
sampled (soil samples). 

Field duplicates are used to assess the precision 
of the entire data collection activity, including 
sampling, analysis, and site heterogeneity. 

Laboratory Quality Controlb 

Method Blanks 1 per batchc Measures contamination associated with 
laboratory sample preparation and analysis. 

Lab Duplicates b Laboratory reproducibility and precision. 

Matrix Spikes One per 20 samplesb 
The spike recovery measures the effects of 
interferences in the sample matrix and reflects 
the accuracy of the determination. 

Matrix Spike Duplicates One per 20 samplesb 
The relative percent difference between matrix 
spike and matrix spike duplicate measures the 
precision of a given analysis. 

Surrogates b 
Surrogate standards are added prior to extraction 
of the sample to evaluate accuracy, method 
performance and extraction efficiency. 

Laboratory Control 
Samples 

1 per batchc The laboratory control sample measures the 
accuracy of the analytical method. 

a. Whenever a new type of nondedicated equipment is used, an equipment blank shall be collected every time sampling occurs 
until it can be shown that less frequent collection of equipment blanks is adequate to monitor the decontamination procedure 
for the nondedicated equipment. 

b. As defined in the analysis procedures. 

c. Batching across projects is allowing for similar matrices. 

VOC = volatile organic compound 

 1 
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H-F3.10.9 Data Verification 1 

Analytical results will be received from the laboratory, loaded into a database (e.g., HEIS), and verified. 2 
Verification activities include, but are not limited to, the following: 3 

 Amount of data requested matches the amount of data received (number of samples for requested 4 
methods of analytes). 5 

 Correct procedures/methods are used. 6 

 Documentation/deliverables are complete. 7 

 Hard copy and electronic versions of the data are identical. 8 

 Data seem reasonable based on analytical methodologies. 9 

H-F3.10.10 Data Validation 10 

Data validation is performed by a third party. The laboratory supplies contract laboratory program 11 
equivalent analytical data packages intended to support data validation by the third party. The laboratory 12 
submits data packages that are supported by QC test results and raw data. 13 

Controls are in place to preserve the data sent to the validators and allow only additions to be made, not 14 
changes to the raw data. 15 

The format and requirements for data validation activities are based upon the most current version of 16 
USEPA-540-R-08-01, National Functional Guidelines for Superfund Organic Methods Data Review 17 
(OSWER 9240.1-48), and USEPA-540-R-10-011, National Functional Guidelines for Inorganic 18 
Superfund Data Review (OSWER 9240.1-51). As defined by the validation guidelines, 5 percent of the 19 
results will undergo Level C validation. 20 

H-F3.10.11 Verification of VSP Input Parameters 21 

Analytical data will be entered back into the VSP. If all analytical data for a particular analyte are 22 
nondetectable, verification of VSP input parameters is not required for that analyte. The VSP software 23 
uses the analytical data to determine if the user input parameters were estimated appropriately. 24 
Once analytical data are entered into the VSP software, VSP will calculate the true standard deviation and 25 
if the null hypothesis can be rejected. If the calculated standard deviation is smaller than the estimated 26 
user input standard deviation, no additional sampling will be required. If the calculated standard deviation 27 
is larger than the estimated standard deviation, additional sampling may be required. Comparison of the 28 
maximum data value for each analyte to the clean closure standards will ensure that all individual analytes 29 
are below the action levels. Verification of the null hypothesis through VSP will determine if the mean 30 
value of the site analytical data supports rejection of the null hypothesis (Section H-F2.1).  31 

H-F3.10.12 Documents and Records 32 

The Project Manager is responsible for ensuring that the current version of the SAP is being used and 33 
providing any updates to field personnel. Version control is maintained by the administrative document 34 
control process. Changes to the SAP will be submitted as a permit modification in accordance with 35 
WAC 173-303-610(3)(b). 36 

Logbooks are required for field activities. A logbook must be identified with a unique project name and 37 
number. The individual(s) responsible for logbooks will be identified in the front of the logbook, and only 38 
authorized persons may make entries in logbooks. Logbooks will be signed by the field manager, 39 
supervisor, cognizant scientist/engineer, or other responsible individual. Logbooks will be permanently 40 
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bound, waterproof, and ruled with sequentially numbered pages. Pages will not be removed from 1 
logbooks for any reason. Entries will be made in indelible ink. Corrections will be made by marking 2 
through the erroneous data with a single line, entering the correct data, and initialing and dating 3 
the changes. 4 

The Project Manager is responsible for ensuring that a project file is properly maintained. The project file 5 
will contain the records or references to their storage locations. The following items will be included in 6 
the project file, as appropriate:  7 

 Field logbooks or operational records 8 

 Data forms 9 

 Global positioning system data 10 

 Chain-of-custody forms 11 

 Sample receipt records 12 

 Inspection or assessment reports and corrective action reports 13 

 Interim progress reports 14 

 Final reports 15 

 Laboratory data packages 16 

 Verification and validation reports. 17 

The laboratory is responsible for maintaining, and having available upon request, the following items:  18 

 Analytical logbooks 19 

 Raw data and QC sample records 20 

 Standard reference material and/or proficiency test sample data 21 

 Instrument calibration information. 22 

Records may be stored in either electronic or hard copy format. Documentation and records, regardless 23 
of medium or format, are controlled in accordance with internal work requirements and processes to 24 
ensure the accuracy and retrievability of stored records. Records required by the Tri-Party Agreement 25 
(Ecology et al., 1989, Hanford Federal Facility Agreement and Consent Order) will be managed in 26 
accordance with the requirements therein. 27 

H-F3.10.13 Sampling and Analysis Requirements to Address Removal of Contaminated Soil 28 

In the event that sample results based on the MTCA (WAC 173-340) Method B three-part test 29 
(Section H-F3.10.5) indicate contamination above clean closure levels, the contaminated soil will be 30 
removed in accordance with Section H-F3.8. Following removal of contaminated soil, additional samples 31 
will be taken at the same grid location as identified in Attachment H-F.a. Additional focused sampling 32 
may be added in areas where contamination is identified. Additional focused samples will be documented, 33 
as required in Section H-F3.10.12, and provided with the closure certification. These samples will be 34 
analyzed in accordance with the methods specified in Table H-F6, with accompanying QC samples as 35 
discussed in Section H-F3.10.8, to confirm that the MTCA (WAC 173-340) Method B clean closure 36 
levels have been achieved. 37 

H-F3.10.14 Revisions to the Sampling and Analysis Plan and Constituents to Be Analyzed 38 

If changes to the SAP are necessary due to unexpected events during closure that will affect sampling, a 39 
revision to this SAP will be submitted no later than 30 days after the unexpected event as a permit 40 
modification as required in WAC 173-303-610(3)(b)(iii) and WAC 173-303-830, “Permit Changes.” 41 
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H-F3.11 Role of the Independent Qualified Registered Professional Engineer 1 

An Independent Qualified Registered Professional Engineer (IQRPE) will be retained to provide 2 
certification of the closure, as required by WAC 173-303-610(6). The IQRPE will be responsible for 3 
observing field activities and reviewing documents associated with closure of the waste storage modules. 4 
At a minimum, the following activities will be performed: 5 

 Observation or review of building demolition 6 

 Observation or review of visual inspections 7 

 Observation or review of sampling activities 8 

 Review of sampling procedures and results 9 

 Observation or review of contaminated environmental debris removal (if applicable) 10 

 Verification of sample locations as specified in the SAP 11 

 Verification that closure activities were performed in accordance with this closure plan. 12 

The IQRPE will record observations and reviews in a written report that will be retained in the operating 13 
record. The resulting report will be used to develop the clean closure certification, which will then be 14 
provided to Ecology. 15 

H-F3.12 Closure Certification 16 

In accordance with WAC 173-303-610(6), within 60 days of completion of closure of the 2336-W 17 
Building DWMUs, certification that the DWMUs has been closed in accordance with the specifications in 18 
this closure plan will be submitted to Ecology by registered mail. The certification will be signed by the 19 
owner or operator and by an IQRPE.  20 

Upon request by Ecology, the following information will be submitted to support closure certification: 21 

 All field notes and photographs related to closure activities, including the results of the inspection of 22 
the building foundation, containment system, and associated outside concrete/asphalt pads for cracks 23 
and other openings. 24 

 Description of any minor deviations from the approved closure plan and justification for 25 
these deviations. 26 

 Documentation of the final disposition of all wastes and waste residues. 27 

 Laboratory and/or field data, including sampling procedures, sampling locations, QA/QC samples, 28 
and chain-of-custody procedures for samples and measurements, including samples and 29 
measurements taken to determine background conditions and/or determine or confirm clean closure. 30 

 Summary report that identifies and describes the data reviewed by the IQRPE and tabulates the 31 
analytical results of samples taken to determine and confirm clean closure. 32 

 Description of what the unit area looks like at completion of closure, including a description of what 33 
parts of the former unit, if any, will remain after closure. 34 

H-F3.13 Conditions That Will Be Achieved When Closure Is Complete 35 

Upon confirmation of clean closure levels through sampling and analysis, the 2336-W Building DWMUs 36 
will be clean closed. The 2336-W Building, its foundation, and associated outside areas will be removed, 37 
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so only bare soil will remain. A permit modification request will be submitted to remove the 1 
2336-W Building DWMUs from the Hanford Facility RCRA Permit (WA7890008967). 2 

H-F4 Closure Schedule and Time Frame 3 

In accordance with WAC 173-303-610(4)(b), closure activities for the 2336-W Building DWMUs will be 4 
completed in no more than 180 days (Table H-F8). Should unexpected circumstances arise and an 5 
extension to the 180 day closure activity period is deemed necessary, a permit modification will be 6 
submitted to Ecology for approval at least 30 days prior to expiration of the 180 day closure activity 7 
period in accordance with WAC 173-303-610(4)(c) and WAC 173-303-830, Appendix I, Section D.1.b. 8 
The extension request would also demonstrate that all steps to prevent threats to HHE, including 9 
compliance with all applicable permit requirements, have been and will continue to be taken. Closure 10 
certification will be submitted to Ecology, within 60 days following completion of closure activities at the 11 
2336-W Building, as outlined in Section H-F3.12 (Figure H-F3). 12 

H-F5 Closure Costs 13 

An annual report outlining updated projections of anticipated closure costs for Hanford Facility TSD units 14 
having final status is not required per Permit Condition II.H. The Hanford Facility is owned by DOE, and 15 
operated by DOE and its contractors; therefore, in accordance with (WAC 173-303-620(1)(c)), provisions 16 
of WAC 173-303-620, “Financial Requirements,” are not applicable to the Hanford Facility. 17 

Table H-F8. 2336-W Building Dangerous Waste Management Units Closure Activities 
Closure Activity Description 

Expected Duration Primary Activity Secondary Activity 

PRIOR TO CLOSURE 
Submit Notification to Ecology of 
Intent to Close the 2336-W Building 
DWMUs 

In accordance with WAC 173-303-610(3)(c)(i), at 
least 45 days prior to the date on which closure is 
expected to begin (i.e., no later than 15 days prior 
to receipt last known volume of final waste). 

-- 

Begin Closure of the 2336-W Building 
DWMUs 

In accordance with WAC 173-303-610(3)(c)(ii), 
within 30 days of receiving the last known 
volume of final waste. 

-- 

Closure Activities 

Remove All Waste 

Package and ship waste to an approved facility for 
treatment, storage, and/or disposal. 

In accordance with WAC 173-303-610(4)(a), 
within 90 days after the date on which each 
DWMU has received the last known volume of 
final waste, the owner/operator must treat, 
remove, or dispose of all wastes in accordance 
with the approved closure plan. Request extension 
if necessary. 

40 Days (Day 40) 

Records Review (Performed 
Concurrently with Waste Removal) 

Perform review of daily operating records, 
inspection records, and spill records. 

40 Days (Day 40) 

Perform Visual Inspection of Building 
Foundation, Containment System, 
Asphalt Pad, and Concrete Pad 

Inspect foundation and secondary containment 
areas for breaches in integrity. 5 Days (Day 45) 
Inspect structural integrity (visible aspects only). 
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Table H-F8. 2336-W Building Dangerous Waste Management Units Closure Activities 
Closure Activity Description 

Expected Duration Primary Activity Secondary Activity 

Identify focused sampling locations (as 
applicable). 

Removal of Building and 
Asphalt/Concrete Pads 

Disconnect electrical connections and utilities. 

100 Days (Day 145) Equipment mobilization. 

Demolition and removal of waste generated. 

Visual Inspection of Underlying Soil 

Identify areas of concern (waste related staining). 

5 Days (Day 150) Document visual inspection with photos, 
locations, and dimensions of staining. 

Sampling and Analysis of Underlying 
Soil (Following Demolition of 
Buildings, May Be Performed 
Concurrently with Waste 
Determination and Disposal of Debris) 

See Section H-F3.10 for details of sampling and 
analysis. 

30 Days (Day 180) 
Data validation and verification. 

If necessary, remove contaminated environmental 
media (soil), and resample and analyze to confirm 
that clean closure levels have been achieved. 

Final Closure of the 2336-W Building 
DWMUs 

In accordance with WAC 173-303-610(4)(b), 
within 180 days after the date on which the last 
known volume of final waste was received. 
Request extension if necessary. 

0 Days (Day 180) 

Closure Activities Complete 

Owner/Operators and IQRPE Submit 
Clean Closure Certification  

In accordance with WAC 173-303-610(6), within 
60 days of completion of closure of each DWMU; 
certification that the DWMU has been closed in 
accordance with the specifications in the 
approved closure plan (see Section H-F3.12 for 
more details on the clean closure certification). 

60 Days (Day 60) 

 1 
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Figure H-F3. 2336-W Building Closure Schedule Activities2 
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Attachment H-F.a 1 

2336-W Building Visual Sample Plan Supporting Documentation 2 
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 87

Number of selected sample areas b 4

Specified sampling area c 95764.75 ft2

Size of grid / Area of grid cell d 24.0281 feet / 500 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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(0,0) Southeast Corner 355'

256'

131'

48.5'

53'

40'

240'

50'

50'

10'

28'

60'

75' 75'

(-119.64003, 46.55770) Decimal Degrees

2336-W Building Shipping and Receiving

2336-W Building NDE/NDA 2336-W Building Process Area

2336-W Building Room 152

Area: 2336-W Building Shipping and Receiving

X Coord Y Coord Label Value Type Historical

26.6658 4.9380 S&R-1 Systematic  

86.4334 4.9380 S&R-2 Systematic  

146.2010 4.9380 S&R-3 Systematic  

205.9685 4.9380 S&R-4 Systematic  

265.7361 4.9380 S&R-5 Systematic  

325.5036 4.9380 S&R-6 Systematic  

56.5496 56.6982 S&R-7 Systematic  

116.3172 56.6982 S&R-8 Systematic  

176.0847 56.6982 S&R-9 Systematic  

235.8523 56.6982 S&R-10 Systematic  

295.6199 56.6982 S&R-11 Systematic  

355.3874 56.6982 S&R-12 Systematic  

26.6658 108.4584 S&R-13 Systematic  

86.4334 108.4584 S&R-14 Systematic  

146.2010 108.4584 S&R-15 Systematic  

205.9685 108.4584 S&R-16 Systematic  

265.7361 108.4584 S&R-17 Systematic  
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325.5036 108.4584 S&R-18 Systematic  

56.5496 160.2187 S&R-19 Systematic  

116.3172 160.2187 S&R-20 Systematic  

176.0847 160.2187 S&R-21 Systematic  

26.6658 211.9789 S&R-22 Systematic  

86.4334 211.9789 S&R-23 Systematic  

146.2010 211.9789 S&R-24 Systematic  

205.9685 211.9789 S&R-25 Systematic  

Area: 2336-W Building Room 152

X Coord Y Coord Label Value Type Historical

209.6482 157.6629 Systematic  

213.6689 157.6629 Systematic  

207.6379 161.1449 Systematic  

211.6585 161.1449 Systematic  

215.6792 161.1449 Systematic  

209.6482 164.6269 Systematic  

213.6689 164.6269 Systematic  

207.6379 168.1089 Systematic  

211.6585 168.1089 Systematic  

215.6792 168.1089 Systematic  

209.6482 171.5909 Systematic  

213.6689 171.5909 Systematic  

207.6379 175.0729 Systematic  

211.6585 175.0729 Systematic  

215.6792 175.0729 Systematic  

209.6482 178.5549 Systematic  

213.6689 178.5549 Systematic  

207.6379 182.0369 Systematic  

211.6585 182.0369 Systematic  

215.6792 182.0369 Systematic  

Area: 2336-W Building NDE/NDA

X Coord Y Coord Label Value Type Historical

131.7880 259.4704 N/N-1 Systematic  

154.7094 259.4704 N/N-2 Systematic  

177.6308 259.4704 N/N-3 Systematic  

200.5521 259.4704 N/N-4 Systematic  

143.2487 279.3209 N/N-5 Systematic  

166.1701 279.3209 N/N-6 Systematic  

189.0914 279.3209 N/N-7 Systematic  
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131.7880 299.1714 N/N-8 Systematic  

154.7094 299.1714 N/N-9 Systematic  

177.6308 299.1714 N/N-10 Systematic  

200.5521 299.1714 N/N-11 Systematic  

97.4060 319.0219 N/N-12 Systematic  

120.3274 319.0219 N/N-13 Systematic  

143.2487 319.0219 N/N-14 Systematic  

166.1701 319.0219 N/N-15 Systematic  

189.0914 319.0219 N/N-16 Systematic  

108.8667 338.8724 N/N-17 Systematic  

131.7880 338.8724 N/N-18 Systematic  

154.7094 338.8724 N/N-19 Systematic  

177.6308 338.8724 N/N-20 Systematic  

200.5521 338.8724 N/N-21 Systematic  

Area: 2336-W Building Process Area

X Coord Y Coord Label Value Type Historical

226.3740 267.3303 PA-1 Systematic  

250.4021 267.3303 PA-2 Systematic  

274.4302 267.3303 PA-3 Systematic  

214.3599 288.1393 PA-4 Systematic  

238.3881 288.1393 PA-5 Systematic  

262.4162 288.1393 PA-6 Systematic  

226.3740 308.9482 PA-7 Systematic  

250.4021 308.9482 PA-8 Systematic  

274.4302 308.9482 PA-9 Systematic  

298.4583 308.9482 PA-10 Systematic  

322.4865 308.9482 PA-11 Systematic  

214.3599 329.7572 PA-12 Systematic  

238.3881 329.7572 PA-13 Systematic  

262.4162 329.7572 PA-14 Systematic  

286.4443 329.7572 PA-15 Systematic  

310.4724 329.7572 PA-16 Systematic  

226.3740 350.5661 PA-17 Systematic  

250.4021 350.5661 PA-18 Systematic  

274.4302 350.5661 PA-19 Systematic  

298.4583 350.5661 PA-20 Systematic  

322.4865 350.5661 PA-21 Systematic  

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
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The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where

F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
MARSSIM (EPA 2000, p. 5-33).

The values of these inputs that result in the calculated number of sampling locations are:

Analyte na Parameter

S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.
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The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and
4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
gridded sample locations were selected based on a random start.

Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90 b=15 1103 280 825 209 659 167
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b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15

s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 87 Samples

Field collection costs $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs $0.00 $0.00

Fixed planning and validation costs $0.00

Total cost $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.

This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.

This design was last modified 11/16/2015 2:15:00 PM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.
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H-G1 Introduction 1 

This appendix discusses closure activities for the Central Waste Complex (CWC)-Waste Receiving and 2 
Processing Facility (WRAP) Operating Unit Group (OUG) High Energy Real Time Radiography 3 
(HERTR) and Super High Energy Neutron Counter (HENC) Waste Outdoor Storage Area dangerous 4 
waste management unit (DWMU). This DWMU is located north of the CWC-WRAP 2404-W Series 5 
buildings (Figure H-G1). The closure will be performed in accordance with the schedule provided in 6 
Section H-G4.  7 

Please note, the terms “mixed waste” and/or “waste” when seen in this document refer to dangerous waste 8 
or hazardous waste, as applicable. 9 

This plan describes in detail the closure activities necessary to establish clean closure levels for the 10 
HERTR and Super HENC Waste Outdoor Storage Area DWMU. Such closure activities include: removal 11 
of all waste, records review (i.e., container storage, operating, and inspection records) for documented 12 
spills or releases of waste, visual inspection of the asphalt and concrete pads after waste removal to 13 
evaluate the likelihood of potential contamination of the underlying soil, demolition of the HERTR and 14 
Super HENC Waste Outdoor Storage Area DWMU asphalt and concrete pads, visual inspection of the 15 
underlying soil, and soil sampling and analysis to confirm that clean closure standards have been 16 
achieved.  17 

Closure of the HERTR and Super HENC Waste Outdoor Storage Area DWMU will be performed in 18 
accordance with the closure schedule provided in Section H-G4. Within 60 days upon completion of 19 
closure activities, the Permittees’ shall provide the Washington State Department of Ecology (Ecology) a 20 
certification of closure in accordance with WAC 173-303-610(6), “Dangerous Waste Regulations,” 21 
“Closure and Post-Closure.” The closure certification will provide supportive evidence that the HERTR 22 
and Super HENC Waste Outdoor Storage Area DWMU has met the established clean closure standards. 23 

This closure plan complies with WAC 173-303-610(2) through (6). Amendments to this closure plan will 24 
be submitted as a permit modification in accordance with WAC 173-303-610(3)(b). 25 

H-G1.1 Unit Description 26 

The HERTR and Super HENC Waste Outdoor Storage Area is an irregular shaped area approximately 27 
18.8 m (61.7 ft) wide at the widest point by 41.1 m (135 ft) long at the longest point and consists of an 28 
outside storage pad servicing the HERTR and Super HENC. The pad consists of a concrete section, 29 
adjacent to the Super HENC, and asphalt leading up to the HERTR and the concrete pad section. This 30 
area provides temporary storage while staging containers that will be ran through the HERTR and Super 31 
HENC. 32 

This area does not have built-in engineered containment, nor are the surfaces sealed. Mixed waste 33 
containers meeting the criteria specified in WAC 173-303-630(7)(c) are stored on standard pallets to 34 
ensure elevation off of the surface. Waste packages not meeting the criteria specified in 35 
WAC 173-303-630(7)(c) (e.g., waste package containing free liquids) are placed on portable spill 36 
containment equipment, such as spill pallets and portable berms, meeting the criteria specified in 37 
WAC 173-303-630(7)(a) and (b).   38 

H-G1.1.1 Maximum Waste Inventory 39 

The maximum storage capacity of the HERTR and Super HENC Waste Outdoor Storage Area is 40 
approximately 198 m3 (198,000 L). 41 



DOE/RL-2015-74, REVISION 0 
DECEMBER 2015 

H-G-2 

1 

Figure H-G1. HERTR and Super HENC Waste Outdoor Storage Area (Aerial View 2012) 2 

H-G2 Closure Performance Standard 3 

Closure performance standards for the HERTR and Super HENC Waste Outdoor Storage Area will be 4 
based on WAC 173-303-610(2), which requires closure of the facility in a manner that accomplishes the 5 
following objectives: 6 

Minimize the need for further maintenance. 7 

Control, minimize, or eliminate, to the extent necessary, to protect human health and the environment, 8 
post-closure escape of waste, dangerous constituents, leachate, contaminated runoff, or waste 9 
decomposition products to the ground, surface water, groundwater, or atmosphere. 10 

Return the land to the appearance and use of surrounding land areas to the degree possible given the 11 
nature of the previous waste activity. 12 

These performance standards are addressed in Sections H-G2.1 and H-G3.9 of this closure plan and are 13 
furthermore identified in Table H-G4. 14 

North
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H-G2.1 Clean Closure Levels 1 

The HERTR and Super HENC Waste Outdoor Storage Area will be clean closed. After removal of all 2 
waste, the asphalt and concrete pads will be removed (Section H-G3.7) and managed as newly generated 3 
waste debris. Once the asphalt and concrete is removed, the underlying soil will be sampled to 4 
demonstrate compliance with clean closure standards.  5 

The soil underlying the asphalt and concrete will be sampled and must meet clean closure levels. In 6 
accordance with WAC 173-303-610(2)(b)(i), the clean closure levels to be demonstrated are the numeric 7 
cleanup levels for soil calculated using unrestricted use exposure assumptions according to 8 
WAC 173-340, “Model Toxics Control Act—Cleanup,” hereinafter called MTCA, regulations 9 
(WAC 173-340-700, “Overview of Cleanup Standards,” through WAC 173-340-760, “Sediment Cleanup 10 
Standards,” excluding WAC 173-340-745, “Soil Cleanup Standards for Industrial Properties”). These 11 
numeric cleanup levels have been calculated according to the requirements of WAC 173-303-12 
610(2)(b)(i), using the MTCA (WAC 173-340) Method B closure performance standard for soil. These 13 
cleanup levels consider carcinogens, noncarcinogens, groundwater protection, and ecological indicator 14 
values. Table H-G4 provides the MTCA (WAC 173-340) Method B closure performance standards for 15 
unrestricted use exposure assumptions for soil for each individual target analyte (Table H-G1). 16 

A null hypothesis is generally assumed to be true until evidence indicates otherwise. The null hypothesis, 17 
as defined in WAC 173-340-200, “Definitions,” for the HERTR and Super HENC Waste Outdoor 18 
Storage Area is that the soil underneath the asphalt and concrete pads is assumed to be above MTCA 19 
(WAC 173-340) Method B cleanup levels. Therefore, the site is presumed to be contaminated. Rejection 20 
of the null hypothesis means sampling and analysis results of the site indicated that the soil contains 21 
contamination below the MTCA (WAC 173-340) Method B cleanup levels. Sampling and analysis will 22 
be used to determine whether the null hypothesis can be rejected, thereby confirming that the soil beneath 23 
the asphalt and concrete pads meets closure performance standards (MTCA [WAC 173-340] Method B). 24 

Should sampling and analysis provide a basis that the null hypothesis can be accepted, such an event will 25 
be considered an unexpected event during closure, and the soil would then be identified as a newly 26 
generated waste stream and managed in accordance with Section H-G3.8. 27 

H-G3 Closure Activities 28 

The HERTR and Super HENC Waste Outdoor Storage Area will be clean closed under Resource 29 
Conservation and Recovery Act of 1976 (RCRA) and confirmation sampling will be performed to verify 30 
that closure performance standards (Table H-G4) are met. As a waste storage unit, clean closure 31 
determinations for the HERTR and Super HENC Waste Outdoor Storage Area will be based on 32 
successfully completing the closure activities in this section. Sampling and analysis activities were 33 
developed utilizing the EPA/240/R-02/005, Guidance on Choosing a Sampling Design for Environmental 34 
Data Collection [EPA QA/G-5S], and Ecology Publication #94-111, Guidance for Clean Closure of 35 
Dangerous Waste Units and Facilities, and will be conducted via a sampling and analysis plan (SAP) 36 
(Section H-G3.10). The objective of the sampling described in this document is to determine if the 37 
MTCA (WAC 173-340) Method B closure performance standards were met, demonstrating clean closure 38 
of the HERTR and Super HENC Waste Outdoor Storage Area. 39 

The following closure activities are required to achieve and verify clean closure: 40 

 Remove all waste.41 
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 Review waste container storage, operating, and inspection records for documented spills or1 
releases of waste.2 

 Perform visual inspections of the asphalt and concrete pads for cracks, holes, or other types of3 
breaches significant enough to reach underlying soil for purposed of focused sampling.4 

 Demolition of the asphalt and concrete pads.5 

 Perform visual inspection on underlying soil to identify any staining for purposes of focused6 
sampling.7 

 Perform soil sampling and analysis to confirm that clean closure standards are met.8 

 If contamination is detected during initial sampling efforts, remove, treat (if necessary), and9 
dispose of contaminated environmental media (soil), as necessary.10 

 Resample, as necessary, to confirm that MTCA (WAC 173-340) Method B clean closure levels11 
have been met.12 

 Transmit closure certification to Ecology.13 

H-G3.1 Health and Safety Requirements 14 

Closure will be performed in a manner that will ensure safety of personnel and the surrounding 15 
environment. Qualified personnel will perform any necessary closure activities in compliance with 16 
established safety and environmental procedures. Personnel will be equipped with appropriate personal 17 
protective equipment (PPE). Qualified personnel will be trained in applicable safety and environmental 18 
procedures in accordance with Addendum G, “Personnel Training,” and will have appropriate training 19 
and experience in sampling activities. Field operations will be performed in accordance with applicable 20 
health and safety requirements. 21 

