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EXECUTIVE SUMMARY

The Hanford Federal Facility Agreement and Consent Order (Tri-Party Agreement)
(Ecology et al. 1994), requires the retrieval of 99 percent of the Hanford Site single-shell
tank (SST) waste. Retrieval of the waste requires the completion of saltwell pumping and
then the sluicing of all 149 tanks, at an estimated cost of over 83 billion for construction and

operation. The retrieved waste is to be processed and vitrified for ultimate disposal.

This document provides a risk-based strategy for SST remediation. The strategy meets
the intent of the Tri-Party Agreement by proposing retrieval of 99 percent of the wastes that

pose a risk, rather than 99 percent of the waste volume. This document provides the

following:

®  Presents a methodology for evaluating hazards and risks from Hanford Site

waste.

*  Applies the methodology to S5Ts and assigns hazard indices to the tanks. The

hazard indices are based on potential doses to the public from tank waste.

. Concludes that 99 percent of the overall risk from SSTs resides in 86 tanks,

which contain the following:
90 percent of the SST liquids

62 percent of the SST solids

iit
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100 percent of the transuranic tanks
99 percent of the long-lived alpha emitters
99 percent of the long-lived gamma emitters
90 percent of the mobile radionuclides

The majority of the hazardous chemical waste.

®  Recommends that the Tri-Party Agreement stakeholders use the methodology of
this document in re-evaluating criteria and milestones in the current
agreement. This is in accord with the Secretary of Energy and Vice President
Gore’s initiative to reinvent government and apply new and innovative

techniques.

Implementation of the risk-based strategy presented here would result in a cost
savings of over $600 million in construction and operation of SST retrieval systems, and

would significantly reduce the volume of glass requiring disposal.

This document demonstrates that sluicing waste from 63 tanks, which represent only
1 percent of the overall risk, is not warranted. Of these 63 tanks, 43 contain no pumpable
liquid, and are ready for closure immediately. After saltwell pumping is completed, the 20
other tanks would be available for closure. Removing these tanks from active storage status

would result in additional cost savings.

v
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It is recommended that consideration be given to the privatization of SST closure as

soon as possible, so that cost savings can be quickly realized.
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RESULTS AND CONCLUSIONS

The Tri-Party Agreement requires the retrieval of 99 percent of the Hanford Site SST
waste. Application of the 99 percent retrieval requirement will result in enormous costs
without corresponding benefit in terms of risk reduction. Indiscriminate application of the
criteria also will result in inappropriate levels of radioactive materials or chemicals being left

in the tanks.

This document presents a risk-based retrieval strategy to deal with Hanford Site SSTs
rather than the volume-based strategy of the Tri-Party Agreement. Implementation of the risk
based strategy will meet the intent of the Tri-Party Agreement and will result in dramatic

savings in construction and operational cost.

The hazards and risks from SSTs are not directly related to the volume of waste, nor
the mass, nor even the curies of radioactive materials. This is because each radionuclide or
chemical presents a different degree of hazard with respect to curie quantity, mass, or
volume. For example, a gram of **Pu presents a significant hazard, whereas a gram of *Tc
or nitrate is comparatively innocuous. To adequately describe and quantify the hazards
presented by a SST, the radiological hazards must be normalized, and the chemical hazards
must be normalized to the radiological hazards. This normalization can be achieved by using

the concepts of Annual Limit on Intake (ALI) and '*°Sn equivalent curies.
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The ALI is a standard measure of radiotoxicity. The ALI is simply the amount of any
radionuclide ingested or inhaled that results in a dose of 5 rem, or 5 person-rem if a
population is involved. The ALI for **Pu is extremely low (0.006 uCi), while the ALI for
tritium, for example, is relatively high (80,000 uCi). The summation of the ALIs in a tank
gives a true indication of the internal dose hazard presented by the tank, whether it is from

9Py or another radionuclide.

The number of '*°Sn equivalent curies normalizes the external radiation hazard from
gamma emitters. For each '°Sn equivalent curie of gamma emitter deposited per km? of soil,
the annual dose to the public would be 0.05 rem. Since **Sn is the only prevalent long-term
gamma emitter in SST waste, the external radiation hazard is simply proportional to the

curies of *58n.
The following three separate radiological normalizations are necessary:

1. Determine the amount of mobile ALIs contained in a tank. This is the

normalized groundwater hazard from mobile radionuclides like **Tc and *I.
2. Determine the amount of nonmobile ALIs contained in a tank. This is the

normalized inhalation hazard, primarily from the inhalation of resuspended

2Py and ™ Am.

viil
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3. Determine the number of *°Sn equivalent curies contained in a tank. This is

the normalized external radiation hazard from gamma emitting radionuclides.

The normalized hazards can easily be related to SST constituents, as well as the major
dose pathways. With the three normalized hazards determined, the level of hazard in a tank
is known, where the hazard resides in the tank is known, and what part of the environment is
threatened is known. It is not productive to combine the normalizations into a single hazard
or risk index, as previous studies have done, because such an index cannot be related to all
of these parameters. Furthermore, the three normalized hazards are amenable to cost/benefit

comparisons relative to waste retrieval, whereas a single index is not,

Chemical hazards can be normalized to radiological hazards through their respective
airborne control standards or drinking water standards. For example, if the drinking water
standard for nitrate is 1.0E-2 g/L and the drinking water standard for **Pu is 2.0E-11 g/L,
clearly *Pu is many times more hazardous to drink than nitrate on a mass basis. This does
not mean that the risks presented by *’Pu and nitrate in an SST are in ratio to their drinking
water standards. Nitrate is much more mobile than plutonium, and therefore the risk of

nitrate getting to the groundwater is much higher.
The determination of risk, as opposed to hazard, includes consideration of mobility,

uptake fractions, dose, and many other factors. Figure 1 shows the relationship between

radiological hazards in a tank and the risk these hazards present to the public. Once the

ix
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Figure 1. Tank Radiological Hazards and the Relationship to Risk.

Total Radiological Hazard
Mobile Non Mobile Gamma Emitting
Radionuclides Radionuclides Radionuclides
e.g., ALTs of ®Tc e.g., ALTs of ®°Pu ¢.g., Equivalent Curies of 1265n
Groundwater Resuspension Foodchain Deposition
Drinking water Inhalation Ingestion Gamma Exposure
Dose Dose Dose 0.05 mm
5 remfA1Y per year 5 rem/ALI per year 5 rem/ALI per year .Ciperyearpet

| | | |

Person-rem/year

l

Risk
1.0E4 to 1.0E-6 health effect/person-rem

ALI = Annual Limit on Intake
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hazards are normalized, the risks can be estimated. In general, the risks through various

pathways of exposure are directly proportional to the normalized hazards for that pathway.

The ranking of the 149 Hanford Site SSTs using the three normalized hazards shows
that most of the risks are contained in a small number of tanks. For example, 90 percent of
the long-term inhalation hazard is contained in the solids of 41 tanks, while 90 percent of the
groundwater hazard is contained in the liquid portion of 53 tanks. About 90 percent of the
long-term gamma ray hazard is contained in 28 tanks. Figures 2 and 3 show the ranking of
the tanks and the percent cumulative hazard for the mobile ALIs (groundwater hazard) and
nonmobile ALIs (inhalation hazard), respectively. Figure 4 shows the ranking of tanks and
the percent cumulative hazard for gamma emitting radionuclides (***Sn). Complete tabular
rankings of tanks and percent cumulative hazards with respect to mobile ALIs, nonmobile

ALIs and gamma emitters are given in Appendices F, G, and H.

The percent cumulative hazard curves of Figures 2, 3, and 4 clearly show that the
costs and benefits of tank waste retrieval can be optimized by carefully selecting tanks for
remediation (sluicing), and leaving the waste in the other tanks as acceptable residuals for
in situ disposal. The challenge in tank selection for remediation is to balance the reduction
in hazard to the groundwater with the reduction of hazard to the rest of the environment,
with due consideration to the cost and efficacy of retrieval. Also, all other factors pertinent
to tank remediation must be considered, including leak status, transuranic (TRU) inventory,

special chemical inventory, special safety or environmental concerns, and regulatory issues.

X1
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Figure 2. Ranking of Single-Shell Tanks in Accordance
with Nonmobile Annual Level of Inputs.
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Figure 3. Ranking of Single-Shell Tanks in Accordance
with Mobile Annua! Level of Inputs.
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Ranking of Single-Shell Tanks in Accordance

with *°Sn Curies.
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Four options for tank remediation and overall cleanout levels are presented in

Section 5.2, including a preferred option (Option 3). These options were designed to give

the most hazard reduction for the fewest tanks selected for remediation. The four options are

depicted in Figures 5 through 8, and are briefly described as follows:

Option 1.

Option 2,

In this option, the 41 tanks containing the highest nonmobile ALIs are
selected for remediation. The waste in all other tanks would be left as
acceptable residuals. The justification for this option is the fact that
most of the hazard and risk and most of the TRU reside in the
nonmobile ALIs. About 90 percent of the inhalation hazard, 27 percent
of the groundwater hazard and 90 percent of the external radiation
hazard is eliminated with this option. It would be appropriate to
propose that this option be adopted initially, and then when budget
allows, other tanks could be worked off. The cost per million ALI

(MALI) retrieved (assuming $20 million per tank) is $111.53.

In this option, 71 tanks containing the highest nonmobile ALIs
(99 percent) are selected for remediation. The groundwater hazard is
reduced by 45 percent and the gamma hazard is reduced by 99 percent.

The cost per MALI retrieved is $180.70.
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Figure 5. Hazard Reduction From Remediation of

41 Single-Shell Tanks. (Option #1, Section 5.2)
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Figure 6. Hazard Reduction From Remediation of
71 Single-Shell Tanks. (Option #2, Section 5.2)
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Figure 7. Hazard Reduction From Remediation of

(Option #3, Section 5.2)

86 Single-Shell Tanks.
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Figure 8. Hazard Reduction From Remediation of

(Option #4, Section 5.2)

96 Single-Shell Tanks.
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Option 3.  In addition to the 71 tanks of Option 2, 15 additional tanks are selected
for remediation to remove more mobile ALIs. The total number of
tanks selected for remediation is 86. This option retrieves 99 percent of
the inhalation hazard, 90 percent of the groundwater hazard, and
99 percent of the gamma hazard. The majority of hazardous chemicals
are also retrieved (90 percent of the predominant soluble hazardous
chemicals and 98 percent of the insoluble hazardous chemicals).
Through saltwell pumping and sluicing, 62 percent of the solids and
90 percent of the liquids currently in SSTs are removed. The cost per
MALI retrieved is $217.59. Since most of the long-term risk is through
the inhalation pathway, this option reduces the overall risk by about
99 percent. With this option, adding tanks to the retrieval list would
reduce the hazard by less than 0.1 percent per tank on the average.

This is one of the reasons why this option is the preferred option.

Option 4.  In this option, 96 tanks are selected for remediation to achieve an
inhalation hazard reduction of 99 percent, a groundwater hazard
reduction of 93 percent, a 99 percent reduction in the gamma hazard,
and additional reduction in soluble and insoluble chemical hazards.
While little is gained in hazard reduction, the cost per MALI retrieved

goes up to $251.99.
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Figure 9 summarizes the results of the four options with respect to risk reduction and
the price of tank remediation in terms of cost/MALI retrieved. Below Option 1, costs of
retrieving a MALI are initially very low, but increase with each tank selected for
remediation. Above Option 2, costs/MALI retrieved continue to rise sharply, but with only a

small corresponding risk reduction.

Table 1 compares the four partial retrieval options with the baseline case where all
149 tanks are selected for remediation. The table shows that the baseline case achieves very
little added reduction in hazard (e.g., 0.58 percent for inhalation) over the preferred option,

yet the cost of the baseline case is considerably more (170 percent).

Table 1. Comparison of Partial Retrieval Options
With Baseline Retrieval

Percent Percent Percent Cost of
Number of | inhalation groundwater | gamma MALI
tanks hazard hazard hazard retrieved $*
retrieved reduction reduction reduction

Option 1 41 90.19 26.55 89.87 111.53
Option 2 71 98.23 45.32 98.76 180.70
Option 3 86 08.81 90.38 98.87 217.59
Option 4 96 96 07 92.82 99.01 251.99
Baseline® 149 99.39 97.29 99.33 370.22

MALI = Million Annual Limit on Intake

*Assumes each tank selected for remediation costs an average of $20 million.

PThe baseline case assumes all tanks are selected for remediation and that 5 m* of
liquid waste and 5 m® of solid waste are left in each 200 series tank, and one tenth of these
amounts are left in the 100 series tanks.

xxi
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Figure 9. Cost per Million Annual Level of Inputs Retrieved
versus Hazard Reduction for Single-Shell Tanks.
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Option 3 proposes the remediation of 86 specific SSTs, leaving the waste in the other
63 tanks as acceptable residuals, after saltwell pumping. This option is the preferred option

for the following reasons:

=~

Approximately 99 percent of the overall risk is mitigated.

2. The 99 percent risk reduction meets the objectives of the Tri-Party Agreement

criteria.

3. After the remediation of the tanks selected in Option 3, the cost per MALI

retrieved continues to rise sharply, with no discernable reduction in risk.

4.  The TRU tanks are reduced to non-TRU.

5. Tanks containing high levels of hazardous chemicals are selected for

remediation.

