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1 INTRODUCTION 

The U.S. Department of Energy, Office of River Protection (ORP) River Protection Project 
mission includes storage, retrieval, immobilization, and disposal of radioactive mixed waste 
presently stored in underground tanks located in the 200 East and 200 West Areas of the U.S. 
Department of Energy (DOE) Hanford Site.  Single-shell tank 241-C-111 (C-111) located in the 
200 East Area (Figure 1-1), is scheduled for waste retrieval using a modified sluicing system 
retrieval technology.  Tank C-111 is classified as an “assumed leaker” as specified in 
HNF-EP-0182, Waste Tank Summary Report for Month Ending October 31, 2008.  The tank 
history was reevaluated as described in RPP-ENV-33418, Hanford C-Farm Leak Assessments 
Report; Tanks 241-C-101, 241-C-110, 241-C-111, 241-C-105 and Unplanned Waste Releases, 
Rev. 1, and there was a consensus agreement that the apparent waste loss from this tank which 
led to it being classified an “assumed leaker” was due to evaporation.  Tank leak assessment 
RPP-ASMT-39155, Tank 241-C-111 Leak Assessment Report, evaluated the information 
available for C-111 and reached consensus that the level decrease observed from 1965 to 1969 
was the result of evaporation and thermal contraction, and that the tank did not leak.  The leak 
assessment recommended that the tank status be revised from Assumed Leaker to Sound. 

This document was originally developed to meet the requirements identified in Hanford Federal 
Facility Agreement and Consent Order (HFFACO) Appendix I, Section 2.1.3 for Tank Waste 
Retrieval Work Plans (TWRWP).  As of 10/25/10 Consent Decree No. 08-5085-FVS (Decree) 
became the regulating direction for TWRWPs for tanks retrieved as Project B-1 and Project B-4 
of the Decree.  The purpose of this document is to provide the Washington State Department of 
Ecology (Ecology) information on the planned approach for retrieving waste from C-111 to 
allow Ecology to approve the waste retrieval action.  

Where information regarding treatment, management, and disposal of the radioactive source, 
byproduct material, and/or special nuclear components of mixed waste (as defined by the Atomic 
Energy Act of 1954) has been incorporated into this TWRWP, it is not incorporated for the 
purpose of regulating the radiation hazards of such components under the authority of this tank 
waste retrieval work plan or Revised Code of Washington, Chapter 70.105 RCW, “Hazardous 
waste management.”
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Figure 1-1.  Location Map of Tank 241-C-111, C Tank Farm, and 
Surrounding Facilities in the 200 East Area. 
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2 TANKS AND/OR ANCILLARY EQUIPMENT CONDITION AND 
CONFIGURATION AND WASTE CHARACTERISTICS 

2.1 TANK 

List of tank(s) associated with the proposed waste retrieval action 

Tank 241-C-111 is the subject of this TWRWP. 

2.1.1 Start Date 

Retrieval start dates for each component 

The planned start date for C-111 waste retrieval operations is July 2010 but is subject to change 
depending on priorities and availability of resources.  The completion date for Project B-1, 
complete retrieval from the remaining SSTs in WMA-C, is 9/30/14. 

2.1.2 History of Tank 

History of tank (date of construction, dimensions of tank, etc.) 

Summary-level historical data related to the configuration and operating history for tank C-111 is 
provided in Table 2-1. 

Table 2-1.  Summary-Level Data for Tank C-111.* 

Constructed 1943-44 
In service 1946 
Diameter (ft) 75 
Operating depth (in.) 185 
Design capacity (gal.) 530,000 
Bottom shape Dish 
Ventilation Passive 
Nominal burial depth (ft) 6 
Declared inactive 1978 
Interim stabilized 3/84 
* Adapted from RPP-10435, 2002, Single-Shell Tank System Integrity  
Assessment Report. 

The tank was constructed in place with a carbon steel lining on the bottom and sides and a 
reinforced concrete shell.  The welded liner is independent of the reinforced-concrete tank and 
was designed to provide leak-tight containment of the liquid radioactive wastes and to protect the 
reinforced concrete from waste contact.  All other loads (e.g., surface live loads, static and 
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dynamic soil loads, dead loads, hydrostatic loads, and hydrodynamic loads) are carried by the 
reinforced-concrete tank structure.  The tank has a concave bottom (center of tank lower than the 
perimeter) and a curving intersection of the sides and bottom.  Inlet and outlet lines are located 
near the top of the liner.  The outlet line is also referred to as a “cascade” line because it allowed 
overflow of fluids to C-112 to support the transfer and storage of waste within the series 
C-110/C-111/C-112. 

The configuration of C-111 is depicted in the cross-section view in Figure 2-1. 

Figure 2-1.  Tank C-111 Cross-Section View.* 

 

* Adapted from RPP-10435, Single-Shell Tank System Integrity Assessment Report. 

Tank C-111 does not have any concrete pits but does have a caisson that was installed over the 
center riser after initial tank construction.  The caisson is constructed of a section of corrugated 
pipe embedded in a concrete base.  This caisson extends above grade and is closed off on the top 
with a cover plate. 

Drawing H-2-38597, Salt Well Pump Pit Assembly for Std. 12” Riser, shows the original 
installation of the corrugated caisson.  The caisson was installed in a groove in the concrete 
bottom of the pit and sealed with grout.  A drain, flush with the bottom of the pit, previously 
routed drainage to the 12-in. riser.  A sump pump is used to pump leakage into the tank. 

Table 2-2 provides the size and current use of tank C-111 risers and fill/cascade lines and any 
equipment installed in or on the risers.  There are nine risers of varying diameters and lengths of 
protrusion into the tank.  Figure 2-2 provides the tank C-111 riser plan view.  Planned use of the 
risers for waste retrieval is described in Section 3.1.1. 
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Table 2-2.  Tank C-111 Riser and Fill/Cascade Line Descriptions.a 

Component 
Identification 

Number 

Diameter 
(in.) 

Use Descriptions and Comments 
 

Tank C-111 
R1 4 Spare, blind flange 
R2 12 Spare, blind flange with benchmark 
R3 12 Spare, breather filter with offset adapter 
R4 4 Spare, blind flange 
R5 4 Temperature probe 
R6 12 Temperature probe with adapter 
R7 12 Spare 
R8 4 Level gauge (ENRAFb) 
R13 12 Saltwell pump in weather covered pit 
N1c 3 Cascade overflow outlet line 
N2c 3 Cascade inlet line from tank C-110 
N3c 3 Spare, capped 
N4c 3 Spare, capped 
N5c 3 Spare, capped 
N6c 3 Fill line V137, capped in line to diversion box 241-C-153 

a Best-basis inventory documents from TWINS, Web Site - http://twinsweb.pnl.gov/twins.htm. 
b Enraf is the supplier of the identified level gauges; ENRAF is a trademark of Enraf, Inc., Enraf B.V., Delft, The Netherlands. 
c Cascade and/or fill line, not a riser. 
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Figure 2-2.  Tank C-111 Riser and Fill/Cascade Line Plan View. 
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2.1.3 Tank Classification 

Classification (sound or assumed leaker along with relevant historical information) and 
supporting information regarding tank integrity to the extent available.  Include level 
measurement (or other) data that may, or may not, indicate the component is sound.  If 
the subject tank is an assumed leaker, information shall be provided to determine the 
potential impacts of retrieving waste from the assumed leaker including: 

(1)  An evaluation of the data that led to classification of the tank as an assumed 
leaker.   

 (2)  Any proposed revisions or qualifications to the tanks “assumed leaker” status.  
 Proposed status revisions shall include justification and calculations. 

Tank C-111 is classified as an assumed leaker in HNF-EP-0182.  HNF-EP-0182 provides an 
estimated C-111 leak volume of 5,500 gal and states the volume estimate is based on 8901832B 
R1 - Letter, Single-Shell Tank Leak Volumes (8901832B R1 - Letter).    This reference gives a 
5,500 gal. estimated leak volume for tank C-111 based upon observed surface level decrease in 
the tank, but provides no details as to the basis. 

Figure 2-3 is a plot of the tank level data from the initial fill date based on historical records from 
1946 until 1995 (from WHC-SD-WM-ER-313, Supporting Document for the Historical Tank 
Content Estimate for C-Tank Farm). 
 
2.1.3.1 Evaluation of Data Leading to Classification as Assumed Leaker.  Tank C-111 
was declared a suspected leaker in late 1973 (ARH-2794-D, 1974, Manufacturing and Waste 
Management Division Waste Status Summary October 1, 1973 Through December 31, 1973).  
The tank status was reviewed and classified as “questionable integrity” in 1981 (RHO-CD-1193, 
1981, Review of Classification of Hanford Single-Shell Tanks 110-B, 111-C, 103-T, 107-TX, 
104-TY, and 106-U). 

RPP-15317 states there are no spectral gamma or well-documented level data suggesting a leak 
occurred from tank C-111.  RPP-14430 provides similar information.  Both documents reference 
SD-WM-TI-356, Waste Storage Tank Status and Leak Detection Criteria, as the reference for 
the tank being classified as questionable integrity in 1968 due to a liquid-level decrease.  No 
leakage from tank C-111 is assigned in either of these documents nor did the risk assessment in 
RPP-13774, Single Shell Tank Closure Plan, include any inventory for a tank C-111 leak. 

RPP-20820 provides a thorough evaluation of the tank C-111 history.  No elevated gamma 
radiation was found in any of the drywells surrounding the tank.  During the period from 1964 
through 1969 the level dropped 8.5 in.  The shape of the level drop curve approximated closely 
the radiolytic decay curve for Ce-Pr144.  A large quantity of Ce-Pr144 was added to the tank in 
1964 from the Hot Semi-Works.  Temperatures of 190°F are also mentioned following the Ce-
Pr144 addition to the tank.  The level decrease had almost stopped by the time the liquid was 
pumped down to 48 in. in 1969, and there are no indications of any liquid loss after that date.  
The document concluded that there is no level loss after the waste level was reduced to 48 in., 
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and that the loss before the tank was pumped was probably evaporation, and there is thus no 
evidence for any leakage from the bottom of the tank. 

RPP-23405, Rev 0, reiterated the information from the documents above, and concluded that the 
level change may have been due to evaporation but that the weak gamma signal available from 
the tank C-111 waste could also explain the lack of elevated drywell radiation readings.  
The document stated the estimated leak volume for tank C-111 was unchanged (assuming to 
mean from that in HNF-EP-0182) at 5,500 gal. 

RPP-ENV-33418 documents the RPP-32681 re-assessment process for the C-111 tank leak 
estimate.  This document concluded that the data clearly indicate the liquid level decrease could 
be attributed to evaporation.  The document states that no leak volume should be assigned to 
C-111. 

RPP-ASMT-39155 is a leak assessment performed per the process in TFC-ENG-CHEM-D-42, 
Tank Leak Assessment Process.  This leak assessment is required before any change is made to 
the stated leak status of a tank.  The results of this assessment are that the surface level decrease 
in the tank in the 1965 to 1969 time period was due to evaporation and thermal contraction, and 
that C-111 did not leak.  The assessment team recommended the tank status be changed from 
Assumed Leaker to Sound. 

In summary, the only evidence of a leak from tank C-111 is the level drop between 1964 and 
1969.  The rate of level change approximated the decay rate for Ce-Pr144.  No level change 
occurred after the tank liquid level was reduced to 48 in.  A 5,500 gal. leak volume was 
originally estimated for this tank in 1989.  No leak volume was assumed in RPP-15317 or 
RPP-14430, or the risk assessment in RPP-13774.  A 5,500 gal. estimated leak volume was 
assumed in RPP-23405, Rev 0.  RPP-ENV-33418 evaluated the existing data and concluded no 
leak volume should be assigned to the tank   RPP-23405 was revised in Rev 3 to reflect this same 
0 gal value.  Finally, RPP-ASMT-39155 concluded the tank did not leak and that the tank status 
should be changed from Assumed Leaker to Sound. 

2.1.3.2 Proposed Revision or Qualifications to Assumed Leaker Status.  RPP-ASMT-
39155, Tank 241-C-111 Leak Assessment Report, states: 

“The consensus of the assessment team is that the 8.5 inch surface level decrease observed 
during the 1965 – 1969 time period was the result of evaporation and thermal contraction, and 
that tank C-111 did not leak.  The recommendation of the assessment team is that the tank C-111 
leak integrity status be revised from “Assumed Leaker” to “Sound”.” 

A change to the tank status in HNF-EP-0182 has not yet been made as of mid 2009. 

 



RPP-37739, Rev. 2 

2-7 

Figure 2-3.  Tank C-111 Surface Level History from 1946 to 1995. 
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2.1.4 Tank Waste Volume/Characteristics  

Waste volume/characteristics either based on existing data (Best Basis Inventory) or 
assumed based on historical records.  Uncertainty associated with existing 
characterization data.  Plans for pre and/or post retrieval sampling and analysis 
activities if required to reduce uncertainties associated with waste transfer and storage, 
waste treatment, or closure.  Any existing data quality objectives (DQOs) relevant to 
planned sampling and analysis will be referenced or plans for developing new DQOs 
identified. 

Tank C-111 entered service in 1946 when 1C waste from the bismuth phosphate process began 
cascading from tank C-110 into tank C-111, per WHC-SD-WM-ER-475, Tank Characterization 
Report for Single-Shell Tank 241-C-111.  In November 1946, the tank was declared full and 
subsequent waste additions cascaded into tank C-112. 

In 1952, supernate was transferred out of tank C-111 to tank BY-106, and the tank began to 
receive uranium recovery waste.  Beginning in 1955, tank C-111 served primarily as the settling 
tank for ferrocyanide (TFeCN) waste resulting from in-farm scavenging of cesium-137 
(WHC-SD-WM-ER-133, An Assessment of the Inventories of the Ferrocyanide Watchlist Tanks).  
During 1956, that ferrocyanide waste was transferred and the tank received PUREX organic 
wash waste and cladding waste from unspecified sources.  Also during this time period (from 
1956 to 1957), supernate that had been scavenged of cesium-137 was intermittently transferred 
from the tank to disposal cribs.  Tank C-111 received intermittent transfers of supernate from 
tank C-105 and other sources from late 1959 until early 1961. 

Waste from the Hot (or Strontium) Semi-Works Plant was intermittently transferred to 
tank C-111 for approximately two years in the early 1960s.  Final transfers of supernate out of 
tank C-111 occurred during the late 1960s and early 1970s.  The last waste transfer was 
completed in 1976.  Tank C-111 was interim stabilized in 1984. 

The waste volume and physical properties of the waste stored in tank C-111 are summarized in 
Table 2-3. 

Table 2-3.  Waste Volume and Physical 
Properties Summary. 

Waste Property Unit Tank C-111 

Solids volumea gal 57,300 

Supernate volumea gal 0 

Interstitial liquid volumeb gal 4,000 

Sludge densitya kg/L 1.55 

Sludge percent watera % 36.5 
a Source:  Best-basis inventory download from  
http://twinsweb.pnl.gov/twins.htm dated June 21, 2007. 
b HNF-EP-0182, 2008, Waste Tank Summary Report for Month Ending October 31, 2008, 
Rev 247,Washington River Protection Solutions, LLC., Richland, Washington. 
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The tank waste inventory data, including uncertainty, extracted from the best-basis inventory 
(BBI) (http://twinsweb.pnl.gov/twins.htm) is provided in Appendix A. 

The inventory uncertainty is a combination of the uncertainty associated with measurements of 
waste volume and concentration.  Inventory uncertainty estimates have been completed for some 
but not all constituents and for some but not all waste types.  The standard deviation is calculated 
from the variation in the sample analysis results.  Details on the methodology used for 
developing inventory uncertainty values reported in the BBI are provided in RPP-7625, Best- 
Basis Inventory Process Requirements.  The inventory uncertainty data associated with 
contaminants that drive long-term risk (e.g., 99Tc) discussed in Chapter 7 can be used to provide 
insight to the uncertainty in long-term human health risks presented. 

Although there are uncertainties associated with contaminant inventories in C-111 (Appendix A), 
the following items show that there is sufficient information on the characteristics that affect 
waste retrieval, transfer, and storage in the double-shell tanks (DSTs) to proceed with waste 
retrieval.  The information used for waste volumes and constituents is the best available and is 
deemed sufficient based on knowledge of those attributes necessary for planning and design 
purposes to proceed with the retrieval. 

a. DOE (2003), Dangerous Waste Permit Application—Single-Shell Tank System (Part A 
Permit) list of constituents contains constituents not found in the BBI because of 
“protective filing.”  The constituents listed in the BBI (25 chemicals and 46 
radionuclides) account for approximately 99 wt% of the chemical inventory (not 
including water and hydroxide) and over 99% of the activity in terms of short- and long-
term risk based on estimates developed using the Hanford Defined Waste (HDW) Model 
(RPP-19822, Hanford Defined Waste Model – Revision 5.0). 

b. The above meets the requirements in Section 2.1.3 of Appendix I of the HFFACO that 
requires those contaminants accounting for at least 95% of the impact to groundwater risk 
be addressed. 

There are currently no plans to perform additional pre-retrieval characterization (e.g., sampling 
and analyses) of the waste in tank C-111.   

The BBI is the best available data; however, the Part A Permit provides a list of constituents that 
may or may not be present in the SSTs.  To address this uncertainty, a post-retrieval sample will 
be taken of the residual waste for all constituents identified in the Ecology-approved sampling 
and analysis plan, pursuant to the requirements of that sampling and analysis plan. The 
information on risk and hazard values for future closure actions will be derived from post-
retrieval sampling. 

Sampling and analysis activities associated with component closure actions will be performed in 
accordance with RPP-23403, Single-Shell Tank Component Closure Data Quality Objectives, 
and RPP-PLAN-23827, Sampling and Analysis Plan for Single-Shell Tanks Component 
Closure.” 
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2.2 PIPELINES AND ANCILLARY EQUIPMENT 

List of pipelines and ancillary equipment associated with the specific tank(s) or the proposed 
waste retrieval action 

a. Existing information on condition of pipes and ancillary equipment  
b. Waste volume/characteristics either based on existing data or assumed based on 
 historical records. 

Table 2-4 provides a summary of the C tank farm ancillary equipment connected to tank C-111.  
Pathways into the tank include lines, a pit drain, and risers.  Table 2-5 summarizes the status of 
the pathways that have already been isolated.  Table 2-6 lists the plan for isolation of the 
remaining pathways, excluding tank risers.  This work will be accomplished in accordance with 
the tank closure plan. 

The existing buried waste transfer lines routed to tank C-111 have been isolated to prevent the 
inadvertent transfer of waste or intrusion of water into the tank following retrieval, with the 
exception of the cascade line.  With these isolation measures in place, the process lines are in a 
stable configuration and do not represent pathways for water or additional waste to enter the 
tanks. 

The abandoned process lines used for previous waste transfers will be internally contaminated 
through contact with the waste.  These abandoned lines were constructed with a positive slope to 
facilitate drainage (a design requirement).  Where practical, these lines were either flushed 
following use or were used for dilute waste transfers that should have minimized significant solid 
and/or liquid waste buildup in the lines. 

There is no available information on the current condition or on the volume/characteristics of any 
waste associated with piping and other ancillary equipment.  For the purpose of assessing the 
long-term human health risk for the overall waste management area (WMA), an ancillary 
equipment source term was defined to include the residual waste in the C farm piping as 
described in Section 7.1.3.2. 

Unplanned releases (UPR) from the ancillary equipment that are attributed to ancillary 
equipment leaks include the following: 

a. UPR-200-E-16.  In 1959, the transfer line between tanks C-105 and C-108 leaked and 
contaminated the soil near the tank C-105 pit. 

b. UPR-200-E-81.  In 1969, a transfer line leaked at the 241-C-151 diversion box resulting 
in a surface puddle (approximately 6 ft by 40 ft) a few feet west of 241-C-151 diversion 
box.  Waste was being transferred from the 202-A Building to tank C-102 via the 
241-C-151 diversion box at time of leak discovery. 

c. UPR-200-E-82.  In 1968, a transfer line leaked near the 241-C-152 diversion box 
resulting in an approximately 1,000-gal surface pool of waste.  Waste was being 
transferred from tank C-105 to the 221-B Building via the 241-C-152 diversion box at the 
time of leak discovery. 
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d. UPR-200-E-86.  In 1971, transfer line 812 leaked outside the southwest corner of the 
tank farm fence.  Waste was being transferred from the 244-AR vault to the C tank farm 
at time of leak discovery. 

Table 2-4.  C Tank Farm Components Associated with Tank C-111.* 

Single-Shell Tanks 

Tank Constructed Declared 
Inactive 

Constructed Operating 
Capacity (gal) 

241-C-111 1943 – 1944 1978 530,000 
Diversion Boxes 

Unit Constructed Removed from 
Service Description 

241-C-151 1946 1985 Interconnected 241-C-151 
diversion box and C tank farm 

241-CR-152 1946 1985 Interconnected 241-C-151 
diversion box and C tank farm 

241-CR-153 1946 1985 Interconnected 241-CR-152 
diversion box and C tank farm 

Valve Pits 
241-C Valve pit 

Tank Pits 

241-C-11 Covered saltwell caisson 
Transfer Lines 

Line Number Connecting Facilities 

P4 241-C-111-R6 Waste scavenging valve box capped near 
241-C valve pit 

2-in. M-5 saltwell line to tank 
C-103 capped at pump pit 

241-C-111-R13 241-C-103 

V137 241-C-111-N6 Capped line between tank and 241-C-153 

* RPP-13774, Single-Shell Tank System Closure Plan.  
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Table 2-5.  Tank C-111 Previously Isolated Lines. 

Intrusion 
Path Description Tank Waste 

Transfer Line? 
Isolation Technique 

and Status Verification* 

Unknown Waste scavenging 
line 

Yes Cut and capped near R-6 H-2-73341 

Unknown Salt waste transfer 
line 

Yes Cut and capped near R-13 H-2-73341 

Nozzle N3 Spare nozzle No Isolated at tank construction; 
never used 

H-2-73341 

Nozzle N4 Spare nozzle No Isolated at tank construction; 
never used 

H-2-73341 

Nozzle N5 Spare nozzle No Isolated at tank construction; 
never used 

H-2-73341 

Nozzle N6 Line V-137 Yes Cut and capped near C-110 H-2-36835 

* Verification documents reference information is provided in Section 9.0 of this document. 

 
 
 

Table 2-6.  Tank C-111 Currently Open Lines. 

Line Description Tank Waste 
Transfer Line? Planned Isolation Technique 

Nozzle N1  Cascade line to tank C-112 Yes No action until tank fill. 

Nozzle N2 Cascade line from tank C-110 Yes No action until tank fill. 
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3 PLANNED RETRIEVAL TECHNOLOGY 

This section provides a description of the waste retrieval technologies that will be used, if 
needed, in C-111.  The first technology is modified sluicing using standard modified sluicer or 
an extended reach sluicer (ERSS).  The second technology is high pressure water using the 
ERSS.  The third technology, if needed to meet the Consent Decree volume target, is chemical 
dissolution.  The rationale for selection technologies is provided in Section 3.3.  However, in 
accordance with Appendix C, Part 1 of the Decree: 

“If 360 cubic feet is reached with the first retrieval technology, the first retrieval 
technology shall be used to the “limits of technology” and a second retrieval technology 
shall not be required.”  

Retrieval activities will switch from one technology to the other as required to reach the Consent 
Decree residual waste goal. 

In accordance with the Decree, Appendix C, Part 1: 

“If the waste residual goal of 360 cubic feet is not achieved using the established two 
technologies, an additional retrieval technology established in a revised TWRWP shall be 
deployed to the “limits of technology;” provided that DOE may request that the State agree 
that DOE may forego implementing a third retrieval technology if DOE believes 
implementing such technology is not practicable under the criteria set forth above [in 
Appendix C, Part 1 of the Decree].  If DOE and Ecology are unable to reach agreement, 
the resolution of the issue of whether a third retrieval technology shall be deployed shall be 
resolved through the dispute resolution process set forth in Section IX of this Decree.” 

For efficiency, DOE may use the third technology, chemical dissolution, as needed between 
sluicing and high pressure water applications. 

3.1 SYSTEM DESCRIPTION 

System description (physical and operating) 

This section provides a description of the waste retrieval system (WRS) and how it will be 
operated.  Continued design development and incorporation of lessons learned may lead to 
changes in the design and/or operating strategy. 

3.1.1 Physical Description 

The physical equipment will consist of a modified sludge sluicing system to mobilize and 
retrieve waste from tank C-111.  The sluicing system will include two modified sluicers or ERSS 
sluicers and a slurry pump in the tank.  The sluice nozzles will be controlled from a control 
trailer located outside the tank farm fence.  The sluice nozzles can be installed in existing tank 
risers located around the perimeter of the tank.  The sluice nozzles will have the capability to 
direct liquid at various locations in the tank.  The WRS will have the capability to use high 
pressure water to break apart hard agglomerations of waste.  Double-shell tank supernate will be 
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used as the primary sluicing liquid.  The WRS will also have the capacity to use raw water for 
sluicing with minor modifications. 

The new slurry pump will be installed in a riser located in the center pit.  The slurry pump design 
for C-111 will allow the pump installation height to be adjusted to facilitate maximum waste 
removal.  The C-111 pump will be installed using a crane so that the inlet will be just under the 
waste surface to start, as determined by the in-tank camera.  Little or no water should be required 
for this pump installation.  This same installation method would be used for replacement pumps.  
The C-111 pump will be mounted on a system that will allow the pump to be lowered to the 
bottom of the tank as waste retrieval progresses.  Other designs or arrangements may be used to 
optimize the pump installation or operation. 

Double-shell tank 241-AN-101 (AN-101) is planned to be used for both waste receipt and as the 
source tank for supernate recycle.  Tank AN-101 was selected based on its location, available 
space, and existing equipment. 

Camera(s) will be installed in tank C-111 to provide the capability to visually monitor and aid in 
control of waste retrieval operations.  Instrumentation will also be provided to monitor process 
control data (e.g., pressures and flow rates).  This information will be used to support material 
balance calculations.  The existing ENRAF1 level gauge in tank C-111 will be retracted during 
waste retrieval operations and will be used periodically to monitor waste levels.  The AN-101 
ENRAF will be used to monitor the waste level in that tank. 

During waste retrieval operations, tank C-111 will be actively ventilated.  The ventilation system 
will consist of skid-mounted high-efficiency particulate air filtered portable exhauster(s).   

Condensate drainage from the exhauster(s) will be routed back to an SST being retrieved or an 
SST undergoing equipment installation in preparation for retrieval.  Any change to this drainage 
routing will be covered by a change to this TWRWP. 

The configuration of tank C-111 includes no concrete pits and only a single central corrugated 
metal caisson.  The drain in this caisson will be closed off and a sump pump used to pump 
leakage into the tank.  The WRS for tank C-111 may require design and construction of riser 
extensions to support the installation of the sluice nozzles and a slurry pump.  Table 3-1 provides 
the planned riser use for tank C-111.  This riser use may change. 

Table 3-1.  Planned Riser Use for Tank C-111 
Waste Retrieval System. 

Riser Number Tank C-111 
1  CCTV or Chemical Addition Adapter 
2 Sluicer/ERSS 
3 Ventilation exhaust duct/camera 
4 ENRAF level gauge 
5 Spare, camera, or as required if need 

                                                 
1 ENRAF is a trademark of Enraf, Inc., Enraf B.V., Delft, The Netherlands. 
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arises during detailed design 
6 Vacuum relief/camera/breather filter 
7 Sluicer/ERSS 
8  Spare, camera, or as required if need 

arises during detailed design 
13 Slurry pump 

 
A portable valve box serves to control the routing and flow of liquid to the sluice nozzles and to 
control water additions to the waste retrieval process.  The valve box provides secondary 
containment and the collection/detection of any leakage in a sump.  The portable valve box has a 
leak detector that is connected to the pump shutdown system in the control trailer.  In the event 
that a leak is detected in the portable valve box, the transfer pumps in tank C-111 and in the 
receiver DST would be shut down.  The portable valve box has a sump and a sump pump that 
can be configured to transfer any leakage to the SST being retrieved. 

A valve/transfer line diversion and throttling valve flowmeter box may be needed to permit and 
monitor routing of solutions to and from tank C-111 and other tanks which may be undergoing 
retrieval concurrently.  If a suitable pump cannot be obtained that will provide adequate capacity, 
a booster pump may also be required.  Any booster pump will be located within a separate steel 
pit.  Any new pits required will be inspected, will have a leak detector, and will either drain to a 
tank or have a sump pump.  Leak detectors may be a conductivity probe, a thermal leak detector, 
or another type of leak detector as appropriate. 

Should a transfer leak from the primary hose occur, the leak detection system is designed to shut 
the pump off when liquid covers the leak detection element contacts.  Secondary containment 
structures will not overflow as a result of the transfer line leakage, including any transfer line 
drainback, because either the free volume of the structure exceeds the volume of leaked waste 
plus drainback, or there are openings in the structure which allow free-drain to the tank. 

Transfer of waste from tank C-111 to AN-101 and the transfer of supernate from DST back to 
tank C-111 will be performed using transfer lines that provide secondary containment.  The 
waste retrieval project currently plans to use overground hose-in-hose transfer lines (HIHTL) and 
the Resource Conservation and Recovery Act of 1976 (RCRA)-compliant DST transfer system. 

The receiver DST will have a supernate pump that will be used to pump liquid back to 
tank C-111.  The receiver DST will also have a slurry distributor to distribute the sludge received 
from tank C-111. 

Because the elevation of the AN tank farm is approximately 22 ft higher than the C tank farm, 
the slurry distributor and the supernate pump incorporate anti-siphon devices to prevent 
unintentional flow from the DST to the SST. 

The transfer lines and DSTs are RCRA compliant. 
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3.1.2 Operating Description 

The retrieval process will be monitored using closed-circuit television to facilitate waste retrieval 
and aid in minimizing any liquid in the tanks.  Supernate will be used as the primary retrieval 
liquid to minimize DST storage space.  Raw water will be used in limited quantities as necessary 
for waste mobilization and conveyance, transfer line flushing, equipment flushing, heel flushing, 
or as required for miscellaneous use.  During all retrieval activities the tank liquid level will be 
maintained below the maximum waste level designated in the process control plan. 

During routine operations, waste retrieval will be initiated by starting the supernate pump in the 
DST source tank and using the pumped supernate to provide sluicing fluid to the selected sluice 
nozzle.  Initial sluicing will be focused in the center portion of the tank to minimize the time 
required to get liquid to the slurry pump to allow it to be started.  The in-tank camera will be 
used to provide visual input for directing the sluice nozzle.  The slurry pump in tank C-111 will 
be started when liquid from the sluicer operation reaches the area of the pump inlet and there is 
enough liquid present to prime and operate the pump.  As the sluice liquid contacts the tank 
waste, the sludge will be mobilized and retrieved via the slurry pump.  Typically, one sluicer will 
be operated at a time at a flow rate of approximately 60 to 120 gal/min.  If the pump suction is 
too shallow when waste retrieval is started, the sluice nozzle discharges can be aimed at the 
pump inlet to enable the pump to be inserted a little deeper.  The flow rate through the sluice 
nozzles will be adjusted based on the pump-out rate so that the rate of liquid introduction will 
approximately equal the rate of solution removal with the objective of minimizing the liquid 
waste volume in the retrieval tank while maximizing waste retrieval efficiency.  The slurry 
removed will consist of the mobilized tank waste and the DST supernate or water.  Maintaining a 
balanced pumping rate into and out of the tank is integral to minimizing the liquid volume in 
tank C-111 and reducing the potential for leakage. 

An additional technology provided by the ERSS is the capability to add high pressure water to 
break up particles that resist breakup or mobilization with the lower pressure supernate (or water) 
stream.  High pressure water could be used at any time during the retrieval process but it is not 
envisioned that much will be needed until towards the end of retrieval. 

If initial sluicing efforts show the tank C-111 sludge is not readily mobilized, it may be 
necessary to add sufficient liquid to the tank to cover the sludge and allow it to sit for a period of 
time to soften the solid waste before sluicing is resumed.  Liquid can break down bonds in dried 
waste or dissolve salt crystals holding the waste together.  The DST supernate, caustic, or water 
used will not be saturated and thus will be expected to dissolve such salts or break the crystal 
structure down sufficiently to permit retrieval.  The volume of free liquid added to soften any 
waste would be minimized by keeping the free liquid height above the waste to as small as 
practical.  The time needed to soften the waste is unknown but would likely not be more than a 
few days. 

During all field activities, standard operating procedures and safety precautions will be 
implemented to protect worker health and safety, the public, and the environment.  In accordance 
with standard operating procedures, health physics and industrial health technicians will monitor 
conditions within the tank farm in accordance with approved monitoring plans. 
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Before initiating waste retrieval, a formal waste compatibility assessment will be performed in 
accordance with HNF-SD-WM-OCD-015, Tank Farm Waste Transfer Compatibility Program.  
HNF-SD-WM-OCD-015 provides a formal process for determining waste compatibility through 
the preparation of documented waste compatibility assessments for waste transfers.  The primary 
purpose of the program is to ensure that sufficient controls are in place to prevent the formation 
of incompatible mixtures during waste transfer operations.  Waste compatibility assessments are 
prepared before all waste transfers into the DST system to ensure that the waste transfer will 
comply with specific administrative control, safety, regulatory, programmatic, and operational 
decision rules related to waste chemistry and waste properties.  Waste compatibility assessments 
require the preparation of calculations to determine source tank and/or receiver tank 
compositions and to assess those compositions against specified decision rules that are provided 
in HNF-SD-WM-OCD-015. 

Formal issuance of the compatibility assessment will not be completed until just before waste 
retrieval operations begin to ensure that current conditions are captured in the assessment. 

Meeting the informational requirements for waste transfers meets the requirements of 
Washington Administrative Code (WAC) 173-303-300, “General Waste Analysis.”  Compliance 
with the following documents is required before initiating a waste transfer: 

a. RPP-29002, Double-Shell Tank System Waste Analysis Plan.  Single-shell tank transfers 
into the DSTs for any reason must meet the waste acceptance criteria presented in this 
plan.  This plan is written pursuant to WAC 173-303-300(5) and EPA guidance document 
OSWER 9938.4-03, Waste Analysis at Facilities that Generate, Treat, Store, and Dispose 
of Hazardous Waste. 

b. Waste Stream Profile Sheet (RPP-29002,).  The sheet addresses the applicable sections of 
WAC 173-303-300; Title 40, Code of Federal Regulations, Part 761, “Polychlorinated 
Biphenyls (PCB) Manufacturing, Processing, Distribution in Commerce, and Use 
Prohibitions” (40 CFR 761); 40 CFR 268, “Land Disposal Restrictions”; and WAC 173-
303-140, “Land Disposal Restrictions,” and also requires a waste compatibility 
assessment pursuant to HNF-SD-WM-DQO-001, Data Quality Objectives for Tank 
Farms Waste Compatibility Program, to meet WAC 173-303-395(1).  

When the level of residual solids gets low in the tank, the volume of solids removed per unit 
volume of sluicing fluid removed from the tank or per unit of time or transfer will be tracked.  
The units used will be selected by engineering personnel.   

The project will determine when a tank retrieval is complete by following the Consent Decree 
requirements stating “that the recovery rate of that retrieval technology for that tank is, or has 
become, limited to such an extent that it extends the retrieval duration to the point at which 
continued operation of the retrieval technology is not practicable, with the consideration of 
practicability to include matters such as risk reduction, facilitating tank closures, cost, the 
potential for exacerbating leaks, worker safety and the overall impact on the tank waste retrieval 
and treatment mission.” 

Until a risk evaluation is available, the limit of technology for modified sluicing is defined in 
RPP-50910, Single-Shell Tank Waste Retrieval Limit of Technology Definition for Modified 
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Sluicing as when the concentration of SST waste in the retrieved slurry sent to the DST is within, 
or bracketing, the range of 0 to 0.6 volume percent.   

There is no limit of technology definition for an ERSS waste retrieval process.  A limit of 
technology definition will not be developed until sufficient ERSS retrieval operations have been 
performed to enable development of a justifiable definition.  Until an ERSS limit of technology 
definition is developed the same value used for modified sluicing in RPP-50910 is applied to 
ERSS retrieval operations.   

There is no limit of technology definition for a chemical retrieval process.  A limit of technology 
definition will not be developed until sufficient chemical heel retrieval operations have been 
performed to enable development of a justifiable definition.  It is estimated that this will take 3 to 
4 heel retrieval operations. 

  Appendix C, Part 1 of the Decree defines the limit of technology as follows:   

“The “limits of technology” means that the recovery rate of that retrieval 
technology for that tank is, or has become, limited to such an extent that it extends 
the retrieval duration to the point at which continued operation of the retrieval 
technology is not practicable, with consideration of practicability to include 
matters such as risk reduction, facilitating tank closures, costs, the potential for 
exacerbating leaks, worker safety, and the overall impact on the tank waste 
retrieval and treatment missions.”   

Experience has shown that unexpected waste forms and tank conditions may be encountered and 
that equipment performance can degrade with time.  The ORP will inform Ecology at least every 
2 weeks, through normally scheduled meetings, about unexpected waste forms, behavior and 
tank conditions along with retrieval equipment performance changes that would impact overall 
retrieval rates and retrieval volume.  If a normally scheduled meeting does not occur Ecology 
will initiate a meeting for this information exchange.   

At these meetings, ORP will provide to Ecology the basis and rationale for continuing retrieval 
when it is suspected that waste form behavior, tank condition and/or equipment performance has 
diminished significantly or performance impacted the ability of the deployed equipment to 
operate in order to meet the waste residual goal of 360 ft3.  

The following information will be used to evaluate termination of retrieval and will be shared 
with Ecology prior to a decision to terminate field retrieval activities: 

a. System performance and efficiency data. 

b. In-tank visual confirmation of tank condition and waste retrieval. 

c. Preliminary volume estimates using tank geometry and in-tank structural features. 

d. Presentation and discussion of alternate system configurations and process modifications 
to enhance retrieval performance. 

e. Presentation and discussion of residual sample location. 
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TFC-ENG-CHEM-P-47, Single-Shell Tank Retrieval Completion Evaluation, provides the 
methodology to follow for determining when an SST undergoing waste retrieval has reached the 
end of the retrieval process.  The following summary of this procedure does not take the place of 
TFC-ENG-CHEM-P-47, and for any differences between this summary and the latest version of 
the procedure, the procedure takes precedence.  Refer to TFC-ENG-CHEM-P-47 for details of 
the summary steps. 

a. When waste retrieval starts, engineering personnel will begin tracking retrieval 
performance (e.g., percent of waste retrieved) and provide a weekly status report.  
Weekly status information will be forwarded to Ecology to brief them on retrieval 
activities, including residual volume estimates and performance parameters.  
Ecology will be invited to view waste retrieval activities and video images of the 
in-tank operations. 

b. Engineering shall recommend configuration or procedure changes to enhance 
recovery as warranted.  Management is notified after performance efficiency or 
retrieval rate has reduced significantly. 

c. An attachment to TFC-ENG-CHEM-P-47 provides guidance for retrieval 
performance and limit of technology evaluations.  Establishment of when the 
limits of technology have been reached includes the following: 

1. Examination of in-tank images to observe/record waste contours and characteristics. 

2. Estimation of waste retrieval performance efficiency and remaining waste volume. 

3. Using performance data to demonstrate that a consistent pattern is present indicating 
limits of technology have been reached. 

4. Evaluation of waste retrieval performance against system limitations. 

Status reports are continued until waste retrieval operations cease.  An SST completion of 
retrieval certification and a retrieval data report are then prepared and issued in accordance with 
the Decree and the HFFACO respectively. 

Following completion of waste retrieval and final tank flushing, the residual waste volume will 
be determined using the methodology defined in RPP-23403 and RPP-PLAN-23827. 

3.1.3 Chemical Retrieval Process 

Chemical retrieval process details are contained in the process control plan for each tank using a 
chemical retrieval process. When samples are available the retrieval process is tested on samples 
of tank waste.  If hard heel samples are not obtained the hard heel composition is deduced from 
tank historical data.  The hard heel volume to be treated is normally not known until sluicing 
retrieval is complete.  The hard heel volume can be determined from visual observation, level 
sensors, or liquid displacement using tank level sensors.  The composition and volume of the 
heel are used to determine the quantity and type of chemicals used for chemical retrieval process. 

The chemical retrieval process may be a series of steps or a single action depending on how the 
waste reacts to the process.  If a single step will dissolve sufficient solids to achieve the volume 
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reduction mandated by the Decree, only one chemical retrieval process step will be deployed.  
The chemical retrieval process may include one or more of the following:   

• water to remove compounds insoluble in the caustic liquids found in the tanks, 
• high molarity caustic solution to break down aluminum hydroxide compounds, or 
• other chemicals to aid the retrieval of sludge. 
 

Ecology will be informed of the pre-retrieval estimated volume of liquid(s) to be added to the 
tank prior to the initial addition(s).  Water additions for dissolution and volume reduction 
associated with a chemical retrieval process are separate actions from the heel rinse described in 
section 3.2. 

Unlike modified sluicing, there is no operational data available that can be used to estimate the 
recovery rate for a limit of technology determination for a chemical retrieval process planned for 
C-111. If the first step of a multiple step dissolution achieves the Decree volume target the limit 
of technology will be considered to have been met for the chemical retrieval process technology.   
Using unnecessary chemical retrieval process steps adds risk to worker safety and has retrieval 
schedule impacts, DST storage volume impacts, and thus possible mission impacts.  

