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Tank S-109 Partial Waste Retneval Functions and Reqwrements RPP-18812, Rev 0 

EXECUTIVE SUMMARY 

Tius document establishes the functions and reqtnrements for the partial retrieval of waste stored 
m tank S-109 m support of a planned treatment demonstration. This tank is designated as sound 
and is located m the 200 West Area of the Hanford Site. The retneval of waste from tank S-109 
will mtegrate leak detection, momtonng, and mitI.gatlon with technologies to m1mm12e the 
potential for leaks to occur durmg waste retneval and the resulting leak volume should a leak 
occur 

The retneval of waste from tank S-109 will occur m three separate phases 

• Phase 1- Salt Cake Dissolution: 300 gallons of tank waste (dissolved m approx1mately 
1,000 gallons of bnne) wtll be retrieved from the tank for transfer to the Test and 
Demonstrat10n Fac1hty. Saltwell-type eqwpment will be used to retneve waste. 
Additronal equipment such as a low volume slwcer nozzle may be used m combmatlon 
with the saltwell-type eqtnpment. 

• Phase 2- Controlled Sluicing: 200,000 to 300,000 gallons of tank waste will be 
retrieved using a pump and low volume sluice nozzles. The existmg saltwell pump IIllght 
be used or a new pump mstalled followmg system defirution 

• Phase 3: The balance of the waste will be retrieved m accordance with the Hanford 
Federal Facility Agreement and Consent Order 

Waste retneval from tank S-109 during Phase 1 and Phase 2 that does not meet the waste feed 
reqmrements of the treatment demonstration facility will be sent to a double-shell tank It 1s 
estimated that as much as 30,000 gallons of waste could be sent to a double-shell tank durmg 
Phase 1 Up to 100,000 gallons of waste total could be sent to a double-shell tank durmg Phase 1 
and Phase 2 combmed 

Only Phases 1 and 2 are addressed m this document This document will be revtsed or a new 
document prepared m the future to address retneval of the balance of the waste in the tank durmg 
Phase 3 

Tlus document establishes the functions and reqwrements for both the tank S-109 partial waste 
retneval system and the leak detect10n, momtonng, and m1t1gatlon system The spec1ficat1ons 
are based on the waste retneval technologies best swted to the specific tank condtt1ons and leak 
detection and morutoring technologies that are consistent with the waste retrieval technologies 
The functions and reqwrements also consider human health nsks associated with the tank waste 
and potential waste volumes that could leak during retrieval 

The waste retrieval systems planned for deployment dunng Phase 1 and Phase 2 will control the 
volumes of water added and the location to lumt the potential for leak.age to occur and to lumt 
the resulting volumes if a leak were to occur Therefore, the nsk-based leak detect10n and 
momtonng strategy is based on preventing leakage, m1.Il.11Ilizmg leak volumes 1f a leak should 
occur, and using best available leak detect.Ion and morutonng technologies to detect leaks from 
tank S-109 Dunng Phase 1 waste retneval drywell momtonng will be used as the pnmary leak 
detection method During Phase 2 lugh-resolut1on res1stlv1ty will be deployed as the pnmary 
leak detection and morutonng method 

18812-1216 doc 2 December 8, 2003 
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1.0 INTRODUCTION 

The River Protect10n Project rruss10n mcludes storage, retneval, unmobtliz.atJ.on, and disposal of 
nnxed radioactive waste presently stored m 177 underground tanks located in the 200 East and 
200 West Areas of the US Department of Energy Hanford Site. The River Protection Project 1s 
m the process of acceleratmg single-shell tank (SST) waste retrievals, and developing 
supplemental technologies to augment the Waste Treatment Plant for treating the retneved 
waste Tank S-109, located m the 200 West Area (Figure 1 ), is a tank that has been selected for 
partial waste retrieval This tank was selected for partial retneval because a portion of the waste 
in the tank meets the waste feed reqmrements of the waste treatment technology demonstration 

Full retrieval of waste from tank S-109 Wlll occur m three separate phases 

• Phase I-Salt Cake Dissolution: 300 gallons of tank waste (dissolved m approXlmately 
1,000 gallons ofbnne) will be retneved from the tank for transfer to the Test and 
Demonstration Facility (TDF) Saltwell-type equipment Wlll be used to retrieve waste 
Additional equipment such as a low-volume slmcer nozzle may be used m combmatlon 
with existing saltwell-type equipment 

• Phase 2- Controlled Sluicing: 200,000 to 300,000 gallons of tank waste Wlll be 
retrieved usmg a pump and low volume slmce nozzles The existmg saltwell pump rrught 
be used or a new pump mstalled following system defiruf:J.on 

• Phase 3 - The balance of the waste tn tank S-109 Wlli be retrieved m accordance WJth the 
Hanford Federal Facility Agreement and Consent Order (HFFACO, Ecology et al 
1989) 

Only Phases 1 and 2 are addressed m this document This document will be revised or a new 
document prepared m the future to address retrieval of the balance of the waste m the tank dunng 
Phase 3 

Waste retneved from tank S-109 durmg Phase 1 and Phase 2 that does not meet the waste feed 
reqwrements of the treatment demonstratJon fac1hty will be sent to a double-shell tank (DST) 
It 1s estunated that as much as 30,000 gallons of waste could be sent to a DST during Phase 1 
Up to 100,000 gallons could be sent to a DST durmg Phase 1 and Phase 2 combmed 

Tank S-109 currently meets the mterim stabilization cntena, however, dunng partial waste 
retrieval hqmd volwnes withm the tank may exceed the mtenm stabthzation cntena After 
Phase 2 the tank conditions will be consistent wtth the mtenm stabilization criteria. 

The tank S-109 partial waste retrieval system (WRS) WJ.11 interface WJth the TDF as defined m 
System Specificahonfor Bulk Vitrification (RPP-17403). Additional information on the 
supplemental treatment demonstration and relationslnp to the tank S-109 WRS 1s provided in 
Research, Development, and Demonstration Permit Appllcatzonfor Bulk Vttrificatzon Test 
Demonstratzon Facility (DOE/RL-2003-23) 

18812-1208 doc 5 December 8, 2003 
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The approach used to develop this document mcludes an mtegrated waste retneval and leak 
detectJ.o~ morutonng, and rmt:Jgation (LD:MM) strategy that considers human health nsk rn the 
planmng and development of WRS requrrements 

The maJor elements of the document consist of the followmg· 

• Long-term human health nsk from potential releases (Sect.on 2.0) 
• Upper-level functions and reqwrements (F&R) for the WRS (SectJ.on 3 0) 
• Descnptwn of the WRS and operatmg strategy (Sections 4 2 1 and 4.3.3) 
• Descnpt1on of the planned approach for LDMM (Sectron 4 0). 