The Permittees have instituted training or qualification programs to meet training requirements imposed 22 
by regulations, U.S. Department of Energy (DOE) orders, and national standards such as those published 23 
by the American National Standards Institute/American Society of Mechanical Engineers. For example, the 24 
environmental, safety, and health training program provides workers with the knowledge and skills 25 
necessary to execute assigned duties safely. Attachment 5 of the Hanford Facility RCRA Permit, 26 
(WA7890008967, Hanford Facility Resource Conservation and Recovery Act Permit) describes specific 27 
requirements for the Hanford Facility Personnel Training program. The Permittees will comply with the 28 
CWC-WRAP training matrix detailed in Addendum G, which provides training requirements for Hanford 29 
Facility personnel associated with the HERTR and Super HENC Waste Outdoor Storage Area.  30 

Project-specific safety training addressed explicitly to the project and the day’s activity will be provided, 31 
including the following:  32 

 Training to provide the knowledge and skills that sampling personnel need to perform work safely 33 
and in accordance with quality assurance (QA) requirements. 34 

 Samplers are required to be qualified in the type of sampling being performed in the field. 35 

Pre-job briefings will be performed to evaluate activities and associated hazards by considering many of 36 
the following factors: 37 

 Objective of the activities 38 

 Individual tasks to be performed 39 
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 Hazards associated with the planned tasks 1 

 Environment in which the job will be performed 2 

 Facility where the job will be performed 3 

 Equipment and material required 4 

 Safety protocols applicable to the job 5 

 Training requirements for individuals assigned to perform the work 6 

 Level of management control 7 

 Emergency contacts. 8 

Training records are maintained for each employee in an electronic database. The Permittees training 9 
organization maintains the training records system.  10 

H-G3.2 Removal of Wastes and Waste Residues 11 

All waste will be removed from the HERTR and Super HENC Waste Outdoor Storage Area and managed 12 
in accordance with WAC 173-303 and CWC-WRAP waste management practices. The waste will be 13 
designated (if necessary) and shipped to an approved facility for treatment, storage, and/or disposal 14 
(TSD).  15 

Waste containers meeting the U.S. Department of Transportation (DOT) requirements will be packaged 16 
and shipped in accordance with 49 Code of Federal Regulations (CFR), “Transportation,” criteria. Waste 17 
packaged in non-DOT regulation (large or irregular shaped) containers will be shipped in accordance with 18 
DOE/RL-2001-36, Hanford Sitewide Transportation Safety Document. Waste shipments primarily occur 19 
utilizing highway transportation but may also include shipping my air or rail. 20 

Waste will be treated (if necessary) to meet the land disposal restriction (LDR) treatment standards 21 
specified in WAC 173-303-140, “Land Disposal Restrictions,” which includes by reference 40 CFR 268, 22 
“Land Disposal Restrictions,” then ultimately disposed of in an appropriate waste disposal facility. 23 

While waste residues are not anticipated, they will be managed in accordance with all applicable 24 
requirements of WAC 173-303-170, “Requirements for Generators of Dangerous Waste,” through 173-25 
303-230, “Special Conditions.” Waste subject to the LDR requirements of WAC 173-303-140, which 26 
includes by reference 40 CFR 268, will be characterized, designated, stored, and/or treated, as applicable, 27 
prior to disposal in an approved waste disposal facility. 28 

H-G3.3 Unit Components, Parts, and Ancillary Equipment 29 

The HERTR and Super HENC Waste Outdoor Storage Area consists of asphalt and concrete pads and 30 
does not contain engineered secondary containment, components, parts, or ancillary equipment.  31 

H-G3.4 Inspection of Units Before Decontamination 32 

Although decontamination of the asphalt and concrete pads is not planned, following the removal of all 33 
waste and waste residues, a visual inspection will be performed to determine the presence of cracks, 34 
holes, or other breaches in the pads sufficient to reach the underlying soil. These cracks, holes, or other 35 
breaches will be documented to determine focused sampling of the underlying soil during confirmation 36 
sampling is necessary.  37 

During the closure period, to prevent threats to HHE, the HERTR and Super HENC Waste Outdoor 38 
Storage Area will be inspected in accordance with WAC 173-303-320(2), “General Inspection.” 39 
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Inspections of the DWMU area will be performed annually, until the clean closure certification is 1 
accepted by Ecology, and will verify the following: 2 

 Posted warning signs at each entrance to the OUG are present, legible, and visible at 7.6 m (25 ft). 3 

 No evidence of unusual conditions exists at the closing DWMU site. 4 

H-G3.5 Decontamination 5 

Decontamination of the HERTR and Super HENC Waste Outdoor Storage Area is not planned. 6 

H-G3.6 Demolition of the HERTR and Super HENC Waste Outdoor Storage Area 7 

Once all waste has been removed from the HERTR and Super HENC Waste Outdoor Storage Area 8 
DWMU and visual inspections are completed, demolition activities can be initiated. Demolition of the 9 
asphalt and concrete pads will include the following primary activities: 10 

 Location of utilities 11 

 Mobilization of equipment 12 

 Demolition and removal of the HERTR and Super HENC Waste Outdoor Storage Area 13 

H-G3.6.1 Location of Utilities 14 

Prior to demolition, any in-use utilities will be located to ensure no disruptions to the surrounding 15 
activities. The fire water line may supply water to other CWC-WRAP DWMUs. The fire hydrants may 16 
also be used to supply water for dust control during rubblization of the containment system.  17 

H-G3.6.2 Equipment Mobilization 18 

Resources, equipment, and materials necessary to perform demolition will be staged in designated 19 
laydown areas. 20 

H-G3.6.3 Removal and Disposal of the Asphalt and Concrete Pads 21 

Demolition of the asphalt and concrete pads will primarily be accomplished utilizing large equipment to 22 
rubblize the asphalt and concrete. Large equipment, such as an excavator with a hoe-ram, front loader, or 23 
backhoe, will be used to perform the rubblizing. Water may be used to control dust generated from 24 
demolition activities. The amount of water used will be minimized to prevent ponding and runoff. 25 
Additional storm water run-on and runoff controls may be implemented, as needed. Disposal will occur at 26 
an approved disposal facility. 27 

Crusting agents or fixatives will be applied to any disturbed portion of the demolition area and excavation 28 
site when deemed necessary. For example, if wind should arise, fixative will be applied to prevent the 29 
spread of dust particulates from the work site. 30 

H-G3.7 Identifying and Managing Waste Generated from Closure Activities 31 

Closure activities for the HERTR and Super HENC Waste Outdoor Storage Area will result in the 32 
generation debris from demolition and possibly of contaminated environmental media (soil) requiring 33 
management and disposal. Waste generated during closure activities will be managed as a newly 34 
generated waste stream in accordance with WAC 173-303-610(5). Waste generated during the closure 35 
period must be properly disposed. The newly generated waste must be handled in accordance with all 36 
applicable requirements of WAC 173-303-170 through 173-303-230.  37 
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Management and disposal of waste generated during closure will be documented and included with the 1 
clean closure documentation included in Section H-G3.12. 2 

H-G3.7.1 Debris from Demolition  3 

Debris from demolition generated during closure will be packaged onsite at CWC-WRAP and transported 4 
to an approved disposal facility. Debris includes, but is not limited to, the following types of wastes 5 
resulting from the demolition of the asphalt and concrete pads: 6 

 Equipment and construction materials.  7 

 Asphalt, concrete, and associated rubblized debris 8 

 Miscellaneous waste (e.g., rubber, glass, paper, PPE, cloth, plastic, metal) 9 

Preferred management of the debris resulting from demolition of the asphalt and concrete pads is in a 10 
bulk form. Bulk waste will be placed into bulk containers such as rolloff boxes to transport for disposal. 11 
These bulk containers will be stored in a suitable area in proximity to the DWMU area or may be 12 
accumulated for up to 90 days in another suitable location. Bulk containers of waste will be covered when 13 
waste is not being added or removed. Lightweight material (e.g., plastic and paper) will be bagged, if 14 
appropriate, prior to placement in the bulk container to eliminate the potential for materials blowing out 15 
of the bulk container or truck. 16 

Debris will be containerized, labeled, and sampled (if necessary) for waste characterization. Waste subject 17 
to LDR requirements of WAC 173-303-140, which includes by reference 40 CFR 268, will be 18 
characterized, designated, stored, and/or treated, as applicable, prior to disposal in an approved disposal 19 
facility. 20 

H-G3.8 Identifying and Managing Contaminated Environmental Media 21 

If contaminated environmental media (soil) is identified as a result of clean closure verification sampling 22 
activities (i.e., samples indicate contamination above clean closure standards), the nature and extent of 23 
contamination will be evaluated. Soil surrounding the node location which identified contamination above 24 
clean closure levels will be removed up to the diameter distance to the adjacent node locations and 25 
approximately 1 m (3 ft) below the surface. Contaminated soil will be removed using equipment capable 26 
of removing the quantity of material required to complete removal and clean close the DWMU. Following 27 
removal of contaminated soil, additional confirmatory sampling will be conducted in the location of the 28 
original node. This process will continue until analytical results of confirmatory soil samples prove that 29 
clean closure levels have been achieved. 30 

Contaminated soil will be managed as a newly generated waste stream in accordance with WAC 173 303-31 
610(5). Contaminated soil must be handled in accordance with all applicable requirements of WAC 173-32 
303-170 through 173-303-230. The contaminated soil will be containerized, labeled, sampled (if 33 
necessary) for waste characterization. Waste subject to LDR requirements of WAC 173-303-140, which 34 
includes by reference 40 CFR 268, will be characterized, designated, stored, and/or treated, as applicable, 35 
prior to disposal in an approved disposal facility. 36 

Management and disposal of the contaminated environmental media will be documented and included 37 
with the clean closure documentation included in Section H-G3.12. 38 

H-G3.9 Confirming Clean Closure 39 

The HERTR and Super HENC Waste Outdoor Storage Area will be clean closed. Demonstration of clean 40 
closure standards will be accomplished through the sampling and analysis performed in accordance with 41 
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the SAP (Section H-G3.10) The SAP consists of random grid sampling with judgmental sampling on 1 
areas identified as a potential area of concern during the visual inspections (i.e., areas where cracks or 2 
other openings in the containment system may have allowed a release of waste to the underlying soil). 3 

Confirmation sampling will be conducted in accordance with the SAP detailed in Section H-G3.10 to 4 
confirm that soil unrestricted use cleanup standards (MTCA [WAC 173-340] Method B) have been 5 
achieved. If sample results indicate contamination above clean closure levels, soil will be removed and 6 
managed in accordance with Section H-G3.8. Once analytical results confirm clean closure levels of the 7 
target analytes, a clean closure certification will be prepared in accordance with Section H-G3.12. 8 

H-G3.10 Sampling and Analysis and Constituents to Be Analyzed 9 

The SAP summarizes the sampling design used and associated assumptions based on the knowledge of 10 
the HERTR and Super HENC Waste Outdoor Storage Area. The sampling design includes input 11 
parameters used to determine the number and location of samples. 12 

H-G3.10.1 Sampling and Analysis Plan 13 

Sampling and analysis of the soil beneath the HERTR and Super HENC Waste Outdoor Storage Area 14 
asphalt and concrete pads will be conducted to confirm that clean closure levels have been achieved. All 15 
sampling and analysis will be performed in accordance with the sampling and quality standards 16 
established in this closure SAP. The closure SAP details sampling and analysis procedures in accordance 17 
with SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; 18 
Final Update V; ASTM International, formerly the American Society for Testing and Materials (ASTM), 19 
Annual Book of ASTM Standards; and applicable U.S. Environmental Protection Agency (EPA) guidance. 20 
Sampling and analysis activities will meet applicable requirements of SW-846, ASTM standards, EPA-21 
approved methods, and DOE/RL-96-68, Hanford Analytical Services Quality Assurance Requirements 22 
Document (HASQARD), at the time of closure. This SAP was also developed using Ecology Publication 23 
#94-111, Section 7.0, “Sampling and Analysis for Clean Closure,” and EPA/240/R-02/005 (EPA QA/G-24 
5S). 25 

H-G3.10.2 Target Analytes 26 

The HERTR and Super HENC Waste Outdoor Storage Area is an active portion of the CWC-WRAP 27 
OUG; therefore, target analytes at closure may include any or all analytes based on the waste codes 28 
permitted in the CWC-WRAP Hanford Facility RCRA Permit Part A (Attachment B, Section 29 
XIV-Description of Dangerous Wastes). A waste management report identifying waste codes historically 30 
managed at HERTR and Super HENC Waste Outdoor Storage Area was run to identify the existing target 31 
analytes. Table H-G1 details the waste codes identified for the waste containers and the target analytes 32 
associated with those waste codes. Additional target analytes may be identified upon review of the waste 33 
tracking records for the DWMU upon receipt of the final waste. A permit modification updating the SAP 34 
with specific target analytes will be submitted, if necessary, in accordance with WAC 173-303-610(3)(b), 35 
45 days prior to the DWMU closure.  36 

Table H-G1. Target Analyte List 
Target Analyte 
(Waste Code) 

CAS Number 
Target Analyte (Waste 

Code) 
CAS Number 

Arsenic (D004) 7440-38-2 Barium (D005) 7440-39-3 

Cadmium (D006) 7440-43-9 
Chromium (Hexavalent) 
(D007)  

18540-29-9 

Lead (D008)  7439-92-1 Mercury (D009) 7439-97-6 
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Table H-G1. Target Analyte List 
Target Analyte 
(Waste Code) 

CAS Number 
Target Analyte (Waste 

Code) 
CAS Number 

Selenium (D010) 7782-49-2 Silver (D011)  7440-22-4 

Benzene (D018) (F005) 71-43-2 
Carbon Tetrachloride 
(D019)(F001) (F002) 

56-23-5 

Chloroform (D022) 67-66-3 
1,4-Dichlorobenzene 
(D027) 

106-46-7 

1,2-Dichloroethane 
(D028) 

107-06-2 
1,1-Dichloroethylene 
(D029) 

75-35-4 

2,4-Dinitrotoluene (D030) 121-14-2 
Hexachlorobenzene 
(D032) 

118-74-1 

Hexachlorobutadiene 
(D033) 

87-68-3 Hexachloroethane (D034) 67-72-1

Methyl Ethyl Ketone 
(D035) (F005)  

78-93-3 
Nitrobenzene 
(D036)(F004) 

98-95-3 

Pentachlorophenol (D037) 87-86-5 Pyridine (D038)(F005) 110-86-1 

Tetrachloroethylene 
(D039)(F001)(F002) 

127-18-4 
Trichloroethylene (D040) 
(F001) (F002) 

79-01-6 

Vinyl Chloride (D043) 75-01-4 
Methylene Chloride 
(F001) (F002)  

75-09-2 

1,1,1-Trichloroethane 
(F001) (F002) 

71-55-6 
Chlorinated 
Fluorocarbons (CFCs)a 
(F001) (F002) 

N/A 

1,1,2-Trichloro-1,2,2-
Trifluoroethane (CFC-
133)a (F002) 

76-13-1 
Ortho-Dichlorobenzene 
(F002) 

95-50-1 

Trichlorofluoromethane  
(CFC-11)a (F002) 

75-69-4 
1,1,2-Trichloroethane 
(F002) 

79-00-5 

Xylenes (F003) 1330-20-7 Acetone (F003)  67-64-1 

Ethyl Acetate (F003) 141-78-6 Ethyl Benzene (F003) 100-41-4 

Ethyl Ether (F003) 60-29-7 
Methyl Isobutyl Ketone 
(F003) 

108-10-1 

N-Butyl Alcohol (F003) 71-36-3 Cyclohexanone (F003) 108-94-1 

Methanol (F003) 67-56-1 Toluene (F005) 108-88-3 

Carbon Disulfide (F005) 75-15-0 Isobutanol (F005) 78-83-1 

2-Ethoxyethanolc (F005) 110-80-5 2-Nitropropane b (F005) 79-46-9 

a. A CFC is an organic compound that contains only carbon, chlorine, and fluorine, produced as a volatile derivative of
methane, ethane, and propane. Examples of CFCs include 1,1,2-trichloro-1,2,2-trifluoroethane (CFC-133) and 
trifluoromethane (CFC-11). 

b. The closure performance standard for 2-nitropropane was removed in the May 2014 CLARC (EPA, 2014) table updates.
This analyte will not be analyzed for due to the unavailability of a closure performance standard. 

c. Due to the extremely short half-life of 2-ethoxyethanol (between 168 hours and 672 hours), its presence in soil samples is
highly unlikely; therefore, samples will not be analyzed for 2-ethoxyethanol. 

CAS = Chemical Abstracts Service 

1 
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H-G3.10.3 SAP Schedule 1 

Confirmation closure sampling and analysis will be performed in accordance with the closure plan 2 
schedule in Section H-G4. 3 

H-G3.10.4 Project Management 4 

The following subsections address project management and ensure the project has defined goals, 5 
participants understand the goals and approaches used, and planned outputs are appropriately 6 
documented. Project management roles and responsibilities discussed in this section apply to the major 7 
activities covered under the SAP. 8 

3.10.4.1 Project/Task Organization 9 

The Permittee is responsible for planning, coordinating, sampling, preparing, packaging, and shipping 10 
samples to the laboratory. The project organization (regarding sampling and characterization) is described 11 
in the following subsections and shown graphically in Figure H-G2. 12 

13 

Figure H-G2. HERTR and Super HENC Waste Outdoor Storage Area Sampling and Analysis Plan Project 14 
Organization 15 
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The project has several key positions, including the following: 1 

 Lead Regulatory Agency Project Manager: Ecology has assigned project managers responsible for 2 
oversight of the HERTR and Super HENC Waste Outdoor Storage Area DWMU closure. 3 

 Project Manager and Technical Lead: The Project Manager provides oversight of closure activities 4 
and coordinates with the DOE Richland Operations Office (DOE-RL), EPA, Ecology, and contract 5 
management. The Project Manager (or designee) for the HERTR and Super HENC Waste Outdoor 6 
Storage Area DWMU closure sampling is responsible for direct management of sampling documents 7 
and requirements, field activities, and subcontracted tasks. The Project Manager is responsible for 8 
ensuring that project personnel are working to the current version of the SAP. The Project Manager 9 
works closely with Health and Safety and the Field Work Supervisor (FWS) to integrate these and 10 
other lead disciplines in planning and implementing the work scope. The Project Manager also 11 
coordinates with DOE-RL and the primary contractor management on all sampling activities. The 12 
Project Manager supports DOE-RL in coordinating sampling activities with the regulators. 13 

 Environmental Compliance Officer: The Environmental Compliance Officer provides technical 14 
oversight, direction, and acceptance of project and subcontracted environmental work, and develops 15 
appropriate mitigation measures with a goal of minimizing adverse environmental impacts. 16 

Health and Safety: The Health and Safety organization is responsible for coordinating industrial safety 17 
and health support within the project, as carried out through health and safety plans, job hazard analyses, 18 
and other pertinent safety documents required by federal regulation or by internal primary contractor 19 
work requirements. 20 

Waste Management Lead: The Waste Management organization communicates policies and protocols, 21 
and ensures project compliance for storage, transportation, disposal, and waste tracking. 22 

Field Work Supervisor: The FWS is responsible for planning and coordinating field sampling resources. 23 
The FWS ensures that samplers are appropriately trained and available. Additional related responsibilities 24 
include ensuring that the sampling design is understood and can be performed as specified. 25 

Sample Management and Reporting: The Permittee’s sampling organization coordinates field sampling 26 
as well as laboratory analytical work, ensuring that laboratories conform to Hanford Facility internal 27 
laboratory QA requirements (or their equivalent), as approved by DOE-RL, EPA, and Ecology. The 28 
sampling organization receives the analytical data from the laboratories, performs data entry into the 29 
Hanford Environmental Information System (HEIS) database, and arranges for data validation. The 30 
sampling organization is responsible for informing the Project Manager of any issues reported by the 31 
analytical laboratory. 32 

Contract Laboratories: The contract laboratories analyze samples in accordance with established 33 
procedures and provide necessary sample reports and explanation of results in support of data validation. 34 

H-G3.10.5 Sampling Design 35 

The primary purpose of sampling the underlying soil is to determine if analytical data values exceed the 36 
MTCA (WAC 173-340) Method B clean closure performance standards (Table H-G4).  37 

This SAP utilized Ecology Publication #94-111, Section 7.0, to determine the type of sampling design 38 
that will be utilized to demonstrate clean closure. When designing the sampling plan, both focused and 39 
area wide (grid) sampling methods were considered. Ecology Publication #94-111 (Section 7.2.1) 40 
identifies that area wide sampling is appropriate when the spatial distribution of contamination at or from 41 
the closure unit is uncertain. Ecology Publication #94-111, Section 7.3, “Sampling to Determine or 42 
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Confirm Clean Closure,” identifies the area wide sampling approach as generally appropriate for 1 
sampling to determine or confirm that clean closure levels are achieved.  2 

Area Wide (Grid) Sampling: Samples are collected at regularly spaced intervals over space or time. An 3 
initial location or time is chosen at random, and the remaining sampling locations are defined so that 4 
locations are at regular intervals over an area (grid). Grid sampling is used to search for hot spots and 5 
infer means, percentiles, or other parameters. It is useful for estimating spatial patterns or trends over 6 
time. This design provides a practical method for designating sample locations and ensures uniform 7 
coverage of a site, unit, or process.  8 

Focused sampling, as identified in Section 7.2.2 of Ecology Publication #94-111, is selective sampling of 9 
areas where contamination is expected or releases have been documented. After completion of the records 10 
review and visual inspection of the asphalt and concrete pads, a determination will be made to identify if 11 
focused sampling is appropriate. The location of focused samples, if any, will be identified and recorded 12 
as required in Section H-G3.12. Area wide grid sampling and focused sampling are further defined in the 13 
following paragraphs. 14 

Judgmental (Focused) Sampling: Selection of sampling units (i.e., the number and location and/or 15 
timing of collecting samples) is based on knowledge of the feature or condition under investigation and 16 
on professional judgment. Focused sampling is distinguished from probability-based sampling in that 17 
inferences are based on professional judgment, not statistical scientific theory. Therefore, conclusions 18 
about the target population are limited and depend entirely on the validity and accuracy of professional 19 
judgment. Probabilistic statements about parameters are not possible. 20 

The number and location of area wide samples were determined utilizing the Visual Sample Plan (VSP) 21 
software. VSP is a tool used throughout Washington State and nationally that statistically determines the 22 
quantity of samples required to accept or reject the null hypothesis based on input parameters specific to 23 
the DWMU. 24 

Both parametric and nonparametric equations rely on assumptions about the data population. Typically, 25 
however, nonparametric equations require fewer assumptions and allow for more uncertainty about the 26 
distribution of data. Alternatively, if parametric assumptions are valid, the required number of samples is 27 
usually less than if a nonparametric equation was used. For the HERTR and Super HENC Waste Outdoor 28 
Storage Area, data assumptions were largely based on information obtained from a grouping of similar 29 
waste sites with the same type of constituents. Parameters from the 200-MG-1 waste sites were approved 30 
by Ecology in the SAP (DOE/RL-2009-60, Sampling and Analysis Plan for Selected 200-MG-1 Operable 31 
Unit Waste Sites), evaluated, deemed appropriate, and utilized for the input parameters. VSP parameter 32 
inputs and the basis for those inputs are detailed in Table H-G2. 33 

The decision rule for demonstrating compliance with the MTCA (WAC 173-340) Method B clean closure 34 
level has three parts: 35 

 The 95 percent upper confidence limit on the true data mean must be less than the MTCA 36 
(WAC 173-340) Method B clean closure level. 37 

 No sample concentration can be more than twice the cleanup level. 38 

Less than 10 percent of the samples can exceed the cleanup level. 39 

Using a nonparametric test and the input parameters identified in Table H-G2, VSP calculated that a 40 
minimum of 22 samples is required to reject the null hypotheses with 95 percent confidence and ensure 41 
that the DWMU would not be mistakenly released as clean. For the purpose of utilizing VSP software, the 42 
null hypothesis is to compare a site mean to a fixed threshold. Data will be evaluated to ensure that less 43 
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than 10 percent of the individual values exceed MTCA (WAC 173-340) Method B clean closure 1 
performance standards and that no values are more than twice the cleanup level.  2 
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Table H-G2. Visual Sample Plan Parameter Inputs 

Parameter Value Basis 

Primary Objective of the Sampling 
Design 

Compare a site mean or median 
to a fixed threshold 

Reject the null hypothesis. 

Type of Sampling Design Nonparametric Data are not assumed to be normally distributed. 

Working Null Hypothesis The mean value at the site 
exceeds the threshold (WAC 
173-340 “Model Toxics Control 
Act—Cleanup,” Method B 
closure performance standards) 

The null hypothesis assumes that the site is dirty requiring the sampling and 
analysis to demonstrate through statistical analysis that the site is clean. 

Area Wide Grid Sampling Pattern Triangular  A triangular pattern provided an even distribution of sample locations over the 
HERTR and Super HENC Waste Outdoor Storage Area waste management unit. 

Standard Deviation (S) 0.45 This is the assumed standard deviation value relative to a unit action level for the 
sampling area. The value of 0.45 is conservative, based on consideration of past 
verification sampling. MARSSIM suggests 0.30 as a starting point; however, 0.45 
has been selected to be more conservative. (Number of samples calculated increases 
with higher standard deviation values relative to a unit action level.) 

Delta (Δ) 0.40 This is the width of the gray region. It is a user-defined value relative to a unit 
action level. The value of 0.40 balances unnecessary remediation cost with 
sampling cost. 

Alpha (α) 5% This is the acceptable error of deciding a dirty site is clean when the true mean is 
equal to the action level. It is a maximum error rate since dirty sites with a true 
mean above the action level will be easier to detect. A value of 5% was chosen as a 
practical balance between health risks and sampling cost. 

Beta (β) 20% This is the acceptable error of deciding a clean site is dirty when the true mean is at 
the lower bound of the gray region. A value of 20% was chosen during the data 
quality objectives process as a practical balance between unnecessary remediation 
cost and sampling cost. 

MARSSIM sampling overage 20% MARSSIM suggests that the number of samples should be increased by at least 
20% to account for missing or unusable data and uncertainty in the calculated value 
of n. 

Reference: EPA 402-R-97-016, Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM). 

