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Dear Ms. Olinger:

CONTRACT NUMBER E-AC27-99R1.14047 - SUBMITTAL OF 241-C-110 TANK WASTE
RETRIEVAL WORK PLAN, REVISION 2, RPP-3: 16

Reference: Letter, J. J. Lyon, Ecolc 7, to S. J. Olinger, ORP, “241-C-110 Tank Waste
Retrieval Work Plan, RPP-33116, Revision 17, dated May 20, 2008.

Enclosed for review an  iproval by the U.S. Department of Energy, Office of River Protection
(ORP) 1s, 241-C-1101 Waste Retrieval Work Plan, Revision 2, RPP-33116. Also enclosed
are responses to the State of Washington, Department of Ecology (Ecology) Review Comment
Record (RCR) comments (Reference) on Revision 1 of the enclosed Tank Waste Retrieval Work

in (TWRWP). Upon approval by the ORP, the enclosures are requested to be transmitted to
Ecology for review and approval by June 20, 2008.

The :losed TWRWP reflects agreen ts reached by the Inter-Agency Accountability Team
(IAT) regarding the ORP responses to review comments provided by Ecology in the
referenced letter. The OF letter to Ecology should note that 1 IAT members from the ORP
and CH2M HILL Hanford Group, Inc. have confirmed that the changes agreed to in the RCR
responses have been incorporated into the enclosed revision of RPP-33116. If Ecology agrees,
the TWRWP should be ¢ iroved. If Ecology does not agree, we believe minor issues can be
resolved through the Hanford Federal Facility Agreement and Consent Order Dispute
Resolution process and a TWRWP Modification Notice.
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1 INTRODUCTION

The U.S. Department of Energy, Office of River Protection (ORP) River Protection Project
mission includes storage, retrieval, immobilization, and dis sal of radioactive mixed waste
presently stored in underground tanks located in the 200 East and 200 West Areas of the U.S.
Department of Energy (DOE) Hanford Site. Single-shell tank 241-C-110 (C-110) located in the
200 East Area (Figure 1-1), is scheduled for waste retrieval sing a modified sluicing system
retrieval technology. Tank C-110 is classified as an “assumed leaker” as specified in
HNF-EP-0182, Waste Tank Summary Report for Month Ending September 30, 2006. Modified
sluicing is proposed for 1is tank since there is evidence the tank is sound below a level of 144
in. above the bottom center of the tank. During the waste retrieval process, controls will be in
place to maintain any liquid surface in the tank below this level. The waste level in the tank as
of March 2007 is about 70 in. above the bottom center of the tank.

This is a primary document developed to meet the requirements identified in Change Request
M-45-04-01 of Ecology et al. (1989), Hanford Federal Facility Agreement and Consent Order
(HFFACO). The purpose of this document is to provide the Washington State Department of
Ecology (Ecology) information on the planned approach for retrieving waste from C-110 to
allow Ecology to approve the waste retrieval action.

The relationship of the tank waste retrieval work plans (TW WP) to the overall single-shell tank
(SST) waste retrieval and closure process is described in Appendix I of the HFFACO, along with
requirements for the cor :nt of TWRWPs. These requirements were subsequen /cla "~ "in
letter 04-TPD-083, “Agreement on Content of Tank Waste Retrieval Work Plans” (04-TPD-083
— Letter). For clarity and guidance the requirements from 04-TPD-083 — Letter are repeated
where applicab at the ginning of a section in this document.

Where information regarding treatment, management, and disposal of the radioactive source,
byproduct material, and/or special nuclear components of mixed waste (as defined by the Atomic
Energy Act of 1954) has been incorporated, it is not incorporated for the purpose of regulating
the radiation hazards of such components under the authority of this tank waste retrieval work
plan or Revised Code oj ’ashington, Chapter 70.105 RCW, “Hazardous waste management.”

1-1
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Figure 2-2. Tank C-110 Riser and Fill/Cascade Line Plan View.
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Figure 2-3 is a plot of the tank level data from the initial fill date based on historical records from
the time the tank was first filled until interim stabilization was complete in 1995
(WHC-SD-WM-ER-313, Supporting Document for the Historical Tank Content Estimate for C-
Tank Farm). The flat level from early 1972 to mid 1975 period is the basis for believing the tank
is sound below 144 in. (132 in. using the top of dish reference elevation for Figure 2-3). There is
no evidence of a leak from the tank bottom or side below the 144 in. level from early 1972 to
mid 1975. In the middle of 1975 approximately 110 kgal were pumped to a different tank. The
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b. Waste Stream Profile Sheet (HNF-SD-WM-EV-053, Appendix A). The sheet add :ses
the applicable sections of WAC 173-303-300; Title 40, Code of Federal Regulations,
Part 761, “Polychlorinated Biphenyls (PCB) Manufacturing, Processing, Distribution in
Commerce, and Use Prohibitions™ (40 CFR 761); 40 CFR 268, “Land Disposal
Restrictions”; and WAC 173-303-140, “Land Dispos: Restrictions,” and also requires a
waste compatibility assessment pursuant to HNF-SD-WM-DQO-001, Data Quality
Objectives for Tank Farms Waste Compatibility Program, to meet WAC 173-303-395(1).

