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NOTICE

This repost was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, or any of their
employees, makes any warranty, expressed or implied, or assumes any legal liability of re-

| sponsibility for any third party's use, or the results of such use, of any information, apparatus,'

| product or process disclosed in this report, or represents that its use by such third party would
| not infringe privately owned rights.
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Washington, DC 20555

2. The NRC/GPO Sales Program, U.S. Nuc| ear Regulatory Commission,
Washington, DC 20555

3. The National Technical Information Service Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
it is not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-
ment Room include NRC correspondence and internal NRC memoranda; NRC Office of Inspection
and Enforcement bulletins, circulars, information notices, inspection and investigation notices:
Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and
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Program: formal NRC staff and contractor reports, NRC-sponsored conference proceedings, and
NRC booklets and brochures. Also available are Regulatory Guides, NRC regulatior's in the Code of
Federal Regulations, and Nuclear Regulatory Commission issuances.
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Energy Commission, forerunner agency to the Nuclear Regulatory Commission.
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ABSTRACT

An inventory has been compiled of the isotopes of half-life >5 years
buried in eight of the trenches a t the Sheffield low-level waste burial site.

This was accomplished through a search of the Shef field radioactive shipment
records (RSRs). Pertinent information from some 3200 fuel cycle RSRs and 1700
non-fuel cycle RSRs has been stored in a computerized da ta base and used to
develop the inventory. Results of the compilation are in disagreement with
the two previous es tima tes for H-3 and for C-14. In particular, non-f uel
cycle H-3 inventory for the eight trenches of the present study is approximat-
ely a factor of 2 higher than either previous estima te of total site
inven tory.

Modeling of release processes has been carried out in order to obtain
estimates of isotopic release rates from waste packages to the trenches. This
modeling is highly speculative, but believed to be state-of-the-art. It re-
quired informa tion not only on amoun ts of the different isotopes, bu t also on
the waste forms and containers holding them. Such information was generally
not given on the RSRs and had to be obtained by contact with the generators.
Estimated numerical release rate data are given for each trench for H-3, C-14,
Cs-137, Sr-90, and Co-60. 1-129 is expected to have been totally released
within a year of container breaching by corrosion. Most of the Pu, in the
form of oxide, will probably not be released at a significant rate. Howeve r,
abou t 10%, in the form of soluble nitrate, may be considered to be released on
firs t contact wi th wa ter.
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2EVALUATION OF THE RADI0 ACTIVE INVENTORY IN, AND ESTIMATION OF
ISOTOPIC RELEASE FROM, THE 'JASTE IN EIGHT TRENCHES AT [

THE SHEFFIELD LOW-LEVEL WASTE BURIAL SITE -

_

?
:

'1. INTRODUCTION
i<

l.1 Purpose

In fulfilling its role with respect to regula tion of low-1cvel
radioactive waste, the Nuclear Regulatory Commission (NRC) requires certain -

technical informa tion for development of rules, criteria, and other guidance [
which apply to near-surface disposal of such waste. The Sheffield, Illinois, "

low-level waste burial site, which was closed in 1978, is considered by NRC to
be capable of yielding data of value for NRC's regula tory purpose s-of se rving,
as it were, as a laboratory for obtaining informa tion applicable to other dis- j
posal sites, as well as for developing a predictive model of the Sheffield ,

site behavior. Both these functions require de talled knowledge, not only of
the amounts and isotopic composition of the buried waste, but also of the
was te forms and packaging. These last are essential for estima ting release
rates of the various isotopes from the waste, which was a specific aim of this
s tudy,

i
The principal source of informa tion on buried low-level nuclear waste is -

the radioactive shipment record (RSR) which accompanied each shipment made to j
the burial site. Brookhaven National Laboratory (BNL) has examined the RSRs ,

from 8 of the 17 Sheffield trenches as an aid in developing the detailed in- ;

ventory necessary to meet the goals of this task. The RSRs occasionally give I

a reasonably complete picture of the waste, including waste form and package, 5
isotopic composition, and amounts of each isotope. However, the great major- g
ity of RSRs give little or no information on waste form and packaging, and }
many do not give the amounts for individual isotopes. Thus, contact wi th the j
shippers of relatively large amounts of waste is required in order to obtain ;;
suf ficient informa tion for this s tudy.

,

J

In the case of the Sheffield burial site, tritium has been found in sev- j
eral places outside the trenches since shortly af ter the site was closed. In 2
at least one area, i t has also been found in small amounts (well below the ,
maximum permissible concentration) at a considerable distance outside the site

_

bounda ry. It is thus important to try to es tima te the amount of H-3 which is g
likely to be released in the future, and the rate of its release. The same is 7
true for all isotopes of reasonably long half life (>5 yrs), particularly C-14 j
and 1-129 which, like H-3, are biologically sensitive and are not held up by j
sorp tive processes in the soil. The inventory of H-3 a t Shef field has been :

considered to be many times greater than that of C-14, but the only quantita- j
tive estima tes for both isotopes are in wide disagreement.(1,2) Thus, one

'

of the main goals of this study was to prepare an accurate inventory of H-3 3

and C-14 (as well as other selected isotopes of half life >5 yrs) for eight of "

N
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the Sheffield trenches. The inventories are, of course, a minimum requirement
for estimating isotopic release rates from the trenches, They also can perhaps
provide some insight into me thods which might be useful for developing site
inventories at other burial sites.

1.2 The Sheffield Site

A description of the Shef field site as regards historical background,
site environmental characteriptics, topography, hydrology, and geology can be
found in several reports.(1-4) The trench layout is shown in Figure 1.1.
The me thods used in the construc tion, filling, and capping of the trenches,
together with the repair of caps necessitated by damage from surface water
runoff and trench subsidence after closure of the site, are described in

Reference 4. Data concerning trench operation (date of operation, volume of
was te buried , and amoun ts of by-produc t, source, and special nuclear material)
reported in Reference 1 are given in Table 1.1. Dimensions of each trench
and filling ef ficiencies are given in Table C-42 of Reference 1. Nuclear
Engineering Co., Inc., (NECO), the operator of the site for most of its oper-
ating period, reported the volumes and amounts of waste buried each month to
the State of Illinois, and this is the source of the data given in the NUS

Corp. report,(1) which is reproduced in Table 1.1. In its monthly reports

NECO was not required to give a breakdown of the amount of by-produc t material
into amoun ts of the various iso topes it contained, and, as mentioned previ-
ously, one of the principal requirements of this study was to determine the
proportions of relevant iso topes in the waste of selected trenches. Thus the
only way to obtain this information was to re trieve it direc tly from the indi-
vidral shipment records, supplemented if necessary by informa tion from the
genera to rs .

2
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Table 1.1

Information on Shef field Burial Site Trenches *

. -.

By product Special Nuclear Source
Period of Length Volume Buried Material Material Materlat

T rench Ope ration (ft) (ft3) (C1) (g) (Iba)
--

1 12/66 - 8/68 450 144,419.16 6,157.30 2,592.28 15,695.46
2 8/68 - 3/71 460 236,23;.14 10,451.15 12,695.86 34,139.79
3 3/71 - 5/72 400 191,200.92 7,758.19 H,339.91 4,546.80
4 5/72 - 4/73 280 197,896.39 4,443.43 4,863.65 3,980.75
5 4/73 - 8/73 350 120,999.13 1,167.66 3,187.33 5.163.95
6 8/73 - 3/74 390 197,365.90 1,327.49 7,040.17 475.32
7 3/74 - 6/74 400 133,709.37 635.76 1,640.73 1,356.00
8 7/74 - 8/74 200 49,364.70 354.96 0.00 0.00
9 7/74 - 2/75 350 185,237.52 1,385.02 912.94 29,613.79

11 12/74 - 6/75 354 93,621.04 1,428.14 683.33 32,897.73
26 5/75 - 8/75 180 166,137.91 991.20 1,087.80 29,611.79
24 6/75 - 5/76 455 305,578.83 5,109.38 4,285.61 24,123.72
25C 4/76 - 8/76 218 65,579.83 863.86 177.58 622.25
18 3/16 -12/76 320 120,655.69 131.30 100.80 198.00
23 8/76 - 1/77 440 180,161.95 4,388.55 211.27 6,577.66
14 1/77 - 9/77 580 394,399.80 7,197.27 1,791.51 293,568.74
14A M/77 - 4/78 475 351,793.90 6,322.16 4,741.96 118,385.94

aTaken f ruia Tables C-41 aml C-41 of Reference 1.
. ...... . .... .. ... .................. ...... ........ ..................... _

1.3 Selection of Trenches for Investigation

The trenches designated for this study were 1, 2, 7, 11, 14A , 23, 24, and
25C (see Figure 1.1 for locations). The reasons for assignment of these par-
ticular trenches concern the types and amounts of waste buried in them, their
location with respect to known occurrences of radioactivity in soil and water
outside the trenches, and their coverage of the geographical area of the site
and the time span of site ope ra tions . Thus, the selected trenches include |

those with largely fuel cycle waste and those with largely non-fuel cycle !

waste. Two of the trenches (7 and 25C) contain rather small amounts of by- |
product material (Table 1.1), while several contain large amounts (including
Trench 2, which contains the largest amount of all the trenches). The opera t-
ing period of the site is well covered, since Trenches 1 and 2 were operated
from the opening of the site for over 4 yrs, Trench 14A was the last Trench to
be filled, and the other trenches are spaced throughout the intervening years.

1.4 Organization of the Report

In the following section (Section 2), the methods employed in developing
the inventory for each of the designated trenches are described. Detailed
inventories for both fuel cycle and non-fuel cycle waste are given for each of
the isotopes of concern. Section 3 explains the reasons for contacting ship-
pers regaroing waste properties, and discusses those that were chosen for con-
tact. The pertinent information obtained was put in the form of Memos to
File, which are included in the report as Appendix B. Based on the amounts
of the different isotopes in the waste and the properties of the waste forms
and packaging determined f rom the generator contacts, isotopic release rates
to the trenches were estima ted. The methods of making these estimates are |
described in Section 4, and the results are reported by trench and by isotope. |

|
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2. INVENTORY OF SELECTED 'IRENCHES g

bb2.1 Accuracy and Significance of Available Information
i

2.1.1 Accuracy of Reported Data

E
It must be stressed at the outset that the inventory developed in this

report is based entirely on the records of the waste shippers and the opera-
-

tors of the burial site, and that we have made no judgments regarding the ]
accuracy of the data supplied by the shippers. In general, we have used the ;

information provided on the RSRs exactly as it was given, except for obvious --

typographical errors , e.g. , in naming isotopes. (Figures 2.1 and 2.2, repro- .

duced from the microfilms of the Shef field RSRs, show an example of one form [
of RSR used, and the NECO stamp on the reverse used by NECO to summarize the f
shipment informa tion.) In a few specific instances involving relatively large j
amounts of radioactivity, the shippers had other documents showing that their v

RSRs were in error, and the amounts were adj usted accordingly in our data j

base. An example is the shipment from a university where the RSR listed curie ;

levels of C-14. The university had purchase requistions and invoices showing 6
#that only millicurie amounts had been purchased , and the experiments in which

the C-14 was used and which gave rise to the waste were known to the Radiation
Sa fe ty Of ficer. Another example is that of the generator who shipped large
curie amounts of Cs-137 and Sr-90 in lead-lined 30-gal drums. The volumes of

3 instead of the correct ]the drums were listed for several years as 4.8 f t
3value of 4.0 f t .

-

=5

There would appear to be no way of knowing how accurate the activity
levels listed by the shippers might have been, and we consider it pointless to '

attempt estimating uncertainties by making assumptions such as, for example, 7
that shippers generally listed larger amounts than they had in order to be -

conse rva tive . However, it should be emphasized that discrepancies exist be- g
tween the amounts listed on the RSRs by the shippers and the amounts recorded g
by the site operators in their summaries of total volumes and radioactivity a
amounts stamped on the backs of the RSRs. _

2

Unless it was specifically noted that the site operator had contacted j

the shipper for confirmation or clarification, the amounts of activity listed 3

by the shipper were taken as the proper ones for this study. Occasionally, an 2
arithmetic error was made by burial site personnel in summing the activities s
of a number of packages. This occurred, for example, with University of =

Wisconsin RSR 3534, where the total shipment activity given by NECO was $
45 mC1, while the actual sum of the packages listed was >28 Ct. Usually the d
discrepancies consisted of listing millicuries instead of curies, and vice

"

This type of error is understandable since some RSR forms had a column 3versa. 3headed " Byproduct Curies," while others were headed " Byproduct Millicuries".
2In addition, certain shippers who disposed of relatively large amounts of ac-
-

tivity, of ten crossed out the " Milli" in the column heading.
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The largest discrepancy noted was for a shipment of H-3 to Trench 1.
The total radioactivity listed by NECO was 11 C1, whereas, according to the
RSR, the shipment actually contained 121 C1, essentially all of it H-3. Upon
contacting the genera tor , the details given on the RSR were confirmed, so that
NECO's inventory would be 110 Ci too low. This is approximately 40% of the

trench inventory for H-3, and thus would represent an appreciable error in the
source term for Trench 1. Other discrepancies represented only a small per-
centage of the trench inventory, whether in the case of isotopes found only in
non-fuel cycle waste, or in fuel cycle shipments with relatively large amounts
of isotopes such as Co-60 and Cs-137. Since the inventories of these la t te r

isotopes were very large, an error of many curies would not result in an
appreciable source term error, especially considering the accuracy with which
the fuel cycle radioactivities were known. =

~

An uncertainty of a different kind arises whenever a shipper included
packages in its shipment which contained a mixture of isotopes and did not .

give amounts of individual isotopes, but only package totals. This was a fre-
quent occurrence, and the problem it raises is not amenable to a quantitative
solution. This is discussed in a later section (Secton 2.3.1.2).

.-

2.1.2 Waste Designa ted MFP
_

In addition to the uncertainties in amounts just discussed, there are ,

uncertanties in isotopic composition. As well as the numerous instances where
isotopes were listed but no breakdown into amounts of individual isotopes was
given, there were many cases of shippers classifying at least a portion of
their waste as MFP. While this term means literally mixed fission products, e

as used by shippers of low-level waste to the Sheffield site, it almost always
meant simply a mixture of unspecified radioactive isotopes. A more accurate

description of such mixtures used by one shipper was UBCER, standing for
unspecified beta 3amna emitting radioisotopes. Even when used by utilities

shipping f uel cycle waste , the designation MFP had no precise meaning. Al-

though their waste contained fission products, it also had a high proportion
of activation products.

As used by non-fuel cycle shippers, the term is even less meaningful,
since fission products may or may not have been present in their waste. In

general, no specific isotopes can be listed for such waste, and we have had to
omit it from consideration in development of release scenarios. In the case
of Argonne National Labora tory ( ANL), the shipper of by far the largest amount
of waste designated NFP, this is trua for most of the trenches. However, for
Trenches 1 and 2, a large proportien of the waste was contained in two series
of special shipments of ra ther high radioactivity content (108 Ci in that
portion sent to Trench I and 1346 C1 in the portion sent to Trench 2) . This
was te did contain fission produc ts and activa tion products, and a rough esti-
mate can be made of isotopic composition for that part of ANL's contribution
( see Section 2.3.2.4).

8
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2.2 Compiling the Data

2.2.1 Use of Data Base

The requirements of this study for detailed information on many differ-
ent aspects of the waste and the burial trenches suggested the use of a compu-
terized data base as the most ef ficient way to utilize the contents of the
Sheffield RSRs. Such a data base would contain the data in an easily accessi-
ble and retrievable form, and it could also be structured so that interrela-
tionships between various elements of the data could be easily established.
Use of the data base management system also makes it possible to generate
lists, counts, and sums of the data and to present the data in tabular form.

"

These features greatly facilitate analysis and reporting of the results.
.

2.2.2 Description of the Data Base

The data base chosen was set up on BNL's CDC 6600 computers using Intel
Corporation's System 2000 general purpose data base management system. A com-
plete description of this system is given in a manual published by the Intel
Corporation.(5) For the present, it suffices to know that a data base g

defined under System 2000 establishes components for each data element, ar- 1
ranges the components into groups (records) of related elements and places
these groups of data into a hierarchical structure. A diagram of the struc-
ture of the current data base is shown in Figure 2.3.

TRENCH

|

SHIPMENT SHIPMENT

/ / \ / \N
PACKAGE PACKAGE PACKAGE

/ \/ \ /
RADIONUCLIDE RADIONUCLIDE RADIONUCLIDE RADIONUCLIDE

Figure 2.3 Structure of the data base.
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From the figure, it is seen that the records in this data base are
arranged into four levels. The first level contains information about the
trenches, the second level contains informa tion abou t the various shipments to
these trenches, the third level contains information about the packages in
these shipments, and the fourth level contains informa tion about the radionu-
clides in these packagas. Also, a description of the data base schema is
given in Figure 2.4. This schema is the collection of component definitions

for each of the data elements in the data base. In the schema, the various

levels of the da ta are identified by increasing indentations.

DESCRIDE%

SYSTEM RELEASE HUMBER M2.000
DATA DASE HAME IS SHEFFIELD
DEFINITION HUMBER 8
DATA DASE CYCLE 034

1* TRENCH (CHAR XXXX )%
28 OPENDT ( D ATE )%
3* CLOSEDT (DATE)4

10* SHIPMENT ( RECORD )%
11* SHIPMT DT (DATE IH 10)%
12* ORICIH (CHAR X(25) IN 10)%
13* ADDRESS (HOH-KEY TEXT X( 7 ) IH 10)%
14* SHPMT HUM (CHAR X(10) IH 10 )%
15* SHPMT DESCH (CHAR XC10) IN 10 )%
10* SOLID VOL (DECIMAL HUMBER 9( 6 ) . 9 IH 10)%
198 LIQUID VOL (DECIMAL HUMDER 9( 6 ) . 9 IN 10 )%
20* RADIOAC (DECIMAL HUMBER 9(6).999 IH 10 )%
21* WTSOLSHM (DECIMAL NUMBER 9(6).99 IN 10 )%
22* WTLIQSHM (DECIMAL HUMBER 9(6).99 IH 10 )%
238 WTSOLSRC (DECIMAL HUMBER 9(6).99 IH 10 )%
24* WTLIQSRC (DECIMAL HUMBER 9(6).99 IH 10 )%
25* COMMEHT (TEXT XC40) IH 10 )%
29* ACTIVITY RATIO (DECIMAL HUMBER 9(6).999 IH 10)4
30* PACKACE (RECORD IH 10)4

31* PKCHO CINTEGER HUMBER 999 IN 30)%
324 WTSOURCE (DECIMAL HUMDER 9999.99 IN 30 )%
33* WTSHM (DECIMAL HUMBER 9999.99 IN 30 )%
34* WSTFORM (CHAR X( 10 ) IH 39 )%
35* CHEMFORM (CHAR X(16) IH 3034
36* TOTRADIA (DECIMAL HUMBER 9(6).999 IH 30)%
40* RADIOHUC (RECORD IN 39 )%

41* HUCLIDE < CHAR X(30) IH 40)4
42* AMOUNT (DECIMAL HUNDER 9(6).999 IN 40 )%

,,,

Figure 2.4 Computer printout of the schema for Data Base Shef field.
The legend is given on page 11 for the sake of cla rity.
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Legend for Figure 2.4

OPENDT date trench was opened
CLOSEDT date trench was closed
SHIPMT DT date of shipment

SHPMT NUM RSR number
SHPMT DESGN shipment designation according to waste category
SOLID VOL volume of solid waste in shipment, in cubic feet

LIQUID VOL volume of liquid waste in shipment, in gal
RADICAC total shipment radioactivity, in mci
WTSOLS NM total weight of solid special nuclear material (SNM), in g
WTLIQSNM total weight of liquid SNM, in g

WTSOLSRC total weight of solid source material, in Ib

WTLIQSRC total weight of liquid source material, in Ib

ACTIVITY RATIO 20* divided by 18*, in mci / cubic foot
PKGNO package number
WTSOURCE weight of source material in package, in ib
WTSNM weight of SNM in package, in g

VSTFORM physical state (solid, liquid, or gas) of the waste in
the package

CH EMFORM chemical form of the waste in the package

TOTRADIA total radioactivity in the package, in mC1
RADIONUC radionuclides in the package

AMOUNT amount of radioactivity, in mC1, for the nuclide listed
in 41*

2.2.3 Inputting the Data

2.2.3.1 Selection of the Data

Two principal criteria were used to select the RSRs from which data
were to be input. The first was that the shipment had to contain isotopes of
half-life >5 yrs in order to be selected. Specifically, the isotopes of con-
cern, or relevant isotopes, are considered to be those listed in Table 3.8 of

,

Volume 2 of the report, " Data Base for Radioactive Waste Management."(6)
The second criterion set minimum values for the amounts of radioactivity
which qualified a shipment for inclusion.

All shipments containing no relevant isotopes were omitted. All
shipments containing isotopes of concern and which satisfied the second crite-
rion regarding amount of radioactivity were processed, but in general only
those packages within a given shipment that contained relevant isotopes were
listed in the package record (numbers 31 to 42 in the schema). Tha t is ,
packages containing only isotopes of no concern were omitted.

11
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%
% _,4 3jyFor the firs t five trenches processed (7, 11, 14A, 2I, and 25C), the {'

minimum amount of raidoactivity set by the second criterion was 1 mci for non- '

fuel cycle waste and 10 mci for fuel cycle waste. Analysis of the data ob-

_LP.* 1
: .M

tained from these trenches showed tha t very small shipments contributed an in-
significant proportion of the total waste in a trench, so that the minimum was S.- %

! raised to 10 mci for non-fuel cycle waste and 100 mci for fuel cycle waste Q,
during inputting of the Trench I data. These limits thus apply to part of 4 _;

Trench 1 and all of Trenches 2 and 24. To avoid putting unnecessary informa- g, / .
tion in the da ta base, a limitation was also placed on the inclusion of pack- g S ',

: age information. Individual packages in selected shipments were omitted if
, ,

the activity of relevant isotopes was only a small fraction of a millicurie. [''n
'

The only exceptions to the second criterion were made for I-12).
';. i. ,. .;
ps;'

This biologically sensitive isotope, like H-3 and C-14, is not held up by the - | ,-s

soil, but moves with the groundwater, so it is of concern to know how much 7*:
I-129 was buried in the trenches and at what rate it is likely to be released .-c ,

to the trenches from its containers. All packages containing I-129 were ,.1 (
; therefore included in the data base, regardless of the curie amount.of the g

^'s,: package or of the shipment in which it was contained. -.
' t ;, 9

\#
; 2.2.3.2 Source Material and Special Nuclear Material

, '. x.; 7
.

Information for source material and special nuclear material (SNM) T [. '
; was entered into the data base for the first five trenches studied (7, 11, | ,/t

14A, 23, and 25C). During inputting of Trench I data, it was decided not to i 4

continue entering information regarding source material and SNM shipments, un- ', (. | 3 ' .:
# -less the SNM consisted of, or contained, plutonium. Release rates of thorium .

'

; and uranium were not required in this study, thus no information on their ; s. .

shipment was put in the data base for Trenches 2 and 24. However, when the 3 e..? ~j
RSRs for these trenches were being scanned, the shipments of source material - ,

and SNM were listed along with the by-product shipments, so that if it is ever [. '

!,..decided to put their information into the data base, the RSR numbers will be
j..[,J:

3

; readily available. They are listed, by trench, in Appendix A. f
% Q.h

2.2.3.3 Procedure for Inputting dh
- > 1 : .-
! Copies of the RSRs on microfilm were made available by US Ecology, ,[h

formerly Nuclear Engineering Co. (NECO), operator of the Shef field site during WM
mos t of its operating life. The rolls of microfilm were initially scanned by @ Y '(
members of the scientific staf f to select the RSRs to be entered into the data ( g .]
base, using the criteria discussed in the previous Section (2.2.3.1). The e. L A;

i scientific staff also designated each selected RSR as fuel cycle or non-fuel ,,6 q
cycle. In a few cases where it was not certain to which category it belonged, ,.." . 3 . .'

i the shipment was designated as "other". 1ists of the selected RSRs were then ^ ?.j g-

'' ( i
compiled, and both scientific and clerical staf f entered the pertinent infor-

c{"g,mation into the data base directly from the microfilmed records. After each
day's entries were checked by the scientific staf f, a permanent record of the M q.

Nh h
Y',4updated data base was made on mannetic tape.

.4
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.

During scanning of the microfilm and compilation of the lists of se-
1ected RSRs, all non-f uel cycle shipments containing amounts of relevant iso-
topes >l Ci were noted and made into a list for each trench. After the se-

1ected data for a given trench had been entered into the data base , the non-
fuel cycle shipments of >1 Ci were printed out and compared with at least the

,

>l Ci list obtained during scanning, and of ten also with the microfilm record.
Any errors found in the data base were then corrected. This procedure ensured
that all the non-fuel cycle shipments containing >l Ci of relevant isotopes
were entered correctly in the data base. These shipments were found to con-
tribute of the order of 90%, and usually more, to the total non-fuel cycle
inventory of relevant iso topes. In cddition to this check, many random checks

,

i between the data base and the microfilm were made in the course of checking
other computer-generated lists, such as lists of shipments containing specific
i s o to pe s . Because a large proportion of fuel cycle shipments were >l C1, and
a very high fraction were listed merely as containing MFP or Co-60 and Cs-137,
fuel cycle shipments were not checked in the same way as non-fuel cycle.
Deliberate random checks were made, and several series of unusually large
shipments which were noted from time to time were checked against the micro-
filmed records.

2.3 Inventory Compilation

The inventory results obtained f rom the data base are presented in the
following sections under two main headings, fuel cycle and non-fuel cycle.
The information is further broken down into data on individual isotopes, and
also by trench, since each trench has to be considered separately in Section 3
of the report, which deals with the release of individual isotopes to the
trench. Before presenting the results, some problems involved in the
development of the inventory are discussed.

2.3.1 Potential Errors in Inventory Data

2.3.1.1 Pitfalls Encountered in Use of the Data Base

The way in which package informa tion is entered into the data base
is very important in enabling it to be retrieved readily and utilized when
searches are conducted for making lists and doing counts and summations. For
example, information pertaining to the isotopic composition of the waste may
for some reason be put into the comments (C25 in the schema of Figure 2.2),
and, to avoid duplication, the isotopes may not be listed in the package in-
formation under C41 of the schema. Since lists, counts, and sums involving a
particular isotope are generated using C41 entries for that isotope for the
computer search, shipments for which no C41 entries are made will be missed in
such a search.

This form of inputting occurred a number of times while the non-fuel
cycle data were being entered, and was first discovered to be a problem when a
large shipment was missed when checking the computer record of shipments
>l Ci against that obtained during manual scanning of the microfilmed RSRs.
The problem is manageable, since the required information is in the comments,

13
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but part of the advantage of having a data base is lost. Af ter the non-fuel
cycle data for the first five trenches (7,11,14A, 23, and 25C) had been in-
put, it was determined that a C41 entry always be included in the package in-
formation. Thus, there should be no problem from this source for work with
the last three trenches (1, 2, and 24) and for the fuel cycle data.

To determine what proportion of the waste was af fected, lists were
made of the information on shipments in which H-3 was mentioned in C25, for
Trenches 7,11,14A, 23, and 25C. These lists were compared with printouts of
the shipments where H-3 was entered in C41 to obtain the shipments where it
was mentioned only in C25. As an example of the information in the data base
for these latter shipments, the list for Trench 11 is given in Table 2.1. The
Trench 11 list had no unusual f eatures and was chosen merely because it con-
tained a reasonable number of shipments. The amounts of waste containing H-3
were summed for the two categories of shipment - the category of all shipments
containing <1 C1, and that of the shipments for which H-3 was mentioned only
in C25.

Table 2.1 g.
I

Shipments to Trench 11 in which H-3 Mentioned Only in Comments

Amount Alone Amount Mixed
Shippe r RSR Date (mci) (mC1)

2/06/75 655Mobay Chemical ----

Harper Hospital 1628 2/10/75 6

Ka11estad Labs 2058 2/26/75 11.8
Harper Hospital 1492 3/10/75 6

VA Hospital 6082 3/11/75 32
Abbott Labs 1616 3/13/75 8.5
Ka11estad Labs 2060 3/25/75 9.3
Radiation Monitoring 0898 3/27/75 8

Se rvice
Harper Hospital 01491 4/07/75 5

( Marshfield Medical 11693 4/10/75 1.5
Foundation

Ka11estad Labs 2062 4/22/75 14.7
Harper Hespital 1490 5/05/75 5

Southern Illinois 11066 5/13/75 16

Ka11estad Labs 2064 5/20/75 273

The results are given, by trench, in Table 2.2. Roughly 1/6 of the
shipments were af fected, and roughly the same fraction of activity. Trench
14A had the largest number of shipments mentioned only in C25, and also the

14
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largest amount of H-3 af fected, approxima tely 6 C1. To put this in perspec-

tive, the total H-3 inventory for the trench was over 700 Ci, so the fraction

af fected is less than 1%. Although the inventories of the other trenches are
much smaller, so are the amounts affected, so the percentages remain small and
will cause insignificant errors in the overall trench inventories. The same
situation exists for C-14, and may to a small extent exist for other isotopes.

Table 2.2

Information on Shipments in Which H-3 Mentioned Only in Comments

All Shipments <1 CL

Shipments With H-3 Only in C25 Containing H-3

Mixed With Amount of
Number of H-3 Alone other Isotopes Number of Waste

Trench Shipments (C1) (C1) Shipments (C1)

7 18 0.10 0.86 61 7.4

11 14 0.04 1.02 83 7.38
14A 39 0.87 5.04 165 17.78 .

23 29 0.01 3.11 101 11.88
25C 2 0 0.49 54 5.85

Totals 102 1.02 10.52 464 50.29

Another example of dif ficulty in retrieving information occurs when
not all values for package activity, C36, are entered for a shipment. In

cases where a number of packages were identical, or very similar (e.g. , same
isotope or isotopes), only one package would be given in de tail, as an ex-
ample, and this f act would be noted in the comments (C25). Thus again, as
with the shipments where C41 informa tion was not antered, reference to the
comments is required to obtain the full picture. Also the situation only

arises for shipments <1 Ci since shipments >l Ci have all been cross-checked.
In most cases, the amounts entered in C20 represent the sums of the C36s for
the package s in ques tion, bu t, if not, reference will have to be made to the
comments in C25 to obtain the correct sums. There is no problem with fuel

cycle was te since, for mos t fuel cycle shipments, all packages in the shipment
had the same C41s (ve ry of ten simply MFP), and C36 values were of little or no
interes t - in fact, the sum of C36s for such shipments was essentially always
equal to C20. In the few instances where a shipment contained dif ferent kinds
of packages, package de tails were given, including the C36 values.

In one ins tance in the entire da ta ba se, a number was too la rge to be
e n te red. When the data base was set up, it was not anticipated that there
would be any single shipments with a total radioactivity greater than 1000 CL,
so a maxinum of six digits before the decimal place was permitted in C20. A

15

._- _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .



'

.

r

F

.

ma

:
-

shipment to Trench 2 (RSR 3738, March 18,1971) contained 1455 C1 (1,455,000
i mci), so this value for its total activity could not be entered. The value

used was the actual value divided by 10, and a notation was made in the com-
E ments (C25) to multiply the value given in C20 by 10 to obtain the correct

[ value for the total radioactivity of the shipment.
3

( 2.3.1.2 Uncertainties for Packages of Isotope Mixtures

E

E In general, whenever a non-fuel cycle shipper put mixtures of iso-

( topes into its packages and did not provide a breakdown of the amounts of each
| 1sotope, there is now no way of determining what these amounts were. Thus,
[ some estimate has to be made of the isotopic distribution in such cases. This
? is a different situation than that discussed in the section on waste desig-

; nated MFP (Section 2.1.2). For the usual use of the MFP designation with non-
fuel cycle waste, no estimate of isotope amounts is possible. However, when
isotopes are at least identified, estimates of their amounts can of ten beg

F made. The situation with regard to fuel cycle shipments is a special case,
and will be discussed in the section dealing with fuel cycle waste (Section

! 2.3.3).
e

The accuracy of estimates in the case of non-fuel cycle shipments is
L crucial only _for large shipments (of the order of a few Ci and larger) where
$ the information is important for use in release scenarios. There turned out

k to be few (<50) large packages of isotope mixtures with no breakdown by iso-
g tope, since a generator with a large amount of a particular isotope to dispose
i of, usually shipped it in a container by itself. The few large packages of
$ mixed isotopes almost always involved H-3, with C-14 or I-125 or I-131 as the
( other isotope. Only 3 or 4 instances involving other isotopes of concern were
( obs e rved ,

r
i When shippers of large curie amounts were contacted for further in-

k formation on waste form and isotopic distribution, they were of ten able to

{ shed some light on the isotopic distribution of their more usual low-activity
waste. While not crucial to the overall H-3 inventory, since shipments <1 Ci-

contributed <10% for most trenches, the information on low-level shipments
allowed useful estimates to be made for that component of the inventory.o

4 From discussions with shippers, a reasonably consistent picture

i emerged for shipments of packages containing mixtures of H-3 and C-14 in which
{ the amounts of each isotope were not identified. Copies of Memos to File con-

p cerning these discussion are included, with others about waste form and

'i packaging, in Appendix B. Of those shippers asked specifically about isotopic
distribution, all stated t1 their mixtures contained mostly H-3. One shipper-

j gave a rough estimate of 8J% H-3, while another estimated well over 90%, and
+- another said that its mixture was nearly all H-3. Our estimates have been
lE based on the values given us by the shippers.
u

i
_

6
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For more complex mixtures, the picture is not clear, since there were
o number of isotopes involved whose amounts wete not well known. Some of
these isotopes might generally be present in greater amounts than H-3, while
others would be in smaller amounts. Almost all of the shipments in this cate-
gory involyed relatively small total activities, so uncertainties in H-3 and
C-14 inventories would not be appreciable regardless of the assumption made
cbout amounts of individual isotopes. We have assumed equal distributions in
the case of these complex mixtures, where most of the isotopes other than H-3
and C-14 are isotopes of no concern such as I-125, I-131, P-32, S-35, Cr-51,
Zn-65, Se-75, e tc.

2.3.2 Non-Fuel Cycle Inventory

2.3.2.1 Tritium

Of the isotopes of interest to this study, tritium ranks next to
Co-60 and Cs-137 in terms of amount buried in the whole Sheffield site. Also,

as previously pointed out, it is of special interest since it is biologically
sensitive, and is not held up by interaction with the soil. Because it is not
held up, it has been found in groundwater samples taken from wells outside the
trenches.(2) On the following pages, we present compilations of the ship-
cents 2,1 Ci to each trench, together with other information concerning small
shipments and total trench inventories. In Tables 2.3 to 2.10 of shipments

2,1 C1, informa tion on waste form is included where it was given on the RSR.
Usually nothing more was given than the physical state of the waste.
Table 2.11 gives the estimated total H-3 inventory by trench. *

.

~

In Table 2.12 , the H-3 trench inventor 1es are compared with total trench
inventories (taken from Refer.ence 1) for the eight trenches surveyed in this
study. The number of shipments containing H-3 for each trench is also given.
The amounts of H-3 in the trenches follow the total amounts )f by-product
material in a rough way. The reason for this rough correspondence presumably
is because of the large number of shipments containing H-3. All the other

non-fuel cycle isotopes of concern except C-14 were contained in relatively
few total shipments, including shipments of 31 Cf. Thus, on a statistical

basis, large fractions of the total inventory could turn up in any trench.

17
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|
Table 2.3 |

I

Non-Fuel Cycle H-3 Shipments >l Ci to Trench 1 ;

Shippe r RSR Da te Amount (C1) and Form

Indiana University 203 2/28/67 1.0, solid
' Abbott Laboraties 743,4 3/10/67 13.7, gas
' University of Wisconsin ---.a 6/15/67 4.6, solid
Abbott Labora tories _6/16/67 4.5, gas----

6/30/67 1.7, solidC. D. Searle ----

Luminous Processes, Inc. 7/11/67 135.9, solid, Luminous scrap----

dials and wipe' tissues
University of Wisconsin 9/07/67 3.8, solid----

3M Co.-
. 12/20/67 1.02, solid----

- US Public Health Service 1/22/68 13.0, solid----

3/08/68 121, solidUniversity of' Wisconsin ----

US Public Health Service 6/04/68 2.6, solid----

6/14/68 2.0, solid, C-14 and H-3Chicago Medical School ----

mixed
7/09/68 1.0, solidUniversity of Minnesota ----

' aNo entry under the RSR heading means that the form used for that shipment
had no number, a common occurrence in the first year or two of Sheffield's
operation.

__

4

|
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Table 2.4

Non-Fuel Cycle H-3 Shipments >1 Ci to Trench 2 ,

4

Shipper RSR Date Amount (C1) and Form
:

University of Wisconsin 9/04/68 5.0, solid----

Hallinckrod t . 9/10/68 j,7, solid----

University of Illinois 11/06/68 9.5, solid----

Abbott Labora tories 12/26/68 3.0, solid----

ITT Industrial Labs 12/30/68 2.0, solid, ampule sealed----

on vacuum system manifold
t- ' University of Missouri 1/13/69 1.7, solid----

Amersham /Searle 2/04/69 5.0, solid----

University of Wisconsin 11206 2/04/69 1.7, solid>

Unknown 2/10/69 2.6, solid----

Purdue University 2/26/69 2.3, solid----

4 Purdue Universi ty 11245 3/13/69 6.0, solid
University of Wisconsin 11212 3/20/69 83.0, solid
Purdue University 11247 3/27/69 j,6.0, solid,

University of Missouri 4/07/69 1.0, solid----
,

Abbott Labora tories 4/17/69 1.7, solid----

Purdue University 11249 4/24/69 5.0, solid
Purdue Universi ty 11250 5/15/69 5.0, solid
University of Wisconsin 11211- 5/22/69 124.5, solid

'Nuclear Chicago 5/27/69 6.6, solid----

University of Illinois 6/13/69 1.6, solid----

Purdue Universi ty 11252 6/26/69 5.0, solid
US Radium Corp. 11543 6/27/69 <82, solid, one package,

also contains Kr-85,

. .
amounts not specified

.7/28/69 1.65, solidUniversity of Missouri ----

University of Wisconsin 11207 7/22/69 1.7, mostly solid
- Cate rpillar Trac tor Co. 11652 9/18/69 j4 8 tritiated oil. , .

, absorbed on vermiculite
9/22/69 <8.2, solidAtomic Disposal Co. ----

University of Wisconsin 11208 9/25/69 6.6, mostly solid,

Ame rsham/ Sea rle 4537 10/22/69 4.0, solid,

i Purdue University 11257 10/30/69 5.0, solid
'

Illinois Institute of 4132 11/14/69 7.0, solid
Technology<

| Purdue University 11259 12/16/69 1.8, solid
t Parke Davis and Co. 3457 12/18/69 2.4, solid
,

,

I
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Table 2.4, Continued

Non-Fuel Cycle H-3 Shipments >l C1 to Trench 2

Shippe r RSR DLte Amount (Ci) and Forn-

Caterpilla r Tractor Co. 5521 12/22/69 <5.0, presumably liquid
absorbed on vermiculitea

University of Wisconsin 3532 1/29/70 16.1, solid

Head Johnson Research 3674 2/06/70 2.5, liquid

Center
Parke Davis and Co. 3458 2/25/70 1.1, solid

Amersham /Searle 3763 3/06/70 1.8, solid

3/19/70 <2.0, solidMiles Laboratories ----

University of Missouri 39834 3/25/70 4.8, solid

A tomic Disposal Co. 3504,5 3/30/70 <3.6, solid

Caterpillar Tractor Co. 11116 4/02/70 <5.8, presumably liquid'

a, absorbed on vermiculite

Purdue University 3671- 4/07/70 5.0, solid

Purdue University 3673 4/19/70 30, solid

4/29/70 6.6, solidUniversity of Wisconsin ----

Michigan State University 3548 6/25/70 25, gas

Amersham /Searle 3764 7/17/70 2.5, solid

Caterpillar Tractor Co. 5522,3 8/18/70 <5.8, presumably liquid
aabsorbed on vermiculite

Purdue Universi ty 3652 8/28/70 25.0, solid

University of Missouri 3985,6 9/25/70 1.8, solid

10/08/70 17.1, solidUniversity of Wisconsin ----

Amersham /Searle 3765 10/16/70 3.0, solid

University of Illinois 4257 11/03/70 1.2, solid

Purdue University 3656 12/01/70 17.1, solid

Washington University 4075 12/22/70 19.6, solid

University of Missouri 11646 1/26/71 3.3, solid

Mead Johnson Co. 100'47 1/28/71 7.0, solid

Luminous Processes Inc. 9654 2/19/71 29.0, solid

University of Wisconsin 3534 2/23/71 28.0, solid

Atomic Disposal Co. 4083 3/16/71 31.5, 29 Ci solid
2.5 Ci liquid

aListed as liquid on RSR, but as solid by NECO, so presumably similar to
Caterpillar Tractor's RSR 11652 of 9/18/69.
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Table 2.5

Non-Fuel Cycle H-3 Shipments >l Ci to Trench 7

Shipper RSR Date Amount (Ci) and Form

K2111nckrodt Nuclear ---- 3/04/74 9.6, liquid
Ames Laboratory 10375 4/10/74 13, solid
Illinois Institute 2565 4/19/74 6.5, solid
cf Technology

Ame rsham/Searle 11913 5/10/74 <2.0, solid, mixed with
. Corp. other isotopes

Table 2.6

Non-Fuel Cycle H-3 Shipments >l Ci to Trench 11

Shipper RSR Date Amount (Ci) and Form

University of Illinois 1726 4/02/75 1.05, solid
Michigan State University 2528 4/09/75 <2.2, solid, mixed with

C-14
Shell Develop =cnt Corp. 10571 4/15/75 1.2, solid
G. D. Searle and Co. 2634 4/18/75 4.4, solid
3M Co. 1792 4/23/75 <8.3, solid, mixed with

C-14
WARF Institute 10574 4/23/75 <l.1, liquid, mixed with

C-14
Ames Laboratory 03314 4/30/75 7, solid |

-

Dow Chemical Co. 2282 5/01/75 8, solid

21
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Table 2.7

Non-Fuel Cycle H-3 Shipments >l C1 to Trench 14A
-

Shipper RSR Date Amount (C1) and Form

'
Brookhaven National 9421 8/09/77 1.5, solid
Laboratory

Dow Chemical Company 22527, 8/16/77 6.7, solidi

etc.

8/22/77 1.8, solidBrookhaven National ---

Laboratory
Brookhaven National --- 8/25/77 40.3, solid

Laboratory
Brookhaven National 8311,2 9/07/77 144.8, solid
Labora tory

, Brookhaven National 8313,4 9/13/77 95.8 solid
5 . Labora tory

Brookhaven National 8315,6 9/13/77 1.4, solid

Laboratory
Pathfinder Laboratory, 29541 9/13/77 1.0, solid
Luminous Processes, Inc. 35405 9/16/77 29.9, solid, "trittated

zinc sulfate-a
Brookhaven National 8309,10 9/21/77 21.5, solid

Laborato ry
Brookhaven National 8324 9/22/77 128.9, solid

Laboratory
Atomic Disposal Co. 36854,-6 9/30/77 <1.5, mostly solid, animal

carcasses
Endocrine Laboratories 19705 10/11/77 1.9, solid, most (1.8 C1)
of Madison, Inc. in cement

University of Wisconsin 36729,30 10/13/77 <21.2, mostly solid

Luminous Processes, Inc. 35406 10/28/77 29.9, solid, "trittated
zine sulfate-a

j Luminous Processes, Inc. 35407 11/17/77 29.9, solid, " tritiated

zinc. sulfate-a
Amersham Corp. 23334 12/12/77 (9.1, solid, water-based

radiocheatcals
Luminuus Processes, Inc. 35408 12/22/77 29.9, solid, "trittated

sine sulfateam.

