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Unitea States Government Department of Energy 

.- memorandum Carlsbad Area Office 
Carlsbad, New Mexico 88221 

aATE: June ir. 1996 
REPLYTO C.\O:N*ITP:RLB:%-I17J 
A l T J  OF 

SUmECI: Revised Radionuciide Data in Suppon oi the Compliance Cemficaxion Appiicauon 

Les E. Shepnard. Director. .?lucIear Was= Managcmnn Program C e m r .  S W N M  

Please find auached the revised W P  disposal radionuclide inventory which was 
previously rr;msmtted to your staff for their use. This invemry has been rccaifulared on 
the basis of new radionuclide iniormauon recemiy available from four TRU wasu sires: 
rhe Hanford site (Haniord), the Oak Ridge National Laboratory (ORNL), rhe Rocky Rats 
Environmemi Technoiogy Site (RFETS), and the Savaunah River Site (SRS). The revised 
WIPP disposal radionuclide inventory is provided in Aaachmcnr A in a formar suniiar to 
Table.54 of Revision 2 of the Tranmranic Wasu Baseline Invenrory Rcpon ('WEIR). 

The values in Atracbmem A were originally based on the exaapoiation of thc remits of 
preliminary radionuclide decay Calcufanons thar were compictcd by Saudia National 
Laboratories (SNL) staff on Aprii 8. These prelirmnary caicuiauous have rrc+mly 
completed the formal quality assurance/qualiry comrol (QMQC) review process by the 
SNL QAIQC group, and an approved version of these catcuiarions was OM on 
Tuesdav, .4prii 17. The QAIQC review process produced some changes in thc prcliminary 
values. and these changes have been incorporated in Anachmmr A. 

Since the W P  Performance Aisasmcnt (PA) gmup at SNL rrquired tht k data as 
soon as possible in suppon of 
A m h e m  A is b e e  supplied as thc most currax updarc unril the publicadon of Revision 

WIPP (PA) staff during rhc videoconference meeting on March 3,1996. the revised data 
shown in Atrachmcm A arc based on the final waste form volumes published in &vision 2 
of the M I R .  The mformauon in Anachmem A wi l l  be inciudal in the TwBIR, Rev. 3. 
as well as that previousiy supplied on complexing agcms. cemrm cornan. and 
~mu/suifate!phosphate content. which will be included as an appendix to rhc TWBIR. 

In S u m m a r y  .. rhe revised data in Attachment A incorporates thc effect of thc foilowrig 
i d o m t i o n  received from four sites during the past two monrhs: 

TO: 

Compliance Cemficarion Applicarion (CCA). 

j and should be  US^ by thc WPP PA insupport of tk CCA As -withthe SNL 

0 Corrections to the values for Cf-252. Cm-234. and Cm-245 rcponed in earlier 
Hadord submids for the IDB. 
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Les E. Sheonara June 4 ,  ,996 

- 
0 Prrllminary sludge samulins data rrom ORNL for the RH-TRu sludges showing 

[he dismbution ot different urmum isotopes in the sludge: thu enabled the 
redismbution of the uramum curies from DEVIOUS Oak Ridge IDB submttais 
ma corrected the prerviousiv nign estuna~cs ot U-235. 

0 Break-up of radionuclide data ror SRS waste between on-site and off-site waste 
(i.e.. waste from Los Alamos and Mound that was sh~ppcd to SRS for storage in 
the early 1970s): this enaoied more realisuc extrapolauon of the amount of Pu- 
238 and Pu-239 in SRS waste. 

A descnptron of the step-by-step methodology used to incorporate the new informauon 
from the four sites and to develop the revised inventory is provided in AnaurmCnr B. 

If you have any quesuons concemng the enclosed informauon. please conract Mr. Russ 
Bispmg of my staff 31 (505) 134-7336. 

?e- n 

MallagCr 
National TRU Program 

cc w/auachmenLs: 
R. Bisping, CAO 
G. Basabilvazo. CAO 
J. Mewhirmty, CAO 
S. Chakrabom. CTAC 
P. Drcz, CTAC 
J. Harvill, CTAC 
R. Anderson. SNL 
L. sanchu. SNL 
M. Chu. SNL 
M. Mariafa. SNL 
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WlPP Disposal Radionuclide Inventory for the CCA’ 

.- 

NR = Not reported by sites. 
’Decayed to December 1995. 
2Total curies estimated by assuming a volume of 168,500 cubic meters for CH-TRU waste and 
7,080 cubic meters for RH-TRU waste. 

- 

91-3 



AlTACHMENT A 

WlPP Disposal Radionuclide Inventory for the CCA (continued) 

NR = Not reported by sites. 
'Decayed to December 1995. 
'Total curies estimated by assuming a volume of 168,500 cubic meters for CH-TRU waste and 
7.080 cubic meters for RH-TRU waste. 
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ATTACHMENT A 

WlPP Disposal Radionuclide Inventory for the CCA (continued) 

RH-TRU W m  

_- 

NR = Not reported by sites. 
'Decayed to December 1995. 
'Total curies estimated by assuming a volume of 168,500 cubic meters for CH-TRU waste and 
7.080 cubic meters for RH-TRU waste. - 
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AlTACHMENT A 

WlPP Disposal Radionuclide Inventory for the CCA (continued) 

RH-TRU Waste 

- 

NR = Not reported by sites. 
'Decayed to December 1995. 
Total curies estimated by assuming a volume of 168,500 cubic meters for CH-TRU waste and 
7,080 cubic meters for RH-TRU waste. 

- 



AlTACHMENT A 

WlPP Disposal Radionuclide Inventory for the CCA (continued) 

NR = Not reported by sites. 
'Decayed to December 1995. 
qotal curies estimated by assuming a volume of 168,500 cubic meters for CH-TRU waste and 
7.080 cubic meters for RH-TRU waste. - 
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AlTACHMENT A 

WlPP Disposal Radionuclide Inventory for the CCA (continued) 

NR = Not reported by sites. 
'Decayed to December 1995. 
2Total curies estimated by assuming a volume of 168.500 cubic meters for CH-TRU waste and 
7 ,080  cubic meters for RH-TRU waste. 
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AlTACHMENf A 

WlPP Disposal Radionuclide Inventory for the CCA (continued) 

NR = Not reported by sites. 
'Decayed ta December 1995. 
*Total curies estimated by assuming a volume of 168,500 cubic meters for CH-TRU waste and 
7.080 cubic meters for RH-TRU waste. 



This anachment summarizeS the major changes to the undecayed radionuclide data based on the 
new i n f o d o n  obtained frotn four sites since the publication of Rev. 2 of the TWBIR. It also 
summarizes the methodology used to develop the revised WIPP disposal radionuclide 
inventories shown in Attachment A. 

The major changes to the undecayed radionuclide data from the four TRU waste sites (Hanford. 
Oak Ridge, Rocky Flats, and Savannah River) are summanz+d ' bclow for each site: 

--There were a few errors in the undecayed curies 
reponed by the Hanford site for Cf-252, Cm-244, and Cm-245 in thcir previous IDB 
site submittals for CH-TRU waste. The corrected estimates of yearly activity for 
these radionuclides that were provided by the W o r d  site have becn used for the 
revised radionuclide inventory calculations. The previous and revised u n d a y d  
activity values are shown in Table B-1 . 

Chances to the - In previous IDB submittals, Oak Ridge reporred a 
very conservative (high) inventory for U-235 in the Oak Ridge RH-TRU waste due to 
the absence of any sampling data. Recently available mass spectromcay analytical 
data for the evaporator feed tank sludges at Oak Ridge have provided new 
disniburioas of the different uranium isotopes in the RH-TRU sludges showing rhat 
the primary u d m  isotope by mass is U-238 (not U-235). Since the original IDB 
data are reported in terms of curies (i.e., not on a mass basis), the 'IWBIR team used 
the mass speceomepy data to develop new yearly estimares of activities for each 
uranium isotope. The previous and revised undecayed activities for uranium isotopes 
in Oak Ridge RH-TRU waste are shown in Table B-2. 

-tothe- - The WETS residues were not included in any 
of the previous IDB submittals because they were not categorized as waste. 
Therefore, no break-ups wen available for the ycarly undecayd activity contributed 
by each radionuclide in the residues and consequently, no radionuclide decay 
calcularions could be performed for the midues in Rev. 2 of the TWBIR. Based on 
recent estimates provided by RFETS. it was possible to divide the total undecayed 
curies for each radionuclide present in the residues into yearly activities. The yearly 
break-up of undecayed curies from each of these radionuclides is shown in Table B-3. 

0 Chances to the - In previous IDB submittals, SRS had reported the total 
yearly undecayed curies conmbuted by each radionuclide in SRS CH-TRU waste and 
therefore no information was available from the IDB regarding the contribution from 
off-site waste stored at SRS versus on-site waste that was generated at SRS. Based on 
recent mformation available from SRS regarding the on-site versus off-site break-up, 
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- the TWBIR team has divided the total yearly undecayed activities rcponcd in previous 
SRS IDB submittals into yearly undecayed activities from on-site and off-site waste. 
The origlnal IDB data and the break-ups are shown in Table B-4. 