There are 43 tanks that were not selected for sluicing under the preferred option that
contain no pumpable liquids and less than 1 percent of the total risk from SSTs. These 43
tanks are ready for permanent disposal immediately. After saltwell pumping, an additional
20 tanks will contain acceptable residuals and will be available for filling and permanent

disposal.
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By adopting the retrieval strategy and cleanout criteria presented in this document,
the current risks from SSTs will be reduced to levels consistent with the intent of the
Tri-Party Agreement at minimum cost. By implementing the recommendations of this
document as opposed to waste volume reduction goals, considerable cost savings will be

realized in retrieval and disposal, and cleanup goals can be accelerated.
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REMEDIATION AND CLEANOUT LEVELS FOR
HANFORD SITE SINGLE-SHELL TANKS

1.0 INTRODUCTION

Due to the shrinking Hanford Site budget, it is imperative that retrieval of Hanford
Site single-shell tank (SST) waste be cost effective and commensurate with mitigated risks.
One issue concerning this is the determination of acceptable levels of residual radioactivity
and chemical wastes (cleanout levels) in Hanford Site tanks after efforts have been made to
retrieve the waste for vitrification and ultimate disposal.

1.1 PURPOSE OF DOCUMENT

This document describes a hazard-based method of deciding tank remediation and
overall cleanout levels for SSTs. Several options for remediation and cleancut levels are
presented, including a preferred option. It is recommended that the preferred option for
remediation and cleancut levels be included in the closure plans for SST farms and that this
option be negotiated with the Hanford Federal Facility Agreement and Consent Order
(Tri-Party Agreement) (Ecology et al. 1994) stakeholders. Application of hazard-based
cleanout levels rather than the arbitrary levels currently specified in the Tri-Party Agreement
should result in considerable cost savings.

1.2 CURRENT TRI-PARTY AGREEMENT CRITERIA AND IMPLICATIONS

The Tri-Party Agreement currently specifies that 99 percent of tank waste shall be
retrieved. The latest milestone (M-45-00) of the Tri-Party Agreement specifies a waste
volume limit of 10 m? (360 ft*) for 100 series tanks and 1 m’ (36 ft®) for 200 series tanks
(WHC 1994a). These numbers were derived by allocating 1 percent of the total SST waste
volume to each tank, according to the size of the tank. These retrieval criteria are not
hazard-based or risk-based. Consequently, for some tanks the criteria may result in the
expenditure of a great deal of time and money with no commensurate mitigation of hazard or
risk. For other tanks, adherence to the Tri-Party Agreement criteria may result in excessive
amounts of radioactive or chemical waste being left in the tanks.

Rather than applying the 99 percent removal criteria and the arbitrary waste volume
limits, the acceptable residual levels of radiocactive and chemical wastes in tanks should be
based on the hazards these residuals represent. The level of effort and cost of waste retrieval
should be determined by the risk represented by the waste. The residual waste must also
meet the waste acceptance criteria specified in Hanford Solid Waste Acceptance Criteria,
WHC-EP-0063-3 (Willis and Triner 1991). The criteria in the WHC-EP-0063-3 manual are
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based on the performance assessment for shallow land burial, and include a restriction on the
burial of transuranic (TRU) radionuclides (i.e., TRU > 100 nCi/g). The WHC-EP-0063-3
criteria are derived from DOE Order 5820.2A, Radioactive Waste Management (DOE 1988)
and WAC 173-303, Dangerous Waste Regulations (Ecology et al. 1991).

1.3 SCOPE AND LIMITATIONS OF PROPOSED STANDARDS

The overall cleanout levels proposed here are based on the inherent hazards and
related environmental risks of the residual radioactivity and chemicals withim 8STs. No
consideration was given to occupational risks, such as the potential for tank explosions,
radiation doses incurred during retrieval, radiation doses or other hazards associated with
making glass, industrial-type accidents during waste handling, etc. These risks are described
to some extent by PNL (1995) and by MacFarlane (1994 and 1995).

Inherent hazards mean the innate hazards presented by the radiological and chemical
constituents of the tanks, irrespective of assumed dose pathways, assumed mobility, or
assumed public exposure. Environmental risks mean the risks due to the potential migration
of radioactive materials or chemicals into the environment and the consequent, potential
public dose. This document focuses on the hazards presented by the SSTs. However,
bounding cumulative public doses are calculated and discussed below, solely for the purpose
of giving a perspective on the related risks from SST hazards.
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2.0 HAZARD DETERMINATION
This section discusses the inherent radiological and chemical hazards of SSTs.

2.1 RADIOLOGICAL HAZARDS

The radioactive materials contained in SSTs present the following two types of
radiological hazards:

1. Internal dose hazards through inhalation and ingestion
2. External dose hazards from gamma emitters.

The two principal dose pathways are groundwater (drinking water, irrigation) and
terrestrial (resuspension, food-chain). For the groundwater pathway, most of the dose would
be caused through drinking water. For the terrestrial pathway, most of the dose is through
inhalation of radioactive materials.

2.1.1 Internmal Dose

The inherent level of internal dose hazard presented by radioactive materials in a
given tank can be precisely quantified in terms of the number of Annual Limits On Intake
(ALI) that are in the tank. The ALI is simply the amount of radioactive material ingested or
inhaled that results in a dose of 5 rem, or 5 person-rem if the exposure is to a population
rather than to an individual. The ALI for radionuclides such as ®Pu is extremely low
(4.8E-9 Ci), while the ALI for relatively innocuous radionuclides like *Tc is much higher
(7.2E-4 Ci). The ALIs for the predominant radionuclides in Hanford Site waste tanks are
listed in Appendix A. As the appendix shows, the drivers with respect to long-term
(> 300 years) internal dose and risk are **Pu/**Pu, #'Am, uranium, Se, *Tc and %I.
The number of ALIs of these radionuclides can be taken as the indices of the long-term
internal radiological hazards presented by the waste.

Any hypothetical internal public dose from tank waste is directly proportional to the
number of ALIs that reaches the public. In this document, two types of ALIs in the liquid
and solid fractions of the tank wastes are determined: mobile ALIs and nonmobile ALISs.
With these two types of ALls, the inherent internal dose hazards and risks of SSTs are
thoroughly characterized.

Mobile ALIs in a tank are represented by the summation of the number of *Se, *Tc,
"I and uranium ALIs in the tank. These are the predominant radionuclides that have high
mobilities in the environment, That is, they migrate readily through the vadose zone. The
radionuclide '“C is also mobile and long lived, but is of lesser significance. For purposes of
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simplicity and conservatism, it is assumed that all chemical species of these radionuclides
have the same mobility (i.e., they are not retarded in migrating to the groundwater).
Therefore, the number of mobile ALISs is a measure of the ultimate threat to the
groundwater.

Nonmobile ALIs in a tank are represented by the summation of the number of 2*%°py
and **Am ALIs in the solid fraction of the waste, including salt cake and sludge. The solid
ALIs are the principal internal dose threat in the terrestrial environment. Over a long
period, pathways to the environment may form in the SST disposal system. These pathways
could include cracks in the barriers (soil cover and tank wall), intrusions by plants or
animals, and wind or water erosion. Ultimately, small amounts of radioactive material could
be brought to the surface, dry out, become airborne (suspended), and migrate off-site.
Although there are a variety of long-term terrestrial internal dose pathways, the dominant one
for SSTs would be the inhalation of resuspended *°Pu and *Am. Consequently, the
predominate hazard from SSTs is represented by the number of nonmobile ALIs the tanks
contain.

2.1.2 External Dose

Once the *’Cs in SST waste has decayed away, there are not many gamma emitters
left to cause external dose. A notable exception, as shown in Appendix A, and the bounding
radionuclide with respect to external radiation, is '*Sn (Schmittroth 1995 and
Rittmann 1994). This radionuclide has a half-life of 100,000 years. The radiological hazard
from ¥%Sn is not easily related to the number of ALIs, since the dose is external rather than
internal. The dose from gamma emitters can be normalized to equivalent curies of 'Sn,
which has a dose factor of 0.05 rem-km?/Ci-year. However, since '?’Sn is the only prevalent
long-term gamma emitter, the long-term, external dose hazards from SSTs is assumed to be
proportional to the total Curies of *Sn.

Some thought was given regarding the inclusion of **Sr into the ALI determinations
and *Cs into the external hazard considerations. At the present time, *’Cs and *Sr
comprise most of the total curies in SSTs (Croft 1980). However, it does not make much
sense to include these relatively short-lived radionuclides into a long-term hazard ranking that
forms the basis for remediation and cleanout levels. A lot of time, money, and occupational
dose could be invested in retrieving the short-lived radionuclides and making a large volume
of glass. But a disposal system would still be required for the glass, and in a short time
(relative to the design life of the engineered barriers) the *’Cs and *Sr would have decayed
away. The ¥’Cs and *Sr are already isolated from the environment by the tanks, which are
barriers that will out-live the radionuclides if the tank farms are properly closed. The fill
material in the tanks, like ordinary Hanford Site soil, would provide a waste matrix that
would retard migration. There is little added value in retrieving the radionuclides to make
glass so that they can be isolated again in a waste matrix that by itself will greatly outlive the
radioactive materials.
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2.2 INHERENT CHEMICAL HAZARDS

Appendix B lists the predominant chemicals occurring in SSTs, according to
WHC 1985. The list does not include all the chemicals that occur in the tanks, but does
include those chemicals that would present the greatest groundwater hazard, based on
prevalence of the chemical and strictness of groundwater quality standard (see notes of
Appendix B). It is assumed that all chemicals have the potential to eventually reach the
groundwater, although nitrate and the halides are the only truly mobile species, and they are
dominant with respect to potential human uptake. From Appendix B, the prevalent chemical
hazards relative to the groundwater are nitrate, sulfate, fluoride, and chloride.

Appendix C compares both the airborne control levels and the groundwater quality
standards for the appropriate radiological and nonradiological constituents of SSTs.
Beryllium is included in this list because it has the most restrictive airborne control limit and
it does occur in SSTs (WHC 1995). The bounding concentration appears to be 0.026 g/L,
which would amount to a conservative 98 kg for 3,800 m® (1 Mgal) of waste.

Appendixes B and C show that on a mass basis, radioactivity is controlled to a degree
that is orders of magnitude more restrictive than nonradioactive materials. For example, the
airborne control level for the most prevalent toxic chemical that occurs in SSTs (chromium)
18 1.0E-7 g/cc. However, the analogous airborne control limit for **Pu (a principal risk
driver for Hanford Site waste tanks) is 3.2E-18 g/cc, which is nearly eleven orders of
magnitude more restrictive. Therefore, chemicals are generally not a concern with respect to
the airborne pathway, due to the need to control **Pu. Any disposal system that adequately
protects the terrestrial environment from radionuclides would also protect the environment
from chemical contaminants, provided that the mass of chemical does not greatly exceed the
mass of radionuclides (by a factor greater than the ratio of nonradiological to radiological
airborne control levels). This conclusion is consistent with the radiological versus chemical
comparisons described by Boothe and others {Boothe et al. 1994).

When groundwater quality standards of radiological and chemical constituents are
compared, it is also apparent that radionuclides are controlled much more restrictively. For
example, the standard for nitrate is 1.0E-2 g/L, whereas the standard for **Tc is 2.4E-7 g/L,
which is over four orders of magnitude (41,667) more restrictive. The average amount of
®Tc in each SST is estimated to be 6.5 kg (Colby 1995). The amount of nitrate that would
equate to this amount of *Tc, assuming equal mobilities, would be about 2.708E+5 kg per
tank, well over a million gallons. Clearly, chemical contamination of the groundwater is
generally not a concern, because of the need to control radionuclides. Any disposal system
that adequately protects the groundwater from mobile radionuclides would also protect the
groundwater from mobile chemical constituents, provided that the mass of chemical does not
greatly exceed the mass of radionuclides (by a factor greater than the ratio of nonradiological
groundwater standards to radiological groundwater standards, assuming equal mobilities).
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The normalized Track Radioactive Components (TRAC) database (Jungfleisch 1984)
gives masses of specific soluble and insoluble chemical species in SSTs, including Cr(OH)*,
Cr*?, NO*, NO*, Ag, Cr, F, Mn, N, and Pb. The masses of these chemicals and their
respective groundwater quality standards (soluble) or airborne control levels (insoluble) can
be used to develop a chemical hazard index for comparing the relative chemical hazards of
SSTs. This hazard index is discussed below. It should be remembered, however, that
chemicals present a hazard that is many times less than radioactive materials. Generally, the
mass of a soluble chemical must at least exceed 208 times the mass of a soluble radionuclide
to present a comparable hazard. This factor is based on the ratio of *Tc to chromium
groundwater quality standards. For insoluble radionuclides and chemicals, this factor is
generally greater than 100,000 based on the airborne control standards for alpha emitters and
beryllium.

2.3 RELATIVE HAZARDS OF SINGLE-SHELL TANKS

Appendix D gives the current liquid and solid volumes in each SST, as well as the
inventories of the predominant, long-term radionuclides. The radionuclide inventories are
based on normalized TRAC data (Jungfleisch 1984). The inventories are a snapshot in time,
based on the liquid and solid volumes as of December 31, 1994 (WHC 1994b). As volumes
of waste change in the tanks, and as more representative analytical data are obtained,
Appendix D could be updated, as well as subsequent appendixes that depend on it. Appendix
D and subsequent appendixes are adequate for initial planning purposes, and despite any
revisions in radionuclide inventories that may be forthcoming, the methodology presented
here is sound.

It could be argued that the characterization of tanks according to the normalized
TRAC database is not sufficiently refined or accurate enough to do a risk-based evaluation or
prioritization. However, the results of this document were repeated using a database
comprised of all known sampling data and all TRAC data. The radiological inventory of the
tanks was based on the highest indicated value given by either sampling data or TRAC.
This, of course, greatly overestimated the tank inventories, yet the results of using this
overly conservative database did not significantly alter the results of this document. In other
words, the normalized TRAC database is adequate to identify where the hazards of SSTs
reside, and it is unlikely that additional analytical data would change the major
recommendations of this document.