If the Decree target volume is not achieved, and all steps of the chemical retrieval process have 
been deployed as specified in the process control plan, the limit of technology will be considered 
to have been met for the chemical retrieval process provided the data show that additional 
chemical retrieval process steps are not practicable. 

3.2 LIQUID ADDITIONS DURING WASTE RETRIEVAL 

Identify range (volume) and timing of liquid additions to be added during waste retrieval. 

The pump adjustment features described previously should allow the tank C-111 pump to be 
installed with little or no water addition  However, if tank conditions require water additions to 
successfully install the pump (e.g., debris under the pump installation riser), water additions 
would be controlled in accordance with OSD-T-151-00013, Operating Specifications for Single-
Shell Waste Storage Tanks, Section 4.1).  This water would be added through one or both of the 
sluicers, by lancing, or by back flushing through the pump.   

Water could also be added to the tank as needed to flush equipment removed from the tank or for 
a number of operational reasons.  The use of water is minimized to avoid taking up DST storage 
space.  Experience to date with sludge retrieval in other C-Farm tanks has shown little water use 
during retrieval operations. 

Utilizing recycled supernate to retrieve the waste minimizes the overall volume of waste stored 
in the DST system as a result of the waste retrieval process. 

An estimate of the total DST supernate volume transferred and the estimated retrieval time is 
provided in Table 3-2.  A nominal 105 kgal of raw water for tank and equipment flushing is 
assumed consistent with planning for past tank waste retrievals. 
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Table 3-2.  Tank C-111 Waste Retrieval Summary Data. 

Tank 
Initial Tank Waste 

Volume prior to 
Retrieval (kgal) 

Retrieval 
Flush Volume 

(kgal) 

DST Supernate 
Recycle (kgal) 

Estimated 
Operating 
Duration 
(days) c 

C-111 57.3 a 105 b 4,340 c  129 
aFrom Table 2-3. 
b Standard flush volume assumed for past 100-Series tank modified sluicing waste retrievals (RPP-21895, 241-C-
103, and 241-C-109 Tanks Waste Retrieval Work Plan, Rev. 4, and RPP-22393, 241-C-102, 241-C-104, 241-C-
107, 241-C-108, and 241-C-112 Tanks Waste Retrieval Work Plan, Rev. 4) and assumed to be applied in the 
C-111 waste compatibility assessment. 
c Duration and supernate volume estimates based on the general operating assumptions of two shifts operating 
5 days/week with 60% operating efficiency.  Sluicing durations assume 1 vol% solids loading in slurry first week, 
6 vol% solids until 30 kgal left, 2 vol% solids until 15 kgal left, 0.5 vol% solids after that, and an average DST 
supernate transfer rate into the SST of 80 gal/min. 
DST = double-shell tank. 
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The use of supernatant will be limited by the following: 

a. The waste compatibility assessment for supernatant recycle will be completed and 
reported to Ecology. This compatibility assessment shall be made to determine if the 
solution is acceptable for use in retrieving the tank C-111 solids. Ecology will be notified 
of the results of this assessment before initiation of retrieval operations. Following 
notification of the results of this assessment, a copy of the assessment report shall be 
provided to Ecology. 

b. Ecology will be notified when the cumulative volume of supernatant liquid being 
recycled exceeds the estimated quantity of 1,000,000 gal, and for each incremental 
million gallon quantity recycled. Timely notification by e-mail will be sufficient. 

c. Following the use of supernatant, a minimum of three tank heel rinses using a minimum 
volume of raw water that is three times the estimated residual waste volume will be 
required to ensure that residual waste is removed to the extent practical. If the DOE shows 
that a comparable reduction in soluble supernate constituents has been accomplished through 
other retrieval actions, the rinse may be omitted. 

d. Should tank C-111 be shown to leak during the retrieval process, a liquid sample will be 
taken if needed to verify the 99Tc concentration in the DST supernate used for sluicing. 

e. Should a DST sample be required during the C-111 retrieval process for corrosion control 
or other reasons, a 99Tc analysis will be requested on the sample. 

When adding liquid to the SST for the sole purpose of obtaining a waste level measurement, the 
following conditions apply: 

1. The HRR leak detection system for the tank described in Section 4.2.1 must be 
continuously operable for at least 48 hours prior to the liquid addition. 

2. The benchmark level described in Section 4.6.1 will not be exceeded during the liquid 
addition. 

3. Excess liquid will be removed from the tank as soon as practical once a usable waste 
level measurement is obtained. 

4. The liquid to be used for volume displacement measurement should only be 
supernate. Use of raw water for volume displacement instead of or in addition to 
supernate shall be discussed with Ecology prior to use. 

At the cessation of waste retrieval operations, the tank walls and heel will be flushed to the 
extent practical with water. Flush water will not be purposely sprayed on the walls above the 
maximum level stated in the process control plan. When performing the tank flushes, the flush 
water may be used to push some of the residual waste to a convenient sampling location. 
For each flush, the volume of water added will be metered and recorded. The flush liquid will be 
pumped to a minimum heel following each flush addition. It is assumed that performing the 
final tank flushes will remove residual solids to the extent practical on the walls and dilute 
soluble radionuclides and chemicals in the tank liquid. Any ENRAF level gauge readings taken 
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during the flushing will provide data that can be used to support the final tank residual waste 
measurement. 

The timing for transfers out of tank C-111 is dependent on personnel resource availability, 
equipment availability, and DST conditions. Once waste retrieval is started, it should follow the 
general pattern described, but no liquid additions or removals to/from tanks C-111 can be 
predicted for more than a day or two in advance; therefore, no detailed timeline can be developed 
showing all liquid additions and removals. The water or supernate addition/removal may be 
intermittent or continuous. Based on experience with other modified sluicing and saltcake 
dissolution retrievals, it will likely last for an 8- to 16-hr period, then be followed by a one shift 
to several day wait, then continue. Work continuity will be dependent on resource availability. 
Ideally the retrieval will be completed within a few months, but delays with tank farm work and 
lack of available resources could increase retrieval duration. 

3.2.1 Basis for Using Supernate 

By using DST AN-101 supernate as the waste retrieval liquid, the waste from tank C-111 may be 
able to be retrieved without the need for a specific evaporator campaign or transfer of waste to 
other DSTs. 

If water were to be used for retrieving the waste from tank C-111, the total volume ofliquid 
required could be approximately 4.3 million gal (Table 3-2). This retrieved waste volume would 
exceed the capacity of the receiving DST and would require multiple waste transfers to other 
DSTs and evaporation of the liquid to reduce the volume. An estimated 7 to 8 waste transfers 
(assuming 600 kgal per transfer) from AN-101 would be required to complete the waste retrieval 
from C-111. To evaporate all of the water to retain DST operating space, approximately 7 
evaporator campaigns totaling about 6 months would be required. This number of transfers and 
evaporator campaigns would induce significant delays to waste retrieval operations. 

Because the supernate is recycled, the net liquid addition to the DST system will be the nominal 
90,000 to 105,000 gal of flush water per tank plus the volume of interstitial liquid in the retrieved 
waste sludge. Following completion of C tank farm waste retrievals, the DST receipt tanks will 
be at or near their storage capacity. 

The basis for the number of evaporator campaigns and their durations comes from the following 
group of assumptions: 

a. Currently an evaporator campaign may be 400,000 to 800,000 gaL Evaporation is done 
on a feed tank basis. If a DST were freed to hold only retrieval water-waste slurry, up to 
1 million gal could be evaporated per batch. If it were necessary to mix the dilute 
retrieved waste slurry with a number of other tanks, a batch size may be reduced to only 
approximately 300,000 gal. 

b. The dilute sluicing fluid would require two passes through the evaporator to achieve full 
concentration. 

c. The first pass through the evaporator would achieve a 50% waste volume reduction. 

d. An average of 1 week of transfers is required to fill the feed tank with 1 million gal of 
feed. 
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e. A 1-million-gal campaign would last approximately 12 days, and 2 days of campaign 
shutdown activities would be required before the next campaign could be started. 

All of these assumptions are based on prior evaporator operating experience. 

The number of campaigns is determined by starting with the initial volume of waste to be 
processed, 4.4 million gal (assumes 4.3 million gal plus 0.1 million gal flush). To this is added 
the volume of waste left after the first pass through the evaporator (i.e., 0.5 x 4.4 million gal= 
2.2 million gal). Summing these volumes gives 6.6 million gal. Dividing by a 1-million-gal 
campaign volume gives 7 campaigns. 

The duration of the campaigns is equal to the sum of duration of its elements [i.e., transfers 
(7 days)+ evaporator campaign (12 days)+ shutdown (2 days)= 21 days]. 

The duration of7 consecutive campaigns is 147 days. Adjusting this value for operating 
efficiencies ofbetween 70 and 90% gives a duration for 7 consecutive 1-million-gal campaigns 
of about 6 months. This is a theoretical time only. To this must be added downtime for 
maintenance and other issues, and the additional problems associated with transferring millions 
of gal of waste within tank farms. The 25 DSTs in the 200 East Area contain approximately 26.8 
million gal as of April 2009. At a nominal 1.1 million gal per tank, there is no room for the 
volumes associated with all water sluicing, nor will there be sufficient space cleared up until a 
number of years following Waste Treatment and Immobilization Plant (WTP) startup. 
Therefore, evaporation time for water sluicing only will take much longer than 6 months. 

This evaluation of the impact of water-only sluicing should be considered as the minimum 
possible impact. Other factors (e.g., staging transfers to accumulate the required volume of 
waste feed, problems associated with sampling and analysis) will cause additional delays of the 
evaporator operations and further impact waste retrieval operations. 

The advantages and disadvantages of using supernate recycle instead of water for retrieval of the 
waste in tank C-111 are provided in Table 3-3.: 

Table 3-3. Advantages and Disadvantages of Using DST Supernate for Retrieval of 
Insoluble Waste Solids in Tank C-111. (2 Sheets) 

Supernate Recycle 
Approximately 1 million gal less liquid effluent discharged from the 
Liquid Effluent Treatment Facility in the 200 East Area for every 1 

Advantage 
million gal of water saved. 

Supernate Recycle 
An estimated 13 to 22 fewer drums of waste sent to disposal from the 
Liquid Effluent Treatment Facility for every 1 million gal of water 

Advantage 
not added to the tank. 

Supernate recycle provides a huge increase in DST room available for 

Supernate Recycle 
waste retrieved from SSTs. Ifthis volume is not available due to 
sluicing with water, some SST waste retrievals in addition to that 

Advantage 
discussed in this document will be delayed, resulting in wastes 
remaining stored in noncompliant tanks for a longer period. 

Supernate Recycle There will be a nominal two to three fewer evaporator campaigns for 
Advantage each 1 million gal of water saved. 
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Table 3-3. Advantages and Disadvantages of Using DST Supernate for Retrieval of 
Insoluble Waste Solids in Tank C-111. (2 Sheets) 

Supernate recycle will require less fresh NaOH and NaN02 to be 
added to bring the resulting DST solutions into the concentration 
limits specified for corrosion control in Administrative Control (AC) 
5.16, "Corrosion Mitigation Controls" (HNF-SD-WM-TSR-006, 
Tank Farms Technical Safety Requirements). Depending on other 

Supernate Recycle constituent concentrations in the DST solutions following mixing 
Advantage with the insoluble solids slurry and flush water, between 0 and 44,000 

kg of 100% NaOH will need to be added to the DST system to bring 
each 1 million gal of insoluble solids slurry and flush water into 
specification. Some additional NaN02 may also be required 
depending on other constituent concentrations in the DST solutions 
following mixing with the insoluble solids slurry and flush water. 

Supernate Recycle 
Elimination of the need to process the additional NaOH and NaN02 

chemicals through the WTP. A 44,000-kg addition of sodium to the 
Advantage 

DST system would require about 15 days ofWTP operating time. 

Supernate Recycle The design and equipment costs to recycle supernate are more than 
Disadvantage the design and equipment costs associated with water addition. 

Supernate Recycle 
The supernate recycle process is not as flexible due to the added 

Disadvantage 
difficulties of maintaining equipment that is contaminated vs. that 
which has only contacted water. 

Supernate Recycle 
The supernate recycle process is more complex due to the need for 

Disadvantage 
encased lines and leak detection equipment not needed for water only 
lines. 

Supernate Recycle 
A DST pump with an adjustable suction or a suction fixed in the 

Disadvantage 
supernate well above the sludge level is required for supernate 
recycle. 

3.3 TECHNOLOGIES CONSIDERED AND RATIONALE FOR SELECTION 

Technologies considered and rationale for selection 

Waste retrieval technologies currently available for deployment at tank C-111 are (1) modified 
sluicing and (2) the mobile retrieval system (MRS). Modified sluicing uses water or DST 
supernate to mobilize waste to a pump where it can be removed from a tank. The MRS consists 
of an articulated mast system, which is a vacuum-based system deployed in the center of the tank 
with a crawler deployed to move sludge from the perimeter of the tank to the center of the tank 
where it can be removed with the vacuum system. Water is used as needed to mobilize waste 
solids in the tank. Water or recycled supernate is added to the aboveground batch receiver vessel 
for the retrieved waste to aid in transferring the slurry to a DST. 
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When modified sluicing is performed using DST supernate, the overall volume of waste 
requiring management (storage and/or volume reduction) in the DST system is significantly 
reduced over that associated with the MRS. The retrieval duration is also significantly less with 
modified sluicing. 

After considering both candidate waste retrieval technologies and evaluation of the tank as 
discussed in Section 2.1.3.2, modified sluicing using recycled DST supernate was selected as the 
preferred technology for deployment in tank C-111. 

The second technology alternatives, if necessary, should one be required for residual waste 
removal following modified sluicing, are an in-tank vehicle, high pressure water, and a chemical 
retrieval process. 

Generally, an in-tank vehicle is desirable for large or monolithic particles since it can break these 
apart for sluicing, while a chemical retrieval of larger aggregates may be slow or ineffective due 
to the small surface area for dissolution. High pressure water or an in-tank vehicle is preferred as 
the heel volume increases because a chemical retrieval process may take up too much DST space 
and, for caustic or acid dissolutions, will have proportionally more impact to the DST space. A 
chemical retrieval process is preferable for heels where the volume is relatively low so the 
impact on DST space and the WTP throughput volume is less. A chemical retrieval process may 
also be preferable if the particles are small because the surface area for dissolution is greater and 
an in-tank vehicle may just push the fine particles around the tank. 

High pressure water was selected as the second technology for C-111 as it can be deployed in 
less time than an in-tank vehicle when the first technology is no longer effective and the tank 
residual waste volume in the Decree is exceeded. The third technology, should it be needed, is 
chemical dissolution. Sluicing with supernate and size reduction with high pressure water are 
both mechanical methods to reduce agglomerations to pumpable size. Chemical dissolution 
compliments the mechanical technologies and has shown to be effective for waste forms resistant 
to size reduction by mechanical methods. Second and third technology selection inherently 
relies on past experience and assumptions on the tank waste characteristics that will be present 
after the first technology is deployed to its limits. 

The technologies selected are anticipated to provide the best methods to achieve the 360 cubic 
feet target volume goal specified in the Decree, when deployed to their "limits of technology." 

3.4 ANTICIPATED PERFORMANCE COMPARED TO AGREEMENT CRITERIA 

Anticipated performance compared to agreement criteria 

The WRS for tank C-111 will be designed to retrieve as much waste from the tank as technically 
possible with waste residues not to exceed 360 ft3 or the limit of technology, whichever is less in 
accordance with the requirements ofHFFACO Milestone M-45-00. 
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3.5 WASTE RETRIEVAL SYSTEM DIAGRAM 

A simplified diagram of the retrieval system (include flow path, elevation changes, and tank 
layout). 

Figure 3-1 is a proposed installation of ventilation system(s) equipment to support waste retrieval 
operations. Alternate layouts may also be used. A sketch of the WRS installation planned for 
tank C-111 is provided in Figure 3-2. A potential HIHTL flow path routing and equipment 
layout in the tank farm is provided in Figure 3-3. As noted in Section 3 .1.1, the elevation in the 
AN tank farm is approximately 22 ft higher than the elevation in the C tank farm. 

3.6 FUNCTIONS AND REQUIREMENTS FOR WRS DESIGN 

Functions and corresponding requirements necessary to support design of proposed 
waste retrieval system. Functions and requirements are to be provided at a level of detail 
consistent with a Levell specification (see RPP-7825 [S-112 F&R], Section 4 and/or 
RPP-18811 [C-103/105 F&R]). 

This section defines the upper-level functions and corresponding requirements to which the C-
111 WRS must be designed and operated. This TWRWP is not a system specification that 
defines design criteria for the WRS. However, the system specification for the C-111 WRS will 
be consistent with this TWRWP. The functions and requirements are provided in Table 3-4 and 
are focused on defining the upper-level requirements for the tanks. 
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Figure 3-1. Potential New Ventilation Equipment Layout. 
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Figure 3-2. Tank C-111 Waste Retrieval System In-Tank Components. 
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Figure 3-3. Potential HIHTL Flow Path and Equipment Layout for Tank C-111 Waste Retrieval. 
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Function 

Control gaseous 
and particulate 
discharges 

Mitigate potential 
for leaks to occur 
during waste 
retrieval 

Control waste level 
in DST receiver 
tank 

Remove waste 
from tank C-111 

Control and 
monitor the waste 
removal process 
in tank C-111 

Minimize waste 
generation 

Nuclear safety 

Occupational 
safety and health 
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Table 3-4. Tank C-111 Waste Retrieval System 
Functions and Requirements. (2 Sheets) 

Requirement Basis* 

The ventilation system exhaust shall WAC 173-303 
be filtered to restrict emissions to the WAC 173-400 
environment. WAC 173-460 

WAC 246-247 

TFC-ESHQ-ENV -STD-03 

TFC-ESHQ-ENV -STD-04 

Prevent inadvertent release from tank C- RPP-13033, 
111 to the environment. Section 3.3.2.3.4 

The WRS shall be operated to maintain OSD-T -151-00007 
waste level within specified allowable 
maximum and minimum values. 

The retrieval technologies will be WAC 173-303 
designed, deployed, and operated to 
each of their "limits of technology" in 
an effort to achieve the waste residue 
goal of 3 60 ft3 of waste or less for 
each tank. The limit of technology is 
defined in the Decree. 

The WRS shall provide the monitor RPP-13033 
and control capability to control the HNF-SD-WM-TSR-006 
waste retrieval and transfer process. WAC 173-303 
This includes controlling and 

WAC 246-247 
monitoring the following WRS 

TFC-ENG-STD-26 process parameters: 
Consent Decree No. DV-

• Pressures 
08-5085-FVS 

• Flow rates 
• Differential pressures across 

exhaust ventilation filters 
• Leak detection systems . 

The WRS shall minimize waste WAC 173-303 
generation to the greatest extent 40 CFR 264.73(b)(9) 
practical. 

The WRS shall be designed and WAC 246-247 
operated to protect workers, public, 10 CFR 830 
the environment, and equipment from RPP-13033 
exposure to radioactive tank waste and 

HNF-SD-WM-TSR-006 
emissions during the retrieval 
campa1gn. HNF-IP-1266 

The WRS shall be designed for safe WAC 173-303-2 83(3)(i) 
installation, operation and 29 CFR 1910 
maintenance. 10 CFR 835 

29 CFR 1926 

3-19 

Key Elements 

Mitigate potential 
release to the public 
and the 
environment. 

Do not raise waste 
level above 
benchmark level. 
(Benchmark level is 
discussed in 
Section 4.6). 

Provide for safe 
waste storage in 
DSTs. 

The WRS shall 
provide the ability to 
retrieve as much 
waste as technically 
possible. 

Provide for safe and 
effective operation 
of the WRS. 

No numerical 
requirement. 

Ensure protection of 
workers and the 
public from routine 
operations and 
potential accident 
conditions. 

OSHA standards. 

Occupational 
Radiation 
Protection. 
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Table 3-4. Tank C-111 Waste Retrieval System 
Functions and Requirements. (2 Sheets) 

Function Requirement Basis* 

WRS secondary For ex-tank equipment and piping, the 40 CFR265 
containment and WRS shall incorporate secondary WAC 173-303 
leak detection containment and leak-detection design DOE 0 435.1 

features. 
RPP-13033 
HNF-SD-WM-TSR-006 

* Basis documents reference information is provided in Chapter 9. 
DST = double-shell tank. 
Ecology = Washington State Department ofEcology. 
HFFACO = Hanford Federal Facility Agreement and Consent Order. 
OSHA = Occupational Safety and Health Administration. 
WRS = waste retrieval system. 

Key Elements 

Provide for safe and 
compliant transfer of 
waste to the receiver 
DST. 

3.7 ANTICIPATED IMPACTS OF TANK WASTE RETRIEVAL ON FUTURE 
PIPELINE/ANCILLARY EQUIPMENT RETRIEVAL 

Anticipated impacts of tank retrieval on future pipeline and ancillary equipment retrieval 

The existing buried waste transfer lines routed to tank C-111 have been isolated to prevent the 
inadvertent transfer of waste or intrusion of water into the tanks. Following waste retrieval 
activities, new transfer lines and auxiliary equipment will be flushed as needed and the 
equipment reused or disposed of as discussed in Section 3.9. 

Most line flushes for new transfer lines will direct the flush solution to the receiver DST. 
However, because of the physical location ofC tank farm at a lower elevation than the DST, 
there will be some line drainback unless the line is air blown after the transfer. The holdup for 
each transfer line is in the 150- to 200-gal range. This solution would go to tank C-111 or a 
valve change made to direct the drainage to another SST that had not yet completed retrieval. 

Should the situation arise where a structure needs to be flushed following retrieval, it is estimated 
that the flush volume would be in the 100- to 200-gal range. This solution would go to tank 
C-111 unless a valve change was made to direct the solution to another SST that had not yet 
completed retrieval. 

When retrieval activities are completed, the exhauster(s) used will be disconnected for use 
elsewhere. This will require draining the exhauster seal pot back to the receiver tank for the 
drain line. Such drainage will be in the 0- to 20-gal range. 

It is currently planned to leave all in-tank equipment (e.g., the transfer pump) in the tank 
following retrieval. However, in the unlikely event it is necessary to remove such equipment, it 
may have to be washed down on removal to remove excess contamination or to reduce exposure 
for personnel protection. The volume of water expected for such purposes would likely be in the 
50- to 500-gal range. 
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Existing risers, pits, and/or caissons associated with tank C-111 will be isolated following 
retrieval activities, when agreement has been reached with Ecology on tank C-111 closure. 
These isolation methods are designed to minimize water intrusion to the tank. However, by the 
general design and nature of the equipment, intrusion of rainwater or snowmelt cannot be 
precluded. 

The old process lines and pits used for previous waste transfers should have limited potential for 
containing residual liquid. The abandoned lines were constructed with a positive slope to 
facilitate drainage (a design requirement) and were either flushed following use or were used for 
dilute waste transfers that should have minimized significant solid and/or liquid waste buildup in 
the lines. The pits also contained drains to a collection tank. In accordance with RPP-13774, 
disposition of the ex-tank ancillary equipment, including pipelines, will be performed in 
accordance with a separate component closure activity plan. Flushing of old lines or pits would 
not be done unless required or permitted by the component closure activity plan. Should such 
flushing be required or necessary, it would not take place until closure activities were underway, 
so the impact of any line flush volumes would be accounted for in the closure plan approved tank 
fill process. 

Following retrieval, it may be necessary to add small (0 to 50 gal) volumes of water periodically 
to flush the ENRAF plummet prior to tank closure or to flush off heel sample containers. No 
other activities are envisioned that will purposely add liquids back to a tank once waste retrieval 
is complete. Should it become necessary to add liquid to a retrieved tank for any reason other 
than those stated above, Ecology will be notified as specified in existing notification channels. 

Post-retrieval intrusion monitoring of the tank is addressed in Section 6.3. 

3.8 INFORMATION FOR NEW ABOVEGROUND TANK SYSTEMS 

Information to demonstrate compliance with Washington Administrative Code (WAC) 
173-303-640 for new above ground systems. 

While there are no new aboveground waste tanks or waste treatment systems, the ancillary and 
containment equipment are considered part of a tank system in accordance with 
WAC-173-303-040, "Definitions." The waste tank system equipment is described in Section 
3.1.1. 

A written integrity assessment, reviewed and certified by an independent, qualified registered 
professional engineer (IQRPE), attesting that the transfer-related equipment and associated 
transfer lines are suitable for use during waste retrieval operations will be prepared in accordance 
with WAC 173-303-640(3), "Design and Installation ofNew Tank Systems or Components," 
and submitted to Ecology following completion of the design and field installation of the WRS. 
This includes verification that the subject equipment meets the requirements set forth in 
WAC 173-303-640(3) and WAC 173-303-640(4), "Containment and Detection ofReleases." If 
additional systems or additional transfer line systems are used, each system will be evaluated by 
an IQRPE. The design provided to the IQRPE for review will include all new or existing 
transfer systems, structures or components, including secondary containment (e.g., central 
caisson) and leak detection equipment, used for C-111 waste retrieval. 
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The requirements for an IQRPE assessment need and the permitting decision logic for new 
equipment or repairs/upgrades to equipment will be performed in compliance with TFC-ESHQ­
ENV-PP-C-11, Independent Qualified Registered Professional Engineer. 

Risers were reviewed as part of the original SST System Integrity Assessment (RPP-
10435). SST system components (e.g., risers, pits, etc.) that were identified as part of the SST 
system for the original Integrity Assessment are not part of the retrieval system (unless 
specifically identified as such) and do not require a separate or additional integrity assessment if 
the function of the equipment doesn't change from its original purpose (e.g., the original purpose 
of risers is to provide tank access) and changes to the component are not outside the original 
component design basis and specifications. 

3.9 DISPOSITION OF WASTE RETRIEVAL SYSTEM FOLLOWING WASTE 
RETRIEVAL 

Describe the disposition of the system at the completion of waste retrieval. 

3.9.1 Disposition of New Waste Retrieval System Components 

Following completion of waste retrieval, the in-tank equipment will be left in place for 
disposition during component closure actions. The above-grade equipment (e.g., transfer lines, 
valve box, and related enclosures) will be reused to the extent possible for future waste retrieval 
activities. Transfer lines and related equipment will be flushed to reach acceptable exposure 
rates for disconnecting and relocating the equipment. Any above-grade equipment that needs to 
be removed and is not suitable for reuse will be packaged and disposed of as mixed waste onsite 
in accordance with the approved waste acceptance criteria for the Hanford Site burial grounds. If 
contaminated equipment is reused it will be controlled as specified in TFC-OPS-WM-C-10, 
Contaminated Equipment Management Practices. Where or if required and needed to support 
the retrieval of SSTs, the HIHTLs will be managed to ensure the availability and functionality of 
each as needed for future retrievals. At the conclusion of their mission, or on reaching the end of 
life for an HIHTL, the HIHTL will be managed in accordance with RPP-12711, Temporary 
Waste Transfer Line Management Program Plan. 

3.9.2 Disposition of Existing Ancillary Equipment 

Ancillary equipment associated with tank C-111 is limited to waste transfer lines and equipment 
installed in pits and above-grade risers. The current status of the ancillary equipment associated 
with tank C-111 is described in Section 2.2. Any existing contaminated ancillary equipment 
located within risers that needs to be removed following waste retrieval will be packaged and 
disposed of onsite in accordance with the approved waste acceptance criteria for the Hanford Site 
burial grounds or controlled as specified in TFC-OPS-WM-C-10. 

In accordance with the SST System Closure Plan (RPP-13774), disposition of the ex-tank 
ancillary equipment, including pipelines, will be performed in accordance with a separate 
component closure activity plan. Closure plans will be incorporated into the Sitewide permit. 
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3.10 AIR MONITORING PLAN 

ORP and the tank farm contractor, pursuant to federal requirements for protection of their 
workers, will develop and implement industrial hygiene (IH) monitoring plans for exhauster 
stack emissions for the retrieval of tank C-111. The plans will be developed and implemented 
pursuant to the requirements ofTFC-PLN-34, Industrial Hygiene Exposure Assessment Strategy. 
The constituents of potential concern (COPC) for which exhauster stack sampling and analysis 
will be conducted will be identified in the IH monitoring plan for the retrieval. The COPC 
identified in the IH monitoring plans will be all or a subset, as determined to be appropriate by 
the tank farm contractor IH, of those constituents listed in RPP-20949, Data Quality Objectives 
for the Evaluation ofTank Chemical Emissions for Industrial Hygiene Technical Basis, Table 4-
1, developed with input from Ecology and RPP-22491, Industrial Hygiene Vapor Technical 
Basis. No COPC shall be dropped from the Tank Vapor Information Sheet (TVIS) list 
developed for C-Farm without 90 days prior notification to and approval from Ecology. If ORP 
notifies Ecology of its desire to cease exhauster stack sampling for a COPC initially identified 
and listed in an IH monitoring plan and no response is received from Ecology within 90 days, the 
COPC will be deleted from the IH monitoring plan and sample and analysis activities for that 
COPC will cease. New COPCs may be added to an IH monitoring plan without notification to or 
approval from Ecology and without modifying or revising this TWRWP. 

The sampling and analysis methods shall be U.S. Environmental Protection Agency (EPA), 
National Institute for Occupational Safety and Health, or Occupational Safety and Health 
Administration approved methods or an equivalent the tank farm contractor approved method, as 
identified in RPP-20949. The exhauster stack samples will be analyzed at the 222-S Laboratory, 
the Waste Sampling and Characterization Facility, or an equivalent laboratory consistent with the 
quality assurance/quality control procedures for that laboratory. Further, laboratory analysis data 
will be kept on file at the laboratory consistent with the laboratory record keeping procedures for 
that laboratory for a period of not less than 5 years and will be available to Ecology within 24 hr 
on request. 

Ecology and ORP understand and agree that the activities discussed above do not restrict ORP 
and the tank farm contractor from taking any and/or all steps necessary as ORP and the tank farm 
contractor deem appropriate to protect its workforce in response to data and information 
generated by an IH monitoring plan or incidents as they might arise during waste retrieval. 
Ecology and ORP also understand and agree that the preceding sampling and analysis discussion 
is presented to ensure ORP is achieving the agreed to sampling and analysis for the protection of 
the public and its workers and does not modify the exemption from the requirements of 40 CFR 
264, "Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and 
Disposal Facilities," and 40 CFR 265, "Interim Status Standards for Owners and Operators of 
Hazardous Waste Treatment, Storage, and Disposal Facilities," Subpart CC, granted to ORP 
under 40 CFR 265.1 080(b )( 6). Therefore, this discussion does not imply any change to the 
respective authority of either Ecology or ORP regarding the sampling, analysis, monitoring, and 
control of airborne emissions from Hanford Site tanks. 
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4 DESCRIPTION OF PLANNED LEAK DETECTION AND MONITORING 
TECHNOLOGIES 

4.1 EXISTING TANK LEAK MONITORING 

This section describes tank leak monitoring activities that have been historically performed or 
are currently being performed. 

Prior to beginning retrieval operations, single-shell tanks are in waste storage mode. The 
requirements for leak detection while in waste storage mode are provided in OSD-T -151-00031, 
Operating Specifications for Tank Farm Leak Detection and Single-Shell Tank Intrusion 
Detection. When retrieval operations are ready to commence for C-111 the tank enters retrieval 
mode as described in 4.2. 

4.1.1 Drywell Monitoring 

IdentifY the number and location of drywells near the subject tank. IdentifY ongoing 
routine drywell monitoring activities. (configuration, depth, frequency of and 
methodology for sampling) 

Seven drywells are spaced around tank C-111 that are between 5 and 25 ft from the edge of the 
tank (Figure 4.1). The seven drywells include 30-11-01, 30-11-05, 30-11-06,30-10-02, 
30-10-01, 30-11-09 and 30-11-11. All seven of the drywells are 100ft deep (GJ-HAN-93, 
Vadose Zone Characterization Project at the Hanford Tank Farms Tank Summary Data Report 
for Tank C-111). 

For tanks in waste storage mode there is no routine drywelllogging performed. 

4.1.2 Groundwater Monitoring 

IdentifY the number and location of groundwater monitoring wells associated with the 
Waste Management Areas (WMA). Summarize current groundwater monitoring 
activities. 

Groundwater monitoring at WMA C was begun in 1990 using four RCRA groundwater 
monitoring wells constructed in 1989 (299-E27-12, 299-27-13, 299-E27-14, and 299-E27-15). 
Additional monitoring wells have been added since 1989. A current list of the WMA C ground 
water monitoring wells can be found in DOE/RL-2009-77. The wells are sampled quarterly to 
meet prior agreements made with Ecology. Quarterly samples are analyzed at a minimum for 
anions, cyanide, inductively coupled plasma metals, gross beta, 99Tc, and total uranium, and a 
low-level gamma scan is performed. Sampling is conducted in accordance with DOE/RL-2009-
77 and DOE/RL-2001-49. 

The quarterly groundwater monitoring that is currently performed is adequate for the purpose of 
supplementary data collection during waste retrieval. Ecology is provided quarterly groundwater 
monitoring sample results in the quarterly and annual groundwater monitoring reports. These 
reports are issued by the groundwater project. 
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If a leak is detected during retrieval, groundwater monitoring frequency will be reevaluated in 
accordance with the regulatory requirements in WAC 173-303, "Dangerous Waste Regulations." 

4.1.2.1 Use of Groundwater Monitoring for Retrieval Process Control. 

(I) Evaluate the use of appropriately located existing groundwater monitoring wells for 
retrieval process control. 

Based on the limitations of flow transport calculations and the time required for a retrieval leak 
to show up in groundwater samples, groundwater monitoring data will not be used for retrieval 
process control, but is available, for background reference information only, through the site 
groundwater monitoring program. 

4.1.2.2 Groundwater Sampling Prior to and Following Retrieval. 

(2) Ensure that appropriately located existing groundwater monitoring wells will be 
sampled within a two month period prior to and following the retrieval (quarterly 
sampling satisfies this requirement). 

Quarterly groundwater sampling is performed for the C-farm groundwater monitoring wells. In 
accordance with 04-TPD-083 - letter, it was agreed to in writing by ORP, Ecology, and the tank 
farm contractor that quarterly groundwater sampling satisfies the TWRWP outline requirement 
C.1.b.(2) (this wording is in italics at the start of Section 4.1.2.2) to take groundwater samples 
within a 2-month period prior to and following retrieval. 

4.1.3 Existing Tank Level Monitoring Equipment and Activities 

Identify existing level measurement instrumentation in the subject tank and receiver tank. 
Identify ongoing tank level monitoring activities. 

Tank C-111 currently has an operable ENRAF level gauge installed. The receiver DST has the 
same type of level gauge installed. The receiver DST annulus has three leak detection devices 
installed such as Enraf level gauges or similar instruments and continuous air monitors for 
detection of leaks from the tank primary tank liner. 

The waste level in C-111, while in storage mode, is monitored for intrusion only on a quarterly 
basis (OSD-T -151-00031, Operating Specifications for Tank Farm Leak Detection and Single-· 
Shell Tank Intrusion Detection). The basis for in-tank leak detection and intrusion monitoring is 
provided in RPP-9937, Single-Shell Tank System Leak Detection and Monitoring Functions and 
Requirements Document. 

The primary level monitoring in the receiver DST is performed as described in 
OSD-T-151-00031, Section 4.0. The three annulus leak detector instruments provide indication 
of tank leaks as described in OSD-T-151-00031, Section 4.0. 

Level monitoring for the tank receiving the exhauster condensate, if not C-111, will be 
performed as specified in the applicable Ecology approved TWRWP for that tank. 
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Figure 4-1. Plan View of the C Tank Farm Showing Drywells. 
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4.2 PROPOSED LEAK DETECTION MONITORING SYSTEM DESCRIPTION 

This section provides a description of the leak detection and monitoring (LDM) system that will 
be deployed at tank C-111 during waste retrieval along with a description of how it will be 
operated. 

The definition of when a tank is changed from storage mode to retrieval mode is provided in 
OSD-T -151-00031. A tank is considered to be officially in retrieval status if one of two 
conditions is met: either waste has been physically removed from the tank by retrieval operations 
or, preparations for retrieval operations are directly responsible for rendering a primary leak 
detection or intrusion monitoring device out of service. 

When all waste removal operations have been completed, a final waste volume measurement 
obtained, and all post-retrieval monitoring required by this document completed, the tank 
retrieval status is maintained but retrieval leak detection is complete and the tank is monitored 
for intrusion as specified in Section 6.3. 

4.2.1 Description of Proposed LDM System Configuration Used During Waste Retrieval 

(Physical and Operating) 

a. Describe the proposed LDM system configuration to be used during waste retrieval. 

The leak detection and monitoring (LDM) method for tank C-111 during retrieval uses 
deployment of a high-resolution resistivity (HRR) LDM system with drywells and the tank 
thermocouple as electrodes. The HRR system will be fully implemented administratively as well 
as physically implemented in the field when used. 

Established drywelllogging methods will be used to survey the drywells surrounding C-111 
prior to the start of retrieval, and will be used as a backup means of leak detection if the HRR 
system becomes inoperable. The use of drywelllogging as a backup is specified in 4.2.1.1. 

Under limited conditions, as specified in 4.2.1.2, SST liquid level measurement may also be used 
for leak detection and monitoring. 

Figure 4-3 is a logic chart showing what leak detection method(s) are used, and when. Details of 
the methods shown in Figure 4-3 are provided in 4.2.1.1 through 4.2.1.3. 

LDM systems consisting of standard leak detection arrangements are used for transfer lines and 
pits. 

The LDM system used for the receiver DST is the same one described in Section 4.1.3. 

Any resulting changes to LDM activities described in this TWRWP will be approved by Ecology 
within 24 hours through the Change Notice form. 
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Figure 4-2. Waste Management Area C and Regulated Structures 

Figure Deleted 
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Figure 4-3. Leak Detection Methodology for SST Retrieval.' 

• Perform pre-retrieval drywell gamma scans 
• Perform pre-retrieval drywell moisture scans 
• Obtain pre-retrieval HRR baseline data 
• Meet definition of being in retrieval status 
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Perform active retrieval operations 

HRRoff Perform post-retrieval drywell gamma scans 

1 Leak detection using SST level measurement may supersede HRR and drywell monitoring when criteria in 4.2.1.2 
are met 

'Only until HRR back in service 
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4.2.1.1 Drywell Monitoring. Drywelllogging refers to use of moisture gauges and/or 
gross gamma detectors to monitor soil conditions surrounding the tank for increases in moisture 
content and/or gamma activity that may be evidence of tank leakage. Drywelllogging will be 
performed as follows: 

• Gamma scans will be obtained for each listed drywell prior to initiation of retrieval 
operations in the tank 

• Moisture scans will be obtained for each listed drywell prior to initiation of retrieval 
operations in the tank 

• After retrieval operations have been initiated drywelllogging will only be performed if 
needed as a backup leak detection method. 

• Gamma scans will be obtained for each listed drywell following completion of active 
retrieval operations in the tank 

Should a pre-retrieval gamma scan show an unexpected presence of radioactivity in the soil 
adjacent to any of the listed drywells, and the unexpected reading is confirmed, the tank leak 
assessment process in procedure TFC-ENG-CHEM-D-42 would be implemented. Retrieval 
activities as described in this work plan would not commence until the unexpected reading had 
been evaluated and shown to not alter the leak status stated in 2.1.3 for the tank whose waste was 
to be retrieved. 

Current plans include monitoring of the following drywells prior to waste retrieval from tank 
C-111: 

30-11-01,30-11-05, 30-11-06,30-10-02, 30-10-01, 30-11-09,30-11-11, and 30-08-12. 

There is a potential that access to some drywells may be precluded by the placement of 
equipment or shielding, restricted due to ALARA (as low as reasonably achievable) concerns, or 
alterations to the tank farm surface as a part of ongoing waste retrieval activities. 

The pre- and post-retrieval gamma scans will be obtained from near the ground surface to near 
the bottom of each drywell. 

The pre-retrieval moisture scans will be obtained from near the ground surface to near the 
bottom of each drywell. Pre-retrieval moisture logging is performed to provide a baseline for 
comparison should moisture logging be required for backup leak detection during waste 
retrievaL 

Should moisture logging be necessary after the start of waste retrieval activities, significant 
increases in soil moisture levels would be followed up by performing a gamma scan to determine 
if the moisture increase was due to a waste leak. If there is an unexplained increase in soil 
moisture content observed during moisture logging and access is not practical for any gamma 
monitoring system, Ecology will be informed and an alternate means of investigation proposed. 

Since post-retrieval gamma scans are to be performed following retrieval, there is no need to 
perform a post-retrieval moisture scan. 
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Drywelllogging, when performed as a backup leak detection method, will monitor specific 
region(s) of interest for increases in soil moisture (or gamma) content. These may include the 
interval from above the existing waste surface to below the base of the tank. The depth interval 
to log when drywelllogging is performed as a backup leak detection method will be specified in 
the process control plan. 

Due to operational constraints, required drywelllogging may be missed occasionally if it is used 
as backup to HRR. Ecology will be informed of missed required drywell monitoring. 

Pre- and post-retrieval drywell gamma logging and any gamma logging done during retrieval 
operations may be performed with the radionuclide assessment system (RAS truck), the 
radionuclide monitoring system (RMS), or the spectral gamma system (SGLS). Moisture 
logging will be performed with hand-held moisture probes or any of the vehicle mounted 
systems setup for moisture logging. The following background information describes the 
drywelllogging tools, what they measure, and general measurement capabilities. 

