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EXECUTIVE SUMMARY

The Rupture Loop Annex Ion Exchange (RLAIX) Vault, located northwest of
the 309 Building dome in the 300 Area, is part of the Plutonium Recycle Test
Reactor (PRTR) which has been declared surplus by the U.S. Department of
Energy. The PRTR is scheduled for decontamination and decommissioning after
characterization and stabilization are completed in 1998. The PRTR Transition
Group is responsible for the characterization and stabilization of these
legacy items.

In August 1995, the vault was opened for characterization. Twelve ion
-exchange columns were found in the vault along with miscellaneous piping
equipment and debris. No water was found in the vault, however, seven of the
columns contain liquid (presumably water but possibly heavy water) which must
be removed before disposal of the soljd waste. Source terms of 3.62 g
transuranics (TRU) as Pu®°, 4.6 Ci Cs™, 0.74 Ci Sr'°, and 0.0022 Ci Co%® were
established based on Non Destructive Assay (NDA) of the columns. The $r’°
content was determined using process knowledge.

The history of the 309 Building shows the similarities in process and
resin content between the RLAIX Vault and the previously sampled PRTR IX Vault
(reference WHC-SD-SP-ER-003). The PRTR IX Vault was part of the main cleanup
system for the reactor’s primary coolant. The RLAIX Vault was part of a test
Toop that tested intentionally defected fuel in the reactor. An accident
occurred in 1965 which left both cleanup systems contaminated with fuel
residue and fission products. Laboratory analysis of the PRTR IX Vault column
resin shows that the contents are not hazardous or regulated.

This report concludes that the RLAIX column contents are also
nonhazardous and nonreguiated, based on historical data, the PRTR IX Vault
data, and the RLAIX vault NDA information.
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RLA ION EXCHANGE VAULT
ENTRY & CHARACTERIZATION

1 INTRODUCTION
1.1 OBJECTIVE

This report provides documentation for the initial entry and
characterization activity in the Rupture Loop Annex Ion Exchange (RLAIX)
Vault. The purpose of this effort was to make an entry into the vault and
establish vault conditions. Information obtained during characterization will
be used for future vault cleanout planning.

1.2 WORK SCOPE

The work scope involved initial entry into the RLAIX vault, and vault
characterization. The rain cover and required shielding blocks were removed
for entry and characterization. A video camera was used to document and
examine vault condition and content. Characterization data was obtained
through radiation surveys, Non-Destructive Examination (NDE), and Non-
Destructive Assay (NDA).

1.3 BACKGROUND

The 309 Building and Plutonium Recycle Test Reactor (PRTR) have been
declared surplus and are scheduled for decontamination and decommissioning
after characterization and stabilization are completed in 1998. Facility
transition activities are described in the PRTR Transition Plan (reference
WHC-SD-SP-SPP-001).

In June 1995, spent ion exchange columns were removed from the main PRTR
IX Vault and the vault was decontaminated and stabilized. This cleanout
effort was completed ahead of schedule and under budget. So, approval was
obtained to use the cost savings for entering the RLAIX Vault.

The RLAIX Vault contained cleanup ion exchanger columns for cleanup of
Fuel Element Rupture Test Facility (FERTF) coolants. The FERTF itself was a
pressurized, light-water-cooled loop, using one of the 85 process tubes within
the main, heavy-water-cooled PRTR calandria. The FERTF could be operated in a
recirculating or once through cooling mode. It was used as a pilot
irradiation facility to test new fuel element designs and new operating
regimes. Many of its tests involved testing of pre-defecting fuel elements,
containing natural uranium and 1% to 4% PuQ,, with pinhole breaks to study the
stability of various defected materials under irradiation. The RLAXIV design
had positions for three active ion exchangers and storage space for 12 spent
ion exchange columns. The operating columns were connected in series for
removal of fuel and fission products in the FERTF coolant. Based on process
knowledge, the vault was expected to contain from three to five columns.

An accident occurred in 1965 when some test fuel failed excessively,
causing failure of the process tube which contaminated the reactor’s
moderator coolant system. The RLAIX cleanup test loop and the PRTR main
cleanup system were both contaminated with fuel residual and fission products.
Sample results from the PRTR IX column resin indicate that the contents are

1
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not hazardous (see Appendix A). Since the cleanup system ion exchange columns
in both vaults have similar resin media, similar isotopic and material
contents are expected. See Appendix C for a description of the RLAIX process.

2 DESCRIPTION
2.1 10N EXCHANGE VAULT

The RLAIX Vault is Tocated northwest of the 309 Building containment
dome (see Figure 1). The vault is a one level concrete structure below grade
(see Figure 2). It measures 3.96 m (13 ft) in width, 7.10 m (23.3 ft) in
length, and 4.57 m (15 ft) in depth. The vault is covered by 1.22 m (4 ft) of
concrete shielding blocks and a painted metal rain cover.

There are two sections within the vault. The southern section was used
for operation and can contain up to three in-line columns. It can be accessed
by the removal of three upper blocks and two lower blocks. The northern
section contains twelve shielding bays, where a column could be isolated by
installing shielding plates along groves in the inner walls. Each bay has a
1.22 m (4 ft) thick concrete storage block overhead. The blocks are keyed and
have to be removed in sequence.

2.2 TON EXCHANGE COLUMNS

There were three types of ion exchange columns used in the vault. A
cation exchange column, a mixed bed column, and a de-oxygenator column. The
cation exchange column (RLIX-1) contains an Amberlite IRN-163 resin. The
mixed bed column (RLIX-2) contains an Amberlite IRN-154 resin, which is a
combination of Amberlite IRN-163 and Amberlite IRN-78 resins. The de-
oxygenator column (RLIX-3) contains a Duolite S5-10 and IRN-154 mixture. These
resins are non-hazardous and non-regulated (see Appendix B).

The column shell for the cation and mixed bed design are 0.71 m (2 ft -
4 in) in diameter and 3.30 m (10 ft - 10 in) high. Variations of this type
include a carbon steel body, and internal baffle/plate or sparger system. The
shell for the deoxygenator column is 0.53 m (1 ft -~ 9 in) in diameter and 3.35
m {11 ft) high (see Appendix C).

2.3  ENTRY AND CHARACTERIZATION

Work plan, 309-WP-95-003, was prepared to provide instruction for making
the initial entry and characterization. The work plan was performed under
work package 3U-95-00462/W, which contained data tables, checklists, figures,
Job hazard analysis, radiation survey reports, radiation work permits, etc.

Work activities began on August 29, 1995 using 1100 Area ICF-KH iron
workers/ riggers, 300 Area WHC radiological control technicians and non-
destructive examination personnel, 300 Area PNL non-destructive assay
personnel, and WHC remote surveillance {video) personnel.

Initial entry required the removal of the rain cover, the set up of
guard rails, and the removal of four shielding blocks (see Figure 2). Several

2
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tarps were attached to the guardrail to serve as a wind break prior to the
removal of the fourth block. Due to the possibility of alpha contamination,
verification of wind speeds less than 15 miles per hour was required. During
block removal, Radiological Control Technicians (RCTs) monitored for
radioactive contamination. Remote radiation surveys were performed from
outside of the vault prior to entry.

A Portable Temporary Remote Air Exhaust Unit (PTRAEU) was used to
exchange the air in the vault and provide High Efficiency Particulate Air
(HEPA) filtration. A video camera was used to examine the vault and contents
prior to entry.

Additional radiation surveys were taken upon initial entry. This
information was used to make a map of the vault with pertinent dose rate
information. The ion exchange columns were then examined for water content
using an ultrasonic fluid detection system (non-destructive examination) on
the discharge pipe extending from the bottom to the top of the column.

Additional cover blocks were removed to accommodate the non-destructive
assay (NDA) of the coiumns. The assay equipment was Towered into the vault
using a crane. Two types of assays were performed on each column. One was a
passive neutron count which measured neutron emissions due to transuranic
{TRU) activity. The other was a gamma energy scan. The data was collected in
accordance with a PNL approved NDA procedure.

Once the NDA was complete, the guardrail was removed and the cover
btocks and rain cover replaced. Three of the top Tayer cover blocks were left
out of the vault for future entry. The work site was cleaned up and the
package was closed out.

3 RESULTS AND DISCUSSION
3.1  VAULT ENTRY

Twelve ion exchange columns, a filter assembly, and miscellaneous
equipment and jumpers were found in the vault during the videc survey. The
vault was relatively clean with some dirt and debris, but no water on the
floor. Most of the columns were covered with surface rust, and some appeared
to have been painted at one time.

One column was found in the southern section of the vault in the RLIX-1
position, however, it was not connected to the wall piping. The other eleven
were found in the northern section of the vault. These columns were named
after their position in the vault at the time of entry (ie. L1 means left side
in bay #1 from the north). No isolation plates were in place to shield the
columns (see Figure 3).

Nine of the columns appeared to be either cation or mixed bed columns by
design, and one (C2) fit the description of a de-oxygenator column. The
remaining two columns (C3 & C4) were of the PRTR Vault style (bottom pipe did
not return to upper pipe level), and did not show signs that resin had been
added. In the PRTR IX Vault, the fill plugs had been welded after resin
addition, whereas these had not.
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3.2  VAULT CHARACTERIZATION
3.2.1 Radiation Surveys

Radiation surveys were taken during cover block removal, remotely from
above the vault prior to entry, and again after entry. There was no smearable
contamination found on the blocks, and the dose rate at the guard rail was
less than 5 mRem/hr.

The general area radiation field inside of the vault was 35 mrem/hr.
Two of the columns had the highest readings at 2.4 Rem/hr and 1.3 Rem/hr.
Three more columns read between 100 and 400 mRem/hr, however, they were in
close proximity to the hotter columns. The remaining eight read less than 50
mRem/hr. When two columns (€3 & C4) were moved for NDA, their dose rates
dropped to near background levels. A dose rate summary is shown in Table 1.

Spot checks were taken on the floor, walls, and ion exchange columns.
No smearable contamination was found. However, in the southern section near
the floor drain, a small amount of alpha (350 dpm smearable/7,000 dpm direct)
and a small amount of beta (1,000 dpm smearable) was found. The radiation
survey reports are located in Appendix D.

3.2.2 Non Destructive Examination

The ultrasonic liquid level measurements were performed on each
RLAIX column’s bottom pipe which returns to the level of the upper pipe.
Seven of the columns were found to have liquid in them. Six of these columns
(L1, L2, L3, R1, R2, R3) were full and one (RLIX-1/R5) had (0.74 m) 29 inches
of Tiquid.

3.2.3 Non Destructive Assay

Four days were required to complete the NDA. Three columns (C2, C3, C4)
were lifted with the crane and moved to allow the assaying of other columns
(see Figure 4). These columns were weighed during crane 1ifting. The weights
were 450 kg, 240 kg, and 82 kg for C2, C3, and C4 respectively. The weights
are lower than expected for columns filled with resin. This indicates empty
columns even though the NDA results show radiological activity.

A recount of the C4 column after being moved resulted in a drop in the
NDA data results. This validates the drop in dose rate also observed. The two
PRTR style columns are therefore presumed empty, and the activity is credited
to shine from the L3 and R3 columns. The same presumption cannot be made for
the €2 column, because of uncertainty associated with its weight measurement.

A summary of the NDA results are shown in Table 1. A source term has
been established based on 120% of the isotopic totals in Table 1. See
Appendix E for the full report from PNL, and Appendix F for the PRTR fuel
isotope distribution calculations.
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Table 1. RLAIX Vault NDA Results and Dose Rate Summary
IX Column Wt. kg (1_) Cs137 ci Sr90 Ci 0060 Ci Tﬁ'b grams 2(3:2) Notes
total/resin (2) Pu 11%Pu
R1 1519/763 0.010 0.001% 8.19e-05 0.0 15 mR/hr peak dose
R2 15197763 0.467 0.0747 7.52e-04 0.0 100 mR/hr peak dose
R3 1519/763 1.1 0.176 0.00157 0.143 +/-.08 1,300 mR/hr peak dose
R& 1519/763 0.0377 .006 5.32e-04 0.0 35 mR/hr peak dose
RS/RLIX-1 1519/763 0.0 0.0 7.7e-05 0.0 2 mR/hr peak dose
L1 1519/763 0.00430 .0007 4.2e-05 0.0 5 mR/hr peak dose
L2 1519/763 0.135 .0218 1.73e-04 0.0 25 mR/hr peak dose
L3 1519/763 2.1 .3360 1.33e-04 1.44 +7- .22 2,500 mR/hr peak dose
L4 1519/763 0.0108 .0017 1.24e-04 0.405 +/- .11 30 mR/hr peak dose
c2 816/326 0.00335 5.36e-04 8.94e-05 1.03 +/-.16 35 mR/hr peak dose
c3 227/0 1.36e-09 2.2e-7 1.55e-08 0.0 2 mR/hr (Empty)
Ca4 82/0 1.36e-09 4.0e-5 1.55e-08 0.0 2 mR/hr (Empty)
Total 3.87 0.62 0.00357 3.018 +/- .304
=_———,° e ]
Source Term ) ) . 210
= Measured Value + 20% 4.6 Ci 0.74 Ci 0.0022 Ci 3.62 g as Pu

(T Wt. 274" IX Column: H-3-14005 rev &+ 1723/562/462 kg Total/Resin/Rock; Base of Column Wt. 146 kg.
wt. 2'4" IX Column: H-3-14005 rev 5; 1519/763 kg Total/Resin; Base of Column Wt. 146 kg.

(2) $r90 to Cs137 ratio is 0.16. Basis PRTR IX column Laborstory analysis 222-$ Lab RSA #5804.

(3) Uncertainty total based on square root of the sum of the squares of individual uncertainties.

4 CONCLUSTONS

Due to the similarity of the RLAIX Vault and the PRTR IX Vault’s resin
type, cleanup process, and common accidental test failure, it has been
concluded that the data presented in Appendix A for the PRTR IX columns sample
analysis is a valid source in the determination of the RLAIX column contents
as nonhazardous and nonregulated.

The RLAIX Vault contains twelve ion exchange columns and miscellaneous
equipment and debris. Of the twelve columns, seven contain liquid that must
be removed prior to disposal. Two columns are of the PRTR design and are
empty shells without resin.

The NDA results indicate transuranics (Pu239, Pu24°), C06°, and Cs™ in
the columns. However, those columns, Tike C2, that were in close proximity to
the L3 and R3 columns during NDA, may exhibit higher-than-actual readings due
to shine,

Based on NDA, the selected source term for the RLAIX Vault is 4.6 Ci of
Cs™7, 0.74 Ci of Sr’, 0.0022 Ci of Co*°, and 3.62 g of Pu®’. The value for
sr’ was derived from a ratio of Sr*° to Cs'*’ based on laboratory analysis of
PRTR IX Vault columns, which used similar (and in some cases the same) resin
in the columns.
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Figure 1. RLAIX Vault Location
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Figure 3. RLAIX Vault Column Arrangement As Found



WHC-SD-NEL-ER-002 Rev. 0

Figure 4. RLAIX Vault Column Arrangement As Left
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APPENDIX A
PRTR IX Resin Analysis Report

A-1
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Rev. 0
WHC-SD-SP-ER-003 Rev. O
Analysis Results of PRTR Vault IX-1 Resin
10H EXCHANGE RESIN ANALYSIS “ CERCLA Metals of "Concern (TCLP)}
Determination Sample 1 Sample 2 Listed Max Conc. % TCLP
' Materials Fwith Dilution Totals
mnG/L {uG/G) Conc.
pH 5.27
BR 5.12
J1tP on Dissolved Resin (TOTALS ARALYSIS)*
Ag 1.100£-01 ue/G poi 5.0 / 100* 0.1%
AL 1.730E-00 1.790E 00 uG/G
[] 7.800€-01 8.190€-01 uG/G
Ba &.000E-01 &.300E-01 uG/G D0aS 1.0 / 20 0.03%
ta 2.940E 01 3.020€ 01 uG/G
td 2.420E 00 2.500E 00 uG/G 0008 1.0 7 20% 10.0%
Ca 1.590€ 00 1.470€ 00 uG/G
tr 1.710E 01 1.890€ 01 uG/G DOO7 5.0 / 100* 17.1%
Cu 4.410E 00 4.550€ 00 ue/G
fe 7.1%0E D1 7.850E 0% uG/G
I3 &.070E 00 8.710E 00 uG/G
i 1,4B0E €O 1.520E 0O uG/G
Hg 2.300E 01 2.360€ 01 WG/G . t:
¥n 4,6906 01 4.860E 01 UG/G b
Mo P 5.010€ 00 /G \'{\
Na 2.120¢ 02 2.180E 02 uG/G
Wi 3.990E 01 4,190 01 uG/G \)
Pt 8.120€ 00 8.170E 00 UG/ b0o8 5.0 / 100* 8.1% \“
s 2.2308 02 2.290€ 02 uG/G A
i 9.770E 00 1.010E C1 ut/G G
sr 1.500E-01 1.600E-01 uG/G [
v 4.B90E 0O 5.060E 00 us/G \j“\
In 5.BCOE-01 5.8008-01 utsG 3 lun\
r 2.400E-01 2.300E-01 UG/t 2 N
Uranium Analysis P 6’ i
v 4.380€-06 | 3.900E-06 G/6 N ne* ‘I ’
Radicactive Analysis & o
TOTAL BETA 1.710E-02 1.7208-02 wise |~
TOTAL ALPHA 7.390£-05 6.TO0E-05 weiss |
Cs-137 &.280E-03 6.380E-03 uci/G
Co-50 6.070E-03 6.120€-03 uCi/G
PU-239/240 < 5.9206-05 | < 5,49DE-05 uCi/G
Am-241 < 6.540E-04 | < 2.060%-03 uti/G
T

or TCLP Limit comparisons to ICP concentrations. The TCLP max. conc. is multiplied by 0

{accounting for dilution that cecurs during a TCLP test,) Comparison is conservative becsuse
all material may not be leached during a TCLP test.

1- Cencentration test data is based upon & dissolved resin (i.e. total concentration.)

2- sample represents a 33 in. vertical core, total depth of resin is approx 55 in.

Appendix B - 2

A-2
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17] From: David B Encke at "WHCBC 5/18/95 11:41AM (1483 bytes: 34 1n)

o: Michael € Burnside at “WHC1

c- Paul W Griffin at "WHC77, Bruce C Cornwell at “WHC158, Ryan J Johnson,
Rikki A Harris at "WHCT7

cc: David B Encke

ubject: BOX#1 IX's 305 Bldg.

------------------------------ Message Contents ----—-=-==-=--mesooooTTToToTTIES

Mike,
We just received the NDA results for the IX's from the upper
vault at the 309 Bidg. (Burial Box #1). Results are:

C5-137 0.0103 Ci/box
Co-60 0.0937 Ci/box

Using the results from the resin sample obtained previously
(222-5 tab # 5804), to obtain a Sr/Cs ratio we get the
following:

Sr-9¢ 1.02E-3 uli/gm
Cs-137 6.3BE-3uCi/gm

Therefore: (1.02E-3uti/gm)/(6.33E—3uCi/gm) = 0.16 ratio of
Sr-60 to Cs-137

Total Sr-90 in Box: 70.0103 €i) x 0.16 = 1.648k-3 (i

CAT I limit for S5r-90 = 4.3E-3 Cifm3

Therafore: (225 ft3/box) x (1 m3/35.3 Ft3) = 6.37 m3/box

{1.648E-3 Ci Sr-90)/6.37 m3 = 2,59E-4 Ci/m3 Sr-90 which
15 less than the CAT I Nimit.