These new estimates of undecayed radionuclide activities for the four sites and unchanged dara 
for all other sites were provided to SNL staff to perform radionuclide activity decay 
calculations. The undecayed activity data were decayed by SNL sraff to the end of 1995 using 
the code ORIGEN2. The new decayed radionuclide inventory received from SNL staff has been 
used to develop the revised WIPP disposal radionuclide inventory shown in Aaachmcnt A. - 
The mnhodology used for deveiDpwm of the revised radionuclide inventory is the same as that 
described in Section 3.6 on pages 3-27 through 3-29 of Revision 2 of the TWBIR with the 
following exceptions: 

Decayed curies have b a n  used for the RFETS residues (instead of the undecayed 
curies used in Rev. 2 of the TWBIR) 

Unlike Rev. 2 of the TWBIR, the estimated concerntion of U-235 in RH-TRU waste 
in Anafhmmt A is well within transportation limis for PU-239 FGE and therefore 
does not require any adjusuncnts. - 
The curies a d  volumes contributed by TRU wasp generated off-site but s t o d  at 
SRS have ban excluded from the process of estimating radionuclide activities for 
SRS waste to be generated in the fume. Only the data for waste that has becn 
generated and stored at SRS since 1970 has been used for this estimation. The curies 
contributed by the off-site waste stored at SRS arc added to the radionuclide 
inventory (in a manner similar to the RFETS residues) but they arc not included in 
any data extrapolation for fuaue SRS waste. 
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TABU B- 3 
Rocky Flats Environmental Technology Site 
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PREVIOUS VALUES OF URANIUM ISCYTOPES IN TEE IDB (CURIES) 

U232 I 0.OOEtOOJ 0.OOEtOO~ 0.00E+W( O.WEt001 0.OOEtOO~ 0.WEtWI O.WE+WI 0.00Et001 O.OOEt001 0.00Et001 0.00Et001 O.WE+OOI O.OOEtO 

1 
I 1970 I 1971 I 19?2 I 1973 1 1974 I 1975 I 1976 1 1977 I 1978 I 1979 I 1980 I 1981 1 19m 

TABLE B - 2  
Oak Ridge National Laboratory 

u233 1.25Ei00 1.25Et00 1.26Et00 1.26Et00 1.68Et00 1.76Et00 1.26Et00 3.3BEt00 1.26Et00 0.WEt00 1.00E.01 O.OOEtO0 1.00Et00 
u234 O.OOEtO0 0.00Et00 0.00Et00 0.OOEtW 0.OOEtW 0.00Et00 O.WE*W O.WEtO0 0.OOEtOU 0.WEt00 0.00Et00 0.WEtW O.OOEtO0 
U235 O.OOEt00 0.00Et00 0.00Et00 O.WEtO0 0.00Et00 0.00Et00 2.01E.M 2.84E.04 O.OOE+OO 0.WEtW O.WEt00 0.00Et00 O.OOEtO0 
U238 3.74E.01 3.74E.01 3.74601 3.74E.01 3.74E.01 3.74E.01 3.74E.01 3.74E.01 3.74E.01 O.WEtO0 0.00Et00 O.OOEtO0 O.WEt00 

O.OOEtO0 
0.00Ei00 

0.00Et00 1.76EtOl 1.7Mt01 1.76Et01 1.76Et01 1.7Mt01 1.76Et01 1.76Et01 1.76Et01 1.76Et01 1.76Et01 
0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 0.00Et00 O.OOE+OO 0.00Et00 O.WEtW 0.00Et00 0.00Et00 

I 1983 I 1984 I 1985 I 1986 I 1987 I 1981) 1 1989 I 1990 I 1991 I 1992 I 1993 I 1994 rro TAL 
U232 I 0.00EtOOI 0.00Et00I fi.2EE.021 0.28E.021 O.ZEE.021 6.2fiE-021 0.2EE.021 0.2EE.021 fi.28E.021 82EE.021 fi.ZEE.021 fi.2EE.021 0.2EE-01 

REVISED UNDECAYED ACTlVlTY FOR EACE URANIUM ISOTOPE (CURIES) 
1970 1971 1972 1973 . 1974 1975 1976 I977 1978 1979 1980 1981 

U233 6.6EEt00 6.6EEt00 6.6EEtW 6.6EEtW 6.78EtW 6.88EtW 6.BOEtM (I.EEE*W 6.68EtW 0.OOEtW (I.OOE.02 O.WEtW 
u234 1.25E.01 1.25E.01 1.26E.01 1.26E.01 1.26E.01 1.26E.01 1.26E.01 1.26E.01 1.26E.01 0.00Et00 4.66E.07 0.00Et00 
U235 5.88E-03 6.88E.03 6.86E.03 8.88503 6.86E.03 6.86E.03 6.8fiE.03 6.EfiE.03 6.86E.03 0.WEtW 2.07E.08 O.OOE to0 
u236 3.46E.03 3.46E.03 3.46E.03 3.46E.03 3.45E.03 3.46E.03 3.46E.03 3.46E.03 3.46E.03 O.WEtO0 1.28E4E O.OOE t O O  
U238 3.73E.01 3.73E.01 3.73E.01 3.73601 3.73E.01 3.73E.01 3.73001 3.73E.01 3.73E.01 O.WEtO0 1.38E.W 0.00Et00 

0.00Et00 0.00Et00 6.37Et00 6.37Et00 5.37Et00 6.37Et00 6.37Et00 6.37Et00 5.37Et00 6.37Et00 6.37Et00 6.37Et00 6.OOEtOI k I 0.00Et00) 0.00EtOd 0.00EiOd 0.WEtOOl 0.OOEtOd 0.WEtWI 0.00EtOd 0.0OEtOd 0.OOEtOd 0.00EtWI 0.OOEtOd O.OOEtO0) 0.WEtOd 

1982 
B.OEE.01 
4.65E.08 
2.07E.07 
1.2BE.07 
1.38E-05 

1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 'TOTAL 
U233 0.00Et00 0.00Et00 3.83EtOl 3.63Et01 3.83Et01 3.83Et01 3.E3Et01 3.83Et01 3.83EtOl 3.83Et01 3.E3EtOl 3.83EtOl 4.38Et02 
0234 O.OOEiO0 0.00Et00 O.lOE.01 O.lOE.01 O.lOE.01 E.lOE.01 0.10E.01 fi.lOE.01 6.1OE.01 O.lOE.01 0.1OE.Ol 6.lOE.Ol 1.02Et01 
U235 0.00Ei00 0.00Et00 5.01E.02 6.01E.02 6.01E.02 6.01E.02 6.01E.02 6.OlE.02 6.01E.02 6.01E.02 6.01E.02 6.01E.02 6.63E.01 
U236 O.OOEtO0 0,OOEtOO 2.61E.02 2.61E.02 2.61E.02 2.61E.02 2.61E.02 2.61E.02 2.61E.02 2.61E.02 2.61E.02 2.61E.02 2.62E.01 
una 0.00Et00 0.00Et00 2.71Et00 2.71Et00 2.71Et00 2.71Et00 2.71Et00 2.71Et00 2.71Et00 2.71Et00 2.71Et00 2.71EiOO 3.05EtOI - 



TABLE B - 1 
Hanford Site 

PREVIOUS UNDECAYED CURIES FOR CI-252, Cm-244, and Cm-245 IN CH-TRU W A m  AT THE IIAMWRD SlTE 
1970 I971 I972 1973 1974 1975 3976 1977 1978 1979 1m 1981 

cflsz O . O O E + ~  o.m+w o.m+m a a + w  o,m+w o.m+m o.m+m o.ooE+m o.m+m om+m o.ooE+m o.m+m 
C,,M o.wlEtw o.oMtoo o.wE+m o.oo~+m o.oo~+m o.m+m o.m+m O.ME+W o.m+m o.mm o.m+m o.m+m 
cmt45 O . ( W I E + ~  O.ME+M O.OOE+W o.wE+m om+m o.a+m o.m+m o.a)E+m 3.42~01 omtm o.mEtm O.OOE+M 

1982 
~ . o ~ E + w  
om+m 
I .ME+~*  

1983 1984 1985 1986 1987 1% i 1989 1990 I I991 
cn52 O.WE+W O . ~ E + W  o.m+m o.m+m o.ooE+m OMK+M om+m o.ooE+m o.m+m 
c m 2 ~  O.OOEtW O.OOEtM O.WE+OO O.WE+W O.WE+M O.WE+W O.WE+M 7.62E.01 6.72EW 

~ 

1992 1993 1994 TOTAL 

7.68Et01 0.00E+Ml O.WE+W 7.66Et01 
O.mEtW o.m+m O.WE+OO 1.07E+U3 

cm245 3.59E.01 1 . 7 1 ~ ~  o.mE+m O.WE+OO o.m+m O.OOE+OO a w + m  o . ~ ~ + m  o.m+m o.wE+m o.wEto0 o.oM+m 1 . m t o t  ~ 

REVISED UNDECAYED CURIES M)R Cf-SSZ, Cm-244, and &I-245 IN CH-TRU W A m  AT THE HANMRD SITE 
1970 1971 1972 1973 1974 1975 1976 19l7 1978 1979 .lW 1981 

CflS2 O . O O E + ~  O.WE+M o.mE+m O.OOL+M om+m o.m+m o.m+m o.mL+m OME+W o.m+m om+m O.OOL+OO 

cm244 o.wEtm o.m+m o.m+m o.wE+m o.m+m o.wE+m o.ooE+m o.m+m I.EZE+OZ o.oM+m o.ooE+m o.mEtm 
cmt45 o.mEto o.mE+m o.m+m o.m+m O.OOE+W o.m+m o.m+oo o.ooE+m o.ooE+m o.m+m o.m+m o.m+m 

