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Each tank was originally equipped with 54 risers that penetrated the tank dome and 22 airlift
circulators that were operators to suspend solids, mix the tank contents, and dissipate heat. The
airlift circulators positions are shown in Figure 2-2. The airlift circulators are welded to the
bottom of risers and end about 2.5-ft from the bottom of the tank. The airlift circulator draft
tubes are in two lengths; 17 and 22-ft.

Figure 2-3. Tank AX-104 Airl Circulator Position.*

T (02-AX

* From drawing H-2-44676, Air Lift Circulator

The 241-AX tanks were originally designed to contain liquid and solid wastes at a maximum
temperature of 350°F (RPP-10435 Single-Shell Tank Integrity Assessment Report, page A-43).

The tank design includes a leak detection pit. A system of drain channels in the concrete base

slab immediately below the carbon steel liner direct any leaked material to drain collection point.

A 12 in. carbon steel pipe connects the drain network with a leak detection well. The sixty-foot

deep well consists of a 24 in., schedule 20 carbon steel pipe, surmounted by a concrete pump pit.

A waste transfer line connects the leak detection pit with a pump pit atop the 241-AX tank. A
radiation detection well is located adjacent to the leak detection well.

2-3
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Figure 2-4. Tank AX-104 Surface Level History
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2.1.4 Tank Waste Volume/Characteristics

Tank(s) and/or ancillary equipment . ¢°“*~- and Configuration

Tank AX-104 entered service in the third quarter of 1965 when it received water from
miscellaneous sources. From the fourth quarter of 1965 through the first quarter of 1969,

924,000

782,000

726,000

intermittent transfers were made to and from tank 241-A-102. Beginning in the third quarter of
1966 and continuing through the second quarter of 1969, the tank received plutonium-uranium
extraction (PUREX) high- and low-level waste. Organic wash waste (containing low solids)
from PUREX was received in the first two quarters of 1968. During the second quarter of 1968
and the first quarter of 1969, several small amounts of B-Plant waste (from which strontium had
been extracted) were transferred into the tank. From 1970 until the end of the tank’s active
service life, transfers of PUREX sludge supernatant waste (PSS) were made both to and from a
variety of other SSTs. The last supernatant transfer occurred in the fourth quarter of 1977. The

2-7
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“protective filing.” The constituents listed in the BBI (25 chemicals and

46 radionuclides) account for approximately 99 wt% of the chemical inventory (not
including water and hydroxide) and over 99% of the activity in terms of short- and long-
term risk based on estimates developed using the Hanford Defined Waste (HDW) Model
(RPP-19822, Hanford Defined Waste Model — Revision 5.0).

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

Currently there are no plans to perform additional pre-retrieval characterization (e.g., sampling
and analyses) of the waste in tank AX-104.

The BBI is the best available data; however, the Part A Permit provides a list of constituents that
may o1 ‘notbe presen’ © " SSTs. A post-retrieval  iple will :taken of the residual
waste for all constituents identitied in the Ecology-approved sampling and analysis plan,
pursuant to the requirements of that sampling and analysis plan, to address the uncertainties. The
information on risk and hazard values for future closure actions will be derived from post-
retrieval sampling.

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

2.2  PIPELINES AND ANCILLARY EQUIPMENT

Tank(s) and/or ancillary equipment condition and Configuration

Table 2-4 provides a summary of the AX Tank Farm ancillary equipment connected to tank
AX-104. Pathways into the tank include lines, pit drains, and risers. Table 2-5 summarizes the
status of the pathways that have already been isolated. There are no other known pathways into
the tank; should any be discovered, they will be isolated during retrieval system installation or in
accordance with the tank closure plan.

The existing buried waste transfer lines routed to tank AX-104 have been isolated to prevent the
inadvertent transfer of waste or intrusion of water into the tank following retrieval. With these
isolation measures in place, the process lines are in a stable configuration and do not represent
pathways for water or additional waste to enter the tanks.

The abandoned process lines used for previous waste transfers will be internally contaminated
through contact with the waste. The abandoned lines were constructed with a positive slope to
facilitate drainage (a design requirement). Where practical, these lines were either flushed
following use or were used for dilute waste transfers that should have minimized significant solid
and/or liquid waste buildup in the lines.
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be minimized by keeping the free liquid height above the waste to as small as practical. The
time needed to soften the waste is unknown but would likely not be more than a few days.

The retrieval process will be monitored using closed-circuit television to facilitate waste retrieval
and aid in efficiently retrieving the tanks. Raw water will be used for waste mobilization and
conveyance, transfer line flushing, equipment flushing, heel flushing, or as required for
miscellaneous use. The liquid in the tank AX-104 will be recycled and used to sluice waste
reducing the amount of water needed for retrieval. During all retrieval activities the tank liquid
level will be maintained below the maximum waste level designated in the process control plan.

During all field activities, standard operating procedures and safety precautions will be
implemented to protect worker health and safety, the public, and the environment. In accordance
with standard operating procedures, health physics and industrial health technicians will monitor
conditi  wif' " the tank farm ° acco © cew " approvec “oring plans.

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

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

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

The limit of technology for modified sluicing is defined in RPP-50910, Single-Shell Tank Waste
Retrieval Limit of Technology Definition for Modified Sluicing, as when the concentration of
SST waste in the retrieved slurry sent to the DST is within, or bracketing, the range of 0 to 0.6
volume percent. This limit of technology is used to gauge whether or not other retrieval
technologies have reached their limit of technology.

The evaluation of limit of technology will consider all the requirements stated in the Decree.
Evaluation of risk reduction will include application of an AX risk decision assessment tool
approved for use by both ORP and Ecology. The evaluation will be based on the estimate of
remaining volume and projected concentrations of waste constituents.

Experience has shown that unexpected waste forms and tank conditions may be encountered and
that equipment performance can degrade with time. The ORP will inform Ecology at least every
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in the AX-104 inventory, some dried salts are likely to exist and will be more readily dissolved
with water.

If a modified sluicing system similar to previously used systems was installed, there would be
only one supernate pump. The water retrieval sluicing system would have an installed spare
sluicing water pump that is not in a DST so very little down time from pump failure is expected.
Also, if water conservation is needed, the water slurry can be recycled through ERSS’s rather
than using fresh water. The combination of directed sluicing with little downtime is expected to
provide better sluicing than past supernate based sluicing operations. Modified sluicing doubles
the required transfer infrastructure and increases the number of monitored leak detection points
that can slow retrieval with false alarms. The retrieval duration would be expected to be
significantly longer than sluicing with water.

ter considering both candidate waste retrieval technolt esa  z2va’ ion of the
discussed in Section 2.1.3.2, sluicing using water was selected as the preferred first technology
for deployment in tank AX-104.

The second technology alternatives, if necessary, are (1) high pressure water, and (2) chemical
dissolution. High pressure water can be deployed with an ERSS or an in-tank vehicle; an in-tank
vehicle is not considered feasible due to the obstructions in the tank.

High pressure water is preferred with large heel volume because a chemical dissolution may take
up too much DST space and, for caustic or acid dissolutions, will have proportionally more
impact to the DST space. A chemical retrieval process is preferable for heels where the

volume is relatively low so the impact on DST space and the Waste Treatment Plant (WTP)
throughput volume is less. A chemical retrieval process may also be preferable if the waste solid
particles are already small because the surface area for dissolution is greater and an in-tank
vehicle may just push the fine particles around the tank.