1.1 PURPOSE 

Tlus document provides the F &R necessary to mstJ.tute proper regulatory control of the design 
activities associated with the WRS for tank S-109 partial waste retneval This document also 
provides a prehmmary waste retneval and LDMM strategy compatible with the F&R. The 
strategy combmes best available leak detection and momtonng (LDM) methods with an 
operational strategy designed to reduce the potential for leaks to occur dunng waste retneval and 
the resultmg volume m the event a leak should occur. ThlS document additionally proVIdes nsk 
mfonnat1on to establish a basis for making mformed dec1s1ons m the event a leak 1s detected 
dunng waste retneval 

1.2 SCOPE 

This document will establish the folloWlilg 

• Waste retneval F &R 
• LDMlvl strategy 
• Waste retneval strategy for tank S-109. 

Approval of this document will enable completion of the Phase land Phase 2 WRS design for 
tank S-109. 

The F&R identified m this document provide the foundation for the design cntena and design 
requrrements documented m System Specificatwn for the 2 41-S-109 Waste Retrieval System 
(RPP-18632). System speclfications are used to commumcate requrrements that appropnately 
bound and constram an item. The content of the system spec1:ficatlons wtll include detailed 
requrrements such as operatmg pressures, temperatures, matenals of construction and control 
system requrrements, confinement boundanes and controls, mterface reqwrements, and srmtlar 
detailed application requrrements. The system spec1ficat10n for tank s.109 will be consistent 
with tins F &R document 

18812-1208 6 December 8, 2003 
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Figure 1, Location Map of S Tank Farm and 
Surrounding Facilities in the 200 West Area 
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1.3 CURRENT TANK CONDITIONS 

Tank S-109 was constructed between 1950 and 1951, and was put mto service m the fourth 
quarter of 1952 Tank S-109 ts one of twelve 100-senes SSTs m the S farm Tank S-1091s the 
third tank m a three-tank cascade. The tank 1s constructed with a dish-shaped bottom and an 
outer remforced-concrete shell to mamtam the structural mtegnty of the steel lmer by protectmg 
1t from sml loads. The remforced-concrete shell is cylmdncal and supports the steel hner, which 
1s constructed of carbon steel. Tank S-109 ts 75 feet m diameter, has an operatmg depth of 
22 feet, 11 mches, and has a capacity of 758,000 gallons (Historical Tank Content Esttmate for 
the Southwest Quadrant of the Hanford 200 West Area [HNF-SD-WM-ER-352]) 

As of June 2003, tank S-109 contained approxtmately 533,000 gallons of waste cons1sbng of 
520,000 gallons of salt cake mcludmg 16,000 gallons ofmterstttral salt cake hqmd and 
13,000 gallons of sludge Specific volumes and constituents currently stored m tank S-109 are 
presented m Table 1 Tank S-109 1s presently passively venblated Tank S-109 tank 1s 
categonzed as "sound" (Waste Tank Summary Report for Month Ending June 30, 2003 
[HNF-EP-1082], Supporting Document for the Histoncal Tank Content for S-Tank Farm 
[HNF-SD-WM-ER-323]). 

Table 1. Tank S-109 Waste Volume and Inventory Summary 

Tank S-109 Waste Type Volume, gallons 

Salt cake 520,000 rncludmg 16,000 gallons of 1nterst1t1al liquid 

Sludge 13,000 

Total waste 533,000 

Waste inventory Umts as noted 

Cs-137 47,600 C1 

Sr-90 60,500 C1 

Tc-99 313 C1 

C-14 653C1 

1-129 06C1 

Pu-238,-239,-240, -241 147 C1 

Sodium 1,700,000 lb 

Nrtrate/N1tnte 4,263,000 lb 

Waste rnventory and volume data from DOE/ORP-2003-02 

Tank S-109 was constructed to store waste from the Reduction-Ox1datton Extraction (REDOX) 
Plant. Pnmary additions to the tank consisted ofREDOX high-level waste, REDOX cladding 
waste, water, REDOX salt cake, and partial neutralized feed (HNF-SD-WM-ER-352). 

18812-1208 8 December 8, 2003 
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Figure 2 proVIdes a plan view of waste management area S-SX and the surrounchng Resource 
Conservation and Recovery Act of 197 6 groundwater momtonng wells Groundwater 
monitonng actJYities will be consIStent with the current Resource Conservatzon and Recovery 
Act of 1976 momtonng plan (RCRA Assessment Plan for Szngle-Shell Tank Waste Management 
Area S-SX at the Hanford Site [PNNL-12114-ICN-1]) There are a number of drywells 
surroundmg the 100-senes tanks w1thm the Stank farm (Figure 3) 

2.0 RISK BASIS 

Thls section presents the results of a prehmmary evaluation of the long-term human health nsks 
associated with waste m tank S-109 and potential leaks that could occur durmg waste retneval to 
support the TDF. The need to consider long-term human health nsks m developmg waste 
retrieval F &R was estabhshed 1n the HFF ACO M-45 milestone sen es through Change Package 
M-45-00-0lA. MIiestones estabhshed by thls change package required that a scopmg-level risk 
assessment be prepared as part of the waste retneval F &R document.s Scopmg level is 
mterpreted to be the same as a screemng-level nsk assessment that utilizes currently available 
data and mformatlon 

The nsk basts for the tank S-109 partial waste retneval is developed usmg estnnated 
groundwater pathway human health nsk For this screenmg-level assessment, contammant 
transport calculations are not performed Rather, the effects of contammant release and transport 
are taken from previous studies that are the most relevant to the case bemg studied For tank 
S-109 Phase 1 and Phase 2, thls is the vadose zone field mvestigat10n work for waste 
management area S-SX (Field Investigation Report for Waste Management Area S-SX 
[RPP-7884]). 

