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1.0 INTRODUCTION

One of the major functions of the Tank Waste Remediation System (TWRS) is to
characterize wastes in support of waste management and disposaJ activities at the Hanford
Site. Analytical data from sampling and analysis, along with other available information
about a tank, are compiled and maintained in a tank characterization report (TCR). This
report and ita appendixes serve as the TCR for single-shell tank 241-S-111. The objectives
of this report are: 1) to use characterization data to address technical issues associated with
tank 241-S-111 waste; and 2) to provide a standard characterization of this waste in terms of
a best-basis inventory estimate. The response to technical issues is summarized in
Section 2.0, and the best-basis inventory estimate is presented in Section 3.0.
Recommendations regarding safety status and addkional sampling needa are provided in
Section 4.0. Supporting data and information are contained in the appendixes. This report
also supports the requirements of Hanford Federal Facility Agreement and ConseruOrder
(Ecology et al. 1996) milestone M-44-1O.

1.1 SCOPE

Characterization information presented in thii report originated from sample analyses and
known historical sources. Whiie only the results of recent sample events will be used to
fulfdl tLrerequirements of the data quality objectives (DQOS), other information can be used
to support (or question) conclusions derived from these results. Historical information for
tank 241-S-1 11, provided in Appendix A, includes surveillance information, records
pertaining to waste transfers and tank operationa, and expected tank contents derived from a
process knowledge model.

Tire recent sampling events listed in Table 1-1, as well as sample data obtained prior to
1989, are summarized in Appendix B along with the sampling results. Tbe results of the
1996 core sampling event, also reported in tie laboratory data package (Steen 19%), did not
satisfy the data requirements specified in Tank 241-S-111 Push Mode Core Sampling and
Analysis Plan (Comer 1996). Onfy one of the two planned core samples could be retrieved.
The statistical analysis and numerical manipulation of data used to address programmatic
issues are reported in Appendix C. Appendm D contains the evaluation to establish the beat
basis for the inventory estimate and the statistical analysis performed for thii evaluation.
A bibliography that resulted from an in-depth literature search of all known information
sources applicable to tank 241-S-111 and its respective waste types is contained in
Appendix E. The reporta listed in Appendm E maybe found in the Lockheed Martin
Hanford Corporation Tank Characterization Resource Center.
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IVapor sample
(March 21,
1995)’

Core 149
(May 15 to

,May 21, 1996)

Core 150
I(June 14 to
June 19, 1996)

Vapor sample
(grab samples,
July 11 to
August 7, 1995)

H, monitoring
(August 1995 to
present)

Notes:
da = mt applicable

lVapOrSamplingSystem (hated vapor probe)
‘StandardHydrogenMonitoringSystem(SHMS)

1.2 TANK BACKGROUND

Tank 241-S-1 11 is located in the 200 West Area S Tank Farm on the Hanford Site. It is the
second tank in a three-tank cascade series. The tank went into service in 1952 when it
received high-level reduction-oxidation (REDOX) waste cascaded from tank 241-S-110. The
tank received high-level REDOX waste and REDOX cladding waste intermittently until 1957.
A small transfer of cladding waste was received from tank 241-S-107 in 1965. From 1974 to
1975, waste from the tank was pumped to tank 241-S-102 for evaporator feed. Evaporator
bottoms were returned to the tank intermittently over thii time period. Salt weIl liquor was
pumped from the tank from 1976 to 1978, but was stopped after an equipment failure.
Additional salt well pumping must be performed prior to stabilization. The tank was
removed from service and declared inactive in 1976. The tank is sound.

A summary description of tank 241-S-111 and its contents is presented in Table 1-2. The
tank has an operating capacity of 2,870 kL (758 kgal), and presently contains an estimated
2,040 kL (540 kgal) of non-complexed waste (see Appendix A, Section A5.0). The tank is
on the Organic and Flammable Gas Watch Lists (Public Law 101-510).
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Table 1-2. Description of Tank 241-S-111.

Type Single-shell

constructed 1950-1951

In-service 1952

Diameter 22.9 m (75.0 ft)

Operating depth 7.3 m (24 ft)

Cmacity 2,870 kL (758 kgal). .
Bottom shape Dish

Total waste volume 2,040 kL (540 kgal)

Supernatant volume 87 kL (23 I@)

Saltcake volume 1,430 kL (378 kgal)

Sludge volume 526 kL (139 kgal)

Drainable interstitial liquid volume 621 kL (164 kgal)

Waste surface level (January 21, 1997) 5.18 m (203.8 in.)

Temperature (January 1991 to October 1996) 18.4 “C (65.2 ‘F) to 36 ‘C (97 “F)

II~sion prevention Not completed I

1-3



HNF-SD-WM-ER-638 Rev. O

This page intentionally left blank.

1-4



HNF-SD-WM-ER-638 Rev. O

2.0 RESPONSE TO TECHNICAL ISSUES

Five technical issues have beerr identified for tank 241-S-111 (Brown et al. 1996):

● Safety screening: Dots the waste pose or contribute to any recognized
potential safety problems?

● Organic salts: Are there organic complexants in concentrations above the
level of concern?

● Vapor ~. Is the vapor in the tank flammable? Dots the vapor pose a
risk to workers’ health? Does an organic solvent pool exist in the tank?

● Historical model evaluation: Is the waste inventory generated by a model
based on process knowledge and historical information (Agnew et al. 1996)
representative of the current tank waste inventory?

● Waste compatibfity: Is the liquid waste in the tank compatible with the
waste in the double-shell tank (DST) system?

The tank characterization plan (’I’CP)(Conner and W&hnan 1996) provides the types of
sampling and analyses used to addrcas the above issues. These five issues are addressed in
the following sectioos, using data from the recent analysis of one core sampie, tank
hcadspace measurements, and available historical information. The sample and analysis data
for tank 241-S- 111 are provided in Appendix B. Other technical issues, such as heat
generation in the waste, are also addressed.

2.1 SAFETY SCREENING

The data needed to screen the waste in tank 241-S-111 for potential safety problems is
documented in Tunk W&y ScreeningDuta QuuMy Obje@”ve(Dukelow et al. 1995). These
potential safety problems are exotherntic conditions in the waate, flammable gases in the
waste and/or tank headspace, and criticality conditions in the waste. Each of these
conditions is addressed separately below.

2.1.1 Exothermic Conditions (lhergetics)

The first requirement outlined in the safety screening DQO (Dukelow et al. 1995) is to
ensure that there is not enough fuel in tank 241-S-111 to pose a safety hazard. Because of
this requirement, tank samples were evaluated for energetic. The threshold limit for
energetic is 480 J/g on a dry weight basis. Results obtained using differential scanning
calorimetry indicated that exotherms were apparent in 6 of the 19 subsamples from core 149.
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No exotherm was detected in any liquid sample. The largest exotherm was 141.9 pg/g (dry
weight basis) for the segment 3 solids subsample. Sample results are compared to the limit
using the one-sided, upper 95 percent contldence interval. The highest 95 percent upper
confidence lid on the mean was 209.5 ~g/g on a dry basis, which is well below the action
limit of 480 J/g. These calculations are presented in Appendm C.

The safety screening DQO required that the waste sample profde be tested for energetic
every half segment [24 cm (9.5 in.)] to determine if the energetic exceed the safety
threshold liiit. Thii requirement is considered to be met for core 149 (although
segments 10 and 11 were not subsatnpled into half segments bwauae of incomplete
recovery).

In the absence of other information, the safety screening DQO required two vertical profdes
of the waste in the tank. This requirement was not met: Although core 149 was a full-depth
core, core 150 was incomplete. Ordy 2 of the 11 planned segments were recovered. None
of the samples from core 150 were analyzed.

2.1.2 Flammable Gas

An SHMS has been installed in tank 24l-S- 111 to monitor the hydrogen concentration in the
headspace. The monitoring system has been operating since August 21, 1995. The highest
concentration of hydrogen reported for the tank is 1,270 ppm on December 14, 1995
(WU et al. 1996). In Mltion, several grab Samples were taken through the SHMS in
July and August of 1995 and arudyzed. The hydrogen ccmcentratiortain these samples varied
from less than 5 ppm to 210 ppm (Wilkins et aL 1996).

A vapor sample was taken on March 21, 1995 via the Vapor Sampling System. Analyses
indkated that the ammonia concentration was 122 ppm and the hydrogen concentration was
391 ppm. The to&dconcentration of positively identified organic compounds was 0.75 ppm
(Huckaby and Bratzel 1995).

The lower flammability limit (LFL) for hydrogen in air is 40,000 ppm, and the LFL for
ammonia is 150,000 ppm. The action level stated in the safety screening DQO is 25 percent
of the LFL (by gas specific monitoring gauges or gas chromatographyhaas spectrornetry).
Wilkins et al. (1996) gives an action limit for hydrogen of 6,250 ppm, adjusted to account
for the effect of other flammable gases. All reported results for thii tank are well below thii
action limit. The results are variable, indicating that the concentration of hydrogen in the
headspace fluctuates. Wti et aL (19%) estimates that the tank is at 1.1 percent of the
LFL, based on data from the March 21, 1995 vapor sample. These data indkate that there
is not a flammability concern for tank 24l-S-111. Data from these vapor phase
measurements are presented in Appendii B.
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2.1.3 Criticality

Drainable liquids and solids from each segment of core 149 were analyzed for total rdpha
activity in accordance with the safety screening DQO (Dukelow et al. 1995). Density was
also measured on the solid subsatnples from each segment in accordance with this DQO.
The safety threshold limit is 1 g 2s9pu per ]i@r of WUtC. Assuming that all ~P~ is from
Z.3gpuad ~~ufig a de~ity of 1.87 g/mL (the highest resuit measured for the core

samples), 1 g/L of ‘Pu is equivalent to 32.9 ~Ci/g of alpha activity.

As required by the DQO, the upper limit of the one-sided 95 percent contldence interval of
the mean for each subsample was calculated The highest result for total alpha was
0.207 t.tCi/g, or more than 1(XItimes below the calculated lknit. The method used to
calculate contldence limits is contained in Appendix C. The drainable liquid samples from
core t49 (segments 1, 2, and 3) were also amdyrd for ‘gWPo. All results were below
detection limits. The highest detection Iinit value was 7.62E-05 pCi/mL.

All resuks are well below the action limit, suggesting that the waste does not pose a
criticality hazard. However, because two full-length proffles were not obtained, the
criticality issue cannot be closed.

2.2 ORGANIC WASTE ISSUES

2.2.1 Condensed Phase Organic Jsauea

Data Quality Obje~”ve to SuppoIIResolution of the Organic Conrpkxant S@ty Issue (Turner
et al. 1995), describes the concern that organic complexants were used during the major
operational periods of the Hanford Site plants. Nbrate salts have also been precipitated in
the tanks, and an intimate mixtnre of the complexants with the nitratehritrite may exist in
some of the storage tanka. These sal~ may serve as an oxidizer which, when mixed with
sut%ciently high concentrations of organic complexants, could react exothermicaily if heated
to high temperatures. Such a reaction could lead to a radioactive release from the tanks.
Therefore, the potential for exothermic organic complexant reactions needs to be examined.

Review of the waste transfer records (Anderson 1990) indicates that REDOX waste was
added to the tank in the 1950s and evaporated wastes were added in the 1970s. Partially
neutralized waste and noncomplexcd waste also were added in the late 1970s. The
evaporated wastes may have contained organic complexants used in waste fractionation at
B-Plant (complexant wastes were sent to the 242-S Evaporator in the 200 West Area for
waste volume reduction).
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According to the organic DQO, tanks suspected to contain organic complexsnts should be
ewduated to determine whether sufficient fuel exists to support a propagating reaction.
Differential scanning calorimetry and total organic carbon (TOC) analyses are prescribed.
Differential scanning calorimetry was applied to Iiquid subsamples and homogenized half
segments of the solids from core 149. Results are discussed above in Section 2.1.1. AU
results were well below the action Unit.

The organic DQO rdso establishes an action limit of 30,000 pg/g TOC (dry weight basis).
Sample results above that limit trigger further analyses to better determine the fuel content of
the waste. The results from analyzing samples from core 149 indkate that the maximum
TOC concentration was 6,430 pg/g (dry basis) in the segment 3 solid subsample. The
highest 95 percent ccmtldeace intervrd result (on a dry basis) for a single subsarnple was
16,100 ~g/g, which is still well below the action limit.

None of the data suggest that there is a concern of a propagating reaction in the waste.
However, the issue cannot be closed because ordy one full-length profiie of the waste was
obtained (two full-length cores required to address the issue).

2.2.2 Organic Data Quality Objective Vapor Issues

Cash (1996) directed a change to the organic DQO to assess whether an organic solvent pool
greater than 1 m’ (10.8 &) exisfi in any of the tanks. This memo dictates that tank vapors
are to be analyzed for total non-methane hydrocarbons to determine whether an organic
solvent pool exists on the tank surface.

Because the March 1995 vapor sampling and analysis preceded the Cash (1996) directive,
a total non-methane hydrcwarbons analysis was not performed. However, Huclraby et al.
(1997) used semi-voiatile organic &ta from tank 241-S-111 to estimate that an organic liquid
pool of 0.08 mz(O.86 ff) might exist. The upper 95 percent cordidence level calculation was
0.18 mz (1.93 &); both figures are well below the liiit of 1 mz stated by Cash (1996).

No further action is considered necessary to satis~ the Cash (1996) letter. However, if
vapor sampiiig is necessary for another reason, then an analysis for total non-methane
hydrocarbons should be considered. Vapor analytical data are presented in Appendix B.
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2.3 VAPOR SCREENING

Dasa Qualify Objeet@esfor TankHazardous Vapor S@iy Screening (Osborne and
Buckley 1995) describes parameters for data collection to ensure appropriate conclusions ean
be drawn baaed on headspaee vapor measurements. This DQO requires that tanks be
sampled to evaluate vapor flammability and to identify and quantify compounds of
toxicological concern. Compounds of toxicological eoneern are assigned a eonaenaus
exposure standard, which is generally the most stringent of known regulatory or
recommended toxicologieaJ values for the occupational setting. For those constituents with
unknown toxicological values, the eosrsertsusexposure standard was developed by the
Westinghouse Hanford Company Vapor Review Committee (Osborne and Buckley 1995).

Tank 241-S-1 11 was sampled on March 21, 1995 according to an earlier revision of the
Vapor DQO (Osborne et al. 1995). Sampling was ecmductedwith the Vapor Sampling
System, which uses a heated vapor probe to sample gases from the tank. Flammability
results are discussed above in Seetion 2.1.2. AI] results are well below action limits.
Huckaby and Bratzel (1995) reported that no headspaee eonstituertts exeeeded the industrial
hygiene notification limits (consensus exposure standards) specified in the Vapor Sampling
and Analysis Plan (Homi 1995). Tank vapors are no longer being evafuated as a health
concern (Hewitt 1996). Vapor data are presented in Appendw B.

2.4 HISTORICAL MODEL EVALUATION

The purpose of the h~torical evrduation is to determine whether the model baaed on proms
knowledge and historical information (Agnew et al. 1996) predicts tank inventories that are
in agreement with sampling data. If the historied model ean be shown to accurately predict
the waste characteristics as observed through sample characterization, then there is a
possibility that the amount of total sampling and analysis needed may be reduced.

Data requirements for this evaluation are documented in Historical Model Evalti”on Data
Requirements (Simpson and McCain 1996). Because tank 241-S-111 is considered a
“spatially complex tank, ” specific waste types are not required to be investigated. Rather, a
speeified set of analyses are completed on all solid subsamples, along with a larger set of
analyses on composites of each mre. These arsaIysesare expected to indicate where different
waste layers are within the tank and provide overall tank composition data for comparison to
the predicted inventory from the historical model.

Inspection of the data reveals that at least three distinct layers are present in the tank
1) a liquid pool; 2) a high-sodium, high-nitrate salteake layer that constitutes the bulk of the
solids; and 3) a high afumirmm sludge layer on the bottom. In Table 2-1, the two solid
layers are compared to the waste types predicted to be in the tank by the tank layer model
(TLM). The data indicate that the sakeake is consistent with the S1 sakcake waste type.
The siudge results appear much closer to REDOX cladding waste (CWR) than
REDOX sludge.
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The data from tank 241-S-111 will be used in multi-tank statisticxdcomparisons of sampling
data and modeling pr~lctioos that are beyond the scope of this TCR. Because the historical
DQO requires analysis of at least two profdes of the waste, additional sampling is required to
satisfy the DQO.

Table 2-1. Comtxirison of Core Sanmle Data to Historical Waste Streams.

Na ppm 216,0@Y 195,400 69,001Y 52,500 33,000

Al ppm 15,00(P 31,000 249,001Y 114,000 58,200+

IFe ppm - < llW - 38,100+

ICr ppm 5,40 3,000 2,6853 - 30,600+

H,O percent 29.9 32.1 11.1 69.4 44+

NO$ ppm 281,000 274,300 -

co, ppm 61,700 17,000 4,690 - 8,700

so, ppm 22,000 13,000 -
137CS pCi/g - 67.7 - 41+

‘Sr ~Cilg - 94+

u ppm - < 11,0003,’ 28,200 3,500+

Notes
WnPsonSIXIMcCsin (19%)
‘Acid digest - inductivelymupledplssrnsspectroscopy(ICP)results
3Fusiondigest- ICPresults
4ti1d digestion results were < 235 ppm

2.5 WASTE COMPATIBILFI’Y

Liquid will be pumped from tank 241-S-111 to stabilize the tank by removing tbe threat of
significant leakage. Therefore, the requirements of the Data Quofity Obje@”vesfor Tank
Farms Wizrte Cornpa”biliryProgram (Fowler 1995) were applied to liquids recovered from
the core samples. The DQO requires data on wastes being transferred into or within the
DST system in order to ensure that no safety problems are created as a result of
commingling wastes and to maintain continued operability during waste traosfer and waste
concentratiord minimization (e.g. waste does not plug transfer piping, trap flammable gas,
promote exothermic reactions, corrode lines or tanks, or thermally stress tanks).

2-6



HNF-SD-WM-ER-638 Rev. O

Compatibility amdyses are typically performed on liquid grab samples. However, for
tank 241-S-111, analyses were performed on drainable liquid subsamples from core 149.
Results were compared againat the decision rules stated in the compatibility DQO. No
results exceeded action limb derived from the compatibihty DQO and stated in the sampling
plan (Conner 19%). In Table 2-2, the data from core 149 liquids are compared to the
applicable compatibility lids. No comparison is made if information on the receiver tank is
necessary to determine compatibility.

Table 2-2. Waste Compatibility Data Quality Objective Criteria.l

I < 3. 14E-6 ir/L4

hergetics

~U segregation

~orrosion controls

~hosphatewaste

Specific gravity < 1.3 or 1.36 -
commingled waste < 1.41
Exotherrm/endothermratio < 1 0 (no exotherrns)
No separable orgardc phase
TRU < 100 nCdg

If NO, < t .(M
then O.OIM < OH < 8.OM
and O.OtlM < N02 < 5.5M

If 1.0< N05 < 3.(IM
then 0.1 x N03 < OH < 10M
and OH + N02 >0.4 X NO$

For N03 > 3.OM
then 0.3M < OH < 10M
and OH + NO1 > 1.2M
and N03 < 5.5M
If PO, > 0. I&f, then do not mix with
high-salt (Na > 8.OMIwaste

no separable organics
< 0.41 nCi/g
(sum of “WPU and “Am)
OH = 0.24M
NO, = 1.45M

,NO, = 3.llM

OH slightiy below this
limit; however, these limits
do not apply to single-shell
*S

o.047kf PO,

OH = freehydroxide
TRu = tmnsmmic

lResnkssre fmmSteen(1996). Aversge results are used except where less !hsn results were
~~titi~s ttitor~tivdu em~ink-.

2Fowler(1995)

‘Liquid ssmples only

4Assmnesall ‘%% is% snd uses a specitic sctivity of 0.0615 CVg.

‘Corrosion Iiits are only appiied to donble-xmtsinedreceivertsnkssndDSTS.
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2.6 OTHER TECHNICAL ISSUES

2.6.1 Heat Generation

Heat generation and temperature of the waste are factors in assessing tank safety. Heat is
generated in the tanks from radioactive decay. The heat load estimate based on the tank
process hiitory was 4,800 W (16,400 Btu/hr) (Brevick et al. 1996). The heat load estimate
based on the tank headspace temperature was 1,870 W (6,390 Btu/hr) (KUrnmerer 1995).
The heat load estimated from sampliig data, presented in Table 2-3, is 2,460 W
(8,410 Btu/hr). All these estimates are well below the 11,700 W (40,000 Btu/hr) limit that
separates Ldgh-and low-heat-load tanka.

Table 2-3. Heat Load Estimate Based on Data from 1996 Core Sarmde.

Notes
lFmmTable3-2.

‘Includesdaughrerisoropes.

2.6.2 Pretreatment

Results for the one core composite sample analyzed indicate that approximately 80 percent of
the phosphorus, 25 percent of the chromium, and 25 percent of the aluminum is water
soluble. As reported in Table 2-1, (he aluminum concentration in the sludge is very high
(249,000 pg/g).

Although not required in the TCP nor in the Strategyfor SamplingHanford Site Tank Wares
for Devehpment of Disposal Technology (Kupfer et al. 1995), a sludge sample from
tank 241-S-111 was provided for sludge washing and leaching studies. Sample material from
tank 241-S-1 11 was used because other tanks expected to contain REDOX sIudge had not yet
been sampled. The sample was a composite of segments 9 through 11 of core 149. Results
are not yet available.
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2.7 SUMMARY

The results from all analyses performed to address potential safety issues showed that no
analyte exceeded safety decision threshold limits. However, only the vapor flammability and
toxicity issues have been completely addressed for this tank. The condensed phase issues
(criticahty, energetic, organic content) cannot be closed because only one of the required
two fill-length cores were obtained. Again, all analytical results on the one core were well
below the action limits.

The historical DQO also required two waste proftiea, and thus the requirement has not been
met. The testing requirements of the compatibility DQO were met. An assessment of how
the sampling data addressed each issue identified for tank 24l-S-111 is summarized in
Table 2-4.
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Table 2-4. Summary of Safetv Screening, Ormnic, Historical. and
Compatib~ity DQO ~esul~.

kfety
creening

)rganic

~ompatibiiity

Historical
nodel
valuation

Japor
creening

Flammable gas

Criticality

TOC

Solvents (total
non-methane

invapor)

see Table 2-2

nla

Flammability

Health effects

w!<~.$....%!!:$w:x>~~$:j ; ,f$;’= ,,:,,;,:jAi.,.> ,.m,,..:.:;,;. . ,.,,,...... .. .. ...,,;,:,..,,,:..:,;;,i,~,.;..;.:.!.*,*<,,$;:,:;<.O:,,.,,(j ,:, ,, ;,:,,

‘,““’’’fi$~~$~~J“AW’~., .%$4’*..i “ % .%:;,$$j..ci$z::xti,;.ifi;~:::; --:,,::$,.:,.,‘“,., ‘?.,~:,...:.- .% w .. ... \, ,,,<, .; ,,,,:,.,.,.,-~. # ,.,.,>,>d:&~&?:,$<;~8:$$,;&*.<,.,,.,::,>...>,..<.,.,, . . .jfh ,/,,,%.
Highest upper 95 percent cottfldence limit for a
subsample was 209.5 J/g (action limit is 480 J/g). Only
one of the two required cores were recovered.

The h@est result recorded by the SHMS was 1,270 ppm
H2. This is still well below the H2 action Itilt of
6,250 ppm. Results of grab sample &ta over several
months inrfkates that the hydrogen concentration
averaged 72 ppm. Results of vapor sampling and
analysis yielded a result near 1 percent of the LFL
(action limit is 25 percent of the LFL).

Highest upper 95 percent Cotildence lid for a
subsarnple was 0.207 pCi/g (action limit was
32.9 pCi/g). Only one of the two required cores was
recovered.

Highest upper 95 percent cotildence limit for a
subsarnple was 12,800 pg C/g (action limit
30,000 pg C/g. Only one of the two required cores were
recovered.

Requirement not in place when tank was vapor sampled.
A solvent pool of 0.08 mz (0.86 ftz) has been estimated,
well below the 1-m*(10.8-ft2)limit.

Results are witbin safety limits. Compatibility
assessment not yet performed.

Because the tank is classified as spatially complex, no
specific comparisons are required. Data will be used in
statistical comparisons of analytical data and modeling
predictions. Only one of the hvo required cores was
recovered. Three distinct layers were observed
(supernatant, srdtcake, sludge).

Discussed above for safety screening.

All results were below industrial hygiene notification
limits.
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3.0 BEST-BASLS STANDARD INVENTORY ESTIMATE

Information about the chemical andlor physical properties of tank wastes is used to perform
safety analyses, engineering evaluations, and risk assessments associated with waste
management activities, as well as to address regulatory issues. Wsste management activities
include overseeing tank farm operations and identifying, monitoring, and resolving safety
issues associated with these operations and with the tank wastes. Disposal activities involve
designing equipment, processes, and facilities for retrieving wastes and processing the wastes
into a form suitable for long-term storage. Chemical inventory information generally is
derived using two approaches: 1) component inventories are estimated using the reaulfi of
sample analyses, and 2) component inventories are predicted using a model based on process
knowledge and historical information. The most recent model was developed by Las AIamos
National Laboratory (LANL) (Agnew et al. 1996). Not surprisingly, information derived
from these two different approaches is often inconsistent.

An effort is underway to provide waste inventory estimates that will serve as standard
characterization information for the various waste management activities (Kupfer
et al. 1995). As part of this effort, an evaluation of available chemical information for
tank 24l-S-111 was performed that included an evaluation of available chemical information
for tank 241-S-1 11 was performed, including the following:

The inventory estimate generated by the Hanford defied waste (HDW) model
(Agnew et al. 1996)

An engineering evaluation that produced a predicted concentrated supernatant
solids (SMMS 1) inventory based on a methodology developed by evaluating
tanks 241-S-102, 241-S-102, 241-U-107, and 241-U-109.

An engineering evaluation of REDOX sludge based on sampling-based data
from tank 241-S-102, 241-S-104, and 241-S-107.

Sample data from tank 241-S-111. Results of sample values are in
Appendix B of this document.

Based on this evaluation, a best-basis inventory was developed for tank 241-S-11t. For the
following reasons, the sample-based evaluation inventory was chosen as the best basis for
those analytes for which sampling-based analytical values were available.

● The sampling-based analytical concentrations of the other S and U ranks
containing SMMS 1 waste compared favorabIy with 241-S-111 sampling data.

● No methodology is available to fully predict SMMS 1 saltcake from process
flowsheet or historical records.

3-1



HNF-SD-WM-ER-638 Rev. O

● No methodology is available to fully pr~lct REDOX waste generated between
1952 and 1957 (Rl) from process flowsheet or historical records for this tank.
First-cycle RI waste changed composition rapidly during the process, and
accurate records of these changes are not avaiiable at this time. Also, RI
waste was cascaded and transferred into and out of many S, SX, and U tanks
between 1972 and 1978, which makes it difficult to predict precipitation
factors for analytes in the waste. Some tanks will show higher concenmations
for certain analytes because of the length of time the waste was in the tank.

● In several cases, the sampling-based inventories do not support the assumptions
and estimates made by the HDW model.

● For those few analytes for tank 241-S-111 where no data were available from
the sampling or from the sampling-based inventory of simikr tanks, the HDW
model values were used with the notation that they were of lower reliability.

The best-basis inventory for tank 241-S-111 is presented in Tables 3-1 and 3-2. The
deviation of the best-bask inventory is presented in Appendix D.
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Table 3-1. Best-Basis Inventory Mmates for Nonradioactive Components in
Tank 241-S-111.

Bi 174 s N02

Ca I497 s NO,

E=&=HE=
198 tE IITOC

Mn 151 s uToTti

Na 581,000 s ~Zr

Notes:

w“
w
&i+

nlr = not repted

1S = sample-based,M = HDW model-bssed, E = engineeringassessment-based
2 Bssed on iimiondigest saqrk results
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Table 3-2. Best-Basis Inventory Estimates for Rachoactive Components in Tank 241-S- 111.’

3H rrir 226& nh

14c rrlr ‘Ac rr/r

39Ni olr 229& rr/r

~co nlr m nlr

63Ni nlr Z31pa rr/r

“Se rrfr *% rdr

‘Sr 51,200 s *TJ nh

WY 51,200 s 233U oh

~Zr nlr *u rrlr

“mm nlr ‘u oh

Wc nir 236u rrlr

ID6RU rrlr ~mp nlr

113mCd nlr 238pu rrlr

123Sb nir *TJ nlr

126rJn rdr ‘% 264 M

1291 nh Wu rrlr

1*C5 nh 241~ 2,530 E

137C5 418,000 s 241~ nlr

“’mBa 396,000 s 242cm rrlr

151cJm nlr 242pu rrlr

152EU nlr 243~ rr/r

lWEu rrlr 243cm nh

155EU nlr ‘Cm nh

Notes:
nlr = notreported

‘Radionuclidesdecayed to January 1, 1994
‘S = wrnple-based, M = HDW model-based,E = engiwering assessment-bared
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4.0 RECOMMENDATIONS

All analytical results for the safety screening, organic, and vapor screening DQOS were well
within the safety limk However, ordy one of the required two full-length core samples was
retrieved, so for rhese safety-related DQOS, only the vapor screening DQO has been
satisfied.

The hiatoricaJ DQO also has not been satisfied, because it, too, requires two proffles of the
waste. The &ta requirements of the compatibility DQO have been met.

Furthermore, sludge samples from the tank have been provided to the Pretreatment Program
for use in sludge washing and caustic leaching studies, and a best-basis inventory has been
developed for the tank’s contents.

Table 4-1 summarizea the status of the Project Hanford Management Contractor (PHMC)
Program review and acceptance of the sampling and analysis results reported in this TCR.
All DQO issues required to be addressed by sampling and analysis are listed in column one
of Table 4-1. The second cohunrr indicates whether the requirements of the DQO were met
by the sampling and amdysia activities performed and is answered with a “Yes” or a “No. ”
The third column indicates concurrence and acceptance by the PHMC program in TWRS that
is responsible for the DQO that the sampliig and analysis activities performed adequately
meet the needa of the DQO. A “yes” or “no” in column three indicates acceptance or
d~approval of the sampling and analysis information presented in the TCR.

Table 4-1. Acceptance of Tank 241-S-111 Sampling and Analysis,

1

Organic DQO No’ No I
Vapor screening DQO Yes Yes

Historical evaluation DQO No’ No

ICompatibility DQO I Yes I Yes I

Note
lSamplingnot adequate to satisfy these DQOS
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Table 4-2 summarizes the status of the PHMC Program review and acceptance of the
evahmtions and other characterization information contained in this report. The evaluations
specifically outlined in this report me the evaluation to determine whether the tank is safe,
conditionally safe, or unsafe (safety screening DQO), evaluation of whether organic
constituents in the waste are a safety concern (organic DQO), evaluation of the tank’s vapors
for flammability and potentiaJ health effecw (vapor screening DQO), and evaluation of the
compatibility of the tank’s liquids with the DSTS (compatibility DQO). The historical DQO
did not require an evaluation of the data for this tank (the data will be used for tank-to-tank
statistical comparisons. Column one lists the different evaluations performed in this report.
Columns two and three are in the same format as Table 4-1. The manner in which
concurrence and acceptance are summarized is also the same as that in Table 4-1. Tbe safety
and organic categorization of the tank is listed as “not applicable’ in Table 4-2 because
SaMP@ WaSnot adequate.to fully address these safety issues. However, none of the
analyses performed indkme any safety problems.

Another full-length core is required to satisfy the safety screening, organic, and historical
DQOS. However, because none of the data from core 149 indicate that a safety concern
exista, thii second core should not be a high priority relative to sampling other tanks not yet
sampled.

Table 4-2. Acceptance of Evaluation of Characterization Data and
Information for Tank 241-S-111.

Organic solvent screening Yes Yes

Vapor assessment (flammability and health Yes Yes
impacts within acceptable levels)

Compatibility assessment (liquid waste Not yet Not applicable
compatible with DSTS)

Historical gateway Not applicable Not applicable
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APPENDIX A

HISTORICAL TANK INFORMATION

Appendix A describes tank 24l-S-111 based on historical information. For this report,
hutorical information includes any information about the fdl h~tory, waste types,
surveiIkmce, or modeling data about the taok. This information is necessary for providing a
bahancedassessment of the sampling and analytical results.

TM appendix contains the following information:

s Section Al: Current status of the tank, including the current waste levels ZM
well as the tank’s stabilization and isolation status

● Section A2: Information about the tank’s design

● Section A3: Process knowledge of the tardG i.e., the waste transfer history
and tbe estimated contents of the tank based on modeling data

● Section A4: Surveillance data for tank 241-S-111, including waste
surface-level readings, temperatures, and a description of the waste surface
bawd on photographs

● Section A5: Estimateof tank volume and contents

● Section A6: References for Appendix A.

Historical sampling results (results from samples obtained prior to 1989) are included in
Appendix B.

A1.O CURRENT TANK STATUS

Tank 241-S-1 11 contains an estimated 2,040 kL (540 kgal) of waste classified as
non-complexed. Liquid waste volume is estimated using core sampling recovery data and
photographic evaluation. Solid waste volume is estimated using a combination of
surface-level measurements and core sampling recovery data. Estimations of the solid and
liquid waste volumes are presented in Section A5.O. The amounts of various waste phases in
the tank are presented in Table Al-1.
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Sludge 526 (139)

Saftcake 1,430 (378)

Drainable interstitial liquid 621 (164)

Drairrable liquid remaining 653 (172)

Pumpable liquid remaining 427 (113)

Tank 241-S-1 11 is out of service, as are all single shelf tanks, is categorized as sound, and is
pawively ventilated. The tank is on both the Hydrogen/Flammable Gaaes and the Organics
Watch LEts (Hanfon 1996). All monitoring systems were in mmplice with documented
standards as of October 31, 19% (Hanfon 1996).

A2.O TANK DESIGN AND BACKGROUND

The 241-S Tank Farm was constructed during 1950 and 1%1 in the 200 West Area. The
farm contains twelve 100-series tanks. The tanks have a nominal capacity of 2,870 kL
(758 kgal) and a dueter of 23 m (75 ft) (Leach and Stahf 1993). The 241-S Tank Farm
was designed for waste with a maximum fluid temperature of 104 “C (220 “F)
(Brevick et aL 1994). A cascade overtlow line 75 mm (3 in.) in diameter connects
tank 241-S-1 11 as second in a cascade series of three tanks beginning with rank 241-S-110
and ftihing with tank 24l-S-112. Each tank in the csx.ade series is set 0.30 m (1 tl) lower
in elevation from the preceding tank. The cascade overflow height is approximately 7.3 m
(24 fi) from the tank bottom and 370 mm (1.2 ft) below the top of the steel lier.

The tank has a dished bottom with a 1.2-m (4-ft) radius knuckle. Tank 241-S-111 was
designed with a primary mild steel liner (ASTM’ A283 Grade C) and a concrete dome with
various risers. The tank is set on a reinforced concrete foundation. The tank and foundation
were waterproofed by a coating of tar covered by a three-ply, asphalt-impregnated
waterproofing fabric. The waterproofing was protected by welded wire reinforced with a
cement-like mixture. One coat of primer was sprayed on afl exposed interior tank surfaces.

‘Ammksn Swiery for Testing h Materisfs

A-4



HNF-SD-WM-ER-638 Rev. O

The ceiling of the tank dome was covered with six applications of a vinyl resin coating
(Rutherford 1949). Lead flashing was used to protect the joint where the steel liner meets
the concrete dome. Asbestos gaskets were used to seal the risers in the tank dome.

Tank 24l-S-111 has 12 risers, according to the drawings and engineering change notices.
The risers range in diameter from 100 mm (4 in.) to 1.1 m (42 in.). Table A2-1 shows
numbers, diameters, and descriptions of the risers and the nozzles. A plan view that depicts
the riser cotilgnration is shown as Fignre A2-1. Risers 11 and 14, 100 MM (4 in.) in
d~eter, ad risers 6, 7, and 8, 300 mm (12 in.) in diameter, ~e av~able for use
(Lipnicki 1996). A tank cross-section showing the approximate waste level along with a
schematic of the tank equipment is in Figure A2-2.

E=
R2 4

R3 4
R4 4

R5 12
R6 12
R7 12
R8 12
R11 4

R13 42

R14 4

1=+=R16 4

cl 3
C2 3

B=
C3 3

C4 3

C5 3
C6 3

Thermocouple tree
Salt well screen and pump
Flanged (duct removed, riser capped) (ECN-706501, Aug. 29, 1995)
Prototype salt well
B-222 observation port
Prototype salt well

Slurry dismibutor
Hydrogen monitor/trreather falter (ECN-W369-11, December 12,
1994)
B-436 liquid observation well (benchmmk)
Spare nozzle, capped
Spare nozzle, capped
Spare nozzle, capped
Spare nozzle, capped
Cascade inlet –1

Notes
13CN = engineeringchangenntice

Ilustad (1993)
2Trsn (1993)
‘Vitro (1988)
%a&msrk of ENRAF Corpxstion, Hnuston, Texas
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Figure A2-1. Riser Co@uration for Tank 241-S-111.
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Figure A2-2. Tank 241-S-111 Cross Section and Schematic.