1982 
1 . w ~ ~  
~ . ~ E + o z  
o.wf+m, 

I 

1983 1984 1985 1986 1987 1988 1989 1990 1991 19% 1993 1994 TOTAL 
c n s 2  o.m+m o.w+m o.m+w o.u#+m o.m+m o.oo~+oo o.m+m o.m+m O.OOE+W om+m o.m+m o.m+m I ~ E W  
Cm244 I . ~ o E + ~  o.mE+m o.ooEtm O.WE+W O.WE+W o.m+m I.ME+W 7.82~01 E.~ZE.W 7.m+ol o.m+m O.OM+W ~.EZE+W 

cm245 o.w+m 1 . 7 1 ~ 4 3  O.M)E+W O.WE+OO o.m+m o.mE+m O.ME+M o.m+m o.mEtm o.wtm o.mE+m o.mE+m 1.71~03 
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Department of Energy 
Carlsbad Area Offica 

P. 0. Box 3090 
Carlsbad. New Mexico 88221 

June 12, 1996 

TO: 

Subject: 

Dr. Les E. Shephard, Director, SNL 

Preliminary Activities for Selected Radionuclides for CH-TRU Waste Streams 

The following information from the Transuranic (TRU) Waste Baseline Inventory Repon 
(TWBIR) team was requesred during a meeting with SNL reprrsentativeS on April 23,1996. 
The TWBIR team was requested to calculate the radionuclide activity (total curies) for seven 
radionuclides (Am-241. Cm-244, Pu-238, h-239, Pu-240, Pu-241. and U-234) on a waste 
stream basis for contact-haodled ( 0 - T R U  waste to be disposed of at the WIPP. 

During this meeting, it was agreed that since the radionuclide data used by SNL. WIPP PA 
were based on the site-level radionuclide data &om the Integrated Data Base (IDB), the 
waste stream tadionuclide data in curies per cubic metcr provided by the DOE sites in 
Revision 2 of the Transuranic Waste Baseline Inventory Repon QWBIR) would be 
normalized to the extent necessary for consistency with the IDB data. This letter 
summarizes the methodology for normalization of the waste stream radionuclide data from 
the TWBIR Rev. 2 and subsequent scale-up of the normalized data to obtain estimates of the 
total curies of each of the seven selected radionuclides on a waste stream basis. The results 
of these calculations are pnsnned in Table 1. Please note that the resulcs in Table 1 are not 
d m t l y  obtainable from the TWBIR database; but all of the dam in Table 1 are dsriycd from 
TWBIR Rev. 2 on the basis of the methodology and assumptions discussed later in this 
memorandum. 

- 

the Waste 

The waste stream radionuclide data provided by the sites in " B I R  Rev. 2 were first 
normali i  to be consistent with the site-wide values reported for CH-TRU waste in the IDB 
using the following step-by-step approach 

. .  of V-~V. 2 D W  - 
For each CH-TRU waste stream, the stored and projected f b l  waste form 
volumes as well as activities in curies per cubic meter (Cum3) repo-d by the 
sites for the seven selected radionuclides were obtained from the database. 
All RH-TRU waste streams, non-WIPP waste stfeams, and waste s m a m  for 
which no data were reported by the site were excluded. 

CA0:NIP:RL.B 961 199 
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1 
June 12, 1996 Dr. Les E. Shephard, SNL - 2 -  

OT F.- - 
The Ci/m3 value reported for each radionuclide for each waste s ~ a m  was 
multiplied by the stored waste volume to obtain the total uudecayed activity of 
each radionuclide for each waste stream. Next, the total undecayed activity 
for a given radionuclide (e.g.. Pu-238) for all waste streams at a given site 
were added together to obtain the total undccayed activity for each 
radionuclide at each site. 

IDB V- - The total undayed . .  
0 

activity estimated above for a given radionuclide at a given site were 
compared with the valucs reported for the same radionuclii by the same site 
in their IDB submittal. Bascd on this comparison, a normalization facror 

was developed for each radionuclide at each site as follows: 

Total . .  NF= 
Toul curics esrimued from TWBIR Rev. 2 wstc mcrm data 

The NFs caldated in this fashion are shown in Table 2. The total activity for 
each radionuclide for each waste stream was then multiplied by the 
normahtion factor to obtain the total normalized undecayed stored curies on a 
waste stream basis. - 

- For each radionuclide at each site, a ratio of . . .  
the activity decayed to the end of 1995 to the undoxyed activity for each of 
seven selected radionuclides was calculated based on the ORIGENZ activity 
decay calculations performed by SNL staff in support of the development of the 
WIPP disposal radionuclide inventory for the Compliance Certification 
Application (CCA). The total normalized undecayed s t o d  curies werr then 
multiplied by this calculated d o  to eslimate the decayed curies of each 
radionuclide that are present in the stored volumc of each waste stream. 
Subsequently, the curies from the stored volume were multiplied by the ratio of 
the projected to the stored volume to obtain the estimated curies for the 
projected volume of each waste stream. 

Scale-un of W a w  S-~ecavedtv to WlPP . .  

This step involves scale-up of the estimated decayed activity for each radionuclide present in 
the stored volume of each waste stream to the WIPP disposal volume for CH-TRU waste, 
which is 168,500 m3. Since the total WIPP activity for CH-TRU waste for each radionuclide 
has already been estimated in an earlier memorandum prepared in support of the CCA, it was 
assumed that the total WIPP activity in curies for each of the seven radionuclides would be 
equal, for the sake of consistency, to the values reported in the earlier memorandum. For each 

CAONTPRLB96-1199 
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-. 

Dr. Les E. Shephard, SNL - 3 -  

radionuclide, a scale-up factor for activity was calculated as follows: 

June 12, 1996 

SF. = U W I P P  Aai V V 
Total Esumatcd ANVlI’y for h J e d  VOlumC (for all Wane mcamSJ 

These SF,’s are shown in Table 3. The estimated activity in curies for the projected volume 
for each radionuclide for each waste stream was then multiplied by the appropriate scale-up 
factor derived above, and the result added to the corresponding estimated stared activity in 
curies to obtain the “Scaled Curies” at a WIPP level for the waste stream. These are the values 
reported in Table 1. 

--UD of Waste s t r e a m s  V to WIPP 

The summation of the total stored and projected volumes for all CH-TRU waste six- is less 
than the WIPP disposal capacity for CH-TRU waste (i.e., 168,500 m’). However, since the 
WIPP PA modeling is based on the effect of a full repository (i.e., 168,500 m3 for CH-TRU 
waste), it is necessary to scale-up the total volume of each waste stream in order to be 
consistent with the WIPP PA assumptiom. This step involves the scale-up of the total volume 
of each waste slream to the WIF‘P disposal capacity for CH-TRU waste. A scale-up factor for 
volume (common to ail waste streams) was calculated as follows: 

SF, = WlPP Cppanry for CH -TRU W m  m 1) - To - ?  
Total hjcncd Volume (for all whuc mcsms) 

This factor is shown in Table 4. The projected volume for each waste stream was then 
multiplied by the scale-up factor derived above, and the result added to the corresponding 
stored volume to obtain the “Scaled Volume” at a WIPP level for each waste stream. These 
are the values reported in Table 1. 

If you have any questions concerning the enclosed infomation, please contact lvlr. RUSS 
Bisping of my stafTat (505) 234-7446. 

Manager 
National TRU Program 

Enclosures 

CAO.NTP:RLB 9 6 1  199 
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Dr. Les E. Shephard, SNL 

cc w/enclosures: 
M. McFadden, CAO 
R. Bisping, CAO 
S. Chakraborti, CTAC 

J. k i l l ,  CTAC 
R. Anderson, SNL 
L. Sanchez, SNL 
M. Chu, SNL 
M. Mariem, SNL 

'P. Drez, DEA 

-4- June 12, 1996 

CA0NIP:RLB %-I 199 
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TABLE - 1 
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Table 2 
NORMALIZATION FACTORS (NF) 

mu I I 
PANTEX I 0.00EtOOl 0.00€+00 
RFETS I 1.06E+041 0.00E+00 
PF-RIX I I 

I TOTAL CURIES ESTLMATED FROM BIR REV. 2 WASTE STREAM DATA I 

O.OOE+OO 5.55E-02 0.00E+00 0.00E+00 O.OOE+OO 
3.56€+02 9.98E+03 7.22E+03 6 .58E44 O.OOE+OO 

... --- 
SRS-ON 2.11E+03( 1.16E43 
SR-OFF 1.87E+00( 0.00Et00 
SR-TOTAL 2.11E431 1.16E+03 

3.14E+05 9.13E-031 2.21€+03 1.06E+OS 3.00E-01 
2.43E+05 1.58€+02( 7.99EMl 5.34E+03 3.37E44 
5.57E+05 9.29€+03) 2 .29E43 1.11E+OS 3.00E-01 

Page I 
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Table 2 (continued) 

NORMALIZATION FACTORS (NF) 

I CALCULATION OF IDBIBIR RATIOS (NF) 

NOTE: NC 3 Caenot Be Caiculated Due to Data D i r q a e c y  

Page 2 
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Table 3 
RADIONUCLIDE SCALING FACTORS (SF3 

TOTAL. WIPP ACTIWTIES (Based on CCA Radionudide Table) 
Am-2411 Ca\-ZU( PU-UB( Pu-2391 PU-Z40( eu-2411 U - W  

4.42E+05l 3.15E+041 2.61E+O61 7.85E+051 Z.lOE+oSI 2.3 1E+O6( 4.65€+02 
_I 

CALCULATED SCALING FACTOR FOR EACH NUCLIDE 
h - Z 4 l (  Cm-2441 PU-2381 PU-2391 PU-2401 PU-UlI U-234 

4.011 8.611 3.751 1.971 3.761 4.171 106.94 - 
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Table 4 
VOLUME SCALING FACTOR (SF") 

