o]
b
T
®

EDMC # Y12%%

DOES I DT I :ED TO BE SCANNE ).

THIS DOCUMENT t AS BEEN SCANNED PREVIOUSLY.

'AGE COUNT 250

ACCESSION # DDDI1a7177(gb
















HNF-SD-WM-ER-402, Rev. 1

Tank Char: :terization Report “or
Single-SI 2 Tank 241-C-109

Brett Simpson
Lockheed Martin Hanford Corporation

Brent Morris
Los Alamos Technical Ass iates

Ryan D. Cromar
Numatec Hanford Corpor:.  n

Ryan E. Stou

Meier Associates

James L. Stroup
Fluor Daniel Northwest, Inc.

Date Published
May 1997

Prepared for the U.S. Department of Energy
Assistant Secret 'y r Environmental Management

Project Hanford Management ~~ntractor for the
U.S. Department of Energy ur Contract DE-AC06-96RL 13200

Approved for public release; distribution is unlimited



HNF-SD-WM-ER-402 Rev. 1

CONTENTS

1.0 INTRODUCTION . . . . . . e e e e e e 1-1
1. SCOPE . . . . . e 1-1
1.2 TANK BACKGROUND . . . . ... . e . 1-2
2.0 RESPONSE TO TECHNICAL ISSUES . . ... .. .. .. .. .. .. ... ... 2-1
2. SAFETY SCREENING . .. .. .. . e e 2-1
2.1.1 Exothermic Conditions (Energetics) . ... ... ... .......... 2-1
2.1.2 Flammable Gas . .. ... ... ... 2-2
2.1.3 Criticality . . . .. . . e e e 2-2
2.2 FERROCYANIDEISSUE .. ... ... ... . . . . .. .. 2-3
2.3 VAPOR SCREENING . . ... ... .. e 2-3
2.3.1 Flammable Gas . .. ... ... .. ... .. . ... 2-3
2.3.2 TOXICILY .« .ot e 2-3
2.4 OTHER TECHNIC/ ISSUES ... ... ... . . . . ... .. .. ... ... 2-4
2.5 SUMMARY . . e 2-4
3.0 BEST-BASIS INVENTORY ESTIMATE . . ... ... ... ... ... .. .. ..... 3-1
4.0 RECOMMENDATIONS . .. . .. ... e e 4-1
5.0 REFERENCES . . . . . .. 5-1

APPENDIXES
APPENDIX A HISTORICAL TANK INFORMATION . ... ... ............ A-1
A1.0 CURRENT TANK STATUS .. ... . ... e A-3
A2.0 TANK DESIGN AM YBACKGROUND . ... ... ... ... ... ... .... A-4
A3.0 PROCESS KNOWLEDGE .. ... .. ... ... .. . ... . .. .. A-8
A3.1 WASTE TRANSFERF STC Y ... ... . . . . . . ... .. A-8
A3.2 HISTORICAL ESTIMATION OF TANK CONTE S ............ A-11
A3.3 ANALYTICAL RES! > FROM SIMULANT STUDIES . . ... ... .. A-17
A3.3.1 Simu nt Foi tion: In-Farm 2 Flowsheet Material ... .. .. A-17
A3.3.2 Energetics B or of Ferrocyanide Sludge Simulant . . . ... .. A-18

























HNF-SD-WM-ER-402 Rev. 1

LIST ¢

2-69
(Mass Spectroscopy)

B2-70
B2-71 Ta
B2-72
B2-73
B2-74
B2-75 Tank 241-C-109 Analytical Results
B2-76 Tank 241-C-109 Analytical Results
B2-77
B2-78
B2-79
B2-80
B2-81

B2-82 Tank 241-C-109 Analytical Results

(Liquid Scintillation)

B2-83
(Liquid Scintillation)

B2-84
(Liquid Scintillation)

B2-85
B2-86

2-87

Tank 241-C-109 Analytical Results:

Tank 241-C-109 Analytical Results:
241-C-109 Analytical Results:
Tank 241-C-109 Analytical Results:
Tank 241-C-109 Analytical Results:

Tank 241-C-109 Analytical Results:

Tank 241-C-109 Analytical Results:
Tank 241-C-109 Analytical Results:
Tank 241-C-109 Analytical Results:
Tank 241-C-109 Analytical Results:

Tank 241-C-109 Analytical Results:

Tank 241-C-109 Analy -al Results:

Tank 241-C-109 Analytical Results:

Tank 241-C-109 Analytical Results:
Tank 241-C-109 Analytical Results:

Tank 241-C-109 Analytical Results:

“ TABLES (Continued)