1 
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Sample locations were determined using the area wide grid with a random start sampling method run in 1 
VSP. Statistical analysis of systematically collected data is valid if a random start to the grid is used. The 2 
HERTR and Super HENC Waste Outdoor Storage Area dimensions were entered into VSP to determine 3 
the locations of samples. The triangular grid sampling layout was determined to have an even distribution 4 
over each sampling area providing the most representative data set including coverage of the middle 5 
portion of the sampling area. The 22 samples will be taken from the node locations indicated by VSP 6 
(Attachment H-G.a) and will be assigned sample location identifications and sample numbers using 7 
HEIS. The southwest corner of the outside storage area is considered the (0,0) point of the sampling 8 
location map in Attachment H-G.a. 9 

The first node location was chosen at random by VSP, and the subsequent 21 sample locations were 10 
assigned by VSP using a triangular grid sampling layout. Supporting documentation and the sampling 11 
grid map automatically generated by VSP are documented in Attachment H-G.a. Area wide sampling 12 
locations are identified in Figure H-G3. 13 

14 

Figure H-G3. Area Wide Sample Locations 15 
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H-G3.10.6 Sampling Methods and Handling 1 

A grab sample matrix will consist of soil collected in pre-cleaned sample containers taken at a depth of 0 2 
to 15 cm (0 to 6 in.) below ground surface and within a 1 m (3 ft) radius surrounding the node location. 3 
For the purpose of this SAP, ground surface is defined as the exposed surface layer once the 4 
asphalt/concrete has been removed. Subsurface sampling (samples collected at depths greater than 5 
approximately 15 cm [6 in.] below ground surface) will be evaluated, based on results of the records 6 
review. If subsurface sampling is deemed necessary, a permit modification will be submitted in 7 
accordance with Section H-G3.10.12.  8 

Once the soil is sampled, the sampled media will be screened to remove material larger than 9 
approximately 2 mm (0.08 in.) in diameter, which allows for a larger surface area to volume ratio and, 10 
therefore, increasing the likelihood of identifying any potential contamination in the sample. Grab 11 
samples will be collected into containers at the chosen node sample locations. To ensure sample and data 12 
usability, sampling will be performed in accordance with established sampling practices, procedures, and 13 
requirements pertaining to sample collection, collection equipment, and sample handling. Sampling 14 
generally includes the following activities: 15 

 Generating a sample request  16 

 Sample container and equipment preparation 17 

 Field walk down of sample area (includes marking sample locations) 18 

 Sample collection 19 

 Sample packaging, transportation, and shipping. 20 

Sample container, preservation, and holding time requirements are specified in Table H-G3 for soil 21 
samples. These requirements are in accordance with the analytical method specified. The final container 22 
type and volumes will be identified on the Sampling Authorization Form (SAF) and the chain-of-custody 23 
form. 24 

Table H-G3. Preservation, Container, and Holding Time Requirements for Soil Samples 

Method Analysis/Analytes 
Preservation 
Requirement Holding Time Bottle Type 

Minimum
Sample 

Size 

EPA 6010  Metals by ICP-OES Cool ≤6ºC 180 days G/P/PTFE 20 g 

EPA 6020 Metals by ICP-MS Cool ≤6ºC 180 days G/P 20 g 

EPA 7196 Chromium (Hexavalent) Cool ≤6ºC 30 days prior to 
extraction;  

24 hours after 
extraction 

G/P 20 g

EPA 7471  Mercury by Cold Vapor 
Atomic Absorption 

Cool ≤6ºC 28 days G/P/PTFE 15 g 

EPA 8260 Volatile Organic 
Analytes by GC/MS 

Cool ≤6ºC 14 days VOA vial 
with PTFE-

lined lid 

5 × 40 g 

EPA 8270 Semivolatile Organic 
Compounds by GC/MS 

Cool ≤6ºC 14 days prior to 
extraction;  

40 days after 
extraction 

AG with 
PTFE-lined 

lid 

250 g 
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Table H-G3. Preservation, Container, and Holding Time Requirements for Soil Samples 

Method Analysis/Analytes 
Preservation 
Requirement Holding Time Bottle Type 

Minimum
Sample 

Size 

AG = amber glass 

EPA = U.S. Environmental Protection Agency 

G = glass 

GC = gas chromatography 

ICP = inductively coupled plasma 

MS = mass spectrometry 

OES = optical emission spectrometry 

P = plastic 

PTFE = polytetrafluoroethylene 

VOA = volatile organic analysis 

1 

To prevent potential contamination of samples, care will be taken to use decontaminated equipment for 2 
each sampling activity.  3 

EPA Level 1 precleaned sample containers will be used for samples collected for chemical analysis. 4 
Container sizes may vary depending on laboratory specific volumes/requirements for meeting analytical 5 
quantitation limits. 6 

The sample location, depth, and corresponding HEIS numbers will be documented in the sampler’s field 7 
logbook. A custody seal (e.g., evidence tape) will be affixed to each sample container and/or sample 8 
collection package in such a way as to indicate potential tampering.  9 

Each sample container will be labeled with the following information on firmly affixed, water 10 
resistant labels:  11 

 SAF and form number 12 

 HEIS number  13 

 Sample collection date and time 14 

 Sampler identification 15 

 Analysis required 16 

 Preservation method (if applicable). 17 

Sample records must include the following information: 18 

 Analysis required  19 

 Sample location  20 

Matrix (e.g., water or soil).  21 

Sample custody will be maintained in accordance with existing Hanford Facility protocols to ensure 22 
maintenance of sample integrity throughout the analytical process. Chain-of-custody protocols will be 23 
followed throughout sample collection, transfer, analysis, and disposal to ensure that sample integrity is 24 
maintained. 25 

All waste (including unexpected waste) generated by sampling activities will be containerized and 26 
labeled. Waste subject to the LDR requirements of WAC 173-303-140, which includes by reference 27 
40 CFR 268, will be characterized, designated, stored, and/or treated, as applicable, prior to disposal in an 28 
approved disposal facility. 29 
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H-G3.10.7  Analytical Methods 1 

All analyses and testing will be performed consistent with this closure plan, laboratory analytical 2 
procedures, and HASQARD (DOE/RL-96-68). The approved laboratory must achieve the lowest practical 3 
quantitation limits (PQLs) consistent with the selected analytical method to confirm clean closure levels. 4 
If a target analyte is detected at or above the clean closure level but less than the PQL of the analytical 5 
method, Ecology will be notified and alternatives will be discussed to demonstrate clean closure levels.  6 

Analytical methods and performance requirements associated with the target analytes are outlined in 7 
Table H-G4. 8 

H-G3.10.8  Quality Control 9 

Quality control (QC) procedures must be followed in the field and laboratory to ensure that reliable data 10 
are obtained. Field QC samples will be collected to evaluate the potential for cross-contamination and 11 
provide information pertinent to field sampling variability. Laboratory QC samples estimate the precision 12 
and bias of the analytical data. Field and laboratory QC samples are summarized in Table H-G5. 13 

A data quality assessment (DQA) will be performed utilizing the guidance in EPA/240/B-06/002, Data 14 
Quality Assessment: A Reviewer’s Guide (EPA QA/G-9R), and implementing the specific requirements in 15 
Sections H-G3.10.8 through H-G3.10.10. 16 

Data verification, data validation, and DQA will include both the primary samples and quality control 17 
samples.18 



D
O

E
/R

L-2015-74, R
E

V
IS

IO
N

 0 
D

E
C

E
M

B
E

R
 2015 

H
-G

-19 

Table H-G4. Soil Analytical Performance Requirements 

Chemical 
Abstracts 

Service 
Number 

Analytea Analytical Method 

Closure Performance Standard
(mg/kg) Practical 

Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% 
Recovery)c 

Precision 
Req’t 

(Relative 
Percent 

Difference)c 
Carcinogen Noncarcinogen 

7440-38-2 Arsenic SW-846 Method 6020 6.67E-01 2.40E+01 2.00E-01 ±30 ≤30 

7440-39-3 Barium SW-846 Method 6010 -- 1.60E+04 2.00E+00 ±30 ≤30 

7440-43-9 Cadmium SW-846 Method 6010 -- 8.00E+01 5.00E-01 ±30 ≤30 

18540-29-9 Chromium (Hexavalent) SW-846 Method 7196 -- 2.40E+02 5.00E-01 ±30 ≤30 

7439-92-1 Leadb SW-846 Method 6010 -- 2.50E+02 5.00E+00 ±30 ≤30 

7439-97-6 Mercuryd SW-846 Method 7471 -- 2.40E+01 2.00E-01 ±30 ≤30 

7782-49-2 Selenium SW-846 Method 6010 -- 4.00E+02 1.00E+01 ±30 ≤30 

7440-22-4 Silver SW-846 Method 6010 -- 4.00E+02 1.00E+00 ±30 ≤30 

71-43-2 Benzene SW-846 Method 8260 1.82E+01 3.20E+02 5.00E-03 ±30 ≤30 

56-23-5 Carbon Tetrachloride SW-846 Method 8260 1.43E+01 3.20E+02 5.00E-03 ±30 ≤30 

67-66-3 Chloroform SW-846 Method 8260 3.23E+01 8.00E+02 5.00E-03 ±30 ≤30 

106-46-7 1,4-Dichlorobenzene  SW-846 Method 8270 1.85E+02 5.60E+03 3.30E-01 ±30 ≤30 

107-06-2 1,2-Dichloroethane SW-846 Method 8260 1.10E+01 4.80E+02 5.00E-03 ±30 ≤30 

75-35-4 1,1-Dichloroethylene SW-846 Method 8260 -- 4.00E+03 1.00E-02 ±30 ≤30 

121-14-2 2,4-Dinitrotoluene SW-846 Method 8270 3.23E+00 1.60E+02 3.30E-01 ±30 ≤30 

118-74-1 Hexachlorobenzene  SW-846 Method 8270 6.25E-01 64 0.33 ±30 ≤30 

87-68-3 Hexachlorobutadiene SW-846 Method 8270 1.28E+01 8.00E+01 3.30E-01 ±30 ≤30 

67-72-1 Hexachloroethane SW-846 Method 8270 2.50E+01 5.60E+01 5.00E-03 ±30 ≤30 
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Table H-G4. Soil Analytical Performance Requirements 

Chemical 
Abstracts 

Service 
Number 

Analytea Analytical Method 

Closure Performance Standard
(mg/kg) Practical 

Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% 
Recovery)c 

Precision 
Req’t 

(Relative 
Percent 

Difference)c 
Carcinogen Noncarcinogen 

78-93-3 
Methyl Ethyl Ketone 
(2-Butanone)

SW-846 Method 8260 -- 4.80E+04 1.00E-02 ±30 ≤30 

98-95-3 Nitrobenzene SW-846 Method 8270 -- 1.60E+02 3.30E-01 ±30 ≤30 

87-86-5 Pentachlorophenol SW-846 Method 8270 2.50E+00 4.00E+02 3.30E-01 ±30 ≤30 

110-86-1 Pyridine SW-846 Method 8260 -- 8.00E+01 5.00E-03 ±30 ≤30 

127-18-4 Tetrachloroethylene SW-846 Method 8260 4.76E+02 4.80E+02 5.00E-03 ±30 ≤30 

79-01-6 Trichloroethylene SW-846 Method 8260 1.20E+01 4.00E+01 5.00E-03 ±30 ≤30 

75-01-4 Vinyl Chloride SW-846 Method 8260 1.75E+02 2.40E+02 1.00E-02 ±30 ≤30 

75-09-2 Methylene Chloride SW-846 Method 8260 5.00E+02 4.80E+02 5.00E-03 ±30 ≤30 

71-55-6 1,1,1-Trichloroethane SW-846 Method 8260 -- 1.60E+05 5.00E-03 ±30 ≤30 

76-13-1 
1,1,2-Trichloro-1,2,2-
Trifluoroethane (CFC-133) SW-846 Method 8260 -- 2.40E+06 1.00E-02 ±30 ≤30 

95-50-1 
Ortho-Dichlorobenzene 
(1,2-Dichlorobenzene)

SW-846 Method 8270 -- 7.20E+03 3.30E-01 ±30 ≤30 

75-69-4 
Trichlorofluoromethane 
(CFC-11) 

SW-846 Method 8260 -- 2.40E+04 1.00E-02 ±30 ≤30 

79-00-5 1,1,2-Trichloroethane SW-846 Method 8260 1.75E+01 3.20E+02 5.00E-03 ±30 ≤30 

1330-20-7 Xylenes SW-846 Method 8260 -- 1.60E+04 1.00E-02 ±30 ≤30 

67-64-1 Acetone SW-846 Method 8260 -- 7.20E+04 2.00E-02 ±30 ≤30 

141-78-6 Ethyl Acetate SW-846 Method 8260 -- 7.20E+04 5.00E+00 ±30 ≤30 

100-41-4 Ethyl Benzene SW-846 Method 8260 -- 8.00E+03 5.00E-03 ±30 ≤30 

60-29-7 Ethyl Ether SW-846 Method 8260 -- 1.60E+04 5.00E-03 ±30 ≤30 

108-10-1 
Methyl Isobutyl Ketone 
(4-Methyl-2-Pentanone) 

SW-846 Method 8260 -- 6.40E+03 1.00E-02 ±30 ≤30 
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Table H-G4. Soil Analytical Performance Requirements 

Chemical 
Abstracts 

Service 
Number 

Analytea Analytical Method 

Closure Performance Standard
(mg/kg) Practical 

Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% 
Recovery)c 

Precision 
Req’t 

(Relative 
Percent 

Difference)c 
Carcinogen Noncarcinogen 

71-36-3 
n-Butyl Alcohol (n-
Butanol)

SW-846 Method 8260 -- 8.00E+03 1.00E-01 ±30 ≤30 

108-94-1 Cyclohexanone SW-846 Method 8260 -- 4.00E+05 5.00E-02 ±30 ≤30 

67-56-1 Methanol SW-846 Method 8260 -- 1.60E+05 1.00E+00 ±30 ≤30 

108-88-3 Toluene SW-846 Method 8260 -- 6.40E+03 5.00E-03 ±30 ≤30 

75-15-0 Carbon Disulfide SW-846 Method 8260 -- 8.00E+03 5.00E-03 ±30 ≤30 

78-83-1 
Isobutanol 
(Isobutyl Alcohol) 

SW-846 Method 8260 -- 2.40E+04 5.00E-01 ±30 ≤30 

Reference: SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Update V. 

Note: Due to the quantity and nature of waste stored in the HERTR and Super HENC Waste Outdoor Storage Area not presenting a threat to groundwater, and not having soil or 
the presence of plants within the buildings, no groundwater or ecological indicator MTCA cleanup standards (WAC 173-340-747, “Deriving Soil Concentrations for 
Groundwater Protection,” and WAC 173-340-7490, “Terrestrial Ecological Evaluation Procedures,” through WAC 173-340-7494, “Priority Contaminants of Ecological 
Concern”) are addressed.  

a. Unless otherwise noted, closure performance standards are the numeric cleanup levels calculated using unrestricted use exposure assumptions according to MTCA regulations
(WAC 173-340-740) Method B (unrestricted use standards). Where both carcinogen and noncarcinogen performance standards are available, the lowest value will be used. 

b. Closure performance standards are the numeric cleanup levels calculated using unrestricted use exposure assumptions according to MTCA regulations (WAC 173-340-740)
Method A (unrestricted use standards). MTCA Method A values were used when MTCA Method B values were not available. 
c. Accuracy criteria for associated batch matrix spike percent recoveries. Evaluation based on statistical control of laboratory control samples is also performed. Precision criteria
for batch laboratory replicate matrix spike analyses or replicate sample analyses. 
d. Equation 740-1 and Equation 740-2 from WAC 173-340-740(3)(b) are used to calculate MTCA Direct Contact Human Health soil cleanup levels. The MTCA human health
direct contact soil cleanup level for mercury is calculated to be 24 mg/kg. 

CFC = chlorinated fluorocarbon 

MTCA= “Model Toxics Control Act—Cleanup.” 
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Table H-G5. Project Quality Control Sampling Summary 

Quality Control Sample 
Type Frequency Characteristics Evaluated 

Field Quality Control 

Trip Blanks 
One per 20 samples per media 
sampled 

One per cooler for VOCs 

Trip blanks are used to assess contamination 
from sample containers or during transportation 
and storage procedures. 

Field Blanks One per cooler for VOCs 
Field blanks are used to assess contamination 
from surrounding sources during sample 
collection. 

Equipment Rinsate Blanks 

As needed 

If only disposable equipment is 
used, then an equipment blank 
is not required  

Otherwise, one per 20 samples 
per analytical method per 
media sampled, or one per daya 

Equipment rinsate blanks are used to measure the 
cleanliness of sampling equipment and 
effectiveness of equipment decontamination 
procedures. 

Field Duplicates 
One per batchc, 20 samples 
maximum of each media 
sampled (soil samples) 

Field duplicates are used to assess the precision 
of the entire data collection activity, including 
sampling, analysis, and site heterogeneity. 

Laboratory Quality Controlb 

Method Blanks 1 per batchc Measures contamination associated with 
laboratory sample preparation and analysis. 

Lab Duplicates b Laboratory reproducibility and precision. 

Matrix Spikes One per 20 samplesb 
The spike recovery measures the effects of 
interferences in the sample matrix and reflects 
the accuracy of the determination. 

Matrix Spike Duplicates One per 20 samplesb 
The relative percent difference between the 
matrix spike and matrix spike duplicate measures 
the precision of a given analysis. 

Surrogates b 
Surrogate standards are added prior to extraction 
of the sample to evaluate accuracy, method 
performance and extraction efficiency. 

Laboratory Control 
Samples 

1 per batchc The laboratory control sample measures the 
accuracy of the analytical method. 

a. Whenever a new type of nondedicated equipment is used, an equipment blank shall be collected every time sampling occurs
until it can be shown that less frequent collection of equipment blanks is adequate to monitor the decontamination procedure 
for the nondedicated equipment. 

b. As defined in the analysis procedures.

c. Batching across projects is allowing for similar matrices.

VOC = volatile organic compound 

1 
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H-G3.10.9 Data Verification 1 

Analytical results will be received from the laboratory, loaded into a database (e.g., HEIS), and verified. 2 
Verification activities include, but are not limited to, the following: 3 

 Amount of data requested matches the amount of data received (number of samples for requested 4 
methods of analytes) 5 

 Correct procedures/methods are used. 6 

 Documentation/deliverables are complete. 7 

 Hard copy and electronic versions of the data are identical. 8 

 Data seem reasonable based on analytical methodologies. 9 

H-G3.10.10 Data Validation 10 

Data validation is performed by a third party. The laboratory supplies contract laboratory program 11 
equivalent analytical data packages intended to support data validation by the third party. The laboratory 12 
submits data packages that are supported by QC test results and raw data. 13 

Controls are in place to preserve the data sent to the validators and allow only additions to be made, not 14 
changes to the raw data. 15 

The format and requirements for data validation activities are based upon the most current version of 16 
USEPA-540-R-08-01, National Functional Guidelines for Superfund Organic Methods Data Review 17 
(OSWER 9240.1-48), and USEPA-540-R-10-011, National Functional Guidelines for Inorganic 18 
Superfund Data Review (OSWER 9240.1-51). As defined by the validation guidelines, 5 percent of the 19 
results will undergo Level C validation. 20 

H-G3.10.11 Verification of VSP Input Parameters 21 

Analytical data will be entered back into VSP. If all analytical data for a particular analyte are 22 
nondetectable, verification of VSP input parameters is not required for that analyte. The VSP software 23 
uses the analytical data to determine if the user input parameters were estimated appropriately. 24 
Once analytical data are entered into the VSP, the software will calculate the true standard deviation and 25 
if the null hypothesis can be rejected. If the calculated standard deviation is smaller than the estimated 26 
user input standard deviation, no additional sampling will be required. If the calculated standard deviation 27 
is larger than the estimated standard deviation, additional sampling may be required. Comparison of the 28 
maximum data value for each analyte to the clean closure standards will ensure that all individual analytes 29 
are below the action levels. Verification of the null hypothesis through VSP will determine if the mean 30 
value of the site analytical data supports rejection of the null hypothesis (Section H-G3.10.5).  31 

H-G3.10.12 Documents and Records 32 

The Project Manager is responsible for ensuring that the current version of the SAP is being used and 33 
providing any updates to field personnel. Changes to the SAP will be submitted as a permit modification 34 
in accordance with WAC 173-303-610(3)(b). 35 

Logbooks are required for field activities. A logbook must be identified with a unique project name and 36 
number. The individual(s) responsible for logbooks will be identified in the front of the logbook, and only 37 
authorized persons may make entries in logbooks. Logbooks will be signed by the field manager, 38 
supervisor, cognizant scientist/engineer, or other responsible individual. Logbooks will be permanently 39 
bound, waterproof, and ruled with sequentially numbered pages. Pages will not be removed from 40 
logbooks for any reason. Entries will be made in indelible ink. Corrections will be made by marking 41 
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through the erroneous data with a single line, entering the correct data, and initialing and dating 1 
the changes. 2 

The Project Manager is responsible for ensuring that a project file is properly maintained. The project file 3 
will contain the records or references to their storage locations. The following items will be included in 4 
the project file, as appropriate:  5 

 Field logbooks or operational records  6 

 Data forms  7 

 Global positioning system data  8 

 Chain-of-custody forms  9 

 Sample receipt records  10 

 Inspection or assessment reports and corrective action reports  11 

 Interim progress reports 12 

 Final reports  13 

 Laboratory data packages 14 

 Verification and validation reports.  15 

The laboratory is responsible for maintaining, and having available upon request, the following items:  16 

 Analytical logbooks 17 

 Raw data and QC sample records 18 

 Standard reference material and/or proficiency test sample data 19 

 Instrument calibration information. 20 

Records may be stored in either electronic or hard copy format. Documentation and records, regardless 21 
of medium or format, are controlled in accordance with internal work requirements and processes to 22 
ensure the accuracy and retrievability of stored records. Records required by the Tri-Party Agreement 23 
(Ecology et al., 1989, Hanford Federal Facility Agreement and Consent Order) will be managed in 24 
accordance with the requirements therein. 25 

H-G3.10.13 Sampling and Analysis Requirements to Address Removal of Contaminated Soil 26 

In the event that sample results based on the MTCA (WAC 173-340) Method B three part test (Section H-27 
G3.10.5) indicate contamination above clean closure levels, the contaminated soil will be removed in 28 
accordance with Section H-G3.8. Following removal of contaminated soil, additional samples will be 29 
taken at the same grid location as identified in Attachment H-G.a. Additional focused sampling may be 30 
added in areas where contamination is identified. Additional focused samples will be documented, as 31 
required in Section H-G3.10.12, and provided with the closure certification. These samples will be 32 
analyzed in accordance with the methods specified in Table H-G4, with accompanying QC samples as 33 
discussed in Section H-G3.10.8 to confirm that MTCA (WAC 173-340) Method B clean closure levels 34 
have been achieved. 35 

H-G3.10.14 Revisions to the Sampling and Analysis Plan and Constituents to Be Analyzed 36 

If changes to the SAP are necessary due to unexpected events during closure that will affect sampling, a 37 
revision to this SAP will be submitted no later than 30 days after the unexpected event as a permit 38 
modification as required in WAC 173-303-610(3)(b)(iii) and WAC 173-303-830, “Permit Changes.” 39 
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H-G3.11 Role of the Independent Qualified Registered Professional Engineer 1 

An Independent Qualified Registered Professional Engineer (IQRPE) will be retained to provide 2 
certification of the closure, as required by WAC 173-303-610(6). The IQRPE will be responsible for 3 
observing field activities and reviewing documents associated with closure of the waste storage modules. 4 
At a minimum, the following activities will be performed: 5 

 Observation or review of visual inspections 6 

 Observation or review of sampling activities 7 

 Review of sampling procedures and analytical results 8 

 Verification of sample locations as specified in the SAP 9 

 Observation that contaminated environmental debris removal is complete (if applicable) 10 

 Verification that closure activities were performed in accordance with this closure plan. 11 

The IQRPE will record observations and reviews in a written report that will be retained in the operating 12 
record. The resulting report will be used to develop the clean closure certification, which will then be 13 
provided to Ecology. 14 

H-G3.12 Closure Certification 15 

In accordance with WAC 173-303-610(6), within 60 days of completion of closure of the HERTR and 16 
Super HENC Waste Outdoor Storage Area, certification that the DWMU has been closed in accordance 17 
with the specifications in this closure plan will be submitted to Ecology by registered mail. The 18 
certification will be signed by the owner or operator and an IQRPE.  19 

Upon request by Ecology, the following information will be submitted to support closure certification: 20 

 All field notes and photographs related to closure activities, including the results of the inspection of 21 
asphalt pad for staining, cracks and other openings. 22 

 Description of any minor deviations from the approved closure plan and justification for 23 
these deviations. 24 

 Documentation of the final disposition of all wastes and waste residues. 25 

 Laboratory and/or field data, including sampling procedures, sampling locations, QA/QC samples, 26 
and chain-of-custody procedures for samples and measurements, including samples and 27 
measurements taken to determine background conditions and/or determine or confirm clean closure. 28 

 Summary report that identifies and describes the data reviewed by the IQRPE and tabulates the 29 
analytical results of samples taken to determine and confirm clean closure. 30 

 Description of what the unit area looks like at completion of closure, including a description of what 31 
parts of the former unit, if any, will remain after closure. 32 

H-G3.13 Conditions That Will Be Achieved When Closure Is Complete 33 

Upon confirmation of clean closure levels through sampling and analysis, the HERTR and Super HENC 34 
Waste Outdoor Storage Area DWMU will be clean closed. The asphalt pad will be removed, so only bare 35 
soil will remain. A permit modification request will be submitted to remove the HERTR and Super 36 
HENC Waste Outdoor Storage Area DWMU from the Hanford Facility RCRA Permit (WA7890008967). 37 
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H-G4 Closure Schedule and Time Frame 1 

In accordance with WAC 173-303-610(4)(b), closure activities for the HERTR and Super HENC Waste 2 
Outdoor Storage Area DWMU will be completed no more than 180 days after the start of closure (Table 3 
H-G6). Should unexpected circumstances arise and an extension to the 180 day closure activity period is 4 
deemed necessary, a permit modification will be submitted to Ecology for approval at least 30 days prior 5 
to the expiration of the 180 day closure activity period in accordance with WAC 173-303-610(4)(c) and 6 
WAC 173-303-830, Appendix I, Section D.1.b. The extension request would also demonstrate that all 7 
steps to prevent threats to HHE, including compliance with all applicable permit requirements, have been 8 
and will continue to be taken. Closure certification will be submitted to Ecology within 60 days following 9 
completion of closure activities at the HERTR and Super HENC Waste Outdoor Storage Area, as outlined 10 
in Section H-G3.12 (Figure H-G4). 11 

H-G5 Closure Costs 12 

An annual report outlining updated projections of anticipated closure costs for Hanford Facility treatment, 13 
storage, and/or disposal units having final status is not required per Permit Condition II.H. The Hanford 14 
Facility is owned by DOE and operated by DOE and its contractors; therefore, in accordance with 15 
(WAC 173-303-620(1)(c)), provisions of WAC 173-303-620, “Financial Requirements,” are not 16 
applicable to the Hanford Facility. 17 

18 
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Table H-G6. HERTR and Super HENC Waste Outdoor Storage Area Closure Activities 
Closure Activity Description 

Primary Activity Secondary Activity Duration 

Prior To Closure 
Submit Notification to Ecology 
of Intent to Close the HERTR 
and Super HENC Waste 
Outdoor Storage Area DWMU 

In accordance with WAC 173-303-610(3)(c)(i), at least 45 days 
prior to the date on which closure is expected to begin (i.e., no 
later than 15 days prior to receipt last known volume of final 
waste). 

-- 

Begin Closure of the HERTR 
and Super HENC Waste 
Outdoor Storage Area DWMU 

In accordance with WAC 173-303-610(3)(c)(ii), within 30 
days of receiving the last known volume of final waste. -- 

Closure Activities 

Remove All Waste 

Package and ship waste to an approved facility for treatment, 
storage, and/or disposal. In accordance with WAC 173-303-
610(4)(a), within 90 days after the date on which the DWMU 
has received the last known volume of final waste, the 
owner/operator must treat, remove, or dispose of all wastes in 
accordance with the approved closure plan. Request extension 
if necessary. 

40 Days 
(Day 40) 

Records Review (Performed 
Concurrently with Waste 
Removal) 

Perform review of daily operating records, inspection records, 
and spill records. 

40 Days 
(Day 40) 

Visual Inspection of Asphalt and 
Concrete Pads 

Identify stains to determine focused sampling. 

5 Days (Day 
45) 

Identify cracks in pads that could potentially reach the soil 
below the asphalt and concrete. 

Document visual inspection with photos, locations, and 
dimensions of stains and cracks for judgmental sampling. 

Removal of Asphalt and 
Concrete Pads 

Disconnect electrical connections and utilities 
100 Days 
(Day 145) 

Equipment mobilization 

Demolition and removal of waste generated 

Visual Inspection of Underlying 
Soil 

Identify areas of concern (waste related staining) 
5 Days (Day 
150) Document visual inspection with photos, locations and 

dimensions of staining 

Sampling and Analysis of 
Underlying Soil (Following 
demolition of asphalt and 
concrete, may be performed 
concurrently with waste 
determination and disposal of 
debris.) 

See Section H-G3.10 for details of sampling and analysis 

30 Days 
(Day 180) 

Data validation and verification 

If necessary, remove contaminated environmental media (soil), 
and resample and analyze to confirm that clean closure levels 
have been achieved. 

Final Closure of the HERTR and 
Super HENC Waste Outdoor 
Storage Area DWMU 

In accordance with WAC 173-303-610(4)(b), within 180 days 
after the date on which the last known volume of final waste 
was received. Request extension if necessary. 

0 Days (Day 
180) 

1 
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Closure Activities Complete 

Owner/Operators and IQRPE 
Submit Clean Closure 
Certification  

In accordance with WAC 173-303-610(6), within 60 days of 
completion of closure of each DWMU; certification that the 
DWMU has been closed in accordance with the specifications 
in the approved closure plan (see Section H-G3.12 for more 
details on the clean closure certification). 