IWIPP CAPACITY FORCH-TRU WASTE 
I 168500 

ITOTAL STORED VOLUME FOR ALL WASTE STREAMS 
1 58533.25 

I _----.-- I 

]VOLUME SCALING FACTOR (SF.) 
I f.  9 
I -._- 

Note: ( 168500 - 58533.25 ) I  16865.15 s 6.52 
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United States Government Department of Energy 

- memorandum Carlsbad Area Office 
Carlsbad, New Mexico 88227 

RfG:g CA0:NTP:RLB 96-0687 

S U S J ~ ~ ~ :  Preliminary Estimate of Complexing Agents in TRU Solidified Waste Forms Scheduled for 
Disposal in WDPP 

Les E.Shephard, Director, S ” M  

Attached is a copy of the report containing the preliminary estimates of complexing agents in 
transuranic (TRU) solidified waste forms scheduled for disposal in the Waste Isolation Pilot Plant 
(WIPP). This information was requested from the Transuranic (TRU) Waste Baselie Inventory 
Report (’IWBIR) team in support of the Performance Assessment (PA) being conducted by Sandia 
National Laboratory (SNL). Information has been received from the Rocky Flats Environmental 
Technology Site (RFETS), the Los Alamos National Laboratory (LANL), and the Oak Ridge 
National Laboratory (ORNL) on potential complexing agents in their solidified waste forms. 

The original scope of this request was to ask the TRU waste generator/storage sites about 
potential “aqueous-soluble chelating agents” in their solidified waste forms. As this subject was 
researched, two things were realized. First, in lieu of the term “chelating agent,” the term 
“complexing agent” should be used. “Chelating agents” are a subset of “complexing agents” and 
as such a more complete assessment would cover the presence of potential “complexing agents.” 
Secondly, it was recognized that “aqueous-soluble” is a relative concept in that essentially 
everything is “aqueous-soluble.’ at some concentration level. Therefore, the data provided here are 
for all complexing agents reported by the sites. These data will allow SNL personnel to determine 
the cutoff of solubility where certain compounds are no longer considered to be of interest for PA 
calculations. 

T O  

.- 

The final report at the end of March will contain the necessary attached documentation, references, 
and elaborated text summaries. 

If you have any questions concerning the attached information, please contact Mr. Russ Bisping of 
my staff at (505) 234-7446. 

Manager 
National TRU Program 

- Attachment 



Les E. Shephard 

cc w/attachment: 
K. Hunter, CAO 
hl. McFadden, CAO 
R Bisping,CAO 
P. Dreq CTAC 
3. Harvill, CTAC 
L. Sanchez, SNL 
M. Chu, SNL 
M. Marietta, SNL 
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Complexing Agents 
Site Summaries 

ORNL has provided a list of organic compounds which contain some aqueous-soluble compounds 
that are apparent complexing agents. A copy of the list of all compounds reponed by ORNL to 
the BIR team is attached for completencss (Table 1). The iist in Table 1 is h m  an ORNL report 
on low-level waste, but the same compounds are anticipated to occur in the TRU waste based on 
process history. ORNL cannot quantify these compounds in their solidified wastes, but have 
provided an estimate of Total Organic Carbon (TOC) for each TRU waste tank (Table 2). The 
sum ofthe TOC h m  all the transmm 'c RH-TRU tanks is approximately 3691 kg. It is 
anticipated that most of the TOC in the tanks is not asociated with wmplexing agents, but that 
has not beenverified at this time. As a consenah, S"Mcanassumetha! any complodng 
agents listed in Table 1 could form the bulk of the TOC in the 0% RH-TRU tanks. 

Los Alamos National Laboratory has provided 
anticipated to OCCUT in their TRU solidified 
decontamination and spa clcan-up operati 
quantities of these compounds are listed 

RFETSlINEL 

The information provided 
agents in the RFETS retri 
(INEL). Attachedisa 
basis for potential co 
WIPP. Thissamelist 
State of Nevada to d o m  
low-level "saltacte" waste 

The list was provided as a yearly estimate of complexing agents used on site at IUTTS. It is 
wnsenative to assume that all of these complexing agents would reside in the TRU waste. Based 
on the authors understanding at this time, the inventory of WETS complexing agents is across 
the entire site, so this should indude material expected to occur in the debris wastes (this will be 
veri6ed for the 6nai version of this memo). The mass of complexing agents reported in Table 3 
for RFETS results 6om multiplying the yearly estimates (in kilograms) by 20 yean of production 
at RFETS (1970-1989), which includes WETS waste in storage at r"EL. 

edebnswastes). The 

1 

e the amount of complexing 
onal Engineering Laboratory 
provided to the BIR team as a 

r shipment to and disposal in 
pan of the documentation requested by the 

% "complexing" agents occur in RFETS solidified 
pped to NTS for disposal. 

1 
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Table 1.  Organic chemicals used regularly in the TPP (7920) and TURF (7930) and 
subsequently discharged to the ORNL LLLW system 

chemical 
- 

Approximate 
Annual Usaee 

ma 
100 L 
100 L 
m 
lo00 L 
m 
%ooL 
m 
uK)L 
100 L 
100L 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 

%=minimalusage: s 1 O k g i Y e a t o r s ~ .  
Bates, 1988 
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Table 2. ORNL Total Oreanic Carbon Estimates 

N o d  T u k  Farm w43 
WOC 

satb Tank Farm w47 
W48 
W49 
w-I0 

r- 

I 

5.3 5670 5300 30.05 
18.2 2 4 ~  200 4.91 

37.5 45715 1300 59.43 
11.4 14.080 m 11837 
0.8 833 2900 242 
211 3 1650 4900 155.09 

I 

c. 

I I I I I 
I I I I I I 
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Table 3. R F m L  and LANL Complexing Chemicals Estimate 

Ic Add 

sdi.r at- 

90 I 
132 

1110 
90 
400 
90 
23 
46 
74 

024 

“I 

lot 

137M 
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United States Government Department of Energy 

-memorandum Carlsbad Area Off ice 
Carlsbad. New Mexico 8822: 

D,fE: .March 29. 1996 
REPLY TO 
*m OF NTP:DW :96- I 1 11 

Current Estimate of Complexing Agents in Transuranic Solidified Waste Forms Scheduled 
for Disposal in WIPP 

Les E. Shephard. Director. SNL/NM 

Attached is a copy of the repon containing the preliminary estimates of complexing agents 
in transuranic (TRU) solidified waste forms scheduled for disposal in the Waste Isolation 
Pilot Plant (WIPP). This information was requested from the TRU Waste Baseline 
Inventory Repon (TWBIR) team in support of the Performance Assessment (PA) being 
conducted by Sandia National Laboratory (SNL) and is based on input from the followine - 
TRU waste sites: 'Rocky Flats Environmental Technology Site (RFETS), Los Alamos 
National Laboratory (LANL), Oak Ridge National Laboratory (ORNL), Savannah River 
Site (SRSL Hanford Operarim (Hanford). and Lawrence Livermore National Laboratory 
(LLNL). 

The complexing agent inventories provided in this letter are in response to a Sandia 
National Laboratory (SNL) request for information from the U. S. Department of Energy 
(DOE) Carlsbad Area Office (CAO). A copy of the original request for this complexing 
agent information is contained in Appendix B of Revision 2 of the TWBIR (DOE/CAO-95- 
1121. December 1995). The documents attached represent the final information requested 
for this input to the Performance .4ssessment (PA) and satisfy the commitment on this 
subject contained in the March 15. 1996. memorandum (CA0:NTP:RLB 96-0687) to 
respond to SNL before the end of March. It should be specifically noted that all waste 
inventory volumes quoted are derived from Rev. 2 of the TWBIR. 

Tables 1 and 2 provide a summary of Total Organic Carbon (TOC) in the remote-handled 
(RH)-TRU sludges from ORNL and a list of possible complexing agenrs that may 
contribute to the TOC in the sludges. Table 3 provides a summary of specific complexing 
agents that may be present in the TRU waste for SNL use. 

Table 4 summarizes the volume of stored and projected TRU waste that contributes to the 
estimate of complexing agents in the waste. For contact handled (CH)-TRU waste. greater 
than 94% of TRU stored and projected final \vaste forms. p a r e r  than 98% of the 
Solidified Organic final Xvaste forms. and greater than 91% of the Solidified Inorganic final 
waste forms contribute to the complexing agent estimate. For RH-TRU waste. greater 
than 86% of TRU stored and projected final waste forms. 100% of the Solidified Organic 
final waste forms. and 100% of the Solidified Inorganic final waste forms contribute to the 
complexing agent estimate 

SUBJECT: 

TO. 

04-1 



Les E. Shephard - 3 -  - March 29. 1996 - 
The attached sire summary. tables. and background references conrain geater detail abour 
the basis for these estimates. 

I f  you have any quesrions concerning the enclosed informarion. please contact Mr. Russ 
Bisping or my scaff ar (505) 234-7446. 

