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1.0 INTRODUCTION

‘0t (RPP) mission includes retrieval, immobilization, storage and
adioactive waste presently stored in 177 underground tanks located in the
Areas of the U.S. Department of Energy (DOE) Hanford Site. These
gle-shell tanks (SSTs) - constructed between 1943 and 1964 and

anks (DSTs). The SSTs and DSTs contain a variety of solid and liquid
sveral decades of nuclear fuel reprocessing and radionuclide recovery
the Hanford Site. Immobilization of the retrieved tank wastes for

age and eventual disposal will be performed at a waste treatment facility
| at the Hanford Site.

| to the liquid containment integrity of the older SSTs, current plans call
vaste and stagin tin the more reliable DSTs to serve as feed material for
n process. SST waste retrieval activities will be conducted, to the extent
ements that allow ultimate closure of the tank and the tank f 1. DOE,

1 Department of Ecology (Ecology), and the U.S. Environmental

A) have adopted a risk-based approach to SST retrieval. Ecology is the

k. This approach includes:

« Demonstrating alternative retrieval approaches and baseline planning, leak detection,
mo-“*ori.__ and mitigation (LDMM) technologies in tanks containing sludge, saltcake, and
mixcu saltcake and sludge, and using the results of these demonstrations for future SST
retrieval approaches.

« F reving tanks that pose the highest risk to minimize the impact of potential releases to the
environment. Tank C-104 represents the highest amount of plutonium in any SST.

. 1g human health and environmental risk analysis tied to ongoing vadose zone,
characterization, and contaminant transport estimates to establish LDMM and retrieval
system performance requirements and operating strategies.

1.1 Background

During the 1950s, 1960s, and 1970s, waste from SSTs was retrieved from 58 SSTs using

cing. Past-practice sluicing used one or more high volume liquid jets to

silize the tank waste slurry. The slurry was then pumped from the tank. Most

‘'om 241-C-106 was retrieved using past-practice sluicing to resolve a potential

ssoc ted with high amounts of heat generated by the decay of radioactive

aste. In this retrieval, the LDMM approach used a static liquid surface
measurement along with ex-tank monthly dry well monitoring. The primary concemn with
continuing the use of past practice sluicing is the potential to leak large volumes of waste during
retrieval, as the sluicing systems introduce large volumes of liquid into the tank during retrieval

tions.

Numerous technologies have been identified for retrieving the various SST waste types to
minimize the potential impacts to the environment. In addition to evaluating these technologies
for their recovery capability and feasibility, the associated waste retrieval strategies and
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Risk results include the residential farmer post-closure land use scenario. The strategy used to
incorporate the RPE results into the retrieval requirements is discussed in Section 3.0.

In addition t~ *he RPE, nuclear safety requirements and existing SST and DST system
of ational l.___.ts are imposed on the waste retrieval system design and are contained in this
F&R (see Section 4.0).

Additions of liquids for retrieval purposes and actions are discussed in the Resource
Conservation and Recovery Act of 1976 (RCRA), Part A, Form 3, “Interim Status Permit
Application.”

1.2 Purpose

iis doct __:ntis to (1) establish the F&Rs and (2) establ” 1 the " ™MM and

for the 241-C-104 retrieval demonstration specified in Hanford Federal

nt and Consent Order Milestone M-45-03-T04. Approval of this document

sign. Definition of design start, for purposes of the Hanford Federal Facility

onsent Order milestone, is the initiation of final design (DOE Order 413.3)

T activities to produce the products, engineering design drawings and written
specifications that will be used for procurement and construction).

1.3 Scope

This document provides the F&Rs necessary to support the design of the demonstration waste
retrieval system for 241-C-104. This document also provides the strategy used to define the
functions and F&Rs for retrieval and leak detection based on the RPE (Appendix B). This
document satisfies the requirements established in Hanford Federal Facility Agreement and
Consent Order Milestone M-45-03-T04 by:

» Establishing the demonstration system requirements including the LDMM requirements
(Section 4),

+ Including a scoping level RPE (Appendix B) detailing the known and estimated radionuclide
cor  nination and contaminant migration within the vadose zone as bases of calculation to
provide environmental and human health risk evaluation data/information associated with

timated waste volumes to be retrieved, the maximum volume which could leak during
retrieval, and risk from residual waste,

« I uding lessons learned from previous DOE and industry retrieval projects (Appendix A),

« Ir-luding the LDMM and retrieval strategy for the 241-C-104 retrieval demonstration
(Lection 5), and

. Addressing mitigation strategies and decision thresholds for potential leaks during retrieval
(Section 3).

