
11-AMRC-0063 

Ms. J. A. Hedges 
Nuclear Waste Program 
State of Washington 
Department of Ecology 
3100 Port of Benton Blvd. 
Richland, Washington 99354 

Dear Ms. Hedges: 

Department of Energy 
Richland Operations Office 

P.O. Box 550 
Richland, Washington 99352 

TRANSMITTAL OF APPROVED WASTE SITE RECLASSIFICATION FORM AND 
SUPPORTING DOCUMENTATION FOR 1HE 116-H-9, 117-H SEAL PIT CRIB, 
REVISION 2 

0093564 

Attached for your use are the approved Waste Site Reclassification Form No. 2009-047, 

and supporting documentation for the 116-H-9, 117-H Seal Pit Crib, Revision 2. If you have 

questions, please contact me or your staff may contact Joanne Chance, of my staff at 

(509) 376-0811. 

AMRC:JCC 

Attachment 

cc w/attach: 
N. M. Menard, Ecology 
Administrative Record, H6-08 

cc w/o attach: 
R. A. Carlson, WCH 
M. L. Proctor, WCH 

Sincerely, 

~~d~e:fctor 
for the Rive orridor Closure Project 



Date Submitted: 12/08/09 

Originator: M. L. Proctor 

Phone: 372-9227 

WASTE SITE RECLASSIFICATION FORM 

Operable Unit(s): _10_0_-HR __ -1 ______ _ 

Waste Site Code: 116-H-9 

Type of Reclassification Action: 

Closed Out D Interim Closed Out C8l No Action D 
RCRA Postclosure D Rejected D Consolidated D 

Control Number: 2009-047 

This form documents agreement among parties listed authorizing classification of the subject unit as Closed Out, Interim Closed 
Out, No Action, RCRA Postclosure, Rejected, or Consolidated. This form also authorizes backfill of the waste management unit, 
if appropriate, for Closed Out and Interim Closed Out units. Final removal from the NPL of No Action and Closed Out waste 
management units will occur at a future date. 

Description of current waste site condition: 

The 116-H-9.Seal Pit Crib was an inactive gravel-filled crib that received drainage from the 117-H Filter Building. The waste 
site was located approximately 150 m southwest of the 105-H Building. The site has been remediated and presently exists as an 
open excavation. Remediation, verification sampling, and comparison of residual contaminant concentrations against cleanup 
levels have been performed in accordance with remedial action objectives and goals established by the Interim Action Record of 
Decision for the 100-BC-1, 100-BC-2, 100-DR-1, 100-DR-2, 100-FR-1, 100-FR-2, 100-HR-1, 100-HR-2, 100-KR-1, 100-KR-2, 
100-JU-2, 100-IU-6, and 200-CW-3 Operable Units, Hanford Site, Benton County, Washington (Remaining Sites ROD), 
U.S. Environmental Protection Agency, Region 10, Seattle, Washington. The selected action involved: (1) evaluating the site 
using available process information, (2) remediating the site, (3) demonstrating through verification sampling that cleanup goals 
have been achieved, and (4) proposing the site for reclassification to Interim Closed Out. 

Basis {or reclassification: 

Evaluation of verification sampling data for the 116-H-9 waste site demonstrates that this site meets the remedial action 
objectives specified in the Remaining Sites ROD. This site will support future unrestricted land uses that can be represented 
(or bounded) by a rural-residential scenario. Sampling results also showed that this site will support unrestricted future use of 
shallow zone soil (i.e., surface to 4.6 m [ 15 ft]) and is protective of groundwater and the Columbia River. Site contamination did 
not extend into the deep zone; therefore, institutional controls to prevent uncontrolled drilling or excavation into the deep zone 
are not required. In accordance with this evaluation, the verification sampling results support a reclassification of this site to 
Interim Closed Out. The basis for reclassification is described in detail in the Remaining Sites Verification Package for the 
116-H-9, 117-H Seal Pit Crib (attached). 

Regulator Comments: 
Approval of this WSRF documents regulator agreement that the 116-H-9 waste site qualifies for "Interim Closed Out" under this 
Interim Action ROD. In addition, Ecology has evaluated the data for this site against WAC 173-340 (2007) clean-up levels for 
direct contact, groundwater protection, and river protection. This evaluation is documented in the Jetter transmitting Ecology's 
approval of the site's interim reclassification to "Interim Closed Out." 

Waste Site Controls: 
Engineered Controls: Yes D No [8J Institutional Controls: Yes D No [8J O&M requirements: Yes D No [8J 
If any of the Waste Site Controls are checked Yes specify control requirements including reference to the Record of Decision, 
TSD Closure Letter, or other relevant documents. 

M. S. French 
DOE Federal Project Director (printed) 

N. Menard 
Ecology Project Manager (printed) 

EPA Pro· ect Mana er rin ted Si ature Date 
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REMAINING SITES VERIFICATION PACKAGE FOR THE 
116-H-9, 117-H SEAL PIT CRIB 

EXECUTIVE SUMMARY 

Rev. 2 

The 116-H-9, 117-H Seal Pit Crib waste site is located within the 100-HR-1 Operable Unit on 
the Hanford Site in southeastern Washington State. The Waste Information Data System 
describes the 116-H-9 waste site as a gravel-filled crib that received drainage from the 
117-H Filter Building. The waste site is located approximately 150 m (492 ft) southwest of the 
105-H Reactor Building. The crib bottom dimensions were 6 m (20 ft) long, 6 m (20 ft) wide, 
and between 4 m (13 ft) and 4.6 m (15 ft) deep. A black polyurethane vapor barrier covered the 
gravel, and a 36-in. vertical steel vent pipe was present from the base of the crib to 1.2 m (4 ft) 
above grade. 

Remedial action at the 116-H-9, 117-H Seal Pit Crib began on October 28, 2008, and continued 
through February 3, 2009, to a depth of approximately 4.6 m (15 ft). Verification sampling for 
the 116-H-9 waste site was performed in July 2009, to collect data to determine if the site met 
remedial action goals. The contaminants of potential concern for verification sampling included 
carbon-14, cesium-137, cobalt-60, europium-152, europium-154, europium-155, radium-226, 
thorium-228, thorium-232, tritium, plutonium-238, plutonium-239/240, strontium-90, 
uranium-238, silver, cadmium, chromium (total), hexavalent chromium, mercury, lead, selenium, 
and polychlorinated biphenyls (PCBs) (WCH 2009b). 

Results of verification sample analysis show that the waste removal action achieved compliance 
with the remedial action objectives for the 116-H-9 site. A summary of the verification sampling 
analytical results evaluated against the applicable criteria is presented in Table ES-1. The results 
of the verification sampling are used to make reclassification decisions for the 116-H-9 waste 
site in accordance with the TPA-MP-14 procedure in the Tri-Party Agreement Handbook 
Management Procedures (DOE-RL 2007). 

Table ES-1. Summary of Remedial Action Goals for 116-H-9 Seal Pit Crib. (2 Pages) 

Regulatory Remedial Action 
Remedial Action Goals Results Objectives Requirement 

Attained? 

Activity of the only radionuclide 
above background (Pu-238) is below 
the activity equivalent to a 15 mrem/yr 

Direct Exposure - Attain 15 mrem/yr dose rate above dose rate. Thorium-228 does not have 
Yes Radionucl ides background over 1,000 years. a background value listed in 

DOE/RL-96-17, Rev. 6 based on 
natural occurrences at the Hanford 
Site. 

Direct Exposure -
Attain individual COPC RAGs. 

All individual COPC concentrations 
Yes Nonradionuclides are below the direct exposure criteria. 

Remaining Sites Verification Package for the 116-H-9, 117-H Seal Pit Crib ES-1 
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Table ES-1. Summary of Remedial Action Goals for 116-H-9 Seal Pit Crib. (2 Pages) 

Regulatory Remedial Action 
Remedial Action Goals Results Objectives Requirement 

Attained? 

Direct Contact Risk 
Attain a hazard quotient of< l for 

All individual hazard quotients are <l. 

Requirements -
all individual noncarcinogens . . 

Yes 
Nonradionuclides Attain a cumulative hazard The cumulative hazard quotient 

quotient of <l for noncarcinogens. (1.7 X 10-2) is <l. 

Attain an excess cancer risk of 
The excess cancer risk for individual 

<l x 10-6 for individual 
Risk Requirements - carcinogens. 

carcinogens is <l x 10-6. 
Yes Nonradionuclides 

Attain a cumulative excess cancer The total excess cancer risk 
risk of < l x I 0-5 for carcinogens. (2.7 X 10-7) is <l X 10-5

. 

Attain single-COPC groundwater 
and river protection RAGs. 

Plutonium-238 and thorium-228 have 
Attain national primary drinking a distribution coefficient of200 mUg, 
water standards:• 4 rnrem/yr RESRAD modeling discussed in 
(beta/gamma) dose rate to target Appendix C of Rev. 6 of the 

Groundwater/River receptor/organs. RDR/RA WP (DOE-RL 2009) predicts 

Protection - these constituents will not impact 

Radionuclides Meet drinking water standards for groundwater or the Columbia River 
alpha emitters: the most stringent within 1,000 years.b Cleanup levels are 
of 15 pCi/L MCL or 1125th of the not exceeded. 
derived concentration guides from Yes 
DOE Order 5400.5.c 

Meet total uranium standard of U-233/234 and U-238 were both 
30 µg/L (21.2 pCi/L). detected but below background. 

Residual concentrations of 
aroclor-1254 exceeded the soil RAGs 

Groundwater/River Attain individual nonradionuclide 
for the protection of groundwater and 

Protection - groundwater and river cleanup 
the Columbia River. However, 
RESRAD modeling (BHI 2005) 

Nonradionuclides requirements. 
predicts this constituent will not reach 
groundwater (and, therefore, the 
Columbia River) within 1,000 years. b 

a "National Primary Drinking Water Regulations" (40 Code of Federal Regulations 141). 
b Based on the J 00 Area Analogous Sites RES RAD Calculations (BHI 2005), residual concentrations of aroclor-1254 with a K,i of 

75.6 mLJg are not predicted to migrate more than l m (3 .3 ft) vertically in 1,000 years. The vadose zone underlying the soil 
below the lowest sample location is approximately 14 m (46 ft) thick. Therefore, residual concentrations of aroclor-1254 are 
predicted to be protective of groundwater and the Columbia River. 

c Radiation Protection of the Public and the Environment (DOE Order 5400.5). 
COPC = contaminant of potential concern 
K,i = distribution coefficient 
MCL = maximum contaminant level (drinking water standard) 
RDR/RA WP = Remedial Design Report/Remedial Action Work Plan for the 100 Area 
RAG = remedial action goal 
RESRAD = RESidual RADioactivity (dose model) 

Remaining Sites Verification Package for the 116-H-9, 117-H Seal Pit Crib ES-2 
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Because concentrations of antimony, manganese, and vanadium exceed EPA or Ecology eco-risk 
screening levels but are below background levels (DOE-RL 2009a, Ecology 1994), it is believed 
that the presence of these constituents does not pose a risk to ecological receptors. No 
established background value is available for boron; a final cleanup level for boron, including 
consideration of background, will be established through the remedial investigation/feasibility 
study process. Exceedances for boron will be evaluated in the context of additional lines of 
evidence for risk to ecological receptors as part of the final closeout decision for this site. 

Remaining Sites Verification Package for the I 16-H-9, 117-H Seal Pit Crib ES-3 
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Attachment to Waste Site Reclassification Form 2009-047 Rev. 2 

REMAINING SITES VERIFICATION PACKAGE FOR THE 
116-H-9, 117-H SEAL PIT CRIB 

STATEMENT OF PROTECTIVENESS 

This report demonstrates that the 116-H-9, 117-H Seal Pit Crib waste site meets the remedial 
action objectives (RAOs) and remedial action goals (RAGs) as established in the Remedial 
Design Report/Remedial Action Work Plan for the 100 Area (RDR/RA WP) (DOE-RL 2009b) 
and the Interim Action Record of Decision for the 100-BC-1, 100-BC-2, 100-DR-1, 100-DR-2, 
100-FR-l, 100-FR-2, 100-HR-1, 100-HR-2, 100-KR-1, 100-KR-2, 100-/U-2, 100-IU-6, and 
200-CW:3 Operable Units, Hanford Site, Benton County, Washington (Remaining Sites ROD) 
(EPA 1999). The results of the verification sampling show that residual contaminant 
concentrations do not preclude any future uses (as bounded by the rural-residential scenario) and 
allow for unrestricted use of shallow zone soils (i.e., surface to 4.6-m [15-ft] deep). The results 
also demonstrate that residual contaminant concentrations are protective of groundwater and the 
Columbia River. The site does not have a deep zone or residual contaminant concentrations that 
would require any institutional controls. 

Because concentrations of antimony, manganese, and vanadium exceed EPA or Ecology eco-risk 
screening levels but are below background levels (DOE-RL 2009a, Ecology 1994), it is believed 
that the presence of these constituents does not pose a risk to ecological receptors. No 
established background value is available for boron; a final cleanup level for boron, including 
consideration of background, will be established through the remedial investigation/feasibility 
study process. Exceedances for boron will be evaluated in the context of additional lines of 
evidence for risk to ecological receptors as part of the final closeout decision for this site. 

GENERAL SITE INFORMATION AND BACKGROUND 

The 116-H-9 waste site is located within the 100-HR-1 Operable Unit on the Hanford Site in 
southeastern Washington State. The Waste Information Data System and the Stewardship 
Information System summary reports (WCH 2009b) described the 116-H-9 site as a gravel-filled 
crib located approximately 150 m (492 ft) southwest of the 105-H Building. The crib bottom 
dimensions are 6 m (20 ft) long, 6 m (20 ft) wide, and between 4 m (13 ft) and 4.6 m (15 ft) 
deep. A black polyurethane vapor barrier was placed over the gravel, and a 36-in. vertical steel 
vent pipe was present from the base of the crib to 1.2 m ( 4 ft) above grade. Construction details 
of the crib are shown in Figure 1. 

During its period of operation from 1960 to 1965, the 116-H-9 Crib is reported to have received 
approximately 300,000 L (79,200 gal) of low-level radioactive effluent that drained from the 
117-H Filter Building confinement system seal pits. The crib was released from radiological 
controls in the late 1960s because of short-lives associated with the radioisotopes of concern 
(Deford and Einan 1995). 

Remaining Sites Verification Package for the 116-H-9, 11 7-H Seal Pit Crib 1 
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Figure 1. 116-H-9 Seal Pit Crib Construction Details. 
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Figure 2 is a photograph of the 116-H-9 waste site in 1998, before excavation of the site. 
Figure 3 shows where the site is located relative to the former 105-H Building. 

Figure 2. Photograph of the 116-H-9 Seal Pit Crib, Dated May 27, 1998, 
Taken Before Excavation Work (WIDS File Photograph). 

Remaining Sites Verification Package for the 116-H-9, 11 7-H Seal Pit Crib 
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Figure 3. The 116-H-9 Waste Site Near the 105-H Reactor Building. 
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Natural resource staff evaluated the 116-H-9 waste site in March 2008 (WCH 2008a). The 
vegetation at this site and the surrounding area contained scattered rabbitbrush; however, the 
entire site has been disturbed by activities in the 100-H Area. Soil/sediment/rock types include 
sand, cobbles, and gravel. 

No cultural resources were anticipated in the project area, although workers were directed to 
watch for cultural materials during work activities. If any cultural materials were encountered, 
work in the discovery area would have been stopped until a cultural resource specialist had been 
notified. 

A field visit was performed on October 28, 2008, for the purpose of reviewing site conditions 
prior to initiating remedial activities. During this time, an area to the east of the site was posted 
as a Contamination Area due to mud dauber contamination (section of 100-H-37). This area was 
scraped or cleared to accommodate the appropriate site access. 

Geophysical Investigation 

A geophysical survey was conducted in September 2008 (Figure 4), with the objectives to 
characterize the 116-H-9 Seal Pit Crib, determine the lateral extent of the site, locate the 
concrete/asbestos pipe, and clear an area for grading around the site (WCH 2008b). A 
well-defined boundary was mapped using ground-penetrating radar, time domain 
electromagnetics, and a utility locator. 

The geophysical survey performed at the 116-H-9 Seal Pit Crib shows a perforated 36-in. 
vertical steel vent pipe present from the base of the crib to about 1.2 m (4 ft) above grade. 
Isolated subsurface anomalies are shown scattered around the steel vent pipe, .along with the 
polyurethane barrier that lies at the base of the crib. 

REl\1EDIATION ACTION SUMMARY 

Remedial action at the 116-H-9, 117-H Seal Pit Crib began on October 28, 2008, and continued 
through February 3, 2009, to a depth of approximately 4.6 m (15 ft). The lateral extent of the 
excavation was determined based on the geophysical survey that clearly defines a distinct 
boundary. Approximately 2,430 bank cubic meters (3,180 bank cubic yards) of soil and debris 
was removed for disposal at the Environmental Restoration Disposal Facility (ERDF). The 
material was direct loaded, and no staging pile was created for this site. In addition, during 
remediation, no stained soil or radiological or chemical contamination was identified. 

Remaining Sites Verification Package for 116-H-9, 117-H Seal Pit Crib 5 
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Contaminated soil and debris were excavated and removed from the 116-H-9, 117-H Seal Pit 
Crib for shipment and disposal to ERDF. The material removed included gravel, the 
polyurethane vapor barrier, a small portion of the 4-in.-diameter asbestos cement pipe, and the 
perforated 36-in.-diameter steel vent pipe. 

To verify that radiological contamination was not present, a Global Positioning Environmental 
Radiological Surveyor (GPERS) survey was conducted over the 116-H-9 waste site upon 
completion of remedial action activities. The results of the GPERS survey are presented in 
Figure 5, showing that no radionuclide contamination above site background was detected. 

VERIFICATION SAMPLING ACTIVITIES 

Verification sampling for the 116-H-9 waste site was performed on July 16, 2009 (WCH 2009a), 
to support a determination that residual contaminant concentrations at this site meet the cleanup 
criteria specified in the RDR/RA WP (DOE-RL 2009b) and the Remaining Sites ROD 
(EPA 1999). The verification sample results are provided within the 95% upper confidence limit 
(UCL) calculation in Appendix A and indicate that the remedial action achieved compliance with 
the RAOs for the 116-H-9 waste site. The following subsections provide additional discussion 
of the information used to develop the verification sampling design. A more detailed discussion 
of the verification sample design can be found in the verification work instruction (WCH 2009b ). 

Contaminants of Potential Concern 

The contaminants of potential concern (COPCs) for the 116-H-9, 117-H Seal Pit Crib, specified 
in the JOO Area Remedial Action Sampling and Analysis Plan (DOE-RL 2009a), are identified as 
cesium-137, europium-152, radium-226, thorium-228, thorium-232, and uranium-238. In 
addition, carbon-14, cobalt-60, europium-I 54, europium-I 55, tritium, plutonium-238, 
plutonium-239/240, strontium-90, silver, cadmium, chromium (total), hexavalent chromium, 
mercury, lead, selenium, and polychlorinated biphenyls (PCBs) were also included as COPCs 
because they are associated with the 117-H Filter Building where seal pits drained into the crib 
(DOE-RL 2009a). A summary of the laboratory analytical methods for the 116-H-9 waste site is 
provided in Table 1, and a map of the sample locations is provided in Figure 6. 

Verification Sample Design 

This section describes the basis for selection of an appropriate sample design and determination 
of the number of verification samples that were collected. The footprint of the entire excavation 
was the only decision unit for verification sampling. 

Remaining Sites Verification Package for 116-H-9, 11 7-H Seal Pit Crib 7 
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Table 1. Laboratory Analytical Methods. 

Analytical Method 
Contaminant of Concern/Contaminant of 

Potential Concern 
ICP metals• - EPA Method 6010 Chromium (total) , lead, silver, cadmium, selenium 

Mercury - EPA Method 7 4 71 Mercury 

Hexavalent chromium - EPA Method 7196 Hexavalent chromium 

GEA - gamma spectroscopy Cobalt-60, cesium-137, europium-152, 
europium-I 54, europium-I 55 , radium-226, 
thorium-228, thorium-232 

Carbon-14 - Liquid scintillation Carbon-14 

Strontium-90 - Liquid scintillation Strontium-90 

Isotopic plutonium Plutonium-238, plutonium-239/240 

Isotopic uranium Uranium-238 

Tritium - Liquid scinti llation Tritium 

PCB - EPA Method 8082 PCBs 

• The expanded list of ICP metals included antimony, ar enic, bari um, beryllium, boron, cadmium, chromium 
(total) , cobalt, copper, lead, manganese, molybdenum, nickel, si lver, selenium, vanad ium, and zinc. 