Appendixes D.1 and D.2 give the prevalent chemical inventories for insoluble and
soluble chemicals, respectively. The appendixes also give a chemical hazard index that
allows comparison of the chemical hazards of SSTs. The hazard index does not directly
allow comparison of chemical hazards with radionuclide hazards, but these hazards can be
normalized to the following extent:

The radiological hazard per kilogram of soluble radionuclide is hundreds of times
greater than the chemical hazard per kilogram of soluble chemical. The hazard per kilogram
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of insoluble radionuclide is thousands of times greater than the hazard per kilogram for
insoluble chemical.

For insoluble chemicals, the hazard index is simply the summation of the ratios of
chemical mass in the tank to chemical airborne control level. The airborne control level for
a chemical is taken as the Threshold Limit Value (TLV), in accordance with ACGIH 1967.
For soluble chemicals, the hazard index is simply the summation of the ratios of chemical
mass in the tank to groundwater quality standard. The groundwater quality standard is
essentially the federal drinking water standard and is taken from WHC 1993.

Appendix E gives the SST waste volumes, the percent pumpable liquid, a brief tank
status (leaker or sound tank), the degree that the tank contains TRU (i.e., > 100 nCi/g or
0.16 Ci/m’), the '**Sn inventory, and two types of ALI totals (mobile and nonmobile) which
were computed from Appendix E. It is assumed in Appendix E that %Py, *'Am_ and
"?%Sn are confined to the solid fraction of the tank waste. This is a conservative assumption
because a portion of these radionuclides is soluble or suspended in liquid, and a portion will
be removed by saltwell pumping, to be completed by the year 2000. An additional portion
will be readily removed by sluicing. It is also assumed that all the *Tc, [, ™Se, and
uranium is soluble and confined to the liquid fraction of the waste. This assumption is also
conservative because it means that the threat to the groundwater is over-estimated, although
the small threat from uranium in the terrestrial environment is ignored.

Appendix F ranks the tanks in order of nonmobile ALIs contained in the tanks and
includes a percent cumnulative column. This appendix clearly shows that most of the internal
dose hazard is contained in a small number of tanks. For example, 90 percent of the internal
hazard is in 41 tanks of 149, and 99 percent of the internal hazard is contained in 78 tanks.

Appendix F.1 ranks the tanks in order of insoluble chemical hazard index, and
Appendix F.2 ranks the tanks in order of soluble chemical hazard index. Nearly 90 percent
of the insoluble chemical hazard is contained in only 17 tanks, whereas 90 percent of the
soluble chemical hazard is contained in 56 tanks.

Appendix G ranks the tanks in order of mobile ALIs and includes a percent
cumulative. Over 90 percent of the hazard due to mobile radionuclides is contained in 53
tanks. A portion of this hazard will be removed by saltwell pumping; however, most of the
hazard will remain because most of the ALIs are tied up in nonpumpable liquid. Sluicing
will remove most of the remaining mobile radioactivity.

Appendix H ranks the tanks by Curies of '*°Sn, and as with the previous appendixes,
most of the hazard is contained in a small number of tanks (90 percent in 23 tanks).

Appendixes F, F.1, F.2, G, and H provide the data to be factored into the retrieval
and cleanout options to be considered for SSTs. The challenge is to find a combination of
nonmobile, mobile, and gamma hazard reduction that is both environmentally acceptable and
cost-effective. The insight provided by Appendixes F, F.1, F.2, G, and H is factored into
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the general criteria of Section 5.1 and into Appendix J, which describes some options for
remediation and cleanout levels.

The fact that most of the hazards from SSTs are from nonmobile ALIs and that most
of the nonmobile ALIs are contained in a small number of tanks does not imply that only
these tanks should be selected for remediation. Other considerations must be factored into
the remediation and the cleanout levels, including the following factors:

Leak Status. To get salt cake or sludge out of a tank, water must be introduced for
sluicing purposes. This creates a potential for radioactivity and chemicals to leak out
of tanks designated as leakers. Although tank integrity is not assumed to last for a
long period, it is not good practice to allow the dispersion of wastes into the soil.
The wastes should be contained and confined to the smallest possible volume for the
longest possible time. If leaking tanks are to be sluiced it is recommended that this
process be optimized to retrieve the most waste for the least amount of introduced
liquid.

TRU Concentrations. By rule (DOE 1988), TRU normally cannot be disposed of at
the Hanford Site (see Section 4.1, which deals with regulatory issues).

Hazardous Waste Concentrations and Masses. Although radioactivity is controlled
much more restrictively than chemical hazards, certain chemical mass restrictions
apply (see Section 5.1). There are also some chemical anomalies, such as high A
arsenic concentrations, which are not considered in the predominant list of chemicals
or in the chemical hazard indexes.

Watch List for Hydrogen Generation, Organic, and Ferrocyanide. Hydrogen gas
generation presents an explosion hazard. Organic constituents in waste increase
mobility of such things as TRU, and present gas generation hazards. Ferrocyanide
also presents an explosion hazard. It is not clear at this time, whether any of these
parameters would dictate retrieval of the waste, rather than some other remediation.
For purposes of this report, it will be assumed that none of these parameters by
themselves would dictate the retrieval of waste. These watch list conditions may be
remedied by filling the tanks with inert material rather than retrieving the waste.

Special Safety or Environmental Concerns. An example would be the high heat
load of Tank 241-C-106, which may dictate extensive retrieval of waste to make the
disposal system stable.

All of the above considerations are used in the making of Appendix J, Single-Shell
Tank Remediation and Hazard Reduction, and the options listed at the end of the appendix.
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3.0 HAZARDS VERSUS RISKS

In this document the term hazard is distinguished from the term risk in that risk will
include the potential dose through different pathways using various assumptions regarding the
migration of radioactive materials into the environment. Whereas there are very large
uncertainties in risk calculations and determinations, there are minimal uncertainties in
quantifying hazards. This document focuses on the hazards presented by SST waste as
determined by the number of ALIs.

3.1 HAZARDS AS DETERMINED BY ALI

The value of specifying the number of ALIs in a tank is: with any amount of
radioactivity left in SSTs, there are hypothetical cumulative annual public doses (internal
person-rem) from the groundwater and terrestrial pathways. These cumulative doses can be
calculated in a variety of ways using various modeling assumptions, none of which have high
confidence levels over geological periods. Whatever the hypothetical cumulative doses are,
they are directly proportional to the number of mobile ALIs and the number of nonmobile
ALISs left in the SSTs, for the groundwater and terrestrial pathways respectively.
Consequently, to reduce the cumulative internal doses, it is simply necessary to reduce the
number of ALIs left in the waste. Specifying hazards in terms of ALIs is also amenable to
costs versus risk reduction comparisons.

3.2 HAZARDS AND RISK ASSESSMENT

Although the emphasis of this document is on the inherent hazards presented by SSTs,
bounding person-rem from existing tank waste is calculated in Section 3.3. This is done to
relate these hazards to potential public risk. There have been many risk assessments on
Hanford Site S5Ts and double-shell tanks, some of which are very current. Examples are
listed in Section 7.0, and include: MacFarlane 1994 and 1995, PNL 19952 and 1995b, and
Wood 1994, However, none of these actually assess the total public risk, in terms of
person/rem or some other risk parameter, due to long-term leakage from a waste tank
disposal system. These risk assessments and others done in the past are limited in that doses
are calculated as the result of a single intruder into the waste, or perhaps for a single family
using a drinking water well located only 100 m from the disposal system. Such dose
calculations are not necessarily indicative of the total long-term risk borne by the public from
existing tank waste. Furthermore, these dose calculations do not take probable land-use
restrictions into consideration, nor do the references emphasize that such restrictions will be
necessary and will be imposed on the 200 Areas for many generations, since there are no
plans to remove all defense waste or commercial waste from the 200 Area Plateau. The
latter statement has bearing on the decision to exclude short-lived radionuclides from the ALI
determination and the external radiation hazard determination.
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It is especially fallacious to base a risk-based strategy for Hanford Site tank disposal
on the results of a 100-m drinking water well. Besides the fact that land use restrictions will
prohibit such a well, it is also a fact that the groundwater under the 200 Area plateau already
contains large plumes of radioactive materials and hazardous chemicals. There are nitrate
plumes, a *Sr plume, a uranium plume, a *Tc plume, a I plume, and other plumes.

These plumes will persist for generations and will dissipate very slowly, if at all, when
discharges from Hanford Site operating plants cease. Like the Hanford Site plateau itself,
the use of the groundwater under the plateau will need to be restricted for generations
because it is already, irrevocably contaminated. The contamination that might reach the
groundwater from properly disposed of Hanford Site SSTs is probably insignificant compared
to the contamination currently in the groundwater and the contamination that may enter the
groundwater from other sources.

There are other risk-based tank rankings than those presented here. For example,
PNL (1995b) and MacFarlane (1995) both rank SSTs in accordance with risk. However,
PNL considers short-term occupational risks as a basis for tank ranking, which cannot be
compared with this document. MacFarlane’s ranking could be compared with the rankings
presented here, except that MacFarlane considers '*’Cs and *°Sr in his rankings. This leads
to vast differences in the priority of tanks, because MacFarlane is dealing with short-term
hazards whereas this document considers only long-term hazards. For example, this
document ranks tank TX-118 as sixth according to hazard, but MacFarlane ranks the tank as
146th. This big difference is due to the fact that 241-TX-118 has no *’Cs or *Sr so
MacFarlane sees the tank as low hazard, since '*’Cs and *Sr are drivers for the MacFarlane
study. However, the tank contains high levels of 2*Pu, which is why it is ranked sixth in
hazard by this document.

3.3 BOUNDING CUMULATIVE DOSES FROM MOBILE AND
NONMOBILE RADIONUCLIDES

It is exceedingly difficult to precisely estimate the long-term risks from the SST
disposal system. No matter what methodology is used to estimate cumulative public dose,
there is a high degree of uncertainty in the input assumptions over long periods. In fact,
there is simply not a definitive public risk from Hanford Site waste disposal systems. The
risk is probabilistic. There is a very high probability that the dose will be zero, and there is
a very low probability that the dose would be measurable, for example.

However, it is not necessary to attempt an elaborate dose calculation and probabilistic
risk assessment if the bounding cumulative public dose can be shown to be negligible. The
bounding cumulative public dose means that person-rem that would not credibly be exceeded.
The bounding person-rem would only be exceeded by some incredible catastrophic event,
such as a meteor strike on the disposal system or a 100,000-year flood. In the event of such
a catastrophe, the dose from failure of the disposal system would very likely be of little
comparative consequence.

10
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The cumulative internal person-rem per year that might be incurred from the current
levels of SST waste can easily be bounded by considering the following factors:

*  Total, bounding ALIs in SSTs
*  Bounding escape fraction (EF) of ALIs per year from the disposal site
. Bounding environmental dispersion factor (DF) of the ALIs that have escaped

. Bounding human uptake fraction (UF) of the dispersed ALIs in the
environment.

The bounding person-rem/year is given by:
Person-rem/yr = ALIs x EF/year x DF x UF x 5 person-rem/ALI.

In Appendix I, it is shown that even using very conservative values for EF, DF, and
UF, the bounding internal person-rem/year for the groundwater pathway and the terrestrial
pathway from current waste inventories are 0.47 person-rem/year and 0.92 person-rem/year
respectively. Bounding external cumulative public dose is about 0.1 person-rem/year.
Therefore, the bounding cumulative public dose from SSTs with no waste retrieval appears to
be around 1.49 person-rem/year. The majority of the risk (70 percent) is due to nonmobile
ALIs. It must be emphasized that the annual person-rem estimates presented here should not
be taken as real estimates of actual public radiation doses. They are, rather, one of many
bounding estimations that could be made, and they are probably as conservative as any that
would ever be postulated, including those estimated in the Hanford Defense Waste
Environmental Impact Statement (DOE 1987). It should also be pointed out that any
residuals proposed for the SSTs are subject to the performance assessment process, where
doses to the public and maximum exposed individuals must be rigorously calculated and
demonstrated as acceptable, in accordance with regulatory guidance. In the determination of
these doses, however, it seems appropriate to assume land restrictions to eliminate intruder
scenarios and near-well drinking water pathways, which is currently not being done in
performance assessment work.

It could be argued that the dose calculations in Appendix I are not any too
conservative because they do not consider accidents. However, if the SSTs are closed
properly, with void spaces eliminated, engineered barriers established, and proper land-use
restrictions imposed for an appropriate period of time, it is not credible that an accident
could occur within the tank farms that would involve the release of a significant amount of
radioactivity.

The bounding cumulative annual dose estimated above (conservatively given as

1.49 person-rem/year) compares with a 60,000 person-rem/year background cumulative dose
for the 200,000 people currently living around and near the Hanford Site. The bounding
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cumulative public dose from existing SST waste then, is quite trivial when compared to
background cumulative public dose. Therefore, it appears that any remediation of the SSTs
beyond filling and stabilization can only be justified on the basis of environmental
enhancement and public as low as reasonably achievable (ALARA) principles, rather than
person-rem and the associated ill-health effects to the general public.

Certainly, all of the tanks shouid be stabilized and filled with inert material to prevent
subsidence, and barriers must be engineered to minimize plant and animal intrusion, and
wind or water erosion, Certainly, most of the hazards should be removed from the tanks due
to the cumulative hazards that Hanford wastes collectively present. This is only common
sense. However, as this document clearly shows, at some point the retrieval of SST waste
becomes highly inefficacious (see Appendixes F, G, and H). Appendix J establishes a very
conservative preferred option (Option 3), whereby 86 tanks are selected for remediation after
saltwell pumping. Implementation of this option will reduce the overall risk from SSTs by at
least 99 percent. Retrieval of more tank waste than that given in Option 3 would cost a great
deal of money and a very small added reduction in risk would be achieved.