High pressure water was selected as the second technology for tank AX-104 as it can be
deployed easily when the first technology is no longer effective and the tank residual waste
volume in the Decree is exceeded or it can be used in conjunction with sluicing. High pressure
water prepares the waste solids for chemical dissolution by decreasing particle size and
increasing surface area and should be used prior to chemical dissolution. High pressure water
introduces no chemicals into the DST system that may have an impact on the WTP. Chemical
dissolution compliments the mechanical technologies and has shown to be effective for waste
forms resistant to size reduction by mechanical methods, but, normally, should only be used after
the heel volume has been reduced by all the feasible mechanical technologies available.

The technologies selected are the technologies which should be deployed first, to their limits of
technology, in an effort to achieve the 360 ft* target volume goal specified in the Decree.

3-10
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Table 3-3. Tank AX-104 Waste Retrieval System Functions and Requirements.
Function Requirement Basis* Key Elements
Control gaseous and | The ventilation system exhaust shall be WAC 173-303-283(3)(b) Mitigate potential release
particulate discharges | filtered to restrict emissions to the WAC 173-400 to the public and the
environment. WAC 173-460 environment.
WAC 246-247

TFC-ESHQ-ENV-STD-03
TFC-ESHQ-ENV-STD-04

Mitigate potential for
leaks to occur during
waste retrieval

Prevent inadvertent release from
tank AX-104 to the environment.

RPP-13033, Section 3.3.2.3.4

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

Control waste level in
DST receiver tank

Remove waste trom

tank AX-104

The WRS shall be operated to maintain
waste level within specified allowable

mavimum and minimuam yglyes.

OSD-1-151-00007

Provide for safe waste
storage in DSTs.

I'he retrieval technologies will be
designed, deployed, and operated to each
of their “limits of technology™ in an effort
to achieve the waste residue goal of 360 ft}
of waste or less for each tank. The limit of
technology is defined in the Decree.

Control and monitor
the waste removal
process in tank
AX-104

The WRS shall provide the monitor and
control capability to control the waste
retrieval and transfer process. This
includes controlling and monitoring the
following WRS process parameters:

e Pressures

¢ Flow rates

¢ Differential pressures across exhaust
ventilation filters

o [eak detection systems.

WAC 173-303
Consent Decree CV-08-
05085-FVS

RPP-13033
HNF-SD-WM-TSR-006
WAC 173-303

WAC 246-247
TFC-ENG-STD-26 Consent
Decree No. CV-08-5085-FVS

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

Provide for sate and
effective operation of the
WRS.

features.

HNF-SD-WM-TSR-00A

* Basis documents reference information 1s provided in Chapter 8

DST = double-shell tank.

Ecology = Washington State Department of Ecology.

HFFACO = Hanford Federal Facility Agreement and Consent Order.
OSHA = Occupational Safety and Health Administration.

WRS = waste retrieval system.

3-16

Minimize waste The WRS shall minimize waste generation | WAC 173-303 No numerical requirement.
generation to the greatest extent practical.
Nuclear safety The WRS shall be designed and operated | WAC 246-247 Ensure protection of
to protect workers, public, the 10 CFR 830 workers and the public
environment, and equipment from RPP-13033 from routine operations
exposure to radioactive tank waste and HNF-SD-WM-TSR-006 and potential accident
emissions during the retrieval camnaion HNF-IP-1266 conditions.
Occupational safety | The WRS shall be designea 1or sare WAC 173-303-2 83(3)(1) OSHA standards.
and health installation, operation and maintenance. 29 CFR 1910 Occupational Radiation
10 CFR 835 Protection.
29 CFR 1926
WRS secondary “or ex-tank equipment and piping, the WAC 173-303-400 Provide for safe and
containment and leak | WRS shall incorporate secondary DOE 0 435.1 compliant transfer of
detection containment and leak-detection design RPP-13033 waste to the receiver DST.
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3.7  ANTICIPATED IMPACTS OF TANK WASTE RETRIEVAL ON FUTURE
PIPELINE/ANCILLARY EQUIPMENT RETRIEVAL

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

The existing buried waste transfer lines routed to tank AX-104 have been isolated to prevent the
inadvertent transfer of waste or intrusion of water into the tanks. Following waste retrieval
activities, new transfer lines and auxiliary equipment will be flushed as needed and the
equipment reused or disposed of as discussed in Section 3.9.

Should the situation arise where a structure needs to be flushed following retrieval, it is estimated
that the flush volume would be in the 100- to 200-gal range. This solution would go to tank
AX-104 unless a valve change was made to direct the solution to another SST that had not yet
completed retrieval.

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

It is currently planned to leave all in-tank equipment (e.g., the transfer pump) in the tank
following retrieval. However, in the unlikely event it is necessary to remove such equipment, it
may have to be washed down upon removal to remove excess contamination or to reduce
exposure for personnel protection. The volume of water expected for such purposes would likely
be in the 50- to 500-gal range.

Existing risers and pits associated with tank AX-104 will be isolated following retrieval
activities, when agreement has been reached with Ecology on tank AX-104 closure. These
isolation methods are designed to minimize water intrusion to the tank. However, by the general
design and nature of the equipment, intrusion of rainwater or snowmelt cannot be precluded.

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

Following retrieval, it may be necessary to add small (0 to 50 gal) volumes of water periodically
to flush the ENRAF plummet prior to tank closure or to flush off heel sample containers. No
other activities are envisioned that will purposely add liquids back to a tank once waste retrieval
is complete. Should it become necessary to add liquid to a retrieved tank for any reason other
than those stated above, Ecology will be notified as specified in existing notification channels.
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Post-retrieval intrusion monitoring of the tank is addressed in Section 6.3.

3.8 INFORMATION FOR NEW ABOVEGROUND TANK SYSTEMS

... identifies the use of new aboveground tanks, tank systems or treatment systems (not
otherwise permitted, and to be operated only during the retrieval duration) shall include
the following additional information:

General arrangement diagrams

System description

Piping and instrumentation drawings (P&ID) for the retrieval system
Process flow diagrams

Information to demonstrate compliance with WAC 173-303-640
Describe the disposition of the system at completion of the retrieval

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

A written integrity assessment, reviewed and certified by an IQRPE, attesting that the transfer-
related equipment and associated transfer lines are suitable for use during waste retrieval
operations will be prepared in accordance with 40 CFR 265.192, “Design and Installation of
New Tank Systems or Components,” and submitted to Ecology following completion of the
design and field installation of the WRS. This includes verification that the subject equipment
meets the requirements set forth in 40 CFR 265.193, “Containment and Detection of Releases.’
If additional systems or additional transfer line systems are used, each system will be evaluated
by an IQRPE. The design provided to the IQRPE for review will include all new or existing
transfer systems, structures or components, including secondary containment (e.g., central
caisson) and leak detection equipment, used for tank AX-104 waste retrieval.

s

The requirements for an IQRPE assessment need and the permitting decision logic for new
equipment or repairs/upgrades to equipment will be performed in compliance with
TFC-ESHQ-ENV-PP-C-11, Independent Qualified Registered Professional Engineer.

The IQRPE assessment will include P&ID, process flow diagrams, and information to
demonstrate compliance with WAC-173-303-640. These engineering documents are normally
not final until construction is complete and are not available when the TWRWP is submitted to
Ecology. The engineering documents will be provided separate from the TWRWP.

General arrangement diagrams are provided in Section 3.5. The system is described in
Section 3.1. Disposition of the system is described in Sections 3.7 and 3.9.