EPA = U.S. Environmental Protection Agency ICP = inductively coupled plasma 
GEA = gamma energy analysis PCB = polychlorinated biphenyl 

Figure 6. Map of 116-H-9 Verification Soil Sample Locations. 
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The decision rule for demonstrating compliance with the cleanup criteria requires comparison of 
the true population mean, as estimated by the 95% UCL on the sample mean, with the cleanup 
level. Therefore, a statistical sampling design is the preferred verification sampling approach for 
this site because the distribution of potential residual soil contamination over the site is 
uncertain. The Washington State Department of Ecology (Ecology) publication Guidance on 
Sampling and Data Analysis Methods (Ecology 1995) recommends that systematic sampling 
with sample locations distributed over the entire study area be used. This sampling approach is 
referred to by Ecology as "area-wide sampling." Therefore, sampling locations were distributed 
over the footprint of the 116-H-9 waste site using random-start systematic grids in an effort to 
determine the potential presence of residual contamination. 

The footprint of the 116-H-9 waste site was delineated in Visual Sample Plan' (VSP) software 
and used as the basis for the location of a random-start systematic grid for verification soil 
sampling. Twelve soil sample locations were identified in the 116-H-9 waste site. Additional 
details concerning the use of VSP to develop the statistical sampling design and derive the 
number of verification samples to collect are discussed in the verification work instruction 
(WCH 2009b ). 

Field quality control samples consisted of one equipment blank sample and one field duplicate 
sample. All samples were submitted for full protocol laboratory analysis. A summary of 
verification samples collected for the 116-H-9 waste site is provided in Table 2, and a map of the 
sample locations is provided in Figure 6. 

Verification Sample Results 

Verification samples were analyzed using U.S. Environmental Protection Agency (EPA)­
approved analytical methods. The 95% UCLs on the true population means for residual COPCs 
were calculated for the excavation footprint as specified by the RDR/RA WP (DOE-RL 2009b) 
with calculations provided in Appendix A. When a COPC was detected in fewer than 50% of 
the verification samples collected, the maximum detected value was used for comparison against 
the RA Gs, therefore no statistical evaluation was done for that COPC. If no detections for a 
given COPC were reported in the data set, then no statistical evaluation or calculations were 
performed for that COPC. Calculated cleanup levels are not presented in the Cleanup Levels and 
Risk Calculations Database (Ecology 2009) under Washington Administrative Code 
(WAC) 173-340-740(3) for aluminum, calcium, iron, magnesium, potassium, silicon, and 
sodium; therefore, these constituents are not considered site COPCs. 

Comparisons of the statistical and maximum results for CO PCs against the site RA Gs are 
summarized in Table 3. Contaminants that were not detected by laboratory analysis are excluded 
from these tables. The laboratory-reported verification data results for all constituents are stored 
in the Environmental Restoration project-specific database prior to archival in the Hanford 
Environmental Information System and are presented as Attachment 1 of the 95% UCL 
calculation (Appendix A). 

1 Visual Sample Plan is a site map-based user-interface program that may be downloaded at http://dqo.pnl.gov. 
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Table 2. 116-H-9 Verification Sampling Summary Table. 

Sample 
HEIS 

Sample Northing (m) Easting (m) Sample Analysis 
Location Number 

SZ-1 Jl91D8 577622.3 152443.8 

SZ-2 Jl91D9 577630.5 152443.8 

SZ-3 Jl91F0 577638.8 152443.8 

SZ-4 Jl91Fl 577618.1 152450.9 

SZ-5 Jl91F2 577626.4 152450.9 

SZ-6 Jl91F3 577634.7 152450.9 ICP metals," mercury, hexavalent 

SZ-7 J191F4 577622.3 152458.1 
chromium, GEA, carbon- 14, 
isotopic uranium, strontium-90, 

SZ-8 Jl91F5 577630.5 152458. 1 isotopic plutonium, tritium, PCB 

SZ-9 Jl91F6 577638.8 152458. l 

SZ-10 Jl91F7 577618.1 152465.2 

SZ-11 Jl91F8 577626.4 152465.2 

SZ-12 Jl91F9 577634.6 152465 .2 

Duplicateb Jl91H0 577622.3 152443.8 

Equipment Jl91Hl NA NA ICP metals," mercury blank 

a The expanded list of ICP metals included antimony, arsenic, barium, beryllium, boron, cadmium, chromium 
(total), cobalt, copper, lead, manganese, molybdenum, nickel, silver, selenium, vanadium, and·zinc. 

b The duplicate soil sample was of sample J 191 D8, which was chosen at the discretion of the project analytical 
lead. 

GEA 
HEIS 
ICP 

COPC 

Plutonium-238 

Radium-226 

Radium-228 

Thorium-228 

Thorium-232 

Uranium-
233/234 

Uranium-238 

= gamma energy analysis = not applicable 
= Hanford Environmental Information System 
= inductively coupled plasma 

NA 
PCB = polychlorinated biphenyl 

Table 3. Comparison of Statistical Values to Action Levels for the 
116-H-9 Shallow Zone Verification Samples. (2 Pages) 

Statistical Maximum 
Remedial Action Goats• Does the 

Result Result Direct 
Soil Levels Soil Levels Maximum 

(mg/kg) (mg/kg) Exposure 
Protective of Protective of Exceed 
Groundwater the River RAGs? 

Radionuclides (pCi/g) 
0.019 38.8 b b No -- -- --

0.632 (<BG) 1.05 b b No -- -- --

1.14 l.69 b b No -- -- --

0.968 2.26 b b No -- -- --

l.l4 (<BG) 1.3 e b b No -- -- --

0.641 (<BG) -- I.le I.le I.le No 

0.687 (<BG) -- l.le I.le l.le No 

Remaining Sites Verification Package for 116-H-9, 117-H Seal Pit Crib 

Does the 
Result Pass 
RESRAD 
Modelin2? 

--
--
--
--
--

--

--
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Table 3. Comparison of Statistical Values to Action Levels for the 
116-H-9 Shallow Zone Verification Samples. (2 Pages) 

Statistical Maximum 
Remedial Action Goals3 Does the Does the 

COPC Result Result Direct Soil Levels Soil Levels Maximum Result Pass 

(mg/kg) (mg/kg) Exposure 
Protective of Protective of Exceed RESRAD 
Groundwater the River RAGs? Modeling? 

Metals (mg/kg) 

Antimony 0.43 1 (<BG) -- 32 5d 5d No --
Arsenic 3.59 (<BG) -- 2Qd 20d 2Qd No --
Barium 67.8 (<BG) -- 5,600 200 400 No --
Beryllium 0.269 (<BG) -- 10.4 • 1.51 d 1.51 d No --

Boronr 1.27 -- 7,200 320 -- No --
Cadmium 0.0980 (<BG) -- 13.9° 0 .81d 0.81d No --

Chromium, totaf 12.0 (<BG) -- 80,000 18.5d 18.5d No --

Cobalt 6 .24 (<BG) -- 24 15.7 d -- No --

Copper 13 .7 (<BG) -- 2,960 59.2 22.0d No --

Hexavalent 
0.42 2.1· 4.8 2 No 

chromium 
-- --

Lead 6.65 (<BG) -- 353 10.2d 10.2d No --
Manganese 283 (<BG) -- 3,760 512 d 512 d No --
Mercury 0.0 150 (<BG) -- 24 0 .33d 0 .33d No --
Molybdenumr 0.241 -- 400 8 -- No --
Nickel 10.5 (<BG) -- 1,600 19. ld 27.4 No --

Vanadium 42.l (<BG) -- 560 85 .1 d -- No --
Zinc 36.7 (<BG) -- 24,000 480 67.8d No --

Polychlorinated Biphenyls (mg/kg) 

Aroclor-1254 -- 0.0231 0 .5 0.017g 0.017g Yes Yesh 

Aroclor-1260 -- 0.00956 0.5 0 .017g 0.017g No --
a Lookup values and RAGs obtained from the JOO Area Remedial Design Report/ Remedial Action Work Plan (RDR/RA WP) 

(DOE-RL 2009b) unless otherwise noted. 
b No value; because the Kct value for this contaminant is greater than 80 mIJg RESRAD modeling discussed in Appendix C of Rev. 

6 of the RDR/RAWP (DOE-RL 2009) predicts the contaminant will not impact groundwater within 1,000 years. 
c The RAG is below the Hanford Site-specific soil background concentration. The value presented is the Hanford-specific soil 

background concentration. 
d Where cleanup levels are less than background, cleanup levels default to background per WAC I 73-340-700(4)(d) 

(Ecology 1996). 
e Carcinogenic cleanup level calculated based on the inhalation exposure pathway (WAC 173-340-750(3]) using an airborne 

particulate mass-loading rate of0.0001 g/m3 (WDOH 1997). 
f No Hanford Site-specific or Washington State background value available. 
g Where cleanup levels are less than RDLs, cleanup levels default to RDLs per WAC 173-340-707(2) and the RDR/ RA WP 

(DOE-RL 2009b). 
h The thickness of the vadose zone beneath the bottom of the waste site excavation is approximately 14 m (46 ft) thick and the Kct 

value for aroclor-1254 is 75.6 mIJg. Based on the 100 Area Analogous Sites RESRAD Calculations (BHI 2005), residual 
concentrations of aroclor-1254 with a Kct of 75.6 mIJg are not predicted to migrate more than I m (3.3 ft) vertically in 
1,000 years. Therefore, residual soil concentrations of aroclor-1254 are predicted to be protective of groundwater and the 
Columbia River. 

= not applicable RAG = remedial action goal 
BG = background RDL = required detection limit 
COPC = contaminant of potential concern RESRAD = RESidual RADioactivity (dose model) 
K.t = distribution coefficient WAC = Washington Administrative Code 
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VERIFICATION SAMPLE DATA EVALUATION 

This section demonstrates that remedial actions at the 116-H-9 waste site have achieved the 
applicable RAOs by meeting the RAGs and determining that groundwater and the river are 
protected. 

Evaluation of the verification sampling results in Table 3 show that all results are below 
rural-residential scenario direct exposure, groundwater protection, and Columbia River 
protection soil RAGs at the 116-H-9 waste site, with the exception of aroclor-1254 in the 
southeast comer of the excavation. A single sample led to the slightly elevated value for 
aroclor-1254 exceeding soil cleanup levels for groundwater and river protection. The thickness 
of the vadose zone beneath the bottom of the waste site excavation is approximately 14 m (46 ft) 
thick and the distribution coefficient (Kc!) value for aroclor-1254 is 75.6 mL/g. Based on the 
100 Area Analogous Sites RESRAD Calculations (BHI 2005), aroclor-1254 with a Kc! of 
75.6 mLJg is not predicted to migrate more than 1 m (3.3 ft) vertically in 1,000 years. Therefore, 
residual soil concentrations of aroclor-1254 are predicted to be protective of groundwater and the 
Columbia River. All other COPCs were either not detected or were quantified below the RAGs. 

Comparison of maximum or statistical contaminant concentrations to ecological screening level 
for the 116-H-9 waste site are shown in Appendix B. Because concentrations of antimony, 
manganese, and vanadium exceed EPA or Ecology eco-risk screening levels but are below 
background levels (DOE-RL 2009a, Ecology 1994), it is believed that the presence of these 
constituents does not pose a risk to ecological receptors . No established background value is 
available for boron; a final cleanup level for boron, including consideration of background, will 
be established through the remedial investigation/feasibility study process. Exceedances for 
boron will be evaluated in the context of additional lines of evidence for risk to ecological 
receptors as part of the final closeout decision for this site. 

When using a statistical sampling approach, a RAG requirement for nonradionuclides is the 
WAC 173-340-740(7)(e) three-part test. The WAC 173-340 three-part test consists of the 
following criteria: (1) the cleanup verification 95% UCL value must be less than the cleanup 
level, (2) no single detection can exceed two times the cleanup criteria, and (3) the percentage of 
samples exceeding the cleanup criteria must be less than 10% of the data set. The application of 
the three-part test for the 116-H-9 waste site is included in the statistical calculations 
(Appendix A). The results of this evaluation indicate that all residual COC/COPC 
concentrations pass the three-part test in comparison against applicable RAGs, with the 
exception of aroclor-1254 in comparison against the soil RAGs for groundwater and river 
protection. As described previously, RESRAD modeling (BHI 2005) predicts that this 
constituent will not reach groundwater (and, therefore, the river) within 1,000 years. 

Assessment of the risk requirements for the 116-H-9 waste site is determined by calculation of 
the direct contact hazard quotient and carcinogenic (excess cancer) risk values for 
nonradionuclides. These calculations are located in Appendix A. The requirements include an 
individual hazard quotient of less than 1.0, a cumulative hazard quotient of less than 1.0, an 
individual contaminant carcinogenic risk of less than 1 x 10-6, and a cumulative excess 
carcinogenic risk of less than 1 x 10-5

. These risk values were conservatively calculated using 

Remaining Sites Verification Package for I 16-H-9, I 17-H Seal Pit Crib 13 



Attachment to Waste Site Reclassification Form 2009-047 Rev. 2 

the 95% UCL or maximum values (Appendix A) from the samples collected at the 
116-H-9 waste site. 

Risk values are not calculated for constituents that were not detected or were detected at 
concentrations below Hanford Site or Washington State background values. The calculations 
indicate that all individual hazard quotients for noncarcinogenic constituents are less than 1.0. 
The cumulative hazard quotient for the 116-H-9 waste site is 1.7 x 10-2. All individual 
cumulative carcinogenic risk values are less than 1 x 10-6. The cumulative carcinogenic risk 
value is 2.7 x 10-7_ Therefore, nonradionuclide risk requirements are met. 

DATA QUALITY ASSESS:MENT 

A data quality assessment (DQA) was performed to compare the verification .sampling approaches 
and resulting analytical data with the sampling and data quality requirements specified by the 
project objectives and performance specifications. The DQA for the 116-H-9 waste site establishes 
that the data are of the right type, quality, and quantity to support site verification decisions within 
specified error tolerances. The evaluation verified that the sample design and resulting data set are 
acceptable for decision-making purposes. The detailed DQA is presented in Appendix C. 

SUMMARY FOR INTERIM CLOSURE 

The 116-H-9 waste site has been evaluated in accordance with the Remaining Sites ROD 
(EPA 1999). Verification sampling results support an evaluation that residual contaminant 
concentrations at the 116-H-9 waste site do not preclude any future uses (as bounded by the 
rural-residential scenario) and allow for unrestricted use of shallow zone soils (i.e., surface to 
4.6 m (15 ft] deep). The results also demonstrate that residual contaminant concentrations are 
protective of groundwater and the Columbia River. Therefore, the 116-H-9 waste site does not 
pose a risk to human health or the environment, and no institutional controls are required. 
A reclassification to Interim Closed Out is supported for the 116-H-9, 117-H Seal Pit Crib 
waste site. 
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APPENDIX A 

CALCULATION BRIEFS 

The calculations in this appendix are kept in the active Washington Closure Hanford project files 
and are available upon request. When the project is completed, the file will be stored in a 
U.S. Department of Energy, Richland Operations Office repository. This calculation has been 
prepared in accordance with ENG-1, Engineering Services, ENG-1-4.5, "Project Calculations," 
Washington Closure Hanford, Richland, Washington. The following calculations are provided in 
this appendix: 

116-H-9 Seal Pit Crib Cleanup Verification 95% UCL Calculation, 0lO0H-CA-V0lll, Rev. 1, 
Washington Closure Hanford, Richland, Washington. 

116-H-9 Seal Pit Crib Direct Contact Hazard Quotient and Carcinogenic Risk Calculation, 
0lO0H-CA-V0l 14, Rev. 0, Washington Closure Hanford, Richland, Washington. 

116-H-9 Seal Pit Crib Hazard Quotient and Carcinogenic Risk Calculation for Protection of 
Groundwater, 0lO0H-CA-V0l 16, Rev. 0, Washington Closure Hanford, Richland, 
Washington. 

DISCLAIMER FOR CALCULATIONS 

The calculations that are provided in this appendix have been generated to document compliance 
with established cleanup levels. These calculations should be used in conjunction with other 
relevant documents in the administrative record. 
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Acrobat8.0 

CALCULATION COVER SHEET 

Project Title: 100-H Field Remediation Job No. 14655 

Area: 100-H 

Discipline: Environmental *Calculation No: 0100H-CA-V0111 

Subject: 116-H-9 Seal Pit Crib Cleanup Verification 95% UCL Calculation 

Computer Program:...:E:::cx.c.cc:...:e'-1 _ __________ _ Program No: -'E=x_:_:c:..:e:.:.-1 =2.::..00=-'3=----------- -

The attached calculations have been generated to document compliance with established cleanup levels. These calculations 
should be used in conjunction with other relevant documents in the administrative record. 

Committed Calculation ~ 

0 
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Sheets= 11 
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Total= 17 
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Preliminary D Superseded D Voided 0 

SUMMARY OF REVISION 

*Obtain Cale. No. from Document Control and Fonm from Intranet 
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Washington Closure Hanford CALCULATION SHEET 

Originator J . D. Sko lie Date 09121/09 Cale. No. 0100H-CA-V0111 Rev. No. O 
Project 100-H Field R iation Job No. 14655 Checked H. M. Sullowa Date 09121109 
Subject 11 6-H-9 Seal Pit Crib Cleanu Verification 95% UCL Calculations Sheet No. 1 of 11 

1 Summary 
Purpose: 2 

3 Calculate the 95% upper confidence limit (UCL) values tci evaluate compliance with cleanup standards for the subject site. 
: perform the Washington Administrative Code (WACJ 173-340-740(7)(e) Model Toxics Control Act (MTCA) 3-part test for 

6 nonradionudide analytes and calculate the relative percent difference (RPO) for primary-duplicate sample pairs for each 

7 contaminant of concern (COC) and contaminant of potential concern (COPC), as necessary. 

8 
9 

10 
11 
12 
13 
14 
15 

Table of Contents: 
Sheets 1 to 4 - Calculation Sheet Summary 
Sheet 5 to 7- Calculation Sheet Verification Data - Excavation 
Sheet 8 to 1 O - Ecology Software (MTCAStat) Results 
Sheet 11 - Calculation Sheet Split - Duplicate Analysis 
Attachment 1 - 116-H-9, Verification Sampling Results (5 sheets) 

;~ Given/References: 

18 1) Sample Results (Attachment 1). 

19 2) Background values and remedial action gopls (RAGs) are taken from DOE-RL (2005b), DOE-RL (2001), and Ecology 
20 (1996). 

Also, 

21 3) DOE-RL, 2001, Hanford Site Background: Part 1, Soil Background for Nonradioactive Analytes, DOE/RL-92-24, Rev. 4, 
22 U.S. Department of Energy, Richland Operations Office, Richland, Washington. 
23 4) DOE-RL, 2005a, 100 Area Remedial Action Sampling and Analysis Plan (SAP), DOE/RL-96-22, Rev. 4, U.S. Department 
24 of Energy, Richland Operations Office, Richland, Washington. 
25 5) DOE-RL, 2005b, Remedial Design ReportlRemedial Action Work Plan for the 100 Area (RDR/AAWP), DOE/RL-96-17, 
26 Rev. 5, U.S. Department of Energy, Richland Operations Office, Richland, Washington. 
;; 6) Ecology, 1992, Statistical Guidance for Ecology Site Managers, Publication #92-54, Washington Department of Ecology, 

29 Olympia, Washington. 

30 7) Ecology, 1993, Statistical Guidance for Ecology Site Managers, Supplement S-6, Analyzing Site or Background Data with 
Below-detection Limit or Below-PQL Values (Censored Data Sets), Publication #92-54, Washington Department of 
Ecology, Olympia, Washington. 