A nsk evaluation was performed to provide a basis for malang mfonned dec1s1ons dunng waste 
retrieval operations m the event a leak is detected or unexpected retrieval conditions anse (Tank 
S-109 Long-Tenn Human Health Rzsk Calculatzons [RPP-19136]) The results of this evaluation 
are proYided m Figure 4. The mventory associated with a hypothetical 8,000-gallon retneval 
leak durmg partial waste retneval ac11Yities 1s shown m Figure 4. The mventory associated with 
a hypothetical 8,000 gallon retneval leak is calculated based on the recommendations m 
DOE/ORP-2003-02 (1.78 x 104 CJ.lgal x 8,000 gal). 

The methodology for tlus nsk evaluab.on follows the gt11dance provided m Contents of Rzsk 
Assessments to Support the Retneval and Closure of Tanks for the Washington State Department 
of Ecology (RPP-14284). Because thIS F &R document 1s llllllted to partial waste retneval 
associated with Phase land Phase 2, only the nsks associated with retneval leaks are addressed 
The risk assessment gt11dance document descnbes the tecbrucal basis for a streamlined nsk 
assessment process that the U.S. Department of Energy and the Washmgton State Department of 
Ecology have agreed to use for purposes of preparmg F &R documents The mam elements of 
the approach can be summanzed as follows 

1881 2-1208 9 December 8, 2003 
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Figure 2. Waste Management Area S and Regulated Structures 
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Figure 3. Plan View of the S Tank Farm Showing Drywells 
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• Foc11ses on potential long-term grnunthvater pathway 111.nnan l1calth risk at the tank fann 
foncclinc, 

• Uses incremental lifet.ime cancer risk (lLCR) as the risk metric 

• Provides lLCR for one indicalor contamirnutt 

• Derives effects of contaminant release and lnmspo1t from previous studies; inv()lves no 
new contaminant transport an.:-,iysis 

• Uses the best available existing dah1 and lnfrrrmation to the maximum extent possible, 
with Httk new data generated for the creation of the document. 

Figure 4. Tank S~109 Risk Plot 
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Technctium-99 was selected as the indicator cc,ntarninant based on the results of a screening 
analysis, The analysis indicated that tcchnetium-99 ,vould contribute approximately 81 %1 
(industrial sc~~nario) to 95%) (residential scenario) of the total loug~term. grouu<lwatcr pathway 
ILCR. The criterion used for the screening analysis was th,~ ca:lcu.latcd product of the rns.i<lual 
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waste mventones from Inventory and Source Tenn Data Packa,ge (DOE/ORP-2003-02) and the 
ILCR conversion factors from Exposure Scenarios and Unzt Dose Factors for the Hanford Tank 
Waste Peiformance Assessment (HNF-SD-WM-TI-707). 

Contammants mcluded m the screening analysts were the long-hved moblle radtonucltdes that 
previous tank farm studies have shown contnbute to peak ILCR These were carbon-14, 
selemum-79, technetmm-99, and iodme-129 Chem1cal carcmogens were disregarded because 
prevtous studies ( e g , Single-Shell Tank S-112 Full Scale Saltcake Waste Retneval Technology 
Demonstration Functions and Requirements [RPP-7825]) have shown that cancer nsk from 
radionuchdes rs more restrictive (e g., lower residual waste volumes) than either the cancer nsk 
from carcmogemc chenucals or the hazard mdex from noncarcinogemc chemicals. Cancer nsks 
from radionuchdes and chemicals typically are not summed because of differences in how nsk is 
estimated for these two categones of substances. 

Technetmm-99 has been shown to be the dnver for peak ILCR m previous tank waste studies 
(RPP-7884; Field Investigation Report for Waste Management Area B-BX-BY [RPP-10098]; 
Hanford Immobibzed Low-Actzvzty Tank Waste Performance Assessment. 2001 Version 
[DOE/ORP-2000-24]) as well as Hanford Site-wide studies ( Composite Analysis for Low-Level 
Waste Dzsposal in the 200 Area Plateau of the Hanford Site [PNNL-11800] , An Imtial 
Assessment of Hanford Impact Peifonned wzth the System Assessment Capability 
[PNNL-14027]) 

Risk was calculated for this evaluation usmg the followmg equation. 

Where: 

1 == mdicator contammant 
R1 = nsk (ILCR) 
I1 = mventory (C1) 
T1 == transport transfer function (pCl/L per Ci) 
d1 = health effects conversion factor (ILCR per pCi/L) 

Because the tank S-109 parttal waste retneval 1s intended to support technology demonstration 
and not tank closure, tll.ls evaluation addresses only the nsk associated with a retneval leak from 
tank S-109 Evaluation of the nsk associated with tank S-109 residual waste, as well as the nsks 
associated other S farm tanks, are deferred to the F &R document supporting tank S-109 final 
waste retneval 

The tank S-109 waste retneval leak technetmm-99 mventory was calculated based on the data 
and recommendations m DOE/ORP-2003-02 by assummg that the waste retneval leak flmd 
concentrations would be the same as the concentrations m the final residuals given m 
DOE/ORP-2003-02 (Table A2) DOE/ORP-2003-02 (Table A 2) provtdes different residual 
mventory data sets for different assumed waste retneval methods. The data set with the largest 
technetlum-99 inventory value was used for tlus evaluation For tank S-109, the Hanford Tank 
Waste Operations Snnulator modeling data set was used 
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A transport transfer funchon for ex-tank (potential retneval leaks) waste was calculated from the 
results of a previous contammant transport analysis by drvidmg the reported 10,000-year peak 
tecbnetmm-99 groundwater concentration at the tank farm fence hne by the technetnun-99 
mventory released at the source The ex-tank transfer function was calculated usmg waste 
management area S-SX past leak data from RPP-7884 as shown m Table 2 

Table 2. Ex-Tank (Potential Retrieval Leakage} Transport Transfer Function 

Peak Technetium-99 
Groundwater Concentration Technetium-99 Inventory In Ex-Tank Transport Transfer 
at S Tank Farm Fence llne Tank S-104 Past Leak Function 
from Tank S-104 Past Leak 

{pCULt' 

1 38 X 105 

3Source = RPP-7884, Table E-14 
bsource = RPP-7884, Table 3 4 

(C1)b (pCi/L per C1) 

3 87 3 57 X 104 

Risks were calculated for two exposure scenanos, mdustnal and residential. Both scenarios are 
based on scenanos descnbed m Hanford Szte Risk Assessment Methodology (DOE/RL-91-45) 
The health effects conversion factors for both scenanos were taken from tables provided m 
HNF-SD-WM-TI-707 The conversion factors provide the hfetlme cancer morb1drty nsk per 
umt concentration oftechnetmm-99 in the groundwater The conversion factor values used for 
tlns evaluation are shown m Table 3. 