3-18

45 of 134



RPP-RPT-58935 Rev.00 9/28/2015 - 12:21 PM 46 of 134

RPP-RPT-58935, Rev. 0

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

3.9  DISPOSITION OF WASTE RETRIEVAL SYSTEM FOLLOWING WASTE
RETRIEVAL

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

3.9.1 Disposition of New Waste Retrieval System Components

Following completion of waste retrieval, the in-tank equipment will be left in place for
disposition during component closure actions. 1€ above-grade equipment (e.g., transfer lines,
valve box, and related enclosures) will be reused to the extent possible for future waste retrieval
activities. Transfer lines and related equipment will be flushed to reach acceptable exposure
rates for disconnecting and relocating the equipment. Any above-grade equipment that needs to
be removed and is not suitable for reuse will be packaged and disposed of as mixed waste onsite
in accordance with the approved waste acceptance criteria for the Hanford Site burial grounds.
If contaminated equipment is reused it will be controlled as specified in TFC-OPS-WM-C-10,
Contaminated Equipment Management Practices. HIHTLs will be managed to ensure the
availability and functionality of each as needed for future retrievals, where or if they are needed
to support SST retrieval. At the conclusion of their mission, or on reaching the end of life for an
HIHTL, the HIHTL will be managed in accordance with RPP-12711, Temporary Waste Transfer
Line Management Program Plan.

3.9.2 Disposition of Existing Ancillary Equipment

Ancillary equipment associated with tank AX-104 is limited to waste transfer lines and
equipment installed in pits and above-grade risers. The current status of the ancillary equipment
associated with tank AX-104 is described in Section 2.2. Any existing contaminated ancillary
equipment located within risers that needs to be removed following waste retrieval will be
packaged and disposed of onsite in accordance with the approved waste acceptance criteria for
the Hanford Site burial grounds or controlled as specified in TFC-OPS-WM-C-10.

In accordance with the current plans for development and submittal of the SST System Closure
Plan under HFFACO milestone series M-45-00 and HFFACO Appendix I, disposition of the
ex-tank ancillary equipment, including pipelines, will be performed in accordance with a
separate component closure activity ; m. Closure plans will be incorporated into the Hanford
Facility RCRA Permit Revision 8C, or the renewed permit referred to as the Hanford Facility
Dangerous Waste Permit, Revision 9, as appropriate.
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3.10 AIR MONITORING PLAN

Operational requirements during retrieval

ORP and the Tank Farm Contractor, pursuant to federal requirements for protection of their
workers, will develop and implement industrial hygiene (IH) monitoring plans for exhauster
stack emissions for the retrieval of tank AX-104. The plans will be developed and implemented
pursuant to the requirements of TFC-PLN-34, Industrial Hygiene Exposure Assessment Strategy.
The chemicals of potential concern (COPC), for which exhauster stack sampling and analysis
will be conducted, will be identified in the IH monitoring plan for the retrieval. The COPC
identified in the IH monitoring plans, as determined to be appropriate by the tank farm contractor
IH, will be all or a subset of those constituents listed in RPP-20949, Data Quality Objectives for
the Evaluation of Tank Chemical Emissions for Industrial Hygiene Technical Basis, Table 4-1,
developed with input from Ecology and RPP-22491, Industrial Hygiene Vapor Technical Basis.
No COPC shall be dropped from the Tank Vapor Information Sheet (TVIS) list developed for
AX Farm without 90 days prior notification to and approval from Ecology. If ORP notifies
Ecology of its desire to cease exhauster stack sampling for a COPC initially identified and listed
in an IH monitoring plan and no response is received from Ecology within 90 days, the COPC
will be deleted from the IH monitoring plan and sample and analysis activities for that COPC
will cease. New COPCs may be added to an IH monitoring plan without notification to or
approval from Ecology and without modifying or revising this TWRWP.

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

Ecology and ORP understand and agree that the activities discussed above do not restrict ORP
and the Tank Farm Contractor from taking any and/or all steps necessary as ORP and the Tank
Farm Contractor deem appropriate to protect its workforce in response to data and information
generated by an [H monitoring plan or incidents as they might arise during waste retrieval.
Ecology and ORP also understand and agree that the preceding sampling and analysis discussion
is presented to ensure ORP is achieving the agreed to sampling and analysis for the protection of
the public and its workers and does not modify the exemption from the requirements of

40 CFR 264, “Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and
Disposal Facilities,” and 40 CFR 265, “Interim Status Standards for Owners and Operators of
Hazardous Waste Treatment, Storage, anC ~ isposal Facilities,” Subpart CC, granted to ORP
under 40 CFR 265.1080(b)(6) incorporated by reference in WAC 173-303-400(3)(a). Therefore,
this discussion does not imply any change to the respective authority of either Ecology or ORP
regarding the sampling, analysis, monitoring, and control of airborne emissions from Hanford
Site tanks.

3-20
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Figure 4-1. Plan View of the AX Tank Farm Showing Drywelis.
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Figure 4-2. Leak Detection Methodology for SST Retrieval.!
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4.2.1.1 Drywell Monitoring

Drywell logging refers to the use of moisture gauges and/or gross gamma detectors to monitor
soil conditions surrounding the tank for increases in moisture content and/or gamma activity that
may be evidence of tank leakage. Drywell logging will be performed as follows:

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

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

e After retrieval operations have been initiated, drywell logging will only be performed if
needed as a backup leak detection method or when active retrieval will be discontinued
for an extended period (typically 2 months or longer). .

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

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

Current plans include monitoring of the following drywells prior to waste retrieval from tank
AX-104:

11-04-01, 11-02-10, 11-04-05, 11-04-19, 11-04-08, 11-04-10, and 11-04-11.

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

The pre- and post-retrieval gamma scans will be obtained from near the ground surface to near
the bottom of each drywell. Pre-retrieval gamma scans will preferably be obtained within a year
of retrieval start but may, with approval from Ecology, be within two years.

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

Should moisture logging be necessary after the start of waste retrieval activities, significant

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

Since post-retrieval gamma scans are to be performed following retrieval, there is no need to
perform a post-retrieval moisture scan.

Drywell logging, when performed as a backup leak detection method, will monitor specific
region(s) of interest for increases in soil moisture (or gamma) content. These may include the
interval from above the existing waste surface to below the base of the tank. The depth interval
to log when drywell logging is performed as a backup leak detection method will be specified in
the process control plan.

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

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

The handheld moisture gauge is a commercially available system (model 503DR
HYDROPROBE®)? designed for manual measurement of in situ moisture content. This unit
employs an 2! Am/Be neutron source and a neutron detector to measure the neutron flux rate at a
given depth in the drywell. A formula is then used to relate the neutron flux rate to volume
percent moisture in the soil. Use of the handheld moisture gauge does not require truck access
into the tank farm and is more practical for frequent use.

The RAS truck was specifically designed for routine gamma monitoring against the baseline
established from the spectral gamma logging system data. The RAS uses a series of three
interchangeable Nal(T1)-based scintillation detectors for measurement over the range from
background levels to about 10° pCi/g }*’Cs. The RAS records counts in specific energy ranges
as well as total gamma activity. Although it does not have the energy resolution capability of the
spectral gamma logging system, it is mounted on a smaller truck and collects data at a faster rate.

The SGLS logging system was used to establish baseline conditions in 1995-2000. This logging
system is based on a liquid nitrogen cooled high purity germanium detector, which provides
excellent gamma energy resolution for identification and quantification of individual
radionuclides from background levels (method detection limit about 0.1 pCi/g '*’Cs under
typical conditions) up to about 10,000 pCi/g '*’Cs. A high rate detector with internal and
external shields is available to extend the measurement range to about 10° pCi/g '*’Cs.

The SGLS truck can also be used to operate a neutron moisture logging system, which measures
in situ vadose zone moisture over the range of 0 to about 25 vol% moisture content. ...e neutron

2 503DR HYDROPROBE™ is a registered trademark of CPN International, Inc., Concord, California.
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4.2.1.3 High-Resolution Resistivity.