31 
32 
33 8) Ecology, 1996, Model Toxic Control Act Cleanup Levels and Risk Calculations (CLARC JI), Publication #94-145, 
34 Washington State Department of Ecology, Olympia, Washington. 
35 9) Ecology, 2005, Cleanup Levels and Risk Calculations (CLARC) Database, Washington State Department of Ecology, 
36 Olympia, Washington, <https://fortress.wa .govlecy/clarc/CLARCHome.aspx>. 
37 10) WAC 173-340, 1996, "Model Toxic Control Act- Cleanup," Washington Administrative Code. 
38 

!~ Solution: 

41 Calculation methodology is described in Ecology Pub. #92-54 (Ecology 1992, 1993), below, and in the RDR/RAWP 

42 (DOE-RL 2005b). Use data from attached worksheets to perform the 95% UCL calculation for each analyte, the WAC 
43 173-340-740(7)(e) 3-part test for nonradionudides, and the RPO calculations for each COC/COPC. The hazard quotient and 
44 carcinogenic risk calculations are located in a separate calculation brief as an appendix to the Cleanup Verification Package 
45 (RSVP). 
46 
47 Calculation Description: 
48 The subject calculations were performed on statistical data from soil verification samples (Attachment 1) from the 116-H-9 Seal Pit 
49 Crib. The data were entered into an EXCEL 2003 spreadsheet and calculations performed by using the built-in spreadsheet 
;~ functions and/or creating formulae within the cells. The statistical evaluation of data for use in accordance with the RDR/RAWP 

52 (DOE-RL 2005b) is documented by this calculation. Duplicate RPO results are used in evaluation of data quality within the RSVP 

53 for this site. 

54 
55 Methodology: 

56 The excavation area of 116-H-9 Seal Pit Crib underwent statistical sampling and is considered one decision unit for verification 
57 sampling. 
58 
59 Analytical results for all sampling locations are summarized in the tables provided on sheets 3 and 4. Further information of the 

sample data quality is presented in the data quality assessment section of the associated RSVP. 
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Washington Closure Hanford CALCULATION SHEET 

Originator J. D. Sko lie Date 09/21/09 Cale. No. 0100H-CA-V0 ev. No. O 
Project 100-H Field Re iation Job No. 14655 Checked H. M. Sullowa Date 09/21/09 
Subject 116-H-9 Seal Pi~ rib Cleanup Verification 95% UCL Calculations 

1 Summary (continued) 
2 Methodology, continued: 
3 For nonradioactive analytes with si0% of the data below detection limits, the statistical value calculated to evaluate the 
4 effectiveness of cleanup is the 95% UCL. For nonradioactive analytes with >50% of the data below detection limits, as 
5 determined by direct inspection of the sample results (Attachment 1 ), the maximum detected value for the data set (which 
~ includes primary and duplicate samples) is used instead of the 95% UCL, and no further calculations are performed for those 

8 data sets. For convenience, these maximum detected values are included in the summary tables that follow. The 95% UCL 

9 was not calculated for data sets with no reported detections. Calculated cleanup levels are not available in Ecology (2005) under 

1o WAC 173-340-740(3) for aluminum; calcium, iron, magnesium, potassium, silicon, and sodium; therefore, these constituents 
11 are not considered site COCs/COPCs and are also not included in these calculations. The 95% UCL values were not calculated 
12 for potassium-40, radium-226, radium-228, thorium-228, and thorium-232 based on natural occurence at the Hanford Site. 
13 
14 All nonradionuclide data reported as being undetected are set to ½ the detection limit value for calculation of the statistics 
15 (Ecology 1993). For the statistical evaluation of duplicate sample pairs, the samples are averaged before being included in the 
16 data set, after adjustments for censored data as described above. For radionuclide data, calculation of the statistics is done 
17 using the reported value. In cases where the laboratory does not report a value below the minimum detectable activity (MDA), 
18 
19 

half of the MDA is used in the calculation. For the statistical evaluation of duplicate sample pairs, the samples are averaged 

20 before being included in the data set, after adjustments for censored data as described above. 

21 
22 For nonradionuclides, the WAC 173-340 statistical guidance suggests that a test foe distributional form be performed on the data 
23 and the 95% UCL calculated on the appropriate distribution using Ecology software. For nonradionuclide small data sets 
24 (n < 10), the calculations are performed assuming nonparametric distribution, so no tests for distribution are performed. For 
25 nonradionuclide data sets of ten or greater, as for the subject site, distributional testing is done using Ecology's MTCAStat 
26 software (Ecology 1993). Due to differences in addressing censored data between the RDR/RAWP 
27 (DOE-RL 2005b) and MTCAStat coding and due to a limitation in the MTCAStat coding (no direct capability to address variable 
28 quantitation limits within a data set), substitutions for censored data are performed before software input and the resulting data 
29 set treated as uncensored. 
30 

The WAC 173-340-740(7)(e) 3-part test is performed for nonradionuclide analytes only and determines if: 
1) the 95% UCL exceeds the most stringent cleanup limit for each COPC/COC, 
2) greater than 10% of the raw data exceed the most stringent cleanup limit for each COPC/COC, 
3) the maximum value of the raw data set exceeds two times the most stringent cleanup limit for each COPC/COC. 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

The WAC 173-340-740(7)(e) 3-part test is not performed for COPCs where the statistical value defaults to the maximum value 
in the data set. Instead, direct comparison of the maximum value against site remedial action goals (RAGs) (within the RSVP) is 
used as the compliance basis. 

:~ The RPO is calculated when both the primary value and the duplicate value for a given analyte are above detection limits and 

43 are greater than 5 times the target detection limit (TDL). The TDL is a laboratory detection limit pre-determined for each 

44 analytical method and is listed in Table 11-1 of the SAP (DOE-RL 2005a). Where direct evaluation of the attached sample data 
45 showed that a given analyte was not detected in the primary and/or duplicate sample, further evaluation of the RPO value was 
46 not performed. The RPO calculations use the following formula: 
47 
48 
49 
50 
51 

RPO=[ jM-Sj/((M+S)/2)]*100 

where, M = Main Sample Value S = Split (or duplicate) Sample Value 

52 For quality assurance/quality control (QNQC) duplicate RPO calculations, a value less than 30% indicates the data compare 
53 favorably. If the RPO is greater than 30%, further investigation regarding the usabil ity of the data is performed. To assist in the 
; : identification of anomalous sample pairs, when an analyte is detected in the primary or duplicate sample, but was quantified at 

56 
less than 5 times the TDL in one or both samples, an additional parameter is evaluated . In this case, if the difference between 

57 the primary and duplicate result exceeds a control limit of 2 times the TDL, further assessment regarding the usability of the data 

58 is performed. Additional discussion as necessary is provided in the data quality assessment section of the applicable RSVP. 

59 
60 
61 
62 
63 
64 ~----------------------------------------------' 

Remaining Sites Verification Package for I 16-H-9, I 17-H Seal Pit Crib A-5 



Attachment to Waste Site Reclassification Form 2009-047 Rev. 2 

CALCULATION SHEET w,.h;nqton Clo,uro HanJ; 

Originator J . D. Skoglie Date 09/22/09 
Job No. 14655 

Cale. No. 0100H-CA-V011 
Checked H. M. Sullowa 

Rev. No. 0 
Project 100-H Field mediation 
Subject 116-H-9 Seal Pit Crib Cleanu Verification 95% UCL Calculations 

Date 09/22/09 
Sheet No. 3 of 11 

1 Summary (continued) 
2 Results: 
3 The results presented in the tables that follow include the summary of the results of the 95% UCL calculations for the 
4 shallow zone excavation , the WAC 173-340-740(7)(e) 3-part test evaluation, and the RPO ca lculations, and are for 
5 use in risk analysis and the RSVP for this site. 
6 
7 

8 

9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

Results s ummar y - Sh II Z a ow one 

Analyte 
95% UCL Maximum 

Result Result 
Plutonium-238 0.019 -
Uranium-233/234 0 (< BG) -
Uranium-238 0 (< BG) -
Antimony 0.431 -
Arsenic 3.59 -
Barium 67.8 -
Beryllium 0.269 -
Boron 1.27 -
Cadmium 0.0980 -
Chromium 12.0 -
Cobalt 6.24 -
Copper 13.7 -
Lead 6.65 -
Manganese 283 -
Mercurv 0.0150 -
Molybdenum 0.241 -
Nickel 10.5 -
Vanadium 42.1 -
Zinc 36.7 -
Hexavalent Chromium - 0.42 
Aroclor-1254 - 0.0231 
Aroclor-1260 - 0.00956 
WAC 173-340-740(7}(e) Evaluation: 

WAC 173-340 3-Part Test for most stringent RAG : 
95% UCL > Cleanup Limit? NO 
> 10% above Cleanup Limit? NO 
Any sample > 2x Cleanup Limit? NO 

Units 

pCi/q 

pCi/q 
pCi/g 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mo/ko 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mq/kg 
mg/kg 
mq/kg 
mg/kg 
mq/kq 
mg/kg 
mg/kq 

mg/kg 
mg/kq 
mo/ko 

Relative Percent Difference Results and 
QA} QC Analysis 

Shallow Zone 
Analyte 

Duplicate Analysis 

Potassium-40 2.1% 
Aluminum 8.5% 
Barium 12.4% 
Calcium 0.2% 
Chromium 5.2% . 
Copper 8.4% 
Iron 2.0% 
Lead 6.3% 
Magnesium 6.7% 
Manganese 8.3% 
Silicon 23.8% 
Vanadium 5.3% 
Zinc 5.5% 
•RPD listed where result produced, based on 
criteria. If RPD not required, no value is 
listed. The significance of the reported RPD 
values, including values greater than 30%, is 
addressed in the data quality assessment 
section of the RSVP. 

37 "The 95% UCL result or maximum value, depending on data censorship, 
38 as described in the methodology section. 
39 - = not applicable 
40 B = blank contamination (inorganic constituents) 
41 C = Sample was</= 5X the blank concentration 
42 DE = direct exposure 
43 GW = groundwater 
44 J = estimate 
45 L = dilution indicating physical and chemical 
46 interference are present 

47 M = sample duplicate precision not met 
48 MTCA = Model Toxics Control Act 
49 POL = practical quantitation limit 
50 Q = qualifier 
51 QNQC = quality assurance/quality control 

RAG = remedial action goal 
RDR/RAWP = remedial design report/remedial 
action work plan 
RESRAD = RESidual RADioactivity (dose model) 
RPD = relative percent difference 
RSVP = remaining sites verification package 
SAP = sampling and analysis plan 

TDL = target detection limit 
U = undetected 
UCL = upper confidence limit 
WAC = Washington Administrative Code 
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1 Summary (continued) 
2 
3 

4 

5 

6 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Analytes 

Aluminum 

Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Hexavalent Chromium 
Iron 
Lead 
Magnesium 
Mancianese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Silicon 
Sodium 
Vanadium 
Zinc 
Aroclor-1254 
Aroclor-1260 

Maximum Result 
For Ali Detected 

Analytes in Units 
Statistical Data 

Sets• 

9750 mg/kg 
0 .534 mg/kg 
4 .26 mg/kg 
94.3 mg/ka 

0 .354 mg/kg 
1.52 mg/kg 

0 .112 mg/kg 
7470 mg/kg 
13.4 mg/kg 
7.75 mg/kg 
16.2 mg/kg 
0 .42 mg/kg 

22100 mg/kg 
8 .84 mg/kg 
4990 mg/kg 
351 mg/kg 

0 .0182 mg/kci 
0.286 mg/kg 
11 .9 mg/kg 
1930 mg/kg 
1380 mg/kg 
189 mg/kg 
49.0 mg/kg 
43.3 mg/kg 

0 .0231 mg/kci 
0.00956 mo/kg 

32 
"The maximum result is shown for all non-radiological 

33 analytes with at least one detected result. This summary is 
for use in comparison to ecological screening values. 
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1 116-H-9 Statistical Calculations 
2 VerlflcaUon Data-Shall_rN!_Zon~ 
3 Sample Sample Sample 
I Area Number Dale 

i SZ-1 J191Da 7116109 

l 
Duplicate of 

J191HO 7116/09 
J1 9108 

' SZ-2 J191D9 711 6/09 
SZ-3 J191 FO 7/16/09 
SZ-4 J191F1 7116/09 
SZ-5 J191F2 7/16/09 
SZ-$ J1 91F3 7/16/09 
SZ-7 J191F4 7/16/09 

--

Plutonium-238 Urenium-233/234 Uranium-236 
oCi/a a MDA oC~o Q MDA oCila a MDA 
0.061 __ u i 0.201 0.426 0 .155 0.588 0.155 

0.017 u 0.160 0.776 0.270 0.635 0.270 

0.026 u 0.197 0.654 0.156 0 .880 0.156 
0 -u· 0.229 0.697 j 0.333 0.828 0.333 
0 u 0.294 0.607 i 0.232 0.395 0.232 

0.002 u 0.030 
f--- - -

0.655 I 0.386 0 .454 0.386 
0.027 0.025 0.522 0.285 0.373 0.285 
·0.005 u 0.035 0.396 0.152 0 .617 0.152 

CALCULATION SHEET 

Date 09l2'!f09 
Jcib No. 1465.5 

Antimony 
ma/ka a PQL ma/ka 
0.740 UJ 0 .740 2.73 

0.308 J 0.824 2.33 

0.389 J -0.900 3.75 
0.437 J ~c~ 3.86 
0.241 J 0.656 3.43 
0.352 J 0.839 2.59 
0.343 J 0.742 3.51 
0.379 J 0 .915 3.46 

Cale. No. 0100H-CA-V01\1 .u,.{) 
Chected H. M. Sulloway ~ 7 

Ansenic Barlum 
a POL ma/ka I Q PQL 

0.740 49.6 I 0.370 

0.824 44.0 0.412 

0.900 60.9 0.450 
0.660 79.2 0.330 
0.656 66.4 ' 0.326 .. 
0.839 44.9 0.420 
0.742 50.5 -~~ 
0.915 49.9 0.457 

Rev. No. 0 
Date 09121/09 

Shoot No. 5 of 11 

Beryllium 
ma/ka IQ PQL 

0.209 0.1411 

0.200 0.165 

' 0.24 1 ' 0.160 
0.347 0.132 
0.246 ' 0.131 
0.189 0.168 

f--_0.1 87 I 0.148 
0 .22~ I 0.183 

Boron 
mtlfka a POL 

1.09 B 1.411 

0.824 B 1.65 

1.34 B 1.60 
1.46 1.32 
1.39 1.31 

0.579 B 1.68 
0 .926 B 1.46 
0 .909 B 1.83 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 
21 

SZ-8 J191F5 7/16/09 0 : u 0.035 0.527 - -0.286 0.602. 0.288 0.663 UJ 0.683 2.86 i 0.663 44.0 ···· ·a.:i32 · Q.215 I ·• o.'13!i 0 .827 'a .. 1'.:if-
j" . --'a ~ ---

22 

23 
24 
25 
2S 
27 
28 
29 
30 
31 
32 
33 

SZ-9 
SZ-10 
SZ-11 
SZ-12 

- ·- - - . ---
Sample 

Aroa 

SZ-1 

SZ-2 
SZ-3 
SZ-4 
SZ-5 
sz~ 
SZ-7 
sz.a 
SZ-9 

· SZ-10 
SZ-11 
SZ-1 2 

J191F6 
J191F7 
J191F8 
J191F9 

Sample 
Number 

J19108/ 
J191HO 

J191D9 
J191FO 
J191F1 
J191F2 
J191F3 
J191F4 
J191F5 
J191F6 
J191F7 
J191F8 
J191F9 

34 Statl&Ucal Com 1.rtatton1 

7/16.'09 
7116109 
7/16109 
7/16/09 

Sample 
Date 

7116/09 

7118/09 
7116/09 
711 6/09 
711 6/09 
7/16/09 
7/16/09 
7116/09 
7116/09 
7/16/09 
7/16/09 
7/1 6/09 

0.030 , u 0.233 
0 u 0.253 
0 · u 0.250 
0 u 0.255 

Plutonlum-239 
oCUa 

0.049 i 
0.026 --

0 
0 
0 

0.027 
-0.005 ' 1 .. . () . 

I 

0.030 
0 
0 .. 
0 

0.545 0.276 0.616 0.278 
0.344 0.293 0.574 0.293 
0.790 0.263 0.584 I 0.263 
0.643 0.289 0.794 I 0.289 

Uranlu m-2331234 Uranlum-238 
pCU< oC~ 

0.601 0.612 

0.654 0.880 
0.697 _.Q.,~ -- - - -
0.607 0.395 ·- - --·-
0.655 0.454 
0.522 0.373 

~!~r 1--- 0.617 
0.602 

0.545 I 0.618 
0.344 0.574 
0.790 0 .564 -----··oi;.ri 0.794 

0.514 0.605 3.41 0.805 84.6 0.402 0.255 i 0.160 1.02 . .. 
0.788 UJ 0.766 2.47 , 0.768 37.6 0.394 0.170 0.158 0 .585 8 
0.328 J · o.19a 2.62 1-QX~s. 58.9 0.399 ~~:-+-· 0. 160 1.01 B 
0.534 J 1.01 4.26 1.01 94.3 0.503 0.201 1.52 B 

Anttmooy Arsenic Barium Berymum 6oro11 
moil<o mg/k ma/ko maii« mg/k 

I 
0.339 2.56 46.9 0.205 0 .957 

0.389 ·- ---~-75 60.9 0.241 1.34 
0 .437 3.86 79.2 0.347 1.46 

. 0.241 3.43 66.4 ----- f-- 0.248 1.39 
- · 0.352 2.59 44.9 0.169 0 .579 

0.343 3.51 50,5 0.167 0 .926 -··· 0.379 3,46 49,9 0.224 .. 0~009--

0.332 2.86 44.0 0.215 0 .827 
0.514 3.41 64.6 0.255 1.02 
0.394 ··- -i47 -· -· 37.6 0.170 .. . 0 ,5:lJS .. 
0.328 2.62 58.9 0.191 1.01 ------· ·o:534 4.26 94.3 0.354 1.52 

35 Plutonlum-238 Ur:anium-2331234 Uranlum-238 Anllmon Arsenic Barium Be lllum Boron 

1.61 
1.58 
1.60 
2.0 1 

---- -· 

··-······ 

36 95'1, UCL based onl Rac:lionudlde data set. use 
nonparamettlc z-.statlsUc. 

Radionuciide data :seL 
Use nonparametric z. 

statistic . 

Radlonudde data sel Usel Larg e data sel {n ~10). use I large dala sel (n ~ 10), , large data sci (n :.-:::10), use ,Large data set (n ~ 10}. uscl Large dale set (n ~1 0}, 
non arametric z-statistk. MTCAStal ~ norn,al lfff MT?A~lat.lognos'mal MT~S~t kl~normal MTCAS~l lo~rmal u&e MT?A~tal klgnormal 

P distribution. dIstribubon. dIstnbution. dlstnbution. dIstnbutlon. 

37,_._____ t 12 12 I 12 12 I 12 12 I 12 12 
38 ·%-<Deteciio·11·I,mi 92°/4 _ .. --· ____ ---~-·- __ .... '!'! ... _ ....... _ ..... 1.~ I 0% 01/. 0o/, ~011":-,----- - -t 
39 .. Mear Q,011 ..... 0.~82 0.611 0.382 I 3.23 58.2 . 0 .235 1.04 

~--·· ~~•ncl~Jd{;;~7: ~'~} --- ····- -· ~!!l ~::~ 0~817 : -~~~ .. ,, 16.3 . . /-0598 0,319 : 

42 95% UCL on mear 0.019_ .. ___ .. __ _ __ _ ~ - ... 0.687 . .... }431 _· ~'f-----+---+~3'=.5~9--+--t----t---cc67;.c.8:c-+--+---+---;0~.2,';6,;9~f--+----+-· - '"~---+l----i 

43f------ M"':~":_~•= O.NA027 o.
1
790

1 
0.