Liquid will not be added to an SST for the sole purpose of obtaining a level measurement.
However, heel submergence remains the easiest measurement readily available for estimating the

heel volume, and level data will be obtained on an opportuni: ¢ basis when performing flushes
or during retrieval activities in the latter stages or at the end ¢ the waste retrieval process.

When the level of residual solids gets low in the tank, the volume of solids removed per unit
volume of sluicing fluid removed from the tank or per unit of time or transfer will be tracked.
The units used will be selected by engineering personnel. Waste retrieval operations will
continue until the limits of technology have been reached for this retrieval method. The limit of
technology will occur when there are little or no waste solids eing removed per unit volume of
sluicing fluid used or per unit of time or transfer.

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

a. System performance and efficiency data.

b. In-tank visual confirmation of tank condition and waste r ieval.

Preliminary volu e estimates using tank geometry and in-tank structural features.

o

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

e

e. Presentation and discussion of residual sample location.

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

the summary steps.

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

in-tank operations.

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

rieval rate has reduced significantly.

(P8
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When modified sluicing is performed using DST supernate, the overall volume of waste
requiring management (storage and/or volume reduction) in 1e DST system is significantly
reduced over that assoc  ed with the MRS. The retrieval duration is also significantly less with

modified sluicing.

After considering both candidate waste retrieval technologies and evaluation of the tank as
discussed in Section 2.1.3.2, modified sluicing using recycled DST supernate was selected as the

preferred technology for deployment in tank C-110.

3.4 ANTICIPATED PERFORMANCE COMPARED TO AGREEMENT CRITERIA

Anticipated performance compared to agreement criteria

The WRS for tank C-110 will be designed to retrieve as mu:  waste from the tank as technically
possible with waste residues not to exceed 360 ft> or the limit of technology, whichever is less in
accordance with the reqi ements of HFFACO Milestone M-45-00.

3.5 WASTE RETRIEVAL SYSTEM DIAGRAM

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

Figure 3-1 is a proposed installation of ventilation system(s) equipment to support waste retrieval
operations. Alternate la; uts may also be used. A sketch of the WRS installation planned for
tank C-110 is provided in Figure 3-2. A potential HIHTL flow path routing and equipment
layout in the tank farm is provided in Figure 3-3. As noted in Section 3.1.1, the elevation in the
AN tank farm is approximately 22 ft higher than the elevation in the C tank farm.

3.6 FUNCTIONS AND REQUIREMENTS FOR WRS ESIGN

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

RPP-18811 [C-103/105 F&R]).

This section defines the 1 ser-level functions and corresponding requirements to which the
C-110 WRS must be designed and operated. This TWRWP is not a system specification that
defines design criteria for the WRS. However, the system specification for the C-110 WRS will
be consistent with this TWRWP. The functions and requirements are provided in Table 3-3 and
are focused on defining the upper-level requirements for the tanks.

3-11
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Figure 3-3. Potent | L low Path and Equipment Lay(« | for Tank C-110 Waste Ret1 val.
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prov :din RPP-9937, Single-Shell Tank System Leak Detection and Monitoring Functions and
Requirements Document.

The primary level monitor ; in the receiver DST is performed as described in
OSD-T-151-00031, Sectic  +.0. The three annulus leak detector probes provide indication of
tank leaks as described in OSD-T-151-00031, Section 4.0.

Level monitoring for the t k receiving the exhau - condensate, if not C-110, will be
performe as specified in the applicable Ecology approved TWRWP for that tank.

4-3
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44 LEAKDETECTION FUNCTIONS AND REQUIREMENTS

Functions and attendant requirements necessary to support design of proposed LDM
system(s). Functions and requirements to be provided at a level-of-detail consistent with
a Level 1 specification (see RPP-7825 [S-112 F&R], Section 4 and/or RPP-18811

[C-103/105 F&R)).

This section defines the upper-level functions and correspor ng requirements > which the leak
detection systems for tank C-110 must be designed and operated. The system specification for
the C tank farm 100 series tanks will be consistent with this TWRWP. The functions and

requirements for LDM are given in Table 4-1.
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detection capability of an HRR system deployed in C-Farm. However, it can be qualitatively
stated that based upon experience at the Mock Test Site, the S-102 leak injection test,
observation of the response of surface electrodes tested both at S-102 and C-103, and general
HRR system operation oth in S-Farm and C-Farm it is believed an HRR system deployed in
C-Farm should provide leak detection capability better than e calculated drywell monitoring
leak detection capability in Section 4.5.1. HRR interrogates the soil around and under a tank.
The system sensitivity may decrease somewhat with the distance of an electrode (drywell) from
the tank, but resistivity changes were still seen with drywells 100 ft. away from the injection
point during the injection testing. With drywell logging, waste liquid likely needs to be less than
a foot from the drywell to be detected by moisture monitoring. Gamma monitorii could
probably detect a leak when the liquid was 2 to 3 ft. from the drywell, depending upon
conditions. With the much larger area interrogated by HRR, HRR is expected to ha a much

ter sensitivity for leak detection when using the drywell-to-tank electrode data upon v ich
leak injection test conclusions were based. Sensitivity for HRR leak detection using drywell-to-
drywell data is less under most conditions than that for drywell-to-tar  data, but is still expected
to be better than drywell monitoring due to the larger soil volume interrogated by HRR.