The handheld moisture gauge is a commercially available system (model 503DR 
HYDROPROBE®i designed for manual measurement of in situ moisture content. This unit 
employs an 241Am/Be neutron source and a neutron detector to measure the neutron flux rate at a 
given depth in the drywell. A formula is then used to relate the neutron flux rate to volume 
percent moisture in the soil. Use of the handheld moisture gauge does not require truck access 
into the tank farm and is more practical for frequent use. 

The RAS truck was specifically designed for routine gamma monitoring against the baseline 
established from the spectral gamma logging system data. The RAS uses a series of three 
interchangeable Nal(Tl)-based scintillation detectors for measurement over the range from 
background levels to about 105 pCilg 137Cs. The RAS records counts in specific energy ranges 
as well as total gamma activity. Although it does not have the energy resolution capability of the 
spectral gamma logging system, it is mounted on a smaller truck and collects data at a faster rate. 

The RMS is a modular, portable logging unit capable of concurrent measurement of gross 
gamma activity and neutron moisture content. The RMS will have calibrated neutron moisture 
and gross (total) gamma detectors on a combined probe. It will provide dual data logs over 
preselected depth intervals in the drywells. The overall size and portability of the RMS will 
minimize interference with surface equipment, and the capability of collecting both moisture and 
gamma data in a single log run can result in a significant reduction in the cost of monitoring 
activities when compared to obtaining separate neutron and gamma logs. The RMS also 
provides for electronic data recording. When implemented, the RMS may be substituted for the 
handheld moisture gauge and may also be used in place of truck-mounted logging systems. 
Drywells with very high gamma activity (none ofthe drywells around tank C-111 are in this 
category) may still require the use of the high rate logging system that is part of the SGLS, but it 
is possible that a high rate detector can be developed for the RMS. Development of the RMS is 
complete but as of mid 2009 it is not yet available for deployment. It is anticipated that the RMS 
will have a measurement range from background up to 100,000 pCi/g 137Cs and 0 to 25 vol% 
moisture content. 

2 503DR HYDRO PROBE@. is a registered trademark of CPN International, Inc., Concord, California. 
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The SGLS logging system was used to establish baseline conditions in 1995-2000. This logging 
system is based on a liquid nitrogen cooled high purity germanium detector, which provides 
excellent gamma energy resolution for identification and quantification of individual 
radionuclides from background levels (method detection limit about 0.1 pCi/g 137Cs under 
typical conditions) up to about 10,000 pCi/g 137Cs. A high rate detector with internal and 
external shields is available to extend the measurement range to about 1 09 pCi/ g 137 Cs. 

The SGLS truck can also be used to operate a neutron moisture logging system, which measures 
in situ vadose zone moisture over the range of 0 to about 25 vol% moisture content. The neutron 
moisture logging system uses a similar source-detector relationship as the handheld moisture 
gauge. 

It takes about one shift of operation to obtain moisture logging data from all the drywells around 
a tank with the hand-held moisture probe. It takes about one shift of operation to obtain RAS 
data from one drywell. 

The handheld moisture gauge will be deployed by qualified personnel in accordance with 
T0-320-022, Operate Model 503DR Hydroprobe Neutron Moisture Detection. 

The logging systems will be deployed by qualified personnel in accordance with the applicable 
procedures for that equipment. 

The results from drywell monitoring, as well as a summary and analysis of this monitoring, 
including tools used, calibration, boreholes logged, depth of logging, frequency, logging rate, 
and data analysis will be submitted to Ecology within the retrieval data report in accordance with 
Appendix I of the HFF ACO. 

4.2.1.2 Leak Detection Using SST Liquid Level Measurement. SST level measurement 
data are normally limited during periods when active retrieval operations are not being 
performed due to the strategy of minimizing liquid in the tank. In addition, because of the dished 
bottoms of the tanks and the location of the level instrumentation near the side in the C-1 00 
series SSTs, waste levels cannot be measured below approximately 12,000 gal. However, should 
conditions exist where a continuous liquid surface measurement is available (e.g., a pump fail 
prior to removing as much liquid as practical from the tank and replacement of the pump cannot 
occur immediately) this measurement could provide an additional means ofleak detection 
superior to either drywell monitoring or HRR. SST Liquid level measurement can be used for 
leak detection during waste retrieval under the following conditions: 

a. The tank level gauge must be an ENRAF level gauge of the type normally used in tank farms 

b. There must be a liquid surface under the ENRAF plummet, with no part of the plummet 
touching any waste solids or the tank bottom 

c. There are no active retrieval operations being performed 

d. The tank is not being actively exhausted except as required to meet air permit requirements* 
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e. The measured waste level is not increasing, such as can occur if liquid is slowly draining 
from waste solids above the liquid surface 

*If the exhaust is applied to the tank for> 7 days and causes a significant level decrease rate, 
moisture logging will be evaluated as an alternative leak detection method. 

Material balance will not be credited for SST leak detection during the retrieval of C-111. 

4.2.1.3 High-Resolution Resistivity. HRR will be used for leak detection during the retrieval 
of the waste in C-111. The equipment operates continuously except when down for repairs, 
calibrations, electrical outages, or similar reasons. Should a problem occur which renders the 
HRR leak detection system inoperable, drywell monitoring would be used as a backup means of 
leak detection, within the conditions specified in Figure 4-3 and 4.2.1.1. 

The HRR method uses geophysical resistivity measurements as a means to detect changes in 
baseline soil moisture levels. The electrical resistivity of the soil around and beneath a waste 
tank depends on a number of parameters, one of which is moisture content. The leakage of water 
or tank waste into these sediments changes the soil resistivity. The HRR method detects a 
potential leak by comparing a present resistivity measurement against a previously obtained 
baseline measurement. Comparison to a baseline allows the HRR method to discount existing 
resistivity differences in the soil caused by factors that include conductive structures or prior 
leaks. Changes in soil moisture from precipitation need to be taken into consideration during 
monitoring to reduce the potential for making an incorrect leak determination. 

HRR data processing, data review, leak evaluation methodology and definitions of anomalies 
and unexplained anomalies are described in RPP-32477, High Resolution Resistivity Leak 
Detection Data Processing and Evaluation Methods and Requirements. The HRR leak detection 
requirements in RPP-32477 and in this TWRWP will be implemented in approved procedures by 
trained and designated personnel prior to the start of waste retrieval operations. 

The basic resistivity measurement concept utilizes the existing drywells and/or a tank electrode 
(normally the tank thermocouple) as measurement electrodes. There are reference transmitter 
and receiver electrodes located a nominal 1,500 ft or more from the tank farm. Power is applied 
to a drywell-reference transmitter electrode pair and an amperage measurement obtained. 
Concurrently, a voltage measurement is obtained at another electrode-reference receiver 
electrode pair. Soil resistivity is calculated by dividing the voltage measured across the receiver 
electrode pair by the current measured across the transmitter pair. These measurements are 
repeated continuously and the subsequent resistivity data analyzed for changes with time. 

The HRR data may be reviewed any time. When the system is operating the raw data is 
normally less than an hour old. 
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Ecology will be informed via e-mail or phone if an unexplained HRR anomaly exists. The 
response to an unexplained HRR anomaly is described in 4.6. It is anticipated that three months 
or more may be needed to analyze all the available data and obtain any needed supporting 
information to enable resolution of the unexplained HRR anomaly. If, after three months, the 
unexplained HRR anomaly has not been resolved, Ecology will be consulted as to possible 
changes in groundwater and analyte monitoring frequency. 

A limitation to the HRR system is that it provides data primarily as a two-dimensional diagram 
from the viewpoint of looking down on the tank. Thus a leak may be detected by HRR, and the 
general location of the leak around the tank noted, but the actual depth may or may not be able to 
be discerned from the data. 

4.2.1.4. Leak Detection in Transfer Lines and Pits During Waste Retrieval. Supernate will 
be transferred from the receiver DST and liquid waste and slurry will be transferred from C-111 
back to the receiver DST using temporary hose-in-hose overground transfer lines and pits. Leak 
detectors located in pits will be monitored during waste transfers. Leaks may also be detected by 
monitoring flows and by radiation monitoring of the HIHTL in accordance with the requirements 
ofRPP-13033 and RPP-12711, Temporary Waste Transfer Line Management Program Plan. 
Pits associated with the receiver tank will also be monitored. 

Leakage from the primary overground transfer hose (inner hose) will be contained by the 
secondary confinement system (outer hose). The secondary confinement system is designed to 
drain any fluid released from the primary hose to a common point for collection, detection, and 
removal. Leak detection elements are installed in pits at the ends of the transfer lines. If a leak 
occurs the liquid will contact the detector, which will actuate an alarm and the transfer pumps 
shut down either automatically or manually. 

4.2.1.5 Leak Detection in Receiver DST During Waste Retrieval. The existing leak 
detection systems in the receiver DST will be utilized as required in OSD-T -151-00031. Leak 
detection instruments are installed in the annulus to detect a leak from the primary tank. 

4.2.2 Use ofDrywells and Groundwater Wells During and After Waste Retrieval 

b. Describe the proposed use of existing drywells and groundwater monitoring wells 
during and after waste retrieval operations. 

During waste retrieval operations existing drywells will be monitored if needed as a backup 
means of leak detection as described in Section 4.2.1.1. 

The post-retrieval gamma scans may be done by any of the gamma logging methods discussed in 
Section 4.2.1.1 within 6 months following the completion of waste retrieval on the tank. 

Groundwater monitoring wells will be sampled and the samples analyzed both during and after 
waste retrieval operations as described in Section 4.1.2. 
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4.3 RATIONALE FOR SELECTION OF LEAK DETECTION MONITORING 
TECHNOLOGY 

Rationale for selection of LDM technology. 

The LDM technology selected for deployment at tank C-111 represents the best available 
technology. The HRR system, as described in Section 4.2.1.3 is believed to provide improved 
leak detection monitoring over that provided by drywell monitoring. 

Pre-retrieval drywell gamma scans are performed to provide an updated baseline for that drywell 
prior to initiation of waste retrieval activities. 

Pre-retrieval drywell moisture logging is performed to provide a baseline for that drywell prior to 
initiation of waste retrieval activities in case moisture logging is required as a backup means of 
leak detection during waste retrieval activities. 

A pre-retrieval HRR baseline is performed since HRR leak detection is based upon observation 
of resistivity change from an established baseline. 

Post-retrieval gamma scans will be obtained for conservatism, to verify there has been no 
significant change from the pre-retrieval gamma scans. 

Use of SST liquid level data for leak detection, when such data are available and obtained under 
the conditions listed, would provide a leak detection capability exceeding that provided by 
drywelllogging or HRR. 

4.4 LEAK DETECTION FUNCTIONS AND REQUIREMENTS 

Functions and attendant requirements necessary to support design of proposed LDM 
system(s). Functions and requirements to be provided at a level-of-detail consistent with 
a Levell specification (see RPP-7825 [S-112 F&R}, Section 4 and/or RPP-18811 
[C-103/105 F&R]). 

This section defines the upper-level functions and corresponding requirements to which the leak 
detection systems for tank C-111 must be designed and operated. The system specification for 
the C tank farm 1 00 series tanks will be consistent with this TWR WP. The functions and 
requirements for LDM are given in Table 4-1. 
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Table 4-1. Tank C-111 Leak Detection and Monitoring 
Functions and Requirements. 

Function Requirement 

Detect leaks during The LDM system shall be capable of 
waste removal detecting liquid waste releases 
from tank C-111 during all waste removal operations. 

Monitor leaks from The WRS shall be capable of 
tank C-111 during providing data to support 
waste removal quantifying leak volumes from the 

tanks in the event a release is 
detected during waste retrieval 
operations. 

Mitigate leaks The integrated retrieval and LDM 
during tank C-111 system shall be designed and 
waste retrieval operated to mitigate leaks as the 

primary means of minimizing 
environmental impacts from leaks 
during waste retrieval ifthey occur. 

WRS secondary For ex-tank equipment and piping, 
containment and the WRS shall incorporate secondary 
leak detection containment and leak-detection 

design features in accordance with 
40 CFR 265.193 and DOE 0 435.1. 

DST = double-shell tank. 
LDM = leak detection and monitoring. 
WRS = waste retrieval system. 

Basis Key Elements 

WAC 173-303 Utilize LDM 
technologies to detect 
loss of liquid from a 
tank; see Section 4.2.1. 

WAC 173-303 Utilize both ex-tank 
LDM technologies and 
process data that will 
allow estimate ofleak 
volume and migration 
rate to be developed to 
the extent practical in 
the event of a leak. 

WAC 173-303 Leak mitigation 
strategy described in 
Section 4.6. 

40 CFR265 Provide for safe and 
WAC 173-303 compliant transfer of 

DOE 0 435.1 waste to the receiver 

RPP-13033 
DST. 

HNF-SD-WM-
TSR-006 

40 CFR 265, "Interim Status Standards for Owners and Operators of Hazardous Waste Treatment, Storage, 
and Disposal Facilities." 

DOE 0 435.1, 2001, Radioactive Waste Management. 

HNF-SD-WM-TSR-006, 2005, Tank Farms Technical Safety Requirements. 

RPP-13033, 2005, Tank Farms Documented Safety Analysis. 

WAC 173-303, "Dangerous Waste Regulations." 

4.5 ANTICIPATED TECHNOLOGY PERFORMANCE 

Anticipated technology performance capability (discuss deployment, data collected, 
timeliness of data analysis for process control). 

4.5.1 Drywell Monitoring 

There is no single value that can be stated as the maximum leak that could go undetected by 
drywell monitoring for tank C-111. 

There are a wide range of variables that influence the effectiveness of drywell monitoring. A 
Monte Carlo-type analysis of drywell monitoring performance for SST leak detection was 
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prepared that considered the impact of all significant variables (RPP-1 0413, Tank S-II2 Saltcake 
Waste Retrieval Demonstration Project Leak Detection, Monitoring, and Mitigation Strategy, 
Appendix B). This document provided the results of an in-depth computer analysis that 
evaluated the variables affecting drywell monitoring performance, varied them over selected 
ranges and calculated the leak volume which might occur by the time of leak detection. Over 
100,000 combinations were analyzed. The following wording on drywell monitoring 
performance in italics is extracted from RPP-1 0413. 

From Section 5.3 ofRPP-10413: 

.... For slow leak rates ranging/rom 0.03 gal/hr to I.44 gal/hr, the travel time and 
associated leak volumes for a leak originating near a drywell are small. The theoretical 
leak volume and associated time required to reach a drywell from the center of the tank 
floor to a drywell (modeled as a 45-foot distance) are larger. Detection of a slow leak 
from the center of the tank floor with a drywell is unrealistic as the time required for 
sl{/jicient liquid to leak from the tank and migrate to the drywell is significantly longer 
than the planned waste retrieval duration. Summary statistics for travel time and total 
volume leaked under slow leak conditions are shown in Table 5.2 [this is Table 5.2 in 
RPP-10413, not a table in this work plan]. The mean values for travel times are I2 days 
for the I 0-foot distance and 2. 0 years for the 45-foot distance. The corresponding mean 
values for volume leaked are IOO gallons and 6,200 gallons. The 5th and 95th percentile 
values are also listed in Table 5.2. Approximately 90% of the results fall between these 
two extremes. 

Table 5.2. Summary Statistical Results for Ex-Tank leak Detection 
Response Time (for leaks less than 1.5 gal/hr) 

Parameter 1 0-foot Distance 45-foot Distance 
((=0.75) (f= 0.50) 

Mean travel time 12d 7IO d (2.0 y) 

Median travel time 4.8 d 290 d (0.80 y) 

5th 1 . percentz e tzme I.Od 59d 

95th "! . percentz e tzme 43 d 2,600 d (7.I y) 

Mean volume leaked IOO gal 6,200 gal 

Median volume leaked 73 gal 4,400 gal 

5th percentile volume 20 gal I,200 gal 

95th percentile volume 300 gal I8,000 gal 

Notes: The mean value is the sum of the times or volumes divided by the number of 
trials. The median value is the time or volume is [sic] the 5oth percentile in the 
cumulative distribution (i.e., half the results lie below the median value). The 5th and 
95th percentiles show the range of times or volumes that encompass 90% of the 
calculated results. 

Additional uncertainty analyses were performed to evaluate a larger range in potential 
leak rates. Historical leak rates were reviewed and a range in-tank leak rates from 0. 03 
to I 02 gal/hr. To account for the higher probability of a slow leak compared to a fast 
leak a lognormal distribution was assigned to the leak rate parameter (referred to as the 
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lognormal leak rate model). For this leak range the 95th percentile volume at both the 
1 0-foot and 45-ft distance increased over those shown in Table 5.2. The summary 
statistics for the larger leak rate range are provided in Table 5.3 [this is Table 5.3 in 
RPP-1 0413, not a table in this work plan] ........ . 

Table 5.3. Summary Statistical Results for Ex-Tank leak Detection 
Response Time (for large leaks) 

Parameter 
1 0-foot Distance 45-foot Distance 

({= 0.75) (f= 0.50) 

Mean travel time 20d 1,200 d (3.3 y) 

Median travel time 2.2 d 130d 

5th percentile time 0.07 d 4.1 d 

95th percentile time 72d 4,400 d (12 y) 

Mean volume leaked 100 gal 6,200 gal 

Median volume leaked 73 gal 4,400 gal 

5th percentile volume 20 gal 1,200 gal 

95th percentile volume 300 gal 18,000 gal 

Notes: The mean value is the sum of the times or volumes divided by the number of 
trials. The median value is the time or volume is [sic] the 5oth percentile in the 
cumulative distribution (i.e., half the results lie below the median value). The 5th and 
95th percentiles show the range of times or volumes that encompass 90% of the 
calculated results. 

From Attachment B3 ofRPP-10413: 

The main text shows stochastic results for two leak-to-drywell distances, 10ft. and 45ft. 
In this appendix, the leak-to-drywell distance (B) is allowed to vary over the bottom and 
side surfaces of the tank. It will be assumed that a leak could occur anywhere on the 
sides or bottom of the underground tank. It is further assumed that the sides are more 
likely locations for the leak. A probability distribution is constructed forB and the 
distribution of travel times is calculated Three cases are considered The first has only 
one drywell for the tank. The second has two drywells on opposite sides of the tank. The 
third case has three drywells evenly spread around the tank. As might be expected, as the 
number of drywells, increases, the mean travel time decreases ..... 

... The stochastic results for these three cases are summarized in Table B3.1 [this is Table 
B3.1 in RPP-10413, not a table in this work plan]. As the number of drywells increases, 
the moisture travel time and volume leaked decrease .... 
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Table B3.1 Summary of Stochastic Results 

Parameter One Two Three 

Mean travel time 2,670 d 650d 234 d 

Median travel time 716 d 144 d 54 d 

5th "l . percentz e tzme 6.6d 3.4 d 2.5 d 

951h percentile time 10,500 d 2,590 d 924d 

Mean volume leaked 23,100 gal 5,620 gal 2,030 gal 

Median volume leaked 11,200gal 2,160 gal 795 gal 

5th percentile volume 105 gal 59 gal 46gal 

951h percentile volume 87,700 gal 22,400 gal 7,980 gal 

Notes: The mean value is the sum of the times or volumes divided by the number 
of trials. The median value is the time or volume is [sic] the 50th percentile in the 
cumulative distribution (i.e., half the results lie below the median value). The 5th 
and 95th percentiles show the range of times or volumes that encompass 90% of 
the calculated results. 

Drywelllogging is a currently deployed technology and has been used for a number of years 
within the tank farms. Some of the equipment such as the RMS is newly developed, but the 
basic principles of operation remain the same. It normally requires about a shift to perform 
handheld moisture logging on all the drywells around a tank, assuming a 15- to 30-ft logging 
range with data taken every foot. Approximately one shift is required to do a gamma scan with 
the RAS truck on one drywell, based on a full 75-100-ft scan. If the RAS was used only over the 
same range as the hand-held moisture logging, more than one drywell could possibly be logged 
in a shift. Logging a well with the RMS vehicle, when approved for use, should take less time 
than for the RAS. A full SGLS scan of a single drywell will take a shift. If the SGLS scan was 
limited to the same depth range as the hand-held moisture monitoring, more than one drywell 
might be logged in a shift. 

The data collected during moisture logging consists of neutron counts at different depths below 
grade in a drywell. These neutron counts are converted to a soil volume percent water using a 
formula developed for each source/detector combination. Data may be taken manually or 
electronically. 

The data collected during gamma logging consists of count rates at different depths below grade 
in a drywell. These counts can be reviewed as a total count rate at that specific depth or for the 
SGLS converted to a soil radionuclide concentration with a formula developed for each detector. 
Electronic data are recorded on a storage medium. 

Moisture logging data sheets are normally given to data analysis personnel the same or following 
day from when the logging was performed. In instances such as when logging is done on a day 
when personnel are normally off, it may be several days before the sheets are reviewed. 
Following review, operations personnel are notified by data analysis personnel of out of the 
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ordinary readings. This notification will thus usually be 1 to 2 days after the data are taken, but 
in limited instances may be up to 4 days. 

The keys to leak mitigation strategy are detailed in Section 4.6.1. 

Data collected with the handheld moisture gauge will be analyzed within a few days. Data 
collected with the truck-mounted logging system will be analyzed within a few weeks under 
normal operations. 

Due to the uncertainty and variance in the performance of the technology, there is no 
instantaneous method to measure leak migration rates. 

4.5.2 SST Liquid Level Monitoring 

Should the conditions listed in 4.2.1.2 be met, SST level monitoring can provide a leak detection 
capability that exceeds that for either drywell monitoring or HRR. The accepted accuracy of an 
ENRAF gauge is ±0.1 in., or ±275 gal when the reading is taken within the 75ft. diameter 
section of the tank. The precision ofthe gauge is ±0.01 in., or ±28 gal. An ENRAF gauge 
operating on a liquid surface could easily note a decrease in liquid level ofless than 275 gal. 
Such a decrease would not automatically indicate a tank leak. The decrease would need to be 
evaluated to determine if there were other causes besides a leak. 

4.5.3 HRR Leak Detection 

During the leak injection test performed in 2006 adjacent to tank S-1 02 a non-radioactive salt 
solution was injected into the ground at depth of approximately the base of the tank. The 
solution for the first test was injected into the soil, and the solution for the nine additional tests 
injected into the soil wetted by the first test. RPP-30121, Tank 241-S-102 High-Resolution 
Resistivity Leak Detection and Monitoring Test Report, indicates that these 'leaks' were detected 
8 of the 10 times, and for those 8 detections the leak volumes at the time of detection were in the 
nominal range of 100 to 600 gal. RPP-30121 further states that the leak detection capability of 
the HRR injection test system, based upon all 10 tests, is a volume of 2,100 gal at a 95% 
confidence interval. This statement is only applicable to the HRR injection test system in the 
geometry and under the conditions and leak rates tested ('tank' simulated as a 6 inch diameter 
steel pipe extending downward approximately 100 ft with the leak occurring at a depth of 
approximately 45ft., 5 to 20 gal/h leak rates). 

It is reasonable to assume that the response for an HRR system deployed around an SST in 
C-Farm may be somewhat less than that reported in RPP-30121 for the leak injection test setup 
due to the differences in geometry between the test setup and a 100 Series SST inC-Farm, 
including the presence of concrete around the steel SST body which may diffuse or hold up 
leakage. There may also be a slightly lower conductivity for the liquids stored in the C-Farm 
tanks when compared to the injection test salt solution. Based on past tank leak experience, the 
rate of an actual tank leak would also likely be less than the range of leak rates tested in the leak 
injection test. Due to these differences and other limitations preventing direct extrapolation of 
test results to field deployment for C-111, a quantitative value cannot be stated for the leak 
detection capability of an HRR system deployed inC-Farm. However, it can be qualitatively 
stated that based upon experience at the Mock Test Site, the S-102leak injection test, 
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observation of the response of surface electrodes tested both at S-1 02 and C-1 03, and general 
HRR system operation both inS-Farm and C-Farm it is believed an HRR system deployed in 
C-Farm should provide leak detection capability better than the calculated drywell monitoring 
leak detection capability in Section 4.5.1. HRR interrogates the soil around and under a tank. 
The system sensitivity may decrease somewhat with the distance of an electrode ( drywell) from 
the tank, but resistivity changes were still seen with drywells 100 ft. away from the injection 
point during the injection testing. With drywelllogging, waste liquid likely needs to be less than 
a foot from the drywell to be detected by moisture monitoring. Gamma monitoring could 
probably detect a leak when the liquid was 2 to 3 ft. from the drywell, depending upon 
conditions. With the much larger area interrogated by HRR, HRR is expected to have a much 
better sensitivity for leak detection when using the drywell-to-tank electrode data upon which the 
leak injection test conclusions were based. Sensitivity for HRR leak detection using drywell-to­
drywell data is less under most conditions than that for drywell-to-tank data, but is still expected 
to be better than drywell monitoring due to the larger soil volume interrogated by HRR. 

The leak detection capability for HRR is also enhanced in comparison to drywell monitoring 
since it operates on a near continuous basis, except when out of service. 

Due to the uncertainty and variance in the performance of the technology, there is no 
instantaneous method to measure leak migration rates. 

The data collected during HRR consist of voltage and amperage readings taken at periodic 
intervals for all electrode combinations. These are converted into a soil resistivity reading by 
dividing the voltage by the amperage. The raw data are then processed through software and 
analyzed for trends that may be indicative of a tank leak. The raw calculated resistivity values 
can also be reviewed directly without processing. 

The HRR data may be reviewed any time by qualified personnel. The raw data available may be 
an hour or less old. Processed data lags 4 to 6 hr behind the raw data due to the need to wait for 
a number of data sets to pass to perform spike rejection and filter the data. If the data are 
reviewed once a day the data used may thus be from less than 1 to 54 hrs old when first 
reviewed. 

4.6 LEAK MITIGATION AND RESPONSE 

Mitigation strategy including a response plan to a detected leak (identifY responses to 
various leak rates) including notifications and provisions for obtaining approval of any 
remedial actions. 

4.6.1 Waste Retrieval Tank Leak 

4.6.1.1 Waste Retrieval Tank Leak Mitigation 

Leak mitigation strategy for an SST leak during waste retrieval refers to both reducing the 
potential for a leak to occur and to minimizing the volume of waste that could leak to the ground 
if there were a tank leak. Leak minimization for a waste retrieval tank leak is provided by 
actions taken before and during waste retrieval. These include the following: 
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• The in-tank liquid inventory during waste retrieval will be less than liquid level present in the 
tank before interim stabilization activities were undertaken. 

• Addition of liquid to the retrieval tank is minimized and liquid pools that form are removed 
as practical. 

• Liquid inventories will be removed between waste retrieval campaigns. 

• Waste is retrieved to the extent practical by working from the center of the tank outwards. 

• Evaluating HRR system data as specified in Section 4.2.1.3. 

• Equipment handling controls are used to minimize the potential for dropping equipment into 
the tank, which could penetrate the tank bottom during installation. 

• Maintaining a benchmark level in the tank. The waste level shall not exceed this benchmark. 
The benchmark level shall be defined in the process control plan. The benchmark shall be 
based upon minimizing free liquid in the tank. 

If there is a need to operate the system longer than currently planned to demonstrate the limit of 
the technology to recover waste that is difficult to retrieve, the basic leak minimization step is 
still to limit the volume of any free liquid in the tank. 

4.6.1.2 Waste Retrieval Tank Leak Response 

There is no tank specific response plan for an SST leak during waste retrieval. The generic leak 
response reactions in this subsection are applicable to any tank undergoing modified sluicing 
waste retrieval. There may be further actions specified by Corrective Actions or in a WMA C 
closure plan when implemented. 

The 'timeliness' of any leak response action is dictated in part by how often the HRR data (or 
drywell monitoring data when used as a backup means of leak detection), are reviewed. Until a 
potential leak is noted there is no leak response, only the steps enumerated above to minimize the 
leak potential and leak volume. Anomalies noted during HRR data review are evaluated for leak 
potential. When this data review indicates an unexplained anomaly exists that may be caused by 
a potential tank leak, the following actions will occur: 

1. All liquid additions to the tank are stopped. There is no specific timeline for stopping liquid 
addition to the tank, it would occur as soon as direction was sent to field personnel to halt 
liquid addition. This direction would be sent as soon as operations management was 
notified following receipt of information that showed an unexplained anomaly existed. 

2. Implement TFC-ENG-CHEM-D-42, Tank Leak Assessment Process, leak assessment 
procedure. No specific completion times are stated for the referenced steps in the leak 
assessment process. Leak assessment steps in TFC-ENG-CHEM-D-42 include: 

o Review available information and identify additional information needs. 
Available information includes in-tank and ex-tank measured data (e.g., surface level, 
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flow rate, barometric pressure); tank process history; historical drywelllogs; 
photographs; etc. 

o Develop specific leak and non-leak hypotheses. Analysts and subject matter 
experts develop leak and non-leak hypotheses through a concurrence approach. 

o Assess leak probability. The probability for each leak and non-leak hypothesis is 
calculated. The probability assessment is reviewed and concurred with by the 
analysts. 

o Prepare leak assessment report. The leak assessment report includes the 
information reviewed, discussion of hypotheses considered, summary of analysts' 
assessments, summary of mathematical probabilities, and final determination. 

3. Ecology will be informed within 72 hours that the evaluation process in TFC-ENG-CHEM­
D-42 was initiated and that liquid additions to the tank have been suspended to validate if a 
leak has occurred. 

4. During the leak assessment process, continue to retrieve liquid from the tank as practicaL 
There is also no timeline for this step; this operation would continue if it was already being 
performed. If waste retrieval operations were not being performed and there was free liquid 
in the tank that could be removed, this removal would commence as soon as resources could 
be assembled to begin pumping, and the route to the receiver DST, and the DST itself, were 
available and able to accept the transfer. 

The response to a potential leak will be the same regardless of the leak rate. 

If the leak assessment concludes that no leak is indicated, waste retrieval operations will resume 
under normal operating procedures. 

Should a leak be validated, the operating contractor will notifY the appropriate regulatory 
agencies in accordance with TFC-ESHQ-ENV _FS-C-01, Environmental Notification. This 
includes notification to Ecology pursuant to the requirements of WAC 173-303. 

If the event or condition meets one ofthe occurrence reporting criteria, TFC-OPS-OPER-C-24, 
Occurrence Reporting and Processing of Operations Information, provides a number of steps to 
follow leading up to the point where the environmental notification procedure 
TFC-ESHQ-ENV _FS-C-01 is applied. Procedures are in place that direct immediate actions 
necessary to stabilize the facility/operation to a safe condition and preserve conditions for 
subsequent investigation (TFC-OPS-OPER-C-24). The applicable steps related to Ecology 
notification excerpted from TFC-ESHQ-ENV _FS-C-01 include: 

• Notify Tank Farm Contractor Environmental personnel of the leak. 

• Determine if the spill or release exceeds 40 CFR 302, "Designation, Reportable Quantities, 
and Notification," reportable quantity for the materiaL 

• Determine if a RCRA contingency plan needs to be implemented. 
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• Notify Ecology and the Washington State Department of Health ifthe reportable quantity 
has been exceeded and/or the RCRA contingency plan has been implemented. (Note: These 
notifications are performed per specific requirements on a checklist.) 

• Specific actions to mitigate the impact of an SST leak, including spill response, interim 
measures, remedial actions, and closure activities, will require consultation with Ecology and 
DOE-ORP. Specific response(s) to a confirmed release are contingent on the specifics of the 
release, including time to closure of farm, size of release, relation of release to previous 
releases, retrieval processes and equipment in farm. 

4.6.2 Receiving Tank Leak 

4.6.2.1 Receiving Tank Leak Mitigation 

The only receiver tank for C-111 waste is a DST. Since any DST leak would be into the annulus 
surrounding the primary containment tank there is no release to the environment to mitigate, but 
timely response to a leak should minimize the volume of waste that enters the tank annulus. The 
primary mitigation strategy for a DST leak is to maintain operable leak detection systems and 
respond as specified in procedures to potential or confirmed leaks. 

4.6.2.2 Receiving Tank Leak Response 

A generic leak response plan is provided in HNF-3484, Double-Shell Tank Emergency Pumping 
Guide, and RPP-5842, Time Deployment Study for Annulus Pumping. The following is a 
summary ofleak response actions for a DST. 

Actions taken in the event of a leak of waste from primary tank piping into the secondary 
containment system of the DST system or other receiver tank during a waste transfer from an 
SST to a DST include 

1. stopping the flow of waste into the tank system (stopping the transfer), 

2. pumping waste in the primary tank to another DST until the liquid level in the secondary 
containment is no longer increasing, and, 

3. removing the waste from the secondary containment system as soon as practicable. Tanks 
that develop leaks at or near the tank bottom may also require salt well jet pumping to 
remove trapped liquids from between solid layers in the tank. 

Pumping out waste from the primary tank and from the annulus would require tank specific 
response plans in the form of procedures or work packages. 

The response to a DST leak would be the same regardless of whether the leak was due to a 
transfer leak into the annulus or a leak of the DST primary tank. Notifications are performed per 
specific checklist requirements and transmitted to the listed parties no later than noon of the next 
business day. 

The following specific conditions associated with DST leak detection that require Ecology 
notification are excerpted from TFC-ESHQ-ENV _FS-C-01: 

• Leak detection equipment preventive maintenance or functional testing that will exceed 24 
hours downtime. 
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• Leak detection equipment repair that will require more than 90 days to complete. 

• Annulus leak detector alarms that are not due to operational activities; intrusion caused 
alarms that do not clear within four hours of annunciation must be reported. 

• Operating annulus continuous air monitor readings that equal or exceed the continuous air 
monitor alarm setpoint, and are not due to atmospheric radon or its decay products, or not 
due to operational activities (e.g., annulus contamination due to vacuum imbalance between 
annulus and primary tank ventilation system or other operational activity). 

The above leak detection and mitigation systems are approved and implemented through the 
DST RCRA permitting process. 

4.6.3 Transfer Line Leak 

Transfer line leakage occurring near the DST would likely drain to the DST receiver tank. All 
other transfer line leakage will drain back to either the SST being retrieved or a containment 
structure on the transfer line. Leakage to the containment structure is transferred to the SST 
being retrieved. 

4.6.3.1 Transfer Line Leak Mitigation 

Leak mitigation is provided by the design of equipment that channels all leakage into an outer 
encasement that drains to an alarmed location and a collection tank. The transfer is shut down 
when the alarm occurs. 

4.6.3.2 Transfer Line Leak Response 

Response to transfer leak detection alarms is performed per procedure (procedures for waste 
transfer are developed before waste retrieval operations). Transfer line leak detection is 
performed in a similar manner to, and response is similar to that for, existing tank farm transfers. 
There is nothing unique to the tank waste retrieval transfer line leak detection system logic when 
compared to existing tank farms transfer line leak detection. Should a leak be detected in the 
aboveground diversion boxes or pits, the waste transfer pumps would be shut down and the 
leakage would be transferred to the SST being retrieved using the sump pump. Leaks within one 
of the sluicer boxes will result in pump shutdown with leakage draining to the SST. Leaked 
waste will be returned to the SST being retrieved instead of the DST receiver tank because the 
elevation of the receiver DST farms is higher than that at the C tank farm and wastes leaked to 
the secondary containment of the transfer lines would drain to the containments at the C tank 
farm, and leaked wastes would not be transferred to the DST through a transfer system with 
unknown or questionable integrity. The leaks would be repaired or the leak location bypassed 
before resuming waste retrieval operations. 

Should a visible (aboveground) leak or release be detected during waste retrieval operations, any 
transfers in progress would be stopped immediately and response actions defined in RPP-27869, 
Building Emergency Plan for Tank Farms, would be implemented. A visible leak or spill would 
only occur as a result of an accident or equipment failure. RPP-27869 identifies the facility 
hazards, including hazardous materials, and defines the facility-specific emergency planning and 
response. The emergency plan also describes incident response actions including the initial 
response actions to immediately protect the health and safety of persons in the affected area, 
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determining if emergency notification is necessary, and taking steps necessary to ensure that a 
secondary release, fire, or explosion does not occur. The response actions also include steps 
taken to collect and contain released waste per the regulatory requirements of WAC 173-303. 
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5 REGULATORY REQUIREMENTS IN 
SUPPORT OF RETRIEVAL OPERATIONS 

Summaries of documents (training plans, contingency plans, emergency response plans, 
reporting, record keeping, inspection summaries, etc.) as required for waste retrieval by 
WAC 173-303. 

Retrieval of waste from the SSTs will be performed under the requirements of the Decree, the 
Atomic Energy Act of 1954, and RCRA, RCW 70.105, "Hazardous Waste Management Act" and 
their implementing regulations. The SSTs do not provide secondary containment and are not 
compliant with RCRA and RCW 70.105 interim facility standards of Subpart J of 40 CFR 265. 
The SSTs are currently authorized to continue operations under RCW 70.105 pending closure in 
accordance with WAC 173-303-610, "Closure and Post-Closure," under the authority of 
HFFACO Milestones M-45-83, M-045-84, and M-045-85DOE conducts day-to-day operations 
ofthe SSTs in accordance with the interim facility standards established in WAC-173-303-
400(3), "Interim Status Facility Standards." WAC 173-303-400(3) incorporates by reference the 
interim status performance standards set forth by the EPA in 40 CFR 265. Additionally, the 
SSTs are governed by federal regulations promulgated under the authority of the Atomic Energy 
Act of 1954 and various DOE directives incorporated into the contract between ORP and the tank 
farm contractor (DE-AC27-99RL-14047). These requirements are implemented through 
operating plans and procedures by the tank farm contractor. 

Interim status facility standards in WAC 173-303-400(3)(a) incorporate by reference the interim 
status standards set forth by EPA in 40 CFR 265 Subpart J for tank systems. Elements of the 
interim status standards relevant to the WRS along with the WRS features and/or operating plans 
and procedures are summarized in Table 5-1. 

If required, approval to retrieve waste that could contain polychlorinated biphenyls (PCBs) from 
tank C-111 using supernate from the receiver DST and transfer the resulting slurry to the 
receiver DST will be obtained from EPA before initiating waste retrieval operations. The DST 
supernate is classified as PCB remediation waste in accordance with Ecology et al. (2000), 
Framework Agreement for Management of Polychlorinated Biphenyls (PCBs) in Hanford Tank 
Waste. Because the DST supernate is classified as PCB remediation waste, the retrieval of waste 
from SSTs when using DST supernate requires a Risk-Based Disposal Approval, approved by 
EPA, pursuant to the Toxic Substances Control Act of 1976. 

The ventilation system(s) used during waste retrieval operations are designed to pass air through 
the tank, thereby reducing condensation and fog within the tank. The ventilation systems 
required by the Washington State Department of Health include a heater, prefilter, demister, two 
high-efficiency particulate air filters and test sections, exhaust fan, and stack. Details of the 
ventilation systems are provided in 00-05-006, Hanford Site Air Operating Permit, as amended 
and succeeded. 
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Regulation 

265.15 [WAC 173-303-
320], General Inspection 
Requirements 

265.16 [WAC 173-303-
330], Personnel Training 

Subpart D [WAC I 73-
303-350] [WAC 173-303-
360], Contingency Plan 
and Emergency 
Procedures 

Table 5-1. 40 CFR 265 (WAC 173-303-400) Interim Status 
Standards Applicable to Waste Retrieval.* (9 Sheets) 

Requirement Compliance Method 

(a) The owner or operator must inspect his facility for malfunctions and RPP-16922, Section 10, contains the Interim 
deterioration, operator errors, and discharges Status inspection schedule for both the SST 

(b) The owner or operator must develop and follow a written schedule for and DST systems. The inspection 

inspecting all monitoring equipment, safety and emergency equipment, requirements are implemented through 

security devices, and operating and structural equipment that are important to Operator Rounds and Shift Office tickle files. 

preventing, detecting, or responding to environmental or human health Deficiencies discovered by operators are 

hazards. entered into the Problem Evaluation Request 

(c) The owner or operator must remedy any deterioration or malfunction of system and resolved through the Tank Farm 

equipment or structures which the inspection reveals on a schedule which Contractor work control process contained in 

ensures that the problem does not lead to an environmental health hazard. TFC-OPS-MAINT-C-01. 

(d) The owner or operator must record inspections in an inspection log or 
summary. 

(a) Facility personnel must successfully complete a program of classroom TFC-PLN-07 contains the training 
instruction or on-the-job training that teaches them to perform their duties in requirements for tank farm workers. 
a way that ensures the facility's compliance with the requirements ofthis Completion of the requirements is recorded in 
part. the ITEM. ITEM records are also used to 

(b) Facility personnel must successfully complete the program required in support regulatory agency inquiry during 

paragraph (a) of this section within six months after the date of their compliance inspections. Tank farm 

employment or assignment to a facility, or to a new position at a facility, employees who enter the TSD portion of the 

whichever is later. Employees hired after the effective date of these facility also complete, at a minimum, 24-hr 

regulations must not work in unsupervised positions until they have hazardous waste worker training. Employees 

completed the training requirements of paragraph (a) of this section. who may come in contact with tank waste 

(c) Facility personnel must take part in an annual review of the initial training complete the 40-hr hazardous waste worker 

required in paragraph (a) of this section training. Both groups complete annual 8-hr 

(d) The owner or operator must maintain records at the facility 
hazardous waste worker refresher training. 