1
880

1 
0.534 i _ -~~6, . . ' , ., _ f4_.3,_ ·• I 0.354 1.52 . : . 

f---a====-=~'"=3---;!-,i:;';;--t---+,;-;':'·~-t---t-;;-;-';-;;' =f-·-t-- - 1~ :C, .. , I .. . f--' ··- .. ·"" . . . 
Statislicalvaluea1>0veback9ro_1Jr><O 0.019 O[< BGI O(<BGI 1=-· .. ) .j -., · -·· .·• . ... ,. ' " £ .,':, .. .. L :,' •J " 

46 
Most Strlnijent Cleanup limit I~ .. , •.. , · ··1 

nonradonudidc and RAG ty .. .. · .: 

(mg/kg -'. . • 
GW & River 20 DE, GW& 200 1.51 GW &Ri ver 
Protection River Prolec.tion GW Protection Protection 

320 GW 
Protection 

47 WAC1f~ 3-PART TEST 
48 95-;. UCL:> Cleanup Limit? NA I NA I I 
49 >10%al:x:rveCleanuplimit . NA NA 
50 Any sample > 2X Cleanu limit . NA NA 

NA NA 

I I NA I NA 
NA NA 

Because all values are Because all values are Because all values are Because all values are The data set meels the 3-

51 WAC 173-340 Compliance? .. , :1, . beklw background (5 mg/kg) below- background (6.5 below background (132 below background (1.5, part test criteria when 
. . lhe WAC 173-340 3-pa r1 mg/kg) lhe WAC 173-340 mg,kg) lho WAC 173-340 3 mg/1<g) the WAC 173-340 3 compared 10 tho most 

'. ;., ;. ~ test i:1 not required. 3-part test is not required. part test is not required. part te!l is not required. .stringent RAG. 
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CALCULATION SHEET 
Wa5hlnqton Closure Hanford 

Originator J. D. S'lco lie Date 09/21/09 Cale. No. 0100H-CA-V0 11 1 
Checked H. M. Sullows Rev()~~~ ""~"'9,~'2~1/=oo. ---Pmject 100-H Field Re ation Job No . .. 1 ... 46~5'-5 __ _ 

Subject 116-H-9 Seal P~ Crib Cleaoop Venfication 95¾ UCL Caic<Jlations Sheet No.-'6'-'o'--f_\ _1 __ _ 

116-H-9 Statlstlcal CslculaUon• 
2 Verification Data Shallow Zooe 
3 Sample Sample Sample Cadmium Chromium Cobalt Copper Lead Mangan6£e Mercu v Moh1bdenum 
4 Area Number Dato ma/ko I Q I POL mo/kc Q PQL mo/kc I Q PQL ma/kc I a PQL ma/kc Q PQL mnlkn I Q POL mo/ka Q POL ma,•o a I PQL 

SZ-1 J191D8 7/16/09 

6 Duplicale cl J191H0 7/16/09 
J191D8 

7 S2·2 J1 91D9 7/16/09 
8 SZ-3 J1 91F0 7/16/09 
9 SZ-4 J191F1 7/16/09 

10 SZ•5 J191F2 7/16/09 
11 sz~ J191F3 7/16/09 
12 SZ-7 J1 91 F4 7/16/09 
13 sz-a J191 F5 7/16/09 
14 SZ-9 J 191 F6 7/16/09 
15 SZ-10 J191F7 7/16/09 
16 SZ-11 J191 F8 7/16/09 
17 SZ-12 J191F9 7116/09 

-'--t-=-'==1c--=='-+--'O"-.l.=06 I 8 0.185 9.16 0.74Q _ _ 5.,6 I 2.22 13.6 1.48 4.10 0.740 2.52 I __ 0,740 __ 0.0131 8 0.0238 0.231 B : 0.740 

o.os2; I B o.2os o.824 4.97 ! 2.47 12.5 1.55 3.55 o.824 s_i o 824 

o.0951 i a 0.225 o.900 6.10 ! 2.10 1.so 7 02 , o 900 ·-+-~=-,f----c-+~1---c==-t-~=-+-=a -~ 
=--+-~=--~--t--~o.~0~950~~, =e--o~.=,5=5~1-~~--+-+-~o~.6~60~+---,1-.2-9-~~----+ _ _ - ,-_9-_ 8:~;;~~~~~~:~~.=,+---,-.32-_ ... ; _--..,6"''.2"'5'-'-: -~-_-..,0~•"'6"6~0·::_:~::.1:'::.::.1::.::.:_::_::_~'.;~'::.::.!::.';".;~;;.::.!~'::.:::.;.~~~::.:::.!~~;.::_:_~s~:_,::_!o"'.'=5'=s/oc--1, 

~--+-=~--=~-....... 0.0964 1 a o.164 o.656 .J.~.: 1.97 1---··_,.·;"'s-"1_· -l--'s"'.0""2::.... __ f-o"'.""sss=-+--"=-1-+-"'='-+--='-"'-'--+-''-+-c'='='-+--c"~--1-'Bc--+;-=o".s'=S6-c-"-1 
=-::---t-',;-::-=::-t--:7:"::-=::-t-.. onrn-J s , 0.210_t-----+-+--0_.8_39 <18 I 2.52 1.68 J .75 0.839 B 0.839 
---;-;-;;,,,-1---=:-;--;-+-~o:c.o.,.s,,,03'-,-' -=B-•_,o"'.1"'a"'5-t- _0.142- · - 5.35 1 2.23 · 1.48 8.64 , 0.742 a o.71£.. 
~--t-':-,,,,;.,,,,+--:.,;-::~-t--'i'0-:.1cc1c::2:-;--' -:9_:>--oa' . .,.22=:9:-t--~-'::---t-+--=0'::.9-:c15::--t--c5-c.54,..,.--+--l -+~2;--.7::,4:-+--:7::-- -t--:-1:':.8:':3--1_7.,..::-89:---,-' --+-- 0-:-.-::-91::,5:-t---:::--:---+---l-::-:-""'"--t-,;-;';-ac;:;:---t-;;-+-Oo""·."°00230.~0 0

0
._2
209

~ --,~B .• 0.915 
0.0972 I B ' 0.166 0.663 4.54 1 1.99 0.1 33 494 ' 0663 0.663 

~--t-"-';,,;.,,,::+---:',:,=~-t--::-o.-=-o-=-s6:-:3,-,-, -=e-,-o='.-=-20.,.1=-t--~"':----+-+--=oc:_ao.,.s=--+--=5:-1~s- .,.1-+--:2::'-_4-=-,:.....+----:1-=3-=_3,--...,...-+-o=-.-1s:c_!,.. __ ,..-_:5=-~•='5'"2""_-.,i" .. -_·_,_-~0~805~-~·-.. ·::::~;;;::::_:-:::::::;;;~;;;;;;::_:;::~~~:::_:;:_:;:o::.o:200:;:_:;::o;:.~2-.,.3-2::::::s::;;;o;;;.,,.so-,.,-5::: 

0.0629 I B ! 0.197 0.788 !~-• ~: ,_!~ _ __ . .:.1, .• sa"-+--=3:c,,6:.,:1---1--'o"'."'788=--1-....:c,=.-1--,f....==--+~==--1--'::.+-'0"'.0"'30=3-1-_0,c·=.20C"4:.....f-"'B-t--=0"-.7=-88=--t 
0c/fN- f -~J .. o\~ ··· 0i7a~8 

f 75 1 3 02 :!~ ~:: :~ ; 0i:i ~:~~~ ~~~; : 0/o~ 

8.70 

11 .7 
12.5 
10.8 
10.7 

- 13.1 
10.4 
11.8 
11.1 
10.8 
9.59 
13.4 

13.2 ; 

16.2 ; 

12.4 
10.5 
12.4 
12.7 : 

11 .7 

232 i 0.82~ 0.0101 B I 
287 7 0.900 0.00917 B 
311 0.660 0.0182 B 
267 0.656 0.0131 B 
221 0.639 0.0170 B 
2J6 ·0:142·-. 0.00935 B 
253 . ·-0.915 0.0145 B 
246 0.663 0.0132 B 
282 0.805 0.0151 B 
212 0.788 0.0138 B 
224 0.798 0.011 4 B 
351 1.01 0 0133 B 

0.0238 0.235 

0.0275 0.228 
0.0282 0.252 
0.0303 0.201 
0.0288 0.210 
0.0267 0.217 

1 9 Statist lcal Comouletlon lnout Data 
20 Sample Sample Sample 
2 1 Area Number Date 

Cadmium 
mnlko 

Chromium 
ma/k 

Cobalt 
mo/ka 

Copper 
mlllko 

Lead 
mo& 

Manganese 
ma/ka 

Mwcury 
ma/I« 

Molybdenum 
ma/kt 

22 13.1 ' J .98 242 0.0116 0.233 SZ-1 
J191D8/ 7/16/09 0.0943 i 8.9J 5.07 
J191H0 I 

23 --f--""'-"-+-c-+-·· __ c-+--"13"'·.2"----+---·-·_·+-·_,,1"':o-'=2_ .. -t-----1-··_·-_ ···_-_·+--~-2;s~1==~=j-__ -__ - _-__ -_-_ 1-__ ~o~.o~09~1~1c-1--+----·-· 0.228 

~;~==~~~~==~~~~~~~~=~~~~~==~=~~~~~=~==~======~=~1~~=1==1======:=jj:==:==:======~==='.:~~:•!~=====:=====~:=:~:!~~~=1===~==-------1--""~'=~=-i- ·· - i- ~:~;f; · ·· -+---+-~~"';cc~"',-+ .. · - ······· 

SZ-2 J19109 7/16/09 ··o.oisi .. ·----- 11 .7 
--- - -

6.10 
J191FO 7/16/09 0.0950 12.5 - 7.29 SZ-3 

SZ-4 J191F1 7/16/09 0.0964 10.8 5.91 
251---'="---1i-:-:=~1-=="'--+--"'""--'-"--+---'f-- --+--'=-+--+---+----","'--+-i- ______ __ 1_0_.s ___ +-- --+--'3"-.7"'5'-+----t----1---"22::c.1'-+--t----+-=o-".o':'1;.,10,,_+---+---+-c;o"'.2;c1;,.o--+1_+----1 
27 12.4 8.84 236 0.00935 0.217 

SZ-5 J1 91F2 7/16/09 0.0714 10.7 4.18 
J191F3 7/16/09 13.1 5.35 SZ-6 0.0903 ... 

2a ~--+--+---,-=--+--+---+-f-12=.7~--+---+-~7~.8~9_,_-,.. __ _,_~25~3-+--+-·--- . -'o'-'.o=-1'-'4-c-5c-+-+-----t-~o"".2~86'=--t-c-+----1 
29 11 .7 4,94 246 0.0132 0.209 

SZ-7 J191F4 7/16/09 0.11 2 - 10.4 5.54 
-·0.0972 

301--~e=---:--+r.-:'=='=-=-'lt---::-:-:-::-::::-=---t---'=c"==~-+-1>-----+-:c:--:-+--+---+--="c:---+-+-----1--:1c:3c:_3,----t-, ----1- 5"'_"52-=--+--t----+-::2::::8::-2--t ···· ·-'-·---l-- o"'.""01"'5=1--1-+----1-'o"'.::::.232~·'-t---+--·-
SZ-8 J191F5 7/16/09 11.8 4.54 
SZ-9 J191F6 7/16/09 0.096 11.1 6.16 I 

33211----==-:"'---1r.-:-;;-;;::-:--11---::-:-:-::-::::-=--+--='-=-='c-=---+-1>-----+-,~:-+--+---+--=-::-:c--+-+-----1--.1-1}L....:.._J. _ _ __,_3~.~61~+---1----+-~21~2~-+--+1-----+~o~.0~1~38f-.,._--+---+-~o-.2~04--+--+- ----1 
11.9 , ; 4.19 224 0.011 4 0.171 

SZ-10 J191F7 7/16/09 0.0629 10.8 4.J6 
SZ-1 1 J191F8 7/16/09 0.0633 9.59 5.02 
SZ-12 J191F9 7/16/09 0.11 1 13.4 7.75 JJ 15.3 i 6.04 351 0.0133 0.251 

SteUstlcal Comoutatlons 
: ,:::,=======:::....----,----C"a_d.,.m~l,..u-m---r---.C"'h-ro_m_,l,..u-m---,-----,C::-ob.....-a""lt:---..,...---,C:-0-nne-,---...----L,-oa--,d:----,----.,M,-an-,-<1,an-,-, -.--..,...---M=•r--c-u-=--rv---,---;M.;o-;l=vbde=n-u--m----, 

36 95'/. UCL based on 

Large data se1 (n «10), 
lognormal and normal 

di!ilribul ion rejed.4!1d , use 
z--slalislic. 

Large data ,el(n ac10), Large dala oe1 (n ;,10), 
US<! MTCASlat lognonnal use MTCAStat lognormal 

dis1rlbu1lon. di,trlbullon. 

Large dale se1 (n ;>10), use 
MTCAStBt lognonnal 

di91rlbutlon. 

Large dala set (n ;,10). Large da1a .et (n ;,10), use Large data ,e1 (n >,10). use Large data ,el (n .!:10), 
use MTCAStat lognormal MTCAStal lognonnal MTCAStat logoonnal use MTCAS1a1 lognormal 

distribution. · distribution dlstrlbuUon. distribution. 

37 -------~~~-- ~ N+-_~12=---1-~'---+~C7C"-+---+----,,---c':''---+--,--,---+--c':'"---t---- --l---:c'--+--+----l---c':'"--t---1-1---t-~"--t- +----t-~1~2,.....~I-I_-:-_-; 
38 % < Oele<:1lon limll 0-k I 0% I 

12 12 12 12 12 12 
0% 0% 0% 0% o•;. 0% 

:f------~s -,a-nd~a-r""d~de- vc,~cc:,.c~+;-~"':·~"-"~~J---+---'--','=-t--+-- -+·-'=c-+---+- - -+~~--+-+----t--"'~-+--+---t----=c--=--+--l-l- - --l--='-==-t-+-----+--=o
0"'o22

°'29='
5
7:-1:-1...._---; 

11.2 5.61 12.9 5.59 261 0.0133 
1.34 1.11 1.56 1.68 40.9 0.00273 - -41 95% UCL on mean 0.0980 0.241 , 12.0 6.24 13.7 8.65 283 0.0150 

42 Maximum value 0.1 12 0.286 1 13.4 7.75 16.2 8.64 351 0.0182 

43 
Most Stringent Cleanup Limit loo 

nonradlonucllda and RAG typ, 
(malkal 

44 WAC 173-340 3-PART TEST 

0.81 GW & River 
Prolectlon 

18.5 GW &River 
Protec1lon 

15.7 22.0 River 

GW Proteclion Protection 
10.2 GW & River 512 GW & River 0.33 GW&River 8.0 GW 

Protec~on Pro1eclion Protection · Protectkln 

NA NA NA NA NA NA Ni>.----· 45 95¾ UCL > Cleanup Limit? NA ND 
NA NA NA NA NA 
NA NA NA NA NA NA 

46 > 10•1. above Cleanup Umit'i l-------'-NA::.,.:... ___ -+---...:..:;.:...---+-----"'-'-----,f-----'-=-'----t-----'-:--'----+-----'-::,;..----+------',,,','------+-----,Nc:a0:-_·_--1 
471-_.,:A.::.n:.i.;:YS::;Bmc:.:tP,::le:::..::.>.:,2X=C::le::a,:.n::,:U,:.:aPLic:;mc:il:.;.?l----.:.N:;.A;_ ___ f----=----+-----'-::..:...---+-----'-::..:...---+---...;.:;.:... ___ t-___ =;;......----,r----=-----,r----'-N'-'0'-----, 

48 WAC 173-340 Compllane.7 

Because all values are 
below backgroond (0.81 

mg/k9) lhe WAC 173-340 3 
part lest is not required. 

Becausa all values are 
below background ( 18.5 

mg/kg) lhe WAC 173-340 
3-par1 lest is nol required_ 

Because all values are 
below background (15.7 

mgJl<g) the WAC 173-340 
3-part lest Is no1 required. 

Because all values are 
below backgr01Jnd (22.0 

mg/kg) the WAC 173-340 3-
part test is not required. 

Because all values are Because elil values ere Because all values are 
below background (1 02 below background (512 below background (0.33 

mg/kg) lhe WAC 173-340 mg/kg) lhe WAC 173-340 3 mgJl<g) lhe WAC 173-340 3 
3-part 1est Is nol required. pan test Is not required. pan test Is not required . 

The dala set meets the 3-
part ;est alterla whoo 
oompared to the most 

stringent RAG. 
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CALCULATION SHEET 

ib Cleanup Verification 95% U C L Calcu:ations 

1 116-H-9 Statlstlcal Calcul"1I0'1s 
2 V erification Data -Shallow Z0'1e 
J 
4 
5 

6 

7 
6 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

22 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

36 

37 
38 
39 
40 
4 1 

42 

43 

44 
45 
46 
47 

48 

Sample Sample Sample 
Af'ea Number Date 
SZ-1 J191DB 7/16/09 

Duplicate oi 
J 191 HO 7/16/09 

J191D8 
SZ-2 J19 109 7/16/09 
SZ-3 J1 9 1FO 7/ 16/09 
SZ-4 J1 91F1 7/16/09 
SZ-5 J191F2 7/16/09 
SZ-6 J t91F3 7/1 6/09 
SZ-7 J191 F4 7/16/09 
SZ-8 J1 91FS 7/16109 
SZ -9 J1 9 1F6 7116/09 

SZ-10 J1 9 1F7 7/16/09 
SZ-11 J191F8 7/ 16/09 
SZ-12 J191F9 711 6109 

Stallsllcal Comoutatlor, loI,ut Deta 
Semple Sample Sample 

Are a N umber Data 

SZ-1 
J 19 106/ 

7/1 6/09 J 191 HO 

SZ-2 J19109 7/1 6109 
SZ-3 J191 FO 7/16109 
SZ-4 J191F1 7/16/09 
SZ -5 J1 91 F2 7/ 16109 
SZ -6 J1 91 F3 7/16109 
SZ-7 J1 91 F4 7116109 
SZ-8 J191F5 7/16/09 
SZ-9 J191F6 711 6109 

SZ-10 J1 91 F7 7116/09 
SZ-1 1 J1 91F8 7/16/09 
SZ-12 J1 91 F 9 7/16109 

Statletlcal Comnutatlons 

95%· U CL based on 

N ----· % ~ Detection limit 
Mean 

Standard de\1alion 
95% UCL on mean 

Maximum value 
Most Stringent Cleanup Limi t for 

nonradlonucllde and RAG typ e 
'"""ka} 

WAC 173-340 ~ART TEST 
95% UC L > CleMup Limit? 

> 10 </o above Cleanup Limit? 
A ny sam ple > 2X Cleanup Limit? 

WAC 173-340 Compliance? 

N lc~el Vanadium 
mo/ko IQ 1 PQL mnJkn a PQL 

_ _ § ,~6 1.65 ~ ~ _,4 ___ _ - ~~-
8 .40 2.06 36.4 0.824 

-·--·-
10.7 2.25 42 .3 c. .. ~ QO 
11·:1 1.65 44.9 0.660 
9 .05 1.64 39.0 0.658 
9 .66 2.10 27 .1 0.8 39 
9 .44 ' 1.65 41 .2 0.742 
9 .37 2.29 42.0 0.91 5 
9.8 1 : 1.66 26 .6 0.663 
9 .80 2 .01 41 .3 0.605 -- 8.49 

-
1.97 36 .4 0.788- -

9 .99 I 2 .00 37 .0 0.796 
11.9 2 .51 49.0 '..( 1 

Nickel V anadk.am 
mall<, mn/kn 

8 .6 3 37.4 

-1-
.. -·- · -- · -- ·-· ·-- . .. 

10 .7 42 .3 
·1 1.1 44 .9 ! 
9 .0 5 39.0 
9 .66 27.1 
9 .44 41 .2 ' - ·· .. 
9 .37 42 .0 i .. 
9 .8 , 26 .8 
9 .80 413 
8 .49 36 .4 
10.0 37.0 --11.9 490 

N ickel Vanadk.Jm 

Large data set (n .!:::10), use Luge data set (n ;,c10), 
MTCASta t logMrmal use M TCASta.t normal 

dislribJUon . distribution . 

12 ' 12 
QD/0 Oo/o 
9 .8 8 38 .7 - ·-- -
1.0 8 i 6 .52 
10 .5 

' 
42.1 

11 .9 49 .0 

19 .1 GW 85.1 GW 
Protection Prctecti•:l• 

NA NA 
NA NA 
NA NA 

Because all valL.es are B3ca.use all \'al.Jes are 
below background ( 19.1 below back~round (65 .1 

mg/kg) Iha W AC 173-340 3 .mg/kg) lhe W AC 173-340 
part lest is not required . 3-part test is not required . 

Date 09/21/0G 
Job No. _1c;:4:,6:,:5::::5c.... __ _ 

Z inc 
--/kn Q PQL 

_R5 ___ ·--- - .. 2 .22 ··-
31.7 2 .t.7 

35 .1 2 .70 
£0 .2 1.98 
35.5 1.97 
27.2 2 .52 
34.2 2 .23 
35.2 2 .74 
29.6 1.99 - ·· 
36.7 2 .L1 
26.9 2 .36 

29.9 2 .39 
£3.3 3.02 

Zinc 
mnlkn 

32.6 

":is.1 ---- -

40.2 
-- ···-····-- --

35.5 
272 
342 
"35.2 -----29.6 
36 .7 
26 .9 
29.9 
43.3 

Z in c 

Lar!_'.;e :Jate set (n 2:~ 0 !, 
usa MTC ASta : lognormal 

distribution . 