The €s-137 is also less than the CAT I limit.
1f you have any questions call me at 373-3461.

Dave

A-3
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WHC-SD-NEL-ER-002 Rev. O

SAMPLE STATUS REPORT FOR R 5802, 300 AREA 57D TIME: 4/ 7795 14:36
DISPATCHED: 7/19/94 12: 4 SAMPLE HAS NOT- BEEN SLURPED
RECEIVED: 7719794 14:25

OUT OF GOOD CHARGE

EXT. DETER. RESULTS OR STATUS ] RANGE? ANS? CODE
driedrd  Hredvhde S ety e e S Sriededr el Aok Kok ek seeeirick Wk dedede Aok
5515 pH 1.00200E 02 % RECOVERY N Y  XPRTR -
5520 T8 OUT FOR RERUN XPRIR
5820 TB 8.95000F 01 % RECOYERY N Y XPRTR
§§25 AT OUT FOR RERUN XPRTR
5525 AT g 040008 01 % RECOVERY N Y XPRTR
£530 GEA QUT FOR REPUN XPRTR
5830 GEA 1.07100E 02 % RECOVERY Cs-137 N Y XPRTR
68306 GEA 1.05100F 02 % RECQVERY Co~60 fi Y XPRTR
RB4Q U QUT FOR RERUN XPRTR
gx40 OUT FOR RERUN . ' XPRTR
5540 U 1.04400E 02 % RECOVERY N ¥ XPRIR
5550 ICP © 1.02620E 02 % RECQOYERY Ag N Y XPRTR
B550 ICP 1.02460F 02 % RECOVERY Al N Y XPRTR
E550  ICP 1.01460E 02 % RECOVERY B N Y ¥PRIR
sss0  ICP 1.03960F 07 % RECOVERY Ba N Y XPRIR
5580 1ICP 1.06300E 02 X RECOVERY Ca N Y  XPRTR
E550  ICP 1.06240E 02 % RECOVERY Cd N Y XBRTR
5550 ICP 1.06460F Q2 % RECOVERY Co N Y  XPRTR
B850 ICP 1.06200E 02 % RECOVERY Cr - ] Y  XPRTR
ESS(  ICP 1.0%860E 02 % RECOVERY Cu N Y XPRIR
5550 ICP 1.06180E 02 % RECOVERY Fe N Y XPRTR
€550 ICP 1.07000E 02 % RECOVERY K N Y XPRTR
ESEQ ICP ' 1.01800E 0z % RECOVERY Li N ¥  XPRTR
G850 ICP 1.01900F 02 % RECQVERY Mg N Y XPRIR
5550 ICP 1.03480F 02 ¥ RECOVERY Hn N Y XPRTR
8580 ICP 1.05020E 02 % RECQVERY Ma N Y XPRTR
5550 ICP - 1.016808 02 % RECOVERY Na N Y  XPRTR
5350 ICP 1.06180F 02 % RECOVERY Nt N Y XPRTR
B854 ICP 1.05120% 02 % RECOVERY Pb N Y XPRTR
5550 ICP 1.030508 02 % RECOVERY S N Y XPRTR
B850 ILP 1.00460E 02 % RECOVERY $1 | Y XPRIR
seng  ICP 1.03440F 02 % RECOVERY Sr N ¥ XPRTR
E550 ICP 1.0S360E 02 % RECOVER( ¥ N Y XPRTR
§550 [CP ) 1:04200E 02 % RECOVERY in N Y  XPRTR
EESQ ICP 1.04380E 02 % RECOVERY ZIr N Y XPRTR
55R1  Fuz3g/40 1.01400E 02 % RECOVERY N Y  XPRTR
Egg2  Amzal 1.0B500E 062 % RECOVERY N Y XPRTR
5585 Sra0 £.77000FE 01 % RECOVERY N Y XPRIR
8500 ACD DEST D.F.=20 IPRTR
8550 ICP ' g.27400F 0L % RECQVERY Al N ¥  XPRTR
gss0 IEP g.20200F 01 % RECOVERY B 1] Y XPRTR
g550 ICP §.35000E 01 % RECOVERY Ba N ¥ XPRTR
8550 1ck g.08200E 01 % RECOVERY Ca N Y XPRIR
8550 ICP ) 9.142008 01 ¥ RECOVERY Cd N ¥ XPRIR
g550 1IcP 9.36600F 01 X RECOQVERY Co N Y  XPRTR
ass0  ICP 9.21200E 01 % RECOVERY Cr N ¥  XPRTR -
8850 . ICP g.44200E 01 ¥ RECOVERY Cu N Y YPRTR
gss)  ICP 9.37EQ0E 01 % RECOYERY Fe N ¥ YPRTR
8550 ICP 8.62400F 01 % RECOVERY K u ¥  XBATR
8550 ICP 4708008 01 % RECOVERY L1 N Y XPRTR
g5s0  ICP 9. 04B00F 01 % RECOVERY Mg N Y XPRIR
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WHC-SD-NEL-ER-002

™ith aita

0 AREA

2329 3B

31
FLE HAS KOT BEEN SLURPED

END QF REPORT

CAMPLE STYATUS RERORT FOR R BE0Z. 30
DNISPATCHED: /19794 12: & Sam

EXT. DETER. RESULTS qg STATUS

§580 ICP $.20800F 01 % RECOVERY N
855¢ IcP 6.42800F 01 % RECOVERY Nz
BES0  ICP 9,22406E G1 4 RECOVERY M1
8550 ICP Q.(0000E ©L % RECOVERY Pb
8550 ICP 8.97800E D1 ¥ RECOVLCRY S
SLEO  ICP &_97800E 01 X RECOVERY =i
ass0  ICP 9.45200E 01 % RECOVERY Sr
8550 ICP 5.28800F 01 % RECOVERY V
BERO ICR #.93000E 01 % RECOVERY Zn
8RS0 ILP ©.40200E' G1 X RECOVERY Ir
8550 ICP a

_51400€ 01 € RECOVERY Ag

A-5

TIME-

N
R
N
|
N
M
i
]
N

M

N

P N i A A

4} 7/95 14:36

OUT O+ GAOOLY CHARGE
RANGE? ANS? CODE

et dok kel

XPRIR
XPRTR
Xpate
XPRTR
XPRTR
XPRTR
XPRTR
XPRTR
XBRTR

“XPRTR

XPRTR
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SAMPLE STATUS REPGRT
DISPATCHED:

RECEIVED:

EXT.
e ]
a8e00
8600
8820
B620
8528
BE25
2630
8630
8630
8640
8640
8540
B650
0550
8h50
8830
8650
8650
LD
BERD
Bhhi
&6%0
8650
8450
8430
5650
86390
8650
8B50
B&50
850
BES0
865¢
9684
8650
8650
8631
8eae
ages

ni/o7/00

DETER.
ikl
ACD DGST
ACh 0GST
T8

®

AT

AT
GEA
GEA
GEA

u

U

U

Ice
Ik
IRy
ICP
ICP
IcP
ICP
Ice
Ice
Icp
e
j£ul
Ice
e
Ice
ice
e
e
Iep
jiny
1cp
Icp
Ice
1ce
Pu239/e0
AM241
Sréo

13:54 21

7/19/94 14:28

WHC-SD-NEL-ER-002

ate

FoR R 5803, 300 ARRA
7719798 12: &

TIME:

SAMPLE HAS NOT BEEN SLURPED

--------

COMPLETED
COMPLETE
DUT FOR RERUN
5.49000E-0%
OUT .FOR RERUM
¢ 1.60000E~05
QUT FOR RERUN
< 2,58000E-04
< 1.B8C00E~04
gut FOR RERUN
OUT FOR RERUN
< 3.67000£-01
< 5.00000E 02
< }.00000t-02
5_00000E-02
: 5.00000E-02
1.0acogr-01
1.00000E-02
2_00000E-02
1.000Q0E=02
1.00GQ0E-D2
5.,00000E-D2
3.00000E=01
1.60000E-02
1.00000E-01
1.00000E-02
% .00OODE 02
1.06N00E-01
2.00000E-02
1.00060E-01
5. 00000E-02
§,00009E-02
1.00000E-02
5.00000E-02
1.00000E-02
1.00000E-02
6.82Q000E-05
2.06000E-03
2 _aGQ00E-U4

F Y

ANN

AARAAAAANAN ANAAMANAAA

ENO OF REPQRT

wei/e

uCi/G Rec

uci/G Rec (s-137
uti/fg flec Ce-B0

Ade k& Bredrdebebehriefrinkeie

r
c FU238/240

uG /ML

uti/ML Al
uG/ML Ag
uG/ML B
ufi /ML Ha
uG/HL Ca
uG/ML cd
us/ML ca
uG/ML cr
uG/HEL Cu
ula /ML fa
uG/HL K
uG /ML i1
uB/ML Hg
uG/HL Mn
/ML Mo
uG /ML Na
ulG/ML i
uG/ML Ph
uli /ML %
ul /ML 5i
u@/MmL Sr
uB/ML ¥
uG/ML in
s I
uCi/é Re
utt/& Rec
uCi/G Rec

A-6

QUT OF culD MHARGE

RANGE?
ik

== = = =

===

mrTmEEEZT R

zzzz::zzzz::zzzz

ANS?

aws wrrveh

i S

<<<<44<«<<4<<<<<4<<4<<<<<44«

47 7795 14:37

£t

IFRTA
XPRTR,
YPRTR
XPRTR
PR
XPRTR
XPRTR
YERTR
YPRTR
XPRIR
XPRTR
XPRTR
XERTR
XFRTR
YPRTR
XPRTR
XPRTR
XPRTR
XPRTR

XPRIR .

XPRTR
¥PRTR
YPRTR

" XPRTR

XPRTR
XPRTR
XPRTR
XPRTR
XPRTR
APATR
XPRTR
FPRTR
XPRTR
XPRTH
AFRTR
XPRTR
XPRIR
XPRTR
XPRTR

Rev. 0



WHC-SD-NEL-ER-002 Rev.

SAMPLE STATUS REPORT FOR R 5804. 300 AREA S4047-01 TIME: &7 7/9% 14:37
DISPATCHED: 7/19/94 12: B SAMPLE HAS NOT BEEN SLURPED
RECEIVED: 7/19/94 14:28

QUT OF 00 CHARGE

EXT. DETER. RESULTS OR STATUS RANGE? ANS? CODE
Ak Seteirdoiedeieh *&Wmﬂ** ik ik Sedcieieie
5715 pH £.27000E 00 NGHE N ¥  XPRTR
5815 pH 5.12000E 00 NONE K Y XPRTR
a700 ACD DGST 1.00054E 02 G/L N Y ~XPRTR
g700 ACD DGST 1.00170€E 01 /L N ¥  XPRTR
8720 TB OUT FOR RERUN - XPRTR.
g720 TR 1.71000E=02 uCi/G N Y XPRTR
8725 AT QUT FOR RERUN , : XPRTR
8725 AT 7.3%000E-05 uCi/G Rec . (| Y XPRTR
a730 GEA OUT FOR RERUN XPRIR
8730 GEA 6.28000E-D3 uCi/G Re¢ Cs-137 ] Y XPRTR
8730 GEA 5.07000E-03 uCl/6 Rec Co=50 N Y XPRIR
B740 U QOUT FOR- RERUN ) XPRTR
8740 U pUT FOR RERUN ) XPRTR
g740 U 4.3B000E-06 G/G Rec - N Y XPRTR
8785 IcCP-SOL 1.73000F 00 uh/G Rec Al N Y XPRTR
8768 ICP-5S0L 7 _BOOOGE=01 uG/G Rec B N ¥ XPRTR
8755 Ick-soL §_00000E-01 uG/G Rec Ba N Y YPRTR
8755 ICP-SOL 2.94000F @1 uG/G Rec Ca N Y XPRTR
8785 ICP-S0L 2 .42000E 00 uG/G Rec {d N ¥  XPRTR
8755 ICP-sob 1.54000E 00 uB/G Rec Co ] Y XPRIR
8755 1CP-30L 1.71000F 01 uG/G Rec Cr N Y  XPRTR
8755 ICP-SOL 4 _41000F 00 ub/G Rec Cu N Y XPRTR
8765 ICP-SOL 7.19000E 01 uG/G Re¢ Fa N Y XPRTR
BTES ICP-SOL . 6.07060E 00 uG/G Rec K N Y XPRTR
a7ss  ICP-SQL 1.48000F 00 u&/G Rec Li H Y XFRTR
g755 ICP-SOL 2.30000E 01 uG/G Ree Mg N Y  XPRTR
8755 Ick-30L 4.68000E 01 uG/G Rac  Mn N Y XPRIR
g§755 ICP-SOL 4.87000F 00 uG/G Rac Mo N Y XPRIR
g785 ICP-SOL 2.12000E 02 uB/G Rec Nz N Y XPRIR
8755 ICp-SoL 2.99000E 01 uwG/G Rec NI ] Y XPRTR
8755 ICP-SOL §.12000E 00 uG/G Rec Ph N Y XPRTR
8755 ICP-SOL 2.23000% 02 uG/G Rec S N Y XPRTR
g755 IcP-SOL 9.77000E §0 uG/G Rec 51 M Y XPRTR
8755 ICP-SOL 1.50000E-01 uG/G Rec  Sr N* 'Y XPRTR
8755 ICP-SOL | 4.890008 00 uB/G Rec V N Y  XPRTR
a755 ICP-SOL ~  5.800Q0E-01 uG/G Rec Zn 3] Y  XPRTR
8755 ICP=3S0L 2 .40000E-01 uG/G Rec ZIr N Y XPRTR
2781 Pu?38/40 < 5.92000E-0S uCi/G Ree PU239/240 N Y XPRTR
8782 Am24l < E.54000E~04 uCi/G Rec: ] Y XPRTR
8736 Srs0 1.09000E-03 uCi/G Rac N Y APRTR .
§300 ACH DGST 1.00068E 02 GfL N ¥ XPRIR
8800 ACD DGST 1.00760E Q1 G/L N Y XPRTR
gszo TR © DUT FOR RERUN XPRTR
88zg T8 1.72000E-62 uCl/G N Y  XBRTR
8325 AT DUT FOR RERUN XPRTR
238285 AT &.76000E~05 uli/G Rec N Y XPRTR
8830 GEA OUT FOR RERUN XPRIR
8330 GEA £_38000E=-03 uC1/6 Rec (5-137 N ¥ XPRTR
‘BR30 GEA 5_.12000E=03 uC1/G Rec Co=5Q. N Y  XPRTR
g840 U oUT FOR RERUN XPRTR
8840 U oUT FOR RERUN . XPRTR

A-7



WHC-SD-NEL-ER-002 Rev. 0

04707788 13:88 ™I73 1174 2828 AR ‘ ) Qoaa

5440 U 3.90000F 06 G/G Rec N Y XPRTR

KEPORT CONTINUED ON NEXT PAGE
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WHC-SD-NEL-ER-002 Rev. 0

SAMPLE STATUS REPORT FOR R 5804. 300 AREA S4047-01 TIME: 4/ 7795 14:37

DISPATCHED: 7/19/94 .12:- 8 SAMPLE HAS NOT BEEN SLURPED

QUT OF LOOb CHARGE
EXT. DETER. RESULTS OR STATUS ‘ RANGE? ANS? CCDE
ko iAo ekt e ko bk i
8855 ICP-SOL 1.10000E-01 uG/G Rec Ag N Y  XPRTR
8855 ICP~SOL 1.79600E 00 yG/G Rec Al ‘ N Y XPRTR
8355 1ICP-SOL B8.]19000E-01 uG/G'Rec B . M Y XPRTR
8855 ICP-SOL 6.30000E-01 uG/G Rec Ba N Y  XPRTR
8855 [CP-SOL 3.02000F 01 uG/G Rac Ca CH Y XPRTR-
8B5S ICP-SQL 2_S0000E 00 uG/G Rec £d N Y XPRTR
8355 ICP-SOL 1.67000E 00 uG/G Rec Co N Y XPRTR
8855 ICP-SOL 1.89000E 01 uG/G Rec Cr H Y XPRIR
8858 ICp-sol 4.59000E 00 uG/G Rec Cu N Y XPRTR -
885% ICP-SOL 7_85000E 01 ul/G Rec  Fe ] Y XPRTR
-8855 ICP-S0L 8.7100Q0E 00 uG/G Rec X N Y XPRTR
8855 ICP-SOL 1.52000F Q0 uG/G Rec L{ N Y XPRTR
8885 ICP-SOL ,  2.38000E Ol uG/G Rec Mg N Y ¥PRIR
8855 ICP-SOL 4.86000E 01 uG/G Rec Mn N Y XPRTR
8855  ICP-SOL 5.0G]000E 0D uG/G Rac Mo N Y XPRIR . . )
8355 ICP-SQL 2.1800CE 02 uG/G Res Ha N Y XPRIR
8855 [ICP-SOL 4_.19000F 01 uG/6 Rec Ni N Y XPRTR
8855 ICP-SOL 8_17000E 00 uG/G Rec Pb M Y XPRTR
asss  ICP-soL Z.29000E 02 uf/5 Rac § N Y  XPRTR
8855 JCP-SOL  1.01000E Q! uG/G Rec 51 N Y XPRTR
8as5 IcP-soL 1.60000E-01 UR/G Rac Sr N Y XPHTR
8355 ICP.SOL 5.058000E 00 uG/& Ree ¥ N Y XPRTR
8855 ICP-SOL 5_AB000E-01 uG/G Rec Zn N Y  XPRTR
8855 ICP-SOL 2.30000E-01 uB/G Rec Ir N Y XPRTR
8881 Pu238/40 < 5_45000E-05 uCi/G Rec PLZE3S/240 N Y XPRIR
BB382 Am241 < 2.06000E-03 uCi/8 Ree N Y XPRTR
8885 Sro0 9.55000E-04 4yCi/G Rec N Y  XPRIR
8906 ACD DGST 100.0210G6/L,WHC=-1AL2 DF=20 ’ XPRTR
B920 TB OUT FOR'RERUN XPRTR
8920 7B 1.01700E 02 % RECOVERY N Y XPRTR
BS25 AT QuUT FOR RERUN XPRTR
8925 AT 1.28000F G2 % RECOVERY N ¥ XPRIR
8940 U OUT FOR RERUN : XPRTR
8840 U QUT FOR RERUN . : XPRTR
8940 U B.2BOOOE 01 % RECOVERY N Y XPRTR
8350 ICP ' 4.79400E 01 % RECOYERY Al N Y XPRTR
8850 1cP 1.01400E 02 % RECOVERY Ba N Y XPRTR ' -
2950 ICP 9.64400E 01 % RECOVERY B N Y  XPRTR
8956 Icp 5.82000F 01 % RECOVERY Ca N Y XPRIR
8950 1CP 9_93600E 01 ¥ RECQVERY Cd t Y XPRTR
3950 . ICP 1.01220E 02 % RECOVERY Co N Y XPRTR
B9S0 Icp 1.09400F 02 X RECOVERY Ly N ¥ XPRTR
Ll LY 9.77800E D1 % RECOVERY Cu N Y  XPRTR
8350 ICP 1.44200E 02 % RECOVERY Fe N Y XERTR
g9sg Icp 1.0606QE 02 % RECOVERY K H ¥ L XPRIR
8950 ICP 9.9840QE Q1 # RECOVERY L! N Y XPRTR
8350 ICP 9.50000F Q1 ¥ RECOVERY Mg N Y XPRTR -
8950 ICP . 8.84000E Q1 % RECOVERY Mn N Y XPRTR
8350 ICP 1.04460F 02 % RECOVERY Mo N Y XPRTR
8950 Icp 9.20000F 01 X RECOVERY Ma u Y XPRATR
8950 1Icp B.22000F 01 ¥ RECOVERY Ni N Y XPRTR
8980 ICP 9.69600E 01 % RECOVERY Ph N Y XPRTR
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SAMPLE 'STATUS REPORT FOR R §804. 300 AREA
DISPATCHED: 7/19/94 12: €