There are, of course, many other approaches that could be used to determine the
remediation and the cleanout levels for tanks. Vast amounts of time and money could be
consumed in studying and debating this issue. A much more elaborate and sophisticated
methodology could be developed and used, rather than the simple, ALI approach used here.
For example, elaborate trade-off studies could be made to balance occupational risk versus
public risk, and detailed studies could be made to optimize costs versus benefits. However,
it does not appear that the results of such costly studies would differ significantly from the
common sense approach used in Appendix J. Furthermore, studies to optimize costs of
retrieval could certainly be performed, but the cost savings that might be realized from these
studies would be small compared to the overall savings achieved from simply implementing
the recommendations in Appendix J, and getting on with the main task of cleaning up the
Hanford Site.

If additional risk-based studies are to be performed, it is recommended that these
studies focus on the relationship of tank waste hazards to the hazards from all the other waste
forms and inventories, such as burial grounds, cribs, etc. These studies should adopt the
methodology introduced in this document. With such studies, the overall hazard and risk
reduction of Hanford remediation programs in general could be assessed. Cost versus benefit
evaluations could also be readily made.

12
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4.0 REGULATORY ISSUES AND CONSTRAINTS
There are numerous regulatory issues and constraints regarding retrieval.

4.1 WASTE ACCEPTANCE CRITERIJA FOR SHALLOW LAND BURIAL

The waste acceptance criteria for shallow land burial of radioactive waste are
specified in terms of Ci/m® for each radionuclide (Willis 1991). The most restrictive
criterion is the standard for TRU (e.g., **Pu and *!Am) which is 100 nCi/g or 0.16 Ci/m’.
The 100 nCi/g is also the regulatory limit for TRU, and federal law prohibits the disposal of
TRU at Hanford. If the SSTs do not exceed the regulatory criterion for TRU, it turns out
that the waste acceptance criteria are generally not exceeded for all other radionuclides even
though the sum of the fractions rule applies.

Appendix E and the column labeled TRU shows that there are 62 tanks that contain
regulatory TRU in sludge and salt cake. From a regulatory standpoint, none of this waste
could be left in the tanks unless some sort of averaging over the waste matrix is allowed, as
with waste drums, or unless special approval is obtained under the provisions of DOE Order
5820.2A. Tt is proposed here that averaging over the volume of the SST (3,785 m’) be
allowed. This will result in the remediation of no additional tanks above the 86 priority
tanks of Option 3.

Another regulatory issue that must be addressed is whether the waste in SSTs is
considered high-level waste (HLW) or low-level waste (LLW). Currently the only regulation
governing HLW disposal pertains to disposal in a geologic repository. If the NRC classifies
residual waste in SSTs (either following retrieval of as much as practical, or existing waste
in tanks for which a policy decision is made not to retrieve) as HLW, then regulations would
have to be promulgated for disposal of such waste at the Hanford Site. It is proposed here
that all SST waste that meets the waste acceptance criteria of WHC-EP-0063 (Willis 1991) be
considered LLW. Consequently, by addressing the TRU issue above, the issue of HLW is
also addressed and all radioactive waste disposal requirements would be met.

4.2 HAZARDOUS WASTE DISPOSAL RESTRICTIONS

Single-shell tank waste consists of both radioactive and hazardous waste components.
The radioactive components are regulated under the Atomic Energy Act of 1954 (AEA) and
DOE orders and regulations. The hazardous waste components are regulated under the
Resource Conservation and Recovery Act of 1976 (RCRA) and the regulations of the
U.S. Environmental Protection Agency (EPA) and the State of Washington. The complex
regulatory issues regarding the disposal of SST waste presents a definitive conflict of
regulatory regimes. That is, RCRA and its regulatory tiers (WAC-303-173) strongly favor
removal of the waste in its entirety for disposal, although landfill closure is also allowed.
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On the other hand, the waste is highly radioactive and dangerous to handle, treat, or process.
The full spectrum of AEA regulations would dictate that the waste be isolated and handled as
little as possible to minimize radiation doses and risks.

Because of the conflict of regulatory regimes, SST waste is regulated as mixed waste
under DOE 5400.3 (DOE 1989), to the extent it is not inconsistent with the AEA. Treating
highly radioactive waste as if it were normal hazardous waste would definitely be
inconsistent with the AEA and radiation regulations. The radiation dose rate from a single
55-gal drum of typical SST waste would generally be several rem/h, which means that the
waste cannot be handled directly. Even the remote handling of SST waste will incur
considerable occupational dose, which could only be mitigated at considerable cost.
Furthermore, as shown in Section 2.1.2, any disposal system for SSTs that adequately
protects the environment from radioactive wastes will also adequately protect the
environment from chemical wastes, provided that certain residual mass criteria for chemical
wastes are met.

Therefore, it is proposed that the residuals recommended in this document (Option 3)
be considered in full compliance with the provisions of DOE Order 5400.3 and the
provisions of RCRA and the AEA. Concurrence with this should be sought in negotiations
with the Tri-Party Agreement stakeholders, through the approval of closure plans
incorporating the preferred cleanout levels.
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5.0 PROPOSED REMEDIATION AND CLEANOUT STANDARDS

The general criteria for SST remediation and cleanout are as follows:

Residual Mobile ALIs. Saltwell pumping should proceed. Consideration
should be given to adding water to saltwell pumping in sound tanks in order to
retrieve more of the mobile ALIs in the higher priority tanks (see

Appendix G). This is because only 20 percent of the mobile ALIs are
retrieved through saltwell pumping. Adding additional water to leakers during
saltwell pumping is not recommended.

Residual Nonmobile (Solid) ALILs. Once sluicing operations are set up, it is
recommended that at least 99 percent of the solids be retrieved unless it
becomes apparent that the process is inefficacious. This criteria holds for
leakers as well as sound tanks. It is assumed that allowable leak criteria will
be established for sluicing operations.

Residual *’Sn Levels. Retrieval of the '»Sn SST inventory to the point that it
is efficacious should be accomplished. The external radiation hazards from
1%Sn appear to be much smaller than the hazards due to inhalation of ***Pu and
*'Am, under the conservative assumptions of this document,

Acceptable TRU Levels. It is recommended that no regulatory levels of TRU
be left in any tank, and that averaging over the volume of the tank be allowed.
Regulations mandate that no TRU be disposed of at the Hanford Site.

Acceptable Mobile Chemical Levels. The mass of a mobile chemical in a
tank divided by the mass of radionuclides in the tank should not exceed the
ratio of the groundwater standard for that chemical to the groundwater
standard for *Tc. The intent here is to ensure that the nonradiological
groundwater hazard will never exceed the radiological groundwater hazard.
The radionuclide *Tc is used because it is the predominant radiological
constituent for the groundwater pathway. Also, the unity rule applies. That
is, the sum of the ratios should not exceed 1.0.

Acceptable Nonmobile Chemical Levels. The mass of a nonmobile chemical
in a tank divided by the mass of radioactivity in the tank should not exceed the
ratio of the airborne control standard for the chemical to the airborne control
standard for #*Pu. This simply ensures that the nonradiological terrestrial
hazard will never exceed the radiological terrestrial hazard. The radionuclide
#Pu is used because it is the predominant radiological constituent for internal
dose through the terrestrial pathway. Also, the unity rule applies.
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®  Other Tank Hazards. A few other hazards should be considered in the
remediation and cleanout for each tank. These hazards include the following:

- Any prevalent chemical not considered in the chemical hazard index, or
any prevalent long-lived radionuclide not considered in the ALI
determination

- Any long-lived gamma emitter that could significantly contribute to the
external dose hazard

- Any special safety hazard or special environmental hazard that may be
associated with the tank, such as gas generation, explosive potential,
high-heat load, etc.

5.1 OPTIONS FOR TANK REMEDIATION AND CLEANOUT

Appendix J is the culminating table for this report. The objective of this appendix is
to recommend a preferred option (Option 3) for remediation and cleanout levels, giving due
consideration to the general criteria in Section 5.1. With the preferred option, the most cost
effective and environmentally sound disposition of SST can be achieved.

Four options are presented at the end of in Appendix J, from selecting only 41 tanks
for remediation, to selecting 96 tanks. The reductions in groundwater hazard, inhalation
hazard, and external radiation hazard are given for each option. A cost comparison is also
made between the options. For purposes of the cost comparison, it was assumed that on the
average, the cost of each tank that is selected for remediation is about $20 million. This is a
rough order of magnitude (ROM) estimate for construction and operating costs relative to
retrieval of SST waste. Since the ALI is a measure of hazard and is proportional to risk, the
cost of ALIs retrieved is a good measure of the cost of risk mitigation. The lower the cost
per ALI retrieved, the more cost effective is the remediation. The retrieval costs in the
options described below are expressed in terms of dollars per MALI retrieved.

Option 1. In this option, the 41 tanks containing the highest nonmobile ALIs are
selected for remediation. The waste in all other tanks would be left as
acceptable residuals. The justification for this option is the fact that
most of the hazard and risk and most of the TRU reside in the
nonmobile ALIs. About 90 percent of the inhalation hazard, 27 percent
of the groundwater hazard and 90 percent of the external radiation
hazard is eliminated with this option. It would be appropriate to
propose that this option be adopted initially, and then when budget
allows, other tanks could be worked off. The cost per million ALI
(MALI) retrieved (assuming $20 million per tank) is $111.53.

16



Option 2.

Option 3.

WHC-SD-WM-TI-711
Revision 0

In this option, 71 tanks containing the highest nonmobile ALIs

(99 percent) are selected for remediation. The groundwater hazard is
reduced by 45 percent and the gamma hazard is reduced by 95 percent.
the cost per MALI retrieved goes up to $180.70.

In addition to the 71 tanks of Option 2, 15 additional tanks are selected
for remediation to remove more mobile ALIs. A total of 86 tanks were
selected for remediation. This option retrieves 99 percent of the
inhalation hazard, 90 percent of the groundwater hazard and 99 percent
of the gamma hazard. The majority of hazardous chemicals are also
retrieved (90 percent of the soluble and 98 percent of the insoluble
chemicals). Through saltwell pumping and sluicing, 62 percent of the
solids and 90 percent of the liquids currently in SSTs are removed.

The cost per MALI retrieved is $217.59. At this option, adding
additional tanks to the retrieval list would reduce the hazard by much
less than 0.1 percent, on the average. This is one of the reasons why
this option is the preferred option. Other reasons inciude the
following:

1. The overall level of hazard reduction will approach 99 percent.
There are two errors that tend to make this level of hazard
reduction overly optimistic: (1) It is assumed that 100 percent
of the tank waste can be removed by sluicing, which will not
always be the case, and (2) Some of the waste has already
leaked from the tanks and cannot be retrieved. However, other
conservative assumptions more than compensate for these errors.
For example, a portion of the **Pu and other radionuclides are
actually soluble (up to 10 percent and more) and saltwell
pumping will remove more nonmobile ALIs than assumed in
this document. The nonmobile ALIs, specifically 2°Pu and
1Am, are the principal hazards, comprising 62 percent of the
risk.

2. The 99 percent hazard reduction is more in line with the
99 percent retrieval goal of the Tri-Party Agreement.

3. Out of 62 TRU tanks, all but one (241-T-106) is sluiced, and
this tank is barely TRU and would not meet the regulatory
definition of TRU if averaged over a small volume (about
120 m®).

4.  Remediation of additional tanks beyond the 86 is not cost

effective in that little actual risk is mitigated for the incurred
COStS.
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ion 4. In this option, 96 tanks are selected for remediation to achieve an
inhalation hazard reduction of 99 percent, a groundwater hazard
reduction of 93 percent, a 99 percent reduction in the gamma hazard,
and additional reduction in soluble and insoluble chemical hazards.
While little is gained in hazard reduction, the cost per MALI retrieved
goes up to $251.99.

Another option is listed at the end of Appendix J, which is to select all 149 tanks for
remediation. Very little additional hazard is mitigated above the preferred option, but the
cost per MALI retrieved ($372.50) is more than triple the cost of Option 1.

Of course, many other options and combinations of options could be presented. The
watch list tanks could be selected for remediation regardless of the radiological or chemical
hazards contained in the tanks, although at this time this does not appear to be justified for
those few watch list tanks not selected by the preferred option. More tanks containing
mobile ALIs as opposed to nonmobile ALIs could be selected, although the wisdom of this is
questionable since the main hazard is from the nonmobile ALIs. In any case, it does not
appear to make much sense to sluice more than 80 or 90 SSTs, after saltwell pumping has
been completed.

The tanks listed in Table 2 were not selected for sluicing under the preferred option
and presently contain no pumpable liquids and acceptable residuals of radiological and
chemical wastes:

Table 2. Tanks Not Selected for Sluicing
Under Preferred Option.

Farm Tanks

A 241-A-105

B 241-B-106, 241-B-108, 241-B-109, 241-B-201, 241-B-204

BX 241-BX-103

BY 241-BY-112

C 241-C-201, 241-C-202, 241-C-203, 241-C-204

T 241-T-101, 241-T-103, 241-T-106, 241-T-108, 241-T-109,
241-T-201, 241-T-202, 241-T-203, 241-T-204
TX 241-TX-101, 241-TX-102, 241-TX-103, 241-TX-105, 241-TX-107,
241-TX-110, 241-TX-111, 241-TX-112, 241-TX-113, 241-TX-115,
241-TX-116, 241-TX-117

TY 241-TY-102, 241-TY-104, 241-TY-106

U 241-U-101, 241-U-104, 241-U-112, 241-U-201, 241-U-202,
241-U-203, 241-U-204
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These 43 tanks are immediately ready for permanent disposal. The recommended
methodology is to fill the tanks with inert material to eliminate any void spaces and provide a
surface barrier. After saltwell pumping, an additional 20 tanks will contain acceptable
residuals and will be available for filling and permanent disposal.
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APPENDIX A

ALIs AND DOSE FACTORS FOR PREDOMINANT
TANK WASTE RADIONUCLIDES

External
Half-life ALI® dose factor®
Radionuclide™ (years) (curies) (rem-km?/year-Ci)

Se 65,000 6E-4 (ingestion) -
%Sr 29.1 4E-6 (inhalation)
%Nb m 13.6 9E-3 (ingestion) -
P*Te 213,000 4E-3 (ingestion) -
125Sn 10,000 - 5.0E-2
1251 1.57E7 - SE-6 (ingestion) -
B1Cs 30.0 - 1.4E-2
HAc 21.8 2E-7 (inhalation) - '
2%Ra 5.75 - 2.34E-2
=y 158,000 1E-5 (ingestion) -
By 244,000 1E-5 (ingestion) -
By 7.04E8 1E-5 (ingestion) -
By 4.47E9 1E-5 (ingestion) :
5py 24,065 6E-9 (inhalation) -
#py 6,537 6E-9 (inhalation)
HAm 432.3 6E-9(inhalation) -
NOTES

@ These are the radionuclides in tank waste that would give over 95 percent of the

@

S

dose through the groundwater pathway or the terrestrial pathway if radioactive
materials leaked from the disposal system (Schmittroth 1995). However, on a long-
term basis (i.e., > 300 years), the radionuclides with half-lives 30 years or less
can be ignored.