The F&Rs identified in this document provide the foundation for the design criteria and design
requirements documented in Level 2 design specifications. Design specifications are used to
develop the project engineering concepts, scope, and boundaries. The content of the design
specifications will include detailed requirements such as operating pressures, temperatures,
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The retrieval demonstration for 241-C-104 is expected to require from four weeks to
three months to complete. Table 5-1 provides calculated total leak volumes for various
leak rates and retrieval duration. For example, if an undetected leak of 5.0 gallon per
hour (gal/hr) were to occur at the beginning of a 4-week-long retrieval campaign, the
table shows that 3,360 gallons of tiquid would be released during the 4-week period.

Leak
Ri~ 1wk 2 wk 4 wk 6 wk 12wk 24wk
(galhr) | _(gal) (gal) (gal) (gal) (gal) _ (gal)
0.5 84 168 336 504 1,008 2,016
1.0 168 336 672 1,008 2,016 4,032

2.0 336 672 1,344 2,016 4,032 8,064
50 840 1,680 3,360 5,040 10,080 20,160
10.0 1,680 3,360 6,720 10,080 20,160 40,320
50.0 8400 16,800 33,600 50,400 100,800 201,600

Table 5-1. Leak Volumes for Various Retrieval Durations
with Constant Leak Rates

Based on Table 5-1, a leak rate during retrieval greater than 5 gal/hr (12-week retrieval
campaign) will not exceed the risk based performance criteria of 36,000 gallons (Section
3.2, Figure 3-2). The non-catastrophic postulated leak loss (95% confidence) for Hanford
! Tsisless than 1.8 gal/hr (RHO 1981). This analysis was reviewed again in 1998 and
found consistent with SST leak data (LMHC 1999a). This leak loss leak rate is based on
estimated averages of leaks in the 1960s-1970s from tanks with significant free liquids
and are inclusive of catastrophic leaks for a few tanks (e.g. A-105, BX-102, and T-106).
Tl = , this number should be a much larger leak rate than would be expected today.
3ased ... the 1.8 gal/hr leak loss rate and an estimated retrieval duration of 4 to 12 weeks
(30 to 90 days), a potential leak of this magnitude during retrieval operations would not
be dete - .able using current best available technology.

If a truly catastrophic failure of the tank were to occur, and no mitigating measures were
implemented, the entire tank volume could eventually be released to the environment.

Tt . " wum volume, which could be released under the hypothetical, worst-case

sc > includes the tank inventory plus approximately three inches of fluid needed to
supm~~rt oump operations, is estimated at 271,000 gallons. Lessons learned indicate that
cati »hic leaks are caused by improper design, construction or material composition.

There have been no catastrophic failures in the Hanford 241-C Farm, and there is no
evidence to indicate a catastrophic failure in 241-C-104 is likely.

Barring a catastrophic failure, and when considering waste porosity, capillary height of

the waste, and the fluid properties of the waste that can leak, the maximum potential leak
is estimated to be 33,000 galions. Another consideration is that setting equipment to
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Table A-1 Operating Effectiveness

@

. <
S:c';u;n Lesson Learned from Source/ l;:llfgll‘;i to Considerations for E §
Reference Retrieval Design and Operation é E

A.3.1.47 | Hanford Tanks Initiative Vehicle Based | May adversely | Applicable retrieval pump | Hanford

Waste Retrieval (non-radioactive) impact operational experience: HTI

Demor ationR  tprovided schedule, ®*  Umbilical system ESG,
information from icauure tests operating costs operating LLC

regarding in-SST vehicle operation: and leak risk. characteristics. 1997

®* A 100-ft long umbilical was
intentionally dragged against the
simulated risers to prove the ability
a Trac-Pump to negotiate riser
obstacles. Minimum bend radius
of the umbilical under power of the
Trac-Pump was 3 ft. The turn
radius of the Trac-Pump assembly
was 8 ft. Fifty feet of 5-inch tank-
car hose was retrieved and
deployed 3 times.