EXT.
8950
8950
8950
Bos0
B850
8950
Bo950
898]
8382
83588

WHC-SD-NEL-ER-002

0440793  13:8e 23T UN 22235 33

DETER. . WesSULYS OR STATUS

R I U T W S i bl
ol had Eada i B r £kt

tee 7.20000€ Q1 ¥ RECOVFRY §
1ce 9,.64500F 01 ¥ RECOYERY 91
ICP .1.01700E 02 ¥ NECOVERY Sr
ICR 1.006ZGE 02 % RECOVFRY ¥
ce §.50400F QI % RECOVERY Zn
ce 1.02520C 02 ¥ RECOVERY Ir
Icp ©_25000E 01 % RECQVERY Ag
pu2ig/4g 1.04100F 02 % RECQVERY
An24l 1.11100F 02 X RECOVERY
Sro0

8.16000E 01 % RECOVERY
END OF REPORT '

A-10

§4047-01
SAMPLE HAS NOT BEEN SLURPED

TIME:

RANGE?
drkch

N
H

FEREErTI2I X

& 795 18:37

QUL OF 800N CCHARGH

ANS? CODE

o A i D e D

XPRTR
XPRTR
XpATR
XPRTR
XPATR
YBRTR
XPRTR
XPRTR
XPRTR
RPRTR

Rev. 0O
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WHC-SD-NEL-ER-002

Q4ry7ras 13:58 aTa 317e 3318 AR

SAMPLE STAIUS RERORT FOR R 5805. 300 AREA
DISPATCHED: 7718794 12: 7
RECEIVED:

£XT.
R
8515
5520
£520
5625
ES28
5330
5830
ER30
1543
§540
" §Ra0
- ESEQ
EREQ
L1E
£580
5550
5550
5550
BRSO
5580
S58Q
ES50
5550
5850
LLL
5550
EESO
BR80
5550
BR5G
5550
5550
£850
G550
5550
ERE1
5582
3:1:13

DETER.

7/19/94 14126

waaracieicde  Whateiek

1.00200€ 02 & RFCOVERY

pH
TB
T8
AT
AT
GEA
CEA

Y
U

GEA

QUT FOR R

RESULTS DR STATUS
B a3 I Lot

e sricdricidnleickok

ERUN
9.10000F 0] % RECOVERY

QUT FOR RERUN

9.150005 01 % RECOVERY

OUT [OR RERUN

1.04500¢ 02 % RECOVERY Cs-137

. OUT FOR RERUN
ourr Fos RERUN

1,03600E 02 % RECOVERY Ce-€0

1]
{d
e
ice
ice
Icp
ICP
e
IcP
Icp
1cp
Icy¥
ICP
Icp
ICP
1CP
it
IcP
Icp
ce
1P
e
IcP
ICP
]
Pu239/40
AnzZ4i
£rg0

$.59000¢ 01 % REGOVRRY
1.02100E 02 % RECIWERY Ag
1.01420E 02 % RECOVERY Al
5 _98400F 01 ¥ RECOVERY B
1.00884E 02 % KFCOVERY Ba
1.05960F 02 ¥ RECOVCRY Ca
1.04750E 02 % RECOVERY Cd
1.054208 02 % RECOVERY ¢
1,45]120E 02 % RECOVERY Cr
1.03120F 02 % RECOVERY Cu
1.04500r 02 % RECOVERY Fe
1.00240F 02 % RECQVEAY K
9.93200E 01 % RECOVERY L1
1.01060E 02 % RECQYERY Mg
1.02120C 02 % RECOVERY Mn
1.04640F 02 % RECGVERY Mo
9_8yBUdE ©1 % RECOVERY Na
1.04800F 02 % RECOVERY M3
1.05540E 02 % RECOVERY Pb
1.02480E 02 % RECQVERY §

9,85200E 01 % RECOVERY 51

1.00620F 02 ¥ REGOVERY Sr
1.04400E 02 % RECOVERY ¥
1.03780F 02 % RECOVERY 7n

1.02340c 02 % RECOVERY Ir.

1.03500E 02 % RECOVERY
1.12100€ 02 % RET(VERY
$_14100F OL % RECOVERY

END OF REPQRY

A-11

zzzzzzzzzzzzzzzzzzzzzzzzzzzz

51D TIME:
SAMPLE HAS NOT BEEN SLURPED

ik

N

zz = =

aAR

&/ 1795 14:38

QUT OF GOOD CHAHCK
RANGE? AMS? CODE

Wik

XPRTR
IPHIR
XPRIR
XPRTR
XPRTR
XPRIR
XPRTR
YPRTR
XPRTR
XPRTR
XPRIR
XPRTR
XPRIR
XFRIR
¥PRTR
XPRIR
XPRIR
XPRTR
XPRTR
XPRTR
YPRTR
XPRTR

"XPRTR

XPRTR
XPRTR
XPRTH
IPRIR
XPRTR
XPRTR
XPRTR
XPRTR
XPRTR
XPRTR
XPRTR
XPATR
XPRTR
XPRTR
APRTR

Rev. 0
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RLAIX Resin MSDS
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WHC-SD-NEL-ER-002 Rev. 0

100 INDEPENDEMNCE MALL WEST  FrILADELPHIA A 13108.2393 U S A
TELEPHONE (21%5) 532-3000 CABLE ADDRESS  ROMMMAAS CENTRAL FAX (215} 592.3377

ROHM
iHAAS

CONMPANY

May 26. 1995

Westinghouse Hanford Company
Mr. Bruce Cornwell, MSIN L473
P.O. Box 1970

Richland, WA 99352

Dear Bruce:

This is a followup to our telephone conversation concerning information
which you need to dispose of three ion exchange resin products.

Duolite 5-10 Resin was manufactured either by Diamond Shamrock
Corporation or their predecessor, Chemical Process Company. 1 was not able
to find a material safety data sheet (MSDS) on this resin, but one database
indicated that it was a resin functionalized with copper/amine groups and
used to scavenge oxygen from water. The insoluble polymer matrix was either

phenol/formaldehyde or epoxy condensate; I haven't been able to clarify
which one.

Amberlite XE-163 Resin was the developmental name for the commercial
product Amberlite IRN-163 Resin, which is no longer sold by itself. This is a
sulfonated polystyrene/divinylbenzene copolymer supplied in the lithium ion
form. Amberlite XE-154 Resin was commercialized as Amberlite IRN-154
Resin. This product is a mixture of two resins: Amberlite IRN-163 Resin and
Amberlite IRN-78 Resin (a quaternary ammonium hydroxide copolymer of
styrene/divinylbenzene). MSDS for both of these products are enclosed.
Contrary to what 1 said on the telephone, neither product contains the
lithium seven isotope.

Thank-you for your interest in our ion exchange products, and thanks
especially for referring me to 10CFR 61.55 for information on disposal of

radioactive wastes.
Very truly yours, ‘
{
i N

A. Barry Simplson

Regulatory and Product Safety Manager
Separation Technologies

(215) 592-2540
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WHC-SD-NEL-ER-002 Rev. 0

Rohm and Haas Company HEALTH EMERGENCY : 215-592-3000
100 Independence Mall West SPILL EMERGENCY : 215-592-3000
Philadelphia, PA 19106-2399 CHEMTREC : 800-424-9300

MATERIAL SAFETY
DATA SHEET

PRODUCT IDENTIFICATION

AMBERLITE-R IRN-154 Resin

Rohm and Haas
Product Code : 69856 Hazard Rating Scale
Key : B90664-1
MSDS Date : 11/21/91 Toxicity 1 =EXTREME
Supersedes : 10/04/85 Fire 1 |3=HIGH
Reactivity ¢ [2=MODERATE
Special = |1=SLIGHT
0=INSIGNIFICANT

Product as supplied is a mixed bed exchange resin, strongly acidic
cation, lithium ion form and strengly basic, hydroxide ion form.

COMPONENT INFORMATION

No. CAS REG NO.  AMT. (%)

1 Sulfonated divinylbenzene/styrene
copolymer, Li ion form ..
2 Quat amine divinylbenzene/styrene
copolymer, OH ion form ... 9017-79-2 i

3 Water e e e e e 7732-18-5 55 - 65

63182-07-0 35 - 45

EMERGENCY RESPONSE INFORMATION

FIRST AID PROCEDURES

Eve Contact

Flush eyes with a large amcunt of water for at least 15 minutes. Consult
a physician if-irritation persists.

Skin Centact

Wash affected skin areas thoroughly with soap and water.

PAGE 1 of 8
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WHC-SD-NEL-ER-002 Rev. 0

Rehm and Haas Company PRODUCT: AMBERLITE-R IRN-154 Resin
100 Independence Mall West KEY: 890664-1

Philadelphia, PA 19106-2399 DATE: 11/21/91

FIRE FIGHTING INFORMATION

Unusual Hazards

Combustion generates toxic fumes of the following:
- sulfur oxides - nitrogen oxides

Extinquishing Agents

Use the following extinguishing media when fighting fires involving this
material:

- carbon dioxide - dry chemical - water spray

Personal Protective Equipment

Wear self-contained breathing apparatus (pressure-demand MSHA/NIODSH

ap-
proved or equivalent} and full protective gear.

SPILL OR LEAK HANDLING INFORMATION

Personal Protection

Wear gloves made of the fellowing material:
- butyl rubber

Additional personal protective equipment should include the following:
- safety glasses (ANSI Z87.1 or approved equivalent)

Procedures

Floor may be slippery; use care teo avoid falling. Transfer spilled mate-
rial to suitable containers for recovery or disposal.

HAZARD INFORMATION

HEALTH EFFECTS FROM OVEREXPOSURE

Primary Routes of Exposure

Skin Contact
Eye Contact

Eye Contact

Material can cause the following:
- dirritation

CONTINUED
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WHC-SD-NEL-ER-002 Rev. 0

Rohm and Haas Company PRODUCT: AMBERLITE-R IRN-154 Resin

100 Independence Mall West KEY: B20664-1

Philadelphia, PA 19106-2399 DATE: 11/21/91
CONTINUATION

Skin Contact

Prolonged or repeated skin contact can cause the following:
- slight skin irritation

FIRE AND EXPLOSIVE PROPERTIES

Flash Point .+« +« +« . . HNot Applicable
Auto-ignition Temperature 427 C/800 F Estimate
Lower Explosive Limit . . Not Applicable
Upper Explosive Limit . . Not Applicable

REACTIVITY INFORMATION:

Instability

This material ls considered stable under specified conditions of storage,
shipment and/or use. See STORAGE AND HANDLING INFORMATION Section for
specified conditions. However, avoid temperatures above 200C/392F.

Hazardous Decomposition Products

Thexrmal decomposition may yield the following:
- monomer vapors - sulfur oxides - alkylamines - oxides of nitregen

Hazardous Polymerization

Product will not undergo polymerization.

Incompatibility

Avoid contact with strong oxidizing agents, particularly concentrated
nitric acid.

PAGE 3 of 8
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WHC-SD-NEL-ER-002

Rev. 0

Rohm and Haas Company PRODUCT: AMBERLITE-R IRN-154 Resin
100 Independence Mall West KEY: 890664-1
Philadelphia, PA 19106-2399 DATE: 11/21/91
ACCIDENT PREVENTION INFORMATION
COMPONENT EXPOSURE INFORMATION
Component Information
No. CAS REG NO.  AMT. (%)
1 Sulfonated divinylbenzene/styrene
copolymer, Li ion form - e 63182-07~C 35 — 45
2 Quat amine divinylbenzene/styrene
copolymer, OH ion form .. 9017-79-2
] Water . . N . . . . . 7732-18-5 55 - 65
Exposure Limit Information
Comp ROHM AND HAAS OSHA ACGIH
No. Units TWA STEL THA STEL TLV STEL
1 None Nohe None None None None
2 None None None None None Neone
3 None Nonhe None HNone None None

PERSONAL PROTECTION MEASURES

Respiratory Protection

A respiratory protection program meeting OSHA 1910.134 and ANSI 288.2 re-

quirements must be
respirator's use.

Eyve Protection

followed whenever workplace conditions warrant a
None required under normal operating conditions.

Use safety glasses (ANSI 287.1 or approved equivalent).

Hand Protection

Chemically resistant gloves should be worn whenever this material is han-

dled.

Gloves should be removed and replaced immediately if there is any

indi-

cation of degradation or chemical breakthrough.

PAGE 4 of 8
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WHC-SD-NEL-ER-002 Rev. 0

Rohm and Haas Company PRODUCT: AMBERLITE-R IRN-154 Resin
100 Independence Mall West KEY: 890664-1
Philadelphia, PA 19106-2399 DATE: 11/21/91

FACILITY CONTROL MEASURES

Ventilation

The ventilation system employed is dependent on the user's specific ap-
plication of this material. Refer to the current edition of Industrial
Ventilation: A Manual of Recommended Practice published by the American
Conference of Governmental Industrial Hygienists for information on the
design, installation, use, and maintenance of exhaust systems., None re-
quired under normal operating conditions.

Other Protective Equipment

Facilities storing or utilizing this material should be equipped with an
eyewash facility.

STORAGE AND HANDLING INFORMATION

Storage Conditions

The minimum recommended storage temperature for this material is 0C/32F.
The maximum recommended storage temperature for this material is
49C/120F. Keep from freezing: material stability may be affected.

Handling Procedures

The maximum recommended operating temperature for this material is
60C/140F. Properly designed equipment is vital if these ion exchange re-
sins are to be used in conjunction with strong oxidizing agents such as
nitric acid to prevent a rapid build-up of pressure and possible explo-
sien. Consult a source knowledgeable in the handling of these materials
before preceding. Do not pack column with dry ion exchange resins. Dry

beads expand when wetted; this expansion can cause glass columns to shat-
ter.

SUPPLEMENTAL INFORMATION

TYPICAL PHYSICAL PROPERTIES

Color e e e . . . Tan

State -+ + « + « .« . Beads

Odor Characteristic . .« . Odorless

pH « « « « .+« .« . . .7 to 9.5 Agueous slurry
Viscosity - +« « . . . Not Applicable

Specific Gravity (Water = 1) .

Vapor Density (Air = 1) . . <1 Water

CONTINUED
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WHC-SD-NEL-ER-002 Rev. 0

Rohm and Haas Company PRODUCT: AMBERLITE-R IRN-154 Resin
100 Independence Mall West KEY: 890664-1
Philadelphia, PA 15106-2399 DATE: 11/21/91
CONTINUATION
Vapor Pressure « « + +» + 17 mm Hg €820 C/68 ¥ Water
Melting Point <« + + . . 0C/32 F VWater
Boiling Point « « «+ .+ . 100 C/212 F HWater
Scolubility in Water . . . Practically insoluble
Percent Volatility . .+ . 55 to 65 % Water
Evaporation Rate (BAc = 1) < 1 Water

TOXICITY INFORMATION

Acute Data

No toxicity data are available for this material.

WASTE DISPOSAL

Procedure

Unused Tesin may be incinerated or landfilled in facilities meeting lo-
cal, state, and federal regulations. For contaminated resin, the user
must determine the hazard and use an appropriate disposal method.

REGULATORY INFORMATION

WORKPLACE CLASSIFICATICNS

This product is considered non-hazardous under the OSHA Hazard Communi-
cation Standard (29CFR 1910.1200).

This product is not a 'controlled product' under the cCanadian Workplace
Hazardous Materials Information System (WHMIS).

TRANSPORTATION CILASSIFICATIONS

US DOT Hazard Class . . . NONREGULATED

EMERGENCY PLANNING & COMMUNITY RIGHT-TQ-KNOW (SARA TITLE 3}

Section 311/312 Categeorizations (40CFR 370)

This product is not a hazardous chemical under 29CFR 1910.1200, and
therefore is not covered by Title III of SARA.

CONTINUED
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WHC-SD-NEL-ER-002

Rev. 0
Rohm and Haas Company PRODUCT: AMBERLITE-R IRN-154 Resin
100 Independence Mall West KEY: 890664-1
Philadelphia, PA 19106-2399 DATE: 11/21/91

CONTINUATION
Section 313 Information (40CFR 372)

This product does not contain a chemical which is listed in Section 313
above de minimis concentrations.

CERCLA INFORMATION (40CFR 302.4)

Releases of this material to air, land, or water are not reportable to
the National Response Center under the Comprehensive Environmental Re-
sponse, Compensation, and Liability Act (CERCLA) or to state and 1local
emergency planning committees under the Superfund Amendments and Reau-
thorizatien Act (SARA) Title III Section 304.

RCRA_INFORMATION

when a decision is made to discard this material as supplied, it does not
meet RCRA's characteristic definition of ignitability, corrosivity, or
reactivity, and is not listed in 40 CFR 261.33. The toxicity character-
istic (TCc), however, has not heen evaluated by the Toxicity Character-
istic Leaching Procedure (TCLP).

CHEMICAL CONTROL LAW STATUS

All components of this product are listed or are excluded from listing on

the U.S. Toxic Substances Control Act (TSCA) Chemical Substance Inven-
tory.

AMBERLITE-R is a trademark of Rohm and Haas Company or one of its subsidiaries
or affiliates.

ABBREVIATICNS:

ACGIHE = American Conference of Governmental Industrial
Hygienists
OSHA = Occupational Safety and Health Administration

TLV = Threshold Limit Value
PEL = Permissible Exposure Limit
TWA = Time Weighted Average

STEL = Short-Term Exposure Limit
BAc = Butyl acetate
Bar denotes a revision from previcus MSDS in this area.

PAGE 7 of 8
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WHC-SD-NEL-ER-002 Rev. 0

Rohm and Haas Company PRODUCT: AMBERLITE-R IRN-154 Resin
100 Independence Mall West

KEY: B90664-1
Philadelphia, PA 19106-2399 DATE: 11/21/91

The information contained herein relates only to the specific mate-
rial identified. Rohm and Haas Company believes that such informa-
tion is accurate and reliable as of the date of this material safety
data sheet, hut no representation, guarantee or warranty, express or
implied, is made as to the accuracy, reliability, or completeness of
the information. Rohm and Haas Company urges persons receiving this
information to make their own determination as to the information's
suitability and completeness for their particular application.