—
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A3.O PROCESS KNOWLEDGE

The sections below provide information about the waste transfer history of tank
24l-S-111, describe the process wastes that were transferred, and give an estimate of the
current tank contents based on waste transfer history.

A3.1 WASTE TRANSFER HISTORY

Table A3-1 summarizes the waste transfer h~tory of tank 241-S-111. Tank 241-S-111 Fmt
received waste comprised of high-level REDOX (S Plant) waste in the second quarter of
1952 via the cascade line. The tank was full by the third quarter of 1952, and waste then
cascaded into tank 241-S-112. From the third quarter of 1953 through the fwst quarter of
1957, excluding 1956, kdgh-levelREDOX waste (Rl) and REDOX cladding waste (CWR)
was received via the cascade be. The tank was static until the second quarter of 1965,
when a small amount of cladding waste was transferred into tank 241-S-111 from tank
241-S-107,

Tank 241-S-111 remained static until the fwst quarter of 1974, when tank 241-S-111 began
sending waste to tank 241-S-102 for use as 242-S Evaporator feed. Tank 241-S-102 returned
supernatant from evaporator bottoms waste to tank 241-S-111 during thii time. The transfers
contirmed until early 1975, at which time the tank was full. Tank 24l-S-111 was removed
from service and declared inactive in the second quarter of 1976 (Anderson 1990).

Salt well pumping began in 1976. Dixon (1977) reported that 935 kL (247 kgal) were
removed from the tank by salt well pumping. After several problems (equipment failure,
work stoppage due to an employee strike, and plugging of the salt well screen), attempts at
salt well pumping were apparent]y halted in 1978. Later transfers described in the waste
status and transaction record summary (WSTRS) (Agnew et al. 19%) are incorrect. The
tank level data have been static since 1978 (Welty 1988 and LMHC 1997), demonstrating
that no further transfers have been made.
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Table A3-1. Tank 241-S-111 Major Waste Transfers. 1,2,3
‘,-,,*.>.,,$.,.,..,...+,~ ~,~,,,,,,

241-S-110
R&m 1952-1955,

1957 6,050 1,600

241-S-112
R&m 1952-1955,

1957 -3180 -840

241-S-107 CwR 1965 23 6
241-s-102 Su 1974-1975 -9,585 -2,532

241-S-102 EB, SU 1974-1975 9,005 2,379

unknown SWLIQ 1976-1978 -935 -247

Notes
lAndersmr(19SO)

‘Dixon (1977)

2Becaw ordymajor trsnsfers are listed, the snm of these transfers will not equal the current trmkwsste
volume.

dwsstetypes

R REDOX high-levelwwte generatedfrom 1952to 1%6
CWR ctaddirmwsste - RBDOX
Su superr&uu
EB evaporatortmtmns
SWLIQ salt well liquid

A3.2 HISTORICAL ESTIMATION OF TANK CONTENTS

The historical transfer data used for this estimate are from the following sources:

● Waste Status and TransactionRecord Summaryfor the Southwest Quadrant
(WSTRS) (Agnew et al. 1996). WSTRS is a tank-by-tank quarterly summary
spreadsheet of waste transactions.

● Hanford Tank Chemical and Radionuclide Inventories: IZ3W Model Rev. 4
(Agnew et al. 1997). This document contains the Hanford defrned waste
(HDW) list, the supernatarrt mixing model (SMM), and the tank layer model
(TLM).
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● Historical Tank Content Estimate for the (Northeast, Northwest, Southeast,
Southwest) Quadrant of the Hanford 21X)(East or West) Area (HTCE). llii
set of four documents compiles attd summarizes much of the process history,
design, artd technical information regard~ the underground waste storage
tanks in the 200 Areas.

● Tank Layer Model (TLM). The TLM defines the sludge and saltcake layers in
each tank using waste composition and waste transfer information.

● Supernatant Mixing Model (SMM). This is a subroutine within the HDW
model that calculates the volume and composition of certain superrratant blends
and concentrates.

Using these records, the TLM defines the sludge and saltcake layers in each tank. The
SMM uses information from both the WSTRS and the TLM to describe the supermtants and
concentrates in each tank. Together the WSTRS, TLM, and SMM determine each tank’s
inventory estimate. These model predictions are considered estimates that require tisrther
evaluation using analytical data.

Based on the TLM and SMM, tank 241-S-111 contains 2,037 kL (538 kgal) of solids waste
comprised of a bottom layer of 240 kL (63 kgal) of REDOX h@h-level waate (Rl) beneath a
layer of 45 kL (12 kgal) of REDOX cladding waste from 1952 to 1960 (CWR1), followed by
10 kL (3 kgal) of RI waste. Above the second R1 layer lies a layer of 230 kL (61 kgal) of
an unknown waste and a top solids layer of 1,510 kL (399 kgal) of SMMS 1 waste. A 38-kL
(10-kgal) layer of supernatam (SU) is above the SMMS1. The SMMS1 concentrations were
derived from salt slurry generated in the 242-S Evaporator (SlSltCk). Figure A3- 1 shows a
graphical representation of the estimated waste types and volumes for each tank layer.

The R1 layer is expected to contain, from highest concentration above one weight percent,
the following constituents: hydroxide, nitrate, aluminum, nitrite, iron, and sodium.
Constituents expected in this layer above a tenth of a weight percent are chromium,
carbomte, calcium, nickel, ammonia, and chloride. Mlological activity will be found in
this layer because of the quantity of strontium present. The CWRl layer should contain,
from Klghest concentration above one weight percent, the following constituents: hydroxide,
aluminum, sodium, nitrite, uranium, nitrate, and lead. Constituents contained in this layer
above a tenth of a weight percent are iron, carbonate, and calcium. The unknown layer has
no specific waste constituent designation. No &ta are presently available on the exact
contents of the SU layer. The SMMS 1 layer is defmcd u a tank-dependent percentage of
each of the Hanford defined wastes. Table A3-2 and Table A3-3 show estimates of the
expected waste constituents and mncentrations.
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Figure A3-1. Tank Layer Model for Tank 241-S-111.
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Table A3-2. Historical Tank Inventory Estimate - AnaIytes.1,2(2 sheets)

Total W~te
Heat load 5.85 (kW) (2.00E+04 Btu/hr) 5.22 5.57 6.08 6.06
Bulk density 1.73 (g/cm’) 1.65 1.68 1.79 1.78
Water wt% 26.4 23.7 23.3 29.1 30.8
TOC wt% 0.429 0.347 0.387 0.47C
carbon (wet)

0.511

Al’+ 3.01 4.69E+04 1.65E+05 2.82 2.92 3.09 3.10
Fe’+ (total Fe) 0.137 4.43E+03 1.56E+04 0.135 0.136 0.138 0.139
Cf+ 0.193 5.79E+03 2.04E+04 0.167 0.181 0.231 0.276
Bi5+ 7.70E-04 93.0 328 7.02E-04 7.36E-04 8.05E-04 8.39E-04
La3+ 1.37E-05 1.10 3.88 9.95E-06 1.18E-05 1.57E-05 1.75E-05
Hg’+ 9.73E-05 11.3 39.8 9.60E-05 9.68E-05 9.77E-05 9.80E-05
Zr (as 1.46E-04 7.69 27.1 1.33E-04 1.38E-04 1.511N4 1.58E-04
ZrO(OH)$
Pb2+ 3.38E-03 405 1.43E+03 3, 17E-03 3.30E-03 3.45E-03 3.49E-03

.2+N] 1.21E-02 410 1.44E+03 1.03E-02 1.13E-02 1.27E-02 1.24E-02
Sr’+ o 0 0 c o 0 0
Mn4+ 3.25E-03 103 363 2.36E-03 2.79E-03 3.70E-03 4.13E-03
Ca2+ 5.96E-02 1.38E+03 4.87E+03 5. 1OE-O25.59E-02 6.28E-02 6.59E-02
K+ 6.37E-02 1.44E+03 5.07E+03 5.83E-02 6.08E-02 6.66E-02 6.94E-02
OH- 15.7 1.54E+05 5.45E+05 14.5 15.2 16.3 16.3
NO; 5.40 1.93E+05 6.82E+05 4.54 4.71 6.34 6.64
NO; 2.91 7.72E+04 2.72E+05 2.53 2.70 3.10 3.29
co3’ 0.353 1.22E+04 4.31E+04 0.322 0.336 0.369 0.379
PO:- 6.32E-02 3.47E+03 1.22E+04 5.68E-02 5.90E-02 6.45E-02 6.58E-02
so:- 0.197 1.09E+04 3.85E+04 0.148 0.171 0.223 0.246
Si (as SiOf-) 7.28E-02 1.18E+03 4.16E+03 6.02E-02 6.64E-02 7.93E-02 8.55E-02
F 3.72E-02 409 1.44E+03 3. 13E-02 3.38E-02 4.02E-02 4.25E-02
cl- 0.251 5. 14E+03 1.81E+04 0.230 0.240 0.261 0.270
C,H,O+- 2.49E-02 2.72E+03 9.59E+03 2.31E-0~ 2.40E-02 2.58E-02 2.67E-02

A-12



HNF-SD-WM-ER-638 Rev. O

Table A3-2. Historical Tank Inventory Estimate - Analyses.’” (2 sheets)

‘Agnewet sl. (1997)

These predictionsbsvenotbeenvalidstedandshouldbeusedwithcaution.

3DitTexencesexist smong the inventoriesin this columnand the inventoriescakxdsted from the two sets
of concenhations.
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Table A3-3. Historical Tank Inventorv Estimate - Radionuclidea.1,2[2 sheets)—,
~,~...,;*,..>.,,.,. . +....e . . ..<+m<~.

< ‘.’, ** ....,.-,.<.,,,,. . ... .,..,, ,,.,,,,,,.,.,

Total Wrote 3.53E+06 (kg) (538 kgal)
Heat 10ild 5.85 (kW) (2.00E+04 Btu/hr) 5.22 5.57 6.08 6.06
Bulk density 1.73 (g/cm’) t .65 1.68 1.79 1.78
Water wt % 26.4 23.7 23.3 29.1 30.8
TOC wt% 0.429 0.347 0.387 0.47C 0.511
carbon (wet)

H-3 2.73E-04 0.158
C-14 3.51E-05 2.03E-02 71.5 1.15E-05 1.15E-05 3.55E-05 3.57E-05
Ni-59 4.06E-06 2.34E-03 8.27 2.95E-06 2.95E-06 4.23E-06 4. 17E-06
Ni-63 3.88E-04 0.224 791 2.79E-04 2.79E-04 4.04E-04 3.99E-04
CO-60 3.68E-05 2.12E-02 74.9 9.77E-Od 9.77E-06 3.72E-05 3.77E-05
Se-79 3.58E-06 2.07E-03 7.29 2.07E-06 2.07E-1364.12E-06 4.65E-06
Sr-90 0.226 131 4.60E+05 0.193 0.212 0.237 0.235
Y-90 0.226 131 4.60E+05 0.174 0.174 0.237 0.235
zr-93 1.75E-05 1.OIE-02 35.7 1.00E-05 1.00E-05 2.03E-05 2.29E-05
Nb-93m 1.29E-05 7.43E-03 26.2 7.58E-06 7.58E-06 1.48E-05 1.66E-05
Tc-99 2.51E-04 0,145 511 1.63E-04 2.06E-04 2.%E-04 3.40E-04
RU-106 6. 15E-09 3.55E-06 1.25E-02 2.66E-09 2.66E-09 6.93E-09 7.64E-09
Cd-1 13m 8.92E-05 5. 15E-02 182 4.40E-05 4.40E-05 1.06E-04 1.21E-04
Sb-125 1.53E-04 8.86E-02 313 3.65E-05 3.65E-05 1.55E-04 1.57E-04
Sn-126 5.42E-06 3. 13E-03 11.0 3. 16E-06 3. 16E4J66.24E-06 7.02E-06
1-129 4.83E-07 2.79E-04 0.984 3.13E437 3.%E-07 5.71E-07 6.56E-07
CS-134 1.92E-06 1.llE-03 3.91 1.23E-06 1.23E-06 2.06E-06 2. 19E-06
CS-137 0.289 167 5.88E+05 0.269 0.277 0.299 0.310
Ba-137m 0.273 158 5.56E+05 0.181 0.181 0.281 0.289
Sm-151 1.26E-02 7.29 2.57E+04 7.34E-03 7.34E-03 1.45E-02 1.64E-02
Eu-152 4.24E-06 2.45E-03 8.64 2.38E-06 2.38E-06 4.34E-06 4.43E-06
Eu-154 5.98E-04 0.345 1.22E+03 2.21E-04 2.21E-04 7.34E-04 7.88E-04
Eu-155 2.37E-04 0.137 482 1.25E-04 1.25E-04 2.42E-04 2.48E-04
Ra-226 2.85E-10 1.65E-07 5.80E-04 2.O7E-10 2.38E-10 3.25E-lL 3.63E-10
Rs-228 7.57E-08 4.37E-05 0.154 3.23E-08 5.35E-08 1.OIE-07 1.29E-07
Ac-227 1.51E-09 8.75E-07 3.08E-03 1.14E-09 1.24E-09 1.75E-09 1.97E-09
Pa-23 1 4.32E-09 2.50E-06 8.81E-03 2.82E-09 2.82E-09 4.87E-09 5.67E-09
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Table A3-3. Historical Tank Inventorv Estimate - Rz&onuclides.“z (2 sheets)
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A4.O SURVEILLANCE DATA

Tank 241-S-1 11 surveillance includes waste surface level measurements (liquid and solid) and
temperature monitoring inside the tank (waste and vapor spa@. The data provide the basis
for determining tank integrity.

Liquid level measurement may indicate if there is a major leak from a tank. Solid surface
level measurements provide an indk.ation of physical changes and consistency of the solid
layers. Tank 241-S- 111 has five @wells, none of which are active. The liquid observation
weU for tank 241-S-111 is lecated in riser 16.

A4.1 SURFACELEVEL READINGS

The waste surface level was monitored with a manual tape until June 30, 1981, and with an
FIC gauge in the manual and automatic modes until August 8, 1994. The tank is currently
monitored with an E~ gauge (installed December 1995) through riser 3. A
surface-level measurement of 5.18 m (203.8 in.) was taken from the automatic E~
gauge on January 21, 1997 (obtained from the Surveillance AnaIysia Computer System
[SACS]) (LMHC 1997). A review of the SACS data shows a steady surface level since at
least January 1981. The neutron interstitial liquid level monitoring data, also obtained from
SACS, reported a liquid level of 5.14 m (202.4 in.) on January 15, 1997. These
measurements should be virtdy identical, because liquid covers a major portion of the tank
surface. A graph representing the tank volume hutory is presented in Figure A4- 1.

A4.2 INTERNAL TANK TEMPERATURES

Tank 24l-S-111 has a single thermocouple tree, located in riser 4, with 14 thermocouples to
monitor the waste temperature. Data are otdy available for thermocouples 1 through 11 and
13 after September 1996. Elevations are available for ail of the thermocouples.
Temperature data obtained from SACS (LMHC 1997) were recorded from January 1991 until
October 1996. The mean temperature of the SACS &ta is 28.2 “C (82.7 “F) with a
minimum of 18.4 “C (65.2 “F) and a maximum of 36 “C (97 “F). The mean temperature of
the SACS data for the last year (October 1995 through October 1996) is 28.5 “C (83.3 “F)
with a minimum of 20.4 “C (68.72 “F) and a maximum of 34.9 ‘C (94.8 “F).
On October 13, 1996, the low temperature was 25.9 ‘C (78.6 ‘F), recorded on
thermocouples 10 and 11, and the maximum was 32.1 “C (89.8 “F), recorded on
thermocouples 2, 3, and 4. Thermocouples 2, 3, and 4, with the highest readings, are
located in the waste, and thermocouples 10, and 11, with the lowest readings, are located
near the waste surface. Plots of the individual thermocouple readings for tank 241-S-111 can
be found in Brevick et SL 1994.
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Figure A4-1. Tank Level History for Taok 241-S-111.
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A4.3 TANK 241-S-111 PHOTOGRAPHS

The August 1989 photographic montage (Brevick et al. 1994) of the tank 24l-S-l 11 interior
shows a surface partially covered with solid material, probably sakcake, which appears to be
floating on a liquid surface. Approximately the outer 2.4 m (8 feet) is covered with saltcake.
A thermocouple tree, level gauge, liquid observation well, salt well screen, risers, and
nozzles are visible in the montage. There is a discarded level tape on the surface under
riser 14. The waste level in the tank has not changed since the photographs were taken,
therefore, the montage should accurately resemble the current appearance of the tank’s
interior.

A5.O TANK VOLUME ESTIMATES

The historical waste volume estimate for tank 24l-S-111 (Harden 19%) is not consistent with
the surface level data for the tank. The revked estimates for the volume of the tank, and the
volume of the various phases in the tank, are described below. The revised estimates are
tabulated in Table Al-1.

A5.1 SURFACE LEVEL AND WASTE VOLUME ESTIMATE

The last transfer of waste from tank 241-S-111 was from salt well pumping in 1978.
Liquid level data horn Weky (1988) indicates that the waste level stabilized at its current
level of approximately 5.15 m (203 in.) in June 1978. The liquid level data, along with FIC
and E~ surface level data (LMHC 1997), have fluctuated withii the narrow range of
5.13 to 5.18 m (202 to 204 in.) since that time.

The waste volume of 2,260 kL (596 kgaf) given in the tank farms monthly summary (Hanlon
19%) was calculated from a solids volume update in 1982. That estimate was based on a
reported FIC surface level measurement of 5.695 m (224.2 in.) (McCann 1982). The only
conclusion that can be drawn is that the FIC reading stated in McCann (1982) is erroneous.
AH FIC and E~ surface level data, as well as liquid level &ta &ting back to 1978,
indicate that the tank surface has remained stable within the range stated above. Based on
automatic ENRAFm data for January 21, 1997 (LMHC 1997), the tank level is 5.18 m
(203.8 in.), which indicates a waste volume of 2,040 kL (540 kgal).

AS.2 DRAINABLE LIQUID VOLUME ESTIMATE

Core sampling recovery data (Steen 1996) indkate that the liquid pool in the tank is
approximately 86 cm (34 in.) deep under riser 8 (near the middle of the tank).
The August 1989 photographs indicate that most of the tank’s surface is liquid, with a band
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of saltcake approximately 2.4 m (8 ft) wide around tbe edge of the tank. If the liquid depth
is assumed to vary in a linear fashion from the edge of the sahcake, then the liquid pool
would be in the shape of a right cylindrical cone, with a dmeter of 18.0 m (59 ft). The
volume calculated by the formula V= mPh/4 (Perry and Green 1984), where V is the
volume, d is the d~eter, and h is the height. The volume of drainable liquid is thus
estimated to be 87 kL (23 kgal).

AS.3 ADDITIONAL VOLUME ESTIMATES

Other volume estimates typically provided (Hatdon 1996) include sludge volume, sakcake
volume, draiibIe interstitial liquid volume, and volume of pumpable liquid remaining.
Observation of the extruded core samples (Steen 1996) indkates that the sludge Iayer at the
bottom of the tank is approximately 84 cm (33 in.) deep. If this layer is assumed to be flat,
thii corresponds to a sludge volume estimate of 270 kL (70 kgal). But it is reasomble to
expect that the sludge level is not flat accross the tank, and that pumping or sluicing of the
sludge would leave a surface that slopes up towards the edge, increasing the volume of
sludge left in that tank. Therefore, no strong basis exists for changing the sludge volume
stated in Harden (19%).

The saltcake volume, however, must be adjusted to account for the new tank vohrme and
supernatant volume estimates. This new estimate for saltcake is 1,430 kL (378 kgal). The
reported volumes of drainable interstitial liquid, drainable liquid, and pumpable liquid
remaining also must be adjusted. These were simply adjusted downward by the ratio of the
current saltcake vohrme estimate (1,430 kL) to the previous saltcake volume estimate
(1,690 kL). That ratio is 0.84. These estimates should be used with caution. All of these
volume estimates are presented in Table Al-1.
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APPENDIX B

SAMPLING OF TANK 241-S-111
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APPENDIX B

SAMPLING OF TANK 241-S-111

Appendix B provides sampling and analysis information for each known sampling event for
tank 241-S-111, and provides an assessment of the core and vapor sampling results.

● Section Bl: Tank Sampling Overview

● Section B2: 1996 Push-Mode Core Sampling and Analysis

● Seetion B3: Vapor Sampling Results

● Seetion B4: Historical Sampling Results

● Seetion B5: References for Appendix B

Results of any future sampling of tank 241-S-111 wiIl be appended.

B1.O TANK SAMPLING OVERVIEW

This Appendm describes the sampling events for tank 241-S-111. Emphasis is given to the
May-June 1996 push-mode core sampling event. Core samplig was conducted to address
the requirement of the Tank Safety Screening Data Quality Objective (Dukelow et al. 1995),
the Data Quali~ Objective to Suppon Resolution qf the Organic Complcwnt Sq$etyIssue
(Turner et al. 1995), the Historical Model Data EvaluationData Requirements (Simpson and
McCaiu 1995), and the Data Quality Objectivesfor TankFarrnrWaste Conq@ibiliV
Program (Fowler 1995). The sampling and analyses were directed by the Tank 241-S-111
Push Mode Core Sampling and Analysis Pfan (Conner 1996). In addition, sample material
was provided to the Pretreatment program for sludge washing and leaching studies.
Discussions of the sampling and analysis procedures can be found in the Tank
Characteriz&”onRqference Guide (De Lorenzo et al. 1994).

Vapor sampling was conducted with a heated vapor probe on March 21, 1995 to address the
requirements of the Data Quality Objectivesfor Generic In-TankHealzh and Sqfety Vapor
Issue Resolution (Osborne et al. 1995). In addition, vapor grab samples were taken in July
and August 1995. A standwd hydrogen monitoring system (SHMS) was installed to monitor
the hydrogen concentration of the headspace.

Earlier core and liquid sampling events (1980, 1978, 1976, 1974, and 1971) are also noted
and discussed.
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B2.O 1996 PUSH-MODE CORE SAMPLING EVENT

B2.1 DESCRIPTION OF SAMPLING EVENT

Two push-mode core samples were attempted in 1996. Core 149 was successfully sampled
from riser 6. Core 150, from riser 14, was unsuccessful because the waste could not be
penetrated (the downforce limit was reached at segment 3). Only 2 of the expected 11
segments were successfully obtained.

The 11 segments from core 149, plus a field blank, were sampled between May 15 and 21,
and extruded between May 28 and June 5, 1996. The 7 samples from core 150 (segments 1
and 2, plus 5 attempts at segment 3), were sampled between June 14 and June t9, and
extruded between July 16 and July 18. All samples were extruded and analyzed at the
222-S Laboratory. Because sampling was unsuccessful, ali of the core 150 samples were
archived.

Sampling and analytical requirements tlom the safety screening, organic, historical, and
compatibility DQOS are summarized in Table B2-1.

B2.2 SAMPLE HANDLING

Core 149, recovered from riser 8, consisted of 11 segments. Segments 1 and 2 were
Drainable liquid. Segment 3 was mostly Draitrable liquid, with a very small solid fraction.
Segments 4-9 consisted of solids, and were subsarnpled into half-segments. Segments 10 and
11 consisted of solids, but were not subsarnpled into half-segments, as full recovery was not
achieved for segment 10, and segment 11 was halted 15 cm (6 in.) into the stroke when the
hydraulic bottom detector activated.

Core 150, attempted in riser 14, consisted of 7 samples. Segment 1 consisted of a small
amount of solids and liquids. Segment 2 consisted of a full segment of solids, which was
subsarnpled into half segments. Segments 3, 3A, 3B, and 3C contained some solids, liquids,
and Liner liquid. Segment 3D was empty. The core was abandoned as drilling forces had
reached the allowable downforce pressure (4,000 pounds). Table B2-2 gives the subsampling
scheme and sample description.
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Table B2-1. Integrated Data Quality Objective Requirements for Tank 241-S-111.

~apor sampling
heated vapor
mobe)

3HMS

Historical model

exists, tio cores (full length con~-nt, total alpha
proffles) required

A minimum of two mres. Energetic, moisture
Widely spaced risers (e.g. content,
side-center) organic carbon,

metals, anions,
radionuclides

1 I

Organic salts IIf inadequate information IEnergetic, moisture
exists, two cores required, content, organic
preferably from different areas carbon
of the tank (e.g. opposite sides
or side-center)

Compatibility For routine streams, a single Energetic, moisture
representative sample, along content, organic
with historical data carbon, inorganic

mbon, metals, anions,
More than one sample usuaIly radionuclides
,required for non-routine
transfers

Vapor screening Measurement in at least one Flammable and toxic
location within tank headspace. vapors and gases

, 1

Safety screening Measurement in at least one Flammable gases
location within tank headspace.

Organic DQO Measurement in at least one Total non-methane
(amended) location within tank headspace. hydrocarbons

Safety screening Measurement in at least one Hydrogen
location within tank hcadspace.
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t

Field 10Q
blank
1 > 100

T
2 100

3 100

-t-

,
9 I95

4--10 68

-L
liquid

Drainable 425.7

%A-1-m

=E
liquid
Whole 13.8
Upper half 188.9
Lower haIf 176.4

Upper brdf 192.3
Lower half 205.2

=iFE
Upper half 328.0

Lower half 82.6

Whole 376.2

Clear, colorless liquid

Partial segmen~ 13 cm (5 in). Sample
was yellow, clear liquid. More than
100 percent recovery was reported - the
suction created as the sampler was fully
extended caused additional liquid to enter
the sanmler.

‘

Yellow, clear liquid

Dark gray, opaque

EDark gray solids, resembled wet salt

Blue/gray solids, resembled wet salt

Blue/gray solids, resembled moist salt

Dark blue/gray solids, resembled moist
salt
Light gray, resembled moist
salt
Light gray/green solids, resembled wet
salt
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>100 Whole 244.0 The hydraulic bottom detector halted
sampli only 15 cm (6 in.) into the
segment. More than 100 percent recovery
was reported - the suction created as the
sampler was folly extended caused
additional material to enter the sampler.
Sample was light gray solids, resembled

I I I moist salt.

Core 150. Riser 14
[

3A

)B

}C

3D

73 Drainable
liquid

tiwer half
w Drainable

liquid
Whole solids

100 Liner liquid

kEim--

+

--E
Drainable
liquid
Whole solids

100 Liner liquid

26.0 ‘ lPartial segmenti 10 cm (4 in). Liquid

75.3 IPartial segmenL 22 cm (8.5 in). Liquid
was green, opaque.

114.6 lWbite and dark grav. resembled salt shun-..
119.0 Partial segment: 2.5 cm (1 in.) Liner

liquid was yellow and opaque.
73.3 Green, opaque liquid. Small amount of

white salt slurry included
116.0 Partial segment 3.8 cm (1.5 in). Liner

liquid was light brown, opaque
26.7 Greenish-yellow, opaque

1

13.0 ILight to dark gray, resembled salt slurry
99.0 IPartial segmenti 5 cm (2 in). Liner

liquid was light yellow, opaque.
23.9 Gray-green, resembled moist salt
0.0 Sampler did not advance; sampler empty

‘Steen(1996)
2Ssmplerecovery determinedfromx-myradiographyor emusiondstssnddensitydsts.
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B2.3 SAMPLE ANALYSIS

Because of inadequate recovery (only two of 11 the expected segments were recovered), the
core 150 samples were not analyzed. The anafyses performed on the core 149 samples were
those required by the safety screening, organic, historical, and compatibility DQOS. The
analyses required by the safe~ screening DQO included analyses for thermal properties by
differential scanning calorimetry (DSC), moisture content by thermogravimetric analysis
(TGA), and f~sile material content by total alpha activity anafysia. The analyses required by
the organic DQO were DSC, TGA, and TOC to determine the organic fuel potential. In
addition, all sampkx were visually inspected for a separable organic phase. Analyses
required by the h~torical DQO included DSC, TGA, and a full set of analyks to be analyzed
by ion chromatography (IC), inductively coupled plasma spectroscopy (ICP), and gamma
energy anaiysis (GEA). Additional analyses (total uranium, total beta activity, WSr,
ICP-water digest, TOC, density, and total alpha activity) were required on core composite
samples. Analyses required by the compatibility DQO included DSC, TGA, TOC, GEA,
‘! Jr,ICP, free hydroxide (OH), IC, hydrogen potential (pH), total inorganic carbon (TIC),
“MI%, “Am, specific gravity (SPG), percent solids, and separable organics. In addition,
ammonia was analyzed on the liquids to help assess the conservatism of the ammonia
concentration used in safety assessments (Conner 1996).

AIl analyses were performed in accordance with approved laboratory procedures. A liit of
the sample numbers and applicable analyses is presented in Table B2-3. The
222-S Laboratory procedure numbers are presented in Table B2-4.

Table B2-3. Tank 241-S-111 Sample Anrdysis Summary. (5 sheets)

Field blank I liquid

I2 Drainable liquid

S96TQ03363 DSC, TGA, total alpha, TICiTOC,
IC, ICP, SpG

S96TO03360 DSC, TGA, total alpha, TIC/TOC,
IC, ICP, SpG

S96TO03695 GEA, ‘Sr, OH, pH, NH,, “Am,
239i240pu

S96TO03361 DSC, TGA, total alpha, TIC/TOC,
ICP, SpG

S96TO03696 GEA, ‘Sr, pH, “Am, ‘9mPu

S96TO05969 OH, NH,, IC

B-8



HNF-SD-WM-ER-638 Rev. O

Table B2-3. Tank 241-S-111 Sample Analysis Summary. (5 sheets)

I

5

hinable liquid

Whole

Upper half

Lower half

Upper half

Lower half

Upper half

S%TO03362 DSC, TGA, total aipha, TIC/TOC,
IC. ICP. SDG. .

S96TO03697 GEA, ‘Sr, OH, pH, NH,, “Am,
239t240pu

S96TQ03346 Direcc DSC, TGA, TIC/TOC

S96TO03398 Fusiorc Total Alpha, GEA

S96TO03420 Acid: ICP

S%TO03421 Water: IC

S96TO03347 Direcc DSC, TGA, TIC/TOC

sm3414 Fusioru GEA

S96TO03422 Acid ICP

S%TQ03435 Water: IC

S96TO03348 DirecL DSC, TGA, TIC/TOC

S96TO03316 Direct Bulk density

S%TO03407 Fusion: Total alpha, GEA

S96TO03423 Acid: ICP

S96TO03436 Water: IC

S96TQ03349 Direcc DSC, TGA, TIC/TOC

S96TU03415 Fosiorr GEA

S96TO03424 Acid ICP

S96TO03437 Watec IC

S96TO03350 Direct DSC, TGA, TIC/TOC

S96TO03322 Direcc Bulk density

S96TO03408 Fusion Total alpha, GEA

S96TO03425 Acid ICP

S96TO03438 Water IC

S96TO03351 Direcc DSC, TGA, TIC/TOC

‘S%TCQ3416 Fusion: GEA

S%TO03426 Acid ICP

S96TO03439 Water: IC
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Table B2-3. Tank 241-S-111 .%rmrleAnalvsis Surnrnarv. (5 shem)

i (Cent’d) rower half S96TO03352 Direct: DSC, TGA, TIC/TOC

S96TO03323 Direcc Bulk density

sm3409 Fusiom Total alpha, GEA

S%TO03427 Acid: ICP

sm3440 Watex IC

Jpper half S%TO03353 Direct: DSC, TGA, TIC/TOC

S961W)3417 Fusion: GEA

S96TO03428 Acid ICP

sm3441 Water: IC

-ower half S96TO03354 Direcc DSC, TGA, TIC/TOC

S96TO03324 Directi Bulk density

sm3410 Fusiorx Total alpha, GEA

S96TO03429 Acid ICP

S96TO03442 WateC IC

Jpper half S96TO03355 Direct: DSC, TGA, TIC/TOC

S%TO03418 Fusiom GEA

S96TU03430 Acid ICP

sm3443 Water: IC

-ower half S96TO03356 DirecL DSC, TGA, TIC/TOC

S96’lW)3325 Direcc Bulk density

S96TO03411 Fusiorr Totai alpha, GEA

S96TO03431 Acid: ICP

S96TO03444 Water: IC

Jpper half S96TO03357 Direct: DSC, TGA, TIC/TOC

S96TO03419 Fusion: GEA, ICP

sm3432 Acid: ICP

S%TO03445 Water: IC
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Table B2-3. Tank 241-S-111 Sample ArraIysis Summary. (5 sheets)

9 (Cent’d)

10

Core
mmposite

Lower half S96’IW03358 Direct: DSC, TGA, TIC/TOC

s96T#3344 DirecL Bulk density

S96TO03412 Fusion: Total alpha, GEA, ICP

S96TO03433 Acid: ICP

S96TO03446 WateC IC

Upper half S96TO03617 Direch DSC, TGA, TIC/TOC

S%TO03613 Direcc Bulk density

S%TO03619 Fusion Total alpha, GEA, ICP

S96TO03620 Acid ICP

S96TO03621 Water: IC

Upper half S96TO03359 Directi DSC, TGA, TICiTOC

S96TO03345 Direcc Bulk demity

S96TO03413 Fusion Total alpha, GEA, ICP

S%TO03434 Acid: ICP

S96TO03447 Water IC

Core composite S96TO04757 Directi DSC, TGA, TIC/TOC
(solids) s9m755 Direct: BuIIcdensity

S96TU04758 Fusion Total alpha, GEA, total
beta, ‘Sr, Total U, ICP

S96TO04759 Acid ICP

sm760 Water: IC

S96TO04761 Water: ICP

Core 150, Riser 14

Hydrostatic liquid S96TO03667 IC, ICP
head fluid
Mnlple

1 Drainable Iiquid S96TO04t82 Not tiy?.d

Whole solids S96TO04189 Not tldy~

2 Upper half S96TO04195 Not Ukdyd

Imwer half S96TO041% Not @dVti
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Table B2-3. Tank 241-S-111 Sample Analysis Summary. (5 sheets)

3

3A

3B

3C

3D

Note
nla

Core 150, Riser 14 (Cent’d) I
Drainable liquid S96TO04183 Not analyzed

Whole solids S96TO04192 Not analyzed

Liner liquid S96TO04185 Not tiy~

Drainable liquid S96TO04184 Not tiyti

Liner liquid S96TO04186 Not ~yZed

Drainable liquid S96TO04187 Not ildy~

Whole solids S96TW4193 Not tiyd

Liner liquid S96TO04188 Not ilOdy@

Whole solids S96TO04194 Not tiyr.ed

No sample nla Not analyzed

—— notapplicable
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Table B2-4. Preparatory and Analytical Procedures.

TGA ISolidl Irda’
Liquid

Bulk density ISolid In/al

Specific gravity Liquid n/al

NH3 Liquid rt/al

IC Solid LA-504-1O1(water digest)

Liquid n/a’

ICP Solid LA-549-141 (fusion digest)
LA-505-159 (acid digest)
LA-505-163 (acid digest)
LA-504-1O1(water digest)

Liquid rr/a’

OH- Liquid n/al

pH Liquid n/al

TIC/TOC Solid n/al

u total Solid LA-549-141 (fusion)

Total dphd Solid LA-549-141 (fusion)
total beta L@id rda’

GEA Solid LA-549-141 (fusion)

Liquid nla’

“’AM Liquid n/al

%r Solid LA-549-141 (fusion)

Liquid n/al
239r240~ Liquid rda’

Note:
lDirect samples - no preparationreqti

=3
LA-514-113

LA-514-114
LA-560-112

LO-160-103

LA-51O-112

LA-631-001

LA-533-105

LA-505-151
LA-505-161

==1
LA-2I1-102

LA-212-106

LA-342-1OO

LA-943-128

LA-943-128
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B2.4 CORE SAMPLING ANALYTICAL RESULTS

This section summarizes the sampling and analytical results associated with the May-June
1996 sampling and anrdysis of tank 241-S-111. Table B2-5 shows where analytical data from
this sampling and analysis event are tabulated in thii report. All analytical results are taken
from Steen (1996).

Table B2-5. Analytical Presentation Tables.

Totrd beta activitv IB2-7 I

Strontium-90 B2-8

Radionuclides by GEA B2-9 through B2-13

Plutonium 239/240 B2-14

Americium-241 B2-15

Energetic (DSC) B2-16

Moisture (TGA) B2-17

AlliOm by IC B2-18 through B2-25

Cations by ICP B2-26 through B2-62

Total uranium B2-63

Free hydroxide (OH) B2-64

Hydrogen potential (pH) B2-65

Ammonia B2-66

Totaf inorganic carbon IB2-67

Total organic cabon IB2-68t
Bulk density IB2-69 1,
Specific gravity IB2-70

The four quality control (QC) parameters assessed in conjunction with the tank 241-S-111
samples were standard recoveries, spike recoveries, duplicate analyses, and blanks. The QC
criteria specified in the sampliig and analysis pkm (SAP) (Conner 1996) are as follows:
relative percent difference (RPD) between sample and duplicate < 20 percent, except for
DSC and TGA on solids (RPD < 30 percent); spike recovery from 75 to 125 percenc
standard recovery from 80 to 120 percent, except for total beta (80 to 110 percent), %r (75
to 125 percent), and total alpha (70 to 130 percent); preparation blanks less than the
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estimated quantitation limit or minimum detectable activity, as appropriate. No QC
parameters were required on bulk density, SpG, or TIC.