12 
0°/0 

33.9 
4.97 
36 .7 
43.3 

67 .8 River 
Protection 

NA 
NA 
NA 

Beca use alt values are 
belooN :>ackground (67.8 

mg/kg) the WAC 173-340 
3-part test is not required. 

Cal e. No. ( 100H-CA-V0 11 1 
Checked H. "1 . Sullow" 

Rav. No . ..,o'---~=--­
Date 09/21 /09 

Sheet No . .,_7--'o'-'f_1'--1'------
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1 

3 

5 
6 
7 

10 
1 
12 
1 
14 
15 
16 
17 
18 
1 
20 
2 
22 
23 
24 

1 

3 

9 

1 

5 

26 
2 
28 
20 
30 
3 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 
42 
43 
44 
45 

7 

1 

1 

DATA 

0.339 

0.369 
0.437 
0.241 
0.352 
0.343 
0.379 
0.332 
0.514 
0.394 
0.326 
0.534 

DATA 

0.205 

0.241 
0.347 
0.248 
0.189 
0.187 
0.224 
0.215 
0.255 
0.1/0 
0.191 
0.354 

ID 
J19108/ 
J191HO 
J19109 
J191FO 
J191F1 
J191F2 
J101F3 
J191F4 
J191F5 
J191F6 
J191F7 
J191F6 
J191F9 

ID 
J191D8/ 
J191HO 
J19109 
J191FO 
J191F1 
J191F2 
J191F3 
J191F4 
J191F5 
J191F6 
J191F7 
J191F8 
J191F9 

Antimony 95% UCL Calculatlon 

Nurrt>er of samp{es Uncensored values 
Uncensored 12 Mean 

Censored Lognormal mean 
Detection limit or PQL Std . devn. 
Method detection limit Me<ian 

TOTAL 12 Min. 
Max.. 

Lognormal disuibution? Normal dislribution? 
r•squa<ed is: 0.930 r-squared is: 0.920 
Recomrr.endations: 
Use k>gnormal distribution. 

UCL (Land's method) is 0.431 

Beryllium es•;. UCL Calculation 

Nutrbel of s~es Uncensored values 
Uncensored 12 Mean 

Censored Lognom,ai mean 
Detection limit Of' POL Std. devn. 
Method detection llmll Median 

TOTAL 12 Min. 
Max_ 

Lognormal distributJon? NormaJ d1slr1bution? 
r-squared is: 0.909 r•.squared is: 0.849 
Recommendations: 
U&e lognormal distribution. 

UCL (Land's method) Is 0.269 

CALCULATION SHEET 

Date 09/21/09 
Job No. 14655 

Ecolooy Soflwa,.e lMTCAStatl Results, 116-=H-9 Shallow Zone 

DATA 10 Arsenic 95% UCL Calculation 

2.56 
J19108/ 
J1 91HO 

3.75 J19109 
3 .86 J191FO Number of samples Uncensored values 

0.382 3.43 J191F1 Uncensored 12 Mean 
0.363 2.59 J19 \ F2 Censored Lognormal mean 

0 .0817 3.51 J19'1F3 Doled.ion limit or POL Sid. devn. 
0.366 3.46 J191F• Method detection limit MOOan 
0 .241 2.86 J 191FS TOTAL 12 Min. 
0 .534 3.41 J191F6 Max. 

2.47 J19\F7 
2.62 J191F6 
4.26 J 191F9 

Lognormal distrOUtion? Normal distribtJtion? 
r-squared is: 0.822 r•squared is: 0.928 
Recommendations: 
Use lognomlal Olstributlon. 

UCL (Land's method) is 3.59 

DATA 10 Boron 95% UCL Calcul•Uon 

0.057 
J19108/ 
J19tHO 

1.34 J19t09 
1.46 J 191FO Number of samples Uncensored values 

0 .235 1.39 J191F1 Uncensored 12 Mean 
0.236 0.579 J19tF2 Censored Lognormal mean 

0.0596 0.926 J191F3 Deteclion limit or POL Std. devn. 
0.220 0.909 J191F4 Melhod detection limit Medlen 
0.170 0.827 J191F5 TOTAL 12 Min. 
0 .354 1.02 J191F6 Max. 

0.585 J191F7 
1.01 J191F8 
1.52 J191F9 

Lognormal dislrbution? Normal distribution? 
r•squared is: 0.930 r•squared is: 0.939 
Reanvnendations: 
Use lognorma1 distribulion. 

UCL (Leners method) is 1.27 

3.23 
3.24 

0.594 
3.42 
2.47 
4.26 

1 .04 
1.05 

0.319 
0.984 
0 .579 

1.52 

Cale. No. 0100H-CA.V0111 
Checked H. M . Sullowa 

Rev. No. O 
Date 09/21/09 

Sheet No. 8 of 11 

DATA ID Barium 95% UCL Calculation 

46.9 
J19108/ 
J191HO 

60.9 J19109 
79.2 J191FO Number of samplas Uncensored values 
66.4 J 191F1 Uncensored 12 Mean 58.2 
44.9 J191F2 Censo<ed Lognonnal mean 58.3 
50.5 J191F3 Detactton ~mit or POL Std . devn. 16.3 
49.9 J191F4 Method detection limit Median 54.7 
44.0 J191F5 TOTAL 12 Min. 37.6 
64.6 J191F6 Max. 94.3 
37.6 J191F7 
58.9 J191F8 
94.3 J191F9 

Lognorma{ distribution? Normal distribution? 
r•squaed is : 0.970 r•squated is: 0.919 
Recommendations: 
Use lognormal dislrlbutlon. 

UCL (Lands method) is 67.6 

DATA ID Cadmium 95% UCL Calculation 

0.0943 
J\9108/ 
J191HO 

0.0951 J19109 
0.0950 J191FO Number of samples Uncensored values 
0.0964 J191F1 Uncensored 12 Mean 0.0904 
0.0714 J191F2 Censored Lognormal mean 0.0907 
0.0903 J191F3 Detection limit or POL S td. del,n. 0.0163 
0.112 J191F4 Method detecuon lim~ Median 0 .0951 

0.0972 J191F5 TOTAL 12 Min. 0 .0629 
0.0963 J191F6 Max. 0.112 
0.0629 J191F7 
0.0633 J191F8 
0.111 J191F9 

L.ognormal distribution? Normaf dislrib.Jlion? 
r•squared is: 0.331 r-squared is: 0.864 
Recommendalioos: 
Reject BOTH tognormal and normal distributions. 

UCL (based on Z-statistic) is 0.0960 



• I .... 
N 

2 

3 
4 
5 
6 
7 
8 
g 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

25 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

DATA 

8.93 

11 .7 
12.5 
10.6 
10.7 
13.1 
10.4 
11.8 
11 .1 
10.8 
9.59 
13.4 

DATA 

3.98 

7.02 
6.25 
5.02 
3.75 
8.84 
7.69 
4.94 
5.52 
3.6 1 
4.19 
6.04 

ID 
J191D8/ 
J191HO 
J 19109 
J191 FO 
J191 F1 
J191 F2 
J191F3 
J191F4 
J191 F5 
J191 F6 
J191F7 
J191 F8 
J 191 F9 

ID 
J191D8/ 
J191HO 
J191 09 
J1 91 FO 
J191F1 
J1 91F2 
J1 91F3 
J 191F4 
J 191F5 
J 191F6 
J191F7 
J 191F8 
J191F9 

Chromium 95% UCL Calculation DATA 

5.07 

6.10 
Number ol samples Uncensored values 7.29 

Uncen.50red 12 Mean 11 .2 5.91 
Censored Lognonnal mean 112 4.18 

Detection limit or PQL Std. devn. 1.34 5.35 
Method detection limit Median 11 .0 5.54 

TOTAL 12 Min. 8.93 4.54 
Max. 13.4 6.16 

4.36 
5.02 
7.75 

Lognorrnal distribution? Normal distribution? 
r-squared is: 0 .975 ,-squared is: 0.977 
Recommendattons: 
Use k>gnonnal distribullon. 

UCL (Land's melhod) is 12.0 

Load 95% UCL Calculation DATA 

242 

287 
Number of samples Uncensored values 311 

Uncensored 12 Mean 5.59 267 
Censored Lognormal mean 5.60 221 

Detection limit or POL Std. devn. 1.68 236 
Method detection limit Median 5.27 253 

TOTAL 12 Min. 3.61 24 8 
Max. 8.84 282 

212 
224 
351 

l ognormal distribution? Normal distribution? 
M1quared is: 0 .973 r-squared is: 0.947 
Reoommendations: 
Use lognormal distribution. 

UCL (Land's melhod) is 6.65 

CALCULATION SHEET 

Dato 09121/09 

Job No. ====14=6~5~5== = 

Ecoloqy Software (MTCAStaO Reirnlts, 11~H-9 Shallow Z o'ne 

ID Cobalt 95% UCL Calculation 
J191DBI 
J191HO 
J191D9 
J1 91FO Number of samples Uncensored values 
J 191F1 Uncensored 12 Mean 5.6 1 
J1 91F2 Censored Lognormal mean 5.6 1 
J 191F3 Detection llmlt or POL Std. devn. 1.11 
J191F4 Method detection limit Median 5.45 
J191 F5 TOTAL 12 Min. 4.18 
J 191F6 Max. 7.75 
J1 91F7 
J 191F8 
J1 91 F9 

Logno,mal distribution? Normal distnbulion? 
,.squared rs: 0.974 r-squared is: 0.949 
Recommendations: 
Use lognonnal distribution. 

UCL (Land's method) is 6.24 

ID Manganese 95% UCL Calculation 
J191D8/ 
J191HO 
J1 9109 
J191FO Number of samples Uncensored values 
J1 91F1 Uncensored 12 Mean 261 
J1 91F2 Censored Lognormal mean 261 
J1 91F3 Detection limit or POL Std. devn. 40.9 
J191 F4 Method detection limit Median 250 
J 191FS TOTAL 12 Min. 212 
J 191F6 Max. 351 
J191F7 
J191F8 
J 191F9 

Lognormal dlstribulion? Normal d~tributlon? 
r-squared is: 0.959 r-squared is: 0.928 
Recommendations: 
Use lognormal distribulion. 

UCL (Land's method) is 283 

C ale. N o. 0100H-CA-V0111 
Checked H. M. Sullowa 

Rev. No. __ o _ _ 
Date 09/21/09 

Shoot No . 9 of 11 

DATA 10 Copper 95% UCL Calculation 

13.1 
J19108/ 
J191HO 

13.2 J19109 
16.2 J191FO Number of sa.mp'es Uncensored values 
12.4 J191F1 Uncensored 12 Mean 12.9 
10.5 J191F2 Censored Lognormal mean 12.9 
12.4 J191F3 Detection limit or PQL Sid. devn. 1.56 
12.7 J191F4 Method detection limit Median 12.6 
11.7 J191F5 TOTAL 12 Min. 10.5 
13.3 J191F6 Max. 16.2 
11 .8 J 191F7 
11.9 J1 91F8 
15.3 J191F9 

Lognonnal distribution? Normal distribution? 
r-squared is: 0.926 r-.squa,ed is: 0.900 
Recommendations: 
Use lognormal dlstributlon. 

UCL (Land's melhod) Is 13.7 

DATA ID Mercury 85% UCL Calculation 

0.0116 
J191D8/ 
J191HO 

0.009 17 J19109 
0.0182 J l91FO Number of samples Uncensored values 
0.01 31 J191F1 Uncensored 12 Mean 0.0133 
0.0 170 J191F2 Censored Lognormal mean 0.0 133 

0.00935 J191F3 Detection limit or PQL Std. devn. 0.00273 
0.0145 J191F4 Method detection limit Mediiln 0.0 133 
0.01 32 J 191F5 TOTAL 12 Min. 0.00917 
0.01 51 J19 1F6 Max. 0.0182 
0.01 38 J191F7 
0.011 4 J191F8 
0.0133 J191F9 

Lognormal distribution? Normal distribution? 
r-squered is: 0.963 r-squared is: 0.970 
Recommendations: 
Use lognonnal distribution. 

UCL (Land's method) is 0.0150 
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i CALCULATION SHEET 
Washington Cfosure Hanfo 
Originator J. 0 . Skoglie , 

Project 100-H Field Reme at 
Subject 116-H-9 Seal Pit Crib Cleanup Verification 95% UCL Calculations 

DATA ID Molybdenum 95% UCL Calculation 

0.233 
J191D8/ 
J19Hi0 

0.228 J191D9 
0.262 J191 F0 Number of samples Uncem;ored values 
0.201 J191f1 Uncensored 12 Mean 0.225 
0.210 J191F2 Censored Lognorrnal mean 0.225 
0.217 J191F3 Detection limit or POL Std. devn. 0.0297 
0266 J191F4 Method detection linit Median 0.223 
0.209 J191f5 TOTAL 12 Min. 0.1_71 
0.232 J19 1F6 Max. 0.286 
0.204 J191F7 
0.171 J191F8 
0.251 J191F9 

Logoormal drstribuuon? Normal d1stnbut1on? 
r-squared is: 0 .961 r-squared is: 0.956 
Recommendatk>ns: 
Use lognormal distribution. 

UCL (Land's method) is 0.241 

DATA ID Zlnc 95% UCL Calculallon 

32.6 
J 191D8/ 
J191H0 

35.1 J19109 
40.2 J191F0 Number of samples Uncensored values 
35.5 J191F1 Uncensored 12 Mean 33.9 
27.2 J191F2 Censored Lognormal mean 33.9 
34.2 J191 F3 Detection limit or POL Std. devn. 4.97 
35.2 J191F4 Method detection lir.lit Median 34.7 
29.6 J191F5 TOTAL 12 Min. 26.9 
36.7 J191f6 Max. 43.3 
26.9 J 191F7 
29.9 J 191F8 
43.3 J191F9 

Lognoonal distribution? Normal dis1ribution? 
MioquarecJ is : 0 .967 r-squared is: 0.963 
Recommendations: 
Use lognormal distribution. 

UCL (Land's method) s 36-7 

Cale_ No. 0100H-CA-V011 I 
Checked H. M. Sullowa 

Ecology Software (MTCAStat) Results, 116-H-9 Shallow Zone 

DATA ID Nickel 95% UCL Calculation 

8.63 
J 191D81 
J1 91H0 

10.7 J191D9 
11 .7 J101F0 Number of samples Uncensored values 
9.05 J191f1 Uncensored 12 Mean 
9.66 J191f2 Censored lognormal mean 
9.44 J191F3 Detection Omit or PQL Std. devn_ 
9.37 J 191F4 Method detection llmit Median 
9.81 J191F5 TOTAL 12 Min. 
9.80 J191F6 Max. 
8.49 J191F7 
9.99 J191f8 
11.9 J191F9 

Lognormal d~tnbution? Normal d1stnbu110n? 
r-squared is: 0.939 r-squared is: 0.919 
Recommendations: 
Use lognormal distrlbutk>n. 

UCL (Land's method) is 10.5 

Rev. No. _ _ o __ 
Dato 09121/09 

Sheet No. 10 of 11 

DATA ID Vanadium 95'4 UCL Calculation 

37.4 
J191D8/ 
J191H0 

42 .3 J191 D9 
-1-1 .9 J191F0 Number of sample& Uncensored values 

9.88 39.0 J191f1 Uncensored 12 Mean 38.7 
9.88 27.1 J191f2 Censored Lognormal mean 38.8 
1.08 41 .2 J191F3 Detection limit or POL Std. devn_ 6.52 
9.73 42.0 J 191F4 Method detection limit Median 40.1 
8.49 26.8 J191F5 TOTAL 12 Min. 26.8 
11 .9 41 .3 J191 F6 Max. 49.0 

36.4 J191F7 
37.0 Jt91F8 
49.0 J191F9 

Lognormal dlstnbuuon? Normal d1stnbutJon? 
r-squarecl is; 0 .867 r..squared is: 0 .913 
Recommendations: 
Use normal dlstribuUon. 

UCL (based on t-statistic) is 42 .1 
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_.., .., ,. __ ,.,.. ,_1alysis • 116-H-9 Shallow Zone 

Sampling Sample sample Potasslum-40 

Area Number Date oCi/a Q MOA 

SZ-1 J1 91D8 7/16/09 14 1 0.387 

Duplicate of 
J191 08 

J191HO 7/16/09 14.4 I 0.270 

Analysio: 
TDL 0.5 

I Both> POL? Yes lcontlnue} 
Oup'. icale I Both >5xTOL? Yeo (celc RPO) 
Analysis I RPO 2.1% 

I Difference > 2 TDL? Not aoolicable 

Sampling HEIS Sample Arsenic 
Area Nu mber Date mq/ka I QI PQL 
SZ-1 J1 91D8 7/16/09 2.7~ I i 0.740 

Duplicate of 
J1 91HO 7/16/09 2.38 I I 0.824 

J19108 
Analvsis: 

TDL 1 

~ Both > POL? ·- Ye:J (continuel 

Ouplica_te Bo~~ ".'5~T.PL 7 ~ 0-5.10.J' (•"!"'J)u,ble) 
Analysis RPO 

I Difference> 2 TDL? No - acceotable 

Sampling HEIS Sample Copper 

At•• Number Date ma/kc I Q I PQL 

SZ-1 J191DB 7/16/09 13.6 I I 1.48 
Duplicale of 

J1 91 HO 7/16/09 12.5 ··1 I 1.65 
J191D0 

Analvsls: 

CALCULATION SHEET 

Date 09122/09 
Job No. 14655 

Radlum-226 Radlum -228 

oCVa Q MOA oC~a Q MDA 
0.432 0.068 0.683 0.146 -
0.468 0.069 G.518 0.151 

0.1 02 
Yes {continue) 

No•Ston.lacce,tsble) _ 
. )'_•~.(c_o_nl!nue) ,\ .. 

No-Stoe (eccee!•ble 

No - acceotable No - acceotable 

Barium Beryllium 
m<i/ka I Q I PQL malka I Q I PQL 
49.8 I 0.370 0.200 I I 0.148 

44.0 1_ ___ L 0.412 __ 0.200 1 J · o.165 

0.5 0.2 
Yes (continue} Ye:, (continue} 
Y_••'.(~alc RPDI No-Stou (acceutablel 

12.4% 
Not aoolicable No - acceolable 

Hexavalent Chromium Iron 

ma/kc I Q I PQL malka I Q I PQL 
0.14 I B I 0.20 15400 I 14.8 

0.20 I u I 0.20 15100 I 16.5 

Cale. No. 0100H-CA-V0111 
Checked H. M. Sullowa 

Thorlum-228 GEA Thorium-232 GEA 
oCi/a Q MDA nCi/n Q MDA 
C.604 0.048 0.683 0. 146 

C.630 0.046 0.518 0.151 

1 1 

- N:s~fi;;~::i:i1ai 
Yes lcont lnue) 

No-Ston fecoent eble) 

No - aoceotable No - acceotable 

Boron Cadmium 
m<ilk<i IQ I PQL m<i/k<i IQ I PQL 
1.09 I B I 1.48 0.106 I B ! 0 .1 8!i 

0.824 I B I 1.65 o.0825 I a I 0206 

2 0 .2 
No-Sloe I acceotable) No-Stoo /acce_p)abl~ 

No - acx:eotable No • acceotable 

Lead Magnesi~m 

mo/ka T Q T PQL ma/ka T Q f PQL 
4.1 0 T T 0.140 4140 T I 3.70 

3.85 
; ! 0.824 3870 I I 4.12 

Rev. No. 1 
Date 09/22/09 

Sheet No. 11 of1 t 

u ranlum-233/234 Uranlum-238 
oCi/a I QI MDA oCi/a IQ I MDA 
0.426 I 0.155 o.ss8 I I 0 .155 

0.776 I 0.270 0.635 ! I 0.210 

1 1 
Yes_(.~!'tinue) Yea {continu~J .. 