HRR wi be used for leak detection during the retrieval of the waste in tank AX-104. The
equipment operates continuously except when down for repairs, calibrations, electrical outages,
or similar reasons. Should a problem occur which renders the HRR leak detection system
inoperable, drywell monitoring would be used as a backup means of leak detection, within the
conditions specified in Figure 4-2 and section 4.2.1.

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

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

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

1e HRR data may be reviewed any time. When the system is operating the raw data is
normally less than an hour old.

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

A limitation to the HRR system is that it provides data primarily as a two-dimensional diagram
from the viewpoint of looking down on the tank. Thus a leak may be detected by HRR, and the
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Pre-retrieval drywell moisture logging is performed to provide a baseline for that drywell prior to
initiation of waste retrieval activities in case moisture logging is required as a backup means of
leak detection during waste retrieval activities.

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

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

Use of SST liquid level data for leak detection, when such data are available and obtained under
the conditions listed, would provide a leak detection capability exceeding that provic | by
“ywellle 11 or HRR.

44 LEAK DETECTION FUNCTIONS AND REQUIREMENTS

This section defines the upper-level functions and corresponding requirements to which the leak
detection systems for tank AX-104 must be designed and operated. The system specification for
the AX tank farm will be consistent with this TWRWP. The functions and requirements for
LDM are given in Table 4-1.
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Data collected with the handheld moisture gauge will be analyzed within a few days. Data
collected with the truck-mounted logging system will be analyzed within a few weeks under
normal operations.

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

4.5.2 SST Liquid Level Monitoring

Should the conditions listed in 4.2.1.2 be met, SST level monitoring can provide a leak detection
capability that exceeds that for either drywell monitoring or HRR. The accepted accuracy of an
ENRAF gauge is £0.1 in., or £275 gal when the reading is taken within the 75 ft. diameter
section of the tank. The precision of the gauge is £0.01 in., or £28 gal. An ENRAF gauge
operating on a liquid surface could easily note a decrease in liquid level of less than 275 gal.
Such a decrease would not automatically i1 :ate a tank leak. The decrease would need to be
evaluated to determine if there were other causes besides a leak.

4.5.3 HRR Leak Detection

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

It is reasonable to assume that the response for an HRR system deployed around an SST in AX
Farm may be somewhat less than that reported in RPP-30121 for the leak injection test setup due
to the differences in geometry between the test setup and a 100 Series SST in AX Farm,
including the presence of concrete around the steel SST body which may diffuse or hold up

akage. Based on past tank leak experience, the rate of an actual tank leak would also likely be

ss than the range of leak rates tested in the leak injection test. Due to these differences and
other limitations preventing direct extrapolation of test results to field deployment for AX-104, a
quantitative value cannot be stated fo “he leak detection capability of an HRR system deployed
in AX Farm. However, it can be qua...atively 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, an general HRR system operation both in S Farm and C Farm it is
believed an HRR system deployed in AX Farm should provide leak detection capability better
than the calculated drywell monitoring leak detection capability in Section 4.5.1.
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HRR interrogates the soil around and under a tank. The system sensitivity may decrease

somev at with the distance of an electrode (drywell) from the tank, but resistivity changes were
still seen with dryw¢ s 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 monitoring could potentially detect a leak when the liquid was
two to three feet from the drywell, depending upon conditions. HRR is expected to have a much
better sensitivity for leak detection with the much larger area interrogated by HRR when using
the drywell-to-tank electrode data upon which the leak injection test conclusions were based.
Sensitivity for HRR leak detection using drywell-to-drywell data; however, it 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.

No instantaneous method to measure leak migration rates is available due to the inherent
uncertainty and variance in the performance of the technology.

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

1e HRR data may be reviewed any time by qualified personnel. The raw data available may be
an hour or less old. Processed data lags four to six hours 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 one to 54 hours old when first
reviewed.

4.6 LEAK MITIGATION AND RESPONSE

Leak detection monitoring and mitigation plan, including technology description,
rationale for selection, configuration, inspection and monitoring requirements,
mitigation response, and anticipated performance goals.

4.6.1 Waste Retrieval Tank Leak
4.6.1.1 Waste Retrieval Tank Leak Mitigation

Leak mitigation strategy for an SST leak during waste retrieval refers to both reducing the
potential for a leak to occur and to minimizing the volume of waste that could leak to the ground
if there were a tank leak. Leak minimization for a waste retrieval tank leak is provided by
actions taken before and during waste retrieval. These include the following:

¢ The in-tank liquid inventory during waste retrieval will be less than liquid level present in
the tank before interim stabilization activities were undertaken.
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— Develop specific leak and non-leak hypotheses. Analysts and subject matter
experts develop leak and non-leak hypotheses through a concurrence approach.

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

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

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

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

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

Waste retrieval operations will resume under normal operating procedures if the leak assessment
concludes that no leak is indicated. '

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

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

e Notify Tank Farm Contractor Environmental personnel of the leak.

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

e Determine if a RCRA contingency plan needs to be implemented.

e Notify Ecology and the Washington State Department of Health if the reportable
quantity has been exceeded and/or the RCRA contingency plan has
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o Leak detection equipment preventive maintenance or functional testing that will
exceed 24 hours downtime.

e Leak detection equipment repair that will require more than 90 days to complete.

¢ Annulus leak detection probe elevations that are outside the elevation band prescribed
by the operator round sheets.

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

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

4.6.3 Transfer Line Leak

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

4.6.3.1 -ansfer Line Leak Mitigation

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

4.6.3.2 Transfer Line Leak Response

Responses to transfer leak detection alarms are performed per procedure (procedures for waste
transfer are developed before waste retrieval operations). Transfer line leak detection is
performed in a similar manner to, and response is similar to that for, existing t- ' farm transfers.
There is nothing unique to the tank waste retrieval transfer line leak detection system logic when
compared to existing tank farms transfer line leak detection. Should a leak be detected in the
aboveground diversion/splitter boxes or pits, the waste transfer pumps would be shut down and
the leakage would be transferred to the SST being retrieved or the receiver DST (the AZ Farm is
at a lower elevation than AX Farm) using the sump pump. Leaks within one of the sluicer pits
will result in pump shutdown with leakage draining to the SST. Waste leaked to the secondary
containment of the transfer line will be returned to the SST being retrieved or the DST receiver
tank. The leaks would be repaired or the leak location bypassed before resuming waste retrieval
operations.

Any transfers in progress would be stopped immediately and response actions defined in RPP-
27869, Building Emergency Plan for Tank Farms, would be implemented should a visible
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5.0 REGULATORY REQUIREMENTS IN SUPPORT OF RETRIEVAL
OPERATIONS

Functions and associated requirements necessary to support design of proposed waste
retrieval and leak detection monitoring and mitigation system(s).

Retrieval of waste from the SSTs will be performed under the requirements of the Decree, the
Atomic Energy Act of 1954, and RCRA, RCW 70.105, “Hazardous Waste Management Act” and
their implementing regulations. The SSTs do not provide secondary containment and are not
compliant with RCRA, RCW 70.105 and some interim facility standards of Subpart J of

40 CFR 265. The SSTs are currently authorized to continue operations under the interim status
standards pending closure in accordance with WAC 173-303-610, “Closure and Post-Closure,”
under :authori of HFFACO Action Plan Section 5.3, and ! “"' stones series M-45-00.
Interim status standards are authorized pursuant to the Hanford Facility RCRA Permit, Condition
I.A. In addition to the regulatory requirements for interim status, the Hanford Facility RCRA
Permit also imposes requirements on interim status Treatment, Storage, and /or Disposal Units
based on those requirements identified in the Permit Applicability Matrix (Hanford Facility
RCRA Permit Attachment 9). DOE conducts day-to-day operations of the SSTs in accordance
with the interim status standards established in WAC-173-303-400(3), ““Interim Status Facility
Standards,” to the extent practicable as documented in various compliance agreements.
Additionally, the SSTs are governed by federal r  1lations promulgated under the authority of
the Atomic Energy Act of 1954 and various DOE directives incorporated into the contract
between ORP and the tank farm contractor (DE-AC27-08RV14800). These requirements are
implemented through operating plans and procedures by the tank farm contractor.