97
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WHC-SD-NEL-ER-002 Rev. 0

J.J. COGGINS
HO, INDUST CHEM

HAZARD RATING  amc
ROHM AND HARS COMPRANY 4-EXTREME
HIGH MEzorr, =
- 2*MODERATE ,
CDRPORATE PRODUCT INTEGRITY DEPARTMENT EMERCENCY TELEPHONE V1SLIENT 13xCTe
INDEPENDENLCE MALL, WEST 215-592-3000 {ROHM AND HAAS) O INSIGNIFICANT
PHILADELFHIA, Pa 15105 B00-424-9300 ICHEMTREC) «+SEE SECTION IV LT

MATERIAL SAFETY DATA SHEET NOT QSHA HAZARDOUS

LIST 7
M ATERIAL CGDE KEY DOT WAZARD CLASS
IAMBERLITE® IRN-154 Resin 69856 850664-1 NONREGULATED
" |oaTE 1s5uED
10/04/85
£ IRAMUL A [cHEMICAL NAME OR SYNONYMS Styrene/divinylbenzene ion exchange resin
Mot applicable | (iithium and hydroxide forms)
[T -~ COMPOSITIONAL INFORMATION |
AFPRDX WT % TWAITLY
CAS Reg. ¥No, R&LH OSHA ACGIH
Styrene/DVE anion/cation exchange resinc NONHAZ 40-45 WNE NE NE
Water HONHAZ 55-60 NE NE HE
[IT_— "PHYSICAL PROPERTY INFORMATION ]

APPZIARANGCE - CCOF + ok VISZICSITY

Tan beads; codorless; pH{agueous slurry) 7-9.5 HA

MELTING OR FREEZ:NG POINT BOILINS PQINT VAPDOR PRESSURE tmm Hal VAPFOR DENSITY (AR
DC/32F (water) HA 17 (water) 0.62 (water)
SOLUBILITY IN WATER PEACENT VOLATILE (BY WEIGHT) SPECIFIC GRAVITY (WATER: 1) EVAPORATION RATE {BUTYL ACETATEs{s
Wegligible 55-60 (water) 1.1 <l {water)

|11l — " FIRE AND EXPLOSION HAZARD IPFORMATION]

FLASH FOINT AUTD 1GNITION TEMPERATURE LOWER EXPLOSION LIMIT (%) UPPER EXPLOSION LIMIT (%)
MA 427C/B00F (est.) LA HA

EXTINGUISHING MEDIA '

[0 rosmw [ 75507 [ <o Cremicay (K] Srnay [ T

SPECIAL FIAE FIGHTING PAQIIDURIE

Wear MSHA/KIOSH-approved, pressure—demand, self-contained brezthing apparatus cr eguivalent,

nd full prosegtive cegr.
UNISUAL SIRE AN ZXPLOSI0N HAZAEDE

[Toxic compustion products include suifur cioxide and sulfur trionide, znd ouides ©F nitrogen.

[V~ HEALTH HAZARD INFORMATION]

AOHM AND HAAS RECOMMENDED WORK PLACE EXFOSURE LIMITS
[Rone established

EZFECTS OF OVEREXPQSUAZ
[Eye Contact: Possibly irritating to eyes.

EMERGENCY AND FIRST AID PROCEDURES
[Eve Contact: Flush eyes with large amounts of water for at least 15 minutes. Consult a
Iphysician if irritation persists.

o b MY )RS
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WHC-SD-NEL-ER-002

A
[V "= REACTIVITY INFORMATION]
SrazilTy CONDITIONS TO AVOID
[stane [ Junstass Temperatures over 220¢/428F
~57ARDCUS DECOM#OSITION FRODUCTS
Styrene monomer, divinylbenzene, and oxides of nitrogen.
—4Z2aARDOUS POLYMERIZATION CONDITIONS TO AVvO0ID
LL NOT
Saim " accun None Known
NCOMPATIBILITY MATERIALS TO AvOIORVOLG contact with concentrated nitric acid or any other strong
WwaTER GTHER oxidizing agents at all times.

[VI — SPILL OR LEAK PROCEDURE INFORMATION |

STEPE TO BEZ TAKEN IM CASE MATERIAL IS RELEASED QR SPILLED -

Tloor may be slippery; use care to avoid falling. Sweep up and transfer to containers for
recovery or disposal.

£ ETE DISPOSAL METHODS .
D1spose of according to local, state, and federal regulations.

[VIT — SPECIAL PROTECTION INFORMATION |

JENTILATION TYPE
Normal room ventilation.

RESPFIAATORY PACTECTION

Mone required for normal operations
SROTECTIVE GLOVES EYE PROTECTICN
Impervious Safety glasses {ANSI Z87.1 or equivalent)

STHEP PAOTECTIVE ECWHPMENT
N2

] V11l — STORAGE AND HANDLING INFORMATION |
ITOFLCE TENMRERLTURE Finzcoe [+zaten |RErA:GERATED |ouTpoos
woe 4AS0/120F wm  CCA327 ! YES | N0 1 i | YES
~vola repeated freeze-thaw cycles

TOCENDTZ 70 SETTION I NZ= Kone estadlisned i

{lx — TOXICITY INFORMATION |

No data

|X — MISCELLANEOUS INFORMATIOEI

CAUTION: DO NOT pack column with dry ion exchange resins. Dry beads expand when wetted; this
expansion can cause a glass column to shatter.

CAUTION: MNitrie acid and other strong oxidizing agents can cause explosive reactions when
mixed with ion exchange resins. Proper design of eguipment to prevent rapid buildup of
pressure is necessary if use of an oxidizing agent such as nitric acid is contemplated.

Before using strong oxidizing agents in contact with ion exchange beads, consult sources
knowledgeable in handling these materials.

AMBERLITE® IS A TRADEMARK OF ROHM AND HAAS COMPANY OR ONE OF ITS SUBSIDIARIES OR AFFILIATES.
NA 1 NOT APPLICABLE |KEY DATE CF 1S5UE SUPERSEDES
€ ZEILING VALUE 890664-) ! 10/04/85 NEW

THE INFCAWITION SONTAME
AETURATE ROWEVER NC
- eroy g vueer

15 BLEED Ok DETa CONSIDERED ROmw AND =aL§ COMPINMT LESUWTS WO RESIONSIERITY FOR PERSONAL
1§ EXGBISSED OF MO, ED AESATINI uBr (W RAZPERTY Lauigi CE vEIN USEMS OR T~RT PARTISS
af EECTe YC B CITaMIT F2TM TeE Tal OR LEEIT rfumE 3.
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e e a st

HO, INDUST CHEM

HAZARD RATING  pa
ROHM RND HARS COMPANY et e
CORPORATE PRODUCT INTEGRITY DEPARTMENT EMERGENCY TELEPHONE JTUQOERATE  1ouiemy Q
INDEPENDENCE MALL WEST 215-552-3000 IROHM AND MAASH D= INSIGNIFICANT
PHILADELPHIA, PA 13105 B00-424-9300 CHEMTRECI +=SEE SECTION v aRECIAL
L1e 7 MATERIAL SAFETY DATA SHEET  NOT OSHA HAZARDOUS
MATERIAL CODE KEY DOT HAZARD CLASS
AMBERLITE® IRN-163 Resin 69243 $06215-9 NON~-REGULATED
DATE 155UED
08/14/85
FORMULA CHEMICAL NAME DR SYNONYMS
ot applicable Styrene/DVB ion exchange resin (lithium form)
|1 — COMPOSITIONAL INFORMATION!
APPRDX WT % TWAITLY
CAS REG. HNO. R&H O5HA ACGIH
IStyrene/divinylbenzene cation exchange resin NONHAZ [45-50 HNE NE NE
Mater HONHAZ |50-55 NE NE NE

11J — PHYSICAL PROPERTY INFORMATION]

APPEARANCE - ODOR - pH. VISCOSITY
fTan beads; oderless; pH (aqueous slurry) S-7 NA
MELTING OR FREEZ!NG POINT BOILING PDINT VAPQR PRESSURE imm Hegt VAPCA DENSITY {AIR:1)
0C/32F {water) INA 17 (water) 20C/68F 0.62 (water)
SOLUBILITY IN WATER PEACENT VOLATILE {AY WE(ICHT} SPECIFIC GRAVITY (WATER-1) EVAPDRATION RATE {BUTYL ACETATEsY
Megligible 50-55 (water) 1.26 <l (water)
|

IT" —  FIRE_AND EXPLOSION HAZARD INFORMATION]

FLASH POINT

AUTO IGNITION TEMPERATURE LOWER EXPLOSION LIMIT (%) UPPER EXPLOSION LIMIT (%I
A 427C /800F HA
EXTINGUISHING MEDIA
M ~ALCOHGOL" DAY WATER HER
For FOAM lj_il toq HEMIC A FRAY D OTHE
SPECIAL FIAE FIGHTING PROCEDURES

[Rear MSHA/NIOSHE-approved, pressure-demand, self-contained breathing apparatus or equivalent.

UNUSUAL FIRE AND EXPLOSICN HAZARDS

[Toxic combustion products include sulfur dioxide and sulfur trioxide.

|1V — HEALTH HAZARD INFORMATION]

ROHM AND HAAS RECOMMENDED WORK PLACE EXPOSURE LIMITS
one established

KFFECTS OF OVEREXPOSURE
e Contact: Possibly irritating to eyes.

EMERGENCY AND FIRST AID PROCEDURES

Eye Contact: Flush eyes with large amounts of water for at least 15 minutes.

Consult a
physician if irritation persists.
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WHC-SD-NEL-ER-002 Rev. 0

[ T onEAL YL JI\FUI’\"IHII\JI‘\I
STABILITY CONDITIONS TD AVOID

[xlsrase [ Jumstanie Temperatures over 220C/428F
HAZARDOUS DECOMPOSITION PRODUCTS

Styrene monomer, divinylbenzene.

HMAZARDOUS POLYMERIZATION CONDITIONS TS AvDID
MAY WILL NOT
OCCUR occus

INCOMPATIBILITY IMATERIALS TO avoioAvold contact with concentrated nitric acid or OtRer strong
WATER OTHER oxidizing agents at all times.

[VI - SPILL_OR LEAK PROCEDURE INFORMATION]

STEPS TG BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED

Floor may be slippery. Use care to avoid falls. Sweep up and transfer to containers for
recovery or disposal,

WASTE DISFOSAL METHOODS
This material can be disposed of as ordinary trash.

[ VIl — SPECIAL PROTECTION INFORMATION |

VENTILATION TYPE

Normal room ventilation,
RESPIRATORY PAOTECTION

None required for normal operations.

PRQTECTIVE GLOVES EYE PAOTECTION
Impervious Safety glasses (ANSI Z87.1 or equivalent)
OTHER PROTECTIVE EQUIPMENT

[VITT "="STORAGE AND HANDLING INFORMATION |

STORAGE TEMPERATURE lluouon MEATED |n:rn|cEnA‘r:o OUTDOOR
| max, 49C/120F wmiw  OC/32P YES

YES
Avoid repeated freeze-thaw cycles.

NOTE: The maximum operating temperature recommended for this product is 121C/250F.

Footnote to Section I: NE = None established

[I1X ~ TOXICITY INFORMATION |

Ho data

[X — MISCELLANEOUS INFORMATION |

Caution: Do not pack column with dry ion exchange resins. Dry beads expand when wetted; this
expansion can cause a glass column to shatter.

Caution: Nitric acid and other strong oxidizing agents can cause explosive-type reactions
when mixed with ion exchange resins. Proper design of equipment to prevent rapid bulld-up of
pressure is necessary if use of an oxidizing agent such as nitric acid is contemplated.

Before using strong oxidizing agents in contact with ion exchange beads, consult sources
knowledgeable in handling these materials.

AMBERLITE® IS A TRADEMARK gz ROHM AND HAAS COMPANY OR ONE QF ITS SUBSIDIARIES OR AFFILIATES.
NA = NOT APPELICABLE CATE OF ISSUE SUPERSEDES
C « CEILING vALLR 906215-9 D8/14/85 06/08/82
THE WFOAMATION CONTAIMED WEREW 15 BASED OW DATA CONSIDEMED ROHM AND MAAS COMPANY ALEUMES NO RESPONSIBNLITY FORM PERSONAL

ACCURATE, HOWEVER, NO WARRAKTY I1f EXPAESSED OR WIPLIED REGARDING INJURY DR PROPERTY DAMAGE TO VENDEES VSERS OR THIRD PARTIES
THE ACCURAZY OF YTHESE DaTa OR TWE RESULTS TO BE OBTAINED FROM THE CAUSED @Y THE MATERMiAL. SUCH VEWDIEES OR USERS ASSUME ALL
USE ThERZOF RISES ASETDATED Wetd Tof g€ OF TuE meTES
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APPENDIX C

RLAIX Column Information
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WHC-SD-NEL-ER-002 Rev. 0

Rupture Loop Annex Ion exchange Vault
Resin/Materials Summary

Process

Ion exchangers were designed to: (1) continuously purify coolant at 10
to 200 gpm and remove oxygen from coolant at 10 gpm operating in a
recirculating mode. (2) During failed fuel experiments remove radioactive
materials from the entire coolant stream (at 200 gpm) during intermittent six
hour single pass operating periods. Fuel used was natural uranium with 2% or
4% PuQ,.

Ion exchangers incliuded three units a mixed bed exchanger, a cation
exchange and a deoxygenating exchanger. The ion exchanger will purify and
deoxygenate water at a pH of 9-11. Ion exchange resins are in the LiOH form.

(Ref. HW-63863, "Design Criteria for PRTR Fuel Element Rupture Test
Facility". HW-61236 Sup5, "PRTR Final Safeguards Analysis, Fuel Element
Rupture Testing Analysis". BNWL-40, "PRTR Fuel Element Rupture Test Facility
Capabilities and Project History". HWS-7928, "Proc. Spec. for Cleanup System
Ion Exchangers, PRTR FERTF"

Materials
IX Colurn Volume Resin
RLIX-1 27 ft3 Amberlite XE-163 (Amberlite IRN-163) Non-Hazardous
. Sulfonated polystyrene/divinylbenzene
Cation copolymer Non-Regulated
Transportation
RLIX-2 27 ft3 Amberlite XE-154 (Amberlite-R IRN-154) Non-Hazardous
: (Mixture of IRN-163 and Amberlite IRN-78)

Mixed Bed (IRN-78 is a quaternary ammonium hydroxide Non'Reql” at?d
styrene/divinylbenzene copolymer) Transportat1 on

RLIX-3 16 ft3 et May have not

Decxygenator 3 to 5 Ratio been us_,ed )
Duclite $-10 is either a extensively in
phenol /formaldehyde or epoxy condensate system.
resin.)

Columns are depicted on H-3-14005 and H-3-14006

Filter assembly used during rupture loop decon conducted in 1966, (Ref H-3-
15245 Shts 1&2, "Rupture Loop Decontamination Details.”

Analysis

Resins similar and function and operational use to those analyzed from other
vault which were determined nonhazardous.

Columns have water which will need to be removed and remaining water absorbed
in some manner.

C-2



WHC-SD-NEL-ER-002 Rev. 0

MECHANICAL DATA REFERENCE INFORMATION

Item Size Est. Weight
Cation/Mixed Bed 2’-4" 1.D. 8’-0" Long 3,800 1bs
Ion Exchange Column 107-10_1/2" Maximum Height

~33 ft* Total Volume
Resin Volume 4’-2 1/2" Long 28" Dia. (I8. ;t’)
Gravel ~28 1/2" Long 28" Dia (9.7 ft°)

(Last column incorporated upper and lower
sparger for flow distribution.)

20 % resin void (est)

50 % gravel void (est)

Pre 1964 Ion Exchange Column 2'-4" [.D. 8’'-0" Long 3,500 1bs
(Cation/Mixed Bed) 11’ Ma;imum Height
~33 ft° Total Volume

Resin Chamber Volume 6’-6" Long 28" Dia,
Resin volume 27 ft> (Ref HW-61236 sup 5 pg 19)
(Early column design used upper and lower flow
distribution grids. Design is distinguished
from later design by shorter resin fill pipe.)
20 % resin void

De-Oxygenator 1/-9" 1.D. 8’-0" Long 1800 1bs
Ion Exchange Column 11’ Ma; Height
~18 ft* Total Volume
Resin Volume 6'-6" %ong 21" Dia.
~16 ft

20 % resin void

C-3
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$&Battelle

Pacific Northwest Laboratories

Batrelle Boulevard

P.O. Box 999

Richland, washington 99352

Telephore (509) 376-0405
November 10, 1995

E. J. Bitten

Westinghouse Hanford Company
P. 0. Box 1970

Mail Stop L4-73

Richland, WA 99352

Dear Mr. Bitten:
RESULTS OF PNL ASSAY OF 309 BUILDING RUPTURE LOOP ION EXCHANGE COLUMNS

Enclosed are sets of data for work performed August 30 - September 7, 1995, using
the PNL Box Assayer System on 12 ion exchange columns at the 309 Building Rupture
Loop Annex Ion Exchange Vault.

The PNL Box Assayer System employs high-resolution (HPGe) gamma-ray spectrometry
and passive neutron counting to characterize the contents of wood and metal waste
containers. The enclosed sets of data were acquired in accordance with the
specifications of PNL Technical Procedure SGS-001, "Burial Box Assay by High
Resolution Gamma-Ray Spectrometry andfor Neutron Counting," Rev. 2 under
administative contrgl of the PNL Quality Assurance Project Plan MCS-032, Rev. 2.

Activity Measured via Gamma-Ray Spectrometry

Exhibits 1 and 2 summarize results of the box assay for gamma-ray analysis and
passive neutron counting. The PNL verified-and-validated RAYGUN gamma-ray
reduction code was used to identify and compute levels of activity from the
spectral data. The data reduction code analyzes for typical long-lived fission and
activation products and for selected transuranics (TRU) that typicaily appear in
several Hanford radicactive waste streams. The predominant radionuclide observed
in the ion exchange columns was the fission product Cs.  The only other
radionuclide observed was trace levels of the activation product ®Co. Ho gamma
rays were observed that can be attributed to TRU isotopes, due to the high
backgrounds that result from Compton scatter of the ''Cs gamma ray.

The activity levels presented in Exhibit 1 are reported in units of uli/g and £i.
The net weight used in computing activity levels is expressed in units of kg and
is computed by subtracting the weight of an empty iomn exchange column from the
gross weight that is provided. A unique PNL run number is used to store and track
each data set. The uncertainty associated with highlighted values is merely the
counting error as determined by the RAYGUN code.

Gamma-Ray Spectrometer Efficiency Calibration

As part of daily operation for the PNL Box Assayer System, the gain of the
spectrometer is set and an operability check is performed.