Uranium Isotopic Mass Percent

............................ B-90
Total Alpha (AlphaRad) ........... B-91
Americium-241 (Alpha) . . . . ... ... .. B-93
Neptunium-237 (Alpha) . . . ... ...... B-93
Total Alpha Pu (Alpha) . . .......... B-94
Strontium-90 (Beta Rad) . . ......... B-9%4

: Technetium-99 (BetaRad) . . . ... .. ... B-95
: Total Beta (Beta Rad) . ............ B-96
Americium-241 (GEA) . .. ......... B-97
Cesium-137 (GEA) .. ............ B-98
Cobélt—60 (GEA) . ... ... B-99
Europium-154 (GEA) . .. ... ...... B-100
Europium-155 (GEA) .. ... ....... B-101
: Tritium

........................... B-102
Carbon-14

........................... B-103
Selenium-79

........................... B-103
Density (Physical Properties) . ...... B-104
Percent Solids (gravimetric) . .. ... .. B-104
pH Measurement (pH) . .......... B-105







H <-SD-WM-ER-402 Rev. 1

D-1

D-2

D-3

LIS " TABLES (Continued)

Sampling-Based and Hanford [ ined Waste-Based Inventory

Estimates for Nonradioactive Components in Tank 241-C-109 . .. ... ... ... D-4
Sampli : and Predicted Inve / Estimates for Radioactive

Components in Tank 241-C- ... ... .. . e D-4
Best-Basis Inventory Estima v Nonradioactive

Components in Tank 241-C. . .. .. ... . e D-11
Best-Basis Inventory Estimates r Radioactive Components

in Tank 241-C-109 . . . .. . . e D-13

X1

















































HNF-SD-WM-ER-402 Rev. 1

Table 3-2. Best-Basis Inventory Estimates for Radioactive Components in Tank 241-C-109.

(2 Sheets)
).001>4 M
237,000 S
224,000 S
98.6 S
44.5 S

'S = Sample-based, M = HDW m

l-based, and E = Engineering assessment-based
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APPENDIX A

HISTORICAL TANK INFORMATION

Appendix A describes tank 241-C-1C based on historical information. For this report,
historical information includes any information about the fill history, waste types,
surveillance, or modeling data about & tank. This information may be useful for supporting
or challenging conclusions based on sampling and analysis.

This appendix contains the following 1formation:

] Section Al: Current  tus of the tank, including the current waste levels as
well as the isolation status of the tank.

. Section A2: Information about tank design.

) Section A3: Process owledge of the tank; that is, the waste transfer history
and the estimated cor  ts of the tank based on modeling data.

) Section A4: Survei ince data for tank 241-C-109, including surface level
' readings, temperatures, and a description of the waste surface based on
photographs.

Section A5: References for Appendix A.

A1.0 ¢ RRENT TANK STATUS

As of October 31, 1996, tank 241-C. )9 contained 250 kL (66 kgal) of non-complexed waste
(Hanlon 1996). The waste volumes were estimated using an ENRAF? gauge and a manu:
tape. The volumes of the waste hases found in the tank are shown in Table A1-1. The
solids volume was last updated on November 29, 1983.

Tank 241-C-109 was removed from service in 1976. Intrusion prevention was completed in
1982, and the tank was interim stabilized in 1983. Tank 241-C-109 is passively ventilated,
categorized as sound, and is not on 2 Watch List (Public Law 101-510). All monitoring
systems were in compliance with documented standards as of October 31, 1996 (Hanlon
1996).

2ENRAF is a trademark of ENR * Corporation, Houston, Texas.
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Figure A2-1. Riser Configuration for Tank 241-C-109.
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Figure A3-1. Tank Layer Model for Tank 241-C-109.
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B2.0 SAMPLING EVENTS

B2.1 SEPTEMBER 1992 CORE SAMPLING EVENT

This section describes the core sampling and analysis event for tank 241-C-109 which
occurred during September 1992.

B2.1.1 Descrip » of 1992 Core Sampling Event

Tank 24 -C-109 was push-mode ca  sampled through three risers from September 4, 1992
to September 7, 1992. One segmer was expected from each core sam] :. Core 47 was
obtained from riser 6. Core 48 was obtained from riser 7. Core 49 was obtained from
riser 2. The core samples from tank 241-C-109 were obtained using a specially designed
core sampling truck (CST). The s¢ ling equipment is mounted-on a rotating platform on
the CST. Access to the interior of  tank is provided by various tank risers. These risers
are pipes of various diameters lead: into the tank dome space. A review of the tank farm
operating records and a field inspection of the tank risers determine which risers can be used
in the sampling operation. A riser is opened and the CST is positioned over the riser. The
sampler is lowered into the tank thrc :h the drill string and pushed into the waste.