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

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

5-1
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Table 5-1. 40 CFR 265 (WAC 173-303-400) Interim Status Standards Applicable to W: : Retrieval.* (7 Sheets)

Regulat

Requirement

Compliance Method

(d) The plan must list names, addresses, and phone numbers of all persons qualified to
act as emergency coordinator

(¢) The plan must include a list of all emergency equipment at the facility
(f) The plan must include an evacuation plan for facility personnel
AC 173-303-350 (4): A copy of the contingency plan must be maintained at the
ility.
AC 173-303-350 (5): A contingency plan must be reviewed. and immediately
ended. if necessary. whenever:
Applicable regulations are revised
The plan fails in an emergency
(c) The facility changes
(d) The list of emergency coordinators changes
(e) The list of emergency equipment changes
WAC 173-303-360 (1): At all times. there must be at least one employee either on the

facility premises or on call with the responsibility for coordinating all emergency
response measures.

WAC 173-303-360 (2):

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

(1) Activate internal facility alarms or communication systems

(2) Notify appropriate State or local agencies
(b) Whenever there is a release, fire or explosion, the emergency coordinator must
immediately identify the character, exact source. amount. and real extent of any released
hazard.
(¢) The emergency coordinator must assess possible hazards to human health or the
environment
(d) If the emergency coordinator determines that the facility has had a release. fire. or
explosion which could threaten human health. or the environment, outside the facility
must report his findings.
(e) The emergency coordinator must take all reasonable measure necessary to ensure
that fire, explosions, and releases do not occur, recur. or spread to other hazardous waste
at the facility
(f) Ifthe facility stops operations in response to a fire, exnlnsion or release. the
emergency coordinator must monitor for leaks. pressure bt up. gas generation. or
ruptures in valves, pipes. or other equipment, wherever this is appropriate

notifications are contained in TFC-ESHQ-ENV_FS-C-
01. The contingency plans are maintained in the

P iction Operations shift office. The on-duty Shift
Manager serves as the Building Emergency Director.
E  -gency pumping of the DST is guided by
emergency pumping guide HNF-3484. The Building
E  -gency Plan is maintained and updated as required
by the Production Operations group.
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» Focus on potential long-term groundwater pathway human health risk at the
downgradient tank farm fenceline

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

e Use industrial and residential exposure scenarios

¢ Identify the significant contributors (95% of total) for each health impact metric and

generate a separate graph for each significant contributor (note that in risk

terminology, the HI for all chemicals is the sum of the hazard quotient, or HQ, for |
each chemical)

e Derive effects of contaminant release and transport from previous studies
e Use the best available published data and information to the maximum extent

possible.

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

Ri=T1ix Ci x Hi (7-1)
Where:
1 indicator contaminant
Ri = risk metric (radiological ILCR or chemical HQ)
Ii = inventory (Ci or kg released into the environment [e.g., retrieval leakage])

Ci = unit groundwater concentration factor (pCi/L per Ci, or mg/L per kg)
Hi = health effects conversion factor (ILCR per pCi/L, or HQ per mg/L).

Sections 7.1.1.1 through 7.1.1.4 discuss the individual terms in Equation 7-1, including
identification of indicator contaminants, development of contaminant inventories, simulation of
contaminant transport, and identification of exposure scenarios and health effects conversions
factors.

7.1.1.1 Indicator Contaminants

Retrieval leak impact graphs were generated for a subset of significant contaminants rather than
for all contaminants. Significant contaminants were the contaminants estimated to dominate or

ive the total impact for a particular human health impact metric, also known as “risk drivers.”
Significant contaminants serve as indicators of the magnitude of total impacts from all
contaminants.

An indicator contaminant approach was used tc 1sure that the resulting graphical tools would
provide a reasonable estimate of total impacts but at the same time be sufficiently simple to
facilitate rapid decision making without requiring a lot of additional calculation in the event a
leak is detected during waste retrieval. The primary human health impact metrics used were
radiological ILCR and noncarcinogenic chemical HI. Nonradiological ILCR was also included
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for information purposes. Exposure scenarios and unit factors used in the calculation of ILCR
and HI are discussed in Section 7.1.1.4.

Indicator contaminants for each human health impact metric were identified based on the results
of the TC&WM EIS. TC&WM EIS provides results of a site-specific model developed for
sources across the Hanford Site, including WMA A/AX. DOE/EIS-0391 Appendix Q provides
contaminant-specific impact contributions at the ““A Barrier Boundary” by source term for
contaminants for which a toxicity factor was available. The A Barrier Boundary is a
hypothetical line of analysis encompassing an area much larger than WMA A/AX and including
multiple other source areas. Whereas the existing TC&WM EIS model cannot be used to predict
groundwater impacts from WMA A/AX sources at the WMA fenceline, the TC& WM EIS does
identify contaminants not predicted to be significant for any source within the A Barrier
Boundary, and the model provides a basis to determine v  ich remaining contaminants probably
account for 95% of ILCR and HI for each source term and exposure scenario at the time of peak
impact. The indicator contaminants thus identified were Tc-99, I-129, chromium (Cr), and
nitrate (NO3). Nitrite (NO2) was added to this list per the discussion that follows.

The determination of indicator contaminants also considered that similar risk drivers are
obtained from the analysis in DOE/ORP-2005-01, Initial Single-Shell Tank System
Performance Assessment at the Hanford Site, and the use of the associated Decision
Management Tool (DMT) (RPP-39234, Decision Management Tool, Version 5, User's Manual).
DOE/ORP-2005-01 provides results of a site-specific model developed for WMA C, and
extrapolated to other WMAs in the 200 East Area, including WMA A/AX. DOE/ORP-2005-01
provides contaminant-specific impact contributions at the WMA A/AX downgradient fenceline
by source term for contaminants for which a toxicity factor was available.

One difference between the TC& WM EIS and previous assessment tools such as DMT is the
assumption in the TC& WM EIS that nitrite inventory for all source terms would be converted to
nitrate prior to transport to the point of calculation. Thus, the TC&WM EIS model did not
specifically evaluate nitrite independently and its results identified nitrate as a significant hazard
contributor, whereas previous assessments of tank farm sources routinely identified nitrite as a
significant hazard contributor and not necessarily nitrate. Because analyzing the validity of the
assumption for all relevant source terms is non-trivial, and because nitrite has higher toxicity
than nitrate, source terms were recalculated to separately simulate both nitrite and nitrate.