(e) Training records must be kept until closure of the facility 

265.51 [WAC 173-303-350 (!)]: Each owner or operator must have a The Tank Farm Contingency Plan, which 
contingency plan. supports both the SST and DST systems, is 

265.52 [WAC 173-303-350 (2) and (3)]: contained in RPP-27869. Supporting the 

(a) The contingency plan must describe the actions facility personnel must take contingency plan are the abnormal operating 

in response to fires, explosions, or any unplanned sudden or non-sudden procedures and the emergency response 

release of hazardous waste or hazardous waste constituents to air, soil, or procedures. Required notifications are 

surface water contained in TFC-ESHQ-ENV _FS-C-01. 
The contingency plans are maintained in the 
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Table 5-1. 40 CFR 265 (WAC 173-303-400) Interim Status 
Standards Applicable to Waste Retrieval.* (9 Sheets) 

Requirement Compliance Method 
(b) If the owner or operator has already prepared a Spill Prevention, Control, Waste Feed Operations and the Closure 

and Countermeasures (SPCC) Plan or some other emergency or Operations shift office. The on-duty Shift 
contingency plan, he need only amend that plan to incorporate hazardous Manager serves as the Building Emergency 
waste management provisions. Director. Emergency pumping of the DST is 

(c) The plan must describe arrangements agreed to by local police departments, guided by emergency pumping guide 

fire departments, hospitals, contractors, and State and local emergency HNF-3484. The Building Emergency Plan is 

response teams. maintained and updated as required by the 

(d) The plan must list names, addresses, and phone numbers of all persons Waste Feed Operations Support group. 

qualified to act as emergency coordinator 

(e) The plan must include a list of all emergency equipment at the facility 

(f) The plan must include an evacuation plan for facility personnel 

265.53 [WAC 173-303-350 (4)]: A copy of the contingency plan must be 
maintained at the facility. 
265.54 [WAC 173-303-350 (5)]: A contingency plan must be reviewed, and 
immediately amended, if necessary, whenever: 

(a) Applicable regulations are revised 

(b) The plan fails in an emergency 

(c) The facility changes 

(d) The list of emergency coordinators changes 

(e) The list of emergency equipment changes 

265.55 [WAC 173-303-360 (1 )]: At all times, there must be at least one 
employee either on the facility premises or on call with the responsibility for 
coordinating all emergency response measures. 

265.56 [WAC 173-303-360 (2)]: 

(a) Whenever there is an imminent or actual emergency situation, the 
emergency coordinator must immediately: 

(1) Activate internal facility alarms or communication systems 

(2) Notify appropriate State or local agencies 

(b) Whenever there is a release, fire or explosion, the emergency coordinator 
must immediately identify the character, exact source, amount, and real 
extent of any released hazard. 

(c) The emel"g_ei1(;YCOordinator must assess possible hazards to human health or 
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(d) 

(e) 

(f) 

(g) 

V1 

.1. (h) 

(i) 

U) 

Table 5-1. 40 CFR 265 (WAC 173-303-400) Interim Status 
Standards Applicable to Waste Retrieval.* (9 Sheets) 

Requirement 

the environment 

If the emergency coordinator determines that the facility has had a release, 
fire, or explosion which could threaten human health, or the environment, 
outside the facility, he must report his findings. 

The emergency coordinator must take all reasonable measure necessary to 
ensure that fire, explosions, and releases do not occur, recur, or spread to 
other hazardous waste at the facility 

If the facility stops operations in response to a fire, explosion or release, the 
emergency coordinator must monitor for leaks, pressure buildup, gas 
generation, or ruptures in valves, pipes, or other equipment, wherever this is 
appropriate 

Immediately after an emergency, the emergency coordinator must provide 
for treating, storing, or disposing of recovered waste, contaminated soil or 
surface water, or any other material that results from a release, fire, or 
explosion 

The emergency coordinator must ensure that no waste that may be 
incompatible with the released material is treated, stored, or disposed of 
until cleanup procedures are completed and all emergency equipment listed 
in the contingency plan is cleaned and fit for its intended use before 
operation is resumed 

The owner or operator must notify the Regional Administrator, and 
appropriate State and local authorities, that the facility is in compliance with 
paragraph (h) before operations are resumed 

The owner or operator must note in the operating record the time, date, and 
details of any incident that requires implementing the contingency plan. 
Within 15 days after the incident, submit a written report on the incident to 
the Regional Administrator. 

Compliance Method 
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Regulation 

265.73 [WAC 173-303-
380], Facility 
Recordkeeping 

265.191, Assessment of 
existing tank systems 
integrity 

265-192 [WAC 173-303-
640], Design and 
Installation ofNew Tank 
Systems or Components 

(a) 

(a) 

(b) 

(d) 

(a) 

(b) 

(c) 

Table 5-1. 40 CFR 265 (WAC 173-303-400) Interim Status 
Standards Applicable to Waste Retrieval.* (9 Sheets) 

Requirement Compliance Method 

The owner or operator must keep a written operating record The written operating record for tank farms 
consists of the following: 

• Completed operator rounds 

• Shift Manager log books 

• Completed corrective maintenance and 
preventative maintenance procedures and 
packages 

For each existing tank system that does not have secondary containment (a) and (b): RPP-10435 prepared and 
meeting the requirements of 265.193, the owner or operator must determine submitted under HFF ACO 
that the tank system is not leaking or is unfit for use. Milestone M-23-24. 
This assessment must determine that the tank system is adequately designed (d) Because the SSTs are not compliant with 
and has sufficient structural strength and compatibility with the waste(s) to RCRA 40 CFR 265.191, the SSTs are 
be stored or treated to ensure that it will not collapse, rupture, or fail. currently authorized to continue operations 
If, as a result of the assessment conducted a tank system is found to be pending closure under the authority of the 
leaking or unfit for use, the owner or operator must comply with the HFFACO milestone M-45-00. 
requirement of 265.196. 

Owners or operators of new tank systems or components must ensure that The HIHTL design and installation is verified 
the foundation, structural support, seams, connections, and pressure control and certified by an IQRPE. Aboveground 
(if applicable) are adequately designed and that the tank system has retrieval tank systems are verified and 
sufficient structural strength, compatibility with the waste to be stored or certified by an IQRPE (e.g., RPP-16666). 
treated, and corrosion protection so that it will not collapse, rupture, or fail. System design and IQRPE certification 
The owner or operator must obtain a written assessment, reviewed and ensure that parts (a), (b), (c), (d), and (e) are 
certified by an independent, qualified, registered professional engineer met. Cathodic protection is not installed on 
attesting that the system has sufficient structural integrity and is acceptable the HIHTL. 
for the storing and treating of hazardous waste. 
The owner or operator of a new tank systems must ensure that proper 
handling procedures are adhered to in order to prevent damage to the 
system during installation. Prior to covering, enclosing, or placing a new 
tank system or component in use, an independent, qualified installation 
inspector or an independent, qualified, registered professional engineer, 
either of whom is trained and experienced in the proper installation of tank 
systems, must inspect the system or component. 
New tank systems or components and piping that are placed underground 
and that are backfilled must be provided with a backfill material that is a 
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265.193, Containment 
and Detection of Releases 

'-----

(d) 

(e) 

(f) 

(g) 

(a) 

(b) 

(c) 

Table 5-1. 40 CFR 265 (WAC 173-303-400) Interim Status 
Standards Applicable to Waste Retrieval.* (9 Sheets) 

Requirement Compliance Method 
noncorrosive, porous, homogeneous substance that is carefully installed so 
that the backfill is placed completely around the tank and compacted to 
ensure that the tank and piping are fully and uniformly supported. 
All new tanks and ancillary equipment must be tested for tightness prior to 
being covered, enclosed, or placed in use. 

Ancillary equipment must be supported and protected against physical 
damage and excessive stress due to settlement vibration, expansion or 
contraction 

The owner or operator must provide the type and degree of corrosion 
protection necessary to ensure the integrity of the tank system during use of 
the tank system. The installation of a corrosion protection system that is 
field fabricated must be supervised by an independent corrosion expert to 
ensure proper installation 
The owner or operator must obtain and keep on file at the facility a written 
statement by those persons required to certify the design of the tank system 
and supervise the installation of the tank system in accordance with the 
requirements of this section to attest that the tank system was properly 
designed and installed and that repairs were performed. These written 
statements must also include the certification statement. 

In order to prevent the release of hazardous waste or hazardous constituents The above ground retrieval system equipment 
to the environment, secondary containment must be provided is designed with compliant secondary 

Secondary containment must be: containment. Design documentation is 

(1) Designed, installed, and operated to prevent any migration of waste or available for inspection. 

accumulated liquid out of the system to the soil, ground water, or 
surface water at any time during the use of the tank system 

(2) Capable of detecting and colleting releases and accumulated liquids 
until the collected liquid can be removed. 

To meet the requirements of paragraph (b) of this section, secondary 
containment must be at a minimum: 
( 1) Constructed of or lined with materials that are compatible with the 

waste(s) to be placed in the tank system and must have sufficient 
strength and thickness to prevent failure due to pressure gradients, 
physical contact with the waste to which it is exposed, climatic 
conditions, the stress of installation, and the stress of daily operation. 
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Table 5-1. 40 CFR 265 (WAC 173-303-400) Interim Status 
Standards Applicable to Waste Retrieval.* (9 Sheets) 

Requirement 
(2) Placed on a foundation or base capable of providing support to the 

secondary containment system and resistance to pressure gradients 
above and below the system and capable of preventing failure due to 
settlement, compression, or uplift. 

(3) Provided with a leak-detection system that is designed and operated so 
that it will detect the failure of either the primary and secondary 
containment structure or any release if hazardous waste or accumulated 
liquid in the secondary containment system within 24 hours, or at the 
earliest practicable time if the existing detection technology or site 
conditions will not allow detection of a release within 24 hours. 

(4) Sloped or otherwise designed or operated to drain and remove liquids 
resulting from leaks, spills, or precipitation. Spilled or leaked waste 
and accumulated precipitation must be removed form the secondary 
containment system with 24 hours, or in as timely a manner as is 
possible to prevent harm to human health or the environment, if 
removal of the released waste or accumulated precipitation cannot be 
accomplished within 24 hours. 

Secondary containment for tanks must include one or more of the following 
devices; 
(1) A line (external to the tank) 
(2) A vault 
(3) A double-walled tank 
(4) An equivalent device as approved by the Regional Administrator. 
[Applies to the design of external liners, vaults, and double-walled tanks.] 

Ancillary equipment must be provided with full secondary containment 
except for: 
( 1) Aboveground piping (exclusive of flanges, joints, valves, and 

connections) that are visually inspected for leaks on a daily basis 

(2) Welded flanges, welded joints, and welded connections that are 
visually inspected for leaks on a daily basis 

(3) Sealless or magnetic coupling pumps and sealless valves that are 
visually inspected for leaks on a daily basis 

(4) Pressurized aboveground piping systems with automatic shutoff 

Compliance Method 
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265.194, General 
Operating Requirements 

265.195, Inspections 

(a) 

(b) 

(a) 

(b) 

Table 5-1. 40 CFR 265 (WAC 173-303-400) Interim Status 
Standards Applicable to Waste Retrieval.* (9 Sheets) 

Requirement Compliance Method 
devices that are visually inspected for leaks on a daily basis. 

Hazardous wastes or treatment reagents must not be placed in a tank system (a) The waste compatibility assessment 
if they could cause the tank, its ancillary equipment, or the containment ensures solutions and materials are 
system to rupture, leak, corrode, or otherwise fail. compatible prior to addition. 

The owner or operator must use appropriate controls and practices to (b) Control of the waste retrieval process is 
prevent spills and overflows from tank or containment systems. defined in the process control plan for each 
They include at a minimum: retrieval: 

(I) Spill prevention controls (1) System design. 

(2) Overfill prevention controls (2) The receiving DST has primary tank 

(3) Maintenance of sufficient freeboard in uncovered tanks to prevent level instrumentation which is monitored 

overtopping by wave or wind action or by precipitation during transfers. 

(3) Not applicable. 

The owner or operator must inspect, where present, at least once each RPP-16922, Environmental Specification 

operating day: Requirements, Section 10, contains the 

(1) Overfill/spill control equipment interim status inspection requirements for the 

(2) The aboveground portions ofthe tank system, if any, to detect tank farms. The inspection requirements are 

corrosion or release of waste implemented through Operator Round Sheets. 

(3) Data gathered from monitoring equipment and leak-detection 
Inspection and verification of operation of the 
cathodic protection systems is accomplished 

equipment (e.g., pressure and temperature gauges, monitoring wells) to through tank farm contractor approved 
ensure that the tank system is being operated according to its design procedures. The completed cathodic 

(4) The construction materials and the area immediately surrounding the protection procedures and operator round 
externally accessible portion of the tank system including secondary sheets are part of the written operating record. 
containment structures to detect erosion or signs of release of Cathodic protection is not installed on 
hazardous waste HIHTLs. 

The owner or operator must inspect cathodic protection systems, if present, 
according to, at a minimum, the following schedule to ensure that they are 
functioning properly 
(1) the proper operation of the cathodic protection system must be 

confirmed within six months after initial installation and annually 
thereafter 

(2) All sources of impressed current must be inspected and/or tested, as 
appropriate, at least bimonthly 

(c) The owner or operator must document in the operating record of the 
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265.196 [WAC 173-303-
640 (3)(c)(vii)], Response 
to leaks or spills and 
disposition of leaking or 
unfit-for-use tank systems 

WAC 173-303-283 (3), 
Performance standards 

Table 5-1. 40 CFR 265 (WAC 173-303-400) Interim Status 
Standards Applicable to Waste Retrieval.* (9 Sheets) 

Requirement Compliance Method 
facility an inspection ofthose items (above) 

A tank system or secondary containment system from which there has been a leak Responses to leak or spills applicable to 
or spill, or which is unfit for use, must be removed from service immediately, and requirement are defined in Sections 4.6.2 and 
the owner or operator must satisfy the following requirements; 4.6.3. 
(a) Cessation of use; prevent flow or addition of wastes 

(b) Removal of waste from tank system or secondary containment system 
(c) Containment of visible releases to the environment 
(d) Notifications, reports 

The owner/operator must design, construct, operate, or maintain a dangerous The following plans and procedures and their 
waste facility that to the maximum extent practical given the limits of technology implementation provide the preventative 
prevents: measures required: 
(a) Degradation of ground water quality; (a) Groundwater monitoring plan 
(b) Degradation of air quality by open burning or other activities; (PNNL-13024). 

(c) Degradation of surface water quality; (b) No open burning is allowed. 

(d) Destruction or impairment of flora and fauna outside the active portion of (c) Berms and gutters are in place to prevent 
the facility; surface runoff and surface run-on. 

(e) Excessive noise (d) No destruction or impairment of flora 

(t) Conditions that constitute a negative aesthetic impact for the public using and fauna occur outside of the tank 

rights of ways, or public lands, or for landowners of adjacent properties; farms. 

(g) Unstable hillsides or soils as a result of trenches, impoundments, (e) Noise is monitored per tank farm 

excavations, etc.; contractor procedures. 

(h) The use of processes that do not treat, detoxify, recycle, reclaim, and (t) The tank farms are within the dangerous 

recover waste material to the extent economically feasible; and waste facility (i.e., Hanford site). 

(i) Endangerment of the health of employees, or the public near the facility. (g) Appropriate permits are obtained before 
excavation work is started. No 
excavation work is associated with tank 
waste retrieval. 

(h) The waste retrieval process is designed, 
constructed and will be operated to treat 
and recover waste to the limits of 
technology in accordance with HFF ACO 
milestone M-45-00 (see Section 3.4). 

(i) The public is protected by the NOC per 
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Table 5-1. 40 CFR 265 (WAC 173-303-400) Interim Status 
Standards Applicable to Waste Retrieval.* (9 Sheets) 

Regulation Requirement Compliance Method 
WAC 173-303-400 & 460. Workers are 
protected per TFC-PLN-43. 

WAC 173-303-400, Incorporates by reference 40 CFR 265 with the exception of265.1 (c)(4), Applicable operating plans and procedures 
Interim Status Facility 265.149-150 and 265.430. Replaces federal terms in 40 CFR 265 (i.e., regional are referenced throughout the document; too 
Standards administrator, hazardous) with state terms (i.e., department, dangerous) numerous to appropriately reference herein. 

* Document reference information is provided in Chapter 9 of this document. 

DST = double-shell tank. 
HFFACO = Hanford Federal Facility Agreement and Consent Order. 
HIHTL = hose-in-hose transfer line. 
IQRPE = independent, qualified, registered professional engineer. 
ITEM = Integrated Training Electronic Matrix. 
NOC = notice of construction. 
SST = single-shell tank. 
TSD = treatment, storage, and disposal. 
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6 PRELIMINARY ISOLATION EVALUATION 

(preliminary evaluation to be finalized in follow-on closure plans) 

This section provides a preliminary isolation evaluation for tank C-111. Intrusion prevention 
measures were completed in the 1980s for this tank. The identification of tank penetrations and 
methods used to isolate intrusion pathways are described in Section 2.2. Isolation details for 
intrusion measures completed for C-111 are provided on the following drawings: 

a. Piping Waste Tank Isolation C-Tank Farm Plot Plan (H-2-73338, Sheet 1) 

b. Piping Waste Tank Isolation 241-C-111 (H-2-73341, Sheet 1). 

6.1 PLANS FOR PIPELINE AND ANCILLARY EQUIPMENT ISOLATION 
FOLLOWING WASTE RETRIEVAL 

I. Plans for pipelines and ancillary equipment isolation following waste retrieval 

Following completion of waste retrieval, the in-tank equipment may be removed or may be left 
in place for disposition during tank closure activity actions. Isolation of pipelines and ancillary 
equipment will be performed in accordance with an Ecology-approved closure plan. 

6.2 TIMING AND SEQUENCE FOR TANK OR ANCILLARY EQUIPMENT 
COMPONENT CLOSURE 

2. General timing/sequence of planned tank and/or ancillary equipment component 
closure 

Tank and/or ancillary equipment component closure will not begin until there is an approved 
component closure plan for WMA C. 

6.3 Timing and Plans for Tank or Ancillary Equipment Intrusion Prevention Before 
Component Closure 

3. General timing and plans for isolating the tank and/or ancillary equipment 
component from inadvertent intrusion pending component closure. 

Isolation of intrusion routes into the tank will be done within the closest diversion box to the tank 
when C-111 waste retrieval has been completed. Additional isolation of any other tank and/or 
ancillary equipment, excluding HIHTLs, once C-111 waste retrieval has been completed will be 
performed as needed for operational purposes related to future tank waste retrievals. HIHITLs 
will be handled as described in 3 .9 .1. Once the final closure plan has been agreed to the 
intrusion prevention will proceed per the schedule for final tank closure at that time. 

Post-retrieval intrusion monitoring will be conducted in accordance with OSD-T -151-00031 until 
specific post-retrieval monitoring requirements are defined. 
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7 PRE-RETRIEVAL RISK ASSESSMENT 

I. [The pre-retrieval risk assessment shall be] Scoping level in nature. Information and 
computational capability are available to meet the outline suggested below as follows: C 
Farm is available now, S-SX Farm is available in June, 2004, B-BX-BY, U, T-TX-TY are 
available in September, 2004. Needs earlier than these dates will be met by a reduced 
format similar to the existing risk presentation format found in the streamlined F &Rs. 
(For example, see the C-200-series tanks F&R). As the more sophisticated information 
and analytical capabilities become available, the earlier information will be updated as 
appropriate. 

2. [The pre-retrieval risk assessment shall be] Based on the best data available at the time 
the TWR WP is prepared. 

3. [The pre-retrieval risk assessment shall be] Based on the current contaminant fate and 
transport analysis available at the time the TWR WP is prepared in order to develop long 
term estimates for contaminant concentrations in the groundwater at the tank farm 
(WMA) fenceline. Contaminant concentrations in the groundwater shall consider past 
leaks and spills, potential retrieval leakage (including projected volumes that could leak 
during retrieval), and residual waste volumes consistent with the Hanford Federal 
Facility Agreement and Consent Order interim retrieval goals remaining in the tanks 
following waste retrieval. 

Quantification of a hypothetical leak volume based on the Assumed Leaker determination 
and historical data (if data exists to allow the quantification) using the proposed selected 
retrieval technology configuration. 

Tables will be included that present impacts in groundwater at the fenceline showing 
sources (past leaks, residual waste volume, ancillary equipment) by significant 
contaminant. Impacts are computed as groundwater concentrations, Incremental 
Lifetime Cancer Risk (ILCR) for industrial and residential scenarios, and Hazard Index 
(HI). 

To address potential retrieval leaks, graphs will be developed for each facility (tank) 
providing the impact of the major leaked contaminant. For example, a graph would 
show ILCR-radiological (Tc-99) by Curie leaked. Each graph shows only a single 
contaminant. Graphs for ILCR-radiological and HI will be generated. Only 
contaminants that significantly contribute to the indicator will be shown. Significant 
contaminants are those set of contaminants that account for approximately 9 5% of the 
computed impact indicator (HI or the ILCR). 

4. [The pre-retrieval risk assessment] Will include a contaminant screening to identifj; the 
subset of contaminants to be included in the risk evaluation. The subset of contaminants 
to be included in the risk evaluation will include at least one radionuclide and one 
hazardous chemical. The results of the contaminant screening will be presented in terms 
of the percent contribution to the total long-term impacts for both the ILCR-rad and HI. 

7-1 



RPP-37739, Rev. 2 

For each WMA, all modeled contaminants will be screened for their contribution to the 
maximum level of impact computed. The screening will include the HI (non-radiological) 
and the ILCR-radiological for the residential and industrial scenarios. 

5. Address anticipated peak impacts to groundwater and presented as a comparison against 
drinking water or derived concentration guides which correspond to the drinking water 
Maximum Concentration Levels (MCL) for the significant contaminants. 

Information addressing this request will be presented in the Tables described in element 
F3 of the TWR WP 

6. [see Section 7.2] 

7. Analysis of anticipated remaining risk will include: 

A statement on the magnitude of the residential and industrialiLCRfor non-radiological 
components based on contaminants found in the Best-basis Inventory (BBI). 

This section provides long-term human health risk information to support operational decisions 
in the event a leak is detected during waste retrieval operations for tank C-111. The need to 
consider long-term human health impacts in developing tank waste retrieval work plans was 
established in the HFFACO M-45 milestone series through Change Request M-45-04-01. 

The risk information provided in this section was developed to meet the requirements identified 
in the HFF ACO Appendix I. Information is provided for two main categories of impacts: 
(1) long-term human health risk associated with use of groundwater and (2) long-term human 
health risk associated with inadvertent post-closure human intrusion. Uncertainty or sensitivity 
evaluations of the impact of changes in assumptions, (e. g. concentration or KI variation) will be 
provided in DOE/ORP-2005-01, Initial Single-Shell Tank System Performance Assessment for 
the Hanford Site. 

The risk assessment calculations provided in this TWRWP are based upon the methodology 
described in RPP-13774. This analysis provides the currently approved predictions of potential 
long-term groundwater impacts associated with tank waste retrieval and closure activities for 
WMA C. DOE/ORP-2005-01 is currently going through review and will supersede RPP-13774 
when DOE/ORP-2005-01 is agreed to by Ecology. The methodology described in RPP-13774 is 
used in this TWRWP for consistency with past TWRWPs approved by Ecology. The 
groundwater contaminant concentrations used for the retrieval leak impact graphs were 
calculated based upon the methodology described in RPP-13774 and retrieval leak contaminant 
concentrations based upon DST supernate. 

Groundwater pathway impacts are discussed in Section 7 .1. Inadvertent intruder impacts are 
discussed in Section 7.2. Calculation details are provided in RPP-22521, Tanks C-101, C-105, 
C-110 and C-111 Long Term Human Health Risk Calculations to Support Tank Waste Retrieval Work 
Plan. 
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7.1 GROUNDWATERPATHWAYIMPACTS 

The groundwater pathway impacts evaluation emphasizes the development of a set of graphical 
tools to provide a basis for making informed decisions in the event a leak is detected or 
unexpected retrieval conditions arise during waste retrieval operations. The format used for the 
retrieval leak impact graphs was developed with Ecology during a joint workshop on 
March 31,2004. The graphs are tank-specific and are intended to provide a means to rapidly 
convert retrieval leak monitoring data into a rough approximation of potential groundwater 
pathway impacts for a particular retrieval leak. 

The methodology used to develop the retrieval leak impact graphs is described in Section 7 .1.1. 
Tank-specific retrieval leak impact results are discussed in Section 7.1.2. A WMA-level 
perspective on groundwater pathway impacts is provided in Section 7 .1.3 to help place the 
potential retrieval leak impacts from an individual tank into the context of the potential impacts 
for the C tank farm as a whole. 

7.1.1 Retrieval Leak Evaluation Methodology 

The retrieval leak graphs were developed using the following methodology: 

a. Focus on potential long-term groundwater pathway human health risk at the 
downgradient tank farm fenceline. 

b. Use radiological incremental lifetime cancer risk (ILCR) and noncarcinogenic chemical 
hazard index (HI) as the primary human health impact metrics. 

c. Use the industrial and residential exposure scenarios from Exposure Scenarios and Unit 
Dose Factors for the Hanford Tank Waste Performance Assessment (HNF-SD-WM-TI-
707 Rev. 4). 

d. Identify the significant contributors (95% of total) for each health impact metric and 
generate a separate graph for each significant contributor. 

e. Derive effects of contaminant release and transport from previous studies. 

f. Use the best available published data and information to the maximum extent possible. 

The human health impact values used to generate the retrieval leak impact graphs are estimates 
based on Equation 7-1. 

where 

(7-1) 

1 = indicator contaminant 
Ri = risk metric (radiological ILCR or chemical HI) 
Ii = inventory (Ci or kg released into the environment [e.g., retrieval leakage]) 
Ci = unit groundwater concentration factor (pCi/L per Ci, or mg/L per kg) 
Hi = health effects conversion factor (ILCR per pCi/L, or HI per mg/L). 
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Identification of indicator contaminants is discussed in Section 7 .1.1.1. The assumed retrieval 
leak volume is discussed in Section 7 .1.1.2. Unit groundwater concentration factors and health 
effects conversion factors are provided in Sections 7 .1.1.3 and 7 .1.1.4. 

7.1.1.1 Indicator Contaminants. Retrieval leak impact graphs were generated for a subset of 
significant contaminants rather than for all contaminants. Significant contaminants are the 
contaminants estimated to dominate or drive the total impact for a particular human health 
impact metric. Significant contaminants serve as indicators of the magnitude of total impacts 
from all contaminants. 

An indicator contaminant approach was used to ensure that the resulting graphical tools would 
provide a reasonable estimate of total impacts but at the same time be sufficiently simple to 
facilitate rapid decision making without requiring a lot of additional calculation in the event a 
leak is detected during waste retrieval. The primary human health impact metrics used were 
radiological ILCR and noncarcinogenic chemical HI. Nonradiological ILCR was also included 
for information purposes. 

Indicator contaminants for each human health impact metric were identified based on the results 
of the WMA C risk assessment presented in RPP-13774. The WMA C Closure Action Plan 
provided as Appendix C to RPP-13774 includes the results of a comprehensive WMA C long­
term groundwater pathway human health risk assessment that was supported by a site-specific 
numerical vadose zone and groundwater modeling effort. The Risk Assessment for WMA C 
Closure Plan, provided as Addendum C1 to RPP-13774, shows contaminant-specific impact 
contributions at the WMA C downgradient fenceline by source term for 99Tc, 129I, nitrate, nitrite, 
total uranium, and hexavalent chromium. Also shown are the total impacts by source term based 
on the contributions from all contaminants given in DOE/ORP-2003-02, Inventory and Source 
Term Data Package, for which a toxicity factor was available. Exposure scenarios and risk 
factors used for the RPP-13774 analysis were obtained from HNF-SD-WM-TI-707, Exposure 
Scenarios and Unit Dose Factors for the Hanford Tank Waste Performance Assessment. 

The HNF-SD-WM-TI-707 evaluation provides unit dose factors, unit risk factors, and unit 
HI factors for a comprehensive set of contaminants of potential concern for Hanford Site risk 
assessment. A total of 93 radionuclides and 161 chemicals are evaluated. The unit factors were 
derived from standard formulas using data considered to be the most current or technically 
sound. For radionuclides, the cancer morbidity risk coefficients in EPA-402-R-99-001, Cancer 
Risk Coefficients for Environmental Exposure to Radionuclides, were used. For chemicals, the 
non-cancer toxicity reference doses and cancer induction slope factors adopted by the EPA and 
listed in the Integrated Risk Information System (IRIS) (http://www.epa.gov/iris) were used. 
Where toxicity parameters were not available in IRIS, values from the EPA-540/R-97 /036, 
Health Effects Assessment Summary Tables (HEAST) FY 1997 Update and the Risk Assessment 
Information System (RAIS) (http://risk.lsd.oml.gov) maintained by the Oak Ridge National 
Laboratory were used. To provide an indication of the importance of missing toxicity 
parameters, the evaluation also includes estimates of the missing parameters for chemicals that 
have a reference dose or slope factor for ingestion, but none for inhalation, or vice versa. 

Table 7-1 is a summary from the RPP-13774 base case analysis results showing the contaminant 
contributions by source term for each of the human health impact metrics. Table 7-1 shows the 
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peak impacts from WMA C potential residual tank waste, past leaks (including one tank leak and 
three ancillary pipeline leaks), and potential retrieval leaks (assuming an 8,000-gal. leak from 
each ofthe C farm 100-series tanks). 

The RPP-13774 analysis results indicate the only contributors to total WMA C radiological 
ILCR at the fenceline at the time of peak would be the highly mobile (distribution coefficient 
[K!] = 0 mL!g) radionuclides: 99Tc, 129I, 14C and tritium, with 99Tc being the major driver. 
Technetium-99 was predicted to contribute approximately 85% to 98% of the total radiological 
ILCR depending on the source term and receptor scenario. Technetium-99 was therefore 
selected as the radiological ILCR indicator contaminant for this evaluation. It is recognized that 
99Tc contributes slightly less than 95% of the total radiological ILCR for the industrial scenario; 
however, 99Tc clearly predominates the radiological impacts in all cases and is therefore 
considered an appropriate choice of indicators for radiological ILCR. 

The RPP-13774 analysis results indicate the only contributors to the total WMA C 
noncarcinogenic chemical HI at the fenceline at the time of peak would be the highly mobile (Kct 

. = 0 mL/g) chemicals: hexavalent chromium, nitrite, fluoride, and nitrate, with hexavalent 
chromium and nitrite being the major drivers. The RPP-13774 analysis conservatively assumed 
that all chromium inventory was hexavalent chromium. Hexavalent chromium and nitrite 
combined were predicted to contribute approximately 76% to 95% of the total HI depending on 
source term and receptor scenario. Hexavalent chromium and nitrite were therefore selected as 
the noncarcinogenic chemical HI indicator contaminants for this evaluation. It is recognized that 
hexavalent chromium and nitrite combined contribute slightly less than 95% of the total HI for 
certain source terms and receptor scenarios; however, these two chemicals combined clearly 
predominate the noncarcinogenic chemical impacts in all cases and are therefore considered an 
appropriate choice of indicators for noncarcinogenic chemical HI. 
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Time of 
Source 

Peak Term 
(Yr AD) 

Past leaks a 2117 
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I 

0\ 

Retrieval 
2082 leaks b 

Table 7-1. Contaminant Contributions to Peak Groundwater Pathway Human 
Health Impacts at Waste Management Area C Fenceline. (2 Sheets) 

Radiological Incremental Lifetime Nonradiological Incremental Noncarcinogenic Chemical Hazard 
Cancer Risk Lifetime Cancer Risk Quotients and Hazard Index 

Industrial Residential Industrial Residential Industrial Residential 

Tc-99 Tc-99 Cr(VI) Cr(VI) 
6.9E-06 (85%) 1.7E-04 (95%) 1.7E-02 (52%) 9.7E-02 (49%) 

I-129 1-129 NOz NOz 
7.1E-07 (9%) 3.7E-06 (2%) Cr(VI) Cr(VI) 1.4E-02 (43) 9.1E-02 (46%) 

C-14 C-14 l.IE-07 (100%) 2.4E-07 (1 00%) N03 N03 
5.4E-07 (6%) 3.9E-06 (3%) Total Total 1.7E-03 (5%) l.IE-02 (5%) 

H-3 H-3 l.lE-07 (100%) 2.4E-07 (100%) F F 
8.8E-10 (<1%) 3.7E-09 (<1%) 1.4E-05 (<1%) 9.7E-05 (<1%) 

Total Total Total Total 
8.1E-06 (100%) 1.8E-04 (100%) 3.3E-02 (100%) 2.0E-01 (100%) 

Tc-99 Tc-99 Cr(VI) Cr(VI) -
5.7E-06 (89%) 1.4E-04 (98%) 2.8E-02 (41 %) 1.5E-O 1 (36%) 

1-129 I-129 NOz NOz 
6.1E-07 (9%) 3 .2E-06 (2%) Cr(VI) Cr(VI) 2.6E-02 (39) 1.7E-01 (40%) 

C-14 C-14 1. 7E-07 ( 100%) 3.8E-07 (100%) N03 N03 
1.3 E-07 (2%) 9.0E-07 (<1%) Total Total 4.1E-03 (5%) 2.6E-02 (6%) 

H-3 H-3 l.7E-07 (100%) 3.8E-07 (100%) F F 
2.9E-10 (<1%) 1.2E-09 (<1%) l.OE-02 (15%) 7.3E-02 (18%) 

Total Total Total Total 
6.5E-06 (100%) 1.4E-04 (100%) 6.7E-02 (100%) 4.2E-Ol (100%) 
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Residual 
5614 tank waste c 

Table 7-1. Contaminant Contributions to Peak Groundwater Pathway Human 
Health Impacts at Waste Management Area C Fenceline. (2 Sheets) 

Radiological Incremental Lifetime Nonradiological Incremental Noncarcinogenic Chemical Hazard 
Cancer Risk Lifetime Cancer Risk Quotients and Hazard Index 

Industrial Residential Industrial Residential Industrial Residential 

Tc-99 Tc-99 Cr(VI) Cr(VI) 
9.0E-07 (89%) 2.2E-05 (97%) 4.5E-03 (48%) 2.5E-02 (44%) 

I-129 I-129 NOz NOz 
l.OE-07 (10%) 5.2E-07 (2%) Cr(VI) Cr(VI) 3.4E-03 (36%) 2.2E-02 (38%) 

C-14 C-14 2.8E-08 (100%) 6.3E-08 (100%) N03 N03 
1.2E-08 (1%) 8.8E-08 (<1 %) Total Total 4.5E-04 (5%) 2.9E-03 (5%) 

H-3 H-3 2.8E-08 (100%) 6.3E-08 (100%) F F 
0.0 (0%) 0.0 (0%) l.IE-03 (11 %) 7.8E-03 (13%) 

Total Total Total Total 
l.OE-06 (100%) 2.3E-05 (100%) 9.4E-03 (100%) 5. 7E-02 ( 100%) 

a Source= RPP-13774, Addendum Cl, Tables 33 and 34 and additional model output data (includes contributions from one tank leak [C-105] and three unplanned 
releases [UPR-200-E-81. UPR-200-E-82, UPR-200-E-86]). 

b Source= RPP-13774, Addendum Cl, Tables 36 and 37 and additional model output data (includes contributions from hypothetical 8,000-gal. retrieval leak from each 
C-1 00-series tank). 

c Source= RPP-13774, Addendum C I, Tables 30 and 31 and additional model output data (includes contributions from HFF ACO-specified post-retrieval residual 
waste volume in C-100 and C-200-series tanks). 

HFFACO =Hanford Federal Facility Agreement and Consent Order. 

RPP-13774, Single-Shell Tank System Closure Plan. 
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Total uranium was simulated in the RPP-13774 analysis as a moderately mobile (Kn = 0.6 mL/g) 
contaminant and was not projected to arrive at the fenceline until approximately 5,000 years after 
closure. At the time of first arrival, the uranium concentration was due primarily to contributions 
from past leaks and hypothetical retrieval leaks. Uranium from residual waste was not projected 
to arrive at the fenceline during the 1 0,000-year simulation period. Peak human health impacts 
were projected to occur within 100 years after closure for past leaks and retrieval leaks and 
within 3,500 years after closure for residual waste. The peak values in all cases was driven by 
contributions from the highly mobile (Kn = 0 mL/g) contaminants. Uranium had not yet broken 
through to the water table at the time of peak for any source term and therefore made no 
contribution to the peaks. Uranium exhibited increasing concentrations at the end of the 
10,000-year simulation and was a primary contributor to the impacts calculated at the end of the 
simulation. The impacts at the end of the simulation were lower than the peak impacts by an 
order of magnitude or more. 

The RPP-13774 analysis also included an assessment ofnonradiological cancer risk Cancer 
risks from radionuclides and carcinogenic chemicals are typically reported as separate metrics 
rather than being summed because of differences in how risk is estimated for these two 
categories of substances. A total of 24 nonradiological chemical contaminants are included in 
the BBl. Of these, only one, hexavalent chromium, has a published cancer slope factor. 

Nonradiological ILCR was assessed in the RPP-13774 analysis based solely on hexavalent 
chromium exposure. The nonradiological ILCR results from RPP-13774 are shown in Table 7-1 
for information purposes to provide an indication of the potential magnitude ofnonradiological 
ILCR. The results indicate that nonradiological ILCR peaks would be on the order of 10-7 for the 
past leak and retrieval leak source terms and 1 o-8 for the residual waste source term. However, 
because it is based on only one contaminant, nonradiological ILCR was not carried forward as a 
separate evaluation metric (i.e., was not used to generate a separate set of retrieval leak impact 
graphs). The degree to which hexavalent chromium ILCR provides an indication of total ILCR 
is uncertain because of the limited number of chemical analytes reported in the BBl. There is 
additional uncertainty regarding chromium speciation and the degree of conservatism introduced 
by assuming that all chromium is hexavalent chromium. 

Note that hexavalent chromium is classified as both a chemical toxicant (evaluated using HI) and 
a carcinogen (evaluated using ILCR). It is classified as toxic via both ingestion and inhalation 
but carcinogenic only via inhalation. The inhalation intake for the groundwater pathway 
exposures is based on re-suspended soil and volatilized water. The soil is assumed to be 
contaminated by irrigation with contaminated groundwater for both the industrial and residential 
scenarios. Water volatilization is assumed to occur during showering with contaminated 
groundwater. Further discussion of exposure parameters and scenarios is provided in 
HNF-SD-WM-TI-707. 

Table 7-1 is intended to show all contaminants that contributed to the total metric for each source 
type (past leaks, retrieval leaks, residual waste) at the time of peak for that source type. As such, 
the contributions should sum to 100%. All BBI contaminants were included in the RPP-13774 
analysis; however, not all contaminants contributed to the peaks. This was because for a 
contaminant to contribute to the peak it had to have a (1) reported inventory (in BBI), (2) Kd = 0 
(in PNNL-13895 or other available database), and (3) a toxicity factor (CPf or Rfd as 
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summarized in HNF-SD-WM-TI-707). The contaminants shown in Table 7-1 meet all three of 
these criteria. Some BBI contaminants with toxicity factors, such as uranium, were assigned a 
non-zero Kd (uranium Kd = 0.6) based on best available data. Results indicated that these 
contaminants do not reach the water table until approximately the year 6500, well after the peaks 
for all three source types. The non-zero Kd contaminants therefore do not contribute to any of 
the source term peaks and are not shown on Table 7-1. All contaminants shown in Table 7-1 
were assigned Kd = 0. Some BBI contaminants with Kd = 0, such as chloride, reached 
groundwater by the time of the source term peaks but did not have reported toxicity factors and 
therefore did not contribute to the total metric and are not shown on Table 7-1. 

7.1.1.2 Potential Retrieval Leak Inventories. This document presents much of the risk data 
assuming an 8,000-gal retrieval leak volume. This quantity is used only as a point of reference 
and for consistency and comparison with the volume assumed in the RPP-13774, Appendix C, 
risk assessment. The choice of the reference volume is arbitrary and does not affect how the risk 
values would be used in the event of a retrieval leak. The 8,000 gal is a hypothetical volume that 
represents neither an anticipated leak volume nor a leak detection limit. The WRS design and 
operational strategy for tank C-111 is designed to minimize the leak potential from the tank 
structure during waste retrieval. If a leak is detected, however, the risk graphs provided in 
Appendix B will allow the leak impacts to be estimated regardless of leak volume. 

The retrieval leak impact graphs in Appendix B were generated by applying Equation 7-1 over a 
range ofhypothetical retrieval leak inventories for each indicator contaminant (RPP-22521). 
The graphs assume DST AN-101 supernate is used as the slurry medium for waste retrieval. 
Because potential retrieval leak volumes are uncertain, the inventory range was selected to 
encompass a small leak on the low end and a large leak on the high end. Points of reference 
were added to the graphs to show the estimated current tank inventory and the estimated 
inventory associated with a hypothetical 8,000-gal retrieval supernate leak. The 8,000-gal 
volume was used only for information purposes to provide a point of reference on the graphs. 

Development of the tank-specific inventory shown as points of reference on the graphs for C-111 
is discussed in Appendix B. Current tank C-111 inventory values were taken from the BBI by 
downloading from the Tank Waste Information Network System (TWINS) database. The 
hypothetical retrieval leak inventory for tank C-111 was estimated using the sluicing liquid 
concentrations estimated in RPP-22521, Appendix B. 