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

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

The data collected during HRR consist of voltage and amperage readings taken at periodic
intervals for all electrode combinations. These are converted into a soil resistivity reading by
dividing the voltage by the  serage. The raw data are then processed through software and
analyzed for trends that may be indicative of a tank leak. The raw calculated resistivity values

can also be reviewed directly without processing.

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

/

4.6 MITIGATION STRATEGY

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

remedial actions.

4.6.1 Leak Mitigation »r Waste Retrieval Tank Leak

The leak mitigation strategy (i.e., reduction of leak loss potential) is to minimize the liquid
volume within the tank during waste retrieval operations. Leak minimization for a waste
retrieval tank leak will be provided by actions taken during waste retrieval. These include the

following:
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e The in-tank liquid inventory during waste retrieval will be less than liquid lev. present in the
tank before interim stabilization activities were undertaken.

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

¢ Liquid inventories will be removed between waste retrieval campaigns.

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

e Evaluating HRR system data as specified in Section 4.2.1.3.

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

e Maintaining a benct ark level in the tank. The waste level shall not exceed this benchmark.
The benchmark level shall be defined in the process control plan, but for C-110 must be
below 144 in. above the bottom centerline of the tank. The benchmark will be as clo: to the
current nominal 70 in. level in the tank as reasonably practical, while maintaining sufficient
leeway for operational flexibility during the initial stages of retrieval.

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

The ‘timeliness’ of any leak response action is dictated in part by ow often e HRR ita (or
drywell monitoring data when used as a backup means of le:  detection), are reviewed. Until a
potential leak is noted there is no leak response, only the steps enumerated above to minimize the
leak potential and leak volume. Anomalies noted du g HRR data review are evaluated for leak
potential. When this data review indicates an unexplained anomaly exists that may be caused by
a potential tank leak, all liquid additions to the tank are stopped and the leak assessment process

is begun.
The leak assessment process steps are:

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

o Review available information and identify additional informa n needs.
Available information includes in-tank and ex-tank measured data (¢ , surface
level, flow rate, barometric pressure);  k process history; historical drywell

logs; photographs; etc.

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

4-21]
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o Assess le: probability. The probability for each leak and non-leak hypothesis
is calculated. The probability assessment is reviewed and concurred with by the

analysts.

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

» Ecology will be informed within 72 hours that the evaluation process in FC-ENG-CHEM-
D-42 was initiated and that retrieval operations have been suspended to validate if a leak has

occurred.

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

available and able to accept the transfer.

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

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

If the leak assessment concludes that no leak is indicated, waste retrieval operations will resume
under normal operating procedures. Shou a leak be validated, the operatii  contractor will
notify the appropriate regulatory agencies in accordance with TFC-ESHQ-ENV_FS-C-01,
Environmental Notificarion. This includes notification to Ecology pursuant to the requirements

of WAC 173-303.

[f the event or condition meets one of the occurrence reporting criteria, TFC-OPS-OPER-C-24,
Occurrence Reporting and Processing of Operations Information, provides a number of steps to
follow dinguptothe; ntwl - the enviro notificationp  :dure
TFC-ESHQ-ENV_FS-C-01 is applied. Procedures are in place that direct immediate actions
ne« sary to stabilize the facility/operation to a safe condition and preserve conditions for
subsequent investigation (TFC-OPS-OPER-C-24). The applicable steps related to Ecology
notification excerpted from TFC-ESHQ-ENV_FS-C-01 include:

e Notify Tank Farm Contractor Environmental personnel of the leak.

o Determine if the spill or release exceeds 40 CFR 302, “‘Designation, Reportable Quantities,
and Notification,” reportable quantity for the material.

¢ Determine if a RCRA contingency plan needs to be implemented.
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6 PRELIMINARY ISOLATION EVALUATION

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

This section provides a preliminary isolation evaluation for tank C-110. Intrusion prevention
measures were completed in the 1990s for this tank. The identification of tank penetrations and
methods used to isolate intrusion pathways are described in Section 2.2. Isolation details for
intrusion measures completed for C-110 are provided on the following drawings:

a. Piping Waste Tank Isolation C-Tank Farm Plot Plan (  2-73338, Sheet 1)
b. Piping Waste Tank Isolation Tk 241-C-110 (H-2-73350, Sheet 1).