Westinghouse Elactric 08689 ~ 1/06/78 4.8, solid, T1 ' targets
Corp.

Dow Chemical Co. 19978 1/19/78 1.02, solfd

Radiation Control and --- 1/27/78 1.5, solid, mixed organics

Radiological Services
Luminous Processes, Inc. 35409 1/30/78 29.9, solid, " tritiated

i zinc sulfate *8
.

'

Amersham Corp. 23335 2/03/78 <1.6. solid, water-based
radiochemicals

University of Illinois 50986 2/14/78 5.0, solid, Nos lab waste'

Illinois Institute --- 2/15/78 74.5, solid

of Technology
Midwest Research 32483 3/14/78 2.3, solid, animal

Institute carcasses
Amersham corp. 51143 3/31/78 <2.6, solid, water-ba sed

radiochemicals

aAs listed by shipper; presumably should be sulfide rather than sulfate.

22
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Table 2.8

Non-Fuel Cycle H-3 Shipments >l Ci to Trench 23

Shipper: RSR Date Amount (C1) and Form

Midwest Research 32482 8/09/76 4.0, solid
Institute.

Luminous Processes, Inc. 11108 8/24/76 37.4, " tritiated zine

sulfate"8
~ Luminous Processes, Inc. 11107 8/27/76 29.9, " tritiated zinc

sulfate"a
Amersham /Searle Corp. 31689 9/09/76 <3.5, solid, water-based

radiochemicals
Purdue University 33357-8 9/29/76 2.7, solid
Timex Corp. 33457 10/01/76 25, " poly / styrene-b
3M Company 20075, 10/05/76 <5.5, mos tly solid, radio-

etc. labelled organics

Luminous Processes, Inc. 11109 10/15/76 29.9, " tritiated zinc
sulfate"a

USAF, Kelly AFB 31982 10/21/76 <13.6, solid

Amersham /Searle Corp. 31692 10/22/76 <3.3, solid, water-based
radiochemicals

Ames Laboratory 22159-60 10/26/76 2.5, solid

University of Wisconsin' 12447 10/28/76 <5.3, (<3.1 Ci' solid,

<2.2 Ci liquid)

Mobay Chemical Corp. 12572 12/02/76 <1.7, solid
Luminous Processes, Inc. 11091 12/03/76 30.0, " tritiated zinc

sulfate"a

Abbott Laboratories 29613 ~ 12/03/76 1.0, solid

' Amersham /Searle Corp. 31693 12/03/76 <1.9, solid, water-based
radiochemicals, lab waste

8As listed by shipper; presumably should be sulfide rather than sulfate.
. bas designated by shipper.
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Table 2.9

1

Non-Fuel Cycle H-3 Shipments > 1 Ci to Trench 24 l

Shipper RSR Date Amount (Ci) and Form

University of Missouri -- 9/04/75 1.0, solid
3M Co. 20031 9/10/75 1.1, solid
University of Notre Dame 10591 10/20/75 1.0, solid
-University of Wisconsin 12439,40 10/23/75 <7.4, 5 Ci solid,

<2.4 Ci liquid
GM Corp. 21375 10/28/75 2.9, solid
Luminous Processes, Inc. 11099 11/07/75 36, solid, tritiated

ZnSa
Amersham /Searle 12460 11/13/75 <2.6, solid
University of Illinois 20262,3 12/08/75 7.7, solid
Upjohn Co. 01222 12/17/75 6.5, solid
Dow Chemical Co. 19695 12/18/75 1.6, solid
Luminous Processes, Inc. 11100 12/22/75 45, solid, tritiated

ZnSa
Upjohn Co. 01224 2/11/76 6.9, solid
Luminous Processes, Inc. 11101 2/13/76 40.4, solid, tri tia ted

ZnSa
Atomic Disposal Co. (ADCO) 20312,etc. 2/16/76 <5.1, solid
Amersham /Searle 12461 2/20/76 <3.2, solid
Luminous Processes,_Inc. 11102 3/19/76 49.4, solid, tritia ted

ZnSa
Honeywell SAPD 21030 3/23/76 1.5, solid , pain t
Luminous Processes, Inc. 11103 4/09/76 36, solid, tritia ted

ZnSa
KMS Fusion 23323 5/5/76 <5, solid
Luminous Processes, Inc. 11104 5/13/76 49.4, solid, tri tia ted

ZnSa
i

~a Lis ted as "Tritia ted Zinc Sul."

,

i
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Table 2.10

Non-Fuel Cycle H-3 Shipments >l Ci to Trench 25C

Shipper RSR Da te Amount (Ci) and Form

University of Wisconsin 12444,5 5/27/76 <12.9, (1.1 liquid ,

<11.8 solid)
Amersham /Searle Corp. 12462 5/28/76 <5.5, solid, wa ter-based

radiochemicals
Luminous Processes, Inc. 11105 6/11/76 36.0, solid, "tri tia ted

zine sulfate"a
6/15/76 2.7, mos tly solidUniversity of Missouri ---

Amersham /Searle Corp. 12463 6/16/76 <2.1, solid, water-based

radiochemicals
Midwest Research Institute 21201 6/17/76 7, contaminated lab-ware

in drums
University of Missouri 21758 6/23/76 8.0, "T 0"b in Toluol3
Luminous Processes, Inc. 11106 7/02/76 31.5, solid, " tritiated

zinc sulfate"a
University of Illinois 20278,9 7/07/76 1.7, liquid (toluene and

xylene)
Marshfield Medical 21178,9 7/21/76 3.5, liquid (alcohol)

Foundation
Abbott Laboratories 23650 7/23/76 <2.8, solid

Miles- Labora tories , Inc. 22633 7/26/76 1.8, liquid

aAs listed by shipper; presumably should be sulfide rather than sulfate.
3bas reported on RSR. Assumed - to mean H 0.2

Table 2.11

Inventory by Trench of H-3 in Shipments > 1 Ci'

Amount (Ci)
H-3 Listed Mixture of Isotopes Estimated Estimated

Trench Sepa ra tely Containing H-3 H-3 in Mix Total H-3

1 305.8 0 0 305.8

2 570.7 130.2 50.9 621.6
2.0 1.6 30.7

7 29.1 -

11 21.7 11.6 9.4 31.9

14A 684.2 36.0 29 .2 713.4

23 162.4 34.8 19.2 181.6

24 28 6.4 23.3 20.2 306.6

25C 92.2 23.3 18.7 110.9,

Total 2302.5,
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Table 2.12

Ccmparison of H-3 Inventories With Total By-Product Material

!
Number of i

Estimated H-3 Inventory (Ci) Shipments
In Shipments In Shipments To tal Total By-produc t Containing '

Trench >l Ci <1 Ci H-3 Ma terial (C1)a H-3
1

1 305.8 4.6 310.4 6157.3 66
2 621.6 11.8 633.4 10451.1 209
7 30.7 4.5 3!.2 635.8 71

11 31.9 4.5 36.4 1428.1 86
14A 713.4 11.7 725.1 6322.2 193
23 181.6 7.2 188.8 4388.5 119
24 306.6 3.7 315.3 5109.4 126
25C 110.9 3.5 114.4 863.9 67

Totals- 2302.5 56.5 2359.0 r

aFrom NUS Corporation Report SHEF-C-220 (Draf t), Appendix C, October- 31,
1979.

2.3.2.1.1 Relative Contribution of Shipments <1 Ci

In-the case of the H-3, the amounts in small shipments (<1 Ci)
correlates well with the number of shipments, i.e., the trench inventory of
H-3 from small shipments is nearly proportional to the number of small ship-
ments.' This relationship probably will hold for all the trenches . filled in
a routine manner which can presumably be attributed to the fact that there -

was a sufficiently large number of shipments to each trench to provide good
. s ta tis tical sampling .

The number of shipments >l Ci, however, was generally quite smal1 ~
(Trench 2, .with 50, is an obvious exception) and the total amount of'H-3 from
-such shipments depends to a great extent on the particular shippers. One
trench may have received one or more shipments >100 C1, _ whereas another, such

.as Trench 11, may have had all shipments <10 Ci. Thus, the relative contribu-
tion of small shipments to the total H-3 inventory varies considerably -
from 1-1/2% for Trenches 1 and 14A to 12-1/2% for Trenches 7 and 11. .However,
it is always a relatively small fraction of the total trench inventory, and
apparently the amount of H-3 in _ shipments >l Ci to a trench provides a good
indica tion of- its total H-3 inventory.
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2.3.2.2 C-14

In general, the uncertainty associated with the C-14 trench inven-
tories is greater than that for other relevant isotopes because it was more
of ten listed with other isotopes, and no individual amounts given. However,
- for the four trenches (2,14A, 23, and 24) which received shipments >l Ci for
which C-14 was listed separately, uncertainties are relatively small, be- |
cause the ' amounts of C-14 in mixed low-level waste were small by comparison
with the amounts in these large shipments.

The shipments containing >l Ci for which C-14 was listed separately
are given in Table 2.13. Table 2.14 lists the shipments >l Ci of H-3 which
contained C-14 mixed with the H-3, and sometimes other isotopes, but where no
breakdown of the amounts by isotope was given. The C-14 amounts listed for
these shipments are estimated from information obtained from the shippers, as
discussed in Section 2.3.1.2. For the low-activity shipments, this informa-
tion on the proportion of C-14 in packages of mixed isotopes is still valid
for the same shippers. Since H-3 predominated in the mixtures for all the
shippers ' contacted, it was assumed that the same situation applied to most
other shippers. To allow for those where it may not have, all the low-
activity waste was assumed to have a 4:1 ratio of H-3 to C-14. Allowance was
also made for amounts of other isotopes present. The results are given for
all the trenches in Table 2.15, along with amounts for large shipments and the
estimated total trench inventories.

Table 2.13

Shipments >1 Ci of C-14 Alone to all Eight Trenches
,

Trench Shipper RSR Date Amount (Ci) and Form

2 Mallinckrodt 9/10/68
2/04/69

~<6, solid----

2 Amersham /Searle 7.0, solid----

2 Amers ham / Sea rle 4537 10/22/69 2.1, solid
2 Ame rsham/Searle 3763 3/06/70 3.0, solid
2 Ame rs ham /Searle 3764 7/17/70 2.5, solid
2 Amersham /Searle 3765 10/16/70 2.5, solid-

24 Pa thfinder Labs, Inc. 03009 11/11/75 <14, contaminated paper
, and glass

24 Pa thfinder Labs, Inc. 01557 3/30/76 <4.1, contamina ted paper
, and glass

23 Pa thfinder Labs, Inc. 01558 8/03/76 <6, solid
23 Pathfinder Labs, Inc. 29292 10/26/76 <6, solid

,

14A Nalco Environmental 34414 8/12/77
14A Pathfinder Labs, Inc. 29541 9/13/77

-<1.5, solid
14, solid

-14A Pa thfinder Labs, Inc. 36358 12/19/77 6.0, solid
14A Pathfinder Labs, Inc. 29306 3/01/78 6.0, solid
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Table 2.14

Estimated Amounts of C-14 Mixed With Other Isotopes in
Shipments of H-3 >1 Ci

_

Trench Shipper RSR Date Amount (Ci) and Form

2 Atomic Disposal Co. 9/22/69 1.6, solid

2 Miles Laboratories 3/19/70 0.4, solid

2 Atomic Disposal Co. 3404,5 3/30/70 0.4, solid
I11 Michigan State Univ. 2528 4/09/75 0.2, solid

11 3M Co. 1792 4/23/75 1.5, solid

11 WARF Institute 10574 4/23/75 0.2, liquid

24 Univ. of Wisconsin 12439 10/23/75 0.3, liquid

24 Amersham /Searle Corp. 12460 11/13/75 0.4, liquid

24 Atomic Disposal Co. 20312, 2/16/76 0.6, solid
etc.

24 Amersham /Searle Corp. 12461 2/20/76 0.3, solid

25C University of Wisconsin 12444,5 5/27/76 1.8, mostly solid

25C Amersham /Searle Corp. 12462 5/28/76 0.7, solid

25C Amersham /Searle Corp. 12463 6/16/76 0.3, solid

25C Abbott Laboratories 23650 7/23/76 0.6, solid

23 Amersham /Searle Corp. 31689 9/09/76 0.5, solid

23 3M Co. 20075, 10/05/76 1.1, mostly solid

etc.

23 Amersham /Searle Corp. 31692 10/22/76 0.4, solid

23' University of Wisconsin 12447 10/28/76 0.4, liquid

23 Mobay Chemical Corp. 12572 12/02/76 0.7, solid

23 Amersham /Searle Corp. 31693 12/03/76 0.3, solid, water-
based radiochemicals

14A Atomic Disposal co. 36854 9/30/77 0.2, solid

14A Amersham Corp.a 23334 12/12/77 0.7, solid

14A Amersham Corp.a 23335 2/03/78 0.3, solid

14A Amersham Corp.a 51143 3/31/78 0.4, solid

aFormerly Amersham Searle Corp.
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|- Table 2.15

Estimated Trench inventories of C-14

Amount (C1)
| Estimated Amount

In C-14 Shipments in H-3 Shipmente Estimated Amount Estimated. Trench >1 C1 >1 Ci in All other Shipments Total C-14

1 0 0 1.2 1.2
2 23 2.4 3.1 28.5
7 0 0 0.4 0.4

11 0 1.9 0.6 2.5
14A 27 1.6 1.8 30.4

; 23 12 3.4 0.9 16.3
24 18 1.6 0.9 20.5
2 5C 0 3.4 0.5 3.9

Total 103.7 >

.

t

,

I 2.3.2.3 I-129'
| -

There were a total of six shipments to four trenches which containedr

I-129. Information on the shipments is summarized in Table 2.16. All the
generators were requested for a description of their waste. The broker,
' Atomic Disposal Co. , is no longer in existence and, therefore, could not be
contacted. . It is mos t likely the I-129 in its packages was in the form of
sources, as was that in all the other shipments except that of the University
of Illinois.

Miles Laboratory, Searle Analytic, and Amersham Corporation -personnel
,

sated that the only use for .I-129 of which they were aware was as,

[ y-calibration sources, which normally contained a fraction of a pCi each. The
cmounts in the Miles Laboratory and Amersham Corporation shipments were known
(given in the table), and Searle Analytic personnel were certain that their
amounts were similar. ~ These UCi amounts of I-129 were contained in >100 mci
packages - for all three shippers. The total package activities for the Atomic

j Disposal Co. packages, on the other hand, were much smaller, ranging from 0.8
| to 8 mci. Thus,- it is almos t certain that the amounts of I-129 in them were

( similar to those of the other three shippers, especially since the other iso-

j' topes in the mixtures were normally shipped in amounts of the magnitude of the
I . total package activities.
f

l

[ The shipment from the University of Illinois was unlike all the
- others, both in magnitude and in form. The University Radiation Safety
Officer confirmed the amount. (See Memo to File "I-129 Shipments to'

| Trench 2," by D. R. MacKenzie, August 8,1983, reproduced- in Appendix B.) The
isotope had been used, not for sources, but for experiments in high energy

| physics, presumably in targe ts. The chemical form was probably NaI, the form

[ in which it would almost certainly have been purchased. The Radiation Safety
; Of ficer stated that much of the material was unused and was disposed of along
l with the targets when the experiments were finished.
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:

|

l:
- . . .. - - . - . - - - . - _ , - _ - . - - - .-. ... - -. . - .-



--_ --- - - _ _ -___- - _----. - ---__._--- - ___ _ _ ____-_ _____-_--_______-_____-__ --__-__-_ _-___- _- - _ --___________--__-__- __

..

1

i

l

|

Table 2.16
I.

,

Packages Containing I-129 in Trenches 2,11,14A, and 23'

; 1.

Total
Package Amount

Package Other Isotopes Activity of 1-129
Trench Shipper RSR Date Numbe r in Pact. age (mC1) (mC1)

I

2- University of 1111aois 11422 9/17/69 6 Co -57. Te-129m 1.4 1.0
2 Atomic Disposal Co. 4076-8 11/11/70 858 P-32, 1-131, C-14, 8 a

11 - 3

878 H-3, 1-131, C-14, 2 a

Tc-99m
11 Miles 1aboratory 12102 2/06/75 7 P-32, H-3, 1-125, 153 0.004

Cs-137, Ba-133

f 23 Searle Analytic 3688 10/22/76 1 ff=3, N1-63, Co-5 7 358 a

Ba-133 C-14 Sr 90
[ 14A Atomic Disposal Co. 36876-9 12/01/77 105 1-125, u-3, C-14, 0.8 a

S-35
|

14A Amersham Corp. 23334 12/12/77 11 1-125 Cs-137. Se-73 200 0.0006b

aAmount not listed separately.
. b mount not listed on RSR, but made available by Amersham personnel.A

|-

|

2.3.2.4 Sr-90

| Unexpectedly large amounts of Sr-90 were found to have been sent to
|

Trenches 1 and 2 by a single shipper. The amounts shipped to other trenches
were relatively small - of a size similar to the amounts of C-14. Tables 2.17-
and 2.18 ' list the shipments >l Ci to Trenches 1 and 2, respectively, while the

,

shipments >l Ci to the other trenches are given in Table 2.19. The isotopic

! distribution in the IIT shipments is not known. For trench inventory
purposes, equal . distribution has been assumed.

|

|

Table 2.17

Sr-90 Shipments >l Ci to Trench 1
|

Shipper RSR Da te Amount (Ci) and Form

5/02/67 250, solid3M Co. ----

5/11/67 55, solid3M Co. ----

9/14/a7 23, solid3M Co. ----
j-

10/11/67 15, solid
; 3M Co. ----

6/06/68 1.1, solidNuclear Chicago ----

8/06/68 50, solid3M Co. ----

10.8 solidANL special series of shipments

Tots 1 404.9
I

i

|
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Table 2.18

Sr-90 Shipments-21 Ci to Trench 2

Shipper RSR Da te Amount (Ci) and Forn

9/26/68 10.0, solid3M Co. ----

11/26/68 150, solid3M Co. ----

1/31/69 2.1, solidUnknown ----

4/08/69 11.0, solid3M Co. ----

5/28/69 15, solid3M Co. ----

3M Co. 11748 8/07/69 7.0, solid

3M Co. 2136- 9/30/69 19.4, solid.-

3M Co. 11344 12/04/69 74.5, solid
3M Co. '3782 1/22/70 42.2, solid

3M Co. 3720 4/02/70 65.3, solid
3M Co. 3721- 6/04/70 30.2, solid-

.3M Co. 3722 -7/30/70 51.0, solid
3M Co. 3730 10/08/70~ 337,. solid

:3M Co. 3738 3/18/71 47.3, solid
ANL -special series of shipments 134, solid

To tal 996.0

Table 2.19

Sr-90 Shipments 2,1 Ci to Trenches 7, 11, 14A, and 24

Trench' Shipper RSR Da te Amount (C1) and Forn
.

7 3M Co. 11665 6/11/74 2.6, solid.

11. University of Notre Dame 2284 4/08/75 1.7, solid

11' Dow Chemical Co. 2281,2- 5/01/75 2.0, solid

24 Parkwell Labora tory, Inc. 21379 2/06/76 10.0, solid:4

9/13/77 3.0, solid,-14A Illinois Institute of ----
;

I Technology (IIT)' -Sr-90 + Cs-137
10/11/77 13.1, solid, Sr-90 +14A- IIT ----

Cs-137 + Co-60.

10/20/77 1.2, solid,14A- IIT ----

Sr-90 + Cs-137, _ . .
" 2/06/78 6.1, solid,14A .IIT ----

Sr-90 + Cs-137
2/28/78 2.6, solid,14A IIT ----

Sr-90 + Cs-137
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The special series of shipments from ANL to Trenches 1 and 2, de-
scribed in Section 2.1.2, contained a considerable amount of Sr-90. The
amounts in the two trenches have been estimated in the following way, starting
with values for the total curies of 108 in Trench I and 1346 in Trench 2. It j
is known that the shipments contained waste associated with nuclear reactor i

fuel (e.g, waste resulting from hot cell work with fuel, such as sectioning
and examining irradiated fuel assemblies) but the proportion of the total due
to such waste is not known. We have assumed that half the waste was associ-
ated with irradiated fuel, and therefore contained fission products and acti-
vation products (the latter associated with cladding, particularly stainless
s teel cladding).

It is also known that a lot of this waste had been stored for many
years before shipment so that the principal fission products present would be
Cs-137 and Sr-90, and the principal activiation product would be Co-60. How-
ever, some of the waste was of relatively recent origin, so not all the fuel-
rela ted waste can be allocated to Cs-137, Sr-90, and Co-60 since shorter-
lived nuclides such as Cs-134, Mn-54, Cr-51, etc., would contribute apprecia-
ble fractions of the total curie amount. We have assumed that these latter
nuclides contribute half the activity of the fuel-related waste. Thus, the
longer-lived Cs-137, Sr-90, and Co-60 are assumed to have contributed one
quarter of the total waste in the series shipments. Because fission yields
and half-lives for Sr-90 and Cs-137 are roughly the same, these isotopes are
assumed to have been present in equal amounts, since no chem?c.a1 fractionation
would have taken place in the production of this type of waste. Ve have as-
signed the relative fractions 0.4, 0.4 and 0.2, respectively, to tr. Os-137,
Sr-90, and Co-60. This leads to estima ted amounts of, respectively,10.8,
10.8, and 5.4 Ci to Trench I and 134,134, and 67 Ci to Trench 2. The values
for Sr-90 are included in Tables 2.17 and 2.18.

The estimated trench totals are given in Table 2.24. For Trenches 1
and 2, the Sr-90 amounts are of the order of 100 times as large as the >l Ci
amounts sent to the other trenches. The amounts in shipments <1 Ci sent to
the other trenches are small fractions of the amounts in shipments >l Ci sent
to those trenches. For trenches 7, 11, and 14A, the amounts were approximat-
ely 0.1 Ci each. Trench 24 had about 0.5 Ci, and Trenches 23 and 25C, which
had no large shipments, received 0.24 and 0.04 Ci, respectively, from small
shipments. The amounts <1 Ci sent to Trenches 1 and 2 were of the order of a
curie, which is trivial compared with the trench totals of hundreds of curies.

2.3.2.5 Cs-137

The same situation exists for Cs-137 as for Sr-90. Over 1000 Ci was
shipped to each of Trenches 1 and 2, which is of the order of 100 times the
amounts sent to the other trenches, except for Trench 14A which received about
50 C1. The shipments >l Ci to Trenches 1 and 2, including the special series
shipments from ANL, are given in Tables 2.20 and 2.21, respectively, along
with total trench inventories. Table 2.22 lists the shipments >l C1 to the
other trenches, and all the individual trench totals are listed in Table 2.24.
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Table 2.20

Non-Fuel Cycle Cs-137 Shipments >l Ci to Trench 1

Shipper RSR Date Amount (C1) and Form

5/02/67 385, solid3M Co. ----

5/11/67 94.5, solid; 3M Co. ----

3M Co. 867 7/18/67 91.5, solid

9/14/67 14, solid3M Co. ----

10/11/67 10.5, solid3M Co. ----

12/20/67 21.5, solid3M Co. ----

1/18/68 12.5, solid! 3M Co. ----

3/20/68 33.1, solid3M Co. ----

4/25/68 14.9, solid3M Co. ----

6/11/68 153, solid3M Co. ----

8/06/68 66.2, solid3M Co. ----

'

8/15/68 102.5, solid3M Co. ----

ANL special series of shipments 10.8,a solid

Total 1010.0

aEstimated as described in text, Section 2.3.2.4.

:
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Table 2.21

Non-Fuel Cycle Cs-137 Shipments >l Ci to Trench 2

Shippe r RSR Da te . Amount (C1) and Form

Ame rs ham /Searle 9/09/68 1.1, so lid----

9/26/68 25.0,' solid3M Co. ----

11/26/68 118, solid3M Co. ----

1/21/69 219.5, solid3M Co.- ----

Unknown 1/31/69 4.3, solid----

' Amersham /Searle 2/04/69 4.4, solid----

4/08/69 13.5, so lid -3M Co. ----

5/28/69 54 0, solid3M Co. ----

3M Co. 11748 8/07/69 88, solid
3M Co. 2136 9/30/69 48.4, solid.
Amersham /Searle -4537 10/22/69- 1.1, solid

~3M Co. 11344 12/04/69 23, solid
13M Co. 3782 1/22/70 56, solid
3M Co. 3720 4/02/70' 54.9, solid.
3M.Co.- 3721 6/04/70 31.3, solid '

3M Co. .3722 7/30/70 109.5, solid
3M Co. 3730 10/08/70 96, solid
Nuclear Chicago 3767 11/06/70 19.7, solid
3M Co. 3731 12/03/70 3.0, solid
Atomic Disposal Co. 4079 3/16/70 3.6, solid
3M Co. 3738 3/18/71 4.4, so lid -

ANL special series - of shipments 134,a solid

To tal 1092.7

aEstimated as described in text, Section 2.3.2.4.
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Table 2.22

lbn-Fuel Cycle Cs-137 Shipments >l Ci to Trenches 7,11,14A, 23, and 24

Trench Shipper RSR Date Amount (Ci) and Form

7 3M Co. 11665 6/11/74 2.6, solid
-11 Texas tiuclear 0760 4/11/75 5.0, solid
24 3M Co. 20031 9/10/75 1.7, solid

24 3M Co. 20806 9/26/75 2.9, solid
24 Parkwell Labora tory, Inc. 21379 2/06/75 1.0, solid
24 3M Co. 20050 3/04/76 4.2, solid
23 - Chicago Me tropoli tan 03029 10/01/76 1.8, solid, Cs salt

Sanitation District
23 3M Co. 20075, 10/05/76 9.0, solid

etc.
23 U.S. Air Force, Kelly 31982 10/21/76 13.6, solid, Cs-137+

Airforce Base Kr-85 + Co-60
23 Cleveland-Cliffs Iron Co. 34415 12/02/76 3.7, solid sources
14A _Kay-Ray 1710 6/15/77 5.0, solid
14A Dow Chemical 22527, 8/16/77 4.0, solid

etc.
9/13/77, 12.9, solid, Cs-137+14A Illinois Institute ----

of Technology e tc .a S r-90
10/11/77 13.1, solid, Cs-137+.14A Illinois Institute ----

Sr-90 + Co-60of Technology
,

14A University of Wisconsin 36729,30 10/13/77 <16.4, solid

14A 3M Co. 20632, 11/16/77 11.1, 3M brand
etc. radiating microsphercs

14A Kay-Ray 02026 11/16/77 10, solid

aSame series of shipments listed separately in Table 2.19.
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As with Sr-90, the amoun ts of Cs-137 in shipments <1 Ci to Trenches 1 ;

and 2 would be trivial and have not been determined. In the case of Cs-137,
the amounts in shipments <1 Ci sent to the other trenches are insignificant
compared to those in the fuel cycle waste. For example, Trenches 7,11, and
25C each contained only about 10 mci or less. Trench 23 contained approxima t-
ely 1.5 Ci, still <1% of the fuel cycle contribution. The only trench which
received amounts '>1% of the es tima ted fuel cycle amoun t in shipments <1 Ci was
Trench 14A, with approximately 3.3 Ci.

2.3.2.6 Co-60

The shipments of Co-60 >l Ci to all trenches are given in Table 2.23.
The total amounts for each trench are listed in Table 2.2.4. No trenches
received unexpectedly large amounts of Co-60 from non-fuel cycle shippers, but
the amounts sent to Trenches 1 and 2 were roughly 10 times that sent to any
other trench. The largest single shipment was one containing 80 C1, shipped
by the University of Wisconsin. Both this and their 4.4 Ci shipment of
December 12, 1967 probably consisted of commercial irradiators, since it was
known that that was the nature of the 4.4 Ci source. The special series
shipments from ANL are responsible for the large Trench 2 total. As with
Cs-137, the amounts of Co-60 in shipments <1 Ci were generally small, and
proportionately even smaller compared to the fuel cycle contribution, since
the la tter is larger for Co-60 than for Cs-137. Three of the trenches re-
ceived <100 mci in shipments <1 Ci; the largest amount from the small ship-
ments, approxima tely 2.3 Ci, went to Trench 14A. In fact, the total non-fuel
cycle amounts are insignificant, except for that in Trench I with its approxi-
ma tely 90 Ci non-f uel cycle contribution.
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Table 2.23

' Non-Fuel Cycle Co-60 Shipments >l Ci to All Trenches

Trench Shipper RSR Date Amount (CL) and Form

7/18/67 4.0, solid1 3M Co, -----

10/10/67 80, solid source1 University of Wisconsin -----

12/27/67 4.4, solid source1 _ University of Wisconsin -----

2- Nuclear Chicago Corp. 3767 11/06/70. 4.3, solid

2 Nuclear Chicago Corp. 3750 12/04/70 1.4, solid

24 - Ford Motor Co. 23078 4/06/76 1.6, solid, in
lead holders

23 U.S. Air Force, Kelly 31982 10/21/76 13.6, solid, Cs-137+

Air Force Base Kr-85 + Co-60
14A- Dow Chemical 22527, 8/16/77 2.3, solid

etc.

14A Kay-Ray 35932 9/08/77 4.0, solid

14A Neutron Products, Inc. 18735 10/07/77 1.2, solid (wood,
steel, dirt,

cement)
10/11/77 13.1, solid, Cs-137+14A Illinois Institute -----

of Technology Co-60 + Sr-90
2/15/78 1.0, solid14A Illinois Institute -----

of Technology
1 ANL special series of shipments 5.4,a solid

2 ANL special series of shipments 67,a solid

# Estimated as described in text, Section 2.3.2.4.
,

!
,

Table 2.24

Estima ted Trench Non-Fuel Cycle Inventories of
i Sr-90, Cs-137, and Co-60

Amount (C1)
Trench Sr-90 Cs-137 Co-60

i

,

1 406 1010 97

2 996 1093 75

7 3 3 -<1

11 4 5 <1

14A 11 60 15

23- <1 21 5

| 24 11 10 2

25C <1 <1 <1

|

I
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2.3.2.7 Transuranic (TRU) Isotopes

The TRU elements shipped in significant amounts were Pu and Am. Only |
very small amounts of Np-237 and Cf-252 were observed - approximately 0.1 mci l
for Np-237 in five shipments, and 3.6 mci for Cf-252 in six shipments. Pu was
usually in the form of its mass 239 to 241 isotopes, but there were several
shipments containing Pu-238. The larges t amoun ts of Pu came in shipments
(from Kerr McGee Corp.) we have classed as fuel cycle, but they are included

| with the non-fuel cycle inventory in order to have the da ta on TRU waste all
in one place. An-241 was shipped in significant amounts, but much smaller
than Pu. The shipments of the TRU isotopes >l Ci are listed in Tables 2.25
and 2.26. The amounts in shipments <1 Ci were very smail: approximately
100 mci of An-241 went to each of Trenches 23, 24, and 25C; approximately
100 mci of Pu went to Trench 2, and a few mci or less went to each of the
o ther trenches.

The curie amounts of Pu in the ANL shipments were es tima ted f rom the
weights given on the RSRs (in parentheses in the table). It was assumed that
the Pu-241 concentration was 0.1 weight percent. This could be high for Pu
which originated in lightly irradiattd fuel, but would be low for highly
irradia ted f uel. It is known that the ANL special series of shipments, of
which this waste was a part, contained saste from hot cell examination of
EBR-1 and EBR-2 fuel. The portions of this waste containing Pu fuel would
undoubtedly be higher than 0.1 weight percent in Pu-241. However, since there
is no record of rela tive amounts of the various wastes in the special series
of shipments, we have no way to make a more precise estimate than wa have
done. If the average Pu-241 content was greater than 0.1%, the curie level
from ANL would be greater than the amounts in the table. However, weights
listed by ANL were usually given as an upper limit so it is unlikely that they
shipped much greater curie amounts than we have estimated. In any case, the
total ANL amount is small compared with the total amount shipped by Kerr
McGee.

For the Kerr-McGee shipments, the Pu was reported as Pu-239 and 241,
and the weight was given in the column for SNM. Only odd Pu isotopes are
fissile, so even Isotopes are not counted as SNM, but obviously the material
would have contained appreciable Pu-240, and small amounts of Pu-238 and
Pu-242. For two of the shipments (those in Table 2.25 with the weights in
parentheses), the curie amounts were also given. This allows us to calculate
the Pu-241 contents to a fairly close approximation. That for shipment 4375
to Trench 2 was approximately 1.7 weight percent, and that for shipment 2350
to Trench 7 was approximately 1.9 weight percent. Thus, it appears that the
isotopic content of the Pu was roughly the same for all the shipments, and we
have calculated the curie amounts using the information from those two ship-
ments where both weight and curie amount were given.

The inventory informa tion for the transuranic elements is summarized
in Table 2.27. Shipments which contributed <1 Ci are not included since their
total amounts were at mos t about 100 mci for any trench. Total trench TRU
waste amounts are given, as well as amounts of Pu and Am separately. The
total activity of TRU waste (largely due to Pu-241) is approxima tely 2000 Ci.
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The Pu-241 component (roughly 1850 C1) is a relatively large amount in the
near term, and in 100 years, af ter nost of it has decayed, it will have grown
into ~65 Ci of Am-241, which is still an appreciable quantity for the long

tern.

Table 2.25

Shipments of Pu-238 and Pu-239,241 >l Ci

Trench Shipper RSR Da te Amount (C1) and Forn

4/30/69 23.4 (120 g), solid2 Argonne Na tional ----

Labora tory ( ANL)a
2 AHL 4193,-6 6/22/70 21.8 (113 g), solid

2 ANL 4147, e tc. 6/23/70 97 (500 g), solid

2 ANL 4293 7/07/70 5.8 (30 g), solid

2 ANL 4292 7/08/70 3.7 (19 g), solid

2 Kerr McGee 4372 7/21/70 105, solid
Nuclear Corp.b

2 Kerr McGee 4367 9/11/70 59, solid

2 Kerr McGee 4368,9 10/22/70 57, solid

2 Kerr McGee 4370 11/18/70 88, solid

2. Kerr !!ccee 4373 12/29/70 122, solid

2 Kerr McGee 4374 2/04/71 57, solid

2 Kerr McGee 4375 3/04/71 82 (40.8 g),C solid

7 Kerr McGee 11117 3/26/74 63, solid

7 Kerr McGee 11118 3/28/74 108, solid

7 Kerr McGee 1112n 4/16/74 44, solid
'

7 Kerr McGee 2781 4/30/74 78, solid

7 Kerr McGee 2783 5/21/74 111, solid

7 Kerr McGee 2784 5/30/74 123, solid

7 Kerr McGee 2350 6/12/74 132 (60.0 g),C solid

7 Kerr McGee 2785 6/14/74 132, solid

11 U.S. Arny 2499 3/20/75 2.5, in Pu-Be source

(Charlestown)
11 Kerr McGee 07135,6 5/05/75 432, solid

24 Parkwell Labora tory 21379 2/06/76 3.0 (Pu-238), solid

acurie amounts estimated as described in text, Section 2.3.2.7.

bCurie amounts calculated on the basis of RSRs 4375 and 2350.
cBoth weight and curie amount given on RSR.

'
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Table 2.26

Shipments of Am-241 >l Ci

Trench Shippe r RSR Da te Amount (CL) and Form

9/26/68 1.5, so lid2 3M Co. ----

11 Gamma Industries 1426 3/17/75 5.0, solid
24 USAF (Marshal Space 1354 9/11/75 5.0, solid

Flight Center)
24 Gamma Industries 1365 10/21/75 7.0, Am oxide
24 Pa rkwell Labora to ry, 21379 2/06/76 28.6, solid

Inc.
24 Gamma Industries 00465 2/25/76 3.0, solid
24 Gamma Industries 9320 4/20/76 <1.0, solid
24 Camma Industries 23037 5/04/76 2.6, Am02
24 Kay-Ray 01703 5/14/76 1.0, Am-Be sources

Table 2.27

Trench Inventories of Significant Amounts of TRU Waste

Amount (C1)
Element Trench 2 Trench 7 Trench 11 Trench 24 All Trenches

Pu 722 791 435 3.0 1951
1 Am 1.5 0 5.0 48.2 54.7

Total TRU 723.5 791 440 51.2 2005.7

T

sites except Hanford. 6) U waste was discontinued by 1976 at all LLW burial
Acceptance o TR

According to a NUREG report (Reference 3, p.3-38),
Shef field s topped accep ting TRU waste in 1975. However, Parkwell Laboratory,
Inc., Camma Industries, and Kay-Ray all shipped appreciable quantities in
1976. No records of shipments of waste which could be classed as TRU waste
were observed af ter the Kay-Ray shipment of May 14, 1976, and on the RSR of a
shipment by BRK Electronics on November 19, 1976 is a note to the ef fect that
the shipper had been contacted to ensure that the Am-241 contained in the
shipment was below the 10 nCi/g level which defined TRU waste.

i
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2.3.2.8 Long-Lived S-Emitters

4Several long-lived (t /2 > 10 yr) pure 8-emi tters are included1
in the list of isotopes of concern in the management of low-level waste
(Table 3.8 of Reference 6). They are of concern not only because of their
very long half-lives, but also because of the dif ficulty in measuring and
monitoring them due to their lack of y-rays. The isotopes in this category

are:

4Ni-59, t1/2 = 8 x 10 yr
4Nb-94, t1/2 = 2.0 x 10 yr
5Tc-99, ti/2 = 2.1 x 10 yr

Ni-63, with t /2 = 100 yr, is included in the table, and we would also1
5include C1-36 with t /2 = 3.0 x 10 yr.1

We have already discussed I-129 (Section 2.3.2.3), a 8,Y-emitter
7whose half-life is 1.6 x 10 yr. Only six shipments containing I-129 were

noted for the eight trenches of this study, and all except one of these con-
tained only a few pC1 or less. The one exception contained 1 mci. The long-
lived pure 8-emitters turn out to have been shipped with a similar frequency,
when they were shipped at all. Nb-94 and Ni-59 were not shipped to any of the
trenches whose records were examined. Ni-63 was received in all eight
trenches, but only in mci amounts (usually 40-50 mci to a trench, but approxi-
ma tely 200 mci in Trench 24). Tc-99 is recorded as having been present in a
number of shipments from medical institutions, but this is almost certainly
incorrect reporting of Tc-99m (t /2 = 6 h), since the other isotopes these1
institutions shipped were short-lived isotopes such as I-131 (t1/2 = 8 d),
and Tc-99m is used regularly in medical applications. Tc-99 was definitely
chipped by 3M Co., but only in mci amounts. The amounts which could be posi-
tively identified as Tc-99 were about 10-20 mci per trench, except for Trench
2 which contained about 300 mC1. Experience with Cl-36 was similar, the total
amount shipped being several hundred mC1.

These isotopes were buried in such small amounts that development of
ccenarios for their probable release rates is considered to be unproductive.
An uncommon isotope, the positron emitter, Al-26 (t /2 - 7.3 x 103 yr)1
cccurred in one shipment in the relatively large amount of 6 C1. This isotope

cas contained in highly irradiated aluminum f uel rod ends. Thus, its release
to the trench would be extremely slow due to the very low solubility of alumi-

film unde r trench conditions. As with the long-livednum and/or its A1023
pure 8-emitters, ef forts to develop a release scenario would presumably not be
to rthwhile .
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( 2.3.3 Fuel Cycle Inventory
|

I 2.3.3.1 Definition of Fuel Cycle Waste

I |Fuel cycle waste, for purposes of this report, consis ts of was te con- '

nected with the operation of commercial nuclear power plants. This includes
waste associated with fuel f abrication, which was largely source ma terial or
special nuclear material (SNM). The bulk of the by-product ma terial in the
fuel cycle ca tegory obvicusly came from the power plants, not the fuel f abri-
cation plants.

It was assumed that waste from reactors connected with defense work
would be handled by DOE and would not be shipped to commercial burial sites.

j In principle, research reactors at institutions and national laboratories
'

produce fuel cycle waste, and it can be argued that such waste should be in-
| cluded with that generated by commercial power reactors. However, it is dif-
! ficult, in fact of ten not possible, to distinguish between waste produced at
| the reactors and that generated in other departments of the institutions. In
| any case, the amount involved is small compared to total fuel cycle waste, so
| we have classed all waste from institutions and national laboratories as non-
| fue l cyc le . The distinction has no significance in terms of estimating re-
'

lease rates to the trenches, since source terms for the trenches consist of
all the waste that has been buried, including the small amount we have classed
as simply "other" because we were not sure how to classify it.

2.3.3.2 Trench Inventory of By-product Material

As mentioned in Section 2.3.2.7, Pu from 'all shipments is considered
in that section, whether shipments were classed as fuel cycle, non-fuel cycle

| or other, since origin is not of concern as far as the inventory is concerned.
i Thus, in this section, we consider only the by-product material in the fuel

cycle shipments.

The information on fuel cycle shipments is summarized in Table 2.28.
This gives a breakdown by trench of the numbers of shipments and percentages
of total fuel cycle waste sent by the largest generators, where they are
known, and by the brokers Atcor and Anefco where the origin of the waste was
no t given.~_ The ~ criterion for choice of generators was contribution of >10% of
the inventory to a t least one trench. It should be noted that California
Nuclear, Inc. (CNI) shipped the bulk of the waste to Trench 1. CNI is not in-
cluded in the ' body of the table because it was the operator of the Sheffield
site at the time, but had no further part in operations, and was thus neither
a generator, nor a shipper in the usual sense.

|
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Table 2.28

Summary of Information on Fuel Cycle Waste Shipments

Trench Number
la 2 7 11 14A 23 24 25C

Number of Shipments

All Fuel Cycle 27 83 302 355 823 474 972 293
commonwealth Edison 7 40 104 241 554 311 676 106
ANLF00 0 0 161 8 0 13 212 164
ATCOR 2 33 22 69 64 35 26 2
consolidated Edison 2 0 0 0 22 25 1 1

Northern States Powerb 0 0 5 12 23 0 25 4
Nebrauka Pubitc Power 0 0 0 4 25 15 27 7

District
h O O O 4 4 9 0 1Chen Nuclear Syst emn

ReJtoecttwig

Total Curtes 2299 1719 241 1276 4701 4204 4293 728

Percent of Total From:
Commonwealth Edison 11.0 0.9 41.1 40.0 74.8 71.5 62.0 61.3
ANEFC0 0 0 40.7 (0.1 0 <0.1 4.4 14.2
ATCOR 0.6 97.3 8.7 '10.7 3.1 2.8 4.4 1.6
Conso11 dated Edison 0.6 0 0 0 9.6 11.3 0.9 1.9
Northern States Powerb 0 0 10.0 37.2 4.8 0 24.1 2.9
Nebraska Public Power 0 0 0 0.7 2.7 0.4 4.0 16.5

District
b 0 0 0 10.8 2.1 10.7 0 <0.1chem Nuclear Systeme

aThe largest fuel cycle shipper to Trench I was California Nuclear, Inc., predecessor of NECO at
Shef field. contributing 85% in 13 large shipments. Origin of this waste is not known.

\tght large shipments from Chem Nuclear Systems to Trench 11 and six to Trench 24 originateJ at
the Monticello reactor and are therefore listed with Northern States Power Company, operator of
the reactor.