Smnples for which any of the QC parameters were outside of these limits are footnoted in the
sample mean column of the following surnnwy tables with an a, b, c, d, or e as follows:

● “a” indicates that the staodard recovery was below the QC limit.

● “b” indkates that the standard recovery was above the QC limit.

● “c” indicates that the spike recovery was below the QC limit.

● “d” indicates that the spike recovery was above the QC limit.

● “e” indicates that the RPD was above the QC limit.

● “f” inckates that there was blank contamination.

B2.4.1 Radinchemical Analysea

B2.4.1.1 Total Alpha Activity. Total alpha activity measurements were performed on
samples that had been fused in a solution of potassium hydroxide and then dissolved in acid
(liquid samples were simply diluted). The resulting solution was then &led on a counting
planchet and counted in an alpha proportional counter. Two fusions were prepared per
sample (for duplicate results). Each fused dilution was analyzed twice, and the results were
averaged and reported as one value. The sample results for total alpha are given in
Table B2-6. Quality control tests consisted included standard, spike, blank, and duplicate
analyses.
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Table B2-6. Tank 241-S-111 Analytical Results: Total Alpha.

I I , , 1

S96TO03361 I 1492 IDraioable liquid I <0.00691 <0.00691 < 0.00691

S96TO03362 I 149:3 IDrainable liquid I <0.00858 I <0.0119 I <0.01024 I

S96TO03407 1494 Lower half 0.0473 0.0488 0.04805

S96TO03408 149:5 Lower half 0.0262 0.0205 0.02335We

S%TO03409 1496 Lower haif 0.0265 0.0275 (J@7w:f

, , 1 ,

S96TOO341O I 149:7 ILower half 10.0203 I0.021 10.02065Wf I
S96TO03411 149:8 Lower half 0.0272 0.0379 0.03255We

S96TO03412 149:9 Lower half 0.0921 0.0489 o.0705~e
I I I I I

S96TO03619 I 149:10 IUpper half I < 0.00321 I < 0.00369 I < 0.00345 I

S96TO03413 149:11 Upper haff 0.00193 0.00177 0.00185Wf

S96TO04758 Core 149 Solid composite 0.015 0.0107 0.01285We

B2.4. 1.2 Total Beta Activity. Total beta activity was measured for the core composite
sample on a fusion-digested aliquot that was evaporated to dryness on a planchet and
counted. Two fusions were prepared per sample (for duplicate results). Each fused ddution
was analyzed twice, and the resufts were averaged and reported as one value. Quality
control tests included standard, blank, spike, and duplicate amdyses. Results are presented in
Table B2-7.
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Table B2-7. Tank 241-S-111 Analytial Results: TotaI Beta

B2.4.1.3 Stiontium-90. Liquid samples and a fusiondigested subsample from the core
composite were arudyzed for *gmSr. Strontium was separated from tbe solution by several
precipitation/d~sohstion steps and counted for beta emissions. Two subsamples were
prepared per sample (for duplicate results). Each subaample was analyzed twice, and the
results were averaged and reported as one value. The reported result is assumed to be all
%3r (the contribution of %r will be negligible because its half-life is only 51 days). QuaiiU
control tes~ included standards, bbirdcs,spikes, and duplicate analyses. Results are
presented in Table B2-8.

Table B2-8. Tank 241-S-111 Analytical Results: Strontium-89/90 (Sr).

B2.4.1.4 Gamma Energy Analysis. GEA was performed on solids subsamples following a
fusion digestion, and on liquid samples. Solutions were analyzed by gamma counting and
energy analysis. Quality control tests included standards, blanks, spikes, and duplicate

137(=s K’co, :=Eu, ~(j 155Euin Tables B2-9analyses. Results are reported for “Am, ,
to B2-13.
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Table B2-9. Tank 241-S-111 Analytical Results: Americium-241 (GEA).

I I I I I

S96TO036% 1149:2 IDraimible liquid I <0.3676 I <0.776 < 0.5718

S96TO03697 I 149:3 IDrainable liquid I <0.7637 I <0.756 I <0.75985 I

S96TO03398 149:3 Whole <0.2423 <0.242 <0.24215

S%TO03414 149:4 Upper half <0.2309 < 0.239 <0.23495

S96TO03407 L4rwerhalf <0.2348 <0.228 < 0.2314

S96TO03415 149:5 Upper half < 1.298 < 1.2 < 1.249

S96TO03408 Lower half < 1.353 < 1.34 < 1.3465

aS96TO03416

S96TO03409

S%TO03417

S96TQO341O

1496

149:7

S96TO03418 149:8 Upper half <0.9169 <0.935 <0.92595

S96TO03411 Lower half < 1.436 < 1.41 < 1.423

S96TO03419 149:9 Upper half < 2.59 < 2.81 < 2.7

S96TO03412 Lower half < 1.468 < 1.53 < 1.499

IS96TO03619 1149:10 IUpper half I <0.7943 I <0.808 I <0.80115 \

IS96TO03413 I 149:11 !Upper hrdf I <0.7271 I <0.723 I <0.72505 I, , , , ,
S96TO04758 Core 149 Solid composite < 0.707 < 0.679 <0.693
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Table B2-10. Tank 241-S-111 Analytical Results: Cesium-137 (GEA).

S96’NX)3695 149:1 Drainable liquid 233 260

S96TO036% 1492 Draioable liquid 217 256

S96TO03697 1493 Drainable liquid 249 241

S96TO03415 1495 Upper half 107.4 104

S96TO03408 Lower half 112.7 112

,S96TO04758 I Core 149 ISolid composite I 117.3 I 107

246.5

236.5

245

141.2

130.3

131.7

105.7

112.35

113.4

112.5

124.45

107.95

106.95

115.3

159.35

129.1

72.695

62.785

112.15
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Table B2-11. Tank 241-S-111 Analytical ResultK Cobalt-60 (GEA).

S96TV03695 1491 <0.006353 < 0.00871 < 0.0075315

S96TO03696 1492 Drainable liquid < 0.005754 < 0.00657 < 0.006162

S96TO03697 149:3 Drainatde liquid <0.009224 <0.0101 <0.009662

S96TO03414 1494 Upper half <0.09637 <0.0856 <0.090985

S96TO03407 Lower half <0.1024 <0.0879 <0.09515

S96TO03415 149:5 Upper half < 0.04804 < 0.0443 <0.04617

S96TO03408 Lower half < 0.05173 <0.0475 < 0.04%15

S96TO03416 149:6 Upper half < 0.05959 < 0.0515 < 0.055545

S96TO03409 Lower half < 0.02193 <0.0367 < 0.029315

S96TO03417 149:7 Upper half < 0.03229 < 0.0294 <0.030845

S96TOO341O Lower half < 0.02805 <0.0349 <0.031475

S96TO03418 149:8 Upper half < 0.02845 < 0.0364 <0.032425

S96TO03411 Lower half < 0.05323 < 0.0555 <0.054365

S96TO03419 149:9 Upper half < 0.1247 <0.137 <0.13085

S%TO03412 Lower half < 0.06034 <0.0513 <0.05582

S96TO03619 149:10 Upper half < 0.02705 <0.035 <0.031025

S%TO03413 14911 Upper half <0.03684 < 0.0328 <0.03482

S96TO04758 Core 149 Solid composite <0.01713 <0.0152 <0.016165
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TabIe B2-12. Tank 241-S-111 Analytical Results: Europium-154 (GEA).

, I

S%TW3696 11492 Drainable liquid <0.04509 <0.0525 < 0.048795

S96TW3697 11493 I Drainable liquid I <0.04908 I <0.0489 I <0.04899

Upper half ] < o. fi33-

<0.331

< 0.265

<0.152

< 0.32095

< 0.27765

<0.15265

<0.191 I <0.16715

-%%%%

S96TO03417

~

IS96TO03418

IS96TO03411

-

-

1497

149:8

149:9

Upper baff

Lower half

Upper half

Lower haff

Upper half

Lower half

+=

< 0.1335 < 0.105

< 0.1263 <0.105

< 0.09669 < 0.0915

+=

< 0.2248 <0.176

<0.419 <0.38

< 0.1952 < 0.161

< 0.11925

<0.11565

<0.094095

< 0.2004

< 0.3995

< 0.1781
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Table B2-13. Tank 241-S-111 Analytical Resuks: Europium-155 (GEA).

S96TO03695 149:1 Drainable liquid <0.1457 <0.34 < 0.24285

S96TO03696 149:2 Drainable liquid <0.1411 <0.338 <0.23955

1 t

S96TO03414 149:4 Upper half <0.4352 <0.435 <0.4351

S96TO03407 Lower half <0.436 <0.432 < 0.434

S96TO03415 149:5 Upper half <0.4818 <0.478 < 0.4799

sm3408 Lower half < 0.5071 < 0.508 I <0.50755

S96TO03416 149:6 Upper half < 0.536 <0.532 <0.534

S96TO03409 Lower half < 0.4468 < 0.46 <0.4534

S96TO03417 149:7 Upper half <0.4915 <0.5 <0.49575

S96TOO341O Lower half <0.4748 <0.459 < 0.4669

4S96TO03418 149:8 Upper half <0.3508 < 0.357 <0.3539

Lower half 1<0.5389 I <0.523 I <0.53095
I I I I I

S96TO03419 I 149:9 IUpper half < 0.9887 < 1.03 < 1.00935

S96TO03412 Lower half <0.709 <0.723 < 0.716

S96TO03619 149:10 Upper Iudf <0.3801 <0.39 <0.38505
1 1 1 1 1

S96TO03413 I 149:11 IUpper half < 0.3555 <0.344 <0.34975

S96TO04758 ICore 149 ISolid composite I c 0.2684 I <0.255 I <0.2617 I

B2.4.1.5 Plutonium-239/240. “’mPu was measured on liquid subsarnples by TRU
extraction and chemical separation of Pu, followed by alpha counting and alpha energy
analysis. Quality control tests include standard, blank, spike, and duplicate anrdyses.
Results are presented in Table B2-14.
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B2.4.1.6 Arnericium-241. In addition to the GEA analyses, ‘i’Am was measured on liquid
subsamples by TRU extraction and chemical separation of Am/Cm, folIowed by alpha
counting and alpha energy analysis.. Quality control tests include standard, blank, spike, and
duplicate analyses. Results are presented in Table B2-15.

Table B2-15. Tank 241-S-111 Analytical Results: Americium-241.

IS96TO03695 I 1491 IDrainable liquid 19.320E-05 11.WOE-04 - 19.~@Em 7

S96TO03696 1492 Drainable liquid < 3.6QOE-04 < 3.380E-04 < 3.490E-04

S96TO03697 149:3 Drainable liquid 3. 190E-04 3. 180E-04 3.185E-04

B2.4.2 Thermodynamic Analyaea

B2.4.2.1 Differential Scanning Calorimetry. In a DSC analysis, heat absorbed or emitted
by a substance is measured while the temperature of the sample is heated at a constant rate.
Nitrogen is passed over the sample material to remove any gases being released. The onset
temperature for an endothermic or exothermic event is determined graphically. The DSC
and TGA tests were performed on homogenized subsamples that ranged from 5.620 to
59.012 mg in weight. Quality control tests included standard and duplicate analyses. Results
are presented in Table B2-16.
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Table B2-16. Tank 241-S-111 Analytical Results: Exotherm (DSC).

S96TO03361

S96TO03362

S%TOQ3347

S96TO03348

sm3349

S96TO03350

S96TO03351

S96TO03352

S96TO03353

S%TO03354

S96TO03355

S961’003356

S96TO03357

sm3358

S96TO03617

S96TO03359

S96TO04757

, , 1

149:2 Draitrable liquid o 10 10

149:3 I Drainable liquid 10 10 10 I

,
1494 Upper half 143.1 40.6 141.85 i

Lower half 44.7 41.2 42.95

1495 Upper half o 0 0

Lower half o 0 0

149:6 Upper half 34.4 41.1 37.75

Lower half o 0 0

149:7 Upper half 53.% 51.17 52.565

Lower half o 0 0

149:8 Upper half o 0 0

Lower half o 0 0

149:9 Upper baff 12 20.3 16.15~’e

Lower half o 0 0

14910 Upper haif 53.96 51.17 52.565

149:11 Upper half 10 151.17 152.565

Core 149 Solid composite o 0 0

B2.4.2.2 Thermogravimetric Analysis. Thermogravimetric analysis measures the mass of
a sample while its temperature is increased at a constant rate. Nitrogen k passed over the
sample during heating to remove any released gases. Any decrease in the weight of a sample
during TGA represents a loss of gaseous matter from the sample, either through evaporation
or through a reaction that forms gas phase products The moisture content is estimated by
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assuming that all TGA sample weight loss up to a certain temperature (typically 150 to
200 “C [300 to 390 “F]) is due to water evaporation. The temperature limit for moisture
loss is chosen by the operator at an inflection point on the TGA plot. Other volatile matter
fractions can often be differentiated by inflection points as well. The TGA tests were
performed on homogenized subsamples that ranged from 5.444 to 72.599 mg in weight.
Quality control tests included standard and duplicate analyses. Results are presented in Table
B2-17.

Table B2-17. Tank 241-S-111 Analytical Results: Pereent Water (DSC/TGA).

S96TO03361 149:2 Drainable liquid 53.36 53.22 53.29

S96TO03362 1493 Drainable liquid 52.9 52.7 52.8

IS96TO03347 1494 Upper half 43.02 43.02 43.02

S96TO03348 Lower half 41.19 35.23 38.21

El--
S%TO03351 1496

S96TO03352

S96TO03353 149:7

S96TO03354

Upper half 126.76

%=&
~Upper half

1
127.89

1Lower half I22.7

29.4

34.1

26.7

29.41

27.03

20.61

28.08

36.485

26.7

29.445

27.46

21.655

1S96TO03355 149:8 Upper half

S96TO03356 Lower half

S96TO03357 149:9 Upper half

S96TO03358 Lower half

S96TO03617 149:10 Upper haIf

S96TO03359 149:11 Upper half

IS96TO04757 ICore 149 ISolid composite %

23.05 22.73

22.45 27.67

30.11 29.69

37.55 34.54

11.82 11.42

10.25 10.91

29.01 28.37

22.89

25.06

29.9

36.045

11.62

10.58

28.69
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B2.4.3 hlO@sliC Amdysea

B2.4.3.1 Ion Chromatography. Ion chromatography was performed on samples that had
been prepared by water digestion (liquid samples were not digested). Quality control tests
included standards, spikes, blanks, and duplicate analyses. The SAP required that the full
suite of IC amdytes (Br, Cl, F, NQ, NOZ,oxalate, PO,, and S04) be reported. The results
are presented in Tables B2-18 to B2-25.

Table B2-18. Tank 241-S-111 And&al Results: Bromide (IC).

S96TO03360 1491 Drainable liquid < 1,285 < 1,290 < 1,287.5

S96TO05969 149:2 Drainable liquid <527.6 < 528 <527.8

S96TO03362 1493 Drainable liquid < 1,285 < 1,290 < 1,287.5

gggg:gp~ d ~“
.*$... ..;J,J$~#&F$$4;.+.,+$:,>~,+ ?,. ~, ;$;;$$$.$.+?;&**~

.... .. . ,. ., ..,...
S96TO03421 149:3 Whole < 1,121 < 1,120 < 1,1;0.5

S96TO03435 1494 Upper half < 1,006 < 1,010 < t ,008

S96TO03436 Lower half < 1,056 < 1,060 < 1,058

S96TO03437 1495 Upper half < 927.5 <932 < 929.75

S96TO03438 Lower half < 966.1 < 971 < 968.55

S96TO03439 149:6 Upper half < 1,140 < 1,130 < 1,135

S96TO03440 Lower half < 1,055 < 1,050 < 1,052.5

S96TO03441 149:7 Upper half < 967.8 < 968 < 967.9

S96TO03442 Lower half < 1,086 < 1,080 < 1,083

S96TO03443 149:8 Upper half < 1,153 < 1,150 < 1,151.5

S96TO03444 Imwer half < 1,260 < 1,270 < 1,265

S96TO03445 149:9 Upper half < 1,061 < 1,070 < 1,065.5

S96TO03446 Lower half < 1,086 < 1,080 < 1,083

S96TO03621 149:10 Upper half < 1,124 < 1,140 < 1,132

S96TO03447 149:11 Upper half < 50.72 < 50.3 < 50.51

S96TO04760 Core 149 Solid composite < 1,137 < 1,130 < 1,133.5
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Table B2-19. Tank 241-S-111 Analytical Result?.: CbIoride (IC).

S96TO03360 149:1 Drainable liquid 6,864 6,830 6,847

S%TO05%9 1492 Drainatrle liquid 6,035 6,650 6,342.5

S96TO03362 1493 Drainable liquid 5,607 5,660 5,633.5
,.,,. ,. ,,,+..,,.. ......... ,w~;i,:i.~,: ~< . ,>*...~,.,,. .,$$2?’“’

.?;,!p~,:~$++; ,*:<..,.;.>,’.~,.,~$,~ ..,,>,.,., *.*:;;:” ~
,~~:; “gjj$~?~

,.>,,.,,....<...:,.
S96TO03421 1493 Whole 3,769 4,050 3,909.5

S96TO03435 149:4 Upper half 3,126 3,170 3,148

sm3436 Lower half 3,233 3,26Q 3,246.5

S96TO03437 149:5 Upper half 2,822 2,830 2,826

S%TO03438 Lower half 2,986 2,930 2,958

S96TO03439 149:6 Upper half 2,544 3,120 2,832~e

S96TO03440 Lower half 2,748 2,750 2,749

S96TO03441 149:7 Upper half 3,374 3,580 3,477

S%TO03442 Lower half 2,531 2,460 2,495.5

S96TO03443 149:8 Upper half 2,545 4,760 3,652.5We

S96TO03444 Lower half 2,279 2,530 2,404.5

S96TO03445 149:9 Upper half 3,656 3,620 3,638

S96TO03446 Lower half 3,106 3,160 3,133

S96TO03621 149:10 Upper half 2,737 2,470 2,603.5

S96TO03447 149:11 Upper half 1,607 1,600 1,603.5

S96TO04760 Core 149 Solid mmposite 2,665 2,840 2,752.5
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Table B2-20. Tank 241-S-111 Arralytical Results: Fluoride (IC).

-
I

S96TO03362 11493

S%TO03421 1493

S96TO03435 1494

S96TO03436

--i

S96TO03437 1495

S96TW3438

S96TO03439 I 1496

*

S96TO04760 ICore 149

Drainable liquid <50.65 < 50.7 <50.675

Drainable liquid < 132.6 < 133 < 132.8

Whole < 115.7 < 115 < 115.35

Upper half 2,168 2,440 2,304

Lower half 2,039 2,150 2,094.5

Upper half 881.3 945 913.15

Lower half 220.1 236 228.05

Upper half 1,624 < 117 < 870.5=’
,

Lower half 793.7 698 745.85

Upper baif 1,002 1,220 1,111

Lower half < 112 < 112 < 112

Upper half < 118.9 735 < 426.95~.’

Lower half 1,693 < 131 < 912K.

Upper half 1,278 1,420 1,349

Lower half 11,046 1843 I

Upper half < 115.9 < 117 < 116.45

Upper half < 5.233 < 5.19 <5.2115
, ,

Solid wmpoaite 530.6 441 ]485.8
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Table B2-21. Tank 241-S-111 Analytical Results: Nitrate (IC).

, , 1 1

S96TO05969 I 1492 Drainable liquid 1.772E+05 I 1.760E+05 I 1.766E+05

S96TO03362 I 149:3 IDrainable liquid I 1.%9E+05 I 1.970E+05 I 1.970E+05 I

J
S96TO03435 149:4 Upper half 1.095E+05 1.120E+05 1.108E+O5

S96TO03436 Lower half 1.108E+O5 1.060E+05 1.084E+05

S96TO03437 1495 Upper half 3.241E+05 2.81OE+O5 3.026E+05

1S96TO03438 Lower half 2.436E+05 2.520E+05 2.478E+05

‘S96TO03439 149:6 Upper half 3.265E+05 3.860E+05 3.563E+05

~S96TO03440 Lower half 3.633E+05 3.660E+05 3.647E+05

S%TO03441 1497 Upper half 2.551E+05 2.340E+05 2.446E+05

S96TO03442 Lower brdf 3.678E+05 3.880E+05 3.779E+05

IS96TO03443 1498 Upper half 3.792E+05 3.730E+05 3.761E+05

S96TO03444 Lower half 3.552E+05 2.900E+05 3.226E+05~’e

1S96TO03445 149:9 Upper half 1.061E+05 1.130E+05 1.096E+05

~S96TO03446 Lower half 49,570 48,600 49,085

S96TO03621 14910 Upper half 48,650 43,900 46,275

S96TO03447 149:11 Upper half 24,520 24,300 24,410

S96TO04760 Core 149 Solid composite 2.838E+05 2.500E+05 2.669E+05
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Table B2-22. Tank 241-S-111 Analytical Results: Nitrite (IC).

S%TO03360 1491 Drainable liquid 62,590 62,500 62,545

S96TO05%9 1492 Drainable liquid 74,780 75,600 75,190

S96TO03362 149:3 Drainable liquid 62,110 62,100 62,105
~$$<~~,..y, , ,-.2,,,~~~ ..,. *y. .4$ <, ?.,+
,?;,$?.6,,1,,&,~,4,~,, .****&$.+ ,.,~

mmpgg
*8 “’ . .,.A ..* :,s*?% .%<w. .?<.*.;.*,.*,.,.*4..*w$i

S96TO03421 149:3 Whole 40,450 42,900 41,675

S96TO03435 149:4 Upper hdf 34,230 33,700 33,965

S96TO03436 Lower half 34,300 34,700 34,500

S96TO03437 149:5 Upper half 29,940 30,600 30,270

S96TO03438 Lower half 32,820 31,900 32,360

S96TO03439 1496 Upper half 27,760 33,200 30,480

sm3440 Lower half 29,620 29,300 29,460

S96TO03441 1497 Upper half 35,540 33,300 34,420

S96TO03442 Lower half 26,260 26,200 26,230

S96TO03443 149:8 Upper half 27,610 28,800 28,205

S96TO03444 Lower half 24,730 26,200 25,465

S96TO03445 149:9 Upper half 37,690 36,800 37,245

S96TO03446 L4rwerhalf 30,710 31,900 31,305

S%TO03621 149:10 Upper half 27,790 25,800 26,795

S96TO03447 14911 Upper half 15,670 15,400 15,535

S96TO04760 Core 149 Solid wmposite 28,020 30,000 29,010
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Table B2-23. Tank 241-S-111 Analytical Results: Oxalate (IC).

S96TO03360 149:1 Drainable liquid < 1,071 10,700 < 5,885.P

S96TO05%9 1492 Drainable liquid 526.9 643 584.95

sm3362 149:3 Drainable liquid < 1,071 < 1,070 < 1,070.5
..,>*., ,.,y ~~, ~~*A+,:.,,,

~ .$ i ;%&
S96TO03421 149:3 Whole 11,600 11,700 11,650

S96TO03435 1494 Upper half 12,69iI 12,200 12,445

S96TO03436 Lower half 10,690 12,300 11,495

S96TO03437 1495 Upper half 5,228 6,480 5, 854~M

S96TO03438 Lower half 6,222 5,340 5,781

S96TO03439 149:6 Upper half 5,639 6,810 6,224.5

S96TO03440 Lower half 4,658 4,150 4,404

S96TO03441 149:7 Upper half 8,988 8,640 8,814

S96TO03442 Lower half 4,240 4,160 4,200

S96TO03443 149:8 Upper baif 4,796 5,100 4,948

S%TO03444 Lower half 5,230 5,560 5,395

S96TO03445 149:9 Upper half 6,687 6,570 6,628.5

S96TO03446 Lower half 2,263 1,930 2,096.5

S96TO03621 149:10 Upper half < 936.3 < 948 < 942.15

S96TO03447 149:11 Upper half 484.7 175 329.85==

S96TO04760 Core 149 Solid composite 4,667 4,080 4,373.5
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Table B2-24. Tank 241-S-111 Analytical Remdts: Phosphate (IC).

s96Too3360

S96’TO05%9

S96TO03362

S96TO03435

S%TO03436

S%TO03437

S96TO03438

S96TO03439

S96TO03440

S96TO03441

S96TO03442

S96TO03443

S96TO03444

S96TO03445

S%TO03446

S96TO03621

S96TO03447

S96TO04760

1491 Draioable liquid 2,874 3,040 2,957

1492 Drainable liquid 3,358 2,070 2,714~”

149:3 Drainable liquid 3,278 < 1,210 < 2,244@

149:3
J 1 1 1

149:4 IUpper half I 17,030 I20,200 I 18,615 i,
Lower half I 15,480 [ 17,000 I 16,240

149:5 Upper half 3,676 3,900 3,788

Lower half 7,365 7,730 7,547.5

149:6 Upper half 16,770 6,500 11,635W”

Lower half 1,458 1,380 1,419

1497 Upper half 5,774 7,180 6,47F

Lower half 1,368 < 1,020 < l,194@”
,

149:8 IUpper half 12,314 14,170 13,242W”

Lower half 15,140 27,400 21,27P

149:9 Upper half 11,120 12,700 11,910
, ,

Lower half 22,210 21,000 21,605

14910 Upper half < 1,060 < 1,070 < 1,065

149:11 Upper half 2,162 2,010 2,086

Core 149 I Soiid composite 18,078 16,980 17,529 I
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Table B2-25. Tank 241-S-111 Analytical Resuirs: Sulfate (IC).

S%TO03360 149:1 Drainable liquid 4,756 5,160 4,958

S96TO05%9 149:2 Drainable liquid 4,594 4,200 4,397

S96TO03362 149:3 Drainable Iiqoid 4,435 4,550 4,492.5
,,>,pQ,:?.......<,..q,.$,,,.,,i,....$.*,.\,;,4\
:ikm.,,, ~$ll$s ,,>* .<,..