No-Stoo lacceotable) No-Stoo (acceotable) 

No - acceptable No - acceptable 

Calcium Chromium 
mg/kg I Q I PQL mo/ka I Q I PQL 
5830 I I 14.8 9.16 I 0 .740 

5820 I I 16.5 8.70 I I o.824 

100 02 
YH (continue) Yes lconlinue} 
Yes l calc RPDI Yes lcalc RPDI 

0.2% 5.2"/o 
Nol aoolicable Not aoolicable 

Manganese Mercury 

ma/ko I Q I PQL lllll/ko I QI PQL 
252 I : 0.740 o .0130 I a I 0.0238 

232 I i 0.824 0.0101 ! B I 0.0238 27 

28 
29 
30 
31 
32 
33 
34 

TDL 1 0.5 5 0.5 75 5 _ - -·--·-· 0.2 
Yes (continue! I Both> POL? Yes fcontinue) No-Stoo l acceo1ablel Yes fcontinue) . ... Yes (continue) Yes (continue) .. . l'l<>:~_t9!1J'!cceotable \ 
Yes lcalc RPDI Duplicate ~et~.?'?~~!?..~?.--··· v .. kale RPDl . ... .. - · 

Yea /cale RPDI Yes .~ale RPD) YH lcalc RPDl 
Analysis RPO 8 .4¾ 2.0% 6.3% 6.7% 8.3% 

I Di fference > 2 TDL? Nol c:1uolicable No - cl,.,. ._._.. ,at,~ Nut auui~t,l~ Not aouliec1ble Not a• olicable Nul c10Ui1,;c1!Jle 

35 Sampling HEIS Sample Nickel Potass ium SIiicon Sodium Vanadium Zinc 
36 Area Number Date ma/ka I Q I PQL mn/kn I Q I PQL ma/ka I Q I PQL m-;;Tkn T Q T PQL ma/ka T Q T PQL ma/ka I Q I PQL 

37 SZ-1 J19108 7/16/09 8.86 ____ 1 I 1.85 930 -1 I 7.~:.0 . .. _789 · 1 I . 4,4'.I 169 T T 37.0 ·- 38.4 T T 0.740 ~H-··1·- i-~ 
38 °j,1~~~~of .1191HO 7/1n/O!l 8 .40 I I 2.0R 7QII 82.4 621 I 4.94 135 I I 41 .2 36.4 T T 0824 31.7 2.47 

39 Analvsis: 
40 I TDL I 4 400 2 I 50 I 2.5 I 1 
41 J L Both> POL? I Ya& (continue} I Yes {continual I Vee {continue\ I Yes lcontinue, I Yes lcontinue) I Yes (continue) 

Bo1h >5xTDL? l No-Stop (acceptablo) l No-Slop (acceptable) l Yes (calc RPO) L No-Slop (•cceptable) l Yes (calc RPD) I Yes (caJc RPO) 
RPO I I I 23.8% I I 5.3% I 5.5% 

42 1 Duplica te 
43 Analysis 
44 ··--··--·· I Difference > 2 TDL? I No - acceptable I No- acceptable I No1 aeplicable .. 7-- -No--=--acceptable I °NotapplicaGle r Not •epicable I 

No - acceulalJle 

Aluminum 
ma/ka I QI PQL 

6380 I I 14.8 

5860 I I 16.5 

5 
--·· _ Ye5_{c~ntiniw). __ . 

v .. lcalc RPDl 
8.5% 

No1 applicable 

Cobalt 
mo/ka I QI PQL 
5.16 I I 2.22 

4.97 I I 2.47 

2 
Yes {continue} 

No-Stoo !acceotablol 

No • aoceotable 

Molybdenum 

mo/ko IQ I PQL 
0.231 I B I 0.740 

0.235 I B I 0.824 

2 
No-Ston l acceotable\ 
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Sample HEJS Sample Americium-24 I GEA Barium-133 
Location Number Date oCi/., 0 MDA oCi/• 0 MDA 

SZ-1 Jl9ID8 7/ 16/09 0.266 u 0.266 0.034 u 0.034 
Duplicate 

J19IHO 7/16/09 0.289 u 0.289 0.034 u 0.034 
of J l9ID8 

SZ-2 Jl9ID9 7/ 16/09 0.0990 u 0.0990 0.020 u 0.020 
SZ-3 Jl9JFO 7/ 16/09 0.104 u 0.104 0.031 u 0.031 
SZ-4 J191FI 7/ 16/09 0.164 u 0.164 0.030 u 0.030 
SZ-5 J191F2 7/16/09 0.0770 u 0.0770 0.099 u 0.099 
SZ-6 11911'3 7/16/09 0.0480 u 0.0480 0.041 u 0.041 
SZ-7 Jl9IF4 7116/09 0.376 u 0.376 0.044 u 0.044 
SZ-8 Jl91 F5 7/16/09 0.139 u 0.139 0.055 u 0.055 
SZ-9 Jl9IF6 7/ 16/09 0.142 u 0.142 0.041 u 0.041 

SZ-10 J191 F7 7/16/09 0.157 u 0.157 0.025 u 0.025 
SZ-11 Jl91F8 7/16/09 0.0460 u 0.0460 0.034 u 0.034 
SZ-12 Jl91F9 7/16/09 0.0420 u 0.0420 0.027 u 0.027 

Sumplc HEIS Sample Europium-1S4 Europium-lSS 
Location Number Date oCi/e 0 MUA oCi/2 0 

SZ- 1 Jl91D8 7/ 16/09 0.143 u 0.143 0.109 u 
Duplicate 

Jl91HO 7/16/09 0.123 u 0.123 0,099 u 
of J 191 D8 

SZ-2 Jl91D9 7/16/09 0.061 u 0.061 0.082 u 
SZ-3 Jl91FO 7/16/09 0.111 u 0.111 0.080 u 
SZ-4 Jl 91Fl 7/16/09 0.086 u 0.086 0.11 7 u 
SZ-5 Jl91F2 7/16/09 0.270 u 0.270 0.166 u 
SZ-6 Jl91F3 7/ 16/09 0.129 u 0.129 0.092 u 
SZ-7 J1 91F4 7/16/09 0.162 u 0.162 0.131 u 
SZ-8 . Jl91F5 7/16/09 0.151 u 0.151 0.124 u 
SZ-9 Jl91F6 7/16/09 0.144 u 0.144 0,114 u 

SZ-10 Jl91 F7 7/16/09 0.080 u 0.080 0.082 u 
SZ-11 Jl91 F8 7/16/09 0.123 u 0.123 0.083 u 
SZ-12 J19JF9 7/16/09 0.090 u 0.090 0.106 u 

B = _blank contamination (inorganic constituents) 
C - analyte detected in sample and QC blank and sample concentration was <1~5 limes 
blank 
HEIS = Hanford Environmental lnfonnalion System 
J ~ estimate 
L • dilution indicating physical and chemical interference arc present 
M - Sample duplicate precision 1101. met 
N = MS/MSD recovery is outside control limits 
PQL • practical quantil.ltion limit 
Q • qualifier 
R= rejected 
U = undetected 
X = more than 40% difference between primary and confinna1io1t detector results and 
lower value is reported. 

MDA 
0.109 

0.099 

0,082 
0.080 
0.117 
0.166 
0.092 
0.131 
0.124 
0.114 
0.082 
0.083 
0.106 

6-H-9 Verifi Sample R -- ---
Carbon-14 Ccsium-137 Cobalt-60 

nCit. 0 MDA oCi/1' 0 MDA oCi/a 0 MDA 
-0.749 UJ 7.02 0.037 u 0.037 0.040 u 0.040 

1.54 UJ 6.33 0.033 u 0.033 0.035 u 0.•35 

0.389 UJ 6.68 0.019 u 0.019 0.018 u 0.018 
3.90 UJ 6.82 0.033 u 0.033 0.032 u 0.032 
-3.56 UJ 6.56 0.027 u 0.027 0.027 u 0.027 
2.22 UJ 6.19 0.080 u 0.080 0.089 u 0.089 
1.02 UJ 6.18 0.040 u 0.040 0.048 u 0.048 
1.28 UJ 6.27 0.055 u 0.055 0.051 u 0.051 
1.88 UJ 6.92 0.037 u 0.037 0.049 u 0.049 
3.70 UJ 6.24 0.038 u O.Q38 0.039 u 0.039 
1.77 UJ 6.74 0.024 u 0.024 0.025 u 0.025 

-2.14 UJ 6.47 0.034 u 0.034 0.036 u 0.036 
-0.332 UJ 6.84 0.027 u 0.027 0.028 u 0.028 

Nickel-63 
.. 

Plutonium-238 Plutonium-239/240 
uCi/• 0 l\'IDA nCl/2 0 l\fDA nCl/2 0 MDA 
0.854 u 3.30 0.081 u 0.207 0.027 u 0.207 

0.345 u 4.18 0,017 u 0.160 0 u 0.128 

-0.810 u 3.44 0.026 u 0.197 -0.026 u 0.197 
-1.38 u 4.67 0 u 0.229 0 u 0.183 
0.271 u 3.84 0 u 0.294 0 u 0.235 
-0.217 u 3.69 0.002 u 0.030 0.002 u 0.019 

1.09 u 4.85 0.027 0.025 0.003 u 0.023 
-0.420 u 3.57 -0.005 u 0.•35 -0.001 u 0.014 
0.480 u 3.70 0 u 0.035 0.008 u O.Dl5 
-0.355 u 3.35 0.030 u 0.233 , 0.030 u 0.233 
0.835 u 3.38 0 u 0.253 -0.033 u 0.253 
0.353 u 3.75 0 u 0.250 0.026 u 0.200 
-l.10 u 3.89 0 ~ ) 0.255 0.033 u 0.254 

1 "'-'"'" Sheet No. 1 of5 

1. D. Sko~lie ✓-~ Date 9121 /09 
H. M. Sulloway( • Dale 9/21/09 

Cale. No. OlOOH-CA-VOII I Rev. No. 

Eurooium-152 
oCl/2 0 MDA 
0.092 u 0.092 

0.089 u 0.089 

0.059 u 0.059 
0.08S u 0.085 
0.071 u 0.071 
0.207 u 0.207 
0.104 u 0.104 
0.114 u 0.114 
0.115 u 0.115 
0.102 u 0.102 
0.065 u 0.065 
0.082 u 0.082 
0.069 u 0.069 

Potassium-40 
oCl/0' 0 MDA 
14.1 0.387 

14.4 0.270 

14.3 0.191 
14.2 0.244 
14.8 0.268 
10.5 1.00 
8.76 0.322 
14.8 0.438 
1 l.2 0.356 
14.0 0.401 
14.2 0.210 
14.9 0.407 
14.5 0.276 
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Sample 
Locarion 

SZ-1 
Duplicate 
ot' J 19108 

SZ-2 
SZ-3 
SZ-4 
SZ-5 
SZ-6 
SZ-7 
SZ-8 
SZ-9 

SZ-10 
SZ-11 
SZ- 12 

Sample 
Location 

SZ-1 
Ouplici.1le 
of.11 91D8 

SZ-2 
SZ-3 
SZ-4 
SZ-5 
SZ-6 
SZ-7 
SZ-8 
SZ-9 
SZ-10 
SZ-11 
SZ-12 

HEIS Sample 
Number Dale 
Jl91O8 7/ 16/09 

Jl91HO 7/ 16/09 

Jl9JO9 7/16/09 
Jl91F0 7/ 16109 
Jl91Fl 7/16/09 
Jl91F2 7/ 16/09 
Jl91F3 7/ 16/09 
Jl91F4 7/16/09 
Jl9IF5 7116/09 
J191F6 7/ 16/09 
Jl91F7 7116/09 
J19IF8 7/16/09 
J19IF9 7/ 16/09 

HEIS Sample 

Number Date 

Jl91O8 7/16/09 

Jl 91H0 7/ 16/09 

119109 7/ 16/09 
Jl91F0 7116/09 
Jl91FI 7/1 6/09 
Jl91F2 7/16109 
JI91F3 7/16/09 
Jl9IF4 7/16109 
Ji91F5 7/16/09 
Jl91F6 7116/09 
J191F7 7/16/09 
Jl91F8 7/16/09 
Jl9IF9 7/16/09 

Rndium-226 Radlum-228 
oCi/e 0 MDA oCi/e 0 MDA 
0.432 0.068 0.683 ! 0.146 

' 0.468 0.069 0.518 I 0.151 

0.498 0.037 0.796 0.079 
0.619 0.056 1.14 0.137 
0.614 0.053 0.997 0.083 
0.188 0.162 0.627 0.372 
0.254 0.092 0.475 0.222 
0.550 0.082 0.800 0.158 
0.279 0.095 0.458 0.133 
0.560 0.076 0.814 0.170 
0.416 0.047 0.608 0.092 
0.534 0.064 0.741 0.139 
0.632 0.049 1.03 0.108 

Tritium Uranium-233/234 

pCi/u 0 MDA oCi/• 0 MDA 
5.23 UJ 7.43 0.426 0.155 

2.12 UJ 6.16 0.776 0.270 

-0.783 UJ 6.51 0.654 0.156 
2.59 UJ 7.19 0.697 0.333 
3.19 VJ 6.40 0.607 0.232 
1.76 UJ 6.03 0.655 0.386 

0.527 UJ 6.14 0.522 0.285 
2.73 UJ 6.11 0.398 0.152 
3.31 UJ 7.14 0.527 0.288 
1.95 UJ 6.66 0.545 0.278 

0.225 UJ 6.55 0.344 0.293 
1.30 UJ 6.31 0.790 0.263 
3.22 UJ 6.69 0.643 0.289 

Sll\'er-108 metastable Thorium-228 GEA Thorlum-232 GEA 
oCi/2 0 MDA oCi/• 0 MDA oCi/• 0 MDA 
0.026 u 0.026 0.604 0.048 0.683 0.146 

0.023 u 0.023 0.600 0.046 0.518 0.151 

0.014 u 0.014 0.747 0.028 0.796 0.079 
0.023 u 0.023 0.917 O.G38 1.14 0.137 
0.020 u 0.020 0.827 0.037 0.997 0.083 
0.064 u 0.064 0.376 0.140 0.627 0.372 
0.029 u 0.029 0.448 0.065 0.475 0.222 
0.031 u 0.031 0.784 0.OS8 0.800 0.158 
0,034 u 0.034 0.524 0.090 0.458 o.m 
0.028 u 0.028 0.777 0.050 0.814 0.170 
0.016 u 0.016 0.559 0.033 0.608 0.092 
0.025 ·. u 0.025 0.720 0.042 0.741 0.139 
0.019 u 0.019 0.968 0.035 1.03 0.108 

Uronium-235 Uranium-235 GEA Uranium-238 

oCi/• 0 MDA uCV• 0 MDA uCII• 0 MDA 
0.0250 u 0.188 0.217 u 0.217 0.588 0.155 

0 u 0.327 0.194 u 0.194 0.635 0.270 

0.025 u 0.189 0.151 u 0.JS\ 0.880 0.156 
0.106 u 0.404 0.174 u 0.174 0.828 0.333 

0 u 0.281 0.178 u 0.178 0.395 0.232 
0.122 u 0.467 0.420 u 0.420 0.454 0.386 
0.135 u 0.345 0.177 u 0.177 0.373 0.285 
0.048 u 0.184 0.259 u 0.259 0.617 0.152 
0.182 u 0.348 0.256 u 0.256 0.602 0.288 
0.088 u 0.336 0.202 u 0.202 0.618 0.278 

0 u 0.354 0.151 u 0.151 0.574 0.293 
0.042 u 0.31 8 0.189 u 0.189 0.584 0.263 
0.046 u 0.350 0.157 u 0.157 0.794 0.289 
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Total betn radiostrontium 
oCi/• 0 MDA 
-0.057 u 0.250 

0.055 u 0.208 

-0.024 u 0.205 
-0.021 u 0.243 
-0.023 u 0.222 
0.006 u 0.225 
-0.007 u 0.228 
-0.029 u 0.230 
-0.006 u 0.244 
0.006 u 0.222 
0.066 u 0.222 
-0.072 u 0.233 
-0.018 u 0.221 

Uranium-138 GEA 

oCi/2 0 !'.IDA 
4.71 u 4.71 

3.90 u 3.90 

2.41 u 2:41 
3.96 u 3.96 
2.96 u 2.96 
10.8 u 10.8 
5.81 u 5.81 
5.39 u 5.39 
S.46 u 5.46 
4.87 u 4.87 
2.78 u 2.78 
4.05 u 4.05 
3.16 u 3.16 
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Sample Location 

SZ-1 
Duplicate of 

)19108 
SZ-2 
SZ-3 
SZ-4 
SZ-5 
SZ-6 
SZ-7 
SZ-8 
SZ-9 

SZ-10 ·-
SZ-11 
SZ-12 
Blank 

Sample Location 

HEIS 
Number 

Jl9108 

Jl9IHO 

}19109 
Jl91FO 
Jl 9 1FI 
Jl91F2 
Jl 9 IF3 
Jl91F4 
Jl 9JF5 
Jl91F6 
Jl 9 1 F7 
Jl91F8 
JJ91 F9 
Jl91HI 

HEIS 
Number 

Attachment I. 111>-H-~ lieal l'il Crib Verilication lian11 le Results 
Sample Aluminum Antimony Arsenic Barium Beryllium Boron 

Date m•/k!! 0 POL ml'lk,, 0 POL m•/k• 0 POL m•/k• 0 POL m•/ku 0 POL m•'•• 0 POL 
7/16/09 6380 14.8 0.740 UJ 0.740 2.73 0.740 49.8 0.370 0.209 0.148 1.09 B 1.48 

7/16/09 5860 16.S 0.308 J 0.824 2.38 0.824 44,0 0.4 12 0.200 0.165 0.824 B 1.65 

7/16/09 7320 18 .0 0.389 J 0.900 3.75 0.900 60.9 0.450 0.241 0,180 1.34 B 1.80 
7/16/09 8940 13 .2 0.437 J 0.660 3.86 0.660 79,2 0.330 0.347 0.132 1.46 1.32 
7/16/09 7180 13 .1 0.24 1 J 0.656 3.43 0.656 66.4 0.328 0 ,248 0.131 1.39 1.31 
7/16/09 5330 16.8 0.352 J 0.839 2.59 0.839 44.9 0.420 0,189 0.168 0.579 B 1.68 
7/16/09 5720 14.8 0.343 J 0.742 3.51 0.742 50.5 0.371 0.187 0.148 0.926 B 1.48 
7/16/09 6390 18.3 0.379 J 0.915 3.46 0.915 49.9 0.457 0.224 0.183 0.909 B 1.83 
7/16/09 5930 13.3 0.663 UJ 0.663 2.86 0.663 44.0 0.332 0.215 0.133 0.827 B 1.33 
7/16/09 7400 16. J 0.514 J 0.805 3.4 1 0.80S 64.6 0.402 0.255 0.160 1.02 B 1.61 
7/16/09 S150 15.8 0.788 UJ 0.788 2.47 0.788 37,6 0.394 0. 170 0.158 0.585 B 1.58 
7/16/09 5850 16.0 0.328 J 0.798 2.62 0.798 S8.9 0.399 0 ,191 0.160 I.OJ B 1.60 
7/16/09 9750 20.1 0.534 J 1.01 4.26 I.O J 94.3 0.503 0 .354 0.201 1.52 B 2.01 
7/16/09 198 13.3 0.667 Ul 0.667 0.251 B 0.667 2.16 0.334 0.041 B 0. 133 1.33 u 1.33 

·sample Cadmium Calcium Chromlum Cobalt Copper Hexavalent Chromium 

Dat~ I mg/kg ! Q ! PQL I mg/kg I Q ! PQL I mg/kg ! Q I PQL I mg/kg ! Q ! PQL I mg/kg ! Q ! PQL I mg/kg ! Q I PQL I 
SZ-1 I Jl91D8 I 7/16/09 I 0. 106 I B I 0.185 I 5830 I I 14.8 I 9. 16 I I 0.740 I 5. 16 I I 222 I 13.6 I I 1.48 I 0. 14 I B I 0.20 