Table 7-1 summarizes the contaminant contributions by source term for each of the uman health
impact metrics using results from the present modeling as described briefly in Sections 7.1.1.3
and 7.1.1.4. Details of the methodology and resulting modeling and associated calculations of
risk, dose, and hazard impacts are more fully described in RPP-CALC-60497, Peak
Groundwater Concentrations for Tank Farm 241-AX TWRWP Risk Assessment and
RPP-CALC-60498, Tank Waste Pre-Retrieval Assessment of Dose and Risk. Table 7-1 shows
the peak impacts from the following WMA A/AX source terms: 1) past leaks and other waste
loss events involving tanks A-103, A-104, A-105, AX-102, and AX-104; 2) potential retrieval
leaks from AX-104; 3) potential retrieval leaks from all AX-100-series tanks; 4) potential
retrieval leaks from all A-100-series tanks; 5) tank residual waste; and 6) residual waste in
ancillary equipment. Retrieval leak volumes are discussed in Section 7.1.1.2. Peak impacts
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From simulations with the present TWR WP model, percentage contributions shown in Table 7-1
(based on total impacts of the indicator contaminants only) indicate chromium accounted for

54 to 72% of the HI, nitrite for 25 to 44%, and nitrate for 2 to 5%. Chromium and nitrite
together account for the vast majority of the HI in all scenarios. However, it is safest to retain
nitrate as an indicator since the percentage contributions are sensitive to assumptions about
chromium and nitrogen speciation that could change given additional information.

Uranium was simulated as a moderately mobile (K4 = 0.6 mL/g) contaminant in the TC& WM
EIS, and the results indicated uranium became the dominant radiological and chemical dose after
calendar year 5000, but did not exceed the ILCR or HI of the mobile contaminants during the
modeling period. A limited number of simulations of additional contaminants, including
uranium, with the TWRWP model produced similar results. A potential retrieval leak from
AX-102, which was estimated to have the highest uranium inventory of potential retrieval leaks
from AX-100-series tanks and was nearest to the fence, produced a peak concentration of about
3x10 mg/L. Assuming essentially all of the mass was uranium-238, the resulting peak
concentration would correspond to a radiological ILCR of about 2x107 and to a HQ of about 0.3,
less than the peak values for mobile contaminants. Contaminants with K4 values of 2.5 mL/g
and higher did not break through to the water table during the 10,000-yr modeling period.
Tritium peaked early at levels well below those of the other mobile contaminants and decayed to
insignificant levels at the time of peak. The results confirmed the expectation based on the
TC&WM EIS, and therefore most simulations included only the indicator contaminants as
described.

Peak human health impacts from all contaminants were projected to occur in the following time
ranges: 1) from before closure to within 20 years after closure for past leaks and A-100-series
tank retrieval leaks, 2) within 700 years after closure for AX-100-series tank retrieval leaks, and
3) within 1,700 years after closure for residual waste in tanks and ancillary equipment. The
difference in peak arrival times for retrieval leaks in the A Farm versus the AX Farm is attributc
to the hydraulic properties assigned in the TC&WM EIS AX farm model for a fine layer just
above the water table. Sediments at a similar depth within the A Farm model are coarser across
most of the horizontal domain. The peak values in all cases were driven by contributions from
the highly mobile (K4 = 0 mL/g) contaminants. Uranium and less mobile contaminants had not
yet broken throu_ to the water table at the time of peak for any source term and therefore made
no contribution to the peak impacts. Tritium had decayed to insignificant levels at the time of
peak impacts. Uranium exhibited increasing concentrations at the end of the 10,000 year
simulation and was a primary contributor to the impacts calculated at the end of the simulation.
The impacts at the end of the simulation were lower than the peak impacts by an order of
magnitude or more.

The analysis also included an assessment of nonradiological cancer risk. Cancer risks from
radionuclides and carcinogenic chemicals are typically reported as separate metrics rather than
being summed because of differences in how risk is estimated for these two categories of
substances. Of the nonradiological indicator contaminants, only chromium has a published
cancer slope factor. For purposes of this analysis, chromium was assumed to be hexavalent
chromium. The TC&WM EIS evaluated a longer list of nonradiological contaminants in the BBI
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Releases of inventories for the majority of these sources were modeled as implemented in the
TC&WM EIS STOMP A and AX farm models as detailed in RPP-CALC-60497. The exception
was for inventories developed for potential retrieval leaks from the AX-100-series tanks that
were evaluated as unit source (i.e., 1 Ci or kg) releases in 4,000-gallon volumes of water from
individual tanks. To predict potential groundwater concentrations, the unit source results were
scaled by updated retrieval leak inventory estimates determined from thermodynamic modeling
with the C I Systems Inc. Stream Analyzer (RPP-RPT-58867).
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The TC&WM EIS past leaks source terms included large waste losses associated with Tanks |

A-104 and A-105, and much smaller losses associated with Tanks A-103, AX-102, and AX-104.

Tanks A-103, AX-102, and AX-104 have historically been classified as assumed leakers.

However, formal re-assessments of these three tanks in accordance with TFC-ENG-CHEM-D-42

determined they did not leak and should be reclassified as sound (RPP-ASMT-42278, Tank 241-

A-103 Leak Assessment Report; RPP-ASMT-42628, Tank 241-AX-102 Integrity Assessment

Report; RPP-ASMT-57574, Tank 241-AX-104 Integrity Assessment Report). Conversely,

ongoing updates to the Soil Inventory Model (RPP-26744, Hanford Soil Inventory Model, Rev.

1) based on the recent tank farm leak assessment (RPP-ENV-37956, Rev. 2) may include some

small unplanned releases in WMA A/AX that were not modeled in the TC&WM EIS or that

were approximated as part of the tank past leaks terms. Since the TC& WM EIS past leaks

source terms are the most sophisticated analysis of past releases in WMA A/AX currently

completed, they are retained with the existing basis.
|
|
\
|
|

Release of source terms for residual waste from tanks and from ancillary equipment were each

based on a partitioning-limited, convective-flow release model assumed for grout-stabilized

waste (DOE/EIS-0391). These source terms are implemented in the STOMP-based models as

gradual releases of contaminant mass that are implicitly related to the recharge conditions

discussed later in this section. Ka values applicable to the grouted waste in the release model

were 1) 0 mL/g for the nonradiological indicator contaminants, 2) 1 mL/g for technetium-99, and

3) 50 mL/g for iodine-129 (DOE/EIS-0391 Tables M-7 and M-8). (These Kd values apply only

to transport within the residual waste and not to the vadose zone or aquifer). Note that other ‘
recent tank farm assessments have alternatively considered diffusion-controlled and/or

solubility-controlled release models for tank residuals that generally predict lower peak
concentrations and later arrival times.

|
In the TC&WM EIS implementation for ancillary equipment residual waste releases, the |
elevation of releases was several meters deeper than the typical elevation for ancillary equipment |
in WMA A/AX. Any underestimation of peak arrival times for this source term was assumed to ‘
be small and to not warrant a full re-evaluation of the release implementation for the TWRWP

model.

trite and nitrate source terms were recalculated from the TC&WM EIS nitrate source terms for

all affecte sources by using the raw inventory data in the TC& WM EIS references to determine
the fraction of each species as nitrate and then converting the mass of nitrite by stoichiometry.
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The STOMP models have overlapping domains alternately centered on the AX Farm tanks or the
A Farm tanks as appropriate for a given source term, with each domain extending laterally a
short distance beyond the relevant sections of the tank farm fenceline and vertically downward
through the vadose zone into the upper portion of the underlying aquifer. Properties and
boundary conditions of the vadose zone are unchanged from the TC&WM EIS. The simulations
all assumed a final closure barrier was in place by 2050. Recharge was assumed to occur
initially at a rate of 3.5 mm/yr until the year each tank farm became operational, then at a rate of
100 mm/yr over the footprint of the tanks until placement of the barrier. The barrier was
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 analysis in RPP-CALC-60497 indicated the
upper 11 m of the saturated zone below the steady-state water table elevation of 119.5 m resides
within a gravel stratum with a local effective horizontal hydraulic conductivity value of |

1,750 m/d for the domain. Bound: - conditions for the saturated zone assumed steady-state flow
to the southeast at a hydraulic gradient of 1x10”° (RPP-CALC-60497).