7.1.1.3 Contaminant Transport Simulations. The RPP-13774 analysis provides the most 
sophisticated currently approved predictions of potential long-term groundwater impacts 
associated with tank waste retrieval and closure activities for WMA C. The reference for the risk 
calculations is provided at the end of 7 .1.1.2. The methodology used in the reference is the same 
as described in RPP-13774, but the concentrations used were developed in the reference. Leak 
concentrations were based upon BBI information (from sample data) conservatively adjusted to 
account for contaminants added subsequent to the BBI effective date. 

Flow and transport were simulated in the RPP-13774 analysis using two-dimensional 
cross-sectional models. The cross-sections extended laterally to the tank farm fenceline and 
vertically downward through the vadose zone into the upper portion of the underlying aquifer. 
The simulations all assumed a final closure barrier was in place by 2050. The barrier was 
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assumed to function at its design estimate recharge rate (0.5 mm/yr) for 500 years, after which 
recharge was assumed to increase to 3.5 mm/yr. The simulated cross-sectional groundwater 
concentrations were distributed uniformly along the length of the downgradient WMA C 
boundary. The simulations were carried out for a 10,000-year assessment period (i.e., from the 
year 2000 to the year 12000). The base case simulation results indicated the peak groundwater 
concentrations from retrieval leaks would arrive at the WMA C downgradient fenceline in the 
year 2082. 

The RPP-13774 transport simulations were performed for the following four types of 
contaminant sources within WMA C: 

a. Past leaks from tanks 
b. Past leaks from ancillary equipment (i.e., past pipe leaks) 
c. Potential leaks during waste retrieval 
d. Residual waste remaining in tanks and ancillary equipment. 

A total of 14 individual simulation cases were included in the analysis. Each case described the 
behavior of seven surrogate contaminants of varying distribution coefficients under variable 
waste release modes for the selected sources. The simulations were all performed using a unit 
source inventory (i.e., 1 Ci or kg). The contaminants simulated represented seven different 
measures of contaminant mobility through the use of distribution coefficients (:K! = 0, 0.01, 0.03, 
0.1, 0.3, 0.6, and 1.0 mL/g). By using a range of distribution coefficients, the analysis examined 
a wide variety of contaminants by applying the appropriate inventory and decay rate to the unit 
results for the contaminant of interest. The indicator contaminants for the current evaluation 
(

99Tc, hexavalent chromium, nitrite) were all assigned to the highly mobile (:Ki = 0 mL/g) 
surrogate contaminant group. 

Table 7-2 shows the RPP-13774 unit-source simulation results for the highly mobile 
(:Ki = 0 mL/g) contaminant group in the retrieval leak source term. The values shown are the 
predicted peak contaminant concentrations in groundwater at the downgradient WMA C 
fence line from release of 1 Ci of radionuclide or 1 kg of chemical. The retrieval leak impact 
graphs were generated by multiplying the simulated unit-source results by the retrieval leak 
inventory and the health effects conversion factors to obtain an estimate of peak groundwater 
impacts (Equation 7-1 ). 
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Table 7-2. Mobile Contaminant(~= 0 mL/g) Unit Inventory Simulation 
Results for Waste Management Area C Retrieval Leak Source Term. 

Peak Groundwater 
Time of Peak 

Contaminant Concentration at WMA C Units 
(Yr AD) 

Fenceline* 

Radionuclide 8.4E+Ol pCi/L 2082 

Chemical 8.4E-05 mg/L 2082 

*Addendum Cl, Figure 9, from RPP-13774, 2004, Single-Shell Tank System Closure Plan, Rev. 2, CH2M 
HILL Hanford Group, Inc., Richland, Washington. 

WMA = waste management area. 

7 .1.1.4 Exposure Scenarios. Human health impacts were generated and displayed on the 
retrieval leak impact graphs for an industrial and a residential exposure scenario, consistent with 
the requirements in HFF ACO Appendix I. Both scenarios are based on scenarios described in 
DOE/RL-91-45, Hanford Site Risk Assessment Methodology. The health effects conversion 
factors for both scenarios are shown in Table 7-3 for the three indicator contaminants. 

Table 7-3. Groundwater Unit Health Effects Factors for 
Industrial and Residential Exposure Scenarios. 

Contaminant Units 

Technetium-99 ILCR per pCi/L 

Hexavalent 
HQ permg/L 

chromium 

Nitrite HQ permg/L 

a Source: HNF-SD-WM-TI-707, Rev. 4, Tables 22 and 23. 
b Source: HNF-SD-WM-TI-707, Rev. 4, Tables 26 and 27. 

HI = hazard quotient. 
ILCR = incremental lifetime cancer risk. 

Industrial • Residential b 

1.38E-08 3.36E-07 

3.88E+OO 2.34E+Ol 

9.89E-02 6.36E-01 

HNF-SD-WM-TI-707, Exposure Scenarios and Unit Dose Factors for the Hanford Tank Waste Performance 
Assessment. 

The conversion factors shown in Table 7-3 were taken from tables provided in 
HNF-SD-WM-TI-707. For 99Tc, the conversion factors provide the lifetime cancer morbidity 
risk per unit concentration in the groundwater. For hexavalent chromium and nitrite, the 
conversion factors provide the noncarcinogenic chemical HQ per unit concentration in the 
groundwater. The factors were applied to the retrieval leak impact calculations as shown in 
Equation 7-1. 

The industrial scenario represents 20 years of occupational exposure in an industrial setting. 
The receptor is an individual whose work activity is primarily indoors but also includes outdoor 
activities such as building and grounds maintenance. Contaminants enter the worker primarily 
through use of groundwater for drinking water and showering. External exposure to irrigated 
soil and soil inhalation are also included. 
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The residential scenario represents 30 years of exposure in a residential setting. The receptor is 
an individual who resides on the land, grows fruits and vegetables, and raises livestock and 
poultry for personal consumption. Contaminants enter the receptor through use of groundwater 
for domestic needs (drinking, cooking, and showering); for irrigation (ingestion of produce, soil, 
and water; inhalation of soil and water; and external exposure); and for watering livestock 
(ingestion of meat, poultry, and dairy products). 

Uncertainty in the exposure scenarios contributes to the overall uncertainty in long-term risk 
predictions. To address uncertainty, exposure scenario parameters are generally biased to yield 
higher exposure and risk values. Inputs to the scenario unit risk factors that could contribute to 
exposure scenario uncertainty include the various models used (e.g., food chain model, 
toxicokinetic model) and model parameters (e.g., food chain transfer factors, exposure factors, 
dose factors, risk factors). Complete descriptions of the exposure scenario parameters, 
assumptions, and unit risk factor calculations can be found in HNF-SD-WM-TI-707. 

7.1.2 Retrieval Leak Impact Analysis Results 

Tank-specific retrieval leak impact graphs for C-111 generated using the methodology described 
in Section 7 .1.1 are provided in Appendix B. Three graphs, one for each indicator contaminant, 
are provided. An example calculation is also provided to illustrate how the formula given in 
Equation 7-1 was applied in generating the graphs. 

7.1.3 Waste Management Area C Risk Assessment 

This section provides information to allow the potential retrieval leak impacts from an individual 
tank to be placed in the context of the potential impacts from the C tank farm as a whole. The 
information presented was summarized from the WMA C risk assessment results presented in 
RPP-13774. 

Sections 7.1.3.1 through 7.1.3.3 summarize the RPP-13774 analysis results by source term in 
terms of the projected peak impacts at the WMA C downgradient fenceline from potential 
retrieval leaks, residual waste, and past leaks. 

The RPP-13774 risk assessment was a first-iteration risk assessment developed to show the 
current understanding of the risks associated with waste retrieval and closure activities for 
WMA C. The RPP-13774 analysis contained significant limitations and uncertainties. 
To address these uncertainties, the parameters used for the analysis were in general biased to 
yield higher risk values. The RPP-13774 analysis provides a list of the uncertainties associated 
with the risk assessment and how each uncertainty could impact the assessment results. It is 
expected that as waste retrieval from the C-1 00-series tanks progresses, new information will 
become available that could reduce the uncertainties presented in RPP-13774. 
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7.1.3.1 Potential Retrieval Leaks. Potential WMA C retrieval leak impacts are summarized 
in Table 7-4 from the results of the base case analysis presented in RPP-13774. Table 7-4 shows 
the predicted time of peak groundwater concentration, radiological ILCR, nonradiological ILCR, 
and noncarcinogenic chemical HI for the indicator contaminants at the downgradient fenceline 
from the WMA C retrieval leak source term. 

The retrieval leak source term was simulated in the RPP-13774 analysis based on a hypothetical 
8,000-gal. retrieval leak from each of the twelve C farm 100-series tanks. The four C farm 200-
series tanks were assumed not to leak during waste retrieval. A sensitivity case with a larger 
waste retrieval leak volume was also included. The retrieval leak inventories used for the 
RPP-13774 analysis were generated with the Hanford Tank Waste Operations Simulator 
(HTWOS) model assuming a raw water sluicing scenario. Retrieval leak inventories for a DST 
supernate sluicing scenario were not assessed in the RPP-13774 analysis. For this retrieval work 
plan, the C-111 retrieval leak inventories for a DST supernate sluicing scenario were calculated 
from concentrations estimated in Appendix B ofRPP-22521. These inventories are shown as 
reference points on the retrieval leak impact graphs presented in Appendix B of this document 
(RPP-37739). 

The RPP-13774 base case simulation results indicate the peak groundwater concentrations from 
retrieval leaks would occur at the WMA C downgradient fenceline in the year 2082. 
Groundwater concentrations were calculated as cumulative fenceline average concentrations 
over the entire downgradient length of the WMA C fenceline. The peak groundwater 
concentrations from retrieval leaks were projected to overlap in time and be additive with the 
peak groundwater concentrations from past leaks but were not projected to be additive with the 
peaks from residual waste. 
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Table 7-4. Peak Impacts at the Waste Management Area C Fenceline from Potential Retrieval Leaks. 

Time of Peak Incremental Lifetime 

Contaminant 
Groundwater Cancer Risk b 

Concentration 
(Yr AD)" Industrial Residential 

Technetium-99 2082 5.7E-06 1.4E-04 

Hexavalent chromium 2082 1.7E-07 3.8E-07 

Nitrite 2082 NA NA 

Total radiological 2082 6.5E-06 1.4E-04 

Total nonradiological 2082 1.7E-07 3.8E-07 - -· --·· --- ~--

a Source: RPP-13774, Addendum Cl, Tables 36 and 37. 
b Source: RPP-13774, Addendum Cl, Table 36. 
c Source: RPP-13774. Addendum Cl, Table 37. 
d Source: RPP-13774, Addendum Cl, Table 38. 
e The MCL for chromium is from 40 CFR 141.62(b) and is for total chromium. 

Hazard Quotients and 
Index c Groundwater 

Concentration d 
Industrial Residential 

NA NA 420 pCi/L 

2.8E-02 l.SE-01 0.0064 mg/L 

2.6E-02 1.7E-01 0.26 mg/L 

NA NA NA 

6.7E-02 4.2E-01 NA 

r Concentration for nitrite reported as the ion. The MCL for nitrite reported as nitrogen in nitrite is I mg/L, which is equal to 3.3 mg/L for the ion 

EPA =U.S. Environmental Protection Agency. 
MCL =maximum contaminant level. 
NA =not applicable. 

RPP-13774, Single-Shell Tank System Closure Plan, Rev. 2. 

Drinking Water 
Standard (MCL) 

900 pCi/L 

0.1 mg/L e 
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7.1.3.2 Residual Waste. Potential WMA C residual tank waste impacts are summarized in 
Table 7-5 from the results ofthe base case analysis presented in RPP-13774. Table 7-5 shows 
the predicted time of peak groundwater concentration, radiological ILCR, nonradiological ILCR, 
and noncarcinogenic chemical HI for the indicator contaminants at the downgradient fenceline 
from the WMA C residual tank waste source term. 

The RPP-13774 simulation results indicate the peak groundwater concentrations from residual 
tank waste would arrive at the fenceline approximately 3,600 years after closure (in the year 
5614). The peak groundwater concentrations from residual tank waste were not projected to 
overlap in time or be additive with the peak groundwater concentrations from retrieval leaks or 
past leaks. 

The base case residual waste simulations used a diffusion-dominated release model for 360 fe 
and 30 ft3 of post-retrieval residual tank waste in the 12 C-100-series tanks and four C-200-series 
tanks, respectively. The residual waste inventories were estimated using the selective phase 
removal method, which takes into account removal of selected phases ofwaste (e.g., sludge, 
supernate) during retrieval. Groundwater concentrations were calculated as cumulative fenceline 
average concentrations over the entire downgradient length of the WMA C fenceline. 

The nature and amount of waste left in WMA C ancillary equipment and pipelines is unknown. 
The RPP-13774 analysis included an assumed inventory for the waste in these components to 
show their expected relative contribution to the total WMA C impacts. Waste in the ancillary 
equipment tanks (244-CR vault and C-301 catch tank) was assumed to be retrieved to a residual 
volume proportional to that required under the HFF ACO for the 200-series tanks. The ancillary 
equipment tanks are smaller than the 200-series tanks and the ancillary tank residual volume was 
calculated by multiplying the 200-series tanks residual volume goal (30 ft3

) by the ratio of the 
volume of the ancillary equipment tank to the 200-series tanks (55,000 gal.). Currently, there is 
no BBI inventory associated with these ancillary tanks. Ancillary tank residual inventories were 
calculated as the product of the residual volume and the averaged contaminant-specific 
concentration from the combined contents of the C farm 100- and 200-series tank solids. 

The WMA C piping system comprises multiple layers of waste transfer piping that were installed 
over time within WMA C. An estimated total volume of 1,000 ft3 ofwaste transfer piping was 
assumed for the RPP-13774 analysis. To estimate a residual waste inventory related to the 
piping system, 25% of the pipe (250 ft3

) was assumed to be plugged and filled with residual 
solids. Currently, there is no BBI inventory associated with the ancillary piping components. 
Contaminant concentrations in the residual solids were calculated from the combined contents of 
the C farm 100- and 200-series tank waste solids. 
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Table 7-5. Peak Impacts at the Waste Management Area C Fenceline from Potential Residual Tank Waste. 

Time of Peak 
Groundwater 

Contaminant Concentration 
(Yr AD) a 

Technetium-99 5610 

Hexavalent chromium 5614 

Nitrite 5614 

Total radiological 5614 

Total nonradiological 5614 

a Source: RPP-13774, Addendum CJ, Tables 30 and 31. 
b Source: RPP-13774, Addendum Cl, Table 30. 
c Source: RPP-13774, Addendum C1, Table 31. 
ct Source: RPP-13774, Addendum C1, Table 38. 

Incremental Lifetime 
Cancer Risk b 

Industrial Residential 

9.0E-07 2.2E-05 

2.8E-08 6.3E-08 

NA NA 

l.OE-06 2.3E-05 

2.8E-08 6.3E-08 

e The MCL for chromium is from 40 CFR 141.62(b) and is for total chromium. 

Hazard Quotients and 
Index c Groundwater 

Concentration d 
Industrial Residential 

NA NA 66 pCi/L 

4.5E-03 2.5E-02 0.001 mg/L 

3.4E-03 2.2E-02 0.034 mg/L 

NA NA NA 

9.4E-03 5.7E-02 NA 

r Concentration for nitrite reported as the ion. The MCL for nitrite reported as nitrogen in nitrite is 1 mg/L, which is equal to 3.3 mg/L for the ion 

EPA =U.S. Environmental Protection Agency. 
MCL =maximum contaminant level. 
NA =not applicable. 

RPP-13774, Single-Shell Tank System Closure Plan. 

Drinking Water 
Standard 

(MCL) 

900 pCi/L 

0.1mg/Le 
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NA 
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The impacts shown in Table 7-5 are for residual tank waste and do not include the contributions 
from residual waste in WMA C ancillary equipment and pipelines. The residual waste in those 
components was estimated to cause a small increase to the impacts shown in Table 7-5. 
For example, for the industrial scenario, the total radiological ILCR increased to 1.1 x 10-6, the 
total nonradiological ILCR increased to 3.1 x 10-8

, and the total HI increased to 1.0 x 10-2
. 

The RPP-13774 analysis indicated the peak impacts from ancillary tank residuals would arrive 
coincident with the peak from SST residuals (in the year 5614) and the peak from piping system 
residuals would arrive approximately 700 years earlier than the peak from SST residuals. 

The diffusion-dominated residual waste release model used in the base case simulations was 
representative of a stabilized, grouted waste form. Additional sensitivity cases were simulated 
using an advection-dominated residual waste release model representative of an unstabilized 
waste form covered with backfill sand and gravel or failed grout. Peak groundwater 
concentrations for the advection-dominated release model were projected to arrive at the 
WMA C fenceline approximately 1,000 years earlier (in the year 4653) and be approximately an 
order of magnitude higher than the peaks for the base case diffusion-dominated release model. 

7.1.3.3 Past Leaks. Waste Management Area C past leak impacts are summarized in Table 
7-6 from the results ofthe base case analysis presented in RPP-13774. Table 7-6 shows the 
predicted time of peak groundwater concentration, radiological ILCR, nonradiological ILCR, 
and noncarcinogenic chemical HQ for the indicator contaminants at the downgradient fenceline 
from the WMA C past leak source term. 

The RPP-13744 past leak impacts did not use any of the recent UPR information and analysis 
provided in RPP-ENV-33418, the issue date ofRPP-13744 predates RPP-ENV-33418 by 
approximately 4 years. Addendum C1, Table 5 in RPP-13774 lists the past leaks used in 
calculating past leak impacts. The information in RPP-13774, Addendum C1, Table 5 comes 
from a number of sources. These sources are listed in Section 3.6.1 ofRPP-13774, Addendum 
C1, Table 5. 

The RPP-13774 base case simulation results indicate that peak groundwater concentrations from 
past leaks would arrive at the WMA C downgradient fenceline in the year 2092 for past tank 
leaks and the year 2117 for past ancillary equipment leaks. The past leaks source term was based 
on vadose zone contamination associated with past unplanned releases in the vicinity of 
tank C-105 and three ancillary pipelines (UPR-200-E-81, UPR-200-E82, UPR-200-E-86). 

Other reported unplanned ancillary equipment releases in WMA C were considered but 
disregarded in the RPP-13 77 4 analysis because they were determined not to represent significant 
sources of contamination compared to the sources analyzed. Table 5 in Addendum C 1 of 
RPP-13774lists sources considered in the WMA C risk assessment conceptual model. This 
same table indicates whether the source was included in the risk assessment and, if not included, 
the reason why. A number ofUPRs that occurred in the general area of tank C-111 were not 
included in the risk assessment. These are UPR-200-E-16, UPR-200-E-27, UPR-E-68, UPR­
E-72, UPR-E-91, UPR-E-99, UPR-E-100, UPR-200-E-107, UPR-200-E-118, and 
UPR-200-E-136. (Depending on future sampling or closure decisions, these UPRs may be 
included in future C farm risk assessments.) The reasons given in Table 5 ofRPP-13774 
Addendum C 1 for why they were not included in the risk assessment are the following: 
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a. UPR-200-E-16: A small (approximately 50 gal.) overground transfer line leak near the 
north side oftank C-105. This UPR was not included in the risk analysis because its 
limited volume was significantly smaller than that in three other UPRs that were 
included. 

b. UPR-200-E-27: An airborne release. This UPR was not included in the risk analysis 
because it was an airborne release that did not result in significant soil contamination. 

c. UPR-200-E-68: An airborne release. This UPR was not included in the risk analysis 
because it was an airborne release that did not result in significant soil contamination. 

d. UPR-200-E-72: This is a solid waste burial consisting of miscellaneous trash and debris. 
It is located outside ofWMA C. 

e. UPR-200-E-91: A contaminated soil area which has been remediated. 

f. UPR-200-E-99: An airborne release. This UPR was not included in the risk analysis 
because it was an airborne release that did not result in significant soil contamination. 

g. UPR-200-E-100: An airborne release. This UPR was not included in the risk analysis 
because it was an airborne release that did not result in significant soil contamination. 

h. UPR-200-E-107: A small (4 to 5 gal.) amount was sprayed on the ground from 
erroneous operation of an air valve; this UPR is believed to be near tank C-11 0. This 
UPR was not included in the risk analysis because its limited volume was significantly 
smaller than that in three other UPRs that were included. 

1. UPR-200-E-118: An airborne release from tank C-107. This UPR was not included in 
the risk analysis because it was an airborne release that did not result in significant soil 
contamination. 

J. UPR-200-E-136: A reported 24,000-gal. leak from tank C-101. (The same UPR also 
includes a reported 400-gal. leak from tank C-203). This UPR was not included in the 
risk analysis because this reported leak has not been verified through either geophysical 
logging or sampling in the vadose zone and/or groundwater. See footnote 4 to Table 5 of 
RPP-13774 Addendum C1 for a more detailed explanation. 

Although the peak from past tank leaks was projected to arrive ahead of the peak from unplanned 
pipeline releases by approximately 26 years, the contributions from these sources were summed 
and reported as a single peak arriving in the year 2117. Groundwater concentrations were 
calculated as cumulative fenceline average concentrations over the entire downgradient length of 
the WMA C fenceline. The peak groundwater concentrations from past leaks were projected to 
overlap in time and be additive with the peak groundwater concentrations from retrieval leaks 
but were not projected to be additive with the peaks from residual waste. The peak from 
retrieval leaks was projected to arrive in 2082 compared with 2092 for the past tank leak. This 
occurred because the retrieval leak volume used in the RPP-13774 analysis was 8,000 gal. 
whereas the past leak (tank C-1 05) volume assumed for risk assessment purposes was 1,000 gal. 
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An 8,000-gal volume has a greater driving force and lower tendency to spread laterally in the 
vadose zone than a 1,000-gal volume. 

Transport of existing vadose zone contamination was simulated in the RPP-13774 analysis based 
on water flow from natural recharge only (i.e., surface infiltration of meteoric water). The effect 
on existing contamination of artificial recharge, such as a retrieval leak or water line leak, was 
not evaluated. Should the fluid released in a retrieval leak intercept an existing vadose zone 
plume, there is a potential for the contamination to be flushed more quickly to the water 
table. The effect of the flushing on peak groundwater concentration and arrival time would 
depend on a number of factors, including initial plume depth and the rate, volume, and location 
of the retrieval leak. There is no potential for a retrieval leak to affect the movement of 
contamination from the three unplanned pipeline releases included in the WMA C risk 
assessment (UPR-200-E-81, UPR-200-E-82, UPR-200-E-86). These releases all occurred along 
the southwest boundary ofWMA C, well away from the nearest tank row. There is a potential 
for a retrieval leak to affect the movement of the existing vadose zone contamination in the 
vicinity oftank C-105. If this were to occur, the WMA C past leak impacts could differ from the 
projected impacts shown in Table 7-6, which were calculated assuming meteoric infiltration. 

Seven C farm tanks (C-1 01, C-110, C-111, and the four C-200-series tanks) are currently 
classified as assumed leakers in HNF-EP-0182 (see Figure 4-1). However, the past leak source 
term modeled in the RPP-13774 risk assessment included only leaks and discharges that have 
been verified either through geophysical logging or sampling in the vadose zone and/or 
groundwater. 

Spectral gamma logging data reported in RPP-14430 shows little evidence of vadose zone 
contamination consistent with a tank leak in the vicinity of the tanks classified as leakers in 
HNF-EP-0182. Although no leaks have been reported from tank C-105, there is contamination 
reported in the vadose zone from routine geophysical monitoring between this tank and 
tank C-104. The measured vadose zone contamination in the vicinity of tank C-105 was 
therefore included in the RPP-13774 risk assessment, along with the measured vadose zone 
contamination associated with three verified leaks from ancillary equipment associated with 
WMA C. Additional information on WMA C vadose zone contamination can be found in 
RPP-14430, Subsurface Conditions Description of the C and A-AX Waste Management Areas; 
RPP-15317, 241-C Waste Management Area Inventory Data Package; GJPO-HAN-18, Vadose 
Zone Characterization Project at the Hanford Tank Farms, C Tank Farm Report; and 
GJ0-98-39-TARA GJO-HAN-18, Vadose Zone Characterization Project at the Hanford Tank 
Farms, Addendum to the C Tank Farm Report. Additional perspective on the integrity of tanks 
in WMA C can be found in RPP-10435. 

7.1.3.4 Updated Past Leak and Retrieval Leak Information. This TWRWP identifies that 
new information on past leak loss volumes is available through RPP-ENV-33418. This 
information is not used for past leak losses at C-farm in RPP-13774 as a new model run will not 
be done in time for this TWRWP. Information on UPRs inC-Farm is provided in Section 6 and 
Tables 6-1 and 6-4 ofRPP-ENV-33418. 
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Table 7-6. Peak Impacts at the Waste Management Area C Fenceline from Past Leaks. 

Time of Peak Incremental Lifetime 

Contaminant 
Groundwater Cancer Risk b 

Concentration 
(Yr AD) a Industrial Residential 

Technetium-99 2117 

Hexavalent chromium 2117 

Nitrite 2117 

Total radiological 2117 

Total nonradiological 2117 ,_ 

• Source: RPP-13774, Addendum Cl, Tables 33 and 34. 
b Source: RPP-13774, Addendum Cl, Table 33. 
c Source: RPP-13774, Addendum Cl, Table 34. 
ct Source: RPP-13774, Addendum Cl, Table 38. 

6.9E-06 1.7E-04 

l.IE-07 2.4E-07 

NA NA 

8.1E-06 1.8E-04 

1.1E-07 2.4E-07 
-- -- --

e The MCL for chromium is from 40 CFR 141.62(b) and is for total chromium. 

Hazard Quotients and 
Index c Groundwater 

Concentration d 
Industrial Residential 

NA NA 497 pCi/L 

1.7E-02 9.7E-02 0.004 mg/L 

1.4E-02 9.1E-02 0.14 mg/L 

NA NA NA 

3.3E-02 2.0E-Ol NA 
- L__ -- L__ ___ ----- --

r Concentration for nitrite reported as the ion. The MCL for nitrite reported as nitrogen in nitrite is I mg/L, which is equal to 3.3 mg/L for the ion. 

EPA =U.S. Environmental Protection Agency. 
MCL =maximum contaminant level. 
NA =not applicable. 

RPP-13774, Single-Shell Tank System Closure Plan. 
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7.2 INTRUDER RISK 

6. Address anticipated impacts from an acute and chronic intruder scenario. Exposures are 
assumed to occur 500 years after closure. Scenarios for chronic exposure will include 
residential gardener and rural farmer. 

Inadvertent waste site intrusion risk is an assessment of the health impacts from unknowingly 
intruding into a waste site at some point in the future following closure. Intruder impact 
estimates are included in this TWRWP to provide perspective on potential post-closure risks 
associated with closing tank C-111 assuming waste is retrieved to the HFF ACO interim retrieval 
goal of 360 ft3 of residual waste and the residuals are closed in place (Ecology et al. 1989). 

Inadvertent intruder impacts were analyzed using the same methodology used to analyze 
WMA C intruder impacts in DOE/ORP-2003-11, Preliminary Performance Assessment for 
Waste Management Area Cat the Hanford Site, Washington. That report used exposure 
scenarios defined in HNF-SD-WM-TI-707 and was based on intruder analyses presented in 
earlier Hanford Site performance assessments (WHC-EP-0645, Performance Assessment for the 
Disposal of Low-Level Waste in the 200 West Area Burial Grounds; WHC-EP-0875, 
Performance Assessment for the Disposal of Low-Level Waste in the 200 East Area Burial 
Grounds; DOE/RL-97-69, Hanford Immobilized Low-Activity Tank Waste Performance 
Assessment; DOE/ORP-2000-24, Hanford Immobilized Low-Activity Waste Performance 
Assessment: 2001 Version). 

7.2.1 Intruder Scenarios and Performance Objectives 

The DOE/ORP-2003-11 analysis included several inadvertent intrusion scenarios, all ofwhich 
assumed that no institutional memory of the closed facility remains following closure. The 
credible post-closure intrusion scenarios identified were the following: 

a. An intruder who inadvertently drills into the closed site and brings some of the waste to 
the surface, receiving an acute dose (driller scenario). 

b. A post-drilling resident who lives where waste has been exhumed and scattered over the 
surface, receiving a chronic dose (post-intrusion residential scenarios). Three such 
residential scenarios were included: 

1. Suburban resident with a garden 
2. Rural farmer with a dairy cow 
3. Commercial farmer. 

Detailed descriptions ofthe scenarios are presented in DOE/ORP-2003-11 and 
HNF-SD-WM-TI-707. A basement scenario, in which exposure occurs during excavation for a 
basement or building foundation, was not considered credible in DOE/ORP-2003-11 and was not 
analyzed. This was because the top of the waste is 35 ft or more below the surface and neither 
basements for home residences nor foundations for commercial structures are likely to extend 
this far below the surface. 
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The performance objective identified in DOE/ORP-2003-11 for the driller scenario was 
500 mrem effective dose equivalent (EDE) for a one-time exposure. The performance objective 
for the post-intrusion residential scenarios was 100 mrem/yr EDE for a continuous exposure. 
Doses were calculated at 1 00-year intervals over the period from 0 to 1,000 years after closure. 
The time of compliance (or soonest time when the intrusion was assumed to occur) for the 
DOE/ORP-2003-11 analysis was 500 years after closure, which was assumed to occur in the year 
2050. 

7.2.2 Methodology 

The main elements of the intruder calculation method used for this analysis can be summarized 
as follows: 

a. Use a time of compliance of500 years after closure (consistent with DOE/ORP-2003-11) 

b. Use radiological dose as the health impact metric 

c. Calculate acute dose using the driller scenario 

d. Calculate chronic dose using the suburban resident with a garden and rural farmer with a 
dairy cow scenarios 

e. Assume the borehole diameter is 6.5 in. for well driller and suburban resident with a 
garden and 10.5 in. for rural farmer with a dairy cow 

f. Assume the tanks each contain a volume of 360 ft3 of residual waste at closure 

g. Assume the residual tank waste is embedded in a grout matrix that renders a fraction of 
the exhumed waste unavailable for inhalation and ingestion 

h. Assume intrusion occurs before contaminants have migrated from the closed facility in 
any significant quantity. 

The commercial farmer scenario was disregarded for this analysis. The commercial farmer was 
identified in the DOE/ORP-2003-11 analysis as the most likely exposure scenario given the 
present day land use in the Hanford environs; however, the DOE/ORP-2003-11 analysis used the 
rural farmer with a dairy cow for purposes of assessing compliance with performance objectives. 
The rural farmer with a dairy cow was more conservative than the commercial farmer but less 
conservative than the suburban resident with a garden. The DOE/ORP-2003-11 analysis 
considered a rural farmer with a dairy cow a more appropriate scenario for assessing 
performance than a suburban resident with a vegetable garden. The DOE/ORP-2003-11 analysis 
results indicated the commercial farmer dose would be a factor of 50 below that of the rural 
farmer with a dairy cow. Both the suburban resident with a garden scenario and the rural farmer 
with a dairy cow scenario are evaluated in this TWRWP. 

Sections 7 .2.2.1 and 7 .2.2.2 discuss the calculation methodology for the two primary components 
ofthe intruder calculation, inventory, and dose. Tank-specific results for tank C-111 are 
provided in Appendix B. Calculation details are provided in RPP-22521. 

7.2.1.1 Inventory. The starting inventories for the intruder calculation were the estimated 
radionuclide inventories remaining in the tanks following retrieval to the HFF ACO interim 
retrieval goal of 360 fe (2, 700 gal.) of residual waste. These inventories were taken from RPP-
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15317 and are based on the selective phase removal inventory estimation method. Inventories 
for all 46 radionuclides reported in the BBI are provided in RPP-15317 and were used in the 
calculation. The tank C-111 residual waste starting inventory is given in Appendix B. 

Exhumed inventories were calculated by assuming the waste in the borehole has the same 
contaminant concentrations as the tank residuals, and that the height of the waste in the borehole 
is the same as the height of the waste in the tank residuals. Using these assumptions, the 
undecayed exhumed inventories for each radionuclide were estimated by multiplying the tank 
residual inventory by the square of the ratio of the borehole radius to the tank radius. 
The mathematical basis for this is shown in Equations 7-2 through 7-5. 

where: 

lEx I (n r2 h) =hI (n R2 h) 

lEx= Ir (n r2 h) I (n R2 h) 

lEx= h (r I Rf 

lEx = exhumed inventory (undecayed) (Ci) 
h =tank residual inventory (Ci) 
VEx =exhumed volume (m3

) 

VT =tank residual volume (m3
) 

R =borehole radius (m) 
R =tank radius (m) 
H =waste height (m). 

(7-2) 

(7-3) 

(7-4) 

(7-5) 

To account for radiological decay, the exhumed inventory was multiplied by a radiological decay 
factor, as shown in Equation 7-6. 

(7-6) 

where: 

hx(t) =exhumed inventory decayed as a function of time (Ci) 
lEx =exhumed inventory (undecayed) (Ci) 
Exp = exponential function (natural logarithm base (e) raised to some power) 
A = radioactive decay constant, per year, calculated as ln(2)=0.6931 divided by the 

radionuclide half life in years 
T = elapsed time since closure in years. 
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7.2.1.2 Dose. For each intruder scenario considered, the dose contribution from each 
radionuclide was calculated by multiplying the exhumed inventory (decayed) by a unit dose 
factor. The total dose for each scenario was then calculated as the sum of the dose contributions 
from all radionuclides included in the starting inventory. Unit dose factors for each radionuclide 
under each intruder scenario were taken from HNF-SD-WM-TI-707. Unit dose factors for the 
subset of radionuclides that drive intruder doses are shown in Table 7-7. Complete intruder 
scenario descriptions and unit dose factor calculations are provided in HNF-SD-WM-TI-707. 

The total dose factors (sum of internal and external doses) given in HNF-SD-WM-TI-707 for the 
driller scenario assume 1 00% of the exhumed waste is available for inhalation and ingestion. 
The residual waste grout matrix is assumed to prevent a fraction of the exhumed inventory from 
being inhaled or ingested. Internal dose factors used in this calculation were therefore reduced 
by 90% (multiplied by 0.1) to account for the grouted waste form, as recommended in 
HNF-SD-WM-TI-707. 

The driller scenario unit dose factors are given in terms of the dose per unit contaminant 
concentration in the drill cuttings (mrem per Ci/kg) (Table 7-7). The radiation dose to this 
individual is the dose (EDE) from acute exposure over a 40-hour drilling operation. The driller 
dose factors were multiplied by the average radionuclide concentration in the drill cuttings 
(Ci/kg) to obtain the dose. The average radionuclide concentrations in the drill cuttings were 
calculated by dividing the exhumed inventories (decayed) by the mass exhumed. The mass 
exhumed was calculated using Equation 7-7. 

(7-7) 

where: 

MEx = exhumed mass (kg) 
R =borehole radius (m) 
H =borehole height (depth to water table) (m) 
P =average density of well cuttings (kg/m3

). 

As for the driller scenario, the total dose factors (sum of internal and external doses) given in 
HNF-SD-WM-TI-707 for the two post-intruder resident scenarios (suburban resident with a 
garden and rural farmer with a dairy cow) were adjusted downward to account for a grout matrix 
by applying a waste form factor of 0.1 to the internal dose factors. 

The post-intruder resident scenario unit dose factors are given in terms of the dose received 
during the first year per curie exhumed (mrem/yr per Ci) (Table 7 -7). The radiation dose to this 
individual is the 50-year committed effective dose equivalent from the first year of exposure. 
The post-intruder dose factors were multiplied by the curies exhumed (decayed) to obtain the 
dose. 
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Radio nuclide 

Strontium-90+ D 

Technetium-99 

Tin-126+D 

Cesium-137+D 

Plutonium-239 

Plutonium-240+D 

Americium-241 
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Table 7-7. Unit Dose Factors for 
Inadvertent Intruder Scenarios. a 

Driller 
Suburban Resident 

(mrem per 
with a Garden 

Ci/kg) b 
(mrem/yr per Ci 

exhumed) b 

8.12E+04 3.59E+03 

5.66E+02 5.06E+02 

3.09E+07 9.66E+03 

8.78E+06 3.13E+03 

3.86E+05 7.02E+02 

3.86E+05 7.02E+02 

5.83E+05 7.60E+02 

Rural Farmer 
with a Dairy Cow 
(mrem/yr per Ci 

exhumed) b 

9.73E+01 

2.54E+OO 

3.86E+02 

1.25E+02 

1.21E+01 

1.21E+01 

1.41E+01 

a Source: Tables 7, 8, and 10 ofHNF-SD-WM-TI-707, 2004, Exposure Scenarios and Unit Dose 
Factors for the Hanford Tank Waste Performance Assessment, Rev. 4, CH2M HILL Hanford Group, 
Inc., Richland, Washington. 
b Values shown are total dose (sum of internal and external dose) after reducing internal dose by 
90% to account for the waste form. 

+D = includes short-lived radioactive progeny in secular equilibrium with parent nuclide. 

The post-intruder dose factors consider the decrease in soil concentration during the year due to 
radioactive decay and leaching from irrigation (HNF-SD-WM-TI-707). Irrigation is assumed to 
occur only during the first half of the year. External exposure, soil ingestion, and soil inhalation 
occur only during the irrigation period, with none during the second half of the year. Vegetables, 
fruit, and grain in the suburban resident with a garden scenario and animal fodder (hay and grain) 
in the rural farmer with a dairy cow scenario are assumed to be harvested throughout the 
irrigation season. To represent this, harvest is assumed to occur midway through the irrigation 
season (at 0.25 year). Plant concentrations are proportional to soil concentrations at this time. 

7.2.3 Intruder Analysis Results 

Tank C-111 intruder impacts generated using the methodology described in Section 7 .2.2 are 
provided in Appendix B. Appendix B gives total dose values for the driller, suburban resident 
with a garden, and rural farmer with a dairy cow intrusion scenarios, along with the radionuclide­
specific dose contributions from the radionuclides that dominate the total dose. 
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8 LESSONS LEARNED 

Lessons learned from previous waste retrieval operations will be applied where appropriate to 
the C-111 modified sluicing equipment and operations. Applicable lessons learned include, but 
are not limited to the following: 

a. Select equipment materials compatible with the environmental conditions of their 
intended application to minimize failures resulting from corrosion, stress, and exposure to 
radiation. Provide adequate temperature controls (e.g., heat tracing, air conditioning) to 
ensure equipment performs as designed. Select radiation resistance sealants and gaskets. 

b. Cold test all fluid connections and components before deployment to ensure leak 
tightness. 

c. Incorporate features to flush components that transport slurries to prevent/correct 
blockages. Design the features to operate with minimal changes to the system and 
operator intervention. 

d. Design systems to facilitate maintenance and support functions while incorporating safety 
and ALARA features. 

e. Provide access to instrumentation and other components requiring servicing and 
maintenance that does not require breaching the confinement system. 

f. Simplify system control screens to maximize operator efficiency and recognition of key 
operational parameters/ data. 

g. Incorporate features to unplug piping systems in the event of a line blockage. 

h. Conduct comprehensive field walkdowns before system design to validate design 
assumptions and document as-found field conditions. 

1. Identify and specify equipment shipping, handling, and lifting requirements to facilitate 
safe and efficient handling and deployment of equipment. 

