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EXECUTIVE SUMMARY

Temporary use of sound single-shell tanks (SSTs) for interim staging of waste would assist in
expediting the Hanford Site’s overall cleanup strategy. The presently available storage volume
in the double-shell tanks, planned for interim staging of wastes, is significantly less than the
volume of wastes stored in the single-shell tanks; accordingly, transfer of waste from leaking or
leak-prone SSTs into sound single-shell tanks would reduce the risk of leakage and provide for
storage capacity until closure can be completed.

To assess the risk of using single-shell tanks for interim storage, the analysis described in this
report developed a methodology for ranking the single-shell tanks in terms of their likely leak
integrity and utility for interim storage. This methodology was then applied to the SSTs together
with a strategy for combining the risk of tank leakage with other factors associated with the
single-shell tank retrieval sequence to rank the tanks and identify candidates for use as interim
storage tanks.

In the first part of this work, a relative risk reduction assessment was undertaken to determine if
any of the single-shell tanks could be employed as interim storage tanks. Risk reduction would
occur by moving existing wastes from tanks having less liquid integrity and utility to tanks
having greater liquid integrity and utility. A multiplicative weighting method was developed that
assigned weight values to attributes of the SSTs, and then that methodology was applied to each
tank, and the tanks were ranked by score, and by tank farm and score. The results of the
multiplicative weighting showed that there were eight single-shell tanks in the C-, U-, 8-, and
SX- tank farms that can be considered for use as interim storage tanks; these tanks scored in the
g5th percentile of the rankings. There were an additional 13 tanks in the S-, TX-, T-, BX, B-, and
U-farms that scored somewhat lower in the rankings but might be considered for interim storage
use. Tanks scoring low in the ranking may pose significant risk and should be considered for
retrieval on a priority basis.

After ranking the SSTs, a risk reduction strategy was applied to the data. In this strategy, the
farm-by-farm risk reduction was estimated for transferring wastes from the poorer tanks to the
better tanks. This strategic assessment showed that a significant reduction in risk can be
achieved by using some SSTs as interim storage tanks to contain waste transferred from poorer
tanks. The strategy shown was geared to reduce the overall risk factor, but additional constraints
(e.g., number of receiver tanks) can be applied to beiter integrate with other planning efforts and
cost-benefit analyses.

iii
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1.0 INTRODUCTION

This report summarizes an investigation of the potential for using one or more of Hanford’s
single-shell tanks (SSTs) for interim staging of tank wastes until those wastes can be retrieved
and treated for disposal. The temporary use of sound SSTs would expedite Hanford’s overall
retrieval strategy because the presently available storage volume in the double-shell tanks
{DSTs), planned for interim staging of wastes, is significantly less than the volume of wastes
stored in the SSTs. Many of the SSTs contain or may contain drainable liquids (even those that
have been stabilized) and many may lack the integrity to continue to contain wastes over a
prolonged period. Since there is limited DST storage available, and since it is of significant
interest to prevent any further leakage from the SSTs, transferring wastes currently stored in
SS8Ts of uncertain or poor integrity to SSTs of known or likely good integrity would be
advantageous.

The focus of the work described here is on the leak integrity (the ability to retain waste) of the
S8STs, not structural integrity per se. This is because the SSTs are considered to be structurally
sound; that is, they are unlikely to mechanically fail, rupture, or collapse. Leak soundness and
the structural integrity of SSTs were evaluated in FY 2002 to satisfy Hanford Federal Facility
Agreement and Consent Order Milestone M-23-24 {CHG 2002]. Based on the CH2M Hill
Hanford Group (CHG) report, the SSTs as a group were concluded to have adequate structural
integrity to prevent collapse or structural failure, but were considered “not fit for use per 40 CFR
265.191" [Rasmussen 2002]. Past experience indicates that the SSTs can leak, however, and
such an event could result in—depending upon the contents of the tank and the leakage rate (or
volume)—a significant insult to the environment.

This work makes a preliminary identification of those SSTs that could provide interim staging
capability based on their potential to retain liquid and other factors (e.g., available leak detection
instrumentation, riser availability, etc.). By “inverting” the tank rankings determined here, this
work also makes a preliminary identification of those tanks that are more likely to leak. A
preliminary estimate of the overall risk reduction gained by moving waste from higher-risk tanks
to lower-risk tanks has been prepared. This estimate is based on intra-farm transfers only (i.e.,
no inter-farm or cross-site transfers have been analyzed, although they are possible and
supported by this work). The risk reduction benefits are provided on both a tank and tank farm
basis.

The work described in this report was undertaken in two discrete steps. The first step was to
develop a methodology for ranking the SSTs in terms of their likely leak integrity and utility for
interim storage. The second step was to apply this methodology to the SSTs and then develop
and apply a strategy for combining the risk of tank leakage with other factors associated with the
SST retrieval sequence to rank the tanks and identify candidates for use as interim storage tanks.
This second step also makes a preliminary estimate of the risk reduction benefits achieved by
moving the wastes from high-risk tanks to lower-risk tanks within each tank farm. While the
liquid used to mobilize and transfer the wastes from one SST to another SST was considered in
this work, the inherent risk of the transfer itself was not included in this work.

The second section of this report provides background information related to the SSTs. The third
section of the report describes the risk-ranking methodology used to initiate the assessment.
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Section 4 discusses the application of this methodology. Section 5 of this report describes the
calculation of risk reduction. Section 6 describes the staging analysis used to reduce the overall
risk on a farm-by-farm basis and results. Section 7 summarizes the results of the staging

findings from this work.
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2.0 BACKGROUND

Hanford’s SSTs were constructed and put in service between 1944 and 1966 [Julyk 1999] to
store the liquid radioactive wastes resulting from plutonium and uranium processing. During this
period, 149 SSTs were constructed. Sixteen of these underground tanks are of 55,000 gallon
capacity, most were between 500,000 and 750,000 gallon capacity, and twenty-five are
1,000,000 gallon tanks. The 100-series SSTs (e.g., U-101) have a diameter of 75 feet; the 200-
series SSTs (e.g., U-201) have a diameter of 20 feet. The essential construction of these tanks
was a reinforced concrete outer shell with a 0.25-in.-thick carbon steel inner liner, with a
bituminous coating between the steel liner and the concrete shell. All of the tanks were built
with dished bottoms, except for those in the A and AX farms; those tanks had flat bottoms
[Anderson 1990]. Figure 1 illustrates the construction of a typical 100-series tank with a
capacity of 530,000 gallons. The larger tanks are of similar construction, but have a greater
depth.

75 1t Disrwter Single-Shell Tank
. Vel Férme: B, BX,C, T, U
Figure 1. Typical Construction of Hanford 530,000 gallon Single-Shell Tank (SST)

The SSTs were built in twelve waste storage tank farms. Table 1 summarizes some of the
construction details of the SSTs.

Table 1. Single-Shell Waste Storage Tanks at Hanford [Anderson, 1990]

. Tanks Capacity/ Capacity/ Year
Farm Steel Type ASTM per Tank {gal} Farm (gal) Constructed
Class Farm

A Plate A283-46T 6 1,000,000 6,000,000 1954-55

AX Boiler A201-61T 4 1,000,000 4,000,000 1963-64

B Structural A7-39 4 55,000 220,000 1943-44
12 530,000 6,360,000

BX Structural A7-39 12 530,000 6,360,000 1946-47

BY Flange 12 750,000 9,000,000 1948-49

c Structural AT7-39 4 55,000 220,000 1843-44
12 530,000 6,360,000

s Plate A283-46T 12 750,000 9,000,000 1850-51

8X Plate A283-46T 15 1,000,000 15,000,000 1953-54

T Structural A7-39 4 55,000 220,000 1943-44

TX Flange 18 750,000 13,500,000 1947-48

TY Plate A283-46T 6 750,000 4,500,000 1951-52

u Structural AT7-39 4 55,000 220,000 1943-44
12 530,000 6,360,000

* [Anantatmula1994]
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2.1 STRUCTURAL INTEGRITY

The structural integrity of the SSTs can be inferred from their fundamental design—particularly
the concrete encasement. Previous calculations demonstrate the SSTs have an ample margin for
tolerating operational loads and withstanding credible accident scenarios [Ramble 1983; Han
1996a, 1996b]. The most critical factor in assessing the structural integrity of the SSTs is dome
loading. Dome load limits for the SSTs are controlled through Tank Farms Technical Safety
Requirements, HNF-SD-WM-TSR-006, Administrative Control 5.16, Load Lifting and Dome
Load Controls, and HNF-IP-1266, Administrative Control Procedures, Section 5.16B, Dome
Loading Controls. Based on Han’s analysis, it is not expected that the SSTs will collapse during
interim storage, stabilization or retrieval operations as long as the dome loading limits are
observed [HNF-3018].

2.2 LEAK SOUNDNESS

Since 1959, 67 tanks have been declared leakers or assumed leakers. Table 2 shows some of the
1990 data on “confirmed” leaking tanks, including the quantity of waste leaked from the tanks.
Tank age does not seem to be a significant contributor to the tank leak history.

Table 2. Underground Waste Storage Tank Leak Experience [Anderson 1990]

Mo-Year Leak Mo-Year Leak Estimated Volume
Tank Suspected Confirmed Released {Gal)
A-104 4-1975 4-1975 500-2,000
A-105 Summer 1963 11-1963 <500
BX-102 2-1970 2-1971 70,000
BX-108 7-1973 2-1974 2,500
BY-103 7-1969 7-1973 <500
BY-108 3-1971 3-1972 <500
T-106 5-1073 6-1973 115,000
U-101 11-1959 11-1959 30,000
U-104 5-1956 1958 55,000
U-110 7-1975 7-1975 5,000 - 6,000
TY-103 5-1973 6-1973 3,000
TY-105 9-1960 9-1960 35,000
TY-106 7-1959 8-1959 20,000
SX-107 3-1964 3-1964 <500
SX-108 12-1962 12-1962 2,400
SX-109 1-1965 2-1965 <500
SX-111 5-1974 5-1974 500 - 2,000
SX-112 1-1969 Early 1969 30,000
SX-113 6-1958 11-1962 15,000
8X-115 2-1965 3-1965 50,000

Anderson (1990) describes release as “small”; this is interpreted as “<500 gal®, as used here.

Since the first leaks were discovered in TY-106 and U-101 in 1959, the definition of a leaking
tank has been inconsistent. Anecdotal information indicates that in some cases a leak was
inferred on the basis of partial or inconclusive data, rather than on the basis of quantitative
measurement. As a result, not all tanks declared to be leaking or suspected of leaking may be
leaking or have actually leaked. For purposes of the analysis described below, it is assumed that
the tanks described in Table 2 are confirmed leakers; the leak status of tanks assigned since 1990
will be maintained as “suspected leakers” or “presumed sound”.
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Over the past several decades, improvements in leak detection capability have been developed
and employed to identify leaks or conditions requiring special operating control actions. The
first tank farms included groundwater wells and a few dry wells for monitoring purposes.
However, these were limited in number. In December 1958, a prototype horizontal lateral
system was installed under SX-113 as a means of confirming a suspected leaking condition.
Leak detection in these wells and laterals is accomplished by inserting neutron and gamma
detection probes into them and examining the data for anomalous radiation levels or changes in
radiation levels. This method of detecting leaks proved to be successful and similar systems
were subsequently installed beneath all the aging waste tanks in the SX- and A-farms during
1961. At this time additional dry wells were also installed. A later improvement in leak
detection was the incorporation of drain channels and sump collection wells in the AX tank
design.

The waste tanks are equipped with liquid level measurement devices of various types which
provide an indication of changes in the liquid level (or volume) in the tank. Depending on the
tank, these devices include the manual tape, in which a stick was used to measure the liquid
level, and the manual ENRAF, FIC, and Auto ENRAF gauges, in which a sensor was lowered to
the waste surface and the liquid level was determined from the length of line reeled out. The
manual methods are slow and cumbersome with resulting sampling intervals measured in weeks
or months. The automatic methods allow frequent (i.e., hourly) sampling with computerized
data logging of the measured levels. Tanks that have been stabilized (i.e., the pumpable liquid
has been removed') do not benefit from a liquid level gauge because the extant liquid is
dispersed within the particle voids of the sludge and saltcake and does not form a distinct surface
layer.