If the principal dose pathway for the radionuclide is the groundwater, the ingestion
ALI is given; if the principal pathway is the terrestrial pathway, the inhalation ALI
is given. If the radionuclide is a gamma emitter the dose factor is given in the next
column. The ALIs were taken from EPA 1988.

The dose factors give the annual external radiation caused by a curie of the
radionuclide evenly distributed on every km? of soil surface. The dose factors were
taken from Rittmann (1994).
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APPENDIX B
PREDOMINANT CHEMICALS IN SINGLE-SHELL TANKS
Total grams in Groundwater quality Ration of
1 single-shell tanks® standard® (g/I) inventory to
Chemical® Standard (1)®
Iron+3 7.16E8 3.0E-1 ' 2.39E9
Chromium+3 2.68E8 5.0E-5 5.36E12
Lead+2 2.83E7 5.0E-5 5.66E11
Manganese+3 1.21E8 5.0E-5 2.4E12
Nitrate 1.0E11 1.0E-2 1.1E13
Sulfate 1.6E9 2.5E-1 6.4E9
Fluoride 8.12E5 4.0E-3 2.0E8
Chloride 4.15E8 2.5E-1 1.7E9

NOTES

W This list does not include all chemicals that could be in SSTs. However, it does
comprise the predominant and bounding chemicals due to prevalence and
strictness of groundwater quality standard. It is assumed that all the chemicals
in the table could eventually migrate to the groundwater.

@ The masses of chemicals were taken from Hanford Defense Waste Disposal
Alternatives: Engineering Data for the HDW-EIS, RHO-RE-ST-30P
(WHC 1985).

®  Taken from Environmental Compliance, WHC-CM-7-5 (WHC 1993).

@ This number represents the degree of predominance of the chemical with respect
to groundwater hazard. The predominant chemicals are by far: chromium,

lead, manganese, and nitrate. The normalized TRAC data for SSTs gives
soluble and insoluble masses for the following chemicals:

Cr(OH)* Cr*? Cr N NO* NO*
Ag F Mn Pb

The chemical hazard index developed in this document is based on all of the
above TRAC chemicals.
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APPENDIX C
GROUNDWATER QUALITY STANDARDS AND AIRBORNE

CONTROL LEVELS OF PREDOMINANT RADIONUCLIDES AND
CHEMICALS IN SINGLE-SHELL TANKS

Radionuclide/ Airborne control Groundwater quality

chemical® level® g/L standard® g/L
%Py 3.2E-15 2.0E-11
MAm 6.2E-17 3.5E-13
*Tc 1.8E-9 2.4E-7
Beryllium 2.0E-9 NONE
Chromium 1.0E-7 5.0E-5
Nitrate NONE 1.0E-2
Lead 2.0E-7 5.0E-5
Manganese NONE 5.0E-5
NOTES

®  The predominant chemicals were taken from RHO-RE-ST-30P (WHC 1985).

@ The radiological airborne control levels were taken from DOE 1993 (J0 percent of
the Derived Air Concentration Guide) and the nonradiological airborne control
levels were taken from ACGIH 1967 (Threshold Limit Values).

@ The groundwater quality standards are basically the federal drinking water
standards. Values were taken from WHC-CM-7-5 (WHC 1993),

This table demonstrates that relative to airborne contamination, the mass of chemicals
in tank residuals must greatly exceed the mass of radioactivity (**Pu) in order to be at the
same level of concern. The factor is on the order of 1.0E+6. Therefore, relative to the
airborne pathway, chemicals are not of concern due to the presence of radionuclides.

The table also demonstrates that relative to groundwater contamination, the mass of
chemicals in tank residuals must greatly exceed the mass of radioactivity to be at the same
level of concern. For example, the mass of nitrate must be 41,667 times the mass of *Tc in
order to be of equivalent concern. Nitrate appears to be the bounding chemical relative to
migration and groundwater hazard. Although over the course of geological time, such
materials as plutonium could eventually enter the groundwater pathway, the rate that they
would do so would be extremely slow, so that the concentrations in groundwater and the
Columbia river would be extremely low.
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APPENDIX D

CURRENT WASTE VOLUMES AND RADIONUCLIDE
INVENTORIES FOR HANFORD SINGLE-SHELL TANKS
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APPENDIX F

RANKING OF SINGLE-SHELL TANKS BY NONMOBILE ALI's;

CUMULATIVE PERCENT OF NONMOBILE ALl's

TANK NONMOBILE ALl's % SOLID
(RELATIVE INHALATION HAZARD) ALT's CUM.
C-105 1.20E+12 16.17%
A-101 5.05E+11 22.45%
C-102 4.53E+11 28.15%
A-102 3.93E+11 33.06%
BX-105 3.77E+11 37.78%
TX-118 3.25E+11 41.84%
SX-103 2.96E+11 45.54%
BX-106 2.66E+11 48.86%
S-107 2.22E+11 51.64%
A-106 2.19E+11 54.38%
C-104 2.04E+11 56.92%
A-104 1.80E+11 59.17%
B-110 1.76E+11 61.37%
BY-103 1.72E+11 63.52%
SX-111 1.56E+11 85.47%
SX-114 1.55E+11 67.41%
SX-110 1.22E+11 68.93%
A-103 1.15E+11 70.37%
s-112 1.10E+11 71.74%
SX-105 1.07E+11 73.09%
B-101 1.04E+11 74.38%
SX-108 1.01E+11 75.64%
SX-107 9.35E+10 76.81%
BX-101 9.31E+10 77.97%
C-106 9.10E+10 79.11%
SX-104 9.04E+10 80.24%
BX-102 7.81E+10 81.22%
S-101 7.25E+10 82.12%
c-103 6.45E+10 82.93%
SX-112 6.36E+10 83.72%
AX-104 6.09E+10 84.48%
C-107 5.38E+10 85.16%
SX-109 5.04E+10 85.79%
AX-101 4 87E+10 86.40%
SX-101 4.65E+10 86.98%
BY-104 4.B3E+10 87.56%
SX-106 4.51E+10 88.12%
U-110 4.44E+10 88.67%
TY-103 4.31E+10 89.21%
S-104 3.99E+10 89.71%
TX-109 3.81E+10 90.19%
B-202 3.69E+10 90.65%
B-103 3.67E+10 91.11%
SX-115 3.56E+10 91.55%
T-112 3.48E+10 91.99%
TY-101 3.43E+10 92.42%
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APPENDIXF

RANKING OF SINGLE-SHELL TANKS BY NONMOBILE ALl's;
CUMULATIVE PERCENT OF NONMOBILE ALl'S

TANK “NONMOBILE ALI's % SOLID
(RELATIVE INHALATION HAZARD) | _ ALI's CUM.
BY-105 2.97E+10 92.79%
T-105 2.92E+10 93.15%
T-110 2.67E+10 93.49%
c-101 2.53E+10 93.80%
T-104 2.32E+10 94.05%
AX-102 2.31E+10 94.38%
S-109 2.17E+10 94.65%
c-110 2.15E+10 94.92%
S-110 2.15E+10 95.19%
BY-110 2.12E+10 95.46%
S-108 2.08E+10 95.72%
T-111 2.04E+10 95.97%
C-108 1.83E+10 96.20%
BY-106 1.77E+10 96.42%
U-107 1.63E+10 96.62%
B-104 1.60E+10 96.82%
BY-108 148E+10 97.01%
SX-113 1.44E+10 97.19%
C-111 1.28E+10 97.35%
TY-105 1.27€+10 97.51%
BX-104 1.27E+10 97.67%
C-112 1.26E+10 97.82%
BY-107 1.16E+10 97.97%
BX-109 1.14E+10 98.11%
B-102 9.87E+09 98.23%
T-101 9.80E+09 98.36%
BX-110 9.24E+08 98.47%
BY-111 8.64E+08 98.58%
BY-101 8.39E+09 98.68%
TX-113 7.92E+09 98.78%
BX-107 7.10E+09 98.87%
T-107 B.84E+09 98.96%
BX-111 6.83E+09 99.04%
TX-110 8.66E+09 99.13%
B-107 6.15E+09 99.20%
B-111 5.73E+09 99.27%
U-111 5.08E+09 99.34%
SX-102 4.81E+09 99.40%
B-112 461E+09 99.46%
S-102 4.25E+09 99.51%
T-106 3.24E+09 99.55%
$-105 3.13E+09 99.55%
S-111 3.00E+09 99.63%
U-108 2.95E+09 99.66%
BY-109 2.72E+09 98.70%
BY-102 2.43E+09 99.73%
Printed by BL Trumpour 73195
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APPENDIX F

RANKING OF SINGLE-SHELL TANKS BY NONMOBILE ALl's;
CUMULATIVE PERCENT OF NONMOBILE ALl's

TANK NONMOBILE ALl's % SOLID
{RELATIVE INHALATION HAZARD) ALl's CUM.
BX-112 2.16E+09 99.75%
AX-103 2.12E+09 99.78%
B-105 1.60E+09 99.80%
BY-112 1.57E+09 99.82%
TY-104 1.52E+09- 99.84%
TY-106 1.41E+08 99.86%
B-204 1.19E+09 99.87%
U-101 1.17E+09 99,89%
B-108 1.15E+09 99.90%
T-103 9.54E+08 99.91%
TX-114 7.92E+08 -99.92%
BX-108 7.10E+08 99.93%
TX-111 6.89E+08 99.94%
T-108 6.84E+08 99.95%
U-102 5.74E+08 99.96%
TY-102 5.57E+08 99.96%
T-203 5.08E+08 89.97%
S-103 4.74E+08 99.98%
S-106 3.99E+08 99.98%
B-109 2.69E+08 99.98%
TX-108 2.03E+08 99.99%
B-106 1.98E+08 99.99%
T-102 1.67E+08 99.99%
C-108 1.58E+08 99.99%
B-203 1.19E+08 99.99%
U-112 9.11E+07 100.00%
TX-115 8.81E+Q7 100.00%
T-109 7.50E+07 100.00%
T-202 5.08E+07 100.00%
TX-112 3.91E+07 100.00%
U-109 3.81E+07 100.00%
U-105 2.62E+07 100.00%
TX-103 1.14E+07 100.00%
C-202 1.12E+07 100.00%
C-201 407TE+06 100.00%
TX-117 1.68E+08 100.00%
C-203 1.12E+06 100.00%
TX-116 1.03E+06 100.00%
TX-105 4.56E+05 100.00%
BX-103 2.34E+05 100.00%
TX-101 1.82E+05 100.00%
TX-102 6.51E+04 100.00%
TX-104 6.01E+04 100.00%
U-103 3.64E+04 100.00%
U-201 1.48E+04 100.00%
U-202 1.28E+04 100.00%
Printad by BL Trumpour 7/31/05
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RANKING OF SINGLE-SHELL TANKS BY NONMOBILE ALl's;
CUMULATIVE PERCENT OF NONMOBILE ALl's

TANK NONMOBILE ALl's % SoUD
(RELATIVE INHALATION HAZARD) ALI's CUM.