E-2
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The efficiency calibration curves used by the gamma-ray analysis program RAYGUN
were previously determined by counting several drum standards containing NIST-
traceable quantities of *Co, ™Cs, and '¥Cs homogenously fixed in a Dow resin of
the same density as ion exchange media. The drum standards were counted using the
same shielding configuration that was used for counting the ijon exchange columns.
The counting configuration is illustrated in Exhibit 3. A tungsten collimator was
used whose slit width was controlled by a stepping motor. Lead bricks and plates
were used for all other shielding.

Exhibit 4 provides the response curve from counting the standard drums at various
collimator s1it widths.

Alpha-Particle Activity Measured via Passive Neutron Counting

The results of the passive neutron analysis are summarized in Exhibit 2. The
activity is reported in units of pli-afg. Because the entire ion exchange column
is considered to be waste and will be disposed of in appropriate waste containers,
the gross weight is used in computing TRU activity levels, expressed in units of
kg.

Passive neutron counting was performed on the containers separately from counting
with gamma-ray spectrometry. The neutron counter is a slab geometry in which 10
'"BF, tubes (5-cm diameter, 90 torr fill pressure) are embedded in slabs of high-
density polyethylene moderator. The tubes each operate with a custom signal
preamplifier module that allows operation in fields exceeding 4 R/hr without
spurious counts due to gamma-ray pulse piieup, as verified using the *Co sources
at the Hanford Calibration Facility (318 Building.)

Any alpha-particle activity in the ion exchange columns results in neutron
emissions via (a,n) reactions, predominantly with oxygen and other light elements
of the matrix, especially 1ithium and boron. Neutron emissions are also associated
with spontaneous fission of various transuranic isotopes, especially *Pu. Process
knowledge that was provided confirmed that the assumption of specific alpha-
particle activity of weapons-grade Pu@, is appropriate for TRU present in the ion
exchange ¢olumns.

The specific a-particle activity used for weapons-grade PuO, is 8.5-10" nCi-a/g,
determined from ORIGEN2 calculations® assuming 6.00% #%Pu.
Neutron Counter Efficien alibration

Direct efficiency calibrations were performed previously on a 5'x5'x9' burial box
containing several different ion exchange columns relative to the NIST-traceable

* DC Hedengren and HJ Goldberg, “ORIGENZ Predictians of N Reactor Fuel Actinide Compesition,®

SD-CP-TI-105, Rev. 1, 330 pages, (1987).
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100-g weapons-grade *PuQ, standard, 19B14B. <Calibration consists of a series of
counts with the standard centered on the far side of the box, as specified in the
PNL Technical Procedure SGS5-001. A count is taken with the standard moved back in
1-ft increments. Five such counts are typically performed on each box that is
calibrated. Exhibit 5 illustrates the results of this neutron calibration count.

A count taken in the vault away from columns containing measureable activity was
performed to establish the ambient background. Because the shielding effects of
the concrete walls of the vault, as well as the surrounding soil, the ambient
background was a factor of 4 lower than above ground. The shielding helps remove
some of the excess of ambient neutrons that are generated from cosmic rays that
spall at higher elevations in the atmosphere. The net result of reducing the
effects of this cosmogenic meutron background is an enhanced sensitivity for TRU
with the neutron detector.

A set of counts on a given ion exchange column consisted of several 200-s counts
taken with the bank of moderated neutron tubes suspended adjacent to the column
being counted. The observed passive neutron data and the corresponding efficiency
are used in the NANAL Neutron Analysis Code, version 2.00, to determine TRU levels.
The resulting hardcopy output are enclosed with the computer printouts taken in the
field, together with the output of the RAYGUN gamma-ray analyses of the
corresponding ion exchange columns.

Please note that the uncertainty for TRU levels as presented in Exhibit 2 is a l-¢
value and that a greater degree of uncertainty attends lighter-weight columns.
Please note also that the level of neutrons counted in some columns {i.e., C2, R3,
L4, and C3 and C4, both of which turned out to be empty) was elevated due to the
inability to entirely shield the detector from neutrons emanating from the column
{L3) that definitely contained neutron emitters from entrained TRU. One empty
container, C4, was subsequently moved to a more open position within the vault and
recounted; the recount showed a neutron count consistent with the ambient neutron
background, confirming that neutrons counted previously had emanated from a source
other than C4. The fact that columns directly adjacent to L3, namely L2 and L4,
did not yield a significantly elevated neutron count is probably due to the
shielding effects of the concrete wall separating the columns; this observation
also gives credence to the claim that L3 is the sole source of excess neutrons
observed within the vault.

Quality Assurance: Accuracy and Precision via Field Calibration Source Check

The gamma-ray spectrometer was checked in the field before and after use of the
instrumentation using a 25-g thoria standard: #54124-73-1. Three peaks (238.63-,
911.07-, and 2614.47-keV) were examined for position and area as part of an
operability check and as a control check of the energy and efficiency calibrations.
The positions and areas are determined using commercial ADCAM software and compared
to previous control values.

E-4
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For data summarized in this report for this batch of centainers, ne accuracy or
precision noncompliance issues exist.

ndations and Conclusion

The data show that each IX column in this analysis is below the TRU Timit of
100 nCi-a/g. Gamma-rays that are associated with TRU activity were also not
detected at levels that can be measured directly using the high-resolution gamma-
ray spectrometer because of the high background caused by Compton scatter of the
D0s gamma ray. The only fission product measured in the columns was *'Cs. Traces
of the activation product **Co were also measured. A filter and some pipes in the
North corner showed no evidence of TRU when examined with the neutron counter.

The gamma-ray spectrometer was placed inside a steel basket that was lowered by
crane into the vault. Because of the confining nature of the vault, size
limitations determined the placement of lead shielding around the detector. Ko
space was available behind the liguid-nitrogen dewar for shielding, which was
unfortunate when counting L3 and R3 since the majority of radiation entering the
detector when counting these two columns was probably entering the detector from
the backside, through the dewar and cryostat, making direct quantitation of
radionuclides difficult. Dose-to-curie conversion based on other columns and
knowing that '“Cs was the only dose contribution allowed a bracket to be placed on
radiation levels,

Columns that probably do not contain TRU (i.e., C2, L4, and R3) may be recounted
using the neutron detector. Such a count should be performed either by moving L3
to some distance from the others or by moving each of the columns in question to
the neutron detector, which would be positioned at some distance from L3.

Hard copies of the data are enclosed for you to maintain as record copies while
floppy diskettes containing the archived spectral data are kept on file for backup
purposes at PNL. Any guestions may be directed to me at Mail Stop P8-08, by
ec:Mail, by FAX at 376-2329, or by phone at 376-0405.

M

/

hur
cientist

Richard J.
Sr. Resear

Enclosures & Attachments

cc w/attachments:

BC Cornwell, L4-73
DE Robertson, P8-01
MD Winterrose, P8-01
File /LB
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Column: L-1 (Type: "Design 2"}

Rev. 0

Date: 10/30/95 1:46 PM

E-6

Gross Wt: 3352 b 1520.5 kg
Net Wt: 1684 |b 763.9 kg
Langth: 96 inch {external)
78 inch {internal, resin}
PNL Run No. Cs-137 Unc. Co-60 Unc.
{top to bottom} twCifgl {Ci/g)
95083102 5.26E-05 8.6 3.65E-068 31.2
95083103 1.53E-04 5.1
95083105 6.32E-04 2.6 1.99E-05 11.1
95083106 1.33E-03 1.9 1.17E-05% 18.9
95083107 1.68E-03 1.8 1.47E-05 26.6
895083108 1.06€-03 2.1 9.04E-06 14.7
95083109 5.26E-04 2.8
35083110 1.95E-04 4.5
5.63E-03 uCifg 5.50E-05 uCi/g
0.004302 Ci _ ) 4,2E-05 Ci
Ratio = 99.0% Cs-137
1.0% Co-60
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Page 6 / Novembar 10, 1995
Column: R-1 {Type: “Design 2")

Rev. 0

Date: 10/30/95 1:46 PM

Gross Wt 3352 b 1520.5 kg
Net Wt: 1684 Ib 763.9 kg
Length: 96 inch {axternal}
78 inch {internal, resin}
PNL Run No. Cs-137 Unc. Co-60 Une,
{top 10 bottom) {uCilg) wCilg)
95083117 9.79E-05 6.7 8.55E-06 21.9
95083118 1.57E-04 5.3 9.59E-06 20.2
95083119 2.8BBE-03 1.6 1.66E-05 11.5
© 95083120 4.20E-03 1.6 2.19E-05 18.2
95083121 4.10E-03 1.6 2.46E-05 12.3
95083122 1.33E-03 2.4 1.79€-06 18.6
95083123 4,44E-04 3.2 9.11E-06 211

1.32€-02 uCilg
0.010094 Ci

Ratio = 99.2% Cs-137
0.8% Co-60

E-7

1.07E-04 uCi/g

8.19E-05 Ci
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Column: L-2 {Type: "Design 2"}

Rev. O

Date: 10/30/95 1:46 PM

E-8

Gross Wt: 3352 b 1520.5 kg
Net Wt: 1684 1b 763.9 kg
Length: 96 inch {external)
78 inch {internal, resin)
PNL Run No. Cs-137 Unc. Co-60 Une.
{top to bottom) ‘,UCUQ} UJCiIQ}
95090109 7.49E-05 10.3 2.14E-058 17.6
95090110 3.33E-04 4.7 : 1.76£-05 14.6
95090111 4.96E-03 1.8
25090113 9.17E-02 1.3
95080114 8.12E-02 1.3 1.87E-04 12.9
1.78E-01 uCifg 2.26E-04 uCi/g
= 0.13613 Ci . LA . -0,000173 Ci
Ratio= 99.9% Cs-137
0.1% Co-60
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Page 8 / November 10, 1995
Column: C-2 {IX-2 Type)
Gross Wt: 1800 Ib 816.5 kg
Net Wt: 720 1b 326.6 kg
Length: 77 inch {external}

66 inch {internal, resin)

PNL Run No. Cs-137 Unc. Co-60 Unc.
{top to bottam} wCisg) {LCi/g}
95083111 1.30E-04 5.8 7.46E-06 22.0
95083112 2.01E-03 4.0 3.70E-05 29.9
95083113 2.76E-03 3.3 7.21E-05 18.6
95083114 2.70E-03 3.4 6.04E-05 21.6
95083115 1.75E-03 4.3 4.07E-05 20.3
95083116 9.21E-04 5.9 5.62E-05 16.3
1.03E-02 uCi/g 2.74E-04 uCi/g
0.003354 Ci S  8.94E-08 Ci
Ratio = 97.4% Cs-137
2.6% Co-60

E-S
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Page 9 / November 10, 1995
Column: R-2 (Type: "Design 2"}

Gross Wt:
Net Wt:
Length:

PNL Run No.
{top 1o bottom}

95090103
85090104
95090105
95090106
95090107
95090108

Ratio =

3352 b

1684 1b
96 inch
78 inch

Cs-137
{uCilg)

1620.5 kg

763.9 kg
{external)
{internal, resin}

tUnc.

4.56E-05
3.85E-05
3.62E-03
1.23E-02
2.83E-01
3.42E-01

6.11E-01

12.6
16.8
4.0
25
1.7
1.5

uCi/g

0.466546 Ci

99.8% Cs-137

0.2% Co-80

E-10

Co-60 Une.
{uCi/gl

1.10E-05 16.0
1.27E-05 24.2
9.60E-04 11.8

9.84E-04 uCifg

Y 0000752 Ci

Rev, 0

Date: 10/30/95 1:43 PM
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Column: L-3 (Type: "Design 2")

Rev. Q

Date: 11/10/95 4:14 PM

Unc.

Gross Wt: 3352 b 1520.5 kg
Net Wt: 1684 Ib 763.9 kg
Length: 96 inch {external)
78 inch {internal, resin)
PNL Run No. Cs-137 Unc. Co-60
{top to bottom) {uCi/g) wCirg)
95030602 4.74E-04 3.6 1.79€-05
95090603 9.23E-04 3.6 3.74E-05
95090604 1.03E-02 2.2 1.19E-04
95090605 2.05E-02 1.8
25090606 3.27E-01 1.4
25090607
850920608
95090609
95090610
95090611
95090612

< 2.1 Ci 0.000133 Ci

Ratio = 100.0% Cs-137
0.0% Co-60

E-11
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15.8
11.3
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Page 11 / November 10, 1995
Column: C-3 (IX-1 Type: Empty; 304 Stainless Steel)

Gross Wt: 520 Ib 235.9 kp
Net Wt: 1 0.5 kg
Length: 77 inch {external)
59 inch {internal, resin}
PNL Run No. Cs-137 Co-60
{top to bottom} {uCilg) wCifg)
85090714
95090715 2.99€E-06 100 5.60E-06 100
95090716 3.31E-06 k¥
85090711 2.52E-05 12.6
95090717
2.93E-06 uCi/g 3.41E-05 uCi/g
1,36E-09 Ci .. £ 1.55E08B Gi
Ratio = 8.1% Cs-137
91.9% Co-60

E-12
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Column: R-3 (Type: "Design 2")
Gross Wt: 3352 |b 1520.5 kg
Net Wt: 1684 b 763.9 kg
Length: 96 inch {external)
78 inch {internal, resin)

PNL Run No. Cs-137 Unc. Co-60 Unc.

{top to bottam} {uCilg) (Cilg)

95090613 7.73E-04 4.
95080614 4.57E-03
950920615 2.20E-02
95090616 7E-

95080617
95090618
95090618
95090620
95090621
95090622

1.85E-05 22.6

_._.
Wesn

3.83E-04 26.7

1.65E-03 25.4

< 1.1 Ci . 0.001567 C

Ratio = 100.0% Cs-137
0.0% Co-60

E-13
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WHC-SD-NEL-ER-002

Excel 4.0 File: 950906R4.XLS

Exhibit

Column: R-4 (Type: "Design 2")

Gross Wt: a352 Ib 1520.5 kg
Net Wt: 1684 Ib 763.9 kg
Length: 96 inch {external)

78 inch {internal, resin)
PNL Run No. Cs-137 Une.
{top to bottam) {uCi/g)

95090624 1.49E-05 225

95090625 1.61E-05 21.3

95090626 1.50£-05 23.8

95090627 4.78E-05 20.1

95090628, 9.32E-04 10.7

95090629 1.97E-03 5.6

95090630 1.75E-03 5.9

95090631 1.29€-02 7.2

95090832 2.07E-02 4.7

95090633 1.13E-02 6.6

4.93E-02 uCifg
" 0.037635 Ci
Ratio = 98.6% Cs-137
1.4% Co-60

E-14

Rev. 0

Date: 10/30/9% 1:41 PM

Co-60 Unec.
wCilg)

7.65E-06 14.3
7.23E-06 15.7
1.22E-05 11.6
2.29E-05 22.6
5.27E-05 23.7
8.01E-05 19.3
5.14E-04 11.8

6.96E-04 uCi/g

0.000532 Ci
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E. J. Bitten Exhibit 1

Page 14 / November 10, 1995
Column: C-4 (IX-2 Type: Empty; Aluminum Exterior)

Gross Wt: 180 Ib 81.6 kg
Net Wt: 116 0.5 kg
Length: 77 inch {external}
59 inch {internal, resin}
PNL Run No. Cs-137 Ce-60
{top to bottom) (ECUQ’ !ECI/Q)
95090634 4.29E-05 57.6 1.59E-06 100
95030635 5.15E-04 15
85090636 6.10E-04 131
95030637
95090638 1.42E-04 43.5
95090639 5.91E-05 425 1.15E-04 11
1.37E-03 uCilg 1.31E-04 uCi/g
B6.21E:07 Ci _ ... . 5.95E-08 Ci
Ratio = 91.3% Cs-137
8.7% Co-60

£E-15
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Column; C-4 (IX-2 Type: Empty; Aluminum Exterior)

Rev, 0

Date: 10/30/95 1:45 PM

E-16

Gross Wt: 180 Ib 81.6 kg
Net Wt: 1Ib 0.5 kg
Length: 77 inch {external)
59 inch {internal, resin}
PNL Run No. Cs-137 Unc. Co-80 Unc.
{top ta bottomn) {pCi/g} (LCifgy
95090714
95080715 2.99E-06 100 5.60E-06 100
95090716 3.31E-06 37
95090711 2.52E-05 12.6
95080717
2.98E-06 uCilg 3.41E-05 uCifg
1.36E-G9 Ci 1.65E-08 Ci
Ratio= 8.1% Cs-137
91.9% Co-60
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E. J. Bitten Exhibit 1

Page 1& / Movember 10, 1995
Column: L-4 (Type: “"Design 2")

Gross Wt: 3352 b 1520.5 kg
Net W1: 1684 Ib 763.9 kg
Length: 96 inch {external)
78 inch finternal, resin}
PNL Run No. Cs-137 Unc. Co-60 Une.
{top 1o bottarn) wCifg} {uCilg)
95083001 6.21E-04 2.7 1.6BE-05 1.1
95083002 6.29E-04 2.7 1.73E-Q5 20.6
95083003 5.04E-D4 3 4.97E-06 23
85083004 4.20E-03 1.4 1.25E-05 12.8
95083005 7.09€-03 1.5 3.83E-05 11.3
95083006 9.81E-04 2.2 3.07E-05 7.9
85083007 4.91E-05 11.4 4.14E-05 6.9
95083008 5.31E-05 8.9
1.41E-02 uCi/g 1.62E-04 uCi/g
0.010786 Ci . .0:000124 Ci

Ratio = 98.9% Cs-137
1.1% Co-60

E-17
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Column: RLIX-1

Rev. 0

Date: 10/30/95 1:38 PM

Gross Wt: 3352 Ib 1520.5 kg
Net Wt: 1684 Ib 763.9 kg
Length: 96 inch {external)
78 inch {internal, resin)
PNL Run No. Cs-137 Unc. Co-60 ‘Unc.
{top 1o bottamn} {uCifg) Wiirgt
95090706 1,20€-05 216
95090707 1.66E-05 13.8
95090708 1.46E-05 13.4
95090702 1.56E-05 17.6
95090710
95090712 1.62E-05 25
95090713 2.59E-05 13.7

0.00E + 00 uCilg
006

Ratio = 0.0% Cs-137
100.0% Co-60

1.01E-04 uCi/g

7.7E-05 Ci
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NANAL: Neutron Analysis Code (Version 2.00)

Neutron ANALYSIS file:
Segment CountTime
200.00
200.00
200.00
200,00
200.00
200.00
1200.00

REDU SN -

WHC-SD-NEL-ER-002

95083102.nan * * *
Date Analyzed -- (13:48:04 o

\DATA\R5083102.NAN
Neutrontount Discard Sigms from Median
326. .
348, 1,22
333, .39
299. =1.50
374, 2.66
322. -.22
2002. 6-Sample Median 326.00
TID

BARREL: Rupture Loop Annex: lon Exchange Column L-1
SITE: 300 Area: 309 Building Ion Exchange Vault

OPERATOR: mdw

Statistics on & counts

CerMoment Calc Value Poisson Value
H 5.382222E+02 3.336667E+02
3 4.142942E+03 3.33666TE+02
4 6.924TTHE+05 3.343340E405
Mean 333.67 333,67
SDofMEAN 10.38 T.46
Std Dev 25,41 18.27
S0 of 5D 5.58 5.28
Skewness 331792 054745
Kurtosis - .409535 002997
Median 326.00 333.67
Spof MED 13.00 9.35