Attachment 

cc wiaaachment: 
R. Bisping, CAO 
G. Basabilvazo, CAO 
P. Drez, CTAC 
L. Sanchez. SNL 
M. Chu. SNL 
M. Manetra. SNL 
J. Harviil. CTAC 

Manager 
National TRU Program 
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Informanon has bem received from all sites that were requested to provtde data on potenaai 
complexmg agents in theu sohdified waste forms: Rocky Flats Environmental Technology Site 
(RF€rs), Los Alamos Natlonal Laboratory (LA"I-1, and Oak Ridge National Laboratory 
(Om). Several aansura~c (TRU) waste sites which either generate no solidified waste 
forms or small quanuties have also responded. A copy of the Carlsbad Area Office (CAO) 
memorandum requesnng the compiexlng agent Informauon from the sites is included 
(Atrachment 1). 

The tam 'compiexing agent' is being used in lieu of "chelating agents' in this memo, since 
chelabng agena usually have a certain structure (chelating comes from the Gmk work "chde" 
for claw, as in a crab) and are amsidered a subset of complexing agents. That is, the acetau 
ion wiU "complex' with some metals and hxcase their soiubility but das not have the 
smccure that would labcl it as a chelating agent. A "commonly" known chclaring agent is 
EDTA (ethylenediaminetemacetic acid), which conrains functional (acetate) anion groups 
arranged in parallel which resemble a "claw"-l&e S ~ c t u r c  for complexing the cations. EDTA 
has two claw smctures at either end of the molecule. 

The O~~IMI scope of this task was to ask the TRU waste sitcs about "aqueous-soluble" 
complexing agents in their solidified waste forms. AS this task was researched, the authors 
rcalired that the tam "aqueous-soluble" is only a reiative term, since cmything is aqueous- 
soluble at some concu~tmion level. Therefore, every pomtial chemical compound that has 
been rrponed from the TRU waste sites is included and the task of selecting aqueous-soluble 
compounds is left to the Sandia National Laboratory (SNL) personnel in charge of 
Performance Assessment (PA) dcuhtions. 

T R T T  WAS- 

Oak Ridge National Laboratory (ORNL) 

ORNL has provided a list of organic compounds that contain some aqueous-soluble compounds 
that are apparent complexing agents. A copy of the list of al l  compounds reported by ORNL 
to the TRU Waste Baseline Inventory Report W I R )  team is attached for completeness 
(Table 1). The list in Table 1 is from an ORNL report on low-level waste (Kaisa, 1988). but 
the w e  compounds are anticipated to occur in the TRU waste based on process history (but 
not necessarily at the same concenuations). ORNL cannot quantify these compounds in their 
remote-handled (RH)-TRU solidified wastes, but have provided an estimate of Totai Organic 
Carbon p 0 C )  for each RH-TRU waste tank (Table 2). The sum of the TOC from all the RH- 
TRU tanks is approximateiy 3691 kg. It is anticipated that most of the TOC in the tanks is not 

I 



associated with complexing agents, but that has not been venfied at this ume. As a 

bulk of the TOC in the ORNL RH-TRU tanks. 

Los Alvnos National Laboratory (LANL) 

conservansm. SNL can assume that any complexmg agents listed in Table 1 could form the - 

LANL has provided estimates of four complexlng agents that arc anticipated to occur in their 
TRU soiidified waste streams and as materials used in deamtamination and spill clean-up 
operations (that would occur with the debris wastes) (Attachment 2). The quantities of these 
compounds arc summarized in Table 3. 

Rocky Fiats Eaviroomental Technology Site (RFETSIINEL) 

The information provided by RFEE has becn used to estimate the amount of compluring 
agents in the RFETS renimble waste (post 1970) at Idaho National Engineering Laboratory 
(INEL). Attached is a listing of chemicals from RFETS that was provided to the TWBIR team 
as a basis for poUntial compleXing agents in mTJ waste scheduled for shipment to and 
disposal in W P  (Table 3). This same list was originally put together as part of the 
documentation requested by the State of Nevada to document that less than 1% "complexing" 

Nevada Test Site (NTS) for disposal (Attachment 3). 
agents OCN in RFETS solidified l ~ ~ - l e v c l  'salmte" waste that would be shipped to the 

The list was provided as a yearly estimate of complexing agents used on site at RFlTS. It is 
conservative to assume that all of the complexing agents would reside in the TRU waste. 
The inventory of CompleXing agents is the best estimate for a l l  TRU waste gencratcd across the 
entire RFElX site, which indudes debris wastes. The mass of compludng agents reported in 
Table 3 for RFETS arc anivcd at by multiplying the yearly estimates (in kilograms) by 20 
yean of production at RFETS (1970-1989). which includes RFETS waste in storage at INEL. 
The yearly estimates can be found in Attachment 3. 

Savannah River Site (SRS 

The SRS has provided information (see letter included as Attachment 4) on three compludng 
agents used on site in connection with their operations: tributyl phosphate (TBP), ui-octyl 
phosphine oxide (TOPO), and m-is0 octylamine (TiOA). As discussed in the SRS letter, none 
of these compounds are expected to be found in SRS TRU waste. 

Ranford Operations 

Hanford Operations has provided a listing from their dambase of potential chemicals in their 
TRU waste. The only chemical that appears on the list that might act as a chclating agent in 
aqueous solutions and has a reportable quantity associated with the waste is tributyl phosphate 
mP). TBP is reported under three different spellings with a total of 92.5 kg. This value is 

c_ 

Page 2 of 3 c.-.*.U.i.u- 
. W d 2 7 , l D e d  

~i 
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summarired in Table 3. The enure list of chemicals and the associated quantities (in kg) 
r e p o d  by Hanford arc included in Attachment 5. 

Lawrence Livermore National Laboratoy (LLNLI 

LLNL submtud the letter included as Attachment 6 which documents that no chelaung agents 
occur in the LLNL TRU waste streams. 

OF m c l - p  m ( - p  
MEnm 

Column 2 of Table 4 contains a list of the total TRU waste destined for dispoai in wlpp 
(store0 plus projecfed to 2022). Column 3 estimates the volume of waste from each major site 
that has contributed to the esnmate of complexing agenu in TRU waste. Columns 4 and 5 
provide the same dua for Solidified Organics and Solidifki Inorganics final wa~tc forms. The 
two rows labeled 'PERCENTAGE" provide an estimate of the percentage of waste for which 
the TRU waste sits have provided data used in estimating the complexing agents in the waste. 
It should be specifically noted that all  waste inventory volumes quoted are daived from Rev. 2 
of the TWBIR (DOE. 1995). 

REFERENClFS 

Kaiser, L. L., 1988, "ORNL Inactive Waste Tanks Sampling and Analysis Plan," 
o ~ R A P I L T R - 8 8 I Z 4 ,  April 29, 1988, Oak Ridge National Laboratory, oalr Ridge, 
Tennessee. 

1 

U. S. Depanment of Energy, 1995. "Transuranic Waste Baseline Inventory Report (Revision 
2)." DOUCAO-95-1121. December 1995. Carlsbad. New Mexico. 
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Tabie I. Organic Chemicals Used Regularly in the TPP (7920) and 
TURF (7930) and Subsequently Discharged to the ORNL ULW System - 

Chemical Approximate 
Annud Usage 

Acetic acid 
Acetone 

Carbon tnrachloride 
D e o d o M  m i n d  spirits (AmsM) 
2.5-di-tert-butyllrydroquinone (DBHQ) 
Diahylbauene (DEB) 
D i a h y l c n ~ ~ c  add (DPTA) 
Di (2-erhylhayi) phosphnc acid CWEHP) 
Di-isopropylb-e (DIPB) 
Ethanol 
Etha 
Ethyienediaminetetna&c acid (EDTA) 

a-hvciroxymbutyric acid 
Isopropanol 
Methanol 
n-dodecane 

Oxaiic acid 
Thenoylmfluoroacetone (TTA) 
Tributylphosphate (TBP) 
Trichloroethylene (TCE) 
Xylene 

AdOgCn-364-HP (-tdUalylal7lk) 

Z - e t h y l - l - h ~ d  

n - p h  WH) 

rn' 
100 L 
100 L 
rn 
lo00 L 
m 
800L 
m 
200 L 
1ooL 
100 L 
m 
m 
m 
m 
m 
m 
m 
rn 
rn 
m 
rn 
rn 
m 

1 

'rn = minimal usage: I 10 kdyear or slitersiyear 
Bates. 1988 
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Table 2. ORNL Total Organic Carbon Estimates 

Nonh Tank Fpnn 

Souh Tank F a m  

Old Hydrofmcturc F.Ciiitj 

5.3 
18.2 W 4 4  

w-07 37.5 
W-08 11.4 
W e  0.8 
w-10 28 

f-01 3 
T M  4.6 
TO3 7.7 
T04 5 
f-09 1.9 

w-03 1 

-- 
ACTIVETANKS r 

5670 53w 30.05 
24521 2 w  4.91 

45715 1300 59.43 
14080 8ur) 118.27 

833 2900 2.42 
31650 4900 155.09 

4845 18600 90.12 
7328 28oM 20518 

14829 9140 135.54 
6242 4620 28.84 
2967 7620 22.6 1 

I I I I -  1 

c-2 45.6 
w-2 1 21.5 
W-22 43.5 
W-23 64.2 

W-24 52 
W-25 90.7 
W-26 59.2 
w-27 69.1 
w-28 16.5 
W-29 46.4 
W-30 46 
W-31 26.3 

~~ 

63853 3281 209.50 
38524 6480 249.64 
60939 221 1.35 
89818 4120 370.05 

72861 2940 214.21 
126911 2330 295.70 
82930 6220 515.82 
96707 3135 303.18 
'-305 1 2500 57.63 
64913 3531 229.21 
64383 3531 227.34 
36828 4470 164.62 