2.3.3.3 H-3 Component of Fuel Cycle Waste
,

In general, H-3 was not given on RSRs as a cons tituent of the. fuel

cycle waste. From contacts with power plant personnel, it appears that power
plants were not analyzing their waste for H-3 during the period of Sheffield's
cpe ra tion. Of the more than 3000 fuel cycle RSRs covered by our eight
trenches, only one mentioned H-3. This one, for a Commonwealth Edison ship-
ment of June 23, 1976 to Trench 25C, listed the major isotopes as MFP and H-3,
but did not give a separate amount for H-3. An estimate of the fuel cycle

c:ntribution to the She{ field site H-3 inventory was made in the Draf t EISprepared by NUS Corp.(I This was based, in part, on data contained in an
EPA report on radioactivity released from nuclear power plants in the period
1973 through 1977.(7) The estimate arrived at for the whole site was 159
C1. This estimate used the amounts of H-3 in liquid effluent to establish
H-3 concentrations in the liquid waste streams of PWRs, which tended to be
cn order of magnitude higher than those of BWRs. These concentrations, of
the order of 10-2 11Ci/mL, would not change during production of evaporator
b ttoms or concentrate. Thus, amounts of H-3 appearing in the waste could be
catimated from the volumes of concentrate disposed of.
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The calculation used an average value of the H-3 concentration based
on the experience of PWRs, several of which did not contribute an appreciable
fraction of the total fuel cycle waste. It also assumed that the amounts of !

waste shipped to Shef field by power plants was proportional to their numbers. |

Thus, the NUS report states that about as many PWRs as BWRs shipped waste to I

Sheffield, and assumed that the amounts from each type were equal. This is
not the case for the trenches covered by our study, where Commonwealth Edison
BWRs alone shipped 3/4 of the fuel cycle waste to two of the three largest
trenches (in terms of amount of fuel cycle activity buried). Approximately
3/4 of the fuel cycle waste in five of our eight trenches was from BWRs. This
fraction may be even higher when waste shipped by brokers is taken into ac-
count, but we do not know where their shipments originated. Essentially all
the fuel cycle waste in Trench 2 (9% of the total in the eight trenches
studied) was from Consolidated Eidson's Indian Point PWRs. It is interesting
to note that the H-3 concentration in their liquid waste (7) was an order of
magnitude lower than the value used by NUS for PWRs.

Because of the method of choosing an average value for H-3 concentra-
tion in PWR liquid streams, and the assumption of equal amounts of PWR waste
and BWR waste, the H-3 site inventory estimated by NUS is undoubtedly high.
If the rest of the site had the same mix of BWR and PWR waste as did our eight
trenches, the inventory would be down by at least a factor of 2. Thus, the

value of site H-3 inventory which we have chosen for use in estimating our
trench H-3 inventories is 80 C1.

Using the values for trench total radioactivity in Table 1 1
taken from Tables C-41 and C-42 of the NUS Corp. report,(given) one finds that

. ,

the eight trenches assigned to this study received slightly more than half the
total waste buried at Sheffield. Since our trenches cover the whole operating

life of the site (including the first and last trenches in operation), it is
reasonable to assume that they contain roughly half the fuel cycle waste, as
well as half the total waste. Thus, we have taken a value of 40 Ci for the
fuel cycle H-3 in these trenches. Assuming that this fuel cycle H-3 is dis-

,

tributed among the trenches in proportion to the amounts of their fuel cycle
,

waste, the amounts of H-3 due to the fuel cycle waste can be estimated forI

|
each trench. These amounts are given in Table 2.29, along with the estimated

L non-fuel cycle H-3 inventories,
i

Analyses of radioactive wastes from a number of power plants have
been performed by Science Apg11 cations, Inc. Results for relevant plants were
made available to BNL by NRC . . They consist simply of lists of isotopes

i

|
contained in the waste, with their concentrations in pCi/g. The dates of
sampling and analysis are given, and the type of waste (e.g., filter sludge,

~

'

evapora tor bottoms, or resin), but no informa tion is included on analytical
me thods . Roughly half the analyses included values for tritium, along with

' the standard activation product and fission product results. Of the tritium
|

* Attachment to letter of S. Z. Jones of NRC to W. Y. Ka to of BNL,
! April 2, 1984.
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Table 2.29

Estimated Amounts of H-3 in Fuel Cycle Shipments

..

t Amount of Estima ted Amount of Estimated Amount of
Fuel Cycle Waste Amount as Fuel Cycle H-3 Non-Fuel Cycle H-3

Trench in Trench (C1) % of Total in Trench (Ci) in Trench (Ci)a

1 2299 11.8 4.7 310
2 1719 8.8 3.5 633'

7 241 1.2 0.5 35
11 1276- 6.6 2.6 36
14A 4701 24.2 9.7 725
23 4204 21.6 8.6 189
24 4293 22.1 8.8 315
25C 728 3.7 1.5 114

a

aTaken from Table 2.12. i

a

results, more than half were given only as upper limits. Two of the 25 re-
sults not given as upper limits showed a H-3 content >1% of the total activ-
ity; the remainder were in the range of 0.005 to 0.5% and mostly of the order
of 0.1%. The results given as upper limits were generally considerably <0.1%.

These results indicate that power plant wastes tend to contain a few tenths
of a percent of tritium at most, and usually ca 0.1% or less. Assuming this

; . reasoning can.be applied to the plants shipping waste to Sheffield (which is,
in fact, the case for the few large shippers to Sheffield included in the
Science Applications, Inc. compilation), it is concluded that the fuel cycle

,

tritium in the 8 trenches of this study was probably about 20 C1, which is
even less than the value of 40 Ci we had arrived at. In any case, the fuel
cycle contribution is so much smaller than the non-fuel cycle that it can be
neglected for purposes of release scenario development.

i

2.3.3.4 Estimation of Amounts of Relevant Isotopes

! In general, no breakdown -into amounts of the various isotopes can
. be made for fuel cycle waste from the data given on the RSRs. In Section

[ 12.3.3.2, the trench inventories were given in terms of total activity, but
this tells us nothing about what amounts of relevant isotopes were in the

t waste. For probably half the waste, the designation MFP was used, so for that

| waste we are not told which isotopes were present, let alone what the indi-
; vidual amounts were. Another standard listing in the column for " major iso-

| topes" was "Co-60 and Cs-137," again with no individual amounts. Seve ral
power plants gave a complete breakdown into amounts of all isotopes present in '

o

more than trace quantity. The only major *\ 4)pe r listed in Table 2.27 to doI
.

this was the Nebraska Public Power Distr'cl 'NPPD). Their data are in line

with those of the other plants which sjy 3tth a breakdown.
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A de tailed examination was made of the fuel cycle waste shipped to
Trench 24, which had one of the largest fuel cycle waste inventories, and
whose ratio of fuel cycle to non-fuel cycle waste was also one of the highest. I

Results of the examination were helpful not only in estimating amounts of |
relevant isotopes, but also in developing estimates of their release rates. !

'
Data on the RSRs from NPPD contributed grea tly to an understanding of the
problems connected with determination of the isotopic composition of fuel
cycle waste. Two examples of the detail on their RSRs are given in Table
2.30, one for a batch of waste in which no fission products were reported and
one for a batch containing the fission products Cs-137 and I-131. I-131 and
Ag-110m were seldom reported and are disregarded in our estimations. Mn-54
was usually relatively abundant, as in these examples, but sometimes was not
reported. Regardless of differences between different batches of waste, the
following pattern is apparent:

Activation products predominated over fission products,e

The activation products with half-lives <5 yrs predominated overe

Co-60 (t /2 = 5.3 yr).1

Cs-137, when reported, was generally around 20% of the Co-60,e
occasionally dropping to as low as 10%.

Also given in Table 2.30 are the total amounts of the dif ferent isotopes
in the 27 NPPD shipments to Trench 24. It is seen that, on average, the
Cs-137 content of the overall waste was only a little over 10% of the Co-60.
The Co-60, in turn, contributed only about 20% of the total activity. These
results illustrate the point that the RSRs for the bulk of the fuel cycle
waste tell essentially nothing about its isotopic composition. The results
also provide precise values for amounts of relevant isotopes in NPPD shipments
to Trench 24, and these values have been used as the basis for estimating
NPPD's contributions of Cs-137 and Co-60 to the other trenches.

Table 2.30

Isotopic Composition of Two Batches of NPPD Waste in Trench 24

Amount (mci) for Batch in Total Amount (Ci)
Isotope Shipment 10327 Shipment 21977 in Trench 24

Cr-51 25.2 246.0 78.7
Mn-54 212.0 122.0 28.2
Co-58 158.4 103.0 39.6
Fe-59 10.0
Co-60 32.4 117.0 39.1
Zn-65 36.0 10.5 3.8
Zr,Nb-95 16.1 13.1 8.1
Ag-110m 2.8
I-131 88.0
Cs-137 23.3 4.2
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Since there are no comparable data available tor most of the fuel cycle
waste, the major shippers were contacted to obtain information on which a
reasonable estimate of isotopic composition could be based. All the power

plants contacted except Monticello (the source of most of Northern States
Power's waste) and the Commonwealth Edison plants, Dresden and Quad Cities,
reported that their waste contained mos tly activation products, usually more
than 90%. Monticello listed Cs-134 and Cs-137 for the major isotopes in most
of its shipments to Trench 24. For the period when it was shipping waste to
the trenches covered by this study, it had relatively high amounts of fission
products due to fuel element leaks. Monticello personnel estimated that, on
cverage, Cs-137 and Co-60 contents were nearly equal. Both isotopes repre-
cented a major part of their respective fission product and activation product
categories, so we have assigned them each 1/3 of the total Monticello
contribution.

Commonwealth Edison constitutes a special case since it contributed well
over half the fuel cycle waste to the 8 trenches covered by this study, and
almost 70% to the 3 largest trenches, including Trench 24 (see Table 2.28).
Almos t all of this waste was shipped in a little over 3 years, during the
period December 1974 to April 1978. In that period both Quad Cities and
Dresden were experiencing problems with leaking fuel assemblies, in one unit
at Dresden, and in both units at Quad Cities. Trench 24, which operated for
almost a year during this time (June 1975 ta May 1976), received approximately
three times the curie amount from Quad Cities that it did from Dresden. There
is no reason to expect that the proportions changed significantly during the
remaining time Sheffield was operating, so a value of 3 has been assigned to
the Quad Cities /Dresden curie amount ratio. The SAI analytical results men-
tioned in the last section (2.3.3.3)* contained analyses for 4 Quad Cities
waste samples taken in April 1978, the month that Sheffield closed. It was

not possible to obtain detailed results for the remainder of the period back
to December 1974. However, Quad Cities personnel felt that the SAI results
were representative of the entire period. Thus, based on these analyses,
assignments of 0.27 and 0.42 have been made for the curie fractions of the
waste due to Co-60 and Cs-137 respectively. Analytical results provided by
Dresden led to assignment of the values 0.31 and 0.05 for the curie fractions
of 'the Dresden waste due to Co-60 and Cs-137 respectively. These assignments
were used for all trenches, and yield the results given in Table 2.31.-

For the remainder of the fuel cycle waste, we have assigned a ratio of
10:1 for activation products to fission products, with Co-60 constituting one.
third of the activation product activity and Cs-137 two-thirds of the fission
product activity. These values are, of course, only estimates, based on the
information obtained from the shippers to the effect that the Cs-137 content
was normally considerably higher than Cs-134, the only other fission product-
of consequence, and that Co-60 was always one of the principal activation'

products, but several others (such as Mn-54, Cr-51, and Co-58) were normallyI

e

' Attachment to le tter of S. Z. Jones of NRC to W. Y. Kato of BNL,

April 2, 1984.

47

, _. -. - - - - , --



%---w L m- 4--

Table 2.31

Estimated Ascuota of Co-137 and Co-60 in Fuel Cycle Shipmente

|
Amount (C1) j

Commonwealth
Montleello NPPD Edteon Remainder All Shipments

Trench co-60 Co-137 Co-60 Ca-137 Co-60 Co-137 Co-60 Cs-137 Co-60 Co 137

1 0 0 0 0 72 83 620 124 692 207
2 0 0 0 0 6 7 $14 103 $20 137-
7 8 8 0 0 28 32 36 7 72 47

11 158 158 2 0.2 146 167 83 17 389 342
14A 107 107 25 3 1008 1153 249 50 1385 1313
23 ISO 150 3 0.3 859 982 361 72 1373 1204
24 337 337 39 4 763 871 126 25 1265 1237
25C 0.5 0.5 23 3 128 146 43 9 194 158

present in appreciable proportions. It is quite likely the values, given in
Table 2.31, are within a factor of two of the actual amounts present in the
waste, assuming the curie amounts reported by the shippers were accurate.

4

2.3.3.5 Sr-90 Component of Fuel Cycle Waste

Sr-90 was listed as a waste constitutent on only a half dozen of
the more than 3000 fuel cycle RSRs we examined, and on those no specific
curie amounts were given. Most commercial nuclear power plants analyzed their
waste for Sr-90 only occasionally,(8)since the analysis is inconvenient and the
amounts found were invariably low. From the information available on
Sr-90 content of fuel cycle waste, it was obvious that amounts would be small
compared with the non-fuel cycle Sr-90 in Trenches 1 and 2. However , i t was
not obvious how fuel cycle and non-fuel cycle amounts would compare in the
other trenches.

We have estimated the Sr-90 content of the fuel cycle waste in the

following manner. Results of a survey on resin usage at commercial power
plants (8) indicated that the Sr-90 level in resin wastes was of the order of
1% of the Cs-137. This should hold for liquid waste streams as well (such as.

that leading to concentrate), since the resins would pick up the trace levels
of both Cs and Sr efficiently and fractionation should not occur. Several
plants responding to the survey gave estimates well under 1% of the Cs-137,
and one of these (a BWR) used a value of .1% routinely, since they considered
it an upper limit which was never reached. Only one plant (a PWR) reported a
Sr-90 content >1% of the Cs-137. This plant, whose one analysis obtained in
the survey was 2.5%, did not ship waste to the trenches covered in this study
as far as is known. Even if the Sr-90 content of PWR waste tends to be higher

than that of BWR waste, the preponderance of BWR waste in the trenches of con-
cern supports the position that overall the Sr-90 content of the waste would
have been <1% of the Cs-137. Contacts with the utilities lead to the same
conclusion. Thus, as a conservative estimate, we have taken the Sr-90 content

,
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of the fuel cycle waste to be 1% of the Cs-137. Using the Cs-137 amounts
estimated in the previous section (2.3.3.4) leads to the Sr-90 amounts given
in Table 2.32.

Table 2.32

Estimated Amounts of Sr-90 in Fuel Cycle Shipments

Amount (Ci)
aTrench Fuel Cycle Non-Fuel Cycle

1 2.0 406
2 1.4 996
7 0.5 2.7

11 3.4 3.9

14A 13.1 11.2
23 12.0 0.2
24 12.4 10.6
25C 1.6 0.1

aSee Table 2.24.

2.4 Evaluation of Inventory Information

2.4.1 Comparison of Fuel Cycle and Non-Fuel Cycle Wastes

- In terms both of volume and activity, fuel cycle waste constituted a
far greater proportion of the tot al waste than did non-fuel cycle for the
portion of the site covered in this study. In the case of individual
trenches, the fuel cycle contribution was always greater, and usually appre-
ciably greater, than non-fuel cycle, except for Trenches 1 and 2, where it was
considerably smaller. In Table 2.33, the comparison is made, in three differ-
ent ways for each trench; first in terms of the numbers of shipments, then in
terms of the total by-product material radioactivity, and finally in terms of-

the estimated activity of relevant isotopes.

i

It is apparent from the data on number of shipments that fuel cycle
waste did not start coming to Shef field in large amounts until af ter at leasti

the first four years of operation (the period when Trenches 1 and 2 were being,
'

filled). The ratios of amounts of fuel cycle to non-fuel cycle do not change
;

greatly whether based on total radioactivity or amounts of relevant isotopes.
This presumably reflects the fact that the amounts of the short half-life
isotopes (of no concern to this study) in the non-fuel cycle waste maintained
approximately the same ratio with respect to relevant isotope activities from
trench to trench.
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Table 2.33

Comparison of Amounts of Fuel Cycle and Non-Fuel Cycle Waste

Trench
1 2 7 11 14A 23 24 25C

aNumber of Shipmenta
Fuel Cycle 27 83 302 355 823 474 972 293
Non-Fuel Cycle 245 453 113 167 302 167 67 80

Ra tio Fuel Cycle 0.11 0.18 2.7 2.1 2.7 2.8 14.5 3.7
Non-Fuel Cycle

DTotal Radioactivity
Fuel Cycle (C1) 2299 1719 241 1276 4701 4204 4293 728
Non-Fuel Cycle (C1) 2802 8255 197 166 1433 363 707 145

Ra tio Fuel Cycle 0.82 0.21 1.2 7.7 3.3 11.6 6.1 5.0 ,

Non-Fuel Cycle I

i Estimated Relevant Isotope j

Activity'
'

Fuel Cycle (C1) 900 657 120 731 2698 2577 2502 302 )Non-Fuel Cycle (C1) 1820 2613 42 48 814 229 357 118 -

Ratio Fuel Cycle 0.49 0.25 2.8 15.2 3.3 11.2 7.0 2.6
Non-Fuel Cycle

abased on the shipments selected for purposes of this report.
b8ased on shipment total radioactivity, so includes all by-product
material such as isotopes of short half-life, vaste designated MFP, etc.

CBased on package radioactivity. Does not include packages listed as containing MFP,
except for ANL special series of shipments.

2.4.1.1 H-3

Estimated contributions of the fuel cycle waste to the H-3 trench
inventories were given in Table 2.29, along with the non-fuel cycle contribu-
tions for comparison. The fuel cycle component was 1.7% of the total H-3.
For most of the trenches, the amount was close to 1%, but for Trenches 11, 23,
and '24, it was 7.2%, 4.6%, and 2.8%, respectively. As pointed out in Section
2.3.3.3, on the basis of analytical results provided us by NRC, it is probable
that the actual fuel cycle component of the total buried H-3 was less than
indicated by the values given in Table 2.29. Thus fuel cycle contributions to
the H-3 inventory were probably <1% for most trenches and <5% even for Trench
11, so that they can be neglected for purposes of estimating H-3 release
ra te s .

2.4.1.2 Sr-90

Because of the biological sensitivity of Sr-90 and the large amount
buried at Sheffield, 'the inventory information on this isotope is important.
The estimated fuel cycle Sr-90 ' contributions to trench inventories were given
in Table 2.32, toge ther with the non-fuel cycle contributions for comparison.
Due to the large amounts of non-fuel cycle Sr-90 in Trenches 1 and 2, the fuel
cycle Sr-90 contribution to those trenches is insignificant. However, its
contribution to the other trenches is appreciable, ranging from 16% for Trench
7 to 98% for Trench 23.

50

,



Table 4.5, Continued

List of H-3 Packages in Shipments >l Ci Which Require Special Consideration

f Curies in De sc rip tion
i Trench ' Shipper RSR or Date Shipment of Waste

4 Ty/itT Gas in Glass Bulb

1 . Abbott Laboratories 743 13.5 4 sealed glass bulbs -

6/16/67 4.5 contained in me tal

pipes closed with
threaded caps, no
secondary containers

2 Michigan State 3548 25 Scaled glass cylinder
embedded in concrete,

, shipped in drum

14A University of 50986 5 5 sealed glass bulbs

4, Illinois in iron pipe capped at

,

both ends; shipped in
' single . drum

Liquidsb

7 Mallinckrodt 3/04/74 9.6 HTO in 10-mL glass
Nuc lear vials with rubber

stoppers packed in
I

sorbent in 3 fiber-
board drums

25C University o'f 21758 8.0 Toluene ' solution (so-
Missouri 11dified at Sheffield)

Marshfield Medical 21778 3.5 Alcohol solution (so-
t-' Founda tion lidified at Shef field)

cA number of . shipments contained smaller amounts (but >l Ci) of activity in
- genera l was te. These are included in the calculations carried out in
Section 4.4.5.

j.- bA number' 'of shippers of amounts >l Ci sent amounts of liquid waste smaller
. than those lis ted here. These amounts are considered on a trench-by-trenchs

[ basis in the calculations (Section 4.4.9).
t

|. '

|
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4.4.1 Targets

4.4.1.1 Targets Shipped by BNL

BNL vault 3-137 contained several tritiated titanium targets
(activity 21.1 C1) in double glass jars which were then placed in polyethylene
bags. As previously discussed (Section 4.2.1.1), water contact with these
targets will .not be great enough for leaching to occur, especially since the
double gla ss/polye thylene barriers can further reduce the likelihood of any
possible wa ter contact. The gaseous release of tritium will be the pertinent
release and two cases will be considered: (1) the caps of the jars provide no
barrier to gaseous release, and (2) the caps contain a polyvinyl chloride
(PVC) film which acts as a perneability barrier to the tritiated species in
the jar.

The targets consisted of copper tubing backings with titanium powder
deposits which had been reacted with tritium, i.e., the tritium analog of

titanium hydride had been formed. These targets , in practice, were used in
vacuum sys tems; they were not exposed to air because oxidation of the titanium
occurs (TIO2 is thermodynamica11y much more stable than the hydride) (25)
Upon disposal of these targe ts , exposure to air occurs. The outer layer of
tritiated titanium would be expected to convert to TiO2 to give an oxide

; coating. Thus, there might have been an initial loss of tritium from the tar-
get before it was ever packaged due to the oxidation reaction which displaces
tritium on the titanium surface. Further loss of the tritium might occur upon
oxidation of the inner layers of tritiated titanium but such a process would
be limited by the permeability of the oxide layer to oxygen. Given the
corrosion inhibition tha t generally results from the presence of an oxide
' layer on me tals , it is likely that further oxidation would not occur as
rap'dly.

Loss of tritium from these targets can be estimated by extrapolation

of da ya on tritium loss from targets af ter exposure to air as a function of
time.(26) The percent of initial tritium remaining on a target a t the end
of one year is estima ted to be 58%. The activi ty is los t in two ways: a 5%
loss occurs in the first five days and is then followed by 0.1% loss per day
thereafter. It is probable that some of the targets would have been exposed
to air for more than five days before burial, in which case production of H-3
would have been a t the lower rate of 0.1% per day from time of burial. How-
ever, since the number of targets, if any, in this category is not known, the
conservative position is taken that all targets had the H-3 production rate of
5% in five days followed by 0.1% per day af ter they were buried.

Assuming the jar caps provide no barrier, the tritium activity re-
leased from the targets should all escape the jars and result in a release of
8.8 Ci the first year followed by 7.6 Ci the second year and 4.7 Ci the third
year. Within three years, all of the activity will have escaped from these
packages. If the jar caps contain PVC flims, the tritium activity release
will be limited by the permeability of the flims. Local activity release from
the targets will mainly be as T .- There is sufficient water vapor in the2
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ja rs (assuming 370-cm3 jar, 6-cm diame ter cap, 5 Ci/ jar) to allow exchange
of the tritium with water to occur.(26) Two situations have been con-
s ide red : (a) the exchange rate is fast, i.e. , essentially all of the T2
given off from the target becomes HTO, and (b) the exchange rate is slow,
i.e. , T2 remains as T . In both situa tions, the exchange rate is compared2
to the rate of loss through the polyvinyl chloride film.

to H 0(27) and
H (28) are, in [cc(STP)cm-2Thepermeabilitiesofpo1{vinylchloride2

~1
2 yr cm- ], 2.26 x 10-2 and 2.11 x

10-1, respectively. It is assumed that these values change very little in
going from H O to HTO and f rom H2 to T . For fast exchange of T2 with2 2
H 0, (a), the tritium releases would be (in Ci): 3, 10, 4, 3, and 1 for the2
firs t through fif th years, respectively. In the fast exchange ins tance, all
of the tritium would escape from the package within five years. For slow ex-
change, (b), the tritium releases would be just the amount produced, i.e. , the
polyvinyl chloride film permeability is high enough for T2 that no ef fective
barrier would exist in this case.

For the purposes of modeling the release, the more conserva tive sce-
nario was adopted. Therefore, for slow exchange with water, the tritium re-
leases would be in (CL): 8.8, 7.6, and 4.7 for the firs t three years, respec-
tively, so that essentially all the tritium would be released in three years.
The incremen tal fraction releases then for Case 3 (Section 4.4.10) are 0.42,

0.36, and 0.22 for years 1, 2, and 3, respectively, and zero thereaf ter.
Given the short release period, decay of the H-3 has been neglected.

4.4.1.2 Targets From Other Shippers

Six other generators besides BNL shipped targe ts to Shef field -- see

Table 4.5. Purdue University and University of Wisconsin each shipped
>100 C1. Primary containment of the Purdue targe ts was essentially the same
as that for the BNL targets, but the' secondary containers were metal paint
cans inside carbon steel drums ins tead of concrete vaults. Unive rs i ty of
Wisconsin targets were shipped in metal paint cans, either in fiberboard boxes
or with no secondary containment. Primary containment for the other shipments
is not known, but they were all shipped in standard steel drums.

The Purdue shipments to Trench 2 are treated in the same manner as
the BNL targe ts. This leads to annual releases, if fast exchange of T2 with
H O is assumed, of 14, 48, 19, 14, and 5 Ci for the first five years, and of2
42, 36, and 22 Ci for the firs t three years for the case of slow exchange.
All the other packages are considered to have had no ef fective barrier to re-
Lease of gaseous tritium, so the release from all of them is considered to
follow the experimentally-determined rate discussed in the previous section
(4.4.1.1)(26) The es tima ted annual release rates are given in Table 4.6 for
all targets, using the slow exchange case for BNL and Purdue targets.
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Table 4.6

Es tima ted Annual Releases From Tritium Targe ts
,

i
|

Initial Targe t
Activity Total Annual Tritium Release From Targets (C1)

Trench (C1) Year 1 2 3

1 120 50 44 26

2 120 50 44 26

7 13 5.3 4.7 3

11 14.2 5.8 5.1 3.3
14A 25.9 10.8 9.3 5.8
23 2 0.8 0.7 0.5

T 0/HTO Sorbed on Desiccant4.4.2 9

4.4.2.1 BNL van de Graaff Scrubbers

Two Drierite scrubbers used for removing T 0/HTO from the vent line2
of BNL's van de Graaf f accelerator were shipped to Trench 14A (see Table 4.5),
one in a vault with 12-in walls and one in a vault with 6-in, walls. As
discussed in Sections 4.2.1.1 through 4.2.1.3, liquid release of H-3 from
vaults can be disregarded, and gaseous release will not be af fected by the
wall thickness, i.e. , neither 6-in, nor 12-in, walls will be a significant
barrier to gaseous release. Drierite is a commercially available desiccant
composed of anhydrous CaSO4 and a moisture-indicating dye. Tritium gas
(T ) had been used as the source of tritons in the van de Graaf. The scrub-2ber consisted of a cylindrical Lucite tube 3-in. 0.D. with a 1/8-in wall, and
5-3/8-in.-long, gasketed to aluminum end plates, each containing tabulation to
a brass valve with metal seat. When a color change from blue to pink indi-
cated useful life of the Drierite was -raring its end, the scrubber was simply
valved of f, removed f rom the van de Graaf f equipment line, triply bagged in
polye thylene, and sent for disposal. As with the concrete vault, the triple

bagging does not inhibit escape of any gaseous tritium species released from
the scrubber. Thus, the problem in estimating H-3 release from the whole -

package is to de termine the release rate from the scrubber.

There are two main parts to this problem: de termination of the rate
at which tritiated gas or vapor species are formed, and of the rate at which
they pe rmeate through the 1/8-in. Lucite scrubber wall.

(i) Rate of formation of gaseous T /HT by H-3 beta (S-)2
radiolysis of T 0/HTO.2

As an approximation, it will be assumed that half of the tritium !

8-energy is deposited in the water species absorbed on the CaSO . The4
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cerubbers were replaced when half the contents, approxima tely 260 g, had
changed color. The amount of water absorbed on the CaSO4 has been esti-
ma ted, by observation of the amoun t required to give a distinctly pink color,
to be between 3 and 5%. The conservative position, since it leads to a higher
production of T /IIT gas, is to take the smaller value. This leads to 7. 8 g2
or 0.43 moles of 110 absorbed by CaSO4 in the scrubber. The tritium con-2
tent of the firs t scrubber is taken as 34 Ci averaged over the firs t year
(35 Ci initially), which is equivalent to 0.6 mmol T 0. Thus, the mole2
fraction of tritiated water species can be taken as 1.4 x 10-3 For es ti-

mating the radiolysis yield of tritiated gas species (T /itT), it is not2
necessary to know the proportions of T 0 and IITO, or of T2 and itT, since2
we estimate the release rate in terms of curies.

Total energy deposition in aqueous species from 34 Ci of 11-3 in a
year, assuming each 8-particle has the average energy of 5.7 kev , is 1.1 x

= 0.53,(29) the production of hydrogen gas in the1023 eV. Taking Gil2
firs t year would be 0.94 mmol. On the basis of statistics, the mole fraction
of tritiated hydrogen gas species will be the same as that for tritiated water
species, or 1.4 x 10-3 Therefore, the tritium production rate would be
1.3 pmole/yr, which is equivalent, for T , to 75 mC1/yr.2

(ii) Rate of gaseous T / FIT escape from the scrubber.2

The rate of gas permeation through the aluminum end plates and brass
valve seats is negligible in comparison to permeation through the Lucite walls
of the scrubber. The rate of permeation of gas through plastic is given by
the equa tion:

V Pall
t g (4.17)

where

V is the volume of gas permeating through the plastic,

t is the time in seconds.

P is the permeability constant in cc(STP)cm cm-2 -la tm-l .s

2A is the area of the plastic in em ,

t is the thickness of the plastic in cm.

11 is the pressure head in atmospheres.

No value of P has been found for permeation of hydrogen through
lucite, but values for other polymers are in the range of 10-7 to 10-9 in
the units given above.(28) As a conservative approxima tion, 10-7 will be
assumed. The value for time is taken as 1 yr (3.1 x 107 a), and the val-

! uss of the other parameters are

|
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A = 300 cm2

L = 0.32 cm

H = 5.5 x 10-5 a tm .

H is an approxima tion, which is simply the partial pressure exerted
by half the gaseous tritiated hydrogen, based on T2 produced in a year in
the 300-mL void volume of the sc rubber. From these values, the volume passing

through the lucite in a year corresponds to approximately 0.16 mL of T , or2
approxima tely 400 mC1/yr.

This amount of tritiated gas exceeds the total amoun t es tima ted to be
produced by S-particle radiolysis in a year from either scrubber - 75 mci for
one and 165 for the other. The calculation indicates that at the given pres-
sure head, more gas can pe rmea te the Lucite than would be available. Thus,
the gas responsible for the pressure head must be los t through the Lucite al-
most as quickly as it is produced; no such pressure head can actually develop.
Given the rapid transport of tritium through the Lucite cylinder, failure of
or leakage through the gaskets at the aluminum end plates does not need to be
cons ide red . Ef fectively, all of the T2 and HT produced by radiolysis can
escape the scrubber by permeation through Lucite at a rate consistent with its
generation ra te. Thus, an initial release of inventory is estima ted at ap-
proximately 75 mci /yr and 165 mci /yr, respectively, for the two scrubbers.

Sorbed T 0/HTO Shipped by University of Wisconsin4.4.2.2 2

The exact specifications of the scrubbers shipped by the University
of Wisconsin are not known, so for the sake of simplicity, it is assumed that
they were nearly enough like those used at BNL to be treated in the same way.
Secondary containment used by the two genera tors (see Table 4.5) dif fered
greatly, but neither type presented a significant barrier to gaseous release.
Thus, the incremental f raction release of T /HT from the University of2
Wisconsin packages is assumed to be the same as that from the BNL scrubbers.

In the case of the University of Wisconsin packages, however, the
scrubbers were suscep tible to contact with wa ter from a rela tively short time
after burial. Fiberboard boxes are assumed to be breached by the first con-
tact with water, and the threaded end caps of the iron pipes would provide
little, if any, barrier to 11guld water. Thus, the only barrier to water
would be the scrubbers themselves. The plastic bodies and me tal end plates
and valves would be expected to last many years, but the gaskets sealing the
end pla tes to the bodies could well have a rela tively short lifetime. The
gasket material would most likely be rubber, but the particular material is
not known. The gaskets in the trench environment would not be subjected to
the heat and sunlight of above-ground conditions, but they would be exposed to
radiation from neighboring packages. Once they failed, the entire contents of
the scrubbers can be considered to be released as HTO to the trench water in
the firs t year af ter their failure.
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Thus, the mos t probable scenario for the release of tritium consists
of relatively small amounts of gaseous release for several years, followed by
a la rge liquid release of all the remaining tritium in one year. The exact
time at which this liquid release would occur, due to failure of the rubber
gaske ts, is subject to so much uncertainty that no reasonable es tima te can be
made. There is also the possibility of mechanical or other failure (e.g. ,
during shipping or emplacement), which would result in total release in the
first year. The impact of the failure time chosen on the overall release for
Trench 2 is discussed in Section 4.4.10.

4.4.3 Luminous Paint

This ca tegory of tritium waste contribu ted the larges t curie amoun t of
all the categories we have identified, approximately 850 Ci out of the total
2350 Ci shipped to the eigh t trenches cove red by our study. Of this amoun t,
Luminous Processes, Inc. shipped approximately 750 C1. The shipments of
Luminous Processes and of the other two generators, Timex Corporation and
Illinois Institute of Technology, are listed in Tabic 4.5.

Until July 1976, Luminous Processes, Inc. shipped its waste in
4.5 f t3 fiberboard boxes, while af ter tha t da te, i t used s tandard 55-gal
drums. That is, shipments to Trenches 1, 2, 24, and 25C were made in boxes,
and shipments to Trenches 23 and 14A were made in drums. The shipment from
Timex Corporation was a single drum. It is uncertain whether the luminous
paint in the single shipment sent by the Illinois Ins titute of Technology was
contained in one or several 55-gal drums or was contained in a metal cask.
However, for the purpose of this study, the conserva tive assumption will be
made that this paint was buried in one 55-gal drum. The paint in the waste
f rom Timex and Luminous Processes was mos tly in the form of thin films of
dried paint, but the Illinois Institute of Technology shipment consisted of
unused bulk paint. In the treatment which follows, possible differences in
H-3 release rates be tween these two cases are considet _d.

Since over 400 Ci of Luminous Processes waste was buried in fiberboard
boxes, which are assumed to be accessible to wa ter on emplacement, leaching
must be considered as a potential release mechanism. From all the information
we have been able to assess, it appears that H-3 release from leaching of lumi-
nous paint will be small in comparison with the amount escaping by gaseous
release. For one thing, government regulations require that luminous paints
or compositions must not leach or exchange tritium when immersed in water.
The words "to a significant extent" should be added, since obviously some
leaching and/or exchange will occur in time. However, apparently the rate is
ve ry low. This is supported by H-3 leaching s tudies done with tritiated poly-
ace tylene. (30) The leach rate was measurable but so low that it was stated
that the tritiated polyace tylene was " essentially non-leachable." The triti-
ated polymers used in luminous paints would be expected to behave similarly
with respect to tritium loss, thus leaching is not considered f urther.

Information from Timex (Letter from Daniel H. Woods to D. R. MacKenzie,
April 21,1983, reproduced in Appendix B) detailed the process used by Timex,
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from the mixing of the paint to the disposal of the 11-3 waste. It is s ta ted

that, "the tritium waste consisted of luminous paint on scrap hands and dials,
paper tissue used in cleaning, gloves, shoe covers, and glass shipping vials." |
The form of the waste in the Luminous Processes shipment to Trench I was de- '

scribed on the RSR as " luminous scrap dials and wipe tissue," and all their
shipments are assumed to have been the same. Thus, the waste paint from these
two generators can be taken to have been mos tly in the form of relatively thin
films, on discarded dials and other equipment, brushes, paper, rubber gloves,
paint containers and lids, and other objects.

Gaseous tritium release from paint in the form of thin films has been
determined experimentally. Table 4.7 contains the results of a study carried
out on typical paints from four countries.(31) Note that the ratio between
the rate of tritium loss from the paint and the tritium content of the paint
(11-3 loss /fl-3 content) is independent of the tritium content, the specific
activity of tritium in the paint, and the painted area. These observations
indicate that the rate of tritium loss is firs t order in tritium and that the
mechanism by which it is lost does not involve radiolysis. Accordingly, a
firs t-order rate cons tant (k ) may be de termined for the release of gaseousg
tritium from dry tritiated paint by using the equation

Average (11-3 loss /It-3 content) = kg (1.0 x 10-3 Ci) (4.18)

which results in a value of 4.5 x 10-2 yr for k . The half-life for-1
g

gaseous tritium release de termined f rom this rate cons tant is 15 yrs which is
right in the middle of the range for this parameter (i.e. , be tween 12 and
18 yrs) quoted by the llealth Physics consultant to the Timex Corporation (see
Letter from Daniel II. Woods to D. R. MacKenzie, April 21, 1983, reproduced in
Appendix B) .

Table 4.7

Caseous Tritium Loss Rates From Surfaces Painted With Tritiated Painta(31)

Specific Painted
Source 11-3 Content Ac tivi ty Area 11-3 Los s H-3 Loss /Il-3 Content

of Paint (mC1) (mci /g) (cm ) (pC1/ day) (pC1/mCL-day)2

Japan 24 1250 1.7 3.1 0.13
U.S . A. 25 100 6.9 3.1 0.12
Germany 25 250 2.1 3.2 0.13
England 53 250 4.2 6.0 0.11

0.12Average ---- ---- ---- ----

aPresumably measured af ter the paint had dried.
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Accordingly, if gaseous release is the only mechanism by which tritium
can be lost from this waste, then the amount of tritium lef t in the waste at a
time (t) af ter it has been buried [I(t)] is determined by

I( t) = I exp[-(kg + A) t] (4.19)o

where I is the amount of tritium which was present in the waste when it waso
buried and A is the radioactive decay rate constant of tritium. The rate of
tritium release (R ), in this case, is given byg

R = k I(t) (4.20)g g

which may be integrated to give the amount of tritium released (AR ) up to tg

g A +g yo[ t . exp(-(A + k )t)] (4.21)kAR .
g

kg

Since the cumulative fraction release of tritium by this mechanism (CFR ) isg
defined by

CFR . AR (4.22)g
S

I o

it may be determined by

CFRg" [1 - exp(-(A + k )t)] (4.23)g
&

Table 4.8 contains values of CFR calcula ted by use of Equa tion 4.23 forg
several times af ter waste burial. No credit has been given to drums for con-
tainment of gaseous release. Note that, because of radioactive decay, CFRg
changes hardly at all af ter 50 yrs.

The luminous paint sent by the Illinois Institute of Technology was
unused (John F. Smalley, Memo to File , April 1,1983, reproduced in Appendix
B), i.e., it was still in solution. Since hydrogen gas is not very soluble,
it is concluded that, on the time scales which are presently of interes t, the
paint's (organic) solvent presents no barrier to tritium gas (either itT or
T ) release. Thus, i t will be assumed that the rate of release of tritiated2
gas from unused luminous paint is the same as that determined above for sur-
f aces covered with dried paint. (If, however, the tritiated gas produced is
not ilT or T , then the solvent may hold up the tritium release. The present2
assump tion is, in tha t case , conserva tive. )
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Table 4.8
i

Cumulative Fraction Release (CFR ) ofg
Tritf un From Luminous Paint !

|

t(yr)a CFR bg

1.0 4.3 x 10-2
5.0 1.A x 10-1

12.3c 3.2 x 10-1
24.6 4.1 x 10-1
50.0 4.4 x 10-1

100.0 4.5 x 10-1

aTime af ter waste burial.
b
Calculated using F.qI (4.23), with4.5 x 10-2 yr- and A = 5.6 xk
18=2 yr-1

CTritium's radioactive decay
ha l f-li fe .

4.4.4 HTO in Concrete

BNL disposed of two packages of 11-3 waste listed in Table 4.5 as llTo in
concrete. Both packages were prepared in the sane way. In each case, the 11-3
was in the form of T 0 in a small glass bulb. The bulb was broken under2
freshly poured concrete in a 5-gal paint can, the concrete allowed to harden,
and the tid fastened. The paint cans were shipped in BNL concrete vaults with
6-in. walls.

Release from the paint cans must be considered to be in two stages, one
before and one af ter burial. Five months passed before the waste in the
67 Ci package was buried. During that five-month period, it is possible that
substantial tritium may have been released from the package. This situa tion
would have resulted from evaporative pore water loss through a faulty seal of
the 5-gal can. The cans that were used are of a fairly common type.- The lids
have elastomer gaskets,-and the lids are held in place by numerous small metal
tabs. Commercial machine closure of this type container provides adequate
sealing to prevent the loss of volatile components in the short term (several
yea rs) . The quality of the seal produced by hand closure, which was the case
for the BNL waste containers, is uncertain. Two polar cases are, therefore,
considered in the short terne (1) Ifand closure provided an adequate container
seal and the inventory was contained, and (2) hand closure resulted in a
faulty seal and no containment of evaporative water loss was provided by the
container. A discussion of the la tter is provided below.

Comple te exchange of the if-3 with the wa ter in the cement will be as-

sumed as the' conservative approach since it leads to a lesser amount escaping
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before burial, or a larger amoun t buried. In practice, only free pore wa ter
evaporates. Some of the water used to mix the cement will have bonded to the
cement before mixing of the T 0 in the cement occurred, so that a larger2
fraction of the H-3 would probably be with the pore water than would be cal-
cula ted assuming comple te exchange with the total wa ter. Then as pore wa ter

evaporates taking its H-3 content with it, less H-3 will be available for ex-
change with bound wa ter so comple te exchange would have never been achieved.

Assuming a water: cement ratio of 0.6 for the concrete in the paint can,
the fraction of water available to evaporate is 0.25 (i.e., the water / cement
ratio needed for complete hydration is assumed to be 0.35).(14) In five
months, it was assumed that essentially all this water will have evaporated
and carried with it a fraction equal to 0.25/0.60 = 0.42 of the initial H-3,
assuning the complete exchange discussed in the previous paragraph. Thus,
af ter five months, only 58% of the original tritium will remain in the waste

container.

Af ter loss of pore water, which should dominate short-term rel(ase s,
the residual tritium releases need to be addressed. The release of tritiated
vapor from a cylindrical cement block has been studied by Emelity and co-
wo rke rs . (32) The cement in this block had a wa ter/ cement ratio of 0.3
(which means that all of the water is probably hydration water - i.e., no
tritium will escape by evaporation) and had been cured for an unspecified
period of time. The cumulative fraction release (CFR) data from this study is
fit (for times greater than five days af ter the removal of the cement block
from its container) by

CFR = (S/V)D't1/2 (4.24)

where S/V is the ratio of the cylinder's exterior surface area to its volume
and D' is a property of the waste form solidification agent (i.e. , cement).
The data in Reference 32 give (S/V)D' = 0.74%/ day /2,1

It is assumed that these results may be applied to the release of triti-
sted vapor from the BNL cement waste forms and that the metal paint cans hold-
ing the BNL waste forns do not impede the release of the tritiated vapor to
the interior of the vault. Thus, since S/V for the cylinder in Reference 32
is ~1.2 cm-l* and S/V for the BNL waste forms is ~0.21 cm-l, the release
of tritiated vapor from the BNL waste forms may be described by

CFR = (2.5%/yrl/2)t1/2 (4.25)

The amount released (AR) from the cement waste forms contained in this vault,
therefore, is

AR = (1.0 Ci/yr /2)t1/2 (4.26)l

* Telephone conversation be tween Ruth Kempf (BNL) and L. A. Emeli ty
(Los Alamos Scientific Laboratory) on March 31, 1983.
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Equa tion 4.26 has been corrected for the fact that only 58% of the original
amount of tritium is lef t in the paint can when it is buried. Thus, in the
firs t through fourth years , the releases from the 67 Ci package will be 1.0,
0.41, 0.32, and 0.27 CL, respectively. The release rate is described by the
deriva tive of Equa tion 4.26. It should be noted that the form of Equa tion
4.24 is identical to the short-term solution for plane sheet dif fusion of a
subs tance from a membrane - a model which in of ten used to describe radionu-
clide leaching from solidified waste forms.l331 llenc e , it seems reasonable

. to expect this rela tionship to be valid only for the initial loss of approxi-
| mately 20% of the bound tritium activity. Beyond 20% release, the method of

release prediction proposed in the draf t standard on inw-level waste leaching,
ANS 16.1,(34) appears adequate.