6.1 PLANS FOR PIPELINE AND ANCILLARY EQUIPMENT ISOLATION
FOLLOWING WASTE RETRIEVAL

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

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

6.2 TIMING AND SEQUENCE FOR TANK OR ANCILLARY EQUIPMENT
COMPONENT CLOSURE

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

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

6.3 TIMING AND PLANS FOR TANK OR ANCILLARY EQUIPMEMN . INTRUSION
PREVENTION BEFORE COMPONENT CLOSURE

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

Isolation of intrusion routes into the tank will be done within e closest diversion box to the tank
when C-110 waste retrieval has been completed. Additional isolation of any other tank and/or
ancillary equipment, excluding HIHTLs, once C-110 waste retrieval has been completed will be
performed as needed for operational purposes related to future tank waste retrievals. HIHITLs
will be handled as described in 3.9.1. Once the final closure plan has been agreed to the
intrusion prevention will proceed per the schedule for final . k closure at that time.

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

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

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

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

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

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

(HI).

To address potential retrie  leaks, graphs will be d ped for each facility (tank)
providing the impact of the major leaked contaminan.. . or example, a -aph would
show ILCR-radiological (Tc-99) by Curie leaked Each graph shows only a single
contaminant. Graphs for ILCR-radiological and HI will be generated. Only
contaminants that significantly contribute to the indicator will be shown. Significant
contaminants are those set of contaminants that account for approximately 95% of the
computed impact indicator (HI or the ILCR).

4. [The pre-retrieval sk assessment] Will include a contaminant screening to identify the
subset of contaminants to be included in the risk evaluation. The subset of contaminants
to be included in 2 risk evaluation will include at least one radionuclide and one
hazardous chemical. The results of the contaminant screening will be presented in terms
of the percent contribution to the total long-term impacts for both the ILCR-rad and HI.

7-1
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7.1 GROUNDWATER PATHWAY IMPACTS

The groundwater pathway impacts evaluation emphasizes the development of a set of graphical
tools to provide a basis for making informed decisions in the event a leak is detected or
unexpected retrieval conditions arise during waste retrieval operations. ...e format used for the
retrieval leak impact gra; s was developed with Ecology during a joint workshop on

March 31, 2004. The graphs are tank-specific and are intended to provide a means to rapidly
convert retrieval leak monitoring data into a rough approximation of potential groundwater
pathway impacts for a particular retrieval leak.

The methodology used to develop the retrieval leak impact graphs is described in Section 7.1.1.
Tank-specific retrieval leak impact results are discussed in Section 7.1.2. A WMA-level
perspective on groundwater pathway impacts is provided in Section 7.1.3 to help place the
potential retrieval leak impacts from an individual tank into the context of the potential impacts

for the C tank farm as a whole.

7.1.1 Retrieval Leak Evaluation Methodology
The retrieval leak graphs were developed using the following methodology:
a. Focus on potenti: long-term groundwater pathway human health risk at the

downgradient tank farm fenceline.

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

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

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

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

f. Use the best avai” “ile published data and informatic tothen imum extent possible.

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

Ri=LxCjx (7-1)
where

= indicator contaminant

al SEaN
i

risk metric (radiological ILCR or chemical HI)
I; = inventory (Ci or kg released into the environment [e.g., retrieval leakage])
C; = unit groundwater concentration factor (pCi/L per Ci, or mg/L per kg)
H; = health effects conversion factor (ILCR per pCi/L, or HI per mg/L).

7-3
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Identification of indicator contaminants is discussed in Section 7.1.1.1. The assumed retrieval
leak volu :is discussed in Section 7.1.1.2. Unit groundwater concentration factors and health
effects conversion factors are provided in Sections 7.1.1.3 and 7.1.1.4.

7.1.1.1 Indicator Conta inants. Retrieval leak impact graphs were generated for a subset of
significant contaminants rather than for all contaminants. Significant contaminants are the
contaminants estimated to dominate or drive the total i1 Hact for a particular human health
impact metric. Significant contaminants serve as indicators of the magnitude of total impacts
from all contaminants.

An indicator contaminant approach was used to ensure that the resulting gr: 1ical tools would
provide a reasonable estimate of total impacts but at the same time be sufficiently simple to
facilitate rapid decision making without requiring a lot of additional calculz »n in the event a
leak is detected during waste retricval. The primary human health impact metrics used were
radiological ILCR and noncarcinogenic chemical HI. Nonradiological ILCR was also included
for information purposes.

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

The HNF-SD-WM-TI-707 evaluation provides unit dose factors, unit risk factors, and unit

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

Table 7-1 isa sun  ary from the RPP-13774 base case analysis results showing the contaminant
contributions by source term for each of the human health impact metrics. Table 7-1 shows the

7.4
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peak impacts from WMA C potential residual tank waste, past leaks (including one tank leak and
three ancillary pipeline leaks), and potential retrieval leaks (assuming an 8,000-gal. leak from
each of the C farm 100-series tanks).