In addition to direct measurement of the liquid surface, internal radiological liquid level
measurement methods are deployed in most of the tanks. These are neutron and gamma
detectors, referred to as interstitial liquid level (ILL} instruments. These devices are deployed in
the liquid observation wells (LOWs) found in most of the SSTs.

A liquid level trend analysis for 69 SSTs was performed in 1998 [HNF-3018]. This analysis
examined the changes in surface or interstitial liquid level in the SSTs over a 4-year period, for
those SSTs having sufficient liquid level and functioning instrumentation to allow the analysis.
Examination of the rate of change of volume over time revealed that 39 SSTs had a volume rate
statistically determined to be O gal/hr (implying sound, non-leaking tanks) and another 9 tanks
had a volume rate that was statistically positive (implying a gain in volume over time); these 9
tanks can also be considered sound, in that inflows to the tanks are not coming from external
ground water entering the tank and they are not losing liquid to the ground. Table 3 lists the
tanks demonstrated to be sound [HNF-3018]. This liquid level trend analysis shows that sound
tanks remain that may be used for the staging of wastes from other SSTs.

! “Drainable” liquids may remain in the tanks, including those that have been stabilized.
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Table 3. Sound SSTs Determined from Statistical Analysis of Four-Year Level Trends
[HNF-301§&]
Analysis-Inferred Integrity Tank IDs

Volume Rate = 0 gal/hr A-101, B-102, B-104, BX-104, BX-105, BY-101, BY-102, BY-104, BY-109,
BY-110, BY-112, C-103, C-106, S5-101, 5-103, 8-105, 5-108, 5-109, S-
110, 8-111, 8X-101, SX-102, SX-103, 8X-105, 5X-1086, T-102, T-104, T-
110, T-112, TX-101, TX-102, TX-106, TX-109, TX-118, U-102, U-103, U-
107, U-108, U-108

Positive Volume Rate BX-103, 5-102, 5-106, S-107, S-112, TX-111, TX-112, U-105, U-109

2.3 TANK COMPATIBILITY WITH WASTE TYPE AND TEMPERATURE

A direct cause-and-effect relationship for the failures of the SSTs is difficult to determine
because of the different types of wastes handled, the different thermal conditions prevalent, the
small number of leaks confirmed and verified, and the lack of direct inspection. Of the several
theories regarding failure mechanisms (including stress corrosion cracking, pitting, uniform
corrosion, and mechanical tearing of the liner), stress corrosion cracking (SCC) is the most
plausible cause of leakage from the tanks [ Anantatmula 1994]. SCC can occur when the tank’s
carbon steel liner is exposed to aqueous solutions containing sedium hydroxide and sodium
nitrate. Cracks form in and near the welds in the tank’s sidewall and bottom in the weld “heat-
affected zones”—a region whose width is typically two to three times the thickness of the base
matenial—where an accumulation of residual stresses was introduced during welding as the tanks
were constructed. The Hanford SSTs were not stress-relieved following construction.

A common tool for assessing SSC in the SSTs is the corrosivity factor (CF), which is defined as
the ratio of the molar concentrations of nitrate to nitrite-plus-hydroxide (i.e., NO3/(OH+NO,) ).
A 1994 report examined the CF in the Hanford SSTs as a function of waste type [ Anantatmula
1994]. Table 4 lists the Hanford waste types and the calculated CF. The utilization of the tanks
allowed that mixed waste types were common in most of the tanks. The known mixture of waste
types in each of the tanks was used to prepare the weighted CF for the tanks. The result is
displayed in Table 5, which shows the CFs calculated for the tanks, by waste type(s), and
includes the percentage of tanks with those waste groupings that have leaked (or are presumed to
have leaked). (Table 5 is based upon data from 1994.)
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Table 4. Corrosivity Factors for Primary Waste Types [Anantatmula 1994]

Waste Type Corrosivity Factor
Waste Type Acronym (CF)
Reduction Oxidation REDOX 6.5
HS 1.6
Second-Cycle Decontamination 2C 5
Organic Solvent Wash OWw 1
First-Cycle Decontamination 1C 28
Evaporator Bottoms B 30.3
Tributyl Phosphate TBP 81.7
Cladding Waste cw 01
Complex Concentrate CCPLX 1.4
Double-Shell Slurry Feed DSSF 0.5
Lanthanum Flucride Decontamination 224 1.8
Non-Complexed NCPLX 1.5
Strontium Sludge SS 0.04

Table 5. Waste Groupings and Weighted Corrosivity Factor [WHC 1994]

Waste Tanks CF % Leaker
Type(s)

TBP,EB-ITS BY-109, BY-102 67.7 0
CW, TBP C-102, C-105 245 0
SS, TBP C-103, C-106 245 0
EB, CW U-106, U-107, U-108, U-109 212 0

CW U-201, U-202, U-203 0.05 0
EB, TBP TX-108, TX-118 45.7 0
REDOX, EB  S-101, 5-102, S-103, S-105, S-106, S-107, 5-108, S-109, 5110, S- 137 14
111, 8-112, SX-101, SX-102, SX-104, SX-105, SX-106, TX-102, TX-
104, TX-105, TX-106, TX-107
EB, REDOX U-102, U-103, U-106, U-111, TX-115 232 20
iC, EB B-107, B-108, B-109, BX-112 11.0 25
DSSF, A-101, A-102. A-103, AX-101 0.8 25
NCPLX
oC, 224 T-110, T-111, T-112 40 33
224 8-201, B-202, B-203, B-204, T-201, T-202, T-203, T-204 18 a8
Ungrouped  A-104, A-105, A-106, AX-104, B-104, BX-109, C-104, C-107, SX-  0.9-5 39
103, T-109, T-104, TX-101, TX-103, TX-112, TY-101, U-110, U-112,
U-204
TBP, 1C C-108, C-109, C-111, C-112, T-107 35.8 40
TBP, CW BX-101, BX-102, BX-103, BX-104, BX-105, BX-106, C-101 57.2 43
TBP, EB BY-101, BY-103, BY-104, BY-105, BY-106, BY-107, BY-108, BY-  45.5 50
110, BY-111, BY-112
CCPLX, AX-102, AX-103 1.1 50
DSSF
1C, CW T-105, T-106 1.9 50
1C, TBP B-106, BX-107, BX-108, C-110, T-108 26.4 60
CW, EB B-101, B-102, B-103 9.1 67
CW, MIX T-101, T-102. T-103 01 67
EB. 1C B-105, TX-109, TX-110, TX-111, TX-113, TX-114, TX-116, TX-117,  22.0 75
TY-102
REDOX S-104, SX-107, SX-108, SX-109, SX-112, SX-115, U-101 65 100
HS C-201, C-202, C-203, G-204 1.6 100
2C B-110, B-111, B-112 5.0 100
REDOX, SX-110, SX-111, 8X-114 6.1 100
REDOX-IX
1C, EB-ITS BX-110, BX-111 12.4 100
TBP TY-105, TY-106 81.7 100
TBP, 1C TY-103, TY-104 58.0 100
REDOX, DIA SX-113, U-104 4.6 100
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Temperature is also important in initiating SCC. A critical temperature of 122 °F was discovered
to be a threshold above which nitrate-assisted SCC would occur at accelerated rates [Ondrejcin
1978). This suggests that the hottest tanks may have experienced the greatest corrosion.

Table 6 combines some of the data from the earlier tables and shows the type of steel
construction, the waste type(s), the leak volume, and the peak temperatures [Julyk 1999] for the
confirmed leakers. This table suggests that the vast number of leaking tanks share a combination
of plate steel construction, REDOX wastes, and high temperatures; tanks with these properties
should be unlikely candidates for interim storage.

Table 6. Attributes of Confirmed Leaking SSTs

Peak Temperature
Tank Type Steel Type Waste {°F)
A-104 Plate Ungrouped 399
A-105 Plate Ungrouped 325
BX-102 Structurai TBP, CW a3
BX-108 Structurai IC, TBP 90
BY-103 Flange TBP-F, EB-ITS 137
BY-108 Flange TBP-F, EB-ITS 154
T-106 Structural IC, CW 93
U-101 Structural REDOX 92
U-104 Structural REDOX, DIA 78
U-110 Structural Ungrouped 140
TY-103 Plate TBP, IC-F 86
TY-105 Plate TBP 112
TY-106 Plate TBP 106
5X-107 Plate REDOX 380
SX-108 Plate REDOCX 320
SX-109 Plate REDCX 295
SX-111 Plate REDOX, REDOX-IX 320
SX-112 Plate REDOX 315
SX-113 Plate REDOX, DIA 255
8X-115 Plate REDOX 260

In Single-Shell Tank Siuicing History and Failure Frequency [HNF-3018], the tanks were
grouped into one of five categories, depending on the waste corrosivity and temperature
experienced by each tank. That grouping is reproduced below in Table 7.

Table 7. Tank Groupings According to Category. [HNF-3018]

Category Characteristics Number of Tanks
| Benign waste type, low temperature, goed to moderate corrosivity 12
factor, constant service history, consistent surface level.
Il Inconsistent liquid level, benign waste type, elevated temperature, 20

good to moderate corrosivity factor, consistent service history, listed
as sound, may or may not have been stabilized.
il Inconsistent liquid level or aggressive waste types, elevated 50
temperature, good to moderate corrosivity factor, inconsistent service
history, listed as sound, may or may not have been stabilized.

v Listed as “assumed leaker”, leaked less than 50,000 gal, may or may 62
not have been stabilized.
1 Listed as “assumed leaker”, leaked more than 50,000 gal. 5
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3.0 METHODOLOGY FOR RANKING TANKS

In attempting to identify SSTs that are candidates for interim storage, it is necessary to select and
weight the various attributes of each tank that can be used to score each tank, and then compare
and rank the resulting scores. One way to accomplish this is to use a multiplicative scoring
method. In this method, each attribute that contributes to a tank’s integrity and utility for interim
storage is identified and then assigned a range of weight values that measure the contribution.
The score is calculated as the arithmetic product of the weights. This method has the advantage
that an obviously unsuitable tank—such as a confirmed leaker—can be eliminated from
consideration by assigning it a weight value of zero. In this case, even if a leaking tank’s other
attributes were all positive, the resulting score would be zero.

The multiplicative scoring method provides a graded assessment of the SSTs in terms of their
potential utility for interim storage, described in terms of a tank’s current status and integrity and
the infrastructure existing to support leak monitoring during the interim storage period and to
facilitate retrieval. The multiplicative method depends upon three elements: 1) quantifiable
parameters, 2) an ordered list of the importance of each parameter, and 3) the value or range of
values assigned to the weights. These elements are discussed below.

3.1 QUANTIFIABLE PARAMETERS.

Based upon the information in Section 2, the following observations can be made regarding the
Hanford SSTs:

1) The SSTs are structurally sound and not likely to fail, rupture, or collapse.

2) Many tanks have been confirmed as leakers, many are suspected of being leakers, and
many appear to be sound and not leaking,.

3) The mostly likely cause for leaking tanks is SCC.

4) Aggressive wastes and high waste temperatures appear to contribute to the leak problem.

5) Some tanks are equipped with automated and more-capable leak detection instruments;
others utilize manual methods. All tanks have external dry wells that can be used for
radiological monitoring.

6) The SSTs have different ventilation and riser access. These attributes make monitoring a
tank easier or more difficult, depending on the existing configuration and availability.

Using this information, together with other available information, four parameters can be
established that can be quantified, i.e., given some value. These parameters include:

1) Leaker Status. A tank that is known to leak should be eliminated from consideration for
interim storage, while a tank that is known or presumed to be sound and non-leaking
should be given consideration. Tanks that arc only “assumed leakers” should be
evaluated together with their other attributes.