Production of lit /T2 gas by 8 radiolysis of the tritiated water in
the concrete waste form of the 67 Ci package can be es tima ted in a manner
similar to that used in Section 4.2.2. The fraction of energy absorbed by
tritiated species has been taken as the weight fraction of tritiated species
to total concrete weight. The density of hydrated concrete having no pore
wa ter is approxima tely 1.52 g/cm .(18) The volume of the concrete form3

was 5 gallons and contained 39.1 Ci of tritiated water. The fraction of S-
energy ab::crbed by tritiated species will then be 8 x 10-7 Ele nce , the
amount of IIT/T2 gas produced in the first year is 7 x 10-5 Ci er 0.07 mCL.,

I Compa red to the 1.0 Ci firs t year expected tritium release (due to a combina- i

i tion of mechanisms) derived from the experimental data of Emelity,(32) this
release from radiolysis of the hydration wa ter is insignificant.

i In summary, it is not possible to predict the actual tritium releases
j from these 5-gal cement-filled containers with any great certainty due to the
| uncertainty in the quality of container seal. Therefore, two limiting cases
' were considered. In both cases, vapor phase transport is dominant, radiolysis

is negligible, and the concrete vault inef fective as a barrier.

In the firs t case, lid seals are assumed to be adequate for short-term
storage and shipping. Thus, the total tritium activity recorded on the RSRs
is assumed to have reached and been emplaced at the Shef field site. Container
failure through seals and/or corrosion is assumed to occur shortly af ter
emplacement. This leads to approxima tely 40% tritium loss through evaporation
of pore water occurring rapidly. This is believed to occur in the first year
af ter container failure and is based upon the permeability considerations in
Section 4.2.1.2 and the anticipated site environment. Superimposed upon the
evapo ra tive loss is the release of bound tritium which is predicted by
Equation 4.26.

In the second case, no reliance on lid seals, the evaporative loss is
assumed. Therefore, during short-term s torage and shipping of these BNL waste

; packages, tritium loss occurs. Approximately 40% of the inventory of the ce-
! ment waste package is not emplaced at the Shef field site, and is therefore

omitted as a source term to the disposal trench. The release of remaining
tritium (40 C1) from this package, approxima tely 60% of the RSR inventory, is
estimated by the application of Equation 4.26. In all likelihood, the actual
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and site release are intermediate between the bounds given in the two cases
above. However, it is not currently possible to realistically describe the
actual condition of these packages. Taking the conservative approach, calcu-
lation of annual releases to the trenches in a subsequent section (4.4.10)
makes the assumption that the lid seals hold only untti the waste is buried.

4.4.5 Generalized Laboratory Trash

Table 4.5 lists a large number of shipments with packages of rela-
tively large curie amounts which contained either waste of a general nature,
such as glassware, paper, plastic, animal carcasses, e tc. , contaminated with
labelled chemicals, or waste about which insufficient information could be
obtained to place it in one of the special categories. As indicated in the
footnotes to the table, there were a number of shipments >l C1, but with
lesser amounts than those listed, which are included in our treatment.

The 4.9 Ci BNL shipment constitutes a special case and will be con-
sidered first. It is assumed that no H-3 releases will occur by leaching in
the time frame of interest, and the only release mechanism operating is escape
of tritiated gases out of the plastic bag and thence, out of the concrete

vault. Formation of tritiated gas by radiolysis can be estimated in the same
way as formation of T /HT from T 0/HTO on the drierite surface in the2 2
scrubber considered in Section 4.4.2.1, only in this case all the gas formed
will escape in a shorter time. This leads to a value for tritium-containing
gases formed, and escaping, of 1.9 x 10-8 C1/yr.

Tritium releases that appear to follow first order kinetics with a rate
constant approximately the same as that 9f natural radioactive decay have been
observed with tritiated polymers in air.5311 This could be a result of a
process in which hydrogen-containing species in the air come in contact with
the polymer surface, undergo exchange with the tritium, and then are removed
by diffusion. This is discussed in Section 4.4.3. Such a process should
occur in any situation in which trittated organic species are in contact with
hydrogen-containing species in air. The contaminated lab trash (tritiated
compounds on cellulose and glass) can be considered analogous to the tritiated
polyme rs . Thus, this package would be expected to release tritium in a simi-
lar manner. We have taken as the first order rate constant for tritium loss:

k = 4.5 x 10-2 yr*l. (4.27)

The tritium release due to this process is 0.2 Ci in the first year. Compared
to this value, the release of tritium produced by radiolysis is insignificant.

It has been assumed that the remaining tritium-containing waste, could
all be approximated as generalized lab trash. The part of the waste in fiber-

,

! board boxes comes under Case 8, while that in drums is treated in the same way
| as the liquid wastes solidified at Shef field, which are covered by case 2.
| This means that 15% of the drums are assumed to be breached on emplacement and
| their contents immediately teached. Thus, the incremental f raction release
; for the first year includes 15% of the waste plus the incremental release from
!

|
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the other 857, of the waste. The expression for IFR is then the same as that
given by Equations 4.15 and 4.16 in Section 4.3.2.

4.4.6 Oil Sorbed on Vermiculite
l

The waste shipped by the University of Wisconsin dif fered somewhat from
that of Caterpillar Tractor Co. (see Table 4.5). The former consisted of con-
taminated pump oil, while the latter was actually trittated oil.

The trititated oil is assumed to be composed of hydrocarbons and can be
assumed to behave in a manner similar to the unused bulk luminous paint dis-
cussed in Section 4.4.3. This position is based on the high probability that,

the rela tively high molecular weight lydrocarbons would act like the tritiated
polymer molecules in luminous paint with respect to tritium release. In that
case, !!-3 release by teaching would be insignificant (Section 4.4.3) and an-
nual incremental fraction releases would be the same as those for the luminous
paint.

The contaminated pump oil is treated as generalized laboratory trash
since the contaminants are unknown. Some of them may be organic compounds of
a type which should be treated like luminous paint. Also, undoubtedly some of
the pump oil would have become tri tia ted. Ilowever, since the exact nature of

this waste is not known, the conserva tive position requires that we treat all
of it as general laboratory waste (see Section 4.4.5) even though part of it
may release 11-3 a t a lowe r ra te.

T /IIT Cas in Steel Cylinders4.4.7 2

A shipment by BNL to Trench 14A consisted of 129 Ci of T /itT gas con-2
tained in two lloke isotope containers in a standard 5-f t x 5-f t x 6-f t BNL

concrete vault. The two containers each consisted of an inner stainless steci
cylinder jacketed within a stainless steel case. All welded construction was
used throughout, and the inner s teel cylinde rs we re valved with special s tain-
less steel valves. The leak rate of the system was checked by the manufac-
turer with a mass spectrometer using lie gas, only those containers being
passed from which no helium escape could be detected, with a detection limit

3of 10 microns liga f t /h. Since the BNL containers had passed this test, it
is considered that their leak rates were less than this value, which corres-

ponds to 2.4 x 10-2 cc atm/yr of helium and less of other gases. Using this
value as the leak rate for T2 gas leads to an annual leak rate from each
container of 1.2 x 10-3 cc/yr for the firs t year, since the T2 Partial
pressura was approximately 0.05 atm. This represents a total volume of 2.4 x
10-3 cc/yr or 6 mci in the firs t year, and correspondingly less in future
years. Such amounts are too small to af fect the total 11-3 release to Trench
14A and are thus omitted f rom f ur ther conside ration.

T /IIT Cas in Class Bulba4.4.8 7

Shipments of T2/itT gas in glass bulbs were sent by Abbott Laborator-
les, Michigan State University and Univeristy of Illinois (Table 4.5). All

the shipments can be treated in the same general way, and that of the
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University of Illinois is used as an example. It consisted of five sealed
glass bulbs containing 1 CL each of tritium gas. Each bulb was wrapped in
packing material and placed in a 2-in, diam piece of iron pipe capped off at
both ends. The pipes were set on the bottom of a standard steel drum, and
general laboratory trash piled on top.

In terms of H-3 release from the package, there are two polar cases:
(1) all the bulbs could have remained intact during package emplacement in the
trench, and (2) all the bulbs could have broken during emplacement. In the

first case, rate of release would be determined by the rate of T2 Permeation
through the walls of the glass bulbs. In the second case, the threaded end

caps of the iron pipe would allow immediate release, and the only potential
barrier to escape of H-3 to the trench would be the drum ga ske t.

1st Case - All Bulbs Remain Intact

The rate of permeation of gas through glass is given by the equa tion:

V . PAH (4.28)t t

where

V is the volume of gas permeating through the glass in cc.

t is the time in seconds.

P is the permeability constant in cc(STP)cm cm-2 -la tm-l.s

A is the area of the glass in em2,

t is the thickness of the glass in cm.

11 is the pressure head in a tmospheres.

The value of P for permeation of D2 through borosilicate glass is
10-13 in the units given above.(28) The same value is assumed for T -2

7 s, and the values of theThe value for time is taken as 1 yr, t = 3.1 x 10
o the r pa rame te rs as

2A = 70 cm ,#

t = 0.15 cm.

H = 0.0 2 a tm.

These values are arrived at on the assumption that the glass bulbs in-
side the 2-in, diam iron pipes were approximately 1-in, diam and 3-in. Long,
with a 1.5-mm wall thickness. The permeation rate will not be particularly
sensitive to the size of the bulb, since, as the value of A increases, the
volume increases and the value of 11 decreases to compensate.
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Using the values above, the permention rate is es tima ted to be 29 nL/yr
or approximately 8 ng/yr. This is equivalent to approximately 0.08 mC1/yr for
each bulb, or 0.4 mci /yr for all five. Thus, the maximum amount of 11-3 which

4could escape in Case 1 is <1 part in 10 per yr.

2nd Case '- All Bulbs Break During Emplacement

No strong argument can be made that the drum gasket would provide a
serious barrier to escape of tritium gas. In fact, the opposite could be
argued more ef fectively, since DOT regulations (49 CFR 178-118-66) require
that a hydros tatic pressure of 15 psi be sustained for only 5 minu tes, and in
practice, even this criterion is seldom met. For example, in tests done on
30 standard drums (ten each from three different manufacturing lots), only one
drum passed the test.(35)

Thus, the conservative position requires tha t, in the second case, all

the !!-3 will escape from the drum within the firs t year. An appreciable frac-
tion of the release could even have occurred before the drum was backfilled in
the trench, depending on the leak rate and the length of time before back-
filling. There is, however, no way of determining this, so the conservative
approach from the point of view of groundwa ter uptake is to assume release of
all 5 Ci to the trench soil in the first year.

It is concluded that the two extreme cases (all bulbs break or all remain
intact) lead, respectively, 4to release rates of the whole inventory in the
first year, or <1 part in 10 per year indefinitely. The actual situation
is probably somewhere be tween these two extremes. This does not hold, of
course, for packages containing only one bulb, which was the case for the
o ther two shippers. IIere the two polar cases apply. In the case of the
Abbott packages, the caps were apparently welded to the pipes by NECO af ter
reaching Shef field (see Le tter From R. L. Frederickson to D. R. MacKenzie,
August 23, 1983, reproduced in Appendix B). If the welds were sound, essen-

tially no release would occur until the pipe ma terial was breached by corro-
sion, at which time either slow release would begin, if the glass bulbs were
intact, or all the gas would be released, if they had broken. For simplici ty,

however, we have chosen to treat the Abbott case in the same way as the others
for purposes of total release to Trench 1, so all these shipments are treated
as belonging under Case 8 in the list of Cases given in Section 4.4.

4.4.9 Liquid Waste

The large shipments of liquid waste which were solidified by NECO in-
clude both those listed in Table 4.5 and a number containing lesser amounts
(but still >l C1). These fall under Case 2 and are treated in the same way as
the liquid iaste from shipments <1 C1, which was discussed in Section 4.3.2.

~

Besides these shipments, one large shipment of tritiated water which . ras not
solidified must be considered.
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This shipment by Mallinckrodt Nuclear to Trench 7 had a H-3 activity of
9.6 Ci as HTO. The water was contained in 10-mL glass vials with rubber stop-
pers and metal crimp caps (see Memo to File, of April 11, 1983, reproduced in
Appendix B) . It is expected that this method of closure would provide some
inhibition of tritium release, but in order to determine the degree of inhibi-
tion, the container integrity must be assessed more thoroughly than was possi-
ble. It has, therefore, been conservatively assumed that the total vial con-
tents were released to the packing material. The waste then resembles the
generalized contaminated laboratory trash and, since all of these Mallinckrodt
wastes were packed in fiberboard containers, this results in total loss of
activity in the first year.

4.4.10 H-3 Releases by Case and by Trench

In preceding sections, expressions have been developed for the IFR for
each of the eight cases to which the dif ferent types of waste have been as-
signed. These cases, and the equa tions for IFR for each are listed below.
In all cases, A = 5.6 x 10-2 yr-1

Case 1, Shipments <1 C1, Solid

IFR(t) = 0.49 + 0.51 x Drum Release (t) t=1
IFR(t) = 0.51 x Drum Release (t) t> 1

Case 2, Liquid Shipments <1 Ci and >l C1, General Waste in Shiprents >l Ci

IFR( t) = 0.15 + 0.85 x Drum Release (t) t=1
= 0.85 x Drum Release ( t) t> 1

Ca se 3, Ta rge t s

IFR(1) = 8.8/21.1
IFR(2) = 7.6/21.1
IFR(3) = 4.7/21.1
IFR( t > 3) = 0

Case 4, Scrubbers

IFR( t) = 0.039 (exp (- A( t - 1)) - exp(- At))

Case 5. Tritiated Organics

k
IFR(1) = A+k (1 - exP (-( A + k)t)) t=1

k
IFR(t) = A+k (1 - exp (-( A + k)t)) - CFR( t - 1)

where k = 0.045
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Case 6, Tritia ted Cement

IFR( t) = 0.145( t1/2 _ (t . 1)1/2) .-At

Case 7, BNL Ceneral Waste, Shipments >l Ci
I

0.045 l
IFR( t) = A + 0.045 (exP(-( A + 0.045)( t - 1) - exp (-( A + 0.045) t))

Case 8, Release During First Year (Broken Glass Bulbs, e tc.)

IFR(1) = 1.0
IFR( t > 1) = 0

1 The " Drum Release" referred to in Cases 1 and 2 is the function derived in
Appendix C for IFR . For these calculations, values of IFR (t) were takenT T
directly from Table C.L.

A FORTRAN program for the CDC 6600 has been written to give annual IFRs
and CFRs for the eight cases, and to calculate annual incremental and cumula-
tive releases for each trench. In order to obtain the -incremental and cumula-
tive releases for a specific trench, the IFRs and CFhs for each case have only
to be multiplied by the amounts of waste assigned to the respective cases for
that trench, and the results sumned.

The program is reproduced as Table 4.9. The curie amounts assigned to
the different cases for each trench are given in Table 4.10. The annual IFRs
and CFRs for each case, and the annual incremental and cumulative releases for
each trench have been calculated for a period of 90 years. The results are
given on microfiche in Appendix D, Tables D.1 and D.2. An abbreviated form of
Table D.2 (annual releases by trench) is given in Section 4.10, along with
similar information for other isotopes of concern.

|

Releases to Trench 2 in the first few years are problematic because of
the uncertainty connected with the fate of the University of Wisconsin gas
scrubbers (Section 4.4.2.2). The most probable scenario is that release of
gas according to the model developed for BNL scrubbers (Case 4) would occur
for a period of several years until the gaskets fail, and then all the tritium
would be relesed in the next year as HTO in liquid water. This assumption of
complete release in one year is based on the fact that the fiberboard box con-
tainers would be expected to provide no barrier to liquid water. The time to
failure of the gaskets is highly uncertain, and might even be <1 year, which
would mean complete release in the first year. Since we can make no good
estimate of the time, we have considered two extremes (1) slow release ac-;

' cording to Case 4 for 90 years, and (2) total release in the first year. The
releases for Trench 2 given in Table D.2 use the first assumption. Both cases
are given in the abbreviated table of tritium releases (Table 4.21) in Section
4.10. The actual situation presumably will be somewhere between the two ex-

I tremes, with release of all the remaining H-3 occurring af ter some time prob-
| ably no longer than 20 years, and most likely in a considerably shorter time.

!
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Table 4.9

FORTRAN Code to Calcula te IFRs and CFRs fo r Eigh t Cases, and
Annual Incremental and Cumulative Releases for Each Trench

PROGRAM TRIT (INPUT,0UTPUT, TAPES, TAPE 6, TAPE 7)
DIMENSION DR(90),TI(0,0),CFR(0,90),TN(0),AR(0,90),

1TR(0,90),CI(0,0)
REAL LAM,KG,K6,K7,IFR(0,90)
LAM =0.057
DO 50 I=1,90
READ (5,20) DR(I)

20 FORMAT (G7.1)
50 CONTINUE

DO 60 J=1,8
DO 60 K=1,YO
IFR(J,K)=0.0
CFR(J,N)=0 0
AR(J,K)=0.0
TR(J,K)=0.0

60 CONTINUE
C CALCULATE IFR FOR EACH CASE

61 FORMAT (1X " CASE ANALYZED')
DO 70 M1=1,90
IF(M1.EO.1) IFR(1,1)=0.49t(0.51*DR(1))
IF(Mt.GT.1) IFR(1,M1)=0.51*DR(M1)

70 CONTINUE
WRITE 61
DO 80 M2=1,90
IF(H2.EO.1) IFR(2,1)=0.15+0.05*DR(1)
IF(H2.GT.1) IFR(2,M2)=0.05*DR(H2)

00 CONTINUE
WRITE 61
IFR(3,1)= 0.0/21.1
IFR(3,2)=7.6/21.1
IFR(3,3)=4 7/21.1
WRITE 61
DO 90 M4=1,90

M4M=M4-1
IFR(4,M4)=0.039*(EXP(-1.0* LAM *M4M)-EXP(-1.0* LAM *M4))

90 CONTINUE
WRITE 61
S5=0.0
DO 100 M5=1,90

KG=0.045
CR=(KG/(LAMIKG))*(1.0-EXP(-(KGFLAM)*MS))
IFR(5,M5)=CR-G5
G5=S5f1FR(5,M5)

100 CONTINUE
WRITE 61
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Table 4.9, Continued

FORTRAN Code to Calculate IFRs and CFRs for Eight Cases, and
Annual Incremental and Cumulative Releases for Each Trench

DO 110 M6=1,90

K6=0.0145
M6M=M6-1
X1=(M6M**0.5)*K6
X2=(M6**0.5)*K6
IFR(6,M6)=(X2-X1)*(EXP(-1.O* LAM *M6))

110 CONTINUE
WRITE 61
DO 120 M7=1,90

K7=0.045
M7M=M7-1
AK7=LAMtK7
IFR(7,M7)=(K7/AK7)*(EXP(-1.0*AK7*M7M)-EXP(-1.O*AK7*M7))

120 CONTINUE
WRITE 61
IFR(8,1)=1.0

WRITE 61
C CALCULATE CFR

DO 150 IS=1,8
DO 150 JS=1,90

JSM=JS-1
IF(JS.EO.1) CFR(IS,JS)=IFR(IS,JS)
IF(JS.0T.1) CFR(IS,JS)=CFR(IS,JSM)+IFR(IS,JS)

150 CONTINUE
WRITE 151

151 FORMAT (1X 'CFR'S CALCULATED *)
C CALCULATE TRFNCH RELEASES

DO 200 IT=1,8
READ (5,160) TN(IT)

160 FORMAT (A3)
READ (5,170) (CI(IT,JT),JT=1,0)

170 FORMAT (8010.4)
DO 180 LT=1,90 i

DD 180 KT=1,8
TR.(IT,LT)=TR(IT,LT)+(CFR(KT,LT)*CI(IT,KT))
AR(IT,LT)=AR(IT,LT)+(IFR(KT,LT)*CI(IT,KT))

180 CONTINUE
WRITE 181

181 FORMAT (1X ' TRENCH RELEASES CALCULATED')
200 CONTINUE
210 FORMAT (1X,8X,3(9X,' CASE ',I1,9X))
220 FORMAT (1X,8X,2(9X,' CASE ',I1,9X))
230 FORMAT (1X,8X,3(7X," TRENCH ',A3,7X))
240 FORMAT (1X,8X,2(7X,' TRENCH ',A3,7X))
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Table 4.9, Continued

FORTRAN Code to Calculate IFRs and CFRs for Eight Cases, and
Annual Incremental and Cumulative Releases for Each Trench

250 FORMAT (1X,1X," TIME *,3X
13(" INCREMENTAL",2X," CUMULATIVE",2X),/,1X,'(YEARS)",
22(2X," RELEASE-H3'),2X," RELEASE-H3',3X," RELEASE-H3",2X," RELEASE-H3'
33X," RELEASE-H3",/,1X,9X,1X,'(CURIES)',4X,"(CURIES)",3X,
41X,'(CURIES)",5X,"(CURIES)',4X,"(CURIES)",5X,'(CURIES)",/)

270 FORMAT (1X,2X,I3,2X,4(1P,4X,G7.1,1X),5X,G7.1,1X,5X,G7.1,1X)
280 FORMAT (1X,1X,' TIME",3X

12(" INCREMENTAL",2X," CUMULATIVE",2X),/,1X,"(YEARS)",
22(2X,' RELEASE-H3'),2Xr* RELEASE-H3',3X," RELEASE-H3"
3,/,1X,9X,1X,'(CURIES)",4X,'(CURIES)",3X,
41X,"(CURIES)",5X,"(CURIES)',/)

290 FORMAT (1X,2X,I3,2X,4(1P,4X,G7.1,1X))

C ~ 0UTPUT RESULTS
DO 400 LO=1,2-

LX=LO*3
LY=LX-2
WRITE (6,210) (NY,NY=LY,LX)
WRITE (7,230) (TN(NX),NX=LY,LX)
WRITE (6,250)
WRITE (7,250)
DO 400 LT=1,90
WRITE (6,270) LTr(IFR(MY,LT),CFR(MY,LT),MY=LY,LX)
WRITE (7,270) LT,(AR(MZ,LT),TR(MZ,LT),MZ=LY,LX)

400 CONTINUE-
NV=7
NW=8
WRITE (6,220) NV,NW
WRITE (7,240) TN(NV),TN(NW)
WRITE (6,280)
WRITE (7,200)
DO 500 LW=1,90
WRITE (6,290) LW,(IFR(NO,LW),CFR(NO,LW),NG=7,8)
WRITE (7,290) LW,(AR(NT,LW),TR(NT,LW),NT=7,8)

500 CONTINUE
STOP
END
FUNCTION IFA(N)
IFA=1
IF(N.EO.0) GO TO 20
DO 10 J=1,N

10 IFA=IFA*J
20 CONTINUE,

RETURN
'

END
.o
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Table 4.10
.

,

H-3 Inventory for Each Trench for
the Eight Cases Requiring Separate Consideration

Case
Trench 1 2 3 4 5 6 7 8

1 2.8 24.1 120 0 136 0 0 27.4
2 7.1 232.7 120 193 29 0 0 47-
7 2.7 10.3 13 0 0 0 0 .6

11 2.7 18.9 14.2 0 0 0 0 0

14A 7 51.7 25.9 112 225 162 4.9 5

23 4.3 28.9 2.5 0 152 0 0 0

24' 3.5 55.6 0 0 256 0 0 0

25C 2.1 44.4 0 0 67.5 0 0 0

4.5 Estimated C-14 Releases

The C-14 wastes shipped to the trenches covered by this study are listed
in Tables 2.13-2.15. Out of the es tima ted 104 Ci total activi ty inventory,

Pathfinder Labora tories contributed just over half. This amount went to only
three trenches - Trenches 14A, 23, and 24. One other trench (Trench 2) had a
relatively large amount, approximately 28 Ci, composed mostly of shipments
>l Ci from Amersham /Searle and Mallinckrodt Nuclear. The remainder of the
trenches held total amounts ranging from <1 Ci to about 4 C1, mostly from
shipments containing small amoun ts of general laboratory waste.

The wastes have been divided 'into two main categories: (1) solid organic
wastes (Pathfinder, Amersham /Searle, etc.) and (2) miscellaneous C-14 contami-
nated was tes which included paper, glassware, animal carcasses, gloves, e tc.
The wastes which f all into the first category have been modeled to release
their radionuclide activity by two mechanisms: (a) gaseous release from C-14
8 radiolysis, and (b) release by contact with water through (1) simple
loss-on-contact leaching and (2) waste volume removal " wash". Release from-
the miscellaneous or generalized wastes is based on a simple leaching model.
This will be considered firs t.

4.5.1 Release From Low-Level General Waste .

4.5.1.1 Estimation of Distribution of Package Types

To obtain an estima te of the percentage of fiberboard containers and
55-gal drums which contain C-14 wastes, a survey of the RSRs for Trench 25C
was performed, using methods similar to those applied to H-3 Low-Level wastes
and described in Section 4.3.1.1. Only those shipments which contained C-14
were included in the survey. It is assumed that shippers who disposed of C-14

1
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was tes packaged their was te unifo rmly. The total solid volume per shipment
was divided by the total solid packages to yield a volume per package. Ship-
ments containing packages with average volumes above 6 cu f t and less than or
equal to 9 cu f t were assumed to be comprised mainly of 55-gal drums. Ship-
ments containing packages with average volumes of 3 to 5 cu f t were assumed to
be comprised of fiberboard containers. The results of this survey are given
in Table 4.11. The percentages of 55-gal drums and fiberboard containers are
80 and 20, respectively. By the same logic used in our treatment of the H-3
was tes, it is to be expected that all of the fiberboard containers Snd 15% of
the 55-gal drums will release their contents during the first year, The re-
maining 85% of the drums will undergo corrosion and leaching and have been
treated according to the model developed in Appendix C. The incremental re-
leases from the generalized C-14 lab wastes are dependent on the C-14 activity
distribution which is discussed in the next section.

Table 4.11

Distribution of Types of Packages
Containing C-14 in Trench 25C

Total Number of Solid Packages 1000
(either 55-gallon drums or
fiberboard containers)

Estimated Number of 55-Gallon Drums 800

Estimated Number of Fiberboard Containers 200

Fraction of Solid Packages which were
55-Callon Drums 0.8

Fraction of Solid Packages which were
Fiberboard Containers 0.2

4.5.1.2 Distribution of C-14 Activity by Trench

Since RSR listings rarely specified the particular isotope amounts in
'

a package containing mixed isotopes, it is difficult to de termine the exact
C-14 activity in the widespread generalized wastes. To estimate this quan-
tity, a survey of each trench inventory was perf ormed in which C-14 activity
csntries on RSRs which did list C-14 and its amounts were totalled - except, of
course, for shipments >l C1. For each trench, this value was then divided by
the total activity (C-14 and the other radioisotopes present as well) of such
chipments to give a ratio which is expected to reflect an approximate C-14
fraction for typical wastes. It was assumed that the RSRs which specifically
listed C-14 were a random lot and that the C-14 distribution found from these
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RSRs and represented by the ratio mentioned above was applicable to the entire
contents of the trench. The trench activity totals for all shipments, which
listed C-14 as a constituent, were then multiplied by this ratio to yield an

'

approximate total C-14 activity in generalized lab waste for that trench. It I

is this aucunt which will be taken as spread throughout the trench in fiber- !

board containers (20% of the activity) and 55-gallon drums (80% of the
a ctivi ty) .

4.5.1.3 Release From Generalized Laboratory Waste

The generalized waste is assumed to leach by release on contact with
water. Releases of C-14 activity are expected in the first year to be mainly
from fiberboard containers and the 15% of drums which were breached during

emplacement in the trench. No releases will then occur until the fif th year
when firs t penetration of the remaining 85% of the drums occurs. In subse-
quent years, release will steadily increase a s the drums corrode with time.
The treatment used is based on the model for activity loss from a carbon steel
drum, developed in Appendix C. The expected C-14 activities calculated in
Section 4.5.1.2 have been used in estimating the annual incremental releases<

and the results are given in Table 4.12. It can be seen from the table that
the expected large first year release to all trenches occurs. This is fol-
lowed by. the 5-year induction period before corrosion penetrates the drums.
Once pitting corrosion penetrates the drums, several years of very low release
occur. This is because the first pitting areas are quite small, so very lit-
tie water can enter the drum to cause release of activity. It should be noted
that a fraction of the miscellaneous waste, which was shipped as liquid and
solidified by NECO at Shef field, would have been buried as concrete. The C-14
in the concrete would presumably be held back more than that in miscellaneous
solid lab trash, so the assumption that the general waste consists of only
solid contaminated trash is conservative.
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Table 4.12

Incremental Annual Releases (in act) of C-14 From Low-Level Generalised Wastes

lucremental traction Release: 1.4x10*' I 10-3 410*3 7 10-3 9a10-3 1.2x10-2 g,5 go-2 3,yago-2 2 10-2 2.1m10-2
y}[a[[ 18 6 10 20 30 40 SU 60 70 80 90

T a rus ta

1 38 4 0(0.1}b 1 3 6 7 10 12 14 16 19
(240.144)

2 1760 1 4 15 26 34 45 56 64 75 86
(1100,660)

7 139 0(0.1) 1 2 3 5 6 7 9 to 12
(149.90)

11 1424 0(0.4) 4 12 20 28 36 44 52 60 68
(890.534)

c$ 144 619 0(0.2) 2 5 9 12 16 19 23 26 30
'4 (3S7.232)

23 1499 0(0.4) 4 13 21 30 38 47 55 64 72
(937.562)

2. 800 0(0.2) 2 7 12 15 20 26 29 34 39
(500.300)

2 *,C 160 0(0.05) O(0.4) 1 1 3 4 5 6 7 8

(100.60)

*:4embe rs in ( ) represent releases from fiberboard containers and S5-gallon drums, respectively.
b!he releases in ( ) are considered insignificant but are included for completeness.
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4.5.2 Release From Shipments >l C1 1

1

The waste in these shipments is not, in general, well characterized. |

Information from the three larges t generators is contained in a Memo to File
by D. R. MacKenzie, September 1,1983, reproduced in Appendix B. All the
wastes are solid labelled organics, Pathfinder's being mainly aromatic. How-
ever, for none of the generators can estimation of both leaching release and
gaseous release from the compounds be considered as s traightforward releases,
because the identities of the compounds, the specific amounts of each, and the
distribution of these materials in any given waste package are all unknown.
To be consistently conservative, we have taken the highest organic compound
G-value for gas production for our radiolysis calculations.

The Pathfinder case will be used for the calculation of release due to
radiolysis, and behavior of wastes from the other generators is assumed to be
simila r.

4.5.2.1 Release Due to 8 Radiolysis

The solid organics in Pathfinder waste were mainly aromatics, of
specific activities ranging between 5 and 20 mci per millimole of aromatic.
An average specific activity of 12.5 mci /mmol has been assumed for all of
these wastes. The C-values for radiolysis for the C-14-containing organic
compounds which may be present cannot be determined in the absence of a
detailed description of the actual or even likely waste package contents.
Thus, a G-value for the generation of simple carbon-containing gases (CO2
and CH ) will be assumed based on data for aromatic compounds available in4
the li te ra ture . Swallow (36) gives a range of G-values for total gas of
between <0.012 and 0.26 molecules per 100 eV for aromatic hydrocarbons. The
chief gaseous radiolysis product from these compounds is hydrogen and, where
reported, the G value for CH4 production may be more than a factor of two
less. For benzoic acid, Swallow indicates that CO2 is a major gaseous
product and reports a G-value of 0.29 molecules per 100 eV for CO2 Produc-
tion. In a more recent summary of radiation ef fects on materials, Kircher and
Bowman (37) indicate that, for esters, the major radiolysis products are CO
and CO . For aromatic esters the G (CO+CO ) values reported by Kircher2 2
and Bowman range from 0.3 to 3.6 molecules per 100 eV. Based upon this cur-
sory survey of the literature and the lack of any specific information on the
organics actually contained in the Pathfinder waste packages, a G of 3.6 mole-
cules per 100 eV will be assumed. This is the reported G-value for dibenzyl
adipate. Thus, an aromatic compound with a particularly high G-value for
carbon-containing gas production has been taken as the C-14-labeled substrate.
(It should be noted that the actual effective G-value for the package could be

lower than this value.) It is further assumed that C-14 is released along
with C-12 in proportion to the atom ratio of these two isotopes in the
aromatic compound; the aromatics have been assumed to be singly-labeled.
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In one year, the total amount of energy given of f through 8 decay
in one millimole of the waste is 7.03x1020eV (average S energy for C-14
taken as 49 kev). The G-value fo r ca rbon-containing ga s produc tion is 3.6
molecules per 100 eV absorbed and the atom fraction of C-14 to C-12 in singly-
labeled dibenzyl adipate of specific activity 12.5 Ci/ mole is 0.011. These
values lead to an initial C-14 release of 2.8x1019 molecules CO +C0 or2
29 mci per year per mole of subs trate. From the specific activity given,
12.5 mci /mmole, this means that the first year gas release from the Pathfinder
Labora to ry wa s tes is 56 mci to Trench 14A, 13 mci to Trench 23, and 38 mci to
Trench 24.

4.5.2.2 Combined Radiolysis and Simple Contact-Loss Leaching

The treatment of leaching due to simple loss on contact, which was
applied to the generalized waste in Section 4.5.1.3, is also applicable to the
waste in shipments >l C1.

A combined model for radiolysis and simple contact-with-water
leaching has been developed in which the source term available for radiolysis
and teaching is diminished simultaneously by these two mechanisms (in addition
to radioactive decay) . The 15% 55-gallon drum (breached on emplacement) fac-
tor has not been used because of the small number of drums involved. It must
be remembered that part of the leaching model involves a five-year induction
period to first pitting of the 55-gallon drums. There is therefore no leach-
ing los s in the first five years, during which time only radiolysis losses
occur. Radiolysis losses continuously decrease as the source term is depleted
by the leaching mechanism. Leaching losses are seen to continuously increase
as the time increases; this is a consequence of the steadily growing pit size
in the drum through which leaching releases occur. Thus in the early years,
radiolysis losses dominate and af ter a certain period, leaching losses
d omina te.

Table 4.13 gives the annual incremental releases of C-14 to Trenches
2,14A, 23, and 24 for this model. As can be seen in the first three columns,
the releases prior to, and including, the fif th year correspond only to gas-
eous losses of radiolysis products. The 55-gal drums have been assumed to
present no barrier to gas release. By the tenth year, the radiolysis and
simple leaching losses are of similar magnitude but by year 30, the leaching
losses have become dominant. This behavior would be expected since both tha.
radiolysis and leaching losses are dependent on the activity source and this
is cons tantly being depleted by releases from both types of mechanism. How-
ever, the leaching losses, which are intimately connected to the amount of
corrosion which has occurred (since this has been taken to limit the amount of
water which is allowed contact with waste), steadily increase as the drums
corrode away. Radiolysis losses, on the other hand, are dependent on the
cerrosion of the drum only in that it affects (through leaching) the deple-
tion of the activi ty source. These radiolysis releases must, then, decrease
with time.

:
L
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Table 4.13

IFRs and Annual Incremental Releases in mC1 of C-14 to Trenches 2,144, and 24 From >1 C1 Shipments - Corrected for Decay -
Radiolysts and Simple Contact Leaching

' Incremental _, Fraction Release:
-

Years 1 .3 5 to 20 30 40 50 60 .70 80 90

Radiotyste IFR 2.1 E-3 2.1 E-3 2.1 E-3 2.1 E-3 2.0 E-3 1.8 E-3 1.6 E-3 1.4 E-3 1.1 E-3 8.0 E-4 4. -4 6.0 E-5

2 48 48 48 48 46 41 37 32 25 1R 10 - 1

(23000)*

144 57 57 57 57 54 49 43 38 30 22 12 2

(27000)

23 . 25 25 25 25 24 22 19 17 11 to 5 1

(12000)

24 3R. 34 34 38 36 32 29 25 20 14 8 1

(18000)

Simple Leaching Ob ob Ob g,3 g.3 3.8 E-3 6.2 E-3 8.5 E-3 1.1 E-2 1.3 E-2 1.5 E-2 1.7 E-2 1.9 E-2
M

2 0 0 0 28 87 143 196 253 299 345 391 437
(23000),.

C 144 0 0 0 32 103 167 230 29 7 351 405 459 51 )
(27000)

23 0 0 0 14 46 74 102 132 156 180 204 22a
(12000)

24 0 0 0 22 68 112 153 198 234 270 306 342
(18000)

Total
Radiolysis and 2.1 E-3 2.1 E-3 2.1 E-3 3.3 E-3 5.7 E-3 8.0 E-3 1.0 E-2 1.2 E-2 1.4 E'-2 1.6 E-2 1.7 E-2 1.9 F.-2
Leaching IFR

2 48 48 48 76 131 184 230 276 322 368 391 438
(23000)

144 57 57 57 89 154 216 270 324 378 432 459 515
(27000)

23 25 25 25 40 68 96 120 the 168 192 204 229
(12000)

24 36 38 38 59 103 144 180 '216 252 2R4 306 141
(18000)

atuttial trench activity in >1 C1 shipments in (mC1).
b55-gal drums (seemmed all intact) given a 5-yr induction period to first pitting.
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4.5.2.3 " Volume Removal" Model

In this model, it is assumed that the 55-gal drum corrosion limits
the access of water to the waste materials and also that the activity releases
f rom the drums are equivalent in volume to the wa ter volume allowed to reach
the wastes. The C-14 activity is assumed to be homogeneously distributed
throughout the container and to have a uniform "activi ty density." Also,
there is assumed to be no inhibition of removal of material, i.e. , once the

wa ter has been allowed in the drum, it is taken to be able to exi t freely,
carrying with it, or rather displacing, an equivalent volume of waste
ma terial .

The amount of radioactive ma terial to be released in a given time
period according to this model is given by

dA = a( t) Q*P* dt (4.29)*

where
dA is the incremental amoun t of ma terial released at time t

(in mci),

a(t) is the area of corrosion (cm2) in the 55-gal drum at time t,

Q is the rainfall per year (89 cm/yr),

p is the activity density of the wastes (mci /cm3),

dt is the time interval of concern (yr).

The corrosion derivation is performed in Appendix C; the area of corrosion has
been taken as:

a(t) = uk t22 (4.30)
where

k is a corrosion constant relating to the burial site conditions

The assumptions involved in the substitution are discussed in Appendix C.
Subs titu tion in the fo rmula for dA yields, on integration,

A=Q*D * wk t23 (4.31)
3

_tt

which has the form

A = Bt3
.t1
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where D is 0.48 for Trench 2 and 1.25 for Trenches 14A, 23, and 24

For example , for Trench 2:

Q*p w*k2 . (89 cm/yr) (5.47 E-3 mci /cm ) w(0.96)2 = 0.483

3 3

Here, p, the activity density, has been calculated for a total of 23,000 mci
of C-14 waste being distributed over 20 total packages (each assumed to have a

5 355-gal, or 2.10 x 10 cm capacity).

Results of the analysis are given in Table 4.14. It is seen tha t the

only release for the first five years is the first year total loss from the 12
non-drum packages in Trench 2. The C-14 releases for the tenth year are iden-

tical for Trenches 14, 23, and 24 because the shipments in these trenches were
such that the activity density. had the same value for all three. Inherent in
this model is the fact that the releases depend on the activity density, and
not on the absolute total activities present. It is to be expected, whether

the " simple leaching" nodel or the " volume release" nodel is used for the C-14
>l Ci. shipments, that radiolysis losses will dominate the releases for the
firs t five years due to the assumption of a 5-year induction period to first
pitting for the 55-gal drums. By year ten, as can be seen from comparison of
Tables 4.13 and 4.14, the volume release model releases are the largest and
their nagnitudes remain higher throughout the time of interest. At some time
in the years indicated in Table 4.14 (41 years for Trench 2, 33 years for
Trench 14A, 26 years for Trench 23, and 29 years for Trench 24) the entire
waste activity will have been depleted for these wastes, given the " volume
release" model trea tment.

Table 4.14

Annual Release (in mC1) of C-14 to
Trenches 2,14A, 23, and 24 Fros >1 C1 Shipments

Volume Removal Model

1 3 5 10 20 30 40

Trench

2 C* 08 Da 29 303 865 1714

(23000)c 13,600 (41 yrb
all released)

14A 0 0 0 76 789 3264

(27000)c (33 yr
all released)

23 0 0 0 76 789

(12000)c (26 yr
all released)

24 0 0 0 76 789

(18000)c (29 yr
all released)

a55-gal drums were given a 5-yr induction period to first pitting,
bRelease from 12 packages known not to be 55 gal drums.
cinttial total C-Is activity (mC1) from >l Ci shipments in trench.
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4.6 Release of I-129

The six shipments of I-129 to the trenches covered by this study have
been considered in Section 2.3.2.3 and 2.4.2.3, and the information is sum-
ma rized in Table 2.16. As discussed in Section 2.3.2.3, the shipments from
all generators except the University of Illinois almost certainly contained
only pCi anoun ts of I-129. The 1 mci shipment from University of Illinois
thus completely dominated the known site inventory.

Before the RSR of the 1 mci shipment was found, the three other genera-
tors (the fourth, Atomic Disposal Co. was no longer in business) had been
contacted regarding their waste form and packaging. Personnel from these
companies stated that their waste was all in the form of calibration sources.
One type of source described was made by applying a relatively thin layer of
epoxy resin containing the I-129 as Nal, on a plastic backing. The other
sources are assumed to have been similar. The University of Illinois mate-
rial, on the other hand, was not in the form of sources. Some of it had been
used as ta rgets in nuclear physics experiments, and the waste was said to be
in the form of used targe ts and unused material in the form purchased from the
supplier. Thus, both used targets and unused material presumably had the
chemical form of inorganic iodide, most likely NaI.

All shipments were made in standard 55-gal steel drums. Primary contain-
ment is not known for most of the shipments, including that from University of
Illinois. Glass bottles and plastic (e.g., polyethylene) bags are the most
likely containers, and neither can be considered to provide a significant
barrier to wa ter contact. Once wa ter contacted the waste , release of I-129
would'be rapid. Leaching of water-soluble salts (e. .g , NaI) out of the ta r-
gets and epoxy sources would be rapid, and the unused material in the 1 mci
shipment would dissolve at first contact with water. Two polar cases may
the.refore be considered for the release of I-129 - either all seven drums
containing I-129 were among the 15% breached on emplacement, or none of them
were. In the first case, all the I-129 would be released during the wetting
fronts occurring in the first year af ter burial. In the second case, no

release would occur until breaching of the drums, assumed to be in the fif th
year af ter burial and all the I-129 would be released in a relatively short
period af ter breaching. Release from the actual drums would presumably be
somewhere be tween these two extreme cases.

