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supemate for use as waste solvent in the S-102 retrieval process. This DST ' Supcmate Recirculation System' 
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4.10 NUCLEAR SAFETY 

The Tank S-102 waste retrieval system shall be designed to protect workers, the public, the environment, and 
equipment from exposure to tank radioactive waste during retrieval in accordance with the Tank Fam1s 
Documented Safety Analysis (RPP-13033), the TSRs (HNF-SD-WM-TSR-006), and the Safety Basis USO 
Procedure (T FC-ENG-SB-C-03) and Development Process (TFC-ENG-SB-C-06). 

Note: Authoriz ation for use of DST supemate fo r sluicing in an SST has not yet been approved by ORP. A 
Safety Basis amendment will be required prior to operations. 

[Basis: 1 O CFR 830 and 10 CFR 835] 

4.11.1 DST Waste Temperature 

The DST waste temperature shall not exceed: 

• 25 0°F in all levels of the waste and concrete [Basis: OSD-T-151-00007], or 

• 122°F in all level of waste if under JCO for SY-102 waste chemistry. 

[Basis : JCO letter CH2M-0304014 (Aromi , 2003)] 

NOTE: JCO expires 12 months after the start of the SY-102 out-of-specification period. Then AC 5.16 will be 
in affect. 

Changes on Pages 5-11 and 5-12 : 

5.4 TANK S-102 SYSTEM DESCRIPTION 

The retrieval and LDMM systems described in this section represent a view of the systems deployed, and 
curreflt1y planned for deployment, in Tank S-102. Detailed desigA will enhaeoo the defmition of the system 8:1'10 
ffiB:)' change the feah:ires described belov,r. However, I the final design shall comply with the requirements 
established in this document. Any subsequent changes will be established through the change control process 
described in Section 6 .0. 

5.4.1 WASTE RETRIEVAL SYSTEM 

The S-102 Project will utilize threetwe separate systems to dissolve and mobilize waste and remove it from the 
tank: 

• Water distribution system: Water is introduced to the tank through four water distribution devices. 
The water distribution system has three directable nozzles in the three outer risers . The fourth 
distribution device is a modified tank washer nozzle that will be located 6 feet off center. The stream of 
the fourth nozzle is not directable once installed, but will be used to carve out a well around the central 
pump to ensure flow away from the tank wall and toward the pump .. The flow rate through the water 
distribution system can be varied and the flow monitored and recorded. The water is applied in a 
manner that will retrieve the w aste from the "inside-out"; that is, the waste is first removed from the 
center of the tank to create a well or pit around the central pump (see Figure 5.3). This central well is 

Note: An AutoCAD page may be used in place of this form (the header section items must be included on the AutoCAD page). 
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gradually enlarged until the tank wall is reached. At this point, the remaining waste is undermined to 
fall away from the wall . Finally, the remaining heel is removed to the extent practical. 

• Supernate distribution system: Supeh1ate from the SY Farm DSTs shall also be used to mobilize and 
dissolve S-102 waste. The components needed to recirculate supernate are generally illustrated in 
Figure 5.3, and general requirements arc given in Section 4.8. 

• Waste solution removal system: Waste is removed by a centrally located pump and pumped via a 
hose-in-hose transfer line to the SY tank fann. All transfer lines will be compliant with WAC 173-303. 
The pump has a capacity of approximately 90 gal/min to quickly pump down liquid inventory. Pump 
operation will be integrated with water addition to manage liquid level in the tank. The pump is located 
as close to the tank bottom as possible to maximize retrieval recovery. The hose-in-hose transfer line 
utilizes leak detectors to ensure line integrity. The pumping system can, if necessary, recirculate waste 
through a pipe routed through an open riser in the pump pit to reduce the total amount of water added by 
increasing contact time of the water with the waste. 