Table 3. Health Effects Conversion Factors for 
Industrial and Residential Exposure Scenarios · 

Scenario 

lndustnala 

Res1dentialb 
8 Source = HNF-SD-WM-Tl-707, Rev 3, Table 22 
bSource = HNF-SD-WM-Tl-707, Rev 3, Table 26 

ILCR = incremental lifetime cancer risk 

Technetmm-99 Groundwater Unit Risk 
Factor (ILCR per pCUL) 

1 38 X 10-8 

3 36 X 10-7 

The industrial scenano represents 20 years of occupational exposure m an mdustnal setting 
The receptor 1s an mchvidual whose work activity 1s pnmarily indoors but also mcludes outdoor 
activities such as building and grounds maintenance Contammants enter the worker pnmarily 
through use of groundwater for dnnkmg water and showenng. External exposure to ungated 
soll and soil mhalation are also mcluded The res1denhal scenano represents 30 years of 
exposure ma res1dent:1al settmg The receptor 1s an md1vidual who resides on the land, grows 
fruits and vegetables, and nuses livestock and poultry for personal consumption. Contammants 
enter the receptor through use of groundwater for domestic needs ( dnnkmg, coolang, and 
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showenng); for 1mgation (mgestlon of produce, s01l, and water, mhalatton of soil and water, and 
external exposure), and watenng livestock (mgestion of meat, poultry, and darry products) 

Figure 4 presents a nsk picture for tank S-109 but does not mclude contnbutions from other 
S tank farm sources. All sources m the S tank farm and waste management area S-SX wtll be 
mcluded in the nsk assessment supportmg final closure of the Stank farm Two separate ex-tank 
waste (retneval leakage) curves are shown m Figure 4, one each for ex-tank waste (retneval 
leakage) for the mdustnal and residential scenanos The inventory oftechnetmm-99 associated 
with a potential leak ( ex-tank) of 8,000 gallons from tank S-109 is approxnnately 2 curies, which 
corresponds to a nsk of approx1mately 7 x 10·4 (nsk = 1 4 Ci x 3 57 x 104 pC:1/L per Ci [Table 2) 
x 1.38 x 10.g ILCR/pCJ.!L [Table 3)) for the mdustnal scenano and 2 x 10·2 (nsk = 1 4 Ci x 3.57 
x 104 pCi/L per C1 [Table 2] >< 3 36 x 10-7 ILCR/pCi/L [Table 3])for the residential scenano 

3.0 FUNCTIONS AND REQUIREMENTS 

This sect:J.on estabhshes the upper-level functions and correspond.mg requrrerilents to which the 
tank S-109 WRS for Phase 1 and Phase 2 must be designed and operated Other requirements not 
directly applicable at the level of detail m this F&R are disseminated to CH2M HILL Hanford 
Group, Inc VIa the U.S. Department of Energy and CH2M HILL Hanford Group, Inc Contract 
(Contract DE-AC-27-99RL14047). Additionally, the F&R ensures that waste retneval actions 
do not result m adverse impacts to workers, the pubhc, or the envrronment Some of these 
reqmrements are denved from regulatory documents ( e.g., Code of Federal Regulations, 
Washington Admmcstratzve Code) whlle others are based on the design constramts of tank S-109 
The F&R are provtded m Table 4 and are focused on dnvmg the design of tank S-109 WRS 

Waste will be retneved from tank S-109 and transferred to a DST m the SY tank farm or to the 
waste receipt tanks m the TDF. Tlus document provides the F&R for the waste retneval and 
transfer functions The requirements for the waste receipt :function will be addressed m other 
project documentation such as Demonstration Bulk Vztn.ficatzon Speczficatwn (RPP-17403) and 
DOE/RL-2003-23 specific to the TDF. 

4.0 LEAK DETECTION, MONITORING, AND MITIGATION, AND 
WASTE RETRIEVAL STRATEGY 

This section descnbes the LDMM and waste retneval strategy for tank S-109 WRS mcludmg 
de:fimtions for LD:M:M, uncertamt1es m detectmg and rnomtonng leaks m waste tanks, LDMM 
and retrieval strategy, and prehminary system descnptlons. The F&R established in Section 3 0 
of tlns document will govern the design and development of the mtegra±ed system. 

LDMM terms are defined m Annual Progress Report on the Development of Waste Tank Leak 
Momtorzng/Detectwn and Mztzgatwn Actr:vztzes zn Support of M-45-08 (TP A Milestone M-45-
09E Fiscal Year 2000 Progress Report) (RPP-7012) These defi.mttons have been accepted by 
the Office of River Protection and the Washmgton State Department of Ecology and are 
presented here for reference· 
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Table 4. Tank S-109 Partial Waste Retrieval System 
Functions and Requirements (4 Sheets) 

Function Requirement Basis Key Elements 
Mamtam safe The tank S-109 WRS shall OSD-T-151-00013 Maximum 137 °C 
waste storage m control the structure and waste (280 °F) for waste and 
tank S-109 temperature 1n the tanks within maximum 120 °C 

established limits specrfied m the (250 °F) for dome 
operating spec1f1cat1on for single-
shell waste storage tanks 

Mamtam safe The tank S-109 WRS shall OSD-T-151-00013 Mamtam waste level 
waste storage m prevent waste overflow mto from exceeding 
tank S-109 connected Imes and hm1t 275 m and mm1m1ze 

hydrostatic head-induced l1qu1d level to the 
stresses m the tank extent practrcal 

Marntam safe The tank S-109 WRS shall OSD-T-151--00013 Mrn1mum = (2 0 m 
waste storage m control the vapor space pressure w g + [waste height 
tank S-109 m the tanks dunng retrieval (m }] x [specific gravity 

within established hm1ts specified of waste]}, not to 
m !he operating specification for exceed 9 m w g 
smgle-shell waste storage tanks 