~y$;$q$$p$++,e*$ ~,:ee“’”’.$,,$,,*,, *w ,:*it...4:@##,;Y*V:4*$,.$>$?.+7?pi.:::$;$.,+A*#j:4!l,<f,,.
~~~ b L%&:,,$+z+s.w*=t.:,.yti*,,,:,,z,,~#+* <@.,>+,>#*$?.;;$1,;,,,,/.,.:,>,+,,,,,,$’’;<,..?/J$.*’...$.+4,!,.,...>,, ., , #$3_&i@;

S96TO03421 1493 Whole 5,562 6,110 5,836

S96TO03435 149:4 Upper half 29,440 27,300 28,370

S96TO03436 Lower half 35,330 35,600 35,465

S96TO03437 149:5 Upper half 19,050 23,400 21,225~0

S96TO03438 Lower half 21,010 18,500 19,755

S96TO03439 149:6 Upper half 17,390 20,800 19,095

S96TO03440 Lower half 12,910 13,000 12,955

S%TO03441 1497 Upper half 29,620 27,200 28,410

S96TO03442 Lower half 15,090 15,200 15,145

S96TO03443 149:8 Upper half 16,380 18,200 17,290

S96TO03444 Lower half 19,750 20,300 20,025

S96TCQ3445 149:9 Upper half 59,070 59,200 59,135

S96TO03446 Lower half 4,850 4,820 4,835

S96TO03621 149:10 Upper ludf < 1,212 < 1,230 < 1,221

S96TO03447 149:11 Upper half 190.8 191 190.9

S96TO04760 Core 149 Solid composite 16,270 16,100 16,185
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B2.4.3.2 Inductively Coupled Plasma Spectroscopy. Inductively coupled plasma
spectrometry was initially performed on samples that bad been prepared by an acid digestion
(except liquid samples, which were analyzed directly). Because of poor dissolution in acid
solution, subsamples from segments 9 through 11 of core 149 were rdso fusion digested by
the KOH r%sionmethod and analyzed by ICP. Fusion-digested data for potwium were
deleted because potassium was added for the fusion. Fusion-digested data for nickel should
be used with caution because the samples were prepared in a nickel crucible. Acid, water,
and fusion digestions were performed on the core 149 solids composite sample. Quality
control tests included standards, blanks, spikes, and duplicate analyses. The SAP required
that the full suite of ICP elements be analyzed and reported. The results are presented in
Tables B2-26 to B2-62.

B-34



HNF-SD-WM-ER-638 Rev. O

Table B2-26. Tank 241-S-111 Analytical Results: Aluminum (ICP).

S96TO03361 149:2 Drainable liquid 25,700 25,700 25,700

S96TO03362 149:3 Drairrable liquid 24,800 24,800 24,800

21,400 21,050

S96TO03422 149:4 Upper half 16,100 16,100 16,100

S96TO03423 Lower half 16,800 17,000 16,900

S96TO03424 1495 Upper half 14,90U 15,300 15,100

sm3425 Lower half 15,800 16,500 16,150

S96TO03426 1496 Upper half 14,500 14,500 14,500

S96TO03427 Lower half 14,200 14,000 14,100

sm3428 149:7 Upper half 15,400 16,200 15,800

S96TO03429 Lower half 13,200 13,400 13,300

S96TO03430 1498 Upper half 13,900 14,900 14,400

S96TO03431 Lower half 13,500 14,500 14,04J0

S96TO03432 149:9 Upper half 21,200 21,200 21,200

S96TO03433 Lower half 16,900 29,400 23, 150~e

S96TO03620 149:10 Upper half 54,000 59,100 56,55Pd

S96TO03434 14911 Upper half 26,500 14,800 20,650~’d,e

S96TO04759 Core 149 Solid composite 25,900

S96TO03412 Lower half 1.480E+05 1.51OE+O5 1.495E+05

S96TO03619 149:10 Upper half 2.340E+05 2.400E+05 2.370E+05

S96TO03413 149:11 Upper half 2.610E+05 2.590E+05 2.600E+05

S96TO04758 Core 149 Solid composite 52,900 58,600 55,750
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Table B2-27. Tank 241-S-111 Analytical Results: AntimorIy (ICP).

S96TO03360 149:1 Drainable liquid <24.1 < 24.1 < 24.1

S%TO03361 149:2 Drainable liquid <24.1 <24.1 <24.1

S96TO03362 1493 Drainable liquid <24.1 < 24.1 < 24.1

sm3422 1494 Upper half <23.1 < 22.5 < 22.8

S96TO03423 Lower half < 23.8 <23.9 < 23.85

S96TO03424 149:5 Upper half < 25.8 <26 <25.9

S96TO03425 Lower half < 22.5 < 23 < 22.75

S96TO03426 149:6 Upper half < 21.5 < 20.6 < 21.05

S%TO03427 L4rwerhalf < 30.8 < 30.7 < 30.75

S96TO03428 149:7 Upper half < 30.5 < 30 < 30.25

S96TO03429 Lower half < 31.2 < 31 < 31.1

S96TO03430 149:8 Upper half < 34.1 < 36.2 < 35.15

S96TO03431 Lower half < 32.9 <33.8 <33.35

S96TO03432 149:9 Upper half < 30.3 < 30.3 < 30.3

S96TO03433 Lower haIf <30.1 < 30.1 < 30.1

S96TO03620 149:10 Upper half < 12.1 < 12.4 < 12.25

S96TO03434 149:11 Upper half < 28.4 <28 < 28.2

s9m759 Core 149 Solid composite <22.7 < 22.4 < 22.55

“@~~2,5a-;;i&i&&~ :&: ~~, >t,,%;,;;/*;,’”““<’~“““ ‘$’’’+#;!:;&,.,f~; * $<,<$l’”~(f , y: :$.>-.~.$~t., $v.+< 6,:+>.$<
~X~ ~p;: ,, ..:,,,*,&~.,,.,.g;$$i${;,ij

S96TO03419 149:9 Upper half < 1,260 < 1,260 < 1,260

S96TO03412 Lower half < 1,220 < 1,240 < 1,230

S96TO03619 149:10 Upper half < 1,290 < 1,300 < 1,2%

S96TO03413 149:11 Upper half < 1,210 < 1,220 < 1,215

S96TO04758 Core 149 Solid composite < 1,320 < 1,330 < 1,325
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Table B2-28. Tank 241-S-111 AmdyticaI Results: Arsenic (ICP).

S96TC4)3361 1492 Drainable liquid <40.1 <40.1 < 40.1

S96TO03362 1493 Drainable Iiauid <40.1 <40.1 < 40.1

S96TQ03422

S96TO03423

S96TO03424

S96TO03425

S96TO03426

S96TU03427

S96TO03428

S96TO03429

S96TO03430

S96TO03431

S96TO03432

S96TO03433

S96TO03620

S96TO03434

s9m759

1494

1495

1496

1497

149:8

1499

149:10

149:11

Core 149

Whole

Upper half < 38.5 < 37.6

Lower half <39.7 < 39.8

Upper half < 43 < 43.4

Lower half < 37.5 < 38.4

Upper half < 35.8 <34.3

Lower half < 51.3 <51.2

Upper half < 50.8 < 49.9

Lower half <52 <51.7

Upper half < 56.8 < 60.3

Lower half <54.8 <56.4

Upper half <50.5 <50.4

Lower half < 50.2 <50.2

Upper half <20.1 < 20.7

Upper half < 47.3 < 46.7

Solid composite <37.9 < 37.3

< 48

< 38.05

< 39.75

<43.2

< 37.95

< 35.05

< 51.25

<50.35

< 51.85

<58.55

<55.6

<50.45

< 50.2

< 20.4

< 47

< 37.6

1=
S96TO03412

S%TO03619

S96TO03413

S96TO04758

149:10

149:11

Core 149

. .
I I

Lower half 1<2,040 I <2,060
I 1

Upper half I < 2,160 I < 2,160

Upper half < 2,010 < 2,030

Solid composite I <2,200 I < 2,220 ==1
< 2,050

< 2,160

< 2,020

< 2,210
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Table B2-29. Taok 241-S-111 Analytical Results: Barium (ICP).

S96TO03422 149:4 Upper half < 19.3 < 18.8

S96TO03423 Lower half < 19.8 < 19.9

S%TO03424 1495 Upper half < 21.5 < 21.7

S96TO03425 Lower half < 18.7 < 19.2

S96TO03426 149:6 Upper half < 17.9 < 17.2

S96TO03427 Lower half < 25.7 <25.6

S96TO03428 1497 Upper half < 25.4 < 25

S%TO03429 Lower half < 26 < 25.8

S96TO03430 149:8 Upper half < 28.4 < 30.1

S967D03431 Lower half < 27.4 < 28.2

S%TO03432 149:9 Upper half < 25.3 < 25.2

S96TO03433 Lower half <25.1 < 25.1

S96TO03620 149:10 Upper half < 10.1 < 10.3

S%TO03434 149:11 Upper half <23.6 < 23.4

S96TO04759 Core 149 Solid wmposite < 18.9 < 18.7

< 19.05

< 19.85

< 21.6

< 18.95

< 17.55

< 25.65

< 25.2

< 25.9

< 29.25

< 27.8

<25.25

< 25.1

< 10.2

<23.5

< 18.8

~S96TO04758 Core 149 Solid composite < 1,100 ,

S96TO04761 ICore 149 ISolid wmposite I < 18.3 I <18.3 I <18.3 I
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Table B2-30. Tardc241-S-111 Analytical Results: Beryllium (ICP).

S96TO03360 149:1 Drainable liquid

S96’lW3361 149:2 Drainable liquid <2 <2 <2

S96TO03362 1493 Drainatde liquid <2 <2 <2
&v$..* “’,+. *. .9 + ,+. .?.. “ ?+% ,Y$>.< ;,

; *,,., ,,, <., ,,:
~am

S96TO03420 1493 Whole <2.38 < 2.42 < 2.4

S96TO03422 1494 Upper half < 1.93 < 1.88 < 1.905

S96TO03423 Lower half < 1.98 < 1.99 < 1.985

S%TO03424 149:5 Upper half < 2.15 <2.17 < 2.16

S96TO03425 Lower half < 1.87 < 1.92 < 1.895

S96TO03426 149:6 Upper half < 1.79 < 1.72 < 1.755

S%TO03427 Lower half < 2.57 < 2.56 < 2.565

S%TO03428 149:7 Upper half < 2.54 <2.5 < 2.52

S96TO03429 Lower haff < 2.6 < 2.58 < 2.59

S96TO03430 1498 Upper fralf <2.84 <3.01 < 2.925

S%TO03431 Lower half < 2.74 < 2.82 <2.78

S96TQ03432 149:9 Upper half < 2.53 < 2.52 < 2.525

S96TO03433 Lower half < 2.51 < 2.51 < 2.51

sm3620 149:10 Upper half < 1.01 < 1.03 < 1.02

S96TO03434 149:11 Upper half < 2.36 <2.34 < 2.35

S96TO04759 Core 149 Solid composite < 1.89 < 1.87 < 1.88

S96TO03419 1499 Upper half

S96TO03412 Lower half < 102 < 103 < 102.5

S96TO03619 149:10 Upper half < 108 < 108 < 108

S96TO03413 149:11 Upper half < 101 < 101 < 101

S96TO04758 Core 149 Solid composite < 110 < 111 < 110.5
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Table B2-31. Tank 241-S-111 Analytical Results: Bismuth (ICP).

S96TO03360 149:1 Draioable liquid <40.1 < 40.1

s9m361 149:2 Drainable liquid <40.1 < 40.1 < 40.1

S96TO03362 149:3 Drainable liquid <40.1 < 40.1 <40.1
-$’= ,.,>.].,. ~,

~
“’”’”“’‘*‘$‘f~ T& Wi@

f~:. ),..,/. , - m ~
‘*?‘*$*J: ““: ,*J.,,..W....,:.\:[ij:;$$

S96TO03420 1493 Whole 77.3 73 75.15

S96TO03422 149:4 Upper half 124 112 118

S%TO03423 Lower half 82.4 99 90.7

S96TO03424 149:5 Upper half < 43 < 43,4 < 43.2

S96TO03425 Lower half 47.8 43.5 45.65

S96TO03426 1496 Upper half < 35.8 < 34.3 < 35.05

S96TO03427 Lower haIf <51.3 < 51.2 < 51.25

S96TO03428 149:7 Upper half < 50.8 <49.9 <50.35

S96TO03429 Lower half < 52 < 51.7 <51.85

S96TO03430 149:8 Upper half <56.8 < 60.3 <58.55

S96TO03431 Lower half <54.8 < 56.4 <55.6

S96TO03432 149:9 Upper half <50.5 < 50.4 < 50.45

S96TO03433 Lower haIf <50.2 <50.2 < 50.2

S96TO03620 14910 Upper half <20.1 <20.7 < 20.4

S96TO03434 149:11 Upper half <47.3 <46.7 < 47

S96TO04759 Core 149 Solid wmposite 38.4 < 37.3 < 37.85
;~,..,.y$~
;i:::i;i,:,,,>:,,:’w:#*~E#jgi:mg;##$%#i: .... ~~

. $.......-. ?- ii#:&4#j* m-$i:i4$$
,:::gp.. . .>.<,pWV!<”,~~~~,

..,:::,.?<,.,.,,........ . ,, . .,<,,,,,,:.>..*.,,
S96TO03419 149:9 Upper half < 2,090 <2,100 < 2,095

S96TO03412 Lower half < 2,040 < 2,060 <2,050

S96TO03619 149:10 Upper half <2,160 < 2,160 < 2,160

S96TO03413 149:11 Upper half < 2,010 < 2,030 < 2,020

S96TO04758 Core 149 Solid composite < 2,200 < 2,220 < 2,210

;:{j*~j***j#/~$;\;gj~/,;;:&$!~:::;~~~~*j&;"#&$,,,,,if,`,;;''`' “’::’::::” ~““’””’”;’’’’~’’’;’:y“:J’”*#j@~~ ##?$Mi$@%:ii‘:$$:<., ,..,., ,..,,
S96Tti76 i Core 149 Solid composite < 36.6 < 36.5 < 36.55 “’ ““’’’”
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Table B2-32. Tank 241-S-111 Analytical Results: Boron (ICP).

S96TO03360 149:1

S%TO03361 149:2 Drainable liquid 81.1 78.8 79.95

S96TO03362 1493 Drainable liquid 75 76.9 75.95

S96TO03420 149:3

S96TO03422 1494 Upper half 127 153 140

S96TO03423 Lower half 111 97.3 104.15

sm3424 149:5 Upper half 146 %.6 121.3~:e

S96TO03425 Lower half 148 108 128W,

S96TO03426 149:6 Upper baif 108 106 107

S96TO03427 Lower half 97.7 115 106.35

S%TO03428 1497 upper half 99.1 118 108.55

S96TO03429 Lower baif 79.6 123 lol.3~’

S96TO03430 149:8 Upper half 93.2 99.7 %.45

S96TO03431 Lower half 110 111 110.5

S96TO03432 149:9 Upper half 112 103 107.5

S96TO03433 Lower half 39.2 56.3 47.75~”

S%TO03620 149:10 Upper half 79.8 89.9 84.85

S96TO03434 149:11 Upper half 50.5 32.2 41.35~’

S96TO04759 Core 149 Solid camposite 151 128 139.5

!*W “$P’”’‘“’~~$‘?’’?;;**&~@~i. .... .,., ......
< 1,050

S96TO03412 Lower ldf < 1,020 < 1,030 < 1,025

S96TO03619 149:10 Upper half < 1,080 < 1,080 < 1,080

S96TO03413 149:11 Upper half < 1,010 < 1,010 < 1,010

S96TOQ4758 Core 149 Solid composite < 1,100 < 1,110 < 1,105
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Table B2-33. Taok 241-S-111 Analytical Results: Cadmium (ICP).

1 I 1 I I

S96TO03361 I 149:2 IDrainable Iiquid I <2 1<2 1<2
1 1 1 I i

S96TO03362 I 149:3 IDrainable liquid I <2 1<2 1<2

S96TO03422 149:4 Upper half 15.2 16.2

S%TO03423 Lower half 12.3 12.9

S%TO03424 1495 Upper half 4.66 4.57

S96TO03425 Lower half 5.78 5.5

S%TQ03426 1496 Upper half 4.38 4.16

S%TO03427 Lower half 3.8 3.84

IS96TO03428 1497 Upper half 5.3 5.49

S96TO03429 Lower half 3.14 < 2.58

IS96TO03430 149:8 Upper haIf 3.63 4.01

S96TO03431 Lower half 3.85 3.31

S96TO03432 149:9 Upper half 5.5 4.76

S96TO03433 Lower half < 2.51 4.57

S96TO03620 149:10 Upper half 1.06 1.09

S96TO03434 149:11 Upper half 4.62 <2.34

S96TO04759 Core 149 Solid wmposite 3.1 3.23

S96TO03419 I 149:9 IUpper half I < 105

=k#=l=ES96TO04758 Core 149 Solid composite < 110

15.7

12.6

4.615

5.64

4.27

3.82

5.395

< 2.86

3.82

3.58

5.13

< 3.54@-=’

1.075

< 3.48W.”

3.165
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Table B2-34. Tank 241-S-111 Analytical Resuitx Calcium (ICP).
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Table B2-35. Tank 241-S-111 Analytical Results: Cerium (ICP).

S96TO03361 149:2 Drainable liquid <40.1 < 40.1 < 40.1

S96TO03362 1493 Drainable liquid <40.1 <40.1 <40.1

IS96TO03420 11493

S96TO03422 149:4 Upper Lralf < 38.5 <37.6

S96TO03423 Lower half < 39.7 < 39.8

1S%TQ03424 1495 Upper half < 43 < 43.4

S96TQ03425 Lower half < 37.5 < 38.4

IS96TO03426 149:6 Upper half < 35.8 < 34.3

S96TO03427 Lower half < 51.3 <51.2

S96TO03428 149:7 Upper half <50.8 < 49.9

S96TO03429 Lower half < 52 <51.7

S96TU03430 149:8 Upper half < 56.8 < 60.3

S96TO03431 Lower brdf <54.8 < 56.4

S96TO03432 149:9 Upper half < 50.5 <50.4

S96TO03433 Lower half <50.2 <50.2

S96TO03620 149:10 Upper half < 20.1 <20.7

S96TO03434 149:11 Upper half < 47.3 <46.7

S96TO04759 Core 149 Solid composite <37.9 < 37.3

<38.05

< 39.75

<43.2

< 37.95

<35.05

< 51.25

< 50.35

< 51.85

<58.55

<55.6

< 50.45

<50.2

< 20.4

< 47

< 37.6

. .
S96TO03412 Lower brdf < 2,040 <2,060 < 2,050

S96TO03619 149:10 Upper half < 2,160 < 2,160 < 2,160

S96’TO03413 I 149:11 IUpper half < 2,010 < 2,030 < 2,020

S96TO04758 ICore 149 ISolid composite I <2,2011 < 2,220 < 2,210
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Table B2-36. Tank 241-S-111 Analytical Results: Chromium (ICP).

S96TO03422 1494

S96TO03423

S96TO03424 149:5

S96TO03425

S96TO03426 149:6

S96TO03427

S96’M03428 1497

S96TO03429

S96TO03430 149:8

S96TO03431

S96TO03432 149:9

S96TO03433

S96TO03620 149:10

sm3434 14911

s9m759 Core 149

E
Upper hrdf

Lower hrdf

Upper half

Imwer half

Upper half

Lower half

Upper fudf

Lower half

Upper half

Lower half

Upper half

Lower half

Upper half

Upper half

Solid composite

12,500

9,870

8,190

4,740

5,230

4,780

3,790

5,68I3

3,430

3,890

4,150

6,770

2,030

1,820

5,450

4,150

10,OOO 9,935

8,920 8,555

4,820 4,780

5,530 5,380

4,450 4,615

3,810 3,800

5,%0 5,815

3,500 3,465

4,250 4,070

4,320 4,235

6,820 6,795

5,870 3,95P

1,860 1,840

1,610 3,53P

4,290 4.22P

S96TU03419 149:9

S96TO03412 Lower half 6,450 6,670 6,560

S96TO03619 14910 Upper half 2,260 2,320 2,290

S96TO03413 14911 Upper half 2,220 2,170 2,195

S96TU04758 Core 149 Solid composite 4,120 4,240 4,180
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Table B2-37. Tank 241-S-111 Analytical Result$: Cobaft (ICP).

S96TO03361 I 149:2 Drainable liquid < 8.02 < 8.02 < 8.02

sm3362 I 1493 IDrairralde liquid <8.02 c 8.02 <8.02

S96TC03422

S96TO03423

S96TO03424

sm3425

S96TO03426

S%TO03427

S96TO03428

S96TO03429

S96TC03430

S96TO03431

S96’TO03432

S96TO03433

S96TO03620

S96TO03434

S96TO04759

-
,1494

149:5

1149:7

1499

14910

149:11

Core 149

l%%-
Upper half

F

Lx3werhalf

IUpper half

Lower half

~Upper half

Lower haff

Upper half

Lower half

Upper half

Upper half

Solid composite

<9.52

~< 7.7

< 7.93

< 8.61

< 7.5

< 7.16

< 10.3

< 10.2

< 10.4

< 11.4

< 11

< 10.1

< 10

< 4.02

< 9.46

< 7.58

<7.51 < 7.605

< 7.% < 7.945

<8.68 < 8.645

< 7.67 < 7.585

< 6.86 < 7.01

< 10.2 < 10.25

<9.98 < 10.09

< 10.3 < 10.35

< 12.1 < 11.75

< 11.3 < 11.15

< 10.1 < 10.1

< 10 < 10

<4.13 < 4.075

<9.35 <9.405

<7.46 < 7.52

. .
S96TO03412 Lower half < 407 < 412 <409.5

S96TO03619 149:10 Upper half < 431 <433 <432

S96TO03413 149:11 Upper half <402 <406 < 404

S96TO04758 Core 149 Solid composite < 439 <444 < 441.5

I 1 1 1 1 I I
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Table B2-38. Taok 241-S-11i Analytical Resultx Copper (ICP).

S96TO03360 149:1 Drainable ‘liquid

S96TO03361 1492 Drainable liquid <4.01 <4.01 < 4.01

S96TO03362 149:3 Drainable liquid <4.01 <4.01 <4.01

S96TO03420 1493 Whole <4.76

S96TO03422 1494 Upper half < 3.85 <3.76 < 3.805

sm3423 Lower half c 3.97 < 3.98 < 3.975

S96TO03424 1495 Upper half <4.3 <4.34 <4.32

S96TU03425 Lower half < 3.75 <3.84 < 3.795

S96TO03426 1496 Upper half < 3.58 < 3.43 <3.505

S96TO03427 Lower half < 5.13 <5.12 <5.125

S96TO03428 1497 Upper half <5.08 <4.99 < 5.035

S96TO03429 Lower half <5.2 < 5.17 <5.185

S96TO03430 1498 Upper half < 5.68 < 6.03 <5.855

S96TO03431 Lower haIf <5.48 <5.64 <5.56

S96TO03432 1499 Upper half < 5.05 <5.04 < 5.045

S96TO03433 Lower half <5.02 <5.02 <5.02

S96TO03620 14910 Upper half < 2.01 < 2.07 c 2.04

S96TO03434 149:11 Upper half < 4.73 <4.67 < 4.7

S96TO04759 Core 149 Solid composite <3.79 < 3.73 < 3.76
;.,::,k:$;,,*,> ... ,<.. >,,:,.........#.y.<4,,,:J.,:,, .,,
,:,:~*:?,:*$~ ,f,,,,,, ~~$$@ “ * .“ ‘ ~ 2...>. ,, . w.
.......... As+ +:. ,, ..,,,. ,,, “~, “f” ,,,,,,&4 .,; J&.

, ,@#$,,,.~ is ...... ..,,,2+>,;.,3%;
S%TQ03419 1499 Upper half <209 <210

S96TO03412 Lower half < 204 < 206 <205

S96TO03619 149:10 Upper half < 216 < 216 < 216

S96TO03413 149:11
\

Upper half < 201 < 203 < 202

s9m758 Core 149 Solid composite < 220 < 222 < 221
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Table B2-39. Tank 241-S-111

S96TO03361 1492 Drainable liquid

S96TO03362 149:3 Drainable liquid

S96TO03422

sm3423

sm3424

S96TO03425

sm3426

S96TO03427

S96TO03428

sm3429

S96TO03430

S96’IV03431

S96TO03432

S96TO03433

S96TU03620

S%TO03434

S96TO04759

149:5

1496

149:7

1498

149:9

14910

149:11

Core 149

Upper half

Lower half

Upper half

Lower half

Upper half

hwer half

Upper half

Lower half

Upper half

Lower half

Upper half

Lower half

Upper half

Upper half

Solid comoosite
1

=+=

S96TO03412

S96TO03619 149:10

S96TO03413 149:11

S96TO04758 Core 149

Imwer half

Uur)er half

Upper half

Solid composite

1,950

198

102

119

122

77.4

148

74.5

130

%.6

160

25.6

21

123

77.6

324 1,13P

213 205.5

117 109.5

125 122

106 114

117 97.2=.

148 148

76.6 75.55

91.5 1lo.75@’

102 99.3

160 160

130 77.8W8

22.2 21.6

23.4 73.2=.

110 93.8QC:C

< 1,050

B-48



HNF-SD-WM-ER-638 Rev. O

Table B2-40. Tank 241-S-111 Analytical Results: Lanthsrmm (ICP).

S96’IU03422 1494 Upper half < 19.3 < 18.8

S96TO03423 Lower half < 19.8 < 19.9

S96TO03424 1495 Upper half <21.5 < 21.7

S96’lT)03425 Lower half < 18.7 < 19.2

S96TO03426 149:6 Upper half < 17.9 < 17.2

sm3427 Lower half < 25.7 < 25.6

S96’N!03428 149:7 Upper half <25.4 <25

S96TQ03429 Lower hslf < 26 < 25.8

S%TD03430 149:8 Upper half < 28.4 < 30.1

S96TO03431 Lower hrdf <27.4 <28.2

S96TO03432 1499 Upper half < 25.3 < 25.2

S96TQ03433 Imwer hslf < 25.1 < 25.1

S96TO03620 149:10 Upper half < 10.1 < 10.3

S96TO03434 14911 Upper half <23.6 <23.4

S96TO04759 Core 149 Solid composite < 18.9 < 18.7

< 19.05

< 19.85

< 21.6

< 18.95

< 17.55

<25.65

< 25.2

< 25.9,

<29.25

< 27.8

< 25.25

<25.1

< 10.2

< 23.5

< 18.8
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Table B2-41. Tank 241-S-111 Anslyticd Results: Lead (ICP).

S96TO03361 1492 Drainable liquid <40.1 <40.1 < 40.1

S96TWJ3362 1493 Drainable liquid <40.1 <40.1 < 40.1

S96TO03422

S96’IV03423

S96TO03424

sm3425

S%TO03426

S96TO03427

sm3428

S96TO03429

S96TO03430

S96TO03431

S961T)03432

S96TO03433

S96TO03620

S96TO03434

S96TO04759

1494

1495

1496

1497

149:8

149:9

149:10

149:11

Core 149

Whole

Upper half

hwer Mdf

Upper half

Lower Iralf

Upper half

Lower half

Upper half

Lower half

Upper half

Lower baff

Upper half

Lnwer half

Upper half

Upper half

Solid composite

42.8

< 39.7

<43

< 37.5

< 35.8

<51.3

<50.8

<52

<56.8

<54.8

< 50.5

< 50.2

<20.1

< 47.3

< 37.9

,
.“.

<48:4 1<48

39.6 41.2

<39.8 <39.75

<43.4 <43.2

< 38.4 <37.95

< 34.3 <35.05

<51.2 <51.25

<49.9 <50.35

< 51.7 <51.85

< 60.3 <58.55

<56.4 <55.6

<50.4 <50.45

<50.2 <50.2

<20.7 <20.4

<46.7 < 47

< 37.3 <37.6

S96TO03419 I 149:9

S96TO03412 Lower half < 2,040 <2,060 < 2,050

S96TO03619 149:10 Upper half < 2,160 <2,160 < 2,160

S96TO03413 149:11 Upper half < 2,010 < 2,030 < 2,020

S96TO04758 Core 149 Solid composite <2,200 <2,220 <2,210
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Table B2-42. Tank 241-S-111 Analytical Results: Lithium (ICP),

1
..

S96TO03420 I 1493

sm3422

S96TQ03423

S96TO03424

S96TO03425

S96TO03426

S96’IYH33427

S96TO03428

S96TQ03429

S96TO03430

S96TO03431

S%TO03432

S96TO03433

S96TO03620

S96TO03434

sm759

1494

1495

1496

149:7

149:8

149:9

14910

149:11

Core 149

Drainable liquid

Drainable Iiauid

-
Whole

Upper half

Lower half

Upper half

Lower half

Upper half

Lower half

Upper half

Lower half

Upper half

Lower half

Upper half

Lower half

Upper half

Upper half

Solid composite

< 3.85 < 3.76

<3.97 <3.98

<4.3 <4.34

< 3.75 < 3.84

< 3.58 < 3.43

<5.13 <5.12

<5.08 < 4.99

<5.2 <5.17

< 5.68 < 6.03

<5.48 <5.64

<5.05 <5.04

<5.02 < 5.02

< 2.01 < 2.07

<4.73 < 4.67

< 3.79 < 3.73

< 3.805

< 3.975

< 4.32

< 3.795

< 3.505

<5.125

<5.035

< 5.185

<5.855

< 5.56

<5.045

<5.02

< 2.04

< 4.7

< 3.76

==k$=EES96TO04758 Core 149 Solid composite <220

< 205 I

< 221
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Table B243. Taok 241-S-111 Analytical Results: Magnesium (ICP)..,

S96’IV03361 149:2 Drainable liquid <40.1 <40.1 <40.1

S%TO03362 149:3 Drainable liquid <40.1 < 40.1 <40.1

S96TQ03422 149:4 upper half <38.5 <37.6 < 38.05

sm3423 Lower half < 39.7 < 39.8 < 39.75

S96TQ03424 149:5 Upper half <43 <43.4 <43.2

S96TOQ3425 Lower half < 37.5 < 38.4 < 37.95

S96TO03426 149:6 Upper half < 35.8 < 34.3 < 35.05

S96’IU03427 Lower half <51.3 < 51.2 <51.25

S96TO03428 149:7 Upper half <50.8 <49.9 < 50.35

S96TO03429 Lower half <52 <51.7 <51.85

S96TO03430 149:8 Upper hdf < 56.8 < 60.3 <58.55

S96TO03431 Imwer half <54.8 <56.4 < 55.6

S96TO03432 149:9 Upper half <50.5 <50.4 <50.45

S96TO03433 Lower half <50.2 < 50.2 < 50.2

S96TO03620 14910 Upper half < 20.1 < 20.7 < 20.4

S%TO03434 14911 Upper half < 47.3 < 46.7 <47

S96TO04759 Core 149 Solid wmposite <37.9 < 37.3 < 37.6

S96TO03419 1499 Upper half

sm3412 Lower half <2,040 < 2,060 < 2,050

S96TO03619 149:10 Upper half <2,160 < 2,160 < 2,160

S96TO03413 149:11 Upper half < 2,010 < 2,030 < 2,020

S96TO04758 Core 149 Solid wmposite <2,200 < 2,220 < 2,210
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Table B2-44. Tarrk 241-S-111 Analytical Results: Manganese (ICP).

S96TO03361 149:2 Drainable liquid <4.01 <4.01 <4.01

S96TO03362 1493 Drainable liquid <4.01 < 4.01 < 4.01
$a,,,:..,.,,, ,., .,.l;<..,<. # “’””’““”*$+*$<“~“*!J* ‘

$~w ,. . >++,+. ~~‘<....$,,.,....~ m ~
;$&y ,., “’”’%%,: +%,,$... ... ?:: #a.:. ““.:..2$$$;i “%?2K*

sm3420 149:3 Whole 68.2 70.3 69.25

S96TO03422 1494 Upper half 104 100 102

S96TO03423 Lower half 83.9 92.4 88.15

S96TO03424 1495 Upper half 37.8 38.2 38

S96TO03425 Lower half 44.2 46 45.1

S96TO03426 1496 Upper half 43.3 40.1 41.7

S96TO03427 Imwer half 31 31 31

S96TO03428 149:7 Upper half 53.3 55.1 54.2

S96TO03429 Lower hrdf 23.1 23.5 23.3

S%TQ03430 1498 Upper half 35.5 36.8 36.15

S96TO03431 Lower half 77.8 75.7 76.75

S96TO03432 1499 Upper half 212 213 212.5

S96TO03433 Lower half < 5.02 93.9 < 49.46We

S96TO03620 149:10 Upper half 2.2 < 2.07 < 2.135

S96TO03434 149:11 Upper half 90 < 4.67 < 47.335=”

S96TO04759 Core 149 Solid wmposite 40.5 57.7 49. lw:,

=*:+$\+<..%,,...,.,.:,.:.&&fi:,4:,4:.. ....++*:..A,.t:,.,,..,.gti,,;,,:*,?Y
;:~$p;$;$’$~~~“’~m~jj*#;J#j @$@$&$*; **~~~

<, ..,, ,,p,: ,...$,,,,,,~,,~
,,..##&,&; m#.,..,<,*,.,,:,l:*,:;;..,j:;t,;,

S96TO03419 149:9 Upper half 221 266 243.5

S96TO03412 Lower half < 204 < 206 < 205

S96TO03619 149:10 Upper haff < 216 < 216 < 216

S96TO03413 149:11 Upper haIf < 201 < 203 < 202

S96TO04758 Core 149 Solid composite < 220 < 222 < 221

‘:,:’i*%;~~j**;jjjj&;$j*~#:$j~#j;:;::j*j p:#{&;g g:gg~gti%; -@#y,:,,,,,,, :“. “:?’ ‘?”’y:@&’!:?@”
‘ ,“.”~,~.,,.‘“~P,w}y....:

.,~.?:,,:”,,..c:..<.,$:,.,,,,,,,,,.,..:,.,. ..:::,:*,.~?<,,,, .,,. .
S96TO04761 Core 149 Solid composite < 3.66 < 3.65 < 3.655
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Table B2-45. Tank 241-S-111 Analytical Results: Molybdenum (ICP).

&

S96TO03361 149:2 Drainable liquid 67.7 165.1 66.4

S96TO03362 1493 Drainable Ii@id 64.4 I64.4 64.4

S96TO03422 1494 Upper half 34 33.1

S96TO03423 Lower half 33.2 35.4

sm3424 1495 Upper half 31.1 30.2

S96TO03425 Lower half 32.5 32.5

sm3426 1496 Upper half 31.5 3).8

~S96TO03427 Lower half 29.9 28.7

sm3428 149:7 Upper half 32.6 34.8

S96TO03429 Lower half 26.7 27.3

S96TO03430 149:8 Upper half 29.2 < 30.1

S96TO03431 Lower half <27.4 < 28.2

S96TO03432 1499 Upper half 38.1 37.9

S96TO03433 Lower brdf < 25.1 30.7

S96TO03620 149:10 Upper half 15.7 17.4

S96TO03434 14911 Upper half 28.7 < 23.4

S96TO04759 Core 149 Solid comlrosite 29.6 28.1

3
33.55

34.3

30.65

32.5

31.15

29.3

33.7

27

3
< 29.65

< 27.8

38

< 27.P

16.55

< 26.05~s

28.85

,
S96TO03412 Lower half < 1,020 < 1,030 < 1,025

S96TO03619 149:10 Upper half < 1,080 < 1,080 < 1,080

S96TO03413 149:11 Upper half < 1,010 < 1,010 < 1,010

S96TO04758 Core 149 Solid wmDosite < 1.100 < 1.110 < 1.105
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Table B2-46. Tank 241-S-111 Analytical Results: Neodymium (ICP).

S96TO03422

S96TO03423

S96TO03424

S96TO03425

S96TO03426

S96TO03427

S96TO03428

S96TO03429

S96TO03430

S96TO03431

sm3432

S96TO03433

S96’N)03620

S96TO03434

S96TO04759

149:4

1495

149:6

149:7

1498

149:9

149:10

14911

Core 149

Upper half

Lower half

Upper half

Lower half

Upper half

Lower half

Upper half

Lower half

Upper half

Lower half

Upper half

Lower half

Upper half

Upper baif

Solid composite

< 47.6

<38.5 < 37.6

< 39.7 c 39.8

< 43 <43.4

< 37.5 < 38.4

<35.8 < 34.3

< 51.3 <51.2

< 50.8 < 49.9

< 52 < 51.7

< 56.8 < 64).3

<54.8 <56.4

<50.5 <50.4

< 50.2 <50.2

< 20.1 < 20.7

< 47.3 < 46.7

< 37.9 < 37.3

< 38.05

<39.75

< 43.2

< 37.95

< 35.05

<51.25

< 50.35

< 51.85

< 58.55

<55.6

<50.45

< 50.2

<20.4

< 47

< 37.6

S96TO03412

S96TO03619

S96TO03413

S96TO04758

149:10

149:11

Core 149

. .
Lower half

Upper half

Upper half

Solid composite =1=
< 2,040 < 2,060

<2,160 < 2,160

< 2,010 < 2,030

< 2,200 < 2,220 =3< 2,160

< 2,020

< 2,210

B-55



HNF-SD-WM-ER-638 %V. O

Table B2-47. Tank 241-S-111 Analytical Results: Nickel (ICP).

S96TO03360 1491

S96TQ03361 149:2 Drainable liquid <8.02 < 8.02 < 8.02
S96TO03362 149:3 Drainable liquid <8.02 < 8.02 < 8.02

m ~

S96TO03420 1493 52.3 52.1
S96TO03422 1494 Upper half 85.7 86.9 86.3
S96TO03423 Lower half 66.1 72.9 69.5
S96TO03424 149:5 Upper half 28.1 28 28.05
S96TO03425 Lower half 33.9 32.6 33.25
sm3426 1496 Upper half 34.5 27.6 31.05~”
S96TO03427 Imwer half 20.2 20.4 20.3
S96TO03428 149:7 Upper half 36.3 37.9 37.1
S96TO03429 Lower half 20 20.2 20.1
S96TO03430 149:8 Upper half 21.3 24 22.65
S96TO03431 Lower half 22.7 25.8 24.25
S96TO03432 149:9 Upper hrdf 32.2 27.9 30.05
sm3433 Lower half < 10 32 < 21@.

S96TO03620 149:10 Upper half <4.02 5.27 < 4.645~’
S%TO03434 149:11 Upper half 32 < 9.35 < 20.675We
S96TO04759 Core 149 Solid composite 24.4 24.6 24.5

:;:f;;;~ga~:;””’””’ ‘<”““-%y$$*“’>“%,’WL???m ~ -? W, *,,.,, ,’:&];g; .%wgp$ig. .. ,+,.......... .... ........
S96TO03419 149:9 Upper half 841 19,000 9,920.5==
S96TO03412 hwer half 4,370 2,270 3,320=”
S96TO03619 14910 Upper half 5,830 4,990 5,410
S96TO03413 149:11 Upper half 4,330 1,850 3,0r
S96TO04758 Core 149 Solid composite 1,490 1,270 1,380

Note:
lFusion-digesrednickeldsts shouldbeusedwithcautionbecansethesampleswereprepsmdin a
nickelcrucible.

B-56



HNF-SD-WM-ER-638 RW. O

Table B2-48. Taok 241-S-111 &ralytical Results: Phosphorus (ICP).

S96TO03361 1492 Drainable liquid 1,060 1,030 1,045

S96TO03362 149:3 Drainable liquid 947 972 959.5 1

S96TO03420 I 1493

IS96TO03422 149:4 Upper half 6,530

S96TO03423 Lower half 6,100

sm3424 149:5 Upper half 1,430

sm3425 Lower half 4,660

S96TO03426 1496 Upper half 3,450

IS96TO03427 Lower half 316

S96TO03428 149:7 Upper half 2,190

,S96TO03429 Lower half 561

IS96TO03430 149:8 Upper half 943

S96TO03431 Lower half 7,530

S%TO03432 1499 Upper half 3,780

S96TO03433 Lower half 1,420

S96TO03620 14910 Upper half 390

1S96TO03434 14911 Upper half 5,270

S96TO04759 Core 149 Solid wmposite 883

6,330 6,430

5,310 5,705

889 1,159.5~’

1,880 3,27@

1,630 2,54P

283 299.5

2,020 2,105

468 514.5

838 890.5

3,240 5,385We

4,420 4,100

6,250 3,835We

342 366

569 2,919.5WC

4,770 2,826.5@

--
S96TO03412 Lower half 7,370 5,980 6,675~’

S96TO03619 149:10 Upper half < 4,310 <4,330 <4,320

~S96TO03413 149:11 Upper half < 4,020 < 4,060 < 4,040

!S96TO04758 Core 149 Solid composite <4,390 < 4,440 < 4,415
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Table B2-49. Tank 241-S-111 Analytical Results: Potassium (ICP).

S96TO03360 1491 Drainable liquid 1,590 1;490 1,540

S96TO03361 149:2 Drainable liquid 1,560 1,570 1,565

sm3362 149:3 Drainable liquid 1,490 1,570 1,530

S96TO03420 1493

sm3422 149:4 Upper hidf 847 822 834.5
S96TO03423 Lower half 847 819 833

sm3424 1495 Upper half 825 874 849.5

sm3425 Lower haIf 778 835 806.5
S96TO03426 149:6 Upper half 842 785 813.5

S96TO03427 Lower half 778 863 820.5
S96TO03428 1497 Upper half 891 900 895.5

S96TO03429 Lower half 784 753 768.5

S96TQ03430 149:8 Upper half 730 763 746.5

S96TO03431 Lower half 660 821 7405we

S96TO03432 1499 Upper half 970 880 925

S96TO03433 Lower half 329 751 540W.

S96TO03620 149:10 Upper half 321 320 320.5

S96TO03434 149:11 Upper half 637 453 545ce

s9m759 Core 149 Solid composite 726 750 738
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Table B2-50. Tank 241-S-111 Analytical Results: Samarium (ICP).

S96TO03361 I 1492 Drainable liquid <40.1 <40.1 c 40.1

S%TO03362 I149:3 IDrainable liquid <40.1 < 40.1 < 40.1

sm3422 1494

S%TO03423

S%TQ03424 149:5

S96TO03425

S96TO03426 149:6

S96TO03427

S%TO03428 149:7

S96TO03429

S96TO03430 149:8

S%TO03431

S96TO03432 149:9

S%TO03433

S96TO03620 149:10

S96T04)3434 149:11

S96TO04759 Core 149

Imwer half

~Upper half

Lower half

IUpper half

Lower half

IUpper half

< 38.5

< 39.7

< 43

< 37.5

< 35.8

< 51.3

<50.8

<52

< 56.8

< 54.8

< 50.5

< 50.2

<20.1

< 47.3

< 37.9

<37.6 < 38.05

<39.8 < 39.75

< 43.4 < 43.2

< 38.4 < 37.95

< 34.3 < 35.05

<51.2 < 51.25

<49.9 <50.35

<51.7 < 51.85

< 60.3 < 58.55

<56.4 <55.6

<50.4 < 50.45

<50.2 <50.2

< 20.7 < 20.4

< 46.7 < 47

< 37.3 < 37.6

S96TO03412 Lower half < 2,040 < 2,060 < 2,050

S96TO03619 149:10 Upper half < 2,160 < 2,160 < 2,160

S96TO03413 149:11 Upper half <2,010 <2,030 < 2,020

S96TO04758 Core 149 Solid wmposite <2,200 < 2,220 < 2,210
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Table B2-51. Tank 241-S-111 Analytical ResulN: Selenium (ICP).

S96TO03360 149:1 Drainable liquid <40.1 <40.1 < 40.1

S96TO03361 149:2 Drainable liquid 41.7 41.7 41.7

S96TO03362 149:3 Drainable liquid <40.1 < 40.1 < 40.1
;<$$$?..~ $‘“ “[ $‘ ;!*’.2* ‘.,.+&? ‘+
~&$3420.’ ~4;+,3,$,

~ - ~:$’‘~+’*$Y“’’’””’‘“’~ ‘‘?2+ y“” “+’”*F,:+*+;:
, .... ,..,.;’ .....+< m ~ ,>.,.....................

“Whole c 47.6 <48.4 < 48

S96TO03422 1494 Upper half < 38.5 <37.6 < 38.05

S96TO03423 Lower half <39.7 < 39.8 < 39.75

S96TCQ3424 1495 Upper half <43 < 43.4 < 43.2

S96TO03425 L4rwerhalf < 37.5 < 38.4 <37.95

S96TO03426 149:6 Upper half < 35.8 < 34.3 < 35.05

S96TO03427 Lower half < 51.3 <51.2 <51.25

S96TO03428 149:7 Upper half < 50.8 <49.9 < 50.35

S96TO03429 Lower half < 52 <51.7 <51.85

S96TO03430 1498 Upper half < 56.8 <60.3 <58.55

S96TO03431 Lower half < 54.8 <56.4 < 55.6

S96TO03432 149:9 Upper half < 50.5 < 50.4 < 50.45

S%TO03433 Lower half < 50.2 < 50.2 <50.2

S96TO03620 14910 Upper half < 20.1 <20.7 < 20.4

S96TO03434 149:11 Upper half < 47.3 < 46.7 < 47

S96TO04759 Core 149 Solid composite < 37.9 < 37.3 < 37.6
..>: . ....$> $..

B&i#@@~’%$:g~””’’’’’’’;””’;;$,**:..~.f.+,.*.t#o<.:f+,.,$x.*..!#@!,f*:**:~~$~:.: ““ ‘“~ ‘ ‘+~>?gg%ii;;i;ifj:,, ,,...,...,*,u, .,wl&+.,.4
S96TO03419 1499 Upper half <2,090 < 2,100 <2,095

S96TO03412 Lower half < 2,040 <2,060 < 2,050

S96TO03619 149:10 Upper half < 2,160 <2,160 < 2,160

S96TO03413 149:11 Upper half < 2,010 <2,030 < 2,020

S96TO04758 Core 149 Solid mmposite < 2,200 < 2,220 < 2,210

‘~’’%mtim’a~e$il{g:$;gii$ggm$g $~j”~#/$j$ gx;~~g$f~:f~:~~~~;i~,.,.,..,..,,,...,, ,*.*,...,,.,.\.. ,.,...,~,~
S96TO04761 Core 149 Solid composite < 36.6 < 36.5 < 36.55
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Table B2-52. Tank 24l-S- 111 Analytical Results: Silicon (ICP)

S96TOQ3422 1494 Upper half 202 239 220.5Wb

S96TO03423 Lower half 242 204 223’Wb

S96TO03424 149:5 Upper haff 214 329 271.5Wb,e

S96TO03425 Lower half 154 100 lz~b,e

S96TO03426 149:6 Upper half 147 146 146.5Wb

S96TO03427 Lower haff 90.1 99.5 948Wb

S96TO03428 1497 Upper half 100 99.3 W.65Wb

S96TO03429 Lower half 142 156 l@QCb

S96TO03430 149:8 Upper haff 107 139 123’X%.

S%TO03431 Lower half 130 102 116QC:tw

S96TO03432 149:9 Upper half 84.2 70.6 77.4~b

S96TO03433 Lower half 374 581 bn.5W.b.n

S96TO03620 14910 Upper half 304 465 q~@sQC:b,e

S96TO03434 14911 Upper brdf 566 343 &$tjWb.c

S96TQ04759 Core 149 Solid composite 719 482 6oo.5Wb,c,s

1S96TO03412 Lower half 1,760 1,790 1,775

S96TO03619 149:10 Upper half < 1,080 < 1,080 < 1,080

S96TO03413 149:11 Upper half < 1,010 < 1,010 < 1,010

S96TO04758 Core 149 Solid composite 1,450 < 1.110 < 1.28P
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Table B2-53. Tank 241-S-111 Analytical Results: Silver (ICP).

S96’IW33361 1492 Draioable liquid 15.7 15.6 15.65