4.7 Hon-Fuel Cycle Sr-90, Cs-137, and Co-60

4.7.1 3M Co. Sr-90 and Cs-137

The inventories of Sr-90 and Cs-137 in Trenches 1 and 2 from 3M Co.
shipments have been given in Table 4.2. Through contact with JM staf f, the

. composition of the wastes has been learned (see Memo to File From D. R.
MacKenzie, June 16, 1983, reproduced in Appendix B). In general, the wastes

were all from 3M hot cell operations and consisted of glass, paper, plastic,
and some metal on which contamination was in the form of cesium and strontium
as chloride, nitrate, and labelled microspheres in an activity ratio of
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1/3:1/3:1/3. For the purposes of the release model, the cesium and s trontium
chlorides and nitrates have been assumed to be readily soluble and, thus, to
be released on contact with wa ter.

IIn a discussion with 3M personnel about teach rates from 3M-labelled
microspheres, it was learned that leach test failure of the microspheres is
of ten due to removable surf ace contamination. Additionally, there is, appar-
ently, no certain way to estimate the amounts of " leach-tes t-passing" and
" leach-tes t-f ailing" microspheres that might be in 3M hot cell wastes. Thus,
it is quite likely that much of the microsphere waste could release activity
on contact wi th wa ter. The conservative assumption has been made that the
microsphere activity is released at the same rate as that from the cesium and
s trontium salts.

4.7.1.1 Considerations for Model Development

The firs t aspect of a leach model addressed is the integrity of the
lead-lined drum container (see Figure 4.1 for structural details). Corrosion
of the 3-in. thick lead lining has been discussed in Section 4.2.2, and it was
concluded that this corrosion did not negatively influence the ability of the
lead lining to hold the waste ma terial. Corrosion of the steel drum, however,
must be considered in some detail. It has been noted(28) that, for carbon
s teel in the presence of lead, a galvanic couple is se t up be tween the carbon
steel and the lead which leads to an acceleration of the corrosion of the car-
bon s teel. In other words, the lead is essentially given an extension of
" protection" at the expense of the carbon steel.

Given that the most likely means by which the cesium and strontium ac-
tivity could be released from the 3M packages is through leaching, the main
determining factor in the rate of release for this material would be the rate
and amoun t of contact with wa ter. From Figure 4.1, it can be seen that water
contact with the wastes is limited by the presence of the outer carbon steel
d rum. In this radionuclide release model, the corrosion of the carbon steel
outer drum has been given a five-year " induction" period and then an addi-
tional interval during which corrosion will have proceeded to the extent that
an area equivalent to that of a drum top will have corroded away. It is being
assumed that, as a wors t case, corrosion could occur in one concentrated area
of significance with respect to the influx of water. The most obvious such
"significant" area is the drum top area, since it is the drum top which has
the most influence in inhibiting the flow of rainwater into the circular
" crack" a round the lid of the lead lining. In this model, it has thus been
assumed that, by the time enough corrosion of the outer carbon steel has
occurred to be equivalent to the drum top area, there is no longer any inhi-
bition of access to the inside of the lead lining for the rainwater. The time
necessary to corrode an area of carbon steel equivalent to the drum top area
can be calculated from the corrosion equation:

S = ct1/2 (4.32)
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where
2S = corrosion pit area (cm )

c = corrosion rate constant for Sheffield site conditions
and carbon steel drum (cm2 . yr-1/2)

^

and,

t = time (yr).

Given that, for carbon steel drums in soil like that at the Sheffield site, an
everage drum has an 86-yr " lifetime" ( to total corrosion), a ratio can be se t
up as follows:

1/2
3 t

,

S (86 y)1/2 (4.33)o

where S is the total drum area and all the other variables have the sameo
meaning. For a 30-gal carbon steel drum, the value for the ratio of drum top
crea to total area is 0.16 and substitution of this for S/S leads to ao
period of 2.3 yrs for corrosion of an area of carbon steel drum equivalent to
the drum top area. Hence , there is a period of 7 yrs (5-yr " induction" plus
2 yr corrosion) during which it is assumed no leaching releases occur.

The modeled radionuclide releases from the 3M lead-lined drums will
depend on the amount of rainfall assumed to contact the drums. Three separate

[89 cm/yr,s3(I], (2) rainfall II
1) rainfall I corresponds tocases of yearly rainfall have been considered:

that at the Sheffield ground surface
(48.3 cm/yr) corresponds to the average of the rainfall at the ground surface
end that which reaches the water table (6.35 cm/yr(3)), and (3) rainfall III
corre sponds to the la tter, i.e. , that which reaches the Shef field wa ter table
(6.35 cm/yr(3)). Annual incremental radionuclide releases have been calcu-
lated for each of the three rainfall cases.

Another factor to be considered in model development is whether a
diffusion-limited or a non-diffusion-limited approach is more appropriate.
Two separate.caseg of loss or release by diffusion from a stirred solution ofj

limited volume (38/ were considered as potential models of the type of re-'

lease to be expected in the trench environment for the lead-lined waste
package.

t

I

Both of the diffusion-limited models yield releases that are smaller
than those obtained with a non-diffision-limited total mixing " rinse" model.*
It was decided that, since the former models could not ef fectively represent

j cny drum positional orientation other than " upright", and, since it is'known

|

$ Details of the calculation are given in a memo to file, "Model for Releases
of Cs-137 and Sr-90 from Wastes Shipped by 3M Co. Buried at Sheffield Site,
1967-1971, Trenches 1 and 2," by C. R. Kempf, December 29, 1983.
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that there is no guarantee the drums have any one positional orientation in
the trench, the " rinsing" model would be used. It can be relied upon to

yield radionuclide release values more conservative (i.e., higher) than the
diffusion-limited cases, and it can be modified to accommodate essentially any

- drum orienta tion. It is described in the following section.

4 4.7.1.2 " Rinse" Ifodel
.

In this model, it was assumed that total mixing of the waste isotopes
occurred subsequent to an " induction" period during which the rainwater which

! ma nage s to enter the interior of the lead lining accumulates until it has
reached the level at which it can exit the container. In other words, the

container contents become a solution of soluble waste material in which there
also are solid, insoluble waste components such as glass, plastic, and netal.
The length of the " induction" period will necessarily depend on: (1) the rain-
fall case (I, II, or III), and (2) the positional orientation (angle) of the
d rum. The waste itself was considered similar to a known volume of a homoge-

neous mixture of radioisotopes "in solution." Instead of the radionuclide 4

'

release occurring by diffusion out through the opening around the lining lid
and then into the rainwater, the rainwater has been assumed to enter the drum,
become homogeneous with the waste solution, and then exit the drum, carrying
with it _an amount of waste radionuclide equivalent to the simple product of
the was te " solution concentra tion" and the rainwa ter volume. With respect to

volumes, length of rainf all accumula tion, e tc. , the scheme ha s been based on
yearly totals. The model could be characterized as a type of rinse scheme in

; which the wastes are annually rinsed by a volume dependent on the rainfall,
and in this rinse are acquired radionuclides which are then released to the
trench environment.

In this model, the amount of radionuclide release is dependent on the
rela tionship between two main factors, given any particular waste radionuclide
"concen tra tion" . The fac tors are: (a) the volume of the rinse and, (b) the
volume of the standing solution of waste radionuclides contained in the lead
lining. The ratio of these two volumes, (a)/(b), has been called "z" in the

' derivation of the expression for the incremental package radionuclide re-
leases. The steps of this derivation are outlined in Appendix E. Appendix E
also contains calculations of various parameters specific to the model. The!

final expression for the activity incremental fraction release is:

IFR = z(1-z)"-l (4.34)
t

where''

IFR is the incremental fraction release,*

z is the ratio of rinse volume to standing bath volume (t/0 in the
derivation in Appendix E), and

1

n is the number of the rinse

Since the model assumes one rinse per year, successive values of n correspond
a to successive years , from the time rinsing begins.
4
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Calculations of annual incremental and cumulative releases of Sr-90
and Cs-137 to Trenches 1 and 2 have been carried out for a period of 300 yrs.
Fractional releases were first calculated, using the rainfalls, distribution
of drum positions, and induction periods discussed in the text and in Appendix
E. These values were then multiplied by the trench inventories to obtain the
annual releases. These annual releases are given, on fiche, in Appendix D as
Table D.5. An abbreviated table is also presented in Section 4.10.

4.7.1.3 Effects of Drum Orientation

A. " Rinse" Model Drum Orientations - 00 to 900, Inclusive

As would be expected, both the volume of the rinse, (a), and the
volume of the standing bath, (b), depend on the positional (angular) orienta-
tion of the waste drum in the trench. For example, the volume of the rinse to
which an upright waste drum is subjected is simply the product of the height
of a column of rainfall (rainfall I, II, er III) times the area available for
water influx (the area of the opening around the lead lining lid). A drum at
a 450 angle -to upright presents a smaller area to (assumed) downward rain-
fall than an upright drum, i.e. , for the drum a t 450, the rainwater influx
area has become the 450 projection of the upright drum opening area and its
value is cos 450 times the upright drum opening area.

Similarly, an upright drum will be expected to have the largest
standing bath volume (equivalent to the free space of the drum interior) while
a drum at a 450 angle to upright will have a standing bath volume that has
been calculated to be 75% of that for the upright drum. This is illustrated
in the diagrams of Figure 4.2.

The radionuclide releases have been calculated for several drum posi-
tional orientations: upright, 300, 45 , 60 , and 900 to upright. In0 0

all but the last case, tne rainfall influx area is calculated as (lid opening
area) times cos(angle). The 900 to upright case was treated such that the
rinse volume was fixed by rainfall through 50% of the upright lid opening
area, and the standing bath volume was taken as 50% of the available internal
drum free space (both the rinse volume and the standing bath volume were based
en the assumption that rainfall entrance and rinse exit areas were equivalent
in size). The "300 to upright" case yielded the highest radionuclide incre-
mental fraction releases, and it was taken as the most conservative waste
package representation. Thus, any drum orientation ranging from the " upright"
position to the "900 to upright" case has been taken as having the same
incremental-fraction releases as the "300 to upright" orientation.

|
|

[

!
t

|
!

'
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Figure 4.2 Water standing in upright and tilted lead-lined drums.
For simplicity the lids ar~ *not shown.

B. " Wash" Model Drum Orientations -- >900 to 1800

It is equally likely that the 3M lead-lined drums could have posi-
tional orientations at angles greater than 90 *tip to the totally upside downC

position, i.e., 1800 to upright. By symmetry, the angles from 1800 to the
full 3600 would already be covered by consideration of the 00 to 1800
range. Once the lead-lined drum angle exceede,the horizontal (900) posi-
tion, there is a finite probability that the lead lid may dislodge from the
top of the lining cylinder and essentially cause the lead lining portion
of the container to open. For the purposes of modeling the radionuclide re-
leases from these packages, the worst case of a dislodged lid, physically dis-
placed from the lining cylinder by 1.75 in. (the clearance between the inner
lead lining lid and outer carbon steel lid), has been used as the physical
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representation of the waste package. Implicit in this worst case picture are
the assumptions that (1) the carbon steel outer drum corrodes such that the
area of the lid is affected first and most serioutly, and thus allows nearly
uninhibited water influx and, (2) the inner lead lining is adherent to the
outer carbon steel 'shell and the la tter is sufficiently strong that the lead
lining cylinder is physically held in place above the lining lid, i.e. , pre-
vented from falling on top of the dislodged lid. The outer carbon steel drum
has thus been idealized as totally porous (water influx allowed) and yet
strong (supporting the lower part of the lead lining).

The radionuclide release from drums in the dislodged lid condition
has been modeled such that the amount of released material is taken as equiva-
lent in volume to the amount of water that contacts the wastes, i.e., for a
rainwater influx of 500 cm3, 500 cm3 of waste material (and thus, the
assumed homogeneously distributed radionuclides) would be released. This is
essentially a type of " wash" mechanism, and it is assum'ed that the waste mate-
rials are compacted in the lead-lined drums in such a manner that there is
annual replenishment of waste to the region of water influx to the drum (i.e.,
to that area around the lid). This type of release mechanism model is, like
the 00 to 900 drum waste release mechanism model, dependent on the amount
of rainfall, and the same three rainfall cases (I, II, and III) have been
considered.

C. Distribution of Drum Positions
|

It has been assumed that the drums are distributed in totally random
physical orientations in the trenches. The angular drum position possibili-
ties can be described, to be consistent with the sequence of consideration
involved in the release model development, as spread over five orientations:

(1) upright,

(2) tilted at some angle between upright (0 ) and horizontal0

(900),-

(3) horizontal (900),

(4) tilted at some angle between horizontal (900) and upside down
0(180 ), and

(5) upside down.

As has been discussed, there are two main mechanisms that have been used for
modeling the radionuclide release from these lead-lined packages: (a) the
" rinse" mechanism model which has been applied equally for positional orien-
tations (1), (2), and (3.? ; and (b) the " wash" mechanism model which has been

,

i
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|

|

applied to positions (4) and (5). Given five possibilities for the drum posi-
tion in the trench and given that three of the five orientations are modeled

by the " rinse" model, the source term for the total available radionuclide
concentration (Cs-137 and Sr-90) in these 3M wastes has been distributed as 1

'

60% requiring the " rinse" release mechanism (3 ou t of 5 = 60%) and 40% re-
quiring the " wash" or upside-down-dislodged-lid release mechanism (2 out of
5 = 40%).

D. Vertical Distribution of Drums

The three separate rainfall cases that have been - *nsidered in the
modeling of release from the 3M lead-lined packages could tw considered to
correspond to different positions in the trench, i.e. , the h1ghes t rainf all,

(I), might correspond to that experienced by a package in a position near the
';op of the trench while rainf all II might represent that experienced by a
package near the middle, and rainfall III that experienced by a package near
the lowes t pa rt of a trench. Since it is not known where, with respect to
e leva tion , these 3M packages were emplaced in the trenche s , it has been as-
sumed that they occupy random positions and are thus equally distributed over
the trench elevation. The model incremental fraction releases from these
packages are therefore distributed equally over the three rainf all cases
(i.e., 1/3 subjected to rainf all I, 1/3 subjected to rainfall II, and 1/3 sub-

jected to rainf all III).

4.7.1.4 Overall Profile of Releases

For the 60% of activi ty tha t has been given the " upright" drum, rinse
model trea tment, it is expected that there will be no release until af ter the
5-yr outer drum corrosion induction period plus the 2-yr drum top disintegra-
tion period plus the respective induction periods during which the rainwater
a ccumula tes in the s tanding ba th. For the highes t-rainf all (rainf all I), the
standing bath accumulation takes 8 years and thus the first release should not
occur until af ter the fourteenth year, or beginning in the fif thteentb year.
The outline of release for these drums should build up af ter the fif thleenth
year, reach a maximum and then gradually decrease as both the rinsing loss and
decay loss contribute to the diminution of the waste activity source.

The 40% of the activity that is subjected to the " wash" release
model, can be expected to start releases in the seventh year and to reach the
maximum release quickly since the wash mechanism results in quite rapid total
los s (following " induction": rainf all I, firs t year total loss; rainfall II,
total loss by the second year; and rainfall III, total loss by the fourth
year).

4.7.2 ANL Sr-90 and Cs-137

On the basis of the factors discussed in Section 4.2.3, it is not ex-

pected that the aluminum MAP tubes used to contain the relatively high-
specific activity waste in ANL's special series of shipments in 1970 would be
readily penetrated by corrosion. However, they were closed by a press-fit
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lid, and water could enter through the space between the lid and the tube.
Depending on the tightness of fit of the lid, the rate at which water would
enter might be quite low, particularly given the intermittent nature of wet-
ting fronts in the trench. The angle a t which the tube rested is also an im-
po rtant factor. Those at an angle near the horicontal would likely be more
apt to have water enter during a wetting front than those more nearly verti-
cal. In the case of upright tubes, wa ter flowing pas t the lid would not deve-
lop much of a head to force its way through the narrow channel between lid and
tube. In the case of upside down tubes, when water collected around the lids
(now resting on what was the top of a drum), it would be forced up into the
tubes only a relatively short distance because of the pressure of the trapped
air. In tubes nearer the horizontal, some of this air could escape and water
could fill mos t of the tube volume if sufficient had collected in the outer
(drum) container.

The drums, of course, night never fill, especially af ter the 5-year-
Induction period for firs t penetration of initially unbreached drums. As more
holes appear in a drum, there is more chance tha t wa ter will merely move
through it without collecting in it to an appreciable extent. Hence, a MAP
tube would not necessarily ever have had its lid portion standing in water.
Once the trench soil settled around the tubes as a drum became progressively
more corroded, wet soil would be in contact with the lids during a wetting
front, but here again, only a small amount of water might enter the tube,
depending on its angle of rest. All things considered, there is much less
access to water in the case of these tubes than in the case of the lead-lined
drums discussed in Sections 4.2.2 and 4.7.1 However, it must be expected that
some tubes would have wa ter enter in a time of concern for activity release.

The mos t important factor in this release appears to be the leaching
rates of the waste. Leach rates of fission products and TRU isotopes from

' irradiated UO2 fuel in deionized wa ter and river wa ter have been de termined
by Vandergraaf.(39) His results are in line with those of earlier
work (40) with UO2 and are used in this assessment. They showed tha t,
af ter 900 days, Cs was the only element which displayed significantly greater
proportional release from the UO2 than the matrix element itself, and this
was about a fac tor of 10 greater. The ma trix dissolution ra te was approximat-
ely 1 x 10-6 2g/cm -d, using the conservative assumption that the actual
surface area of the samples was the geometrically measured area. The re-
leases, as percentage of fission product inven tory, were ini tially > 10-4%
per day, but by 900 days had dropped by an order of magnitude.

!

In terms of the ANL waste , these results indicate that Cs-137 and Sr-90
release would not be rapid when the waste was subject to leaching. The rate

. would be somewha t greater than the fractional release rate indica ted by
! Vande rgraaf's s tudy (<10-6 per day for Sr-90 and <10-5 per day for Cs-137)
t because of the small particle size of the waste. When it is borne in mind
! that the ANL waste would see water only intermittently, the annual release
I

rates will still be quite low even for small particles. Using the conserva-
tive matrix dissolution rate of 10-6 2g/cm -d given by Vandergraaf, the

j time required for complete solution of a spherical particle of 0.1-mm radius
4is approxima tely 3 x '10 days or over 600 years, assuming Sheffield trench

|
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wa ter behaved the same way as Vandergraaf's river wa ter and intermittent we t-
ting caused the same amount of leaching as that in the experiments (static !

leaching with frequent wa ter changes). Thus, since the Sr release rate is I

essentially the same as that for uranium, the UO2 Particle of 0.1 mm radius
would not release all its Sr for several hundred years, and Cs would be re-
leased in one tenth the time taken for the Sr.

The particle size distribution of ANL's UO2 waste is, of course, not
known. However, given the leach rates just discussed, it seems likely that
releases of Cs-137 and Sr-90 would be minor compared to that from the 3M
was te, and probably insignificant. In the case of the 1970 special series of
drum shipments, where the waste was contained in the aluminum MAP tubes dis-
cussed in Section 4.2.3, this is particularly so, since it is uncertain
whether much of the waste would be contacted with water in times short enough
to be of concern. Even in the case of the 1968 series of special bin ship-
ments, where the waste would be expected to be exposed within a relatively
short time (<10 years), it is likely that absolute releases would be minor.
Although there is no uncertainty about exposure of the latter waste to wa ter,

the low UO2 leaching rates and the relatively small absolute amounts of the
waste support this position. Thus, we have chosen not to include (probably
minor) releases of the ANL waste in the overall release da ta for Trenches 1
and 2.

4.7.3 Co-60 From ANL and University of Wisconsin

The University of Wisconsin was the only non-fuel cycle generator to
ship a reasonably large amount (84 Ci to Trench 1) of Co-60 by itself. The
only other sizeable amounts, which are only rough estimates, were in waste
associated with irradiated fuel, sent in ANL special series of shipments, and
have been assigned values of 5 Ci for Trench I and 86 Ci for Trench 2.

The non-fuel cycle contributions to Trenches 1 and 2 are small compared
with the es tima ted f uel cycle contribu tions of approxima tely 700 and 520 Ci,
respectively. The University of Wisconsin shipments of 80 and 4 Ci were cach
Co-60 irradiators; the smaller one, a t least, was of a kind that was commer-
cially available. Both almost certainly consisted of irradiated cobalt metal
encapsula ted in another me tal, mos t likely stainless steel. The ANL Co-60
would have been formed by irradiation of the stainless steel cladding and
other stainless steel components of fuel rod assemblies, and as such would
have been essentially uniformly distributed throughout the steel. Most of the
steel was presumably in massive form, but some would be in the form of small
particles from cutting fuel rods, etc. The amount in particle form would be
expected to be only a small f raction of the total.

Release of Co-60 from the irradiators could not begin until the stain-

less steel encapsulating the cobalt had been penetrated by corrosion, and then
would be slow due to the low dissolution rate of cobalt metal (via corrosion).
In the case of the ANL waste, release of Co-60 would begin as soon as water
contacted the stainless steel and s tarted corroding it, but would be very slow

because of the low corrosion rate of stainless steel. As a result of these
considerations and the relatively small amount of non-fuel cycle Co-60, its
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contributions to the total release of Co-60 from Trenches 1 and 2 will be
small, and almost certainly insignificant.

4.8 Release of Co-60, Cs-137, and Sr-90 From Fuel Cycle Waste

4.8.1 Isotope Inventory in Different Package-Waste Form Combinations

To model the releases of Co-60, Cs-137, and Sr-90 from the fuel-cycle
waste to the Sheffield trenches of concern, required identification of major
release modes and partitioning the total inventory of these isotopes among the
release modes. The approach taken was to assemble a detailed inventory of the
content and characteristics of the fuel-cycle wastes emplaced in Trench 24.
This trench was chosen for detailed examination because it received the larg-
est amount of fuel-cycle waste containing relevant isotopes of any trench
examined in this study (see Table 2.33). It was also filled near the midpoint<

of Sheffield's operating life. Therefore, it is assumed to be the most repre-
sentative single trench in regard to fuel cycle wastes. The detailed examina-
tion amounted to characterizing the waste shipped by the major waste genera-
tors. This was accomplished by either obtaining the information directly from
the RSRs or, more frequently, from direct contact with the waste shipper.

The major fuel-cycle shippers in decreasing order of the total curie
contribution were: Commonwealth Edison, Monticello, Nebraska Public Power
District (NPPD), Anefco and ATCOR (both brokers), Northern States, and
Consolidated Edison. Based on the descriptions that could be obtained, the
waste was partitioned into six generic categories. These are tabulated in
Table 4.15 along with their contributions to the volume and to the activity of
fuel cycle waste in Trench 24.

Table 4.15

Partitioning of Fuel-Cycle Weste in Trench 24

Relative Partitioning"
bType / Packaging % Total Volume * % Total Activity Mont. Comm. Ed. Remainder

etr.en t solidified / drum 56 55 82 33

cement solidified / liners 12 11 18 0.2
UF/d rum 3 1 3

UF/ liners 7 23 97

cise unsolidified/ drum 6 6 0.2 37

cise unsolidified/ liners 17 5 30

8 Based upon total fuel-cycle volume in Trench 24 contributed by the major generators.
bBased upon total fuel-cycle activity in Trench 24 contributed by the major generators.
The relative activity distributions (in percent) contributed to Trench 24 by these fuel-cycleC

gene ra to rs. Remainder denotes the contribution of all other major generators except Monticello
(Mont.) and Commonwealth Edison (Comm. Ed.).

,
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The majority of waste disposed of in Trench 24 was cement solidified in
55-gal drums. This was primarily shipped by Commonwealth Edison with much
smaller contributions from NPPD and Consumer Power. The second largest con-
tribution on the basis of activi ty was the liners of urea-formaldehyde (UF) i
solidified waste shipped exclusively by Monticello. Smaller contributions
resulted from the other categories listed in the table. Since all of the UF
solidified waste was shipped by Monticello, the modeling inventory figures for
UF were taken from Tables 2.31 and 2.32.

The balance of activity of Co-60 and Cs-137 (all shipments minus
Monticello, see Table 2.31) were partitioned among the remaining four cate-
gories. This task was far more dif ficult than the partitioning of activities
of the U-F solidified waste. This was due to the number of remaining major
shippers (seven), 'the variety of containers (boxes, drums with volumes from 30

3to 55-gal, and liners with volumes from 50 to 400 f t ), and the character of
the waste itself. The total inventory of Sr-90 (see Table 2.32) was par-
titioned among all waste types on the basis of Cs activity (see Section
2.3.3.5). In general, cement solidified waste includes wet wastes, such as
boric acid and sodium sulfate concentrates, and demineralizer resins. The
overwhelming majority of drums were SS-gal in volume. Several shipments of

330-gal drums (111 drums containing 2.2 Ci, Consumer Power) and small 50-f t
liners (1.1 Ci in 33 liners, Northern States) were also included in this
category. Liners of cement solidified waste were shipped solely by
Commonwealth Edison (CE). Of the total 172 CE liners shipped to Trench 24,

3163 were 112 ft .

Miacellaneous waste included all other unsolidified wastes. These
wastes would range from dry-active waste to dewatered demineralizer resins.
The decision to include dewatered resins with miscellaneous waste was based on
the leach data of Colombo,(41) which suggested rapid release of the radioac-
tivity by teachants with high conductivity. This situation should occur based
on the data presented in Reference 41. The liners of miscellaneous waste pri-
marily shipped by Anefco and Actor, had an average volume of ~122 f t3, but
ranged from 50 to 400 f t3 Drums were predominately 55 gal in volume.

Commonwealth Edison and Monticello wastes were treated separately
because of their large contribution to Trench 24. All other generators were
treated toge ther. The relative partitioning of waste activity (see
Table 4.15) obtained from the detailed examination of Trench 24 was subse-
quently applied to the inventories (see Tables 2.31 and 2.32) of Cs-137,
Co-60, and Sr-90 of all trenches examined in this study. The results are
shown in Table 4.16. The entries for UP waste result solely from Monticello.
The entries for other categories are the sum of the contributions from
Commonwealth Edison and all other genera tors. These values provide the input
to the models described in the following section (4.8.2).
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Table 4.16

Fuel Cycle inventories of Co-60 and Cs-137a in the Selected Shef field Trenches

Activity (Cl)

In Drums In Liners

Trench co-60 Cs-137 Co-60 Cs-137

1 262 (222/40)b to9 (93/16) 14C 15

2 173 (147/26) 40 (34/6) 3 1.5

cement 7 35 (30/5) 28 (24/4) 5 6

solidified 11 148 (126/22) 143 (121/22) 26 30

(wet wastes 14A 917 (779/138) 962 (818/144) 182 208

and resins) 23 823 (699/124) 829 (704/125) 156 177

24 681 ($79/102) 723 (615/108) 136 157

25C 127 (108/19) 124 (105/19) 23 26

1 0 0 0 0-

2 0 0 0 0

U-F 7 0.2 (0.17/0.03) 0.2 (0.17/0.03) 7.8 7.8

solidified 11 4 (3.4/0.6) 4 (3.4/0.6) 154 154

(wet wastes) 14A 3 (2.6/0.4) 3 (2.6/0.4) 104- 104

and resins) 23 4 (3.4/0.6) 4 (3.4/0.6) 146 146

24 9 (7.7/1.3) 9 (7.7/1.3) 328 328

25C 0.01 (0.009/0.001) 0.01 (0.009/0.001) 0.49 0.49

1 231 (197/35) 46 (39/7) 185 37

2 192 (163/29) 39 (33/6) 153 31

mi sc . 7 13 (11/2) 2.7 (2.3/0.4) 11 2

unsolidified 11 32 (27/5) 6.6 (5.7/0.9) 25 5

(DAW, resin, 14A 104 (89/15) 22 (19/3) 82 16

e tc.) 23 138 (117/21) 29 (25/4) 108 21

24 64 (54/10) 13 (10/3) 49 9

25C 25 (21/4) 4.8 (4.1/0.7) 20 4

. aFor the purpose of modeling St-90 releases,1% of the Cs-137 values were used as the
initial St-90 centent (see Section 2.3.3.5).

bThe values in parentheses are the amounts assigned to intact and failed drums at the
time of emplacement. Based on data from the Hanford site,15% of the drums are breached
or dented at the time of burial. Dented drums are assumed to corrode very rapidly a t
stress points, and therefore, in ef fect, are breached at emplacement.

cLiners were assumed to be intact on emplacement.

.

-4.8.2 Modeling of Isotopic Releases From the Fuel Cycle Waste
t'

Given the lack of any. experimental data pertinent to the release of
radioactivity from a partially-breached container of solidified waste .any

. model attempting to describe such releases is at best speculative. Despite
i this, there are several features that such a model should possess. First, the

presence of the' outer container should retard the release of material from the!

solidified form. ' Initially, the container provides a complete barrier to

I water contacting the waste. Hence , at- this time , non-gaseous release of ra-
; dionuclides should be zero. Once breach of containment occurs, r. lease via

leaching can occur. Since the amount of material released to a. leachate is,

dependent on the exposed surface area, the presence of a. partially-corroded
[. container ought to mitigate the releases. Secondly, releases from a
| partially-breached drum of solidified waste are most likely limited by the

release from the waste solid. . Thirdly, the effects of wet-dry cycling of -the'

|
waste form would probably be to reduce the releases below that of continually-

! imm d waste. The latter point is supported by the work of Dayal et
ol. Finally, leaching will occur over a time frame such that decay of

,

the radionuclides is important.i

.
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To incorporate these features into a quantitative model for the predic-
tion of the release of radionuclides from buried solidified fuel cycle waste

,

a t Sheffield, several assumptions had to be made. The firs t was that the |

1eaching mechanism was diffusion controlled. This meant that release from the
{monolithic form could be described as a function of time and diffusivity. In !

particular, the cumulative fraction release, CFR, at any time, t, could be ex-
pressed by

i

CFR(t) = }] C X(t)" (4.35)n
n=0

where

X(t)=SjDt
V

<

where S is the surface area of the form, V its volume, and D the ef fective
diffusivity of the radionuclide of interest. In the short term, Equa tion 4.31
is the familiar,

CFR( t) = 2S Dt (4.36)
V V

For the purposes of the model, howeyer, the more realistic, infinite plane
sheet solution given in ANS 16.1(34/ was chosen. In this case, the data
given in Figure 3 of ANS 16.1 was digitized and fit with a quadratic power
series. Thus, Equation 4.1 becomes

2CFR(t) = CO+CX+CX (4.37)t 2

where Co = - 0.0254, Ct = 1.3441, and C2 = -0.4416. Since Co is nega-
tive, a t short times, i.e. when X < 0.019, CFR would be <0. Thus, for the
purposes of the model, Co was set equal to zero.

In order to describe the corrosion of the container, it was first neces-
sary to obtain- an es tima te of the time' to the forma tion of the firs t pit and
the lifetime of the drum. In the case of cement solidified waste, these were
estimated to be 4 yrs and 86 yrs, respctively, based upon the soil corrosion
of mild steel data given by Romanof f.il3} For containers which contained
waste solidified using urea formaldehyde, corrosion from within probably de-
termines the container life. Using corrosion data from Colombo and
Neilson(41) a time to pit initiation of 0.8 yrs and a drum life of 11 yrs
were assumed. Once container lifetime estimates were obtained, it was neces-
sary to describe the increase in exposed surface area as a function of time.
That is, the fractional surface area exposed, A, had to be described. Several
functions were considered: A = kt1/2, A = k't, A = k"t . Because the2

first of these gives the largest increase in surface area in shorter times, it
would lead to conserva tively higher releases than the other two functions.
This is because decay of the radionuclides of interest (Cs-137, Sr-90, Co-60)
is appreciable over the container lifetime. Thus,
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| A( t) = So + (Kt)1/2 (4.38)

where S is the initial exposed surface area upon emplacement and K is ao
constant determined by the initial container area.

,0nce an ef fective surface area at any time, t, is obtained, then the
cumula tive frsction release at that time (not corrected for decay) may be ex-
pressed in terms of Equation 4.38 as

',
CFR(t) = A(t) 2[C X + C X ] (4.39)1 2

S

The incremental fraction release at t, IFR(t), is

IFR( t) = CFR( t) - CFR( t - 1) (4.40)

The af fect of decay of the radionuclide of concern is accounted for by multi-
plying IFR by e-At where t' is the time since emplacement. The decay cor-
rected CFRs were obtained by summing the appropriate decay corrected IFRs.

I
In the discussion above, it is important to note that the leach time t

'

is less than the decay time t' . This is for two reasons. First, there is the

induction period to allow for breaching of the container. Second, once
breaching occurs, the monolith is subject to only infrequent sotting. For the
case of Shef field, it was assumed, based on the number of rain days, that
leaching only occurs for one-eighth of the time. Thus, for cement in a 55-gal
d rum, 300 yrs af ter emplacement, i.e., t' 300, the total leach time is only=

'37 yrs.

i The model was coded in FORTRAN and the resulting code listed in

Table 4.17 was run for nine cases. These are:

1. - Cement solidified waste in a 55-gal drum.

2. Cement solidified waste in a failed 55-gal drum -- 15%
failure occurs during emplacement.

3. Cement solidified waste in a 100 f t3 line r.

4. Urea-formaldehyde solidified waste in a 55-gal drum.
'5. Urea-formaldehyde solidified waste in a failed 55-gal

drum -- f ailure occurs during emplacement.

6. Urea-formaldehyde in a 100 f t3 liner.
!

7. Unsolidified trash and resin waste in a 55-gal drum.
,

8. Unsolidified trash and resin waste in a failed 55-gal drum --

; failure occurs during emplacement.

9. Unsolidified trash and resin waste in a 100 f t3 liner.
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Table 4.17

FORTRAN Code to Calcula te the
Incremental and Cumulative Fractional Release From

Waste Solidified in a Carbon Steel Container

PROGRAM SHEFLH(INPUT,0UTPUT, TAPE 6, TAPES)

DIMENSION A(3,3000),CFR(3,3000),T(3,3000),DI(3),HL(3),
1AR(3,300),EAD(10)
REAL IFR(3,3000), LAMB

C INPUT
1 CONTINUE

WRITE 40
READ (5,45) RES

IF(RES.EO."OUIT ") GO TO 1000
WRITE 5

5 FORMAT (1X," ENTER HEADING',/)
READ (5,10) (EAD(NX),NX=1,8)

10 FORMAT (BA10)
WRITE 15

15 FORMAT (1X," ENTER HALF LIFE IN YEARS!"
1,/,1X,"E CS 3E SR 3E CO 3",/)

READ (5,20) (HL(LH),LH=1,3)
20 FORMAT (3G10.4)

WRITE 22
22 FORMAT (1X," ENTER DIFFUSIVITY**,/,1X,

l'E CS JE SR JE CO 7",/)
READ (5,20) (DI(ID),IDei,3)
WRITE 25

25 FORMAT (1X," ENTER CONSTANTS *,
'

l'FOR RELEASE EQUATION",/,1X,'E CO 3"
2,"E C1 JE C2 ]*,/)
READ (5,30) CO,C1,C2

30 FORMAT (4G10.4)
40 FORMAT (1X,* ENTER ISOTOPE (A5)t*,/)
45 FORMAT (A5)

C CALCULATE FRACTIONAL SURFACE AREA AVAILABLE FOR LEACHING
WRITE 100

100 FORMAT (1X," ENTER VOLUME, SURFACE AREA, INITIAL AVAILABLE',
l' SURFACE AREA,",/,1X,' TIME TO FIRST PIT AND LIFE OF ',
2" CONTAINER",/,1X,'E V JE S JC SI JE TTP J',

3*E TL J',/)
DO 110 I=1,3000

110 A(I>=0.0
READ (5,120) V,S,SI,TTP,TL

i
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Table 4.17, Continued

FORTRAN Code to Calcula te the
Incremental and Cumulative Fractional Release From

Waste Solidified in a Carbon Steel-Container

120 FORMAT (5G10.4)
ITP=TTP*10
ITL=TL*10
CON =S/(TL**0.5)
DO 130 I2=1,3000

IF(I2.GE.ITP) GO TO 125
A(I2)=SI
GO TO 130

125 A(I2)=SI+(CON *((0.1*I2)**0.5))
IF(A(I2).GE.S) A(I2)=S

130 A(I2)=A(I2)/S
C CALCULATE CUMULATIVE AND INCREMENTAL RELEASES

DO 400 IJ=1,3

LAMB =ALOG(2.0)/HL(IJ)
D=DI(IJ)
DO 205 J=1,3000
CFR(IJ,J)=0.0

205 IFR(IJ,J)=0.0
TC=0.0
DO 250 J1=1,3000

'

JM=J1-1
T(J1)=0.1*J1
IF(A(J1).EG.O.0) GO TO 250
TC=TC+(0.1/8.0)
CFR(IJ,J1)=A(J1)*FR(TC,S,V,D,CO,C1,C2)
IF(J1.EG.1) IFR(IJ,J1)=CFR(IJ,J1)
IF(J1.NE.1) IFR(IJ,J1)=CFR(IJ,J1)-CFR(IJ,JM)
IF(IFR(IJ,J1).LE.O.0) IFR(IJ,J1)=0.0

250 CONTINUE
DO 260 K1=1,300

260 AR(IJ,K1)=0.0

C DECAY CORRECT CFR AND IFR
DO 270 JD=1,3000

DECAY =EXP(-0.1*JD* LAMB)
IFR(IJ,JD)=IFR(IJ,JD)* DECAY

JZ=JD-1
IF(JD.EG.1) CFR(IJ,JD)=IFR(IJ,JD)
IF(JD.GT.1) CFR(IJ,JD)=CFR(IJ,JZ)+IFR(IJ,JD)
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Table 4.17, Continued

FORTRAN Code to Calcula te the
Incremental and Cumulative Fractional Release From

Waste Solidified in a Carbon Steel Container

270 CONTINUE
C CALCULATION OF ANNUAL RELEASES

DO 300 K=10,3000,10
KZ=K/10
M=K-10
IF(KZ.EO.1) AR(IJ,KZ)=CFR(IJ,K)
IF(KZ.GT.1) AR(IJ,KZ)=CFR(IJ,K)-CFR(IJ,M)

300 CONTINUE
400 CONTINUE

C OUTPUT
WRITE (6,500) (EAD(NZ),NZ=1,8)

500 FORMAT (8A10)
WRITE (6,510)

510 FORMAT (20X,'CS",20X,'SR",20X,'CO',/,3X,
l' TIME",3X,3(4X,"CFR",8X,'IFR",4X),/)
DO 520 N0=10,3000,10
NQ=N0/10
WRITE (6,515) T(NO),(CFR(NU,NO),AR(NU,NO),NU=1,3)

515 FORMAT (1P,7G10.4)
520 CONTINUE

GO TO 1
1000 CONTINUE

STOP
END
FUNCTION FR(T,S,V,D,CO,C1,C2)
X=((D*T)**0.5)*S/V
FR=C0+(Ci*X)+(C2*X*X)
RETURN
END

..
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For the last three cases, the release function was modified to have the re-
lease at any time directly proportional to the surface area exposed at that<

time and to the fraction of the material remaining in the container at that
time. This version of the code is listed in Table 4.18. The input parameter
for each of these cases is given in Table 4.19. The dif fusivities used for
cases 1-6 were assumed to reflect the approximate order of magnitude values

literature.(The values used
for the isotopes of concern in the two solidification agents.

41,43,44)are consistent with leaching data available in the

Once CFRs and IFRs were obtained for each of the nine cases, these values

could be multiplied by the activi ty in each trench appropriate to a given
case. These values were obtained by a review of the trench inventory data
(see Table 4.16). The releases, by case, were then summed to give a total
fuel cycle trench release. Both the fractional releases by case and the
annual releases by trench are given on fiche in Appendix D, Tables D.3 and
D.4, for Cs, Sr, and Co.

.

N

1

i
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Table 4.18

FORTRAN Code to Calcula te the Incremental and
Cumulative Fractional Releases From Unsolidified Waste and

Resin in a Carbon Steel Container

l

|
PROGRAM SHEFLH(INPUT,OUTPUTrTAPE6, TAPES)
DIMENSION A(3,3000)rCFR(3,3000)rT(3,3000),DI(3)rHL(3),

1AR(3,300),EAD(10).
REAL IFR(3,3000), LAMB

C INPUT
1 CONTINUE
WRITE 40
READ (5,45) RES

IF(RES.EO." QUIT ") GO TO 1000
WRITE 5

5 FORMAT (1X,' ENTER HEADING"r/)

READ (5,10) (EAD(NX)rNX=1,8)
10 FORMAT (8A10)

WRITE 15
15 FORMAT (1X," ENTER HALF LIFE IN YEARS **

1,/r1X,"E CS 3C SR JE CO 3"r/)
READ (5,20) (HL(LH),LH=1,3)

20 FORMAT (3G10.4)
WRITE 22

22 FORMAT (1X," ENTER DIFFUSIVITY:'r/r1X,

l'E CS JE SR JE CO J'r/)
READ (5,20) (DI(ID),ID=1,3)

WRITE 25
25 FORMAT (1Xr" ENTER CONSTANTS ",

l'FOR RELEASE EDUATION'r/r1Xr'E CO J'

2r'E C1 JC C2 3'r/)
READ (5,30) C0rC1,C2

30 FORMAT (4G10.4)
40 FORMAT (1X," ENTER ISOTOPE (A5) "r/)

45 FORMAT (A5)
C CALCULATE FRACTIONAL SURFACE AREA AVAILABLE FOR LEACHING

WRITE 100
100 FORMAT (1X," ENTER VOLUMErSURFACE AREArINITIAL AVAILABLE'r

1' SURFACE AREAr"r/r1X," TIME TO FIRST PIT AND LIFE OF ",
2' CONTAINER'r/riX,'E V JE S 3E SI JE TTP J",

3*E TL' J'r/)
DO 110 I=1,3000

110 A(I)=0.0
READ (5,120) VrSrSIrTTPrTL
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Table 4.18, Continued

. FORTRAN Code to Calcula te the Incremental and
'

Cumulative Fractional Releases From Unsolidified Waste and
Resin in a Carbon Steel Container

120 FORMAT (5G10.4) -

ITP=TTP*10
ITL=TL*10
CON =S/(TL**0.5)
DO 130 I2=1,3000 r

IF(I2.GE.ITP) GO TO 125
A(I2)=SI
GO TO 130

125 A(I2)=SI+(CON *((0.1*I2)**0.5))
IF(A(I2).GE.S) A(12)=S

130 A(I2)=A(I2)/S
C CALCULATE CUMULATIVE AND INCREMENTAL RELEASES

DO 400 IJ=1,3

LAMB =ALOG(2.0)/HL(IJ)
v D=DI(IJ)

DO 205 J=1,,3000
CFR(IJ,J)=0.0

'h 205 IFR(IJ,J)=0.0
TC=0.0
DO 250 J1=10,3000,10

JM=J1-10
-T(J1)=0.1*J1
IF(A(J1).EO.O.0) GO TO 250
TC=TC+(0.1/8.0)
IF(J1.EO.10) IFR(IJ,J1)=A(-)1)
IF(J1.EQ.10) C F R ( I J , J 1 ) = I F R'( I'J , J 1 )
JW=J1-10
IF(J1.GT.10) -IFR(IJ,J1)=A(J1)*(1.0-CFR(IJ,JW))
IF(J1.GT.10) CFR(IJ,J1)=CFR(IJ,JW)+IFR(IJ,J1)
IF(CFR(IJ,J1).GT.1.0) CFR(IJ,J1)=1.0'

250 CONTINUE
DO 260 KA=1,300

260 AR(IJ,K1)=0.0

. DECAY CORRECT CFR AND IFRC. 'tj
DO 270 JD=10,3000,10
DECAY =EXP(-0.1*JD* LAMB)
IFR(IJ,JD)=IFR(IJ,JD)* DECAY
JZ=JD-10
IF(JD.EG.10). CFR(IJ,JD)=IFR(IJ,JD)
IF(JD.GT.10) CFR(IJ,JD)=CFR(IJ,JZ)+IFR(IJ,JD)

7,

. . ,

.?
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Table 4.18, Continued

FORTRAN Code to Calcula te the Incremental and
Cumulative Fractional Releases From Unsolidified Waste and i

Resin in a Carbon Steel' Container

270 CONTINUE
C CALCULATION'0F ANNUAL RELEASES

DO 300 K=10,3000,10

-KZ=K/10
M=K-10
IF(KZ.EO.1) AR(IJ,KZ's=CFR(IJ,K)-
IF(KZ.GT.1) AR(IJ,KZ)=CFR(IJ,K)-CFR(IJ,M)

300 CONTINUE
400 CONTINUE

C OUTPUT
WRITE (6,500) (EAD(NZ),NZ=1,8)

500 FORMAT (8A10)
WRITE (6,510)

510 FORMAT (20X,"CS",20X,'SR",20X,"C0",/,3X,
i' TIME",3X,3(4X,"CFR",8X,'IFR",4X),/)
DO 520 N0=10,3000,10

NG=N0/10
WRITE (6,515) T(NO),(CFR(NU,NO),AR(NU,NG),NU=1,3)

515 FORMAT (1P,7G10.4)

520 CONTINUE
GO TO 1

1000 CONTINUE
STOP
END

..

f
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Table 4.19

Input Parameters for Release Modeltog

Initial
Container Exposed
Surface Conta teer Surface Time to 1,1fe of

2Area Volume Area First Pit Containe r Diffusivity em /see
2 3 2Case (ca ) (ce ) (ce ) (yrs) (yrs) Ce Sr Co

1 2.0x10' 2.1x105 4 86 2x10-8 2 x10*9 4 x10*13...