2) Tank-Waste Compatibility. The type of steel used to construct the tank, the waste type(s)
stored in the tank, and the temperature history of tanks appear to be significantly related
to the current liquid integrity of the tanks. Tanks having a history of storing aggressive
wastes and/or high-heat loads in certain steels should be ranked lower than tanks with
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3)

4)

(relatively) benign wastes and low temperatures (This should not be confused with
concerns regarding storage of compatible waste types discussed later in this report).
Liquid Level Trend. The long-term stability of the liquid level in a tank (supernatant or
interstitial liquids) is an indicator of the integrity of the tank, at least at the liquid’s
current level in the tank. Tanks with stable liquid levels should be considered for interim
storage, while those with negative volume rates should be given less consideration.
Fraction of Leakers Within a Farm. Tank farms with a higher overall incidence of
leaking tanks may have fundamental construction differences, or service experience, that
make them more likely to leak. Tanks in these farms should be given lesser consideration
than tanks in farms with a smaller fraction of leakers.

Besides these four liquid integrity parameters, additional parameters can be included that relate
to the risk of leaking the current contents of a tank and the utility of a tank for leak monitoring
and retrieval. These parameters include:

5)

6)

7)

8)

9)

Groundwater Risk. Tanks containing a larger number of curies and larger quantities of
the Constituents of Concern (CoCs) to groundwater represent a greater threat to the
environment than lower-activity tanks or tanks with smaller quantities of CoCs. CoCs
used in this analysis are long-lived mobile radionuclides, specifically 'C, 7Se, PTc, 1
and **®U [Hohl, et al. 2001). Accordingly, tanks whose contents pose a high ground-
water risk should be given lesser consideration for interim storage than tanks containing
materials with a lower groundwater risk. Chemical constituents (e.g., NO,, NO3', and
CrOy) also contribute to groundwater risk. These were not included in the ranking used
in this analysis in the interest of simplicity.

Riser Access. The ability to readily instrument an SST for leak monitoring and operate it
for staging purposes is proportional to the number and diameter of risers on that tank. If
risers are placed at a variety of locations around the tank and if they have sufficient
diameters to make them useful for instrumentation and operating equipment, that tank is
more useful than a tank with fewer risers or risers of smaller diameters.

External Monitoring Wells. Like the risers, existing monitoring wells reduce the
infrastructure burden necessary to operate a tank for interim storage. Tanks with a larger
number of external monitoring wells are better suited for interim storage than tanks with
fewer wells, because ex-tank (radiological) leak detection methods can easily be
deployed to monitor any change in the external environment surrounding and (in some
cases) beneath the tanks.

Internal Level Monitoring Instruments. Tanks with more sophisticated, automated-
measurement and recording liquid leveling devices are better suited for interim storage
than tanks using manual-reading methods or those requiring at-tank operators to obtain
data. This is because the automated methods are more reliable, more accurate, and
reduce the overall costs of operating the tank.

Ventilation. It is expected that any tank operated as an interim storage tank will require a
ventilation system to prevent airborne releases of radionuclides. Tanks with existing
ventilation systems are thus better candidates for interim storage than tanks with no
ventilation.

10
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The list of parameters described above may not be an exhaustive list of the factors that can be
used to assess the potential of a tank for use as an interim storage tank, but it deals with the more
obvious factors. The next section describes the weights applied to these factors to allow their use
in the multiplicative weighting method.

3.2 WEIGHTS AND RANGES OF PARAMETERS

Each of the parameters described above can be quantified, or assigned some value. The
approach selected in this assessment was to use a simple assignment of weighting values that
correspond to a priority-ranked list of importance to an assessment, where the range of the values
was also weighted to the importance of the parameter. This approach is subjective; since it is
subjective there is considerable room for alternative values and weights.

The assessment described below uses one set of values and ranges. A weight value of unity (i.e.,
1) is a neutral place-holder—it neither increases nor decreases a tank’s relative score because, in
the product, a value of 1 does not change the result. A parameter value of less than 1 indicates
attributes that are less desirable in terms of using that tank for interim storage. A value greater
than 1 indicates positive attributes for that tank. The greater the difference from 1, the more or
less desirable the tank is for interim storage, relative to that parameter.

3.2.1 Leaker Status

This parameter is fundamental to the assessment and has been assigned a corresponding
influence over the scoring. The maximum weight is 3 and the minimum is 0, for a range of 3.
The weights are assigned to the tanks as follows: confirmed leaker, 0; suspected leaker, 0.5,
presumed sound, 1.5, confirmed sound, 3.

3.2.2 Tank-Waste Compatibility

This parameter describes the effect of aggressive waste types and high waste temperatures on the
various stecl inner liners. The maximum weight is 2 and the minimum is 0, for a range of 2. The
weights, derived from Table 7, are assigned as follows: Category V, 0; Category IV, 0.5;
Category III, 1; Category II, 1.5; and Category I, 2. Again, this should not be confused with
concerns regarding storage of compatible waste types (i.e., taking care not to stage incompatible
waste types) discussed later in this report.

3.2.3 Liquid Level Trend

This parameter describes a tank’s demonstrated liquid integrity and has a range of 1, with values
from 0.5 to 1.5. For tanks that show a significant negative volume rate, the parameter value is
0.5, for tanks with a (statistically) zero volume rate, the parameter value is 1; for tanks with a
positive volume rate the parameter value is 1.5. While a liquid level trend assessment was
performed for the SSTs in [HNF-3018], this report was flawed in that some of the tanks were
analyzed using defective data. Since a re-assessment of liquid integrity of the SSTs was beyond
the scope of this work, a value of 1 was assigned to this parameter for all of the SSTs.

11
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3.2.4 Groundwater Risk

Section 3.1 of Single-Shell Tank Retrieval Sequence and Double-Shell Tank Space Evaluation
[Hohl, et al. 2001] defines groundwater risk (GWR) as millirem per milliliter of the long-lived
mobile radionuclides in the waste. In this assessment, the GWR is “binned” into three ranges
based on one-third areas of the risk histogram. The staging risk assessment parameter values,
with a total range of 1.0, are defined as follows: If the published GWR is greater than 3.2 x 10°
(i.e., in the upper third of the risk histogram}, the multiplicative weight value is 0.5. If the
published GWR is less than 1.3 x 10° (i.e., in the lower third of the risk histogram) the weight
value is 1.5. If the GWR is in the middle third of the histogram, a weight value of 1.0 is
assigned.

3.2.5 Fraction of Leakers Within a Farm

This parameter is defined as the number of confirmed or suspected leakers in a tank farm divided
by the total number of tanks in the farm. The parameter has a range of 0.9, with values from 0.5
to 1.4. For a given tank, if the leak fraction in that farm is more than 2/3 (67%), a value of 0.5 is
assigned to that tank; for a leak fraction less than 1/3, a value of 1.4 is assigned; for leak
fractions between 1/3 and 2/3, a value of 1 is assigned.

3.2.6 Riser Availability

The riser availability weight factors were determined from the number of risers on a tank and the
size (i.e.., diameters) of the risers. Each tank has one or more risers ranging in diameter from 2.5
inches to 36 inches [Gibbons 2002]. The weighting value used for each tank was calculated as
the sum of the products of the number of risers with a particular diameter with the diameter of
risers, normalized to a maximum value of 1.4 and based on a three-part division of the statistical
distribution of the product values. Table 8 illustrates the raw scoring data for Tank A-101.

Table 8. Riser Availability Score Example

Size 25 3 4 6 75 8 10 12 14 16 18 20 24 26 34 36 Total
(in.)

# Risers 9 3 4 3 1 21
Product 36 24 48 54 20 188

Based upon the data for ail SSTs, a box plot (Figure 2) was prepared to identify the distribution
of scores to establish the normalization. From this plot, product values in the lower quartile
(values below 77) were assigned a weight value of 0.5. Product values in the upper quartile
(values above 136) were assigned a weight value of 1.4. All other “in between” products were
assigned a weight value of 1.0. In the example of A-101, with many risers of various diameters,
the riser availability weight factor was 1.4.

12
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Figure 2. Riser Scores Box Plot (Vertical Axis Shows Riser Availability Values)

3.2.7 External Drywells

As described above, the ability to monitor a tank for leaks is a positive aitribute when
considering a tank for interim storage. While a valuable attribute, it is not as important as
parameters such as the leak status and tank-waste compatibility. As a result, the maximum
weight value assigned to this parameter is 1.3, with a range of 0.8; that is, from 0.5 to 1.3. Tanks
with no external drywells are assigned a weight of 0.5; tanks with more than 3 dry wells are
assigned a weight of 1.3; tanks with 1 to 3 drywells are assigned a weight value of 1.0.

3.2.8 Internal Liquid Level Monitoring Instrumentation

Internal liquid leveling, whether by radiological methods such as the ILL neutron or gamma
probes inserted in the LOWSs or by direct liquid level measurement systems such as the ENRAF
or FIC gauges, directly contribute to leak monitoring. The type of instrument (if any) in a tank is
important because it directly relates to the accuracy or fidelity of the measurement. For this
assessment, the internal monitoring parameter has a range of 0.7, with a maximum weight value
of 1.2. For tanks with only an ILL capability, a weight value of 1 is assigned. For tanks with no
level monitoring capability (or only manual methods) a weight value of 0.5 is assigned. For
tanks with FIC or ENRAF instruments, a value of 1.2 is assigned.
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3.2.9 Ventilation

For this parameter, a two-bin weight is used, with a total range of 0.4 and a maximum of 1.2.
Tanks with active ventilation systems are given a weight value of 1.2. Tanks with passive
ventilation are given a weight value of 0.8.

3.3 SENSITIVITY/UNCERTAINTY

The multiplicative approach identifies and eliminates obviously poor candidates, owing to the
continued influence of a low score. The factors having the higher range (e.g., leaker status) have
more influence than those with a lower range (e.g., ventilation). The scores having the highest
range (3) have over five times the influence as the factor having the lowest range (0.4). The
scores are most sensitive to the leaker status and corrosion category factors.

Sources of uncertainty in the analysis are a function of the data used to develop the ratings in
each factor. In general, most of the factors use objective data sources (e.g., level measurements,
leaker status). Factors are used comparatively to illustrate better and worse choices in the
staging strategy. Additional work to resolve the uncertainty associated with staging strategy
development and implementation is necessary.

3.4 SUMMARY OF RANKING METHODOLOGY

Table 9 summarizes the weights assigned to the parameters selected for this risk reduction
assessment (RRA). The relative ranking of the parameters indicates the relative importance of
the parameters insofar as waste staging and interim storage. This is reflected in the range of the
weighting values and the minimum and maximum value of the weights. Since the assessment
will be made in terms of the product of the values assigned, the greater the range of the
parameter, the more “power” the value has to affect the assessed usability of a tank. As
indicated above, these values are subjective and open for different interpretation.

Table 9. Multiplicative Weight Value Summary

Parameter Weight No. of bins Minimum Maximum
Range weight weight

Leaker status 3.0 4 0.0 3.0
Tank-waste compatibility 2.0 5 0.0 2.0
Liquid level trend* 1.0 3 0.5 15
Ground water risk 1.0 3 0.5 1.5
Fraction of leakers within 0.9 3 05 1.4
farm

Riser availability 0.9 3 0.5 1.4
No. external drywelis 0.8 3 05 1.3
Internal liquid level 0.7 3 0.5 1.2
rmeasuring

Ventilation 0.4 2 0.8 1.2

* A value of 1.0 was assigned to all SSTs in this study.