The RPP-13774 analysis results indicate the only contributors to total WMA C: 1ological
ILCR at the fenceline at the time of peak would be the h™ * ly mobile (distribution coefficient
[K4] = 0 mL/g) radionuclides: *°Tc, '®I, and '*C and tritium, with PTec being the major driver.
Te * etium-99 was predicted to contribute approximately 85% to 98% of the total radiological
ILCR depending on the source term and receptor scenario. Technetium-99 was therefore
selected as the radiological ILCR indicator contaminant for this evaluation. It is recognized that
*Tc contributes slightly less than 95% of the total radiological ILCR for the industrial scenario;
however, *Tc clearly predominates the radiological impacts in all cases and is therefore
considered an appropriate choice of indicators for radiological ILCR.

The RPP-13774 analysis results indicate the only contributors ) the total WMA C
noncarcinogenic chemical HI at the fenceline at the time of peak would be the highly mobile (K4
=0 mL/g) chemicals: hexavalent chromium, nitrite, fluoride, and nitrate, with hexavalent
chromium and nitrite being the major drivers. The RPP-13774 analysis conservatively assumed
that all chromium inventory was hexavalent chromium. Hexavalent chromium and nitrite

con ~ ned were predicted to contribute approximately 76% to 95% of the total HI depending on
source term and receptor scenario. Hexavalent chromium and nitrite were therefore selected as
the noncarcinogenic chemical HI indicator contaminants for this evaluation. It is recognized that
hexavalent chromium and nitrite combined contribute slightly less than 95% of the total HI for
certain source terms and receptor scenarios; however, these two chemicals combined clearly
predominate the noncarcinogenic chemical impacts in all cases and are therefore considered an
appropriate choice of indicators for noncarcinogenic chemical HI.






L-L

Table 7-1. (

itaminant Contributions to Peak Groundwater Pathway Human

Health apacts at Waste Management Area C Fenceline. (2 Sheets)
Time of Radic gi- Incremental Lifetime Nonradiological Incremental Noncarcinogenic Chemical Hazard
S;l'rce Peak Cancer Risk Lifetime Cancer Risk Quotients and Hazard Index
erm (Yr AD) Industrial Residential Industrial Residential Industrial Residential
Tc-99 Tc-99 Cr(VD) Cr(VI)
9.0E-07(8 ) 2.2E-05 (97%) 4.5E-03 (48%) 2.5E-02 (44%)
1-129 1-129 NO, NO;
1OE-07 (1 ) 5.2E-07 (2%) Cr(VI) Cr(VD) 3.4E-03 (36%) 2.2E-02 (38%)
Residual 5614 C-14 C-14 2.8E-08 (100%) | 6.3E-08 (100%) NO, NO,
tank waste © 1. 08(1% 8.8E-08 (<1%) Total Total 4.5E-04 (5%) 2.9E-03 (5%)
H-3 H-3 2.8E-08 (100%) | 6.3E-08 (100%) F F
0.0 (0%) 0.0 (0%) 1.1E-03 (11%) 7.8E-03 (13%)
Total Total Total Total
1.OE-06 (1 o) 2.3E-05 (100%) 9.4E-03 (100%) 5.7E-02 (100%)

* Source = RPP

1774, Addendum C1, Tables 33 and 34 and ¢

releases [UPR-200-E-81, UPR-200-E-82, UPR-200-E-86}).

itional model output data (includes contributions from one tank leak [C-105} and three unplanned

" Source = RPP-13774, Addendum C1. Tables 36 and 37 and additional model output data (includes contributions from hypothetical 8.000-gal. retrieval leak from each
C-100-series tank).

¢ Source = RPP-13774, Addendum C1, Tables 30 and 31 and additional mode! output data (includes contributions from HFFACO-specified post-retrieval residual
waste volume in C-100 and C-200-series tanks).

HFFACO

= Hanford Federal Facility .
RPP-13774, Single-Shell Tank System Clost

Plan.

eement and Consent Order.
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assumed to function at its design estimate recharge rate (0.5 mm/yr) for 500 years, after which
recharge was assumed to increase to 3.5 mm/yr. The simulated cross-sectional groundwater
cont trations were distributed uniformly along the length of the downgradient WMA C
boundary. The simulations were carried out for a 10.000-year assessment period (i.e., from the
year 2000 to the year 12000). The base case simulation results indicated the peak groundwater
concentrations from retrieval leaks would arrive at the WMA C downgradient fenc: ne in the

year 2082.

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

Past leaks from te s

Past leaks from ancillary e 1ipment (i.e.. past pipe leaks)
Potential leaks during waste retrieval

Residual waste remaining in tanks and ancillary equipment.