Change to Figure 5-3, Page 5-12: 

Wolu0\strl~5kid 

Sluic ing J.t, 
{Thr'"') 

Figure 5.3. Proposed Tank S-102 Saltcake Waste Retrieval System 

(not to scale) 

~ ..-a1cir Co,Hrol lr lhliPir 
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Tonk S- 102 R• tticwol System 
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volumes to be retrieved, the maximum volume that could be leaked during 
retrieval, and risk from residual waste based on known and estimated radionuclide 
contamination and contaminant migration within the vadose zone as the basis of 
calculation. 

• Including a design and operating approach that takes into consideration a range of 
leak and residual waste volumes (Appendix B). 

• Including lessons learned from previous DOE and industry retrieval projects 
(Appendix A). 

• Including the LDMM and retrieval strategy for the Tank S-102 retrieval program 
(Section 5.0). 

• Addressing mitigation strategies and decision thresholds for potential leaks during 
retrieval (Section 3.0) . 

The functions and requirements identified in this document provide the basis for the 
design criteria and design requirements documented in Project Level 2 specifications. 
Level 2 specifications are used to develop the project engineering concepts, scope, and 
boundaries. The content of the specifications will include detailed requirements such as 
operating pressures, temperatures, materials of construction and control system 
requirements, confinement boundaries and controls, interface requirements, and similar 
detailed application requirements. The specifications for the Tank S-102 retrieval system 
are currently in development and will be revised during preliminary and final design 
activities consistent with this approved functions and requirements document. 

1.4 TANK S-102 CONDITIONS 

Tank S-102 was constructed between 1950 and 1951. It is second in a cascade series of 
three tanks beginning with Tank S-101 and ending with Tank S-103. The tank is 
constructed with a painted grout layer, an asphalt (waterproof) membrane, and an outer 
reinforced concrete shell to maintain the structural integrity of the steel liner by 
protecting it from soil loads. The reinforced concrete shell is cylindrical with a domed 
roof. The interior of the tank contains a steel liner constructed of mild steel. The steel 
liner extends up the tank wall to a height of7.6m (25 feet). It was constructed to support 
an operating volume of 750,000 gallons. 

The tank currently contains approximately 447,000 gallons of saltcake and sludge waste, 
and is categorized as a Flammable Gas Group B tank (HNF-IP-1266) for 
hydrogen/flammable gas. The tank received waste from Reduction-Oxidation (REDOX) 
between 1953 and 1979. The tank received its waste from Tank S-101 via cascade 
operation. The REDOX waste.was generated between 1952 and 1957. The tank received 
evaporator bottoms and recycled waste from the 242-S Evaporator from 1973 to 1976. 
The tank had a final transfer from it in 1992, after being labeled inactive in 1980. A large 
surface spill occurred in 1973 that contaminated the soil around Tanks S-102, and S-103. 
The gamma-ray-emitting radionuclides cobalt-60 (60Co) and cesium-137 (137Cs) were 
detected in the resulting plume. The majority of the contaminated soil at grade was 
removed and replaced with an indeterminate depth of clean soil overburden (ARH-2935, 
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3.3 LESSONS LEARNED SUPPORTING SELECTION AND DEPLOYMENT 
OF RETRIEVAL & LDMM TECHNOLOGIES 

DOE and good engineering practice establish that lessons learned from previous activities to 
be documented and used in the design considerations for similar activities. This applies to 
tank waste retrieval and LDMM. Lessons learned from other similar projects provide 
valuable experience that is referred to during design activities and operation of the retrieval 
and LDMM system. Lessons learned do not form the functions and requirements for the 
retrieval and LDMM system design and execution. However they do influence, based on 
past experience and application, how the functions and requirements are achieved. During 
the various project phases (i.e., initial engineering development, preliminary design. detailed 
design, construction, and operations), lessons learned shall be identified and evaluated for 
application relevant to the Tanlc S-102 retrieval effort. This experience will guide the design 
team in the selection of the best retrieval and LDMM technologies. 

Appendix A contains a description of the process used to gather lessons learned, the relevant 
lessons learned that apply to this project, and the bibliography of sources used in gathering 
the lessons learned information. The lessons learned topics include LDMM, retrieval, 
instrumentation, and operational experience from previous DOE and industry-related 
retrieval projects, as required by Milestone M-45-05-T03. DOE will incorporate these 
lessons learned during the design and operation of the Tank S-102 waste retrieval system. 
The best available and deployable, tank farms, LDMM technology will be used for 
Tank S-102 retrieval. 