60 Days 
(Day 60) 

TSD = treatment, storage, and disposal 

1 

2 
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Figure H-G4. HERTR and Super HENC Waste Outdoor Storage Area Closure Schedule Activities 2 
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Attachment H-G.a 1 

HERTR and Super HENC Waste Outdoor Storage Area Visual Sample Plan 2 

Supporting Documentation 3 
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 22

Number of selected sample areas b 1

Specified sampling area c 6968.00 ft2

Size of grid / Area of grid cell d 20.0574 feet / 348.4 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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HERTR-1 HERTR-2 HERTR-3

HERTR-4 HERTR-5 HERTR-6

HERTR-7 HERTR-8 HERTR-9

HERTR-10 HERTR-11

HERTR-12 HERTR-13

HERTR-14 HERTR-15 HERTR-16

HERTR-17 HERTR-18 HERTR-19

HERTR-20 HERTR-21 HERTR-22

(0,0) Southwest Corner
(-119.64338, 46.55702) Decimal Degrees

42'
54'

62'

29'

Area: HERTR and Super HENC 

X Coord Y Coord Label Value Type Historical

18.9499 9.3223 HERTR-1 Systematic

39.0073 9.3223 HERTR-2 Systematic

59.0647 9.3223 HERTR-3 Systematic

8.9213 26.6925 HERTR-4 Systematic

28.9786 26.6925 HERTR-5 Systematic

49.0360 26.6925 HERTR-6 Systematic

18.9499 44.0626 HERTR-7 Systematic

39.0073 44.0626 HERTR-8 Systematic

59.0647 44.0626 HERTR-9 Systematic

28.9786 61.4328 HERTR-10 Systematic

49.0360 61.4328 HERTR-11 Systematic

18.9499 78.8030 HERTR-12 Systematic

39.0073 78.8030 HERTR-13 Systematic

8.9213 96.1732 HERTR-14 Systematic

28.9786 96.1732 HERTR-15 Systematic

49.0360 96.1732 HERTR-16 Systematic

18.9499 113.5434 HERTR-17 Systematic
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39.0073 113.5434 HERTR-18 Systematic  

59.0647 113.5434 HERTR-19 Systematic  

8.9213 130.9136 HERTR-20 Systematic  

28.9786 130.9136 HERTR-21 Systematic  

49.0360 130.9136 HERTR-22 Systematic  

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where

F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
MARSSIM (EPA 2000, p. 5-33).
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The values of these inputs that result in the calculated number of sampling locations are:

Analyte na Parameter

S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and
4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
gridded sample locations were selected based on a random start.
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Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15

s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 22 Samples

Field collection costs  $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs  $0.00 $0.00

Fixed planning and validation costs   $0.00

Total cost   $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.

DOE/RL-2015-74, REVISION 0
DECEMBER 2015

H-G.a-5



This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.

This design was last modified 11/18/2015 12:08:12 PM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.
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I1 Inspection Plan 1 

This addendum1 describes the method(s) and schedule for inspections of the Central Waste Complex 2 
(CWC) - Waste Receiving and Processing Facility (WRAP) Operating Unit Group. CWC-WRAP 3 
provides storage and treatment of waste from Hanford onsite generators (including waste from the Waste 4 
Retrieval Project) and offsite generators. Please note, the terms “mixed waste” and/or “waste” when seen 5 
in this document refer to dangerous waste or hazardous waste, as applicable.  6 

Permittees will ensure that the inspections at CWC-WRAP will meet the requirements for container 7 
storage in WAC 173-303-630(6), “Dangerous Waste Regulations,” “Use and Management of 8 
Containers,” ignitable and reactive waste in WAC 173-303-395(1)(d), “Other General Requirements,” 9 
and general inspection requirements of Permit Condition II.O (WAC 173-303-320, “General Inspection”). 10 
The purpose of these inspections is to minimize situations that may cause or lead to the release of waste to 11 
the environment or that might pose a threat to human health. Abnormal conditions identified by 12 
inspections will be corrected on a schedule that prevents hazards to personnel, the public, and the 13 
environment in accordance with the requirements of WAC 173-303-320(3). 14 

I1.1 General Inspection Requirements 15 

CWC-WRAP inspections will be performed by qualified personnel trained in accordance with 16 
Addendum G, “Personnel Training.” The content and frequency of inspections are described in the 17 
following subsections and in Table I-1.  18 

I1.1.1 Types of Problems 19 

Inspections are conducted to detect any signs of malfunction, deterioration, discharges, or other 20 
anomalies. Refer to Table I-1 for the types of problems looked for during an inspection. CWC-WRAP 21 
inspections include, but are not limited to, the following key components: 22 

 Safety and emergency equipment 23 

 Security equipment 24 

 Storage area/containers 25 

 Secondary contaminant 26 

 Ignitable or reactive wastes 27 

I1.1.2 Frequency of Inspections 28 

In accordance with WAC 173-303-320, the frequency of inspections for CWC-WRAP is identified in 29 
Table I-1. Areas subject to spills, such as loading and unloading areas where containers with known or 30 
suspected liquids are handled outside of secondary containment, are inspected daily when in use. Weekly 31 
inspections are performed in all areas where waste is being managed. Emergency response equipment, 32 
including spill response kits, portable eyewashes, emergency communication systems, and fire 33 
extinguishers have various inspection frequencies based on the rate of possible deterioration of equipment 34 
and the probability of an environmental or human health event.  35 

I1.2 Inspection Logs 36 

Inspections, implemented through operating requirements, will be documented on inspection checklists 37 
and/or log sheets. Inspection checklists consist of items that will be assessed during each inspection. Any 38 
problems or discrepancies identified during the inspection are recorded on the inspection checklist and/or 39 
log sheet and reported to the operating organizations. Problems identified during the inspections are 40 
                                                      
1 This addendum expressly supersedes Exhibit A, Sections 1.10.2 and 1.10.3 of the Agreed Order and Stipulated 
Penalty No. DE10156.  
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tracked on the log sheets, which are prioritized and addressed in a timely fashion as described in Section 1 
I1.3.  2 

When the inspection is completed, the inspector’s name is printed, including the date and time, and the 3 
inspector signs the inspection checklist and/or log sheet. The Permittees will place the required 4 
documentation into the Hanford Facility Operating Record, CWC-WRAP portion as required by Permit 5 
Condition II.I (WAC 173-303-380, “Facility Recordkeeping”). The schedule and inspection records will 6 
also be maintained, retained, and stored in accordance with Permit Conditions II.I. 7 

I1.3 Schedule for Remedial Action for Problems Revealed 8 

In accordance with Permit Condition II.O.2 (WAC 173-303-320(3)), the CWC-WRAP operating 9 
organization will remedy any problems or discrepancies revealed by the inspection on a schedule that 10 
prevents hazards to human health and the environment. Where a hazard is imminent or has already 11 
occurred, immediate action will be taken, including activation of the Contingency Plan (Addendum J) 12 
measures, when required, as defined in Permit Conditions II.A. 13 

I1.4 Specific Process Inspection Requirements 14 

The following subsections detail inspections to be performed at CWC-WRAP. As stated in Section I1.1, 15 
inspections will be performed by trained and authorized operations personnel. An inspection schedule will 16 
be maintained, as identified in this Addendum (Table I-1), and inspections will be documented on 17 
inspection checklists and/or log sheets. 18 

I1.4.1 General Facility 19 

CWC-WRAP will be inspected to ensure that general facility operating requirements are met in 20 
accordance with WAC 173-303-320. Inspection frequencies are detailed in Table I-1 and address 21 
emergency equipment and security. 22 

I1.4.2 Container Inspection 23 

Upon receipt, each container is inspected by CWC-WRAP operations personnel to confirm appropriate 24 
documentation and compliance with the requirements in Addendum B, “Waste Analysis Plan,” before the 25 
container is placed within CWC-WRAP. Any discrepancies are resolved according to the requirements in 26 
Addendum B and documented on the inspection record.  27 

While containers are in storage within CWC-WRAP, inspections will take place in accordance with 28 
WAC 173-303-630(6) and Table I-1, with the exception of the 14-pack container configuration described 29 
in this subsection. Inspections of the active storage areas and containers are conducted weekly to detect 30 
any signs of malfunction, deterioration, discharges, or other anomalies. In accordance with WAC 173-31 
303-320(2)(c), this inspection is repeated daily if waste management operations are being conducted and 32 
potential exists for spills to occur from activities such as moving containers with known or suspected 33 
liquid contents outside of secondary containment (e.g., loading and unloading areas).  34 

Waste stored in CWC-WRAP storage areas will meet the requirements for containment systems set forth 35 
in WAC 173-303-630(7). Operational area floors used for containment will be inspected for degradation 36 
or damage to floor coatings weekly when waste is present.  37 

Exception of the 14-Pack Container Configuration Inspection 38 

WRAP stores certain mixed waste containers in a unique configuration in preparation for offsite 39 
transportation and disposal by placing them into a configuration, known as a 14-pack, which consists of 40 
two layers of containers; each layer has seven containers in a circular pattern, with six containers on the 41 
outside and one container in the middle. Because of this configuration, external surfaces of containers 42 
packaged in the middle of the 14-pack are not accessible for direct visual observation during 43 
weekly inspections.  44 



 DOE/RL-2015-74, REVISION 0 
 DECEMBER 2015 

I-3 

The general objective of WAC 173-303-630(6) is to identify leakage and degradation which can be met 1 
for the 14-pack. The 14-pack configuration does allow for inspection of most container surfaces and of 2 
the containment system for leakage to and/or deterioration. These containers have also undergone a 3 
rigorous offsite disposal facility certification process to verify the integrity of the containers and their 4 
compatibility with internal contents. The 14-pack certification process requires evaluation of properties 5 
associated with wastes to be packaged and their compatibility with containers to be used. This process, 6 
coupled with inspection of containers before being placed into the 14-pack, provides a high level of 7 
confidence that the external surfaces of containers packaged in the middle of the 14-pack will not display 8 
signs of deterioration while in storage awaiting transportation to the offsite disposal facility. 9 

I1.4.3 Waste Handling Equipment Inspection 10 

Support equipment that is a permanent fixture to the facility and used to handle or contain waste is also 11 
inspected to ensure that there is no deterioration or malfunction. Specific items to be evaluated during 12 
inspections are listed in Table I-1. If the equipment will be inactive for an extended period of time, it may 13 
be shut down and/or isolated until it is returned to service. For situations where equipment is out of 14 
service and there is no useful purpose in performing the inspection, then the inspection will be suspended 15 
until the equipment is placed back into operation. An initial inspection will be conducted when the system 16 
is brought back online, and regularly scheduled inspections will resume. 17 

I1.4.4 Storage of Ignitable or Reactive Wastes 18 

All containers of waste designated as D001 (ignitable) or D003 (reactive) will be placed in storage areas, 19 
which will be in compliance with WAC 173-303-630(8).  20 

As required by WAC 173-303-395(1)(d), an annual inspection of areas where ignitable or reactive waste 21 
is stored will be performed by facility personnel in the presence of a professional who is familiar with the 22 
International Fire Code or in the presence of a Hanford fire marshal. The inspection record will be 23 
submitted in the Hanford Facility Operating Record and will include the date and time of the inspection, 24 
the name of the professional inspector or fire marshal, a notation of the observations made, and any 25 
remedial actions that were taken as a result of the inspection.  26 
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Table I-1. CWC-WRAP Inspection Schedule 

Requirement Description Frequency Inspection 

General Facility 

Posted warning signs Weekly Signs are present, legible, and visible. 

Fire extinguishers Monthly 
Equipment is present, and seal is intact and not 
past the expiration date. 

First aid equipment/CPR kit Quarterly Equipment is present, and seal is intact. 

Particulate eye wash bottles and 
Portable eyewash stations  

Monthly 
Equipment is present and functional, and seal is 
intact and not past the expiration date. 

Spill response kits Monthly Equipment is present, and seal is intact. 

Emergency response trailers Weekly Equipment is present, and seal is intact. 

Emergency telephones Monthly Equipment is present and operating. 

Windsocks Quarterly Equipment is present and operating. 

Fire suppression systems 

Weekly 
Water, air, and temperatures are within range; 
systems are operational and pressurized. 

Monthly 
Valves are open, seal/lock is intact, water and air 
pressures are within range, and system is 
calibrated. 

Container Storage 

Areas subject to spills (including 
areas being used where waste is 
being loaded or unloaded) 

Dailya 
Check for spills; verify no evidence of spills or 
leaks, such as moisture on the sides or underneath 
of containers. 

Containers/container storage areas  Weeklyb 

Container integrity is not compromised by 
punctures, dents, penetrating scratches, loose lids, 
bulging, excessive corrosion, damage, or 
deterioration.  

Containers are closed and stored in a manner that 
will not rupture the containers or cause them to 
leak.  

Aisle spacing between rows of containers is at 
least 76 cm (30 in).  

For any portable secondary containment used to 
meet the requirements of WAC 173-303-630(7), 
verify that there is no deterioration of secondary 
containment system caused by corrosion or other 
factors and no evidence of spills or leaks. 

Container labels Weeklyb 

Container marking/labeling is intact, unobscured, 
legible, and in good condition. 

Labels are visible, readable, and adequately 
identify risks. 



 DOE/RL-2015-74, REVISION 0 
 DECEMBER 2015 

I-5 

Table I-1. CWC-WRAP Inspection Schedule 

Requirement Description Frequency Inspection 

Curbing, floor, and sumps Weeklyb 

Containment used meets the requirements of 
WAC 173-303-630(7).  

Verify no deterioration of containment curbing, 
flooring, and sumps caused by corrosion or other 
factors; no evidence of spills or leaks. 

Waste Handling Equipment 

WRAP automated stacker and 
retrieval system, carousel, and 
floor storage equipment 

Weeklyc Verify that equipment is functional. 

WRAP gloveboxes 

Dailyc Verify no active glovebox alarms. 

Weekly 

Daily (when in use) 
Verify the glovebox ventilation system maintains a 
negative differential pressure in the glovebox.  

Annually 

(when waste is 
present) 

Verify calibration is current for the differential 
pressure indicators. 

Verify glovebox HEPA exhaust filter system 
efficiency. 

Verify the normalized differential pressure across 
the HEPA filter. 

Verify that there is no deterioration or corrosion of 
the glovebox physical shell that would impact the 
structural integrity.  

Verify fire suppression system is operational. 

Ignitable or Reactive Waste 

Ignitable or reactive waste Annually 
Storage is in compliance with  
WAC 173-303-630(8). 

Note: Inspection frequencies are defined by the following: daily - once per calendar day, weekly - once per calendar week, 
monthly - once per calendar month, quarterly - once per calendar quarter, and annually - once per calendar year. 

a. To implement WAC 173-303-320(2)(c), “General Inspections,” “daily when in use” is defined as when waste management 
activities have potential for a spill to occur, such as handling containers with known or suspected liquids and are moved 
outside of secondary containment. 

b. Weekly inspection logs, prepared to meet WAC 173-303-630(6), “Dangerous Waste Regulations,” “Use and Management 
of Containers,” will be completed when waste is being managed within the CWC-WRAP storage areas. If the storage area is 
empty, “no waste in storage” or equivalent words will be entered on the inspection log. 

c. Inspections are applicable only during equipment use. If the facility equipment has been inactive and inspections have been 
suspended, then an initial inspection will be conducted prior to use. 

CPR = cardiopulmonary resuscitation 

HEPA = high-efficiency particulate air 

WRAP = Waste Receiving and Processing Facility 

  1 
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J1 Contingency Plan 1 

WAC 173-303, “Dangerous Waste Regulations,” requirements for a contingency plan at the Central 2 
Waste Complex (CWC) -Waste Receiving and Processing Facility (WRAP) Operating Unit Group 3 
(OUG) are satisfied in portions of WA7890008967, Hanford Facility Resource Conservation and 4 
Recovery Act of 1976 Permit (hereinafter called Hanford Facility RCRA Permit) Attachment 4 5 
(DOE/RL-94-02, Hanford Emergency Management Plan) and this addendum. 6 

The Hanford Site emergency management program is based on a graded approach for responses to 7 
emergency events using OUG-specific and/or Hanford Facility level emergency procedures. This 8 
addendum contains the building emergency plans for both CWC and WRAP. Appendix J-A 9 
(HNF-IP-0263-CWC, Building Emergency Plan for Central Waste Complex) contains a description of the 10 
specific planning and responses for the building and structures associated with CWC. Appendix J-B 11 
(HNF-IP-0263-WRAP, Building Emergency Plan for WRAP) contains a description of the specific 12 
planning and responses for the buildings and structures associated with WRAP. These two plans are used 13 
in conjunction with Hanford Facility RCRA Permit (WA7890008967), Attachment 4 (DOE/RL-94-02) to 14 
fulfill the requirements for a contingency plan. 15 
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H3.D1 Introduction 1 

This appendix discusses closure activities for the Central Waste Complex (CWC)-Waste Receiving and 2 
Processing Facility (WRAP) Operating Unit Group CWC East Outside Storage Area dangerous waste 3 
management unit (DWMU). The Permittee has concluded that this area will no longer be utilized for future 4 
receipts of waste and has determined to close this unit. Closure will be performed in accordance with the 5 
schedule provided in Section H3.D4. 6 

This plan describes in detail the closure activities necessary to establish clean closure levels for the CWC 7 
East Outside Storage Area. Such closure activities include records review (i.e., container storage, 8 
operating, and inspection records) for documented spills or releases of waste, visual inspection of the 9 
concrete pad to identify location of focused samples (if any), and concrete sampling and analysis to 10 
confirm that clean closure standards have been achieved. 11 

This closure plan complies with WAC 173-303-610(2) through (6), “Dangerous Waste Regulations,” 12 
“Closure and Post-Closure.” Amendments to this closure plan will be submitted as a permit modification 13 
in accordance with WAC 173-303-610(3)(b). 14 

Please note, the terms “mixed waste” and/or “waste” when seen in this document, refer to dangerous 15 
waste or hazardous waste, as applicable. 16 

H3.D1.1 Unit Description 17 

The CWC East Outside Storage Area (Figure H3.D-1) is located east of the 2402-W Series buildings, 18 
north of the CWC Shipping and Receiving Area, and is approximately 27 m (89 ft) wide by 30 m (98 ft) 19 
long, for a total area of 810.3 m2 (8,722 ft2). The area is curbed with 15 cm (6 in.) of concrete. The CWC 20 
East Outside Storage Area is provided with an access ramp and a rainwater collection and removal 21 
system. 22 

H3.D1.1.1 Maximum Waste Inventory 23 

Container management records for the CWC East Outside Storage Area were reviewed to determine the 24 
maximum amount of waste stored during the active life of the DWMU. In total, 1,705 containers were 25 
identified with an estimated maximum waste volume of 1,089 m3 (1,424 yd3). 26 

H3.D2 Closure Performance Standard 27 

Closure performance standards for the CWC East Outside Storage Area will be based on 28 
WAC 173-303-610(2), which requires closure of the facility in a manner that accomplishes the following 29 
objectives: 30 

 Minimize the need for further maintenance. 31 

 Control, minimize, or eliminate, to the extent necessary, to protect human health and the environment 32 
(HHE), post-closure escape of dangerous waste, dangerous constituents, leachate, contaminated 33 
runoff, or dangerous waste decomposition products to the ground, surface water, groundwater, or 34 
atmosphere. 35 

 Return the land to the appearance and use of surrounding land areas, to the degree possible, given the 36 
nature of the previous dangerous waste activity. 37 
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These performance standards are addressed in Sections H3.D2.1 and H3.D3.8 of this closure plan and 1 
further identified in Table H3.D-5. 2 

 3 

Figure H3.D-1. CWC East Outside Storage Area (August 2013) 4 

H3.D2.1 Clean Closure Levels 5 

The CWC East Outside Storage Area will be clean closed. The concrete pad will be sampled and must 6 
meet clean closure levels. In accordance with WAC 173-303-610(2)(b), the clean closure levels to be 7 
demonstrated for the pad are the numeric cleanup levels for soil calculated using unrestricted use 8 
exposure assumptions according to WAC 173-340, “Model Toxics Control Act – Cleanup,” (MTCA) 9 
regulations (WAC 173-340-700, “Overview of Cleanup Standards,” through WAC 173-340-760, 10 
“Sediment Cleanup Standards,” excluding WAC 173-340-745, “Soil Cleanup Standards for Industrial 11 
Properties”). These numeric cleanup levels will be calculated according to the requirements of 12 
WAC 173-303-610(2)(b)(i). WAC 173-303-610(2)(b)(ii) is being implemented through use of the MTCA 13 
(WAC 173-340) Method B closure performance standard for soil as of the effective date of the permit 14 
modification. These cleanup levels consider carcinogens, noncarcinogens, groundwater protection, and 15 
ecological indicator values. Due to the quantity and nature of the waste stored in the CWC East Outside 16 
Storage Area (Section H3.D1.1.1) not presenting a threat to groundwater, and not having soil or the 17 
presence of plants on the concrete pad, no groundwater or ecological indicator cleanup standards are 18 
addressed. 19 

A null hypothesis is generally assumed to be true until evidence indicates otherwise. The null hypothesis, 20 
as defined in WAC 173-340-200, “Definitions,” for the CWC East Outside Storage Area is that the pad is 21 

North 
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assumed to be above MTCA (WAC 173-340) Method B cleanup levels, therefore, the site is presumed to 1 
be contaminated. Rejection of the null hypothesis means sampling and analysis results of the site 2 
indicated that the concrete contains contamination below the MTCA (WAC 173-340) Method B cleanup 3 
levels. Sampling and analysis will be used to determine whether the null hypothesis can be rejected, 4 
thereby confirming that the concrete meets closure performance standards (MTCA [WAC 173-340] 5 
Method B). 6 

Should sampling and analysis provide a basis that the null hypothesis can be accepted, such an event will 7 
be considered an unexpected event during closure, and the concrete would then be identified as a newly 8 
generated contaminated environmental media and managed in accordance with Section H3.D3.7. 9 

H3.D3 Closure Activities 10 

The CWC East Outside Storage Area will be clean closed under Resource Conservation and Recovery Act 11 
of 1976 (RCRA), and confirmation sampling will be performed to verify that closure performance 12 
standards (Table H3.D-5) are met. As a waste storage unit, clean closure determinations for the CWC 13 
East Outside Storage Area will be based on successfully completing the closure activities in this section. 14 
Sampling and analysis activities were developed utilizing EPA/240/R-02/005, Guidance on Choosing a 15 
Sampling Design for Environmental Data Collection (EPA QA/G-5S), and Washington State Department 16 
of Ecology (Ecology) Publication #94-111, Guidance for Clean Closure of Dangerous Waste Units and 17 
Facilities, and will be conducted via a sampling and analysis plan (SAP) (Section H3.D3.9). The 18 
objective of the sampling described in this document is to determine if the MTCA (WAC 173-340) 19 
Method B closure performance standards were met, thereby demonstrating clean closure of the CWC East 20 
Outside Storage Area. 21 

The following closure activities are required to achieve and verify clean closure: 22 

 Remove all waste (no waste currently stored or future waste storage). 23 

 Review waste container storage, operating, and inspection records for documented spills or releases 24 
of waste. 25 

 Perform visual inspections of the concrete flooring to identify additional focused sampling locations 26 
including low points, staining, and cracks. 27 

 Perform concrete sampling and analysis to confirm that clean closure standards are met. 28 

 Confirm clean closure to MTCA (WAC 173-340) Method B closure performance standards through 29 
sampling and analysis results. 30 

 If detected during initial sampling efforts, decontaminate the concrete as necessary. 31 

 Resample, as necessary, to confirm that MTCA (WAC 173-340) Method B clean closure levels have 32 
been met. 33 

 Transmit closure certification to Ecology. 34 

H3.D3.1 Health and Safety Requirements 35 

Closure will be performed in a manner that will ensure safety of personnel and the surrounding 36 
environment. Qualified personnel will perform any necessary closure activities in compliance with 37 
established safety and environmental procedures. Personnel will be equipped with appropriate personal 38 
protective equipment. Qualified personnel will be trained in applicable safety and environmental 39 
procedures in accordance with the CWC-WRAP Addendum G, “Personnel Training,” and will have 40 
appropriate training and experience in sampling activities. Field operations will be performed in 41 
accordance with applicable health and safety requirements. 42 
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The Permittees have instituted training or qualification programs to meet training requirements imposed 1 
by regulations, U.S. Department of Energy (DOE) orders, and national standards such as those published 2 
by the American National Standards Institute/American Society of Mechanical Engineers. For example, the 3 
environmental, safety, and health training program provides workers with the knowledge and skills 4 
necessary to execute assigned duties safely. The Hanford Facility RCRA Permit (WA7890008967, 5 
Hanford Facility Resource Conservation and Recovery Act Permit), Attachment 5, describes specific 6 
requirements for the Hanford Facility Personnel Training program. The Permittees will comply with the 7 
training matrix shown in Table H3.D-1, which provides training requirements for Hanford Facility 8 
personnel associated with the CWC East Outside Storage Area. 9 

Project-specific safety training addressed explicitly to the project and the day’s activity will be provided, 10 
including the following: 11 

 Training to provide the knowledge and skills that sampling personnel need to perform work safely 12 
and in accordance with quality assurance (QA) requirements 13 

 Requirement that samplers be qualified in the type of sampling being performed in the field. 14 

Table H3.D-1. Training Matrix for CWC East Outside Storage Area 

Training 
Category  
Course 

Descriptiona 
Frequency 
of Training 

Training 
Typeb 

Job Title/Position 

Non- 

CWC-
WRAP 

Personnel 
or Visitor 

 

FWS 

Waste 
Service 

Providerc NCO ECO 

General Training Annual 
GHFT, 

CPT 
X X X X X 

ECO Training Initial OT     X 

Inspections 
Every 2 

years 
OT  X  X  

Facility Health 
and Safety 

Annual 
GHFT, 

CPT 
Xd X Xd X X 

Waste 
Management 

Every 2 
years 

GHFT, 
CPT, OT 

 X  X  

Waste Handler Annual OT  X X X  

a. See the CWC-WRAP DWTP for a complete description of coursework in each training category. 
b. Training types defined in the WA7890008967, Hanford Facility Resource Conservation and Recovery Act Permit, 
Attachment 5, “Hanford Facility Personnel Training Program.” 
c. Waste Service Providers include TSDRs, Verifiers, Shippers, and WMRs. The different Waste Service Providers are only 
required to take the necessary courses specific to their waste management duties. 
d. This training is required only if workers are unescorted in the facility. 