Ao o

A total of 14 individual simulation cases were included in the analysis. Each case described the
behavior of seven surrogate contaminants of varying distribution coefficients under variable
waste release modes for the selected sources. The simulations were all performed using a unit
source inventory (i.e., 1 Ci or kg). The contaminants simulated represented seven different
measures of contaminant mobility through the use of distribution coefficients (K4 = 0, 0.01, 0.03,
0.1,0.3, 0.6, and 1.0 mL/g). By using a range of distribution coefficients, the analysis examined
a wide variety of contaminants by applying the appropriate inventory and decay rate to the unit
results for the contaminar of interest. The indicator contam ints for the current evaluati

(*Tc, hexavalent chromium, nitrite) were all assigned to the highly mobile (K4 = 0 mL/g)

surrogate contaminant group.

Table 7-2 shows the RPP-13774 unit-source simulation results for the highly mobile
(K4g=0mL/g) contamina group in the retrieval leak source term. The values shown are the
predicted peak contaminant concentrations in groundwater at the downgradient WMA C
fenceline from release of 1 Ci of radionuclide or 1 kg of chemical. The retrieval leak impact
graphs were generated by multiplying the simulated unit-source results by the retrieval leak
inventory and the health« ‘ects conversion factors to obtain an estimate of peak groundwater

impacts (Equation 7-1).



RPP-33116, Rev. 2

Table 7-2. Mobile Contaminant (K4 = 0 mL/g) Unit Inventory Simulation
Results for Waste Management Area C Retrieval Leak Source Term.

Peak Groundwater Time of Peak
Contaminant Concentration at WMA C Units
: v . (Yr AD)
Fenceline
Radionuclide 8.4E+01 pCi/L 2082
Chemical 8.4E-05 me/L 2082

* Addendum C1, Figure 9. from RPP-13774, 2004, Single-Shell Tank System Closure Plan, Rev. 2, CH2M
HILL Hanford Group, Inc.. Richland, Washington.

WMA = waste management area.

7.1.1.4 Exposure Scenarios. Human health impacts were generated and displayed on the
retrieval leak impact graphs for an industrial and a residential exposure scenario, consistent with
the requirements in HFFACO Appendix 1. Both scenarios are based on scenarios described in
DC™ RL-91-45, Hanford Site Risk Assessment Methodology. The health effects conversion
factors for both scenarios are shown in Table 7-3 for the three indicator contaminants.

Table 7-3. Groundwater Unit Health E :cts Factors for
Industrial and Residential Exposure Scenarios.

Contaminant Units " Industrial ® ] Residential ®
Technetium-99 IT.CR per pCy/L 1.38E-08 3.36E-07
Hexavalent n
chromium HQ per mg/L 3.88E+00 2.34E+01
Nitrite HQ per mg/L 9.89E-02 6.36E-01

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

HI = hazard quotient.

ILCR = incremental lifetime cancer risk.

HNF-SD-WM-T1-707, Exposure Scenarios and Unit Dose Factors for the Hanford Tank Waste Performance

Assessment.

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

Equation 7-1.

The industrial scenario represents 20 years of occupational exposure in an industrial setting.
The receptor is an individual whose work activity is primarily indoors but also includes outdoor
activities such as building and grounds maintenance. Contaminants enter the worker primarily
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through use of groundwat for drinking water and showering. External exposure to irrigated
soil and soil inhalation are also included.

The residential scenario represents 30 years of exposure in a residential setting. The receptor is
an individual who resides on the land, grows fruits and vegetables, and raises livestock and
poultry for personal consumption. Contaminants enter the receptor through use of groundwater
for domestic needs (drinking, cooking, and showering); for irrigation (ingestion of produce, soil,
and water; inhalation of soil and water; and external exposure); and for watering livestock
(ingestion of meat, poultry, and dairy products). '

Uncertainty in the exposure scenarios contributes to the overa uncertainty in long-term risk
predictions. To address uncertainty, exposure scenario parameters are gener: y biased to yield
higher exposure and risk values. Inputs to the scenario unit risk factors that could contribute to
exposure scenario uncertainty include the various models used (e.g., food chain model,
toxicokinetic model) and model parameters (e.g., food chain transfer factors, exposure factors,
dose factors, risk factors). Complete descriptions of the exposure scenario parameters,
assumptions, and unit risk factor calculations can be found in HNF-SD-WM-T1-707.

7.1.2 Retrieval Leak I. )act Analysis Results

Tank-specific retrieval leak impact graphs for C-110 generated using the methc Hlogy described
in Section 7.1.1 are provided in Appendix B. Three graphs, one for each indicator contaminant,
are provided. An example calculation is also provided to illustrate how the formula given in
Equation 7-1 was applied in generating the graphs.

7.1.3 Waste Management Area C Risk Assessment

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

Sections 7.1.3.1 through 7.1.3.3 summarize the RPP-13774 ¢ [ysis results bv source term in
t 1softheprojec [pe impacts the WMA C downgradient  :eline .= pc
retrieval leaks, residual v  te, and past leaks.