U-203 1.27E+04 700.00%
TX-106 717E+03 100.00%
U-106 6.39E+03 100.00%
U-204 3.97E+03 - 100.00%
C-204 3.95E+03 100.00%
A-105 3.05E+03 100.00%
TX-107 2.17E+02 100.00%
U-104 3.04E+01 100.00%
B-201 0.00E+00 100.00%
T-201 0.00E+00 100.00%
T-204 0.00E+00 100.00%
TOTALS: 8.00E+12 !
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APPENDIX F.1
RANKING OF SINGLE-SHELL TANKS BY INSOLUBLE CHEMICAL HAZARD

TANK | LIQUID | SOLID [INSOLUBLE] CUMULATIVE
(m3) {m3) |HAZ. INDEX %
H(insol)
S-104 110.00 | 1000.00 | 1.14E+11 8.46%
SX-114 53.00 632.00 | 1.08E+11 16.55%
SX-111 26.00 447.00 | 1.07E+11 24.49%
SX-101 552.00 | 1170.00 | 8.80E+10 31.02%
C-109 15.00 23500 | B.76E+10 37.52%
SX-109 38.00 908.00 | 8.59E+10 43.89%
SX-108 19.00 310.00 | 8.01E+10 49.83%
§X-107 19.00 375.00 | 7.72E+10 55.56%
SX-110 0.00 235.00 | 7.41E+10 61.06%
SX-112 11.00 337.00 | B.97E+10 66.23%
S-101 363.00 | 1250.00 | 4.92E+10 69.88%
S-107 223.00 | 1200.00 | 4.83E+10 73.47%
§X-102 §93.00 | 1360.00 | 4.50E+10 76.88%
SX-104 761.00 | 1560.00 | 4.49E+10 80.21%
c-112 121.00 | 272.00 | 3.76E+10 83.00%
SX-105 988.00 | 1600.00 | 3.70E+10 85.75%
S-110 416,00 | 1060.00 | 3.00E+10 87.98%
SX-103 882.00 | 1590.00 | 2.99E+10 90.20%
S-111 776.00 | 1480.00 | 1.99E+10 91.68%
TX-101 19.00 310.00 | 1.85E+10 93.05%
SX-115 0.00 4500 | 1.15E+10 93.90%
S-108 481.00 | 1810.00 | 7.67E+09 94.47%
$S-102 871.00 | 1210.00 | 5.99E+09 94.92%
S-112 416.00 | 1560.00 | 5,34E+08 95.31%
U-111 462.00 | 784.00 | 3.63E+09 95.58%
T-411 189.00 | 1530.00 | 3.33E+09 95.83%
BX-109 49.00 681.00 | 3.24E+09 96.07%
T-104 189.00 | 1450.00 | 2.25E+09 96.24%
U-112 15.00 170.00 | 2.03E+09 96.39%
SX-106 965.00 | 1070.00 | 2.00E+09 96.54%
T-110 150.00 | 1280.00 | 1.99E+09 96.68%
C-102 113.00 | 1480.00 | 1.95E+09 96.83%
TX-109 38.00 1420.00 | 1.83E+09 96.96%
c-104 42.00 1070.00 | 1.69£+09 97.09%
BX-107 114.00 | 1190.00 | 1.63E+09 97.21%
TX-113 61.00 | 2240.00 | 1.23E+09 97.30%
B-110 87.00 844.00 | 1.19E+09 97.29%
TX-106 38.00 1680.00 | 1.19E+09 97.48%
C-107 95.00 945.00 | 1.16E+09 97.56%
B-111 83.00 813.00 | 1.10E+09 97.65%
B-104 178.00 | 1230.00 | 1.09E+09 97.73%
U-110 57.00 647.00 | 9.84E+08 97.80%
C-110 15.00 692.00 | 8.86E+08 97.87%
BY-110 34.00 1470.00 | 8.20E+08 97.93%
B-107 49.00 57500 | 7.78E+08 | 97.98%

Prded by BLTZEMAKGE 731105
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WHC-SD-WM-TI-711
Revision 0

APPENDIX F .1
RANKING OF SINGLE-SHELL TANKS BY INSOLUBLE CHEMICAL HAZARD

TANK | LIQUID | SOLID [INSOLUBLE] CUMULATIVE
{m3) (m3) [|HAZ. INDEX %
H(insol)
BX-110 72.00 712.00 | 7.62E+08 98.04%
5-105 132.00 | 1590.00 | 7.47E+08 98.10%
BY-105 727.00 | 1180.00 | 6.97E+08 98.15%
U-102 545.00 871.00 | 6.66E+08 98.20%
BY-106 890.00 | 1450.00 | 6.59E+08 98.25%
BX-112 30.00 504.00 | 6.40E+08 98.29%
BY-104 68.00 1470.00 | 6.33E+08 98.34%
T-107 83.00 598.00 | 6.21E+08 98.39%
B-203 23.00 170.00 | 6.00E+08 98.43%
BY-108 34.00 839.00 | 5.94E+08 98.48%
C-108 182.00 | 685.00 | 5.91E+08 98.52%
B-204 23.00 167.00 | 5.88E+08 98.56%
TX-115 72.00 2350.00 | 5.76E+08 98.81%
TX-110 57.00 1690.00 | 5.65E+08 98.65%
C-105 53.00 458.00 | 5.62E+08 98.69%
TX-112 91.00 2370.00 | 5.54E+08 98.73%
TX-105 76.00 2230.00 | 5.36E+08 98.77%
SX-113 0.00 98.00 | 5.31E+08 98.81%
TY-105 0.00 874.00 | 5.25E+08 98.85%
T®-111 34.00 1370.00 | 5.17E+08 98.89%
T-105 87.00 284.00 | 4.95E+08 98.92%
BY-107 85.00 §12.00 | 4.92E+08 98.96%
T-112 26.00 227.00 | 4.73E+08 98.99%
T-204 15.00 129.00 | 4.56E+08 99.03%
TX-117 30.00 | 2340.00 | 4.55E+08 99.06%
TX-118 103.00 | 1210.00 | 4.30E+08 99.09%
T-203 15.00 117.00 | 4.19E+08 99.13%
TX-116 87.00 2300.00 | 3.96E+08 99.15%
TX-114 57.00 1670.00 | 3.88E+08 99.18%
S-106 719.00 | 1090.00 | 3.66E+08 99.21%
U-107 674.00 863.00 | 3.44E+08 99.24%
B-201 15.00 95.00 | 3.36E+08 99.26%
T-201 15.00 95.00 | 3.36E+08 99.29%
TY-103 19.00 504.00 | 3.30E+08 99.31%
BY-111 0.00 1740.00 | 3.29E+08 99.33%
B-202 11.00 91.00 | 3.25E+08 99.36%
BY-109 269.00 | 1330.00 | 3.25E+08 99.38%
S-109 534.00 | 1620.00 | 3.14E+08 99.41%
U-109 685.00 | 1060.00 | 3.12E+08 99.43%
BY-101 19.00 1450.00 | 3.03E+08 99.45%
A-101 1560.00 | 2040.00 | 3.02E+08 95.47%
c-101 11.00 320.00 | 3.01E+08 99.50%
U-105 678.00 905.00 | 2.91E+08 99.52%
U-108 742.00 | 1030.00 | 2.78E+08 99.54%
BY-103 606.00 908.00 | 2.73E+08 99.56%

Fringed by BLTEMHKGE 773156
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Revision 0
APPENDIX F.1
RANKING OF SINGLE-SHELL TANKS BY INSOLUBLE CHEMICAL HAZARD
TANK | LIQUID | SOLID |INSOLUBLE] CUMULATIVE
(m3) (m3) [|HAZ.INDEX %
H{insol)
U-103 715.00 | 1060.00 | 2.65E+08 96.58%
BX-111 95.00 704.00 | 2.62E+08 99.60%
B-105 87.00 1070.00 | 2.59E+08 96.62%
7-202 "7.57 719.00 | 2.53E+08 99.64%
BY-102 110.00 | 1180.00 | 2.35E+08 99.65%
C-103 503.00 | 235.00 | 2.35E+08 99.67%
C-108 0.00 250.00 | 2.35E+08 99.69%
c-111 0.00 216.00 | 2.34E+08 99.71%
BY-112 30.00 1070.00 | 2.18E+08 99.72%
AX-101 1210.00 | 1620.00 | 2.17E+08 99.74%
TX-108 0.00 507.00 | 1.93E+08 99.75%
B-108 15.00 341.00 | 1.87E+08 99.77%
BX-103 15,00 235.00 | 1.58E+08 99.78%
U-106 31400 | 541.00 | 1.51E+08 89.79%
TY-104 57.00 117.00 | 1.43E+08 99.80%
TY-101 0.00 447.00 | 1.42E+08 89.81%
TX-103 57.00 538.00 : 1.41E+08 99.82%
T-101 64,00 322.00 | 1.31E+08 99.83%
BX-108 3.79 95.00 | 1.24E+08 99.84%
A-104 0.00 106.00 | 1.14E+08 99.85%
BX-105 42.00 151.00 | 1.10E+08 99.86%
T-108 0.00 167.00 | 1.10E+08 99.86%
A-106 26,00 447.00 | 1.09E+D8 99.87%
A-103 76.00 1330.00 | 1.03E+08 99.88%
BX-102 15.00 348,00 | 1.02E+08 99.89%
TX-102 83.00 738.00 | 1.01E+08 99.90%
BX-104 125.00 | 250.00 | 9.84E+07 99.90%
S-103 386.00 | 553.00 | 9.82E+07 99.91%
U-104 26.00 435.00 | 9.59E+07 99.92%
7-106 7.57 7100 | 8.84E+07 99.92%
B-108 30.00 450.00 | 8.38E+07 99.93%
TX-104 57.00 189.00 | 8.31E+07 99.94%
B-112 11.00 114.00 | 7.B7E+07 99.94%
BX-106 57.00 117.00 | 7.44E+07 99.95%
BX-101 4.00 159.00 | 6.95E+07 99.95%
7-103 15.00 87.00 | 6.82E+07 99.96%
T-102 49.00 72.00 @ 6.55E+07 99.96%
TY-106 Y] 84.00 : 5.32E+07 99.97%
U-101 11.00 83.00 & 5.26E+07 99.97%
B-106 26.00 416.00 . 5.14E+07 99.97%
8-101 23.00 405.00 | 4.45E+07 99.98%
TY-102 53.00 189.00 | 4.35E+07 99.98%
TX-107 757 128.00 | 3.69E+07 99.98%
B-103 0.00 223.00 | 3.20E+07 99.99%
AX-103 136.00 | 288.00 | 2.96E+07 99.99%

Brinied by BLT/DAVKGE 73195
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WHC-SD-WM-TI-711
Revision 0

APPENDIX F.1 _
RANKING OF SINGLE-SHELL TANKS BY INSOLUBLE CHEMICAL HAZARD

Prirted by BLTEMVYNGE 731705

TANK | _LIQUID | SOLID |iINSOLUBLE[ CUMULATIVE
(m3) (m3)__|HAZ.INDEX %
Hlinsol)

T-109 0.00 220.00 | 2.61E+07 |  99.99%
E-102 1500 | 106.00 | 2.14E+07 99.956%
AX-102 64.00 83.00 | 1.65€+07 99.99%
U-202 3.79 188.00 | 1.53E+07 99.95%
U-201 3.79 189.00 | 1.536+07 |  100.00%
C-203 0.00 19.00 | 1.20E+07 | 100.00%
A-102 22.00 | 132.00 | 1.05E+07 | 100.00%
U-203 3.79 114.00_| 7.64E+06 |  100.00%
U-204 3.79 11400 | 7.64E+06 | 100.00%
C-204 0.00 11.00 | 7.19E+06 | 100.00%
A-105 15,00 5§7.00 | 7.07E+06 |  100.00%
C-201 0.00 7.57__| 4.79E+06 |  100.00%
AX-104 0.00 26.00 | 2.61E+06 | 100.00%
C-202 0.00 3.77 | 240E+06 |  100.00%
TOTAL: | 1.35E+12
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WHC-SD-WM-TI-711
Revision 0

APPENDIX F.2
RANKING OF SINGLE-SHELL TANKS BY SOLUBLE CHEMICAL HAZARDS

TANK | LIQUID | SOUID | SOLUBLE JCUMULATIVE

(m3) (m3) |HAZ.INDEX %
H{sol)
SX-102 693.00 1360.00 2.84E+11 3.57%
TX-112 91.00 2370.00 2.63E+11 6.88%
TX-115 72.00 2350.00 2.63E+11 10.18%
TX-105 76.00 2230.00 2.51E+11 13.34%
TX-114 57.00 1970.00 2.02E+11 15.88%
SX-105 988.00 1600.00 1.95E+11 18.33%
TX-117 30.00 2340.00 1.93E+11 20.76%
TX-106 38.00 1680.00 1.88E+11 23.13%
TX-113 §1.00 2240.00 1.80E+11 25.38%
TX-110 57.00 1690.00 1.78E+11 27.63%

SX-103 882.00 1590.00 1.66E+11 29.71%
BY-106 880.00 1450.00 1.64E+11 31.77%
SX-114 §3.00 632.00 1.61E+11 33.79%

SX-109 38.00 908.00 1.61E+11 35.81%
SX-104 761.00 1560.00 1.53E+11 37.74%
S-112 416.00 1560.00 1.51E+11 39.64%
A-101 1560.00 | 2040.00 1.50E+11 41.52%
TX-116 87.00 2300.00 1.49E+11 43.39%
S-109 5§34.00 1620.00 1.45E+11 45.22%
S-108 481.00 1810.00 1.38E+11 46.95%
TX-111 34.00 1370.00 1.37E+11 48.67%
S-106 719.00 1060.00 1.34E+11 50.35%
TX-118 103.00 1210.00 1.30E+11 51.99%
BY-111 0.00 1740.00 1.28E+11 53.60%
S-111 776.00 1480.00 1.24E+11 55.16%
S-105 | 132.00 1590.00 1.19E+11 56.66%

BY-103 606.00 908.00 1,16E+11 58.12%
BY-109 268.00 1330.00 1.15E+11 59.56%
AX-101 1210.00 | 1620.00 1.13E+11 60.98%

U-102 545.00 871.00 1.08E+11 62.34%
8-102 871.00 1210.00 1.06E+11 63.68%
BY-105 727.00 1180.00 1.04E+11 64.98%
BY-101 19.00 1450.00 1.04E+11 66.29%
U-103 715.00 1060.00 1.03E+11 67.58%
SX-111 26.00 447.00 1.02E+11 68.86%
SX-101 552.00 1170.00 1.02E+11 70.14%
S-107 223.00 1200.00 9.97E+10 71.39%
U-108 742.00 1030.00 9.72E+10 72.62%
S-110 416.00 1060.00 9.70E+10 73.83%
SX-106 965.00 1070.00 9.50E+10 75.03%
U-109 689.00 1060.00 | 9.25E+10] 76.19%
BY-102 110.00 1180.00 | 9.24E+10 77.35%
S-104 110.00 1000.00 8.93E+10 78.48%
S-101 363.00 1250.00 8.82E+10 79.60%
U-105 678.00 905.00 8.53E+10 80.67%