ERR A Lt ie Pl b ed bl g

** NO NET NEUTRON COUNT **
1 ]

¥ *

(Differences in Sigme units)
Diff/CaleSD Diff/PoissonsD

T4
.94

1.28
&0

-.5%
-159

1.06
.62
.80

1.35
.28

-.30
-.82

D e e L e e R L e L b bl Db Ll b i

** Measurement error dominates detection efficiency error
** can profitably increase measurement time by factor of 3.87D-01 **
i e sl s s A o ok A A ok ol ol ol ool ol e o s o Ve o ol el ol ol e e ke e

1.930-04 5.00%

EFFNEU= 3.84D-03

Y1= 13.422320 Y2=

21.583590

Only the 6 GOOD neutron counts used in TRU calculations

Measured Neutron Count
Estimated Bkgd N Count
Net Est Neutron Count

Measured N Source Strength

PRELIMINARY TRU activi

Rate
Rate

= 1.66833E+00 c/s +/- 5.18B759E-02
= 1.BODO0E+00 cfs +/- 4.06945E-02
Rate = 1.00000E-20 c/s +/- 6.59329E-02
= 2.58739E-18 n/s +/- 1.TOSP4E+DY

ty 1.2906E-12 nCi +/- B,S092E+06 nCi

LESS THAN 1.3998E+07 nCi

TRU activity Density 8
LESS THAN 9
TRU activity Density 1
LESS THAN 1

LABGTE=19 nCifgram
.204TE+00 nCi/fgram
.6BY3E-18 nCi/gram
.8322€+01 nCi/gram

(

1.64-5igma threshold)

/= 5.5956E+00 nCi/gram

i

[ 3.114]
L 2.261]

ri'.*ﬁ'i’x]
riﬁitiii‘z’

[itit*'.m

[t't**i'x]

based on GROSS WT= 1520712, grams

+/- 1.1138E+01 nCi/gram
763986. grams

based on  NET WT=

Total grams of TRY in barrel 1,5107E-20 gram +/- 9.9605E-02 gram
LESS THAN 1.6385E-01 gram

CALCULATIONS BASED ON:
Neutron Efficiency

1520.712 kg

Net barrel weight
3.B6LYE-D3 { 1.9325€-04) lcts/s)/In/s]

Calibration Factor = &.9880E+05 ¢ 5.4580E+«04) nCi/fIn/s]

Specific Activity

B.5430E+07 ( 3.8600E+06) nCi/gram

Meas Bkg Count Ratez 1.BOCOE+D0 { 4.0695E-02) cps
1669.000 # BkgAdjFactors 1.0000000 CFERR= 0,0000E+00

TRY materisi assumed to be: PRTR meideﬂﬁm%'ﬂw
3

Ekg Gross Barrel wt=

E-28

[‘ttt‘i'x]

[ adabded 4]

10 N-tubes
[ 5.00%}
[ 10.94%]
[ &.52%)
[ 2.26%)

Rev. 0
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Wb W ok W o W o W R o o o ok W R W W W R W

HANAL: Meutron Analysis Code (Version 2.00)

Neutron ANALYSIS file: ADATAASSOB3I103.NAN

95083103.nan * * *
bate Analyzed -- (13:48:06 on 1

Segment CountTime NeutronCount Discard Sigma from Median

1 200.00 314, -

4 200.00 370. 1.40

3 200.00 353, 1.02

4 200,00 301, -2.32

5 200.60 344, .00

[ 200.00 359. .81

L 12006.00 2051, 6-Sample Median 344.00

BARREL: Rupture Loop Annex: Ton Exchange Column R-1
SITE: 300 Area: 309 Building lon Exchange Vault

OPERATOR: mdw
Statistics on & counts

CerMoment Calc Value Poisson Value
2 &.638058E+02 3.518333E+02
3 ~8.791280E+03 3.418333E+02
4 7.1562107E+05 3.508919E+05

Mean 341.83 ~ 341,83

SOofMEAN 11.52 7.55

5td Dev 28.22 18.49

SD of SD 4,16 5.34

Skeuwness -.514033 054087

Kurtosis -1.3745605 002925

Median 344,00 341,83

SDof MED 1444 G.46

Ak ks dd btk w

** NG NET NEUTRON COUNT **

L T v T

TiD

{Differences in Sigma units)
DiffsCalesD Diff/PoissonsD

1.50 1.63

-.87 ~1.44

1.29 .78

2.34 1.82

=76 -.57

~1.46 -.58
.15 .23

bbbl s A b At b e i by e bt sl il et il s ettt sl el ity atllyyy

** Measurement error dominates detection efficiency error

i

** Can profitably increase measurement time by factor of 4.54D-01 **
LA R e s d it Pl et el bl e i ad s et il g bl et i gttt sdel il liallsl]l]

EFFNEU= 3.86D-03 1.93p-04

5.00%

Yi= 14.906210 ¥2= 22.111%70

0

Only the & GOOD neutron counts used in TRU calculations

Measured Neutron Count Rate
Estimated Bkgd N Count Rate

Measured N Source Strength

PRELIMINARY TRU activity 1.2906E-12
LESS THAN 1.4975E+07

= 1.70917E+00 ¢/s
= 1.B0000E+00 /s
Net Est  Neutron Count Rate = 1.00000E-20 c/s
= 2.58739E-18 n/s

+/- 5.76110E-02 { 3.3™)
+/- 4. 06945E-02 L 2.26%)
+/- 7.05342E-02 [rkaieny)
+/+ 1.82499E+D1 [FrERREay)

nCi  +/- 2.1031£+06 nCi [*iabiy)
( t.64-sigma threshold)
+/~ 5_OBSIE+00 nCi/gram [*wweewey)

nCi

TRU activity Density B_4BSTE-19 nCi/gram
LESS THAN 9.BA71E+00 nCifgram

TRU activity Density 1.6893E-18 nCi/gram
LESS THAN 1.94M1E+01 nCifgram

Total grams of TRU in barrel 1.5107E-20 gram «+/- 1,0656E-D1 gram [*wiswawy)
LESS THAN 1.7528E-01 gram

CALCULATIONS BASED ON: 1520.712 kg

based on GROSS WT= 1520712, grams
/= 1.1915E+01 nCifgram [**vewsay)

based on

Neutron Efficiency = 3.85649E-03 ( 1.9325E-04) [cts/s)

Calibration Factor = 4. 9880E+05 ( 5.4580E+04)
Specific Activity = B.S430E+G7 ( 3.B400E+06)

NET WT=z  753984. grams

Net barrel weight 10 K-tubes
/1tn/e) t 5.00%1

nCi/n/sl 1 10.94%)
nCi/gram [ 4.52%)

1 2.26%1

Meas Bkg Count Rate= 1.8000E+00 ( 4.0495E-02) cps
8kg Gross Barrel Wt= 1669.000 # BkgAdjFactor= 1.0000000 CFERR= 0.0000E+0C

TRU material assumed to be: PRTR PuOxide(11%Pu2i?)

N

E-29

795)

/
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LA BN B B AL B R BE N N L BN AR L BE BE NE SR BE BE BR CBE BN BN BN 95090108-“." LR A 2

NANAL: Neutron Analysis Code (Version 2.00) Date Analyzed -- (13:48:35 on 10/17/95)

Neutron ANALYSIS file: \DATA\PS090108.NAN

Segment CountTime NeutronCount Discard Sigma from Median
1 200.00 351,
2 20g.00 302. -1.28
3 200.00 388. HI 3.49
4 200.00 . -.78
5 200,00 325. .00
& 800.00 1289. S5-Sample Median 325,00
BARREL: Rupture Loop Annex: lon Exchenge Column L-2 TI0

SITE: 300 Area: 309 Building lon Exchange Vault
OPERATOR: mdw
Statistics on 5 counts
CerNoment Calc Value

(Differences in Sigma units)

Poisson Value pDiff/Calcsd Diff/PoissonSD

2 2.658400E+02 3.354000E+02 1.46 2.97
3 1.928335E+04 3.354000E+02 1.10 2.80
4 1.864963E+05 3.378149E+05 1.85 3.08 <==
Mean 335.40 335.40
SDafMEAN 15.54 8.19
std Dev 34,75 18.31 2.37 2.84
sD of SD 6,95 5.80
Skewness 642428 ' .054603 .78 54
Kurtosis -1.,000784 .002982 =76 - 45
Median 325.00 335.40 -.53 -t.01
SDof MED 19.48 10.26
Statistics on only & GOOD counts -- 1 counts discerded at 3.00-sigma
Statistics on 4 counts (Differences in Sigma units)
CenMoment Calc Value Poisson Value Diff/CalesD Diff/Poissonsd
2 3.426875E+402 3.222500E+02 .13 .09
3 3.514219E+03 3.222500E+02 81 45
& 2. 168580E+05 3.118574E+05 -1.07 ~. 19
Mean 322.25 322.25
SDofMEAN 10.69 8.98
Std Dev 21.38 17.95 .80 -1
$D of 5D 4.26 6.35
Skewness 553964 055706 .60 .41
Kurtosis -1.153374 LG03103 -.85 =47
Hedian 311.00 322.25 -.B4 -1.00
SDof MED 13.40 11.2%

----- WARNINGI m-—-

** MO NET NEUTRON COUNT **  NEGATIVE NET NEUTRON COUNT
et A ek INCONSISTENT WITH ZERO!

i e dok Ak R o Ak e AR o b b R ok b b R R SRR AR R AR ARk

** Measurement error dominates detection efficiency error bk
** Can profitably increase measurement time by factor of &.400-01 **

EFFNEU= 3.850-03 1.93D-D4 5.00%
Yi= 13.826750 Y2= 20,845190

Only the 4 GOOD neutron counts used in TRU calculations

Measured Neutron Count Rate = 1.61125E+00 cfs +/- 5.34390E-02 [ 3.32%)
Estimated Bkgd M Count Rate = 1_.93636E+00 ¢fs +/~ 3.3T726E-02 [ 1.74%)
Net Est Neutron Count Rate = 1.00000E-20 c/s +/- 6.32163E-02 [arawearny)
Measured N Source $trength = 2.58739E-18 n/s +/- 1.563566E+01 [awddraady)
PRELIMINARY TRU activity 1.2906E-12 nCi +/- B.1587£+06 nCi [ Sabbedabbadel 4]

LESS THAN 1,3421E+07 nCi ( 1.44-sigma threshold)
TRU activity Density B.4BSTE-19 nCi/gram +/- 5.3650E+00 nCifgram [******"})
LESS THAN B.B25SE+00 nCifgram based on GROSS WT= 1520712, grams
TRU activity Density 1.6893E-18 nCifgram +/- 1.0679E+01 nCi/gram [*wwwwae))
LESS THAN 1.7567E+01 nCisgram based on NET WI=x  7639856. grams
Total grams of TRU in barrel 1.5107E-20 gram «+/- 9.5501E-02 gram [*vw*w¥+3)
LESS THAN 1.5710€-01 gram

CALCULATIONS BASED ON: 1520.712 kg  Net barrel weight 10 N-tubes
Neutron Efficiency = 3,B649E-03 ( 1.9325E-04) [cts/s)/[n/s] [ 5.00%]
talibration Factor = 4.9880E+05 ( 5.4580E+04) nCi/in/s) [ 10.94X]
specific Activity = B,5430E+07 ¢ 3.B&JOE+06) nCifgrem [ 4.52X)
Meas Bkg Count Rate= 1.9364E+00 ( 3.3773E-02) cps [ 1.74X]

Bkg Gross Barrel Wtz 15869.000 # BkgAdjFactor= 1,0000000 CFERR= 0.0000E+0D0
TRU material assumed to be: PRTR Pudxide()1X%Pu2éZ)

¢

E-30
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ok ok w Wk ok Rk kW W W s ¥ Kk ok kR Rk h v OSOB3104.nan v N W

NANAL: Neutron Analysis Code (Version 2.

Neutron ANALYSIS file:r \DATA\950B3104.NAN

Sepment Counttime NeutronCount Discard Sigma from Median
1 200.00 513, .72
2 200.00 466. -1.39
3 200.00 519. .99
& 200.00 484, -.58
H 200,90 497, .00
[ 1000.00 2479, 5+-Sample Median 497.00
BARREL: Rupture Loop Annex: lon Exchange Column C-2 TID

SITE: 300 Area: 309 Building lon Exchange Wault

OPERATOR: mdw
Statistics on 5 counts

(Differences in Sigma units)

CerMoment  Calc Value Poisson Value
2 3,725600E+02 4.,958000E+02 -.88
3 -2.105842E+03 4.958000€+02 -.36
[ 2.370456E+05 7.3794BTE+DS -4 .54
Maan 495,80 495,80
SDofMEAN 9.65 9.96
std Dev 21.58 2z2.27 -1
S0 of SO 3.863 7.04
Skewness - .292841 044910 -.50
Kurtosis -1.292190 .002017 -2.02
Median 497.00 495.80 .10
SDof MED 12.10 12.48

biff/CalcSD Diff/PoissonsD

-.39
-.21
«hé

-.10
-5

-.59
.10

THRAERA RN RNARE RNV A RN I AN wdrkd dkh kb f ik bbb dr kb dri bk bk dre bl ok dre bl

*% Measurement error dominates detection

efficiency error

h

** Can profitably increase measurement time by factor of 3.59D+00 **
WA AW R EAA AR AR AARNAT AR A AN AN r R ed Ak ke

EFFNEU= 3.86D-03 1.930-04 3.

Yi= 16.638020 2= B.7B4414

0%

Onty the 5 GOOD neutron counts used in TRU calculations

Measured Neutron Count Rate
Estimated Bkgd N Count Rate

2.47900E+00 c/s +/- 4.9T896E-02
1.80000E+00 cfs  +/- 4.06945E-02

Net Est Neutren Count Rate = 6.79000E-01 cfs +/- 6.43043E-02

Measured N Source Strength

PRELIMINARY TRU activity B.7631E+07 nCi
LESS THAN 1.0970E+08 nCi
TRU activity Density 1,.0731E+02 nCi/gram
LESS THAN 1.3434E+02 nCi/fgram
TRU activity Density 1.7885E+02 nCi/gram
LESS THAR 2.2390E+02 nCi/gram

1.75684E+02 n/s  +/- 1.8B146E+01

+/- 1.3017E+07 nCi

[ 2.01%)
[ 2.26%)
[ 9.47%]
[ 10.71%)

I 15.3%]

{ 1.64-sigma threshold}
+/- 1.6430E+01 nCifgram [ 15.3%)

based on GROSS WTs=

816612. grams

+/- 2.7384E+01 nCisgram [ 15.3%)

baged on  NET WT=

489967, grams

Tota! grams of TRU in barrel 1,0258E+00 gram +/- 1.6375E-D01 gram [  16.0%X)
LESS THAKN 1.2B41E+00 gram

CALCULATIONS BASED ON:  B16.812 kg  Net barre! wWeight

Neutron Efficiency

3.8649E-03 ( 1.9325E-04) [ets/s)/[n/s]

Calibration Factor = 4.98BDE+05 { 5.458DE+D4) nCi/In/s)

Specific Activity

B.5430E+07 { 3.8600E+D6) nCi/grem

Meas Bkg Count Rate= 1,8000£+00 ( 4.06956-02) cps

Bkg Gross Barrel Wt=  721.000 # BkgAdjFactor= 1.0000000 CFERR= 0.000CE+Q0

TRU material assumed to be: PRIR PuOxide(11XPu2éiZ)
g

RS S HURH AR
#4% TRU waste -- place accordingly ##d
NP v Hitid i

E-31

10 N-tubes
[ 5.00%]
{ 10.94%)
[ 4.52%]
[ 2.26%]

00) Date Analyzed -- (13:48:08 on 10/30/95)
e

Rev. 0
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W R R W W kR W Rk ko k kW ok ko h v D5000107.nan * W ¥
NANAL: Neutron Analysis Code (Version 2.00) Date Analyzed -- (13:48:32 on 1

Neutron ANALYSIS file: \DATA\SS090107.NAN

Segment CountTime MNeutronCount Discard Sigma from Median -~

1 200.00 335, -.4P
2 200.00 348. .22
3 200.00 355. .57
4 200.00 344, R
5 200.00 407. NI 3.40
] 200,00 329. - .81
& 100000 1711, &-Sample Median 344,00

BARREL: Rupture Loop Annex: lon Exchange Column R-2 TiD

SITE: 300 Area: 309 Building lon Exchange Vault
OPERATOR: molw

Statistics on 6 counts (Differences in Sigma units)
CenMoment  Calc Value Poisson Value piffscalcsp Diff/Poissonsp
2 6.543333E+02 3.530000E+02 T2 1.48
3 2.282700E+04 3. 530000E+02 3.10 3.37 «<ax
4 1.491168E+06 3.741800€+05 2.14 2.23
Mean 353.00 353.00

SDofMEAN 11.44 7.67

5td Dev 28.02 18.79 1.12 .70
S0 of 5D 8.23 5.43

Skewness 1.363799 053225 1.33 1.3
Kurtesis 482800 .002833 Al )
Median 344.00 353.00 -.63 -.94
Shof MED 14.34 .61

Statistics on only 5 GOOD counts -- 1 counts discarded at 3.00-sigma
Statistics on 5 counts (Differences in Sigma units)
CerMoment  Calc value Poisson Value Diff/CaleSD Diff/Poissonsd
2 8,536000E+01 3.422000E+02 -B.19 -1.1¢9

3 -7.502713E+01 3.422000E+02 -.81 -.0é
4 1.220653E+04 3.51844TE+D5 -56_50 - b5
Mean 342.20 342.20

SDoFMEAN 4.52 8.27

Std Dev 10.33 18.5¢ -4,81 =140
sD of SD 1.70 5.85

Skewness -.095134 054058 -.23 -4
Kurtosis -1.324735 002922 -2.72 -.60
Median Tab. 00 342.20 3 A7
Shof MED 5.79 10.37

fubnialeinleiieieinieiebioieteieinifeliabi e Rl WARNING!  -----

** NG NET KEUTROM COUNT **  NEGATIVE MET NEUTRON COUNT
HAAHAREEREAREAR R A AR AARIRR N IMCONSISTENT MITH ZEROH

whddk kAR kAR RN E AR AR AR R R R R TR bR

** Mpasurement error dominates detection efficiency error **
** Can profitably increase measurement time by factor of 2.34D-071 **
e e ekl e o o T i O s i o i e il i el i e i e e
EFFNEU= 3.860-03 1.93D-04 5.00%

¥1= 10.702540 Y2= 22.135580

Only the 5 GOOD neutron counts used in TRU caleulations
Measured Neutron Count Rate = 1.711006+00 c/s +/- 4,13642E-02 [ 2.462%)
Estimated Bkgd N Count Rate = 1.93434E+00 c/s +/- 3.3772BE-02 [ 1.74%)