Total TQC 3690.69 
A 

84-7 



Table 3. RF/INEL and LANL Camplexing Chemicals Estiriiate 
I MTENTIAL COMPIXXING AGENTS IN ROCKY FLATS (INCLUDING STORED AT INEL), LAW, HANFORD TRU WASTI 

‘I) Idler h i m  W.F. Webtiin lo E.S. Goldherp. No. 89-RF-3055. Jmlul Seplember I, 1989 (Alluchmenl 3) 
‘ I ’  Mcmormdum from C.L. Forr lo P. Drcz Jakd March 12, 1996 (Attachment 2) 
I’ Memiirandmn horn F.M. C i m y  md M . R .  Kerns I c i  L.C. Smchrr through S. hil l ,  dale4 Jmusry 25, 1996 (Altsclimen~ 5 )  

Ascorliic Acid 
Acelic Acid 
Siidiiiiii Acelule 
Citric Acid 
Sndiimi Cilrillc 
Oxidic Acid 

8-llydroxyqiiiiiiiline 
T’riliiBtly Plnisphate 
I ,  10 I1icii;intlirnline 
Dilimyl-n,n-Jiethyl~rbuinnyl- 

RF MASS (kgl“’ 

90 
I 3 2  

1110 
90 

400  
‘I0 
23 
46 
74 

0.24 
72 

IANL 

7 
10 

I100.5 

13706 

92.5 

97 
142 

1110 
JJ9O.S 

4M1 
I 3 796 

23 
46 

166.5 
0.24 

12 



,.:rrec Slaes Government Depanment of Enerc:; 

memorandum 

,- 
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Table 4. Calculation of Amount of Waste Covered 

Vajor Sites 

-. 

Acrounted For ln 
Toul TRU Complaiq  &an Lrwnate 

(m? (rn? 
I 

-TRTT"' 
RL'" 
INa" 
LANL 
ORNLQ 

45515.43 
28606.74 
941.13 

18445.15 
627.91 
15W.42 
5107.92 
9648.15 

21729.35 
220.72 
193.13 
2915.64 

455 15.43 
25657.4 
941.13 

18405.15 
627.91 

0 
5107.92 
9640.15 

Toral hlajor Sites 25058.84 
Toul RH-TRU 26930.88 I 

Total hfajor Sitm I 110412.85 I 105903.09 

23362.79 
26930.88 

Total CH-TRd 111721.43 I 111721.43 
PERCENTAGE ""1 I 94.79% 

21729.35 
196.98 
193.13 

I 1243.33 
I 

Soiidif. 0- 
(m? 

0 
789.67 

0 
30.58 

0 
0 

140.93 
0 

%1.18 
980 

98.08% 
- - 

0 
3.56 
0 
0 

3.56 
3.56 

1Oo.Oo56 
- - 

illidif. Inorg. 
(rn? 

23.39 
3349.6 
20.18 

6922.02 
5.67 

0 
1423.01 
1369.8 

13113.67 
14108.51 
92.95 % 
- - 

0 
65.27 

0 
1243.33 

1308.6 
1308.6 

lOo.oo% 
- - 

Table 4-3 to 4-23, RCV. 2 WIR 
' Non WETS wrwe subvaued 
) Letter from K. Huncb.ch to J .  TUL dad Much 7, 19% (Attachment 6) 
') Memorandum from C.L. Foxx to P. D m  dated M u c h  12, 19% (Atuchmcnc 2) ' NTS wrwe IS denved from LL!! only, see (4) 

ORNL was only .sLsd to - complurng .gmu In solidified 
RH-TRU wme pr DOE 

dated Scptemk 1. 1989 (AtWhIIJCUt 3) 

dad Januvy 5. 1996 (An?Chmeotl) 
' Letter from W F. Weson 10 €3. Goldberg. Letter No. 89-W-3055. 

' Letter irom J .  D'Ameho to J. TUL. SWE-SWE-9661%. d a d  Februarv 28. 19% (At~achwot  4) 
') Memorandum irom F.M. Cwnv and M.R. K e r n  10 L.C. Sanchez through S. Lott. 

'O' Volume percentage of total TRU waste. Solldlfid Orpucs. and Solldlfied lnorgamcs 
dated January 25. 1996 (Atlunmcnt 5 )  

accouoted for u1 compiexlng agent memonndum. 
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Los Alamos 
:.I A 1 i 0 N A C L A  8 0 R A T 3 P Y 

memorandum 

SUBJECT. CHELATING AGENTS IN LANL WASTE 

I amcertaintbati have not capturedd &dating agents, but I b d i m i h t  Ihaw 
idcatifd and quantiticd roughiy the impoltMt nuts&. The rbdrton .IC f d  in thrse 
wim ruamr: 1) Cemented evmporuor bottoms b m  TA-55 

2) Cemcmed dud- thc TA-50 Prenaunan pLat .ad 
dewrtcnddudgehmtheTA-SOLiquid WuteTr- 
Phnt 

3) Combumble waste from TA-55 
Tbcthrecstramsuc d bdow. 

It s h l d  be noted that exist over the time firmc of 
1 9 8 0 ~ g h N 9 5 o r ~ ~ t 0 m 1 p p o 1 t t h c ~ ~  1 n - k  

Fkq phmniumprccessing alLANL atkmpu to avoid chdahg agant whichcan 
intcrii'be with ramvery op"ti0nt. From your list of ampa& of 
of any sigmficant usagc of lactate or WrA. 80 they hm bccn diminatcd from d d c d  
a d e n t i o n  1 have added tKorbatc which has bccn uscd as a rulucing a p t  in HCI 
mimiom, but not in nitric rdd which atucks ad decomposes ascadme. One of the 
above s t r u m s  is not animmobilircd stream. but1 bdimthtit L animportrm 
comxibutor of a sokuble c h e b q  agmt in the fonn of b e .  lfthir mfommon iI 
e~neour to your purposu, just ignore i 

Cemented evspontor boctollu from TA-SS. The bottoms m daivsl from 
niuic acid soiutiom w ~ m e  Of which (27%) CO& O x r k t e  c t d t b g  from the prsdpiufion 
of plutonium oxalate. B&zusc of the p-ve urrge of onkte. it k comtnrcd u lower 
concaxraciom cven in those sohiom that do not Uiu kom Waiag an ontut 
praipnate. Those mtmbcn are b a d  on m.Lvzi rauits. Inuidilionthe dnrmr coxnab 
on the average, 3.2 litas of arulyliul solution raidua. Those d u i h s  comnbute a 
ncgiigiblc additionnl q w t i t y  of o x h e  and s d  quanthia of ascorbate, cititrue sod 
a c ~ t c .  We have s ~ - q d t a t i v e  vdu- uom the d*cd  orguuation for those 
chduor3, based on the quantities used in the analytical processes that give rise to thc 
residues. We know that 28 liters of soiution went into a drum of cemented waste on the 
averawe fiom 1980 tluougii June o i  1988. Sin= that time, the average has been 43 liters 
of soiution. In addition we have infomalion regarding the number of drum generated 
From May, 1987 rhrougIi April, 1995. The drum numbers and akernate cemen~ed forms 

gmaxtion data and 

-_ qruadut ivcdatabr lmost~. Idthc~urrrquJint ivcmkrr  &Rocky 

I UII unaware 

- 



Paul D r u  
m-7-WMIEC-9603s 

.. - March 12. 1996 

1 
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Pad D c u  j 

NMT-7-WM/EC-96-G3 5 
March 12. 1996 
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89-RF-3055 

Edward 5.  Goldberg 
Acting Area Manager. RFO 

Attn: Hark Van Oer Puy 

APPLICATION TO SHIP SALTC2EX 

Attached is a cooy of the re-formatted Aoplication to Ship Waste 
for saltcrete. This application aadresses all the coments f r o m  
the Nevada Operations Office document attached to your letter 

:lease refer any auesticns regarding the attached aoplication t3 
E.L. O’Amico at (303) 966-5362 or P.R.  Arnold at RS 320-2056. 

1245-RF-89. 

W.F. Weston, Director 
Plutonium Operations 

Orig. and 3 cc - E.S. Goldberg 
EnC . 
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Gases 

Stabi 1 i zation 

7 i o i e  8 (continuea) 
2eference Cocurnenrz/Results Outlinina Compiiance 

20 the Genera\ waste Farm Criteria 

Not Applicable 

20- 5004 

Etioiogic Agents Not Appl i cab1 e 

Chelating Agents Quanrity and type of 
compiexinq agents 
used per year at 
Rocky Fl i t s :  

Ascornic Acid: 
4.5 kg 

Acetic Acid: 
6.6 kg 

Sodium Acetate: 
55.5 kg 

Citric Acid: 
4.5 kg 

Sodium Citrate: 
20.0 kg 

Oxalic Acid: 
4.5 kg 

EDTA: 1.15 ka 

Boxes." specifies Waste 
Operations personnel t o  
visually inspect far and 
remove any excessive 
particulate from each 
stored saltcrete box. 

Saltcrete i s  not a gaseous 
waste and does not contain 
radioactive gases. 

As described in WO-5004. 
"Waste Treatment Spray 
Dryer and Saltcrete 
Process," cement is added 
to the salt waste stream 
to immobilize the 
particulate, solidify the 
liquids and moderate 
oxidizing characteristics. 

Saltcrete does not contain pathogens, infectious - 
wastes or other etiologic 
agents. 