Prirted by BLT/EMMKGH 7155



WHC-SD-WM-TI-711
Revision 0

Ai’PENDIX F.2
RANKING OF SINGLE-SHELL TANKS BY SOLUBLE CHEMICAL HAZARDS

TANK | LIQUID | SOLID | SOLUBLE ] CUMULATIVE
{m3) (m3)_|HAZ. INDEX %
Hisol)
BY-112 30,00 | 1070.00 | 8.17E+10'__ 81.70%
BY-104 68.00 | 1470.00 | B.01E+10I _ 82.70%
SX-110 0.00 | 235.00 | 7.11E+10| _ 83.60%
U-111 462,00 | 784.00 | 7.00E+10] _ 84.48%
BY-110 34.00 | 147000 | 6.72E+10] _ 85.32%
TX-103 57.00 | 536,00 | 6.45E+10|  86.13%
U-107 674.00 | 863.00 | 6.33E+10] _ 86.93%
SX-112 11.00 | 337.00 | 6.25E+101 _ 87.12%
SX-108 19.00 | 310.00 | 6.09E+10i _85.48%
SX-107 19.00 | 375.00 | GSBIE+10!  89.22%
BX-111 95.00 | 704.00 | 5.38E+10/ _ 89.90%
S-103 386.00 | 553.00 | 5.35E+101 _ 90.57%
TX-108 0.00 | 507.00 | 5.33E+10/ _ 91.24%
A-103 7600 | 1330.00 | 5.20E+101 _ 91.90%
U-106 314.00 | 54100 | 4.85E+i0|  92.51%
BY-107 95.00 | 912.00 | 477E+10] _93.11%
TX-102 83.00 | 738.00 | 4.58E+10]  93.60%
[B-105 87.00 | 1070.00 | 253E+10] _ 94.01%
Tv-103 19.00 | 594.00 | 251E+10] _ 94.32%
BX-109 49.00 | 681.00 | 2.42E+10]  94.63%
c-109 15.00 | 235.00 | 2.40E+101 _ 94.93%
BY-108 3400 | 839,00 | 2.38E+10]  95.23%
SX-115 0.00 4500 | 2.20E+101 _ 95.50%
TX-104 57.00 | 189.00 | 1.92E+101  95.75%
TX-101 19.00 | 310.00 | 1.84E+10] _ 95.98%

TY-102 53.00 | 189.00 | 1.72E+10i 96.19%
BX-110 72.00 | 712.00 | 1.54E+101 96.38%
AX-103 136.00 | 288.00 | 1.42E+101  96.57%

C-104 42.00 1070.00 1.37E+10i  96.74%
T-111 189.00 1530.00 1.31E+101  96.90%
C-112 121.00 272.00 1.21E+101  97.05%
A-1068 26.00 447.00 1.20E+101  97.21%
TX-107 7.57 129.00 1.13E+101  97.35%
T-110 159.00 1280.00 1.09E+10!  97.48%
C-102 143.00 1480.00 1.08E+101  97.62%
B-104 178.00 1230.00 1,03E+101  97.75%
B-106 26.00 416.00 1.03E+101  97.88%
T-104 189.00 1490.00 8.34E+08i  97.98%
B-109 30.00 450.00 7.60E+08!  98.08%
TX-109 38.00 1420.00 7.28E+081  98.17%
B-101 23.00 405.00 7.08E+09!  98.26%
B-110 87.00 844.00 6.68E+08]  98.34%
BX-107 114.00 1190.00 6.51E+081  98.43%
B-111 83.00 §13.00 6.15E+091  98.50%
B-108 15.00 341.00 5.96E+09] - 98.58%

Printed by BLT/EM-AKOM TIL/RE
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WHC-SD-WM-TI-711
Revision 0

APPENDIX F.2
RANKING OF SINGLE-SHELL TANKS BY SOLUBLE CHEMICAL HAZARDS

TANK | LIQUID | SOLID | SOLUBLE |CUMULATIVE]
(m3) (m3) |HAZ.INDEX %
Hisol)
TY-101 0.00 447.00 : 5.45E+0% 98.65%
A-102 22.00 132.00 | 5.37E+091 98.71%
BX-112 30,00 534.00 533E+09] 98.78%
T-109 0.00 220.00 5.18E+08] 98.85%
B-112 11.00 114.00 5.12E+091 98.91%
RTE] 0.00 223.00 4.97E+09] 98.97%
B-203 23.00 170.00 | 4.94E+09]  99.04%
B-204 23.00 167.00 | 4.84E+08/  99.10%
c-107 95.00 945.00 | 4.74E+09] 99.16%
AX-102 64.00 83.00 4 50E+08!1 99.21%
TY-105 0.00 874.00 4 48E+09] 99.27%
T-204 15.00 12000 | 3.74E+098! 99.32%
C-110 15.00 692.00 @ 3.54E+09 99.36%
T-203 15.00 117.00 | 3.45E+08!  99.40%
U-110 57.00 647.00 | 3.37E+08' 09.45%
B-107 49.00 575.00 : 3.11E+0S8! 09.49%
B-201 15.00 9500 | 2.76E+08i 99.52%
7-201 15.00 9500 | 2.76E+091 99.55%
B-202 11.00 g1.00 | 267E+03! 99.59%
T-107 83.00 598.00 | 2.48E+08I 99.62%
T-108 0.00 167.00 | 2.44E+081 99.65%
T-105 87.00 284.00 | 2.42E+091 99.68%
C-106 182.00 | 685.00 2.36E+09] 99.71%
T-103 15.00 37.00 2.28E+08]  99.74%
U-112 15.00 170.00 2.25E+09] 99.77%
C-105 53.00 458.00 2.24E+09]  99.80%
8-102 15.00 106.00 2.15E+09] 99.82%
7-202 7.57 719.00 2.08E+09]  99.85%
c-101 11.00 320.00 1.88E+09| 99.87%
c-108 0.00 250.00 1.70E+09] 99.89%
TY-104 57.00 117.00 1.22E+09] 99.91%
T-112 26.00 227.00 1.22E+09| 99.92%
c-111 0.00 216.00 1.06E+09] 99.94%
C-103 503.00 | 23500 | 5.57/E+08! 99.94%
BX-108 3.79 95.00 : 4.04E+08!  99.95%
T-101 54.00 322.00  4.70E+08] 99.96%
TY-106 0.00 64.00 & 4.53E+081 99.96%
SX-113 0.00 98.00  4.26E+081 99.97%
T-106 7.57 71.00 | 3.50E+08i 99.97%
A-104 0.00 106.00 | 2.84E+081 99.98%
BX-103 15.00 23500 | 2.75E+08!  99.98%
BX-101 4.00 150.00 | 2.73E+08] 99.98%
T-102 49.00 7200 | 1.98E+08] 99.98%
BX-102 15.00 348.00 | 1./56+08] 99.99%
BX-105 42.00 151.00 | 1.57E+08/ 99.99%

Prirted by BLI/EMIVEGH 720154
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Revision 0
APPENDIX F.2
RANKING OF SINGLE-SHELL TANKS BY SOLUBLE CHEMICAL HAZARDS

TANK LIQuID SOLID | SOLUBLE [CUMULATIVE

{m3) (m3) [HAZ. INDEX %
H(sol) )
BX-104 125.00 250.00 1.40E+08 99.99%
U-104 26.00 435.00 1.36E+08 99.95%
U-201 3.79 189.00 1.14E+08 99.95%
U-202 3.79 188.00 1.14E+08!1 100.00%
BX-106 57.00 117.00 1.06E+08| 100.00%
U-101 11.00 §3.00 7.46E+07| 100.00%
U-203 3.79 114.00 7.08E+07| 100.00%
U-204 3.79 114.00 4,58E+07| 100.00%
A-105 15.00 57.00 1.87E+07| 100.00%
C-203 G.00 19.00 1.741E+07} 100.00%
C-204 0.00 11.00 1.02E+07| 100.00%
AX-104 0.00 26.00 6.93E+06] 100.00%
C-201 0.00 7.57 6.81E+06; 100.00%
C-202 0.00 3.77 | 3.42E+06 100.00%
TOTALS: ! 7.95E+12|

Prided by BLT/EMHXGH T3185
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APPENDIX G
RANKING OF SINGLE-SHELL TANKS

BY MOBILE ALIs;
CUMULATIVE PERCENT OF MOBILE ALIs
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APPENDIX G

RANKING OF SINGLE-SHELL TANKS BY MOBILE ALl's ;
CUMULATIVE PERCENT OF MOBILE ALl's

TANK MOBILE ALl's % MOBILE
(RELATIVE GROUNDWATER HAZARD)| ALI's CUM.
TX-104 1.06E+07 19.00%
BY-108 5.12E+06 28.18%
A 4.14E+06 35.61%
TX-108 2.17E+06 39.49%
BY-109 1.98E+06 43.04%
TX-106 1.85E+06 46.35%
C-109 1.65E+06 49.32%
C-106 1.56E+06 52.18%
5111 1.33E+06 54.57%
TX-109 1.07E+06 56.49%
C-108 8.71E+05 58.23%
B-112 9.12E+05 59.87%
B-202 8.02E+05 61.31%
A-101 7.70E+05 52.69%
B-105 7.64E+05 64.06%
c-107 7.53E+05 65.41%
XEE] 6.79E+05 66.63%
BY-111 8.23E+05 67.75%
BX-108 5.98E+05 68.82%
BX-105 5.67E+05 69.84%
BY-107 5.20E+05 70.77%
TX-114 5.18E+05 71.70%
B-203 5.15E+05 72.63%
BY-101 5.13E+05 73.55%
BX-104 5.11E+05 74.46%
BX-106 4.76E+05 75.32%
5112 4.39E+05 76.10%
SX-104 4.35E+05 76.89%
BX-110 4.27E+05 77.65%
SX-103 4.04E+05 78.38%
C-105 3.87E+05 79.07%
A-106 3.82E+05 79.76%
BX-102 3.78E+05 B80.44%
TX-105 3.77E+05 81.11%
C-111 3.73E+05 81.78%
SX-107 3.42E+05 82.39%
TX-107 3.18E+05 82.96%
TX-112 3.056+05 83.51%
U-103 2.85E+05 84.02%
C-110 2.78E+05 84.52%
T-204 2.76E+05 85.02%
S-105 2.74E+05 85.51%
SX-115 2.63E+05 85.98%
TX-116 2.54E+05 86.44%
U-112 2.54E+05 86.85%
SX-105 2 53E+05 87.35%

Ptinted by BL Trumpour 73195

G-3




WHC-SD-WM-TI-711
Revision 0

APPENDIX G

RANKING OF SINGLE-SHELL TANKS BY MOBILE ALl's ;
CUMULATIVE PERCENT OF MOBILE ALl's

[ TANK | MOBILE ALl's __ % MOBILE
{(RELATIVE GROUNDWATER HAZARD)| ALI's CUM.
BX-109 2.46E+05 87.79%
S-108 2.34E+05 88.21%
B-201 2.23E+05 88.61%
T-103 2.20E+05 88.00%
B-107 2.05E+05 88.37%
A-104 1.92E+05 89.71%
SX-132 1.86E+05 90.05%
Cc-103 1.85E+05 90.38%
SX-114 1.77E+05 90.70%
SX-111 1.73E+05 91.01%
A-102 1.73E+05 91.32%
SX-108 1.68E+05 91.62%
C-204 1.63E+05 91.91%
A-103 1.61E+05 92.20%
c-112 1.55E+05 92.48%
BY-110 1.52E+05 92.75%
SX-102 1.48E+05 93.02%
TX-118 1.37E+05 93.26%
BY-112 1.36E+05 93.51%
BX-111 1.34E+05 93.75%
SX-113 1.33E+05 93.95%
U-201 1.32E+05 84.22%
U-101 1.32E+05 94.46%
BY-106 1.31E+05 94.69%
BY-105 1.25E+05 94.92%
AX-101 1.17E+05 95.13%
§X-109 1.16E+05 95.33%
U-104 1.10E+05 95.53%
C-203 1.09E+05 95.73%
S-108 1.08E+05 95.92%
TY-103 1.08E+05 96.11%
U-111 1.01E+05 §6.30%
TY-105 9.77E+04 96.47%
TX-101 9.69E+04 96.64%
BY-102 9.47E+04 96.81%
B-204 9.25E+04 96.98%
SX-101 9.20E+04 97.15%
U-107 8.37E+04 97.30%
B-106 7.50E+04 97.44%
TX-110 7.86E+04 97.58%
B-110 7.52E+04 97.71%
S-110 6.98E+04 97.84%
C-102 6.64E+04 97.96%
U-102 6.63E+04 98.08%
BY-103 6.51E+04 98.19%
T-102 6.43E+04 98.31%
Printed by BL Trumpour 7731795
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APPENDIX G

RANKING OF SINGLE-SHELL TANKS BY MOBILE ALl's ;
CUMULATIVE PERCENT OF MOBILE ALl's

TANK —_ MOBILEALI's % MOBILE
(RELATIVE GROUNDWATER HAZARD)| ALT's CUM.
Cc-101 6.32E+04 98.42%
SX-110 6.21E+04 98.53%
TX-115 5.87E+04 98.64%
SX-106 5.86E+04 98.74%
TX-111 4.7T1E+04 98.83%
S-106 4.40E+04 98.91%
TY-102 4.00E+04 98.98%
B-108 3.83E+04 98.05%
U-106 3.82E+04 99.12%
T-101 3.61E+04 99.18%
U-105 3.47E+04 99.24%
U-202 3.33E+04 99.30%
S-101 3.13E+04 99.36%
TX-102 2.81E+04 99.41%
C-201 2.49E+04 99.46%
TX-113 2.42E+04 99.50%
$-102 2.37E+04 99.54%
B-109 2.35E+04 99.58%
AX-104 2.26E+04 99.62%
T-203 2.20E+04 99.66%
C-104 1.79E+04 99.70%
U-108 1.60E+04 99.73%
B-101 1.62E+04 99.75%
T-112 1.52E+04 99.78%
BX-112 1.4BE+04 $9.81%
TY-104 1.44E+04 99.83%
U-203 1.40E+04 99.86%
C-202 1.33E+04 99.88%
TX-103 7.92E+03 99.90%
X117 7.58E+03 99.91%
BX-107 5.23E+03 99.92%
U-204 4.63E+03 99.93%
AX-102 4.01E+03 99.94%
B-103 3.99E+03 95.94%
AX-103 3.95E+03 99.85%
U-110 3.16E+03 99.96%
TY-106 3.11E+03 99.56%
A-105 3.10E+03 99.97%
s-107 2.66E+03 99.97%
B-104 2.61E+03 99.98%
B-102 2.54E+03 99.88%
$-103 2.37E+03 §9.99%
T-109 1.97E+03 99.99%
U-109 1.65E+03 99.99%
S-104 1.61E+03 100.00%
T-201 1.48E+03 100.00%
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" RANKING OF SINGLE-SHELL TANKS BY MOBILE ALI's ;
CUMULATIVE PERCENT OF MOBILE ALl's