2 2.0x104 2.1x105 2.0x104 4 86 2x10-8 2 x10*' 4 x10*13
3 1.4x103 4 x106 12 215 2x10*8 2 x10*9 4 x10-13...

4 2.0x104 2.1x105 0.8 11 6x10-6 3,3,go-6 1.1x10 8...

5 2.0x10' 2.1x105 2.0x10' O.8 11 6x10*' 3.3x10*6 1.5x10*8
6 1.4x103 4 x106 1 28 6x10*' 3.3x10-6 1.5x10*8...

7 2.0x104 2.1x103 4 86-- --- --- ---

8 2.0x104 2.1x103 2.0x1C 4 4 86 --- --- --

9 1.4x105 4 x10' 12 215--- ... --- --

,

4.9 TRU Isotopes

Only four trenches (2, 7,11, and 24) received significant amounts of TRU
waste, and of these the Pu was concentrated in the first three (~1950 C1) and
Am-241 went mostly to Trench 24 (48 Ci of a total of 54 C1) (see Tables 2.25-
2.27). The' Am was likely mostly in the form of oxide - Gamma Industries' con-
tributf on, for example, was in the chemical form of Am02 The 1.0 Ci ship-
ment from Kay Ray, Am-Be sources, was probably metallic. The chemical form of
the ANL Pu (150 Ci sent to Trench 2) is not known, but was probably oxide
waste from examination of irradiated frel. Any me tallic Pu there might have
been would have been oxidized on exposure to air. Thus, the ANL Pu waste is
assumed to have been all oxide.

'The Kerr McGee shipments contained hydroxide, or hydrous oxide, waste
solidified in cement, contaminated equipment and gloves from glove box use,
and contaminated plastic bags from bagging in and out of glove boxes. Most of
this contamination was stated by Kerr McGee personnel to have been hydroxide
and sintered oxide, but some of it was in the form of Pu(IV) nitrate. There
is a possibility that some of the Pu from other shippers was also in the form
of nitrate or other soluble salt when shipped.

Although the aqueous chemistry of Pu(IV) is quite complicated, in water
of pH values expected in most locations in the trenches (measured values of
samples froen trenches and wells range from 5 to 12)(47) the ' soluble salts
would be converted to hydrous Pu0 , which is highly insoluble. While it2
might be argued that the Pu02 would. simply forat on contaminated gloves,
equipment, e tc. , and - remain part of the waste form, we have chosen to consider
that once soluble Pu has dissolved, it has been released to the trench, even
though insoluble hydrous PuO2 forms rapidly thereaf ter. On the basis _of the
models presented in Section 4.3 and Appendix C,15% of this release will occur
in the first year from drums breached on emplacement, and in the fif th
year from the remainder of the- drums. 'The curie amounts of the releases from
any of. the wastes reported cannot be estimated with any precision since the
proportion that is in the form of soluble salts is not known. Kerr McGee
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personnel s tated that _the highest proportion of their waste was sintered
oxide, the next highest was hydrous Pu02, and the nitra te was lowest. From
this description, it is likely that of the order of 10% of the Kerr McGee j

waste was in nitrate form, so that of the order of 60, 80, and 40 Ci would be |

released to Trenches 2, 7, and 11, respectively. This is made up of roughly
3, 4, and 2 Ci, respectively of a-emitting Pu-239,240, the remainder being
8-emitting Pu-241 wi th a 13-year half-life.

The Kerr McGee cement waste forms would be subject to leaching once the
drums containing them were breached. Leach rates for hydraulic cement waste
forms containing Pu in incinerator ash have been deteremined at BNL.(46)
The rates determined in a modified IAEA leach test using different ground-

g/cm -d, or 10-7 g Pu/L.(46) The latterwa ters were around 10-8 2

figure is equivalent to roughly 10-9 moles /L. This value is somewhat lower
than the solubility of crystalline PuO2 a t pH be tween 6 and 7 (~10-8
moles /L).(47) The leaching rate from cement is thus presumably lower than
from Pu02 itself by the same factor. Accordingl the dissolution rate of,

2Puo2 would be expected to be of the order of 10~ g/cm -d. This is
2lower than the 10-6 g/cm -d. ma trix dissolution rate of UO2 used in

Section 4.7.2, and taken from Reference 39. Thus, the release rates of Puo2

from both the cement waste forms and from Puo2 contamination waste fron both
Kerr McGee and ANL would be even lower than those of UO2 discussed in
Section 4.7.2. Amounts of Pu released from Pu02 would then be insignificant
compared to those released from nitrate waste.

The same argument will apply to Am02 It is known that all the Am

waste of Gamma Industries was in the chemical form of Am02 (see Memo to
File, August 25,1983, "Am-241 Shipments From Gamma Indus tries to Trenches 11
and 24," reproduced in Appendix B). However, the form of the Am in the waste
of the other shippers is not known. Thus, whatever proportion, if any, was in
the form of soluble Am salts would have to. be considered as being released to
the trencher (Trench 2 and particularly Trench 14) on first contact with
wa te r.

4.10 Summary of Isotopic Releases to Individual Trenches

Informa tion on release of C-14, I-129, and TRU isotopes is complete in
the sections devoted to them (4.5, 4.6, and 4.9, respectively). For the re-
maining isotopes of concern, there were multiple cases and different distribu-
tions of ' activity for each case for any given trench. The various contribu-
tions to annual incremental and cumulative releases for each trench and for
each isotope have been collected and summed to arrive at the values for total
isotopic release to each trench. The results are presented in the following

sections (4.10.1 and 4.10.2).

4.10.1 H-3 Releases

Calculation of IFRs, CFRs, annual incremental releases and annual cunu-
lative releases was described in Section 4.4.10. The incremental and cumula-
tive releases for a period of 90 years are given for each trench in Table D.2
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of Appendix D. An abbreviated form of this table has been prepared by ex-
cerpting values for some re pre sen ta tive times, and is presented as Table 4.20.
The full results are presented in graphical form (computer generated graphics)
in Figures 4.3 and 4.4.

Table 4.20

Annual Incremental and Cumulative Releases of H-3

TochCH 1 T R E '4C H 2

TIME INCPEPENTAL CUfftJL A T IV E I NCRE tMt.T AL CUMULATIVE
(YE ARS ) RELEASE-43 ?EL E A SE-43 RELEASE-H3 RE LE ASE -H 3

(CURI S) (CURIES) (CURIES) (CURIES)

1 3 9E+01 8 3E+J1 1.SE+02 1.SE+02
2 4.9E+01 1.4E+02 5.2E+01 2.0E+02
3 3.2E+01 1.7E+02 3.5E+01 2.3E+02
4 5. 1.4E*02 8. 2.*E+02
5 5. 1 4E+02 7. 2.5E*02

4. 2.7E+0210 3. 2.0E+02
20 1. 2.1E+02 2. 3.0E+02
40 .1 2.2E+22 .2 3.1E+02
60 1.6E-02 2.2E+02 3.7E-02 3.2E+02
90 7.2E-0 2.2E+02 3.3E-03 3.2E+02

TRENCF 7 TRENCH 11
TIME It.CREMENT AL CUMULATIVE It4CDEPENT AL CUMUL AT IVE

(YE ARS) R EL E A S E-H 3 R EL E A S E- H 3 RELEASE-H3 RELEASE-H3
(CURIES) (CURIES) (CURIES) (C UR IE S)

i 1 8E+01 1.8E+01 1.1E+01 1.1E+31
2 5. 2.3E+01 6. 1.7E+01
3 3. 2.7E+01 4. 2.0Et01
4 .3 2.7E+01 .6 2.1E+01
5 .3 2.7E+01 .5 2 1E+al

10 .2 2.8E+01 .3 2.3E+01
20 6.7E-02 2.9E+01 .1 2.5E+01
40 8.6E-03 3.0E+01 1.5E-02 2 6 E * 01
60 1. 0 E- 0 3 3.0E+01 1.7E-03 2.6E+01
90 2.7E-05 3.0E+01 4.7E-05 2.6E+01
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Table 4.20, Continued

Annual Incremental and Cumula tive Releases of H-3 |
I
1

TREhCH 14A TRENCH 23
TIME INCREPENTAL CUNULATIVE INCREMENTAL CUMULATIVE

(YE ARS ) RELEASE-H3 RELEASE-H3 RELEASE-H3 RELEASE-H3
(CU R IE S) (CURIES) (CURIES) (CURIES)

1 4.1E+01 4.1E+01 1 5E+01 1.SE+01
2 2 1E+01 6.2E+0i 8. 2.3E+01
3 1.6E+01 7.9E+01 7. 3 0E+01
4 9. e.8E+01 6. 3.5E+01
5 9. 9.7E+01 5. 4. 0E + 01

10 5. 1.3E+02 3. 5.9E+01
20 2. 1.6E+02 1. 7.6E+01
40 .3 1.8E+G2 .1 8.7E+01
60 4.2E-02 1.8E+02 1.8E-02 8.8E+01
90 3.5E-03 1.8E+02 8 1E-0* 8.8E+01

TRENCH 24 TRENCH 25C
TIME INCREME!iT AL CUMULATIVE IriCRE PEhT AL CUMUL A T IV E

(YEARS) RELE A SE- H3 RELEASE-H3 RELEASE-h3 RE L E ASE -H 3
(CURIES) (CURIES) (CURIES) (CURIES)

1 2.3E+01 2.3E+01 1.2E+01 1.2E+01
2 1.2E+01 3.5E+01 4 1 6E+01
3 1.1E+01 4.5E+01 4. 2.0E+01
4 1.0E+01 5.5E+01 3. 2.3E+01
5 9. 6.4E+01 3. 2.6E+01

10 5. 9.6 E+01 2. 3.8E+0i
' 20 2. 1.3E+02 .7 4.9E+01

40 .2 1.4E+C2 8.7E-02 5.4E+01
63 3.2E-02 1.4 E + 0 2 1.1E-02 5.5E+01
90 1.4E-03 1 5E+02 4.3E-04 5.5E+01

.
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Figure 4.3. Annual releases from four trenches
vs time after burial.
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As discussed in Section 4.4.10, the choice made regarding time to fail-
ure of. gaskets in the University of Wisconsin scrubbers has a significant ef-
feet on release to Trench 2 in early years. The results given in Table 4.20
assume the gaskets last indefinitely. Calculations were also done on the as-
sumption that the gaskets failed in the first year. The results are given,
alongside the previous Trench 2 results, in Table 4.21. Obviously first year
release is affected strongly, but incremental releases for later years would
not be much changed. Cumulative releases would, of course, be more than
doubled because of the large fraction of the trench inventory in the scrub-
bers, . which is all released in the first year in the second scenario. In
reality, the gaskets would likely last for several years, and a peak in incre-
mental release would occur af ter a few years, followed by incremental releases
close to (and in between) those of the two extremes.

Estimated incremental and cumulative releases to Trench 2 are higher

than those to any other trench, even without the University of Wisconsin~

-scrubbers. Ninety year cumulative releases to Trench 1 are about 2/3 those
to Trench 2, while those to other trenches range downward from Trench 14A
with roughly.1/2 the Trench 2 values. Trench 14A had the highest inventory, !

and its relatively low cumulative releases are at least partly due to the
slower releases from the BNL vaults, which contained well over half the
trench inventory.

Table 4.21

Trench 2 H-3 Release Alternatives for
Different Treatments of University of Wisconsin Scrubbers

No Access to Wa te r Water Access in First Year

TRENCH 2
TRENCH 2TIME. INCREMENTAL CUMULATIVE TIME INCREMENTAL CUMULATIVE(YEARS) RELEASE-H3 RELEASE-H3 (YEARS) RELEASE-H3 RELEASE-H3(CURIES) (CURIES) (CURIES) '(CURIES)

1 1.5Ef02 1.5E+02 . 3.4E+02 3 4E+02'

2 5.2E+01 2.OE+02 2 5.2E+01 3.9E+02
3 3.5E+01 2.3Ef02 3 3.5E+01 4.2E+02
4 8. 2.4E+02 4 7' .4.3E+02
5 7. 2.5E+02 10 4. 4.6E+0210 4. 2.7Ef02 20 2. 4.9E+02

20 2. 3.0E+02 40 .2 5.0E+02
40 .2 3.1E+02 60 2.3E-02 5 0E+0260- 3.7E-02 3.2E+02 90 6.9E-04 5.0E+0290 3.3E-03 3.2Ef02
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One of the more important observations to be made regarding the data
presented in Table 4.20 and Figures 4.3 and 4.4 is that first year releases
appear to have dominated the overall cumulative releases. The estimated first
year release values range from roughly one-fif th of the total cumulative re-

,

lease for several trenches to more than half for one trench (Trench 7). These |
first year releases would have consisted mainly of gaseous tritium (T /HT) |2
from targe ts, broken glass bulbs, luminous paint, e tc. In only one trench '

(Trench 25C), is it estimated that liquid release (i.e. , leaching) wou?d have
exceeded gaseous release in the first year. The estima tes of first year
gaseous and liquid releases are shown in Table 4.22. These are based on the
inventories given in Table 4.10 for each trench and for the different release
scenarios described by Cases 1 to 8, which are summarized in Section 4.4.10.

| Af ter the first year, no liquid release has been assumed to occur until the

fifth year. Even af ter that, as explained in Appendix C, telease by leaching
| represents only a small fraction (approxima tely 3%) of the total tritium re-

lease from general trash and liquid waste solidified by NECO, the only cate-
gories of waste subject to liquid release aside from the University of
Wisconsin scrubbers in Trench 2. The latter have been considered as a
special case earlier in this section and in Section 4.4.2.2.

4

Table 4.22
,

Estimated H-3 Release to Trenches During First Year

Release (Ci)-

Trench To tal Leached Gaseous

1 89 14 75
2 150 60 90
7 18 3 15

11 11 4 7
14A 41 11 30
23 15 6 9

24 23 10 13
25C 12 8 4

The assumption that essentially none of the types of packaging used
at Sheffield provide an effective barrier to gaseous release is considered
realistic. Thus, values given for estimated first-year gaseous release are
felt to represent fairly closely what actually occurred. Assumptions af fect-
ing liquid release are conservative, however, and actual first-year liquid
releases are likely to have been smaller than those given in Table 4.22.'

In the first place, it has been assumed in the release scenarios that
general trash releases all its tritium on first contact with water. This is
undoubtedly conserva tive. Although most of Amersham /Searle's waste was water-
soluble, other types of waste such as tritiated oil would have a very low
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( golubility in water. Furthermore, the assumption was made that all tritium
| was released from waste in fiberboard boxes during the first year, since these

| boxes provide no barrier to liquid wa ter. While it is true that such boxes
cannot be counted on to prevent water contact with the waste, the extent of
tritium release would depend on the fraction of waste which is water soluble,
cnd on the amount of water reaching the waste. This latter amount may be

;

quite small near the bottoms of the trenches, since, a t Sheffield, an esti-
,
'

mated average of only 2.5 in./yr, out of an average rainfall of 35 in./yr,

{
reaches the wa ter table some 10 f t. below the floors of the 30-ft. deep

j trenches.(3)
:f

Another conservative assumption is that all the tritium would have been
rinsed out of the 15% of breached drums in the first year. This again depends.

j en the fraction of water-soluble tritium waste, and also on the type of
breaching and the orientation of the drums. Only those drums whose ' lids had
been opened could. have permitted significant release, not those which merely
developed small holes due to corrosion of dented areas. Even those with

opened lids would have permitted release of a significant fraction of activity
culy if they were 'in a suitable orientation, i.e., more nearly horizontal (to

,j allow water to flow in and out) rather than nearly vertically upright or

i upside down.

i In view of these considerations, the first year liquid releases given in
Table 4.22 represent the extreme case. Realistically, the amounts shown would

L have been released over a period of several years, rather than all in the
'

first year and none in years 2 to 4. However, it is not possible to make a

i reasonable estimate of actual annual liquid releases in the first few years,
so we have chosen to present the conservative estimates in Tables 4.20 and1

| 4.22. It should be kept in mind that none of the foregoing alters the overall !

picture of gaseous release dominating throughout the burial site history. In
,

!'
fact, the realistic assessment of liquid release probabilities shows that

!first year gaseous release would have predominated even more strongly than in-
dicated by the figures in Table 4.22, since actual liquid releases would have |

{ been smaller than those shown.

i Caseous release a t West Valley has been shown by Matuszek to be a ma jor
! pathway for uncontrolled release of radioactivity from the trenches.(48,49)

Tritium, mostly as CH T, was the isotope in by far the largest concentration3
; in the samples taken. (Methan, production at West Valley is probably due

largely to biogenic processes.(501) Conditions at West Valley are quite
different from those at Sheffield, so the same conclusions cannot automatic-

| ally be drawn-for Sheffield. However, trench gas samples taken by the U.S.
; Geologica1' Survey at Shef field showed considerable tritium.(49) The chemi- ,

cal form of the tritium was not stated, and was probably not determined. In
i cny case, gaseous tritium was reported to have been released to trenches at

Sheffield. Considering the types of tritium waste and the distribution of
curie amounts which have been determined in the present study, there seems
to be 'no ' doubt that a large fraction of the tritium release to Shef field
trenches has been, and will continue to be, gaseous. The fraction escaping
to the atmosphere will depend on the chemical form and on soil conditions.

I
j

$
4
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Essentially all CH T will escape, but part of the T /HT component will3 2
be converted to T 0/HTO, and part of the latter will presumably reach the2
groundwater, as discussed in Section 4.2.1.3.

Another important point which is indicated by the tables, and particu-
larly well illustrated by the curves of Figures 4.3 and 4.4 is the continual
fall-off of H-3 release with time. Af ter the substantial releases of the
first few years (largely gaseous), subsequent releases are estimated to be
relatively small, and decreasing. (These smaller releases will also be pre-
dominantly gaseous, probably even to a greater extent than those of the early
years.) No large releases, in comparison to the first few years, are thus
expected to occur during the time remaining before the buried tritium has
decayed to insignificant levels.

4.10.2 Sr-90, Cs-137, and Co-60 Releases

Calculation of releases for these isotopes was described in two sec-
tions, Section 4.7 for non-fuel cycle Sr-90 and Cs-137, and Section 4.8 for
fuel cycle Sr-90, Cs-137, and Co-60. The results are given in Appendix D.
The incremental and cumulative releases by trench for fuel cycle waste are
given in Table D.4, and the same releases for non-fuel cycle waste to Trenches
1 and 2 are given in Table D.S. The total Sr-90, Cs-137, and Co-60 releases,
by trench, are given in Table D.6. Abbreviated presentations of the non-fuel
cycle data and of the total releases are given in Tables 4.23 and 4.24.

Comparing these two tables, it can be seen that releases of Cs-137 to
Trenches 1 and 2 are dominated by the non-fuel cycle contribution af ter the
5-year drum cerrosion induction period. After this period, the non-fuel cycle
Sr-90 represents the total of the incremental Sr-90 releases to Trenches 1 and
2. The estimated cumulative releases of Sr-90 of >100 Ci to each trench in
the first 10 years are considered to be rather high.

Releases of Co-60 are comparable to, but generally somewhat lower than,
those of Cs-137 in the first few years. After less than 10 years, the Co-60
incremental releases are lower than those of Cs-137 for all trenches, and soon

become insignificant due to the decay of Co-60 with its 5.3 year half-life.
Cumulative releases of Co-60 are therefore much less than those of Cs-137,

varying from a factor of 2 less (Trenches 7 and 25C) to an order of magnitude
less (Trench 24).
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Table 4.2 3

Annual Incremental and Cumula tive Releases of
Non-Fuel Cycle Sr-90 and Cs-137 to Trenches 1 and 2

TRENCH 1

TIME ItacpEPE1TAL CUMUL AT IVE I:4CRiPEr T AL CUPULATIvg

(YE ARSI PELEAsi-CS DE LE A SE -C S RELEASE-SP RELEASE-SR
(CUSIES) (CURIIS) (CU R IE S) (CUPIE S)

1 C. O. C. O.
2 C. C. O. C.
3 C. C. 2. O.
4 C. C. G. 3.

5 1. 1. C. C.
6 1.2E+0? 1.2E+0? 4.5E+0i 4.5E+C1
7 1 3F+02 2.5E+02 5.2E+01 9.7E+01
8 3. ; E + 01 ?.4E*02 1.2E+01 1.1E+02
9 ?.4E+01 '.3E+02 9. 1. 2E+ 0 2

10 2.4E+01 3.3E+]2 9. 1. 3E+ 0 2
15 3 3.4E+02 1. 1.3E+02
20 1. 1.5E+02 .5 1.4E+02
30 1. 3.7E+0? 4 1.4E+02
50 .2 3.6E+02 5.86-02 1.5E+02

100 1.6E-03 3.9E+02 E.2E-04 1.5E+02
150 1 5F-02 3.9E+02 w.6E-03 1.5E+02
300 1 3E-04 3.9E+C2 3.JE-GS 1.5E+02

TRENCH 2

TIME INCRE.wEC AL ru' tut AT IVE ItiCRC PirdT AL C ut!UL A T IV E

(YE ARS) RELEASE-CS RELEASd-CS RELEASE-SR RELEASE-SP
(CURIES) (CURIES) (CU R IE S) (CURIES)

1 0. O. C. C.
2 1. O. C. C.
3 0. C. 0.. C.
4 0. O. O. O.
5 0. 3. O. C.
6 1 1E+02 1 1E+12 9.9E+0i 9.9E+01
7 1.3E+0? 2.4E+02 1.1E+02 2.1E+02
9 2.8E+01 2.6E+J2 2 5E+01 2.4E+02
9 2.3F+01 2.9E+02 2.1E+01 2.6E+02

10 2.2F+01 3.1E+02 2.0E+01 2.4E+02
15 1. 3.3F+02 2. 2.9E+02
20 1. 3.3Et32 1. 3.0E+02
30 1. 3.5E*02 1. 3.2E+02
50 .2 3.6E+02 .1 3.3E+02

100 1.EE-03 3.6E+02 1.1E-03 1.3E+02
150 1.*E-02 3.66+02 1.0E-02 3. 3E+ 0 2
300 1.2E-04 3.7E+12 6.6E-05 3.3E+02
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Table 4.24 -
!

l

Total Annual Incremental and Cumulative Releases of Cs-137, Sr-90, and Co-60 |

TRENCH 1

TIME INCREMENTAL CUMULATIVE INCREMENTAL CUMULATIVE INCREMENTAL CUMULATIVE
(YEARS) RELEASE-CS RELEASE-CS RELEASE-SR RELEASE-SR RELEASE-C0 RELEASE-C0

(CURIES) (CURIES) (CURIES) (CURIES) (CURIES) (CURIES)

1 7. 7. 7.0E-02 7.0E-02 3.1E+01 3.1E+01
2 .2 8. 7.3E-04 7.1E-02 2.2E-03 3.1E+01
3 .2 8. 5.5E-04 7.1E-02 1.5E-03 3.1E+01
4 .1 8. 4.5E-04 7.2E-02 1.1E-03 3.1E+01
5 9. 1.7E+01 8.4E-02 .2 2.6E+01 5.7E+01
6 1.3E+02 1.4E+02 4.5E+01 4.5E+01 1.9E+01 7.6E+01
7 1.4E+02 2.8E+02 5.2E+01 9.7E+01 el.4E+01 9.0E+01
8 3.4E+01 3.1E+02 1.2E+01 1.1E+02 9. 1.0E+02
9 2.7E+01 3.4E+02 9. 1.2E+02 6. 1.1E+02

10 2.6E+01 3.7E+02 9. 1.3E+02 4. 1.1E+02
15 7. 4.0E*02 1. 1.3E+02 4. 1.3E+02
20 2. 4.2E+02 .5 1.4E+02 .4 1.4E+02
30 1. 4.5E+02 .4 1.4E+02 ' 1.5E-03 1.4E+02
A) .3 4.6E+02 5.8E-02 1.5E+02 6.6E-06 1.4E+02

100 2.OE-02 4.,7E+02 fn8E-04 1.5E+02 4.6E-09 1.4E+02
150 2.0E-02 4.7E+02 4.6E-03 1.5E+02 5.3E-12 1.4E+02
300 2.1E-04 4.7E+02 3.0E-05 1.5E+02 0. 1.4E+02

,

TRENCH 2

TIME INCREMENTAL CUMULATIVE INCREMENTAL CUMULATIVE INCREMENTAL CUMULATIVE
(YEARS) RELEASE-CS RELEASE-CS RELEASE-SR RELEASE-SR RELEASE-C0 RELEASE-C0

(CURIES) (CURIES) (CURIES) (CURIES) (CURIES) (CURIES)

1 6. 6. 5.9E-02 5.9E-02 2.5E+01 2.5E+01s

2 8.6E-02 6, 2.7E-04 5.9E-02 1.4E-03 2.5E+01
3 6.4E-02 6. 2.0E-04 6.0E-02 9.7E-04 2.5E+01
4 5.2E-02 6. 1.7E-04 6.0E-02 7.2E-04 2.5E+01
5 7. 1.3E+01 7.1E-02 .1 2.2E+01 4.7E+01
6 1.2E+02 1.3E+02 9.9E+01 9.9E+01, 1.6E+01 6.3E+01
7 1.4E+02 2.6E+02 1.1E+02 2.1E+0i" 1.1E+01 7.5E+01
8 3.1E+01 2.9E+02 2.5E+01 2.4E+02 8. 8.2E+01
9 2.6E+01 3.2E+02 2.1E+01 2.6E+02 5. 8.7E+01

10 2.4E+01 3.4E+02 2.0E+01 2.8E+02 3. 9.1E+01
15 7. 3.8E+02 2. 2.9E+02 3. 1.1E+02
20 2. 3.9E+02 1. 3.0E+02 .4 1.2E+02
30 1. 4.1E+02 1. 3.2E+02 2.0E-03 1.2E+02
50 .2 4.2E+02 .1 3.3E+02 4.3E-06 1.2E+02

100 7.8E-03 4.2E+02 1.1E-03 3.3E+02 3.0E-09 1.2E+02
150 1.6E-02 4.2E+02 1.0E-02 3.3E+02 3.4E-12 1.2E+02
300 1.5E-04 4.3E+02 6.6E-05 3.3E+02 0. 1.2E+02
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Table 4.24, Continued

Total Annual Incremental and Cumulative Releases of Cs-137, Sr-90, and Co-60

TRENCH 7

TIME
INCREMENTAL CUMULATIVE INCREMENTAL CUMULATIVE INCREMENTAL CUMULATIVE

(YEARS) RELEASE-CS RELEASE-CS RELEASE-SR RELEASE-SR RELEASE-C0 RELEASE-C0(CURIES) (CURIES) (CURIES) (CURIES) (CURIES) (CURIES)

1 .6 .6 4.6E-03 4.6E-03 2. 2.2 .2 .8 1.5E-03 6.1E-03 7.8E-03 2.3 .5 1. 3.4E-03 9.5E-03 1.8E-02 2.4 .4 2. 2.5E-03 1.2E-02 1.3E-02 2.5 .9 2. 7.4E-03 1.9E-02 1. 3.6 .8 3. 6.6E-03 2.6E-02 1. 4.7 .7 4. 5.5E-03 3.2E-02 .8 5.8 .6 5. 4.5E-03 3.6E-02 .5 6.9- .5 5. 3.8E-03 4.0E-02 .3 6.10 .4 6. 3.2E-03 4.3E-02 .2 6.
15 .5 8. 3.8E-03 6.2E-02 .2 8.20 .3 1.0E+01 1.8E-03 7.4E-02 2.8E-02 8.
30- 9.0E-02 1.1E+01 5.2E-04 8.5E-02 3.3E-04 8.50 4.1E-02 1.2E+01 2.2E-04 9.2E-02 1.1E-05 8.100 4.8E-03 1.3E+01 2.5E-05 9.7E-02 1.0E-08 8.

150 1.2E-03 1.4E+01 3.5E-06 9.7E-02 1.1E-11 8.
300 2.2E-05 1.4E+01 5.5E-08 9.7E-02 0. 8.

TRENCH 11

TIME
INCREMENTAL CUMULATIVE INCREMENTAL CUMULATIVE INCREMENTAL CUMULATIVE

(YEARS) RELEASE-CS RELEASE-CS RELEASE-SR RELEASE-SR RELEASE-C0 RELEASE-C0
(CURIES) (CURIES) (CURIES) (CURIES) (CURIES) (CURIES)

1 2. 2. 1.6E-02 1.6E-02 4. 4.
2 4. 6. 2.7E-02 4.3E-02 .1 5.
3 9. 1.5E+01 6.5E-02 .1 .4 5.
4 6. 2.1E+01 4.9E-02 .2 .2 5.5 7. 2.9E+01 5.8E-02 .2 4. 9.
6 7. 3.6E+01 5.4E-02 .3 3. 1.2E+017 6. 4.2E+01 4.9E-02 .3 2. 1.4E+01
8 6. 4.8E+01 4.5E-02 .4 1. 1.5E+01
9 5. 5.3E+01 4.1E-02 .4 1. 1.6E+0110 5. 5.8E+01 3.9E-02 .4 .6 1.7E+0115 4. 8.1E+01 3.4E-02 .6 .6 2.0E+0120 3. 9.9E+01 2.5E-02 .8 8.7E-02 2.1E*0130 1. 1.2E+02 7.6E-03 .9 3.9E-03 2.2E+0150 .3 1.3E+02 2.9E-03 1. 2.0E-04 2.2E+01100 - 2.5E-02 1.4E+02 2.8E-04 1. 1.9E-07 2.2E+01150 6.2E-03 1.4E+02 1.8E-05 1. 2.1E-10 2.2E+01300 1.1E-04 1.4E+02 2.8E-07 1. O. 2.2E+01
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f Table 4.24, Continued
L

,

Total Annual Incremental and Cumulative Releases of Cs-137, Sr-90, and Co-60
L

| TRENCH 14A

TIME INCREMENTAL CUMULATIVE INCREMENTAL CUMULATIVE INCREMENTAL CUMULATIVE'

(YEARS) RELEASE-CS RELEASE-CS RELEASE-SR RELEASE-SR RELEASE-C0 RELEASE-C0
(CURIES)' (CURIES) (CURIES) (CURIES) (CURIES) (CURIES)

1 9. 9. 4.9E-02 4.9E-02 1.3E+01 1.3E+01
2 4. 1.3E+01 2.4E-02 7.3E-02 .1 1.3E+01
3 7. 2.0E+01 4.9E-02 .1 .2 1.4E+01
4 6. 2.6E+01 3.7E-02 .2- .2 1.4E+01

[ 5 1.1E+01 3.7E+01 8.0E-02 .2 1.2E+01 2.6E+01
6 1.3E+01 5.0E+01 8.0E-02 .3 9. 3.5E*01

-7- 1.0E+01 6.0E+01 6.6E-02 .4 6. 4.1E+01
8. 9. 6.9E+01 5.6E-02 .4 4. 4.5E+01
9 .8. 7.7E+01 4.9E-02 .5 3. 4.8E+01

10 7. 8.4E+01 4.3E-02 .5 2. 5.0E+01
15 7. 1.2E+02 4.5E-02 .8 2. 6.1E+01
20 5. 1.5E+02 -2.6E-02 .9 .2 6.4E+01
30 2. 1.8E+02 1.0E-02 1. 3.8E-03 ~6.4E+01
50 1. 2.2E+02 5.0E-03 1. 1.6E-04 6.4E+01

100 .2 2.5E+02 6.4E-04 1. 1.4E-07 6.4E+01
150 4.2E-02 2.5E+02 1.2E-04 1. 1.6E-10 6.4E+01

--300 7.7E-04 2.5E+02 1.9E-06 1. O. 6.4E+01

-

. TRENCH 23

TIME -INCREMENTAL CUMULATIVE INCREMENTAL CUMULATIVE INCREMENTAL CUMULATIVE
.(YEARS) RELEASE-CS RELEASE-CS RELEASE-SR RELEASE-SR RELEASE-C0 RELEASE-C0

(CURIES) (CURIES) (CURIES) (CURIES) (CURIES) (CURIES)

1 9. 9.- 5.6E-02 5.6E-02 1.8E+01 1.8E+01
2 5. 1.4E+01 2.7E-02 8.3E-02 .1 1.9E+01
3 9. 2.3E+01 6.2E-02 .1- .3 1.9E+01
4 7. 3.0E+01 4.7E-02 .2 .2 1.9E+01
5 1.3E+01 4.4E+01 .1 .3 1.6E+01 3.5E+01
6 1.5E+01 5.9E+01 9.7E-02 .4 1.2E+01 4.7E+01
7 1.2E+01 7.0E+01 8.0E-02 .5 8. 5.5E+01
8 1.0E+01 8.1E+01 6.9E-02 .5 6. 6.1E+01
9 9. - 9.OE+01 6.0E-02 .6 4. 6.4E+01

10- 8. 9.8E+01 5.2E-02 .7 2. 6.7E+01
15 8. 1.4E+02 5.6E-02 .9 2. 8.1E+01
20 5. 1.7E+02 3.2E-02 1. .3 8.5E+01
30 2. 2.1E+02 1.1E-02 1. 5.1E-03 8.5E+01
50 1. 2.4E+02 5.2E-03 2. 2.1E-04 8.5E+01

100 .1 2.7E+02 6.3E-04 2. 1.9E-07 8.5E+01
150 3.6E-02 2.7E+02 1.0E-04 2. 2.1E-10 8.5E+01
300 6.6E-04 2.7E+02 1.6E-06 2. O. 8.5E+01
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Table 4.24, Continued

Total Annual Incremental and Cumulative Releases of Cs-137, Sr-90, and Co-60

TRENCH 24

TIME INCREMENTAL CUMULATIVE INCREMENTAL CUMULATIVE INCREMENTAL CUMULATIVE
(YEARS) RELEASE-CS RELEASE-CS RELEASE-SR RELEASE-SR RELEASE-C0 RELEASE-C0

(CURIES) (CURIES) (CURIES) (CURIES) (CURIES) (CURIES)

1 8. 8. 5.2E-02 5.2E-02 9. 9.
3 9. 1.7E+01 6.0E-02 .1 .3 9.
3 1.9E+01 3.6E+01 .1 .3 .8 1.0E+01

7 4 1.4E+01 5.1E*01 .1 .4 .5 1.0E+01
3 1.7E*01 6.7E+01 .1 .5 8. 1.8E+01
6 1.8E+01 8.5E*01 .1 .6 6. 2.4E+01
7. 1.5E+01 1.0E+02 .1 .7 4. 2.8E+01
8 1.4E+01 1.1E+02 9.9E-02 .8 3. 3.1E+01
9 1.3E+01 1.3E+02 9.2E-02 .9 2. 3.3E+01

10 1.2E+01 1.4E*02 8.6E-02 1. 1. 3.4E+01
15 1.0E+01 1.9E+02 7.4E-02 1. 1. 4.1E+01
20 8. 2.4E+02 5.5E-02 2. .2 4.3E+01
30 3. 3.0E+02 1.9E-02 2. 8.5E-03 4.4E+01
50 1. 3.3E+02 7.6E-03 2. 4.3E-04 4.4E+01-

100 .1 3.6E+02 8.1E-04 3. 4.1E-07 4.4E+01
150 3.1E-02 3.6E*02 9.0E-05 3. 4.5E-10 4.4E+01
300 5.8E-04 3.6E+02 1.4E-06 3. O. 4.4E+01

TRENCH 25C

T2ME INCREMENTAL CUMULATIVE INCREMENTAL CUMULATIVE INCREMENTAL CUMULATIVE
(YEARS) RELEASE-CS RELEASE-CS RELEASE-SR RELEASE-SR RELEASE-C0 RELEASE-C0

,
(CURIES) (CURIES) (CURIES) (CURIES) (CURIES) (CURIES)

i

1 1. 1. 9.0E-03 9.0E-03 4. 4.

2 .3 2. 9.5E-04 9.9E-03 1.5E-03 4.

3 .2 2. 8.5E-04 1.1E-02 1.8E-03 4.
4 .2 2. 6.8E-04 1.1E-02 1.3E-03 4.

5 1. 3. 1.0E-02 2.2E-02 3. 6.
6 2. 5. 9.7E-03 3.1E-02 2. 8.
7 1. 6. 7.4E-03 3.9E-02 1. 1.0E+01
8 .9 7. 5.8E-03 4.5E-02 1. 1.1E+01
9 .8 8. 4.5E-03 4.9E-02 .7 1.2E+01

10 .6 8. 3.5E-03 5.3E-02 .4 1.2E+01
15 .8 1.2E+01 5.6E-03 7.9E-02 .4 1.4E+01
20 .4 1.5E+01 1.9E-03 9.4E-02 4.9E-02 1.5E+01
30 .2 1.8E+01 7.8E-04 .1 3.1E-04 1.5E+01
50 .1 2.2E+01 4.5E-04 .1 3.9E-06 1.5E+01

100 2.1E-02 2.5E+01 6.6E-05 .1 3.0E-09 1.5E+01
150 5.3E-03 2.6E+01 1.5E-05 .1 3.45-12 1.5E+01
300 9.9E-05 2.6E+01 2.4E-07 .1 0. 1.5E+01
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5. SUMMARY AND CONCLUSIONS

5.1 Trench Inventories

An inventory. has been made of the contents of Trenches 1, 2, 7,11,e
14A, 23,- 24, and 25C at the Sheffield LLW burial site. For this .,

i purpose, microfilm copies of the radioactive shipment records (RSRs) '

were made available by the site operator (US Ecology, formerly NECO).
. Using the RSRs, compilation was made of the amounts of relevant
i isotopes with half-life >5 yrs shipped to each trench of concern.

f The compilation was done with the help of a data base set up on BNL'se
| CDC 6600 computers using Intel Corporation's System 2000 data base
j management system. Information from some 1700 non-fuel cycle RSRs and
' 3200 fuel cycle RSRs was stored.

! e On the basis of information supplied by nuclear power plant operators
on isotoylc composition of their waste, estimates of the trench inven-

; tories of fuel cycle Cs-137 and Co-60 have been made. Total amounts
~'

sent to the eight trenches covered by this study were estimated at
about 5900 and 6300 C1, respectively. The fuel cycle Sr-90 inventory
is taken to be 1% of the Cs-137.

1

e Tritium amounts in the fuel cycle waste were estimated to be very much
. smaller than those in the non-fuel cycle waste, with a total of about
! 40 Ci in the eight trenches.

:
e ' Estimated H-3 inventory in non-fuel cycle waste was about 2300 Ci in,

j all eight trenches. Distribution among the trenches varied widely, '

i and ranged from 35 Ci in Trench 7 to >700 Ci in Trench 14A. Type of
j waste and size of individual shipments also varied greatly in the
'

different trenches.
;

'
e Inventories of C-14 and I-129 were estimated at about 100 Ci and

I mci, respectively, in all eight trenches. Only four trenches
received I-129, in six shipments. Most shipments were a few pCi or
less, while one contained essentially the whole 1 mci inventory.;

e Non-fuel cycle inventories of Cs-137 and Co-60 were small compared to
;. fuel cycle contributions, except for Cs-137 in Trenches 1 and 2 where

they were considerably larger. Non-fuel cycle Sr-90 inventories pre-,

! dominated in Trenches 1 and 2 and were comparable to the fuel cycle
'

for the other trenches. Trenches 1 and 2 received a number of un-
| usually large non-fuel cycle shipments of Sr-90 and Cs-137, totaling

approximately 1300 and 2000 C1, respectively, in the two trenches.'

e Four trenches received insignificant amounts of TRU waste. However, [i

! rather large amounts were shipped to Trenches 2, 7,11, and 24. These
' amounts are estimated at approximately 2000 Ci of Pu and 50 Ci of
i

<

|
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,
Am-241. About 95% of the Pu activity was due to 8-emitting Pu-241,
the remainder'to Pu-239,240. The Pu-241 will decay with a half-life
of 14.7 years to 65 Ci of a-emitting Am-241. Af ter late 1976, TRU
waste was no longer accepted at Sheffield.

e A recurring theme is the wide divergence in the non-fuel cycle ship-
ments to the various trenches, both in isotopic distribution and in
waste category. This is due to several factors, such as changing
research programs at institutions and changing business ventures of
industrial firms. Fuel cycle waste is much more uniform in terms of
isotopic composition and waste type, and variation in amounts among
trenches is not generally great because of the large volumes shipped
to all trenches.

Previous es { ates of isotopic site inventoriesandbyaninteragencytaskforce.gemadebyNUS
e

Corporation Based on
results of the present study, the H-3 site inventory estimated by the
task force is probably low by a factor of 2, while the NUS estimate is
much lower still. The NUS estimate for C-14 site inventory may be
somewhat high, but is considered to be within a factor of 2 of what is
actually present. The Interagency Task Force estimate is much too
low.

'

e The practices which led to the wide divergence in inventory estimates
by NUS Corp. and the Interagency task force include reliance on gen-
eral surveys, extrapolation from the experience at one trench to the
entire site, and use of summaries of shipment information instead of
examination of individual RSRs. Such methods have their place when an
order of magnitude estimate is all that is required, or little time is

; available. However, it must be realized that the results they produce
I will be subject to large uncertainties.