®  Solids concentration in the waste
determined the amount of make-up
water required, partial re-
circulation of the discharged slurry
could be used to minimize the
amount of make up water required.
A grinder type re-circulation pump
could be used to further process the
solids.

®  The back flush system was tested
by intentionally blocking the
discharge manifold with salt cake;
it was unplugged within 1 minute
with a 13-gpm 2000psi water jet.
The second section was blocked
with hardpan and took 3000 psi
pressure to unblock it.

®  Tests were conducted to identify
additional features to facilitate
assembly, maintenance, and
decontamination. The need for a
maintenance schedule was
identified to verify that all
necessary design features have
been identified.

Re-circulating water
utilization.

Pump inlet back
flushing
characteristics.
Design for maximum
system operational
availability.
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al Waste/ Retrieval Effectiveness

-4
[
£
snwen Learned from Source/ Relevancy to | (o, ciderations for E £
A32 R ~ ence U1-C-104 | 4 on and Operation | & §
Retrieval & pe v g
A3.___ | Sluicer performance in large waste tanks Adverse Verify (through ORP
not met expectations due to impact on modeling, reliability W-320
equate verification of performance retrieval analysis, feature testing, | Bailey
prior to d~—"~yment. This has been effectiveness | or other suitable 2000.
compror further due to *“de-tuning” and potential | methods) that the
f the slu system in an attempt to: for leaving design of the sluicer
reducc acrosols/evaporation resulting | more residual | assembly will meet
in gas in the mass flow meter waste than performance and
reduce moisture on the in-tank planned. maintenance criteria.
surveillance cameras
tically integrate various
ssult in less than
nce of the retrieval
:ation predictions based Adverse Methods to mobilize ORP
ing information have impact tank waste need to be W-320
ed to be invalid. retrieval verified prior to Bailey
= Excessive dispersion (ineffective effectiveness | acceptance of the final 2000.
“sti tening”) of the sluice stream and potential | design for procurement.
resi in less than adequate for residual
nerformance. waste.

A323 | Al ighcrawler system performance Positive result | Provide redundant ORNL
was severely limited due to reliability with confined | means to achieve GTRP
issues s as tether seal leaks, shicing/ performance goals Providenc
intermittent tether electrical problems and robotic through contingency ¢ g;’:"’
loss of one degree of freedom of retrieval planning and robust
MLUDA, the collective systemn was technology. | system design. [see

robust enough to achieve performance associated FMECA
goals. recommendations in
Table A-1]
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The:s 1ic Energy Act of 1954 authorizes DOE to establish standards to __ tect health or
minimize dangers to life or property for activities under DOE jurisdiction. Through a series of
DOE orders, an extensive s_ 2m of standards and requin ____ s has been established  2nsure
safe operation of DOE facilities. The most relevant of these is Radioactive Waste Management
(DOE O 435.1), which establishes requirements for managing DOE HLW, TRU waste, LLW,
and the radioactive component of mixed waste.

According to definitions in Radioactive Waste Management Manual (DOE M 435.1), HLW is

~* +highly radioactive waste matenal resulting from the irocessing of spent nuclear fuel, and
ower highly radioactive material that is determined to require permanent isolation. TRTJ waste is
radioactive waste containing more than 100 nanocuries of alpha-emitting TRU isotopes per gram
of --'~~*e, with half lives greater than 20 years. Low-level radioactive waste is radioactive

m: | that is not high-level, spent nuclear fuel, TRU waste, byproduct material (as defined in
Se.....: 11e[2] of the Atomic Energy Act of 1954), or naturally occurring radioactive material.
Therefore HLW is defined by source (i.e., spent nuclear fuel); TRU waste is defined by isotope
concentration and half-life; and LLW is defined by what it is not (i.e., it is not HLW, spent fuel,
TRU waste, or byproduct material).