Lessons learned prior to S-112 Retrieval startup have provided some design and operational 
features that were given consideration for implementation in the retrieval effort system for 
Tank S-102 . These features are highlighted in Appendix A. 

One specific lesson learned after retrieving over 80 percent of S-112 has been that there was 
more low solubility waste than expected in the tank, which means significantly more 
dissolution raw water is required to complete tank retrieval than originally planned. This 
results in an extra waste inventory burden in the DST system. S-102 is expected to have 
more low solubility waste than S-112. A method to mitigate the generation of extra waste by 
recycling DST supernate as solvent for S-102 is specified in Section 4.8. 
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4.8 WASTE MINIMIZATION 

The Tank S-102 waste retrieval system shall minimize waste generation where practical, 
including water introduced into the tanks and solid waste. 

As a method for minimizing waste generation, the S-102 WRS shall include a system to draw 
SY Farm DST supernate for use as waste solvent in the S-102 retrieval process. This DST 
'Supemate Recirculation System' (SRS) may be added to the S-102 WRS after S-102 
Retrieval has been initiated (using raw water as the waste solvent) . Recycling low saturation 
DST supernate for waste solvent allows more waste to be retrieved from S-102 with a 
minimal increase in DST waste volume (only the solids suspended or dissolved in the 
recirculated supernate will add to the DST waste volume). The SRS design shall allow either 
DST supernate or raw water to be used as the S-102 waste solvent. Instrumentation provided 
with the SRS shall be adequate to assure that there is no degradation in the uncertainty of the 
mass balance methods of leak detection, as described in Section 5 .3 .1. 

4.9 MITIGATE LEAKS DURING TANK S-102 WASTE RETRIEVAL PROCESS 

The integrated retrieval and LDMM system shall be designed and operated to mitigate leak 
volumes ranging from 8,000 gallons to 40,000 gallons for the duration of the retrieval 
demonstration. The Tank S-102 waste retrieval system shall mitigate leaks as the primary 
means of minimizing environmental impact caused by releases during retrieval of SST waste. 
If a leak occurs, the release shall be evaluated according to the RPE and the appropriate 
actions implemented (e.g., continue or discontinue retrieval). As the primary mitigation 
means, the retrieval pump shall be designed to allow continuous pumping for a sufficient 
amount of time (to be determined during design) to remove all pumpable liquids from 
Tanlc S-102. An operational approach that minimizes the free liquid in the tank shall be 
employed for waste retrieval, ensuring that the interstitial liquid level remains below its 
starting level (see Figure 5-6). The interstitial liquid level prior to the beginning of salt well 
pumping (March 1999, tank non-leaking) was approximately 17 .2 feet (206 inches). 
Mitigation activities will be consistent with the intent ofHNF-SD-WM-AP-005, SST Leak 
Emergency Pumping Guide. 

[Basis: HNF-SD-WM-AP-005 (CHG 1999).] 

4.10 NUCLEAR SAFETY 

The Tank S-102 waste retrieval system shall be designed to protect workers, the public, the 
environment, and equipment from exposure to tanlc radioactive waste during retrieval in 
accordance with the Tank Farms Documented Safety Analysis (RPP-13033), the TSRs 
(HNF-SD-WM-TSR-006),-and the Safety Basis USQ Procedure (TFC-ENG-SB-C-03) and 
Development Process (TFC-ENG-SB-C-06). 

Note: Authorization for use of DST supemate for sluicing in an SST has not yet been 
approved by ORP. A Safety Basis amendment will be required prior to operations. 