S96TO03362 149:3 Drainable liquid 14.8 14.8 14.8

S96TO03420 1493 Whole 12.3 10.8 11.55

S96’TQ03422 1494 upper half 13.7 14 13.85

S96TO03423 Lower half 15 14.6 14.8

S%TO03424 149:5 Upper half 15.6 15.9 15.75

S96TO03425 Lower half 14.9 14.8 14.85

S96TO03426 149:6 Upper half 15.6 15.2 15.4

S96TQ03427 Lower half 15.8 15.5 15.65@’

S96TO03428 1497 Upper half 16.5 16.2 16.35~a

S96TO03429 Lower half 16.1 16 16.05W’

S96TO03430 1498 Upper hrdf 16.2 16.1 16.15~”

S96TO03431 Lower half 15.8 16.2 l=

S96TO03432 149:9 Upper half 16.5 16.5 16.5@

S96TO03433 Lower half < 5.02 7.09 < 6.055~”,0

S96TO03620 149:10 Upper half 2.54 2.48 2.51

S96TO03434 149:11 Upper hrdf 5.83 < 4.67 < 5.25w*.,

s9m759 Core 149 Solid wmposite 13

S9A3419 ‘~”‘“149”:F ,

13.8 13,4w:a

+x~$:$f’,,@}$#j,$..,, .n+,t,i ‘%,,.,+ ~ ;:
$$:.:’f. *.*.+.,$+,...<~+, :...*ji,

‘~~
E=;, .,;,..-’&%F

“w?;:>::;;
,...<.,.,. , ,...... .,....... ... ,,..,:.....,$.,,..,,.<,,

Upper half < 209 < 210

S96TO03412 Lower half < 204 < 206 < 205

S96TO03619 149:10 Upper half < 216 < 216 < 216

S96TO03413 149:11 Upper half < 201 < 203 < 202

S96TO04758 Core 149 Solid wmposite <220 < 222 < 221W.C
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Table B2-54. Tauk 241-S-111 Analytical Results: Sodium (ICP).

S96TO03361I 149:2 Drainatde liquid 2.21OE+O5

S96TO03362I 1493 I Drainable liquid 12.120E+05

sm3422 149:4

S96TO03423

S96’M03424 149:5

sm3425

S96TO03426 149:6

S96TO03427

S96TO03428 149:7

S%TO03429

S96TO03430 149:8

S96TO03431

S96TO03432 1499

S96TO03433

S96TO03620 14910

S96TO03434 149:11

s9m759 Core 149

Upper half

Lower half

Upper half

Lower half

Upper half

Lower half

Upper Jraff

Lower half

Upper half

Lower half

Upper half

Lower hrdf

Upper half

Upper half

Solid com~-ite

1.900E+05

2.050E+05

2.180E+05

2. 110E+O5

2.180E+05

2.170E+05

2.300E+05

2.250E+05

2.250E+05

2.260E+05

2.290E+05

45,500

39,900

89,900

1.800E+05

=1=
S96TO03412

S96TO03619 149:10

S96TO03413 149:11

S96TO04758 Core 149

~wer half

Upper half

Upper haJf

Solid commsite

1.530E+05

56,200

86,800

2. 160E+05

1.51OE+O5 I 1.545E+~
J

1.890E+05 1.895E+05

1.970E+05 2.O1OE+O5

2.180E+05 2.180E+05

2.090E+05 2.1OOE+O5

2.150E+05 2.165E-I-05

2.190E+05 2.180E+05

2.290E+05 2.295E+05

2.290E+05 2.270E+05

2.330E+05 2.290E+05

2.250E+05 2.255E+05

2.360E+05 2.325E+05

97,500 71,5W

42,300 41, loo~b

40,700 65,3-

1.890E+05 t. 845E+05~c
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Table B2-55. Tank 241-S-111 Analvticai Results: Strontium (ICP).

S96TO03422

S96TO03423

sm3424

S96TO03425

S96TU03426

S96TO03427

S96TO03428

sm3429

S96TO03430

S96TO03431

S%TO03432

S96TO03433

S%TO03620

S96TD03434

S96TO04759

1494

149:5

1496

149:7

149:8

149:9

149:10

149:11

Core 149

.-
Upper half 4.53 4.58 4.555

Lower half < 3.97 <3.98 < 3.975

Upper half < 4.3 < 4.34 <4.32

Lower half < 3.75 < 3.84 < 3.795

Upper half <3.58. <3.43 <3.505

Lower half < 5.13 < 5.12 <5.125

Upper half <5.08 < 4.99 < 5.035

Lower half < 5.2 < 5.17 <5.185

Upper half <5.68 < 6.03 <5.855

Lower half < 5.48 <5.64 <5.56

Upper half <5,05 <5.04 <5.045

Lower half < 5.02 < 5.02 < 5.02

Upper half <2.01 < 2.07 < 2.04

Upper half < 4.73 < 4.67 < 4.7

Solid composite <3.79 < 3.73 < 3.76

1

S96TO03412 Lower half < 204 < 206 < 205

S96TO03619 149:10 Upper half < 216 < 216 < 216

S96TO03413 149:11 Upper half < 201 < 203 < 202

S96TO04758 Core 149 Solid comuosite < 220 <222 < 221
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Table B2-56. Tank 241-S-111 Analytical Results Sulfur (ICP).

S96TO03361 149:2 Drairudde liquid 1,560 1,550 1,555

sm362 1493 Drainable liquid 1,560 1.570 1.565–,_.–

S96TO03422

S96TO03423

S96TO03424

sm3425

S96TO03426

S96TO03427

S96TO03428

S96TO03429

S96TO03430

S96TO03431

S96TO03432

S96TO03433

S96TO03620

S96TO03434

S96TO04759

1494

1495

149:6

149:7

149:8

149:9

149:10

149:11

Core 149

Upper half

Lower haIf

Upper half

Lower half

Upper half

Lower half

Upper half

Lower half

Upper half

Lower half

Upper half

Lower half

Upper half

Upper half

Solid composite

8,910 9,150

10,600 11,300

6,340 6,480

7,350 7,630

6,440 5,920

4,470 4,400

8,620 9,000

4,970 5,120

5,320 5,810

6,820 6,850

19,400 19,800

70.2 1,340

70 82.1

1,240 63.9

4,610 10,400

9,030

10,950

6,410

7,490

6,180

4,435

8,810

5,045

5,565

6,835

19,600

705.lQ’-=

76.05

651.95=’

7.505’=

S%TO03412

S96TO03619

S96TO03413

S96TO04758

149:10

149:11

Core 149
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Table B2-57. Tank 241-S-111 Analytical Results: Thallium (ICP).

S96TO03361 I 149:2 Drainable liquid < 80.2 < 80.2 < 80.2 ,
iS96TO03362 I 1493 Drainable liquid I < 80.2 < 80.2 < 80.2

S96TO03422 149:4 Upper half < 77 < 75.1 < 76.05

S96TO03423 Lower half < 79.3 < 79.6 <79.45

!S%TO03424 1495 Upper half < 86.1 < 86.8 < 86.45

S96TO03425 Lower half < 75 < 76.7 < 75.85

S96TO03426 149:6 Upper half < 71.6 < 68.6 <70.1

S96TO03427 Lower half < 103 < 102 < 102.5

S96TO03428 149:7 Upper half < 102 < 99.8 < 100.9

I S96TO03429 Lower half < 104 < 103 < 103.5

S96TO03430 149:8 Upper half < 114 < 121 < 117.5

S%TO03431 Lower half < 110 < 113 < 111.5

S96TO03432 1499 Upper half < 101 < 101 < 101

S96TO03433 Lower half < 100 < 100 < 100

S96TO03620 149:10 Upper half < 40.2 < 41.3 < 40.75

S96TO03434 14911 Upper half < 94.6 <93.5 < 94.05

S%TO04759 Core 149 Solid composite < 75.8 <74.6 < 75.2

. .
S96TW3412 Lower hrdf <4,070 < 4,120 < 4,095

S96TO03619 149:10 Upper half <4,310 <4,330 < 4,320

S96TO03413 149:11 Upper half <4,020 < 4,060 < 4,040

S%TO04758 Core 149 SoIid composite <4,390 < 4,440 < 4,415
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Table B2-58. Tank 241-S-111 Analytical Results: Tkaoium (ICP).

sm3360 1491 Drainable liquid <4.01 < 4.01 <4.01

S96TO03361 149:2 Drainable liquid <4.01 < 4.01 <4.01

S96TO03362 149:3 Drainable liquid <4.01 <4.01 <4.01

:;$>P; “ ‘“ -’ “’ ““’”+ ‘ ‘“’: “‘,*-~ $@ ?!$ ‘, .: .*-- ; ‘ .*’ “ ,,*#.4 .. .
s9m3:20 “+ 149; 3 Whole’ “ < 4.76 <4.84 <4.8

S96TO03422 1494 Upper half <3.85 c 3.76 < 3.805

S96TO03423 Lower half < 3.97 <3.98 < 3.975

sm3424 1495 Upper half < 4.3 <4.34 < 4.32

S96TQ03425 Lower half < 3.75 <3.84 < 3.7%

S96TO03426 1496 Upper half < 3.58 < 3.43 <3.505

S%TO03427 Lower half < 5.13 < 5.12 <5,125

sm3428 149:7 Upper half < 5.08 <4.99 <5.035

S96TO03429 Lower half <5.2 < 5.17 <5.185

S96TO03430 1498 Upper hrdf < 5.68 < 6.03 <5.855

s9m431 Lower half < 5.48 <5.64 <5.56

S96TO03432 149:9 Upper hrdf < 5.05 < 5.04 < 5.045

S96TO03433 Lower half < 5.02 < 5.02 < 5,02

S96TO03620 149:10 Upper half < 2.01 < 2.07 < 2.04

S96TO03434 149:11 Upper half < 4.73 < 4.67 <4.7

S96TO04759 Core 149 Solid wmposite < 3.79 < 3.73 < 3.76

S96TO03419 149:9

S96TO03412 Lower half < 204 <206 <205

S96TO03619 149:10 Upper half < 216 < 216 < 216

S96TO03413 149:11 Upper half < 201 < 203 <202

S96TO04758 Core 149 Solid composite < 220 <222 < 221

F$$#iB@~f~-..;$...,,,,:,;,$.4,,,,,.
< 3.655
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Table B2-59. Tank 241-S-111 Analytical Results: Total Uranium (ICP).

S96TO03422 149:4 Upper half 311 326

S96TO03423 Lower half 273 291

S96TO03424 149:5 Upper half < 215 < 217

S96TO03425 Lower half < 187 < 192

S96TO03426 149:6 Upper half < 179 < 172

S96TO03427 Lower half < 257 <256

S%TO03428 149:7 Upper half < 254 < 250

IS%TO03429 Lower half < 260 <258

S96TO03430 149:8 Upper half <284 < 301

I S96TO03431 Lower half 282 < 282

S96TO03432 149:9 Upper half 345 353

S96TO03433 Lower half < 251 < 251

S96TO03620 149:10 Upper half < 101 < 103

S96TO03434 149:11 Upper half < 236 <234

S96TO04759 Core 149 Solid composite < 189 224

318.5

282

< 216

< 189.5

< 175.5

< 256.5

< 252

< 259

<292.5

< 282

349

< 251

< 102

< 235

< 206.5

=%@=&@=S96TO04758 Core 149 Solid wmposite < 11,000 < 11,100 2%--I
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Table B2-60. Tauk 241-S-111 Analytical Results: Vanadium (ICP).

,, ’,, ,,

S96TO03360 1491 Drainable liquid <20.1 <20.1 <20.1

S96TO03361 149:2 Drainatde liquid <20.1 < 20.1 < 20.1

S%TO03362 1493 Drainable liquid <20.1 < 20.1 < 20.1

S96TO03422 149:4 Upper half < 19.3 < 18.8 < 19.05

S%TO03423 Lower half < 19.8 < 19.9 < 19.85

S96TO03424 1495 Upper half <21.5 < 21.7 <21.6

S96TO03425 Lower half < 18.7 < 19.2 < 18.95

S96TO03426 149:6 Upper baIf < 17.9 < 17.2 < 17.55

S96TO03427 Lower half < 25.7 <25.6 <25.65

S96TO03428 149:7 Upper half < 25.4 < 25 < 25.2

S96TW3429 .Lower half < 26 < 25.8 < 25.9

S96TO03430 149:8 Upper half < 28.4 < 30.1 < 29.25

S96TO03431 Lower half < 27.4 < 28.2 < 27.8

S96TO03432 149:9 Upper half <25.3 <25.2 <25.25

S96TO03433 Lower half <25.1 <25.1 < 25.1

S96TO03620 149:10 Upper half < 10.1 < 10.3 < 10.2

S96TO03434 149:11 Upper Iudf <23.6 <23.4 <23.5

S96TO04759 Core 149 Solid wmposite < 18.9 < 18.7 c 18.8

S96TO03419 149:9

S%TO03412 Lower half < 1,020 < 1,030 < 1,025

S96TO03619 149:10 Upper half < 1,080 < 1,080 < 1,080

S96TO03413 14911 Upper half < 1,010 < 1,010 < 1,010

S96TO04758 Core 149 Solid wmposite < 1,100 < 1,110 < 1,105
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S96TO03420 149:3

S96TO03422 149:4 Upper half 39 40.2 39.6

sm3423 Lower half 38.7 36.5 37.6

S96TQ03424 149:5 Upper half 23.4 22.6 23

S96TO03425 Lower half 23.9 23.4 23.65

S96TQ03426 1496 Upper half 20.9 20.6 20.75

S96TO03427 Lower half 23 22.8 22.9

S96TO03428 1497 Upper half 28.3 25.2 26.75

S%TO03429 Lower half 18,5 17.4 17.95

S96TO03430 149:8 Upper half 31.4 21.8 26.6W.

S96TO03431 Lower half 18.8 16.8 17.8

S96TO03432 149:9 Upper half 20,8 23.7 22.25

S96TO03433 Lower half 14.8 29.6 Zz.yce

S96TO03620 14910 Upper half 14.8 18.2 16.5QC:.

S96TO03434 14911 Upper half 26.3 10.2 18.25~e

S96TO04759 Core 149 Solid wmposite 20.3 26.2 23.25~’

\ .- 1

S96TO03412 Lower half < 204 < 206 < 205

S96TO03619 149:10 Upper half 558 1,650 l,l@$we

S96TO03413 149:11 Upper half 759 624 691.5

S96TO04758 Core 149 Solid composite < 220 < 222 < 221
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Table B2-62. Tank 241-S-111 Analytical Results: Z~conium (ICP).

S96T7)03361 1492 Draimible liquid <4.01 <4.01 <4.01

sm3362 149:3 Drainable liquid <4.01 < 4.01 <4.01

S96TO03420 1493 Whole

sm3422 1494 Upper half 7.06 7.41 7.235

S96TO03423 Lower half 5.82 6.37 6.095

S96TO03424 149:5 Upper hslf < 4.3 < 4.34 < 4.32

S96TO03425 Lower hslf < 3.75 < 3.84 < 3.795

S96TO03426 1496 Upper half 3.65 3.5 3.575

S96TO03427 Lower hslf <5.13 <5.12 < 5.125

S%TO03428 149:7 Upper half <5.08 < 4.99 <5.035

S96TO03429 Lower ludf < 5.2 <5.17 < 5.185

S96TO03430 149:8 Upper hrdf <5.68 < 6.03 <5.855

S96TO03431 Lower ludf < 5.48 <5.64 <5.56

S96TO03432 1499 Upper hslf <5.05 <5.04 < 5.045

S96TO03433 Imwer half <5.02 <5.02 <5.02

S96TO03620 14910 Upper hslf < 2.01 < 2.07 < 2.04

S96TO03434 149:11 Upper hrdf 4.85 <4.67 <4.76

S96TO04759 Core 149 Solid composite <3.79 5.03 < 4.41~”

“~$;$$~##@:<;:jmj&g&

~ w $’!:%” %f5””$@

. , ,* #..@:+*,$
.%$.’w~,,,~*......+* *.

“;::::!r ~ :,;.’

S96TO03419 149:9 Upper hslf

S96TO03412 Lower ludf <204 < 206 < 205

S961’003619 149:10 Upper half < 216 < 216 < 216

S96TOQ3413 149:11 Upper half < 201 < 203 < 202

S96TO04758 Core 149 Solid composite < 220 < 222 < 221
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B2.4.3.3 Total Uranium. Uranium was measured for a fusion-digested subsample of the
core composite by kinetic phosphorescence. In this process, a completing agent is added to
the solution, which is then pulsed with a nitrogen laser. The phosphorescence decay of the
uranium-phosphate complex is then measured. Quahty control tests included standards,
blanks, spikes, and duplicate analyses. Results are presented in Table B2-63.

Table B2-63. Tank 241-S-111 Analytical Results: Totaf Uranium (U).

IS96TO04758 I Core 149 ISolid composite I 187 I 196- T191.5

B2.4.3.4 Free Hydroxide. Free hydroxide was measured on liquid samples by
potentiometric titration. Interfering anions (e.g. carbonate) were precipitated prior to
titration. Quality control tests included standard and blank analyses. Results are presented
in Table B2-64.

Table B2-64. Tank 241-S-111 Analytical Results: Hydroxide (OH Direct).

B2.4.3.5 Hydrogen Potential (pH). The pH of the liquid samples was determined by a
procedure that uses either a glass electrode in combination with a reference potential or a
combination electrode. A reference standard was used for quality control. Results are
presented in Table B2-65.
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Table B2-65. Tank 24l-S- 111 Analytical Results: PH Measurement.

S96TO03695 149:1 Drainable liquid 13.07 13.11 13.09

S96TO03696 1492 Drainatde liquid 13.3 13.28 13.29

sm3697 149:3 Drairrable liquid 13.36 13.38 13.37

B2.4.3.6 Ammonia. Ammonia was measured on the drrdnabie liquid samples using a
gas-sensing, ion selective electrode analyzer. Ammonia is quantified by a double standards
addition method. Quality control parameters consisted of blank, standard, spike, and
duplicate analyses. No duplicate result is reported for one of the three samples. Results are
presented in Table B2-66.

Table B2-66. Tank 241-S-111 Analytical Results: Ammonia
(Ion Selective Electrode).

S%TO05969 149:2 Drainable liquid 68.4 67.9 68.15

S96TO03697 149:3 Drainable liquid 38.4 - 38.4

B2.4.4 Carbon Analyses

B2.4.4.1 Total Inorganic Carbon. Total inorganic carbon was performed on all drainable
liquid and solid subsamples horn core 149. Total inorganic carbon was required on the
liquids according to the compatibility DQO, and was reported for the solids as well, because
removal of TIC is a necessary step in the TOC procedure. Inorganic carbon is converted to
C02 by acidification, heat, and sparging. The COZis absorbed in an alcohol solution and
titrated electrochemically. Quality control tests included standards, blanks, spikes, and
duplicate analyses. Results are presented in Table B2-67.
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Table B2-67. Tank 241-S-111 Analytical Results: Total Inorganic Carbon.

1 1 t , 1 [

S96TO03361 I 149:2 Drainable liquid 13,133 13,182 [3,157

S96TO03362 I 149:3 IDrainable liquid I3,31O 12,%3 [3,136

S96TO03347 149:4 Upper half 13,400 15,200 14,300

S96TU03348 Jmwer half 17,200 19,200 18,200

S96TO03349 1495 Upper half 9,270 8,640 8,955

S96TO03350 Lower half 12,200 13,2043 12,700

~S96TO03351 149:6 Upper half 12,400 12,400 12,400

S96TO03352 Lower half 8,700 8,660 8,680

1S96TO03353 149:7 Upper half 16,600 16,000 16,300

S96TO03354 Lower half 9,530 9,520 9,525

S96TO03355 149:8 Upper half 10,600 12,500 10,500 11,200

S96TO03356 Lower half 10,600 11,600 11,100

S%TO03357 149:9 Upper half 24,800 23,200 24,000

S96TO03358 Lower half 1,800 1,640 1,720

S96TO03617 149:10 Upper half 1,240 1,060 1,150

S96TO03359 14911 Upper half 645 699 841 728.333

S96TO04757 Core 149 Solid composite 9,940 9,610 9,775

B2.4.4.2 Total Organic Carbon. TOC was performed on all drainable liquid and solid
subsamples. Following removal of TIC, TOC was converted C@ by hot acidic persulfate
oxidation, absorbed in alcohol and titrated. Quality conO’oltests included standards, blanks,
spikes, and duplicate analyses. Results are presented in Table B2-68.
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Table B2-68. Tank 241-S-111 AnalytiwJ Results: Total Organic Carbon.

1 i 1 1 1 1

S96TO03361 11492 IDrainable liquid 1754 I754 I754
1

S96TO03362 11493 IDrainatde liquid 1802 1722 I 1762

S96TO03347

S%’11)03348

S96TO03349

S96TO03350

S%TO03351

S%TO03352

S96TO03353

S96TO03354

S96TO03355

S96TO03356

S96TO03357

S%TO03358

=--E==E
149:7 lUpper half 12,940

1

4,240 3,~5*.
1

‘EH=i%=
Lower half 1,740 1,730 1,735

149:8 Upper baif 2,120 1,580 1,690 1,7%.6T

Lower baff 1,790 2,110 1,950

149:9 Upper half 2,450 2,370 2,410

Lower half 1,570 1,360 1,465
, , , ,

S96TO03617 1149:10 Upper half 738 764 1751

S96TO03359

S96TO04757

149:11 Upper hdf 687 404 514 535W:0

Core 149 Solid composite I1,11O 1938 1,024
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B2.4.5 Physicaf Analyses

B2.4.5.1 Bolk density. Bulk density wss calculated on solids subsarnples after
cenmifugation in a tared, graduated centrifuge cone. No quality control parameters were
associated with this test. Results are presented in Table B2-69.

Table B2-69. Tank 241-S-111 Analytical Results: Bulk Density.

S96TO03322 1495 L4rwerhalf 1.69

S96TOQ3323 149:6 Lower baif 1.78

S96TO03324 149:7 Lower half 1.69
I I I

S96TO03325 I 149:8 ILower half I 1.58

S96TO03344 149:9 Lower half 1.87

S96TO03613 149:10 Upper half 1.63

S96TO03345 149:11 Upper half 1.7

S96TO04755 ICore 149 ISolid composite I 1.78 ‘–j

B2.4.5.2 SpecMc Gravity. The specific gravity of the liquid samples was calculated by
weighing a known volume of the liquid, computing rhe density, and calculating the ratio of
the density to the density of water. Quality conmol parameters consisted of standard and
duplicate measurements. Results are presented in Table B2-70.

B-76



HNF-SD-WM-ER-638 ReV. O

Table 132-70. Tank 241-S-111 Aradvtical Resultx .%ecific Gravity.

I I I 1 1

S96TO03361 I 149:2 IDrainable liquid I 1.345 I 1.351 I 1.348 I
I I I 1 ,

S96TO03362 I 149:3 IDrainatde liquid 11.372 I 1.35 [ 1.361

B2.5 ASSESSMENT OF CHARACTERIZATION RESULTS

The purpose of this chapter is to discuss the overall quality and consistency of the current
sampling results for tank 24l-S-111, and to present the results of the calculation of an
aradytical-bssed inventory.

This section also evaluates sampling and analysis factors that may impact interpretation of the
data. These factors are used to assess the overall quality and consistency of the data and to
identify any limitations in the use of the data.

B2.5. 1 Held Ohservationa

Sample recovery was excellent for core 149, except for segment 10 (68 percent recovery).
The hydraulic bottom detector activated 15 cm (6 in.) into the fd segment (segment 11),
and the sampler was retrieved from that position. The bottom detector activates at a
specified dowoforce, and its activation is conservatively interpreted to mean that tbe bottom
of the tank has been reached. It is possible that extremely hard waste, or debris under the
riser, would cause the detector to activate. It is not uncommon to d~cover that the bottom
of the tadc is not at the elevation indicated by h~torical drawings. During drill string
removal activities, elevated Ievek of flammable gas were detwted in the drill string (up to
125 percent of the LFL). This indkates that flammable gas is being generated in the tank
(flammability issues are addressed in Section B3).

Recovery was acceptable for the first WO segments of core 150. The downforce limk was
reached on segment 3, indicating that tbe waste is very hard or debris is under the riser.
After five attempts to take this segment, the core was abandoned.
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B2.5.2 Quality Control Aawament

The usual quality control assessment includes art evaluation of the appropriate standard
recoveries, spike reccweries, duplicate analyses, and bkmks that are performed in conjunction
with the chemical analyses. AH perthtent qurdity control testa were conducted on the 1995
auger samples, aIlowing a full assessment regarding the accuracy and precision of the data.
The SAP (Comer 19%) established the specific criteria for all attalytes.

The standard and spike reuwery results provide an estimate of the accumcy of the analysis,
If a standard or spike recovery is above or below the given criterion, the analytical results
may be biased high or 10W,rqectively. The precision is estimated by the RPD, which is
defiied as the absolute value of the difference between the primary and duplicate samples,
divided by their mean, times one hundred.

Some total alpha results had high RPDs, but these results were near the deteaion limit and
far below the action knit. The standard result for total beta was slightly above the QC ltilt.
All QC criteria for 13Tc5were with~ tie ~]owable limits. One DSC sample exhibited m

RPD greater than the specified 30 percent; however, the sample result was very low. High
RPDs were observed for some IC analyte.s(Cl, F, NO~, oxalate, and PO,). These were
attributed to sample inhomogeneity (Steen 1996). High RPDs associated with some of the
ICP analytes were afso attributed to sample inhomogeneity. For a liiited number of
amdytes, the spike (Al, Na) or standard (Si, Ag) recoveries were out of range. Serial
dilutions were performed if the spike recovery was out of range.

Blank contamination was detected for some IC, ICP, and GEA analytes, as well as for TOC,
TIC, and NH3. All contamination was far below the concentrations found in the samples,
and did not affect the data quality.

In summary, the vast majority of the QC results were within the boundaries specified in the
SAPS. The discrepancies mentioned here and footnoted in the data summary tables should
impact neither the validity nor the use of the &ta.

B2.5.3 Data Consistency Checks

Compmisons of different analytical methods can help to assess the consistency aad quality of
the data. Several comparisons were possible with the data set provided by the two core
samples. In addition, mass and charge balances were calculated to help assess the overall
data consistency.

B2.5.3.1 Comparison of Results from Dflerent Analytical Methods. The following data
consistency checks compare the results from two different analytical methods. Good
agreement between the two methods strengtherrs the credibility of both results, whereas poor
agreement brings the reliability of the data into question.
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The IC analyses for PO, and S04 can be compared with the respective P and S analyses by
water digest-ICP. For the core composite sample, the PO~result by IC was 7,529 jtg/g, and
the P result by ICP-water digest, converted to PO,, was 7,063 pg/g. The S04 result by IC
was 16,200 @g, compared to the ICP-water digest result of 22,500 #g/g (as S04). These
results indicate that the two methods are in reasonable agreement.

Another comparison that cmr be made is to compare the lnCs and %r results to the total
beta. The ‘Sr concentration is doubled to account for the ~ &ughter. Other beta emitters
are expected to be much lower in activity. The ordy total beta result is on the core
composite. The sum of the ‘mCs (112 pCi/g) and twice the %r concentration of 13.9 pCi/g
is 140 pCi/g. This compares very well with the total beta result of 138 pCi/g, indicating
that the beta and GEA analyses are in good agreement, aud that *nCs and %3r and their
daughters are the principal sources of radioactivity for thii tank.

The oxalate (by IC) and TOC (by persrdfate oxidation) results can also be examined. Results
for the core composite and segment level means for both solids and liquids are presented in
Table 92-71. Oxrdate (C204) concentrations were converted to carbon to allow the
comparisons. No smong conclusions can be drawn, because the data do not exhibit a
consistent relationship. Reasons for thii might include other organic constituents in the
waate, sample inhomogeneity, differences in preparation (oxalate was analyzed by IC after a
water digest, and TOC was analyzed directly), or analytical bias in either or both of the
methods.

Table 92-71. Comparison of Oxalatc and TOC Data.

, , 1 1

Core composite I4,374 #g/g I 1,190 pg/g I 1,024 pg/g I 1.17

B2.5.3.2 Mass and Charge Balance. The principal objective in performing mass and
charge balances is to determine if the measurements are consistent. Maas and charge
balances are presented for liquid segment-level averages and for the solid core composite.

B2.5.3.2.1 Mass and Charge BalarIce for Liquids. For the liquids, all species were
assumed to be soluble. Because oxalate data were available, the TOC data were not used.
Aluminum and chromium were assumed to be present as ahrminate and dichromatic, and TIC
was assumed to be carbonate. The phosphate and sulfate data (by IC) were used, aod the
phosphorus and srdphur ICP data were ignored.
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The concentrations of cationic species in Table B2-72, the anionic species in Table B2-73,
and the percent water were ultimately used to calculate the mass balance.

The mass balance was calculated from the formula below. The factor 0.0001 is the
conversion factor from pg/g to weight percent. The density is used to convert from yg/mL
to pglg.

Mass balance = % water + 0.0@31x {total aoalyte concentration} / density.

The total anaiyte concentration, taken from the cation and anion tables below, is
661,000 pg/mL. The average density of the liquid, used to convert to a mass basis, is
1.36 g/mL (from specific gravity data). The mean weight percent water is 53.2 percent, or
532,000 pg/g. The mass balance resulting fkom the equation above is 102 percent.

The following equations demonstrate the derivation of total cations and total anions:

Total catiow @eq/mL)
= [Na+]/23.0 + ~]/39.l = 9,470 peq/mL

Total - @q/mL)
= [Al(OH);]/95.O + [Cl”]/35.5 + [Cr,~z]*2/216.0 + [OH-]/17.0 + [NOj]/62.O +
yp:.o + [c,04’1*2/88.o + DOP-]”3/95.o + [SCW]W%.O + [co3’]*2/60.0

The charge brdance obtained by dividing the sum of the positive charge by the sum of the
negative charge was 1.02.

In surntnmy, the above calculations yield reasonable mass and charge balance vrdues (close to
1.00 for charge balance and 100 percent for mass balance), indicating that the liquid
analytical results are generally consistent.

Table B2-72. Cation Maw and Charge Data for Segment-Level Liauids,

, ,
Total 1219,000 I I9,470
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Table B2-73. Anion Mass and Charge Data for Segment-Level Liquids.

B2.5.3.2.2 Mass and Charge BalmIce for Composite Solids. Except for sodium,
all cations liited in Table B2-72 were assumed to be in their most common hydroxide or
oxide form, and the concentrations of the assumed species were calculated stoichiometrically.
Aluminum is split between 75 percent insoluble ( AI,O,) and 25 percent water soluble
[AI(OH)4]. All cation concentrations were taken from the fusion digest ICP results. Ordy
quantitated results were used. Because precipitates are neutral species, aIl positive charge
was attributed to the sodium cation. The anions listed in Table B2-73 were assumed to be
present as sodium sak and were expected to babmce the positive charge exhibited by the
cations. Phosphate and sulfate, as determined by IC, are assumed to be completely water
soluble and appear only in the aoion mass and charge Calculations.

Mass and charge balances can be computed following the methods described above for
liquids (except that a density correction is not necessruy). The water concentration by TGA
was 28.7 percent. The resulting mass balance is 102 percent and the charge balance
(cations/anions) is t .22. The mass balance is good, but the charge balance is reasomble.
There is likely a significant amount of hydroxide in the solids. If the hydroxide were
accounted for, the charge balance would improve. Cation and anion mass and charge data
for the solid composite are presented in Tables B2-74 and B2-75.
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Table B2-74. Cation Mass and Charge Data for Composite Solids.

Table B2-75. Anion Mass and Charge Data for Comoosite Solids.

=1=
Oxalate 4,370

Phosphate 7,530

Sulfate 16,200

TIc 9,780

i Aluminum 14,000

Total 3
NOJ 267,000

NO; 29,000

c204~ 4,370

PO,* 7,530
so42- 16,200

co,’ 48,900

AI(OH); 49,300

425,000

J

1/62.0 4,310

1/48.0 604

2/88.0 100

3/95.0 237

2/%.0 338

2/60.0 1,630

1/95.0 519

7,820

B2.5.4 Mean Concentrations and Contldence Intervals

The following evaluation was performed on the analytical data tkom the samples from
core 149 in tank 241-S-111.
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Because an inventory estimate is needed without comparing it to a threshold value, two-sided
95 percent cotildence intervals on the mean inventory are computed. For tank 241-S-111,
this computation was done with both the composite-level and segment-level data. Wltb
segment-level data, the liquid sample data and soli sample data were analyzed separately.

The upper and lower limits (IJL and LL) to a two-sided 95 percent contldence interval for
the mean are

In these equations, # is the estimate of the mean concentration, 62 is the estimate of the
sti~d devktion of the mean concentration, and fti,o,ti) is the quarttile from Student’s t
distribution with df degrees of freedom for a two-sided 95 percent cotildence intrxd.

The mean, ji, and the standard deviation, 51, were estimated using restricted maximum
likelihood estimation (REML) methods. The degrees of tkeedom (df), for tank 241-S-111, is
the number of segments sampled minus one for segment data and the number of observations
minus one for composite &ta.

B2.5.4.1 Composite, Solid Segment, and Liquid Segment Means. The statistics in this
section were based on analytical data tlom the most recent sampling event of tank 241-S-111.
Analysis of variance (ANOVA) techniques were used to estimate the mean, and calculate
contldence liiits on the mean, for all anrdytes that had at least 50 percent of reported values
above the detection limit. If at least 50 percent of the reported values were above the
detection limit, all of the data was used in the computations. The detection limit was used as
the value for nondetected resrdta. No ANOVA estimates were computed for analytes with
less than 50 percent detected values. Only arithmetic means were computed for these
arrrdytes.

The results given below are ANOVA estimates based on the core composite data from
core 149 for tank 24l-S-l 11. Estimates of the mean concentration, and cotildence interval
on the mean concmtration, are given in Table B2-76. The LL to a 95 percent cortildertce
interval can be negative. Because an actual concentration of less than zero is not possible,
the lower limit is reported as zero, whenever this occurred.

The summary statistics given in Table B2-76 are for the concentration of anrdytes in the
composite sample formed from the solid waste portion of segments 4 through 11 from core
sample 149. Because these summary statistics are based on data from one composite sample,
they reflect the composition of the core sample. The summary statistics do not reflect the
analyte concentrations in the solid portion of the tank waste.

For each analyte in this table, the analytical data consist of only two values, the primary and
duplicate result. Consequently, the standard deviation of the mean is a measure of the
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variability between the primary and duplicate result. The standard deviation of the mean
does not include the spatial variability. Basedon other core sample data, it has been shown
that the spatial variability is the dominant term in the standard deviation of the mean
(Jensen et al. 1995).

If it is assumed that there is no spatial variability, then the summary statistics in Table B2-76
are for the analyte concentrations in the solid portion of the waste. However, due to the
incomplete core recovery for core 150, it is not appropriate to assume no spatial variability
witbii tbe waste.

The degrees of freedom in Table B2-76 reflect the pair of observations from the composite
sample from core 149.

Table B2-76. 95 Percent Two-Sided Conlldenc-eInterval for the Mean Concentration for
Composite Sample Data. (6 sheets)

Alpha IpCi/g I 1.29E-02

Am-241’ pcilg < 6.93E-01

Beta ficilg 1.38E+02

co-do’ IpCi/g I < 1.62E-02

Sr-89/90 Ipci/g 11.39E+01

Bromidel pglg < 1.13E+03

Chloride pglg 2.75E+03

Fluoride I~g/g 14.86E+02

ICP.a.Ag pglg 1.34E+01

ICP.a.Al pglg 2.90E+04

ICP.a.Asl jlglg <3.76E+01

ICP.a.B pglg 1.40E+W2

5.15E+O0 I 1 ]4.67E+01 I 1.78E+02

O/a n/a nla nla

8.75E+OI 1 1.64E+03 3.86E+03

4.48E+01 1 0 1.06E+03

4.00E-01 1 8.32E+O0 1.85E+01

3.05E+03 1 0 6.77E+04

Irda nla n/a n/a

I1. 15E+01 1 0 2.86E+Cr2
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Table B2-76. 95 Percent Two-Sided Contldence Interval for tbe Mean Concentration for
Composite Sample Data. (6 sheeta)

ICP.a.Ba’ pglg < 1.88E+01 nla nia nla n/a

ICP.a.Be’ pglg < 1.88E+O0 nia n/a nla n/a

ICP.a.Bi2 /.Lglg 3.79E+01 5.50E-01 1 3.09E+01 4.48E+01

ICP.a.Ca pglg 3.18E+02 9.45E+01 1 0 1.52E+03

ICP.a.Cd pglg 3.17E-WO 6.50E-02 1 2.34E-WO 3.99E+O0

ICP.a.Cel pglg <3.76E+01 nla n/a nia n/a

ICP.a.Col flglg <7.52E+O0 n/a nla nla n/a

ICP.a.Cr pglg 4.22E+03 7.04)E+01 1 3.33E+03 5.11E+03

ICP.a.Cul pglg < 3.76E+O0 n/a nla nla nla

ICP.a.Fe pglg 9.38E+01 1.62E+01 1 0 3.00E-W2

ICP.a.K pglg 7.38E+02 1.20E+01 1 5.86E+02 8.91E+02

ICP.a.La’ pg/g < 1.88E+01 nla nla nla rr/a

ICP.a.Lf pglg c3.76E-WO o/a nJa nla nla

ICP.a.Mg’ pglg <3.76E+01 nla nla nla O/a

ICP.a.Mn pglg 4.91 E-FO1 8.60E+O0 1 0 1.58E+02

ICP.a.Mo pglg 2.89E+01 7.50E-01 1 1.93E+01 3.84E+01

ICP.a.Na pglg 1.85E+05 4.50E+03 1 1.27E+05 2.42E+05

ICP.a.Ndl P8L3 <3.76E+01 nla n/a nla n/a

ICP.a.Ni pglg 2.45E+01 1.00E-01 1 2.32E+01 2.58E+01

ICP.a.P pglg 2.83E+03 1.94E+03 1 0 2.75E+04

ICP.a.Pb’ pglg <3.76E+01 nia n/a nla nla