{- 5.2 Estimates of Isotopic Release Rates

i, o As was anticipated at the initiation of the study, the foundations for

! the predictions of radionuclide release to a disposal trench were ex-
' tremely sparse. The modeling presented herein is highly speculative,
! but believed to be state-of-the-art. This area is a prime area for

further research.

e In connection with the modeling done to estimate release of activity
to the trenches, exact descriptions of waste forms and containers were
of ten 'not- available, and assumptions had to be made. These assump-
tions were made conservatively so as not to underestimate possible,

'

releases. At the same time, an attempt was made to keep the assump-
tions realistic.

o -Estimates of isotopic release rates involved modeling the behavior of
a number of different container-waste form combinations under the
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conditions found in the trench environment. Both containers and waste
forms of standard types, and those which are non-routine, have been
considered.

e Information on waste form was rarely given on non-fuel cycle RSRs.
This was obtained for shipments of relatively large amounts of activ-
ity by contacting the generators. These generators accounted for
roughly 90% of the H-3 waste in most trenches. In certain cases, in-
formation on special containers was also required. These cases in-
cluded BNL's concre te vaults, the 3M Co. lead-lined drums, and ANL's
aluminum primary containers (MAP tubes).

e Fuel cycle waste information which was not always supplied on the RSRs
and which was required for modeling included whether or not the waste
was solidified, and the nature of the solidification agent. A de-
tailed study was made of one trench (Trench 24) to obtain a breakdown
into the amounts of the different isotopes (Co-60, Cs-137,'and Sr-90),
which were contained in unsolidified waste and in concrete and urea-
formaldehyde resin, in either drums or liners. The proportions ar-
rived at were applied to the other trenches,

o Releases from the fuel cycle waste were estimated by developing an ex-
pression for incremental fraction release for each of nine different
package-waste form combinations, multiplying the resulting fractions
by the isotope inventory applying to each case, and summing for each
trench. Estimated Co-60 releases were comparable to those for Cs-137
in the early years, but became quite small due to the radioactive de-
cay of the Co-60 (t /2 = 5.3 yr). Sr-90 cumulative releases were1
estimated to be of the order of a curie for most trenches, due to its
small initial inventory,

e Release of H-3 was modeled using appropriate scenarios for the dif fer-
ent types of waste involved. Eight cases were developed, for which
incremental fraction releases (IFRs) were calculated. Then the H-3
inventories applying to each case for each trench were multiplied by
the IFRs and summed to obtain the estimated total releases for each
trench. Cumulative releases af ter 20 years ranged from 25 Ci (Trench
11) to 300 Ci (Trench 2).

e In general, H-3 releases were greater for trenches with higher inven-
tories. In the case of Trench 14A, however, which had the highest in-
ventory of all the trenches covered in this study, the cumulative re-
leases were only half that of Trench 2, which had the next highest in-
ven to ry. This was due principally to the slower releases from BNL
vaults, which made up over half the trench inventory.

.

e The predominant mode of tritium release is gaseous rather than liquid.
This is because most of the waste involved compounds (e.g., TIT tar-
ge ts , tritiated organic polymers in luminous paint, and other trit-
1sted organics) which lose tritium as a gas and leach to a negligible
extent wi th water. Tritium gas released to the trench may fairly

,
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rapidly be converted to tritiated water by bacteria in the soil.(22)
In dry periods this will percolate to the surface as vapor, but in
wet periods some of it will be incorporated in groundwater.

e Estima tes of C-14 fractional releases indicated that initial values,
due to radiolysis alone, would be relatively small. However, releases
would increase in later years, tecause of ' increasingly rapid leaching
as drum corrosion progressed, until total release would occur, prob-
ably in less than 50 years.

Non-fuel cycle Sr-90 and Cs-137 releases were estimated for the spe-e

cial lead-lined containers in Trenches 1 and 2. Since fuel cycle
Sr-90 inventories were relatively small and the non-fuel cycle quite
large for Trenches 1 and 2, the non-fuel cycle Sr-90 releases to these
trenches constitute essentially the complete amounts released. Non-
fuel cycle Cs-137 releases were considerably higher than fuel cycle,
due to the soluble nature of the waste, but occurred in different time
periods from those of the fuel cycle releases.

I-129 was estimated to be completely released soon af ter burial (prob-e
ably in the first year), due to the soluble nature of the waste form
(NaI).

TRU isotopes were mostly in the form of oxides, but it is estimatede
that roughly 10% of the Pu (~200 Ci) was in the form of nitrate. Re-
lease from the oxides is considered to be too slow to be significant.

However, due to uncertainties concerning the solution chemistry of
Pu(IV) nitrate, it can be considred that all the Pu nitrate waste
would have been released ( to Trench 2, 7, and 11) on first contact
with water, the exact time depending on extent of drum breaching and
rate of d rum corrosion.

|

|
1
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APPENDIX A

SNM AND SOURCE MATERIAL RSRs

List of RSRs for shipments of SNM and source material to Trenches 2 and 24
from which information was not entered in the BNL data base.
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Trench 2

HILL 10/25/68 3336 3634 11564 5084
UNC 11/04/68. 11573 11629 11570 5085
HILL 11/20/68 2272 3633 UNC 5/25/70 5095

^ HILL 12/03/68 11563 -3621 4223 5105
HILL 12/12/68 UNC 8/25/69 3622 4224 5113,4
UNC 01/03/69 11547 11567 4371 4229
HILL ~01/14/69 11628 3648 4226 4230'

HILL 02/20/69 11575 '11569 4221 4232
HILL 03/28/69 11574 11571 4228 10083

: HILL 04/24/69 3643 11572 3927 10084

Trench 24

20017 20910
9901 21070 (Kerr McGee 12/29/75)
21070 (Kerr McGee 10/24/75) 22705.

20020 KERR 03/30/76
21302,3 20016
21070 (Kerr McGee 11/11/75)
21070 (Kerr McGee 11/19/75)
21070 (Kerr McGee 11/25/75)-

21070 '(Kerr McGee 12/02/75)
21070 (Kerr McGee 12/29/75)

4

'

Explanatory Note:

In the firs t few years - of operation at Shef field, a great many RSRs did
not have numbers (e.g. , the first ten listed under Trench 2). For entry into

the BNL data base, a shipment with no RSR number was identified by an abbrevi-
ated form of the shipper's name, followed by the shipment date. In the case
of Trench 24, one shipper sent a number of shipments with the same RSR number
(21070) - the only example encountered of this kind of occurrence. To permit
identification of these particular RSRs, we have given the name of the shipper
and the date of each shipment in the list above.
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APPENDIX B

INFORMATION FROM GENERATOR CONTACTS

- Memos to File containing informa tion obtained -f rom ' shippers regarding
-

isotopic composition, waste form, and waste packaging, of significantly large
shipments to the eight trenches included in this study.

.
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EROOKHAVEN NATIONAL LABORATORY

MEMORANDUM

DATE: March 21, 1983
P

To: File

C. R. Kamph//.FROM:
,

SUBJECT: Waste Form Information from Generators, Shef field Site -
Ames Laboratory, Tritium

Robert Staggs, the Radiation Safety Officer for Ames Laboratory
(515-865-2153), was contacted on March 9,1983 for information about the
tritium waste shipped to Shef field trenches 7,11, and 23. The following
information was obtained in a telephone conversation:

* The tritium waste consisted of neutron generator targets (obtained
from Nuclear Chicago) and liquid scintillation vials.

e The targets were copper or ' aluminum backings on which thin coatings of
titanium had been vacuum deposited and the titanium hydrided. The
activity levels were typically 3-5 Ci/in.2 while whole target
activities. generally were approximatcly 1000 mci.

e Targets were discarded because they were dirty and/or no longer useful
in the generator. Prior to disposal they were bagged in 3 or 4 mil
polyethylene and compacted-

e Contents of liquid scintil.4 tion vials (LSV, nearly all plastic
bottles) were emptied into glass beakers. The liquid was evaporated,
leaving a residue. The empty bottles and the beakers containing the
residues were then bagged, crushed, placed in drums and sent for
disposal.

e1 Tdtium wastes were frequently accompanied by low level dry lab refuse
' (wipes, rags, Kimwipes, etc.) sometimes contaminated with fission

products.

'

Wastes were shipped in 55-gallon mild steel drums with rubber gasketse<
, ,

'" and bolt ring seals.

A summary; of the shipments, packages, contents, etc. , follows:
i

.

vm
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Memo to File
March 21, 1983
Page 2

Trench Isotope, Amount, Form RSR Date

7 H-3, 13 C1, t arge t s 10375 4/10/74

11 H-3, 7 Ci total 03314 4/30/75
Item 21 - 6 C1, targets
Item 31 - 0.5 Ci, LSV
Item 38 - 0.5 C1, LSV

23 H-3, 2.5 Ci tota) 22159-60 10/26/76
Drums 1, 2 - LSV
Drum 28 - 1 C1 - target (s)
Drum 36 - 1 Ci - target (s)

CRK:kb
cc: R. E. Barletta

R. E. Davis
D. R. MacKenzie

i

;

i-

e
''
.
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BROOKHAVEN NATIONAL LABORATORY
_

MEMORANDUM

DATE: March 22, 1983
;
~

-To: File

C.'R. Ke g CFROM:

SUBJECT: Waste Form Information From Cenerators, Shef field Site -
Pathfinder Laboratory, C-14

2

Bill Perry, the Radiation Safety Officer for Pathfinder Laboratory
(314-569-0681), was contacted by telephone on March 17, 1983 for information

~

about the waste forns of several C-14 shipments sent to the Shef field site.,

The wastes were all of_the same type: C-14 labeled solid organics, mainly
aromatics. Typical specific activities ranged from 5 ' mci /mmol to 20 mci /mmol.
~ Frequently, lab trash in the form of paper, glass, and plastic was disposed of
with the organics. All wastes were placed in 55 gallon mild steel drums with
bolt ring seals.

-The shipments referred to in this memo are given below:

Trench RSR Isotope and Amount Date
'

14A 29541 C-14, 14 Ci 9/13/77
'

14A 36358 C-14, 6 C1 - 12/19/??
14A 29306 C-14, 6 Ci 3/01/78
23 01558 C-14, <6 Ci 8/03/76

CRK:kb
cc: R. E. Barletta

R. E. Davis
-D. R. MacKenzie
J. Smalley
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BROOKHAVEN NATIONAL LABORATORY

MEMORANDUM

DATE: March 24, 1983-

To: File

FF OM : D. R. MacKenzie

sunalcT: H-3 Shipment of 6/23/76 (RSR 21758) to Trench 25C by
University of Missouri (Rolla)

According to the RSR, the above shipment contained 8.2 Ci of H-3 in
150 gallons of liquid waste. In discussion with Mr. Ray Bono (telephone
ccnversation, March 21, 1983), these figures were confirmed. He suggested
talking with Mr. Tom Froelich, now with Washington Power and Light, who was
ths person who prepared the waste for shipment, completed the forms, and sent
tha shipment.

Mr. Froelich remembered the shipment well, including the method of pack-
eging in 5 gal cans which were packed in absorbent inside standard DOT-
epproved 55 gal steel drums. He also remembered talking with NECO personnel
at Sheffield who described to him the operation of their solidification unit
and assured him he could ship the' waste as liquid and they would solidify it,
evsn though it consisted largely of toluene. Mr. Froelich also stated that
tha amount of C-14 in the waste was small compared to that of H-3.

DRM/nmy
cc R. E. Barletta

R. E. Davis
C. R. Kempf
J. Smalley

|

|
|
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BROOKHAVEN NATIONAL LABORATORY

MEMORANDUM

DATE: March 25, 1983

To: File

FROM: D. R. MacKenzie

SUBJECT: C-14 in Shipment of 5/02/74 (RSR 2531) by Michigan State
University

The above shipment to Trench 7 had three packages listed on the RSR as
containing 1 Ci of C-14 each. University personnel contacted (telephone call
to' Warren Malchman, March 23, 1983) stated that no such amounts of C-14 ever
existed at the University. Since the RSR had been filled in to indicate the
large amounts, Mr. Malchman assumed someone had made an error in completing'

the form. He did some checking of University records and reported (telephone
call, March 24, 1983) that the particular shipment and RSR had originated at
an of f campus extension laboratory, and his of fice had not seen it before it
was shipped. He felt that the person completing the RSR was unfamiliar with
the forms, and was also unused to thinking or dealing in curie amounts, so had
listed the number of mil 11 curies in a column labelled " curies." Mr. Malchman

*had found purchase orders showing that the amounts of C-14 purchased for the
extension laboratory (a few mci) corresponded to the amounts disposed of af ter
their experiments were completed. Our data base is thus in error and will be
corrected accordingly.

DRM/nmy
cc: R. E. Barletta

R. E. Davis
C. R. Kempf
J. Smalley

~
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BROOKHAVEN NATIONAL LABORATORY

MEMORANDUM

DATE: March 28, 1983

To: File

FROM: D. R. MacKenzie

SUBJECT: University of Minnesota Shipment of May 28, 1975;
Sheffield RSR 1716

Mr. Jerry Steiger of the Environmental Health Department's Radiation
Protection Division at the University of Minnesota was asked (telephone con-
varsation of March 22, 1983) about the waste form and packaging of the H-3 and
C-14 wastes reported in the above shipment. The amounts listed totalled
12.9 Ci of H-3 and 2.8 Ci of C-14. Mr. Steiger was certain there was an error
in the RSR information since his recollection of shipments made in that period
(indeed throughout the whole period in which the University used radioactive
material) was that they were of the order of millicuries rather than curies.

In a telephone conversation on March 28, 1983, Mr. Steiger confirmed that
the amounts listed on the RSR should indeed have been millicuries instead of
curies. The column for amount of radioactivity on the RSR was labelled
" curies", and in other RSRs, the personnel filling in the forms had added
" milli" by hand, but had neglected to do so on this particular RSR.

Since the amounts in the shipment were only a few mci, the matter of
wiste form and packaging was inconsequential and was not pursued.

DRM/nmy
cc: R. E. Barletta

R. E. Davis
C. R. Kempf
J. Smalley
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BROOKHAVEN NATIONAL LABORATORY

MEMORANDUM

March 28, 1983DATE:

To: File

FROM: D. R. MacKenzie

Shi ments by Midwest Research Institute Containing H-3 andPSUBJECT:
C-14 - Amounts, Form and Packaging

Amounts of H-3 and C-14 obtained from our data base for two Midwest
Research Institute shipments are summarized in the following table.

Table 1

Amounts of H-3 and C-14 Given in Data Base

Isotopes Amounts
Trench RSR Date Packages Present (mci)

25C 21201 6/17/76 1-5 C-14 1 each
6 H-3 1000
7 H-3 and C-14 6000

23 32482 8/09/76 1,2 H-3 and C-14 2000 each
3-7 C-14 100 each

In the shipment of August 9,1976 (RSR 32482), a total of 0.5 Ci C-14 was
. epparently present (100 mci in each of .five packages) and it was of interest
to know how much more was present in the 4 Ci of H-3 and C-14 in packages 1
and 2. In a telephone conversation (March 28, 1983) with Mr. Ed Ogilvie, the
. Radiation Safety Officer at Midwest Research Institute, it was determined that
there was almost certainly only a few aCi of C-14 in the package. His records
clso showed that packages 3-7 contained only 100 pCi each rather than 100 mci,
so that our_ data base is in error. This is certainly more in line with the
amounts for packages 1-5 in the shipment of June 17,1976 (RSR 21201). He
stated that the amount of C-14 in package 7 of that shipment was also almost
certainly only a few mci since that was the normal amount used in their
experiments.
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Mrmo to File
; March 28, 1983
Page 2

The H-3 waste (4 Ci and 7 C1, respectively) for the two shipments was
costly contaminated lab ware (glass, metal, plastic, paper) with relatively
small- amounts of- liquid waste sorbed by Vermiculite or other sorbent and
placed in separate containers. The lab ware, sorbent containers, etc. .were
packed by individual laboratories in polyethylene bags and these were loaded
by the radiation safety office into polyethylene liners of 3-4 mil thickness
in standard 55 gal steel drums.

DRM/nmy
cc: R. E. Barletta

R. E. Davis
.C. R. Kempf
J. Smalley

.

.-'
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BROOKHAVEN NATIONAL LABORATORY

MEMORANDUM

DATE: March 29, 1983

To: File

FROM: 'C. R. Kempf hk

SUBJECT: Waste Form Information From Generators, Shef field Site -
University of Wisconsin, Tritium and C-14

John Lorenz, the Radiation Safety Officer for the University of Wisconsin
[(608) 262-8769], was contacted by telephone on March 25, 1983 for information
about the tritium and carbon-14 waste shipped to Sheffield trenches 25C, 23,
and 14A.r

e Tritium wastes were composed mostly of four types of materials:
tritium from liquid scintillation vial cocktails, labeled organic and
aqueous materials (including significant quantities of tritiated
water), tritium (and sodium-22) contaminated dog blood and brain
cells, and contaminated lab refuse.

e Carbon-14 wastes consisted mainly of labeled compounds and contami-
nated lab refuse. The amounts of carbon-14 were consistently smaller
than amounts of tritium by about two orders of magnitude.

e Proportions of organic to aqueous materials could not be specifically
given. -It was known that bicarbonate, cyanide _and azide were among
the labeled compounds.

e Several shipments contained liquid wastes. These materials were
shipped in plastic and glass bottles, cushioned with vermiculite and
placed in 30 gal steel drums. These drums (cushioned with vermicu-
lite) were then placed in 55 gal mild steel drums which were all ring-
bolt sealed.

e In one shipment (RSRs 12444,5, 5/27/76) solids were shipped in
4-1/2-cubic-ft. cardboard boxes.

A. summary of the shipment information obtained appears in the following
-Table.
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LMrmo to File
March 29, 1983
Page 2

Summary of
University of Wisconsin Tritium and Carbon-14 Wastes in

Trenches 25C, 23, and 14A

Trench Isotope, Amount, Form RSR Date

Shipment 1

25C H-3, <12.9-Ci 12444,5 5/27/76
34 containers: 10 liquid

24 solid

10 liquids: 55 gal with 30-gal drums
LSV, labeled compounds, tritiated water
Container amounts as listed (mci):
79, 32, 138, 152, 38, 133, 141, 15.4,
81, and 103.

24 solids: Cardboard boxes (4-1/2 cu ft.) balance
of activity of _ shipment: lab refuse-

paper, plastic gloves, some glass
Shipment 2

23 H-3, <5.3 C1 12447 10/28/76
-C-14, <50 mci

(Most of H-3 in this shipment was from a H-3, Na-22
double-label experiment: dog blood and brain cells)

Some particular liquid-containing packages:
(ring-bolt . sealed 55 gal drums with inner 30 gal drums)

(1) _50. mci; H-3, S-35, Ca-45 general- labeled
; liquids.

, (2) 115 mci; Zn-65, S-35, H-3, and Na-22 (from
! dog experiment, also some LSV)
!'

j (3) 85.5 aci; unidentified mixture (some H-3).

[' (4) 607.9 sci; unidentified origin, labeled
' compounds mixture of H-3,
,

C-14, I-125, Cr-51.'

t

(5) 1300 mci; unknown origin (some H-3)

One solid package: (1) 3.1 Ci; mostly tritium contami-
nated lab refuse.
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Memo to File
March 29. 1983
Page 3

Table, Continued

i
Summary of ,

University of Wisconsin Tritium and Carbon-14 Wastes in
Trenches 25C, 23, and 14A

Trench Isotope, Amount, Form RSR Date

Shipment 3

14A H-3, ~20 Ci total 36729,30 10/13/77

Liquid wastes: (55 gal with inner 30 gal drums)
total of 11 packages, 594 mC1,
LSV and aqueous

Solid wastes: (55 gal, ring-bolt sealed drums)

(1) 3400 mci, paper trash contaminated
with tritiated water.

(2) 772 mC1, paper trash contaminated
with. tritiated water.

(3) 6844 mci, H-3, Cs-137,'S-35, most of
activity _ from H-3.

(4) 6302 mci, tdxture H-3, Cs-137, Cl-36,
Na-22.

(5) 3085 mC1, mixture, similar to (4).

Packages (3), (4), and (5) mostly lab trash contami-
nated with labeled materials.

CRK/nny
cc: R. E. Barletta

.R. E. Davis
'D. R. MacKenzie-
J. Saalley-
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BROOKHAVEN NATIONAL LABORATORY

MEMORANDUM

March 30,1983DATE:

To: File

C. R. Kempf NFROM:

SUBJECT: Waste Form Information From Generators, Shef field Site -

Dow Chemical. Tritium and Carbon-14

Rich Olson of Dow Chemical, Midland, Michigan, was. contacted by telephone
[(517) 636-5641] on March 29, 1983 for information about the tritium and
carbon-14 waste shipped to Sheffield trenches 11 and 14A. (Tracy Parsons, who e

was unavailable, is the Radiation Safety Of ficer for Dow, [(517) 636-3205).)

Tritium and carbon-14 wastes in these shipments consisted of sealed
sources, electron capture detector foils, animal carcasses, labeled organics
(come LSV), contaminated soil and contaminated lab refuse.

One shipment (RSR 2282, 5/1/75, to trench 11) was made up of 42 drums,
40 of which contained solid materials and two of which contained liquid
wantes. Drums were lined with thin (3-4 mil polyethylene) bags. Most of the
40 colid-containing drums were fiber pack (cardboard / paper matrix) composi-
tion, while the two liquid-containing drums were steel. Liquids were held in
gallon polyethylene bottles inside the 55 gal drums. Fiber packs were closed
by a clamp, while the steel drums were closed with a ring-bolt seal. The bulk
cf the waste volume consisted of animal carcasses; most of the H-3 activity

w s present as a target and a sealed source.

The other shipment (RSR 22527, 8/16/77, to trench 14A) censisted of 140
druzs (with polyethylene liners) 37 of these have been accounted for as fol-
lows: 16 drums contained animal carcasses and lab plastic and paper waste in
which H-3 and C-14 amounts were 0.128' mci and 0.029 mci, respectively (totals
2.048 Ci H-3 and 0.464 Ci, C-14); 21 drums each of which contained 0.5 mci of
C-14 contaminated soil. In addition, several specific high-activity items
which were disposed of in a number of other drums are listed in the Table be-
lew. The remainder of the drums contained a variety of lab refuse and con-
taminated materials in which activities were much less significant.

In summary, the information obtained is given in the following Table.
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Memo to File
March 30, 1983
Page 2

|
|

!

Summary of '

Dow Tritium and Carboa-14 Wastes in Trenches 11 and 14A - J

Trench Isotope, Amount, and Form RSR Date

Shipment I

11 H-3, 8 Ci 2282 5/01/75
42 drums, bulk of volume - animal carcasses
(1) H-3, 7 Ci, target
(1) H-3, l C1, sealed source
C-14, 25-30 mci, most C-14 present as labeled
organics, few LSVs

Shipment 2

14A H-3 > 6.7 Ci 22527 8/16/77
C-14 >28.8 mci

140 drums total
(16) drums - animal carcasses, 0.128 mci H-3 and

.029 mci C-14 each
(21) drums - C-14 contaminated soil, 0.5 mci each
(2) H-3, 500 mci, EC detector
(1) H-3, 3.2 C1, solid source
(1) H-3, 2500 mC1, sealed source
(1) C-14,12 mci, solid (source?)
(1) C-14, 5.8 mci, lab refuse, labeled compounds

CRK/nmy
cc: R. E. Barletta

R. E. Davis
D. R. MacKenzie
J. Smalley
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BROOKHAVEN NATIONAL LABORATORY

MEMORANDUM

March 30,1983DATE:

FileTo:

D. R. MacKenzieFROM:

SUDJECT: H-3 and C-14 in Shipments by Amersham /Searle Corporation
and Amersham Corporation

Although Amersham /Searle Corporation and Amersham Corporation (name
change in 1977) made no shipments containing strikingly large amounts of H-3
or C-14, the total amounts shipped to the trenches covered by our S0W placed
thtm among the top five shippers. Also they sent shipments >l Ci to all
trenches except Trench 11. Details of the shipments are given in Table 1.

Table 1

Shipments >l Ci of H-3 and C-14 sent by
Amersham /Searle Corporation and Amersham Corporation

-

Trench RSR Date Amount (C1)a

7 11913 5/10/74 2.0
25C 12462 5/28/76 5.5
25C 12463 6/16/76 2.1
23 31689 9/09/76 3.5-
23 31692 10/22/76 3.3
23 31693 12/03/76 2.7
14A 23334 12/12/77 9.1
14A 23335 2/03/78 1.6
14A 51143 3/31/78 2.6

Several other isotopes were normally present in packages with H-3 and/or
C-14, particularly I-125, and frequently S-35 and Se-75, none of which are
required for our inventory. The chemical form of almost all the waste was
givsn as " water-based radiochemicals". Discussion with Linda Bagby at
Am;rsham Corporation (telephone conversations, March 9, and March 31, 1983)
elicited the following information:
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"emo to File
March 30, 1983 I

1Page 2
,

1. Isotopes other than H-3 and C-14 were present in amounts considerably
smaller than those of the H-3 and C-14. I-125, for example, would
contribute a maximum of 100 mci to the activity of any package, and
usually would be much less than that. Amounts of S-35 and Se-75 were
still less.

2. The curie amount of H-3 in the waste was generally about five times
that of the C-14.

3. The " water-based radiochemicals" were organic compounds, most of them
soluble in water or alcohol.

4. All of the waste was described as solid. Most of it would be in dry
form, contaminating laboratory equipment such as vials and pipettes.
However, some of it was in small amounts of liquid contained in
vials, which were packed in absorbent.

5. The contaminated lab ware was placed in secondary plastic (acetate)
containers, which were placed in polyethylene bags. The bags were
packed 15-20 to a standard DOT 55-gal drum.

DRM/nmy
cc: R. E. Barletta

R. E. Davis
C. R. Kempf
J. Smalley
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BROOKHAVEN NATIONAL LABORATORY

MEMORANDUM
.

.DATE: April 1,1983

To: File

J. F. Smalley [-FROM:

SUBJECT: Shipment Sent to Trench 14A of the Shef field Burial Site by the
Illinois Institute of Technology (IIT) on February 15, 1978
(Shipment Number IIT 2/15/78/ in the Data Base)

This shipment contains a large amount (74.3 curies) of tritium.
Mr. Dave Derenzo (Radiation Safety Officer for IIT) was contacted and asked
about the chemical form and packaging of the tritium waste. Af ter consulting
with other people at IIT, Mr. Derenzo said tha t, to the best of their recol-
lection, the waste was unused tritium paint in its original metal containers.
He also said that these containers of paint were probably packed in 55-gal
d rums. This may be contradictory because the RSR s tates that the entire ship-
mint (which includes several radionuclides besides tritium) was buried in a

'
sing le large (200 cu f t.) container. Howeve r, the 55-gal drums could have
baan packaged in this large container.

Since Hittman Nuclear Development Corporation packaged this shipment,
thty were contacted. Mr. Francis Dewberry of Hittman stated that, although he
cculd not say for sure, this container was probably one of their steel liners.
Ha is going to check with some other people and call back. Howeve r, from the
information on the RSR (e.g., the weight of the entire shipment was only
5117 lbs) it seems likely that the container was made out of metal rather than
cencrete.

JFS/nmy
ec: R. E. Barletta

R. E. Davis
C. R. Kempf
D. R. MacKenzie

I
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BROOKHAVEN NATIONAL LABORATORY

MEMORANDUM

DATE: April 11,1983

To: 711,

FROM: C. Ruth Kempf

SUBJECT: Waste Form Information from Generators, Shef field Site
Mallinckrodt, Inc., Tritium

Roy Brown of Mallinckrodt Nuclear called on March 31, 1983 to provide the
information requested in our letter to him of March 21, 1983. The letter
asked for information on a Mallinckrodt shipment of 9.6 Ci of H-3 dated March
4, 1974. He said he had not been able to locate a file on that particular
shipment but that he did have information on several other H-3 shipments which
occurred around the same time. All of those shipments contained H-3 as
tritiated water in small (~10ml) glass vials closed with rubber stoppers and
metal crimp caps. These vials were packed in fiberboard drums 5.4 cu ft., 30"
high,12" diameter with polyethylene liners. The drums had metal lids and
spring type latches with security wires.

On one or two occasions the liquids were shipped in small fiberboard /
cardboard boxes instead of the fiberboard drums.

CRK:cv
cc: R. E. Barletta

D. R. MacKenzie
J. F. Smalley

r
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TIMEX
COHPOH A TION

HUILDING 19 ADAM E FIE LD
POST OFFICE 801 1676
LITTLE RCCK. ARK ANSAS 72203

April 21,1983

Donald R. MacKenzie
Brookhaven National Laboratory
Associated Universities, Inc.
Upton, Long Island, New York 11973

Dear Mr. MacKenzie:

This letter is to answer the questions posed in your letter of April 6,
1983.

The shipments of radioactive waste from Timex Corporation in Little Rock,
Arkansas resulted from the operation of applying tritium containing
luminous paint to hands and dials for use in Timex watches. An NRC
license allowing the operation was awarded after the conditions of 10 CFR
32.22 were satisfied. All the waste to which you refer meet the rigid
standards listed in 10 CFR 32.22.

In order to respond to your specific questions, a brief description of the
process is required. The luminous paint is purchased from a supplier with
tritium only in the form of tritiated polystyrene. The tritiated polystrene,
mixed thoroughly with a flourescent material, is supplied in ten gram vials
with a specific activity ranging from 100 to 200 millicuries per gram. This
powder is mixed with a polymeric paint that cures to a stable, inert luminous
material that adheres strongly to the hands and dials.

The entirity of the radioactivity in the waste resulted from the tritium
contained in the above described paint. The tritium waste consisted of
luminous paint on scrap hands and dials, paper tissue used in cleaning,
gloves, shoe covers and glass shipping vials.

The tritium waste was placed in a container obtained from NEC0 and was a
standard D0T 55-gallon steel drum with a heavy plastic liner that could be
tightly closed at the top. The loose waste was sealed in the plastic liner
prior to sealing the top 07 the D0T drum,

continued...
:

i

179
,

,

T
-



~|

l
l

|
.

Woods to MacKenzie |
April 21,1983
Page 2

Our Health Physics consultant is Dr. Daniel Mathews, professor, University
of Arkansas. He quotes a half-life for release of tritium from the paint
as in the range of 12 to 18 years and the principle tritium containing
gases released in the molecular form of H2, H20, CH4, and C2 6H

I am not certain what " specific activity" means in this waste, but the
specific activity of the initially prepared paint is in the range of 30 to
100 millicuries per gram, dependant on the specific paint and the method
of mixing.

Yours very truly,

TIMEX CORPORATION

<&
Daniel H. Woods
Human Resources Manager

DHW/bp

cc: Fazio
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BROOKHAVEN NATIONAL LABORATORY

MEMORANDUM
|
l
1

-DATE: June 16, 1983.

To: pile

FROM: D. R. MacKenzie

SUBJECT: Waste Form and Packaging in Large Shipments of Cs-137 and Sr-90
From 3M Co. to Sheffield Trenches 1 and 2.

Four 3M Co. shipments to Trench I and five to Trench 2 contained >100 Ci
-of Cs-137 and Sr-90. These are listed in Table 1. . Sixteen other shipments of
between 10 and 100 Ci were recorded, with a total .of 1833 Ci Cs-137 and 1163
Ci Sr-90. The RSRs gave no information on form or packaging of the waste,
except for the volumes of the packages and the fact that the waste was solid.

Table 1.

Cs-137 and Sr-90 Shipments >100 Ci From
3M Co. to Trenches 1 and 2

_

Tre nch Date Amount (C1)
Cs-137 Sr-90

1 5/02/67 395 250
1 6/11/68 153
1 8/06/68 66.2 50
1 8/15/68 102.5
2 11/26/68 118 150
2 1/21/69 219.5
2 4/02/70 54.9 65.3
2 7/30/70 109.5 51.0
2 10/08/70 76 337

._

In a telephone conversation of June 1, 1983, Mr. M. Cobian of 3M Co.
described the processes used in making sources, and the types of waste
generated, in the period during which Trenches 1 and 2 were in operation.
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Memo to File
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Page 2

A hot cell was used for handling the high curie levels of isotopes
obtained f rom ORNL and incorporating them into " microspheres" (ceramic in the
case of Cs-137 and Sr-90). The microspheres were transferred as needed to
production' facilities for fabrication into sources for use in the medical
field. The operations involved at that stage consisted principally of loading.
the microspheres into metal tubes or needles in the amounts necessary to give
the required dose rates for particular applications.

Mr. Cobian stated that a reasonable estimate of the chemical form of the
Cs-137 and Sr-90 waste from the hot cell was one third chloride, one third
nitrate and one third ceramic (from microspheres that were damaged, of the
wrong size, or otherwise not meeting specifications). High activity waste
from the hot cell included heavily contaminated equipment such as muffle
furnaces, tongs and various containers. Waste from the production facilities
was mostly faulty tubes and needles, e.g., damaged, leaking, or containing
incorrect amounts. General low activity waste was generated by both the hot
cell and production operations.

High activity waste from the hot cell was shipped in lead-lined 55 gallen
d rums. These drums were lined with 2 or 3 inches of lead, with the lids simp-
ly set on and sealed in the normal way with ring and gasket. No seal was made
between the lead on the lid and that lining the body, for example by melting.
The high activity waste from the production facilities, consisting mostly of
tubes and needles, was gradually collected in lead buckets. When these were
considered full enough, they were placed in concrete-lined 30-gallon or
55-gallon drums. As with the lead-lined drums, the concrete lids were simply
placed in position and the metal lids sealed in the normal way. Thus, neither
the lead nor the concrete linings provided a seal, but were merely required
for shielding. Low activity wastes were normally shipped in fiberboard boxes.

DRM:cv
cc: Robert E. Barletta

Richard E. Davis
C. Ruth Kempf
John Srmalley

182



BROOKHAVEN NATIONAL. LABORATORY

MEMORANDUM

DATE: August 8, 1983

To: File
# T3q

FROM: D. R. MacKenzie /

SUBJECT: I-129 Shipment to Trench 2

The BNL data base showed two shipments of I-129 to Trench 2. One, from

Michigan State University, was listed as containing a package with 2 mci of a
mixture of H-3, C-14 and I-129. The other, from the University of Illinois,

had a package with 0.2 mci Co-57 and 1.0 mci of I-129.

On examining the Michigan State Univc t sf ty RSR, it was found impossible
to distinguish the third digit in the isotopic ness number of the iodine for
the package in question, but several other packages contained 1-125. Health
Physics personnel at MSU were contacted (telephone conversations with Warr in
Malchman of August- 2 and 4), and their records showed that the isotope in-
volved was I-125, not I-129. The BNL data base will be corrected accordingly.

'

Mr. Lorion Sanders of the Environmental Safety Department at the Universi-
ty cf Illinois was asked about their package listed as containing I-129 (pack-
ega six of shipment on 9/17/69, RSR Number 11422). In telephone conversations

of August 3 and 5, Mr. Sanders confirmed that the material was, indeed, I-129.
The amount listed was that given by the researcher, and was felt to be
reasonably accurate. The isotope was not in a calibrated source but had been
purchased for use in high energy physics experiments. It is probable 'that the
waste consisted of unused material and some used targets, both probably having
tha chemical form of inorganic iodide. The professor who used and di'sposed of
ths isotope has retired. The container was a standard 55 gallon drum and
packaging would have been in the usual polyethylene bags.

DRHacy

cca R. E. Barletta
.R. E. Davis
C. R. Kempf
J. Smalley
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BROOKHAVEN NATIONAL LABORATORY '

MEMORANDUM

DATE: August 11, 1983

FileTo:

D'. R. MacKenzieFROM:,

SUBJECT: Large 11-3 Shipments From University of Wisconsin to
Trenches 1 and 2

i

The University of Wisconsin shipped 126 Ci of 11-3 to Trench 1, and
I over 290 Ci to Trench 2, making it the largest single contributor to these

trenches. The bulk of the ctivity - 121 C1.in Trench 1 and 269 Ci in
Trench 2 - was contained in the six shipments listed in the Table, with
amounts and forms as given on the, RSRs.

Table

Large 11-3 Shipments From
University of Wisconsin to Trenches 1 and 2

Trench RSR bate Amount (Ci) Form

3/08/68 121 solid1 - -

2 11212 3/20/69 83 solid
2 11211 5/22/69 124.5 solid
2 3532 1/21/70 16.1 solid

10/08/70 17.1 solid2 -----

2 3534 2/23/71 28.0 solid

.

Information regarding the waste packages in these shipments was obtained
in telephone calls to John Lorenz, the University's Radiation Safety Officer,
on May 27 and August 10.

NECO had recorded the activity in the March 8,1968 shipment to Trench 1
as 11 Ci, but in our May 27 call, Mr. Lorenz confirmed that 121 Ci was, in-
deed, correct. It consisted of 12 packages each containing 10 Ci and 'two
other pacakges containing 1.1 Ci. The 12 packages were listed all on one line
in the RSR, instead of on 12 separate lines. This apparently confused the
burial site personnel, who recorded the amount of activity as though only one
10-Ci package was received.

~
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- Memo to File
-August . 11,' 1983
Page 2 ;

I Mr. Lorenz said that their records did not say exactly what form the
.

| waste took, but they are confident it was one of the three following:

1. HTO mixed with concrete.,

2. Molecular' sieves containing sorbed T 0/HTO.2
,

p 3. ZrT or. tit targets.

If it vas HTO mixed with concrete, the concrete would have been in 5 gal
.

paint cans. Both the molecular sieves and the targets would have been in
pieces of cast iron pipe capped off at both ends. Since the packages were
1 ft3 in volume, the pipes may have been placed in paint cans. The exact

.

type of closure used for the paint cans is not known,' but it would not have
,

been anything special such as soldered or welded.:

!

In 'the August 10 telephone conv,ersation, Mr. Lorenz described the ship-
ments to Trench 2. The. package descriptions are given below:

1. RSR 11212
-

83 Ci T 0/HT.0 on molecular sieves in an iron pipe closed by a pipe2,

nipple at both ends. - The pipe was shipped in a fiberboard box.e
_

2. . RSR.11211

| This shipment contained five packages with >l Ci H-3:
;

; _ (a.) 110 Ci was the same as-described for RSR 11212 above,
except that the pipe was placed in a paint can.

(b) 10 Ci was in the form of a metal tricide target. Its

primary container is not known, but the secondary con-.

tainer was a fiberboard box.
|
.

'(c) Three packages, 1.25, 1.26, and 2.0 C1, listed as
; containing H-3 and MF2, were essentially all H-3, and

.were either pump oil sorbed on vermiculite, or aque-
ous cleanup resf Jues on clay type absorbent. The-

containers for all three were fiberboard bo'xes.,

I

k

B

4

'

!
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Memo to File
Augus t 11, 1983
Page 3

3. RSR 3532

Three packages, containing 5.2 and 1.1 Ci H-3, and 9.8 Ci H-3 with a
very small amount of C-14, were all oil sorbed on vermiculite, and the
containe rs for all were fiberboard boxes.

4. Shipment of 10/08/70

One package of 7.0 Ci, listed as H-3 and MFP, was again essentially
all H-3, and again pump oil sorbed on vermiculite. The vermiculite was in a
paint can which was shipped in a fiberboard box.

One package of 10.1 Ci, containing a targe t, was similar to that in
RSR 11211 described above.

5. 'RSR 3534

One package contained 24 Ci but the fo rm was no t known , excep t tha t
it was one of the three already described, i.e. , T 0/HTO on molecular2
sieves, targets, or pump oil on vermiculite. The container was a fiberboard

-box.

One package of 4 Ci was sorbed liquid, again in a fiberboard box.
*

DRM/nmy
cc: R. E. Barletta

R. E. Davis
C. R. Kempf-,

J. F. Smalley
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BROOKHAVEN NATIONAL LABORATORY

MEMORANDUM

August 22, 1983DATE:

FileTo: ,

D. R. MacKenzieFROM:

Shipment of 82 Ci of H-3 and Kr-85 by U.S. Radium-Corporationsus)2cT: to Trench 2
,

A shipnent by U.S. Radium Corporation on June 27, 1969, was listed as
containing 82 Ci of H-3 and Kr-85. U.S. Radium Corporation no longer conducts
the type of business which uses H-3, but a former division, now an independent
company called Safety Light Corporation, carries on the business and has

'

. records going back a number of years. However, their records do not go back
to 1969. In telephone ' conversations on August 17 and 22 with Dr. J. C.
MacHutchin, Radiation Safety Of ficer at Safety Light Corporation, it was
established that U.S. Radium Corporation never had a plant in Chicago, the
point where the shipment originated,'so that it mus't have been sent from the
Chicago sales office.. Since the normal procedure for a sales office would
have been to send such radioactive material back to the plant for disposal,
Dr. MacHutchin felt the shipment was made when the Chicago office was being
closed down.

It would be rather unlikely that anyone can be found who would know
exactly what was in the shipment. However, knowing the types of products
being marketed at the time, Dr. MacHutchin's opinion is that it consisted
mainly of Kr-85. The Chicago office was dealing at that time with a railroad
company which was interested in safety lights containing Kr-85. U.S. Radium
worked on development of a, light containing >5 Ci Kr-SS, and a number of
prototypes were tested by the railroad company. It did not prove feasible to
make a light entirely satisfactory to the railroad, and Mr. MacHutchin felt
that the shipment in question probably contained the prototype lights they had
been testing.

Products containing smaller amounts of tritium were sold to Wright
Paterson Air Force Base from the Chicago of fice, and some of these product
samples on hand at the time the office was closed down probably constituted
the H-3 in the June 27, 1969, shipment. Exactly what the form of tritium
vaste might have been cannot be determined, but it seems likely that its
amount was of the order of 10 Ci or less. The remaining activity in the

chipment (approximately 70 C1) will be assumed to have been Kr-85, which is
not one of the isotopes of concern to BNL for the Shef field task.

DRM/nmy
cc: R. E. Barletta

R. E. Davis
C. R. Kempf
J. F. Smalley
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R. L. Fredrick son Abbott Laboratories
Corporate Radstron Protection Offimr 14th & Shersdan Road f

'

Employee Health Departrnent North Chicago Illinois 60064

August 23', 1983

Donald R. Mac-Kenzie
Nuclear Waste Management Division
Brookhaven National Laboratory
Associated Universities, Inc.
Upton, Long Island, New York 11973

Dear Mr. Mac Kenzie:

This letter is in reply to your letter of August 16 to David Schwarz
of Abbott Laboratories. My answers to your two questions are as follows:

1. The tritium waste we shipped out in 1967 was tritium gas
which we disposed of when we stopped doing catalytic
tritiations. The gas was contained in sealed glass bulbs
which were packed in containers described in my records
as "2R" type. As I recall these were metal pipes, each
end of which was closed with a threaded cap. The threads
were coated with a heavy glue as a seal, to be welded shut
by California Nuclear prior to burial at Sheffield. Each
container held 4.5 Curies of hydrogen-3 (from an original
five Curies less decay) at time of shipment.

2. The designation MFP did not carry the usual meaning of
" mixed fission products". As I recall, the instructions
f rom California Nuclear, where several different radionuclides
were in one container, were to use the designation MFP for
simplicity. In general, these wastes would be small quantities
of carbon-14, hydrogen-3, sulfur-35, etc., from biological
or pharmacological research programs. If any of these "MFP"
barrels were listed for large amounts of activity, of the
order of hundreds of millicuries, they would probably contain

.short half-life materials such as iodine-131 from the
- manufacture of radiopharmaceuticals.

188



{.

-2--

I hope that these answers will be helpful to you in your investigations.
If I can be of further help, please contact me by writing or by calling

me at (312).937-5276.

Sincerely yours,

I
. . N

R.L. Fredrickson

1

&

f ..

4

e
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BROOKHAVEN NATIONAL LABORATORY

MEMORANDUM
.

DATE: August 25, 1983

To: File

FROM: D. R. MacKenzie

SUBJECT: Shipments of H-3 >1 Ci by Purdue University to Trench 2

Purdue University made te_n_ shipments 2,5 Ci of H-3 to Trench 2. These are
listed in the following. Table.~

Table,

H-3 Shipment 2,5 Ci kv Purdue University to Trench 2

RSR ^Date Pa age Amount (Ci)

11245 3/13/69, 10 5
.23 1

11247 3/27/69 9 <6
11249 4/24/69 16 5
11250 5/15/69 10 5

11252 6/26/69 3 57
11257 10/30/69 15 5

'

3671 4/07/70 50 5

3673 4/19/70 19 30
3752 8/28/70 12 25
3656 12/01/70 20 10

s ~

The form given for all the packages was solid. Except for shipment'

''11245, which contained two packages with >1 Ci H-3, each shipment contained
,

only one package with a high curie content.