[Basis: 10 CPR 830 and l O CFR 835] 

4.11 DST DESIGN LIMITS 

The Tank S-102 waste retrieval system shall not adversely affect the function of the DST 
System or exceed the DST Design and operational limits. The DST design and operational 
limits are as fol1ows: 
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4.11.1 DST Waste Temperature 

The DST waste temperature shall not exceed: 

• 250°F in all levels of the waste and concrete [Basis: OSD-T- 151-00007], or 

• 122°F in all levels of waste if under JCO for SY-102 waste chemistry. 

[Basis : JCO letter CH2M-0304014 (Aromi, 2003)] 

NOTE: JCO expires 12 months after the start of the SY-I 02 out-of-specification period. 
Then AC 5 .16 will be in affect. 

4.11.2 DST Pressure Limits 

The Taruc S-102 waste retrieval system shall not cause the following internal DST pressure 
limits to be exceeded: 

Primary Tanks: 

• -15 .2 cm (6 in.) water gauge (w.g.) :c;;vapor space pressure :c;;..0.76 cm (0.3 in.) w.g. 
during normal operating conditions and ~ during required maintenance or off
normal conditions (AN, AW, AY, AZ, SY Farms) 

• -24.1 cm (9.5 in.) w.g. svapor space pressure ~0.76 cm (0.3 in.) w.g. during normal 
operating conditions and ~ during required maintenance or off-normal conditions 
(AP-Farm) 

[Basis: HNF-3350, CHG 2000c] 

4.11.3 DST Hydrostatic Load Limits 

The Tank S-102 waste retrieval system shall not cause the internal DST hydrostatic loads 
limits specified in Table 4-1 to be exceeded. 

Table 4-1: Existing Double-Shell Tank Hydrostatic Load Limits 
,-------.,.....,.,--,--:--..,.....,,,= --,....,..,....,---,= 

Taruc F:~i- ) :m;ydrostati~ to4+ ,:" ;_,J> 
AN, AW Maximum hydrostatic load as exerted by 4410 m 3 (1.16 

Mgal) of fluid@ 1.7 SpG and a depth of 10.7 m (422 in.) 

AP 

AY,AZ 

SY 

Maximum hydrostatic load as exerted by 4410 m 3 (1 .16 
Mgal) of fluid @ 2.0 SpG and a depth of 10.7 m (422 in.) 

Maximum hydrostatic load as exerted by 3790 rn3 (0.998 
Mgal) of fluid@ 1.22 SpG. and a depth of9.25 m (364 in.) 

Maximum hydrostatic load as exerted by 4330 m3 (1.14 
Mgal) of fluid@ 1.7 SpG and a depth of 10.7 m (422 in.) 

[Basis: HNF-3350, CHG 2000c] 
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The Tank S-102 waste retrieval system new components shall be designed to ensure proper 
structural strength, compatibility with the waste and protection against corrosion in 
accordance with requirements of 40 CFR 265 .192 and WAC 173-303-640(3). 

• The retrieval system design shall be constructed of modular and easily replaceable 
subsystem components if economically advantageous. 

[Basis DOE Order 430. lA, DOE 1998] 

• The retrieval system shall be designed for reuse if economically advantageous. 

[Basis DOE Order 430.1 A, DOE 1998] 

4.12 OCCUPATIONAL SAFETY AND HEALTH 

The Tank S-102 waste retrieval system shall incorporate design features that comply with the 
applicable requirements of29 CFR 1910. 

[Basis: 29 CFR 1910] 

4.13 SST AND DST DOME LOADING 

The Tank S-102 waste retrieval system shall not exceed the maximum dome loading on 
existing SSTs and DSTs specified in HNF-IP-1266, 5.14, Rev. 2. 

[Basis: RPP-13033) 

4.14 PROHIBITED MATERIALS. 

Materials that are restricted or prohibited from use in manufacturing, operation, and 
construction under regulations promulgated pursuant to 40 CFR Subchapter R, shall not be 
used in the design of the Tank S-102 waste retrieval system. 

[Basis: 40 CFR Subchapter R] 

4.15 WASTE RETRIEVAL SYSTEM SECONDARY CONTAINMENT AND LEAK 
DETECTION 

The Tank S-102 waste retrieval system shall incorporate in new components secondary 
containment and leak-detection design features in accordance with 40 CFR 265 .193 and 
WAC 173-303-640. 