The sampler is constructed of stainless steel and is 48 cm (19 in.) long, with a 2.2-cm
(7/8-in.) inside diameter, and has a volume of 187 mL (0.05 gal). Tank Farm Operations
has determined that sampling events of one or two segments do not require hydrostatic head
balance fluid. Therefore, none was ed in this operation, which eliminated any potential
problems with sample contamination. When a segment is captured by the sampler, it is
sealed within a stainless steel liner. 2 1 the liner is placed within a shipping cask. The
shipping casks are approximately 22 cm (48 in.) tall, 13 cm (5§ in.) in diameter, and have
2.5 cm (1 in.) of lea shielding. This degree of shielding and containment protects workers
from excessive radiological exposure and prevents any liquids from the sample (or the
sample itself) from being lost. Refer to the Tank Characrerization Reference Guide

(De Lorenzo et al. 1994) for more  >rmation on sampling.

B2.1.2 1992 Core Sample Handlir

The casks were transported to the 3.  Analytical Chemistry Laboratory for characterization
analysis. This laboratory is operated by Pacific Northwest National Laboratory (PNNL) in
the 300 Area of the Hanford Site.

The location of the risers, the dished bottom of the tank, and safety margins in the sampling
protocol preclude obtaining samples >m the entire waste depth in the tank. Thus, the
maximum recovery for the top sc n t from tank 241-C-109 is 3.8 cm (1.5 in.) above the
bit bottom to the waste surface. Seg ent recoveries were based on the maximum
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Number Density
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Figure B2-6. Core 48, Particle Size Number Density.
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Table B3-2.

~ Concentration

f nglg Assumed Spe“c_ffi'es e opglg
Lead 3,360 >b(OH), 3.910 |
Nickel 14,000 Ni(OH), 22,100 0
Phosphorus 18,300 Na;PO,
Ca;3(PO,),
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In summary, the above calculations yield very good mass and charge balance values (1.00 for
charge balance, almost no net charge, and 97.0 percent for mass balance), indicating that the
analytical results are consistent.

B3.4 DATA ANALYSIS

The following evaluation was performed on the analytical data from the samples from
tank 241-C-109.

Because an inventory estimate is needed without comparing it to a threshold value, two-sided
95 percent confidence intervals on the mean inventory are computed. This was done with
both the composite-level and se; 1ent-level data.

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

Bt Lyooasy X Oy

In these equations, j is the estimate of the mean concentration, &; is the estimate of the
standard deviation of the mean concentration, and t,, s, 1S the quantile from Student’s t
distribution with df degrees of tfreed 1 for a two-sided 95 percent confidence interval.

The mean, 4, and the stan rd devii n, ¢, were estimated using restricted maximum
kelihood estimation (REML) methods. The degrees of freedom (df), for tank 241-C-109, is
the number of cores sampled minus one.

B3.4.1 Composite and Subsegment Means

The statistics in this section were bz 1 on analytical data from the most recent sampling
event of tank 241-C-109. Analysis  variance (ANOVA) techniques were used to estimate
the mean, and calculate confidence limits on the mean, for all analytes that had at least 50
percent of reported values above the detection limit. It at least S0 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 results. No ANOVA estimates were
computed for analytes with less than 50 percent detected values. Only arithmetic means
were computed for these analytes.

The results given clow are ANC :stimates based on the core composite ta from

core 47, core 48, and core 49 fo 241-C-109. Estimates of the mean concentration, and
confidence interval on the mean concentration, are given in Table B3-4. The lower limit,
LL, to a 95 percent confidence 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.

B-117
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The statistic: model fit to the composite sar le data is

Yii = KU + Ci + Ai]'

where
Y = laboratory results from the j* duplicate from the i core in the tank
U = the gran mean
C, = the effect of the i core
A; = the effect of the j" analytical result from the i core
a = the number of cores
b; = the number of analytic: results from the i core

The variable C; is assumed to be a random effect. This variable and A; are assumed to
uncorrelated and normally distributed with means zero and variances ’(C) and ¢?(A),
respectively. Estimates of ¢(C) and o’(A) were obtained using Restricted Maximum

Likc hood Estimation (REML) techniques. This method, applied to variance con onent
estimation, is described in Harville (1977). The statistical results were obtained using the
statistical analysis package S-PLUS” (StatSci 1993).

The statistical model fit to the analyte results from acid digestion ICP, Cs-137 (from GEA),
and gross alpha from the segment sample data is

Ypu=pn+ ; + Ly + Ay,

i=1,...aj= l..b,k=1....c,
where
Yo = laboratory results from the k™ duplicate in the j" location in the i core
in the tank,
u = the grand mean
G = the effect of the i core

2S-PLUS is a trademark of Statistical Sciences Incorporated. Seattle. Washington.
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