DOE M 435.1 is organized into four chapters. Chapter I contains requirements and
responsibilities applicable to all radioactive waste types and delineates resp:  ;ibilities for
radioactive waste management decision making at the complex-wide and Field Element levels.
Chapter II contains those requirements applicable to HLW, Chapter IIl discusses TRU waste, and
Chapter IV discusses LLW.

Chapter " of DOE M 435.1 includes a discussion of general requirements for disposal of [LW.
NRC de._.mines whether HLW resulting from reprocessing spent nuclear fuel is considered
incidental ta renrocessing. If it is ir___ lental it is not HLW and is managed under DOE regulatory
yrdance with the requirements for TRU waste or LLW, as appropriate. The NRC
itation or evaluation process to determine whether spent nuclear fuel
nt waste is managed as LLLW, TRU waste, or HLW. Waste incidental to
citation includes spent nuclear fuel reprocessing plant wastes that maat the
r¢ . ed Appendix D of “Policy Relating to the Siting of Fuel F ng
.d Waste Management Facilities” (10 CFR 50). These radioactive wastes are the
ssing plant operations such as, but not limited to, contaminated job wastes
..... _tory items such as clothing, tools, and equipment.

.......... o

Determinatinns that any waste is incidental to reprocessing by the evaluation process shall be
docurr o support the determinations. Such wastes may include spent nuclear fuel
reproc______ o dlant wastes that will be managed as LLW and meet the following:

¢ Have been processed to remove key radionuclides to the maximum extent technically and
economically practical

e Will be managed to meet safety requirements comparable to the performance objectives
in 10 CFR 6!
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farms if desired to support safety issue resolution, pretreatment or disposal feed requireme ;, or
other priorities. Completion of waste retrieval will be in accordance with approved closure
plans.

As per FFFACO Appendix H, waste residuals will be calculated for each tank following
retrieva,. Notification to appropriate regulatory authorities will document compliance with
criteria. If residuals comply with criteria, final closure operations will proceed. If residuals do
not comply, a request for waiver will be prepared. If the waiver is accented, closure operations
for t~~ +~k f___.1 will begin; if the waiver is not accepted, additional re __:val operations are
requ..._. A review of alternate technologies will be performed relative to additional waste
remov: If additional technologies are available they will be used to retrieve additional waste.
If add***~nal technologies are not available, new technologies will be developed and deployed.
...e t____farm will be held in interim status pending completion of the additional retrieval
operations.

When additional waste is retrieved, the residual waste volume will again be calculated and
assessed against the criteria. An iterative process will occur. If the goal is met, final closure will
proceed. If the goal is not met, a waiver will be petitioned or additional waste retrieval activities
will occur until the appropriate regulatory authorities are satisfied. Figure B.3.3 provides a
generic logic diagram of this process.
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-eto-ot —— 1 £ 360 £t This 260-L (70-gal) difference is minor in comparison to the uncertainty

measuring residual waste volumes.

.S, 6,7, and 10 meet the Milestone M-45-03F demonstration goal of retrieving
39 kg (196 1b) of plutonium from tank C-104. Adjusting for the inventory used in
1ses leaving no more than 22,700 L (6,000 gal) residual still meet the 89 kg

al of plutonium milestone.
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ATTACHMENT B1
IEVAT AND RESIDUAL INVENTORY CALCULATIONS
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WWCTION

on estimates were made for each of the C farm tanks, postulating waste tank
rieval to the Hanford Federal Facility Agreement and Consent Order

ogy et al. 1989) interim retrieval goal of 360 ft* for 100-series tanks and 30 fi*
1ks. Other residual waste heel amounts and It ™ loss inventories were calculated
» support the evaluation of the 10 cases presented in this document. These

ride input to the various performance measure analyses. The principal source of
he estimates is the best-basis inventory (BBI) data (BBI 2000). The composition
tank was estimated for during waste retrieval and for several potential

waste residuals after retrieval according to the waste retrieval cases evaluated in

2 following are the basic assumptions used in making the waste inventory estimates.