[Basis : 40 CFR 265 and WAC 173-303] 

4.16 WASTE RETRIEVAL SYSTEM DEACTIVATION AND 
DECONTAMINATION 

The Tank S-102 waste retrieval system equipment deactivation shall be compatible with 
decontamination, reuse and/or disposal requirements, e.g., disposal as solid waste. 

[Basis: DOE G 430.1-3, DOE 1999a) 
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Table 5-4. Summary Statistical Results for Ex-Tank Leak Detection 
. Response Time (including large leaks) 

Parameter 
lO~foot Distance 45-foot Distance 

(f = 0.75) (f= 0.50) 

Mean travel time 20 d 1,200 d (3 .3 y) 

Median travel time 2.2 d 130 d 

5th percentile time 0.07 d 4.1 d 

95th percentile time 72 d 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 l&,000 gal 

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

5.4 TANK S-102 SYSTEM DESCRIPTION 

The retrieval and LDMM systems described in this section represent a view of the systems 
deployed, and planned for deployment, in Tank S-102. The final design shaJI comply with 
the requirements established in this document. Any subsequent changes wil1 be established 
through the change control process described in Section 6.0. 

5.4.1 WASTE RETRIEVAL SYSTEM 

The S-102 Project will utilize three separate systems to dissolve and mobilize waste and 
remove it from the tank: 

• Water distribution system: Water is introduced to the tank through four water 
distribution devices. The water distribution system has three directable nozzles in the 
three outer risers. The fourth distribution device is a modified tank washer nozzle 
that will be located 6 feet off center. The stream of the fourth nozzle is not directable 
once installed, but will be used to carve out a well around the central pump to ensure 
flow away from the tank wall and toward the pump. The flow rate through the water 
distribution system can be varied and the flow monitored and recorded. The water is 
applied in a manner that will retrieve the waste from the " inside-out"; that is, the 
waste is first removed from the center of the tank to create a well or pit around the 
central pump (see Figure 5.3). This central well is gradually enlarged until the tank 
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wan is reached. At this point, the remaining waste is undermined to fall away from 
the wall. Finally, the remaining heel is removed to the extent practical. 

• Supernate distribution system: Supemate from the SY Farm DSTs shall also be 
used to mobilize and dissolve S-102 waste. The components needed to recirculate 
supemate are generally illustrated in Figure 5.3, and genera] requirements are given in 
Section 4.8. 

• Waste solution removal system: Waste is removed by a centrally located pump and 
pumped via a hose-in-hose transfer line to the SY tank farm. All transfer lines wi11 be 
compliant with WAC 173-303. The pump has a capacity of approximately 
90 gal/min to quickly pump down liquid inventory. Pump operation will be 
integrated with water addition to manage liquid level in the tank. The pump is 
located as close to the tank bottom as possible to maximize retrieval recovery. The 
hose-in-hose transfer line utilizes leak detectors to ensure line integrity. The pumping 
system can, if necessary, recirculate waste through a pipe routed through an open 
riser in the pump pit to reduce the total amount of water added by increasing contact 
time of the water with the waste. 

Figure 5.3. Proposed Tank S-102 Saltcake Waste Retrieval System 
(not to scale) 

Sluicing Jets 
(Three) 
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Nozzle 

5.4.2 LEAK DETECTION AND LEAK MONITORING SYSTEM DESCRIPTION 

The baseline method for leak detection and leak monitoring involves periodic gamma and 
neutron moisture surveys of the drywells surrounding the tank. This will be supplemented by 
static liquid level monitoring of a pumped down pool performed between waste retrieval 
campaigns or at other times when retrieval operations are shut down and there is sufficient 
time to perform the static test. Less accurate in-tank process control parameters will be 
observed throughout the waste retrieval campaign to supp]ement the ex-tank drywell and in
tank static level methods and provide a defense-in-depth approach to identify indications of 
potential "gross" leaks. The following sections describe the equipment used for these 
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