Between 5/15/87 and 
5/7/88, 917 triwall boxes 
of saltcrete were 
produced. The estimated 
saltcrete generation for 
any given year i s  between 
1200 to 1600 triwalls. 
The average net weight o f  
one triwall box of 
sal tcrete i s  approximately 
1600 pounds. Total weight 
of saltcrete produced 
between 5/15/87 and 5/7/88 
is 917 boxes * 1600 pounds 

1 kg/Z.2 pounds = 
6;67*105 kg. As a worst 
case, if it i s  assumed 
that all 106.36 kg o f  
complexing agents are 

1 

APPLICdTION TO SHIP UASTE Page 20 
SALTCRETE - August 1989 
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GCD Waste 

.c 

Sulk LLW 

T a l e  2. icontinuea) 
"nferwce Docunent:;Resui t: Outl ining Compliance 

t o  the Generai 'Kaste Form CrTterla 

3-Hyaroxyouinoiine: 
7 i._ 7 ka 

Trioutyi Fhosnnate: 
3.7 ka 

1,:O Phenanthroline: 
0.012 kg 

dihexy1-n.n- 
diethyicaroamoyl 
methyi phospnonate: 

3.6 kg 

Total: 106.36 kg 

Not Appl i cab1 e 

Not Applicable 

dlsDOSed o f  w i t h  tne 
saltcrete, then, 
106.36/6.67*10a=i. 59'10" 
i z  the weight fraction o f  
the comolexing aaents uith 
respect to the saltcrete. 
Therefore, Rocky Fiats' 
total yearly usage of 
coaplexing agents amounts 
to only 0.0159 weight 
percent of the total 
sal tcrete production 
between 5/15/87 and 
5/7/88. This extremely 
cofiservative estimate i s  
weil under the NTS limit 
of 1 weight percent. 

Sal tcrete does not meet 
any of the guidelines to 
be identified as a GCCI' 
waste. 

Saltcrete is not a bulk 
LLW. 

4. Additional Hixed Haste Form Criteria 

Table 9 references the documents (procedures, specifications, 
etc.) or test/analysis results that specify compliance to the 
Additional Mixea Waste Form Criteria outlined in Section 2.2.2 
of NYO-325. 

Criterion 
Trearea Waste 

Table 9 
Reference Documents/Results Outl ining Compliance 

to the Additional Mixed Vaste Form Criteria 

Comoiiance 
Documents or Results Comments 
Not AOOiiCaDie Saltcrete is a treated 

waste that meets the land 
disposal restrictions and 

- 
X P L l C A T I O N  TO SHIP WASTE Page 21 
SALTCRETE Auqust 1989 
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A’I“1’AC HM E N T 

Wcsrlnqnouse 
Savannan Rlvcr Comoanv 

4 

SWE-SWE-96-0 I06 
FM’SWVXXX/ARNR 
Raoonse Required: N/A 
Kev Worm: TRU Waste 
Record Retenuon: P- 

Jim Teak 
hdvanced Sciences. Incornorated 
6739 Audcmy Road N. E 
.4lbuqucrque, New Mexico 87106-334 



c 

Joseon A. D'Amelio 
TRU Enqnecnne Manser  

JAD:lw 

cc: A. Gibbs. 724-2lE 
W. 'I: GoIdaon 705-3C 
F. H. GUWWS. 705-3C 
S. I. M X k m ~ l l .  703-.A 
S. J. MenrrUp. 724-21E 
D. 0t~10nd 703-A 
L Williams. 705-3C 
Records Management. 705-3C 
SWE Fik 705-3C 

84-21 



A T T A C H M E N T  5 

To: L C. Sanckaz. SHL 

XWU: snm LOU. CTAC 

Janum 2% 1998 

4 %C. 
Fmn: F M. Coony and M. R. Kim% HMom sna 

84-22 
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SOL I I I 
XYLENE 4.21 I 
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A 1  I A L H M k N ' I '  b 

bWrenCe ~ V e I l l l O l E  NaOMi  L a b O l 3 t O ~ -  
IVASTE CERTIRCA'IION PROGRAM 

wcP96-055 

March 7, 1996 

Jim Teak 
Advanced Sciences Lncorporatea 
6739 Academv Road NE 
Albuquerque, NM 87109 

Dear Jim, 

This IS in response to the CAO request c o n m i g  the pnsence of orgamc 
ligands (chclahng agents) in TRU waste. 1 have consulted with Joe Magana, a 
chernlst working in LLNL's Plutonium Fadity. Hc tcils mc that there are no 
chdatmg agents m LLNCS TRU waste. 

Sicereiy yours, 

Kern Hainebach, Ph. D. 
Waste Cenificatlon Engineer 
Environmental Protection Depament 

KH.lh 
c: Robert Fischer 

64-26 
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United States Government Department of Energy 

memorandum Carlsbad Area Office 
Carlsbad, New Mexico 88221 

O A E  June 26, 1996 
REPLY TO ~ r n  OF: C A 0 : m : D W  96-1 528 

Revision of Current Estimate of Complexing Agents in Transuranic Solidified Waste Forms 
Scheduled for Disposal in WIPP 

Dr. Les E. Shcphard, Director, Nuclear Waste Management Programs Center, SNL 

The mass of potential complexing agents in transuranic (TRU) waste generated at the Rocky 
Flats Environmental Technology Site (RFETS) and currently stored at WETS and Idaho 
National Engineering Laboratory (INEL) was previously estimated in our March 29, 1996 
memorandum, CA0:NTP:DW 96-1 11 1, (Subject: "Current Estimate of Complexing Agents 
in Transuranid Solidified Waste Forms Scheduled for Disposal in WIPP"). Per our May 3, 
1996 discussion, this information has been revised based on assumed or anticipated activities 
to be performed on the m e  prior to fad waste form generation. 

The assumed or anticipated activities upon which these revisions were made are based on the 
preliminary submittal by INEL for Revision 3 of the TRU Waste Baseline Inventory Report 
(TWBIR). From this submittal, a very high percentage of INEL waste wiil be thermally 
treated and most complexing agents should therefore be destroyed by the treatment. A 
methodology is presented for estimating the amount of cornplexing agents that will be 
destroyed by the proposed thermal treatment at INEL. Using Ethylene Diamine Tetmaccetic 
Acid (EDTA) as an example. the original estimate of 23 ks in RFETS waste (stored at INEL 
and RFETS) has been reduced to a recommended value of 5.9 kg with a high range estimate 
of 6.9 kg and a low range estimate of 2.9 kg. All other complexing agents r e p o d  from 
RFETS (including that in storage at INEL) in the previous letter should also be reduced by 
the same methodology. 

The original inventory estimates provided in the above referenced letter were based on the 
following information contained in the original transmittai: 

SUWECT: 

T O  

,,- 

0 Estimates provided by the TRU waste sites on the amount of anticipated 
complexing agents in TRU waste which are summarized in Tables 1,2, and 3 
from TRU waste site memoranda in AnaChments 1 through 6. 

Volumes from Revision 2 of the Transuranic Waste Baseline Inventory Report 
(TWBIR) used in Table 4. 

', 
( * :  'I:, j j  
,, '~ I i  i 

c 

In Revision 2 of the TWBIR, the volumes used for waste stored at the INEL were assumed to 
be unprocessed through any type of treatment (i.e.. thermai) that would destroy potential 

@P-mmclo- 
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Dr. Les E. Shephard - 2 -  June 26, 1996 

complexing agents. There was a small percentage of WETS waste (-X%) stored at INEL 
scheduled for processing by thermal treatment in the TWBIR Revision 2. Because these 
percentages of waste scheduled for thermal treatment were low, no credit was assumed in the 
original letter for the destruction of potential complexing agents occurring in WETS TRU 
waste stored at INEL. This assumption also provided a conservative estimate of the potential 
complexing agents in TRU waste. 

However. the INEL preliminary submittal received for Revision 3 of the TWBIR contains a 
much higher percentage of waste that will be processed thermally prior to shipment to WIPP 
for disposal. This much higher percentage of WETS TRU waste that will be thermally 
processed will make a significanl impact on the calculated amounts of potential complexing 
agents in TRU waste. 

As stated in the original letter, most of the complexing agents were expected in the solidified 
waste forms, particularly in the solidified inorganic waste forms, since Sandia National 
LaboratoryMew Mexico (SNLMM) was only requesting information on "aqueous-soluble'' 
complexing agents. 

The WETS estimate (Attachment 3 of the original letter) included all known sources (as of 
the time frame of the WETS memo) of complexing agents regardless of what waste forms 
the chemicals occurred in the waste. Discussions with WETS indicate the most likely 
occurrences of complexing agents in the waste would be. 

1 

Solidified Lab Waste> Solidified Inorganic Sludges> Debris Wastes 

Based on the above relative occurrence for complexing agents, three estimates of the effects 
of extensive planned thermal treatment of WETS waste at INEL can be made to modify the 
mass of chelating agents estimated in the original letter. 

Tables AD-1, AD-2, and AD-3 summarize the calculations of the amount of decrease of 
complexing agents for WETS in storage at INEL using EDTA as an example: 

0 As stated in the original letter, WETS was in production for 20 years (1971- 
1990) during which retrievably stored (post 1970) production waste would 
have been generated. Buried waste is not part of the WPP inventory in the 
TWBIR. 

RFETS stopped shipments of waste to MEL initially in October 1988, then 
shipped additional quantities of waste fiom March to August 1989. 

0 
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Dr. Les E. Shephard - 3 .  June 26 ,  1996 

0 Assuming that WETS essentially caught up on their backlog of waste during 
the second shipping period and a modest lag of 2 months from date of closure 
to actual shipping, effectively provides the beginning of July 1989 as the date 
for TRU waste accumulation at RFETS. 