To the extent that a tank had all of the best attributes, the multiplicative method would generate a
maximum score of 49.5 for that tank; this score would indicate a tank whose attributes suggest
that the tank is a positive candidate for use as an interim storage tank. Lesser scores indicate
lesser desirability for interim storage use. A minimum possible score of zero would indicate that

14
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the tank is unusable and unfit for interim storage of the wastes. The converse of the scoring can
also be considered: a tank with a low score should be considered for retrieval sooner than a tank
with a higher score.
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4.0 APPLICATION OF METHODOLOGY TO SSTS

Application of the methodology entails collecting the needed information for each SST,
assigning the weight values as appropriate to the tank, multiplying the weight values to obtain a
score for each tank, and then sorting the tanks in relation to the calculated scores. Appendix A
lists all of the SSTs, together with the parameters used for this assessment. The non-shaded
columns in the appendix show the various attributes of each tank; the shaded columns show the
weight values assigned to the various attributes for the purposes of this assessment. The product
of the weights — the score for each tank — is shown at the extreme right side of the table in the
appendix. Appendix B shows a listing of the SSTs, sorted by RRA score and by tank farm.
Appendix D shows the RRA scores for each tank grouped by tank farm.

Figure 3 graphs the scores resulting from this assessment for all 149 SSTs, in a descending order
of ranking. The figure shows that the highest RRA score achieved was about 17.7 (Tank C-106),
with many tanks scoring less than 2. Ignoring potential issues associated with waste transfers
between SST farms, or between 200E and 200W Areas, tanks shown at the left side of Figure 3
could be considered candidates for receipt of waste from tanks shown at the right side of Figure
3. Figures 4 and 5 show graphs of the scores sorted by tank for the 200 East Area (A, AX, B,
BX, BY, and C) and 200 West Area (S, SX, T, TX, TY, and U) SST farms, respectively. If
cross-site transfers for waste staging purposes were precluded, but transfers between farms were
allowed, then tanks shown in the upper portions of either Figure 4 or Figure 5 could be
considered prime candidates for receipt of waste from tanks shown in the lower portions of the
same figure. If waste transfers between SST farms were precluded, but inter-farm transfers for
waste staging purposes were allowed, then tanks shown with a higher score within a farm could
be considered candidates for receipt of waste from tanks shown with lower scores, as depicted in
Figures 4 and 5.

Score

T 3

1 11 21 31 41 51 61 71 8 91 101 111 121 131 141

Tank

Figure 3. RRA Scores in Decreasing Order
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Figure 5. 200 West Area RRA Scores

To distinguish the tanks that may be suitable for interim storage, the scores resulting from this
analysis were used to construct a histogram that shows the distribution of scores. This histogram
is shown in Figure 6. The histogram (shown as the column plot) shows that there are 67 tanks in
the score = 0 to | range, 11 tanks in the 1 to 2 range, with fewer and fewer tanks at the higher
scores. A cumulative distribution is also shown as the line plot in Figure 6. The cumulative
distribution can be divided into three regions representing the 68™ and 95™ percentile ranks. The
68™ percentile occurs at a score of about 2.5; that is, 68% of the tanks achieved a score of less
than 2.5 (see the scale on the right side of Figure 6). The 95™ percentile occurs at a score of
about 7 and can be used to designate tanks that can be considered for interim storage (a score of
about 7 or more). The cumulative histogram also shows the scores for tanks that should not be
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considered for interim storage (scores less than 2.5) and those that fall in-between (scores

between 2 and 7).

Frequency

—e— Cumulative % ©- .

- 100%
. B Frequency 1 80%
-} 60%

4 40%

Ll 20%

Bin

ic

12

14 16 18

Figure 6. Histogram and Cumulative Distribution of RRA Scores

0%

Eight tanks scored in the top 95% percentile: C-106, U-109, C-103, U-103, U-105, U-106, U-
107, and SX-101. C-106 and U-107 are the subject of retrieval demonstration or proof-of-

concept tests. This leaves six tanks with the top RRA scores as candidates for interim storage:

U-109, C-103, U-103, U-105, U-106, and SX-101.
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5.0 RISK REDUCTION CALCULATION

This section assesses the potential benefits associated with staging within a farm, i.e., from
lower-ranked tanks within a farm to higher-ranked tanks (or single tank) within the same farm.
Only relative risk benefits gained from transferring from lower-ranked tanks into higher-risk
tanks have been described. Benefits supporting broader initiatives, e.g., tank closure or
segregation of similar waste types for processing, have not been described.

The tank’s RRA scores are used together with other information to formulate and apply a
strategy to reduce the overall risk of a leak within each tank farm. This is accomplished by
staging the wastes within each SST farm by retrieving from the lower-ranked tanks into higher-
ranked tank(s) within each farm, and then re-calculating the resulting risk.

In Section 4, the RRA scores ranked the tanks in terms of their likelihood for current and future
liquid integrity and for their utility as staging tanks. In that scoring, a higher score indicated
more positive attributes than a lower score, thus making that tank a better candidate for interim
storage than a lower-scoring tank. In this section of the report, the risk is calculated using the
tank scores; in this, a lowered risk is the objective; that is, a lower risk is better than a higher
risk.

In this section of the report, four basic assumptions are made. The first three assumptions are:

1) A closed tank will retain a heel of 2 Kgal of waste for the 100-series tanks, and 1 Kgal
of waste for the 200-series tanks.

2) A tank that is closed will reduce that tank’s risk by 90% of its current risk.

3) Waste removed from a high-risk tank and transferred to a lower-risk tank reduces the
overall combined risk associated with those tanks.

While the details of each tank will vary, these assumptions are conservative. It is likely that
when a tank is closed, the actual values of remaining waste will be less than the assumed value,
and that the actual risk reduction will be greater than 90%. The fourth assumption is:

4) A dilution factor of 1.1 is used for the net retrieval volumes; that is, retrieving 100
Kgal of waste from one tank will result in 110 Kgal of waste increase in the staging
tank. The actual water requirements are likely to exceed 10% during the retrieval. The
1.1 dilution factor assumes that the bulk of the retrieval water is evaporated or
otherwise separately disposed.

The nisk identified in this report should not be confused or represented as a risk assessment.

5.1 NORMALIZATION OF RRA SCORES

The first step in developing a risk reduction strategy is to re-normalize the RRA scores
determined in Section 4. This is accomplished by calculating the risk category for each tank as:

Risk Category = sigma/(RRA score) (1)
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where sigma is the 1-standard-deviation value of the RRA score distribution shown in Figure 6
and RRA score is a tank’s score determined in Section 4. The rationale for this normalization is
that it segregates the tanks into two groups: those with greater risk (risk category greater than
1.0) and those with less risk (risk category less than 1.0). The choice of the 1-sigma value (2.53)
is subjective but, as shown below, it allows somewhat more freedom for selecting staging
candidates than a more restrictive choice. A 2-sigma value (7.4) for the normalization would
significantly restrict the number of viable staging tanks. While this could be done, the purpose
of this strategy development was to show the potential for the method, not to define the staging
tanks.

Since eq. (1) is undefined for RRA scores = 0, tanks with an RRA score of 0 have been
uniformly assigned a risk category score of 20. This value was selected to emphasize the risk
associated with a tank that is obviously poor and represents a tank that is more likely to have
lower leak integrity (e.g., known leakers). This value is approximately three times the highest
nisk category calculated from eq. (1).

5.2 CALCULATION OF RISK FACTOR

The risk factor for each tank is calculated as:
Risk Factor = (risk category) x (current waste volume). (2)

This factor describes the current risk associated with each tank in terms of its suitability (or lack
thereof) for interim storage and the contents of the tank. A tank with poor liquid integrity and
infrastructure but containing large volumes of waste poses a greater current risk than a tank with
good liquid integrity and infrastructure containing lesser volumes of waste.

To illustrate the risk factor, consider the 241-A tank farm, which is composed of six, 1,000,000~
gallon tanks. Table 10 shows the current waste volume in the tanks, the RRA score, and the risk
category and risk factor determined from the expressions above. Table 10 suggests that A-103
has far more risk with its current wastes than, say, A-102 or A-106. The sections below will
describe how this risk factor is used to consolidate wastes and reduce the overall tank farm risk.

Table 10. Example of risk calculations for A-Farm SSTs

Tank Current Volume RRA Score Risk Category Risk Factor
(Kgal)

A-101 877 6.55 0.39 339
A-102 41 3.28 0.77 32
A-103 371 0.00 20.00 7420
A-104 28 0.00 20.00 560
A-105 37 0.00 20.00 740
A-106 125 3.28 .77 o7

Appendix B provides a listing of all SSTs showing the RRA score and risk category for each
tank.
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6.0 STAGING ANALYSIS

Using the RRA, risk category, and risk factor data, each tank farm was analyzed to identify a
staging strategy that would reduce the risk of the tank farm. Additionally, some tank
characteristics were carried as part of the analysis to support decisions regarding implementation
of staging.

The example staging strategy included here illustrates how staging can be employed. More
thorough analysis is required prior to implementing any staging strategy as it may support a
larger goal (e.g., tank closure). The staging strategy presented here is designed to illustrate
reduced risk resulting from the staging of waste in fewer, lower-risk SSTs (sound, or presumed
sound tanks) as compared to the storage of waste in more and higher-risk SSTs (e.g., known or
assumed leaking tanks).

6.1 TANK CHARACTERISTICS

The staging analysis includes several characteristics to illustrate the as-staged configuration of
the tank farm. Tank volume (including the supernatant, sludge, and saltcake fractions) is
included along with a subset of the best-basis inventory. Waste constituents were selected based
on their impact to related activities including risk assessment (e.g., technetium-99) and waste
treatment (e.g., sodium). Future staging analyses can use the tank characteristic information to
help support a disposition strategy for staged waste (e.g., supplemental treatment). The
constituents are shown in Table 11.
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Table 11. Inventory Included in Staging Analysis

Americium-241 Am”~ Curies
Carbon-14 c* Curies
Chloride Cl Kilograms
Cesium-137 Cs™' Curies
Chromium Cr Kilograms
Fluoride F Kilograms
TIodine-129 | Curies
Sodium Na Kilograms
Nitrate NO, Kilograms
Nitrite NO, Kilograms
Phosphate PO, Kilograms
Plutonium-239 Pu”*® Curies
Plutonum-240 pu®® Curies
Strontium-90 Sr? Curies
Sulfate 50, Kilograms
Technetium-99 Tc” Curies
Total Organic Carbon TOC Kilograms
Uranium-232 Vit Curies
Uranium-233 U= Curies
Uranium-234 U~ Curies
Uranium-235 U= Curies
Uranium-236 U=t Curies
Uranium-238 U™ Curies
Total Uranium U Total Kilograms
Zirconium Zr Kilograms
6.2 COMPATIBILITY

Waste compatibility considerations are included in the staging analysis. Fowler [1995] describes
the decision rules for waste transfers at tank farms based on the waste type of the source and
receiver tanks. Historical mixing operations adhering to these rules have not resulted in adverse
effects. Table 12 was used to ensure staged wastes are compatible. Row-column entries without
an “X” should not be mixed.
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Table 12. Compatibility Matrix for Tank Wastes [Fowler 1995]
Receiver Waste Type
NCRW PFP

o DN DSSF DC cc Solids  Solids NCAW CP
[ DN X X X X X X X X
'; DSSF X X
% DC X x*
£ cC X* X
® NCRW
o Solids X X X
3 PFP Solids X X X
«» NCAW X

CP X
DN — Dilute non-complexant waste PD - PUREX neutralized cladding removal waste
DSSF — Double-shell sturry feed PT — TRU solids fraction from PFP plant operations
DC - Dilute complexant waste NCAW - Aging waste from PUREX
CC - Concentrated complexant waste CP — Concentrated phosphate waste

Notes:
1. X indicates waste type mixing which has occurred historically without adverse effects.

2. *- Adding CC to DC is permitted but wouid not ordinarily be done. The volume of combined waste
which would need to be evaporated would be increased, resulting in increased evaporation costs.

Source: Fowler [1995], Figure 3-2

6.3 STAGING METHODOLOGY

The staging analysis shown in Appendix C was designed to show that a significant reduction in
risk can be achieved by using some SSTs as interim storage tanks to contain waste transferred

from poorer tanks. The following rules were applied in the staging analysis:

1) Tanks with the highest risk factor are the first to be staged. This 1s to maximize the
amount of risk reduction for the available space.