CPT = Contingency Plan Training 
CWC = Central Waste Complex 
DWTP = Dangerous Waste Training Plan 
ECO = Environmental Compliance Officer 
FWS = Field Work Supervisor 
GHFT = General Hanford Facility Training 

NCO = Nuclear Chemical Operator 
OT = Operations Training 
TSDR = Treatment, Storage, and Disposal Unit Acceptance 
Representative 
WMR = Waste Management Representative 
WRAP = Waste Receiving and Processing Facility 
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Pre-job briefings will be performed to evaluate activities and associated hazards by considering many of 1 
the following factors: 2 

 Objective of the activities 3 

 Individual tasks to be performed 4 

 Hazards associated with the planned tasks 5 

 Environment in which the job will be performed 6 

 Facility where the job will be performed 7 

 Equipment and material required 8 

 Safety protocols applicable to the job 9 

 Training requirements for individuals assigned to perform the work 10 

 Level of management control 11 

 Emergency contacts. 12 

Training records are maintained for each employee in an electronic training record database.  13 
The Permittees training organization maintains the training records system. 14 

H3.D3.2 Removal of Wastes and Waste Residues 15 

The CWC East Outside Storage Area does not currently manage waste. The CWC East Outside Storage 16 
Area currently serves as a storage area for reusable materials, and equipment and will no longer be used 17 
for management of waste. Inspection requirements during the closure period are identified in Section 18 
H3.D3.4. 19 

Waste or waste residues are not anticipated at this unit. Any unanticipated waste or waste residues would 20 
be in the form of contaminated concrete and will be managed as newly generated waste in accordance 21 
with Section H3.D3.6. 22 

H3.D3.3 Unit Components, Parts, and Ancillary Equipment 23 

The CWC East Outside Storage Area is a concrete pad and does not contain engineered secondary 24 
containment beyond the perimeter curbing. There is a rainwater collection system consisting of a trench 25 
running north to south down the center of the pad, a collection sump, and a valve system. The east and 26 
west sides of the pad are sloped for drainage towards the rainwater collection trench. The sump is located 27 
at the south end of the rainwater collection trench and is equipped with a valve system that allows the 28 
collected water to be released to the ground or collected into drums. The rainwater collection system will 29 
remain in place and continue to be used after clean closure during materials storage. 30 

H3.D3.4 Inspection of Units Before Decontamination 31 

Although decontamination of the pad is not anticipated, a visual inspection of the pad will be performed 32 
to identify any staining. During the inspection, stains, cracks, and breaches in the pad, which may 33 
potentially reach the underlying soil, will be documented as areas of concern for focused sampling. 34 

H3.D3.5 Decontamination 35 

Decontamination activities are not anticipated for the CWC East Outside Storage Area. As specified in 36 
Ecology Publication 94-111, Section 5.3, “Decontaminating Debris,” and Section 5.6, “Decontamination 37 
of Concrete Containment Structures,” if sampling and analysis results indicated contamination above 38 
clean closure performance standards, then the identified sampling areas will be decontaminated. 39 
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Decontamination will be performed using the debris-specific, technology-based Alternative Treatment 1 
Standard for Hazardous Debris specified in 40 CFR 268.45, Table 1 (incorporated by reference at 2 
WAC 173-303-140(2)(a), “Land Disposal Restrictions”) and will meet debris specific performance 3 
standards specified therein. 4 

Areas of contamination will be physically extracted to a minimum depth of 0.6 cm (0.25 in.) of the 5 
surface layer. Physical extraction techniques will include one of the following methods as defined in 6 
Table 1 of 40 CFR 268.45, “Alternative Treatment Standards for Hazardous Debris”: 7 

 Abrasive blasting 8 

 Scarification, grinding, and planning 9 

 Spalling 10 

Water may be used to control dust generated from decontamination activities. The amount of water used 11 
will be minimized to prevent ponding and runoff. While unlikely, other controls such as portable 12 
ventilation filter units, HEPA-filtered vacuum cleaners, and/or fogging agents may be used. 13 

H3.D3.6 Identifying and Managing Waste Generated from Closure Activities 14 

If concrete removal is required for decontamination (Section H3.D3.5), the resulting material will be 15 
managed as a newly generated waste stream in accordance with WAC 173-303-610(5). Waste generated 16 
during the closure period must be properly disposed. The newly generated waste must be handled in 17 
accordance with all applicable requirements of WAC 173-303-170, “Requirements for Generators of 18 
Dangerous Waste,” through WAC 173-303-230, “Special Conditions.” 19 

The material will be containerized, labeled, and sampled (if necessary) for waste characterization. Waste 20 
subject to the land disposal restriction (LDR) requirements of WAC 173-303-140, which includes by 21 
reference 40 CFR 268, will be characterized, designated, stored, and/or treated, as applicable, prior to 22 
disposal in an approved disposal facility. 23 

H3.D3.7 Identifying and Managing Contaminated Environmental Media 24 

Contaminated environmental media removal is not anticipated. Should clean closure verification sampling 25 
result in removal of the CWC East Outside Storage Area concrete pad, then a potential for contaminated 26 
environmental media (soil) could exist. If contaminated environmental media (soil) is identified, the 27 
nature and extent of contamination will be evaluated by modification of the permit (Section H3.D3.9.14).  28 

Contaminated soil will be managed as a newly generated waste stream in accordance with 29 
WAC 173-303-610(5). Contaminated soil must be handled in accordance with all applicable requirements 30 
of WAC 173-303-170 through WAC 173-303-230. The contaminated soil will be containerized, labeled, 31 
and sampled (if necessary) for waste characterization. Waste subject to WAC 173-303-140 requirements, 32 
which includes by reference 40 CFR 268, will be characterized, designated, stored, and/or treated, as 33 
applicable, prior to disposal in an approved disposal facility. 34 

H3.D3.8 Confirming Clean Closure 35 

The CWC East Outside Storage Area will be clean closed. Demonstration of clean closure standards will 36 
be accomplished through sampling and analysis of the concrete pad. Sampling will be performed in 37 
accordance with the SAP (Section H3.D3.9). The SAP consists of random grid sampling with judgmental 38 
sampling of areas of concern during the visual inspection (i.e., staining of the concrete, cracks, or 39 
breaches reaching the underlying soil) as well as on the rainwater collection sump. 40 
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Prior to the startup of closure activities, a review of the RCRA operating records will be performed. 1 
The records review will include the following RCRA operating record documents: facility operating 2 
logbooks (including spill reports) and weekly inspections. 3 

Confirmation sampling will be conducted in accordance with the SAP, detailed in Section H3.D3.9, to 4 
confirm that soil unrestricted use cleanup standards (MTCA [WAC 173-340] Method B) have been 5 
achieved. If sample results indicate contamination above clean closure levels, concrete will be 6 
decontaminated and managed in accordance with Section H3.D3.5. Once analytical results confirm clean 7 
closure levels of the target analytes, a clean closure certification will be prepared in accordance with 8 
Section H3.D3.11. 9 

H3.D3.9 Sampling and Analysis and Constituents to Be Analyzed 10 

The SAP summarizes the sampling design used and associated assumptions based on knowledge of the 11 
CWC East Outside Storage Area. The sampling design includes input parameters used to determine the 12 
number and location of samples. 13 

H3.D3.9.1 Sampling and Analysis Plan 14 

Sampling and analysis of the CWC East Outside Storage Area concrete pad will be conducted to confirm 15 
that clean closure levels have been achieved. All sampling and analysis will be performed in accordance 16 
with the sampling and quality standards established in this closure SAP. The closure SAP details 17 
sampling and analysis procedures in accordance with SW-846, Test Methods for Evaluating Solid Waste: 18 
Physical/ Chemical Methods, Third Edition; Final Update V; the ASTM International, formerly the 19 
American Society for Testing and Materials (ASTM), Annual Book of ASTM Standards; and applicable 20 
U.S. Environmental Protection Agency (EPA) guidance. Sampling and analysis activities will meet 21 
applicable requirements of SW-846, ASTM standards, EPA-approved methods, and DOE/RL-96-68, 22 
Hanford Analytical Services Quality Assurance Requirements Document (HASQARD), at the time of 23 
closure. This SAP was also developed using Ecology Publication #94-111, Section 7.0, “Sampling and 24 
Analysis for Clean Closure,” and EPA/240/R-02/005 (EPA QA/G-5S). 25 

H3.D3.9.2 Target Analytes 26 

A waste management report itemizing waste codes historically managed at the CWC East Outside Storage 27 
Area was run to identify the existing target analytes. Table H3.D-2 details the waste codes listed and the 28 
target analytes associated with those waste codes. 29 

Table H3.D-2. Target Analyte List 

Target Analyte (Waste Code) 
Chemical Abstracts 

Service Number 
Target Analyte  
(Waste Code) 

Chemical Abstracts 
Service Number 

Arsenic (D004) 7440-38-2 Ethyl Acetate (F003)  141-78-6 

Barium (D005) 7440-39-3 Ethyl Benzene (F003) 100-41-4 

Cadmium (D006) 7440-43-9 Ethyl Ether (F003) 60-29-7 

Chromium (Hexavalent) (D007)  18540-29-9 Methanol (F003) 67-56-1 

Lead (D008)  7439-92-1 
Methyl Isobutyl Ketone 
(F003)  

108-10-1 

Mercury (D009)  7439-97-6 Xylenes (F003)  1330-20-7 

Silver (D011)  7440-22-4 Benzene (F005) 71-43-1 
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Table H3.D-2. Target Analyte List 

Target Analyte (Waste Code) 
Chemical Abstracts 

Service Number 
Target Analyte  
(Waste Code) 

Chemical Abstracts 
Service Number 

Carbon Tetrachloride (F001)  56-23-5 Pyridine (F005) 110-86-1 

Trichloroethylene (F001) (F002)  79-01-6 2-Nitropropaneb,c (F005)  79-46-9 

1,1,1-Trichloroethane (F001) 
(F002) 

71-55-6 Carbon Disulfide (F005) 75-15-0 

Methylene Chloride (F001) 
(F002) 

75-09-2 Isobutanol (F005) 78-83-1 

Tetrachloroethylene (F001) 
(F002) 

127-18-4 2-Ethoxyethanold (F005) 110-80-5 

Chlorobenzene (F002)  108-90-7 Toluene (F005) 108-88-3 

Ortho-Dichlorobenzene (F002) 95-50-1 Methyl Ethyl Ketone (F005)  78-93-3 

1,1,2-Trichloroethane (F002)  79-00-5 Copper Cyanidee (P029) 544-92-3 

CFCsa (F001) (F002)  Not Applicable Cyanides (P030) 57-12-5 

1,1,2-Trichloro-1,2,2-
trifluoroethane (CFC-133)a 
(F002) 

76-13-1 Potassium Cyanidee (P098) 151-50-8 

Trichlorofluoromethane 
(CFC-11)a (F002)  

75-69-4 Sodium Cyanidee (P106) 143-33-9 

Acetone (F003) 67-64-1 Vanadium Pentoxidef (P120) 1314-62-1 

n-Butyl Alcohol (F003)  71-36-3 
Formic Acid (Corrosive and 
Toxic Waste) (U123) 

64-18-6 

Cyclohexanone (F003)  108-94-1 
Polychlorinated Biphenyls 
(Aroclors) (PCB2) 

1336-36-3 

a. CFC is an organic compound that contains only carbon, chlorine, and fluorine, produced as a volatile derivative of methane, 
ethane, and propane. Examples of CFCs include 1,1,2-trichloro-1,2,2-trifluoroethane (CFC-133) and trifluoromethane (CFC-11). 

b. The closure performance standard for 2-nitropropane was removed in the U.S. Environmental Protection Agency (EPA, May 
2014) Cleanup Levels and Risk Calculations (CLARC) table updates. This analyte will not be analyzed due to the unavailability of a 
closure performance standard. 

c. This analyte is removed from further consideration because it is not listed in the EPA CLARC table. 

d. Due to the extremely short half-life of 2-ethoxyethanol (between 168 hours and 672 hours), its presence in soil samples is highly 
unlikely; therefore, samples will not be analyzed for 2-ethoxyethanol. 

e. Analyzed as total cyanide. 

f. Vanadium pentoxide will be analyzed as vanadium. 

CFC = chlorinated fluorocarbon  

 1 

H3.D3.9.3 CWC East Outside Storage Area SAP Schedule 2 

Confirmation closure sampling and analysis will be performed in accordance with the closure plan 3 
schedule in Section H3.D4. 4 
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H3.D3.9.4 CWC East Outside Storage Area Project Management 1 

The following subsections address project management and ensure that the project has defined goals, 2 
participants understand the goals and approaches used, and planned outputs are appropriately 3 
documented. Project management roles and responsibilities discussed in this section apply to the major 4 
activities covered under the SAP. 5 

 Project/Task Organization 6 

The Permittee is responsible for planning, coordinating, sampling, preparing, packaging, and shipping 7 
samples to the laboratory. The project organization (regarding sampling and characterization) is described 8 
in the following subsections and shown graphically in Figure H3.D-2. 9 

 10 

Figure H3.D-2. CWC East Outside Storage Area Sampling and Analysis Plan Project Organization 11 

The project has several key positions, including the following: 12 

 Lead Regulatory Agency Project Manager: Ecology has assigned project managers responsible for 13 
oversight for the CWC East Outside Storage Area closure.  14 

 Project Manager: The Project Manager provides oversight for activities and coordinates with the 15 
DOE Richland Operations Office (DOE-RL), EPA, Ecology, and contract management. The Project 16 
Manager (or designee) for CWC East Outside Storage Area closure sampling is responsible for direct 17 
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management of sampling documents and requirements, field activities, and subcontracted tasks. 1 
The Project Manager is responsible for ensuring that project personnel are working to the current 2 
version of the SAP. The Project Manager works closely with Health and Safety and the Field Work 3 
Supervisor (FWS) to integrate these and other lead disciplines in planning and implementing the work 4 
scope. The Project Manager also coordinates with DOE-RL and the primary contractor management 5 
on all sampling activities. The Project Manager supports DOE-RL in coordinating sampling activities 6 
with the regulators. 7 

 Environmental Compliance: The Environmental Compliance Officer provides technical oversight, 8 
direction, and acceptance of project and subcontracted environmental work and develops appropriate 9 
mitigation measures with a goal of minimizing adverse environmental impacts. 10 

 Health and Safety: The Health and Safety organization’s responsibility for coordinating industrial 11 
safety and health support within the project, as carried out through health and safety plans, job hazard 12 
analyses, and other pertinent safety documents required by federal regulation or by internal primary 13 
contractor work requirements. 14 

 Sample Management and Reporting: The Permittee’s sampling organization coordinates field 15 
sampling as well as laboratory analytical work, ensuring that laboratories conform to Hanford Facility 16 
internal laboratory QA requirements (or their equivalent), as approved by DOE-RL, EPA, and 17 
Ecology. The sampling organization receives the analytical data from the laboratories, performs data 18 
entry into the Hanford Environmental Information System (HEIS) database, and arranges for data 19 
validation. The sampling organization is responsible for informing the Project Manager of any issues 20 
reported by the analytical laboratory. 21 

 Contract Laboratories: The contract laboratories analyze samples in accordance with established 22 
procedures and provide necessary sample reports and explanation of results in support of 23 
data validation. 24 

 Waste Management: The Waste Management organization communicates policies and protocols and 25 
ensures project compliance for storage, transportation, disposal, and waste tracking. 26 

 Field Work Supervisor: The FWS is responsible for planning and coordinating field sampling 27 
resources. The FWS ensures that samplers are appropriately trained and available. Additional related 28 
responsibilities include ensuring that the sampling design is understood and can be performed as 29 
specified. 30 

H3.D3.9.5 Sampling Design 31 

The primary purpose of sampling the CWC East Outside Storage Area is to determine if analytical data 32 
values exceed MTCA (WAC 173-340) Method B clean closure performance standards (Table H3.D-5). 33 

This SAP utilized Ecology Publication #94-111 (Section 7.0) to determine the type of sampling design 34 
that will be utilized to demonstrate clean closure. When designing the sampling plan, both judgmental 35 
(focused) and area wide (grid) sampling methods were considered. Ecology Publication #94-111, Section 36 
7.2.1, identifies that area wide sampling is appropriate when the spatial distribution of contamination at or 37 
from the closure unit is uncertain. Ecology Publication #94-111, Section 7.3, “Sampling to Determine or 38 
Confirm Clean Closure,” identifies the area wide sampling approach as generally appropriate for 39 
sampling to determine or confirm that clean closure levels are achieved. 40 

Area Wide (Grid) Sampling: Samples are collected at regularly spaced intervals over space or time. An 41 
initial location or time is chosen at random, and the remaining sampling locations are defined so that 42 
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locations are at regular intervals over an area (grid). Grid sampling is used to search for hot spots and 1 
infer means, percentiles, or other parameters. It is useful for estimating spatial patterns or trends over 2 
time. This design provides a practical method for designating sample locations and ensures uniform 3 
coverage of a site, unit, or process. 4 

Focused sampling, as identified in Section 7.2.2 of Ecology Publication #94-111, is selective sampling of 5 
areas where contamination is expected or releases have been documented. The area wide sampling 6 
approach was determined to be appropriate for CWC East Outside Storage Area. In addition to the area 7 
wide sampling approach, a focused sampling approach was also included for low points, seams, cracks, 8 
crevices, and the sump. Once visual inspections have been performed and any waste related staining, 9 
cracks, crevices, seams, and low points have been identified, focused sampling in addition to the sump, if 10 
any, may be deemed necessary and added to the SAP.  11 

Judgmental (Focused) Sampling: Selection of sampling units (i.e., the number and location and/or 12 
timing of collecting samples) is based on knowledge of the feature or condition under investigation and 13 
on professional judgment. Focused sampling is distinguished from probability based sampling in that 14 
inferences are based on professional judgment, not statistical scientific theory. Therefore, conclusions 15 
about the target population are limited and depend entirely on the validity and accuracy of professional 16 
judgment. Probabilistic statements about parameters are not possible. 17 

The number and location of area wide samples were determined utilizing the Visual Sample Plan (VSP) 18 
software. VSP is a tool used throughout Washington State and nationally that statistically determines the 19 
quantity of samples required to accept or reject the null hypothesis based on input parameters specific to 20 
the CWC East Outside Storage Area. 21 

For area wide grid sampling determination in VSP, both parametric and nonparametric equations rely on 22 
assumptions about the data population. Typically, however, nonparametric equations require fewer 23 
assumptions and allow for more uncertainty about the distribution of data. Alternatively, if parametric 24 
assumptions are valid, the required number of samples is usually less than if a nonparametric equation 25 
was used. For the CWC East Outside Storage Area, data assumptions were largely based on information 26 
obtained from a grouping of similar waste sites with the same type of constituents. Parameters from the 27 
200-MG-1 waste sites were approved by Ecology in the SAP (DOE/RL-2009-60, Sampling and Analysis 28 
Plan for Selected 200-MG-1 Operable Unit Waste Sites), evaluated, deemed appropriate, and utilized for 29 
the input parameters for the CWC East Outside Storage Area. VSP parameter inputs and the basis for 30 
those inputs are detailed in Table H3.D-3. 31 

The decision rule for demonstrating compliance with the MTCA (WAC 173-340) Method B clean closure 32 
level for area wide grid sampling has three parts: 33 

 The 95 percent upper confidence limit on the true data mean must be less than the MTCA 34 
(WAC 173-340) Method B clean closure level. 35 

 No sample concentration can be more than twice the cleanup level. 36 

 Less than 10 percent of the samples can exceed the cleanup level. 37 

Using a nonparametric test and the input parameters identified in Table H3.D-3, VSP calculated that a 38 
minimum of 22 samples is required to reject the null hypotheses with 95 percent confidence and ensure 39 
that the CWC East Outside Storage Area would not be mistakenly released as clean. For the purpose of 40 
utilizing VSP software, the null hypothesis is to compare a site mean to a fixed threshold. Data will be 41 
evaluated to ensure that less than 10 percent of the individual values exceed MTCA (WAC 173-340) 42 
Method B clean closure performance standards and that no values are more than twice the cleanup level. 43 
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Focused sampling is considered biased sampling and, therefore, cannot be statistically demonstrated to 1 
meet the MTCA (WAC 173-340) Method B closure performance standards. The decision criteria for 2 
focused sampling results will be a direct comparison to ensure that individual values do not exceed 3 
MTCA Method B clean closure performance standards. 4 

Area wide grid sample locations were determined using the area wide grid with a random start sampling 5 
method run in the VSP software (Figure D-3). Statistical analysis of systematically collected data is valid 6 
if a random start to the grid is used. The CWC East Outside Storage Area dimensions were entered into 7 
VSP to determine the locations of samples. The triangular grid sampling layout was determined to have 8 
an even distribution over the entire CWC East Outside Storage Area sampling area providing the most 9 
representative data set including coverage of the middle portion of the sampling area. The 22 samples will 10 
be taken from the node locations indicated by the VSP software (Attachment A) and will be assigned 11 
sample location identifications and sample numbers using HEIS. The northwest corner of the CWC East 12 
Outside Storage Area DWMU is considered the (0,0) point of the sampling location map in Attachment 13 
A. 14 

The first node location was chosen at random by the VSP software, and the subsequent 21 sample 15 
locations were assigned by the VSP software using a triangular grid sampling layout. Supporting 16 
documentation and the sampling grid map automatically generated by the VSP software are documented 17 
in Attachment A. 18 

H3.D3.9.6 Sampling Methods and Handling 19 

A grab sample matrix will consist of concrete collected in precleaned sample containers taken at a depth 20 
of approximately 2.5 cm (1 in.) from the surface. For the purpose of this SAP, surface is defined as the 21 
exposed surface layer of the concrete flooring. Subsurface sampling was evaluated; however, based on 22 
results of the records review, free liquid waste was not stored in the CWC East Outside Storage Area and 23 
no releases of waste were identified, so subsurface sampling was not deemed necessary.  24 

Concrete flooring will be broken up at the node locations. Concrete will be broken up within a 0.6 m (2 ft) 25 
diameter surrounding the node location with a needle hammer or similar tool. The resulting material will 26 
be collected as grab samples. Grab samples will be collected into containers at the chosen node sample 27 
locations. To ensure sample and data usability, sampling will be performed in accordance with established 28 
sampling practices, procedures, and requirements pertaining to sample collection, collection equipment, 29 
and sample handling. Sampling generally includes the following activities: 30 

 Generating a sample request 31 

 Sample container and equipment preparation 32 

 Field walkdown of sample area (includes marking sample locations) 33 

 Sample collection 34 

 Sample packaging, transporting, and shipping. 35 
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Table H3.D-3. Visual Sample Plan Parameter Inputs 

Parameter Value Basis 

Primary Objective of the Sampling 
Design 

Compare a site mean or 
median to a fixed threshold 

Reject the null hypothesis. 

Type of Sampling Design Nonparametric Data are not assumed to be normally distributed. 

Working Null Hypothesis The mean value at the site 
exceeds the threshold (WAC 
173-340 “Model Toxics 
Control Act—Cleanup,” 
Method B closure 
performance standards) 

The null hypothesis assumes that the site is dirty requiring the sampling and 
analysis to demonstrate through statistical analysis that the site is clean. 

Area Wide Grid Sampling Pattern Triangular  A triangular pattern provided an even distribution of sample locations over the 
CWC East Outside Storage Area dangerous waste management unit. 

Standard Deviation (S) 0.45 This is the assumed standard deviation value relative to a unit action level for the 
sampling area. The value of 0.45 is conservative, based on consideration of past 
verification sampling. MARSSIM suggests 0.30 as a starting point; however, 0.45 
has been selected to be more conservative. (Number of samples calculated increases 
with higher standard deviation values relative to a unit action level.) 

Delta (Δ) 0.40 This is the width of the gray region. It is a user-defined value relative to a unit 
action level. The value of 0.40 balances unnecessary remediation cost with 
sampling cost. 

Alpha (α) 5% This is the acceptable error of deciding a dirty site is clean when the true mean is 
equal to the action level. It is a maximum error rate since dirty sites with a true 
mean above the action level will be easier to detect. A value of 5% was chosen as a 
practical balance between health risks and sampling cost. 

Beta (β) 20% This is the acceptable error of deciding a clean site is dirty when the true mean is at 
the lower bound of the gray region. A value of 20% was chosen during the data 
quality objectives process as a practical balance between unnecessary remediation 
cost and sampling cost. 

MARSSIM Sampling Overage 20% MARSSIM suggests that the number of samples should be increased by at least 
20% to account for missing or unusable data and uncertainty in the calculated value 
of n. 

Reference: EPA 402-R-97-016, Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM). 

1 
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 1 

Figure H3.D-3. VSP Sample Locations for the CWC East Outside Storage Area 2 

Sample container, preservation, and holding time requirements are specified in Table H3.D-4 for concrete 3 
samples. These requirements are in accordance with the analytical method specified. The final container 4 
type and volumes will be identified on the Sampling Authorization Form (SAF) and chain-of-custody 5 
form. 6 

To prevent potential contamination of samples, care will be taken to use decontaminated equipment for 7 
each sampling activity. 8 

Level I EPA precleaned sample containers will be used for samples collected for chemical analysis. 9 
Container sizes may vary, depending on laboratory specific volumes/requirements for meeting analytical 10 
quantitation limits. 11 

The sample location, depth, and corresponding HEIS numbers will be documented in the sampler’s field 12 
logbook. A custody seal (e.g., evidence tape) will be affixed to each sample container and/or sample 13 
collection package in such a way as to indicate potential tampering. 14 
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Table H3.D-4. Preservation, Container, and Holding Time Requirements for Concrete Samples 

Method Analysis/Analytes 
Preservation
Requirement Holding Time 

Container 
Type 

Sample 
Size 

EPA 6010  Metals by ICP-OES Cool ≤6°C 180 days G/P/PTFE 20 g 

EPA 6020 Metals by ICP-MS  Cool ≤6°C 180 days G/P 20 g 

EPA 7196 Chromium (Hexavalent) Cool ≤6°C 30 days prior to 
extraction; 
24 hours after 
extraction 

G/P 20 g 

EPA 7471  Mercury by Cold Vapor 
Atomic Absorption 

Cool ≤6°C 28 days G/P/PTFE 15 g 

EPA 8082 PCBs by GC Cool ≤6°C 14 days prior to 
extraction; 
40 days after 
extraction 

AG with 
PTFE-lined 
lid 

250 g 

EPA 8260 Volatile Organic 
Compounds by GC/MS 

Cool ≤6°C 14 days VOA vial 
with PTFE-
lined lid 

5 × 40 g 

EPA 8270 Semivolatile Organic 
Compounds by GC/MS 

Cool ≤6°C 14 days prior to 
extraction; 
40 days after 
extraction 

AG with 
PTFE-lined 
lid 

250 g 

EPA 9012 Cyanide Cool ≤4°C 14 days G/P/PTFE 15 g 

EPA 9056 Anions Cool ≤6°C 28 days prior to 
extraction; 
48 hours after 
extraction 

G/P 250 g 

AG = amber glass 

EPA = U.S. Environmental Protection 

  Agency 

G = glass 

GC = gas chromatography 

ICP = inductively coupled plasma 

MS = mass spectrometry 

OES = optical emission spectrometry 

P = plastic 

PCB = polychlorinated biphenyl 

PTFE = polytetrafluoroethylene 

VOA = volatile organic analysis 

 1 

Each sample container will be labeled with the following information on firmly affixed, water 2 
resistant labels:  3 

 SAF and number  4 

 HEIS number  5 

 Sample collection date and time 6 

 Sampler identification 7 

 Analysis required 8 

 Preservation method (if applicable) 9 
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Sample records must include the following information: 1 

 Analysis required 2 

 Sample location  3 

 Matrix (e.g., water or concrete).  4 

Sample custody will be maintained in accordance with existing Hanford Facility protocols to ensure 5 
maintenance of sample integrity throughout the analytical process. Chain-of-custody protocols will be 6 
followed throughout sample collection, transfer, analysis, and disposal to ensure that sample integrity 7 
is maintained. 8 

All waste, including unexpected waste, generated by sampling activities will be containerized and labeled. 9 
Waste subject to LDR requirements of WAC 173-303-140, which includes by reference 40 CFR 268, will 10 
be characterized, designated, stored, and/or treated, as applicable, prior to disposal in an approved 11 
disposal facility.  12 

H3.D3.9.7 Analytical Methods 13 

All analyses and testing will be performed consistent with this closure plan, laboratory analytical 14 
procedures, and HASQARD (DOE/RL-96-68). The approved laboratory must achieve the lowest practical 15 
quantitation limits (PQLs) consistent with the selected analytical method to confirm clean closure levels. 16 
If a target analyte is detected at or above the clean closure level but less than the PQL of the analytical 17 
method, Ecology will be notified and alternatives will be discussed to demonstrate clean closure levels. 18 
If the PQL exceeds the clean closure level, nondetect values at or below the PQL will document 19 
clean closure. 20 

Analytical methods and performance requirements associated with target analytes are outlined in 21 
Table H3.D-5. 22 

H3.D3.9.8 Quality Control 23 

Quality control (QC) procedures must be followed in the field and laboratory to ensure that reliable data 24 
are obtained. Field QC samples will be collected to evaluate the potential for cross-contamination and 25 
provide information pertinent to field sampling variability. Laboratory QC samples estimate the precision 26 
and bias of the analytical data. Field and laboratory QC samples are summarized in Table H3.D-6. 27 

A data quality assessment (DQA) will be performed utilizing the guidance in EPA/240/B-06/002, Data 28 
Quality Assessment: A Reviewer’s Guide (EPA QA/G-9R), and implementing the specific requirements in 29 
Sections H3.D3.9.8 through H3.D3.9.10. 30 

Data verification, data validation, and DQA will include both primary samples and QC samples.31 
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Table H3.D-5. Concrete Analytical Performance Requirements 

Chemical 
Abstracts 
Service 
Number Analytea 

Analytical 
Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy Req’t 

(% Recovery)c 

Precision Req’t 
(Relative Percent 

Difference)c Carcinogen Noncarcinogen 

7440-38-2 Arsenic SW-846 
Method 6020 

6.67E-01 2.40E+01 2.00E-01 ±30 ≤30 

7440-39-3 Barium SW-846 
Method 6010 

-- 1.60E+04 2.00E+00 ±30 ≤30 

7440-43-9 Cadmium SW-846 
Method 6010 

-- 8.00E+01 5.00E-01 ±30 ≤30 

18540-29-9 Chromium (Hexavalent) SW-846 
Method 7196 

-- 2.40E+02 5.00E-01 ±30 ≤30 

7439-92-1 Leadb SW-846 
Method 6010 

-- 2.50E+02 5.00E+00 ±30 ≤30 

7439-97-6 Mercuryd SW-846 
Method 7471 

-- 2.40E+01 2.00E-01 ±30 ≤30 

7440-22-4 Silver 
SW-846 

Method 6010 
-- 4.00E+02 1.00E+00 ±30 ≤30 

56-23-5 Carbon Tetrachloride SW-846 
Method 8260 

1.43E+01 3.20E+02 5.00E-03 ±30 ≤30 

79-01-6 Trichloroethylene 
SW-846 

Method 8260 
1.20E+01 4.00E+01 5.00E-03 ±30 ≤30 

71-55-6 1,1,1-Trichloroethane 
SW-846 

Method 8260 
-- 1.60E+05 5.00E-03 ±30 ≤30 

75-09-2 Methylene Chloride 
SW-846 

Method 8260 
5.00E+02 4.80E+02 5.00E-03 ±30 ≤30 
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Table H3.D-5. Concrete Analytical Performance Requirements 