Retrieve waste The tank S-109 WRS shall be RPP-17403 TheWRS shall 
from tank S-109 capable of retrieving waste at the provide the capability 

rates and volumes necessary to to retneve 
feed the supplemental treatment approximately 18,000 
demonstration gallons every 8 days 

during Phase 2 

Pretreat waste Pretreat waste to meet NRG 10 CFR 61 Provide solids removal 
from tank S-109 mc1dental waste cntena for pnor to transfer to the 
pnor to transfer to removal of radronuchdes to the TDF 
the supplemental maximum extent technically and 
treatment econom1cally feasible 
demonstration 
facrhty 

Retneve waste The WRS shall have the RPP-17403 Maximum allowable 
from tank S-109 capability to stage waste and radionuclide 

monitor and/or sample the waste concentrations, 
stream for concentrations and sodium concentration, 
properties m order to meet the chemical 
TDF waste feed requirements con centrat1ons 

Retrieve waste The tank S-109 WRS shall be RPP-17403 The WRS shall meet 
from tank S-1 09 capable of retnevmg waste from the interface 

the specified tank and requirements as 
transferring the waste to the TDF specified m 
receipt vessel RPP-17403 

Retneve waste The tank S-109 WRS shall be RPP-17403 Waste retneved from 
from tank S-109 capable of transfemng feed that SSTs are not tank S-109 that does 

fails to meet !he TDF waste feed swtable for stonng not meet waste feed 
acceptance cntena to a DST m l1qu1d waste requirements will be 
SY tank farrn transferred to a DST 

for storage 
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Table 4. Tank S-109 Partial Waste Retrieval System 
Functions and Requirements (4 Sheets) 

Functron Requirement Basis Key Elements 
Retneve waste The tank S-109 WRS shall HNF--SD-WM-TSR- Provide for safe and 
from tank S-109 provide the monitor and control 006 effecbve operation of 

capab1hty to control the waste WAC 173-303 theWRS 
retneval and transfer process 
This includes controlling and 
morntonng the following S-109 
process parameters as 
necessary 

• Pressures 
• Flow rates 
• RadIat1on levels 

The tank S.109 WRS shall 
provide instrumentation to 
support performing matenal 
balance calculations 

Maintain safe The tank S-109 WRS shall be 29 CFR 1910 OSHA standards 
waste storage in designed for safe installation , 29 CFR 1926 Occupational 
tank S-109 operation, and maintenance 10CFR 835 Rad1abon Protection 

Mamtam safe The tank S-109 WRS shall be ORP M 420 1-1 Ensure safe 
waste storage In designed to protect personnel operations 
tank S-109 and equipment from fires 

Maintain safe The tank S-109 WRS waste WAC 246-290-490 M1bgabon of 
waste storage m transfer line flushing systems, HNF-SD-WM-TSR- contammabon spread 
tank S-109 and other raw water connections 006 m existing raw water 

physically connected to waste Imes 
transfer or process piping shall 
prevent contammatIon of the 
service water At a minimum, the 
tank S-109 WRS raw water 
backflow prevention devices 
shall be designed to Washington 
State approved models and shall 
be accessible for inspection by a 
water purveyor in a 
nonrad1ologIcal zone 

Retneve waste The tank S-109 WRS hose-in- OSD-T-151-00010 Mitigate possible 
from tank S-109 hose transfer lines shall be HNF-SD-WM-TSR- failure of hose-in-hose 

designed in accordance with 006 transfer line 
applicable requirements WAC 173-303 

Maintain safe The tank S-109 WRS shall not HNF-IP-1266 Mitigate possible 
waste storage In impose loads on the tanks that TFC-ENG- structural failure of 
tankS-109 exceed the dome loading hm1ts FACSUP-C-10 tank dome 

RPP-11802 
Maintain safe The tank S-109 WRS shall be WAC 173-303 M1bgate potential 
waste storage m designed to ensure proper HNF-SD-WM-TSR- mechanical 
tank S-109 structural strength, compatrb1hty 006 malfunction or failure 

with the waste, and protection of WRS components 
against corrosion 
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Function 

Mamtam safe 
waste storage m 
tank S-109 

Retneve waste 
from tank S-109 

Retneve waste 
from tank S-1 09 

Retrieve waste 
from tank S-109 

Retneve waste 
from tank S-109 

Retrieve waste 
from tank S-109 

Retneve waste 
from tank S-109 

Retneve waste 
from tank S-109 

Retneve waste 
from tank S-109 

18812-1208 

Table 4. Tank 5-109 Partial Waste Retrieval System 
Functions and Requirements (4 Sheets) 

Requirement Basis Key Elements 
For ex-tank equipment and WAC 173-303 Provide for safe and 
p1p1ng, the WRS shall HNF-SD-WM-TSR- compliant transfer of 
incorporate secondary 006 waste to the receiving 
containment and leak detection tank/fac1llty or to a 
design features DST 

The vent1lat1on system exhaust WAC 173-400 Mitigate potential 
shall be filtered to restrict WAC 173-460 release to personnel , 
em1ss1ons to the enVJronment HNF-IP-0842, the public, and the 

Volume 6 environment 

WAC 173-480 
WAC246-247 

The tank S-109 WRS shall 40 CFR265 M1bgate/mm1m1ze 
incorporate spill prevenbon and WAC 173-303 potential for, and 
control design features HNF-SD-WM-TSR- amount of leak 

006 
The tank S-109 WRS shall have WAC 173-303 Mm1mize 
emergency stop features that will environmental impacts 
shut down the waste retneval and personnel nsks 
and the waste transfer systems ' 

The S-109 WRS shall be 10 CFR 830 Ensure protecbon of 
designed and operated to protect HNF-SD-WM-TSR- workers, the public, 
workers, public, and the 006 and the environment 
environment from exposure to HNF-IP-1266 from roubne and 
rad1oacbve tank waste and RPP-13033 potenbal acadent 
em1ss1ons dunng the retneval DOE 04201A conditions 
campaign 

The tank S-109 WRS shall be WAC 173-303 Utilize best available 
capable of detecting hqu1d waste HNF-SD-WM-TSR- LDM technologies 
releases dunng all waste 006 coupled with 
removal operations The system m1t1gat1on strategies to 
shall be designed to detect m1nirruze the potential 
leakage from the tank using the for retrieval leakage, 
best available technology to see Section 4 O 
detect tank leaks during retneval 