Wet Est Neutron Count Rate = 1.00000E-20 c¢/s +/- 5.34004E-02 [rbdihaaiy)
Measured N Source Strength = 2.S8739E-18 n/s +/- 1,38168E+31 [Rewnnirwyy
PRELIMINARY TRU activity 1.2906E-12 nCi +/- 6.8918E+05 nCi | Aot 3|

LESS THAN 1.1337E+07 nCi  ( 1.64-sigma threshold)
TRU activity Density 8.4B47E-19 nCi/gram +/- 4.5320E+00 nCi/gram ([¥%~vwwsi)
LESS THAN 7.4551E+00 nCi/gram  based on GROSS WT= 1520712, grams
TRU activity Density 1.6893E-18 nCi/gram +/- 9.0209E+00 nCi/gram [**e¥**#X)
LESS THAN 1.4839E+01 nCi/gram based on  MET WI=  7539B6. grams
Total grams of TRU in barrel 1.5107€-20 gram +/- B.0&72E-02 gram [***+***3)
LESS THAN 1.3271E-01 gram

CALCULATIONS BASED OM: 1520.712 kg  Net berrel weight 10 N-tubes
Neutron Efficiency = 3.8649€E-03 ( 1.9325E-04) Icts/sl/[n/s} [ 5.00%]
Calibration Factar = 4.9880€+05 ( $.4580E+04) nCi/(n/s] [ 10.94%]
Specific Activity = B.S430E+07 ( 3.8&00E+06) nCi/gram [ 4.52%)
Meas Bkg Count Rate= 1.9364E+00 ( 3.3773E-02) cps [ 1.74%)

Bkg Gross Barrel Wt= 1549.000 # BkgAdjFactors 1.0000000 CFERR= {t.0000E+00
TRU material assumed to be: PRTR PuOxide(11XPu2L2) ﬂ\

o
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WHC-SD-NEL-ER-002

ittti!’til‘I’iiii;tti*tiiti*i 95090104.“'“ - * W
NANAL: Heutron Analysis Code (Version 2.00) Date Analyzed -- (13:48:25

Neutron ANALYSIS file: \DATA\D5090104.NAN

Segment CountTime MNeutronCount Discard Sigma from Median
1 200,00 647, 2.69
2 200.00 491, HI 4.52
3 200.00 588. .25
4 200.00 595. W54
5 200.00 630. 1.99
] 200.00 556, -1.08
7 200.00 523, -2.45
8 200.00 582. .00
9 200.00 540. -1.74
10 200,00 535, -1.%1
8 1800, 00 S197.  10-Somple 582.00
BARREL: Rupture Loop Annex: lon Exchange Col L-3 TiO

SITE: 300 Area: 309 Building lon Exchange vault
OPERATOR: mdw
Statistics on 10 counts
CenMoment  Catc Value

{Differences in Sigma units)

Poisson Value Diff/CaleSD Diff/PoissonSh

2 2.618960E+03 % .888000+02 2.16 7.7 «==
3 7.508688E+04 %.8838000E+02 1.18 6.71 <=z=
4 1.56TYREE+OT 1.040645E+06 1.83 13.58 «<==
Mean 588.80 588.80

SDofMEAN 17.06 7.67

Std Dev 53.94 24.27 3.23 5.47 <==
S0 of SD 9.18 5.43

Skewness 560236 L061211 1.13 67
Kurtosis -, 713943 001498 -.88 =46
Median 582.00 588.80 -.32 =N
sbof MED 21.38 9.62

statistics on only % GOOD counts -- 1 counts discarded at 3.00-sigma

Statistics on 9 counts (Differences in Sigma units)

CenMoment  Calc value Poisson Value Diff/CalcSd Diff/PoissonSD
2 1. 6204469E+03 5. T74445E+02 2.03 3.B3 «==
3 2.149100E+04 5.T74445E+02 .71 1.84
4 5.006337E+06 1.000904E+06 1.94 3.66 <==
Mean ST7.44 577.44
SbofMEAN 14.23 8.01
Std Dev £2.70 24.03 2.92 3.29 <==
SD of SD 6.39 5.47
Skewnass 329455 L061615 .62 .35
Kurtosis -1.093493 .001732 -1.87 =57
Median 582.00 577.44 .26 N
SDof MED 17.84 10,04
B i e Rl R e i e b it e iy ot i e sl il ety leedad ot il dds sl tliyatl]s
** Measurement errar dominates detection efficiency error bl
** Can profitably increase measurement time by factor of 2.74D+00 **
A ARN NN AR AR AR AR AN SRR AR TR AR R R W Wl
EFFNEU= 3.860-03 1.930-04 5.00%
Ti= 20.380630 Y2= 12.301570
Only the ¥ GOOD neutron counts used in TRU calculations
Measured Neutron Count Rate = 2.83722€+00 c/s +/- 7,11616E-02 { 2.46%)
Estimated Bkgd N Count Rate = 1.9363&E+00 cys +/- 3.3772BE-02 [ 1.74%)
Net Est Meutron Count Rate = 9.50B62E-01 c/fs +/- 7.BT691E-02 [ 8.28%]
Measured N Source Stremgth = 2.46025E+02 n/s +/- 2.38054E+01 [ 9.68%)
PRELIMINARY TRU activity 1.2272E+08 nCi +/- 1.7925E+07 nCi i 14.6%]

LESS THAN 1,.5220E+08 nCi
TRU activity Density 8.0697E+Q1 nCi/gram
LESS THAN 1,.0009E+02 nCi/gram

TRU activity Density 1.6063E+02 nCi/gram

[ 1.64-sigma threshold)

+/« 1,1787E+01 nCisgram [ 14.6%)
based on GROSS WT= 1520712. grams
+/- 2.3463E+01 nCifgram [ 14.6%]

LESS THAN 1,9922E+02 nCi/gram based on  HET Wi= 763985, grams
Total grams of TRU in barrel 1.4365E+00 gram +/- 2.1963E-01 gram ( 15.3%)]
LESS THAN 1.7816E+00 gram

CALTULATIONS BASED ON:
Neutron Efficiency = 3
Calibration Factor = &
specific Activity = 8
Meas 8kg Count Rate= 1
Ekg Gross Barrel Wt=

1520.712 kg Net barrel weight 10 N-tubes
.BHA9E-03 ( 1,9325E-04) [cts/s)/In/s] [ 5.00%)
.9BBOE+05 ( S.45BOE+04) nCifin/s) 1 10.94%)
S4308+07 ( 3.8600€+06) nCifgram [ 4.52%)
.9Q364E+400 ( 3.3773E-02) cps I 1.74%)

1669 000 ¥ BkoAdjFactor= 1,0000000 CFERR= 0.000QE+00

TRUY material assumed to be: PRTR Pulxide(11%Pu2ied)

R S R R R E'3"3
### TRU waste -- place accordingly ###

10/17/95)

~
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WHC-SD-NEL-ER-002

PO I EE RN BN O R B NN MK RN 95090106-“‘“ * ¥ K

NANAL: Neutron Analysis Code (Version 2.00) Date Analyzed -- (13:48:30 on 10/17/95)

Neutron ANALYSIS file: \DATA\Y5090106.NAN

Segment CountTime NeutronCount Discard Sigma from Median
1 200.00 483. .oo
2 200.00 483, .00
3 200.00 493, b
[ 200.00 5334. 2.32
5 200.00 439, -2.00
] 200.00 (1. % -.B6
7 200.00 470. -.59
] 1400.00 3366, 7-Sample Median 483.00
BARREL: Rupture Loop Annex: lon Exchange Column C-3 TID

SITE: 300 Area: 309 Building [on Exchange Vault
OPERATOR: mdw

Statistics on 7 counts (Differences in Sigma units)
CerMoment Calc Value Poisson value Diff/Calesp Diff/PoissonSD
4 7.3355106+02 4. B08STIE+D2 .65 -]
S 1.035586E+04 4.BOBSTIE+D2 1.28 1.01
4 1.594557E+06 &.941516E+05 1.00 1.05

Mean 480.85 480.85
SDofMEAM 11.06 8.29
std Dev 29.25 21.93 1.02 1.25
50 of SO 747 5.B&
Skewness .521233 045603 1.25 51
Kurtosis -.036674 .002080 -.03 -.02
Median 483,00 48084 .15 21
SDof MED 13.85 10,39

R A i e e d e el A e A ok e A e e el e bl ke i ek e e

** Measurement error dominates detection efficiency error bt
** Can profitably increase measurement time by factor of 7.67D+00 **
LEe e i R e Ll ettt il L el e et l o et bl e i et DLl Lttt l g
EFFNEU=  3.86D-03  1.930-04 5.00X

Yi= 16.762340 Y2= 6.053485

only the 7 GOOD neutron counts used in TRU calculations

Measured Neutron Count Rate = 2,.40429E+00 ¢/s +/- 5.52853E-02 [ 2.30%)
Estimated Bkgd N Count Rate = 1.93436E+00 c/s +/- 3,3772BE-02 4 1.74%)
Net Est MWeutron Count Rate = 4.67925E-01 ¢fs +/- 6.47BLBE-02 [ 13.85%]
Measured N Source Strength = 1.21071E+02 n/s +/- 1,78220E+01 [ 14.72%)

PRELIMINARY TRU sctivity &6.0390E+07 nCi +/- 1.1077+07 nCi [ 18.3%)
LESS THAM 7.84611E+07 nCi { 1.64-sigma threshold)
TRU activity Dengity 3.9712E+01 nCi/gram +/- 7.283BE+00 nCifgram [ 18.3%)
LESS THAN 5.1694E+01 nCi/gram  based on GROSS WT= 1520712, grems
TRU activity Density 7.9046E+01 nCifgram +/- 1.4498E+01 nCi/gram [ 18.3X)
LESS THAN 1.0D290E+02 nCi/gram based on  MET Wi= 753984, grams
Total grems of TRU in barrel 7.0689€-01 gram +/- 1.3353E-01 gram [ 18.9%]
LESS THAN ¢.201BE-01 gram

CALCULATIONS BASED OM: 1520.712 kg Het barrel weight 10 N-tubes
Reutron Efficiency = 3.B849E-03 ( 1.9325€-04) [cts/sl/In/s] [ 5.00%)
Calibration Factor = &, 9BBOE+05 ( 5.4580E+04) nCi/[n/s) [ 10.94%)
specific Activity = B.5430E+07 ( 3.8500E+06) - nCi/fgram [ 4.52%)
Meas Bkg Count Ratex 1.93864E+00 ( 3.3773E-02) cps [ 1.74%)

Bkg Gross Barrel We= 15669.000 # BkgAdjFactor= 1.0000000 CFERR= 0.0000E+CO
TRU material assumed to be: PRTR Pquide(!‘i%PuZéE)

(LIGR\

cH

##4 TRU waste -- pla
IR R
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WHC-SD-NEL-ER-002
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NANAL: Neutron Anslysis Code (Version 2.00) Date Analyzed -- (13:48:28 on 10/17/95)

Neutron ANALYSIS file: \DATA\D5090105.MAN

Segment CountTime Neutronfounmt Discard Sigme from Median
1 200.00 403. -.10
2 200.00 409. .20
3 200.00 369. -1.79
3 200.00 416, .35
5 200.00 419. 70
6 200.00 405, .00
7 200.00 42, 1.84
8 200.00 387. -.89
& 1600.00 3250. 8-Semple Median 405.00
BARREL: Rupture Loop Annex: lon Exchange Colum R-3 TID

SITE: 300 Area: 309 Building lon Exchange vault
OPERATOR: mcw

Statistics on B counts (Differences in Sigma units)
CenMoment  Calc Value Poisson Value biffsCalcsD Diff/PoissonsD
2 4. 141875E+02 4.062500E+02 .04 04
3 -1.268156E+03 4.062500€+02 -.53 -2
4 4 . B6L656E+05 4. 955234E+05 -1 -.05

Mean 406.25 406,25
SDofMEAN 7.69 7.13
Std Dev 21.76 20.16 .34 32
S0 of SD 4.72 5.04
Skewness - . 150445 049614 -5 -.23
Kurtosis - .280897 002462 =27 -.16
Median 405.00 406.25 -.13 -4
SDaf MED Q.64 8.93

EAi s b e bR 2l e e bid DAt R i d it Ittt ity etesty

** Measurement error dominates detection efficiency error e
** Can profitably increase measurement time by factor of 1.15D+02 **
AR RN AR TR AR AR AR AN NIRRT RN AR WA d s
EFFNEU= 3.850-03 1.93D-04 5.00%

¥i= 13.243400 Y2= 1.227618

Only the 8 GOOD neutron counts wsed in TRU calculations
Measured Neutron Count Rate = 2.03125E+00 c/s +/- 3.B4509€-02 [
Estimated Bkgd N Count Rate = 1.93638E+00 ¢/s +/- 3.3772BE-02 4

Net Est Neutron Count Rate = 9.4BOO0E-02 c/s +/- 5.11BL4E-02 [ 53.94%)
Measured N Source Strength = 2,.45517E+01 n/s  +/- 1.33002E+01 [

PRELIMINARY TRU amctivity 1.2246E+07 nCi +/- &6.7681E+06 nCi [ 53.3%]
LESS THAN 2.33BOE+OT nCi ( 1.64-sigma threshold)
TRU activity Density B.0531E+00 nCi/gram +/- 4. 45D5E+00 nCifgram [ 55.3X)
LESS THAN 1.5374E+01 nCi/gram based on GROSS WT= 1520712, grams
TRU activity Density 1,6030E+01 nCifgram +/- B.8589€+00 nCi/gram { 55.3%)
LESS THAN 3.0603E+01 nCi/fgram based on NET WT® 753986, grams
Total grams of TRV in barrel 1.4335E-01 gram +/- 7.9488E-02 gram [ 55.5X)
LESS THAN 2.7367€-01 gram

CALCULATIONS BASED OM: 1520.712 kg Met barret weight 10 N-tubes
Neutron Efficiency = 3.B649E-03 ¢ 1.9325E-04) [cts/sl/In/s) [ 5.00%)
Calibration Factor = &,9BB0E+05 ( 5.4580E+04) nCi/fIn/s) [ 10.94%1
Specific Activity = B.S&30E+07 ( 3.8600E+06) nCi/gram [ 4.52X)
Meas Bkg Count Rate= 1.9364E+00 { 3.3773E-02) cps [ 1.74%)

Bkg Gross Barrel Wt= 15649.000 # BkgAdjFacters 1.0000000 CFERR= 0.D00DE+DO
TRU material assumed to be: PRTR PuOxide(11%Pu2i?)

o
HHRER BRI AR
#2% TRU waste -- place accordingly ###
SRR R R A SR R
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WHC-SD-NEL-ER-002

LR B N A B B BE B BN BN BE BE BN B K BE BN AR BE BE B BN B A AN 95083105‘nan LN

NANAL: Neutron Analys

is Code (Version 2.00)

Date Analyzed -- (13:48:11 on 10/17/95)

Neutron AMALYSIS file: \DATA\9S5083105.NAN
Segment CountTime MNeutrontount Discard Sigma from Hedian
1 200.00 398. -.59
2 200.00 452. 2.07
3 200.00 434. 1.19
4 200,00 400, -.49
5 200.00 37%. -1.53
6 200.00 423. .64
7 200.00 410, .00
] 1400.00 2896, T-Sample Median 410.00
BARREL: Rupture Loop Annex: lon Exchange Column L-4 TID

SITE: 300 Area: 30% Buiiding lon Exchange Vault

OPERATOR:  mdw
Statistics on 7 coun
CenMoment Calc Yalue

1£]
Poisson Vaiue

(Differences in Sigms units)
oiff/CaleSD Diff/PoisgonSh

H 5. 167755E+02 4. 1371436402 .51 AT

3 2.417932E+03 4. 13T143E+02 .35 .26

4 5.534426E+05 5.1368923E+05 A3 .06
Mean 413.71 413,71

SDofMEAN .28 7.69

Std Dev 24.55 20.34 .95 77

50 of SD 4,45 5.44

Skewness .205788 049164 .31 A7
Kurtosis -.927623 002417 =1.47 =50
Median 410.00 413.71 -.32 -39
S0of MED 11.63 . P64

Pk e e v i ol e ol iy i e o vk e kb i e W T el i e o

** Measurement error dominates detection efficiency error inid

“* Can profitably increase measurement time by factor of 2. 11D+01 bl

EFFNEU= 3.860-03 1.930-04 5.00%

Y= 15.9691%0 Y2= 3.474583

Only the 7 GOOD neutron counts used in TRU calculations

Measured Neutron Count Rate = 2.06B57e+00 c/s +/- 4.64029E-02 [ 2.24%)
Estimated Bkgd N Count Rate = 1.80000E+00 c/s +/- 4,08945E-02 4 2.26%]
Net Est Neutron Count Rate = 2.68571E-01 c/s +/- 6.1T193E-02 [ 22.98%)
Measured N Source Strength = &.94899E+01 n/s  +/- 1.63428E+01 [ 23.52%)
PRELIMINARY TRU activity 3.4662E+07 nCi +/- B.9909E+06 nCi [ 25.9%)

LESS THAN 4.9452E+07 nCi ( 1.64-sigma threshold)
TRU activity Density 2.2793E+01 nCi/gram +/- 5.9123E+00 nCi/gram [ 25.9%)

LESS THAN 3.2519E+01 nCi/gram

based on GROSS WT=

TRU activity Density 4
LESS THAN &

1520712, grams

JS5369E+01 nCifgram +/- 1.1768E+01 nCifgram { 25.9%]
4728E+01 nCifgram based on  NET Wi=
Total grams of TRU in barrel 4.0573E-01 gram +/- 1.0683E-01 gram [ 26.3%)

LESS THAN 5.78B&E-01 gram

763986, grams

CALCULATIONS SASED ON: 1520.712 kg Net barrel weight 10 N-tubes
Neutron Efficiency = 3.8649E-03 ( 1.9325E-04) [cts/sl/[n/s] [ 5.00%)
Calibration Factor = 4, 9B80E+05 ( 5.45BOE+D4) nCisfn/s) [ 10.94%)
specific Activity = 8.5430E+07 ( 3.BSODE+DS) nCifgram { 4.,52%)
Meas Bkg Count Rates 1.8000E+00 { 4.069SE-02) c¢ps [ 2,26%}

Bkg Gross Barrel Wt=
TRU material assumed t

1669.000 # BkgAdjFactor= 1.0000000 CFERR= {.D00DE+00
o be: PRTR PuOxide(11%Pu2iZ)

L T
### _TRU waste -- ptace accordi

v

=
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WHC-SD-NEL-ER-002
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NANAL: Neutron Analysis Code (Version 2.00) Date Analyzed -- (13:48:23 on 10/17/95)