Chemical 
Abstracts 
Service 
Number Analytea 

Analytical 
Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy Req’t 

(% Recovery)c 

Precision Req’t 
(Relative Percent 

Difference)c Carcinogen Noncarcinogen 

127-18-4 Tetrachloroethylene 
SW-846 

Method 8260 
4.76E+02 4.80E+02 5.00E-03 ±30 ≤30 

108-90-7 Chlorobenzene 
SW-846 

Method 8260 
-- 1.60E+03 5.00E-03 ±30 ≤30 

95-50-1 
Ortho-Dichlorobenzene 
(1,2-Dichlorobenzene) 

SW-846 
Method 8270 

-- 7.20E+03 3.30E-01 ±30 ≤30 

79-00-5 1,1,2-Trichloroethane 
SW-846 

Method 8260 
1.75E+01 3.20E+02 5.00E-03 ±30 ≤30 

76-13-1 
1,1,2-Trichloro-1,2,2-
Trifluoroethane (CFC-133) 

SW-846 
Method 8260 

-- 2.40E+06 1.00E-02 ±30 ≤30 

75-69-4 
Trichlorofluoromethane 
(CFC-11) 

SW-846 
Method 8260 

-- 2.40E+04 1.00E-02 ±30 ≤30 

67-64-1 Acetone SW-846 
Method 8260 

-- 7.20E+04 2.00E-02 ±30 ≤30 

71-36-3 
n-Butyl Alcohol (n-
Butanol) 

SW-846 
Method 8260 

-- 8.00E+03 1.00E-01 ±30 ≤30 

108-94-1 Cyclohexanone 
SW-846 

Method 8260 
-- 4.00E+05 5.00E-02 ±30 ≤30 

141-78-6 Ethyl Acetate 
SW-846 

Method 8260 
-- 7.20E+04 5.00E+00 ±30 ≤30 

100-41-4 Ethyl Benzene 
SW-846 

Method 8260 
-- 8.00E+03 5.00E-03 ±30 ≤30 



 

 

 
D

O
E

/R
L-2015-74, R

E
V

IS
IO

N
 0 

 
D

E
C

E
M

B
E

R
 2015 

H
3.D

-19 

Table H3.D-5. Concrete Analytical Performance Requirements 

Chemical 
Abstracts 
Service 
Number Analytea 

Analytical 
Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy Req’t 

(% Recovery)c 

Precision Req’t 
(Relative Percent 

Difference)c Carcinogen Noncarcinogen 

60-29-7 Ethyl Ether SW-846 
Method 8260 

-- 1.60E+04 5.00E-03 ±30 ≤30 

67-56-1 Methanol 
SW-846 

Method 8260 
-- 1.60E+05 1.00E+00 ±30 ≤30 

108-10-1 
Methyl Isobutyl Ketone 
(4-Methyl-2-Pentanone) 

SW-846 
Method 8260 

-- 6.40E+03 1.00E-02 ±30 ≤30 

1330-20-7 Xylenes 
SW-846 

Method 8260 
-- 1.60E+04 1.00E-02 ±30 ≤30 

71-43-2 Benzene SW-846 
Method 8260 

1.82E+01 3.20E+02 5.00E-03 ±30 ≤30 

110-86-1 Pyridine 
SW-846 

Method 8260 
-- 8.00E+01 5.00E-03 ±30 ≤30 

75-15-0 Carbon Disulfide 
SW-846 

Method 8260 
-- 8.00E+03 5.00E-03 ±30 ≤30 

78-83-1 
Isobutanol 
(Isobutyl Alcohol) 

SW-846 
Method 8260 

-- 2.40E+04 5.00E-01 ±30 ≤30 

108-88-3 Toluene SW-846 
Method 8260 

-- 6.40E+03 5.00E-03 ±30 ≤30 

78-93-3 
Methyl Ethyl Ketone 
(2-Butanone) 

SW-846 
Method 8260 

-- 4.80E+04 1.00E-02 ±30 ≤30 

57-12-5 Cyanide 
SW-846 

Method 9012 
-- 4.80E+01 1.00E+00 ±30 ≤30 
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Table H3.D-5. Concrete Analytical Performance Requirements 

Chemical 
Abstracts 
Service 
Number Analytea 

Analytical 
Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy Req’t 

(% Recovery)c 

Precision Req’t 
(Relative Percent 

Difference)c Carcinogen Noncarcinogen 

64-18-6 Formic Acid 
SW-846 

Method 9056 
-- 7.20E+04 2.00E+00 ±30 ≤30 

1336-36-3 Polychlorinated Biphenyls 
SW-846 

Method 8082 
5.00E-01 -- 8.00E-03 ±30 ≤30 

Reference: SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Update V. 

Note: Due to the nature of waste stored in the CWC East Outside Storage Area not presenting a threat to groundwater and not having soil or the presence of plants within the 
building, no groundwater or ecological indicator MTCA cleanup standards (WAC 173-340-747, “Deriving Soil Concentrations for Groundwater Protection,” and 
WAC 173-340-7490, “Terrestrial Ecological Evaluation Procedures,” through WAC 173-340-7494, “Priority Contaminants of Ecological Concern”) are addressed.  

a. Unless otherwise noted, closure performance standards are the numeric cleanup levels calculated using unrestricted use exposure assumptions according to MTCA 
(WAC 173-340-740, “Unrestricted Land Use Soil Cleanup Standards,” Method B (unrestricted use standards). Where both carcinogen and noncarcinogen performance 
standards are available, the most conservative value will be used. 

b. Closure performance standards are the numeric cleanup levels calculated using unrestricted use exposure assumptions according to MTCA (WAC 173-340-740) Method A 
(unrestricted use standards). MTCA Method A values were used when MTCA Method B values were not available. 

c. Accuracy criteria for associated batch matrix spike percent recoveries. Evaluation based on statistical control of laboratory control samples is also performed. Precision 
criteria for batch laboratory replicate matrix spike analyses or replicate sample analyses. 

d. Equations 740-1 and 740-2 from MTCA (WAC 173-340-740(3)(b)) are used to calculate Direct Contact Human Health soil cleanup levels. The MTCA human health direct 
contact soil cleanup level for mercury is calculated to be 24 mg/kg. 

CFC = chlorinated fluorocarbon 

 

MTCA = “Model Toxics Control Act—Cleanup” 
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Table H3.D-6. Project Quality Control Sampling Summary 

Quality Control Sample 
Type Frequency Characteristics Evaluated 

Field Quality Control 

Trip Blanks One per 20 samples per media 
sampled 

One per cooler for VOCs 

Trip blanks are used to assess contamination 
from sample containers or during transportation 
and storage procedures. 

Field Blanks One per cooler for VOCs Field blanks are used to assess contamination 
from surrounding sources during sample 
collection. 

Equipment Rinsate Blanks As needed 

If only disposable equipment is 
used, then an equipment blank 
is not required  

Otherwise, one per 20 samples 
per analytical method per 
media sampled, or one per daya 

Equipment rinsate blanks are used to measure the 
cleanliness of sampling equipment and 
effectiveness of equipment decontamination 
procedures. 

Field Duplicates One per batchc, 20 samples 
maximum of each media 
sampled (soil samples) 

Field duplicates are used to assess the precision 
of the entire data collection activity, including 
sampling, analysis, and site heterogeneity. 

Laboratory Quality Controlb 

Method Blanks 1 per batchc Measures contamination associated with 
laboratory sample preparation and analysis. 

Lab Duplicates b Laboratory reproducibility and precision. 

Matrix Spikes One per 20 samplesb The spike recovery measures the effects of 
interferences in the sample matrix and reflects 
the accuracy of the determination. 

Matrix Spike Duplicates One per 20 samplesb The relative percent difference between matrix 
spike and matrix spike duplicates measures the 
precision of a given analysis. 

Surrogates b Surrogate standards are added prior to extraction 
of the sample to evaluate accuracy, method 
performance, and extraction efficiency. 

Laboratory Control 
Samples 

1 per batchc The laboratory control sample measures the 
accuracy of the analytical method. 

a. Whenever a new type of nondedicated equipment is used, an equipment blank shall be collected every time sampling occurs 
until it can be shown that less frequent collection of equipment blanks is adequate to monitor the decontamination procedure 
for the nondedicated equipment. 

b. As defined in the analysis procedures. 

c. Batching across projects is allowing for similar matrices. 

 1 
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H3.D3.9.9 Data Verification 1 

Analytical results will be received from the laboratory, loaded into a database (e.g., HEIS), and verified. 2 
Verification activities include, but are not limited to, the following: 3 

 Amount of data requested matches the amount of data received (number of samples for requested 4 
methods of analytes). 5 

 Correct procedures/methods are used. 6 

 Documentation/deliverables are complete. 7 

 Hard copy and electronic versions of the data are identical. 8 

 Data seem reasonable based on analytical methodologies. 9 

H3.D3.9.10 Data Validation 10 

Data validation is performed by a third party. The laboratory supplies contract laboratory program 11 
equivalent analytical data packages intended to support data validation by the third party. The laboratory 12 
submits data packages that are supported by QC test results and raw data. 13 

Controls are in place to preserve the data sent to the validators; only additions, not changes to the raw 14 
data, are allowed. 15 

The format and requirements for data validation activities are based upon the most current version of 16 
USEPA-540-R-08-01, National Functional Guidelines for Superfund Organic Methods Data Review 17 
(OSWER 9240.1-48), and USEPA-540-R-10-011, National Functional Guidelines for Inorganic 18 
Superfund Data Review (OSWER 9240.1-51). As defined by the validation guidelines, 5 percent of the 19 
results will undergo Level C validation. 20 

H3.D3.9.11 Verification of VSP Input Parameters 21 

Analytical data will be entered back into the VSP. If all analytical data for a particular analyte are 22 
nondetectable, verification of VSP input parameters is not required for that analyte. VSP uses the 23 
analytical data to determine if the user input parameters were estimated appropriately. Once analytical 24 
data are entered into VSP, the software will calculate the true standard deviation and if the null hypothesis 25 
can be rejected. If the calculated standard deviation is smaller than the estimated user input standard 26 
deviation, no additional sampling will be required. If the calculated standard deviation is larger than the 27 
estimated standard deviation, additional sampling may be required. Comparison of the maximum data 28 
value for each analyte to the clean closure standards will ensure that all individual analytes are below the 29 
action levels. Verification of the null hypothesis through VSP will determine if the mean value of the site 30 
analytical data supports rejection of the null hypothesis (Section H3.D3.9.5).  31 

H3.D3.9.12 Documents and Records 32 

The Project Manager is responsible for ensuring that the current version of the SAP is being used and 33 
providing any updates to field personnel. Changes to the SAP will be submitted as a permit modification 34 
in accordance with WAC 173-303-610(3)(b). 35 

Logbooks are required for field activities. A logbook must be identified with a unique project name and 36 
number. The individual(s) responsible for logbooks will be identified in the front of the logbook, and only 37 
authorized persons may make entries in logbooks. Logbooks will be signed by the field manager, 38 
supervisor, cognizant scientist/engineer, or other responsible individual. Logbooks will be permanently 39 
bound, waterproof, and ruled with sequentially numbered pages. Pages will not be removed from 40 
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logbooks for any reason. Entries will be made in indelible ink. Corrections will be made by marking 1 
through the erroneous data with a single line, entering the correct data, and initialing and dating 2 
the changes. 3 

The Project Manager is responsible for ensuring that a project file is properly maintained. The project file 4 
will contain the records or references to their storage locations. The following items will be included in 5 
the project file, as appropriate:  6 

 Field logbooks or operational records  7 

 Data forms  8 

 Global positioning system data  9 

 Chain-of-custody forms  10 

 Sample receipt records  11 

 Inspection or assessment reports and corrective action reports  12 

 Interim progress reports  13 

 Final reports  14 

 Laboratory data packages  15 

 Verification and validation reports.  16 

The laboratory is responsible for maintaining, and having available upon request, the following items:  17 

 Analytical logbooks 18 

 Raw data and QC sample records 19 

 Standard reference material and/or proficiency test sample data 20 

 Instrument calibration information. 21 

Records may be stored in either electronic or hard copy format. Documentation and records, regardless 22 
of medium or format, are controlled in accordance with internal work requirements and processes to 23 
ensure the accuracy and retrievability of stored records. Records required by the Tri-Party Agreement 24 
(Ecology et al., 1989, Hanford Federal Facility Agreement and Consent Order) will be managed in 25 
accordance with the requirements therein. 26 

H3.D3.9.13 Sampling and Analysis Requirements to Address Removal of Contaminated Concrete 27 

In the event that sample results based on the MTCA Method B (WAC 173-340) three-part test 28 
(Section H3.D3.9.5) indicate contamination above clean closure levels, the concrete will be 29 
decontaminated in accordance with Section H3.D3.5. Following decontamination of concrete, additional 30 
samples will be taken at the same grid location as identified in Attachment A. Additional focused 31 
sampling may be added in areas where contamination is identified. Additional focused samples will be 32 
documented, as required in Section H3.D3.9.12, and provided with the closure certification upon request 33 
by Ecology. These samples will be analyzed in accordance with the methods specified in Table H3.D-5, 34 
with accompanying QC samples as discussed in Section H3.D3.9.8. 35 

H3.D3.9.14 Revisions to the Sampling and Analysis Plan and Constituents to Be Analyzed 36 

If changes to the SAP are necessary due to unexpected events during closure that will affect sampling, 37 
a revision to this SAP will be submitted no later than 30 days after the unexpected event as a permit 38 
modification as required in WAC 173-303-610(3)(b)(iii) and WAC 173-303-830, “Permit Changes.” 39 
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H3.D3.10 Role of the Independent Qualified Registered Professional Engineer 1 

An independent qualified registered professional engineer (IQRPE) will be retained to provide 2 
certification of the closure, as required by WAC 173-303-610(6). The IQRPE will be responsible for 3 
observing field activities and reviewing documents associated with closure of the waste storage modules. 4 
At a minimum, the following activities will be performed: 5 

 Observation or review of visual inspections 6 

 Observation or review of sampling activities 7 

 Review of sampling procedures and analytical results 8 

 Verification of sample locations as specified in the SAP 9 

 Observation that contaminated environmental debris removal is complete (if applicable) 10 

 Verification that closure activities were performed in accordance with this closure plan. 11 

The IQRPE will record observations and reviews in a written report that will be retained in the operating 12 
record. The resulting report will be used to develop clean closure certification, which will then be 13 
provided to Ecology. 14 

H3.D3.11 Closure Certification 15 

In accordance with WAC 173-303-610(6), within 60 days of completion of closure of the CWC East 16 
Outside Storage Area, certification that the DWMU has been closed in accordance with the specifications 17 
in this closure plan will be submitted to Ecology by registered mail. The certification will be signed by 18 
the owner or operator and an IQRPE.  19 

Upon request by Ecology, the following information will be submitted to support closure certification: 20 

 Field notes and photographs related to closure activities, including the results of the inspection of 21 
concrete pad for staining, cracks and other openings. 22 

 Description of any minor deviations from the approved closure plan and justification for 23 
these deviations. 24 

 Laboratory and/or field data, including sampling procedures, sampling locations, QA/QC samples, 25 
and chain-of-custody procedures for samples and measurements, including samples and 26 
measurements taken to determine background conditions and/or determine or confirm clean closure. 27 

 Summary report that identifies and describes the data reviewed by the IQRPE and tabulates the 28 
analytical results of samples taken to determine and confirm clean closure. 29 

 Description of what the unit area looks like at completion of closure, including a description of what 30 
parts of the former unit, if any, will remain after closure. 31 

H3.D3.12 Conditions That Will Be Achieved When Closure Is Complete 32 

Upon confirmation of clean closure levels through sampling and analysis, the CWC East Outside Storage 33 
Area DWMU will be clean closed. The concrete pad will remain in place for future use as a material 34 
storage area. A permit modification request will be submitted to remove the CWC East Outside Storage 35 
Area DWMU from the Hanford Facility RCRA Permit (WA7890008967). 36 
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H3.D4 Closure Schedule and Time Frame 1 

In accordance with WAC 173-303-610(4)(b), closure activities for the CWC East Outside Storage Area 2 
will be completed no more than 180 days after the start of closure (Table H3.D-7). Should unexpected 3 
circumstances arise and an extension to the 180 day closure activity period is deemed necessary, a permit 4 
modification will be submitted to Ecology for approval at least 30 days prior to the expiration of the180 5 
day closure activity period in accordance with WAC 173-303-610(4)(c) and WAC 173-303-830, 6 
Appendix I, Section D.1.b. The extension request would also demonstrate that all steps to prevent threats 7 
to HHE, including compliance with all applicable permit requirements, have been and will continue to be 8 
taken. Closure certification will be submitted to Ecology within 60 days following completion of closure 9 
activities at the CWC East Outside Storage Area, as outlined in Section H3.D3.11 (Figure H3.D-4). 10 

H3.D5 Closure Costs 11 

An annual report outlining updated projections of anticipated closure costs for Hanford Facility treatment, 12 
storage, and/or disposal units having final status is not required per Permit Condition II.H. The Hanford 13 
Facility is owned by DOE and operated by DOE and its contractors; therefore, in accordance with 14 
(WAC 173-303-620(1)(c)), provisions of WAC 173-303-620, “Financial Requirements,” are not 15 
applicable to the Hanford Facility. 16 

  17 



 DOE/RL-2015-74, REVISION 0 
 DECEMBER 2015 
 

H3.D-26 

Table H3.D-7. CWC East Outside Storage Area Closure Activities 

Closure Activity Description 
Expected 
Duration  

Primary Activity Secondary Activity Duration 

Prior To Closure 

Submit Notification to Ecology of 
Intent to Close the CWC East Outside 
Storage Area DWMU 

In accordance with WAC 173-303-610(3)(c)(i), 
at least 45 days prior to the date on which 
closure is expected to begin (i.e., no later than 
15 days prior to receipt last known volume of 
final waste). 

-- 

Begin Closure of the CWC East 
Outside Storage Area DWMU 

In accordance with WAC 173-303-610(3)(c)(ii), 
within 30 days of receiving the last known 
volume of final waste. 

-- 

Closure Activities 

Records Review  
Perform review of daily operating records, 
inspection records, and spill records. 

30 Days (Day 30) 

Visual Inspection of Concrete Pad 

Identify stains to determine focused sampling. 

5 Days (Day 35) 

Identify cracks in pad that could potentially 
reach the soil below the concrete. 

Document visual inspection with photos, 
locations, and dimensions of stains and cracks 
for judgmental sampling. 

Sampling and Analysis of Concrete 
Pad 

See Section H3.D3.9 for details of sampling and 
analysis. 

145 Days (Day 
180) 

Data validation and verification. 

If necessary, decontaminate the pad and 
resample and analyze to confirm that clean 
closure levels have been achieved. 

Closure Activities Complete 

Owner/Operators and IQRPE Submit 
Clean Closure Certification  

In accordance with WAC 173-303-610(6), 
within 60 days of completion of closure of each 
DWMU; certification that the DWMU has been 
closed in accordance with the specifications in 
the approved closure plan (See Section 
H3.D3.11 for more details on the clean closure 
certification). 

60 Days (Day 60) 

 1 
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Figure H3.D-4. CWC East Outside Storage Area Closure Schedule Activities 2 
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Attachment H3.D.a 1 

CWC East Outside Storage Area Visual Sample Plan Supporting 2 

Documentation3 
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 22

Number of selected sample areas b 1

Specified sampling area c 8722.00 ft2

Size of grid / Area of grid cell d 20.1962 feet / 353.241 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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East OSA-1 East OSA-2 East OSA-3 East OSA-4

East OSA-5 East OSA-6 East OSA-7 East OSA-8 East OSA-9

East OSA-10 East OSA-11 East OSA-12 East OSA-13

East OSA-14 East OSA-15 East OSA-16 East OSA-17 East OSA-18

East OSA-19 East OSA-20 East OSA-21 East OSA-22

(0,0) Northwest Corner 98'

89'

(-119.63904, 46.55507) Decimal Degrees

Area: CWC East OSA

X Coord Y Coord Label Value Type Historical

18.3028 14.9034 East OSA-1 Systematic

38.4991 14.9034 East OSA-2 Systematic

58.6953 14.9034 East OSA-3 Systematic

78.8915 14.9034 East OSA-4 Systematic

8.2047 32.3938 East OSA-5 Systematic

28.4010 32.3938 East OSA-6 Systematic

48.5972 32.3938 East OSA-7 Systematic

68.7934 32.3938 East OSA-8 Systematic

88.9896 32.3938 East OSA-9 Systematic

18.3028 49.8843 East OSA-10 Systematic

38.4991 49.8843 East OSA-11 Systematic

58.6953 49.8843 East OSA-12 Systematic

78.8915 49.8843 East OSA-13 Systematic

8.2047 67.3747 East OSA-14 Systematic

28.4010 67.3747 East OSA-15 Systematic

48.5972 67.3747 East OSA-16 Systematic

68.7934 67.3747 East OSA-17 Systematic
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88.9896 67.3747 East OSA-18 Systematic

18.3028 84.8652 East OSA-19 Systematic

38.4991 84.8652 East OSA-20 Systematic

58.6953 84.8652 East OSA-21 Systematic

78.8915 84.8652 East OSA-22 Systematic

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where

F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
MARSSIM (EPA 2000, p. 5-33).
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The values of these inputs that result in the calculated number of sampling locations are:

Analyte na Parameter

S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and
4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
gridded sample locations were selected based on a random start.
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Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15

s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 22 Samples

Field collection costs $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs $0.00 $0.00

Fixed planning and validation costs $0.00

Total cost $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.
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This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.

This design was last modified 10/27/2015 5:03:58 PM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.

DOE/RL-2015-74, REVISION 0
DECEMBER 2015

H3.D.a-6



DOE/RL-2015-74, REVISION 0 
DECEMBER 2015 

H3.E-i 

Appendix H3.E 1 

CWC D-10 Outside Storage Area Dangerous Waste Management Unit 2 
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H3.E1 Introduction 1 

This appendix discusses closure activities for the Central Waste Complex (CWC)-Waste Receiving and 2 
Processing Facility (WRAP) Operating Unit Group CWC D-10 Outside Storage Area dangerous waste 3 
management unit (DWMU) (Figure H3.E-1). The Permittee has determined that this area will no longer 4 
receive additional waste, and the DWMU will be closed. Closure will be performed in accordance with 5 
the schedule provided in Section H3.E4. 6 

Please note, the terms “mixed waste” and/or “waste” when seen in this document, refer to dangerous 7 
waste or hazardous waste, as applicable. 8 

This plan describes in detail the closure activities necessary to establish clean closure levels for the CWC 9 
D-10 Outside Storage Area. Such closure activities include removal of the waste container, records 10 
review (i.e., container storage, operating, and inspection records) for documented spills or releases of 11 
waste, visual inspection of the gravel/soil after waste removal to evaluate the likelihood of potential 12 
contamination of soil, and soil sampling and analysis to confirm that clean closure standards have 13 
been achieved. 14 

This closure plan complies with the WAC 173-303-610(2) through (6), “Dangerous Waste Regulations,” 15 
“Closure and Post-Closure.” Amendments to this closure plan will be submitted as a permit modification 16 
in accordance with WAC 173-303-610(3)(b). 17 

H3.E1.1 Unit Description 18 

The CWC D-10 Outside Storage Area is a gravel area approximately 4.5 m (15 ft) by 7.3 m (24 ft), 19 
located between the 2403-WD Building and the Low Flashpoint Storage Modules. The CWC D-10 20 
Outside Storage Area currently includes one waste container (Figure H3.E-2), which contains Tank D-10. 21 
Transfer of additional waste into the CWC D-10 Outside Storage Area is not authorized.  22 

Tank D-10 originated from the Reduction/Oxidation Plant waste concentration system. Tank D-10 was 23 
shipped to U Plant (221-U) in 1965 for storage until it was removed and transferred to CWC. A special 24 
storage and transportation container was designed for safe transportation and storage of the tank. The 25 
waste container was constructed out of shielded carbon steel with a corrosion resistant liner designed for 26 
management of both dangerous waste and radiation hazards.  27 

H3.E1.1.1 Maximum Waste Inventory 28 

The maximum inventory of the CWC D-10 Outside Storage Area consists of one waste container with a 29 
total gross weight of approximately 44,085 kg (97,191 lb). The waste container was first introduced into 30 
the CWC D-10 Outside Storage Area in 2011. Details on the waste container are presented in 31 
Section H3.E3.4 of this closure plan. 32 
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 1 

Figure H3.E-1. CWC D-10 Outside Storage Area (August 2013) 2 

 3 

Figure H3.E-2. D-10 Waste Container (March 2013) 4 

North 
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H3.E2 Closure Performance Standards 1 

Closure performance standards for the CWC D-10 Outside Storage Area will be based on 2 
WAC 173-303-610(2), which requires closure of the facility in a manner that accomplishes the following 3 
objectives: 4 

 Minimize the need for further maintenance. 5 

 Control, minimize, or eliminate, to the extent necessary, to protect human health and the environment 6 
(HHE), post-closure escape of dangerous waste, dangerous constituents, leachate, contaminated 7 
runoff, or dangerous waste decomposition products to the ground, surface water, groundwater, or the 8 
atmosphere. 9 

 Return the land to the appearance and use of surrounding land areas, to the degree possible, given the 10 
nature of the previous dangerous waste activity. 11 

These performance standards are addressed in Sections H3.E2.1 and H3.E3.10 of this closure plan and are 12 
further identified in Table H3.E-7. 13 

H3.E2.1 Clean Closure Levels 14 

The CWC D-10 Outside Storage Area will be clean closed. After removal of the waste container, soil 15 
within the boundary of the DWMU will be sampled and must meet clean closure levels. In accordance 16 
with WAC 173-303-610(2)(b)(i), clean closure levels for soil are the numeric cleanup levels calculated 17 
using unrestricted use exposure assumptions according to WAC 173-340, “Model Toxics Control Act—18 
Cleanup,” hereinafter called MTCA, regulations (WAC 173-340-700, “Overview of Cleanup Standards,” 19 
through WAC 173-340-760, “Sediment Cleanup Standards,” excluding WAC 173-303-745, “Soil 20 
Cleanup Standards for Industrial Properties”). These numeric cleanup levels have been calculated 21 
according to the requirements of WAC 173-303-610(2)(b)(i) as of the effective date of the closure plan. 22 
These cleanup levels consider carcinogens, noncarcinogens, groundwater protection, and ecological 23 
indicator values.  24 

A null hypothesis is generally assumed to be true until evidence indicates otherwise. The null hypothesis, 25 
as defined in WAC 173-340-200, “Definitions,” for the CWC D-10 Outside Storage Area is that the soil 26 
in the DWMU is assumed to be above unrestricted MTCA (WAC 173-340) Method B cleanup levels, 27 
therefore, the site is presumed to be contaminated. Rejection of the null hypothesis means sampling and 28 
analysis results of the site indicated the soil contains contamination above the MTCA (WAC 173-340) 29 
Method B cleanup levels. Sampling and analysis will be used to determine whether the null hypothesis 30 
can be rejected, thereby confirming that soil meets the closure performance standards (MTCA [WAC 31 
173-340] Method B). 32 

Should sampling and analysis provide a basis that the null hypothesis can be accepted, such an event will 33 
be considered an unexpected event during closure, and the soil would then be identified as newly 34 
generated contaminated environmental media and managed in accordance with Section H3.E3.9 35 

H3.E3 Closure Activities 36 

The CWC D-10 Outside Storage Area will be clean closed under Resource Conservation and Recovery 37 
Act of 1976 (RCRA), and confirmation sampling will be performed to verify that closure performance 38 
standards (Table H3.E-7) are met. As a waste storage unit, clean closure determination for the CWC D-10 39 
Outside Storage Area will be based on successfully completing the closure activities in this section. 40 
Sampling and analysis activities were developed utilizing EPA/240/R-02/005, Guidance on Choosing a 41 
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Sampling Design for Environmental Data Collection (EPA QA/G-5S), and Ecology Publication #94-111, 1 
Guidance for Clean Closure of Dangerous Waste Units and Facilities, and will be conducted via a 2 
sampling and analysis plan (SAP) (Section H3.E3.11.1). The objective of the sampling described in this 3 
document is to determine if the MTCA (WAC 173-340) Method B closure performance standards 4 
were met, thereby demonstrating clean closure of the CWC D-10 Outside Storage Area. 5 