The WRS shall quanbfy hqu1d WAC 173-303 Ubhze best available 
release volumes from S-109 rf a LDM technologies 
release 1s detected during waste coupled with 
retneval operabons m1tigabon strategies to 

mm1m1ze the potential 
for retneval leakage 

The S-109 WRS shall mm1m12e WAC 173-303 No numerical 
waste generation to the greatest requirement 
extent pracbcal, mdudmg water 
introduced rnto the tank 

The integrated retrieval and HNF-SD-WM-AP- Leak m1bgabon 
LDMM system shall be designed 005 strategy descnbed m 
and operated to ITllbgate leaks as Section 4 0 
the pnmary means of m1mm1zmg 
environmental impacts from 
leaks 
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Table 4. Tank 5-109 Partial Waste Retrieval System 
Functions and Requirements (4 Sheets) 

Function Requirement 

Retneve waste The WRS shall be designed for 
from tank S-109 ease of decomm1ssroning and 

disposal 

Retrieve waste The WRS shall be designed to 
from lank S-109 maintain worker exposure to 

rad1at1on ALARA 

' 

Mamtam safe The tank shall meet established 
storage m tank mtenm stab1hzation cntena 
S-109 following complebon of Phase 2 

waste retneval activ1tles 

CFR = Code of Federal Regulations 
DOE = U S Department of Energy 
DST = double-shelf tank 
EPA= US Environmental Protection Agency 

Basis Key Elements 
10 CFR835 Minimal holdup of 

matenal in waste 
transfer p1pmg, piping, 
valves, pumps, and 
tanks that can be fully 
drained 

10 CFR835 M1mmal holdup of 
matenal in p1pmg, 
accommodation for 
sh1eldmg, and 
allowances for routine 
maintenance without 
the use of respirators 

HFFACO Less than 
5,000 gallons of 
supernate and less 
than 50,000 gallons of 
dramable mterst1bal 
hqu1d 

HFFACO = Hanford Federal Fac1/rty Agreement and Consent Order(Ecology et al 1989) 
LDM = leak detecbon and momtonng 
LDMM = leak detection, monitonng, and m1tigabon 
ORP :::: Office of River Protection 
OSHA= Occupational Safety and Health Admm1strabon 
SST = single-shell tank 
TDF = Test and Demonstration Facility 
WAC = Washington Adm1mstrat1ve Code 
WRS = waste retneval system 
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• Leak Detection technologies, methods, or systems used to detect a leak. 

• Leak Monitoring: technologies, methods, or systems used to quantify hquid waste 
release volumes from an SST, 1f a release is detected dunng waste retneval operat:tons 
Leak morutonng also includes assessment ofleak momtonng data m an effort to esttmate 
the rate and drrection of movement through the soil 

• Leak Mitigation technologies, methods, or systems that can reduce the potential for a 
leak to occur and action taken to muum1ze leak volumes m the event a leak 1s detected 
dunng waste retneval 

4.1 LEAK DETECTION, MONITORING, AND MITIGATION STRATEGY 

The mtegrated LDMM and waste retneval strategy for the tank S-109 WRS has been developed 
to support providmg waste feed to the TDF wlnle cons1dermg the requrrements specified m the 
HFF ACO M-45 senes of m1lestones The purpose 1s to ensure that the waste retneval and 
LDMM strategy· 

• Is tecbmcally practJ.cable and defensible 
• CoDS1ders apphcable regulations and requrrements 
• Mllllmizes waste releases to the envrronment should a leak occur 
• Reduces the nsk to human health 

4.1.1 Leak Mitigation Strategy 

The pnmary goal of the tank S-109 LDMM strategy 1s leak rmtJ.gatJ.on (1.e., reduction ofleak loss 
potentJ.al). The operational strategy takes actions to tmmm.rze hqU1d additions dunng waste 
retneval 

The operational strategy to mimnuze the leak potential (imt:lat:lon of a leak and leak volume) 
durmg waste retrieval m the absence of any mdicatlon of a leak mvolves the followmg: 

• Limit the addition of water to only that volume necessary to dissolve sufficient salt cake 
to support the IDF. The speclfics of the waste retrieval process will be developed dunng 
the design; however, the intent is to mmt.mlZe the amount of dramable hqmd m the tank 
dunng waste re1neval operations. 

• Retnevmg from advantageous location, given the hmlted number of risers m tank S-109, 
the system will be operated to focus on retnevmg waste from the center reg1on of the tank 
first durmg Phase 2 (Figure 5). Tlus center-out waste retneval strategy allows dissolved 
waste and released mterstitial hqmds to dram mto a center pool, and can be pumped from 
the tank 1f a leak 1s detected Tlus strategy will rnm1m1ze the amount of liquid that comes 
m contact with the tank walls, the locab.on of most lustoncal SST leaks, and will assist m 
the hqmd collectmg near the pump so the pump can operate from the lowest level m the 
tank consistent with the waste feed requrrements of the TDF. 
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Figure 5. Illustration of Leak Mitigative, Center~Out Waste Retrieval Strategy 

Water Spray 

t. 
• 

i ' . 

ILL = interslftial Hquld leve-L 

4.1.2 Leak Detect.ion Strategy 

Brine Removal 

The best pra.ctical and available leak <lelection methods will be used lo m()nitor conditions in and 
aronn.d the tank for evidence of a tank or transfer line leak. The overall stmtegy for leak 
detection involves the following: 

• During Phase 1, the cx1sth1g dry\.vells will be utilized as the primary leak detection 
method. A baseline will be established prior to initiating Phase 1 waste retrieval using 
I.he ex.isti1tg spectrnl gamma logging tools, Additionally as a defense-in-depth the 
interstitial liqu1d level in the tank wil1 he monit(mxl usiug the ex1sting liquid observation. 
wells (LOWs). 

• During Phase 2 a high-resolution resistivity (HRR) leak detection system will be 
deployed lor use as the primary LDM. system. Th1s wc.hn61ogy is currently planned for 
dcm.{)nstration deployment in the S and C tank tarms prior to initiating Phase 2 activities 
at tank S-109. ln the event that the HRR system docs not prove satisfactory for use in the 
SST fanns for kak dctec.tion, drjl\.veU monitoring will be used as the primary leak 
detection method. If dry'Nell monitoring is t1sed it will be supplemented with in·•tank 
monitoring of the LOWs. 