The RPP-13774 risk assessment was a first-iteration risk assessment developed to show the
current understanding of e risks associated with waste retrieval and closure a¢ vities for
WMA C. The RPP-1377 analysis contained significant limitations and uncertainties.

To address these uncertainties, the parameters used for the analysis were in general biased to
yield higher risk values. The RPP-13774 analysis provides a list of the uncertainties associated
with the risk assessment and how each uncertainty could impact the assessment results. Itis
expected that as waste retrieval from the C-100-series tanks progresses, new information will
become available that could reduce the uncertainties presented in RPP-13774.

7-12
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7.1.3.1 Potential Retrieval Leaks. Potential WMA C retrieval leak impacts are summarized
in Table 7-4 from the results of the base case analysis presented in RPP-13774. Table 7-4 shows
the predicted time of peak groundwater concentration, radiological ILCR, nonradiological ILCR,
and noncarcinogenic chemical HI for the indicator contaminants at the downgradient fenceline

from the WMA C retrieval leak source m.

The retrieval leak source term was simulated in the RPP-13774 analysis based on a hypothetical
8,000-gal. retrieval leak from each of the twelve C farm 100-series tanks. The four C farm 200-
series tanks were assumed not to leak during waste retrieval. A sensitivity case with a larger
waste retrieval leak volume was also included. The retrieval leak inventories used for the
RPP-13774 analysis were generated with the Hanford Tank Waste Operations Simulator
(HTWOS) model assuming a raw water sluicing scenario. Retrieval leak inventories for a DST
supernate sluicing scenario were not assessed in the RPP-13774 analysis. For is retrieval work
plan, the C-110 retrieval ‘:ak inventories for a DST supernate sluicing scenario were estimated
in Appendix A of RPP-22521. These inventories are shown as reference points on the retrieval

leak impact graphs presented in A} endix B.

The RPP-13774 base case simulation results indicate the peak groundwater concentrations from
retrieval leaks would occur at the WMA C downgradient fenceline in the year 2082.
Groundwater concentrations were calculated as cumulative fenceline average concentrations
over the entire downgradient length of the WMA C fenceline. The peak groundwater
concentrations from retrieval leaks were projected to overlap in time and be additive with the
peak groundwater concentrations from past leaks but were not projected to be additive with the

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

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

past leaks.

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

The nature and amount of waste left in WMA C ancillary equipment and pipelines is unknown.
The RPP-13774 analysis included an assumed inventory for the waste in these components to
show their expected relative contribution to the total WMA C impacts. Waste in the ancillary
equipment tanks (244-CR vault and C-301 catch tank) was assumed to be retrieved to a residual
volume proportional to that required under the HFFACO for the 200-series tanks. The ancillary
equipment tanks are sma r than the 200-series tanks and the ancillary tank residual volume was
calculated by multiplying the 200-series tanks residual volume goal (30 ft’) by the ratio of the
volume of the ancillary equipment tank to the 200-series tanks (55,000 gal.). Currently, there is
no BBI inventory associ: d with these ancillary tanks. Ancillary tank residual inventories were
calculated as the product of the residual volume and the averaged contaminant-spe: "~
concentration from the combined contents of the C farm 100- and 200-series tank solids.

The WMA C piping system comprises multiple layers of waste transfer piping that were installed

over time within WMA C. An estimated total volume of 1,000 ft* of waste transfer piping was
sumed for ° : RPP-13774 analysis. To estimate a residual waste inventory related to the

piping system, 25% of the pipe (250 ft’) was assumed to be plugged and filled witk

solids. ¢ ently, there is no BBI inventory associated with the ancillary piping co 5.

Contaminant concentrations in the residual solids were calculated from the combined contents of

the C farm 100- and 200-series tank waste solids.
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not evaluated. Should the fluid released in a retrieval leak intercept an existing vadose zone
plume, there is a potential for the contamination to be flushed more quickly to the water table.
The effect of the flushing on peak groundwater concentration and arrival time wou! depend on a
number of factors, including initial plume depth and the rate, volume, and location of the
retrieval leak. There is no potential for a retrieval leak to affect the movement of contamination
from the three unplanned peline releases included in the WMA C risk assessment
(UPR-200-E-81, UPR-200-E-82, UPR-200-E-86). These rel¢ es all occurred along the
southwest boundary of WMA C, well away from the nearest” 1k row. There is a potential for a
retrieval leak to affect the movement of the existing vadose z e contamination in the vicinity of
tank C-105. If this were to occur, the WMA C past leak impacts could differ from the projected
impacts shown in Table 7-6, which were calculated assuming meteoric infiltration.

Seven C farm tanks (C-101, C-110, C-111, and the four C-200-series tanks) are currently
classified as assumed leakers in HNF-EP-0182 (see Figure 4-1). However, the past leak source
term modeled in the RPP-13774 risk assessment included only leaks and discharges that have
been verified either throu; geophysical logging or sampling in the vadose zone ar  or
groundwater.