The CWC D-10 Outside Storage Area currently stores one waste container of transuranic mixed (TRUM) 6 
waste. Due to the nature of the waste and size of the container, an extended period will be needed to ship 7 
the waste container to another receiving treatment, storage, and/or disposal (TSD) facility for waste 8 
processing (Section H3.E3.3). This shipment must be completed prior to final clean closure verification. 9 

In accordance with WAC 173-303-610(4)(a), demonstration that all steps to prevent threats to HHE will 10 
continue to be taken during the extended closure period. These steps are demonstrated in Section 11 
H3.E3.2. 12 

Overall extended closure includes the following activities: 13 

 Continue inspections in accordance with Section H3.E3.2. 14 

 Remove all waste. 15 

 Review waste container storage, operating, and inspection records for documented spills or releases 16 
of waste. 17 

 Perform a visual inspection of gravel and visible surface soil once the waste container is removed, for 18 
purposes of focused sampling. 19 

 Perform sampling and analysis of the soil to confirm that clean closure standards are met. 20 

 If contamination is detected during initial sampling efforts, remove, treat (if necessary), and dispose 21 
of contaminated environmental media. 22 

 Resample, as necessary, to confirm that MTCA (WAC 173-340) Method B clean closure levels have 23 
been met. 24 

 Transmit clean closure certification to Ecology. 25 

H3.E3.1 Health and Safety Requirements 26 

Closure will be performed in a manner to ensure the safety of personnel and the surrounding environment. 27 
Qualified personnel will perform any necessary closure activities in compliance with established safety 28 
and environmental procedures. Personnel will be equipped with appropriate personal protective 29 
equipment. Qualified personnel will be trained in applicable safety and environmental procedures and 30 
have appropriate training and experience in sampling activities. Field operations will be performed in 31 
accordance with applicable health and safety requirements. 32 

The Permittees have instituted training or qualification programs to meet training requirements imposed 33 
by regulations, U.S. Department of Energy (DOE) orders, and national standards such as those published 34 
by the American National Standards Institute/American Society of Mechanical Engineers. For example, the 35 
environmental, safety, and health training program provides workers with the knowledge and skills 36 
necessary to execute assigned duties safely. The WA7890008967, Hanford Facility Resource 37 
Conservation and Recovery Act Permit (hereinafter Hanford Facility RCRA Permit), Attachment 5, 38 
describes specific requirements for the Hanford Facility Personnel Training program. The Permittees will 39 
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comply with the training matrix shown in Table H3.E-1, which provides training requirements for 1 
Hanford Facility personnel associated with the CWC D-10 Outside Storage Area. 2 

Project-specific safety training addressed explicitly to the project and the day’s activity will be provided 3 
including the following: 4 

 Training will provide the knowledge and skills that sampling personnel need to perform work safely 5 
and in accordance with quality assurance (QA) requirements. 6 

 Samplers are required to be qualified in the type of sampling being performed in the field. 7 

Table H3.E-1. Training Matrix for CWC D-10 Outside Storage Area 

Training Category  
Course 

Descriptiona 
Frequency of 

Training 
Training 

Typeb 

Job Title/Position 

Non- 

CWC-WRAP 
Personnel or 

Visitor 

 

FWS 

Waste 
Service 

Providerc NCO ECO 

General Training Annual GHFT, CPT X X X X X 

ECO Training Initial OT     X 

Inspections Every 2 years OT  X  X  

Facility Health and 
Safety 

Annual GHFT, CPT Xd X Xd X X 

Waste Management Every 2 years 
GHFT, CPT, 

OT 
 X  X  

Waste Handler Annual OT  X X X  

a. See the CWC-WRAP DWTP for a complete description of coursework in each training category. 
b. Training types defined in the WA7890008967, Hanford Facility Resource Conservation and Recovery Act Permit, 
Attachment 5, “Hanford Facility Personnel Training Program.” 
c. Waste Service Providers include TSDRs, Verifiers, Shippers, and WMRs. The different Waste Service Providers are only 
required to take the necessary courses specific to their waste management duties. 
d. This training is required only if workers are unescorted in the facility. 

CPT = Contingency Plan Training 
CWC = Central Waste Complex 
DWTP = Dangerous Waste Training Plan 
ECO = Environmental Compliance Officer 
FWS = Field Work Supervisor 
GHFT = General Hanford Facility Training 

NCO = Nuclear Chemical Operator 
OT = Operations Training 
TSDR = Treatment, Storage, and Disposal Unit Acceptance 
Representative 
WMR = Waste Management Representative 
WRAP = Waste Receiving and Processing Facility 

 8 

Pre-job briefings will be performed to evaluate activities and associated hazards by considering many 9 
factors, including the following: 10 

 Objective of the activities 11 

 Individual tasks to be performed 12 

 Hazards associated with the planned tasks 13 

 Environment in which the job will be performed 14 

 Facility where the job will be performed 15 
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 Equipment and material required 1 

 Safety protocols applicable to the job 2 

 Training requirements for individuals assigned to perform the work 3 

 Level of management control 4 

 Emergency contacts. 5 

Training records are maintained for each employee in an electronic database. The Permittees training 6 
organization maintains the training records system. 7 

H3.E3.2 Care and Maintenance During Closure 8 

Due to the nature of waste and extended period requested for closing the CWC D-10 Outside Storage 9 
Area, as required in WAC 173-303-610(4)(a), the Permittees must ensure that the waste container does 10 
not pose a risk to HHE. These RCRA compliance requirements include DWMU inspections, personnel 11 
training, and emergency preparedness. The Permittees will ensure that the inspections at the CWC D-10 12 
Outside Storage Area will meet the requirements for container storage in WAC 173-303-630(6), “Use and 13 
Management of Containers;” ignitable and reactive waste in WAC 173-303-395(1)(d). 14 

CWC-WRAP inspections of the CWC D-10 Outside Storage Area will continue until the waste container 15 
has been removed from the DWMU in accordance with Table H3.E-2. No new waste containers will be 16 
accepted in the CWC D-10 Outside Storage Area. 17 

Table H3.E-2. CWC D-10 Outside Storage Area Inspection Schedule 

Requirement Description Frequency Inspection 

Container Storage 

Containers/Container Storage Areas Weekly* 

Container integrity is not compromised by 
punctures, dents, penetrating scratches, loose lids, 
bulging, excessive corrosion, damage, or 
deterioration.  

Containers are closed and stored in a manner that 
will not rupture the containers or cause them to 
leak. 

Container Labels Weekly* 

Container marking/labeling is intact, unobscured, 
legible, and in good condition. 

Labels are visible and readable, and risks are 
adequately identified. 

Ignitable or Reactive Waste 

Ignitable or Reactive Waste Annually 
Storage is in compliance with  
WAC 173-303-630(8). 

* Weekly inspection logs, prepared to meet WAC 173-303-630(6), “Dangerous Waste Regulations,” “Use and Management of 
Containers,” will be completed when waste is being managed within the CWC-WRAP storage areas. If the storage area is 
empty, “no waste in storage” or equivalent words will be entered on the inspection log. 

H3.E3.3 Removal of Wastes and Waste Residues 18 

Removal of the waste container from the CWC D-10 Outside Storage Area will be a part of the closure 19 
process. Currently, the capacity to process the large containers of contact-handled TRUM and 20 
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remote-handled TRUM waste does not exist on the Hanford Facility. The D-10 waste container will likely 1 
be treated with the capability developed as part of Tri-Party Agreement (TPA) (Ecology et al., 1989, 2 
Hanford Federal Facility Agreement and Consent Order) Major Milestone M-091-01; therefore, removal 3 
of the D-10 waste container will be developed during the M-091-00 milestone series. 4 

H3.E3.4 CWC D-10 Outside Storage Area Records Review 5 

To support the development of the closure plan for the CWC D-10 Outside Storage Area, a review of 6 
historical records for the waste container was performed. 7 

Structural and corrosion assessments were performed on the tank prior to removal from the U-Canyon 8 
cell. The assessment showed no signs of corrosion of the interior or exterior tank walls. 9 

Prior to storage in the CWC D-10 Outside Storage Area, the waste was characterized through sampling 10 
and analysis of the tank contents. During the sampling event in July 2009, it was determined that 11 
approximately 11 to 19 L (3 to 5 gal) of liquid waste were inside the tank. The total volume of waste that 12 
was determined to be in the tank during sampling was approximately 1,880 L (497 gal). 13 

The liquid waste was absorbed by the addition of Tealsorb1 socks. Two 40 ft sections of absorbent sock 14 
were inserted into the tank, coiled onto the free liquid, and monitored via video feed. In addition, 310 kg 15 
(684 lb) of granular Tealsorb were added to the inside of the tank and the bottom of the waste container. 16 
The state of the waste inside the D-10 waste container is sludge, absorbed liquid, and solid. Waste storage 17 
information is detailed in Table H3.E-3. 18 

H3.E3.5 Unit Components, Parts, and Ancillary Equipment 19 

The CWC D-10 Outside Storage Area does not have any components, parts, or ancillary equipment. 20 

H3.E3.6 Inspection of Units Before Decontamination 21 

Decontamination of the CWC D-10 Outside Storage Area is not planned. Following removal of the waste 22 
container, a visual inspection of the surrounding gravel pad to identify staining will be performed. 23 
Staining identified in the visual inspection will be documented as an area of concern for judgmental 24 
sampling of the soil. 25 

H3.E3.7 Decontamination 26 

Decontamination of the CWC D-10 Outside Storage Area is not planned. 27 

H3.E3.8 Identifying and Managing Waste Generated from Closure Activities 28 

There are no known waste streams that will be generated during closure activities. Any unanticipated 29 
waste generated during closure will be managed as a newly generated waste stream in accordance with 30 
WAC 173-303-610(5). Waste generated during the closure period must be properly disposed. The newly 31 
generated waste must be handled in accordance with all applicable requirements of WAC 173-303-170, 32 
“Requirements for Generators of Dangerous Waste,” through WAC 173-303-230, “Special Conditions.”  33 

Management and disposal of waste generated during closure will be documented and included with the 34 
clean closure documentation included in Section H3.E3.13. 35 

                                                      
1 Tealsorb is a product name of The Cary Company, Addison, Illinois. 
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Table H3.E-3. CWC D-10 Outside Storage Area Container Data 

Container 
Quantity 

Facility 
Identification 

Storage 
Unit 

Waste 
Package 

Type 

Package 
Volume 

(m3) 
Waste 
Type 

Earliest 
Moved In 

Date 

Latest 
Moved Out 

Date Assigned Waste Code 

1 CWC D-10 
Large 

container 
28.12 

Transuranic 
Mixed 

2011 
Not 

Applicable D001, D007, D008, D010, WSC2 
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H3.E3.9 Identifying and Managing Contaminated Environmental Media 1 

If contaminated environmental media (soil) is identified as a result of clean closure verification sampling 2 
activities (i.e., samples indicate contamination above clean closure standards), the nature and extent of 3 
contamination will be evaluated. Soil surrounding the node location, which identified contamination 4 
above clean closure levels, will be removed up to the diameter distance to the adjacent node locations and 5 
approximately 0.9 m (3 ft) below the surface. Contaminated soil will be removed using equipment 6 
capable of removing the quantity of material required to complete removal and clean close the DWMU. 7 
Following removal of contaminated soil, additional confirmatory sampling will be conducted in the 8 
location of the original node, which identified contamination above clean closure levels and in accordance 9 
with the approved closure plan SAP. This process will continue until analytical results of confirmatory 10 
soil samples prove that clean closure levels have been achieved. 11 

Contaminated soil will be managed as a newly generated waste stream in accordance with 12 
WAC 173-303-610(5). Contaminated soil must be handled in accordance with all applicable requirements 13 
of WAC 173-303-170 through WAC 173-303-230. The contaminated soil will be containerized, labeled, 14 
and sampled (if necessary) for waste characterization. Waste subject to the land disposal restriction 15 
(LDR) requirements of WAC 173-303-140, “Land Disposal Restrictions,” which includes by reference 16 
40 CFR 268, “Land Disposal Restrictions,” will be characterized, designated, stored, and/or treated, as 17 
applicable, prior to disposal in an approved disposal facility. 18 

Management and disposal of the contaminated environmental media will be documented and included 19 
with the clean closure documentation included in Section H3.E3.13. 20 

H3.E3.10 Confirming Clean Closure 21 

The CWC D-10 Outside Storage Area will be clean closed. Demonstration of clean closure standards will 22 
be accomplished through sampling and analysis performed in accordance with the SAP included in 23 
Section H3.E3.11. The SAP consists of random grid sampling with judgmental sampling of areas of 24 
concern identified during the visual inspection (i.e., areas where staining is identified). 25 

Once the waste container is removed, confirmation sampling of the underlying soil will be conducted in 26 
accordance with the SAP, detailed in Section H3.E3.11, to confirm that soil unrestricted use cleanup 27 
standards (MTCA [WAC 173-340] Method B) have been achieved. If sample results indicate 28 
contamination above clean closure levels, contaminated soil will be removed and managed in accordance 29 
with Section H3.E3.9. Once analytical results confirm clean closure levels of the target analytes, clean 30 
closure certification will be prepared in accordance with Section H3.E3.13. 31 

H3.E3.11 Sampling and Analysis and Constituents to Be Analyzed 32 

The SAP summarizes the sampling design and associated assumptions based on knowledge of the CWC 33 
D-10 Outside Storage Area. Sampling and analysis will be performed on the soil, after removal of the 34 
waste container, to demonstrate clean closure levels. The sampling design includes input parameters used 35 
to determine the number and location of samples. 36 

H3.E3.11.1 Sampling and Analysis Plan 37 

Sampling and analysis of the CWC D-10 Outside Storage Area soil will be conducted to confirm that 38 
clean closure levels have been achieved. All sampling and analysis will be performed in accordance with 39 
the sampling and quality standards established in this closure SAP. The closure SAP details sampling and 40 
analysis procedures in accordance with SW-846, Test Methods for Evaluating Solid Waste: 41 
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Physical/Chemical Methods, Third Edition; Final Update V, ASTM International, formerly the American 1 
Society for Testing and Materials (ASTM), Annual Book of ASTM Standards; and applicable U.S. 2 
Environmental Protection Agency (EPA) guidance. Sampling and analysis activities will meet applicable 3 
requirements of SW-846, ASTM standards, EPA approved methods, and DOE/RL-96-68, Hanford 4 
Analytical Services Quality Assurance Requirements Document (HASQARD), at the time of closure. This 5 
SAP was also developed using Ecology Publication #94-111, Section 7.0, “Sampling and Analysis for 6 
Clean Closure,” and EPA/240/R-02/005 (EPA QA/G-5S). 7 

H3.E3.11.2 Target Analytes 8 

The CWC D-10 Outside Storage Area is currently storing one waste container. A waste management 9 
report identifying waste codes historically managed at the CWC D-10 Outside Storage Area was run to 10 
identify the existing target analytes. Table H3.E-4 details the waste codes identified for the waste 11 
container and target analytes associated with those waste codes. 12 

Table H3.E-4. Target Analyte List 

Target Analyte (Waste Code) Chemical Abstracts Service Number 

Chromium (Hexavalent) (D007) 18540-29-9 

Lead (D008) 7439-92-1 

Selenium (D010) 7440-22-4 

 13 

H3.E3.11.3 SAP Schedule 14 

Confirmation closure sampling and analysis will be performed in accordance with the closure plan 15 
schedule in Section H3.E4. 16 

H3.E3.11.4 Project Management 17 

The following subsections address project management and ensure that the project has defined goals, 18 
participants understand the goals and approaches used, and planned outputs are appropriately 19 
documented. Project management roles and responsibilities discussed in this section apply to the major 20 
activities covered under the SAP. 21 

E3.11.4.1 Project/Task Organization 22 

The Permittee is responsible for planning, coordinating, sampling, preparing, packaging, and shipping 23 
samples to the laboratory. The project organization (regarding sampling and characterization) is described 24 
in the following subsections and shown graphically in Figure H3.E-3. 25 
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 1 

Figure H3.E-3. CWC D-10 Outside Storage Area DWMU Sampling and Analysis Plan Project Organization 2 

The project has several key positions, including the following: 3 

 Lead Regulatory Agency Project Manager: Ecology has assigned project managers responsible for 4 
oversight of the CWC D-10 Outside Storage Area closure. 5 

 Project Manager: The Project Manager provides oversight for activities and coordinates with the 6 
DOE Richland Operations Office (DOE-RL), EPA, Ecology, and contract management. The Project 7 
Manager (or designee) for the CWC D-10 Outside Storage Area closure sampling is responsible for 8 
direct management of sampling documents and requirements, field activities, and subcontracted tasks. 9 
The Project Manager is responsible for ensuring that project personnel are working to the current 10 
version of the SAP. The Project Manager works closely with Health and Safety and the Field Work 11 
Supervisor (FWS) to integrate these and other lead disciplines in planning and implementing the work 12 
scope. The Project Manager also coordinates with DOE-RL and the primary contractor management 13 
on all sampling activities. The Project Manager supports DOE-RL in coordinating sampling activities 14 
with the regulators.  15 

 Environmental Compliance: The Environmental Compliance Officer provides technical oversight, 16 
direction, and acceptance of project and subcontracted environmental work and develops appropriate 17 
mitigation measures with a goal of minimizing adverse environmental impacts. 18 

 Health and Safety: The Health and Safety organization is responsible for coordinating industrial 19 
safety and health support within the project, as carried out through health and safety plans, job hazard 20 
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analyses, and other pertinent safety documents required by federal regulation or internal primary 1 
contractor work requirements.  2 

 Sample Management and Reporting: The Permittee’s sampling organization coordinates field 3 
sampling as well as laboratory analytical work, ensuring that laboratories conform to Hanford Facility 4 
internal laboratory QA requirements (or their equivalent), as approved by DOE-RL, EPA, and 5 
Ecology. The sampling organization receives the analytical data from the laboratories, performs data 6 
entry into the Hanford Environmental Information System (HEIS) database, and arranges for data 7 
validation. The sampling organization is responsible for informing the Project Manager of any issues 8 
reported by the analytical laboratory.  9 

 Contract Laboratories: The contract laboratories analyze samples in accordance with established 10 
procedures and provide necessary sample reports and explanation of results in support of 11 
data validation. 12 

 Waste Management: The Waste Management organization communicates policies and protocols and 13 
ensures project compliance for TSD and waste tracking. 14 

 Field Work Supervisor: The FWS is responsible for planning and coordinating field sampling 15 
resources. The FWS ensures that samplers are appropriately trained and available. Additional related 16 
responsibilities include ensuring that the sampling design is understood and can be performed 17 
as specified. 18 

H3.E3.11.5  Sampling Design 19 

The primary purpose of sampling the underlying soil is to determine if analytical data values exceed the 20 
MTCA (WAC 173-340) Method B clean closure performance standards (Table H3.E-7). 21 

This SAP utilized Ecology Publication #94-111 (Section 7.0) to determine the type of sampling design 22 
that will be utilized to demonstrate clean closure. When designing the sampling plan, both focused and 23 
area wide (grid) sampling methods were considered. Ecology Publication #94-111, Section 7.2.1, 24 
identifies that area wide sampling is appropriate when the spatial distribution of contamination at or from 25 
the closure unit is uncertain. Ecology Publication #94-111, Section 7.3, “Sampling to Determine or 26 
Confirm Clean Closure,” identifies the area wide sampling approach as generally appropriate for 27 
sampling to determine or confirm that clean closure levels are achieved. 28 

Area Wide (Grid) Sampling: Samples are collected at regularly spaced intervals over space or time. An 29 
initial location or time is chosen at random, and the remaining sampling locations are defined so that 30 
locations are at regular intervals over an area (grid). Grid sampling is used to search for hot spots and 31 
infer means, percentiles, or other parameters. It is useful for estimating spatial patterns or trends over 32 
time. This design provides a practical method for designating sample locations and ensures uniform 33 
coverage of a site, unit, or process. 34 

Focused sampling, as identified in Section 7.2.2 of Ecology Publication #94-111, is selective sampling of 35 
areas where contamination is expected or releases have been documented. After completion of the records 36 
review and visual inspection, a determination will be made to identify if focused sampling is appropriate. 37 
The location of focused samples, if any, will be identified and recorded as required in 38 
Section H3.E3.11.12. 39 

Judgmental (Focused) Sampling: Selection of sampling units (i.e., the number and location and/or 40 
timing of collecting samples) is based on knowledge of the feature or condition under investigation and 41 
professional judgment. Focused sampling is distinguished from probability based sampling in that 42 
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inferences are based on professional judgment, not statistical scientific theory. Therefore, conclusions 1 
about the target population are limited and depend entirely on the validity and accuracy of professional 2 
judgment. Probabilistic statements about parameters are not possible. 3 

The number and location of area wide samples were determined utilizing the Visual Sample Plan (VSP) 4 
software. VSP is a tool used throughout Washington State and nationally that statistically determines the 5 
number of samples required to accept or reject the null hypothesis based on input parameters specific to 6 
the DWMU. 7 

Both parametric and nonparametric equations rely on assumptions about the data population. Typically, 8 
however, nonparametric equations require fewer assumptions and allow for more uncertainty about the 9 
distribution of data. Alternatively, if parametric assumptions are valid, the required number of samples is 10 
usually less than if a nonparametric equation was used. For the CWC D-10 Outside Storage Area, data 11 
assumptions were largely based on information obtained from a grouping of similar waste sites with the 12 
same type of constituents. Parameters from the 200-MG-1 waste sites were approved by Ecology in the 13 
SAP (DOE/RL-2009-60, Sampling and Analysis Plan for Selected 200-MG-1 Operable Unit Waste Sites), 14 
evaluated, deemed appropriate, and utilized for the input parameters. VSP parameter inputs and the basis 15 
for those inputs are detailed in Table H3.E-5. 16 

The decision rule for demonstrating compliance with the MTCA (WAC 173-340) Method B clean closure 17 
level has three parts: 18 

 The 95 percent upper confidence limit on the true data mean must be less than the MTCA 19 
(WAC 173-340) Method B clean closure level. 20 

 No sample concentration can be more than twice the cleanup level. 21 

 Less than 10 percent of the samples can exceed the cleanup level. 22 

Using a nonparametric test and the input parameters identified in Table H3.E-5, VSP calculated that a 23 
minimum of 21 samples is required to reject the null hypotheses with 95 percent confidence and ensure 24 
that the DWMU would not be mistakenly released as clean. For the purpose of utilizing VSP software, the 25 
null hypothesis is used to compare a site mean to a fixed threshold. Data will be evaluated to ensure that 26 
less than 10 percent of the individual values exceed MTCA (WAC 173-340) Method B clean closure 27 
performance standards, and no values are more than twice the cleanup level. 28 

Sample locations were determined using the area wide grid with a random start sampling method run in 29 
VSP software (Figure H3.E-4). Statistical analysis of systematically collected data is valid if a random 30 
start to the grid is used. The CWC D-10 Outside Storage Area dimensions were entered into VSP to 31 
determine the locations of samples. The triangular grid sampling layout was determined to have an even 32 
distribution over each sampling area providing the most representative data set including coverage of the 33 
middle portion of the sampling area. The 21 samples will be taken from the node locations indicated by 34 
VSP software (Attachment A) and assigned sample location identifications and sample numbers using 35 
HEIS. The northwest corner of the storage area is considered the (0,0) point of the sampling location map 36 
in Attachment A. 37 
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Table H3.E-5. Visual Sample Plan Parameter Inputs 

Parameter Value Basis 

Primary Objective of the Sampling 
Design 

Compare a site mean or 
median to a fixed threshold 

Reject the null hypothesis. 

Type of Sampling Design Nonparametric Data are not assumed to be normally distributed. 

Working Null Hypothesis The mean value at the site 
exceeds the threshold (WAC 
173-340 “Model Toxics 
Control Act—Cleanup,” 
Method B closure 
performance standards) 

The null hypothesis assumes that the site is dirty requiring the sampling and 
analysis to demonstrate through statistical analysis that the site is clean. 

Area Wide Grid Sampling Pattern Triangular  A triangular pattern provided an even distribution of sample locations over each 
dangerous waste management unit. 

Standard Deviation (S) 0.45 This is the assumed standard deviation value relative to a unit action level for the 
sampling area. The value of 0.45 is conservative, based on consideration of past 
verification sampling. MARSSIM suggests 0.30 as a starting point; however, 0.45 
has been selected to be more conservative. (Number of samples calculated increases 
with higher standard deviation values relative to a unit action level.) 

Delta (Δ) 0.40 This is the width of the gray region. It is a user-defined value relative to a unit 
action level. The value of 0.40 balances unnecessary remediation cost with 
sampling cost. 

Alpha (α) 5% This is the acceptable error of deciding a dirty site is clean when the true mean is 
equal to the action level. It is a maximum error rate since dirty sites with a true 
mean above the action level will be easier to detect. A value of 5% was chosen as a 
practical balance between health risks and sampling cost. 

Beta (β) 20% This is the acceptable error of deciding a clean site is dirty when the true mean is at 
the lower bound of the gray region. A value of 20% was chosen during the data 
quality objectives process as a practical balance between unnecessary remediation 
cost and sampling cost. 

MARSSIM Sampling Overage 20% MARSSIM suggests that the number of samples should be increased by at least 
20% to account for missing or unusable data and uncertainty in the calculated value 
of n. 

Reference: EPA 402-R-97-016, Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM). 