Mr. Gordon Born, the University's Radiological Control Of ficer, was able
.

? |to locae their records and gave us the following information (telephone calls
of August 16 and August 23, 1983). The 30 Ci shipment (RSR 3673) was recorded
as consisting of six targets, and several shipments of 5 Ci each contained one
target. From his dicussions with other University personnel who were present
at the time of .the shipments, he is confident that every package containing
5 Ci or a multiple of 5 C1 consisted of targets. That means that all the
packages except that containing 1 Ci in shipment 11245, and possibly the <6 Ci
n ekage of shipment 11247, consisted of targets. Total curie amount of the
targets was at least 95, and possibly 100, out of the ~102 Ci total H-3.
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Mamo to File
August 25, 1983
Pege 2

The form of the H-3 was titanium tritide. The person who used the tar-
gats repackaged them af ter use in the same way as they had been when received.
This was in glass jars with plastic screw caps contained inside me tal paint
cans with the lids hammered down. They were disposed of in this form, inside
o ttadard 55-gal drums.

i DRM/nmy
cc: R. E. Barle tta

; R. E. Davis
.

'

C. R. Kempf
J..F. Smalley

I

i
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BROOKHAVEN NATIONAL LABORATORY

MEMORANDUM i

|
.

DATE: August 25, 1983

To: File

\
FROM: D. R. MacKenz e

SUBJECT: Am-241 Shipments From Gamma Industries to Trenches 11 end 24

Gamma Industries made a single shipment of 5 Ci Am-241 to Trench 11 and
three shipments totalling 12.6 Ci to Trench 24. The shipments are listed in
the Table.

Table

Am-241 Shipments by Gamma Industries to Trenches 11 and 24

Trench RSR Date Amount (Ci) Container

11 1426 3/17/75 5.0 55 gal drum
24 13652 10/21/75 7.0 55 gal drum
24 00465 2/23/76 3.0 55 gal drum
24 23037 5/04/76 2.6 55 gal drum

Gamma Industries is now a division of Nuclear Systems, Inc. of Baton
Rouge. The shipments were made from Houston, and according to Mr. Burk
McDuff, national sales coordinator for Nuclear Systems, most of the records
that had been at Gamma Industries' Houston Of fice are now at Baton Rouge
(telephone conversations of August 9 and 25). Mr. McDuff found sales records,
but not radioactive waste disposal records from the period of the shipments.
Before searching further for the disposal records, he had occasion to talk
with the Radiation Safety Officer at Houston and with the health physics con-
sultant to Nuclear Systems, Inc., Dr. Pullen. Both were familar with the
waste and stated that its chemical form was Am0 , which is in agreement with2
the notation on RSR 23037 that the chemical form for that shipment was Am0 -2
They did not give him any information on the packaging, but this is probably
immaterial due to the very low solubility of Am0 *2

DRM/nmy
cc: R. E. Barletta

R. E. Davis
C. R. Kempf
J. F. Smalley
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BROOKHAVEN NATIONAL LABORATORY

MEMORANDUM

-

DATE: September 1,1983

FileTo:

D. R. MacKenzie-ypog:

Large C-14 Shipments to Trenches 2 and 24SUBJECT:

There were no C-14 shipments >l Ci to Trench 1. Those to Trenches 2 and
24 were made by Mallinckrodt, Amersham /Searle and Pathfinder Laboratories, as
listed in the Table. Each of these generators was contacted regarding the
waste form and packaging in their shipments.

Pathrinder Laboratories had already been contacted regarding their C-14
shipments to Trenches 14A and 23 (26 Ci in three shipments). The information
given at that time is contained in a Memo to File dated March 22, 1983, and
attached to the March Monthly Letter Report as Appendix B. William Perry of
Pathfinder Laboratories, said in a telephone conversation on August 22, 1983,
that the C-14 sent to Trench 24 was the same type as that sent later to
T~enches 23 and,14A. The waste form and packaging remained the same through-r

out the period when they shipped to Shef field.

The situation with Mallinckrodt was much the same, but less definite
because their shipment was 8 yrs earlier and they no longer had records going
back that far. In a telephone conversation on August 2 3, 19 83, Dr. R. W.
Brown of Mallinckrodt Nuclear stated that he felt that the waste form, and
probably also the packaging, would have been very similar to that described to
BNL in March (telephone conversation, Dr. R. W.~ Brown to C. R. Kempf, Apr,il 4,
1983). The only way to obtain more definite information would be to find .the

! individuals who generated the waste, and the person who packaged it, and
Dr. Brown felt this was not feasible.

- The Amersham /Searle shipments were discussed with Linda Ragby of Amersham
Corporation during telephone conversations of August 22 and September 1.
Questioning personnel still at Amersham who were with the Company at the time
of these early large C-14 shipments produced no new information. As far as
could be ascertained, these shipments were routine except for the larger than

| usual amounts. They would not have included large numbers of sources, and
probably contained unsold material that was being cleared out. Most, if not
all, of the packages would thus consist of labelled organic compounds soluble
in aqueous and alcohol solutions, as did the later shipments already discussed
with Amersham (Memo to File of March 30, 1983, attached to the March Letter
Report as Appendix I). Packaging was also considered likely to be similar.
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Page'2
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'

Table

Shipments of C-14 >l Ci to Trenches 2 and 24

Trench Shipper RSR Date Package Amount (C1)

.9/10/68 5' <12 Mallinckrodt ----

6 <1
7 <1
8 <1
9 <2

2 Amersham /Searle 2/04/69 1 6----

2 1

2 Amersham /Searle 4537 10/22/69 1 0.5
2 1.0
4 0.5
5 0.1

2 Amersham /Searle 3763 3/06/70 1 0.7
2 1.0
5 1.0
7 0.3

2' Amersham /Searle 3764 7/17/70 1 0.5
4 0.5
5 1.0
6 0.5

2 Amersham /Searle 3765 10/16/70 3 1.5
4 0.5
6 0.5

24 ~ Pathfinder 03009 11/11/75 1 <7.0
Laboratories 2 <7.0

24 Pathfinder 01557 3/30/76 1 '~<2.0
Laboratories 2 <2.0

-DRM/nmy
cc: R. E. Barletta

R. E. Davis
C. R. Kempf
J. F. Smalley

194



.

BROOKHAVEN NATIONAL LABORATORY

MEMORANDUM

DATE: July 29, 1983

To: File _

FROM : D. R. MacKenzie

SUBJECT: Waste Shipments Fron Argonne National Laboratory to Shef field
Trenches

Routine Shipments

During the course of operations at ' the Shef field LLW burial site, f rom
late 1966 to,early 1978, Argonne National Laboratory (ANL) regularly shipped
radioactive waste to the site in 120 f t3 steel bins. A number of shipments
containing eight to ten bins each were sent to the trenches covered by BNL's
original Shef field S0W. Each bin was listed as containing 0.45 Ci of MFP
(mixed fission products). Since the curie amounts of the shipments were non-
trivial, ANL personnel were questioned regarding the isotopic composition and
form of the waste (telephone conversations, D. R. MacKenzie to Lyle Cheever,
January 14 and 17,1983). Mr. Cheever, Manager of ANL's Waste Management
Operations Department,, checked back in their records for us. He could find
nothing in the records to indicate what isotopes may have been present in any
specific bin, let alone what quantity of any particular isotope was present.
Tha waste was simply collected from all divisions of ANL, placed in the bins,
and shipped when enough bins had been filled. It should have been listed as
mixed byproduct material rather than mixed fission products. Mr. Cheever

'

described the bins 'as follows: dimensions 4' x 5' x 6', made of 16 gauge mild
steel, flanged at the tops, and closed by bolting lids to the flanges with
gaskets.

Special Shipments to Trench 2

A large number of routine shipments containing several hundred bins were
sent to Trenches 1 and 2 during the four years they were operating (from the
opening of the site until March 1971). During the period February to May
1970, ANL also shipped some considerably higher level waste in 55 gal' drums
rather than 'the large steel bins of the routine shipments. These special
shipments appear to have been in two series, one from late February to April
21, with drums containing 3-7 Ci MFP in each drum, and one from April 22 to
May 13, with drums containing 14-70 Ci each. Because of the nonroutine nature
cf these shipments it was considered that ANL would be likely to have more
information on them than on the regular shipments of general laboratory waste.

195

- __ _ _ - _ _ . . _ _ _ . _ . - . _. _ , _ ,



|

|
|
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'

Memo to File
D. R. MacKenzie
Page 2

l

The Waste Management Operations Department at ANL was again approached, .I

and its personnel were able to provide most of the information required on the
nature of the waste in the special shipments (telephone conversations of D. R.
MacKenzie to Lyle Cheever or. June 24, July 18 and July 29, 1983). Since ANL's
records did not go back to 1970, we sent Mr. Cheever copics of the uierofilms
of the following RSRs:

4096 and 4099 (3-7 Ci drums)
4101,4102, 4103, 4104, 4109, 4112, 4117, 4121, and 4122 (14-70 Ci drums)
4125 (routine shipment of bins)

The shipments represented by RSRs 4122 and 4125, one a " hot" drum and one
a regular shipment of bins, were made on the same day, May 13, 1970.

Mr. Cheever, with the help of personnel in his department who had been
present at the time the special shipments were made. . identified the waste as
coming from hot cell examination of EBR-1 and/or 2 irradiated driver fuel.

~

What appeared to be two series of shipments (3-7 and 14-70 C1) could have been
one from each reactor, but if so, it was not known which series was from which
reactor. The important point is that the waste was, indeed, MFP from irradia-
ted fuel. It also contained source material and SNM (since it was, essential-

ly, irradiated fuel wh,1ch was contaminating tools, equipment, etc.), anil
activation products such as Co-60 in the stainless steel cladding component.
EBR-1 fuel was metal (fissium) and EBR-2 fuel was UO2

-The packaging of the waste was done as follows. Pieces of Schedule 40
black iron pipe were loaded with waste and capped of f. Each pipe was packed
-centrally in a standard DOT 55 gallon drum and the drum sealed in the usual
manner. - Because of their high radiation fields, the drums were transported in
type B3 shipping casks supplied by NECO.

DRM:cv
cc: R. E. Barletta

R. E. Davis
C. R. Kempf
J. Smalley

9
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BROOKHAVEN NATIONAL LABORATORY

MEMORANDUM

.DATE: August 19, 1983

70: File
.

D. R. MacKen eFROM:

- SUBJECT: Probable Isotopic Composition of Special Shipments From
Argonne National Laboratory to Trench 2

Discussions were held with Dr. L. Neimark of Argonne National Labora-
tory's Materials Science Division regarding the nature of the waste in ANL's
special shipments to Trench 2 (telephone conversations of August 10 and August
15, 1983). Af ter talking with the persons who had prepared the waste for
shipment (the same sources of information as used by Lyle Che(ver - see Memo
to File of July 29, 1983), Dr. Neimark concluded that the, waste had come from
cicanup of one particular hot cell which had been in operation for some 20 yrs
and had been accumulating waste over that period.

The . cell had been used for metallographic examination of irradiated
reactor fuel elements. No chemical treatment was carried out in the cell, so
essentially no salts of the uranium and plutonium in the fuel would have been
present. The cell was operated in air atmosphere, rather, than inert gas.
Thus, the small particles of fuel which contained the waste would be almost
entirely in the form of oxide, either as fuel which was orginally UO , or as2
metal fuel oxidized in the air atmosphere. No large- pieces of fuel would have
been present in the waste because of the accountability requirements, so that
the waste consisted of small particles of fuel contaminating tools, equipment,
discarded reactor internals, cleaning materials, etc.

The waste would have resulted from examination of irradiated fuel, not
s nly from EBR-1 and EBR-2, but also from ETR, MIR, and probably CP-5, so that
most of the material was well aged, and the bulk of the by product activity
would have been due to the longer-lived fission and activation products,
Ca-137, Sr-90, and Co-60, probably mostly the fission products. Thus, MFP was
a reasonable description of the waste, and "well aged" should be added.

Dr. Neimark did not know how the figures for source material and SNM had
been arrived at in filling out the RSRs. All RSRs had the same amounts,
namely <5 g SNM and <5 lb source. He agreed that there was no basis for
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i

Memo to File ,

August 19,-1983 |
Page 2 |

|
1

having the same amounts of source material and SNM associated with 3 Ci of MFP
as with 70 C1. -All we can conclude is that most of the drums contained very
much less than- the amounts listed, so that the total amounts listed for these

special shipmens were not meant to be realistic, but gave rather, an extremely
conservative upper limit.

_

DRM/nmy
cc: _R. E. Barletta

R. E. Davis
'

C. R._Kempf
J. F. Smalley-

'

I

i

|

|

|

|
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BROOKHAVEN NATIONAL LABORATORY

M E M O R A ,N D U M

" " '
' DATE:

FileTO:

D. R. MacKenziepggg,

Clarification of Information Regarding ANL Special Shipment
SUBJECT: Series of 1968 and 1970

It was pointed out in the September Letter Report that the waste in ANL's
1968. series of special shipments was much more dilute than that in the 1970

3 bins as com-series (comparable or smaller total radioactivities in 120 f t
3 d ru ms ) . We have obtained information on the 1968 series -pared with 7.3 f t

from Mr. W. H. Kline of ANL (telephone conversation of October 7,1983).
Mr. Kline was in charage of . preparing the waste in both the 1968 and 1970
series for shipment. He stated that the waste in these two series came from a
general cleanup of the whole ANL site, including, but not restricted to, hot
cells. That in the 120 f t3 bins was considered intermediate icvel, me.e
highly radioactive than the normal ANL shipments, but not requiring shielding.
That in the drums had considerably higher radiation fields and required the
heavy shielding of the NECO ,B-3 shipping casks for shipment. All this waste
had been stored because of its high radiation field, and some of it had been
stored since the early days of ANL's operation. In general, it was well aged,
and thus contained mostly isotopes of reasonably long half-life, such as those
we are concerned withsin this study. A great deal of it was from hot cells
and would contain the longer-lived fission products and activation. products
mentioned previously (Monthly Letter Report of August 1983, Appendix D). 'It

- would hot have con,tained H-3, C-14, and I-129, unless they were coinciden-
tally mixed with other waste, since such isotopes have almost no -radiation
field and would not have needed to be stored.

Mr. Kline also clarified the description of the shipping procedure for
the hot waste (telephone conversation of October 17). This dif fers consider-
ably in.its detail from that obtained earlier. (Letter Report of July 1983,

,

! Appendix D), although the general picture is similar. The primary waste con-
tainers (MAP tubes) were made of aluminum rather than iron. The aluminum'

L tubes were 2, 4, and 6-in. diameter, and of dif ferent lengths, with welded
; - bottoms. The tops snapped on with a press fit so they could be closed re-
i. motely. These tubes, filled with waste, had been stored in hot cells and else-
[ - where until the cleanup.. They we e loaded remotely into the drums by setting

them'in on end, as many as the dr..m would hold -- not one centrally located as
|

!
J

|

|
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Memo to File
October 25, 1983
Page 2

we had been told earlier. The drum lids were of the finger-closure type
rather than ring-bolt sealed. The drums were shipped in the NECO B-3 cask,
2 per truckload.

DRM/nmy
cc: R. E. Barletta

R. E. Davis
C. R. Kempf

,
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APPENDIX C

ESTIMATE OF TRITIUM RELEASE PROM A CARBON STEEL DRUM OF
LABORATORY TRASH BURIED AT SHEFFIELD

C.I. Casesous Release

In order to estimate the tritium release to trenches from carbon steel
drums containing miscellaneous laboratory trash, two mechanisms appear to be
im po r tant. First, there is release of tritium due to gaseous transport and,
secondly, release due to teaching. For drums emplaced at Sheffield, both
mechanisms will operate immediately upon emplacement only for those drums
breached during emplacement. In this case, it has been conservatively
assumed, given the high mobility of tritium, that the entire drum inventory
is released during the first year of burial. Based on an assessment using

photographs of low-level waste drums in trenches (Section 4.1.2), it is
expected that 15% of the drums buried at Sheffield will have been breached.

for the remaining 85%, the drums will initially provide a barrier to
liquid. Hence, until the drums are breached due to corrosion, only gaseous
release of tritium is expected. This may be estimated from the rate of tri-
tium release from tritiated organic materials. This rate of release is as-
sumed to be the same as that estimated f rom data for the rate of tritiated gas

.

release from luminous paints.(1) It is also assumed that, on the timescale
of interest (i.e., years), the drums present no barrier to gaseous release
from this waste even when they have not been breached by corrosion. Accord-
ingly, the rate of gaseous release from this waste (R ) may be expressed asE

R =k I( t) (1)g g

where k is the rate constant for gaseous tritium release (k = 4.5 xgg10-2 yr 1) (Section 4.4.5) and 1(t) is the amount of tritium lef t in the
wa s te fo rm a t time t. The quantity I(t) may be determined by solving the

,

| following differential equation (which takes radioactive decay into account)

dI( t) = (kg + A) I( t) (2)
,

dt'

|

|
where A is the radioactive decay rate constant. Thus, when loss of tritium

is determined by
! occurs only through gaseous release, Rg

Rg=I k exP[-(kg + A) t] (3)o g

i

!
where I is the amount of tritium initially in the waste.o

f
|
t

!
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C.2. Release D a to Leaching

Once ca rrosion has breached the drum, teaching can occur, in addition to
gaseous release. In reality, these two mechanisms (leaching and gaseous re- I

lease) are coupled, but since it is not possible to de termine the extent of
interaction be tween them, it is assumed that the total rate of loss of tritium
f rom this wa ste (R ) is just the sum of the rate of loss due to radioactiveT
decay (R ) P1's tha t due to gas release (R ) plus that due to leachingD g
(R ), i.e.,g

RT = Rg + Rg+RL (4)

Since (see Equa tion 2)

RD+R = (kg + A) I(t)g

Equa tion 4 may be rewritten as

(6)RT = (kg + A) I( t) + Rg

To es tima te the loss due to leaching, i t is firs t necessary to make
assumptions concerning the lifetime of a carbon steel drum, as well as the
induction period of the start to corros ion. A detailed s tudy of the corrosion
of steels in soils has been performed by Romanof f.(2) According to this
s tudy, the Shef field site lies in a region identified as Prairie Soils. Since
there were no sampling sites in Illinois, sites in neighboring states lying in
the same soil group were reviewed. Data from the selected sites indicate a
soil pH ranging from 4.6 to 7.0 and soil resistivity in the range of 1000 to
2400 ohm-cm. It is noteworthy that the sampling depth for the Romanof f da ta
was 5 f t or less, whereas, trench depth at Shef field can be >20 f t. Piciulo
e t al.(3) report da ta on various soil samples from an area adjacent to the
Sheffield site. The pH of the soils sampled to 33 f t ranged from 6.9 to 7.6,
and the resistivity ranged from 4000 to 6500 ohm-cm. These da ta would indi-
cate large dif ferences be tween the Sheffield soils and those of the Romanof f
s tudy. However, since all soils removed f rom the trench were probably used as
backfill and the presence of the waste itself can affect corrosion of con-
tainers, it is assumed that the corrosion da ta for the selected sites from the

Romanoff study may provide a suitable approximation for estimating failure
time of a 55-gal sealed drum.

The ranges of corrosion rates for ferrous pipe given by Romanof f for the
2selected soils are for weight loss, 0.24 to 0.85 oz/f t /yr, which converts

to 0.37 to 1.30 mil /yr and for pit penetration, 4.4 to 11.8 mil /yr. Assuming
uniform corrosion of a 55-gc1 mild steel drum (50-mil wall thickness), total
disintegration of the drum is estima ted to occur be twen 38 and 135 yrs. A
period from burial to first breach of the drum can be estimated from the

pitting da ta cited above. Penetration of the drum may firs t occur some time (
be tween 4.7 yrs and 11.4 yrs.
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From these results, the period of time before which no breach of the drum
eccurs has been conservatively estimated to be ~5 years. Further, the mean

time to total disintegration of a carbon steel drum has been estima ted to be
~86 yrs af ter the induction period.

For an intact 55-gal drum containing waste, it is assumed that, as soon
as an area of the drum disintegrates due to corrosion, all of the tritium con-
tained by that area is immediately leached. Thus, RL may be expressed as

ds(t)
_

L . I(t) dt (7)R
A - s( t)

where ds(t)/dt is the' t-ate of growth of the disintegrated area [s(t)], and A
is the surf ace area ef a drum. The course of the drum's corrosion is modelled
by assuming that the drum is breached by a single circular pit at t = 5 yr.
Furthermore, it is as sumed that the radius of this pit (r ) grows linearlyp
with time, i.e.,

(8)
r = Ktp

whora K is a constant. Thus, sidee

c(t) = wr 2 = wK c22p (9)
the quantity da(t)/dt becomes-

2da(t)/dt = 2rK e
(to)

cod Equation 7 becomes

RL = I(t) (2*K tl
A - wK e2 (11)2

Substituting Equation 11 into Equation 6 gives

\RT . dI(t) = I(t) kg+A+ 2*g2t
(12)de

( A - wK e2 j2

which ray be solved to give the amount of tritium lef t in the waste as a
functicn of time [I(t)]

I(t) = Io exp (kg + A)t + in A-

2 (g3)
( g A - wK ci) )

.

Sinco a 5 yr induction period is required for corrosion to breach the drum,
.

i.e., K = 0 for t < 5 yr, Equation 13 should be rewritten as

I(t) = I exP[-(kg + A)t]o

(14)
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for t 1 5 yrs, and< _
,

A )
( g + 1) (t - 5 yr) + in; A - wK (t - 5 yr)2
(k (15)I(t) = I(t = 5 yr) exp 1 i

2
( jj

_
_

for t >5 yr. Since .

i

I(t = 5 yr) = I exp[-(kg + A)(5 yr)) (16)o

Equation 15 becomes.
.

I(t) = Io exp (kg + A) t I- in -.

A )) (g7)-

( (A - wK (t - 5 yr)22

for t > 5 yr. (Note that Equation 14 may be rewritten as

(18)I(t) = I ExEgo

where Ex[= exp(-At)] is an exponential term due to radioactive decay and
E [=exp(-k t)] is an exponential term due to gas release. Also note thatg a
Equation 17 may similarly be recast as

I(t) = I ExE EgL (19)o

( [ A ))
= exp \ n (A - wK (t - 5 yr)2|//I-i 2 | is an exponential term due towhere EL

les-hing.

Since the rate of release of tritium from this waste R (t) is definedR
as

R (t) = R = k I('t) (20)R g g

for t i 5 yr and

I I
(t) (21)k 2xK2 1RR=Rg+RL=i(g+I 2(A - wK gj j

for t >5 yrs, Equations 14 and 17 may now be substituted into Equations 20 and
21, respectively, to give

R (t) = k I exp(-(kg + A)t] (22)R go

for t 1 5 yr, and
2

g +l2,K (t .- 5 yr)

( g + A) t + in (A-wK(t-5yr)2jj
(k pR (t) = k -

R 7 ,xp0
- wK (t - 5 yr)2j2

,

for t > 5 yr. The amount of tritium releat.ed f rom the waste [AR(t)] is
defined by

fAR(t) = R (z)dz (24)R
J O
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end. the cumulative fraction of the tritium released from the waste ((CFR(t)))
is defined by

CFR(t) = AR(t)/I (25)o

Thus, CFR(t) is given by

-CFR(c) = kg (1 - exp(-(kg + A)t] (26)
kg+A

for t i 5 yr, and CFR(t) is given by

~ ~

A -A~ + [ 2nK (z - 5 yr) / /
E 2

exp -1 (k + A) z + AnlCFR(t) = k '

(A WK (z - 5 yr) (8 ( A TK ( z - 5 yr)2 dzdo
,_ -

. .

(27)

for t > 5 yr.

3. Estimate of Release as a Function of Time

Equations 26 and 27 may now be used to estimate the cumulative fraction
of the tritium released from a drum as a function of time. As mentioned
pr;viously, the value of kg used in this calculation is assumed to be the
stme as the release rate constant calculated from data given in Reference 1

for tritiated paint (i.e. , kg = 4.5 x 10-2 yr~1). Additionally, a value
for K may be estimated by assuming that the drum has an 86-yr lifetime af ter
it is first breached. Equation 9 may then be used to detenmine K, i.e. ,

A = nK2 (86 yr)2
- (28)

and

K2 A (29)
n(86 yr)2

Substituting the value of k given above along with the value of A forg
tritium (5.6 x 10-2yr~1) into Equation 26 gives

CFR(t) = 0.45 (1 - exp (-1.01 x 10~1 t)] (30)

which may be .used to calculate CFR as a function of time for : 1 5 yr. Addi-
ticnally, substituting these same values of k and A along with Equation 29g
into Equation 27 gives
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2-
", (,,o ,to.i,) , ,.3,,g (3l)cra(c) - 4.5 x 10-2 2.7 x to-'( -5y

,,p d.,

5 ** /(1- 'L"*
.

which may be used to calculate CFR as a function of time for t >5 yr.

Table C-1 gives values calculated for. the cumulative fractions released |
due to gas release (CFR (t)], leaching (CFR (t)], and to both of these ;g L
mechanisms combined (CFR (t)] for each year up to t = 90 yr. For t ,$ 5 yr, i

T
CFR (t) and CFR (t) were calculated using Equation 30. For t > 5 yr,g T
Equation 31 was used to calculate CFR (t); CFR (t) was calculated by |T g

h)f {
CFR(t)=4.5x10-2f'exp (1.01 x 10-1 ) - in 1 -, z - 5 yr_)jf 2 |z z-

g

.k k k ) / / , (32)

and CFRg(t) was calculated by

t. f f f \2y y'
-

CFR (t) = f 2.7 x 10-4(z - 5 yr) exp -1 (1.01 x 10-lz) - ini .19 z - 5-yr I i j dz
L

1- z - 5 yr 2 ( ( ( 86 / /)
86 (33)

-
- -.

The integrals in Equations 31, 32, and 33 were determined by numerical inte-
gration using Simpson's rule with a stap size of 0.1 yr. Table C-1 also
contains values for the incremental fraction released from the waste (IFR(t)]
calculated according to

IFR(t) = CFR (t) - CFRT (C - 1 yr) (34)
T

A review of Table C-1 indicates that leaching never becomes an important
release mechanism relative to gas release and that, in fact, ~97% of the tri-
tium which is released is lost due to gas release. Table C-1 also demon-
strates that, because of radioactive decay, 90% of the tritium which is re-
leased is lost during the first 25 yrs (i.e. , during the critium's ffrge two
radioactive decay half-lifes).
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Table C.1

Cumulative Releases and Total Incremental Fraction Releases of
Tritium From Packages Containing Laboratory Trash1

t(yr) CFR (t) Cig(t) CFR (t) IFR(t)

42J18E-01 42318E-01
10 .*2J18E-nl ne

81425i-01 .3890RE-01
2.0 .d1225E-01 C.
30 11637E+n0 0. .11037E+00 .35145E-01

.1461PE+00 .31747E-01
40 .l*o12E+n0 0.

.17079E+00 .28677E-01S.0' .17079E+no n.
o.O .Pae70E+60 70006E-04 .20477E+00 .25979E-01

70 22o09E+00 .20434t-03 22437E+00 . 236 0 0 E-01'

8.0 .M*721E+no 5V87iE 03 24780E+00 .21433E-01

9.0 26o27E+n0 99665t 03 .267?6E+00 .19459E-01

10 0 2n347E+n0 .1459fE-02 28492E+00 .17661E-01

11 0 29698E+00 .19697E 02 30095E+00 .1602SE-01

12 0 31i97E+no .2bl5ft 02 31549E+00 .14537E-01

13 0 32b59E+no 30835t-02 32667E+00 .131836-01

14 0 33696E+no 3b655E-02 34062E+00 .1195PE-01

15 0 34720E+no 44532t-02 3bl46E+00 .10833E-01

16.0 3bo43E+no 49400E 02 36127E*00 .9810iE-02
17.0 30474E+no 542056 02 37016E+00 8892PE-02

18.0 .J/223E+no 5V906t 02 .37b22L+00 80532E-02

1 9.0 37696E+no .65467L-02 38551E+00 72914E-0?

20 0 3H532E+00 70803E-02 392i1E+00 .6o000E-02

71+0 39047E+00 7bO74E 02 .39WO8E*00 .59725E-02

22 0 39538E+no 31084L-02 40348E+00 .54034E-OP
4887 E-02

P3 0 3997dE+00 .d3884t-u2 409374+00 P

24.0 .*JJ74E+no 90469t 02 41279E+00 .44192E-02

95 0 40130E+co 94633L-02 41079E+00 .39950E-02

-20 0 41u50E+00 96978t-02 42040E+00 .36106E-02

27.0 41337E+00 10291 -01 42366E+00 .326d3E-02E

78 0 41594E+00 1066PE-01 42661E+00 .29469E-02

79 0 41625E+no .11012t-01 42Y27E+00 .26613E-02

30 0 42o33E+00 .11342E-01 43167E+00 .2402AE-02
'

31.0 42219E+ne .11652t-01 43384E+00 .21689E-02

12.0 423dSE+00 .11943E 01 43580E+00 .19572E-02

33.0 4253SE+00 .12216L-01 43/56E+00 .17657E-02
34 0 42068E+00 .12471E-01 43915E+00 .15926E-02
35 0 .*2788E+nn 12710t-01 44059E+00 .143bOE-02.

36 0 42895E+00 .12933E-01 44188E+00 .12945E-02
37 0 42991E+00 .13141L-01 44J05E+00 .11667E-02
38.0 43077E+00 .13335L-01 44410E+00 .1051PE-02

39.0 43153E+oo .13516E-01 44505E+00 94688E-03

40 0 43222E+no .13664t-01 44b90E+00 85269E-03

41.0 43283E+00 .13840 -01 44ub7E+00 767b6E-03E

+2.0 .*3338E+oO 13985E-01 44736E+00 69092E-03

43.0 43386E+00 .19120L-01 44798E+00 .62168E-03

44.0 43430E+00 .14245E-ul 44454E+00 .55923E-03
45 0 .*3468E+no .14360E-01 44904E+00 .50291E-03
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Table C.1, Continued

Cumulative Releases and Total Incremental Fraction Releases of
Tritium From Packages Containing Laboratory Trash

t(yr) CFR (t) CFR (t) CFR (t) IFR(t)T

46 0 43ba3E+qo .14467c 01 44950E+00 45213E-03
47.0 43634E+00 .14567t-J1 44990E+00 40636E-03 J
46.0 43b61E+00 .14658t-01 45027E+00 .3651pE-03

49.0 43ba5E+00 .19743c-31 45060E+00 .327V6E-03
90 0 43607E+00 .14821E 01 45089E+00 .29450F-03
91 0 43626E+00 .14894E-ul 45115E+00 .26437E-03
92 0 43643E+00 .1*961t-01 45139t+00 .2372sE-03
53 0 43b58E+00 .1502?E-01 45160E*00 .21Pd4E-03 l

'

54.0 43672E+00 .150799 n1 45180E+00 .19008E-03
95.0 43644E+00 .15132E-01 451976+00 .17113E-03
56 0 43694E+no .lb18 L-01 45412E+00 .15337E-03 !0

57.0 43703E+00 15225E-01 45426E.00 .13741F-03'

58.0 43712Einn 15265E-01 45c38E+00 .123066-03
~

99 0 43719EiOO .15303E-01 45249E+00 .11018E-03 |

60 0 437?5E+00 .133389 01 45459E+00 .98601E-04
A1 0 43731E+00 .15370t-01 45268E+00 88208E-04
62.0 43736E400 133999-u1 45s76E+00 78800E-04
63.0 43740E+n0 .14426E-01 45dd3E+00 .70510E-04
64 0 43744E+n0 .15451E-01 45289E.00 63001'E-04
65 0 43747E+00 eld 474E-01 45c95E+00 562b8E-04
66 0 43750E+00 .lb495E-01 0 E453 0 +00 .50233E-04
67 0 43753E+00 .15514t 01 45304E+00 .44824E-04
68.0 43755E+00 .1553?E 01 45308E+00 .39979E-04
69.0 43757E+00 .15548t-01 45312E+00 .35640E-04
70 0 43759E+00 .lb563t J1 45415E+00 .31756E-04
71 0 43760EioO .1D576E-01 45318E+00 .2828 E-n41

72.0 43761E+n0 .155899-01 45320E+00 .251 7pE-04
73.0 43762E+o0 .16600E-01 .*54?2E.00 .22392E-04
74.0 43763E+00 .15611 -01 45324E+00 .1990aE-046

75 0 43764E+00 .15620L-01 45326E+00 .17608E-04
76 0 43765E+00 1S6299-01 453?BE+00 .15706E-04
77 0 43765Ek00 .16637E-01 .*5329E+00 .139J7E-04

- 78.0 43766E+00 .15645C-01 45330E.00 .1235RE-n4
79 0 43766E+00 .lb652L-01 45332E+00 .1093 E-040

80 0 43767E+00 .15658E-01 45332E.00 9695pE-05
8577 E-0581 0 43767Ein0 .15663E-01 45333E+00 3

82.0 43767E+no .13669E-01 45334E+00 .75817E-05
83.0 43767E+00 .13673L-01 45335E+00 .66958E-05 ,

84 0 43768E+00 .lb678E-01 45335E+00 .59077E-05 l
'

85.0 43768E+00 .15682t-01 45436E+00 .5207?E-05
86.0 43768E+00 .15685E-01 45336E+00 45849E-05*

i

'

A7 0 4376HE+00 .10669t-01 45337E+00 40324E-05
88.0 43768E+00 .1569?E-01 45J37E.00 .3542PE-05

'

A9.0 43768E+00 .13695E-01 45337E+00 .31076E-05
90.0 43768E+no .15697E-ul 45336E.00 .27P25E-05
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APPENDIX D >

ISOTOPIC RELEASE INFORMATION

The following tables are on the microfiche card attached to the inner
rear cover of the report.

Table D.1 - Tritium IFRs and CFRs by Case

Table D.2 - Tritium Incremental and Cumulative Releases by Trench

Table D.3 - Fuel Cycle IFRs and CFRs for Cs, Sr, and Co by Case

Table D.4 - Fuel Cycle Incremental and Cumula tive Releases for
Cs, Sr and Co by Trench

Table D.5 - Non-Fuel Cycle Incremental and Cumulative Releases
for Cs and Sr by Trench

Table D.6 - Total Incremental and Cumula tive Releases for Cs,
Sr, and Co by Trench
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APPENDIX E4

!

CALCULATION OF PARAMETERS SPECIFIC TO THE " RINSE" MODEL, AND
DERIVATION OF THE EXPRESSION FOR IFR

.

! E.1 . Rinse Volumes

For each drum angular orientation, the amount of rainfall which succeeds
in ' entering the inner lead lining is calcula ted f rom:

_

'A cos n'* r(I,II,III)

where
<

A is the area of the opening around the lead lining lid

(30.4 cm2)

)
~

is the- cosine of the angle (a) at which the drum is " tilted"cos a
in the trench (upright is ta' ken as a = 00, horizontal is

taken as a = 900)

r(I,II,III) is the respective annual rainfall column height for rainfall
! . I (89 cm/yr), rainf all II (48.3 cm/yr), and rainf all III

(6.4 cm/yr).
4

E.2 Standing Bath Volumes
j

The 3M lead-lined drums have been assumed to have 50% void space in the
inner lead lining and thus to have 50% of the total cylindrical void available
for containment of the rainwater which manages - to enter the lining. This
rainwa ter accumula tes to create what has been termed the "s tanding bath" in

,

j the liner. In calculation of the bath volume, use has been made of the dimen-

; sions given on the engineering diagram, Figure 4.1. The size of the ba th

| varies with the angle of tilt in the trench, as mentioned earlier. A sample
calculation for the bath volume for a 300 to uprigh t ' drum is given below.

,

Based on geometry, the total bath volume that would be possible to fit into
- one of these drums tilted at such an angle consists of two solid forms: (1) a
cylinder, and (2) half cylinder (a cylinder with a diagonal plane bisecting
i t) . The drums tilted from upright will be able to contain water up to a*

: level at which the wa ter can exit the drum. The level sought by the water

: produces a plane horizontal to the ground surf ace and it is this plane which,
.

in a tilted drum, bisects - the second cylinder, (2), above. The first cylin-

der, (1), represents the filled '" base" of the tilted drum. The heights (and,''

!- hence, volumes) of these two forms vary with the drum tilt angle. The height
of cylinder (1) is greater than that of half-cylinder (2) for small angles of
- tilt (with respect to the upright position) while as the angle increases
(approaching 900 or horizontal in the trench), the height of half-cylinder'

-

(2) gets successively larger than that of cylinder (1).
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APPENDEX E, Continued

CALCULATION OF PARAMETERS SPECIFIC TO THE " RINSE" MODEL, AND
DERIVATION OF THE EXPRESSION FOR IFR )

|

1

For a drum tilted at 300 to upright, the bath volume would be:

230o = F[rt uht+ rt wh 1 (E.1)V 2

where

V a e standing ba th volume for a 300 tilt drum,
30o

F is the free space fraction (0.5 assumed)

rt is the radius of the lining internal cylinder volume (6.3 in.)

u is .the c nstant p1

ht is the height of the " base" cylinder (16.0 in.), and

h2 is the height of the horizontal-plane-biscected cylinder

(6.3 in.)

Conversion of inches to centime ters and subs titution of the appropriate values
4 3yields a volume of 1.9 x 10 cm for the standing bath in a drum tilted at

300 to upright, assumed to have 50% free space.

E.3 Derivation of Incremental Fraction Release Formula for the " Rinse" Model

The amount of' material acquired by the rinse is simply the product of the
rinse volume and the waste " concentration" of the standing bath. This is rep-

resented by:

At " IX (E.2)T
where

At is the amount of material acquired. by the first rinse (equivalently
the amount of ma terial los t by the "ba th"),

L' .is the rinse volume (cm3)

x is the initial " source" or was te ma terial amoun t (C1),o

a nd Q is the standing ba th volume.
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APPENDIX E, Continued

CALCULATION OF PARAMETERS SPECIFIC TO THE " RINSE" MODEL, AND
DERIVATION OF THE EXPRESSION FOR IFR

It can be seen tha t x /Q is, essentially, the " initial activity concentra-o
tion" in the s tanding ba th at the end of the " induction" (or rainwa ter accumu-
lation) period and, just prior to the first rinse. To be consistently conser-
vative, it has been assumed that the rinse volume does not, during the rinse,
contribute to the standing bath volume.

By the time of the second rinse (i.e., the second year following the
induction period), the standing ba th " source" will have been decreased by the
amount of material lost in the first rinse, that is,

0S2 = xo - (E.3)q

where

is the " source" in the waste for the second year (CL), and all otherS2
variables have been previously defined. The amount of material lost to the
second rinse is then the product of the rinse volume and this new " source"
concentration:

\ *O ~ L*n)I
/

1
( Q/

Q

where

1 is the rinse volume,

and

(x0 - E*n)j/Q is the second rinse " source" concentration.
\ 9)
This process of successively decreasing the source concentration and then

finding the amount acquired by the rinses leads to, for example, the
expression below for the amount of ma terial los t in the fif th rinse

++ ~~

A$ = x0 (E.4)
*

9 (9) @) (9) (9/ -
.

The ratio of rinse volume to standing bath volume, 1/Q, has been called z.
Through substitution of z for 1/Q and then factoring out one z , the bracke ted
portion of the equation can be seen to have coef ficients that correspond to
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| APPENDIX E, Continued
I'
| CALCULATION OF PARAMETERS SPECIFIC TO THE " RINSE" MODEL, AND
! DERIVATION OF THE EXPRESSION FOR IFR

!

|

the sixth line of the binominal expansion of the expression (1 -z). Thus, the

! generalized bracketed portion becomes (1 - z)n-1 where n is the number of
| the rinse and, for the fifth rinse, the amount of material released is:

A5 " X0 z(1 - z)5-1 - X0 z(1 - z)4 (E.5)

The incremental fraction released can thus be written as:

(- IFR = z(1 - z)""I, (E.6)

and, for calculation of actual activity amounts, the " source", xo, mus t be
included. It is understood that x0 must be taken individually as Cs-137 and
Sr-90 for the 3M lead-lined drum wastes and, also, must be decay-corrected
according to

x0 " *01 exp(- At) (E.7)
o

where

x0 is the decay-corrected was te activity (Cs-137 and Sr-90) " source"
(C1)

lxo is the initial waste activity (Cs-137 and Sr-90) " source" (C1)

i A is the decay constant for the individual radioisotope considered
! (0.023 yr-1 for Cs-137 and 0.025 yr-l for Sr-90)

and
|

t is the time of decay (yr).

The wastes have been assumed to be totally soluble and homogeneously
mixed in the standing bath.

E.4 Induction Period Calculation

For a given rainfall, the " induction" period, during which the rainwater
accumula tes in the lead liner, can be calcula ted as:

Ur(7,77,777)SB
;
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APPENDIX E, Continued

CALCULATION OF PARAMETERS SPECIFIC TO THE " RINSE" MODEL, AND
DERIVATION OF THE EXPRESSION FOR IFR

where

T is the time to " bath" filling (yrs),

3
VSB is the standing bath volume (cm )

rg y) is the volume of the annual rinse for rainfallV
3I,II, or III (cm ),

These 3M lead-lined packages have been assumed to be partitioned as
1/3:l/3:l/3 and subjected to rainf alls I, II, and III. Thus, there are three

separate induction periods and, consequently three separate initial times of
release (the first release can only occur, according to the model, af ter the
s tanding ba th has reached the level of exi t from the drums).

Actual calculated values of the two release model parame ters are summa-

rized in Table E.1.

Table E..

Values for Release Model Pa rame ters

Drum Orientation

(on side) Upolde
Up r tr,h t 30o 4$o 600 908 Down

" Area" Esposed 30.4 26.3 21.5 15.2 15.2 7.92 E2 or 4.43 E2
Ito Rainfall) (em )

Vetume "sath" 2.24 E 4 1.93 E 4 1.68 E 6 1.16 E 4 1.12 E 4 2.24 E4

Rtnse volume 1 (cm ) 2.71 E 3 2.43 E 3 1.91 E 3 1.3$ E 3 1.35 E 3 7.05 E6 or 3.95 E43

zg 1.21 E.1 1.21 E.1 1.16 E 1 1.17 E.1 1.21 E.1

Rinee Volume 11 (cm3) 1.47 ?3 1.27 E 3 1.04 E 3 7.34 E 2 7.34 E 2 3.83 E4 or 2.14 E4

?gg 6. , E.2 6.58 E.2 6.18 E.2 6.33 E.1 6.35 E.2

Rinee Volume 111 (cm3) 1.s3 E 2 1.47 E 2 1.37 E 2 9.65 E 1 9.65 E 1 5.03 E3 or 2.81 E3

8.62 E.3 8.6$ E.3 8.13 E.3 8.32 E.3 8.62 E.3
till

Inductlen Period " Bath" Volume (302)
to " Bath" Fill Rinee Volume

Tg (year) 8.27 8.25 8.80 8.59 8.36

Tgg (veer) 1.52 E 1 1.52 E 1 1.62 E 1 1.58 E 1 1.53 E 1

Tggg (year) 1.16 E 2 1.16 E 2 1.2 3 E 2 1.20 E 2 1.16 E 2

a-
*n
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