ICP.a.S pglg 7.51E+03 2.90E+03 1 0 4.43E+04

ICP.a.Sb] pglg <2.26E+01 nla nla nia n/a

ICP.a.Se’ pglg <3.76E+01 nla nla nla rda

lCP.a.Si /.lg/g 6.01E+02 1.18E+02 1 0 2.11E+03

ICP.a.Sml pglg <3.76E+OI n/a O/a O/a nla
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Table B2-76. 95 Percent Two-Sided Contldence Interval for the Mean Concentration for
Composite Sample Data. (6 sheets)

=+

ICP.a.Ti’ pglg

ICP.a.T1l pglg

ICP.a.l-P /Lg/g

ICP.a,V* [I@

ICP.f.Ag’ ]Pglg

+=

IcP.f.Al pglg

IcP.f.As’ pglg

ICP.f.B1 pglg

+=

ICP.f.Ba’ pglg

ICP.f.Bel pglg

ICP.f.Bil /.Lg/g

ICP.f4Ca1 IW/g

+=

ICP.f.Cdl pglg

ICP.f.Ce’ pglg

ICP. f. co’ pglg

+=

ICP.f.Cr pglg

IcP.f.cu’ pglg

ICP.f.Fe’ pglg

=w-%-
1

ICP.f.Mg’ pglg

<3.76E+O0 n/a nla tia nla

<7.52E+01 nla nla n/a nla

2.07E+02 1.75E+01 1 0 4.29E+02

< 1.88E+01 nla nia nla nla

2.33E+01 2.95E+O0 1 0 6.07E+01

4.41E+O0 6.20E-01 1 0 1.23E+01

<2.21E+02 nla nfa nJa nla

5.58E+04 2.85E+03 1 1.95E+04 9.20E+04

<2.21E+03 nJa rda nla nla

<1.11E+03 nla nla nia nia

<1.11E+03 nla nla n/a n/a

<1.11E+02 rda nla n/a nia

<2.21E+03 n/a nia rda nla

<2.21 E-I-03 rda rrla n/a nla

< 1.tlE+02 n/a nla nla rrla

<2.21E+03 n/a n/a n/a nla

<4.42E+02 nla nla nla nla

4.18E+03 6.00E+O1 1 3.42E+03 4.94E+03

<2.21E+02 rda rrla nla rrla

I <1.11E+03 n/a nla nla rrla

<1. IIE+03 nla nla nla nla

<2.21E+02 n/a nla n/a nla

<2.21E+03 n/a nla nla nla

<2.21E+02 nla nla rr/a nla

<1.11E+03 nla nla nla nla

B-86



HNF-SD-WM-ER-638 Rev. O

Table B2-76. 95 Percent Two-Sided Cooildence Interval for the Mean Concentration for
Composite Sample Data. (6 sheem)

O/a

K
ICP.f.Nd’

ICP.f.Ni

IcP.f.P’

O/a

o

nla

2.78E+03

nla

n/a

+

ICP.f.Pb’

IcP.f.s

ICP.f.Sbl

n/a

2.07E+03

O/a

nla

7.15E+03

O/a

nla

k
ICP.f.Se’

ICP.f.Si2

ICP.f.Sm’

pgk I <2.21E+03 [ rda I Ii/:

o 3.44E+03

n/a

O/a

nla

rr/a

k
ICP.f.Sr’

ICP.f.Til

ICP.f.Tl’

n/a O/a

n/a

rrla

n/a

n/aI IcP.f.u’

IcP.f.vl pglg < 1.11E+03 O/a O/a n/a

ICP.f.Zn’ pglg <2.21E+02 nla rda nla

IcP.f.zr’ - pglg <2.21E+02 n/a n/a nla

O/a

n/a

n/a

k
ICP.w.Ag

ICP.W.AI

ICP.W.AS1

pglg 1.34E+01 5.00E-01 1 7.05E+O0

~pglg 1.48E+04 5.00E+02 1 8.45E+03

~pglg <3.66E+01 rrla O/a rda

t.98E+Ol

2. 12E+04

nla

I ICF’.W.J3 I /.ig/g 15.20E+02 17.90E+01 I 1 IO ~1.52E+03

ICP.w.Bal pglg < 1.83E+01 nla nla n/a

ICP. w.Bel pglg < 1.83E+O0 n/a n/a O/a

,O/a

nfa

E
O/a

rda

nla

ICP. w.Bil /,Lg/g <3.66E+01 n/a O/a n/a

ICP.w.Cal pglg <3.66E+01 O/a n/a nfa
1 I I , ,

ICP.w.Cd’ pglg < 1.83E+O0 I n/a nla rda
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Table B2-76. 95 Percent Two-Sided Conildence Interval for the Mean Concentration for
Composite Sample Data. (6 sheets)

da lo/a In/a Inla

ICP. w.CO’ IWig <7.32E+O0 nla In/a In/a InJa

1.03E+03

<3.66E+O0

ICP.w.Fe’ I f@i3 < 1.83E+01

+=

ICP.W.K pglg

IcP.w.La’ pglg

ICP.W.L1’ pglg

8.32E+02

< 1.83E+OI

<3.66E+OU

<3.66E+01

<3.66E+O0

ICP.W.MO I/.tg/g 3.02E+01

=9%- 1.91E+05

< 3.66E+01

5.00E+03 I 1 I 1.28E+05 12.55E~05

1

ICP. w.Nii /lg/g <7.32E+O0

ICP.W.P IWig 2.31E+03

+

ICP.w.Pbl pglg

ICP.W.S pglg

ICP.w.Sbl pglg

<3.66E+01 nla rda nla nla

4.50E+01 1 4.63E+03 5.78E+03

nJa n/a nla nla

5.21E+03

<2.20E+01

+=

ICP. w.Sel pglg

ICP.w.Si pglg

ICP.w.Sm’ pglg

I <3.66E+01

14.36E+02
~
, <3.66E+01

E
<3.66E+O0

<3.66E+O0

<7.32E+01

< 1.83E+02

< 1.83E+01

+=

ICP. w.Sr’ pglg

ICP. w.Tii pglg

ICP. W.TI1 /.bg/g

rda n/a nla n/a

nla IO/a nla nla

Irda In/a In/a In/a

==-1%- nJa nia ola nJa

n/a nla nfa nla
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Table B2-76. 95 Percent Two-Sided Contldence Interval for the Mean Concentration for
Composite Sample Data. (6 sheets)

IcP.w.zr’ I /.q#g I <3.66E+O0

Nitrate pglg 2.67E+05

Nitrite pglg 2.90E+04

fJxaIate I#g/g 14.37E+03

TOC* pglg 1.02E+03

Uranium pglg 1.92E+02
I 1

Bulk densi~ I ---- 11.78E+O0

rtta In/a In/a I n/a I

8.60E+01 I 1 10 l-2.12E~031

4.50E+O0 1 1.34E+02 2.49E+02

nla O/a rt/a nla

Notes

nh = notapplicable
*= wetti

lMore than 50 percent of tbeanalyticalresultswerelessthanvabmwtherefore,confidenceintewala
weremt computed.

‘Some lessthanvaluesarein theanalyticalresults.

3N0 duplicateswereaampld, therefore,a confidenceintervalcouldnotbe conmucted.
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In addition to core composite data, segment level data from tank 24l-S-l 11 were also
available from core 149. The liquid sample data and solid sample data were anafyzed
separately. Mean concentration estimates, along with 95 percent contldence intervals on the
mean, are given in Table B2-77 for the solid segment sample data and Table B2-78 for the
liquid segment sample data.

The summary statistics given in Table B2-77 are for the concentration of analytes in the
segment samples formed tlom the whole segment and half segment samples of tie solid
waste portion of segments 4 through 11 tlom core sample 149. Because these summary
statistics are baaed on data from one core sample, they reflect the composition of the core
sample. The summary statistics do not reflect the analyte concentrations in the solid portion
of the tank waste.

For each analyte in this table, the analytical data consist of otdy two values, the primary and
duplicate result, from each of the half segments (segments 3 through 9) and each of the
whole segments (segments 10 and 11). Consequently, the standard deviation of the mean is a
measure of the variability between the primary and duplicate result and the vertical
variability between the segments. The standard deviation of the mean does not include the
horizontal spatial variability.

If it is assumed there is no horizontal spatial variability, then the summary statistics in Table
B2-76 are for the analyte concentrations in the solid portion of the waste. However, because
of the incomplete core recovery for core 150, it is not appropriate to assume no horizontal
spatial variabdity within the waste. The degrees of tleedom in Table B2-77 reflect the
number of segments within core 149.

The summary statistics given in Table B2-78 are for the cmcermation of amdytes in the
segment samples formed from the drainable liquid portion of segments 1 through 3 from core
sample 149. Because these sumrnmy statistics are based on data from one core sample, they
reflect the composition of the core sample. The summary statistics do not reflect the amdyre
concentrations in the liquid portion of the tank waste.

For each rutalyte in thii table, the analytical data consist of only two values, the primary and
duplicate result, from each of the liquid portions of segment 1, 2 and 3. Consequently, the
standard deviadon of the mean is a measure of the variabihty betwea the primary and
duplicate result and the vertical variability between the three segments. The standard
deviation of the mean does not include the horizontal spatial variability.

If it is assumed there is no horizontal spatial variability, then the summary statistics in Table
B2-76 are for the arralyte concentrations in the liquid portion of the waste. However,
because of the incomplete core recovery for core 150, it is not appropriate to assume no
horizontal spatial variability within the waste. The degrees of freedom in Table B2-78 reflect
the number of segments with drainable liquid from core 149.
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Table B2-77. 95 Percent Two-Sided Confidence Interval for the Mean Concentration for
Solid Segment Sample Data. (4 sheets)

% Water

--i

3.81E+01

6.46E+01DSC-Dry \ J/g I 3.09E+OI I 1.46E+01

Am-241’ uCi/fz I < 1.05E+O0 n/a nla nla

1.23E-02 +

nla

4.48E-028

O/a

8

nla

9.09E-I-01

+

n/a

1.33E+02

niaEU-1541 /bcilg < 1.85E-01 n/a

EU-1551 pCi/g <5.07E-01 O/a

Bromide’ UEIE < 1.00E+03 nla

nia ola

n/a nla

nla 4
nfa

O/a

3.33E+03

n/a

Chloride pglg 2.98E+03 1.52E+02

Fluoridez pglg 7.27E+02 2.26E+02

ICP.a.Ag2 #g/g 1.24E+01 1.52E+O0

ICP.a.Al pgig 2.17E+04 4.45E+03

8 2.63E+03

8

8

2.06E+02

8.92E-H30

1.14E+04 +

1.25E+03

1.59E+01

3.20E+048

ICP.a.As’ pglg <4.52E+01 nla

ICP.a.B Uzlz 1.04E+02 9.64E+O0

n/a I

*I ICP.a.Ba’ I wzhz I <2.26E+01 I n/a

ICP.a.Be’ /hg/g <2.26E+O0 nla

ICP.a.Bi’ UEIE <5.62E+01 n/a * 4
n/a

nla

1.93E+02ICP.a.Ca pglg I 1.62E+02 1.36E+01 8 1.30E+02

ICP.a.Cd* pglg 5.50E+O0 1.30E+O0 8 2.50E+O0

ICP.a.Cel pglg < 4.52E+01 n/a O/a nia

ICP.a.Co’ #g/g I <9.04E+O0 n/a

ICP.a.Cr usde I 5.64E+03 I 1.07E+03 *

n/a I

I ICP.a.Cu’ I w4? I <4.52E+O0 I n/a n/a I nia

ICP.a.Fe pglg 1.91E+02 7.38E+01 8 2.09E+01

ICP.a.K pglg 7.67E+02 4.65E+01 8 6.60E+02 -%9
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Table B2-77. 95 Percent Two-Sided Confldenm Interval for tbe Mean Concentration for

ICP.a.La’ Pdg <2.26E+01

ICP.a.Lil #g/g <4.52E+O0

ICP.a.Mg’ pglg <4.52E+01

ICP.a.Mn2 pglg 6.08E+01

ICP.a.Mo2 pglg 3.07E+01

ICP.a.Na U!?/e 1.74E+05

ICP.a.Zrl pglg <4.91E+O0

ICP.f.Ag’# pglg <2.08E+02

IcP.f.Al# Vglg 1.82E+05

ICP.f.Aa’# pglg <2.08E+03

ICP.f.B’# 141?lE < 1.04E+03

da Ida Ida I n/a

1.48E+O0 8 2.72E+01 3.41E+01

2.11E+04 8 1.25E+05 2.22E+05

n/a nia n/a n/a

7.02E+O0 8 1.61E+01 4.85E+01

5.94E+02 8 1.28E+03 4.02E+03

tia n/a nla nla

1.27E+03 8 3.30E+03 9.18E+03

O/a n/a n/a n/a

nJa In/a In/a nla
1 , ,

n/a In/a In/a I rda

da In/a In/a I n/a

nia n/a n/a nla

n/a nfa n/a nla

5.94E+04 2 0 4.38E+05

nia n/a I n/a I n/a

nla In/a In/a I nla
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Table B2-77. 95 Percent Two-Sided Cotildence Interval for tbe Mean Concentration for
sheet

F
IcP.f.Ba’#

ICP.f.Bei#

ICP.f.Bi’#

n/a O/a

---i

nla

nlapglg I < 1.04E+02 nla

lwh? <2.08E+03 nJa

nla

nla

nla

n/a

k%%- n/a nla

n/a

n/a

nla

nla

+

nJa

n/a

n/a

I ICP.f.Ce’#

kH- n/a n/a

2

nla

0

n/a

+

1.05E+04

nla

O/a

I rcP.f.cu’#

k%%- n/a nia

nla

nla

n/a n/a I

I ICP.f.Li’# nla

ola1=
ICP.f.Mgl#

ICP.f.Mn’#

ICP.f.Mol#

pglg ! <2.08E+03 nla
1

n/a

pglg I <2.17E+02 nla

Uelfz < 1.04E+03 rda

O/a

n/a

nla

n/a

n/a I

+

nia

3.79E+052 0

n/a

2

nJa

o 4
nla

1.42E+04

nla

I ICP.f.Ni#

Es n/a nla

n/a

nla

n/a

niaI ICP.f.S’#

k%3- n/a

n/a

n/a

rda

n/a I

nla

n/a

n/a

I ICP.f.Si’# n/a

E%%-pglg I <2.08E+03 n/a

Ul?le <2.08E+02 nla

O/a

n/a
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Table B2-77. 95 Percent Tw&Sided Confidence Interval for the Mean Concentration for

I IcP.f.ul#

I IcP.f.zr’l#

t%+

I Oxalate’

+

Phosphatez

Sulfate2

TIC

k

/&g/g

/Iglg

pglg

Jkglg

pgig

/Lg/g

/lg/g

/kglg

/.bglg

pglg

pglg

#g/g

pglg

--—

< 1.04E+03 nla nia O/a rda

6.92E+02 2.17E+02 2 0 1.63E+03

<2.08E+02 rrla rria rrla rrla

1.94E+05 4.46E+04 8 9.12E+04 2.97E+05

3.02E+04 2.22E+03 8 2.51E+04 3.53E+04

5.85E+03 1.28E+03 8 2.90E+03 8.80E+03

8.83E+03 2.06E+03 8 4.08E+03 1.36E+04

1.93E+04 3.88E+03 8 1.03E+04 2.82E+04

1.04E+04 1.69E+03 8 6.45E+03 1.43E+04

2. 15E+03 3.46E+02 8 1.36E+03 2.95E+03

1.70E+O0 3.20E-02 7 1.62E+O0 1.77E+O0

Notes
da = not applicable
*= Wetbasi.s
#= Forfusiondigestsamples, only the lmttorndnee segmentswere sampledfrom core.

lMore than 50 pmalt of the zloidytitldreatlh wem less than VdUS, themfOIe,c0n6denceintervals
Wezenotcomputed.

%ome less than values are in the analytical results.

‘No dUpkitH W~ smnple@therefore, a cordidenceioterw?lcould not be COILStlUCtd
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TabIe B2-78. 95 Percent Two-Sided Cootldence Interval for the Mean Concentration for
Liquid Segment Sample Data. (3 sheets)

1 1

DSC - dry I J/g ]0

IC020’ \ ~Ci/mL I <7.79E-03

IBromidel Ipg/mL I < 1.03E+03

Chloride pg/mL 6.27E+03

co’ pg/mL < 8.02E+O0

n/a In/a In/a Inla

6.51E+O0 12 12.15E+02 12,71E+02

nla da n/a nla

rda nla n/a nla

nla nla nla ola

3.87E-01 2 0 2. 10E+OO

2.52E-01 2 1.42E+01 1.64E+01

2.85E+02 12 12.39E+04 12.64E+04

n/a n/a n/a nla

1.15E+O0 2 7.30E+01 8.29E+01

n/a In/a In/a Inla

nla nla O/a nla

n/a nla nla nla

nla nla n/a nla

n/a nia n/a nla

n/a O/a nia nla
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Table B2-78. 95 Percent Two-Sided ConfMence Interval for the Mean Concentration for
Liquid Segment Sample Data. (3 sheets)

n/a nla

nia nla

3.60E+04

1.47E+03 +

nla

4.48E+04

1.62E+03

5-

2

nla nla

nla n/a

n/a --i

O/a

nlaMg’ Ivg/rnL I <4.OIE+O1 In/a nla

Mn’ pg/mL <4. OIE+OO nla

,Mo pg/mL 16.51E+01 6.51E-01

nia

r

n/a

6.23E+01

2.05E+053- ==-l
n/a nla

1.37E+01

nla =4
n/a

8.92E+01

rrla

2.28E+05

2

Ni’ Il.d~ I <8.02E+O0 In/a rda

2 1.57E+05

4.82E+04

o

2

+

8.51E+04

9.79E+03

1.11E+03

2

2 8.99E+02

n/a

1.17E+03

1.47E+03 +’
n/a

4.11E+03

1.62E+03s I~g/~ 11.54E+03 11.69E+01

Sbl pg/mL <2.41E+01 nla

Se’ pg/mL <4.06E+01 tia
r&_ nla I

+

nia

1.43E+02~1.28E+02

IF-nla ---1n/a

rrla

ISulfate pg/mL 4.62E+03 1.73E+02 13.87E+03 5.36E+03 I
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Table B2-78. 95 Percent Two-Sided Confidence Interval for the Mean Concentration for
Liquid Segment Sample Data. (3 sheets)

%--k-

5.92E+03

< 8.02E+01

1.41E+03

<2.00E+02

<2. OIE+O1

2.03E+01

<4. OIE+OO

1.36E+O0

1.33E+01

da Ida lo/a ]Oh
i

9.23E+01 12 15.52E+03 16.32E+03

ola In/a In/a Inla
1 1 I

2.67E+01 12 I 1.29E+03 I 1.52E+03
, 1 #

ola In/a In/a Inla

5.61E-03 2 1.34E+O0 1.38E+OQ

8.33E-02 2 1.29E+01 1.36E+01

Notes
da = M applicable
* . wetbasii

‘More than 50 percent of he amlytical results were less than values; therefore, eonfulenceintervals
were Mt -ted.

%omelessthanvafuesare in theanalyticalresults.

B2.5.4.2 Analysis of Variance Models. A statistical model is needed to account for the
spatird aod measurement variability in ti~. This cannot be done using an ordinary standard
deviation of the &ta (Snedecor and Cochran 1980).

The statistical model fit to the composite sample data is

Yi= p+&,

i = 1, .. ..a
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where

Y, = laboratory results tlom the iti duplicate in the tank

p = the grand mean

~ = the effwt of the ifi duplicate

a = the number of analytical results

4 is~sum~ tObe ~~frela~ ~d nody distributed with mean zero and variance
d(A). Estimate of &(A) were obtained using REML techniques. This method, applied to
variance component estimation, is described in Harville (1977). The statistical resnlts were
obtained using tbe statistical analysis package S-PLUS* (Statistical Sciences, Inc. 1993).

The statistical model fit to the liquid segment sample data is

Yo=/L+si+&

i=l ,...,a, j= 1,...,~,

where

Y. = laboratory results from the jti duplicate from the iti segment in the tank

p = the grand mean

S, = the effed of tie ia segment

~ = the effect of the jb analytical result from the iti segment

a = the number of segments

bl = the number of analytical resulB from the i~ segment

The variable S, is assumed to be a random effect. This variable and ~ are assumed to be
uncorrelated and normally distributed with means zero and variances F(S) and F(A),
respdvely. Estimates of ~(S) and F(A) were obtained using the REML method. This
method, applied to variance component estimation, is described in Harville (1977). The
statistical results were obtained using the statistical analysis package S-PLUSm (Statistical
Sciences, Inc. 1993).

lTmdemark of Statistical Sciences, fnc., Seattle, Wasbingmn,
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The statistical model fit to the solid segment sample data is

Yw=p+S, +Lti+~,

i=l ,...,a, j= l,...,bi, k=l,...,cti,

where

Y@= laboratory results from the ~ duplicate in the jh kxation in the iti segment in
the tank,

v = thegrand mean

Si = the effect of the iti segment

~ = the effect of the j’ location from the i’ segment

~ = the effect of the I@analytical result in the jti location in the i’ segment

a = the number of segments

bi = the number of locations in the ib segment

co = the number of analytical results from the jti location in the i* segment.

The variable S, and ~ are assumed to be random effects. These variables and ~ are
assumed to be uncorrelated and normally distributed with means zero and variances &(S),
&(L), and &(A), respectively. Estimates of I+(S), &(L), and &(A) were obtained using the
REML method. This method, applied to variance component estimation, is described in
Harvifle (1977). The statistical results were obtained using statistical anafysis package
S-PLUSw (Statistical Sciences, Inc. 1993).

B2.5.4.3 Inventory. After the sample means are calculated for the tank for each anrdyte,
the sampling based inventory may be cafcrdated. Because the aradyte concentrations above
are presented in terms of a mass basis concentration, the totaf M of waste in the tank is
needed to estimate inventories. The total mass of waste is derived tkom the tank volume
(from surveillance) and the estimated tank solids densiu (from aradyticaf data). The tank
volume for solids is 2,220 kL (596 kgal) and the tank volume for liquids is 38 kL
(Hanlon 19%). The density used for thii estimate is 1.36 g/mL for liquid segment sample
data, and 1.78 g/mL for composite sample data. The tank inventory is presented as the
“best-basis inventory” in Appendm D.
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B3.O VAPOR SAMPLING REWLTS

B3.1 STANDARD HYDROGEN MONITORING SYSTEM

Beeause tank 241-S-111 is on the Flammable Gas Watch Lut (Public Law 101-510),
installation of an SHMS system was required by MiIestone M-4O-1Oof the Tri-Party
Agreement (Ecology et al. 1996). Vapor from the tank is continuously sampled from a
probe inserted well into the taok headspace. The detector is a Whittake# electrochemical
cell that is hydrogen specific. The cell generates an electrical signal proportional to the
volume percent hydrogen concentration. The system is calibrated quarterly. The SHMS also
has a grab sample station that allows two 75-cm3vapor samples to be taken simultaneously
from the gas stream, isolated, and transported to a laboratory for analysis (Wilkins et al.
1996).

The SHMS provided data for tank 241-S-111 over the period August 21, 1995 to Jarmary 19,
1997. The highest hydrogen concentration detected was 1,270 ppm on December 14, 1995.
This result is well below the action limit of 6,250 ppm (Wii et al. 19%).

B3.2 VAPOR GRAB SAMPLES

Several vapor grab samples were taken via the SHMS in July and August, 1995. The bottles
were analyzed by mass spectrometry for the presenee of hydrogen, methane, and nitrous
oxide. The results are presented in Table B3-1. Results were taken from Wti et aI.
(1996).

Table B3-1. Results from Vapor Grab Samples from Tank 241-S-111.

July 11, 1995 53 <5 < 10

July 14, 1995 16 <5 < 10

July 17, 1995 <5 <5 < 10

August 3, 1995 77 2 17

August 8, 1995 5 2 <5

August 7, 1995 210 3 38

2Whittakerisa @ademarkof WhinakerCorp.,
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B3.3 HEATED VAPOR PROBE

Tank 241-S-111 headspace gas and vapor samples were collected and analyzed to help
determine the potential risks of figitive emissions to tank farm workers. Tank 241-S-111
was vapor sampled in accordance with Data Quality Objectivesfor Genen”cIn-TankHealth
and S@@ Issue Resolution (Osborne et af. 1995). The results and discussion provided here
are derived from the vapor chamcterization report (Huckaby and Bratzel 1995).

Headspace gas and vapor samples were collected from tank 24l-S- 111 using the vapor
sampling system (VSS) on March 21, 1995. The tank headspace temperature was determined
to be 23 “C (73 ‘F). Air from the tank 241-S-111 headspace was withdrawn from a single
elevation via a 6.7-m (22-ft)-long heated sampling probe mounted in riser 14, and transferred
via heated tubing to the VSS sampling manifold.

B3.3.1 Inorganic Gases and Vapors

Analytical results of sorbent trap and SUMMA3caoiater tank air samples for selected
inorganic gases and vapors are given in Table B3-2 in parts per million by volume (ppmv) in
dry air. The concentration of water vapor given in Table 3-1 has been adjusted to tank
conditions at the time of sampling (Huckaby and Bratzel 1995).

B3.3.1.1 Ammonia, Hydrogen, and Nitrous Oxide. Six sorbent trap samples from rank
241-S-1 11 indicated an average ammonia concentration of 122 ppmv. Thii concentration of
ammonia is typical of waste tanks that have been sampled. Given the LFL of ammonia in air
is about 15 percent by volume (VOI%), the measured 122 ppmv corresponds to about
0.08 percent of the LFL, and does not contribute appreciably to tank’s headspact
flammability.

The concentration of hydrogen in tank 241-S-111 was determined to be 391 ppmv.
Hydrogen in the waste tanks is of concern as a fuel. Given that the LFL for hydrogen in air
is about 4 VOI%, a 391-ppmv hydrogen concentration in tank 24l-S-111 corresponds to about
1 percent of the LFL for hydrogen. At thii level, hydrogen is not a flammability concern in
tank 241-S-111.

The average nitrous oxide concentration reported by PacYlc Northwest Nationaf Laboratory
(PNNL) for the three SUMMAW canister samples was 48 ppmv. Under the proper
renditions, nitrous oxide can serve as an oxidizer to support combustion. However,
CashdoUar et al. (1992) found that nitrous oxide had no significant effect on the flammability
of hydrogen and air mixtures for hydrogen concmtratioos less than 20 vol %, and that “small

3SUMMAis a trademsrk of Mol@rics, Inc., Clevelsnd, Ohio.
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amounts of nitrous oxide (relative to air) do not appear to have much effect on the
flammability. ” Their results suggest the measured nitrous oxide concentration is much too
low to have a significant effect on the fkumnabdity of the tank 241-S-111 headspace.

Table B3-2, Tank S-111 Inorganic Gas and Vapor Data. 1

Notes
CAS= ChemicalAbstractService
RSD= rdativestandmddeviation.Bunnun (1995) specities tie RSD shouSdbe less than 25 pement.

lHuchby and Bratzel (1995)

B3.3.1.2 D~cuasion of Inorganic Gasea and Vapors. Except for water vapor, the most
abundant waste constituents in the tank 241-S-111 headspace are hydrogen, ammonia, and
nitrous oxide. These have been detected in most of the tank headapaces that have been
sampled, and are usually the dominant gaseous species. None of the inorganic headspace
constituents exceeded the specified flammability nor industrial hygiene notification limits
(Homi 1995).
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B3.3.2 Organic Vapors

Organic vapors in the tank 24l-S- 111 headspace were sampled using SUMMAW canisters,
which were analyzed by PNNL, and triple sorbent traps (TSTS), which were analyzed by
Oak Ridge National Laboratory ( ORNL). Both PNNL and ORNL used a gas
chromatography(GC) equipped with a mass spectrometer (MS) detector to separate, identify,
and quantitate the arralytea.

SUMMAm sample results should be considered to be the primary organic vapor data for
tank 241-S-111. Analyses by ORNL of TST samples from this and other waste tanks
generally agree with, support, and augment the SUMMAm sample results. However,
because certain quality assurance requirements were not satisfied by ORNL, tbe quality
assurance assessment of ORNL by Hendrickson (1995) should be reviewed before results
unique to the TST samples are used for decision making.

B3.3.2.1 Pmitively Identified Organic Compounds. Positive identification of organic
analytes using the methods employed by PNNL and ORNL involves match~ the GC
retention times and MS data from a sample witJr that obtained from the analysis of standards.
The concentration of art analyte in the sample is said to be quantitatively measured if the
respoose of the GC/MS has been established at several known concentrations of that arralytc
(i.e., the GC/MS has been calibrated for that analyte), and the MS response to the amdyte in
the sample is between the lowest and highest responses to the known cmccntratiorrs (i.e., the
analyte is within the calibration range).

ORNL and PNNL were assigned different lists of organic cmmpounds,or target analytes, to
positively identify and measure quantitatively. The ORNL target attalyte list was derived
from a review of the tank 241-C-103 Iieadspace constituents by a panel of toxicology experts
(Mahlum et al. 1994). The PNNL target analyte list included 39 compounds in the
Environmental Protection Agency (EPA) task order 14 (TO-14) method, which are primarily
halocarbons and common indnamialsolvents (EPA 1988), plus 14 analytes selected mainly
from the toxicology panel’s review of vapor data from tank 241-C-103.

Table B3-3 lists the organic compounds positively identified and quantitated in SUMMAm
samples. SUMMAW analyses were performed according to a rncdfied version of the TO-14
methodology, except for methane analysis, which was analyzed with the inorganic gases
(Klinger et al. 1995). Ordy 2 of the 39 TO-14 target analytes and 5 of the 14 addltiond
target analytes were measured to be above the 0.005 ppmv detection limit of the analyses.
Averages reported we from analyses of three SUMMAW canister samples.

Jenkins et al. (1995) reports the positive identification of 25 of 27 target analytes in TST
samples. Dibutyl butylphosphonate and tributyl phosphate were the only TST target analytes
not detected, though dichloromethane was detected in only 1 TST sample. The average
concentrations of the two detected and quantitated detected target analytes (etbanenhrile, and
toluene), from the analysis of 4 TSTS, are given in Table B3-4. Despite calibration of the
instrument over about a 20-fold concentration range, the mncentrations of 18 compounds
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were determined to be below the lower calibration limit of tbe analyses in at least one of the
TST samples. These analytes are listed in Table B3-5. Data in Table B3-5 should not he
considered quantitative and may not be accurate to within *3O percent as specified by
Burnum (1995).

Both PNNL and ORNL report target analyte concentrations in ppmv of anaiyte in dry air.
To correct for the measured water vapor content of tank 241-S-111 and obtain concentrations
in ppmv of analytes in moist tank air, multiply the dry-air ppmv concentrations by 0.985.

Table B3-3. TankS-111 Quantitatively Measured Organic Compounds in
SUMMAW Sampks.’

Notes
‘Huclrabyand Brstzel (1995)

‘Average of three samples

When the analyte was detected in only two ssmpIes, the entry is the relative difference (i.e., I&i
differeme dividedby 2).

4Burmnn(1995) specities the RSD should be less than 25 percent.

‘ Deteetcd in only 2 samples
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Table B34. Tank S-111 Quantitatively Measured Organic Compounds in TST Samules. ]

Notes:
lHuckabyandBratzel(1995)
‘Averageof 4 TSTsamples1 wasa 1-litersampleand3 were4-Iitersamples,
3Burmro(1995)specifiestheRSDshouldbeleasdun 25percmt.

Table B3-5. Tank S-111 Positively Identified Organic Compounds in TST Samples.’
(2 sheets)

Dicbiorometbane (methylene chloride) 75-09-2 0.0001o -- .-

n-propanenitrile 107-12-0 0.0015 0.0003 21, 1 I

n-Hexane 110-54-3I 0.0031 0.0002 6 i

Benzene 71-43-2 0.0030 0.0001 3

n-Butanenitriie 109-74-0 0.0035 0.0003 9
1

n-Heptane I 142-82-5I 0.0018 0.0001 4 1

2-Hexanone 591-78-6 0.00072 0.00001 2

n-Octane 111-65-9 0.00066 0.00001 2

n-Hexrmenitrile 628-73-9 0.0C4M7 O.CQOO1 4

2-Heptanone 110-43-0 0.00072 0.00004 5

n-Nonane 111-84-2 0.00039 0.00001 1

n-Heptrmenitrile 629-08-3 0.000081 0.000006 7

2-Octanone 111-13-7 0.00017 0.00001 4
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Table B3-5. Tank S-111 Positively Identified Organic Compounds in TST Samples.’
(2 sheets)

Notes
‘Huekabyand BtatrA (1995)

‘Results in this tablearenotquantitative(asdetinedin Section4.1) Em.ausemeamred vatues in at
leastoneof thesamplesareoutsideimtmmmtcatibmtiontimits.

3Average of 4 TSTsanplex 1 wasa l-litersamplesod3 were4-litersamples,

4Burnorn(1995) specities tbe RSD sbooldbe less than 25 pereene.

The most abundant analytes detected were propanone and l-butartol, both of which were
measured to have average cmcentrations of between 0.05 and 0.2 ppmv in the tank
241-S- 111 samples. At the reported concentrations, the target analytes do not individually or
collectively represent a flamrnabilky hazard.

B3.3.2.2 Tentatively Identified Organic Compounds. In addition to the target analytes,
the ORNL and PNNL analytical procedures allow the tentative identification of other organic
compounds. Tentative identification of anidytes was performed by comparing tie MS
molecukw fragmentation patterns with a library of known MS fragmentation patterns. This
method allows an organic analyte to be identifkd (with reasomble certainty) as an alkane, a
ketone, an aldehyde, etc., and may ako determine its molecular weight. The method usually
does not, however, allow the unambiguous identification of structural isomers, and thii
ambiguity increases with analyte molecular weight. Using these methods, many arralytes can
be tentatively identified with reasonable contldence without having to inject standards of each
into the GC/MS to determine their GC retention times or specific MS patterns. Tentatively
identified compounds are presented in Huckaby and Bratzel (1995).

B3 .3.2.3 D~uaaion of Organic Compounds. A convenient way to consider the organic
compounds detected is to separate them into 2 categories: 1) Organic compounds added to
tank 24l-S-111 as waste that are still evaporating; and 2) organic compounds that have been
generated by reactions of the original waste.
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The frst category encompasses all organic compounds that were placed into the tank as
waste, and includes the semivolatile straight-chain alkanes, which were used as dihsents of
tributyl phosphate in various plutonium extraction processes. These aIkarres (i.e.,
n-undecane, n-dodecane, n-tridecane, and n-tetradecane) are often referred to in Hanford Site
literature as the normal parafftic hydrocarbons (NPHs). Though NPHs are positively
identified in tank 24l-S-111, their concentrations are very low compared to other NPH-rich
tanks.

Tributyl phosphate was probably also added to the tank as waste. The fact that tributyl
phosphate was not detected in the tank 241-S-111 samples does not preclude its existence in
either the waste or the headspace of tank 241-S-111. Informal tests by ORNL indicate that
tributyl phosphate is adsorbed by the glass fiber filters used during sampling to protect the
samples from radiolytic particulate contamination. This adsorption resuhs in loss of tributyl
phosphate from the sampled air, and an underestimation of its actual concentration in the
tank headspace. The prominence of l-butanol, a known hydrolysis product of tribrrtyl
phosphate, in the tank 24l-S-111 organic vapor samples suggests that small amounts of
tributyl phosphate are present in the waste.

The second category includes all organic compounds that have been generated via rdlolytic
and chemical reactions of the waste. The majority of organic compounds detected fall into
this category, including the alcohols, aldehydes, ketones, nitriles, and volatile alkanes, all of
which have been associated with the degradation of the NPHs.

On the basis of concentrations, alcohols are the dominant organic compounds in the tank
24l-S-111 headspace. Methanol, ethanol, and l-propartol account for ahout 20 percent of the
total estimated concentration of organic compounds in TST samples, and about 46 percent of
the total estimated concentration of organic compounds in SUMMAW canister samples. The
abundance of volatife afcohols is common to most other waste tanks located in the 200 West
area of the Hanford Site.

The total organic vapor concentration of tank 241-S-111 was estimated by Jeti et aL
(1995) to be about 1.5 mg/m3 from the analysis of four TST samples by GC/MS. A similar
summation of organic compounds measured in SUMMAm samples from tank 241-S-111
provides an estimated total organic vapor concentration of 2,0 mg/m3. This disagreement is
largely due to the different estimated concentrations of the dominant alcohols in the two
sample types.

In summary, the organic vapor concentrations in tank 241-S-111 are relatively low. The
organic vapors in rank 241-S-111 indkate that small quantities of the NPH process ddrrent
and rributyl phosphate may be present in the waste. As with most other 200 West Area
wsate tanks that have been sampled, the concentrations of short-chaii alcohols are higher in
rank 241-S-111 than in waste tanks with higher NPH vapor concentrations. Conversely,
ketones and aldehydes are less abundant in tank 241-S-111 than in NPH-rich waste tanks.
None of the organic constituents exceeded the specified industrial hygiene notification limits
(Homi 1995).

B-107



HNF-SD-WM-ER-638 Rev. O

B4.O HISTORICAL SAMPLE REBULTS

Historically, single-shell tank waste samples were analyzed to characterize the supernatant,
sludge, and/or sake.ake in each tank. Data have beerr compiled for the samples obtained
from the late 1950s to the present for single-shell tanks in the 200 East and West areas of tie
Hanford Site. Analyses of several samples for tank 24l-S- t 11 were obtained from historical
records. The sample reports were made from July 20, 1971 to September 18, 1980.

B4.1 DESCRIPTION OF 1980 SAMPLE DATA

Sample data were reported on September 18, 1980 (Bratzel 1980). These data were from the