J. Conduct comprehensive post-shipping inspections to identify equipment damage and 
defects. 

k. Minimize the use of threaded joints in equipment design. 

l. Identify and obtain all spare parts required for system maintenance and for equipment 
repairs for anticipated failures. 

m. Deployment of the HRR systems at S-102 and previous C-100 series SSTs will be 
incorporated to the extent practical in the design and operation of the C-111 HRR system. 
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Table A-1. Tank C-111 Inventory.a (11 Sheets) 

Analyte Waste Phase Waste Type Inventory Standard Deviation Units 

Sludge 1C (Solid) 3.47E-12 not reported Ci 

Sludge CWP1 (Solid) 4.55E-11 not reported Ci 
J06Ru Sludge HS (Solid) 3.75E-05 not reported Ci 

Sludge TFeCN (Solid) 6.68E-12 not reported Ci 

Total 3.75E-05 -- Ci 

Sludge 1 C (Solid) 4.08E-03 not reported Ci 

Sludge CWPl (Solid) 1.63E-Ol not reported Ci 
113mcd Sludge HS (Solid) 3.20E-02 not reported Ci 

Sludge TFeCN (Solid) 5.52E-02 not reported Ci 

Total 2.55E-Ol -- Ci 

Sludge 1 C (Solid) 5.44E-05 not reported Ci 

Sludge CWP 1 (Solid) 1.94E-04 not reported Ci 
12sSb Sludge HS (Solid) 7.60E-02 not reported Ci 

Sludge TFeCN (Solid) 8.15E-04 not reported Ci 

Total 7.71E-02 -- Ci 

Sludge lC (Solid) 3.38E-04 not reported Ci 

Sludge CWP 1 (Solid) 2.43E-04 not reported Ci 
126Sn Sludge HS (Solid) 2.57E-03 not reported Ci 

Sludge TFeCN (Solid) 7.21E-03 not reported Ci 

Total 1.04E-02 -- Ci 

Sludge lC (Solid) 3.59E-05 not reported Ci 

Sludge CWPl (Solid) 3.09E-02 not reported Ci 
1291 Sludge HS (Solid) 1.16E-05 not reported Ci 

Sludge TFeCN (Solid) 1.40E-03 not reported Ci 

Total 3.24E-02 -- Ci 

Sludge 1C (Solid) 4.15E-08 not reported Ci 

Sludge CWP 1 (Solid) 4.07E-06 not reported Ci 

134Cs Sludge HS (Solid) 2.25E-04 not reported Ci 

Sludge TFeCN (Solid) 1.82E-04 not reported Ci 

Total 4.10E-04 -- Ci 

Sludge 1 C (Solid) 1.11E+03 1.01E+03 Ci 

Sludge CWPl (Solid) 6.66E+03 not reported Ci 
137Cs Sludge HS (Solid) 1.89E+03 not reported Ci 

Sludge TFeCN (Solid) 1.01E+04 not reported Ci 

Total 1.98E+04 -- Ci 
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Table A-1. Tank C-111 Inventory.a (11 Sheets) 

Analyte Waste Phase Waste Type Inventory Standard Deviation Units 

Sludge lC (Solid) 1.05E+03 not reported Ci 

Sludge CWP 1 (Solid) 6.28E+03 not reported Ci 
137mB a Sludge HS (Solid) 1.78E+03 not reported Ci 

Sludge TFeCN (Solid) 9.53E+03 not reported Ci 

Total 1.86E+04 -- Ci 

Sludge lC (Solid) 1.61E-02 1.67E-02 Ci 

Sludge CWPl (Solid) 1.43E-Ol not reported Ci 
I4c Sludge HS (Solid) 5.02E-03 not reported Ci 

Sludge TFeCN (Solid) 4.80E-02 not reported Ci 

Total 2.12E-01 -- Ci 

Sludge 1 C (Solid) 7.12E+OO not reported Ci 

Sludge CWP1 (Solid) 2.44E+OO not reported Ci 

Is Ism Sludge HS (Solid) 6.82E+02 not reported Ci 

Sludge TFeCN (Solid) 7.57E+Ol not reported Ci 

Total 7.67E+02 -- Ci 

Sludge 1 C (Solid) 2.28E-04 not reported Ci 

Sludge CWPl (Solid) 2.92E-04 not reported Ci 

1s2Eu Sludge HS (Solid) 1.21E-Ol not reported Ci 

Sludge TFeCN (Solid) 2.36E-03 not reported Ci 

Total 1.23E-Ol -- Ci 

Sludge lC (Solid) 1.54E-02 not reported Ci 

Sludge CWPl (Solid) 1.94E-02 not reported Ci 
I54Eu Sludge HS (Solid) 8.66E+OO not reported Ci 

Sludge TFeCN (Solid) 1.65E-01 not reported Ci 

Total 8.86E+OO -- Ci 

Sludge 1C (Solid) 6.65E-03 not reported Ci 

Sludge CWP 1 (Solid) 6.94E-03 not reported Ci 
1ssEu Sludge HS (Solid) 3.78E+OO not reported Ci 

Sludge TFeCN (Solid) 7.91E-02 not reported Ci 

Total 3.87E+OO -- Ci 

Sludge 1 C (Solid) 4.46E-07 not reported Ci 

Sludge CWP 1 (Solid) 7.75E-08 not reported Ci 
226Ra Sludge HS (Solid) 2.56E-08 not reported Ci 

Sludge TFeCN (Solid) 9.19E-06 not reported Ci 

Total 9.73E-06 -- Ci 
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Table A-1. Tank C-111 Inventory.a (11 Sheets) 

Analyte Waste Phase Waste Type Inventory Standard Deviation Units 

Sludge lC (Solid) 3.81E-06 not reported Ci 

Sludge CWPl (Solid) 4.19E-07 not reported Ci 
221Ac Sludge HS (Solid) 1.22E-07 not reported Ci 

Sludge TFeCN (Solid) 4.39E-05 not reported Ci 

Total 4.83E-05 -- Ci 

Sludge 1 C (Solid) 5.00E-12 not reported Ci 

Sludge CWPl (Solid) 8.90E-13 not reported Ci 
22sRa Sludge HS (Solid) 1.85E-13 not reported Ci 

Sludge TFeCN (Solid) 4.01E-ll not reported Ci 

Total 4.62E-ll -- Ci 

Sludge lC (Solid) 1.41E-09 not reported Ci 

Sludge CWPl (Solid) 1.30E-10 not reported Ci 
229Th Sludge HS (Solid) 2.98E-10 not reported Ci 

Sludge TFeCN (Solid) 4.10E-09 not reported Ci 

Total 5.94E-09 -- Ci 

Sludge lC (Solid) 2.84E-05 not reported Ci 

Sludge CWPI (Solid) 8.32E-07 not reported Ci 
231pa Sludge HS (Solid) 1.72E-07 not reported Ci 

Sludge TFeCN (Solid) 4.77E-05 not reported Ci 

Total 7.71E-05 -- Ci 

Sludge lC (Solid) l.lSE-11 not reported Ci 

Sludge CWPl (Solid) 1.03E-12 not reported Ci 
232Th Sludge HS (Solid) 1.89E-13 not reported Ci 

Sludge TFeCN (Solid) 3.47E-ll not reported Ci 

Total 4.78E-ll -- Ci 

Sludge lC (Solid) 5.31E-07 not reported Ci 

Sludge CWPl (Solid) 2.33E-05 not reported Ci 

mu Sludge HS (Solid) l.OSE-05 not reported Ci 

Sludge TFeCN (Solid) 9.74E-06 not reported Ci 

Total 4.44E-05 -- Ci 

Sludge lC (Solid) 4.42E-08 not reported Ci 

Sludge CWPl (Solid) 1.14E-06 not reported Ci 

mu Sludge HS (Solid) 4.71E-05 not reported Ci 

Sludge TFeCN (Solid) 8.08E-07 not reported Ci 

Total 4.91E-05 -- Ci 
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Table A-1. Tank C-111 Inventory. a (11 Sheets) 

Analyte Waste Phase Waste Type Inventory Standard Deviation Units 

Sludge lC (Solid) 4.27E-02 not reported Ci 

Sludge CWPl (Solid) 5.11E-Ol not reported Ci 
234u Sludge HS (Solid) 1.53E-Ol not reported Ci 

Sludge TFeCN (Solid) 8.00E-Ol not reported Ci 

Total 1.51E+OO -- Ci 

Sludge lC (Solid) 1.91E-03 not reported Ci 

Sludge CWPl (Solid) 2.18E-02 not reported Ci 
23su Sludge HS (Solid) 6.43E-03 not reported Ci 

Sludge TFeCN (Solid) 3.57E-02 not reported Ci 

Total 6.59E-02 -- Ci 

Sludge lC (Solid) 4.76E-04 not reported Ci 

Sludge CWPl (Solid) 1.16E-02 not reported Ci 
236u Sludge HS (Solid) 3.64E-03 not reported Ci 

Sludge TFeCN (Solid) 8.98E-03 not reported Ci 

Total 2.47E-02 -- Ci 

Sludge lC (Solid) 1.55E-04 not reported Ci 

Sludge CWPl (Solid) 1.72E-04 not reported Ci 

237Np Sludge HS (Solid) 8.20E-04 not reported Ci 

Sludge TFeCN (Solid) 5.17E-03 not reported Ci 

Total 6.31E-03 -- Ci 

Sludge lC (Solid) 4.11E-02 not reported Ci 

Sludge CWPl (Solid) 1.90E+OO not reported Ci 

238Pu Sludge HS (Solid) 9.83E-Ol not reported Ci 

Sludge TFeCN (Solid) 1.47E-Ol not reported Ci 

Total 3.07E+OO -- Ci 

Sludge lC (Solid) 4.35E-02 not reported Ci 

Sludge CWPl (Solid) 5.24E-Ol not reported Ci 

238u Sludge HS (Solid) 1.53E-Ol not reported Ci 

Sludge TFeCN (Solid) 8.16E-Ol not reported Ci 

Total 1.54E+OO -- Ci 

Sludge lC (Solid) 5.84E+OO not reported Ci 

Sludge CWPl (Solid) 1.10E+02 not reported Ci 

239pu Sludge HS (Solid) 3.09E+Ol not reported Ci 

Sludge TFeCN (Solid) 2.01E+Ol not reported Ci 

Total 1.67E+02 -- Ci 
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Table A-1. Tank C-111 Inventory. a (11 Sheets) 

Analyte Waste Phase Waste Type Inventory Standard Deviation Units 

Sludge lC (Solid) 6.35E-Ol not reported Ci 

Sludge CWPl (Solid) 2.29E+Ol not reported Ci 
240Pu Sludge HS (Solid) 6.68E+OO not reported Ci 

Sludge TFeCN (Solid) 2.24E+OO not reported Ci 

Total 3.25E+Ol -- Ci 

Sludge lC (Solid) 9.68E-Ol not reported Ci 

Sludge CWPl (Solid) 2.08E+OO not reported Ci 
24IAm Sludge HS (Solid) 1.24E+OO not reported Ci 

Sludge TFeCN (Solid) 1.86E+02 not reported Ci 

Total 1.90E+02 -- Ci 

Sludge lC (Solid) 1.07E+OO not reported Ci 

Sludge CWPl (Solid) 8.58E+Ol not reported Ci 
Z4Ipu Sludge HS (Solid) 3.54E+Ol not reported Ci 

Sludge TFeCN (Solid) 3.95E+OO not reported Ci 

Total 1.26E+02 -- Ci 

Sludge lC (Solid) 1.67E-04 not reported Ci 

Sludge CWPl (Solid) 3.06E-05 not reported Ci 
242Cm Sludge HS (Solid) 4.85E-02 not reported Ci 

Sludge TFeCN (Solid) 4.20E-02 not reported Ci 

Total 9.07E-02 -- Ci 

Sludge lC (Solid) 8.83E-06 not reported Ci 

Sludge CWPl (Solid) 7.14E-04 not reported Ci 
242Pu Sludge HS (Solid) 3.14E-04 not reported Ci 

Sludge TFeCN (Solid) 3.25E-05 not reported Ci 

Total 1.07E-03 -- Ci 

Sludge lC (Solid) 9.81E-05 not reported Ci 

Sludge CWPl (Solid) 1.82E-05 not reported Ci 
243Am Sludge HS (Solid) 5.29E-04 not reported Ci 

Sludge TFeCN (Solid) 2.47E-02 not reported Ci 

Total 2.54E-02 -- Ci 

Sludge lC (Solid) 1.87E-06 not reported Ci 

Sludge CWPl (Solid) 5.40E-07 not reported Ci 
Z43Cm Sludge HS (Solid) 2.45E-03 not reported Ci 

Sludge TFeCN (Solid) 4.70E-04 not reported Ci 

Total 2.93E-03 -- Ci 
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Table A-1. Tank C-111 Inventory. a (11 Sheets) 

Analyte Waste Phase Waste Type Inventory Standard Deviation Units 

Sludge IC (Solid) 4.20E-05 not reported Ci 

Sludge CWP1 (Solid) 1.35E-05 not reported Ci 
244Cm Sludge HS (Solid) 5.54E-02 not reported Ci 

Sludge TFeCN (Solid) 1.06E-02 not reported Ci 

Total 6.61E-02 -- Ci 

Sludge 1C (Solid) 2.64E-02 1.93E-02 Ci 

Sludge CWP 1 (Solid) 1.28E+Ol not reported Ci 

3H Sludge HS (Solid) 9.77E-03 not reported Ci 

Sludge TFeCN (Solid) 1.76E+OO 1.80E+OO Ci 

Total 1.46E+Ol -- Ci 

Sludge IC (Solid) 8.76E-04 not reported Ci 

Sludge CWP 1 (Solid) 5.60E-Ol not reported Ci 

5~i Sludge HS (Solid) 1.03E-Ol not reported Ci 

Sludge TFeCN (Solid) 2.40E+OO 2.46E+OO Ci 

Total 3.07E+OO -- Ci 

Sludge lC (Solid) 5.57E-03 not reported Ci 

Sludge CWPI (Solid) 7.50E-Ol not reported Ci 

6oCo Sludge HS (Solid) 4.93E-Ol not reported Ci 

Sludge TFeCN (Solid) 4.46E-02 not reported Ci 

Total 1.29E+OO -- Ci 

Sludge IC (Solid) 1.21E-Ol not reported Ci 

Sludge CWPI (Solid) 5.14E+Ol not reported Ci 

63Ni Sludge HS (Solid) 9.51E+OO not reported Ci 

Sludge TFeCN (Solid) 2.14E+02 2.19E+02 Ci 

Total 2.75E+02 -- Ci 

Sludge IC (Solid) 8.97E-05 not reported Ci 

Sludge CWP1 (Solid) 5.90E-05 not reported Ci 

79Se Sludge HS (Solid) 6.20E-04 not reported Ci 

Sludge TFeCN (Solid) 1.92E-03 not reported Ci 

Total 2.68E-03 -- Ci 

Sludge lC (Solid) 3.38E+02 2.46E+02 Ci 

Sludge CWPI (Solid) 3.24E+05 not reported Ci 

90Sr Sludge HS (Solid) 9.17E+04 not reported Ci 

Sludge TFeCN (Solid) 4.91E+05 not reported Ci 

Total 9.07E+05 -- Ci 
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Table A-1. Tank C-111 Inventory. a (11 Sheets) 

Analyte Waste Phase Waste Type Inventory Standard Deviation Units 

Sludge 1C (Solid) 3.38E+02 not reported Ci 

Sludge CWP1 (Solid) 3.24E+05 not reported Ci 
90y Sludge HS (Solid) 9.17E+04 not reported Ci 

Sludge TFeCN (Solid) 4.91E+05 not reported Ci 

Total 9.07E+05 -- Ci 

Sludge 1C (Solid) 1.04E-01 not reported Ci 

Sludge CWP 1 (Solid) 3.02E-03 not reported Ci 

93~b Sludge HS (Solid) 3.08E-02 not reported Ci 

Sludge TFeCN (Solid) 5.72E-02 not reported Ci 

Total 1.95E-01 -- Ci 

Sludge 1C (Solid) 1.15E-01 not reported Ci 

Sludge CWP 1 (Solid) 3.52E-03 not reported Ci 

93zr Sludge HS (Solid) 3.68E-02 not reported Ci 

Sludge TFeCN (Solid) 6.34E-02 not reported Ci 

Total 2.19E-01 -- Ci 

Sludge 1C (Solid) 1.70E+OO 6.49E+OO Ci 

Sludge CWP1 (Solid) 2.57E-02 not reported Ci 

99Tc * Sludge HS (Solid) 1.94E-01 not reported Ci 

Sludge TFeCN (Solid) 6.36E-01 not reported Ci 

Total 2.56E+OO -- Ci 

Sludge 1C (Solid) 1.04E+03 7.34E+02 kg 

Sludge CWP1 (Solid) 1.08E+04 not reported kg 

AI Sludge HS (Solid) 3.06E+03 not reported kg 

Sludge TFeCN (Solid) 1.64E+04 not reported kg 

Total 3.13E+04 -- kg 

Sludge 1C (Solid) 1.33E+03 4.08E+02 kg 

Sludge CWP1 (Solid) 1.56E+02 not reported kg 

Bi Sludge HS (Solid) 4.43E+01 not reported kg 

Sludge TFeCN (Solid) 2.37E+02 not reported kg 

Total 1.77E+03 -- kg 

Sludge 1C (Solid) 6.49E+01 4.12E+01 kg 

Sludge CWP1 (Solid) 1.55E+03 not reported kg 

Ca Sludge HS (Solid) 4.38E+02 not reported kg 

Sludge TFeCN (Solid) 2.34E+03 not reported kg 

Total 4.39E+03 -- kg 
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Table A-1. Tank C-111 Inventory. a (11 Sheets) 

Analyte Waste Phase Waste Type Inventory Standard Deviation Units 

Sludge lC (Solid) 7.92E+Ol 3.56E+Ol kg 

Sludge CWPl (Solid) 2.47E+Ol 4.49E+Ol kg 

Cl Sludge HS (Solid) 6.15E+01 not reported kg 

Sludge TFeCN (Solid) 1.59E+02 1.08E+02 kg 

Total 3.24E+02 -- kg 

CN not reported 

Sludge lC (Solid) 5.82E+Ol 2.61E+01 kg 

Sludge CWP 1 (Solid) 1.09E+Ol not reported kg 

Cr* Sludge HS (Solid) 3.09E+OO not reported kg 

Sludge TFeCN (Solid) 1.65E+01 not reported kg 

Total 8.88E+01 -- kg 

Sludge 1C (Solid) 7.15E+02 5.76E+02 kg 

Sludge CWP 1 (Solid) 9.34E+Ol 6.99E+02 kg 

F Sludge HS (Solid) O.OOE+OO not reported kg 

Sludge TFeCN (Solid) 1.19E+02 1.94E+02 kg 

Total 9.27E+02 -- kg 

Sludge 1C (Solid) 7.08E+02 2.08E+02 kg 

Sludge CWP1 (Solid) 4.93E+03 not reported kg 

Fe Sludge HS (Solid) 1.40E+03 not reported kg 

Sludge TFeCN (Solid) 7.48E+03 not reported kg 

Total 1.45E+04 -- kg 

Sludge 1C (Solid) 2.65E-02 3.55E-02 kg 

Sludge CWP1 (Solid) O.OOE+OO not reported kg 

Hg Sludge HS (Solid) 4.64E+01 not reported kg 

Sludge TFeCN (Solid) 1.06E+OO 4.61E-01 kg 

Total 4.75E+Ol -- kg 

Sludge 1C (Solid) 2.23E+Ol 1.75E+Ol kg 

Sludge CWP 1 (Solid) 5.36E+OO not reported kg 

K Sludge HS (Solid) 1.22E+02 not reported kg 

Sludge TFeCN (Solid) 9.18E+01 5.13E+Ol kg 

Total 2.42E+02 -- kg 

Sludge lC (Solid) 1.19E-01 1.22E-Ol kg 

Sludge CWPl (Solid) 4.10E+Ol not reported kg 

La Sludge HS (Solid) 1.16E+Ol not reported kg 

Sludge TFeCN (Solid) 6.21E+01 not reported kg 

Total 1.15E+02 -- kg 
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Table A-1. Tank C-111 Inventory. a (11 Sheets) 

Analyte Waste Phase Waste Type Inventory Standard Deviation Units 

Sludge lC (Solid) 6.57E+OO 6.05E+OO kg 

Sludge CWPl (Solid) 2.91E+Ol not reported kg 

Mn Sludge HS (Solid) 8.25E+OO not reported kg 

Sludge TFeCN (Solid) 4.41E+Ol not reported kg 

Total 8.81E+Ol -- kg 

Sludge lC (Solid) 6.96E+03 3.02E+03 kg 

Sludge CWPl (Solid) 2.43E+03 not reported kg 

Na Sludge HS (Solid) 6.88E+02 not reported kg 

Sludge TFeCN (Solid) 3.68E+03 not reported kg 

Total 1.38E+04 -- kg 

Sludge lC (Solid) 1.47E+OO 1.07E+OO kg 

Sludge CWPl (Solid) 1.91E+03 not reported kg 

Ni Sludge HS (Solid) 5.43E+02 not reported kg 

Sludge TFeCN (Solid) 2.90E+03 not reported kg 

Total 5.36E+03 -- kg 

Sludge lC (Solid) 6.80E+02 1.06E+03 kg 

Sludge CWPl (Solid) 7.03E+02 1.48E+03 kg 

N02 * Sludge HS (Solid) 7.95E+02 not reported kg 

Sludge TFeCN (Solid) 8.46E+03 6.39E+03 kg 

Total 1.06E+04 -- kg 

Sludge lC (Solid) 8.83E+03 6.86E+03 kg 

Sludge CWP 1 (Solid) 5.14E+02 2.03E+03 kg 

N03 Sludge HS (Solid) 1.32E+03 not reported kg 

Sludge TFeCN (Solid) 9.87E+03 3.70E+03 kg 

Total 2.05E+04 -- kg 

Sludge lC (Solid) 7.10E+Ol not reported kg 

Sludge CWPl (Solid) 2.46E+Ol not reported kg 

Oxalate Sludge HS (Solid) 3.43E+Ol not reported kg 

Sludge TFeCN (Solid) 7.20E+Ol not reported kg 

Total 2.02E+02 -- kg 

Sludge lC (Solid) 1.37E+Ol 1.28E+Ol kg 

Sludge CWPl (Solid) 5.43E+02 not reported kg 

Pb Sludge HS (Solid) 1.54E+02 not reported kg 

Sludge TFeCN (Solid) 8.24E+02 not reported kg 

Total 1.53E+03 -- kg 
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Table A-1. Tank C-111 Inventory.a (11 Sheets) 

Analyte Waste Phase Waste Type Inventory Standard Deviation Units 

Sludge 1C (Solid) 4.86£+03 2.80£+03 kg 

Sludge CWPI (Solid) 5.14£+03 not reported kg 

P04 Sludge HS (Solid) 1.46£+03 not reported kg 

Sludge TFeCN (Solid) 7.80£+03 not reported kg 

Total 1.93£+04 -- kg 

Sludge lC (Solid) 4.31£+02 4.08£+02 kg 

Sludge CWP1 (Solid) 7.16£+02 not reported kg 

Si Sludge HS (Solid) 2.03£+02 not reported kg 

Sludge TFeCN (Solid) 1.09£+03 not reported kg 

Total 2.44£+03 -- kg 

Sludge lC (Solid) 9.39£+02 6.53£+02 kg 

Sludge CWPl (Solid) 1.92£+02 1.28£+02 kg 

so4 Sludge HS (Solid) 7.03£+01 not reported kg 

Sludge TFeCN (Solid) 3.77£+02 not reported kg 

Total 1.58£+03 -- kg 

Sludge lC (Solid) 1.01E+Ol 3.26E+OO kg 

Sludge CWPl (Solid) 1.86E+Ol not reported kg 

Sr Sludge HS (Solid) 5.26E+OO not reported kg 

Sludge TFeCN (Solid) 2.82£+01 not reported kg 

Total 6.21E+Ol -- kg 

Sludge lC (Solid) 4.16£+02 4.85£+02 kg 

Sludge CWPl (Solid) 1.59£+03 1.13£+03 kg 
TIC as 

Sludge HS (Solid) 1.04E+Ol not reported kg 
co3 

Sludge TFeCN (Solid) 5.35£+03 2.90£+03 kg 

Total 7.36£+03 -- kg 

Sludge lC (Solid) 3.69E+Ol 2.65£+01 kg 

Sludge CWPl (Solid) 7.91E+Ol not reported kg 

TOC Sludge HS (Solid) 2.24E+Ol not reported kg 

Sludge TFeCN (Solid) 1.20£+02 not reported kg 

Total 2.58£+02 -- kg 

Sludge lC (Solid) 1.30£+02 1.42£+02 kg 

Sludge CWP1 (Solid) 1.61£+03 not reported kg 

UTOTAL Sludge HS (Solid) 4.57£+02 not reported kg 

Sludge TFeCN (Solid) 2.44£+03 not reported kg 

Total 4.64£+03 -- kg 

A-10 



RPP-37739, Rev. 2 

Table A-1. Tank C-111 Inventory.a (11 Sheets) 

Analyte Waste Phase Waste Type Inventory Standard Deviation Units 

Sludge lC (Solid) 9.60E+OO 9.47E+OO kg 

Sludge CWPl (Solid) 4.56E+Ol 7.26E+Ol kg 

Zr Sludge HS (Solid) O.OOE+OO not reported kg 

Sludge TFeCN (Solid) 2.04E+OO 1.06E+OO kg 

Total 5.72E+Ol -- kg 

* Indicator constituents as identified in Section 7 .1.1.1. 

IC =first-cycle bismuth phosphate waste. 
CWP 1 = cladding waste. 
HS = hot semiworks waste. 
TFeCN = ferrocyanide scavenging waste. 
TIC = total inorganic carbon. 
TOC = total organic carbon. 
a Reference download from http://twinsweb.pnl.gov/data dated 6110/05. 
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Bl.O TANK C-111 PRE-RETRIEVAL RISK ASSESSMENT RESULTS 

This appendix provides tank-specific pre-retrieval risk assessment results for 241-C-111 (tank 
C-111 ). The information presented was developed using the methodology described in Section 
7.0. Groundwater pathway impacts are presented in Section B2.0. Inadvertent intruder impacts 
are presented in Section B3.0. 

B2.0 GROUNDWATERPATHWAYIMPACTS 

The groundwater pathway evaluation involved the development of a set of graphical tools to 
provide a basis for making informed decisions in the event a leak is detected or unexpected 
retrieval conditions arise during waste retrieval operations. This section provides and discusses 
the retrieval leak impact graphs generated for tank C-111. The methodology used to generate the 
graphs is described in Section 7.1.1. Calculation detail for the graphs is provided in RPP-22521, 
Tanks C-101, C-105, C-110, and C-111 Long-Term Human Health Risk Calculations to Support 
Tank Waste Retrieval Work Plan. 

B2.1 RETRIEVAL LEAK IMPACT GRAPHS 

Figures B-1 through B-3 provide the tank C-111 waste retrieval leak impact graphs for the three 
indicator contaminants (technetium-99, hexavalent chromium, and nitrite) identified in 
Section 7 .1.1.1. 

1.0E-01J 

Figure B-1. Tank C-111 Technetium-99 Risk Plot. 
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Figure B-2. Tank C-111 Hexavalent Chromium Hazard Quotient Plot. 
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Figure B-3. Tank C-111 Nitrite Hazard Quotient Plot. 
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Figure B-1 shows the peak groundwater pathway incremental lifetime cancer risk (ILCR) from 
technetium-99 as a function of the amount of technetium-99.leaked from tank C-111 during 
waste retrieval. Figures B-2 and B-3 show the peak groundwater pathway hazard quotient (HQ) 
from hexavalent chromium and nitrite, respectively, as a function of the amount ofhexavalent 
chromium and nitrite leaked from tank C-111 during waste retrieval. 

The ILCR and HQ values shown on the graphs were based on the predicted peak groundwater 
concentrations at the waste management area (WMA) C downgradient fenceline. As discussed 
in Section 7 .1.1.3, the projected arrival time of the peaks is approximately the year 2082 based 
on the supporting contaminant transport analysis in RPP-13774, Single-Shell Tank System 
Closure Plan. The graphs provide a retrieval leak risk picture for tank C-111 but do not include 
contributions from other WMA C sources. Projected impacts from other WMA C sources are 
discussed in Section 7.1.3. 

Two sloped lines representing the industrial and residential scenarios were plotted on each graph. 
The data points for these lines were calculated as described in Section 7 .1.1 over a range of 
technetium-99, hexavalent chromium, and nitrite values. Because potential retrieval leak 
volumes are uncertain, the inventory range was selected to encompass a small leak on the low 
end and a large leak on the high end. 

Vertical dashed lines were added to each graph as points of reference to show the estimated 
current tank C-111 inventory and the inventory associated with a potential 8,000 gal. retrieval 
leak. The 8,000-gal. volume was a hypothetical volume used only as a point of reference and for 
consistency with previous analyses. It was not intended to represent anticipated retrieval leak 
volumes or leak detection limits for tank C-111. 

In the event a leak is detected during waste retrieval, the leak monitoring system and/or any other 
available and applicable information would be used to estimate the leak volume. The potential 
human health impacts from the leak could then be evaluated from the leak volume and estimated 
contaminant concentrations in the leak along with the graphs shown in Figures B-1 through B-3. 
Using the graphs, the impacts from leak inventories greater or lesser than those shown for the 
8,000-gal. reference volume can be estimated rapidly by extrapolating from the impacts shown 
for the reference volume. 

B2.2 INVENTORY 

The reference lines shown in Figures B-1 through B-3 to indicate current inventory and retrieval 
leak inventory were developed from the best available data and information. Current inventories 
were taken from the best-basis inventory (BBI) by downloading from the Tank Waste 
Information Network System (TWINS) database (http://twinsweb.pnl.gov/twins.htm). Retrieval 
leak inventories were calculated by multiplying the hypothetical retrieval leak volume (8,000 
gal.) by a conservative estimated retrieval leak fluid concentration. Waste was assumed to be 
retrieved from C-111 with tank AN-101 supernate. The retrieval leak fluid concentrations and 
retrieval leak inventories based on these concentrations are calculated in RPP-22521 and 
provided in Table B-1. 

B-3 



RPP-37739, Rev. 2 

Table B-1. Tank C-111 Retrieval Leak Inventory Estimate. 

Contaminant Leak Fluid Concentration * Inventory in 8,000-gal. Retrieval Leak 

Technetium-99 1.21E-4 Ci/L 3.66E+OO Ci 

Hexavalent 
5.28E-04 kg/L 1.60E+Ol kg Chromium 

Nitrite 8.01E-02 kg/L 2.43E+03 kg 

*From RPP-22521, 2009, Tanks C-101, C-105, and C-111 Long-Term Human Health Risk Calculations to Support Tank 
Waste Retrieval Work Plan, Rev. 4, Washington River Protection Solutions, LLC, Richland, Washington. 

B2.3 SUMMARY OF IMPACTS FROM HYPOTHETICAL 8,000-GALLON RETRIEVAL 
LEAK 

The technetium-99 inventory associated with a hypothetical 8,000 gal. retrieval leak from 
tank C-111 was estimated to be approximately 3.66 E+OO curies (RPP-22521). As shown in 
Figure B-1, this corresponds to an ILCR of approximately 4.25 x 1 o-6 for the industrial scenario 
and 1.03 x 1 o-4 for the residential scenario. The peak technetium-99 groundwater concentration 
at the WMA C fenceline from this retrieval leak would be approximately 3.08E+02 pCi/L. 

The hexavalent chromium inventory associated with a hypothetical 8,000 gal. retrieval leak from 
tank C-111 was estimated to be approximately 1.6E+01 kg (RPP-22521). As shown in Figure 
B-2, this corresponds to an HQ of approximately 5.21 x 10-3 for the industrial scenario and 
3.14 x 1 o-2 for the residential scenario. The peak hexavalent chromium groundwater 
concentration at the WMA C fenceline from this retrieval leak would be approximately 
1.34E-03 mg/L. 

The nitrite inventory associated with an 8,000 gal. retrieval leak from tank C-111 was estimated 
to be approximately 2.43E+03 kg (RPP-22521). As shown in Figure B-3, this corresponds to an 
HQ of approximately 2.0E-02 for the industrial scenario and 1.3E-01 for the residential scenario. 
The peak nitrite groundwater concentration at the WMA C fenceline from this retrieval leak 
would be approximately 2.0E-01 mg/L. 

B2.4 EXAMPLE CALCULATION 

To illustrate the calculation method used for the retrieval leak impact graphs, the following 
example is provided. The example uses the industrial scenario ILCR result of 4.25 x 1 o-6

. 

Using Equation 7-1 from Section 7.1.1, the industrial scenario ILCR was calculated as the 
product of the technetium-99 inventory (Table B-1 ), the technetium-99 retrieval leak unit 
groundwater concentration factor (Table 7-2), and the technetium-99 industrial scenario unit risk 
factor (Table 7-3), as follows: 

ILCR = (3.66 Ci) · (8.4 x 101 pCi/L per Ci) · (1.38 x 10-8 ILCR per pCi/L) = 4.25 x 10-6 

Complete calculation details are provided in RPP-22521. 
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B3.0 INADVERTENT INTRUDER IMPACTS 

The starting inventories for the tank C-111 intruder calculation were the estimated radionuclide 
inventories remaining in the tank following retrieval to the Ecology et al. ( 1989), Hanford 
Federal Facility Agreement and Consent Order (HFF ACO) interim retrieval goal of 360 fe 
(2700 gal.) of residual waste. These inventories were taken from RPP-15317, 241-C Waste 
Management Area Inventory Data Package and are based on the selective phase removal 
inventory estimation method. Inventories for all46 radionuclides reported in the BBI are 
provided in RPP-15317 and were used in the calculation (RPP-22521 ). Inventories for the subset 
ofBBI radionuclides that were shown in DOE/ORP-2003-11, Preliminary Performance 
Assessment for Waste Management Area Cat the Hanford Site, Washington to dominate intruder 
doses at 500 years after closure are shown in Table B-2. 

Table B-3 summarizes the intruder analysis results for tank C-111. These results were generated 
using the methodology described in Section 7.2. Complete calculation detail is provided in 
RPP-22521. Contaminant-specific doses are shown for the subset of radionuclides that dominate 
the total dose. The total dose shown represents the sum of the dose contributions from all 
radionuclides considered. 

The dose values in Table B-3 are for intrusion at 500 years after closure assuming a 
grout-stabilized residual waste volume of 360ft3. Table B-3 indicates that tank C-111 would not 
exceed the performance objectives of 500 mrem effective dose equivalent for acute exposure and 
100 mrem/yr effective dose equivalent for chronic exposure at 500 years after closure. The total 
doses at 500 years after closure would be dominated by plutonium-239 and americium-241. 
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Table B-2. Tank C-111 Inventory of Dose-Driving 
Contaminants in 360 ft3 of Residual Waste*. 

Radionuclide Units TankC-111 

Strontium-90 Ci 4.18E+04 

Technetium-99 Ci 1.27E-01 

Tin-126 Ci 1.78E-03 

Cesium-137 Ci 9.20E+02 

Plutonium-239 Ci 6.14E+OO 

Plutonium-240 Ci 6.76E-01 

Americium-241 Ci l.OOE+Ol 

*Table 7-1 from RPP-15317, 2003, 241-C-Waste Management Area Inventory 
Data Package, Rev. 0, CH2M HILL Hanford Group, Inc., Richland, Washington. 

Table B-3. Tank C-111 Intruder Dose. 

Well Suburban Resident Rural Farmer 
Radionuclide Driller with a Garden with a Dairy Cow 

(mremEDE) (mrem/yr EDE) (mrem/yr EDE) 

Strontium-90 0.000 0.035 0.002 

Technetium-99 0.000 0.003 0.000 

Tin-126 0.001 0.001 0.000 

Cesium-137 0.001 0.001 0.000 

Plutonium-239 0.039 0.222 0.010 

Plutonium-240 0.004 0.023 0.001 

Americium-241 0.044 0.178 0.009 

Other Radionuclides 0.002 0.003 0.001 

TOTAL 0.091 0.466 0.023 

Note: The number of significant digits shown in Table B-3 is not intended to imply a level of accuracy 
greater than the input values. 

EDE =effective dose equivalent. 
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Table of Approved RPP-37739 Modification Notices 

Number Subject 
Date Date Approved Pg. 

Initiated by Ecology Number 

2013-07 Include Consent Decree reference, 5/8/13 7/31/13 C-1 
provide new information on C-1 01 
leak status, first and second 
technology and change first 
retrieval technologies 
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Office of River Protection, State of Washington Department of Ecology 
Tank Waste Retrieval Work Plan/Functions and Requirements Change Notice 

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3) 

1221245 

1. Document Title and Number: RPP-37739, Rev. 1, 241-C-111 Tank Waste Retrieval Work Plan 

2. Minor Field Change: 
(Section 12.4 HFFACO Action 
Plan) 

D Yes: (WRPS Signature Only­
Attach signed form to Primary 
Document for record purposes) 

X N 0: Proceed to Box 3 

6. 
Do proposed changes 
require schedule changes? 
(Would this extend 
completion of retrieval 
beyond 12 months from 
date of initiation?) 

DYes X No 

3. Document Issue Date: 

09/1/10 

4. Document Modification 
Notice Date: 5/08113 

7. 
Do proposed changes include 
specific additions, deletions, or 
modification to scope and/or 
requirements which affect the 
overall intent of the plan? 

DYes X No 

9. Description and Justification of Change: 

5. Notice Number: 2013-07 

l[jE C E IV fil) n AUG0!2013 ~ 

8. (Check only one bo~_._ __ _, 

D Significant Modification 
(Check if the answer to question in either 
section 6 or 7 is "yes". Significant 
modifications require revision of the primary 
document.) 

Minor Modification 
X Requires modification of the document 

X Can be accomplished with Modification 
Notice. 

Change Description: Changes are made to identifY the second and third retrieval technologies that will 
be used, as needed, to meet the volume target listed in the consent decree. Changes are also included to 
align this TWRWP with others. To align the TWRWP changes include describing annulus leak 
detection devices, limit of technology, consent decree requirements and references, equipment 
performance justification, equivalent rinse, and clarification ofENRAF use for leak detection. 
Reference updates are also included. 

Justifications: 

• pg vi-added ERSS to abbreviations and trademark designators. 

• Section 1, pg 1-1-added references to the consent decree in place of HFF ACO. 

• Section 2.1.1, pg 2-1-Added the consent decree completion deadline. 

• Section 3 pg 3-1-Listed retrieval technologies and added consent decree requirements. Added 
ERSS and high pressure water to system description. 

• Section 3.1.1, pg 3- I to 3-3-Added waste retrieval system components. 

• Section 3.1.2, pg 3-4-Added a description of high pressure water operation and waste softening 
with various liquids. 

• Section 3.1.2, pg 3-5 to 3-6-Added limit of technology description and explanation requirement for 
operating with diminished capability equipment. 

• Section 3.1.3, pg 3-7 to 3-8-Added a description of chemical retrieval. 

• Section 3.2, pg 3- I 0--Added an option for equivalent rinsing of supernate from the solids. 

• Section 3.3, pg 3-14-Added an wording for the second and third technology selection. 
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Office of River Protection, State of Washington Department of Ecology 
Tank Waste Retrieval Work Plan/Functions and Requirements Change Notice 

(Per Hanford Federal Facility Agreement and Consent Order Section 9.3) 

• Section 3-6, pg 3-15 and 3-19-Updated table reference and deleted HFFACO reference 

• Section 3.8, pg 3-23-Added an updated reference for IQRPE assessment. 

• Section 3.10, pg 3-24--Updated references for air monitoring program. 

• Section 4.1.2, pg 4-1 -Deleted reference to outdated PNNL groundwater monitoring plan and 
reference included up to date reference. 

• Section 4.1.3, pg 4-2 to 4-3-Updated annulus leak detection monitoring description. 

• Section 4.1.3, pg 4-5-Deleted outdated groundwater monitoring well map. 

• Section 4.2.1.2, pg 4-10 to 4-11-Added clarification for using ENRAF as a leak detector. 

• Section 4.2.1.5, pg 4-12-- Updated annulus leak detection monitoring description. 

• Section 5, pg 5-1-Updated air permit reference. 

• Section 9-Updated references 

See the attached redline strikeout pages. 

10. Impact of Change: These changes allow for deployment of the second and third technologies that 
may be needed to complete the retrieval of waste from C-111. The changes also make this TWRWP 
consistent with the other TWRWPs. 

11. Additional Re uirements and/or Provisions 

Washington River Protection 
Solutions, LLC. 

Approvals 

Office of River Protection 

o Provisional Approvae 
Date 

'-...... -t ~Final Approval 1· 
Date 

~~ ' 
I -For use by Ecology to identify any additional information needed to make a decision regarding the request for modifications. In 
addition, Ecology will identify actions, if any, regarding the modification request that DOE may take pending Ecology's final decision 
2- Provisional approval allows DOE and it's contractors to take specific actions identified in section II, prior to final approval of this 
modification. 

C-2 



RPP-37739, Rev. 2 

RPP-37739, Rev. I 

LIST OF TERMS 

Abbreviations, Acronyms, and Initialisms 

A LARA 
881 

CH2M HILL 

COPC 

DOE 
DST 
Ecology 

EDE 
EPA 

ERSS 
HFFACO 

HI 

HIHTL 

HRW" 

IH 

ILCR 

IQRPE 
IRIS 

ITEM 

k.! 
LDMTV 

MRS 
NOC 
ORP 
oww 
PCB 
PUR EX 

RAS 

RCRA 

RMS 
SGLS 

SST 

as low as reasonably achievable 

best- basis inventory 

CH2M HILL Hanford Group, Inc. 

constituent of potential concern 

U.S. Department of Energy 

double-shell tank 

Washington State Department of Ecology 

effective dose equivalent 

U.S. Environmental Protection Agency 

Extended Reach Sluicing System 

Hanford Federal Facility Agreemelll and Consent Order 

hazard inde.t 

hose-in-hose transfer line 

high-resolution resistivity 

industrial hygiene 

incrementallifetim: cancer risk 

independent, qualified registered professional engineer 

Integrated Risk Infonnation System 

Integrated Training Electronic Matrix 

distribution coefficient 

leak detection and monltoring 

mobile retrieval system 

notice of oonsttuction 

U.S. Department of Energy, Office of River Protection 

organic wash waste 

polychlorinated biphenyls 

plutonium-uranium extraction 

radionuclide assessment system 

Resource Consenwion and Recovery Act of 1976 

radionuclide monitoring system 

spectral gamma system 

single-shell tank 
.,.High-Resolution Resistivity (HRR) is a tra.demartc(hydroGEOPH.YSICS, loc~ Tucson, Arizona. 
"' Leak Detection a mel Monitoring (LDM} is .a trBa! mack cr hyd:roGIIDPH. YSICS, Inc~ Tucson, Arizona 

vi 
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1 INTRODUCTION 

The U.S. Department of Energy, Office of River Proteclion (ORP) River Protection Project 
mission includes storage, relr:ieval, immobilization, and disposal of radioactive mixed waste 
presenlly stored in underground tanks located in the 200 East and 200West.Areas of the U.S. 
Department of Energy (DOE) Hanford Site. Single-shell tank 241-C-111 (C-11 1) located in the 
200 East Area (Figure 1-1 ), is scheduled for waste relrieval using a modified sluicing system 
relr:ieval technology. Tank C- 111 is classified as an "assumed leaker'' as specified in 
HNF-EP-0182, Waste Tank Summary Report for Month Ending October 31, 2008. The lank 
history was reevaluated as described in RPP-ENV-33418, Hanford C-Farm LeakMsessmems 
Report; Tartll.s 241 -C-/01, 241 -C-1 10, 241 -C-1 11, 241 -C-105 and Unplanned Waste Releases, 
Rev. I, and there was a consensus agreement that the apparent waste Joss from this tank which 
led to it. being classified an "assumed leaker'' was due to evaporation. Tank leak assessment 
RPP-ASMT-39155, Tank 241-C-1 11 LeaJ:. Assessment Report, evaluated the information 
available for C- 111 and reached consensus that the level decrease observed from 1965 to 1969 
was the result of evaporation and thermal contraction, and that the tank did not leak. The leak 
assessment recommended that the tank status be revised from Assumed Leaker to Sound. 