D~~,~~~~ of I Jl91HO I 7116/09 I 0.0825 I B I 0.206 I 5820 I I 16.5 I 8.70 I I 0.824 I 4.97 I I 2 .47 I 12.5 I I 1.65 I 0.20 I U I 0.20 

sz-2 I 119109 I 7116/09 I 0.0951 I B I 0.22s I 6360 I I 18.o I 11.1 I I o.900 I 6.10 I I 2.10 I 13.2 I I 1.80 I 0.20 I u I 0.20 
SZ-3 I JJ9IFO I 7116/09 I 0.09S0 I B I 0. 165 I 4240 I I 13.2 I 12.s I I 0.660 I 7.29 I I 1.98 I 16.2 I I 1.32 I 0.42 I I 0.20 
SZ-4 I Jl91FI I 7/16/09 I 0.0964 I B I 0.164 I 6880 I I 13.J I 10.8 I j 0.6S6 I 5.91 I I 1.97 I 12.4 I I 1.31 I 0.22 I I 0.20 
SZ-5 I Jl91F2 I 7116/09 I 0.011 4 I B I 0.210 I 6460 I I l6.8 I 10.7 I i o.839 I 4.18 I I 2.52 I to.s I I 1.68 I 0.21 I u I 0.21 
SZ-6 I Jl91F3 I 7116/09 I 0.0903 I B I 0. 18s I 5030 I I 14.8 I 13.1 I I o.742 I 5.35 I I 2.23 I 12.4 I I · 1.48 I 0.2 1 I u I 0.21 
SZ-7 I Jl 91F4 I 7116/09 I 0. 112 I B I 0.229 I 6290 I I 18.3 I 10.4 I I o.91S I 5.54 I I 2.74 I 12.7 I I 1.83 I 0.20 I u I 0.20 
SZ-8 I ll 91F5 I 7116/09 I 0.0972 I B I 0.166 I 7470 I I 13.J I 11.8 I I 0.663 I 4.54 I I 1.99 I 11.1 I I o.m I 0.21 I u I 0.21 
SZ-9 I Jl91F6 I 7116/09 I 0.0963 I B I 0.201 I 5030 I I 16. 1 I I I.I I I o.80S I 6.16 I I 2.41 I 13.3 I I 0.161 I 0.16 I B I 0 .21 

sz-10 I ll91F7 I 7116/09 I 0.0629 I B I 0.197 I . S710 I I 1s.8 I 10.8 ! I o.788 I 4.36 I I 2.36 I 11.8 .I I 1.58 I 0.20 I u I 0.2 1 
----- _SZ-11 HJ9 1F8 7/16/09 0.0633 B 2.00 6 130 16.0 9.59 0.798 5.02 2.39 I 1.9 1.60 0.20 UJ . 0.20 

SZ-12 Jl 9JF9 7/16/09 0.1 11 B 0.251 4770 20. 1 13.4 I.OJ 7.7S 3.02 15.3 2.01 0.25 UJ 0.2S 
,_____ Jl91fll 7116/09 . 0.167 U --Q.167- 44.5 13.3 0.667 U 0.667 2.00 U 2.00 0.398 B 1.33 ·,,,:,:,c·-_,,.:,::,: ·'•··,.;,:·•,;:.:,,:•,. Blank 
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Sample Location 

SZ-1 
Duplicate of 

J191D8 
SZ-2 
SZ-3 
SZ-4 
SZ-5 
SZ-6 
SZ-7 ··-· 
SZ-8 
SZ-9 

SZ-10 
SZ-11 
SZ-12 
Blank 

Sample Location 

f-- -
SZ-1 

Duplicate of 
Jl91D8 

SZ-2 
SZ.3 
SZ-4 
SZ-5 
SZ-6 

··--·-··- SZ-7 ____ 
SZ-8 
SZ-9 

SZ-10 
SZ-11 
SZ-12 
Blank 

Sample Localiun 

SZ-1 
Duplicate of 

Jl91D8 
SZ.2 
SZ-3 
SZ-4 
SZ-5 
SZ-6 
SZ-7 
SZ-8 
SZ-9 

SZ.10 
SZ-11 
SZ-12 I 
Blank I 

HEIS Sample Iron 
Number Date m•lk• 0 
Jl91D8 7/16/09 15400 

J191HO 7/16/09 ISIOO 

J191D9 7116/09 17500 
Jl91FO 7116/09 20400 
Jl91FI 7/16/09 17200 
J l91 F2 7/16/09 11900 
J 191F3 7/16/09 16000 
J191f4 7/16/09 16600 
Jl91F5 7/16/09 12600 
J 191F6 7/16/09 17800 
Jl91F7 7/16/09 14100 
11911'& 7/16/09 14600 
J l91F9 7/16/09 22100 
Jl91HI 7/16/09 316 

HEIS Sample Nickel 
Number Date m•lk• 0 
J19ID8 7/16/09 8.86 

J191HO 7/16/09 8.40 

Jl91D9 7/16/09 10.7 
Jl91FO 7/16/09 11 .7 
Jl91Fl 7/1 6/09 9.05 
Jl91F2 7/H,/09 9.66 
J 191F3 7/16109 9.44 
J 191F4 7/16/09 9.37 ----·- ~ 

Jl91F5 7/16/09 9.81 
Jl91F6 7/1 6/09 9.80 
Jl 9 1F7 7/16/09 8.49 
Jl91F8 7116/09 9.99 
J191F9 7/16/09 11.9 
JJ91HJ 7116/09 1.67 u 

REIS Sample Vanadium 
Number Dale m•ik2 Q 
Jl91D8 7/16/09 38.4 

J191HO 7/16/09 36.4 

Jl9 ID9 7/16/09 42.3 
Jl91FO 7/16/09 44.9 
Jl91Fl 7/16/09 39.0 
Jl 9lf2 7/16/09 27.1 
Jl91F3 7/16/09 41.2 

_J19 IF4 __ 7/16/09 __ _ 42 .0 -· _ 
J 19 1F5 7/16/09 26.8 
J 191f6 7/16/09 41.3 
Jl9 1P7 7/16/09 36.4 
J191F8 7/16/09 37.0 
Jl91F9 7/16/09 49.0 
Jl 91 HI 7/16/09 0.309 B 

Anacnment 1. Ub-U-~ :seal l'lt LrtD \'ermcatton :sam; 
Lead Ma•neslum 

POL m.tk• 0 POL malkn 0 POL 
14.8 4.10 0.740 4140 3.70 

16.5 3.85 0.824 3870 4.12 

18.0 7.02 0.900 4350 4.50 
13.2 6.25 0.660 4900 3.30 
13.1 5.02 0.656 4220 3.28 
16.8 3.75 0.839 3710 4.20 
14.8 8.84 0.742 3770 I 3.71 
18.3 7.89 0.9 15 3940 4.57 
13.3 4.94 0.663 3940 i 3.30 
16.1 5.52 0.805 4230 4.02 
15.8 3.61 0.788 3550 3.94 
16.0 4.19 0.798 3890 3.99 
20.I 6.04 1.01 4990 5.03 
13.3 0.651 B 0.667 30.J 3.34 

Potassium Selenium 
POL m.tk• 0 POL m,/k• 0 POL 
1.85 930 74.0 0.740 u 0.740 

2.06 798 82.4 0.824 u 0.824 

2.25 1290 90.0 0.900 u 0.900 
1.65 1600 66.0 0.660 u 0.660 
1.64 1330 65.6 0.656 u 0.656 
2.10 800 83 .9 0.839 u 0.938 
1.85 951 74.2 0.742 u 0.742 
2.29 990 91.5 0.915 u 0.915 
1.66 956 66.3 0.663 u 0.663 
2.01 1230 80.5 0.805 u 0.805 
1.97 617 78.8 0.788 u 0.788 
2.00 848 79.8 0.798 u 0.798 
2.51 1930 IOI I.OJ u 1.01 
1.67 29.5 D 66.7 0.262 B 0.667 

Zinc 
PQL m2/k£ Q PQL 
0.740 33.5 2.22 

0.824 31.7 2.47 

0.900 35. 1 2.70 
0.660 402 1.98 
0.656 35.S l.97 
0.839 212 2.52 
0.742 34.2 2.23 
0.91 5 35 .2 2.74 
0.663 29.6 1.99 
0.805 36.7 2.4 1 
0.788 26.9 2.36 
0.798 29.9 2.39 
1.01 43.3 3.02 

0.667 0.987 B 2.00 

te.Kesults 
Man~anese 

me/ko 0 
252 

232 

287 
311 
267 
221 
236 
253 
246 
282 
212 
224 

351 
7.2 

Silicon 
m,/k, 0 
789 

62 1 

1110 
1300 
11 40 
538 
l 180 
845 
771 
718 
408 
768 
1380 
195 

Allachment 
Ori1:,rinator 
Checked 
Cale. No. 

Mercury 
POL meik• 0 
0.740 0.0131 B 

0.824 0.0101 B 

0.900 0.00917 B 
0.660 0.0182 B 
0.656 0.0131 B 
0.839 0.0170 B 
0.742 0.00935 B 
0.915 0.0145 B 
0.663 0.0132 B 
0.80S 0.01S1 B 
0.788 0.0138 B 
0.798 0.0114 B 
1.01 0.0133 B 

0.667 0.0281 u 

Silver 
POL m,/k2 0 
4.44 0.740 u 
4.94 0.824 u 
5.40 0.900 u 
3.96 0.660 u 
3.94 0.656 u 
5.04 0.839 u 
4.45 0.742 u 
5.45 0.915 u 
3.98 0.663 u 
4.82 0.805 u 
4.73 0.788 u 
4.79 0.798 u 
6.03 1.01 u 
4.00 0.667 u 

J. D. Sko.s.lic 
H. M. Sullowal 

OIOOH-CA-VOl 11 

Molvbdenum 
POL me/ke 

0.0238 0.231 

0.0238 0.235 

0.0275 0.228 
0.0282 0.252 
0.0303 0.201 
0.0288 0.210 
0.0267 0.217 
0.0274 0.286 
0.0300 0.209 
0.0290 0.232 
0.0303 0.204 
0.0297 0.171 
0.0295 0.251 
0.0281 0.667 

POL m•"'• 
0.740 169 

0.824 135 

0.900 171 
0.660 174 
0.656 167 
0.839 130 
0.742 163 
0.915 187 
0.663 148 
0.805 150 
0.788 149 
0.798 147 
1.01 189 

0.667 33.4 

Sheet No. 
Date 
Dale 

Rev. No. 

0 l'OL 
B 0.740 

B 0.824 

B 0.900 
B 0.660 
B 0.656 
B 0.839 
B 0.742 
B 0.915 
B 0.663 
B 0.80S 
B 0.788 
B 0.798 
B 1.01 
u 0.667 

Sodium 
0 POL 

37.0 

41.2 

45.0 
33.0 
32.8 
42.0 
37.1 
45.7 
32.2 
40.2 
39.4 
39.9 
50.3 

u 33.4 
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CONSTITUENT 

Aroclor-1016 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor- l 260 

CONSTITUENT 

Aroclor-1016 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 

CONSTITUENT 

Aroclor-1016 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclur-1248 
Aroc lor-1254 
Aroclor-1260 

SZ-1 Jl91D8 • Sampled on 7/16/09 

ug/kg Q PQL 

13.4 u 13.4 
13.4 u 13.4 
13.4 u 13.4 
13.4 u 13.4 
13.4 u 13.4 
13.4 u 13.4 
13.4 u 13.4 

SZ-7 Jl91F4 -Sampled on 7/16/09 

ug/kg Q PQL 

13.4 u 13.4 
13.4 u 13.4 
13.4 u 13.4 
13.4 u 13.4 
13 .4 u 13.4 
13.4 u 13.4 
13.4 u 13.4 

Duplicate of J191D8, Jl91H0 • 
Sam pied on 7/16/09 

Ul!/ICJ! 0 POL 
13.4 u 13.4 
13 .4 u 13.4 
13.4 u 13.4 
13.4 u 13.4 
13.4 u 13.4 
13.4 lJ 13.4 
13 .4 u 13.4 

~ttach I. 116-H-9 Seal Pit Crib Vcrifi Sample R 
SZ-2 J191D9 • Sampled on SZ-3 J191F0 • Sampled on 

7/16/09 7/16/09 

ug/kg Q PQL ug/kg Q PQL 

13.4 u 13.4 13.3 u 13.3 
13 .4 u 13.4 13.3 u 13.3 
13 .4 u 13.4 13.3 u 13.3 
13.4 u 13.4 13.3 u 13.3 
13 .4 u 13.4 13.3 u 13.3 
13.4 u 13.4 23. l 13.3 
13.4 u 13.4 9.56 J 13.3 

SZ-8 Jl91FS - Sampled on SZ-9 Jl 91 F6 · Sampled on 
7/16/09 7/16/09 

ug/kg Q PQL ug/kg Q PQL 

13.8 u 13.8 13.7 u 13.7 ... 
13.8 u 13.8 13.7 u 13.7 
13 .8 u 13 .8 13.7 u 13.7 
13.8 u 13.8 13.7 u 13.7 
13.8 u 13.8 13.7 u 13.7 
13.8 u 13.8 13.7 u 13.7 
13.8 u 13.8 13.7 u 13.7 

Sz.4 J191Fl • Sampled on SZ-5 Jl91F2 • Sampled on SZ-6 J191F3 • Sampled on 
1116109 7/16/09 7/16/09 

ug/kg Q PQL ug/kg Q PQL ug/kg Q PQL 

13.4 u 13.4 14.I u 14,1 14.2 u 14.2 
13.4 u 13.4 14.1 u 14.1 14.2 u 14.2 
13.4 u 13.4 14.1 u 14.1 14.2 u 14.2 
13.4 u 13.4 14.1 u 14.1 14.2 u 14.2 
13.4 u 13.4 14.l u 14.1 14.2 u 14.2 
13.4 u 13.4 14.1 u 14.l 14.2 u 14.2 
13.4 u 13.4 14.l u 14.1 14.2 u 14.2 

SZ-10 Jl91F7 - Sampled on SZ-11 Jl91F8 - Sampled on SZ-12 Jl91F9 - Sampled on 
7/16/09 

ug/kg Q 

13.4 u 
13.4 u 
13.4 u 
13 .4 u 
13.4 u 
13.4 u 
13.4 u 

Attachment 
Originator 
Checked 
Cale. No. 

PQL ug/kg 

13.4 13.6 
13.4 13.6 
13.4 13 .6 
13.4 13.6 
13.4 13.6 
13.4 13.6 
13.4 13.6 
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7/16/09 

Q 

u 
u 
u 
u 
u 
u 
u 

PQL ug/kg 

13.6 16.6 
13.6 16.6 
13.6 16.6 
13.6 16.6 
13.6 16.6 
13.6 16.6 
13.6 16.6 

Sheet No. 
Dai.: 
Date 

Rev. No. 

7/16/09 

Q PQL 

u 16.6 
u 16.6 
u 16.6 
u 16.6 
u 16.6 
u 16.6 
u 16.6 
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Attachment to Waste Site Reclassification Form 2009-047 Rev. 2 

Acrobat 8.0 

CALCULATION COVER SHEET 

Project Title: 100-H Field Remediation Job No. 14655 

Area: 116-H-9 

Discipline: Environmental *Calculation No: 0100H-CA-V0114 

Subject: 116-H-9 Seal Pit Crib Direct Contact Hazard Quotient and Carcinogenic Risk Calculation 

Computer Program:_E_x_c_e_l ___________ _ Program No: _E_x_c_e_l 2_0_0_3 __________ _ 

The attached calculations have been generated to document compliance with established cleanup levels. These calculations 
should be used in conjunction with other relevant documents in the administrative record. 

Committed Calculation ~ 

0 
Cover= 1 
Sheets= 3 
Total -4 

Preliminary D Superseded D Voided D 

SUMMARY OF REVISION 

WCH-DE-018 (05/0812007) •obtain Cale. No. from Document Control and Form from Intranet 

Remaining Sites Verification Package for 116-H-9, 117-H Seal Pit Crib A-21 



Attachment to Waste Site Reclassification Form 2009-047 Rev.2 

CALCULATION SHEET 
Date: 09/30/09 Rev.: 0 

Job No: 14655 Checked: H. M. Sullowa Date: 09/30/09 
Subject: 116-H-9 Seal Pit Crib Direct Contact Hazard Quotient and Carcinogenic Risk Calculation Sheet No. I of3 

PURPOSE: 
2 

3 Provide documentation to support the calculation of the direct contact hazard quotient (HQ) and 
4 excess carcinogenic risk for the 116-H-9 seal pit crib. In accordance with the remedial action goals 
5 (RAGs) in the remedial design report/remedial action work plan (RDR/RA WP) (DOE-RL 2005), the 
6 following criteria must be met: 
7 

8 1) An HQ of <1.0 for all individual noncarcinogens 
9 2) A cumulative HQ of <1.0 for noncarcinogens 

10 3) An excess cancer risk of <1 x 1 o-6 for individual carcinogens 
11 4) A cumulative excess cancer risk of <l x I 0-5 for carcinogens. 
12 

13 

14 GIVEN/REFERENCES: 
15 

16 1) DOE-RL, 2005, Remedial Design Report/Remedial Action Work Plan for the JOO Areas, 
17 DOE/RL-96-17, Rev. 5, U.S. Department of Energy, Richland Operations Office, Richland, 
18 Washington. 
19 
20 2) WAC 173-340, "Model Toxics Control Act - Cleanup," Washington Administrative Code, 1996. 
21 

22 3) WCH, 2009, 116-H-9 Seal Pit Crib Cleanup Verification 95% UCL Calculations, 
23 (0lOOH-CA-V0l l l), Rev 0, Washington Closure Hanford, Inc., Richland, Washington. 
24 

25 
26 SOLUTION: 
27 

28 1) Generate an HQ for each noncarcinogenic constituent detected above background or required 
29 detection limit/practical quantitation limit and compare it to the individual HQ of <1.0 
30 (DOE-RL 2005). 
31 
32 2) Sum the HQs and compare this value to the cumulative HQ of <1.0. 
33 

34 3) Generate an excess cancer risk value for each carcinogenic constituent detected above 
35 background or required detection limit/practical quantitation limit and compare it to the excess 
36 cancer risk of <1 x 10-6 (DOE-RL 2005). 
37 

38 4) Sum the excess cancer risk value(s) and compare it to the cumulative cancer risk of <I x 10·5_ 
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Washington Closure Ha d, Inc. CALCULATION SHEET 
Ori inator: J. D. Sko lie Date: 09/30/09 Cale. No.: Rev.: 0 

Pro·ect: 100-H Area Field Remediation Job No: 14655 Checked: H. M. Sullowa Date: 09/30/09 
Subject: 116-H-9 Seal Pit Crib Direct Contact Hazard Quotient and Carcinogenic Risk Calculation Sheet No. 2 of 3 

1 METHODOLOGY: 
2 

3 The 116-H-9 seal pit crib consists of an excavation area for the purpose of verification sampling. 
4 

5 Direct contact hazard quotient and carcinogenic risk calculations for the 116-H-9 waste site were 
6 conservatively calculated for the entire waste site using the greater of the statistically determined 
7 values for each analyte from WCH (2009). Of the contaminants of potential concern (COPCs) for 
8 this site with established background levels, there were not any that were quantitated at a 
9 concentration above Hanford Site or Washington State background. Aroclor 1254, aroclor 1260, 

10 boron and molybdenum require HQ and risk calculations because these analytes were detected and a 
11 Washington State or Hanford Site background value is not available. Hexavalent chromium was 
12 detected by laboratory analysis and cannot be attributed to natural occurrence. All other site 
13 nonradionuclide COPCs were not detected or were quantified below background levels. An example 
14 · of the HQ and risk calculations is presented below: 
15 

16 1) For example, the maximum value for boron is 1.27 mg/kg, divided by the noncarcinogenic RAG 
17 value of 7,200 mg/kg ( calculated in accordance with the noncarcinogenic toxics effects formula 
18 in WAC 173-340-740[3]), is 1.8 x 10·4. Comparing this value, and all other individual values, to 
19 the requirement of <1.0, this criterion is met. 
20 
2 1 2) After the HQ calculation is completed for the appropriate analytes , the cumulative HQ can be 
22 obtained by summing the individual values. (To avoid errors due to intermediate rounding, the 
23 individual HQ values prior to rounding are used for this calculation.) The sum of the HQ values 
24 is 1.7 x 10·2. Comparing this value to the requirement of <1.0, this criterion is met. 
25 
26 3) To calculate the excess cancer risk, the maximum or statistical value is divided by the 
27 carcinogenic RAG value, and then multiplied by 1 x 1 o·6. For example, the maximum value for 
28 hexavalent chromium is 0.42 mg/kg; divided by 2.1 mg/kg, and multiplied as indicated, is 
29 2.0 x 10·1. Comparing this value to the requirement of <1 x 10·6, this criterion is met. 
30 

31 4) After these calculations are completed for the carcinogenic analytes, the cumulative excess 
32 cancer risk is obtained by summing the individual values. The sum of the excess cancer risk is 
33 2.7 x 10-7

. Comparing this value to the requirement of <1 x 10·5, this criterion is met. 
34 

35 RESULTS: 
36 

37 1) List individual noncarcinogens and corresponding HQs >1.0: None 
38 2) List the cumulative noncarcinogenic HQ > 1.0: None 
39 3) List individual carcinogens and corresponding excess cancer risk > 1 x 10·6: None 
40 4) List the cumulative excess cancer risk for carcinogens > 1 x 1 o·5: None. 
4 1 

42 Table 1 shows the results of the calculations. 
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Washin ton C losure Ha d, Inc. CALCULATION SHEET 
Ori inator: J. D. Sko lie Date: 09/30/09 Cale. No.: Rev.: 0 

Pro·ect: 100-H Area Field Remediation Job No: 14655 Checked: Date: 09/30/09 
Subject: 116-H-9 Seal Pit Crib Direct Contact Hazard Quotient and Carcinogenic Risk Calculation Sheet No. 3 of 3 

I Table 1. Direct Contact Hazard Quotient and Excess Cancer Risk Results for the 116-H-9 Seal 
2 Pit Crib. 
3 
4 

5 

6 

7 

8 
9 

Contaminants of Concern• 

Maximum or 
Statistical Value' 

(mg/kg) 

Metals' ·:· , ... ,,·,-. -_:'" ~. ;.,- · -=-- -

Boron 1.27 

Hexavalent Chromiumc 0.42 
Molybdenum 0.241 
PCB's c: '·· _:.·-- :, , " 
Aroclor 1254 0.023 1 
Aroclor 1260 I 0.00956 
Toia_ls. • ... ·?i ,:; .. 
Cumulative Hazard Quotient: 
Cumulative Exceu Cancer Risk: 

Notes: 

' • From WCH (2009). 