1978 core sampling event, but adjusted to correct inconsistencies in the data reported earlier.
Water soluble and water insoluble data are provided, along with some physical property &ta.
The data apparently were averaged for this report, and are provided in Table B4-1.

B4.2 DESCRIPTION OF 1978 SAMPLE

An eight-segment core sample from tank 241-S-111 was delivered to the laboratory between
February 2, 1978 and June 27, 1978, and analytical results were reported on August 25,
1978 (Horton 1978). Three samplers were empty, and another was contaminated with
driiling mud. A total of 144.8 cm (57 in.) of saltcake was recovered, along with 87 ML of
supernatant. Two of the segments were combined prior to analysis. The supernatant was
reportedly aU from sample 1OO9-C,but two tables of &ta are given. The salt samples were
described as “yellowish green in color, with variable crystal sires,” and were approximately
95 percent water soluble. ArraIytical results for all samples are in Tables B4-2a through
B4-2e. Particle sire analyses were also reported, but are not included in this TCR.

B4.3 DESCRIPTION OF 1976 SAMPLE

A sample was received on December 27, 1976 and reported on February 28, 1977
(Horton 1977). The salt sample was described as being damp, fiie, dark green crystals.
Thii sample is described as a “surface sample” in a later report (Horton 1978), and
photographs indk-ate that it was a core sample.

Analyses were made by dissolving about 6 g of crystals in water and diluting the solution.
The solids were about 90 percent soluble in water. Solids insoluble in water were dissolved
in concentrated HC1 and the resultant solution diluted. Analytical results are in Table B4-3.
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B4.4 DESCRIPTION OF DECEMBER 1974 SAMPLE

Sample T-8141 was reported on December 16, 1974 (Wheeler 1974). Neither the date of
sample retrievrd nor date of anrdysis is given. A description of the technique or procedure
used to obtain the sample or information concerning the sampled riser or sample depth was
unavailable. The sample was described as yellowish green, and 100 pepxnt solids.
Analytical reauhs are in Table B4-4. Analytical methods in use during this time period are
described by Babad and Buckingharn (1974).

B4.5 DESCRIPTION OF AUGUST 1974 SAMPLE

A sample was reported on August 23, 1974 (Horton and Buckingharn 1974). The sampling
date was August 2, 1974 (Babad and Buckingham 1974). The sample was taken to see
whether the salts produced in a recent evaporator run were deliquescertt. A description of
the technique or procedure used to obtain the sample or information concerning the sampled
riser or sample depth was not provided. Results for both salt and “mother liquor”
(supernatant) were reported, along with a graph of the weight gain of the salt when placed in
a 75 percent relative humidity chamber. The graph indicates that the salt was very
hydroscopic, gaining 40 percent in weight over 15 days. The salt deliquesced after 6 &ys
(gaining 22 percent in weight over that time). Analytical results&e in Table B4-5.
Analytical methods in use during thii time period are described by Babad and Buckingbam
(1974).

B4.6 DESCRIPTION OF MAY 1974 SAMPLE

A sample was reported on May 29, 1974 (Buckingham 1974). Neither the date of sample
retrieval nor date of analysis is given. Information concerning the sampled riser or sample
depth was not provided. The tank was being evaluated as a potential sakcake receiver. The
letfer states that the sample was taken with a “sludge sample tube, ” perhaps indicating a core
sample. The sample was described as gray in color, and consisting of approximately
60 percent Al,O,. These observations and other &ta are consistent with the sludge recovered
from the 1996 core sample (segments 10-11 of core 149). Analytical results for the May
1974 sample are in Table B4-6. Analytical methods in use during this time period are
described by Babad and Buckingham (1974).

B4.7 DESCRIPTION OF 1971 SAMPLE

A sample was reported on July 20, 1971 (Puryear 1971a). More complete data was provided
in a second letter (Puryear 197lb). Neither the date of sample retrieval nor date of analysis
is given. A description of the technique or procedure used to obtain the sample or
information concerning the sampled riser or sample depth was not provided. The tank waste
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was sampled and analyzed as a feed candklate for the 242-S Evaporator. Analytical results
are given in Table B4-7. A one-liter sample was also processed through tbe laboratory
evaporator, but no results are provided in the letter reports.

Bi n/a ola

Cd nla 2.30 X 10-2

cl 9.55 x 10’2 ofa

co, 0.61 (remn 5.0) n/a

Cr 0.430 nla

Fe n/a 1.29 X 102

F 2.04 x 10-’ rrla

Hg 4.49 x 10-3 rrla

La nla n/a

Mn n/a nla

Na 22.2 n/a

Ni nla n/a

INO, 44.0 (rerun 43.2) <7x 10-2

OH 0.651 nla

Pb n/a rrla

IP04 0.622 1.94 x 10-’

Si 2.57 X 10-2 n)a

so, 1.63 <0.1

Zr n/a nla

N02 1.36 n/a

Ca n/a 7.19 x 10-’

TOC rr/a n/a
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Table B4-1. Tank 241-S-111 Data Reixxted Seutember 18, 1980.’,’ (2 sheets)

Water 10.7 Weight percent

Bulk density 1.27 g/cm3

Particle density 1.34 glcm3

Note
‘Bratzel(1980)

‘QJaMyasmrameand quality controlparametersforperformingthisworkamnotwelldecumeared.
Thedatashouldbe usedwithcaution.
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Table B4-2a. 1978 Core Sample Data, Sample 1001-C.’02 (2 sheets)

Bulk density

Particle density

Water content

Calculated heat content

Sample size (core length)

Hardness

Vapor pressure

Drainable liquid

Material balance

DTA

1.27

1.34

10.7

5.74 x lW

26.0

8.9

12.6

99.8

No exotherms; endotherm at
(217 “F and 545 “F)

e/cm3

glcm’

Weight percent

Watts/L

cm

kglcmz

mm Hg at 24.6°C

% at 28 psi

103 “C and 285 “C

Component I Water Soluble (%)

Al 10.6 I0.06
1 I

c1 10.1 I n/a

Cd

n/a

<0.0002

nla

O/a

0.003

0.02

1 I

co, I 5.0 Inla
l—-

OH- 1.0 IO/a

Hg 0.004 Inla

Mn nla rrla

Na 26.2 nla

NO, 0.9 n/a

NO, 51.4 <0.3

1 1

SiO, I0.03 I 1.3

TOC (z/L) I 1.29 IO/a
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Table B4-2a. 1978 Core Sample Data, Sample 1001-C.’)2 (2 sheets)

‘9PU (g/g) 3.60 x 1010 6.42 X l@

“lAfn (@g) 1.02 x Icrlo nla

8’+%r 1.03 14.3

‘“cs 0.1 n/at
13’CS 72.1 I0.3
l~Ru n/a 10.608

‘co n/a 0.056
125Sb n/a 0.007
I*EU n/a 0.150

1 I
lSSEU

] nla I0.307
i

Notes
DTA = differentisrthermal snslysis

lHortrm(1978)

‘QusMysssmsme and qualitycontrol psrsrnetersforperforming!&worksre notwelldommmtd.
TfredstsshouldLwusedwiti cation.
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Table B4-2b. 1978 Core Sample Data, Samples 1OO3-Cand 1004-C.1,2 (2 sheets)

I
Bulk density 1.86 glcm3

Particle density 2.09 g/cm3

Water content 17.4 Weight percent

Calculated heat content 1.84 x 10-3 Watts/L

Sampie size (core length) 50.8 cm

Hardness nla kg/cm2

Vapor pressure 8 mm Hg at 25.6° C

I 1

cl I0.005 In/a

Bi 0.001 nia

Cd <0.0003 nla

Fe 0.0006 0.03

F 0.03 r2/a
I 1

co, I5.0 In/a

OH 11.8 In/a

Hg I0.03 Inla

K 0.06 n/a

Mn 0.009 nfa

Na 23.0 O/a

NO, 3.0 n/a

NO. 53.0 0.3
I 1

PO. I 1.3 I0.2 I
1 1

so. 12.7 I <0.4 I
CrO, 0.8 n/a

SiO, 0.06 1.3

TOC (M) 2.38 rr/a
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Table B4-2b. 1978 Core Sample Data. Samples 1OO3-Cand 1004-C.’2 (2 sheets)

Component Water Soluble @Ci/g) Acid (KOH Fusion) (.pCi/g)

u (g/g) O/a 2.83 X 10_5

‘9PU (g/g) 2.12 x lW’ 9.82 X 10”’

“Am (g/g) 4.03x 10-” 2.03X l&’

“’wSr 1.2 15.20
134(-J rrla nla
137fls 180.0 2.40
106RU rda nla

‘co n/a da
12SSb rrla nla
lfiEu n/a rrla
155EU rrla 0.26

Note
lHorton(1978)

,Ww assumrwand qualitycontrolpararneterxforperformingthisworkarenotwelldocumented.
~ (kits shouldh A tith @UtiO13.
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Table B4-2c. 197

F

I Cd

IMn

Cr04

Si02

TOC (M)

~Core Sample Data. Sample 1OO9-C.’,’(2 sheets)

n/a kglcm’

8.3 mm Hg at 26.3° C

nla % at

1

No exotherms: endotherm at 105 ‘C and 280 “C
(221 “F and 536 “F)

n/a In/a

12.0 Inla
1

0.6 I n/a I
0.03 rda

0.05 nla

<0.001 n/a

28.4 Inia

2.1 Inla
1

40.6 10.08 I

2.80 In/a
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Table B4-2c. 1978 Core Samule Data. Samule 1009-C.’.Z (2 sheets)

‘3’CS 109.9 0.60
-llq” 1.16 n/a

‘co o/a tia

1 l—–
155EU

I oJa Inla I

Note:
lHorton(1978)

‘WV ~ ad qualitycontrolpsrsmetemforperformingthisworksre notwelldocumented.
Thedsts shouldbeusedwithcantion.
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Table B4-2d. 1978 Core Sample Data, %nmle 1OO9-CSuDernatant.’,2

Density 1.46 g/cm3

Water content 44.6 Weight Dercent

Mn 1.13X104 0.0004

Fe <6.0 X 104 <0.004

NzqCO, 0.21 1.5

NaOH 3.77 10.33

NaN02 1.74 8.2

NaNO, 0.75 4.4

NwPO, 3.46 X 10’ 0.4

N+SO. 0.011 0.1

Si02 4.58 X 10_3 0.02

Pb 3.44 x 10+ 0.005

TOC (z/L) 6.2 n/a

Pu 8.95 X I@ glL
89+50c& 2.51 X ltY pCilL
137(--S 4.68 X 1(Y /.tCi/L

Note
lHorton(1978)

K@@ assumnceandqual@controlparametersforpdcmningW workarenotwelldocumented.
Thedatashouldbeusedwithcaution.
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Table B4-2e. 1978 Core Sample Data, Analysis of Superm@t.1,2

Tank Supernatant Sample
.;?l&:~:;,y~t@:,.@.$*;<!..?,,;.+.,# .... ,v,.,-&.

w$~&.,;::!,fj@,:+:f+~@*+~y’+....,.>,, -w&*@ $.,.:. ..,..<W.,..,,*4,%,..:.,.:>.,:.,:;..$,,,;,....<:,~
,,..>...... i.;,>. ..... ... ,.,,. ,,,,!,, ,. ,,4,,+

Component . . ....... ,.. *.,+.$-,+.....,
Lab Value Lab Unit

Density 1.50 g/cm3
Water content 46.0 Weight percent
%$~p$p ,$ . .. .&”j2&.,/.$,F*....
.#%:w.&*.,&l$JAw.,=%”&*’”’~”’”’’’~i*w%Bgg~j:$j,2*,.>,$::.,,!.;;@?,$’.,.)#,,,,$.*4@#f&.. :.,,,,,,.,<.,<.......... ,,,,,,.,,J*#*j ‘“’’’’+~$$.“$J””~“’’’’~””;+::i::i~;!,: :, ;*{x,,j/~~!..~~f~@<~f.,+,

Component Molarity Percentage
NaA102 1.5 8.0
Ca 1.94 x 1(V o.ooa4
Cd 1.54 x lW 0.001
Hg 1.41 x IO-3 0.02
K 6.38 X 10_2 0.2
Mn 9.28 X 10-5 0.0003
Fe 1.85 X 10_3 0.02
N~CO, 8.20 X 102 0.4
NaOH 3.68 9.8
Na 11.0 16.9
NaN02 1.82 8.3
NaNo3 1.95 11.0
N~Po4 8.74 X 10_2 1.0
N~so, 3.18 X 102 0.3
s i02 8.02 X 10-3 0.04
TOC (g/L) 6.0 nla

....<..:,,:::?*,:?..<,:.:J.:~y:;i:i,,i,t\:~,::,:............,,,,f,..:,,.j,4,,:+.:,,,f..$,,w?$ir+::,,$:~i...................>\,,...~,,*:,\,,.,~,,.,>,:,:\::;:?ifii,<.3,~,:;;.,,:<,:,,$,:,::3:<:j,,.,>fj.:,..,,......:...,>..,+..,....
.:.3>~:m=&&!#&$@&~-

Component Lab Value Lab unit
239pu

1.08 X 1(F
89+5QcJr

g/L
2.04 x lLY

134(J
pCi/L

9.82 X 1(Y
’37Cs

pCilL
6.82 X lV pCi/L

Note
lHorton(1978)

‘Quay 33suranceandqualitycontrolparametersforperformingthisworku mt welldOCUUI~.
Thedatashouldbeusedwithcaution.
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Table B4-3. Tank 241-S-111 Data %mpled December 27.1976.”2

Bulk detraity 1.41 glcm$

Particle denai~ 1.50 glcm’

Water content 37.6 Weight percent

Al 2.6 Weight percent

co, 8.5 Weight percent

OH 0.4 Weight percent

Fe 0.1 Weight percent

N02 2.3 Weight percent

NO, 34.0 Weight percent

Cr 0.5 Weight percent

Si 0.02 Weight percent

Na 21.0 Weight percent

PO. 0.08 Weight percent

so, 0.3 Weight percent

Pu 1.1OX 10’ /,4ci/g

“’%ir 13.0 pctig
137(=S 129.0 pci/g

Note
lHorton (1977)

‘Quay asmranw and qualitycontrol parameters for wrfomdng this work are not well documented.
The data shmdd b used with caution.
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Table B4-4. Tank 241-S-111 S@ple Data, December 16, 1974.1,2
:, ,.?.:;.!.:<$+,:>~.,.::..,.:,,,,.,,,,,*,,,~,,,,,

?...A<::..?i.+..$,+:2:>*.?&mm;@m$~iWjg~#gg$@g$&$&j,6$;{j;&$~j~gj“’”,Yyi2.”2i$,#$:;*,.,;24i$&$$*......... ,,~ ....,, .+,.~.,’.,l$,.-,-.>?;

visual~

Radiation (over the top) 500 mRad/hr
pH >13.4
Specific Gravity 1.7953
Percent Water 34.29
Al 1.34 M
F 5.10 x 10-3 M
OH 5.16 M
Na 23.84 M
NO, 2.761 M
NO, 4.91 M
PO, 4.52 X 10-2 M
co, 0.293 M
Pu 3.44 x 10’
134fJ

glgal

1.13X104 pcilgal
‘3’CS 2.93 X lC$
‘co

pci/gai
7.12 X 1(P /.Lcilgal

89+XICJr 2.33 X 1(Y pctigd
~$......,.,>,?<:,:...,, ~,,,.,,....,, ~,,,::,,,

~:$*?mi#\#;#-: ,,,,.,,:\,.,.:.,,.,,,,,;,:,;,,,.:,,,...,,..,;,,?<.,.,.,,:.,,,:.... .,;.‘,,.:,...,-.. ,,>.<>.,.. ..........
Temperature (“C) Time (minutes) Percent Solids

40 45 10
35 45 10
30 45 15
25 45 18
20 60 20
15 45 20
10 45 25
5 120 30

Note:
Wheeler1974

‘Quamy assuranceandqualitycontrolparametersforperformingthisworkarenotwelfdocumented.
Thedatashoufdb usedwithcaution.
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Table B4-5. Tank 241-S-111 Analytical Data Reported Augost 23, 1974.‘,2

NaA102 2.3 ‘7.8 Weight percent

NaN02 2.7 8.1 Weight percent

NaNO, 69.9 17.4 Weight percent

NaOH 6.6 10.7 Weight percent

N~CO, 10.8 Not reported Weight percent

N~POd 1.2 Not reported Weight percent
137c~ 96 pCilg 4.47 x lW pCi/L Aa noted
89&osr 7.54 /.bcdg

Note:
lHortonawlBuckingfmm(1974)

‘fmw ~ andqualitycormolparametersforpafonniogthisworkarenotwelldocumented
Thedatashoufdbeusedwithcaution.
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Table B4-6. Tank 241-S-111 Data Reported May 29, 1974.‘,’

Dry Density 1.21 g/cm3

Heat Generation 12 pwattlg

Water Content 9.46 Weight pereent

NaAIO, 0.22 Weight percent

NaOH 1.22 Weight percent

I NaN02 I 0.09 I Weight percent I

NaN03 3.38 Weight pereent

N~COg 1.01 Weight percent

I Na#04 I 0.02 I Weight percent - ‘1

N~PO, 0.03 Weight percent

F~03 0.14 Weight pereent

I Al*o, I 59.76 I Weight percent I

SiO, 0.48 Weight percent

“’h <0.2 pglg

137~~ 7.29 pCi/g

8’+% 2.87 /Icilg

Note:
‘Bu&irr@arn(1974)

2@.@ wurmce and qualitycontrolparametersforperformingthisworkmenotwell documented
The data shouldbe used with caution.

B-123



HNF-SD-WM-ER-638 Rev. O

Table B4-7. Tank 241-S-111 Data Reported September 21, 1971.“2

Notes
‘rhrryear(lY/la and 1971b)

‘Qrlal@ wuraraxand qualitycontrolparameterforpaforrningthisworkmenotwelldocumented.
ThedatashouldbeusedwithCaUtiO1l.
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APPENDIX C

STATISTICAL ANALYSIS FOR ISSUE RESOLUTION

C1.o STATISTICS FOR SAFETY SCREENING
DATA QUALITY OBJECTIVE

The safety screenirtg DQO (Dukelow et SL 1995) defines acwptable decision contldence
liits in terms of one-sided 95 percent cotildence intervals. This appendix reports the
results of one-sided confidence Iindts supporting the safety screening DQO for
tank 241-S-1 11. The &ta are from the fti laboratory data package for the 1996 core
sampling event for tank 241-S-111 (Steen 1996).

Cotildence intervafs were computed for each sample number from tank 241-S-111 analytical
data. Tables Cl-1 and Cl-2 provide sample numbers and confidence intervals for alpha
and DSC, respectively.

The upper limit (UL) of a one-sided 95 percent cmrtldence interval on the mean is

P + bf,o.m) * %.

In thii equation, ~ is the arithmetic mean of the data, ~t is the estimate of the standard
deviation of the mean, and ~u,o,~~)is the quantile from Student’s t distribution with degrees of
freedom (dfj for a one-sided 95 percent contldence interval.

For tank 241-S-111 data (per sample number), df equals the number of observations minus
one.

Table C1-1 lists the UL of the 95 percent Cotitdence interval for each sample number based
on alpha data. Each contldence interval can be used to make the following statement. If
the UL is less than 41 pCi/g (61.5 pCi/mL for drainable liquid), reject the null hypothesis
that the alpha is greater than or equal to 41 pCi/g (61.5 vCi/mL for drainable liquid) at
the 0.05 level of significance. AN calculated cmrtldence intervals are below the UL for total
alpha.

Table Cl-2 lists the UL of the 95 Percent confidence interval for each sample number based
on DSC data. Each confidence interval can be used to make the following statement. If
the UL is less than 480 J/g, reject the nuIl hypothesis that DSC is greater than or equal to
480 J/g at the 0.05 level of significance. All calculated umfldence intervals are below
the UL for energetic by DSC.
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Table C 1-1. 95 Percent Confidence Interval Upper Lmits for Alpha for Tank 241-S-111
(Units are pCi/g or pCi/mL).

~

S96TO03362” Core 149, segment 3, drainable

Core 149, segment 3, whole segment 2.96E-02

1

S%TO03408 ICore 149, segment 5, lower half 12.34E-02 I 2.85E-03
1

S96TO03409 Core 149, segment 6, lower half 2.70E-02 5.00E-04

S96TOO341O Core 149, segment 7, lower half 2.07E-02 3.50E-04
1

S96TO03411 I Core 149, segment 8, lower half 13.26E-02 I 5.35E-03

S96TO03412 Core 149, segment 9, lower half 7.05E-02 2. 16E-02

S96TO03619’2 Core 149, segment 10, upper half 3.45E-03 2.40E-04

S96TO03413 Core 149, segment 11, upper half 1.85E-03 8.00E-05

6.91E-03

2.07E-02

4. 1OE-O2

5.28E-02

4. 13E-02

3.02E-02

2.29E-02

6.63E-02

2.07E-01

4.97E-03

2.36E-03

Notes
%mple result islessthanthedetectionlimit.
2Dupliesteresultis lessthsnthedetectionlimit.
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Table CI-2. 95 Percent Confidence Interval Upper Lmits for DSC for Tank 241-S-111
(Units are J/g-Dry). (2 sheets)

S96TO03347 Core 149, segment 4, upper hrdf 7.35E+01 2.15E+O0 8.70E+01

S96TO03348 Core 149, segment 4, lower half 6.%E+O1 2.80E+O0 8.72E+01
, , I

S96TO03349 ICore 149, segment 5, upper half 10.00E+CO 10.00E+OO 10.00E+OO

S96TO03350 Core 149, segment 5, lower half O.OOE+OO 0.00E-I-00 O.OOE+OO

S%TO03351 Core 149, segment 6, upper half 5.15E+01 4.60E+O0 8.05E+01
, 1 1 1

S96TO03352 ICore 149, segment 6, lower half 10.00E+OO 10.00E+OO 10.COE+(M)

S96TO03353 Core 149, segment 7, upper half 7.25E+01 1.95E+C0 8.48E+01

S96TO03354 Core 149, segment 7, lower half 0.00E+OO 0.00E+CO 0.00E+OO

S96TO03355 Core 149, segment 8, upper half 0.00E+OO 0.00E+OO O.COE+OO
, , , 1

S96TO03356 Core 149, segment 8, lower half 0.00E+OO 0.00E+OO O.OOE+OO

S96TO03357 Core 149, segment 9, upper half 2.31E+01 5.95E+O0 6.06E+01

S96TO03358 Core 149, segment 9, lower half 0.00E+OO O.OOE+OO 0.00E+OO, , , 1

S96TO03617 Core 149, segment 10, upper half 10.00E+OO 10.00E+OO 10.OQE+OO

S96TO03359 Core 149, segment 11, upper haff 0.00E+OO 0.00E+OO 0.00E+OO

C2.O STATISTICS FOR THE ORGANfC DATA QUALITY OBJECTIVE

The organic DQO (Turner et rd. 1995) defines acceptable decision cotdldence limits in terms
of one-sided 95 percent corrfldence intervals. This appendix reports one-sided cotildence
limits supporting the organic DQO for tank 241-S-111. All data are taken from the final
laboratory data package for the 1996 core sampling event for tank 241-S-111 (Steen 1996).

Contldence intervals were computed for each sample number from tank 241-S-111 analytical
data. Tables C1-3 and C1-4 provide the sample numbers and ccmtldence intervrds for
percent water and TOC, respectively.
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For percent water, the lower limit (LL) of a one-sided 95 percent contldence interval for the
mean is

~ - hf,O.05) * ‘j

and for TOC, the UL of a one-sided 95 percent contldence interval for the mean is
L + hr,o,os) * fip

For these equations, ~ is the arithmetic mean of the data, 62 is the estimate of the standard
deviation of the mean, and ~ti,o.,,)is the quantile from Student’s t distribution with degrees of
freedom (df) for a one-sided 95 percent contldence interval.

For the tank 241-S-111 data (per sample number), df equals the number of observations
minus one.

Table Cl-3 lists the LL of the 95 percent ccmfldenceinterval for each sample number baaed
on percent water data. Each corttidence interval can be used to make the following
statement. If the LL is greater than 17 percent, reject the null hypothesis that the percent
water is less than or equal to 17 percent at the 0.05 level of significance. The LL was less
than 17 percent for 4 of the samples.

Table Cl-4 lists the UL of the 95 percent cxmfldenceinterval for each sample number based
on TOC data. Each conildencc interval can be used to make the following statement. If
the UL is less than 30,000 pg/g, reject tie null hypothesis that TOC is greater than or equal
to 30,000 yg/g at the 0.05 level of significance. The units for TOC drairrable liquid samples
were converted from pg/mL to pg/g using the specific gravity results for each sample
number. All calculated ULS were below the action limit of 30,000 pg/g.

Table C1-3. 95 Percent Contldence Interval Lower Lnits for Percent Water for
Tank 241-S-111 (Units are in Percent). (2 sheets)

S96TO03362 Core 149, segment 3, drainable liquid 5.28E+01 1.00E-01 5.22E+01

S96TO03346 Core 149, segment 3, whole segment 5.09E+01 3.25E-01 4.89E+01

S96TO03347 Core 149, segment 4, upper half 4.30E+01 0.00E+OO 4.30E+01

S96TO03348 Core 149, segment 4, lower half 3.82E+01 2.98E+O0 1.94E+OI

S96TO03349 Core 149, segment 5, upper half 2.81E+01 1.32E+O0 1.97E+01
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Table C1-3. 95 Percent Corrildence Interval Lower Lmits for Percent Water for
Tank 241-S-111 (Units are in Percent). (2 sheets)

S96’IW3353 Core 149, segment 7, upper half 2.75E+01 4.30E-01

S96TO03354 Core 149, segment 7, lower half 2.17E+01 1.05E+O0
1 1 1

S96TO03355 ICore 149, segment 8, upper half 12.29E+01 I 1.60E-01

sm3356 Core 149, segment 8, lower half 2.51E+01 2.61E+O0

S%TO03357 Core 149, segment 9, upper half 2.99E+01 2.1OE-O1
1 I 1

S96TO03358ICore 149, segment 9, lower half 13.60E+OI I 1.51E+O0

S%TO03617 ICore 149, segment 10, upper half 11.16E-I-01 I 2.00E:O1
I I I

S96TO03359 Core 149, segment 11, upper half 1.06E+01 3.30E-01

=+

2.67E+OI

2.92E+OI

2.47E+01

--l1.51E+OI

2.19E+01

m
--i

2.86E+01

2.65E+01

m
8.50E+O0 I

Table Cl-4. 95 Pereent Contldenee Interval Upper Limits for TOC for Tardr 241-S-111
(Units are in pg/g-Dry). (2 sheets)

S96TO03361 Core 149, segment 2, drainable liquid 2.24E+03 0.00E+OO

S96TO03362 Core 149, segment 3, drainable liquid 2.22E+03 1.17E+02

S96TO03346 Core 149, segment 3, whole segment 7.08E+03 1.15E+03

2.24E+03

2.95E+03

1.04E+04

S96TO03347 Core 149, segment 4, upper hrdf 6.43E+03 1.01E+03 1.28E+04

S96TO03348 Core 149, segment 4, lower half 6.06E+03 17.28E+01 6.52E+03

S96TO03349 Core 149, segment 5, upper half 3.07E+03 3.62E+02 5.36E+03

S96TO03350 Core 149, segment 5, lower half 3.55E+03 1.81E+02 4.69E+03

S96TO03351 Core 149, segment 6, upper half 3.64E+03 2.73E+01 3.81E+03
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Table Cl-4. 95 Percent Cootldence Interval Upper Limks for TOC for Tardc241-S-111
(Units are in pg/g-Dry). (2 sheets)

J 1

S%TO03353 ICore 149, segment 7, upper haIf 13.77E+03

Is96To03354 Icore 149, segment 7, lower ~f 12.21E+03

S%TO03355 Core 149, segment 8, upper half 2.33E+03

S96TO03356 Core 149, segment 8, lower half 2.60E+03

S96TO03357 Core 149, segment 9, upper half 3.44E+03

S%TO03358 Core 149, segment 9, lower half 2.29E+03

S96TO03617 Core 149, segment 10, upper half 8.50E+02

S96TO03359 Core 149, segment 11, upper half 5.98E+02

6.38E+O0 ( 2.25E+03

+=

2. 14E+02 2.95E+03

2. 14E+02 3.95E+03

5.71E+01 3.80E+03

1.64E+02 13:33E+03

=%=
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APPENDIX D

EVALUATION TO ESTABLISH BEST-BAWS INVENTORY FOR
SJNGLESHELL TANK 241-S-111

An effort is underway to provide waste inventory estimates that will serve as standard
characterization source terms for the various waste management activities (Hodgson and
LeClair 1996). As Dart of this effort. an evaluation of available chemical information for
tank 241-S-111 was’performed, and a best-basis inventory was established. ‘“
follows the methodology established by the standard inventory task.

DLO CHEMICAL INFORMATION SOURCES

● Sample data in Appendix B, core 149 segments 1 through 11

● Samples from other S and U farm tanks with similar SMMS 1
types.

Thii work

saltcake waste

● %rnple data from other S farm tanks with R1 and CWR1 (REDOX cladding
waste) sludge waste type.

● The HDW Model dccument (Agnew et al. 1996) provides tank content
estimates in terms of component concermations and inventories.

D2.O COMPARISON OF COMPONENT INVENTORY VALUES

Tables D2-1 and D2-2 show HDW model inventories and sample data from tank 241-S-111.
The waste volume used to generate the HDW inventory is 2,040 kL (538 kgal) total waste
which is partitioned into 295 kL (78 kgal) sludge, 1,511 kL (399 kgal) sakcake, and 231 kL
(61 kgai) unknown waste (Agnew et al. 1996). The HDW waste density was 1.59 g/mL.

The sampling-based inventory was generated using a solid waste volume of 1960 kL
(517 kgal). The volume of liquid in the tank is less than 5 percent of the total volume, and
the liquids will be pumped from the tank during stabilization activities. Therefore, only the
solids were used to estimate the inventory. Waste volume estimates are described in
Appendix A. The solids consist of 530 kL (139 kgal) of sludge and 1,430 kL (378 kgal) of
srdtcake. The derivation of the best-basis sampling inventory estimate is described in
Section D4.2.
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Table D2- 1. Sample-Based and Hanford Defied Waste-Based Inventory Estimates for
Nonradbactive Components in Tank 241-S-111.

Bi

Ca

Cd

c1

Cr

F

Fe

Hg

K

La

Mn

Mo

Na3

Ni

NO,

17 rrlr Pb nlr 1,410

9,0Q0 13,700 Pas PO, 25,300 12,300

15,100 18,100 Si 745 4,210

2,390 1,600 s as so, 52,000 38,200

2390 15,300 Sr 14 0.718

nlr 39.7 TIC as CO, 30,500 43,100

2,330 3,880 TOC 6,600 15,700

nir 3.41 Uw 639 8,810

151 366 Zn 848 rrlr

93 nh Zr 15 94

581,000 524,(K)O H,O (W%) 28.7 36

101 1,440 Demity 1.78 1.59

91,900 263,(MO
(kg/L)

Notes:
‘.%mp@ inventorycalculatedas describedin SectionD4.2.
‘Agnew et al. (1996)

D-4



HNF-SD-WM-ER-638 Rev. O

Table D2-2. Sampling and HDW Predicted Inventory Estima@ for Radioactive
Components in Tank 241-S-111’.

Norm
Decayed to Jaauary1, 1994
‘Agnewet al. (1996)

D3.O COMPONENT INVENTORY EVALUATION

D3.1 WASTE HISTORY TANK 241-S-111

Tank 241-S-1 11 is the secmd tank in a three-tank cascade series that includes
tanks 241-S-110 and 241-S-112. From 1952 until 1957, the tank waste cascaded from tank
241-S-1 10, which was receiving fmt cycle REDOX waste and REDOX cladding waste
(CWR) during that tiie. Beginning in 1974, transfers of supernate were made to tank 241-
S-102 begao in 1974. Evaporator bottoms were returned, eventually filing the tank. A
pump was installed and pumping of interstitial liquids was initiated in 1976. Between 1976
and 1978, a total of 935 kL (247 kgal) of liquid was pumped. The tank was primary
stabilized in March 1978 and partidy isolated in December 1982.

The tank is on the Hydrogen Watch List. It is passively ventilated and is categorized as
sound with partial interim isolation completed. Appendm A contains a more detailed waste
transfer history.

D3.2 EVALUATION OF TANK WASTE VOLUME

The tank 241-S-1 11 surface level is monitored with both an auto and manual E~
gauge. The surface level for the past year has remained steady with the readiigs ranging
from 518.5 cm to 516.7 cm (204.15 to 203.43 in.). As of Jamrary 21, 1997, the tank
surface-level height recorded from the Surveillance Analysis Computer System was 518 cm
(203,8 in.) which corresponds to 2,040 kL (540 kgaf) of total waste in tank 241-S-1 11.
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D3.3 CONTRIBUTING WASTE TYPES

Tbe HDW model (Agnew et al. 1996) predicts that the tank contains a total of 2,040 kL
(538 kgal) of wats, consisting of 250 kL (66 kgal) of fwst cycle REDOX high-level waste
(Rl), 45 kL (12 kgal) of cladding waste from the REDOX process (CWRl), 231 kL
(61 kgal) of an unknown waste, and 1,510 kL (399 kgrd) of saltcake (SMMS1) predicted
from the SMM.

The sort on radioactive waste type (SORWT) model (Hill et aL 1995) lists REDOX high-
level waste, and evaporator bottoms (EB) as the primary and secondary waste types,
respectively. Evaporator bottoms waste is the SORWT deftition for srdtcake that is
equivalent to the SMM wxte type.

D3.4 INVENTORY EVALUATION

Tbe following evaluation provides an engineering assessment of tank 24 l-S- 111 contents.
For this evaluation, the following assumptions and observations are made:

● The tank volume of 2,040 kL (540 kgal) estimated in Appendix A is assumed
to be correct.

● The superrratant contribution is not significant to the overall waste inventory
(less than 5 percent by volume). In addition, liquids will be pumped horn the
tank. Therefore, the volume used to estimate the inventory is the solids
volume of 1960 kL (517 kgal).

● Only SMMS 1, REDOX, and CWR1 wsste streams contributed to solids
formation.

D-6



HNF-SD-WM-ER-638 Rev. O

D3.5 BASIS FOR CALCULATIONS USED fN THIS ENGINEERING EVALUATION

Table D3-1 lists the approaches used for calculating and checking the supernatant, aakcake,
and sludge inventories of tank 24l-S-111.

Table D3-1. Engineering Evrduation Approaches Used On Tank 241-S-111.

Supernatant

Saltcake
Volume = 1,430 kL
(378 kgal)
Densi~ = 1.68
ghnL

Sludge
Volume = 526 kL
(139 kgal)
Density = 1.67
g/mL

Assumed no supernatant. (Although
87 kL [23 kgal] of supernatant is
estimated, this liquid will be removed
by salt well pumping.)

Used sampling baaed concentrations
for tank 241-S-111.

Used sampling bawd concentrations
for tank 241-S-111.

rtia

SMMS1 average
concentrations from other
Sand UTank Farm tanks
with sample data available.

Average sludge
concentrations fkom other S
Farm tanks with sample data
available.

D3.5.1 Basis for Saltcake Calculations

The saltcake and sludge segment data for the tank 241-S-111 core sample were evaluated and
compared to average concentrations of sample data from tanks with sbniiar saltcake and
sludge waste types. Based on extrusion observations and aradyticaf data, the sample data for
segments 4 through 8 were used to estimate the concermation of the saltcake layer. Data on
the solids of segment 3 were excluded as less than 15 g were recovered. Data from Segment
9 were not used as this segment is transitional between the sakcake and sludge. The results
for segments 4 through 8 were averaged to get the mean saltcake concentration for the tank,
which was compared to analyses for other tanks using the check method described below.

The check method used is based on comparing data sets from S and U Tank Farm samples.
Tanks 241-S-101, 241-S-102, 241-U-106, and 241-U-109 were used to produce the average
saltcake arralyte concentrations for SMMS1 sakcake. Agnew et al. (1996) indicates
SMMS 1 waste for all these tanks. To calculate the average SMMS 1 concentration, the waste
volumes and predicted location from the HDW model for the SMMS1 layer in each tank was

D-7



HNF-SD-WM-ER-638 Rev. O

determined. The TCR sample data was reviewed and using the segments located in the
predicted location from the HDW model, an average concentration was calculated.

Table D3-2 shows the mncentrations from each tank and the segments used in the
calculation. The average component concentrations for the four tanks are afso shown. For
comparison, the SMMS 1 saltcake composition prethcted by the HDW model for
tank 241-S-1 11 is shown.

Table D3-2. SMMS 1 Sakcake Concentrations from Sampling Data and Modeling.’
(2 sheets)
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Table D3-2. SMMS1 Saltcake Concentrations from Sampling Data and Modeliig.’
(2 sheets)

Notes
DL = detectablelimit

‘All&ta in ~g/g
2’411analytemncerumtronsbasedonaciddigestvaluesformmpadsorr.
3Lesstbarrthedetectablelimit

The average concentrations of F, PO,, and P from the comparison tanks match better with
tank 241-S-1 11 sample srdtcake concentrations if the high values from tank 241-S-102 are
removed. The average concentration would drop to 1,820 mg/g, 7,120 mg/g, and 2,120
mg/g for F, PO,, and P, respectively.
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D3.5.2 Basis for Sludge Calculations

Data from tank 24 l-S-111 core sample segments containing sludge waste were compared to
average concentrations of sample data from tanks with similar sludge waste types. I%
estimated in Appendix A, tank 241-S-111 has 526 kL (139 kgal) of sludge. The analytical
data for segments 10 and 1t or Core 149 were used to calcuiate the mean concentrations in
the sludge. Segment 9 was not used as it is transitional between saltcake and sludge. This
average sludge concentration for tank 241-S-111 is presented in Table D3-3.

An estimate of R1 and CWRl sludge concentrations was derived from sampling data for
other tanks in the S Tank Farm. Sample data from tanks 241-S-102, 241-S-104,
and 241-S-107 were used to produce average analyte concentrations for R1 and CWRl
sludge waste. To calculate the average concentration, the volumes and predicted location of
the sludge were taken from the HDW for the tank’s R1 waste. The TCR sample data were
reviewed. Only the segments located within the pre&cted sludge location from the HDW
were used in deriving an average concentration. Table D3-3 shows the average concentration
from each tank, the segments used, and the HDW model concentration for each amdyte.

Table D3-3. R1/CWRl Sludge Concentrations from Sampling Data and Modeliig’
(2 sheets)

, , 1 1

Ag 9.71 I < DL < DL 9.7 I 3.91 rlh

B 63.1 26.6 49 46.2 63 nlr

Bi < DL 45.7 < DL 45.7 34 oh

Ca 322 247 234 268 162 5,250

c1 2,050 3,200 1,860 2,370 2,100 792

Cr 2,230 2,350 1,180 1,920 2,24(Y 2,52C

F nfr 145 150 148 61 Ii/l