2) Receiver tanks are selected based on RRA score. This prioritizes the use of the most
sound storage tanks.

3) The number of transfers should be minimized. This supports implementation of staging
and helps to reduce operational complexity and cost.

4) Wastes that are not compatible (per Table 12) should not be mixed.

5) The number of tanks emptied (to a residual of 2 Kgal or less) should be maximized.

These rules allow for some engineering judgment and flexibility. For example, if the first tank to
be staged would require more volume than the preferred receiver tank, the second best receiver
tank could be used to avoid a second transfer.

In the case of Rule 5, where a significant risk reduction could be realized, tanks that are not
suitable for staging have been utilized to better illustrate the benefit of staging. This is
appropriate as this analysis does not incorporate the benefit of a receiver tank over time. A more
extensive analysis to show the re-use of a staging tank as part of an overall strategy to stage
waste for treatment is necessary to otherwise illustrate this benefit.
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6.4 STAGING EXAMPLE

The 241-A tank farm is a good example to illustrate how the methodology rules are a&)plicd. The
staging analysis is shown in Table 13, with the omission of the inventory data (e.g., >’ Tc).
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The staging for the 241-A tank farm was developed as follows:

1) The tanks to be staged in priority order were identified as: A-103, A-105, A-104, and A-
106. The priority was based on their risk factor values.

2) The preferred receiver tanks (in order) were identified as: A-101, A-102, and A-106.
This priority was based on their RRA scores.

3) Based on 1) and 2), A-103 should be staged into A-101. However, the volume available
is insufficient. Therefore, A-103 was staged into A-102 to avoid the extra transfer
required to distribute the waste between A-101 and A-102. There are no waste
compatibility concerns (DSSF waste into DSSF waste).

4) Tank A-105 and A-104 are staged into A-101. There are no compatibility concerns
(DSSF and DN wastes into DSSF waste).

5) Tank A-106 was not staged due to compatibility concerns (no receiver in 241-A Tank
Farm for CP waste)

Staging results in a considerable reduction in risk category and risk factor for A-103, A-105, and
A-106. Alternatively, a bias toward minimizing the tanks designated as receivers could result in
A-103, A-105, and A-104 being staged into A-102. This would save transfers and the
investment in upgrading two receiver tanks, but would use a less desirable receiver tank (i.e.,
staging in A-102 vs. A-101). Staging could be implemented across tank farms (e.g., consolidate
241-A tank farm waste into a receiver in 241-AX tank farm). This consideration was not
included as part of this analysis, but should be considered as part staging in future efforts.

6.5 STAGING RESULTS

Appendix C contains the staging analysis based on the approach described in Section 6.
Summary information from the analysis is shown in Table 14. Figure 7 is a pie chart showing
the relative contribution of each farm to the total risk factor reduction. Figure 8 is a bar chart
comparing the before staging and after staging risk factors for each tank farm.
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Figure 7. Risk Factor Reduction Contribution by Tank Farm
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Figure 8. Risk Factor Reduction by Tank Farm

In general, the results of this staging methodology can be viewed as positive. The risk factor
reduction across the tank farms is 88%. In 11 of 12 tank farms, staging provided at least a 50%
reduction in risk factor, with most being well above 85%. There is an increase in volume (758
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Kgal). This should be acceptable considering that the waste has been staged in a lower-risk tank
and the overall contribution is relatively small (less than 2,.5% of the final volume). These
results should be considered optimistic (i.e., resulting in a higher risk factor reduction),
considering the use of over 40 receiver tanks, some with lower than desirable RRA scores. A
staging strategy that seeks to minimize the number of staging tanks and includes the re-use of
those tanks over time may better illustrate a more feasible strategy for implementation.

Specific results of the staging analysis warrant discussion. As shown in Figure 8, the 241-AX
tank farm yielded no risk factor reduction. The staging approach did not enable any staging due
to incompatible source and receiver tank wastes. The 241-B tank farm only provided risk factor
reduction through the use of three less suitable tanks (RRA scores of 1.17-1.80). Staging waste
in the 241-BY tank farm and 241-TX tank farm is feasible; however, additional transfers are
required due to the distributed quantity of staging space and high volume tanks to be staged.
Staging of waste in the 241-TY tank farm can only be accomplished through the use of TY-102,
which is a less suitable tank for receiving. The selection of a different staging methodology
(e.g., the use of inter-farm transfers) would mitigate most of the specific results mentioned
above.

From the data presented in Figures 4 and 5, it appears that there are at least a few potentially
suitable tanks in each of the 200 Area quadrants to enable staging on a large scale if inter-farm
transfers are acceptable.

6.6 STAGING INFRASTRUCTURE AND INVESTMENTS

Prior to designating a tank as a receiver for staging purposes, some upgrades and/or examination
of the tank will be required. Examples include:

Characterization to facilitate staging and retrieval;
Investigation of tank integrity and analysis to predict the useful staging life and an
integrated tank integrity management program,;

e Leak detection, mitigation and monitoring systems;

Transfer systems (e.g., pipelines and pits) for staging and to support delivery of waste
from the staged tank;

Ventilation upgrades;
e Integration into existing tank farm monitoring systems.

Additional surveillance, maintenance, and assessments would likely be required for the newly-
designated receiver tanks. Additionally, if inter-farm staging were to be implemented,
infrastructure to transfer waste between tank farms would be required.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

A risk reduction assessment was undertaken to determine if any of the SSTs could be employed
as interim storage tanks. Risk reduction would occur by moving existing wastes from tanks
having less liquid integrity and utility to tanks having greater liquid integrity and utility. A
multiplicative weighting method was developed that assigned weight values to attributes of the
SSTs, and then that methodology was applied to each tank, and the tanks were ranked by score,
and by tank farm and score. The results of the multiplicative weighting showed that there were
eight SSTs in the C-, U-, S-, and SX- tank farms that can be considered for use as interim storage
tanks; these tanks scored in the 95h percentile. There were an additional 13 tanks in the S-, TX-,
T-, BX, B-, and U-farms that might be considered for interim storage use. Tanks scoring low in
the ranking may pose significant risk and should be considered for retrieval on a priority basis.

After ranking the SSTs, a risk reduction strategy was applied to the data. In this strategy, the
farm-by-farm risk reduction was estimated for transferring wastes from the poorer tanks to the
better tanks. This strategic assessment showed that a significant reduction in risk can be
achieved by using some SSTs as interim storage tanks to contain waste transferred from poorer
tanks. The strategy shown was geared to reduce risk factor, but additional constraints {(e.g.,
number of receiver tanks) can be applied to better integrate with other planning efforts and cost-
benefit analyses.

This report alone does not provide an entirely defensible basis to determine the suitability of a
tank for staging. However, this report does provide a template and methodology to support
planning and further investigation into staging. While this assessment is subjective, it uses data
published by the Hanford Site and applies that data in a reasoned manner. Further investigation
regarding staging should include:

a) Further development of the methodology established in this report. This should
include the use of group decision techniques to adding, deleting, and adjusting the
attributes and weight values and ranges described in this report. This could be
followed by additional analysis to determine the effect on tank ranking by varying the
welghts and ranges for the parameters selected. This could also include inter-farm
staging options. Lastly, more recent and detailed information (e.g., the vadose zone
program) should be evaluated for inclusion in this methodology.

b) Performance of a level trend analysis of the SST data to determine the long-term
volume rate of the supernatant and interstitial liquids, and incorporation of the
findings from that analysis into the methodology described here.

¢) Preparation of a more detailed analysis of data and techniques that can be used to
support the decision to use a sound SST for staging. This could include a more
rigorous analysis of a candidate tank’s operating history, review of data relevant to
the tank’s integrity (e.g., concrete core samples), and assessment of the staging
approach as affected by retrieval technology selection.

d) Development of an implementation plan for use in implementing the staging
approach on tank farms selected by CHG. The implementation plans would be
focused on achieving a more specific outcome (e.g., staging of all transuranic waste
for supplemental treatment). Work would include more thorough analysis of the
process considerations, equipment, and infrastructure required for implementation.
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e} Preparation of a cost-risk-benefit analysis to support the waste staging approach.
This includes a comparison of the as-planned condition vs. the consolidated approach.
This analysis will use the best available data (e.g., CHG baseline data, Retrieval
Performance Evaluation analyses, and so on).
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APPENDIX A: RRA Scoring




APPENDIX &

Risk Redustion Assessment

Reforances:

1+

F.4742, Rev ©

(2 HNF-3018, Fev 0
(3) HNF-2872, Rev A

0. Douglas & O, Giovanini / VET August 2002, Modified by J. Cruz, D. Doughas/VET Novambar 2002

£4) TWING Data 2v'of 6/30/01 Caloulated standard deviations o =
{5} WHC-SD-RE-TI-053, REV.2 (Spraadshest Provided by PW Gibbons. NHC, 11/2002) 25 =