Spectral gamma logging data reported in RPP-14430 shows little evidence of vadose zone
contamination consistent with a tank leak in the vicinity of the tanks classified as l¢ :ers in
HNF-EP-0182. Althougt > leaks have been reported from tank C-105, there is contamination
reported in the vadose zone from routine geophysical monitoring between this tank and

tank C-104. The measure vadose zone contamination in the vicinity of tank C-105 was
therefore included in the RPP-13774 risk assessment, along with the measured vadose zone
contamination associated with three verified leaks from ancillary equi; ent sociated with
WMA C. Additional information on WMA C vadose zone contamination can be found in
RPP-14430, Subsurface Conditions Description of the C and A-AX Waste Management Areas,
RPP-15317, 241-C Waste Management Area Inventory Data Package; GIPO-HAN-18, Vadose
Zone Characterization Project at the Hanford Tank Farms, C Tank Farm Report; and
GJO-98-39-TARA GJO-HAN-18, Vadose Zone Characterization Project at the Hanford Tank
Farms, Addendum to the C Tank Farm Report. Additional perspective on the integrity of tanks
in WMA C can be found in RPP-10435.
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15317 and are based on the selective phase removal inventory estimation method. Inventories
for |46 radionuclides reported in the BBI are provided in RPP-15317 and were used in the
calculation. The tank C-110 residual waste starting inventory is given in Appendix B.

Exhumed inventories were calculated by assuming  : waste in the borehole has the same
contaminant concentrations as the tank residuals, and that the height of the waste in the borehole
is the same as the height of the waste in the tank residuals. U g these assumptions, the
undecayed exhumed inver »ries for each radionuclide were estimated by multiplying the tank
residual inventory by the square of the ratio of the borehole radius to the tank radius.

The mathematical basis for this is shown in Equations 7-2 through 7-3.

Iex/ Vex =11/ Vr (7-2)
Iex /(xr*h) =11 / (x R*h) (7-3)
Iex = It (m " h) / (xR h) (7-4)
Iex =Ir (r/ RY? (7-5)
where:
lex = exhumed inventory (undecayed) (Ci)
It = tank residual inventory (Ci)
Vex = exhumed volume (m’ )
Vr = tank residual volume (m3 )
R = borehole radius (m)
R =tank rad :(m)
H = waste height (m).

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

Iex(t) = Iex Exp(-At) (7-6)
where:

Iex(t) = exhumed inventory decayed as a function of time (C1)

Iex = exhumed inventory (undecayed) (Ci)

Exp =exponential nction (natural logarithm base (e) raised to some power)

A = radioactive decay constant, per year, calculated as In(2)=0.6931 divided by the
radionuclide half life in years

T = elapsed time since closure in years.
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8 LESSONS LEARNED

Lessons learned from previous waste retrieval operations in C-106, S-112, S-102, C-103, and
C-108 will be applied where appropriate to the C-110 modified sluicing equipment and
operations. Applicable lessons learned include, but are not limited to the following:

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

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

¢. Incorporate features to flush components that transport slurries to prevent/correct
ockages. Design the features to operate with minimal changes the system and
operator interventi

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

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

f. Simplify system control scre :to 1iximize operator efficiency nd recognition of key
operational parameters/data.

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

h. Conduct comprehensive field walkdowns before system design to validate design
assumptions and d¢ 1ment as-found field cor tions.

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

j-  Conduct comprehensive post-shipping inspections to identify equipment damage and
defec

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

. Identify and obtain | spare parts required for syst mainten :e and for equipment
repairs for anticipated failures.

Deployment of the HRR system for leak detection in the tank farms is new. Lessons learned
from the demonstration deployments of the HRR systems in S-102, C-103, and C-108 will be
incorporated to the extent practical in e design and operation of the C-110 HRR system.
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Figure B-2. Tank C-110 Hexavalent Chromium Hazard Qu: ent Plot.
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Attach ent #2 to RPP-33116 Rev 1 RCR for Com ent #8
(same as Attachment #2 to RPP-33116 Rev 0A RCR for Comme  #4)

Plot [C-110 Temperature from 1991 to Present






Attachment #3 to RPP-33116 Rev 1 RCR for Comment #15
(same as Attachment #3 to RPP-33116 Rev 0A RCR for Comme: #8)

Calculations for Estimate Supernate Volume and Re ieval Time






Time to get from 15,000 to 0 = (2,985,000)/((80 gal/min)(60 min/h)(100.8 h/wk))=
6.17 weeks

upernate used = 483,840 + 2,242,099 + 735,000 + 2,985,000 = 6,445,939
= 6,450 kgal
ime=1+463+152+6.17=13.32 wks x 7 d/wk =93.26 d = 94 days



Attachment #4 to RPP-33116 Rev 1 RCR for Comment #24
(same as Attachment #4 to RPP-33116 Rev 0A RCR for Comment #18)

RPP-10413, Rev 0

(Refer to Appendices B1 and B3 for main d :ussion of leak travel times)





