[ TANK_| —_ MOBILE ALl's % MOBILE
(RELATIVE GROUNDWATER HAZARD)| ALI's CUM.
T-104 5.41E+02 100.00%
TY-101 3.29E+02 100.00%
T-110 2.36E+02 100.00%
T-108 5.12E+01 100.00%
T-106 2.83E+01 100.00%
T-111 1.63E+01 100.00%
BX-103 4.80E-02 100.00%
T-105 2.06E-02 100.00%
T-202 1.72E-02 100.00%
T-107 2.63E-14 100.00%
BX-101 9.40E-15__ 100.00%
TOTALS: 5.57E+07
Printed by BL Trumpour 7/31/%5
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APPENDIX H

RANKING OF SINGLE-SHELL TANKS BY '**Sn CURIES;
CUMULATIVE PERCENT OF "*Sn CURIES
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APPENDIX H

RANKING OF SINGLE-SHELL TANKS BY Sn-126 CURIES ;
CUMULATIVE PERCENT OF Sn-126 CURIES

TANK Sn-126 CURIES % Sn-126
{RELATIVE GAMMA HAZARD) Ci CUM.
A-102 1.04E+02 17.50%
C-105 6.03E+01 27.86%
AX-104 5.76E+01 37.37%
TX-118 4.66E+01 45.22%
A-101 3.08E+01 50.41%
A-104 2.51E+01 54.63%
SX-114 2.17E+01 58.29%
SX-111 1.69E+01 61.14%
SX-110 1.63E+01 63.89%
AX-102 1.45E+01 66.34%
SX-108 1.37E+01 68.65%
SX-107 1.25E+01 70.76%
C-102 1.11E+01 72.62%
C-106 1.06E+01 74.41%
B-110 1.00E+01 76.10%
SX-106 8.88E+00 77.60%
SX-112 8.85E+00 79.09%
SX-109 7.27E+00 80.31%
B-101 7.07E+00 81.50%
S-107 6.70E+00 82.63%
BX-106 6.06E+00 83.65%
BY-104 6.00E+00 84.66%
A-106 5.96E+00 85.67%
SX-101 5.66E+00 86.62%
8X-115 5.53E+00 87.56%
SX-104 5.23E+00 88.44%
SX-103 4.93E+00 89.27%
S-101 4.66E+00 90.05%
BY-10% 4.32E+00 90.78%
S-104 4.09E+00 91.47%
U-107 3.20E+00 92.01%
C-104 3.17E+00 92.54%
BX-109 3.12E+00 93.07%
TY-105 2.88E+00 93.55%
U-110 2.87E+00 94.03%
S-110 2.71E+00 94.49%
SX-113 2.26E+00 94.87%
C-107 2.25E+00 95.25%
S-109 2.25E+00 95.63%
AX-103 2.1ME+00 95.98%
BY-110 1.96E+00 86.31%
C-103 1.74E+00 96.61%
BY-108 1.41E+00 96.84%
BY-106 1.38E+00 97.08%
8-112 1.24E+00 97.28%
BY-107 1.16E+00 97.48%
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APPENDIX H
RANKING OF SINGLE-SHELL TANKS BY Sn-126 CURIES ;
CUMULATIVE PERCENT OF Sn-126 CURIES

[ TANK Sn-126 CURIES - % Sn-126
(RELATIVE GAMMA HAZARD) Ci CUM.
TY-103 1.11E+00 97.67%
C-101 1.11E+00 97.85%
U-111 1.06E+00 08.03%
C-108 8.71E-01 98.18%
SX-105 7.37E-01 98.30%
S-108 7.14E-01 98.42%
A-103 6.74E-01 98.54%
B-103 8.43E-01 98.65%
c-112 6.06E-01 98.75%
C-111 5 80E-01 98.85%
SX-102 5.63E-01 68.94%
BY-103 5.26E-01 99.03%
TX-109 4.99E-01 98.11%
8-102 4.42E-01 99.19%
S-111 4.09E-01 99.26%
S-105 3.99E-01 99.32%
T-104 3.59E-01 99.39%
TY-101 3.59E-01 99.45%
BX-107 3.25E-01 99.50%
TY-106 3.20E-01 99.55%
T-107 2.94E-01 99.60%
U-101 2.53E-01 99.65%
X113 1.81E-01 99.68%
B-102 1.77E-01 96.71%
1-105 1.73E-01 99.74%
U-102 1.65E-01 99.76%
BX-104 1.54E-01 90.79%
BX-101 1.29E-01 99.81%
C-110 1.14E-01 99.83%
TY-104 1.06E-01 99.85%
U-108 1.05E-01 99.87%
BX-110 6.80E-02 99.88%
B-107 6.03E-02 90.89%
B-104 5.96E-02 99.90%
BX-112 5.73E-02 99.91%
T-112 5.39E-02 99.92%
S-106 5.03E-02 99.92%
5-103 4.93E-02 99.93%
TX-110 4.19E-02 99.94%
T-110 4.12E-02 99.95%
T-111 3.92E-02 99.95%
C-109 3.45E-02 99.96%
BX-108 3.25E-02 99.97%
7-108 2.94E-02 99.97%
TX-108 2.27E-02 99.97%
U-112 2.26E-02 99.98%
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APPENDIX H
RANKING OF SINGLE-SHELL TANKS BY Sn-126 CURIES ;
CUMULATIVE PERCENT OF Sn-126 CURIES

TANK Sn-126 CURIES % Sn-126
(RELATIVE GAMMA HAZARD) Ci CUM.
7-106 1.92E-02 99.98%
TX-114 1.81E-02 99.08%
B-111 1.38E-02 99.98%
BY-111 1.23E-02 99.99%
U-100 1.19E-02 99.99%
c-202 - 7.44E-03 99.99%
BX-111 6.80E-03 99.90%
B-108 6.03E-03 99.99%
U-105 6.00E-03 99.99%
B-105 5.06E-03 100.00%
TY-102 4.93E-03 100.00%
TX-111 4.42E-03 100.00%
T-109 3.27E-03 100.00%
c-201 2.70E-03 100.00%
BY-101 2.09E-03 100.00%
TX-115 2.01E-03 100.00%
T-103 1.75E-03 100.00%
B-112 1.42E-03 100.00%
B-109 7.77E-04 100.00%
C-203 7.44E-04 100.00%
B-106 6.63E-04 100.00%
TX-112 2.25E-04 100.00%
BY-102 ' 2.09E-04 100.00%
TX-104 1.20E-05 100.00%
C-204 2.82E-06 100.00%
A-105 1.08E-07 100.00%
BX-105 8.78E-08 100.00%
TX-107 4.99E-08 100.00%
T-101 3.75E-08 100.00%
BX-103 2.78E-08 100.00%
U-106 2.71E-08 100.00%
BY-109 1.65E-08 100.00%
U-104 1.25E-08 100.00%
BY-112 1.05E-08 100.00%
TX-101 8.43E-09 100.00%
BX-102 4.72E-09 100.00%
7-102 3.12E-09 100.00%
TX-103 3.12E-09 100.00%
TX-106 8.01E-10 100.00%
TX-102 7.81E-10 100.00%
U-103 7.81E-10 100.00%
TX-105 1.76E-10 100.00%
U-201 9.92E-11 100.00%
AX-101 6.60E-11 100.00%
U-203 4.96E-11 100.00%
U-204 313E-17 100.00%
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APPENDIX H
RANKING OF SINGLE-SHELL TANKS BY Sn-126 CURIES ;
CUMULATIVE PERCENT OF Sn-126 CURIES

TANK Sn-126 CURIES % Sn-126
(RELATIVE GAMMA HAZARD) Ci CUM,
TX-117 1.66E-12 100.00%
TX-116 8.48E-13 100.00%
U-202 1.07E-14 100.00%
B-201 0.00E+00 100.00%
B-202 0.00E+00 100.00%
B-203 0.00E+00 100.00%
B-204 0.00E+00 100.00%
T-201 0.00E+00 100.00%
T-202 0.00E+00 100.00%
7-203 0.00E+00 100.00%
T-204 0.00E+00 100.00%
TOTALS: 503.58
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APPENDIX I

CALCULATION OF BOUNDING CUMULATIVE PUBLIC
DOSE (PERSON-REM) FOR SINGLE-SHELL TANKS

Internal Dose. Bounding cumulative public internal dose (person-rem) from current
levels of SST waste is given as follows:

Person-rem/yr = ALIs x EF/year x DF x UF x 5 person-rem/ALI
Where: ALIs are the bounding number of ALIs currently stored in SSTs

EF is the bounding escape fraction of ALIs per year from the disposal
site

DF is the bounding environmental dispersion factor of the ALIs that
escape the disposal site

UF is the bounding human uptake fraction of the ALIs that are
dispersed in the environment.

The bounding number of mobile and nonmobile ALIs (Appendix E) are as follows:
Total mobile ALIs = 5.57E7
Total nonmobile ALIs = 8.0E12

The value of EF for both the mobile and nonmobile case can be assumed to be
bounded by 1.0E-4/year, which means that in 10,000 years all the radioactivity in SSTs has
escaped to the environment. This is based on the 10,000-year period cited by EPA relative
to the performance of radioactive waste disposal sites. A value of 1.0E-4/year is admittedly
overly conservative. It is realized that this rate would not necessarily be constant, but it is
s0 conservative that a rate exceeding this, over any increment of time, would be very
unlikely.

The equilibrium values of the dispersion factors are difficult to estimate. As
radioactive materials leak from the disposal system and enter the dose pathway, radioactive
materials also leave the dose pathway. For example, as **Pu is being resuspended and
deposited on occupied areas, it is also being resuspended and blowing away from occupied
areas. [t will be conservatively assumed that the equilibrium conditions are such that the
dispersion factors are simply equal to the volumetric or areal dispersion of the radioactive
materials. Therefore, the values of DF are bounded by 1.7E-2 in the groundwater case
(mobile ALIs) and 2.3E-2 in the terrestrial case (nonmobile ALIs). These numbers are
derived as follows.
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Groundwater DF: Assume that mobile ALIs leach out of the disposal site and reside
in a lens of groundwater 1 m thick under the Hanford Site, which is assumed to be
1,500 km?®. The dispersion factor, DF, can be conservatively taken as the ratio of the
liquid waste volume in tanks and the volume of groundwater. The total tank liquid
waste volume is given in Appendix F as 2.6E4 m’. So:

Tank liquid volume/groundwater volume = 2.6E4 m*/(1 m x 1.5E6 m*) = 1.7E-2

Terrestrial DF: The terrestrial value of the dispersion factor is bounded by the ratio
of the areal extent of the tanks and the areal size of the land that the population
resides on. That is, areal contamination brought to the surface of the disposal sites is
diluted and dispersed, in accordance with Gaussian-type gradients. The areal extent
of the single shell tank farms is estimated to be about 7.0E4 m* and the areal extent
of the population is estimated to be about 3,000 km? or 3.0E6 m>.

7.0E4 m*/3.0E6 m* = 2.3E-2

The value of UF for the groundwater pathway is assumed to be bounded by
1.0E-3. That is, it is assumed that 1/1000 of all the groundwater under the Hanford Site is
actually consumed by humans each year via drinking water.

The value of UF for the terrestrial pathway is assumed to be bounded by
1.0E-8. This is based on the resuspension factor for radioactivity (Boothe 1979). it is
assumed that the principal route of exposure is through inhalation of resuspended
radioactivity. Assuming a resuspension factor as high as 1.0E-8 ensures that this is true.

The bounding cumulative public internal doses can now be calculated as follows:

Person-rem/year (groundwater) = 5.57E7 ALIs x 1.0E-4/year x 1.7E-2 x
1.0E-3 x 5 person-rem/ALI = 0.47 person-rem/year

Person-rem/year (terrestrial) = 8.0E12 ALIs x 1.0E-4/year x 2.3E-2 x
1.0E-8 x 5 man-rem/ALI = 0.92 person-rem/year

External Dose. Using the dose factor in Appendix A and assuming that 1.0E-4 times
the long-term gamma inventory (**Sn) resides in the near-soil at any one time, the annual
external radiation dose per person is given as follows:

(5.0E-2 rem-km*/year-Ci x 1.0E-4 x 375 Ci) / 3,000 km? = 6.25E-7 rem/year

Assuming that 100 percent of the population is exposed as follows:

Person-rem/year (external) = 6.25E-7 rem/year x 200,000 persons = 0.1
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The total bounding internal and external public cumulative dose can now be calculated
as follows:

Total Bounding Cumulative Dose = 0.47 + 0.92 + 0.1 = 1.49 person-
rem/year :

The above person-rem/year values are based on very conservative estimates of the
number of ALIs in SSTs and on other assumptions that are considered bounding and
conservative. The values can be compared with background radiation, which is
60,000 man-rem/year for the 200,000 people that currently reside near the Hanford Site.

I-5



WHC-SD-WM-TI-711
Revision 0

This page intentionally left blank.

I-6



WHC-SD-WM-TI-711
Revision Q

APPENDIX J

SINGLE-SHELL TANK REMEDIATION
AND HAZARD REDUCTION
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