Following a simulated historical 3,000-year period to initialize conditions in the vadose zone,
predictive simulations were carried out for a 10,000-year assessment period over the calendar
years 1940 to 11940. Predictive simulation times in units of years were output by STOMP using
the average length of a year on the Julian calendar and are reported as approximate Gregorian
calendar years by adding 1,940 (i.e., leap years are not tracked precisely). It should be
emphasized that model predictions into future centuries and millennia have uncertainties larger
than a few years.

The upper 11 m of the saturated zone was adequate to simulate groundwater concentrations in
the 5-m interval below the water table, which is the interval used for comparison with
groundwater protection standards. Within the resolution of each STOMP model grid,
groundwater concentrations of each indicator contaminant were calculated at every point along
the downgradient fenceline and reported for the time and location of maximum concentration for
each source.

Table 7-3 shows the unit source simulation results for the indicator contaminants in the AX-104
retrieval leak source t The results indicated the peak groundwater concentrations from a
potential retrieval leak at AX-104 would arrive at the WMA A/AX downgradient fenceline
around calendar year 2672. The values shown are the predicted peak contaminant concentrations
in groundwater at the downgradient WMA A/AX fenceline from release of 1 Ci of radionuclide
or 1 kg of chemical. The number of digits shown exceeds the number of significant digits
because the values are used in subsequent calculations. The retrieval leak impact graphs were
generated by multiplying the simulated unit source results by the retrieval leak inventory to
obtain an estimate of peak groundwater concentration (Equation 7-1).
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Table 7-3. Indicator Contaminants Unit Inventory Simulation Results for
AX-104 Retrieval Leak Source Term.

Peak Groundwater
Concentration at WMA Time of Peak

Contaminant A/AX Fenceline* Units (Calendar Year)
Techetium-99 1 0SF+03 pCi/L per Ci 2672
Iodine-129 1.05E+03 pCi/L per Ci 2673
Chromium 1.05E-03 mg/L per kg 2673
Nitrite 1 04F.07 mg/L per kg 2672
Nitrate 1.05E-03 | mg/L per ko 2672

Source: RPP-CALC-60497
WMA = waste management area.

A lag of several hundred years is predicted between peak arrival times for retrieval leaks in the
A Farm and those in the AX Farm. The lag is attributed primarily to the hydraulic properties
assigned in the TC& WM EIS AX farm model for a layer of fine sediments just above the water
table. Sediments at a similar depth within the A Farm tank model are generally coarser.
Differences in peak concentrations and arrival times between tanks within the AX Farm are
attributable both to different distances upgradient from the fenceline and variability in the
thickness and elevation of the layer of fine sediments from tank to tank.

Releases from residual waste in tanks and from ancillary equipment are modeled to occur at the
same time over similar footprints with a vertical separation of 6 m between the tank bottoms and

the depth assumed for ancillary equipment releases, and therefore the peak impacts tend to occur

at similar times. In WMA A/AX, the vertical separation is likely somewhat greater, but the
effect on arrival times is probably small given the control exerted by the layer of fine sediments
deeper in the vadose zone.

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 Decree.
Both scenarios are based on scenarios described in HNF-SD-WM-TI-707 Revision 5, Exposure
Scenarios and Unit Factors for Hanford Tank Waste Performance Assessments. ...e health
effects conversion factors for both scenarios are shown in Table 7-4 for the indicator
contaminants. Human health impact calculations are presented in RPP-CALC-60498.

The HNF-SD-WM-TI-707 evaluation provides unit dose factors, unit risk factors, and unit HQ
factors for comprehensive set of contaminants of potential concern for Hanford Site risk
assessment. The unit factors were derived from standard formulas using data considered to be
the most current or technically sound. For radionuclides, the cancer morbidity risk coefficients
in EPA-402-R-99-001, Cancer Risk Coefficients for Environmental Exposure to Radionuclides,
were used. For chemicals, the non-cancer toxicity reference doses and cancer induction slope
factors adopted by 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,
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Note that chromium is classified as both a chemical toxicant (evaluated using HQ) and a
carcinogen (evaluated using ILCR). It is classified as toxic via both ingestion and inhalation but
carcinogenic only via inhalation. The inhalation intake for the groundwater pathway exposures
is based on re-suspended soil and volatilized water. The soil is assumed to be contaminated by
irrigation with contaminated groundwater for both the industrial and residential scenarios. Water
volatilization is assumed to occur during showering with contaminated groundwater.

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

7.1.2 Retrieval Leak Impact Analysis Results

Tank-specific retrieval leak impact graphs generated using the methodology described above are
provided in Appendix A for tank AX-104. One graph for each indicator contaminant is
provided. An example calculation is also provided to illustrate how the formula given in
Equation 7-1 was applied in generating the graphs.

Peak impacts from a hypothetical 4,000-gal. retrieval leak from tank AX-104 are summarized in
Table 7-5. The table shows the predicted peak groundwater concentration, radiological ILCR,
nonradiological ILCR, and noncarcinogenic chemical HI for the indicator contaminants at the
downgradient fenceline from the AX-104 retrieval leak unit source term scaled by the inventory
in Table 7-2.

The peak fenceline concentrations of the indicator contaminants from a tank AX-104 retrieval
leak were projected to arrive around calendar year 2672. The long transport time is influenced
by the layer of fine sedin s noted in section 7.1.1.3. D....rences between ¢  1lated retrieval
leak impacts for tank AX-104 and for other AX-100-series tanks reported in other TWRWPs are
attributable primarily to differences in inventory and proximity to the fenceline.
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7.1.3 Waste Management Area A/AX Risk Assessment

This section provides information to allow the potential retrieval leak impacts from the
individual tanks to be placed in the context of the potential impacts from WMA A/AX as a
whole.

Sections 7.1.3.1 through 7.1.3.4 summarize the analysis results in terms of the projected peak
impacts at the WMA A/AX downgradient fenceline from past leaks, potential retrieval leaks,
residual waste remaining in tanks, and residual waste remaining in ancillary equipment.

7.1.3.1 Past Leaks

WMA A/AX past leak impacts are summarized in Table 7-6. The results show the predicted
peak groundwater concentration, radiological ILCR, nonradiological ILCR, and noncarcinogenic
chemical HI for the indicator contaminants at the downgradient fenceline from the WMA A/AX
past leak source releases.

The results indicate the peak groundwater concentrations from past leaks would arrive at the
WMA A/AX downgradient fenceline around calendar years 2029 to 2054. The past leaks source
terms were based on past unplanned releases modeled in the TC &WM EIS at tanks A-103, A-
104, A-105, AX-102, and AX-104. Past releases at tanks A-103, A-104 and A-105 were
simulated separately from those at tanks AX-102 and AX-104, and the maximum impacts
between the simulations were reported since significant interaction between the two groups of
releases is not predicted. That is, the overall maximum concentrations are attributable to larger,
earlier releases from tanks A-104 and A-105 that cause maximum concentrations at a point along
the southern portion of the fenceline, whereas concentrations due to smaller, later releases from
tanks AX-102 and AX-104 peak around calendar year 2061 at a point on the eastern fenceline
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Groundwater concentrations were calculated as cumulative fenceline maximum concentrations
over the entire downgradient length of the WMA A/AX fenceline. The peak groundwater
concentrations from past leaks were projected to overlap in time and be additive with the peak
groundwater concentrations from potential retrieval leaks from the A Farm tanks but were not
projected to be additive with the peaks from potential retrieval leaks from the AX Farm tanks or
from residual waste remaining in tanks and ancillary equipment. The peak from A Farm
retrieval leaks was projected to arrive around calendar year 2068 compared with 2029 to 2054
for the past leaks.