. Retrieval liquid requirement for each tank is based on the amount required to ensure the
concentration of sodium is less than 5 Molar and the concentration of undissolved solids
is less than 10 wt% in the waste solution transferred out of the tank.

2. An average double-shell tank (DST) supernate is used as the waste retrieval-sluicing
medium for retrieval operations at all C farm tanks except tank C-104 (i.e., DST AY-101
supemate is planned to be used).

3. The baseline retrieval end point is as defined in the HFFACO; specifically, a wet sludge
heel of 360 ft° (10,000 L [2,700 gal]) is assumed for 100-series tanks and 30 ft> (830 L
'20 gal]) for 200-series tanks.

4. The initial conditions in the tanks are as defined in the BBI (BBI 2000).

5. The composite supernate will behave like water in its ability to dissolve heel solids,
according to Best-Basis Wash and Leak Factor Analysis (HNF-3157) for each tank.

6. Post-retrieval residual waste will have the same physical characteristics (e.g., interstitial
v(  me) as the dry waste heels left in the 200-series tanks of the C tank farm. Final heel
porosity was calculated for the 200-series tanks to be 58.5%, which is comparable to
Chemical Engineers’ Handbook (Perry 1963) values for similar solids (e.g., sand, dirt).

7. Tanks not yet interim stabilized will be interim stabilized prior to waste retrieval.
I stabilization is defined for single-shell tanks as (HNF-EP-0182, Rev. 150):

A tank which contains less than 50,000 gal of drainable interstitial liquid and less than
5,000 gal of supemate liquid. If the tank is jet pumped to achieve interim stabilization,
then the jet pump flow or saltwell screen inflow must also have been at or below

0.05 gpm before interim stabilization criteria is met.
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-t Ao e-=1- C-104 (58,700 gal). ...is equates to a maximum total retrieval liquid volume
alue of 700,000 gal was used to calculate the concentrations of components
d. The concentrations in the retrieval liquid is then the sum of the
»oth tanks C-104 and AY-101 divided by the volume of approximately

ill be a dyr - ic operation with several liquid additions and slurry transfers, it
t a tank C-104 tank composition at the time of a potential leak.

f three potential leakage volumes are presented in Table B1.6.

de in Table B1.6 is that the liquid concentrations at the time of a leak are the
ncel in tank AY-101 after retrieval is completed.

ides the calculated composition of the residual heel in tank C-104. ..v= ~=sidual
s are presented: a 174 ft° (4,900 L [1,300 gal]) heel; a 360 ft® (10,000 L

1; a 800 ft* (23,000 L [6,000 gal]) heel; a 3,600 ft> (100,000 L [27,000 gal]) heel;
‘190,000 L [50,000 gal]) heel. The values include both the solid heel and liquid
7al.
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OSITE SUPERNATE DEVELOPMENT

sration of new volumes of liquid waste it was decided to calculate retrieval using
ate. Conseauently, calculations of leakage during retrieval of the C farm tanks are
availat T supernate. A spreadsheet of Hanford Tank Waste Operation

21 projections of DST compositions during the time when C tank farm waste

ned was supplied by CH2M HILL Hanford Group, Inc.

re are no specific plans for which DST supemate will be used to retrieve C farm
t fortank  104), a DL _ supernate composite was calculated as an enabling

DST supernate composition used in the calculations was determined as follows.

1. Al tan]- on the spreadsheet with a sodium concentration greater than 4.1 Molar and less
tha . .Jolar were eliminated. This provides a mid-range average for sodium
concentration.

2. Tanks SY-102 and SY-103 were eliminated because they are in the 200 West Area.

3. Values obviously much larger or smaller than other values for that component in the tank
were eliminated.

4. No zero values were used.

5. Concentrations of the contaminants of concern were verified to be similar for all the tanks
used in the average.

les in the readsheet supplied were predicted quantities of each component.

H rere then converted to a concentration by dividing by the volume. Tables B1.8 and

) 1e composition of the average DST supernate to be used in the calculations for
compositions during retrieval of the C farm tanks.
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