.RRA Seore Adjustment for Risk Facior Ommoimmazm =

‘APF14517, Rav, 0

2.53

P -~ y g oo _— . o m; p
SIS eclial B _tel5 ], T 15 5 38 E 2 g sle [N
EEEE BRI si~135ic CELE 4 = 5 z = 1m 21 §7
£ ia 4% 33 E 1= gl RV . R P =t . B 2% e 3 = 5 g @ ¥
1 o ol -0 @ § oo W vl B Py & Es) 3 £ iy ]
Elazysissicel 8181513 1% £|e B 3 B g 8g E - 4 i 5 i
Sleisiesiis| ezl 8lalels & 2 B i z S | 2l xiEs s
& oy P ER 5 w i E = 1 E = o = CER B o -1 i =
SO - T Rl §-E-o8 B4 181 £ & 13 B EZ 2 £ 2 4 H o . m £
ESE- & 2 "1 E Lol . 5 S & = 3 el Riser Diameter (Inches) (5} £2
. =T T e T e el e h o T - " ™ ; 3 -
£ {58y EIBlElIBIEIs o §3 by Eg B _ _ _ :
= b s ] R EAETETE{E T E K E e g~ e 250 8| 416175 B {10/ 2 1411611812024 26 3¢] 38
A4G1 ] A 1 CE o jose. ] qoen ] 000 | oarr | 4es 1 3 faso ] sen 8 ‘& 3 3 BBELOB [ 1oL RS P QuPEs0Z | B 0.77 21 BRI 4 -4 iy
AG02 A B ] a9n6cfoves0d cqdop o4t ] o4 cf 354 22 a8 K 3 T HREB i - NONE 7 P 43ERT L 3 D77 18 e 2 2] & 1
Ad03 f oA §E 856 med] tomm el s e | w 501 L ) 3 RS 0 ENRAF - 7 [ PEOELLE | # ] 0.77] T 8 3] ik 1
SR ESEEE R 28 o is8 i 0 43 L & 3 C4D2ES08 0 MONE 7 P TGIET | 4 o 200 4 8 a 4 i
Aton | A 1 E T-1stz | 1w 37 i 374 n 9.4 1 § 3 BREELUS 9 1. NONE LY P B 7E 0] 5 ik 23 14 3 B :
A305 1A B | 1957 13880 125 4 0 jasdon I @ 3 1ASENDS o L NDNE Lo P 1IEEDE ] 3 0 g Bl -4 E 5 i
A9t AR E [ tees ] 1980 goe | a4 | s {pes ] asmd 5 4 2 - IBELE g NONE- 8 P giOSEd02 | 3 077 . -5 13] 1ai 3l 5 1 1 3
ax-12 | Al E | ues | 1980 30 B A L 4 Lz S PEESOR o - T D = g 3 . ES : s EIR BRRE: 3 3 1 3 2
AX-103 4 Ax i E ] 1oB5 419800 112 o ERECER: 5 4 2 1.A7EES o - NONE B B 3 14 4 1t] 14f 3 2 9 1) 2|
AX-104° ] AX | B 1966 § 1eTa 4§ o #3103 1 L -5 2 7.05E+08 0 1 ENBAF 7 il kS i a8 ’ 4] 14 3 ) i 3
gior 1 B} B | 1885 ] 1974 143 § -0 9. §1i3 § 24 L 16 R 1078 0 NORE 5 3 4 34 1 ER 5 1
gio2 1 B I £ | 19as § g 32 # 0§28 11t 8§ 18 10 s 1ABED8 o ENRAF | R P B 2 9.3 1 4 5 1
Big3 4 B | E | isds ey, 58 u 4 52 4 i 16 it 1. BIEDE 5 BE L P CROSELG0. T A 542 14 - 5 i
BRI E RS BT 1 d0s § B} 48 |8 18 10 38TE+8 4 Lic 2 F WZ0EMe {3 D, i 4 5
Bigs B | & | 1es.] 977 158 5 R KSR 18 10 2 0408 o L i 5 ABIENG | 4 R 3t i 5
Bags | B | E | 1aas 11y AR E [CH Y LT Q9EL0Y o | HONE A P BEBEAD0 | 3 2645 i 5 5
8907 o | E | 195 | 1968 165 1 71 23 1L ! 1% ¢ 3 40E+08 [ NONE 5 P TOBE:0T | 4 11 B 5 4
gape LB ] B 1 a%as ] am 94 D 41 1515 15 10 ) NONE - e CRBEEL00 | 3 11 B 4 5
FeRESEEE RS a27 L R [T i BEEME HONE i I EOREA01 3 1 B 41 - 3
A EREE RS R o | z8 | v i5 1 10 2 2VEE L 4 P 227E0r | 4 51 38 5 5
BA1Y ] B | £ | 1845 1578 v K IEREE 18 12 BETEAE . o EEN " 4Ei0z | & 5 £ 4 [
Barz 8 ] £ | osds | 1w 323 5 9 47 L. 6§ an BADEHT - ENBAF i i e 4 5 5 4 5
2o | ] E §osmse oven 25 4 d2edon |os i 18 ¢ A YBEADE NONE @ P B24ED) 4 13 CB 2 4
ga02. 1 B 1 F | agsp 1577, R I ERIERIE s 16 10 2.B0EY08 “HONE R [ aogEDe ] 3 13 8l . 4 4
Beos b oa £ | igsd ]awrr B 3 8] o B L 18 10 A G0EL0E g NONE g P F25E-02 4 i85 B 4 4
R ESE-EE SR S50 + RIEERNE L 15 0 1w R ETEADS g NONE L ¥ iglEDe 1 4 38 2l 4 4
meinl Jaed e | 1gaed o 43 3 a2 Lol s 1 12 5 T OBE0S R L NONE 2 P AR 4 872 RER 4 4 2
BX-t02 1 BX 1 B | 19e8 ] seni 56 B 98 {. © ) L 12 5 1.24E 408 G WONE g 7 TYES | 5 572 BT 4 4 [ 2
sxaml gx i £ 1 oped § sy 74 B 821 0 12 13 52 5 2905 D8 0] ENRAF g e 1FrEipt 13 578 50 4 4 B
Bx-1043 BK'E E ] 1849 i 4980 | 93 3 90 1 0 7 5 2 F 8 2EGELY - K ENRAF § P CARPELY. b 3 57.91 10 g 5 i
BX105 1 B ] E | 1sdy i teso: 51 % 46 1 R i 5 L 218E08 k] EMAAF 5 £ 3T 3 578 0 4 3 3
gx1o5-1 Bx 1 & | 19481 197y 38 .1 0 32 ] o 4 5 12 5 O B4ELDE 0 NONE 4 P Lgzean b s 57.2 10 4 5 3
BX307 § BX 1 E | qudm | 1577 345 1 BN ERE 12 5 1368408 K NONE. 2 P TEUEMN | 3 - ZBA 4 e 5
BX-108 § BX | E {1940 } 374 25 o ERIENIEND 12 5 | 2.00E+08. o NONE SF £ ABEX00 | 4 26.4 g 4 5
Bx-108 F BN ] B {1950 [ 1evd- 193 7 0 83§ o | s s 12 5 1. 7OE+09. 0 ONE 4 P 1ETEL01 | 8 B k] 4 B
BXA0 P EX | E | 3989 o 1077 ) 207 § 3 133 1 7t § 3t | 4 E] 5 1 A4E+09 0 ENFAF 5 P E IR 12.4 9] 4 5]
B3 EBX | E§ 1950 | 1gw 1521 EREEEICER IR U BELDY o TEONE 6 P iBEvor | 3 SR g 4 k3
gxaqve fex | B 3 o1aso|iery 145 1 f R EECE D 12 5 L BYIEDT ¢ MONE 5 = 2EsE00 ] 8 11 3 4 5
Yo BY | E 1 1980 | 397 387 0 s ferB i 28 1§ 12 5 LR o | L 5 P CatsEOe | 3 . 455 13 6 5 1
BY-102 § BY { £ 1 1950 | 1977 | 25 i EZE IR 42 5 L R3TEsDY 0 1L - B P 2TRELOE | 2 577 S 5 7
wy-1g3 ] By | £ 1 1es0 | q973 ] 400 g g Pgerioss | b 12 5 2. 97E+09 0 L & P CAABE0E | 4 455 21 K s 5 1
By-104 1 BY ] E 1 1351 | 1977 ] 326 ] 150 |1y i 4 |8 12 5 | 24TE05 S L i [l ppsEs02 ] 3 455 11 Bl 4 3
BY-105] By | E o851 ] g ECN I A | 45507 121 T L 12 ‘5 19BEL08 o CHL . 3 B -3, 536402 4 455 48 E BRI 2]
Y06 | BY 1 B | 1980-{ 1977 62 1 ERELREEE NN 12 5 | BY3EL09 g [ 5 F 4EEEdE 1 4 455 16 44 9 3
Fav-or i ev] & T oassn | qew 266 2 EREERE I 13 5 1 BAEDY @ L & P IETEMR ] 4 455 1 ] 5 3
BY-108 1 BY | E | tou1 ] g7 A 0 IR IERIEE R 12 5 N EIERG 2 - NORE 7 P TEEDE | 4 455 45 I g 1
Evigw { Byl E | 1930 | 1978 230 "IREAESTIENEE 92 5 3 GHE0S o N R P R I &7 43 E ¥
BY-f10 § BY | B 1 1§51 ] 1979" a8 0 EREREEE 12 3 2 B4ERS 2 LA i) P ER4E40Z § 3 455 15 al 10| 1
sya1i By i € | et | dery 459 o o | 23g.i qs | 8 i2 4 B | BETEAS o - NOME 4 P S cdigEde | 2 | 455 14 5 af i
BY-1z ] BY 1 E 1 1951 ] 1878 2at g RIS I 5 L RGBEAGS 2 1L P e R 455 ig 11 5
coar 308 B | 1846 1970 [ [ R & L 5 7 BABER0E 3 HORE 4 F RSN 572 19 4 5 1
g ol £ d%4s 0l te7s 316 0 dgigi @ &I £ 1 ‘7 | 1.P4E407 9 NOMHE K e A GBEGT 3 A5 10 4 & i 1
CHg § ooF E | 1948 | 167% 138 IR ERE R 7 1 B3E408 o ENRAF i B sy | 4 4.5 10 F1 4 3 1
capd ] o | £ | 1946 1 isE0 262 o {wal o 5 1.8 16 7 5.40E08 | ) NONE 7 & 458402 | 3 5 12 & 5 3 9
Caps 1 £ F & ] 1946 § 3878 132 5 132 o 2 15 16 7 4 208409 0 NONE 4 A R 24 5| 31 4 5 ] i
C06 | o E |ugas § 1gme 45 a2 8 0 A2 ] 8 L 2EYEDE [ ENHAR 8 A CR0EDT ] 2 245 12 5 sf . B 3y
=107 “ & 948 1 1878 257 & 257 {3 3] 0% 18 7 1248408 ] HONE 7 2 BRI 085 B ES 5 :
08 I 4 ] E | 1948 | tove a8 [ 865 1 0 4 13 18 7 1 888407 o NONE 8 & EENRE 358 g 4 5
Cios Lo 1 E 15948 b 1978 B8 4 B2 ] 2.1 8 s 4 I 5 70 o NONE & P gaselgr 1@ 558 g 4 5
o110 § o ) E ] igas | qovs 178 1 77 1 o ] sa 1L 16 7 | 4.BEE0R D NONE 4 s CRETESOL | 4 254 B 4 3
o911 | o] ' ] 1945 ) vos 57 [ 57§ @ 4 L 48 7 "4 D4E+OR 0 NEINE 5 ? 1 3aEn | 4 35.8] g 4 5