HRR long el.ect.rode LDM. is currently planned for deployment at tank S-l 09. The HR.R method 
uses geophysical rt\sistivity measurement. methods as a means lo detect t1ui<l lea.ks. 
The dedrica1 resistivity of the sediments beneath a waste tank depends on a m11n.ber of 
parameters, one of whfoh is moisture content. The leakage of water or tank waste into 1.hcsc 
sedin:ients lowers the sediment resistivity, The HRR method ddects a leak hy comparing a 
current resistivity measurement against a previously oht.a.incd. baseline rneasuremcm, or a 
··pre-leak" measurement. This delta prQcessing allows the HRR method to "ignon::" existing 
resistivity differences in the soil due to conductive strnctures, prior leaks. etc. 

The basic .resistivity mea~mrcn11::nt concept is a four-pole resistivity method,. W ith the four-pole 
resistivity, two poles or electrodes :u:c connected lo a pO~/t:T source that injects a current in the 
soil. The resulting voltage grn(famt from this cum:~nt is then measured with i.he second pair of 

---············---- - ----.. ·············-
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electrodes Tlns arrangement allows very small res1stiv1ty measurements to be made without 
1mpactmg the measurement process ( a high impedance measurement system 1s used with the 
system that has a mrmmum effect on the mduced current field) By applymg power to each 
electrode parr and while malang resistivity measurements from all other electrode parrs, a 
"picture" of the sediment resistivity can be ob tamed that 1s an mdicator of a leaked plume 

Tlns technology has the potential to detect and spatially depict axial leaks as well as leaks 
beneath the tank. and 1s expected to provide an improved LDM over traditional m-tank and 
ex-tank leak detection methods The viability of HRR as a leak detection method on SSTs is 
pending successful performance and evaluation of the planned demonstration and hqmd mJection 
leak testmg (Test Plan for SST Deployment Demonstration and lnJectzon Leak Testing of the 
HRR Long Electrode LDM System [RPP-17191]). Resistivity data from the HRR system will be 
collected and evaluated throughout Phase 2 waste retneval operations. Leak detection thresholds 
will be established m the operating procedures. 

4.2 SYSTEM DESCRIPTION 

The waste retrieval and LDM systems descnbed m this section represent an overview of the 
system currently planned for deployment m tank S-109 Mod1:ficatlons dunng fabncatlon and 
changes resultmg from testmg and deployment may change the system configuration as 1t 1s 
descnbed herem However, the final design shall comply with the requrrements established m 
Section 3.0 

4.2.1 Partial Waste Retrieval System Description 

The retneval of waste from tank S-109 will occur m three separate phases. Partial waste 
retneval will be performed m Phases 1 and 2 to support the TDF. The general approach to 
retnevmg waste from tank S-109 durmg Phases 1 and 2 consists of a dissolution and pumpmg 
system ( e.g., modified saltwell pumpmg system) to mob1hze and retrieve waste. Conceptual 
level system descnpilons are provided for only Phases 1 and 2 m this document. This document 
will be revised m the future to address retrieval of the balance of the waste m the tank dunng 
Phase 3. 

Dunng Phase 1, a salt cake dissolution process will be used to retrieve approxunately 
300 gallons of salt cake waste from the tank (approximately 1,000 gallons of bnne) usmg the 
ex1stmg saltwell pumpmg system wrth some mod1ficat1on or a sllllllar type system. The extstmg 
pumpmg system (with the pump turned off) or optionally a new water line will be used to 
mtroduce dissolution water locally around the saltwell. A hqmd/sohds separation system and a 
stagmg tank of approxrmately 1,000 gallons will be mstalled near tank S-109. 

The waste m tank S-109 has been managed as high-level waste. HFFACO Milestone M-62-00 
requrres that high-level tank waste must be pretreated before treatment and disposal as 
immob1hzed low-activity waste. Pretreatment will be performed m the WTP pretreatment 
facility However, smce the WTP pretreatment fac1hty will not be available to pretreat waste for 
the TDF, alternate methods of pretreatment will be ubhzed dunng waste retneval for the 
demonstratlon proJect Pretreatment of the tank S-109 waste consists of both lnstoncal and 
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partial waste retneval acilvitles. Hlstoncal waste management activities that contnbute to 
pretreatment of the waste 1n tank S-109 mclude the following 

• Selection of a feed tank (S-109) contanung waste that has been previously processed to 
reduce cesmm-137 and strontmm-90 concentrations. 

• Reductton of the cesmm-137 m tank S-109 through crystalhzatton of the salt solut1011 m 
the tank which concentrated the cesmm-137 m the liquid phase for subsequent removal 
dunng mtenm stab1hzat1on · 

• In tank hqmd/sohds separation, after 1mt:ial placement of the waste in tank S-109 the 
sludge settled to the bottom of the tank and will not be retneved dunng Phases 1 and 2 

During Phases 1 and 2, the followmg processes will provide additional pretreatment of the tank 
S-109 waste pnor to transfer to the TDF: 

• Reduction m cesrnm-137 concentration through removal of bnne with high 
concentrations of cesmm-13 7 and selective dissolution dunng the waste retneval process 

• L1qUid/sohds separation process to mimm1ze carryover of high-activity sludge 
madvertently retneved from the tank WIil be mcluded as a part of the Phase 1 and Phase 2 
WRSs. The separations process will allow any sludge madvertently retneved to be 
returned to the tank pend.mg final retneval 

Because the TDF has specific lumts on the waste feed the WRS wtll mclude provisions for waste 
samplmg. Transfer routes will also be estabhshed to the SY tank fmm for transfernng waste 
from tank S-109 that does not meet the waste feed requrrements of the TDF. The specifics of the 
system are under development and depend m part on the conditions of the existing system 

Followmg Phase I the WRS will be modified to support Phase 2 where a controlled sluicing 
process will be used to retneve between 200,000 to 300,000 gallons of salt cake from the tank. 
The WRS envisioned for Phase 2 will mclude a pumpmg system, morutonng and control system, 
ventilation system, and water dtstnbution system The water distnbution system wtll be mstalled 
in existing tank risers and wtll have the capability to chrect water at vanous locations m the tank 
The stagmg tank and sohds removal eqmpment mstalled to support waste retrieval dunng 
Phase 1 will also be used dunng Phase 2. · 