I 

Noncarcinogen 

RAG" 
(m1:fkg) 

7 200 

240 
400 

1.6 

Hazard Quotient 

l.8E-04 

l.8E-03 
6.0E-04 

l.4E-02 

:,.. .. --
l.7E-02 I 

Carcinogen 

RAG" 
(mg/kg) 

:-:' .!, .L ,.v 

2.1 

0.5 
0.5 I 

Carcinogen 
Risk 

X- .. i:. 

2.0E-07 

4.6E-08 
l.9E-08 

·.• -. . ·.-. ,, . ,._ 

2.7E-07 

10 

II 

12 

13 

14 

15 

16 
17 

18 

19 

20 

2 1 

22 
23 

•=Value obtained from the RDR/RA WP (DOE-RL 2005) or Washington Administrative Code (WAC) 173-340-740(3). Melhod B. 1996. 

c = Value for 1he carcinogen RAG calculated based on lhe inhala1ion exposure pathway WAC 173-340-750(3). 1996. 

- = not applicable 
RAG ,.. remedial act ion goal 

24 CONCLUSION: 
25 

26 This calculation demonstrates that the 11 6-H-9 Seal Pit Crib meets the requirements for the direct contact 
27 hazard quotient and excess carcinogenic risk as identified in the RDR/RA WP (DOE-RL 2005). 
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Wasbin ton Closure Han£ d, Inc. CALCULATION SHEET 
Ori inator: J. D. Sko lie Date: 10/21 /09 Cale. No.: Rev.: 0 

Pro·ect: 100-H Field Remediation Job No: 14655 Checked: H. M. Sullowa Date: 10/21 /09 
Sub. ect: 116-H-9 Seal Pit Crib Hazard Quotient and Carcinogenic Risk Calculation for Protection of 

~ Groundwater Sheet No. I of 3 

PURPOSE: 
2 
3 Provide documentation to support the calculation of the hazard quotient (HQ) and excess carcinogenic 
4 risk associated with soil contaminant levels compared to soil cleanup levels for protection of 
5 groundwater for the 116-H-9 waste site. In accordance with the remedial action goals (RAGs) in the 
6 remedial design report/remedial action work plan (RDR/RA WP) (DOE-RL 2005), the following criteria 
7 must be met: 
8 

9 1) An HQ of < 1.0 for all individual noncarcinogens 
IO 2) A cumulative HQ of <1.0 for noncarcinogens 
11 3) An excess cancer risk of <1 x 10-6 for individual carcinogens 
12 4) A cumulative excess cancer risk of <1 x 10-5 for carcinogens. 
13 

14 

15 GIVEN/REFERENCES: 
16 
17 1) BHI, 2005, JOO Area Analogous Sites RESRAD Evaluation, Calculation No. 0100X-CA-V0050 
18 Rev 0, Bechtel Hanford, Inc., Richland, Washington. 
19 

20 2) DOE-RL, 2005, Remedial Design Report/Remedial Action Work Plan/or the JOO Areas, 
21 DOE/RL-96-17, Rev. 5, U.S. Department of Energy, Richland Operations Office, Richland, 
22 Washington. 
23 
24 3) WAC 173-340, "Model Toxics Control Act - Cleanup," Washington Administrative Code, 1996. 
25 
26 4) WAC 173-340-740(3)(a)(ii)(A), "Groundwater Protection." 
27 

28 5) WCH, 2009, J J 6-H-9 Seal Pit Crib Cleanup Verification 9 5% UCL Calculations, 
29 Ol0OH-CA-V0l l l, Rev 0, Washington Closure Hanford, Inc., Richland, Washington. 
30 

31 SOLUTION: 
32 
33 1) Generate a HQ for each noncarcinogenic constituent detected above background in soil and with a 
34 Ki less than that required to show no migration to groundwater in 1,000 years using the RESRAD 
35 generic site model (BHI 2005). 
36 

37 2) Sum the HQs and compare this value to the cumulative HQ of <1.0. 
38 
39 3) Generate an excess cancer risk value for each carcinogenic constituent detected above background in 
40 soil and with a Kt less than that required to show no migration to groundwater in 1,000 years using 
41 the RESRAD generic site model (BHI 2005). 
42 
43 4) Sum the excess cancer risk value(s) and compare it to the cumulative cancer risk of < I x 10-5

. 

Remaining Sites Verification Package for 116-H-9, 117-H Seal Pit Crib A-26 



Attachment to Waste Site Reclassification Form 2009-047 Rev.2 

Ori inator: 
Pro·ect: 

Subject: 

CALCULATION SHEET 

116-H-9 Seal Pit Crib Hazard Quotient and Carcinogenic Risk Calculation for Protection of 
Groundwater 

I METHODOLOGY: 
2 

Rev.: 0 
Date: I 0/2 I /09 

Sheet No. 2 of 3 

3 The 116-H-9 waste site consisted of an excavation area for the purpose of verification sampling. 
4 

5 Hazard quotient and carcinogenic risk calculations for potential impact to groundwater at the 116-H-9 
6 site were conservatively calculated for the entire waste site using the greater of the statistical or 
7 maximum value for each analyte from WCH (2009). Of the contaminants of potential concern (COPCs) 
8 for this site, boron and hexavalent chromium are included because they do not have a Hanford Site-
9 specific or Washington State background value available and their respective distribution coefficient is 

IO less than that necessary to show no migration to groundwater in 1,000 years using the generic site 
11 RES RAD model (BHI 2005). Based on this model and a vadose zone of approximately 7 m (23 ft) 
12 thickness, a K.i of 10 or greater is required to show no predicted migration to groundwater in 1,000 years 
13 using the generic site model. All other site nonradionuclide COPCs were not detected, quantified below 
14 background levels, or have a K.i greater than 10. An example of the HQ and risk calculations for soil 
15 constituents with a potential impact to groundwater is presented below: 
16 

17 I) The hazard quotient is defined as the ratio of the dose of a substance obtained over a specified time 
18 (mg/kg/day) to a reference dose for the same substance derived over the same specified time 
19 (mg/kg/day). The hazard quotient can also be calculated as the ratio of the concentration in soil 
20 (maximum or statistical value) (mg/kg) to the soil RAG (mg/kg) for protection of groundwater, 
21 where the RAG is the groundwater cleanup level (µg/L) (calculated with, and related to the hazard 
22 quotient through, WAC 173-340-720(3)(a)(ii)(A), 1996) x 100 x I mg/1000 µg (conversion factor). 

· 23 This is based on the "100 times rule" of WAC 173-340-740(3)(a)(ii)(A) (1996). For example, the 
24 maximum soil value for boron of 1.27 mg/kg, divided by the noncarcinogenic RAG value of 320 
25 mg/kg, is 4.0 x 10·3_ Comparing this value, and all other individual values, to the requirement of 
26 <1.0, this criterion is met. 
27 

28 2) After the HQ calculation is completed for the appropriate analytes, the cumulative HQ can be 
29 obtained by summing the individual values. (To avoid errors due to intermediate rounding, the 
30 individual HQ values prior to rounding are used for this calculation.) The sum of the HQ values is 
31 9.1 x 10·2. Comparing this value to the requirement of <1.0, this criterion is met. 
32 

33 3) No carcinogenic constituents met the criteria for evaluation at the 116-H-9 waste site; therefore, no 
34 calculations of excess carcinogenic risk were performed. 
35 

36 4) WAC l 73-340-740(3)(a)(ii)(A) ( 1996) provides the" I 00 times rule" but also states "unless it can be 
37 demonstrated that a higher soil concentration is protective of ground water at the site." When the "100 times 
38 rule" values are exceeded, RESRAD was used to demonstrate that higher soil concentrations may be 
39 protective of groundwater." 
40 
41 

42 

43 RESULTS: 
44 

45 I) List individual noncarcinogens and corresponding HQs > 1.0: None 
46 2) List the cumulative noncarcinogenic HQ > 1.0: None 
4 7 3) List individual carcinogens and corresponding excess cancer risk > I x I 0-6: None 
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CALCULATION SHEET 
Ori inator: J. D. Sko lie Date: I 0/21 /09 Cale. No.: 

Pro·ect: 

Subject: 

Job No: 14655 
116-H-9 Seal Pit Crib Hazard Quotient and Carcinogenic Risk Calculation for Protection of 
Groundwater 

4) List the cumulative excess cancer risk for carcinogens > 1 x 10-5: None. 

3 Table I shows the results of the calculations. 
4 

5 

Rev. 2 

Rev.: 0 
Date: I 0/21/09 

Sheet No. 3 of 3 

6 Table 1. Hazard Quotient and Excess Cancer Risk Results for the 116-H-9 Waste Site. 
7 

8 

Contaminants of Potential Concern 

Notes: 

' = From WCH (2009). 

Statistical or 
Maximum· 

Value• 
Baurd 

Quotient 
Carcinogen 

Risk 

O.OE+oo 

9 

.0 

I l 
12 

13 

l4 

15 

16 

17 

18 

19 

w 

b = Value obtained from the Cleanup Levels and Risk Calculations (CLARC) database using Groundwater, Method B, results and 
"J 00 times" model unless otherwise noted. 

! l -- = not applicable 

!2 

!3 
!4 CONCLUSION: 
!5 

!6 This calculation demonstrates that the 116-H-9 site meets the requirements for the hazard quotients and 
!7 excess carcinogenic risk for protection of groundwater as identified in the RDR/RA WP 
!8 (DOE-RL 2005). 
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APPENDIXB 

ECOLOGICAL RISK COMPARISON TABLE 
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ttl 
I ...... 

Hazardous Substance 

Comparison of Maximum or Statistical Contaminant Concentrations to 
Ecological Screening Level for the 116-H-9 Waste Site.a 

2001 WAC 173-340, EPA Ecological Soil Screening Levelsb 
Table 749-3 

Plants Soil Biota Wildlife Plants Soil Biota Avianc Mammalianc 

Background Metals (m2/k11) 
Antimony 5 5 -- -- -- 78 -- 0.27 
Arsenic 6.5° IO 60 132 18 -- 43 46 
Barium 132 500 -- 102 -- 330 -- 2,000 
Beryllium 1.51 IO -- -- -- 40 -- 21 
Boron NA 0.5 -- -- -- -- -- --
Cadmium 0.81 4 20 14 32 140 0.77 o.3e 
Chromium (total) 18.5 42 42 67 -- -- 26 34 
Chromium VI NA -- -- -- -- -- -- 130 
Cobalt · 15.7 20 -- -- 13 -- 120 230 
Cooner 22 100 50 217 70 80 28 49 
Lead 10.2 50 500 118 120 1,700 11 56 
Manganese 512 1,100 -- 1,500 220 450 4,300 4,000 
Mercury, inorganic 0.33 0.3 0.1 5.5 -- -- -- --

Molybdenum NA 2 -- 7 -- -- -- --
Nickel · 19.1 30 200 980 38 280 210 130 
Vanadium 85.1 2 -- -- -- -- 7.8 280 
Zinc 67.8 86 200 360 160 120 46 79 
PCBs (total) NA 40 -- 0.65 -- -- -- --

ffighlighted values are the lowest ecological screening levels for individual hazardous substances. 

Maximum or 
Statistical Result 

0.431 (<BG) 
3.59 (<BG) 
67.8 (<BG) 

0.269 (<BG) 
1.27 

0.0980 (<BG) 
12.0 (<BG) 

0.42 
6.24 (<BG) 
13.7 (<BG) 
6.65 (<BG) 
283 (<BG) 

0.0150 (<BG) 
0.241 

10.5 (<BG) 
42.1 (<BG) 
36.7 (<BG) 

0.0327 

• Exceedance of screening values does not necessarily indicate the existence of risk to ecological receptors. All exceedances must be evaluated in the context of additional 
lines of evidence for ecological effects followi ng a baseline risk assessment for the river corridor portion of the Hanford Site, which will include a more complete 
quantitative ecological risk assessment. 

b Available on the internet at <www.epa.gov/ecotox/ecossl>. 
C Wildlife. 

d The Hanford Site background for arsen ic is 6.5 mg/kg. An arsenic cleanup level of20 mg/kg has been agreed to by the Tri-Party Agreement project managers as discussed 
in Section 2.1.2.1 of the Remedial Design Report/Remedial Action Work Plan for the Area, 2005, DOE/RL-96- 17, Rev. 6. 

= no value exists 
BG = background 
EPA = U.S. Environmental Protection Agency 
NA = not ava il able 
PCB = polychlorinated biphenyl 
RDR/RA WP = Remedial Design Report/Remedial Action Work Plan 
WAC = Washington Administrative Code 



Attachment to Waste Site Reclassification Form 2009-047 Rev. 2 

Remaining Sites Verification Package for 116-H-9, 11 7-H Seal Pit Crib B-2 



Attachment to Waste Site Reclassification Form 2009-047 Rev. 2 

APPENDIXC 

DATA QUALITY ASSESSMENT 
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APPENDIXC 

DATA QUALITY ASSESSMENT 

VERIFICATION SAMPLING 

A data quality assessment (DQA) was performed to compare the verification sampling approach 
and resulting analytical data with the sampling and data requirements specified in the 
site-specific sample design for the 116-H-9 waste site (WCH 2009b). This DQA was performed 
in accordance with site specific data quality objectives found in the 100 Area Remedial Action 
Sampling and Analysis Plan (SAP) (DOE-RL 2009). 

A review of the sample design (WCH 2009b ), the field logbook (WCH 2009a), and applicable 
analytical data packages has been performed as part of this DQA. All samples were collected 
and analyzed per the sample design. In addition, nickel-63 analysis was requested on the chain 
of custody for the samples collected, though nickel-63 analysis is not required per the sample 
design (WCH 2009b ). Therefore, nickel-63 results for the 116-H-9 waste site were not evaluated 
as part of this DQA. 

To ensure quality data, the SAP data assurance requirements and the data validation procedures 
for chemical analysis and radiochemical analysis (BHI 2000a, 2000b) are used as appropriate. 
This review involves evaluation of the data to determine if they are of the right type, quality, and 
quantity to support the intended use (i.e., closeout decisions). The DQA completes the data life 
cycle (i.e., planning, implementation, and assessment) that was initiated by the data quality 
objectives process (EPA 2006). 

Verification sample data collected at the 116-H-9 waste site were provided by the laboratory in 
sample delivery group (SDG) Kl 704. SDG Kl 704·was submitted for third-party validation. No 
major deficiencies were found in the analytical data set. Minor deficiencies were identified in 
the analytical data set and are discussed below. If no comments are made about a specific 
analysis, it should be assumed that no deficiencies affecting the quality of the data were found. 

SDGK1704 

This SDG comprises 13 statistical soil samples (1191D8 through 1191D9, Jl91FO through 
J191F9, and J191H0) collected from the 116-H-9 excavation. A field duplicate pair 
(J191D8/J191H0) is included in this SDG. These samples were analyzed for inductively coupled 
plasma (ICP) metals, mercury, hexavalent chromium, polychlorinated biphenyls (PCBs), 
strontium-90, isotopic plutonium, isotopic uranium, tritium, carbon-14, and by gamma 
spectroscopy. In addition, one equipment blank (J191Hl) was collected and analyzed for ICP 
metals and mercury. Minor deficiencies are as follows. 
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In the radionuclide analysis, all tritium and carbon-14 results were qualified as estimates and 
flagged "J" by third-party validation, due to the lack of a matrix spike (MS) analysis. Estimated 
data are usable for decision-making purposes. 

In the ICP metals analysis, aluminum, antimony, iron, and silicon MS recoveries are out of 
project acceptance criteria. For most of these analytes, the spiking concentration was 
insignificant compared to the native concentration in the sample from which the MS was 
prepared. The deficiency in the MS is a reflection of the analytical variability of the native 
concentration rather than a measure of the recovery from the sample. Antimony did not have 
mismatched spike and native concentrations in the original MS. The original MS recovery for 
antimony was 49%. The antimony data for SDG Kl 704 were qualified as estimates and flagged 
"J" by third-party validation. Estimated data are usable for decision-making purposes. 

In the hexavalent chromium analysis, third-party validation qualified the result for sample 
J191F9 as an estimate with a "J" flag because the sample container was broken in transit. 
Estimated data are usable for decision-making purposes. 

FIELD QUALITY ASSURANCE/QUALITY CONTROL 

Relative percent difference (RPD) evaluations of main sample(s) versus the laboratory 
duplicate(s) are routinely performed and reported by the laboratory. Any deficiencies in those 
calculations are reported by SDG in the previous sections. 

Field quality assurance/quality control (QA/QC) measures are used to assess potential sources of 
error and cross contamination of samples that could bias results. Field QA/QC samples, listed in 
the field logbook (WCH 2009a), are the primary and duplicate sample pair (J191D8/J191H0) 
from the 116-H-9 excavation. The main and QA/QC sample results are presented in 
Appendix A. 

Field duplicate samples are collected to provide a relative measure of the degree of local 
heterogeneity in the sampling medium, unlike laboratory duplicates that are used to evaluate 
precision in the analytical process. The field duplicates are evaluated by computing the RPD of 
the sample/duplicate pair(s) for each contaminant of potential concern. RPDs are not calculated 
for analytes that are not detected in both the main and duplicate sample at more than five times 
the target detection limit. RPDs of analytes detected at low concentrations (less than five times 
the detection limit) are not considered to be indicative of the analytical system performance. 
None of the RPDs calculated for the field duplicate are above the acceptance criteria (30% ). The 
data are usable for decision-making purposes. The 95% upper confidence limit calculation brief 
in Appendix A provides details on duplicate pair evaluation and RPD calculation. 

A secondary check of the data variability is used when one or both of the samples being 
evaluated (main and duplicate) is less than five times the target detection limit (TDL), including 
undetected analytes. In these cases, a control limit of ±2 times the TDL is used (Appendix A) to 
indicate that a visual check of the data is required by the reviewer. No sample results required 
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this check. A visual inspection of all of the data is also performed. No additional major or 
minor deficiencies are noted. The data are usable for decision-making purposes. 

SUMMARY 

Limited, random, or sample matrix-specific influenced batch QC issues such as those discussed 
above, are a potential for any analysis. The number and types seen in these data sets are within 
expectations for the matrix types and analyses performed. The DQA review of the 116-H-9 
waste site verification sampling data found that the analytical results are accurate within the 
standard errors associated with the analytical methods, sampling, and sample handling. The 
DQA review for the 116-H-9 waste site concludes that the reviewed data are of the right type, 
quality, and quantity to support the intended use. The analytical data were found acceptable for 
decision-making purposes. The verification sample analytical data are stored in the 
Environmental Restoration project-specific database prior to being submitted for inclusion in the 
Hanford Environmental Information System database. The verification sample analytical data 
are also summarized in Appendix A. 
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