Neutron ANMALYSIS file: \DATA\9S0S0103,NAN

Segment CountTime  WeutronCount Discard Sigma from Median
1 200.00 478, .00
2 200.00 496, .82
3 204,00 499, 96
& 200.00 477, -.05
5 200.00 L95. .82
[} 200.00 aTr7. -.05
3 1200,00 2923. &-Sample Median 478.00
BARREL: Rupture Loop Annex: lon Exchange Column C-& TiD
SITE: 300 Area: 309 Building Ion Exchange Vault
OPERATOR: mdw
Statistics on & counts ¢(Differences in Sigma units)
CerMoment Calc Value Poisson Value Diff/CaleSD Diff/PoissonsD
2 9. TB0555E+01 4.871657E+02 -44 .02 -1.38
3 2.726224E+01 4. B8T165TE+02 -.59 -.04
4 1.003536E+04 7.1248126+05 -374.16 -.74
Mean 487.17 487.17
SDofMEAN 442 9.01
Std Dev 10.83 22.07 ~25.13 1.7
50 of 5D 45 6.37
Skewness 028185 045307 -.02 -.02
Kurtosis -1.950927 .002053 -63.83 =97
Median 478.00 487.17 -1.65 -.B1
Soof MED 5.54 11.2¢

ek i i A R i A R A R AR R A A A R A e A R kb Wi S

** Messurement error dominates detection efficiency error o
** Can profitably increase measurement time by factor of 5.080+00 **
AR AR R AR R AR AR AR AR AR A SRR TR RN RN R R AR WA R
EFFMEU=  3,840-03  1.93D-04 5.00%

Y= 14 568780 Y2= 6.461824

Only the & GOOD neutron counts used in TRU calculations

Measured Neutron Count Rate = 2.43583E+00 ¢/fs +/- 4.50540E-02 [ 1.85%)
Estimated Bkogd N Count Rate = 1.93436E+00 ¢/s +/- 3.3772BE-02 L 1.74%]
Net Est Neutron Count Rate = 4.99473E-01 c/s +/~ 5.63069E-02 [ 11.27%]
Measured N Source Strength = 1.29233e+02 n/s  +/- 1.59375E+0) [ 12.33%)

PRELIMINARY TRU activity &,4461E407 nCi  +/- 1.0628E+07 nCi I 16.5%
LESS THAN B.1944E+07 nti ( 1.64-sigma threshold)
TRU activity Density 4.2389E+01 nCi/gram +/- 6.9887E+00 nCi/gram [ 16.5%]
LESS THAN 5.3885E+01 nCi/gram based on GROSS wT= 1520712, grams
TRU activity Density B.4375E+01 nCifgram +/- 1.3911E+01 nCifgram ([ 16.5%]
LESS TRAN 1.0726E+02 nCi/gram based on  NET Wi=  7439B5. grams
Total grams of TRU in berrel 7.5455E-01 gram +/- 1,2899E-01 gram [ 17.1%)
LESS THAN 9.5920E-01 gram

CALCULATIONS BASED ON: 1520.712 kg  Net barrel weight 10 N-tubes
Neutron Efficiency = 3.8649E-03 ( 1.9325E-04) (cts/s)/In/se) [ 5.00%)
Calibration Factor = 4, 98BOE+0S { S5.45BOE+04) nCi/{n/s) [ 10.94%)
Specific Activity = B8.5430E+07 { 3.8600E+06) nCi/gram [ 4.52%)
Meas Bkg Count Rate= 31.9364E+00 ( 3.3773E-02) eps [ 1.74%)

Bkg Grass Barrel Wt= 1669.000 # BkgAdjFactor= 1.0000000 CFERR= 0.0000E+00
TRU material assumed to be: PRTR Pu:xide(ﬂ%PuzLZ)

m ‘IRU Waste -+ place accordi “\v
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NANAL: Neutron Analysis Code (Version 2.00) Date Analyzed -- (13:48:50 on 10/17/95)

Neutron ANALYSIS file: \DATA\95090704.NAN
Segment CountTime NeutronCount Discard Sigma from Median Kﬁ s
1 200,00 382. .00
2 200,00 3a3., .05
3 200.00 394. .61
4 209.00 7. - 46
z 800.00 1532. 4-Sample Median 382.00
BARREL: Rupture Loop Annex: lon Exchange Column C-4 Recount TID
SITE: 300 Area: 309 Building lon Exchange Vault
OPERATOR: mdw
Statistics on & counts (Differences in Sipma units)
CenMoment  Calc Value Paisson Value biff/Calcsh Diff/PoissonsD
4 5.550000E+01 3.830000E+02 . -11.80 -1.21
3 8.250000E+01 3.830000E+02 -1.44 -.03
4 4. 160500E+03 4 .4046500E+05 -143.55 -.60
Mean 383.00 383.00
SDoFMEAN 4.30 e.79
std Dev 8.60 19.57 -5.89 -1.58
S0 of sD 1.86 6.92
Skewness 199533 .051098 i 12
Xurtosis -1.000000 0024811 -.62 ~.40
Median 382.00 383.00 -.19 -.08
SDof MED 5.39 12.26

AR RAN AR AN A AR Ak

** NO NET NEUTRON COUNT **

RHARBANRAARAR SRRy ddhdohdd

ARRRAAATNAAR AR dd e r bk rd sk wr e an

** Meagurement error dominates detection efficiency error bl
** Can profitably increase measurement time by factor of 2.61D-071 **
gl sy ol ok o B T kel ol e ol sl s ol e ol i i e ol oy e i e e e e e e
EFFNEU= 3.860-03 1.930-04 5.00%

¥1= 12.659050 Y2= 24.774890

Only the & GOOD neutron counts used in TRU calculations

Measured Neutron Count Rate = 1,91500E+00 c/s +/- 4.89260E-02 1 2.55%)
Estimated Bkgd N Count Rate = 1,98500E+00 c/s +/- 3.34395E-02 { 1.70%)
Net Est Meutron Count Rate = 1.00000E-20 c/s +/- 5.92817E-02 {RaRtrikky)
Measured N Source Strength = 2.58739E-18 n/s +/- 1.53333£+01 [vonnweniy)

PRELIMINARY TRU activity 1.2908E-12 nCi +/- 7.6483E+06 nCi [raweiany)
LESS THAN 1.2581E+07 nCi { 1.64-sigms threshold)
TRU activity Density B.4B6TE-19 nCi/fgram +/- 5.0294E+00 nCi/gram [whwewii))
LESS THAN B.2733E+00 nCi/gram  based on GROSS WT= 1520712, grams
TRU activity Density 1.6893E-18 nCi/gram +/- 1.0011E+01 nCi/gram [*hewwwsy)
LESS THAN 1.645BE+01 nCifgram based on  NET WT= 753984, grams
Total grams of TRU in barrel 1.5107E-20 gram +/- B.9527E-02 gram [Wwwiwawy]
LESS THAN 1.4727E-01 gram

CALCULATIONS BASED OM: 1520.712 kg  MNet barrel weight 10 N-tubes
Neutron Efficiency = 3, BS49E-0F ¢ 1.9325E-D4) [ets/s]/Ins] [ 5.00%]
Calibration Factor = &.9BB0E+05 ( 5.45B0E+04) nCi/([n/s) [ 10.94%)
Specific Activity = B.5430E+07 ( 3.8500E+06) nCi/gram [ &.52%)
Meas Bkg Count Rates 1.9650E+00 ( 3.3439E-02) cps [ 1.70%)

Bkg Gross Barrel Wt= 16&9,000 # BkgAdjFactor= 1,0000000 CFERR= 0.000CE+00
TRU material assumed to be: PRTR Puxide(11%Pu24f)
D
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L2 20 N BN BE BN BN L B BN BE S BN BN SR BE BN BE R R RE R B AR
NANAL: Neutron Ahalyszis Code (Version 2.00)

Neutron AMALYSIS file: \DATA\P5090102.NAN

95090102.nan * *
Date Analyzed -- (13:48:21 on 10/17/95)

A

Segment CotntTime MNeutronCount Discard Sigma from Median
1 200.00 325, .
2 200.00 348, 1.22
3 200.00 333, .39
4 200.00 299, -1.50
s 200.00 3T 2.56
] 200.00 322, -.22
[3 1200.00 2002. &-Sample Median 326.00
BARREL: Rupture Loop Annex: lon Exchange Column R-4 TID

SITE: 300 Area: 309 Building lon Exchange Vault

OPERATOR: mdw
Statistics on & counts

(Differences in Sigma units)
Diff/CalcS0 Diff/PoissonsD

CenMoment Calc Value Poisson Value

2 5.382222E+02 3. 33486TE+HI2 .

3 4. 1429426403 3.33466TE+02 T4
4 6.9247T6E+05 3.343340E405 94
Mean 333.67 333.67

SDofMEAN 10.38 7.46

std Dev 25.41% 18.27 1.28
S0 of SD 5.58 5.28

Skewness 331792 054745 .60
Kurtesis -.609535 002997 -.55
Median 326.00 333,67 -.59
SDof MED 13.00 9.35 .
RNkl L ”AR"]"GI .....

*%* NO NET HEUTRON COUNT **  NEGATIVE NET NEUTRON COUNT
L D T e INCONSISTENT WITH ZERD!

1.06
.62
.80

1.35
.28

-.30
-.B2

bt b e L e L L e St Rl e P e P e PR Rt D et P P T e T Ty

** Measurement error dominates detection efficiency error
** Can profitably incresse measurement time by factor of 3,87D-01 *+

EFFNEU= 3.840-03 1.930-04 5.00%

Yi= 13.422320 ve= 21.5836%0

Only the & GOOD neutron counts used in TRU calculations

Measured Neutron Count Rate
Estimated Bkgd N Count Rate

= 1,68B33E+00 o/ +/- 5.ABTSVE-02
1.936356E+00 ¢/ +/- 3.37728E-02

Net Est Neutron Count Rate = 1.00000E-20 c/s +/- 6,19008E~02

Measured N Source Strength

PRELIMINARY TRU activity 1,2906E-12 nCi
LESS THAN 1.3142E+07 nCi
TRU activity Density 8.4BSTE-19 nCi/gram
LESS THAN B.&418E+00 nCi/gram
TRY activity Density 1.6893E-18 nCi/fgram
LESS THAN 1.7201E+0% nCi/fgram

2.58739E-18 n/s  +/- 1.60162E+01

+/- 7.98B9E+06 nCi

(

1.64-sigma threshold)

+/+ 5,2534E+00 nCi/gram
based on GRDSS WT= 1520712, grams
+/= 1.0457E+01 nCifgram
based on  NET WT=  743986. grams

Total grams of TRU in barrel 1,5107E-20 gram +/- 9.3513E-02 gram
LESS THAN 1,5383E-01 gram

CALCULATIONS BASED ON: 1520.712 kg  Net barrel weight

Heutron Efficiency

3.8649E-03 ( 1.9325E-04) [cts/s]/[n/s]

Calibration Factor = 4.9BBOE+05 ( 5.4580E+04) nCi/n/s]

Specific Activity

8.5430E+07 ( 3.8600E+06) nCifgram

Meas Bkg Count Rate= 1.9344E+00 { 3.3773E-02) «ops
Bkg Gress Barrel Wtz 1669.000 ¥ BkgAdjFactor= 1.0000000 CFERR= 0.0DDOE+00
TRY material assumed to be: PRTR waide(ﬁﬂuzu’.p

0 %yh

E-39
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[ 3.
[ 1.74%]

[Hawasveay)
[i&l‘i’iﬂ‘ﬁx]

[t'*t'i’x]
[Hirddiry]
[*tﬁi*ttxl

{HwRkrEay

10 M- tubes

[ 5.00%)
[ 10.94%)
[ 4.52%)
[ 1.742)
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ARk Wk Wk Rk R AWk ko ko W W Q5000702.nAan % %+

NANAL: Neutron Analysis Code (Version 2.00) Date Analyzed -- (13:48:45 g 17/95)
Neutron ANALYSIS file: \DATA\Y5S090702.NAN 09

-

Segment CountTime NeutronCount Discard Sigma from Median
1 200.00 389, 1.04
2 200.00 373, .21
3 200,00 382, 68
4 200.00 359, .00
5 200.00 346, -1.20
] 200.00 356. -.58
] 1200.00 2215. 6-Sample Median 369.00
BARREL: Rupture Loop Annex: lon Exchange Column RLIX-1 TIiD

SITE: 300 Area: 309 Building lon Exchange Vault
COPERATOR: mdw

Statistics on 6 counts (Differences in Sigma units)
CerMoment  Calc Value Poisson Value Diff/CaleSD Diff/PoissonsD
2 2. 13B056E+02 3.69166TE02 -1.96 -.73
3 -7.907342E+02 3.691667E+02 ~.67 =16
4 B.336133E+04 4.092212E+05 -8.22 -.59

Mean 369.17 369.17
SDofMEAN 6.54 7.84
5td Dev 16.02 19.2 -1.18 -.58
S0 of SD 2.7 5.55
Skewness -.252931 052045 -.52 -.30
Kurtosis -1.176412 002709 -1.78 -.58
Median 369.00 369.17 -.02 -.02
SDof MED 8.20 G.83

WAk h R WA i ik bk

** NGO NET MEUTRON COUNT **

RN AR AR AR AR Ak

A b bR b ALl Ll R Rl e s d il bt e da A Ay il el el ey

** Measurement error dominates detection efficfency error o
** Can profitably increase messurement time by factor of 1.81D-01 #*
-i'ttit*itttttiit‘tiiii-ttii!i-*nltiﬁnttiititi‘iiittnitiititiwiiqtﬁit
EFFNEL= 3.850-03 1.930-04 5.00%

1= 10147690 Y2= 23 .BB00A0

Cnly the 6 GOOD meutron counts used in TRU catculations

Measured Neutron Count Rate = 1.84583F+00 c/s +/- 3.92198E-02 [ 2.12%1
Estimated Bkod N Count Rate = 1,96500E+00 c/s +/- 3.34395£-02 [ 1.70%)
Wet Est Neutron Count Rate = 1_.00000E-20 c/s +/- 5.15402E-02 [riewiiiiy)
Measured N Source Strength = 2_58739E-18 n/s +/- 1,333556+01 [rasidx}

PRELIMINARY TRU activity 1.29046E-12 nCi +/- 6.5517E+06 nCi [Herbnany)
LESS THAN 1.0942E+07 nCi ( 1.54-sigma threshold)

TRU activity Density B.4BE7E-19 nCifgram +/- 4. 37416400 nCifgram [*rewdiuxy)

LESS THAN 7.1954E+D0 nCi/gram based on GROSS WT= 1520712, grams

TRU activity Density 1.6893E-18 nCisgram +/- 8.708SE+00 nCi/gram [wwwwwsiy)

LESS THAN 1.4322E+01 mCifgram based on  MET WI=  753986. grams

Total grams of TRU in barrel 1,5107€-20 gram +/- 7.7BS2E-02 gram [wedkeawy)
LESS THAN 1.280B8E-01 gram .

CALCULATICNS BASED ON: 1520,712 kg Net barrel weight 10 N~tubes
Neutron Efficiency = 3.8440E-03 ( 1.9325E-04) [cts/s)/I[n/sl [ 5.00%)
Calibration Factor = &4,98B80E+05 ( 5.4580E+04) nCi/In/s) [ 10.94%)
Specific Activity = B.5430E+07 { 3.8600E+04) nCisfgram [ 4.52%]
Meas Bkg Count Rate= 1.9650E+00 ( 3.3439E-02) cps [ 1.70%3

Bkg Gross Barrel Wt= 1669.000 # BkoAdjFactor= 1,0000000 CFERR= 0.0000E+00
TRU material assumed to be: PRTR Pquide(‘H?.PuZ&'{)
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L A L O O T T T 9509070 .nany * T *

NANAL: Neutron Analysis Code (Version 2,000 Oate Analyzed -- (17:20:56 on ]1/10/9%)

Neutron ANALYSIS file: \DATA\PS090703.NAN

Segment CountTime MNeutranCount Oiscard Sigma from Median b e

1 €00.00 L19. .aa .
H 200.00 8. 1.532
3 200.90 418, -.05
[A 209.00 430, .54
5 200.00 380. -1.9
3 100¢.00 2093. §-Sample Median 419,20

BARREL: Rupture Loop Annex: Filter L Pipes T

SITE: 300 Area: 309 3uiiding lon Exchange Vault
OPERATOR: oy

statiscics on 5 countsg (Bifferences in Sigma units)
CerMomant  Cale Value Poisson Value Qiff/Calesp 0iff/Poissonsp
2 4, TC2600€+02 L. 185000€-02 W21 L21
3 ~7.092057E+03 4. 1845000€-02 -2.12 -.50
A 5.5010268+05 5.250965E 05 13 04

' Mean 4£18.50 418.80
SO0 MEAN 10.89 9.1%
5td Dev 26.35 20.44 45 -8
S0 of SO 5.9¢ 6.47
Skewness - 584712 08877 =118 - .47
Kurtosis -.509589 002389 -.28 -.23
Median 419,00 418.40 .03 .33
sDof MED 13.45 .47
LA L L] LAl

“* NQ NET MEUTRON COUNT ==

ThtseReTERERITRFR YRRV RR S

SEARERLAEPRRRD L]

** Measurement error dominates detection efficiency error .-
** Can profitably increase nessuresent cimm by factor of 2.710-01 =+

LEETY22 L AT ERBSSYECEIVIRRER S
EFFNEY= 3.5880-03 1.930-34 5.00%
Tia 14.086430 Y22 2r.anra

Only the S GOOD neutron counts used in TRY caiculations

Heasured Neutron Count Rate = 2.00300E~00 c/s  +/- 5.54L26E-02 1 2.40%)
Sstimated 3kgd ¥ Count tate = 2.14S00E+00 c/s +/- 5.97913E-12 ¢ 2,791
Sat Ist  Neutron Count Rate = 1.00000€-20 /s +/- 8.086418-92 [Frrreenl}
Measured N Source Stremgth = 2. SATIVE-18 n/s /- 2.00227E.00 —rrawery

PRELININARY TRU activity 1.2908f-12 nCi */ 1.0636E-Q7 nCi ™
LESS THAN 1. 71888+07 nCi  { 1.54-sigme threshold}
TRU activity Density 3.4887E-19 nCifgram +/- 6.8527€+00 nCi/gram | [SAeeveey]
LESS THAN 1.1289€+01 nCi/qram  bBased on 5R0SS UTe 1520¥92. ramg
TRU activity Demsity 1.5893E-18 nCi/gram +/- 1,34660E+01 ijgram~, [reweneey)
T T TESS O TRAN -2 20 P18 nCisgram_ based_on___ NET WT . gremg
\Jotal grams of TRU in Sarret 1.51078-20 qram +/- 1, 2216E-01 gram [* il 4|
LESS THAN 2.0096E-0t gram

"-——-___.__.__- ——
CALCULAT[ONS BASED ON: TSU.7TZ Xg  ¥et berrel weighe 10 N-tubes
Neutron Efficiency = 3.8549€-03 ( 1.93256-04) (cts/s)/in/s] [ 5.00%]
Calibracion Factor « 4. 988508+05 ( §5.4380£+04) nCi/fn/s] [ iG.94%)
Specific Activity + 8.54306+07 ( 3.8600€+05) nCi/gram [ &.527

Mess 3kg Count Rate= 2.14306~00 { 5.97916-02) cpm [ 2.79%1
Bkg Cross Sarrel Uts 1449.000 # fkgAdjfactare 1.0000000 CFERRa . D000¢
TRU material assumed ta De:  PRIR Aulnice(t12Pu2e0)
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APPENDIX F

PRTR Fuel Isotopic
Distribution Calculations
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