Py A-1[Pagel ot 3



REP-14511, Rev. 0

APPENDIN &
" ]
o 2 z I E RO - ® R n & S £
IEREREEE L =151 2 & g |8 E |22 = 15 R : .
Gl is2sis 1 =201, 1812 = 5 g g o IE 24E @ 3
=] & 512290 9 = w o o = : P EER - L = ; (] o I - 5 K
SlEiE322 Rl 2SS els EjET 3 B E = F B g} o= B 2%
8 ) X ale s -3 ER R - w 18 [ E9 = : = g & = =8
P EITEIERIESl B B l2 ) 21T £ 1% z g5 & i 2 i e 58
C R R L L 11~ gD s Eg = 18 E& B £5
0 ® O3 1a Cwm o * = = B . E Wiser Diameter (nches) (5) 5z
“ e g — -
£ |Else glg15 151815 x B i = ©
T L o, =1 o 2 BE B = o 4 Frl . . . . )
Ll B2 oy E ) EpE PR R J ~E 5 i o R B 25 4 75 8 110 12 14 16| te {2024 58 3%
Gz d oo R 1088 | 1eve ] 530 f s FRECE R 545 18 7 4. OAEAQS o8 P Lresse0? § o3 358 ~ 180 8 = 5
CEm dos | B 1 Is7.11eFr ] 58 2. R & o 1L i 18 7 e 2 F DapREnr 4 RECNE - 2 4
Caphp 1 L) E Toigav i oagyr il EE i 3 g 2 a 1 16 7 R DDE S 7 i AgaEar 14 1.58 sofigsd g 2 4
o2 f £ 1Y $iger doosn 5 S DR DI i 18 7 BRBELO5 & £ HPOEGR 4 358] . end L 2 4
coes P |8 §oteay ey | a8 R ER 8 ] L 15 7 5A4E05 0 ? GiEDE 1 & I5aNeDaEE S - B 2 4
R ERE RN R T R 12 P2t 204l 95 5 42 B 3ATEO 0 7 EyAEsGR 1 2 1871 0] 1 7 4
$.302- | 8§ 1 W 19ad § s9E0 §7sE e i R R 12 - 1 APEELDS SB # 4 BRE 02 F 39 1A 14 7{ 4
s03 § 8 | w i 1853 esod ss 1o psv 4 FREEERE 12 T 1 G8E08 R e posEspe 1 2 137 10k 11 7] 4
R EREREEEE SR i 95 1 D 35 1 L iz i UBOER0S 3 P aemiE BER . BO00E 8 4 4
Ba05 L8 1w §oi9sy § ybek ) Cvss 456 IRIEEEE LR E NN L 1 AAERY G P QagEs 1 2 4370 125 1% 7 &
2106 1 8 | w. | 853} reve ]l 7se | 485 ) I ERE 32 3 2 AIEDE g 5 2 R i 7 %
Sap7 | 8§ ow | tes2 Toisse ] cvse | ave 15 {pasg 68 4 75 i iz 3 El P 23E00 8 2 137] :2a 11 7 4
BapB b s ] W3 sz iabvhl 7B EE 0 B OAET R O N 1p & ] i BO7ESP 2 3.7, 18s; 11 7 41
SA08 F g | ow §oues2 Lagved vEs fosm [ 13 {B20 g B 1B 12 1 i P ; 2 ER R 11 7 4]
5110 F 5 | W 19952119794 5B | B0 § ¢ 141 {. 2591 3G | 8 g 1 L RASE 0 P 2 18.7 . pappge! Ay 7, i
5441 f S 1w jassglaeved ovas | mev o4 [ 416 ] 3970 130 { 5 12 1 HASEDE 0 P asaEs0 | 2 1371 168k 11 7 4
g3t |5 | ow g owesp lhorad vea | ap3 ¢ g L &1v.] B 18 12 3 4835408 o 3 BETEMZ 1 2 REN: IREEY 31 7 4
X101 | 5% ] W 1 1854.F 1880 ] 1000 | 429 G, 14 jesy 83 s 15 0 CAHTEDS o . A 153E08 1 2 e S 5 nilE NG
SX-1p2 | S% | W o 1954 1 1980 ] 1000 | 514 § 154 | 0 | 480 ] 228 | 8 15 1 19 B2y Y A TEEACR | P TR e 7 5]
sx103 | sx T w1 1854 1 o] ioop | . sis o 115 ] 403 1 |8 15 1 10 BABELLS G B TaEEE 1 3 87 - pREE Y 7 5
X464 | B¥ | W 953,31 4980.] 1000 | #as D 136 3ic | 48 1 ¢ F 5 10 URARES08 © A BHEE«D2 | 4 137l swpBE i 7 %
sx-166 | osx ow ] aess fresod Joue | tdBd o s [ #1891 0 | 8 15 A | 7.6BE0E 0 A GOEG2 L 2 187) Ean 18] 2 9 2 4
sX106 § Bx | ow | 1954 3-rese} tope | aer T FREECEETEE 15 10 3.7VES08, o A 4aBE02 | 2 Fy37] 195 14 - 4
sxany | s ] ow [ 1pse.f qesd. 4000 ] a02 o g5 3 471 @ Lod S5 a9 L AEIELNR i LA 12EB | 4 a53] " agy 2. 8] 8. 2
Ewotn | Sk W ] iuss Eameg i iooe i An 18 |y 9 o f-L-f 15 10 BUGEOR L A 156801 | 2 5.53] 320 21] 8 4 T 2
BXA09 L EY | w1198 1 18R] Abop ] 248 o 50 18 0 L 15 0 L 1BRERDY o A L TheEaDt § 4 B3 . 295 e 4 & i
5%A10 38X 4w | oasen Loage o0 | ew EEEREREEE 15 10 3.4BE408 R A 2P5EHT 4 507 s ;) sl 4 7 1
Sx-311 8x-7 W | 1ese Liemal tenn o) a2 0 ipp] @ 8 Lk i85 4 5 Y5EEE. [ A 35801 | 4 B071 : auobrel a0t g - 7 t
syaiz day ] w4 aesedeee et aes b loagad m d o8 f oo 35 10 L AEIEADS. E & BovEL {4 EREEE T S 4} B 3
Rt B R R EETE BN IR B 31 4 | o i 35 10 . BBTEDE C o & -1,78E-01 4 4571 a8y wof 0 4f i 1
S¥-1i4 ex§ w ] i8se {1872 dpoo 1 e o $4 14210 9 L 13 Ao LB BIEE ] A SE5E401 ] (4 BO7 A5 20 8y 4 5 K1 R
Sx-135 3 BK 7w g 1580 ipes ] o0 a2 E) N 0 L 45 40 CTEhEaT 0 P (AZCEMD § 5 8.538 250k 2 4 4 1
Tl T w o] tesy Dasvey man ] aoe [ a7 3 B4 et L 18 ¥ BTN [ P PESELDT ] -4 NEEE T 4 5
T2 L T § W | jesn lrove’l m3g. 1 oaz 13 THIEERENER: 34 7 S GTESDR - 2 P 3 o1 B T 4 5
IR EE R AR RN TR 4 EN K 7 Lt 16 7 BIRESTT 0 7 ATE4O0 § 4 gil 98 8] 4 5
bR T L oaw | i94B 3 ST § 330 3. BiF IR ¥8 .7 13608 5 F GBESG T B 4 &
T505 4 T F w | iges | asie | 30 92 5 g ;0 5 |5 p 16 7 1GEELG - o [ LESEME | 2 194] o 3 4 5
BRI IR EE RS 2 ig i 00 1 % [ 8 7 4348407 S 7 & 05E01 5 R 9 i 5
T4 T4 W] iS45 ] 878 830 173 0 173 a 34 i 15 7 B ABELDT O - ¥ 8.52E+01- 4 558 Xm\g 5 4 5
T8 7 T 4 w1 1945 1974 530 44 o ERERE RN 18 H SRELDT 1 P % 3EE-41 4 5.4 g ; 5,
Fho8 ¥ | w ] 1845 | @74 | 530 58 o 0 58 10 L 16 7 L RABESRT g P 9 P30T 4 o E 5
TA10 | T} W ] 1945 | 19y D 530 1 usg 1 R ERE: 16 7 1 ZBE0R o P soasing | 3 404 ) 5|
Aty 1 ovi ] ow ) 1eas | 1ol 50 ] dds G 46| D 3@ Ll 18 7 B.49E D8 [ B ppaEe0t | 4 404 8 5
Ttz Do w3 oagas 14977 530 1 87 7 R ERER 18 7 . e D e Creigign | a9 404 9 5
R ERE RS 28 1 @ Lo R 16 7 CLARES 2 v 3EDZ | 8 18] 8 ]
T02 | T 1 wo§4es2 feve] 38 = 9 H o 3 IS % 7 RRECE) i g ageEme 1 3 1.8] 8 4
yogg |-T | ow-o§ 1552 {agvel =5 35 o 36 E 5 | & 18 7 1 255406 0 [ I 14 i ‘4
EERERIER RS A8 Q a8 | 0 5 | & 16 7 T ABEADE a3 # 2 sdveoe | % 1.8 8 af
TR-807 | T ] w ] 849§ aseo] wsa &7 E] 74 3 10§ 11 | 8 18 B 3.A7ELDE g F 180601 | 3 B 11 5
et ] tH ] ow o §owes0 daTr] T 1 iy 0 R E Y 18 8 | 3SEL08 2 il TAREL2 | 2 R 15 BN E
TAA03 ] TH ] W | 1950 1 1980-1 78 157 0 o | 157F 48 | B 18 8 _BOBEL08 g # 5ABET1 3 T BT 4] 1
T4 | T ] W f 190§ gril 7Ee b s 5 @5 | 87 1 4. ] 8§ 18 |8 | RDAE.08- o E A7ESD) | 8 sa7l  128bg ] 13 BRE
PSSR RSN B ¢ §e08j oS 4 L 18 B - AEIEM0S T P 4 38E02 | o4 GGl D FE 2t
TAes Xy ow | oiest ezl 7Ee | am o FIETRIE RN il B B IBEDS i B 233800 | 3 % L 17 4 3 4
THRAUF [ Th4 W | e § 4977 | ovss o] s 1 ' IED 7 4L 18 ] 6. 85E 07 [ 7 TREELO0 | 4 427 110 14 6 Fl
Treos 1 OTE Y W | 1UEG 3 YL TSR 1 a2 0 6 jizmi8 18 4B 8 8. YEE08 N3 [ .81 i AR Tl i 7 E]
TA08 I X W 1850 ] 1@y7 ) ves o ama I o {sm4 | 9 6 1§ b 18 & 1IBEE [ ? S iaEe 4 3 . 4 1
THATs ] TH | W {4850 1577 ] 758 | 482 § o f g7 4e) ¢ | ¢ ¥ 18 5 . B39EL0D 0 £ Bagsz | 4 ool smbiih 3 s 2
eRER IR e o AN 18 8 201609 o v 2A3E02 | 3 22 147k T 4 2
THie ] T w o assa b agml vma- | a4 o 2 | ®el 2wl 8 B 3955408 4 P 438802 1 3 of 112 14 31 2
T3 TX oW 950G § I%T1 758 #53 i a BER- 30 i 18 g’ BRI 4] B A2EEZ dl 22 120} 1 s “3 T
Trare T | w181 | 1eF ] ved a3 o 4 Pm3ioar | U 15 4 9455409 ) & JIBE-02 | 4 =R 15 3t b I
TH-115 1 TK Y W § sgst (aaFr ] veR 1 5w o RN 8 8 558508 o P 2bELD ] 4 zuzl 193 12 i - 7
X136 ] TR} W 1 1851 | 1989 | 758 o AWM a RN R 8 8 2 ESES0S Q F R P T 3 [
417 1Tkl ow 1 3gsr {aeed ) vss | sEs 0 2o p 5g7 i oap ok 18 i 18759 q P C208B402 | 3 =R 94 E 3
TH-118 ] TR ) W ] 195t fdoaol vse 1 mes 1 0 2f (#6501 5 B 3 3 EIELDD o e 1TREX0E | A as7l 13 58 7
Ty {7y L W | 18RI P ieva ) vss 1 i3 i ERERE [N 5 5 2AGEL08 G s T2 | 4 NI 33 B 1
T A Ty § o w §ovEas | fovg | sk &4 0 & 34 iz g i & 5 PAZELDT o B ‘BEAE0T 3 fic SR ) i 5 1

7
Pg. ?Nmmm& ot 3
A B
e Mrﬁw



APPENDIX A RPP-14511, Rev. D

sl 1280 %) Jsl3 T1E 5 38 = g e {
EEREREIE gi~i3lEe E - & 2 = 2 2T _ I3
S1altslzzle jslalel Sz ol - 2 el JE 8 o 15 29 ¢ v B2
] i s IS5 l08; 8§ [ )%} £ e 18 A & - = ] 5] = o @ 5 &
EERERET I IR REREREDE] KR z =3 £3 £ SO 2|k £ £%.
Sr 55 ls8iEs claj=18 8 £ 18 w 2 28 £ 15 2 | % o 25
' BERL IR N EEE S § 12 z EZ £ 12 glg 5 B4
T & I 1 = ¥ e - ; = - = s B T . £ 2
- . @ a1 - = ek = & g Riser Diameter inches) {5} 2z
FYREE B P =] e I~ B8 B N T : ! ¥ = o : IR
: 1ElEs SISI 5 IBI818 ”mm o g LB Aol L R : :
SR ELg) R U -0 BN -V S NY - : R i o = . 25131 4| 6 |7al 8 i1l 14196 IRI 2012826341236
Teaos 3T ow e Tameed Cyss e o e oo o 1 8 5 | 1E3E09 i P CEA1ED] | 4 58] 8§ 13 & 1 8
Tt 1 Ty b w1 aeEa {heve 58 | a3 9 ERIE & L 3 5 - B IAELGE 9 P 4 58] 114 11 5 3
TYso8 1 TY R W by {sep ) vsn gt o0 o immloa 12 b L) % 5 B et ) 0 P 4 g1.7) 432 12 & - 4
Te-o6 P T} ow | desa ] aserl mse f oy g 21 1 o 3 L e 5 . 1.45E+08 3 5 B N 817 108 8 (4 4]
gl 3w p ow Tdsseiesa] cese e L s haedl & 1 16 4 L BATELT i 2 P A 553 92 10 4 4 2)
Ud02 f U W 4 feas §agrs ] o530 o 283 o a3 {pan g o® E 18 4 1 G0ELE 0 8 P 3 gap o i3 6] 5 2|
U-tos A4 b ow §oasar fagre] osan | odie 3 fang | B4 ]S 18 4 L 1ISIES. 9 5 P 3 232 i3] e 8 4 2
U4 P A ] W T 1Y T EsY 3 Ba0 T dpa ) 0 T rs )48 91 18 4 4 85E+08 o 4 s 5 487 5 s % 4 Kl
udos 1 U b ow ] isar ldere i o550 o1 a3 o a2 bapr ] 441 % 15 4 & BBEUG k] 5 A 1 B1H 146 13 El @ -2
Uame i Ut w {asagdiagvr bosao b vz | e F po{ 7o d 38 18 18 4 - PHTESO ] 4 P 3 23 i 13 KE 4 2
dor 3w L ow | odees o veeo i san o] aee 33 15 1380 125 |1 8 15 4 { . sazEi08 0 4 7 1 RENREE 14, 7 5] 2
U-d08 F o 4 ow ] sas tieved oo ol ase ) me 3 o8] ais ] 1S 15 4 5 55EM0 A P 1 PENRES 14 7! 5 2
U109 § 4 L owe | 19s9 1 somecl sap f:aen Q as | a57 4 54 ] s 18 4 L1 OBE+DY ] P 4 208 120 15 B 5 2
Witn 1 Uy W ) toas §1avs ] osan ] 18 0 188, 0 EE B 46 -4 -4 L I3E+09 5 B 4 D 4l AZ 7] .5l
U1 [ U ow | oeay i desed 530wl o EREERERE 18 4 1 GPEDS 5 P 3 222|139 12| 7 5
11z 4 ow L oimar dagro i 530 1 ag 4 45 a £l L 15 A - 2o7EsE & - P 4 R R 4 &
i L] ow | oiass el 88 5 3 & 5 2 5 15 4 2 92E-+06 o i 1 008l T8 T 4 4
w202 | 4 | w ) dvse § 1e7r ! 8B 5 i I F 18 4 28I [ " 3 cosl  srhes]| 8 & 4
ugos | w1 ow | 1ess f1o77 i 55 3 + 2 IR 8 18 1 4 | EETELDS. g P 2ASE01 t .05 82 B % 4
UeBBE § Ul W | 4554 1 3577 1 5% 3 H 21 .0 F 5 14 4 3.39E 408 & ] ’ R o 77 - - 4
: =N : EIC G TEG EIC EJC
Notes: ' :