Fe 1,960 1,720 1,160 1,610 47 32,30(

K 539 300 457 432 433 19(

Mn 2,750 1,150 83 1,330 209 rlh

Na 123,000 121,000 60,400 101,OOO 69, 104Y 48,40(
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Table D3-3. R1/CWRl Sludge Concentrations from Sampling Data and Modeling’
(2 sheets)

1 1 1 , 1 1

NO, 31,1001 25,9001 34,3001 30,400 [ 21,2001 54,20C

N03 102,OOO 119,000 57,600 92,900 35,300 4,770

Pb 37 29.6 33 33.2 34 2,45a

PO, 1,360 2,190 1,630 1,730 1,580 Lrlr

P 278 93.2 391 254 1,640 nh

s 343 472 293 369 364 0/1

Si 1,360 1,330 1,060 1,250 420 24a, 1

so, I 897 I 2,2701 1,3001 1,4901 706 I 8%

Sr 456 424 378 420 3.4 rlll

TOC < DL 1,730 293 1,100 643 nh

u 8,480 6,690 8,686 7,950 nlr 7,240

Zn I 25.11 rlh I 2.4! 23.1! 8983I nh

Zr 36 33.6 131 66.7 3.4 nh

Density 1.74 1.74 1.87 1.78 1.67 1.53

Notes:
COnc. = concentration

lAUdata inpg/gexceptdensity(@@
‘Allrepnrtedresultsfor metalsarcbasedonaciddigestresults,exceptas M@.
‘Fusiondigestionresults

Several analytes show large differences from tank to tanfc. Two tardrs with Na and N04
concentrations have at least twice the concentration of tank 241-S-111. However the
concentrations of these analytes in tank 241-S-107 compare favorably with tank 24l-S-111.
The aluminum value for tank 24l-S-111 is much higher than the other tanks. In addition, the
iron value for tank 241-S-111 sludge is about 35 times less than the other tanks. It is
apparent that the sludge in tank 24l-S-111 is almost exclusively CWR, while the waste in the
other tanks may be closer to RI waste (see Table 3-4).
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D3.6 ESITNIATED COMPONENT INVENTORIES

Table D3-4 summarizes the estimated chemical inventories for tank 241-S-111: the sample.
based inventory from tank 241-S-111, the prdlcted engineering assessment inventory, and
the HDW medel estimated inventory. The engineering assessment inventory is based on the
average analytical concentrations from four tanks with SMMS1 sakcake (see Table D3-2) and
three tanks with R1 and CWRl sludge (see Table D3-3). The calculated concentrations for
the sahcake and sludge components were converted to inventories based on the analytical
density results and relative volumes predicted by Agnew et al. (1996) and were added
together to provide the total tank inverttory estimate.

Table D3-4. Estimated Chemical Inventory for Tank 241-S-111.

Bi 205 174 316

Cr 14,400 15,100 18,100

F 11,80 2,390 1,600

Fe 4,850 575 15,300

K 2,940 2,330 3,880

Na 500,000 581,0043 524,000

NO, 450,000 707,000 597,000

Po, 84,500 25,300 12,300

so, 34,700 52,000 38,200

TOC 22,500 6,600 15,700

Nom
lFromTable D4-1. (1996)

These inventory estimates for the tank were generated from independent sources. The HDW
model provides tank composition estimates based on historical process and waste mmsfer
records. The R1/CWRl Sludge and SMMS 1 SaltCakeformulations were developed from
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analytical data on what was believed to be simiiar waste types. Thii tank afso has analytical
data from a 1996 sampling event. Thus, this engineering assessment provides an opportunity
to compare data from the waste type formulation approach with the HDW model vafues and
tank-specific ardyticai data.

Aluminum is expected to be in sludge and srdtcake layers. The Al value for the four saltcake
tanks shown in Table D3-2 is 15,100 pg/g. The sample based value is 15,000 pg/g agreeing
with the values for the other tanks. The HDW SMM model vafue is 32,100 pg/g, a factor of
two larger than either of the other two values. This factor has been seen in a number of S
Tank Farm tanks. This may be caused by the lack of fusion data for the saltcake layers.
Because of the lack of consistent fusion digest sample values, the analytical &ta is calculated
on acid digest sample results. The sludge Af value is 249,(EXI#g/g (see Table D3-3) based
on the fusion result. The analytical-based average concentration is 100,100 pg/g based on
the average of acid digest sample results. The HDW model sludge concentration is 92,400
pg/g. The sample vrdue is more then twice that of the other two vafues, which supports the
conclusion that the sludge in tank 241-S-11t is mostly cladding waste.

calcium

The HDW model predcts the Ca concentration would be approximately 6 times higher in the
sludge than in the saltcake. However, both analytical and engineering assessment-based
values indicate that the Ca mncentrations are simifar in saltcake and sludge. There appears
to be considerably less Ca in the tank than predicted by the HDW model.

Chloride

The HDW model predicts the chloride concentration will be approximately 6 times higher in
sakcake than in sludge. However, both the analytical data and the engineering assessment
value predict that differenw in chloride values between saftcake and sludge is less than a
factor of two.

Chromislrn

In the sludge layer, there is agreement among the three concentration estimates for Cr.
However, in the sakcake, the analytical value for Cr is approximately 2.7 times higher than
the HDW model value. There is agreement between the engineering assessment value and
the analytical value in the saltcake layer.
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Iron

The analytical-based iron concentration in the sludge is far less than that prdlcted by the
engineering assessment or the HDW model. The iron concentration predicted by the HDW
model is approximately 690 times greater than the analytical-based value. The HDW model
predicts R1 waste sludge in the tank, while the samples indicate that the sludge is cladd~
wrote, which has considerably less iron.

Manganese

Potassium permanganate was used in the REDOX process until 1959; therefore manganese is
expected to be in tanks containing waste from that process. Manganese is probably present
as Klghly insoluble manganese dioxide in the alkaline wsste materials and in the sludge. The
RI /CWR1 sludge composition estimate developed in this eng~ring assessment for Mn was
1,330 pg/g. The SMMS 1 saltcake composition estimate for Mn was 684 ~g/g, much higher
than would be expected based on volubility considerations. It should be noted that there are
large ranges in the SMMSI and R1 data sets for Mn. The HDW model predicts zero Mn in
the sludge in tank 241-S-111 and 131 #g/gin the saltcake layer. Baaed on the analytical
data, the Mn concentration in sahcake is 55 ~g/g and in sludge 47 pg/g.

Phosphate

In the sakcake, a large difference exists between the engineering assessment concentration
estimate and the HDW model and analytical-based estimates for phosphate. The engineering
assessment value is biased ldgh because of one extremely high phosphate value in data set
used to develop the SMMS 1 sakcake composition estimate (see Table D3-2). If the
phosphate data from tank 241-S-102 are eliminated from the SMMS1 composition estimate,
than the engineering assessment, analytical-based, and the HDW estimates would agree. The
HDW model predicts sero phosphate in the sludge. The analytical-based and engineering
assessment-baaed values are low (less than 2,000 pg/g phosphate).

D4.O DEFINE THE BEST-BASIS AND ESTABLISH COMPONENT INVENTORIES

D4.1 OVERVIEW

Aa part of thin effort, evaluations were performed of the following chemical information for
tank 241-S-111:

● The inventory estimate generated by the HDW model (Agnew et al. 1996)
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● An engineering evaluation which produced a predicted SMMS 1 inventory
based on a methodology developed by evaluating tanks 241-S-102, 241-S-102,
241-U-107, and 241-U-109.

● An engineering evaluation of R1/CWR sludge based on sampling-bawd data
from tanks 241-S-102, 241-S-104, and 241-S-107.

● Sample data horn tank 241-S-111, reported in Appendix B.

Baaed on the evaluations, a best-basis inventory was developed for tank 241-S-111. Only
one core was analyred; therefore, the horizontal variability cannot be estimated. Variation
between core samples (spatisJ variability) is ofterr the largest source of variability in
characterization samples (Jensen et al. 1995). Nevertheless and for the following reasons,
the sample-based evaluation inventory was chosen as the best basis for those artalytes for
which sampling-based analytical values were available.

● The sampling-based inventory analytical concentrations of the other S and
U tanks containing SMMS1 waste compared favorably with tank 241-S-111
sampling inventory.

● No methodology is available to fully predict SMMS 1 saltcake from process
flowsheet or historical records.

● Comparing sample-based sludge data from tank 241-S-111 to analytical data
from other S Farm tanks provides strong evidence that the sludge in
tank 241-S-111 is predominantly CWR rather than R1 waste.

D4.2 CALCULATION OF THE BEST-BASIS INV5NTORY

The best-basis inventory is calculated using the mean saltcake and mean sludge
concentrations for 241-S-111, presented in Tables D3-2 and D3-3. The volume of saltcake is
assumed to be 1,430 kL (378 kgal) and the volume of sludge is assumed to be 526 (139
kgal), as estimated in Appendix A. The densities of saltcake and sludge are 1.68 and 1.67,
respectively, derived horn the sampling data for segments 4 through 8 for sahcake and 10
through 11 for sludge. The liquid data were not included in the inventory as the liquids will
be pumped in the near fimre, and the volume of liquid is small relative to solids (less than 5
percent of total volume).

For certain analytcs (total uranium and ‘Sr), data are only available from the core composite
sample. The inventory for these anaiytes is calculated using the reported concentration, a
solids volume of 1,957 kL (517 kgal), and a composite sample density of t .78 g/mL. The
inventory of 137Csis also calculated from the composite.
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Certain other anaiytes were not measrrred analytically, or the results were below detection
limits. For these, the engineering assessment or HDW model estimates were used.
Tables D4-1 and D4-2 show the best-basis inventory for tank 24l-S-111. The source of the
data is listed for each analyte.

Table D4- 1. Best-Basis Inventory Estimates for Nonradioactive Components in
Tank 241-S-111.

Al 254,001Y s N1 101 s

Bi 174 s N02 91,900 s

Ca 497 s NO, 707,000 s

c1 9,000 s OH O/r

Cr 15,100 s Pb 141 E

F 2,390 s Pa 25,300 s
PO.

Fe 575 s Si 745 s

Hg 39.7 M s as so, 52,000 s

K 2,330 s Sr 232 E

La 98 E TOC 6,600 s

Mn 151 s Umfi 639 s

Na 581,000 s Zr 15 s

Notes:
‘S = sample-based,M = HDWmoelel-baserl,E = e@nee@ m,unem-~
‘Basedon fusiondigestssmpleresults
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Table D4-2. Best-Basis Inventory Estimates for Radbactive Components in
Tank 241-S-111.1

Notes:
RadiOnuclidesdecayedtOJanuary 1, 1994
2S = sample-ba.wd,M = HDW model-baaed,E = engineering—Ut-hazed
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APPENDIX E

BIBLIOGRAPHY FOR TANK 241-S-111

Appendix E is a bibliography of information that supports the characterization of
tank 24 l-S-111. Thii bibliography represents an in-depth literature search of all known
information sources that provide sampling, analysis, surveillance, and modeling information,
as well as processing occurrences associated with tank 24l-S-l 11 and its respective waste
types.

The referenca in this bibliography are separated into the following categories and subgroups.

I.

II.

m.

NON-ANALYTICAL DATA

Ia. Models/Waste Type Inventories/Campaign Information
Ib. Fill History/Waste Transfer Records
Ic. Surveillance/Tank Configuration
Id. Sample Planning/Tank Prioritization
Ie. Data Quality Objectives/Customers of Characterization Data

ANALYTICAL DATA - SAMPLING OF TANK WASTE AND WASTE TYPES

IIa. Sampling of Tank 241-S-111
Ilb. Sampling of 242-S Evaporator Streams
Hc. Sampling of REDOX Waste

COMBINED ANALYTICAIJNON-ANALYTICAL DATA

IIIa. Inventories Using both Campaign and Analytical Information
IIIb. Compendium of Existing Physical and Chemical Documented Data Sources

Thii bibliography is divided into appropriate sections of material with an annotation at the
end of each reference describing the information sourw. When possible, a reference is
provided for information sources. Most information listed below can be found in the
Lockheed Martin Hanford Corporation Tank Characterization Resource Center.
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I. NON-ANALYTICAL DATA

la. Models/Waste Type Inventories/Campaign Information

Anderson, J. D., 1990, A Histo~ of the 2tMArea Tank Farms,
WHC-MR-0132, Westinghouse Hanford Company, Richland,
Washington.

● Contains single-shell tank fill history and primary campaign/waste type
information to 1981.

Hill, J. G., G. S. Anderson, and B. C. Simpson, 1995, The Sort on
Radioactive Waste ~pe Model: A Method to Sort Single-shell Tankr
into Characteristic Groups, PNL-9814, Rev. 2, Pacific Northwest
Laboratory, Ricblaod, Washington.

● Classifies tanks into waste types bssed on transfer history.

Jungfleisch, F. M., and B. C. Simpson, 1993, Preliminary Estimation of the
Waste Inventories in Hanford T& Through1980,
WHC-SD-WM-TI-057, Rev. OA, Westinghouse Hanford Company,
Richland, Washington.

● A model based on process knowledge and radioactive decay estimations
for different compositions of process waste streams assembled for total,
solution, and solids impositions per tank. Assumptions about
wastdwaste types and volubility parameters/constraints are also given.

Boldt, A. L., 1%6, REDOX Chemical Flowsheet HW No. 9, 1S0-335, Atlantic
Richfield Hanford Company, Ricbland, Washington.

Crawley, D. T., 1960, REDOX ChemicalFlowsheer, HW-NO.6, 66203,
General Electric Hanford Company, Richland, Washington.

Merrill, E. T., and R. L. Stevenson, 1955, REDOX Chemical Fbwsheet
HW No. 5, HW-38684, GeoeraJ Electric Hanford Company, Richkmd,
Washington.

● Contains compositions of material balance for REDOX process and a
separations plan showing process stream waste before transfer to 200
Area wsste tanks.
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It). Fill History/Waste Transfer Records

Agnew, S. F., R. A. Corbin, T. B. Drrran, K. A. Jurgensen, T. P. Ortiz, and
B. L. Young, 1996, Waste Status and TransactionRecord Summaryfor
the Southwest Quadrant of the Hanjord 2tM East Area,
WHC-SD-WM-TI-614, Rev. 2, Los Alamos NatiooaJ Laboratory,
Los Akunos, New Mexico.

b Contains spreadsheets showing available &ta on tank
additiooshosfers.

Anderson, J. D., 1990, A History of the 2(MArea TankFarms,
WHC-MR-0132, Westinghouse Hanford Company, Ricfdand,
Wuhington.

● Contains single-shell tank ftil h~tory and primary campaign/waste type
information up to 1981.

Ic. Surveillance/Tank Conilguration

Alstad, A. T., 1993, Riser Chfiguradon Documentfor Single-Shell Waste
Tankr, WHC-SD-RE-TI-053, Rev. 9, Westinghouse Hanford Company,
Richland, Washington.

● Shows tank riser locations in relation to tank aerial view and provides a
description of the risers and their contents.

LIpnicki, J., 1996, Waste TankRisers Avaitile for Sampling,
WHC-SD-WM-TI-71O, Rev. 3, Westinghouse Hanford Company,
Richland, Washington.

● Assesses riser locations for each tanlq not all tanks are
irrchrdedkompleted. Also includes is an estimate of the risers available
for sampling.

Tran, T. T., 1993, ThermocoupleStatus Single-Shell & Double-Shell Wizrte
Tanks, WHC-SD-WM-TI-553, Rev. O, Westinghouse Hanford
Company, Richland, Washington.

● Shows thermocouple statrrs for waste tanks.
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Id. Sample Pkmning~ank Prioritization

Brown, T. M., S. J. Eberlein, J. W. Hunt and T. J. Kunthara, 1996, Tank
Waste Characterization Basis, WHC-SD-WM-TA-164, Rev. 2,
Westinghouse Hanford Company, Ricbland, Washington.

● Summarizes the technical basis for characterizii tank waste and
assigns a priority number to each tank.

Conner, J. M., and W. L Winkelman, 19%, Tank 241-S-111 Tank
Choracteri@”on Plan, WHC-SD-WM-TP-3 17, Rev. 3, Westinghouse
Hanford Company, Richland, Washington.

● Discusses DQOS applicable to tank 241-S-11 aud how their
requirements will be met.

Conner, J. M., 1996, Tank 241-S-111 Push Mode Core Sampling and Analysis
Pfan, WHC-SD-WM-TSAP-085, Rev. OA, Westinghouse Hanford
Company, Richland, Washington.

● Containsdetailed sampling and analysis procedure information for
tank 241-S-111 ba.ed on applicable DQOS.

Grimes, G. W., 1977, Hanford Long-TermDefense High-Level Waste
Management Program Waste Sampling and Characten”zationPkrn,
RHO-CD-137, Rockwell Hanford Operations, Richland, Washington.

● Early characterization planning document.

Wtielman, W. D., J. W. Hunt, and L. J. Fergestrom, 1996, FY 1997 Tank
WosteAnalysis Plan, WHC-SD-WM-PLN- 120, Rev. 1, Westinghouse
Hanford Company, Richland, Washington.

● Contains Tri-Party Agreemeut requirement-driven TWRS
Characterization Program information and a list of tanks addressed in
Fiscal Year 1997.

Winters, W. L, L. Jensen, L. M. Sawlci, R. L. Weiss, J. F. Keller,
A. J. Sckidt, ad M. G. Woodruff, 1989, Waste Charwterizatibn
Plan for the Ha@ord Site Single-Shell Tanks, WHC-EP-0210,
Westinghouse Hanford Company, Ricbland, Washington.
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Flesher, D. J., and R. N. Kersey, 1980, Hanford D@ense High-Level Woste
Sampling and Characterization Plan, RHO-CD-573, Rockwell Hanford
Company, Richland, Washington.

● Discusses early characterization planning documents.

Christensen, W. R., 1975, TankFarm Sludge Samples, (internal letter [number
unknown] to J. A. Teal, November 18), Atlantic Richfield Hanford
Company, Richland, Washington.

● Lists tanks to be sampled, November 1975 to March 1976.

Homi, C. S., 19%, Vapor Samplingand Analysis Plan,
WHC-SD-WM-TP-335, Rev. 2D, Westinghouse Hanford Company,
Richland, Washington.

● Vapor sampling and analysis procedure for 200 Area tanks.

DOE-RL, 1996, Recommendation93-5 ImplementationPlan,
DOE/RM4-0001, Rev. 1, U.S. Department of Energy Richland
operations, Ricfdand, Washington.

● Describes the organic solvent issue in the 93-5 implementation plan.

Kupfer, M. J., W. W. Schultz, G. L. Borsheirn, S. J. Eberlein,
B. C. Simpson, and J. T. Skmkas, 1994, Strategyfor Wnpling Hanford
Site Tank Wostesfor Development of Disposal Technology,
WHC-SD-WM-TA-154, Rev. O, Westinghouse Hanford Company,
Rictdand, Washington.

● Provides basis for selecting tanks for disposal needs.

Ie. Data Quality Objectives and Customers of Characterization Data

Turner, D. A., H. Babad, L. L. Buckfey, and J. E. Meacbam, 1995, Data
Quality Objective to Suppo~ Resolution of the Organic Cornplerant
Sqfety Issue, WHC-SD-WM-DQO-O06, Rev. 2, Westinghouse Hanford
Company, Richland, Washington.

● Applies to tanks that may contain elevated levels of organics.
Describes testing necessary to determine whether an organic fuel issue
exists for the tardc.
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Cash, R. J., 1996, Scope Increase of Data Quality Objem”veto Support
Resolti”on of the Organic Complemnt S@ty Issue, Rev. 2, (internal
memorandum 79300-96-029 to S. J. Eberlein, July t2), Westinghouse
Hanford Company, Ricfdand, Washington.

● Contains interim requirements for the organic solvents issue.

Fowler, K. D., 1995, Data Quality Objectives for Tank Farms Waste
Compatibility Program, WHC-SD-WM-DQO-OO1,Rev. 1,
Westinghouse Hanford Company, Ricbland, Washington.

● Used to determine the compatibility of a waste stream with double-shell
tank wastes.

Dukelow, G. T., J. W. Hunt, H. Bahd, and J. E. Meacharn, 1995, Tank
Sqfety ScreeningDara Quality Objective, WHC-SD-WM-SP-004,
Rev. 2, Westinghouse Hanford Company, Richland, Washington.

● Used to determine whether tanks are operating under safe c-onditions.

Simpson, B. C., and D. J. McCain, 1996, Historical Model Evaluation Data
Requirements, WHC-SD-WM-DQO-018, Rev. 1, Westinghouse,
Hanford Company, Richland, Washington.

● Provides data needs for evaluating the Los Alamos National Laboratory
model for estimating tank waste compositions.

Osborne, J. W., J. L. Huckaby, E. R. Hewitt, C. M. Anderson,
D. D. Mahlum, B. A. Pulsipher, and J. Y. Young, 1995, Data Qruzliry
Objectives for Generic In-TankHeahh and S@y Vapor Issue
Resolution, WHC-SD-WM-DQO-O02, Rev. 1, Westinghouse Hanford
Company, Richland, Washington.

Osborne, J. W., and L. L. Buckfey, 1995, Data Qualiry Objem”vesfor Tank
Hazardous Vapor Safety Screening, WHC-SD-WM-DQO-O02, Rev. 2,
Westinghouse Hanford Company, Richfand, Washington.

● Describes the sampling and analysis used to address tank vapor safety
and heafth iSSUCS.
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Slankas, T. J., M. J. Kupfer, and W. W. Schulz, 1995, Data Neea!rand
Attendant Data Quality Objectivesfor Tank Waste Pretreatment and
Disposaf, WHC-SD-WM-DQO-022, Rev. O, Westinghouse Hanford
Company, Richland, Washington.

● Documents the needs of the pretreatment function withii TWRS.

IL ANALYTICAL DATA - SAMPLJNG OF TANK WASTE AND WASTE TYPES

IIa. Sampling of tank 241-S-111

Steen, F. H., 1996, Tank 241-S-111, Cores 149 and 150, Analytical Reswls
for the Final Report, WHC-SD-WM-DP-195, Rev. 1, Rust Federal
Services of Hanford, Inc., Richland, Washington.

● Contain sample amdyses from 1996 tank 241-S-111 push core sampling
event.

Huckaby, J. L., and D. R. Bratzel, 1995, Tank 241-S-111 Heaa!rpaceGas and
Vapor C?umcterizotion Resultsfor Samples Collected in March 1995,
WHC-SD-WM-ER-507, Rev. O, Westinghouse Hanford Company,
Richland, Washington.

Jeti, R. A., A. B. Dindal, C. Y. Ma, M. A. Palausky, J. T. Skeen, and
C. K. Bayne, 1995, Analysis of Tank 241-S-111 Heodspace
Components, ORNL.-CASD-FR-241S111.95, Rev. O, Oak Ridge
National Laboratory, Oak Ridge, Tennessee.

Caprio, G. S., 1995, Vapor and Gos Sampling of Single-Shell Tank 241-S-111
Using the Vapor Sampling System, WHC-SD-WM-RPT-143, Rev. O,
Westinghouse Hanford Company, Richkmd, Washington,

Klinger, G. S., T. W. Clrmss, M. W. Ligotke, K. H. Pool, B. D. McVeety,
K. B. Olsen, O. P. Bredt, J. S. Fruchter, and S. C. Goheen, 1995a,
Vapor Space Characteriz@on of Waste Tank 241-S-111: Resuks from
Samples collected on 3/21/95, PNL-10733 UC-606, Pacific Northwest
Laboratory, Richland, Washington.

● Contains results from vapor samples obtained Mmch 21, 1995.

E-9



HNF-SD-WM-ER-638 Rev. O

Wilkins, N. E., R. E. Bauer, and D. M. Ogden, 1996, Resutis @ Vapor Space
Monitoring of Fkzmmable Gas Watch Lirt Tankr, HNF-SD-WM-TI-797,
Rev. O, Lockheed Martin Hanford Corporation, Richlaod, Washington.

● Lists results of SHMS monitoring, vapor grab samplea, and the
March 21, 1995 vapor sample.

Buckingbam, J. S., 1974, Analysis of Sludge Sample From Tank 111-S,
(internal letter [number unknown], to W. R. Christensen, May 29),
Atlantic Richfield Hanford Company, RicW, Waahiiton.

● Deacriba results for one sludge sample that was very high in
aluminum.

Horton, J. E., and J. S. Buckingham, 1974, Anatyses of Sati Sample From
242-S Evaporator Slurry Receiving T& 105-S, I(KS and 111-S,
(iternal Ietter [number unknown] to N. L. Harms, August 23), AtJantic
Richfield Hanford Company, Richlaod, Washington.

● Describes analytical results for salt and supernatant samples from
tank 241-S-111.

Horton, J. E., 1977, Analysis of Tank 111-S Salts, (iternal letter [number
unknown] to W. R. Christensen, February 28), Atlantic Richfield
Hanford Company, Ricbland, Washington.

Horton, J. E., 1977, EngineeringAssistance Waste Cbncentrarion, (internal
memorandum [number unknown] to D. C. Lini, June [no day
provided]), Rockwell Hanford Company, Richiand, Washington.

● Describes and provides results for salt sample taken
December 27, 1976.

Horton, J. E., 1978, Chem”caland Physical Analysis of Care Segmentsfrom
Tank 111-S, (internal letter 60120-78-087 to G. K. Allen, August 25),
Rockwell Hanford Operations, Ricbland, Washington.

Bratzel, D. R., 1980, Evaluation of Waste Storage Tank Physical and
Chemical Characterization Data, (internal letter 65453-80-265 to
F. M. Jungfleiach, September 18), Rockwell Hanford Operations,
Ricbhnd, Washington.

● Describes analytical results on core sample taken between February and
June 1978.
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Wheeler, R. E., 1974, Analysis @Tank Farm Samples, (internrd letter
[number unknown] to R. L. Waker, December 16), Atlantic Richfield
Hanford Company, Richkmd, Washington.

● Shows the results of one sample (100 percent solids) from
tank 241-S-111.

Babad, H., and J. S. Buckingham, 1974, Analyses of Solidtj7edSak Wastes
and Associated Mother Liquors, (internal letter [number unknown] to
G. S. Barney and Distribution, September 5), Atlantic Richfield
Hanford Company, Richkmd, Washington.

● Gives analytical results for a sample from tank 241-S-111.

Puryear, D. A., 1971, Analysis of Tanks 110-S, IIJ-S, and J12-S, (iternal
letter [number unknown] to J. O. Skolrud, July 20), Atlantic Richfield
Hanford Company, Richland, Washington.

● Provides the results of samples taken for analysis and boildown.

Puryear, D. A., 1971, Characterirdon qfS, U, and SX Waste Tanks,”
(internal letter [number unknown] to J. O. Skoh-ud, September 21),
Atlantic Richfield Hanford Company, RichJarrd,Waah~ton.

● Contains analytical results for tank 241-S-111.

Christensen, W. R. 1974, Sludge Sampling Status, (internal letter [number
unknown] to R. L. Waker, August 27), Atlantic Richtleld Hanford
Company, Richlaod, Washington.

● Gives heat generation and thermal conductivity data, along with
analytical &ta for a sample reported August 23, 1974 (see Section Ha
listing for Horton and Buckingham 1974).

Hb. Sampling of 242 S-Evaporator Waste Streams

● All information in this section is documented in Process Aids 1970
to 1993. Process Aids is a consecutive compilation of laboratory
memoranda, letters, etc. indexed by year, by subject, ardor tank. The
following analyses may provide insight as to the composition of the
saltcake waste type expected to be in tank 241-S-111.
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Jurgensmeier, C. A., 1991, Resufts of Single-Shell/Double-ShellData
Reseamh, (internal memorandum 2811O-PCL91-O46,to H. Babad,
May 30), Westinghouse Hanford Company, Ricbland, Wash~ton.

Reynolds, D. A., 1982, 242-S Evaporator Crystallizer Third Pam’al
Neutrali~”on Campaign, RHO-CD-1515, Rockwell Hanford
Operations, Richland, Washington.

Babad, H,, 1974, Analysis of Solidified Sal%Wastes and Associated Mother
Liquom, (internal letter [number unknown] to G. S. Barney, September
5), Atlantic Richfield Hanford Company, Richland, Washington.

Cain, R. J., 1974, Dry Softcake Composition, (iiterrral letter [number
unknown] to R. E. Vander Cook, Wober 18), Atlantic Richfield
Hanford Company, Richkmd, Wash~ton.

wheeler, R. E., 1974, Dry Sakcake Composition, (internal letter [number
unknown] to R. E. Vander Cook, October 18), Atlantic Richfield
Hanford Company, Richland, Wash~ton.

Sant, W. H., 1973, 242-S Feed Santpks Number T-9494, (internal letter
[number unknown] to R. L. Waker, December 18), Atlantic Richfield
Hanford Compsmy, Richland, Washingtort.

m. COMBINED ANALYTICAL/NON-ANALYTICAL DATA

lIIa. Inventories from Campaign and Analytical Information

Agnew, S. F., J. Boyer, R. A. Corbin, T. B. Duran, J. R. Fitzpatrick,
K. A. Jurgensen, T. P. Ortii, and B. L. Young, 1997, Hanjord Tank
Chemical and Radionuclide Inventories: HDWModel Rev. 4,
LA-UR-96-3860, Rev. O, Los Alamos National Laboratory,
Los Alamos, New Mexico.

● Contains waste type summaries and primary chemical rxrmpoundhmdyte
and radionuclide estimates for sludge, srrpernatam, and solids.

Allen, G. K., 1976, Estimated Inventory of ChemicalsArkied to Underground
Waste Tanks, 19M -1975, ARH-CD-601B, Atlantic Richfield Hanford
Company, Ricbland, Washington.

● Contains major components for waste types and some assumptions.
Purchase records are used to estimate chemical inventories.
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Geier, R. G., 1976, Estimated Hanjord Liquid Wir.rteschemical Inventory as
of June 30, 1976, ARH-CD-768, AtJantic Richfield Hanford Company,
Ricbland, Washington.

● Waste tank inventory estimates.

Allen, G. K., 1975, Har$ortiLiquki Woste Inventory As Qf
September 30, 1974, ARH-CD-229, Atlantic Richfield Hanford
Company, Richland, Washington.

● Contains major components for waste types and some assumptions.

IIIb. Compendium of Data from Gther Sources PhysicaJ and Chemical

Brevick, C. H., L. A. GaddB, and E. D. Johnson, 1995, Tank Waste Source
Term Inventory Wdidation, Vol Z & H., WHC-SD-WM-ER-400,
Rev. O, Westinghouse Hanford Company, Richland, Washington.

● Contains a quick reference to sampling information in spreadsheet or
graphd form for 23 chemicals and 11 ratbonuclides for all tanks.

Brevick, C. H., L. A. Gaddis, and E. D. Johnson, 1994, Hirtoncal Tank
Content Esdnratefor the Southwest Quadrant of the Harford 2(MAreas,
WHC-SD-WM-ER-352, Rev. O, Westinghouse Hanford Company,
Richland, Washmgtrm.

● Contains summary information horn the supporting document and
in-tank photo collages and the solid composite inventory estimates
Rev. O and Rev. OA.

Brevick, C. H., L. A. Gaddu, and W. W. Pickett, 1994, Supporting
Document for the Histon”cal Tank Content Em”matefor S Farm,
WHC-SD-WM-ER-323, Rev. O, Westinghouse Hanford Company,
Richland, Washington.

● Contains surnmmy tank farm and tank write-ups on Kutoricai data and
solid inventory estimates as welJ as appendixes for the &ta. The
appendixes contain the following information: Appendix C - Level
History AutoCAD sketch; Appendix D - Temperature Graphs;
Appendix E - Surface-Level Graph Appendix F, pp. F-1 -
Cascade/DryWell Ch~, Appendm G - Riser Configuration Drawing
and Table; Appendix I - In-Tank Photos; and Appendix K - Tank Layer
Model Bar Chart and Spreadsheet.
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Hatdon, B. M., 1996, Waste Tank SanunaryReport for Month Ending

●

October 31, 1996, WHC-EP-O182-1O3,Westinghouse Hanford
Company, Richland, Washington.

Contains a monthly surmrrarvof the following: fill volumes.
Watch List tanks, ‘occurren&s, integrity info~~tion, equipment
readings, equipment status, tank location, and other miscellaneous tank
information.

McCann, D. C., 1982, Waste Status Sarnmary,RHO-RE-SR-14, Rockwell
Hanford Company, Richland, Washington.

● Summarizes tank waste status as of April 30, 1982. LMts method used
to establish tank 241-S-111 waste volume estimate at that time.

Welty, R. K., 1988, Waste Stomge Tank Status and Leak Detection Criteria,
WHC-SD-WM-TI-356, Rev. O, Westinghouse Hanford Company,
Ricbland, Waah~ton.

● Provides historical surveillance data, includ~ @well activity and tank
liquid levels.

Huaa, E. I., 1993, Hanford Site Waste Storage Tank Informatt”onNotebook,
WHC-EP-0625, Westinghouse Hanford Company, Richland,
Washington.

● Contains in-tank photos and summaries of the tank description, leak
detection system, and tank status.

Husa, E. L, 1995, Hanford Waste Tank Preliminary Diyness Evaluation,
WHC-SD-WM-TI-703, Rev. O, Westinghouse Hanford Company,
Richland, Washington.

● Assesses relative dryness between tardrs.

Klein, M. J., 1990, Total Organic Carbon Concentrationqf Single-Shell Tank
Wirste, (internal memorandum 82316-90-032 to R. E. Raymond,
April 27), Westinghouse Hanford Company, Richland, Washington.

● Estimates TOC concentrations for single-shell tanks.
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Wheeler, R. E., 1975, Analysis of TankFarm Samplesfor Chloride, (internal
letter [number unknown] to R. L. Walser, May 29), Atlantic Richfield
Hanford Company, Richland, Washington.

● Gives chloride concentration for various single-shell tanks.

Shelton, L. W., 1996, Chemical and Radwnuclide Invenroryfor Single- and
Doable-Shell Tanks, (internal memorandum 74A20-96-30 to
D. J. Washenfelder, February 28), Westinghouse Hanford Company,
Richland, Washington.

● Contains tank inventory estimates based on analytical information
developed by pretreatment and disposal organizations.

Van Vleet, R. J., 1993, Radionuclide and Chemical Inventoriesfor the
Doabk+%dl Tamks,WHC-SD-WM-TI-543, Rev. 1, Westinghouse
Hanford Company, RichJand, Washington.

Carpenter, B. C., 1993, Radionaclide and Ckem”calInventoriesfor the
Single-Shell Tan& WHC-SD-WM-T1-565, Rev. 1, Westinghouse
Hanford Company, Richland, Washington.

● Provides rackonuclide and chemical inventories developed by safety
organizations.

IGmrmerer, hf., 1995, Heat Removal Characteristics of Waste Storage Tat&,
WHC-SD-WM-SARR-O1O,Rev. 1, Westinghouse Hanford Company,
Richland, Washington.

● Estimates heat load for each tank.

Dixon, D. R., 1977, Evaluation of the 24I-S-lII Salt Well Jet Pump
Prototype, RHO-CD-80, Rockwell Hanford Company, Richland,
Washmgtort.

● Discusses salt well pumping of tank 241-S-111.

LMHC, 1997, Surveillance Analysis Computer System database, January 21,
1997, Tank Farm Surveillance Engineering, lackheed Martin Hanford
Corporation, Richland, Washington.

● Surveillance data for all tanks including temperature, surface level, and
interstitial liquid level.
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