Water used to calibrate mstruments, check hne connections, do leak tests, and flush back 
retneved waste under an accident scenano wtll not be defined as a retneval flmd 1freturned back 
to tank S-109 This will not constitute introduction of new waste mto an SST 

A concept for the tank S-109 WRS during Phase 2 is depicted m Figure 6 
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Figure 6. Phase 2~Controlled Sluicing Waste Retrieval System 
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4.2.2 Leak Detection and Monitoring System Description 

During Phase l waste retrievaJ the existing truck mo1.mted specu-.11 gamm.a logging tooh; wil.1 be 
deployed in the dry\vell network around tank S-109. Additionally, the ex.isting s .. 109 LOWs will 
be scanned using existing cqtripment and prn('.edures, 

The HRR system installed priof to Phase 2 will utilize the existing drywelh around tank S-109 as 
the primary electrodes, The HRR system. is rwt cx:pccted to require the addition of any new 
dry.veils. Cabling will be connected to a number of selected dJy\vclJs. The cabling will then be 
routed to.:\ single c-ontro1 station housing the resistivity instrumentation. 

4.3 OPERATING STRATEGY 

The operating strategy for perH.nn1ing LDMfv.1 and waste retrieval applies before, during, and 
after retrieval as de:;cribcd in the following sections. The strategy is consistent with the current 
level and maturity of the tank S--109 WRS design for Phase 1 and Pha..-;e 2, as <,vell as the F&R 
estahlishe.d in Section 3.0, 

4.3.1 Partial Waste Retrieval Operations 

Phase I waste retrieval operations will consist of the controlled addition of dissolutit)n \Vater near 
the center (.)f. the tank. Prior to the addition of ,:vater, the pump will be operated to locally reduce 
the 1iquid level and. create a cone of depression or gradient. 11m initial liquid. reml)Ved from the 
tank is anticipated to exceed the waste fe.ed fonits for the Tl)F and will be trnnsfon:ed to the 
SY tank farm, Once the llquid level around the salt.well is lowered, ,.vatcr will be added to 
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dissolve the salt cake and the resultmg bnne will be pumped to the stagmg tank Dunng Phase 1, 
approximately one stagmg tank volume (approxnnately 1,000 gallons) will be pretreated and 
staged m the stagmg tank After accumulation m the stagmg tank, the waste will be sampled for 
venficat.J.on agamst the TDF waste feed requrrements, then transferred to the TDF feed tank. 

Phase 2 waste retneval operations Wlll consist of the controlled addition of dissolution water 
usmg water d1stnbutlon nozzles The waste retneval operat10n will be onented at retnevmg 
waste from the center of the tank out As the water penetrates the salt cake, the waste will be 
dissolved and mob1hzed toward the center of the tank where 1t will be pumped out. Once the 
waste is out of the tank 1t will undergo a hqmds/sohds separation step Followmg the 
hqwds/sohds separation step the waste will undergo samphng and/or monitonng to venfy 
acceptab1hty at the TDF. Waste that does not meet the TDF waste feed requrrement.s will be 
routed to the SY tank fann for storage. Followmg startup 1t 1s anticipated that the first few 
batches of waste accumulated m the stagmg tank will exceed the TDF waste feed requirements 
and will be transferred to the SY tank fann The WRS will be designed to retneve 
approximately 6,000 gallons of salt cake (18,000 gallons of feed solution) per week dunng 
Phase 2 

The overall retneval operatmg strategy will consist of reducmg the tank S-109 mventory of salt 
cake by up to 400,000 gallons while ID1DJilllZ1Ilg hqmd hydrostatic head dunng waste retneval 
operations, and momtonng for loss of hqU1d mventones wlule waste 1s actively bemg retneved 
The nntlal phase of waste retneval actiVItles will mvolve retnevmg approximately 300-gallons of 
salt cake waste from the tank to support 1mtJ.al testmg. The second phase will mvolve retrieval of 
additlonal waste m support of multiple treatment tests at the TDF Addit1onally, up to 
100,000 gallons of waste that does not meet the TDF acceptance cnteria could be transferred to a 

DST 

4.3.2 Leak Detection and Monitoring Operations 

Before 1rntJ.atmg waste retrieval operations, a VIsual assessment of m-tank conditions will be 
performed usmg an m-tank camera. Because of the short durat:lon for the Phase 1 waste 
retneval, leak detection wtll coruast of momtonng the drywells surroundmg tank S-109 before 
and after Phase 1 waste retneval operations. Addtnonally, as a defense-m-depth measure dunng 
Phase 1 operat10ns, the LOWs within tank S-109 will be momtored as descnbed m Section 4 1 2. 

Thmng Phase 2 operations, resistJVIty data will be collected and analyzed for changes m 
cond1t10ns that may provide mdtcabons of a leak Res1sbv1ty change thresholds will be 
established m operatmg procedures 

4.3.3 Leak Mitigation Operations 

If a leak 1s mdtcated dunng waste retrieval, response actions defined m the waste retneval 
operatmg procedures will be implemented The first response to an md1cat1on of a potential leak 
will be to validate the mstrumentatlon If the validation process concludes that no leak 1s 
mdtcated, waste retneval operations will continue under normal operatmg procedures However, 
tf a leak 1s validated, the operatmg contractor will take actions to mmnn1ze the potential leak 
volume, place the eqmpment m a safe condition, and notify the Office of River Protection, which 
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will m tum notify the W ashmgton State Deparbnent of Ecology. Pend.mg formal direction from 
the Office of River Protect10n, the operating procedures will be used to detenmne the appropnate 
response action. Any response will consider the potential risk associated with the leak as 
descnbed m Section 2.0 and the estimated leak rate Potential response actions mclude the 
followmg 

• Modifying leak momtonng ( e.g , implementing more frequent testmg) 
• Modifying operattng conditions 
• D1sconttnumg addmg liqu1ds 
• Implementmg emergency waste retneval 
• Stoppmg all tank S-109 waste retneval operations 

The response actions would then be rmplemented an~ tf appropnate, waste retneval operations 
would continue under modtfied procedures through the completion of the waste retrieval 
acttv1ttes 
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