H.RRA Sicores of "0" are darded ds 20 through Subsstuent baloulations for "Risk Datagary and Risk Facior RRA Scote Adjustment for Bisk Factor Calewlations”
42" Riser information removed {most are Manhblss below grade} - ) o ) ) . s )

3. idany of the iarge risers listed have been fitted with oni or more smaller risers

4.36° risers [Listed as 40" pear side in B, BX.C,T, and U} WHC-SD-RE-TII53 Hev 8

5. Scores, Bisk Categories, Standard Deviations, and Risk Factars from the RRA Scoring Spreadshest are gxponted 1o the Staging Analysis Spreadshest.

3

2

Fg. »a\wtmm‘mw of3
AN
Bezi-e



Waste Staging Risk Reduction Assessment - RPP-14511, Rev. 0

APPENDIX B: RRA Score Tables



APPENDIX B
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B-106
B-107
B-108
B-109 -
B-110 -
B-111
B-112
B-201
B-202
B-203
B-204
BX-101
BX-102 -
BX-103

BX-104

BX-105
BX-106
BX-107
BX-108 -
BX-109

© BX-110

BX-111

BX-112

'RRA

655 -
328 .

~ 0.00

328

0.00

0.00
3.28

 0.00

3.28
0.00

000 .

5.62

000

- 1.80

0.00
1.17
0.00

1.17

078
0.00 -

0.00

000

0.00
0.45

0.00

0.00
0.00

0.00.
562 .

3.74
5.62

234

1.20

0.00

0.78

0.00

. 0.00

147

Risk Category
{(1s/RRA)
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APPENDIX B

Standard Deviation from RRA Scoring =

‘Risk Factor for RRA =0 Tanks =

TANK
S-109
BY-104
BY-112
T-102
8X-102
BX-106 .
BY-109
SX-103
T-104
TX-103
T-112
SX-106
S-101
B-104
C-102
T-110
-8-102

- 8110
5112
BY-101
TX-112
U-201
U-202
U-203
BX-107
B-106
B-108
BX-112
C-107
C-108

- C-109
TY-102
C-104

- B-109
BX-109
BY-111
T-105
U-204

RRA

3.28

3.12
312
2.81
2.70
2.34
2.34

234

- 234

234

2.16
211
1.97
1.80
1.80
1.80

- 1.64

164
1.64
1.56
1.56

1.26

1.26
1.26
-1.20
1147
1.17
1.17
1.17
117
1.17
1.17
1.09

0.78
0.78

0.78

0.78 -

0.63

Risk Category
(1s/RRA) -

. 1.08

N

0.81

0.81
0.90 -

0.94

1.08

1.08

1.08

1.08

117
1.20
1.29
1.41
1.41
1.41
1.54
1.54
1.54
1.62
1.62

2.01 .

2.0
2.01
2.11

216
2.16

2.6
2.18
2.16

2.16
2.16
2.32
3.24
3.24
3.24
3.24
4.02

39
40

41
42

43
44

- 45

46
47
48
49
50
51
52
53
54
55
b6
57
58
58
60
61
62

- 63

64
65
66
67
68
69
70
71
72
73
74
75

76

2.53 1o
- 7.00 20
20

TANK
BY-101.
BY-102 -

BY-103
BY-104

BY-105
BY-106
BY-107
BY-108
BY-109
BY-110
BY-111
BY-112
C-101
c-102
C-103
C-104
C-105
C-106
C-107 -

.C-108

C-109
C-110
C-111
C-112
C-201
C-202
C-203
C-204
8-101
S-102
5-103
5-104
S-105
S-106

8-107

s-108

. 5-109

S-110

"RRA

4.68
- 0,00

3.12

0.00
0.00
0.00

0.00 -

2.34
4.37
0.78
3.12
0.00

1.80.
7.49
1.09.

6.55

17.69 .

147
1.17
117

0.00--

- 6.00
0.39

0.00

0.00
0.00
0.00
1.97

1.64
3.93

0.00-
3.28
3.93

3.93

;328

. 328
1.64

156

Risk Category
(1s/RRA) -
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APPENDIX B

Standard Deviation from RRA Scoring =

Risk Factorfor RRA=0 Tanks = -

- TANK
B-202
T-201
T-202
- T-203
T-204
c-112
A-103
A-104

- A-105

- AX-102
AX-104
B-101 .
B-103
B-105
" B-107
B-110
B-111

B-112
B-201
B-203
B-204
- BX-101.
BX-102
BX-108 "
BX-110
BX-111
BY-103
BY-105

- BY-106
BY-107.
BY-108
C-101
C-110
C-111
C-201
C-202
C-203
C-204

RRA

0.45
0.45
0.45
0.45
0.45
0.39
0.00
0.00
- 0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

10.00
0.00

0.00

0.00
.0.00
- 0.00

0.00 .

0.00
0.00
0.00
0.00
0.00
0.00

Risk Catsgory
(1s/RRA)

tn ot
]
R R

5.62 .

5.62
5.62
6.49

20.00

20.00

20.00
20.00

20.00
20.00

- 20.00

1 20.00

20.00
20.00
20.00

20.00

20.00
20.00 -

20.00

20.00

- 20.00

20.00
20.00

- 20.00

20.00

20.00
20.00
20.00
20.00
20.00
20.00

20.00

20.00

20.00

20.00 -

20.00

77
78
79
80

81

.82

- 83

84
85
86
87
88
89
a0
o1
92
93
94

95

97

- 98

99

© 100

101

102
103

104

105
106
107

108

109
110

111
112

113

114
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7.00 20
20

TANK
S-111

- 8112

SX-101
SX-102
SX-103
SX-104
SX-105
SX-106
8X-107
SX-108
SX-109
SX-110
SX-111
SX-112
SX-113
SX-114
SX-115
T-101

T-102 -

- T-103

T-104 -
T-105.
T-108
T-107
T-108
T-109 "
T-110
T-111
T-112
T-201
T-202
T-203
T-204

- TX-101
TTX-102

TX-103
TX-104
TX-105

RBA

3.93
1.64
7.02
270
234

" 0.00
491

2.1
0.00

0.00
0.00-
0.00

- 0.00

0.00
0.00
0.00
0.00
0.00

2.81

0.00
2.34
0.78
0.00
0.00
0.00
0.00
1.80
0.00

2.16
045
0.45

0.45
0.45
5.62
4.68
2.34
3:51
0.00

Risk Category
(1s/RRA) -

RPP-14511, Rev. 0

0.64

1.54 -
0.36

0.94
1.08

20.00

0.51
1.20

- 20.00

20.00

20:00

' 20.00
- 20.00

- 20,00

20.00
20.00
20.00

20.00

0.90-

20.00

1.08
3.24

-20.00

20.00

- 20.00

20.00
1.41
20.00
1.17
5.682

5.62

5.62
5.62

045 -
. 0.54°

1.08
0.72

 20.00
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APPENDIX B

Standard Deviation from RRA Scoring =

Risk Fagctor for RBA =0 Tanks =

TANK
S-104
SX-104
SX-107

- 5X-108 -

SX-109
SX-110
- 8X-111
SX-112
SX-113
SX-114
SX-115
T-101
T-103
T-106
T-107
T-108
T-109
T-111
TX-105
TX-107
TX-110
TX-113
TX-114
- TX-115
TX-116
- TX-117
TY-101
TY-103
TY-104
© TY-105
TY-106
U-101
U-104
U-110
u-112

RBA

0.00

0.00-

0.00
0.00
0.00
0.00

0.00
. 0.00

0.00

0.00

0.00
0.00
0.00
0.00

_ 0.00

0.00
0.00
0.00
0.00
0.00
0.00

0.00 -

0.00
0.00
0.00
0.00
.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

Risk Category
(1s/RRA)

Tank-By-Tank Summation

115

116
117

118

119
120
121
122

- 123

124
125

126

127
128

C 129

130
131

132
133

134
135
136

137
138

139
140
141
142
143
144
145
146
147
148
149

253 10

7.00 20
20 -

TANK
TX-106 .
TX-107 .
TX-108
TX-109
TX-110

- TX-111

TX-112
TX-113

| TX-114

TX-115
TX-116
TX-117
TX-118
Tv-101
TY-102-
TY-103
TY-104

-TY-105
‘TY-106
- U-101
‘U-102

U-103 -

U-104
. U-105
- U-106°
- U-107
. U-108

U-109
u-110°
u-111

‘U112
U-201

U-202
U-203
U-204

RRA

4.37
0.00
5.04
4.68

0.00.

4.37

1-56

0.00
0.00
0.00
0.00
0.00
6.24

0.00

117
0.00
0.00
0.00
0.00

0.00.

6.12
7.34
0.00

7.34

7.34
7.34
6.12

14.68
0.60

437

0.00
1.26
1.26

1.26
0.63 .

Risk Catégoryl
(1s/RRA)

-RPP-14511, Rev. 0

0.58
20.00
0.50
0.54
20.00
0.58
1.62
20.00
20.00
20.00

20.00 .

20.00

0.41
20.00

216
20.00
20.00
20.00
20.00
20.00

041

0.34
20.00

034

10.34
0.34

0.41

0.17
20.00
0.58
20.00
2.01
2.01
2.01

4.02
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APPENDIX C: Staging Analysis
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Waste Staging Risk Reduction Assessment

RPP-14511, Rev. 0

APPENDIX D: RRA Scores by Tank Farm
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Figure D - 1. 241-A Tank Farm RRA Scores
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Figure D - 2. 241-AX Tank Farm RRA Scores
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Figure D - 3. 241-B Tank Farm RRA Scores
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Figure D - 4. 241-BX Tank Farm RRA Scores
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Figure D - 5. 241-BY Tank Farm RRA Scores
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Figure D - 6. 241-C Tank Farm RRA Scores
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Figure D - 7. 241-S Tank Farm RRA Scores
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Figure D - 8. 241-SX Tank Farm RRA Scores
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Figure D - 10. 241-TX Tank Farm RRA Scores
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Figure D - 11. 241-TY Tank Farm RRA Scores
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Figure D - 12. 241-U Tank Farm RRA Scores
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