This document was originally developed to meet the requirements identified in Hanford R!deral 
Facility Agreement and Consent Order (HFFACO) Appendix l. Section 2.1 .3 for Tank Waste 
Relr:ieval Work Plans (TWRWP). As of 10f25110Consent Decree No. 08-5085-FVS (Decree) 
became the regulating directioo forlWRWPs for tanks retrieved as Project B-1 and Project B-4 
of the Decree. This iii 8 J'filtllll'f eeBHIHI!Bt !leoi·elepi!e te IFII!Iet lM f8EjHii'8IRI!Ht& i.RliHee iR 
bft8• Re~lit llt.t 43 Q4 Ql ef ~i!ele~. et at (l93q}>; Jlm;_fBnl.!f'Hs;•td f.'Miiit'! A~SBMI!t'M tHIS 
Clmunt lJl:tlM= (HWACOj, The purpose of this document is to provide the Washington Stare 
Department of Ecology (Ecology) information on the planned approach for retrieving waste from 
C-1 II to allow Ecology to approve the waste relr:ieval action. 

Tile RJl8lieR&hiJ! e( ~ tBRIE ·.v 8818 :Mtrievel W Bfk J!llll!!l (T\VRWP) le the 9'1'8F&JI BiHgle DMil tBRIE 
Eis:Fl "'8818 Jetfievitllll!e i!I81!1HI8 fMI88!i!l i& &e!!l!fil!iee iR Afi}II!Heioli I ef &he loliiJZAbQ. illBB# with 
re'JYimments fur lhe ilen~oent ef TWRWPs. TheSI! A!quillJmeBts WSR! subl!le'jlll!ntly Glanfisd in 
lelter Q4 Tm QgJ, "AgR'81Ri!Rl 9I1 C9II1ent 9fTankWasle Rstrienal Wmk Plans" (04 TPD gg:~ 

better). N' lii8Filf 8RII #Hiillll!Be; tAe FeljHii'8IRI!Bt!i freHI Q~ 'RlQ Q&J be~r Bf8 R!pi!&ted: 
';¥MM !!f!filli!Hie lit ~ l!@#i:HHiBf; ef 8 li@I!UBR iH lRi& eB8HIHI!Bt 

Where information regarding treatment, management, 31ld disposal of the radioactive source , 
byproduct material, and/or special nuclear components of miAed waste (as defined by the Atomic 
Energy Act of 1954) has been incorporated into this lWRWP, it is not incorporated for the 
pwpose of regulating the radialion hazards of such components under the authority of this tank 
waste retrieval work plan or Revised Code ofWashington, Chapter 70.105 RCW, "Hazardous 
waste management" 

1-1 
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2 TANKS ANIYOR ANCILLARY EQUIPMENT CONDmON AND 
CONFIGURATION AND WASTE CHARACI'ERISTICS 

2.1 TANK 

List of tank(s) associmed with the proposed waste retrieval action 

Tank 241-C- 111 is the subject of this TWRWP. 

2.1.1 Start Dale 

Retrieval stan dates for each component 

The planned start date for C- 111 waste retrieval operations is July 2010 but is subject to change 
depending on priorities and availability of resources. 111 aeoomaHce willl the HRl.".CO, 
,A•f!f!BBSI:Jt li; !;elltiBR iU.S, it illJBtEiefli:teeil Y'IHitB R!~ie"BI is te BBilBIIIf!IB~eil wilkiB l'ihReR!I!B ef 
tbis fB~i8'1·B:l &tBft ~- l'Re 18Rli Fe!Fi~·&J J!FeeBBB "'ill ee i!BIIIf!lBteB "'itl:!iB tfliB MBII! fttHR8 er 
tfls TWR-WP l!'UI 8e •·iBilS tBI'fB"'iile 8R eatim!lteil i!8111f!l8lieR Elate fer l!ltB FeNvlll 
~The completion date for Project B-1 , complete retrieval from the remaining SSTs in 
WMA-C. is 9130114. 

2.1.2 History of Tank 

History of tank (date of construction, dimensions of lank, etc.) 

Summruy- leve1 historical data related to the configuration and operating history for tank C-1 11 is 
provided in Table 2-1. 

Table 2-l. SWilllllli')'·LeveJ Data for Tank Cll L * 

Constructed 1943-44 
In service ]946 
Diameler (ft) 75 
Operating depth (in.) 185 
Design capacity (gal.) 530,000 
Bottom shape Dish 
Ventilation Passive 
Nominal burial depth ( ft) 6 
Declared inactive 1978 
Inlerim stabilized 3184 
• Adapi!d from RPP-104;15, 2002. Sir~g/~1/T-.I:SyJimtlr:rq:rily 
Anc.mr.-lll R.-paL 

The tank was constructed in place with a carbon steel lining on the bottom and sides and a 
reinforced concrete shell The welded liner is independent of the reinforced-concrere tank and 

2-1 

C-5 



RPP-37739, Rev. 2 

RPP-37739, Rev. I 

3 PLANNED RETRIEVAL TECHNOLOGY 

This section provides a description of the waste retrieval technologies that will be used,. if 
needed,. in C- 111 . 'The first technology is modified sluicing using standard modified slulcer or 
an extended reach sluicer (ERSS). 'The second technology is high pressure water using the 
ERSS. The third technology, if needed to meet the Consent Decree volume target, is chemical 
dissolution. The rationale for selection technologies is. provided in Section 3.3. However, in 
accordance with Appendix C, Part I of the Decree: 

"lf 360 cubic feet is reaclled with the first retrieval technology. the first retrieval 
technology shall be used to the "limits of technology" and a second retrieval technology 
shall not be required." 

Retrieval activities will switch from one technology to the other~ required to reach the Consent 
Decree residual waste goal. 

In accordance with the Decree. Appendix C., Pan 1: 

"If the waste residual goal of 360 cubic feet is not achieved using the eslablislled two 
technologies, 311 additional retrieval technology established in a revised TWRWP shall be 
deployed to the "limits of technology;" provided that DOE may request that the State agree 
that DOE may forego implementing a third retrieval technology if DOE believes 
implementing such technology is not practicable under the criteria set forth above [in 
Appendix C. Part 1 of tiE Decree]. If DOE and Ecology are unable to reach agreement. 
the resolution of the issue of whether a third retrieval technology shall be deployed shall be 
resolved through the dispute resolution process set forth in Section IX of this Decree." 

For efficiency, DOE may use the third technology. chemical dissolution, as needed between 
sluicing and high pressure water applications. 

3.1 SYSTEM DESCRIPriON 

Sy.rtt!ln description (physical and operating) 

This section provides a description of the waste retrieval syslem (WRS) and how it will be 
operated. Continued design development and incorporation of lessons learned may lead to 
changes in the design and!or OJerating strategy. 

3.1.1 Physical Description 

Tile physical equipment will consist of a modified sludge sluicing system to mobilize and 
retrieve w asle from lank C- 111 . Tile sluicing system will include two Esr 'IRBM!) m.odifed sluicers 
or ERSS ReJ;zll:ls sluicers and a slurry pump in the tank. The sluice nozzles will be controlled 
from a control trailer located ou1side the tank farm fence. The sluice nozzles can be installed in 
e~isting tank risers located around the perimeter of the t311k. 'The sluice nozzles wlll have the 
capability to direct liquid at various locations in the lank. 'I1Ie WRS will have the capability to 
use high pressure water to break apart hard agglomerations of waste. Double-shell tank 
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supernate will be used as the prim;uy sluicing liquid The WRS will also have the capacily to 
use raw water for sluicing with minor modifications. 

The new sluny pump will be installed in a riser located in the center pit The slurry pump design 
for C-111 will allow the pump inslallation height to be adjusted to facilitate maximum waste 
removal. The C-111 pump will be installed using a crane so thai the inlet will be just under the 
waste surface to start, as determined by the in-tank camera uttle or no water should be required 
for this pump installation. This same installation method would be used for replacement pumps. 
The C- Ill pump will be mounted on a system that will allow the pump to be lowered to the 
bottom of the tank as waste retrieval progresses. other designs or arrangements may be used to 
optimize the pump installation or operation. 

Double-shell tank 241-AN- 101 {AN-101) is planned to be used fur both waste receipt and as the 
source tank for supernate recycle. Tank AN-101 was selected based on its location, available 
spare, and existing equipment 

camera(s) will be installed in tank C- I 1 I to provide the capabilily to visually monitor and aid in 
control of waste retrieval operations. Instrumentation will also be provided to monitor process 
control data (e.g., pressures and flow rates). This information will be used to support material 
balance calculations. The existing ENRAf1 level gauge in tank C-111 will be retracted during 
waste retrieval operations and will be used periodically to monitor waste levels_ The AN-I 0 I 
ENRAF will be used to monitor the waste level in that tank. 

During waste retrieval operations, tank C-111 will be actively ventilated. The ventilation system 
will consist of skid-mounted high-efficiency particulate air filtered portable exhauster(s). 

Condensate drainage from the exhauster(s) will be routed back to an SST being retrieved or an 
SST undergoing equipment installation in preparation for retrieval. Any change to this drainage 
routing will be covered by a change to this TWRWP. 

The configuration of tank C- 111 includes no concrete pits and only a single central corrugated 
metal caisson. The drain in this caisson will be closed off and a sump pump used to pump 
leakage into the tank. The WRS for tank C- 111 may require design and construction of riser 
extensions to support the installation of the sluice nuzzles and a sluny pump. Table 3-1 provides 
the planned riser use for tank C-11 I. This riser use may change. 

Table 3-1. Planned Riser Use for Tank C-111 
Waste Retrieval System. 

RiwrNumber T.olt C-111 

I ipilli1 llillliRII1 8iJilili li&lflliiliilfiil i£1181ii18 
I!Fii!E!s elsFiag Elei!Bilea desigJJ CCIV or 
Cltemical Addition AdspEr 

2 SluioeJfHRSS 

3 Ventilalion exhaust duel/camera 

4 ENRAF !e.'<~! I gauge 

1 I!NRAI' iS a !DcEmarlt of Enraf.Jnc, Elllllf 11. v .• Delft. The Netbenlllllls. 
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5 Spare. cai~Era, or a~ required if need 
~s during detailed design 

6 Vacuum relieUcameralbreatber fil ter 

7 Sluice ll'ERSS 

g Spllll!, camera. or as required if ooo d 
~s during detailed design 

13 Slunypump 

A portable valve box serves to control the routing and flow of liquid to the sluice nozzles and to 
control water additions to the waste retrieval process. The valve box provides secondary 
containment and the collectionfdetection of any leakage in a sump. The portable valve box has a 
leak detector that is connected to the pump shutdown s.ystem in the control trailer. In the event 
that a leak is detected in the portable valve box, the transfer pumps in tank C-111 and in the 
receiver DST would be shut down. 1be portable valve box has a sump and a sump pump that 
can be configured to transfer any leakage to the SST being retrieved 

A valve/lransfer line diversion and throttling valve flowmeter box may be needed to permit and 
monitor routing of solu.tions to and from tank C- I II and other tanks which may be undergoing 
retrieval concurrently. If a suitable pump cannot be obtained that will provide adequate capacity, 
a booster pump may also be required. Any booster pump will be located within a separate steel 
pil Any new pits required will be inspecled, will have a le ak detector, and will either drain to a 
tank or have a sump pump. Leak detectors may be a conductivity probe, a thermal leak detector, 
or another type of leak detector as appropriate. 

Should a transfer leak from the primary hose occur, the leak detection system is designed to shut 
the pump off when Hquid covers the leak detection element contacts. Secondary containment 
structures will not overflow as a result of the transfer line leakage, including any transfer line 
drain back, because either the free volume of the structure exceeds the volume of leaked waste 
plus drainbaclc, or there are openings in the struc~ure which allow free-drain to the tank. 

Transfer of waste from tank C-11 1 toAN-101 and the transilr of supernate from DST back to 
tank C-111 will be performed using transfer lines that provide secondary containment The 
waste retrieval project currently plans to use overground hose-in-hose transfer lines (HJHTL) and 
the Resource Conservation and Recovery Act of 1976 (RCRA}-compliant DST transfer system. 

The receiver DST will have a supernate pump that will be used to pump liquid back to 
tank C- Ill. The receiver DST will also have a sluny distributor to distribute the sludge received 
from tank C-1 11. 

Because the elevation of the AN tank farm is approximately 22ft higher than the C tank farm, 
the sluny distributor and the supernate pump incorporate anti-siphon devices to prevent 
unintentional flow from the DST to the SST. 

The transfer lines and DSTs are RCRA compliant 
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3.1.2 Operating Description 

The retrieval process will be monitored using closed-circuit television to facilitaJ:e waste retrieval 
and aid in minimizing any liquid in the tanks. Supernate will be used as the primary retrieval 
liquid to minimize DST storage space. Raw water will be used in limited quantities as necessary 
for waste mobilization and conveyance, transfer line flushing, equipment flushing, heel flushing, 
or as required for miscellaneous use. During all retrieval activities the tank liquid level will be 
maintained below the maximum waste level designated in the process control plan. 

During routine operations, waste retrieval will be initiated by starting the supernate pump in the 
DST source tank and using the pumped supernate to provide sluicing tluid to the selected sluice 
nozzle. Initial sluicing will be focused in the center ponion of the tank to minimize the time 
required to get liquid to the slurry pump to allow it to be started The in-tank camera will be 
used to provide visual input for directing the sluice nozzle. The sluny pump in tank C-1 11 will 
be staned when liquid from the sluicer operation reaches the area of the pump inlet and there is 
enough liquid present to prime and o~rate the pump. As the sluice liquid contacts the tank 
waste, the sludge will be mobilized and retrieved via the sluny pump. Typically, one sluicer will 
be operated at a lime at a flow rate of approximately 60 to 120 gallmin. If the pump suction is 
too shallow when waste retrieval is staned, the sluice nozzle discharges can be aimed at the 
pump inlet to enable the pump to be inserted a little deeper. The flow rate through the sluice 
nozzles will be adjusted based on the pump-out rate so that the rate of liquid introduction will 
approximately equal the rate of solution removal with the objective of minimizing the liquid 
waste volume in the relrieval tank while maximizing waste retrieval efficiency. The slurry 
removed will consist of the mobilized tank waste and the DST supemate or water. Maintaining a 
l>alanced pumping rate into and out of the tank is integral to minimizing the liquid volume in 
tank C-11 I and reducing the potential for leakage. 

An additional technology provided by the E!RSS is the capability to add high pressure water to 
break up particles that resist breakup or mobilization with the lower pressure supernate (or water) 
stream. High pressure water coold be used at any time during the retrieval process but it is not 
envisioned that much will be needed until towards the end of retrieval. 

If initial sluicing effons show the tank C- 111 sludge is not readily mobilized, it may be 
necess:.uy to add sufficient liquid to the tank to cover the sludge and allow it to sit for a period of 
time to soften the solid waste before sluicing is resumed Liquid can break down bonds in dried 
waste or dissolve salt crystals holding the waste together. The DST supernate. caustic. or water 
used will not be saturated and thus will be expected to dissolve such salts or break the crystal 
structure down sufficiently to permit retrieval. The volume of free liquid added to soften any 
waste would be minimized by keeping the free liquid height above the waste to as small as 
practical. The time needed to soften the waste is unknown but would likely not be more than a 
few days. 

During all fteld activities, standard operating procedures and safety precautions will be 
implemented to protect worker health and safety, the public, and the environment. In accordance 
with standard operating procedures, health physics and industrial health technicians will monitor 
conditions within the tank farm in accordance with approved monitoring plans. 
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Before initiating waste retrieval, a fonnal waste compatibility assessment will be perfonned in 
accordance with HNF-SD-WM-OCD-015, Tank Farm Waste Transfer CompatibiliJy Program. 
HNF-SD-WM-OCD-0 15 provides a fonnal process for determining waste compatibility through 
the preparation of documented waste compatibility assessments for waste transfers. 11le primary 
purpose of the program is to ensure that sufficient controls are in place to prevent the formation 
of incompatible mixtures during waste transfer operations. Waste compatibility assessments are 
prepared before all waste transfers into the DST system to ensure that the waste transfer will 
comply with specific administrative control, safety, regulatory, programmatic, and operational 
decision rules related to waste chemistry and waste properties. Waste compatibility assessments 
require the preparalion of calculations to determine source tank and/or receiver tank 
compositions and to assess those compositions against specif~ed decision rules that are provided 
in HNF.SD-WM-OCD-015. 

Formal issuance of the compatibility assessment will not be completed until just before waste 
retrieval operations begin to ensure that current conditions are captured in the assessment 

Meeting the informational requirements for waste transfers meets the requiremen.ts of 
Washington .4.dministrativ-e Code (WAC) 173-303-300, "General Wa<~te Analysis." Compliance 
with the following documents is required before initiating a wasre transfer: 

a. RPP-29002, Double-Shell Tank System Waste Analysis Plan. Single-shell tank transfers 
into the DSTs for any reason must meet the waste acceptance criteria presented in this 
plan. This plan is written pursuant to WAC 173-303-300(5) and EPA guidance document 
OSWER 9938.4-03, Waste Analysis at Facilities that Generate, 1teat, SJore, and Dispose 
of Hazardous Waste. 

b. Waste Stream Profile Sheet (RPP-29002, .~.ltaGMteRtA ). The sheet addresses the 
applicable sections of WAC 173-303-300; Title 40, Code of Federal Regulations, 
Part 761 , ''Polychlorinated Biphenyls (PCB) Manufacturing, Processing, Distribution in 
Commerce, and Use Prohibitions•· (40 CFR 761 ); 40 CFR 268, "Land Disposal 
Restrictions"; and WAC 173-303-140, "Land Dlsposal Restrictions," and also requires a 
waste compatibility assessment pursuant to HNF-SD-W M-DQ0-00 I , Data Quality 
Objectiws for Tank Farms Waste Compatibiluy Program, to meet WAC 173-303-395(1 ). 

When the level of residual solids gets low in the tank, the volume of solids removed per unit 
volume of sluicing fluid removed from the tank or per unit of time or transfer will be tracked 
The units used will be selected by engineering personnel. 

Tbe project will determine when a tank retrieval is complete by following the Consent Decree 
requirements stating ''that the recovery rate of that retrieval technology for that tank is, or has 
become, limited to such an extent that it extends the retrieval dtmttion to the point at which 
continued operation of the retrieval rechnology is not practicable, with the consideration of 
practicability to include rnalters such as rtsk reduction, facilitating tank closures, cost,. the 
potential for exacerbating leaks, wmker safety and the overall impact on the tank waste retrieval 
and treatment mission." 

Until a risk evaluation is available, the limil of technology for mol(iif.ed sluicing is defined in 
RPP~50910, Single-SheU Tank Waste Re1rie~oaiLimiJ ofTechnology Deflnitionjor Modified 
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Sluicing as when the concentrntion of SST waste in the retrieved slurry sent to the DST is within, 
or bracketing, the range of 0 to 0. 6 volume percenl 

There is DO limit of technology definition for an ERSS waste retrieval process. A limit of 
technology definition will not be developed until sufficient ERSS retrieval operations have been 
perl"ormed to enable development of a justifiable definition. Until an ERSS limit of technology 
definition is developed the same value used for modifted sluicing in RPP-50910 is applied to 
ERSS retrieval operations. 

There is DO limit of technology definition for a chemical retrieval process. A limit of technology 
definition will not he developed until sufficient chemical heel retrieval operations have been 
perl"mmed to enable development of a justifiable definition. n is estimated that this will take 3 to 
4 heel retrieval operations. 

Appendix C, Part I of the Decree defines the limit of technology as follows: 

"The "limits of technology" means that the recovery rate of that retrieval 
technology for that tank is, or has become, limited to such an e..'ttent that it extends 
the retrieval duration lo the point at which continued operation of the retrieval 
technology is not praclicahle, with consideration of practicability to include 
matters such as risk reduction, facilitating tank closures, costs. the potential for 
exacerbaling leaks,. worlrer safety, and the overall impact on the tank waste 
retrieval and treatment missions." 

Experience 11& shown that unexpected waste forms and tank conditions may be encountered and 
that equipment performance can degrade with time. The ORPwill inform Ecology at least every 
2 weeks, through normally scheduled meetings, about unexpected waste forms, behavior and 
tank conditions along with retrieval! equipment perfonrumre changes that would impact overall 
retrieval rates and retrieval volume. If a normally scheduled meeling does not occur Ecology 
will initiate a meeting for this informatlon exchan~ . 

Al these meetings, ORP will provide lo Ecology the basis and rationale for continuing retrieval 
when it is suspected that waste form behavior. tank condition andforequipment perfonnance has 
diminished significantly or performance impacted the ability of the deployed equipment to 
operate in order to meet the waste residual goal of 360 ftl. Waste R!trilwal epeFatiGns will 
IIIBRiiiMI IIRiil !he liiHil!i Bf liBIIIkRBIBif 1!8!'4! ~@11!1'8: FBIH!I!N feF tftiB NlrMWBl Htlllllu;ul: 'l'he liHlil ef 
teelYielsrf Will BBI!IIFWMH lReN lift! lilt)!! 9F 88 Wll!itl! &eli&!i ~i"8 A!IH8'1'4!!1 ~ IIRit '"81111M ef 
sll:tisi~ Alliilll!!i!il8F fii!F itiiit 8f tiiHi! er lriiiiBNFt 

The following information will be used to evaluate lermination of retrieval and will he shared 
with Ecology prior to a decisi on to terminate fteld rebieval activi.ties: 

a Syslem performance and efficiency daJ.a. 

b. In-tank visual confinnation of tank condition and waste retrieval. 

c. Preliminary volume estimates using tank geonEtry and· in-tank structural features. 

d. Presentation and discussion of alternate system configurations and process modifications 
to enhance retrieval performance. 
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e. Presentation and discussion of residual sample location. 

TfC-ENG-CHEM- P-47, Single-Shell Tank Retrieval Completion Evalllation, provides the 
methodology to follow for delermining when an SST undergoing wasre relrieval has reached the 
end of the relrieval process. The following summary of this procedure does not take the place of 
TfC-ENG-CHEM-P-47, and for any differences bei:Ween this summary and the latest version of 
the procedure, the proced.ure takes precedence. Re fer to TFC-ENG-CHEM-P-47 for details of 
the summary steps. 

a. When wasle retrieval starts, engineering personnel will begin tracking relrieval 
performance (e .g ., percent of waste relrieved) and provide a week1y status report. 
Weekly status information will be forwarded to Ecology to brief the m on relrieval 
activities, including residual volume estimates and performance parameters. 
Ecology wiU be invited to view waste retrieval activ ities and video ima&es of the 
in-tank operaHons. 

b. Engineering shall recommend configuration or procedure changes to enhance 
recovery as warranted. Management is notif.ed afler performance efficiency or 
relrieval rale has reduced significantly. 

c. An attachment to lFC-HNG-CHEM-P-47 provides guidance for retrieval 
performance and limit of technology evaluations. Establishment of when the 
limits o f lechnology have been reached includes the following: 

I . Examination of in-tank images to observe/record wasle contours and characteristics. 

2 . Estimation of waste retrieval performance efficiency and remaining wasre volume. 

3. Using performance data to demonstrate that a consistent pattern is present indicating 
limits o f technology have been reached. 

4 . Evaluation of waste retrieval performance against system limitations. 

8ei!lstf Is Betifie!l wMR it &flJ!'i!IH'ti tliet lhe liHiilB ef leei!Relegy M'8 BeeR TeaeM!I: Status 
reports are continued until waste retrieval operations cease. An SST W!l!lle Telfiell•itl8'1'itla&l!i8B 
completion of relrieval certification .fei:RH!nd a retrieval data report are then prepared and issued 
in accordance with the De<:ree and the HFFACO respectively. 

Following completion o f waste retrieval and final tank flushing. the residual waste volume will 
be determined using the methodology defined in RPP-23403 and RPP- PLAN-23827. 

3.1.3 Cbemiall Retrieval Process 

Chemical relrieval process details are contained in the process control plan for each tank using a 
chemical remeval process. When samples are available the relrieval process is rested on samples 
oftank waste . If hard heel samples are not obtained the hard heel composition is deduced from 
tank historical data. 1be ham heel volume to be treated is normally not known until sluicing 
relrieval is complete. The hard heel volume can be determined from visual observation, level 
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sensors. or liquid displacement using tank level sensors. The composition and volume of tbe 
heel are used to determine the quantity and type of chemicals used for chemical rebieval process. 

Tile chemical retrieval process may be a series of steps or a single action depending on how the 
waste reacts to the process. [f a single step will dissolve sufficient solids to achieve the volume 
reductiQn mandated by the Decree, only one chemical relrieval proress step will be deployed. 
Tile chemical retrieval process may include one or more of the following: 

• water to remove compounds insoluble in the calllltic liquids found in the lailks. 
• high molarity caustic solution to break down aluminum hydroxide compounds. or 
• otller chemicals to aid the retrieval of sludge. 

Ecology will be infonned of the pre-retrieval estimated volume of liquid(s) to be added to tbe 
tank prior to tbe initial addit!on(s). Water additions for dissolution and volume reduction 
associated with a cllemical retrieval process are sepa~ate actions from the heel rinse described in 
section 32. 

Unlike modified sluicing. there is no operational data available that can be used to estimate the 
recovery rate fur a limit of technology determination for a chemical retrieval process planned foT 
C-111 . If the first step of a multiple step dissolution achieves the Decree volume target the limit 
of technology will be considered to have been met for the chemical retrieval process technology. 
Using unnecessary chemical retrieval process steps adds risk to worker safety and has retrieval 
schedule impacts. DST storage volume impacts. and thus possible mission impacts. 

If the Decree target volume is not achieved, and all steps of tbe chemical rebieval process have 
been deployed as specified in tbe process control plan. the limit of technology wm be considered 
to have been met for the chemical re.trleval process provided the data snow that additional 
chemical retrieval process steps are not practicable. 

3.2 LIQUID ADDITIONS DURING WASTE RETRIEVAL 

Identify range ( vol11me) and timing of liq11id additions to .be added d11ring waste retrieval. 

The pump adjustment features described previollllly should alluw the tank C-111 pump to be 
installed with little or no water addition However, if tank conditions require water additions to 
successfully install the pump (e.g., debris under the pump ins1allation riser), wafer additions 
would be controlled in accordance with OSD-T- 151-00013, Operating Specifications for Single­
Shell Waste Storage Tank:t, Section 4. I). This water would be added through one or both of tbe 
sluicers, by lancing, or by back flushing through tbe pump. 

Water could also be added to the lank as needed to flush equipment removed from the tank or for 
a number of operational reasons. The use of water is minimized to avoid taking up DST storage 
space. Experience to date with sludge retrieval in other C-Farm tanks has shown little water use 
during retrieval operations. 

3-8 

C-13 



RPP-37739, Rev. 2 

RPP-37739, Rev. I 

The use of supernatant will be limited by the following: 

a. The wasre compatibility assessment for supernatant recycle will be completed and 
reported to Ecology. This compatibility assessment shall be made to determine if the 
solution is acceptable for use in retrieving the tank C- 11 I solids. Ecology will be notif.ed 
of the results of this assessment before initiation of retrieval operations. Following 
notification of the resulls of this assessment, a copy of the assessment report shall be 
provided to Ecology. 

b. Ecology will be notified when the cumulative volume of supernatant liquid being 
recycled exceeds the estimated quantity of I ,000,000 gal, and for each incremental 
million gallon quantity recycled Timely notification by e-mail will be sufficient 

c.. Following the use of supernatant, a minimum of three tank heel rinses using a minimum 
volume of raw water that is three times the estimated residual waste volume will be 
required to ensure that residual wasre is removed to the ex lent practical. If the DOE shews 
that a c.omparahle mcluction in &Oiuble supernate CCJIJBtitmnL'> has been ac=rnplished through 
olheT retriev a1 Sl:bOD£, lhe rinse may be omitled 

d. Should tank C- I I I be shown to leak during the retrieval process, a liquid sample will be 
taken if needed to verify the '»rc concentrntion in the DST supernate used for sluicing. 

e. Should a DST SaJTIE..Ie be required during the C-111 retrieval process for corrosion control 
or other reasons, a ""Tc analysis wm be requested on the sample. 

When adding liquid to the SST for the sole PUJPOliil of obtaining a waste level measurement, the 
following condltions apply: 

I. The HRR leak detection system for the lank described in Section 4.2. I must be 
continuously operable for at least 48 hours prior to the liquid addition. 

2. The benchmark level described in Section 4.6. I will not be exceeded during the liquid 
addition. 

3. Excess liquid will be removed from the lank as soon as practical once a usable waste 
level measurement is obtained 

4. The liquid to be used for volume displacement measurement should only be 
supernate. Use of raw water for volume displacement instead of or in addition to 
supernate shall be discussed with Ecology prior to use. 

At the cessation ofwasre retrieval opernlions, the tank walls and heel will be flushed to the 
ex rent practical with water. Flush wafer will not be purposely sprayed on the walls above the 
maximum level stared in the process control plan. When performing the tank flushes, the flush 
water may be used to push some of the residual wasle to a convenient sampling location. 
f"oreach flush, the volume of water added will be melered and recorded The flush liquid will be 
pumped to a minimum heel following eac.b flush addition. It is assumed that performing the 
final tank flushes will remove residual solids to the extent practical on the walls and dilute 
soluble radionuclides and chemicals in the tank liquid Any ENRAF level gauge readings taken 

3- 10 

C-14 



RPP-37739, Rev. 2 

RPP-37739, Rev. I 

When modif.ed sluicing is performed using DST supernate, the overall volume of waste 
requiring management (storage and/or volume reduction) in the DST system is signifk-antly 
reduced over that associated with the MRS. The retrieval duration is also significantly Jess with 
modified sluicing. 

After considering both candidate waste retrieval technologies and evaluation of the tank as 
discussed in Section 2.1.3.2, modified sluicing using recycled DST supernale was selected as the 
preferred technology for deployment in tank C- Il l . 

The second technology alternatives, if necessruy, should one be required for residual waste 
removal following modified sluicing, are an !n-!ank vehicle, high pressure water, and a chemical 
retrieval process. 

Generally, an in-tank vehicle is desirable for large or monolithic particles since it can break these 
apart for sluicing. while a chemical retrieval oflarger aggregates may be slow or ineffective due 
to the small surface area for dissolution. High pressure water or an in-tank vehicle is preferred as 
the heel volume increases because a chemical retrieval process may take up too much DST space 
and, for caustic or acid dissolutions, will have proportionally more impact to the DST space. A 
chemical relrieval pro<ESS is preferable for heels where the volume is relatively low so the 
impact on DST r>pace and the WfP throughput volume is less. A chemical retrieval process may 
also be preferable if the particles are small because the surface area for dissolution is greater and 
an in-tank vehicle may just push the fine particles around the tank. 

High pressure water was selecfl!d as the second technology for C-111 as it can be deployed in 
less time than an in-tank vehicle when the first technology is no longer effective and the tank 
residual waste volume in the Decree is exceeded. The third technology, should it be needed, is 
chemical dissolution. Sluicing with supernate and size reduction with high pressure water are 
both mechanical methods to reduce agglomerntions to pumpable size. Chemical dissolution 
compHments the mechanical technologies and has shown to be effective for waste forms resistant 
to size reduction by mechanical methods. Second and third technology selection inherently 
relies on past experience and assumptions on the tank waste characteristics that will be present 
after the first technology is deployed to its limits. 

The technologies selected are anticipated to provide the best methods to achieve the 360 cubic 
feet target volume goal specified in the Decree, when deployed to their "Hmits of lechnology." 

3.4 ANTICIPATED PERFORMANCE COMPARED TO AGREEMENT CRITERIA 

Anticipcued performance compared 10 agreement criteria 

The WRS for tank C-111 will be designed to retrieve as much waste from the tank as technically 
possible with wasle residues not to ex reed 360 ft} or the limit of technology, whichever is less in 
acrordanoe with tre requirements of HFFACO Milestone M-45-00. 
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3.5 WASTERETRIEVALSYSTEMDIAGRAM 

A simplified diagram of the retrieval system (include flow pcuh, elevation changes, and tank 
layout). 

Figure 3- l is a proposed installation of ventilation system(s) equipment to support waste retrieval 
operations. Alternate layouts may also be used A sketch of the WRS installation planned for 
tank C-1 J 1 is provided in Figure 3-2. A potential HIHTL flow path routing and equipment 
layout in tre tank farm is provided in Figure 3-3. As noted in Section 3.1.1, the elevation in the 
AN tank farm is approximately 22 ft higher than the elevation in the C tank farm. 

3.6 FUNCI'IONS AND REQUIREMENTS FOR WRS DI!:SIGN 

Functions and corresponding req11irements necessary to support design of proposed 
waste retrieval zysu~m. Functions and requirements are 10 be provided at a le\<-el of detail 
consistent with a Level 1 specification (see RPP-7825 [S-1 12 F&R], Section 4 and/or 
RPP-188JJ [C-/031105 F&:RU 

This section defines the upper-level functions and conesponding requirements to which tre C-
111 WRS must be designed and ~raled. This TWRWP is not a system specification that 
defines design criteria for the WRS. However, the system specification for the C- I I I WRS win 
be consistent wilh this TWRWP. The functions and requirements are provided in Table ~ 
and are focused on defining tre upper-level requirements for the tanks. 
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Function 

Control guszo~ 
and partkulate 
discharges 

Mitigars poll'ntial 
for leak.~ to ocmr 
during wa~te 
retrieval 

Conlrol wasle level 
in DST mcei"Elr 
tank 

Remove wasre 
from tank C- Ill 

Control and 
moniloc the wasfe. 
removal process 
in tank C-111 

I 
Minimize waste 
generation 

Nuclear safety 

Occupational 

RPP-37739, Rev. 2 

RPP-37739, Rev. I 

Table 3-4. Tank C-111 Waste Retrieval System 
Functions and Requirements. (2 Sheets) 

Requlrement Basis* 

TIE. ventilation syslem exhaust shall WAC 173-303 
be. fl) tered to restrict emi~sions to the. WAC 17J400 
environ[l1? ol WAC 17J4150 

WAC246-247 
TFC-ESHQ-ENV -ST[).03 

TFC- ESHQ-ENV -ST[).04 

Prevent ina.dvertellt release from tank C- RPJ:l-13033. 
I ll to the environment Sectioo 3.3.2.3.4 

The WRS shall be qlel'ated 10 maintain OS[). T-15 t-00007 
waste level within Sp!cified allowable 
mnimum and mioimwn values. 

111! retrieval tecfmolagies will be WAC 173-303 
designed, deployed, and ope ra\!d tn Wliii:AWUilii~llili 
each of their "limits of technology" in ~ 
an effort to a.::hieve tbe wi!Me residue 
goal n£ :360ft~ ofw~~Me nr leSB for 
each rant. The limit n( tedmology i1i 
defined in the Decrne.'Rle WRS slwlll 
iii iiiipaiMil Iii£ lilillilliiUill!lil" 111Willl•·~~ 
M leeiH!isally ~ess~le; willltm 
u·ali&Ji MriiiYilr AM W !iili~~eiiil ~CiO ~ .. 
Bf t9e limit at !lie "'·asle !lllfie>.•al 
lilillilaael~, il~ilielwua ~ i~ lfiilliili 

TheW RS shall provide the monitor RPP- 13033 
and control cap ability lo control !he. HNF-S[).WM-TSR-006 
waste retrieval and lnlnsfer process. WAC 173-303 
This includes oontroUing and 

WAC246-247 monitoring the following W RS 
T FC-ENG-ST[).26 process parameter:s: 
CoruEnt Decree N11 DV-. Pni!ssures 
OS-5085-FVS . Flow rates . Differential pres.~llll!s across 

exhaust ventilalion fillers . I.eat delectioo svmms. 
TIE. WRS mall minimize was.E WAC 173-303 
aenenrtiooto the greatestexlenl 40CFR 264.73{b)(9) 
practical. 

TIE W RS mall be designed and WAC246-2A7 
op!IBEd tD protect workers, public, IOCFR 830 
the enviroommt, and equipment from RPP- 13033 
exposure to radioactive tank wa~le and 

HNF-S[).W M-TSR-006 emissions during tOO retrieval 
HNF-IP- 1266 C3fll'aigD. 

TIE. WRS mall be. desigmed for safe. WAC 173-303-2 83(3)(i) 
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Key El,eme ots 

Mltigale potential 
rek!ao;e to the pubtic 
and the 
environment 

Do not mise wasrs 
level above. 
llenchmark level. 
{Bencbmm level is 
discwS?d in 
.Section 4.6). 

Provide for sail 
wasre stocage in 
DSTs. 

The WRS shall 
provide lhl ability !o 
relrie ve a~ much 
waste as lechnically 
possib.le. 

Provide for safe and 
effective nperalion 
oftheW RS. 

No numerical 
requirement 

ETI.sUII! pl'lllection n f 
workers and the 
public from rootioo 
operations and 
potential accident 
conditions.. 

O SHA standards.. 
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The requirements for an IQRPE assessment need and the permitting decision logic for new 
equipment or repairs/upgrades to equipment win be performed in compliance with -RPP­
~TFC-ESHQ-ENV -PP-C-11 , E;wl:c911memal !ip~~eijicilliel! ~Fflm81US, latest R!"-isiea, 
:i4!61inn IJ .Q, l(!R!JEAss,asmMt Nr:flli GNJ Ptlrm1H!1f8 Desi&lrm lDgiclndependem Qrmlified 
Registered Professional Engineer. 

Risers were reviewed as part of the original SST System Integrity Assessment {RPP-
1 0435). SST system components (e.g .. risers, pits, etc.) that were identif.ed as part of the SST 
system for the originallnlegrity Assessment are not part of the retrieval system (unless 
specifically identified as such) and do not require a separate or additional integrity assessment if 
the function of the equipment doesn't change from its original purpose (e.g., the original purpose 
of risers is to provide tank access) and changes to the component are not outside the original 
component design basis and specifications. 

3.9 DISPOSITION OF WASTE RETRIEVAL SYSTEM FOLLOWING WASTE 
RETRIEVAL 

Describe the disposition of the :tystem at the completion ofw4ste retrieval. 

3.9.1 Disposition or New Waste Retrieval System Components 

Following completion of waste retrieval, the in-tank equipment will be left in place for 
disposition during component closure actions. The above-grade equipment (e:g., transfer lines, 
valve box, and related enclosures) will be reused to the ex lent possible for future waste retrieval 
activities. Transfer lines and related equipment will be flushed to reach acceptable exposure 
rates for disconnecting and re locating the equipment. Any above-grade equipment that needs to 
be removed and is not suitable for reuse will be packaged and disposed of as mixed waste onsite 
in accordance with the approved waste acceptance criteria for the Hanford Site burial grounds. If 
contaminated equipment is reused it will be controlled as specified in TFC-OPS-W M-C- J 0, 
Cont4minmed Equipment Management Practices. Where or if required and needed to support 
the retrieval of SSTs, the HIHTLs will be managed to ensure the availability and functionality of 
each as needed for future retrievals. At the conclusion of their mission, or on reaching the end of 
life for an HIHTL, the HIHTL will be managed in accordance with RPP- I '1:71 1, Temporary 
Waste Transfer Line Management Program Plan. 

J~~U Disposition or Existing AnciUary Equipment 

Ancillary equipment associated with tank C- I I I is limited to wasle transfer lines and equipment 
installed in pits and above-grade risers. The current status of the ancillary equipment associated 
with tank C-111 is described in Section 2.2. Any ex isting contaminated ancillary equipment 
located within risers that needs to be removed following waste retrieval will be packaged and 
disposed of onsite in accordance with the approved wasle acceptance criteria for the Hanford Site 
burial grounds or controlled as specified in TFC-OPS-WM-C- 1 0. 

In accordance with the SST System Closure Plan (RPP- 13774), disposition of the ex-tank 
ancillary equipment, including pipelines, will be performed in accordance with a separate 
component closure activity plan. Closure plans will be incorporated into !he Site wide permit. 