Transport of contaminants from past releases was based on water flow from the original releases
and natural recharge only (i.e., surface infiltration of meteoric water). The effect on existing
contamination of artificial recharge, such as a retrieval leak or water line leak, was not explicitly
simulated. Generally speaking, should the fluid released in a retrieval leak intercept an existing
vadose zone plume in WMA A/AX, there is a potential for the contamination to be flushed more
quickly to the water table. The effect of the flushing on peak groundwater concentration and
arrival time would depend on a number of factors, including initial plume depth and the rate,
volume, and location of the retrieval leak. 1f this were to occur, the WMA A/AX past leak
impacts could differ from the projected impacts shown in Table 7-6, which were calculated
assuming meteoric infiltration. However, until the assumed time of final closure in calendar year
2050, an enhanced average rate of infiltration is assumed based on disturbance of soil and
vegetation (DOE/EIS-0391), and the enhanced meteoric infiltration rate likely exceeds any
artificial recharge.

7.1.3.2 Potential Retrieval Leaks

Potential WMA A/AX retrieval leak impacts are summarized in Table 7-7. The table shows the
predicted peak groundwater concentration, radiological ILCR, nonradiological ILCR, and
noncarcinogenic chemical HI for the indicator contaminants at the downgradient fenceline from
the A-Farm retrieval leak source term as well as total impacts from all the AX-100-series tank
retrieval leak source terms.

|
\
The retrieval leak source terms were based on a hypothetical 4,000-gal. retrieval leak from each
| of the AX-100-series tanks and A-100-series tanks all occurring in calendar year 2018.
. ..€ contaminant concentrations in the retrieval leaks from the AX-100-series tanks were
estimated by a different method than that used for the A-100-series tanks (see Section 7.1.1.2).

The peak from A Farm retrieval leaks was projected to arrive around calendar year 2068, and the
peak from AX Farm retrieval leaks was projected to arrive from calendar years 2671 to 2745.
As noted in Section 7.1.1.3, the difference is attributed primarily to the hydraulic properties of a
layer of fine sediments occurring only below the AX tanks in the model. Ongoing evaluation of
the hydrogeology in WMA A/AX suggests the layer may be both more widespread and less
resistant to flow than the currently available analysis in the model indicates. If so, the peak
concentrations from retrieval leaks in A Farm and AX Farm may arrive closer together in time,
but still at different locations on the fenceline. The currently simulated peak from A Farm
retrieval leaks was projected to overlap in time and be additive with the peak groundwater
concentrations from past leaks. Neither peak concentrations from A Farm retrieval leaks nor
those from AX Farm retrieval leaks were projected to be additive with peak concentrations from
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7.2.2.1 Inventory

The starting inventories for the inadvertent intruder calculation were the estimated radionuclide
inventories remaining in the tanks in the TC&WM EIS analysis of Alterntaive 2B. Current
inventories for all 46 radionuclides reported in the BBI (DOE/ORP-2003-02, Rev. 0, Appendix
D, Table D.1) were assumed to be 99% retrieved at closure and were initially decayed from the
referenced basis date of January 1, 2001 to the assumed closure date of January 1, 2050 for use
in the calculation (except 3 short-lived radionuclides controlled by parent inventories). Tank-
specific residual waste starting inventories are given in the appendix.

Under the well driller scenario, the un-decayed exhumed concentration in the drill cuttings is
calculated by dividing the activity at closure by the total mass of the cuttings as shown in
Equation 7-2 (derived in HNF-SD-WM-TI-707 Revision 5):

e

Qexhumed - AtankLborehole Pcuttin? (7—2)
where,
Qexhumed = Un-decayed exhumed concentration (Ci/kg) of the radionuclide in drill cuttings
Qclosure = Activity (Ci) of a radionuclide at assumed closure date (January 1, 2050)
Atank = Cross-sectional area of the tank (m?)
Lborehole = Borehole depth to water table (m)
Peuttings = Average in-situ bulk density of the borehole cuttings (kg/m?)

The borehole depth to the water table is assumed to equal the distance from the current land
surface to the steady-state water table determined in RPP-CALC-60497. At AX-104 this
distance is about 89 m.

For the post-intrusion residential scenarios, the un-decayed exhumed activity was calculated
using Equation 7-3:

Qexhumea = Qclosure % (7-3)
where,
Qexhumed =  Un-decayed exhumed activity (Ci) of the radionuclide from the borehole
Qclosure = Activity (Ci) of a radionuclide at assumed closure date (January 1, 2050)
Aborchole =  Cross-sectional area of the borehole (m?)
Atank = Cross-sectional area of the tank (m?)

Equation 7-4 was used to convert pre-retrieval activities of all radionuclides to activities at
closure:

chosure = Qpre—retrieval X (1 - PR) X exp(_/lt) (7‘4)
where,
Qclosure = Activity (Ci) of a radionuclide at assumed closure date (January 1, 2050)
Qpre-retrieval = Pre-retrieval activity (Ci) of a radionuclide on January 1, 2001
PR = Percentage retrieval (99% = 0.99)
Exp = Exponential function (natural log base e raised to a power)
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APPENDIX B -
TANK AX-104 LONG-TERM HUMAN HEALTH RISK

B-1
























RPP-RPT-58935 Rev.00 9/28/2015 - 12:21 PM 133 of 134

RPP-RPT-58935, Rev. 0

B2.4 EXAMPLE CALCULATION

To illustrate the calculation method used for the retrieval leak impact graphs, the following
example is provided using the industrial scenario ILCR result for technetium-99 of 7 x 1075,
Following Equation 7-1 from Section 7.1.1, the industrial scenario ILCR was calculated as the
product of the technetium-99 inventory (Table B-1), the technetium-99 retrieval leak unit
groundwater concentration factor (Table 7-3), and the technetium-99 industrial scenario. unit risk
factor (Table 7-4), as follows:

ILCR  (4.75 Ci) - (1.04x 10> pCi/L per Ci) - (1.38 x 108 ILCR per pCi/L) =7 x 10"

B3.0 INADVERTENT INTRUDER IMPACTS

The starting inventories for the tank AX-104 inadvertent intruder dose assessment were the
estimated radionuclide inventories remaining in the tanks following retrieval assumed in the
TC&WM EIS analysis of Alternative 2B. As per the TC& WM EIS Alternative 2B analysis, the
current inventory for each of 46 radionuclides reported in the Best Basis Inventory (DOE/ORP-
2003-02, Rev. 0, Appendix D, Table D.1) were assumed to be 99% retrieved at closure.
Radionuclides were initially decayed from the referenced basis date of January 1, 2001 to an
assumed closure date of January 1, 2050 for use in the dose assessment. Inventories for a subset
of parent radionuclides that dominate intruder doses at 500 years after closure are shown in
Table B-2.

Table B-2. Tank AX-104 Inventory of Dose-Driving
Contaminants Assumed in TC& WM EIS for Residual
Waste in the Analysis of Alternative 2B.

Ratﬁluclide o Units Tank AX-104
Technetinm_0Q i Q 27F-_01

Tin-126 ¢ | 6.22E-02 |
Plutonium-239 Ci ? R2E+00
Plutoni 240 Ci 5 35E-01
Americihim-241 e T g 0L I

Source: DOE/Ohr-zuus-uz

Table B-3 summarizes the inadvertent intruder dose assessment results for tank AX-104. These
results were generated using the methodology described in Section 7.2 and RPP-CALC-60498.
Contaminant-specific doses are shown for the subset of radionuclide decay chains that dominate
the total dose 500 years after closure. The total dose shown represents the sum of the dose
contributions from all radionuclide decay chains considered.
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