1 
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The first node location was chosen at random by VSP software, and the subsequent 20 sample locations 1 
were assigned by VSP software using a triangular grid sampling layout. Supporting documentation and 2 
the sampling grid map automatically generated by VSP software are documented in Attachment A. 3 

 4 

Figure H3.E-4. VSP Sample Locations for CWC D-10 Outside Storage Area 5 

H3.E3.11.6 Sampling Methods and Handling 6 

A grab sample matrix will consist of soil collected in precleaned sample containers taken at a depth of 7 
0 to 15 cm (0 to 6 in.) below ground surface and within a 0.6 m (2 ft) radius surrounding the node 8 
location. For the purpose of this SAP, ground surface is defined as the exposed surface layer once loose 9 
gravel has been moved aside. Over time, precipitation would have caused any potential contamination 10 
from waste storage to migrate down from the loose surface gravel into the surface soil and compacted 11 
gravel below. Subsurface sampling will be evaluated, based on results of the records review. If subsurface 12 
sampling is deemed necessary, a permit modification will be submitted in accordance with 13 
Section H3.E3.11.14. 14 

Once the soil is sampled, the sampled media will be screened to remove material larger than 15 
approximately 2 mm (0.08 in.) in diameter, which allows for a larger surface area to volume ratio, and 16 
therefore, increasing the likelihood of identifying any potential contamination in the sample. 17 
Grab samples will be collected into containers at the chosen node sample locations. To ensure sample and 18 
data usability, sampling will be performed in accordance with established sampling practices, procedures, 19 
and requirements pertaining to sample collection, collection equipment, and sample handling. Sampling 20 
includes the following activities: 21 

 Review of sampling request documentation 22 

 Sample container and equipment preparation 23 

 Field walkdown of sample area (includes marking sample locations) 24 

 Sample collection 25 
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 Sample packaging, transporting, and shipping. 1 

Sample container, preservation, and holding time requirements are specified in Table H3.E-6 for soil 2 
samples. These requirements are in accordance with the analytical method specified. The final container 3 
type and volumes will be identified on the Sampling Authorization Form (SAF) and chain-of-custody 4 
form. 5 

Table H3.E-6. Preservation, Container, and Holding Time Requirements for Soil Samples 

Method Analysis/Analytes 
Preservation 
Requirement Holding Time 

Bottle 
Type 

Minimum 
Sample 

Size 

EPA 6010  Metals by ICP-OES Cool ≤6°C 180 days G/P/PTFE 20 g 

EPA 7196 Chromium (Hexavalent) Cool ≤6°C 30 days prior to 
extraction; 
24 hours after 
extraction 

G/P 20 g 

EPA = U.S. Environmental Protection Agency 

G = glass 

ICP = inductively coupled plasma 

OES = optical emission spectrometry 

P = plastic 

PTFE = polytetrafluoroethylene 

 6 

To prevent potential contamination of samples, decontaminated equipment will be used for each 7 
sampling activity. 8 

Level I EPA precleaned sample containers will be used for samples collected for chemical analysis. 9 
Container sizes may vary, depending on laboratory specific volumes/requirements for meeting analytical 10 
quantitation limits. 11 

The sample location, depth, and corresponding HEIS numbers will be documented in the sampler’s field 12 
logbook. A custody seal (e.g., evidence tape) will be affixed to each sample container and/or sample 13 
collection package in such a way as to indicate potential tampering. 14 

Each sample container will be labeled with the following information on firmly affixed, water 15 
resistant labels: 16 

 SAF and number 17 

 HEIS number 18 

 Sample collection date and time 19 

 Sampler identification 20 

 Analysis required 21 

 Preservation method (if applicable). 22 

Sample records must include the following information: 23 

 Analysis required 24 

 Sample location 25 

 Matrix (e.g., water or soil). 26 
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Sample custody will be maintained in accordance with existing Hanford Facility protocols to ensure 1 
maintenance of sample integrity throughout the analytical process. Chain-of-custody protocols will be 2 
followed throughout sample collection, transfer, analysis, and disposal to ensure that sample integrity 3 
is maintained. 4 

All waste (including unexpected waste) generated by sampling activities will be containerized and 5 
labeled. Waste subject to the LDR requirements of WAC 173-303-140, which includes by reference 6 
40 CFR 268, will be characterized, designated, stored, and/or treated, as applicable, prior to disposal in an 7 
approved disposal facility. 8 

H3.E3.11.7 Analytical Methods 9 

All analyses and testing will be performed consistent with this closure plan, laboratory analytical 10 
procedures, and HASQARD (DOE/RL-96-68). The approved laboratory must achieve the lowest practical 11 
quantitation limits (PQLs) consistent with the selected analytical method to confirm clean closure levels. 12 
If a target analyte is detected at or above the clean closure level but less than the PQL of the analytical 13 
method, Ecology will be notified and alternatives will be discussed to demonstrate clean closure levels. 14 

Analytical methods and performance requirements associated with the target analytes are outlined in 15 
Table H3.E-7. 16 

H3.E3.11.8 Quality Control 17 

Quality control (QC) procedures must be followed in the field and laboratory to ensure that reliable data 18 
are obtained. Field QC samples will be collected to evaluate the potential for cross-contamination and 19 
provide information pertinent to field sampling variability. Laboratory QC samples estimate the precision 20 
and bias of the analytical data. Field and laboratory QC samples are summarized in Table H3.E-8. 21 

A data quality assessment (DQA) will be performed utilizing the guidance in EPA/240/B-06/002, Data 22 
Quality Assessment: A Reviewer’s Guide (EPA QA/G-9R), and implementing the specific requirements in 23 
Sections H3.E3.11.8 through H3.E3.11.10. 24 

Data verification, data validation, and DQA will include both the primary samples and QC samples. 25 

H3.E3.11.9 Data Verification 26 

Analytical results will be received from the laboratory, loaded into a database (e.g., HEIS), and verified. 27 
Verification includes, but is not limited to, the following activities: 28 

 Amount of data requested matches the amount of data received (number of samples for requested 29 
methods of analytes). 30 

 Correct procedures/methods are used. 31 

 Documentation/deliverables are complete. 32 

 Hard copy and electronic versions of the data are identical. 33 

 Data seem reasonable based on analytical methodologies. 34 

 35 
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Table H3.E-7. Soil Analytical Performance Requirements 

Chemical 
Abstracts Service 

Number 
Analytea Analytical Method 

Closure Performance 
Standard 
(mg/kg) 

Practical 
Quantitation 
Limit (mg/kg) 

Accuracy 
Req’t 

(% Recovery)b

Precision Req’t 
(Relative Percent 

Difference)b 
Carcinogen Noncarcinogen 

18540-29-9 
Chromium 
(Hexavalent) SW-846 Method 7196 -- 2.40E+02 5.00E-01 ±30 ≤30 

7439-92-1 Leadc SW-846 Method 6010 -- 2.50E+02 5.00E+00 ±30 ≤30 

7782-49-2 Selenium SW-846 Method 6010 -- 4.00E+02 1.00E+01 ±30 ≤30 

Reference: SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, Third Edition; Final Update V. 

Note: Due to the quantity and nature of waste stored in the CWC D-10 Outside Storage Area not presenting a threat to groundwater, no groundwater or ecological 
indicator MTCA standards (WAC 173-340-747, “Deriving Soil Concentrations for Groundwater Protection,” and WAC 173-340-7490, “Terrestrial Ecological 
Evaluation Procedures,” through WAC 173-340-7494, “Priority Contaminants of Ecological Concern”) are addressed.  

a. Unless otherwise noted, closure performance standards are the numeric cleanup levels calculated using unrestricted use exposure assumptions according to MTCA 
(WAC 173-340-740, “Unrestricted Land Use Soil Cleanup Standards”) Method B (unrestricted use standards). Where both carcinogen and a noncarcinogen performance 
standards are available, the most conservative value will be used. 

b. Accuracy criteria for associated batch matrix spike percent recoveries. Evaluation based on statistical control of laboratory control samples is also performed. 
Precision criteria for batch laboratory replicate matrix spike analyses or replicate sample analyses. 

c. Closure performance standards are the numeric cleanup levels calculated using unrestricted use exposure assumptions according to MTCA (WAC 173-340-740) 
Method A (unrestricted use standards). MTCA A values were used when MTCA B values were not available. 

MTCA = Model Toxics Control Act 

1 
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Table H3.E-8. Project Quality Control Sampling Summary 

Quality Control Sample 
Type Frequency Characteristics Evaluated 

Field Quality Control 

Equipment Rinsate Blanks 

As needed 

If only disposable equipment is 
used, then an equipment blank 
is not required  

Otherwise, one per 20 samples 
per analytical method per 
media sampled, or one per daya 

Equipment rinsate blanks are used to measure the 
cleanliness of sampling equipment and 
effectiveness of equipment decontamination 
procedures. 

Field Duplicates 
One per batchb, 20 samples 
maximum of each media 
sampled (soil samples) 

Field duplicates are used to assess the precision 
of the entire data collection activity, including 
sampling, analysis, and site heterogeneity. 

Laboratory Quality Controlc 

Method Blanks 1 per batchb 
Measures contamination associated with 
laboratory sample preparation and analysis. 

Lab Duplicates c Laboratory reproducibility and precision. 

Matrix Spikes One per 20 samplesc 
The spike recovery measures the effects of 
interferences in the sample matrix and reflects 
the accuracy of the determination. 

Matrix Spike Duplicates One per 20 samplesc 
The relative percent difference between matrix 
spike and matrix spike duplicate measures the 
precision of a given analysis. 

Surrogates c 
Surrogate standards are added prior to extraction 
of the sample to evaluate accuracy, method 
performance, and extraction efficiency. 

Laboratory Control 
Samples 

1 per batchc The laboratory control sample measures the 
accuracy of the analytical method. 

a. Whenever a new type of nondedicated equipment is used, an equipment blank shall be collected every time sampling occurs 
until it can be shown that less frequent collection of equipment blanks is adequate to monitor the decontamination procedure 
for the nondedicated equipment. 

b. Batching across projects is allowing for similar matrices. 

c. As defined in the analysis procedures. 

 1 

H3.E3.11.10 Data Validation 2 

Data validation is performed by a third party. The laboratory supplies contract laboratory program 3 
equivalent analytical data packages intended to support data validation by the third party. The laboratory 4 
submits data packages that are supported by QC test results and raw data. 5 

Controls are in place to preserve the data sent to the validators and allow only additions to be made, not 6 
changes to the raw data. 7 
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The format and requirements for data validation activities are based upon the most current version of 1 
USEPA-540-R-10-011, National Functional Guidelines for Inorganic Superfund Data Review 2 
(OSWER 9240.1-51). As defined by the validation guidelines, 5 percent of the results will undergo 3 
Level C validation. 4 

H3.E3.11.11 Verification of VSP Input Parameters 5 

Analytical data will be entered back into VSP. If all analytical data for a particular analyte are 6 
nondetectable, verification of VSP input parameters is not required for that analyte. VSP software uses 7 
the analytical data to determine if the user input parameters were estimated appropriately. Once analytical 8 
data are entered into VSP, the software will calculate the true standard deviation and if the null hypothesis 9 
can be rejected. If the calculated standard deviation is smaller than the estimated user input standard 10 
deviation, no additional sampling will be required. If the calculated standard deviation is larger than the 11 
estimated standard deviation, additional sampling may be required. Comparison of the maximum data 12 
value for each analyte to the clean closure standards will ensure that all individual analytes are below the 13 
action levels. Verification of the null hypothesis through VSP will determine if the mean value of the site 14 
analytical data supports rejection of the null hypothesis (Section H3.E2.1). 15 

H3.E3.11.12 Documents and Records 16 

The Project Manager is responsible for ensuring that the current version of the SAP is being used and 17 
providing any updates to field personnel. Version control is maintained by the administrative document 18 
control process. Changes to the SAP will be submitted as a permit modification in accordance with 19 
WAC 173-303-610(3)(b). 20 

Logbooks are required for field activities. A logbook must be identified with a unique project name and 21 
number. The individual(s) responsible for logbooks will be identified in the front of the logbook, and only 22 
authorized persons may make entries in logbooks. Logbooks will be signed by the field manager, 23 
supervisor, cognizant scientist/engineer, or other responsible individual. Logbooks will be permanently 24 
bound, waterproof, and ruled with sequentially numbered pages. Pages will not be removed from 25 
logbooks for any reason. Entries will be made in indelible ink. Corrections will be made by marking 26 
through the erroneous data with a single line, entering the correct data, and initialing and dating 27 
the changes. 28 

The Project Manager is responsible for ensuring that a project file is properly maintained. The project file 29 
will contain the records or references to their storage locations. The following items will be included in 30 
the project file, as appropriate:  31 

 Field logbooks or operational records 32 

 Data forms 33 

 Global positioning system data 34 

 Chain-of-custody forms 35 

 Sample receipt records 36 

 Inspection or assessment reports and corrective action reports 37 

 Interim progress reports 38 

 Final reports 39 

 Laboratory data packages 40 

 Verification and validation reports. 41 

The laboratory is responsible for maintaining, and having available upon request, the following items: 42 
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 Analytical logbooks 1 

 Raw data and QC sample records 2 

 Standard reference material and/or proficiency test sample data 3 

 Instrument calibration information. 4 

Records may be stored in either electronic or hard copy format. Documentation and records, regardless 5 
of medium or format, are controlled in accordance with internal work requirements and processes to 6 
ensure the accuracy and retrievability of stored records. Records required by the TPA (Ecology et al., 7 
1989) will be managed in accordance with the requirements therein. 8 

H3.E3.11.13 Sampling and Analysis Requirements to Address Removal of Contaminated 9 
 Gravel/Soil 10 

In the event that sample results based on the MTCA Method B (WAC 173-340) three-part test 11 
(Section H3.E3.11.5) indicate contamination above clean closure levels, contaminated soil will be 12 
removed in accordance with Section H3.E3.9. Following removal of contaminated soil, additional 13 
samples will be taken at the same grid location as identified in Attachment A. Additional focused 14 
sampling may be added in areas where contamination is identified. Additional focused samples will be 15 
documented, as required in Section H3.E3.11.12, and provided with the closure certification. These 16 
samples will be analyzed in accordance with the methods specified in Table H3.E-7, with accompanying 17 
QC samples as discussed in Section H3.E3.11.8, to confirm that MTCA (WAC 173-340) Method B clean 18 
closure levels have been achieved. 19 

H3.E3.11.14 Revisions to the Sampling and Analysis Plan and Constituents to Be Analyzed 20 

If changes to the SAP are necessary due to unexpected events during closure that will affect sampling, 21 
a revision to this SAP will be submitted no later than 30 days after the unexpected event as a permit 22 
modification in accordance with WAC 173-303-610(3)(b)(iii) and WAC 173-303-830, “Permit Changes.” 23 

H3.E3.12 Role of the Independent Qualified Registered Professional Engineer 24 

An independent qualified registered professional engineer (IQRPE) will be retained to provide 25 
certification of closure, as required by WAC 173-303-610(6). The IQRPE will be responsible for 26 
observing field activities and reviewing documents associated with closure of the waste storage modules. 27 
At a minimum, observations and reviews would include the following: 28 

 Observation that all waste has been removed from the CWC D-10 Outside Storage Area 29 

 Observation or review of visual inspections 30 

 Observation or review of sampling activities 31 

 Review of sampling procedures and results 32 

 Observation or review of contaminated environmental debris removal (if applicable) 33 

 Verification that sample locations are as specified in the SAP 34 

 Verification that closure activities were performed in accordance with this closure plan 35 

The IQRPE will record observations and reviews in a written report that will be retained in the operating 36 
record. The resulting report will be used to develop the clean closure certification, which will then be 37 
provided to Ecology. 38 
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H3.E3.13 Closure Certification 1 

In accordance with WAC 173-303-610(6), within 60 days of completion of closure of the CWC D-10 2 
Outside Storage Area, certification that the DWMU has been closed in accordance with the specifications in 3 
this closure plan will be submitted to Ecology by registered mail. The certification will be signed by the 4 
owner or operator and an IQRPE. 5 

Upon request by Ecology, the following information will be submitted to support closure certification: 6 

 Field notes and photographs related to closure activities, including the results of the inspection of the 7 
gravel and visible soil for staining 8 

 Description of any minor deviations from the approved closure plan and justification for these 9 
deviations 10 

 Documentation of the final disposition of all wastes and waste residues 11 

 Laboratory and/or field data, including sampling procedures, sampling locations, QA/QC samples, 12 
and chain of custody procedures for samples and measurements, including samples and measurements 13 
taken to determine background conditions and/or determine or confirm clean closure 14 

 Summary report which identifies and describes the data reviewed by the IQRPE and tabulates the 15 
analytical results of samples taken to determine and confirm clean closure 16 

 Description of what the unit area looks like at the completion of closure 17 

H3.E3.14 Conditions That Will Be Achieved When Closure Is Complete 18 

Upon confirmation of clean closure levels through sampling and analysis, the CWC D-10 Outside Storage 19 
Area will remain in an as is state, with the gravel remaining in place. The area and buildings surrounding 20 
the CWC D-10 Outside Storage Area are active DWMUs that will continue to be used; therefore, unless 21 
contamination of the soil is identified during sampling and analysis, removal of the gravel will not be 22 
necessary, and the land will not be restored to its preoperational appearance. A permit modification will 23 
be submitted to remove the CWC D-10 Outside Storage Area DWMU from the Hanford Facility RCRA 24 
Permit (WA7890008967). 25 

H3.E4 Closure Schedule and Time Frame 26 

Due to the size and nature of the waste container, the closure activities identified in this closure plan will 27 
need to take place over an extended period of time, and meeting the 180 day requirement to complete 28 
closure activities, as required in WAC 173-303-610(4), is not possible. Because the D-10 waste container 29 
will likely be treated with the capability developed with TPA (Ecology et al., 1989) Major 30 
Milestone M-091-01, the closure schedule and period to treat, remove, and dispose of the waste container 31 
will be developed as part of that milestone series (Table H3.E-9; Figure H3.E-5). 32 

Approval of this closure plan will grant the Hanford Facility an extended closure period in accordance 33 
with WAC 173-303-610(4)(c), and a separate extension request will not be filed. 34 

During the extended closure period, the Permittee will ensure that the waste container does not pose a risk 35 
to HHE as described in Section H3.E3.2. 36 



 DOE/RL-2015-74, REVISION 0 
 DECEMBER 2015 

H3.E-23 

H3.E5 Closure Costs 1 

An annual report outlining updated projections of anticipated closure costs for the Hanford Facility TSD 2 
units having final status is not required per Permit Condition II.H. The Hanford Facility is owned by DOE 3 
and operated by DOE and its contractors; therefore, in accordance with (WAC 173-303-620(1)(c)), 4 
provisions of WAC 173-303-620, “Financial Requirements,” are not applicable to the Hanford Facility. 5 

Table H3.E-9. CWC D-10 Outside Storage Area Closure Activities 

Closure Activity Description Expected Duration 

Primary Activity Secondary Activity Duration 

Prior To Closure 

Continued RCRA Inspections Not applicable. 
Ongoing through 
removal of waste 

container 

Closure Activities 

Remove D-10 Waste Container 

Transport container to large container 
waste repackaging facility. 

To be determined 
Prepare waste for shipping to final disposal 
facility. 

Records Review (Performed 
Concurrently with Waste Removal) 

Perform review of daily operating records, 
inspection records, and spill records. 

30 Days 

Perform Visual Inspection of Gravel 
Pad 

Inspect for stains in gravel or visible soil. 

5 Days 
Record stains as areas of concern for 
focused soil sampling. 

Identify focused sampling locations 
(as applicable). 

Sampling and Analysis of Underlying 
Soil 

See Section H3.E3.11 for details on 
sampling and analysis. 

145 Days 

Closure Activities Complete 

Clean Closure Certification 

In accordance with WAC 173-303-610(6), 
within 60 days of completion of closure of 
each DWMU; certification that the DWMU 
has been closed in accordance with the 
specifications in the approved closure plan 
(see Section H3.E3.13 for more details on 
the clean closure certification). 

60 Days 

6 
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Figure H3.E-5. CWC D-10 Outside Storage Area Closure Schedule Activities 2 
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Attachment H3.E.a 1 

CWC D-10 Outside Storage Area 2 

Visual Sample Plan Supporting Documentation 3 
  4 
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Systematic sampling locations for comparing a median with a fixed threshold (nonparametric - MARSSIM)

Summary
This report summarizes the sampling design used, associated statistical assumptions, as well as general guidelines for 
conducting post-sampling data analysis.  Sampling plan components presented here include how many sampling locations 
to choose and where within the sampling area to collect those samples.  The type of medium to sample (i.e., soil, 
groundwater, etc.) and how to analyze the samples (in-situ, fixed laboratory, etc.) are addressed in other sections of the 
sampling plan.  

The following table summarizes the sampling design developed.  A figure that shows sampling locations in the field and a 
table that lists sampling location coordinates are also provided below.

SUMMARY OF SAMPLING DESIGN

Primary Objective of Design Compare a site mean or median to a fixed threshold

Type of Sampling Design Nonparametric

Sample Placement (Location)
in the Field

Systematic with a random start location

Working (Null) Hypothesis The median(mean) value at the site
exceeds the threshold

Formula for calculating
number of sampling locations

Sign Test - MARSSIM version

Calculated total number of samples 20

Number of samples on map a 21

Number of selected sample areas b 1

Specified sampling area c 360.00 ft2

Size of grid / Area of grid cell d 4.55901 feet / 18 ft2

Grid pattern Triangular

Total cost of sampling e $0.00

a This number may differ from the calculated number because of 1) grid edge effects, 2) adding judgment samples, or 3) 
selecting or unselecting sample areas.
b The number of selected sample areas is the number of colored areas on the map of the site.  These sample areas 
contain the locations where samples are collected.
c The sampling area is the total surface area of the selected colored sample areas on the map of the site.
d Size of grid / Area of grid cell gives the linear and square dimensions of the grid used to systematically place samples.
e Including measurement analyses and fixed overhead costs. See the Cost of Sampling section for an explanation of the 
costs presented here.
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D10 OSA-1 D10 OSA-2 D10 OSA-3

D10 OSA-4 D10 OSA-5 D10 OSA-6 D10 OSA-7

D10 OSA-8 D10 OSA-9 D10 OSA-10

D10 OSA-11 D10 OSA-12 D10 OSA-13 D10 OSA-14

D10 OSA-15 D10 OSA-16 D10 OSA-17

D10 OSA-18 D10 OSA-19 D10 OSA-20 D10 OSA-21

(0,0) Northwest Corner (-119.64140, 46.55357) Decimal Degrees 15'

24'

Southwest Corner

Area: D-10 OSA (Estimated)

X Coord Y Coord Label Value Type Historical

2.4353 1.6978 D10 OSA-1 Systematic  

6.9943 1.6978 D10 OSA-2 Systematic  

11.5534 1.6978 D10 OSA-3 Systematic  

0.1558 5.6460 D10 OSA-4 Systematic  

4.7148 5.6460 D10 OSA-5 Systematic  

9.2738 5.6460 D10 OSA-6 Systematic  

13.8329 5.6460 D10 OSA-7 Systematic  

2.4353 9.5943 D10 OSA-8 Systematic  

6.9943 9.5943 D10 OSA-9 Systematic  

11.5534 9.5943 D10 OSA-10 Systematic  

0.1558 13.5425 D10 OSA-11 Systematic  

4.7148 13.5425 D10 OSA-12 Systematic  

9.2738 13.5425 D10 OSA-13 Systematic  

13.8329 13.5425 D10 OSA-14 Systematic  

2.4353 17.4907 D10 OSA-15 Systematic  

6.9943 17.4907 D10 OSA-16 Systematic  

11.5534 17.4907 D10 OSA-17 Systematic  
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0.1558 21.4389 D10 OSA-18 Systematic  

4.7148 21.4389 D10 OSA-19 Systematic  

9.2738 21.4389 D10 OSA-20 Systematic  

13.8329 21.4389 D10 OSA-21 Systematic  

Primary Sampling Objective
The primary purpose of sampling at this site is to compare a site median or mean value with a fixed threshold.  The 
working hypothesis (or 'null' hypothesis) is that the median(mean) value at the site is equal to or exceeds the threshold.  
The alternative hypothesis is that the median(mean) value is less than the threshold.  VSP calculates the number of 
samples required to reject the null hypothesis in favor of the alternative one, given a selected sampling approach and 
inputs to the associated equation.

Selected Sampling Approach
A nonparametric systematic sampling approach with a random start was used to determine the number of samples and to 
specify sampling locations.  A nonparametric formula was chosen because the conceptual model and historical information 
(e.g., historical data from this site or a very similar site) indicate that typical parametric assumptions may not be true.

Both parametric and non-parametric equations rely on assumptions about the population.  Typically, however, 
non-parametric equations require fewer assumptions and allow for more uncertainty about the statistical distribution of 
values at the site.  The trade-off is that if the parametric assumptions are valid, the required number of samples is usually 
less than if a non-parametric equation was used.

Locating the sample points over a systematic grid with a random start ensures spatial coverage of the site.  Statistical 
analyses of systematically collected data are valid if a random start to the grid is used.  One disadvantage of systematically 
collected samples is that spatial variability or patterns may not be discovered if the grid spacing is large relative to the 
spatial patterns.

Number of Total Samples:  Calculation Equation and Inputs
The equation used to calculate the number of samples is based on a Sign test (see PNNL 13450 for discussion).  For this 
site, the null hypothesis is rejected in favor of the alternative one if the median(mean) is sufficiently smaller than the 
threshold.  The number of samples to collect is calculated so that if the inputs to the equation are true, the calculated 
number of samples will cause the null hypothesis to be rejected.

The formula used to calculate the number of samples is:

where

F(z) is the cumulative standard normal distribution on (-•,z) (see PNNL-13450 for details),
n is the number of samples,
Stotal is the estimated standard deviation of the measured values including analytical error,
D is the width of the gray region,
a is the acceptable probability of incorrectly concluding the site median(mean) is less than the threshold,
b is the acceptable probability of incorrectly concluding the site median(mean) exceeds the threshold,
Z1-a is the value of the standard normal distribution such that the proportion of the distribution less than Z1-a is 1-a,
Z1-b is the value of the standard normal distribution such that the proportion of the distribution less than Z1-b is 1-b.

Note:  MARSSIM suggests that the number of samples should be increased by at least 20% to account for missing or 
unusable data and uncertainty in the calculated value of n.  VSP allows a user-supplied percent overage as discussed in 
MARSSIM (EPA 2000, p. 5-33).

The values of these inputs that result in the calculated number of sampling locations are:
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Analyte na Parameter

S D a b Z1-a b Z1-b 
c

Analyte 1 20 0.45 0.4 0.05 0.2 1.64485 0.841621

a The final number of samples has been increased by the MARSSIM Overage of 20%.
b This value is automatically calculated by VSP based upon the user defined value of a.
c This value is automatically calculated by VSP based upon the user defined value of b.

The following figure is a performance goal diagram, described in EPA's QA/G-4 guidance (EPA, 2000).  It shows the 
probability of concluding the sample area is dirty on the vertical axis versus a range of possible true median(mean) values 
for the site on the horizontal axis.  This graph contains all of the inputs to the number of samples equation and pictorially 
represents the calculation.

The red vertical line is shown at the threshold (action limit) on the horizontal axis.  The width of the gray shaded area is 
equal to D; the upper horizontal dashed blue line is positioned at 1-a on the vertical axis; the lower horizontal dashed blue 
line is positioned at b on the vertical axis.  The vertical green line is positioned at one standard deviation below the 
threshold.  The shape of the red curve corresponds to the estimates of variability.  The calculated number of samples 
results in the curve that passes through the lower bound of D at b and the upper bound of D at 1-a.  If any of the inputs 
change, the number of samples that result in the correct curve changes.
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MARSSIM Sign Test
n=20, alpha=5%, beta=20%, std.dev.=0.45

Statistical Assumptions
The assumptions associated with the formulas for computing the number of samples are:
1. the computed sign test statistic is normally distributed,
2. the variance estimate, S2, is reasonable and representative of the population being sampled,
3. the population values are not spatially or temporally correlated, and
4. the sampling locations will be selected probabilistically.
The first three assumptions will be assessed in a post data collection analysis. The last assumption is valid because the 
gridded sample locations were selected based on a random start.

Sensitivity Analysis
The sensitivity of the calculation of number of samples was explored by varying the standard deviation, lower bound of 
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gray region (% of action level), beta (%), probability of mistakenly concluding that m > action level and alpha (%), 
probability of mistakenly concluding that m < action level.  The following table shows the results of this analysis.

Number of Samples

AL=1
a=5 a=10 a=15

s=0.9 s=0.45 s=0.9 s=0.45 s=0.9 s=0.45

LBGR=90

b=15 1103 280 825 209 659 167

b=20 948 240 692 176 542 138

b=25 826 209 587 149 449 114

LBGR=80

b=15 280 75 209 56 167 45

b=20 240 64 176 47 138 36

b=25 209 56 149 40 114 30

LBGR=70

b=15 128 36 95 27 77 22

b=20 110 32 81 23 63 18

b=25 95 27 69 20 52 15

s = Standard Deviation
LBGR = Lower Bound of Gray Region (% of Action Level)
b = Beta (%), Probability of mistakenly concluding that m > action level
a = Alpha (%), Probability of mistakenly concluding that m < action level
AL = Action Level (Threshold)

Cost of Sampling
The total cost of the completed sampling program depends on several cost inputs, some of which are fixed, and others that 
are based on the number of samples collected and measured.  Based on the numbers of samples determined above, the 
estimated total cost of sampling and analysis at this site is $0.00, which averages out to a per sample cost of $0.00.  The 
following table summarizes the inputs and resulting cost estimates.

COST INFORMATION

Cost Details Per Analysis Per Sample 21 Samples

Field collection costs  $0.00 $0.00

Analytical costs $0.00 $0.00 $0.00

Sum of Field & Analytical costs  $0.00 $0.00

Fixed planning and validation costs   $0.00

Total cost   $0.00

Recommended Data Analysis Activities
Post data collection activities generally follow those outlined in EPA's Guidance for Data Quality Assessment (EPA, 2000).  
The data analysts will become familiar with the context of the problem and goals for data collection and assessment.  The 
data will be verified and validated before being subjected to statistical or other analyses.  Graphical and analytical tools will 
be used to verify to the extent possible the assumptions of any statistical analyses that are performed as well as to achieve 
a general understanding of the data.  The data will be assessed to determine whether they are adequate in both quality 
and quantity to support the primary objective of sampling.

Because the primary objective for sampling for this site is to compare the site median(mean) value with a threshold value, 
the data will be assessed in this context.  Assuming the data are adequate, at least one statistical test will be done to 
perform a comparison between the data and the threshold of interest.  Results of the exploratory and quantitative 
assessments of the data will be reported, along with conclusions that may be supported by them.
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This report was automatically produced* by Visual Sample Plan (VSP) software version 7.2.

This design was last modified 10/27/2015 7:07:52 PM.

Software and documentation available at http://vsp.pnnl.gov 

Software copyright (c) 2015 Battelle Memorial Institute.  All rights reserved.

* - The report contents may have been modified or reformatted by end-user of software.
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