3-23 

C-18 



RPP-37739, Rev. 2 

RPP-37739, Rev. I 

3.10 AIR MONITORING PLAN 

ORP and the tank farm contractor, pursuant to federal requirements for protection of their 
workers, will develop and implement industrial hygiene (IH) monitoring plans for exhauster 
stack emissions for the retrieval of tank C-11 1. The plans wi11 be developed and implemented 

I pursuant to the requirements of TFC-PL~:W, ']:sM fJtJtR'tHiHB (;stiiHJ:EftAT JH!til,'/t ,,,..4 Ss,fMy 
~ndustrial Hygiene Exposure Asses.rmetl.l SJiategy. The constituents of potential concern 
(COPC) for which exhauster stack sampling and analysis will be conducted will be identif~ed in 
the IH monitoring plan for the retrieval. The COPC identified in the IH monitoring plans will be 
all or a subset, as determined to be appropriate by the lank farm contractor IH, of those 
constituents listed in RPP-20949, Dcua Quality Objectives for the E•'llluation oJTank Chemical 
Emissions for I ndustriaJ Hygiene Technical Basis, Table 4-l, developed with input from Ecology 
and RPP-22491, Industrial Hygiene Vapor Technical Basis. 9881! H-.1!1 iRigsl atl881!t BfCQK: is 
ldeRtit:iele &Rillisld iH ~ IM HtBRileriHg JMililf!; HNo COPC shall be dropped from ~he Tank 
Vapor Information Sheet (TV IS) list developed for C-Fium without 90 days prior notification to 
and approval from Ecology. If ORP notifies Ecology of its desire to cease exhauster stack 
sampling for a COPC initially identif.ed and listed in an IH moniloring plan and no response is 
received from Ecology within 90 days, the COPC will be deleted from the IH monitoring plan 
and sample and analysis activities for that COPC will cease. New COPCs may be added to an 
IH monitoring plan without notification to or approval from Ecology and without modifying or 
revising this lWRWP. 

The sampling and analysis methods shall be U.S. Environmental Protection Agency (EPA), 
National Institute for Occupational Safety and Health, or Occupational Safety and Health 
Administration approved methods or an equivalent the tank farm contractor approved method, as 
identif.ed in RPP-20949. The exhauster stack samples will be analyzed al the 222-S Laboratory, 
the Waste Sampling and Characterization Facility, or an equivalent laboratory consistent with the 
quality assurance/quality control procedures for that laboratory. Further, laboratory analysis data 
will be kept on file at the laboratory consistent with the laboratory record keeping procedures for 
that laboratory for a period of not less than 5 years and will be available to Ecology within 24 hr 
on request 

Ecology and ORP understand and agree that the activities discussed above do not restrict ORP 
and the tank farm contractor from taking any :mdlor all steps necessary as ORP and the lank farm 
conlractoc deem appropriate to protect its workforce in response to data and information 
generated by an IH monitoring plan or incidents as they might arise during waste retrieval 
Ecology and ORP also understand and agree that the preceding sampling and analysis discussion 
is presenred to ensure ORP is achieving the agreed to sampling :md analysis for the protection of 
the public and its workers and does not modify the exemption from the requirements of 40 CFR 
264, .. Standards for Owners and Operators of Hazan:lous Wasre Treatment, Storage, :md 
Disposal Facilities," :md 40 CFR 265, "Interim Status Standards for OWners and Operators of 
Hazardoos Waste Treatment, Storage, and Disposal Facilities," Subpart CC, granred to ORP 
under 40 CFR 265.1 080(b)(6). Therefore, this discussion does not imply any change to the 
respective authority of either Ecology orORP regarding the sampling, analysis, monitoring, and 
control of airborne emissions from Hanford Site tanks. 
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4 DFSCRIPI'ION OF PLANNED LEAK DETECTION AND MONITORJNG 
TECHNOLOGIES 

4.1 EXISTING TANK LEAK MONITORING 

This section describes tank leak monitoring activities that have been historically performed or 
are currently being performed 

Prior to beginning retrieval operations, single-shell tanks are in waste storage mode. The 
requirements for leak detection whi le in waste storage mode are provided in OSD-T- 151 -00031 , 
Operating Specifications for Tank. Farm Leak Detection and Single-Shell Tank Intrusion 
Detection. When relrieval operations are ready to commence for C- 111 the tank enters retrieval 
mode as described in 42. 

4.1.1 ~II Monitoring 

Identify the number and /.ocation of drywells near the subject tank. Identify ongoing 
routine drywell monitoring activities. (configuration, deplh, frequency of and 
methodology for sampling) 

Seven diywells are spaced around tank C-111 that are between 5 and 25 ft from the edge of the 
tank (Figure 4.1). The seven drywells include 30-JI- 01 , 30-ll-05, 30-1 1-06, 30-10-02, 
30-10-01, 30-11-09 and 30- 11- 11. All seven of the drywel1s are 100ft deep (GJ-HAN-93, 
Vadose Zone Characten·zation Project at the Hanford Tank Farms Tank. Summary Data Report 
for Tank C Ill). 

For tanks in waste storage mode there is no routine drywelllogging perfonned 

4.1.2 Groundwater Monitoring 

IdentifY the number and location of groundwater monitoring wells associated with the 
Waste Management Areas (WMA). Summarize cJHTent groundwater monitoring 
actil•iJies. 

Groundwater monitoring at WMA C was begun in 1990 using four RCRA groundwater 
monitoring wells construcred in 1989 (299-E27-12, 299-27- J 3, 299-E27- 14, and 299-E27- 15). 
The gR;Junmo·ate:r bsneath the c lank farm is mooiwlild in aa::oolan~:e with the RCR,.\, 
~ater mBaiwriag !Jian ss&a91iBI!sd In 1QQ 1 (PNNl 1 ~004. RCRA Gl:e41iHJwGltJF 
AIBtf.'IBI'i"g PIM/M Si"gJs Shflll 'JiMJi. 14'Mtll' Als,.sgMMI ATM C til dt111MrtfoH/ Si6'). 
1"4~ 4 g f119Vilies ll f!IBH 'lie\11 ef 4be C l8iH£ faRR IHI!IIhi! SIHfBiiRiliHg JK:Ib4r gfBifRIIw Bfef 

HIBililerlat well!!. T1ti!N llfo8 Rilll! SfEIIHiW"MF HIBBiiBHBg v~II!l lllfii!IIHiliBt the C tenk J8nR 
(foor Hew Mlls w8A! oonslrn~>rsd in 2.003) . .Sin~J~ JuHB 2000. gooaoowater sampling fur IJll!l 
~aterwells 2.W I! 'X/7, 1.99 B 'Xl 12, 299 :H 21 13, 2.W I! 27 14. and. 299 a 27 l31las 
BI!I!H fii!RBRRB!I BRa ~ID!l'ly llll!iis fP!ll:i>lb lJQl f. KJN 1). ~iHBB Qei!I!IBM 2.QQ3; &e'" 

!PBIIBB<"'MF IBBBllBHBg l7;1i!ll8 lW I! M' f; ~99 I! ;;1 21 . gl)l} I!! a. li!; !HI!I 2!99:1! 27 2!3 M"@ 
ele&Additional monitoring; wells have been added since 1989. A current list of the WMA C 
ground water monitoring wells can be found in DOFJRL-2009-77. The wells are sampled 

4-1 

C-20 



RPP-37739, Rev. 2 

RPP-37739, Rev. I 

quarterly BNR !!B:Hif!li!& BR a !Jiiillfetly BMis to meet prior agreements made with Ecology. 
Quarterly samples are analyzed at a minimum for anions, cyanide, inductively coupled plasma 
metals, gross beta, 99-rc, and total uranium, and a loW-level gamma scan is performed. Sampling 
is conducted in accordance with DOEIRL-2009-77 and DOEJRL-2001-4<}. 

The quarterly groundwater monitoring that is currently perfonred is adequ.a/e for the purpose of 
supplement:ny data collection during waste retrieval Ecology is provided quarterly groundwater 
monitoring sample results in the quarterly and annual groundwater monitoring reports. These 
reports are issued by the groundwater project. 

lf a leak is detected during retrieval, groundwater monitoring frequency will be reevaluaied in 
accordance with the regulatory requirements in WAC 173-303, "Dangerous Waste Regulations." 

4.1.2.1 Use of G.roundwater Monitoring ror Retrieval Process Control 

( I ) E\alume the use of appropriatf-1)' located existing groundwater monitoring weUsfor 
retrieval process controL 

Based on the limilations of flow transport calculations and the time reqlllred for a retrieval leak 
to show up in groundwater samples, groundwater monitoring data will not be used for retrieval 
process control, but is available, for background reference information only, through the site 
groundwater monitoring program 

4.1.2.2 Groundwater Sampling Prior to and Followiug Retrieval 

(2) Ensure thm appropriately /()cated existing groundwater m()niton·ng wells will be 
sampled within a two monthperiodpriorto and following the retrieval (quarterly 
sampling satisfies this requirement). 

llJ'IL>lb IJQQ4, KZL>l 3, Fi!!JiiiR!s ~Quarterly groundwater sampling is performed for the C-farm 
groundwater monitoring wells. In accordance with 04-TPD-083 - letter, it was agreed to in 
writing by ORP, Ecology, and the tank farm contractor that quanerly groundwarer sampling 
satisf~es the lWRWP outline requirement C. l .b.(2) (this wording is in italics at the start of 
Section 4.1.2.2) to lake groundwarer samples within a 2-month period prior to and following 
retrieval. 

4.1.3 Existing Tank Level Monitoring Equipment md Activities 

Identify existing level meas~~remem instrumentation in the subject tank and receiver tank. 
Identify ongoing tank level monitoring activities. 

Tank C-111 current1y has an operable ENRAP level gauge installed. The receiver DST 
EJIHH!Rtiy has the same type of level gauge installed. The receiver DST annulus tH!!e-h~ 
oondusli,it:y probe gaugesthree leak detection devices installed such as Enraf level gauges or 
similar instruments and continuous air monitors ia the aaa!Hus, TIM!se a.RRulus 16vel gauges al8 

~for detection of leaks from the tank primary tank liner. 

The waste level in C-11 I , while in storage mode, is monitored for intrusion only on a quarterly 
basis (OSD-T-1 51-00031, Operating Specifications for Tank Farm Leak Detection and Single-
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Shell TanJ.: Intrusion Detection). The basis for in-tank leak detection and intrusion monitoring is 
provided in RPP-9937, Single-Shell Tank System Leak Detection andMoniwring Function:t and 
Requirements Document. 

The primary level monitoring in the receiver DST is performed as described in 
OSD-T-151-00031, Section4.0. The~ annulus leakdetector~instruments 
provide indication of tank leaks as described in OSD-T- 151-00031, section 4. 0. 

level monitoring for the tank reoeiving the exhauster condensate, if not C-1 1 I, will be 
performed as specified in the applicable Ecology approved 1WRWP for that tank. 
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The SGLS logging system was used to establish baseline conditions in 1995-2000. This logging 
system is based on a liquid nitrogen cooled high purity gennanium detector, which provides 
excellent gamma energy resolution for identification and quantification of individual 
radionucJides from background levels (method detection limit about 0.1 pCilg m Cs under 
typical conditions) up to about 10,000 pCilg 137Cs. A high rare detector with internal and 
external shietds is available to extend the measurement range to about 109 pCilg mCs. 

The SGLS truck can also be used to operate a neutron moisture logging system, which measures 
in situ vadose zone moisture over the range of 0 to about 25 vol% moisture content. The neutron 
moisture logging system uses a similar source-detector relationship as the handheld moisture 
gauge. 

It lakes about one shift of operation to obtain moisture logging data from all the dJywells around 
a tank with the hand-held moisture probe. II takes about one shift of operation to obtain RAS 
data from one drywell. 

The handheld moisture gauge will be deployed by qualif.ed personnel in accordance with 
T0-320-022, OperOJe Model 503DR Hydroprobe Ne111ron Moisttue Detection. 

The logging systems will be deployed by qualifted personnel in accordance with the applicable 
procedures for that equipment 

The results from drywell monitoring, as well as a summary and analysis of this monitoring, 
including tools used, calibration, boreholes logged, depth of logging, frequency, logging rare, 
and data analysis will be submitted to Ecology within the retrieval data report in accordance with 
Appendix I of the HFFACO. 

4.2.1.2 Leak Det«tion Using SST Liquid Level Measurement SST level measurement 
data are normally limited during periods when active retrieval operations are not being 
performed due to the strategy of minimizing liquid in the tank. In addition, because of the dished 
bottoms of the tanks and the location of the level instrumenlation near the side in the C-1 00 
series SSTs, waste levels cannot be measured below approximately 12,000 gal. However, should 
conditions exist where a continuous liquid surface measurement is available (e.g., a pump fail 
prior to removing as much liquid as practical from the tank and replacement of the pump cannot 
occur immediately) this measurement could provide an additional means of leak defection 
superior to either drywell monitoring or HRR. SST Liquid level measurement can be used for 
leak detection during waste retrieval under the following conditions: 

a. The tank level gauge must be an ENRAP level gauge of the type normally used in tank farms 

b. There must be a liquid surface under the ENRAP plumme~ with no part of the plummet 
touching any waste solids or the tank bottom 

c. There are no active retrieval operations being perfonned 

d. The tank is not being actively exhausted except as required to meet air permit requirements* 
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e. The measured waste level is not increasing, such as can occur if liquid is slowly draining 
from waste solids above the liquid surface 

*If the exhaust is applied to the tank for> 7 days and causes a significant level decrease rate, 
moisture logging will be evaluated as an alternative leak detection method. 

Material balance will not be crediled for SST leak detection during the retrieval of C-111. 

4.2.1.3 Higb-ResoJution Resistivity. HRR will be used for leak detection during the retrieval 
of the wasre in C-111. The equipment operates continuously except when down for repairs, 
calibrations, electrical outages, or similar reasons. Should a problem occur which renders the 
HRR leak detection system inoperable, drywell monitoring would be used as a backup means of 
leak deleclion, within the conditions specified in Figure 4-3 and 4.2.1 .1. 

The HRR method uses geophysical resistivity measurements as a means to detect changes in 
baseline soil moisture levels. The electrical resistivity of the soil around and beneath a waste 
tank depends on a number of parameters, one of which is moisture content The leakage of water 
or tank wasre into lbese sediments changes the soil resistivity. The HRR method detects a 
potential leak by comparing a present resistivity measurement against a previously obtained 
baseline measurement. Comparison to a baseline allows the HRR method to discount existing 
resistivity differences in the soil caused by factors that include conductive structures or prior 
leaks. Changes in soil moisture from precipitation need to be taken into consideration during 
monitoring to reduce the potential for making an incorrect leak determination. 

HRR data processing, data review, leak evaluation methodology and definitions of anomalies 
and unexplained anomalies are described in RPP-32477, High Resolution Resistivity Leak 
Detection Dma Processing and Evaluation Me1hods and Requiremerus. The HRR leak delection 
requirements in RPP-32477 and in this 1WRWP will re implemented in approved procedures by 
trained and designared personnel prior to the start of waste retrieval operations. 

The basic resistivity measurement concept utilizes the existing drywells and/or a tank electrode 
{normally the tank thermocouple) as measurement electrodes. There are reference transmitter 
and receiver electrodes localed a nominal I ,500 ft or more from the tank fann. Power is applied 
to a drywell-reference transmitler electrode pair and an amperage measurement obtained. 
Concurrently, a voltage measurement is obtained at another electrode-reference receiver 
electm<E pair. Soil resistivity is calculated by dividing the voltage measured across the receiver 
eleclrode pair by the current measured across the bansmitter pair. These measurements are 
repeated continuously and the subsequent resistivity data analyzed for changes wilb time. 

The HRR data may be reviewed any time. When the system is operating the raw data is 
normally less than an hour old. 
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Ecology will be infonred viae-maiJ or phone if an unexplained HRR anomaly ex ists. The 
response to an unexplained HRR anomaly is described in 4.6. It i.s. anticipated that three months 
or more may be needed to analyze all the available data and obtain any needed supporting 
information to enable resolution of the unexplained. HRR anomaly. If, after three months, the 
unexplained HRR anomaly has not been resolved, Ecology will be consulted as to possible 
changes in groundwater and analyle monitoring frequency. 

A limitation to the HRR system is that it provides data primarily as a tw~dimensional diagram 
from the viewpoint of looking down on the tank. Thus a leak: may be detecled by HRR, and the 
general location of the leak around the tank noted, but the actual !Epth may or may not be able to 
be discerned hom the data. 

4~1A. Leak Detection in Transfer Lines and Pits During Waste Retrieval Supernate will 
be transferred from the receiver DST and liquid waste and sluny will be transferred from C-111 
back to the receiver DST using tempormy ho~in-hose overground transfer lines and pits. Leak: 
detectors localed in pits will be monitored during waste transfers. Leaks may also be detected by 
monitoring flows and by radiation monitoring of the HJHTL in accordance with the requirements 
of RPP-13033 and RPP- 127 11 , Temporary Waste Transfer Une Man.agemenJ Program Plan. 
Pits associated with the receiver tank will also be monitored. 

Leakage from the primmy overground transfer hose (inner hose) will be contained by the 
second:uy confinement system (outer hose). The secondary confinement system is designed to 
drain any fluid released from the primary hose to a common point for collection, detection, and 
removal. Leak detection elements are installed in pits at the ends of the transfer lines. If a. leak 
occurs the liquid will contact the defector, which will actuate an alarm and the transfer pumps 
shut down either automalically or manually. 

4~1.5 Leak Detection in Receiver DST D11ring Waste Retrieval The existing leak 
derection systems in the receiver DSTwill be ulilized as required in OSD-T- 15 1-00031. ~ 
ft:eHt lk! f!Fiii!Bij' ''868ill ef !he F8i!i!h!F Q!IT WUI fie lletee!e!l BJ B: eeRiiiiEJ!i"i~ l'rel!eLeak 
derection instruments are installed in the annulus to derect a leak: from the primary lank. 

4.2.2 Use ofDryweDs and Groundwater WeDs During and After Waste Retrieval 

b. Describe the proposed liSe of existing dryweUs and groundwcuer monitoring wells 
dJm·ng and after w-aste retrieval operations. 

During waste retrieval operations existing drywells will be monitored if needed as a backup 
means of leak detection as described in Section 4.2. 1.1. 

The post-retrieval gamma scans may be done by any of the gamma logging methods discussed in 
Section 42. 1.1 within 6 months following the completion o f waste retrieval on the lank. 

Groundwater monitoring wells will be sampled and the samples analyzed both during and after 
waste relrieval operations as described in Section 4. J .2. 
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5 REGULATORY REQUIREMENTS IN 
SUPPORT OF RETRIEVAL OPERATIONS 

Summaries of documents ( JTaining plans, con1i11gency plans, emergency response plans, 
reponing. record keeping, inspection summaries, eJc.) as required for waste n!lrinal by 
WAC 173-303. 

Retrieval of waste from the SSTs will be performed under the requirements of the 
M~a€iQDe<:ree, lhe Atomic Energy Act of 1954, and RCRA, RCW 70.105, "Hazardous Wasle 
Management Act" and their implementing regulations. The SSTs do not provide secondary 
containment and are not complianl with RCRA and RCW 70.105 interim facmty standards of 
Subpart J of 40 CfR 265. The SSTs are currently authorized to continue operations under RCW 
70.105 pending closure in accordance with WAC 173-303-610, "Closure and Post-Closure ," 
under lhe authority of HFFACO Milestones M-45-99&3, l'vl-045-84, and M-045-85''C8Hif11Ble 
Cle&HnJ ef aH :!!Ingle Shell Tanks ~s." Ell.~ aB elkerwise medlfte!l by Hlili,I\CO Milestens 
M 45 00,. DOE conducts day-to-day operations of the SSTs in accordance with the interim 
faci1ity standards established in WAC-173-303-400(3), "Interim Status Facility Standards." 
WAC 173-303-400(3) incoqxxates by reference the interim stalus performance standards set 
forth by the EPA in 40 CfR 265. Additionally, lhe SSTs are governed by federal regulations 
promulgated under the authority of the Atomic Energy Act .of 1954 and various DOE directives 
incorpoca.ted into lhe contract between ORP and the tank farm contractor (DE-AC27-99RL-
14047). These requirements are implemented through operating plans and procedures by lhe 
tank farm contractor. 

Interim status facility standmds in WAC 173-30~00(3)(a) inCOipOT<lE by reference the interim 
status standards set forth by EPA in 40 CFR 265 Subpan J for tank systems. Elements of the 
inlerim status standards relevan.t to lhe WRS along with the WRS features and/or operating plans 
and procedures are summarized in Table 5-1. 

If required, approval to retrieve was.te that could contain polychlorinated biphenyls (PCBs) from 
tank C- Ill using supernate from the receiver OST and transfer the resulting sluny to the 
receiver OST will be obtained from EPA before initiating wasle retrieval operations. Tbe DST 
supem<JE is. classified as PCB remediation waste in accordance with Ecology et aL (2000), 
Framt~wolk AgreemenJ for MlllWgement oj' Polychlorinated Biphenyls (PC&) in Hanford Tank 
Waste. Because the DST supernate is classifted as PCB remediation waste, the retrieval of wasle 
from SSTs when using DST supernate requires a Risk-Based Disposal Approval, approved by 
EPA. pursuant to the Toxic Substallces Conuol Act of /976. 

The ventilation syslem(s) used during waste retrieval operations are designed to pass air through 
the tank, l.hereby reducing condensation and fog within the tank. The ventilation .systems 
required by the Washinglon State Department of Health include a hearer, prefiller, demisler, two 
high-efficiency particulale air filters and test sections, exhaust fan, and staclc. Details of the 
ventilation systems are provided in AIR QQ 704, GliflgGFhlal TQ~ik Ftl!=m !4u:UJty Wila¥s 
RfllF~•sJ tMB ~JBHH2 PhiMB ll M<MfBII4Hl'iBbsl fltJfiHMitM• EiiM!huliB~ 11!1 &fHI!BeM iH IIIIBIIlEili~ 
&Ril QI!§QntwP QQQR2, A~Wllsf ~1kflf'iti tilfB 'FsK;W A iF KtlfiMieiM ;'IBtitw sf ~lfBIFIM!tiBft 
(N~~) AfiiHisHtitm fiN NMfoTti s;,.g/8 ShB!J 'Iilnk Wat~B RfruiBblll E118 IHBI!IHIIBa IR llflillllEI&l00-
05-006. Hanford SiJe Air Oper01Jng Pennit. as amended and succeeded. 

5-1 

C-27 



RPP-37739, Rev. 2 

RPP-37739, Rev. I 

9 REFERENCFS 

00--05-006, Hanford Site Air Operating Penni(, Washington Stale Department of Ecology, 
Olympia Washington. as amended 311d succeeded. 

l 0 CFR 830, "Nuclear Safety Management," Code of Federal Regulmions, as amended. 

I 0 CFR 835, "Occupati{mal Radiation Protection," Code of Fede.ral Regulations, as amended. 

29 CFR 1910, "Occupational Safety and Health Standards," Code of Federal Regulations, 
as: amended. 

29 CFR 1926, "Safety and Health Regulations for Construction,'' Code of Federal Regulations, 
as: amended. 

40 CFR 264, "Standards for Owners and Operators of Hazardous Waste Trealment, Storage, and 
Disposal Facilities," Code oj'Federal Regulations, as amended. 

40 CFR 265, "Interim Status Standards for Owners and Operators of Hazardous Waste 
Treatment, Storage, and Disposal Facilities," Code of Federal Regulmions, as amended. 

40 CFR 268, "Land Disposal Restrictions," Code of Federal Regulations, as amended. 

40 CFR 302, "Designation, Reportable Quantities, and Notification," Code of Federal 
Regulations, as amended. 

40 CFR 761, "Polychlorinated Biphenyls (PCBs) Manufacturing, Processing, Distribution, 
Commerce, and Use Prohibitions," Code of Federal Regulations, as amended. 

04-TPD-083, 2004, "Agreement on Content of Tank Waste Retrieval Work Plans" (Jetter from 
R. J. Schepens toM. A. Wilson, Ecology, Aug,usl20), U.S. Department of Energy, Office 
of River Prorection, Richland, WasbingtQn 

&9018238 Rl, 19&9, "Single-Shell Tank Leak Volumes" (letter from R. J. Baumhardt to 
R. E. Gerton, Richland Operations Office, U.S. Department of Energy, May 17), 
Westinghouse Hanford Company, Richland, Washington. 

):lA: QQ 7Q f; 2QQQ,. Gsitg.gsl'"iesl J'BPalt! ti:srlft t'A.seiUI}' H'Ms RsrY5sts4 slfli ClaifiJGB:l P.'.ss•l! 
lo'I<Me R:et."'e•YII t;IJt9HHisna, WIHihiB,tBR Stllli! 9ef!!IFoiBI!Rt sf HealtF.,. QIYHtf'iB; 
VtrHkiagtHRz 

ARH-2794-D, 1974, ManJJfacturing artd Waste Management Division Waste Stmus Summary 
October 1, 1973 Through December 31, 1973 

Atomic Energy Act of 1954, 42 USC 2011 et seq., as amended. 

Consent Decree No. 08-50&5-FVS, United States District Court Eastern Dls!rict of Washington, 
October 25,. 201 0 

9- 1 

C-28 



RPP-37739, Rev. 2 

RPP-37739, Rev. I 

Ql!~ll'W:'P ~R:~ J!QW, A:fl!J'J'B:'Iil9j"Q;i4fii'Hj fHfll 'FMitw:AJ: §MJulMwNsti86 s}btHM;'."WcifM 
(x:J¥96) s4>!1fA'iBtHiB"}tNIHMfsHISiffg!e Sltf'IJ TBIM M'B!Hfl Ren=istsl; 'r'i'askittgteR SIMs 
DBfl<3RmeRt gf i!Gelegy. Olympia; Wuhingten. 

DOE, 2003, Dangerous Waste Permit Application--Single-Shell Tank System, Rev. 8, 
U.S. Department of Energy, Washington, D.C. 

DOE 0 435.1 , 2001 , Radioactive Waste Management, U.S. ~panment of Energy, 
Washington, D.C. 

DOE/ORP-2000-24, 200 I, Hanford Immobilized Low-Ac-tivity Waste Performance Assessment: 
2001 Version, Rev. 0, U.S. ~partment of Energy, Office of River Protection, Richland, 
Washington. 

DOE/ORP-2003-02, 2003, Inventory and Source Term Dma Package, Rev. 0, U.S. ~panment 
of Energy, Office of River Protection, Richland, Washington. 

DOE/ORP-2003- 11, 2003, Preliminary Perfonnance .4sse:rsmentfor Waste Management Area C 
at the Hanford Site, Washington, Rev. 0, CH2M HIU Hanford Group, Inc., Richland, 
Washington. 

DOE/ORP-2005-01 , 2005, Initial Single-Shell Tank System Performance Assessment/or the 
Hanford Site, U.S. ~partment of Energy, Office of River Prolection, Richland, 
Washington. 

DOE/RL-91-45, 1995, Hanford Site Risk Assessment Methodology, Rev. 3, U.S. Department of 
Energy, Richland Oplrations Office, Richland, Washington. 

DOE/RL-97-69, 1998, Hanford Immobilized Low-Activity Tank Waste Performance A.ssessment, 
Rev. 0, U.S. Departmmt of Energy, Richland Operations Office, Richland, Washington. 

DOf./RL-2001-49, Groundwmer Sampling and Analy.ris Pkmfor the 200-BP-5 Operable Unit, 
Latest Revision. U.S. Department of Energy, Richland Oplrations Offire, Ricbland, 
Washington. 

DOf./RL-2009-77, Groundwmer Qllfllity A3sessmem Planfor 1he Single-Shell Tank Wane 
Management Area C, Late~tt Revision, U.S. Dep:ntment of Energy. Richland OPJialions. 
Office, RiChland, Washington. 

Ecology, EPA, and DOE, 1989, Hanford Federal Facility Agreement and Consent Order, 
as amended, Washington State Department of Ecology, U.S. Environmental Protection 
Agency, and U.S. ~partmenl of Energy, Olympia, Washington. 

Ecology, EPA, and DOE, 2000, Framework Agreement fo.r Management of Po.Jychlorinoted 
Biphenyls ( PCBs) in Hanford Tank Waste, Washington State Department of Ecology, 
U.S. Bnvironrnental Prolection Agency, and U.S. ~partment of Energy, Olympia, 
Washington. 

9-2 

C-29 



RPP-37739, Rev. 2 

RPP-37739, Rev. 1 

EPA-402-R-99-001, 1999, Cancer Risk Coefficients for Environmental Exposure to 
Radionuclides, Federal Guidance Report Number 13, U.S. Environmental Protection 
Agency, Washington, D.C. 

EPA-54CYR-971036, 1997, Health Effects Assessment Summary Tables(HEAST) FY 1997 
Update, U.S. Environmental Protection Agency, Washington, D.C. 

GJ0-98-39-TARA GJO-HAN-18, 2000, Vadose Znne Characterization Project at the Hanford 
Tank Farms, Addendum to the C Tank Farm Repon, U.S. Department of Energy, 
Grand Junction Projects Office, Grand Junction, Colorado. 

GJO-HGLP 1.8. I, 2003, Hanford Tank Farms Vadose Zone Moni10ring Project Baseline 
Monitoring Plan, Rev. 0, U.S. Department of Energy, Grand Junction, Colorado. 

GJPO- HAN-18, 1998, Vadose Znne Characterization Project at the Hanford Tank Farms, 
C Tank Farm Report, U.S. Departmmt of Energy, Grand Junction Projects Office, 
Grand Junction, Colorado. 

H-2-36&35, 1973, Piping Div. Boxes 241-C-153 &. 241-C-252 Arrangement · Plans,. Rev. I , U.S. 
Department of Energy, Richland Operations Office , Richland, Washington. 

H-2-38597, 1978, Salt WeU Pump Pit Assembly for Std. 12" Riser, Rev. I , U.S. Department of 
Energy, Richland Operations Office, Richland, Washington. 

H-2-73338, 1988, Piping Waste Tank Isolation C-Tank Fann Plot Plan, Rev. 5, CH2M HILL 
Hanford Group, Inc., Richland, Washington. 

H-2-73341, 2007, Piping Waste Tank /solation 241-C-1 JJ , Rev. 3 , U.S. Department of Energy, 
Office of River Protection, Richland, Washington. 

HNF-3484,~ Double-Shell Tank Emergency Pumping Guide, ~test Revision, QoQM 
HILb Hallford Gmup, IBE:.Washington River Protection Solutions. LLC, Richland, 
Washington. 

HNF-EP-0182., 2008, WaMe Tank Summary Report for Month Ending October 31, 2008, 
Rev. 247, Washington River ProtectiQn Solutions, LLC, Richland, Washington. 

HNF-IP- 1266, Tank Farms Opermiom Administrative Controls, Latest Revision, Washington 
River Protection Solutions, LLC, Richland, Washington. 

HNF-SD-WM-DQ0-001, 2004, Data Quality Objectives for Tank Farms Waste Compatibility 
Program, Rev. 9, CH2M HILL Hanford Group, Inc., Richland, Washington. 

HNP-SD-WM-ER-367, 1998, Tank Characterization Reportfor Single-Shell Tank 241-C-1 10, 
Rev. IB, Cogema Engineering Corporation, Richland, Washington. 

HNF-SD-WM-OCD-0 15, Tank Farm Waste Transfer Compatibility Program, Latest Revision, 
Washington River Protection Solutions, ll£, Richland, Washington. 

9-3 

C-30 



RPP-37739, Rev. 2 

RPP-37739, Rev. I 

HNF~SD-WM-Tl-7f17, 2004, Exposure Scenarios and Unit Dose Factors for the Hanford Tank 
Wa.sre Performance Assessment, Rev. 4 , CH2M HILL Hanford Group, Inc., Richland, 
Washington. 

HNf-SD-WM-TSR-006, Tank Farms Technical Safe-ty Requirements, Latest Revision, 
Washington River Protection Solutions, LLC, Richland, Washington. 

OSD-T- 151-00007, Operating SpecijicaJionsfor the Dou.b/e..Shell Storage Tanks, Latest 
Revision, Washington River Protection Solutions, LLC, Richland, W3Shington. 

OSD-T- 151-00013, Operating SpecijicaJions for Single-Shell Waste Storage Tanks, Latest 
Revision, Washington River Protection Solutions, LLC, Richland, W3Shington. 

OSD-T-151-00031, Operating SpecijicGJions for Tank Farm Leak Detection and Single-Shell 
Tank Intrusion Detection, Latest Revision, Washington River Protection Solutions, LLC, 
Richland, Washington. 

OSWER 9938.4-03, 1994, Waste Analysis at Facilities that Generme, TreGJ, Store, and Dispose 
of Haz.ordofi.!J Waste, U.S. Environmental Protection Agency, Washington, D.C. 

PNNL-13024, 200 I, RCRA GroundwaJer Monitoring Planfor Single-Sheii Tank Waste 
Management An~a Cat the Hanford Site, Pacific Northwest National Laboratory, 
Richland, Washington. 

PNNt. 1300.4, ICN 11 2{1(lg, RCI?A G."9uMn'illt~!'M9nllm:ilfg P!m;for Sl.'f.8W Shell Ta1ilE Ws&te 
MllRllgllmMtA."'Nl C fU Iilii Jlanfm:d Silfly PaGifiG N1uthwest NatillRal babgratllF)', 
Riekl&R!I; WMhiH&tBR. 

P'NNb 13W.4, ICW 3; 2.W'f, :RC.IM: CT8tHfllu8197M8JIJ.il6f'iJIJ.g ,9/tittfer Si~tgw SlffA'-1 'Ji.'i:!k WB:!rt~ 
AtsttS8M!MIAns ~sllht~Jisft;{e.~Sftfl, P~~eUii! l>lBFtftzvest P'lMiBHBI blll!i!F&ti!f¥, 
RiGI:Jland,. Wasi:Jingten. 

PNNL-14548, 2004, Hanford Site Groundwater Monitoring for Fiscal Year 2003, 
Pacific Northwest National Laboratory, Richland, Washington. 

RCW 70.105, .. Hazardous W3Sie Management Act," Revised Code of Washington, as amended. 

Resource Consermtion and Recovery Act of 1976, Public Law 94 580, 90 Stat. 2795, 
42 USC 901 et seq. 

Revised Code of Washington, Chapter70.105 RCW, "Hazardous waste management." 

RHO-CD- 1193, 1981, Review af Classification of Hanford Single-Shell Tarrlis /10-B, II I -C. 
103-T, IW-TX, 104-TY, and 106-U, Rockwell Hanford Operations, Richland, 
Washington. 

RPP-5842, 2000, Time Deployment S1udy for Annwlus Pumping, Rev. 0 , CH2M HD..L Hanford 
Group, Inc., Richland, Washington. 

9-4 

C-31 



RPP-37739, Rev. 2 

RPP-37739, Rev. I 

RPP-20949, 2006, Data Quality Objectives For The Evaluation OfTank. ChemicalEmis!ions 
For Industrial H.Ygiene Technical Basis, Rev. 2, CH2M HILL Hanford Group, Inc., 
Richland, Washington. 

RPP-21895, 2008, 241-C-103, and 241-C-109 Tanb Waste Retrieval Work Pian, Rev. 4, CH2M 
HILL Hanford Group, Inc., Richland Washington. 

RPP-22393, 2008, 241-C-102, 241-C-104, 24/-C-107, 241-C-108, and 24/ -C-ll2 Tanb Waste 
Retrieval Wolt Plan, Rev. 4, CH2M HILL Hanford Group, Inc., Richland, Washington. 

RPP-22491, lndusuial Hygiene Vapor Technical Basis, Latest Revision, Washington River 
Protecti<Jn Solutions, LLC, Richland, Washington. 

RPP-22521 , 2009, Tanu C-/01, C-105, C-1 /0, and C-1 I 1 Long-Term Human Health Risk 
Calculations to Support Tank Wa!te Retrieval Wolt Plan, Rev. 4, Washington River 
Protection S<llulions, LLC, Richland Washington. 

RPP-23403, 2006, Single-Sht!U Tank Component Closure Data Quality Objectil!e.s, Rev. 3, 
CH2M HILL Hanford Group, Inc., Richland, Washington. 

RPP-27869, Building Emergency Plan for Tank Farms, Lalest Revision, Washington River 
Protection Solutions, LLC, Richland, Washington. 

RPP-29002, ~2012, Double-She/lTanli.. Waste Arnllysis Plan, Rev 0, "MiU\1 J.llbb J.lllilfet'll 
QmuP+ Ins. Washington River Protection Solutions, LLC, Richland, Washington. 

RPP-30121, 2006, Tank. 24 I-S- I 02 High-Resolution Resistivity Leak DeJection and Monitoring 
Test Report, Rev 0-A, CH2M HILL Hanford Group, Inc., Richland, Washington. 

RPP-32477, 2008, High Resolution ResistiviJy Leak Detection Data Processing and Evaluation 
Methods and Requirements, Rev 0-B, CH2M HILL Hanford Group, Inc., Richland, 
Washington. 

RPP-50910,. 201 1, Slngfe-SiteiiTank \Vasle Retrieval l.imU of Technology DejfnUionfor Modified 
Sluicing, Rev. 0, Washington Ri'o'CI' Protection Solution.'!, LLC., RicbLmd, W ashingto11. 

RPP-ASMT-39155, Tank 241-C-111 Leak Assessment Report, Rev 0, CH2M HILL Hanford 
Group, Inc., Richland, Washington. 

RPP-BNV -33418, 2008, Hanjord C-Fann u.ail. Assessments Report; Tanks 241 -C-101, 241-C-
110, 241-C-111, 241-C-105 and Unplanned Waste Releases, Rev I , CH2M HlLL 
Hanford Group, Inc.., Richland, Washington. 

RPP-PLAN-23827, 2005, Sampling and Analysis Plan for Single-Shell Tanb Component 
Closure, Rev. I, CH2M HILL Hanford Group, Inc., Richland, Washington. 

RPP-RPT-33060, 2007, Retrieval Data Reponfor Single-Shell Tank 241-CcJOJ, Rev. 0, CH2M 
HILL Hanford Group, Inc., Richland, Washington. 

9-6 

C-32 



RPP-37739, Rev. 2 

RPP-37739, Rev. I 

TFC-ENG-CHEM-D-42, Tank Leak Assessment Process, Latest Revision, Washington River 
Protection Solutions, LLC, Richland Washington. 

TFC-ENG-CHEM-P-47, Single-Shell Tank Retrieval Completion Evaluation, Latest Revision, 
Washington River Protection Solutions, LLC, Richland, Washington. 

TFC-ENG-STD-26, Dilution and F/Jishing Requirements, Latest Revision, Washington River 
Protection Solutions, LLC, Rid11and, W ashinglon. 

TFC-ESHQ-ENV _FS-C-01 , Environmental Notification, Latest Revision, Washington River 
Protection Solutions, LLC, Richland, Washington. 

TFC-ESHQ-ENV-ST~03, Air-Quality - Radioactive Emissions, Lates t Revision, Washington 
River Protection Solutions, LLC, Richland, Washington. 

TFC-ESHQ-ENV-PP-C-11, /ndependent Qualified Reglsured Professional Engineer As:ressmem 
Process, Latest Revision. Washington River Protection Solutions, LLC., Richland, 
Washington. 

TFC-ESHQ-ENV -ST~04, Air Quality Program - Nan-Radioactive Emissions, Latest Revision, 
Washington River Protection Solutions, LLC, Rich land, Washington. 

TFC-OPS-MAINT-C-01 , Tank Farm ColllTactor Work Comr.al, Latest Revision, Washington 
River Protection Solutions, LLC, Richland, Washington. 

TFC-OPS-OPER-C-24, Occurrence Reporting and Processing of' Operations lnformmian, Latest 
Revision. Washington River Protection Solutions, LLC, Richland, Washington. 

TFC-OPS-WM-C- 10, C.ontaminmed Equipment Management Practices, Latest Revision, 
Washington River Protection Solutions, LLC, Richland Washington. 

TFC-PLN-07, Dangerous Waste Training Plan, Latest Revision, Washington River Prollection 
Solutions, LLC, Richland, Washington. 

TFC-PLN-34./ndustrial Hygiene Exposure Assessment Smuegy. Latest Revision. Washington 
River Protection Solutions. LLC., Richland, Washington.TK: Pbf'l 43. J"srM! fJtlflHIJjtHf§ 

f!illdJFIH!IBf' N-H~Ii till~ Es}fll)' P!81f, bate lit Reo~·isien; WllflRiRgleB JliueF Jlrefli!JelieB 
iehttieHB; b:6C. A:iiiklaHII; W118kiB~BH. 

T0-320-022, , Operate Model 503DR Hydroprobe Neutron Moisture Detection, Latest Revision, 
Washington River Protection Solutions, LLC, Richland, Washington. 

Toxic Substances Control Act of 1976, 15 USC 2601 , el seq. 

WAC 173-303, " Dangerous Waste Regulations," Washington Administrative Code, as a:mended 

WAC 173-400, "General Regulation for Air Pollution Sources," Washington Administrative 
Code, as a:mended 

9-7 

C-33 



DISTRIBUTION SHEET 

To From Page 1 Of 1 - -

Distribution SST Retrieval & Closure Date 9/17/13 

Project Title/Work Order EDT No. N/A 

RPP-37739, Rev. 2' 241-C-111 Tank Waste Retrieval Work Plan ECN No. N/A 

Text Attach./ 
EDT/ECN 

Name MSIN With All Text Only Appendix 
Only 

Attach. Only 

V.L. Wagner S7-83 X 

D.K . Smith S7-75 X 

C.J. Alderman S7-75 X 

W.B. Barton S7-90 X 

R.E. Bauer S7-66 X 

R.P . Peters S7-83 X 

D.B. Parkman S7 - 66 X 

J.S. Boettger S7 - 90 X 

K.W . O'Leary S7-90 X 

J.J. Luke H6-14 X 

M.F. Erhart S7-90 X 

Environmental 

J.S . Conrad S7-83 X 

Wastington State Department of Ecology 

N. H. Uziemblo H0-57 X 

J.J. Lyon H0-57 X 

u . s . Environmental Protection Agency 

D.B. Bartus H0-57 X 

A-6000-135 (REV 1) 


	739.pdf
	Page 1
	Page 2
	Page 3
	Page 4