Therefore, it is assumed that 18 months (1.5 years) of production waste still 
exists at RFETS in storage and 18.5 years of post 1970 production waste is in 
storage at INEL. 

As shown in Table AD-1 (for Solidified Lab waste - Content Codes 004 and 113), using 
EDTA as an example: 

347.7 rn3 of CH-TRU waste is in storage at INEL. 

280.1 m3 will be vitrified, and 

67.5 mi will be set aside for direct shipment to W P  (including 0.33 m; for 
macroencapsulation) 

Therefore, 80.58% will be vimfied 

RFETS provided an EDTA generation rate of 1.15 kg/year (Attachment 3 of 
Original Complexing Agent Memo) 

1.15 kgiyear x 18.5 years = 2 1.3 kg EDTA at INEL in storage 

1.15 kgiyear x 18.5 years generation in storage at INEL x 80.58% vitrification 
of waste = 17.1 kg of EDTA destroyed by vitrification 

Therefore. 4.1 kg of EDTA (21.3 minu 17.1 kg) will be left in the untreated 
waste at INEL scheduled for shipment and disposal in WIPP 

The total EDTA in RFETS waste (both in storage at INEL and RFETS) = 4.1 
kg (untreated waste at INEL) + 1.15 kgyear x 1.5 years (in storage at WETS) 
= 5.9 kg 

Since Content Codes 004 and 1 13 are the waste forms most likely to have the complexkg 
agents. 5.9 kg of EDTA is the RECO MMENDED VALUE for performance assessment. 

05-3 



Dr. Les E. Shephard - A -  

- 
June 26, 1996 

Lising similar methodology in Tables AD-2 and AD-3, estimates of EDTA (after treatment at 
INEL) are 6.9 kg (assuming the distribution of treatment for all inorganic solidified waste 
forms - 75.68% treated) and 2.9 kg (assuming the distribution of treatment for all WETS 
waste in storage at MEL - 94.44% treated). 

The value of 5.9 kg of EDTA is the recommended value, since Content Codes 004 and 113 
an the waste forms expected to contain the majority of the complexing agenrs. The other 
nvo values, 6.9 kg for inorganic solidified waste and 2.9 kg for all treated WETS waste. 
should be considered lower and upper bounds on this analysis. In particular, the 2.9 kg is a 
nonconservative estimate because NEL is planning to vitrify almost all their debris waste. 
particularly the organic debris waste. which may contain some EDTA from wipeup of spills. 
but is expected to be the least contributor to the overall complexing agents in the waste. 

All other cornplexing agents from WETS should be reduced by the same percentages for 
those values reported in Table 3 of the original complexing agent letter. 

If you have any questions concerning the attached information, please contact Mr. Russ 
Bisping of my staff at (505) 234-7446. 

Manager 
National TRU Program 

Attachment 

cc w/aaachment: 
R. Bisping, CAO 
S. Chakraborti, CTAC 

, J.Harvill,CTAC 
P. Drez, DEA 
R. Anderson. SNL 
L. Sanchez, SNL 
M. Chu, SNL 
M. Marietta, SNL 

-. 
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FCA-ID I WS-ID I CC I Total Vol I CH Vol I RH Vol 
-W157 IIDRFOM)4T I 4 1  226.8 I 226.8 I 0.0 

TABLE AD-I 

UNPROCESSED WASTE VOLUMES (m') 
RH-Direct Ship CR-Direct Ship I I Vitrified I Amalg I Macro 

54.3 0.0 I 172.3 I 0.0 I 0.2 
IN-WI95 
lN-W221 
IN-W229 

ID~RFOIO-III I I 3  2.5 2.5 0.0 0.0 0.0 2.5 0 0  0.0 
ID-RFO-113T 113 14.4 14.4 0.0 12.9 0.0 1.5 0.0 0.0 
IDRFO-004 4 103.9 103.9 0.0 0.0 0.0 103.8 0.0 0. I 

TOTAL EDTA IN RF WASTE AT INEL--> 21.3 kg 
(1.15 kg/yr for 18.5 years) 

PERCENT VITRIFIED -> 80.6% W 
Lp AMOUNT VITRIFIED (80.58% of 21.3 k&-> 17.1 kg 
VI 

4.1 kg 

1.7 kg 

AMOUNT IN UNTREATED INEL WASTE-> 

TOTAL EDTA IN RF WASTE AT RF--> 
(1.15 kdyr for 1.5 years) 

NEW EDTA ESTIMATE-> 5.9 kg 

317.7 317.7 0.0 67.2 0.0 280.1 0.0 0.3 



,-1 TABLE AD-2 ,/ ', 

\-/ 

DETAILS OF REVISED EDTA CALCULATIONS 
(BASIS: ALL ROCKY FLATS SLUDGES AT INEL) 

. -  
\, i .*:...**/ ".'* 'I 

i 

F m 

TOTAL EDTA IN RF WASTE AT INEL--> 21.3 kg 

I'ERCENT VITRIFIED ------> 75.7% 
AhlOUNT VITRIFIED (75.68% of 21.3 kg)-> 
AMOUNT IN UNTREATED INEL WASTE---> 

(1.15 kglyr fur 18.5 years) 

16.1 kg 
5.2 kg 

TOTAL EDTA IN RF WASTE AT RF-------> 
(1.15 kglyr fnr 1.5 years) 

1.7 kg 

NEW EDTA ESTIMATE ------> 6.9 kg 



1 
TABLE AD -3 

/- 

I - ”  DETAILS OF EDTA CALCULATIONS 
I r -  

- - ;  
\-*’ (BASIS .\LL ROCKY FLATS WASTE A 1  MEI.) 

CD r 
-J 
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TABLE AD-3 
W DETAILS OF EDTA CALCUI.ATIONS 

(BASIS: ALL ROCKY FLATS WASTE AT INEL) 

m 
LT 
W 

I 



i i 

. TABLE AD-3 
DETAILS OF EDTA CAI.CUI.ATIONS 

(BASIS: AIJ .  ROCKY FLATS WASTE AT INEI.) 
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TABLE AD-3 
DETAILS OF EDTA CALCULATIONS 

(BASIS: ALL ROCKY FLATS WASTE AT INEL) 

TOTAL EDTA IN RF WASTE AT INEL--> 21.3 kg 

PERCENT VITRIFIED -> 94.4% 
AMOUNT VITRIFIED (94.44% O f  21.3 kg)-> 
AMOUNT IN UNTREATED MEL WASTE-> 

(1.15 kglyr for 18.5 years) 

20.1 kg 
1.2 kg 

TOTAL EDTA IN RF WASTE AT RF-> 
(1.15 kglyr for 1.5 ycnn) 

1.7 kg 

NEW EDTA ESTIMATE --> 2.9 kg 

kage 4 
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Uriited States Government Department of Energy 

- memorandum Carlsbad Area Off ice 
Carlsbad, New Mexico 88221 

DATE: FEE 2 o 896 

A R N  OF. NTP:DW: 96-065 5 

S ~ R J E ~ .  Preliminary Estimate for S " M  Performance Assessment Calculations of Nitrate, Suifate, 
and Phosphate Content in Transurmc Solidified Wastes Destined for Disposal in WIPP 

Dr. Les Shephard. S " M  
TO. 

Attached is a copy of the report containing the preliminary estimates for the nitrate, 
sulfate, and phosphate contents in solidified transuraniic (TRU) wastes destined for the 
Waste Isolation Pilot Plant (WIPP). This information was requested by your staff from the 
Transuranic (TRL? Waste Baseline Inventory Report (TWBIR) team in support of the 
Performance Assessment efforts. 

Briefly, the enclosed document provides estimates of the average density and total mass of 
nitrate and sulfate in TRU waste to be disposed of at the WTPP. These values have been 
estimated based on data obtained from the TRU waste generator/storage sites during the 
TWBIR preparation process. From these dam, the average densities scaled over the entire 
WIPP disposal inventory are 9.2 kg/m for nitrate and 3.6 kg/m3 for sulfate. The total 
masses scaled over the entire WIPP disposal inventory are 1.6E+06 kg for nitrate and 
6.3E+05 kg for sulfate. These densities and masses are for combined CH and RH TRU 
waste inventories. No value for phosphate has been proposed due to the lack of sufficient 
informarion. Trace quantities of inorgamc phosphate might be expected in some of the 
sludges and solidificarion agents. but no supporting analytical data are available to support 
a specific value. This is discussed In rhe enclosed report. 

If you have any questions concerning the attached information. please contact Mr. Russ 
Bisping of my staff at (503 234-7446. 

c 

Don Watkins 
-g= 
National TRU Program 

Attachment 
. . .. 

'~. 
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L. Shephard 
-I 

FEE 2 0 896 

cc w/enclosure: 
J.  Mewhimy, CAO 
R. Bisping. CAO 
P. Drez, CTAC 
J. Harvill, CTAC 
L. Sanchez. SNL 
M. Chu. SNL 
M. Marietta. SNL 
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Preiiminary Estimates of Yitrate. Sulfate. and Phosphate Content 

This report provides prcliminaq estimates of the amount of niuate. sulfate. and phosphate 
expected to be in the transuranic tTRU) inventory that will be transported to and disposal or at 
:he Waste isolauon Pilot Plant (WPPI (Appendix B: DOE. 1995). Tables 1 and 2 of this 
report provide the voiumetnc basis for the nimte :.:d sulphate esumates, and Tables 3, 4, and 
5 provide the calculauonal methodology. No auanriilable sources of phosphate have bear 
idenutied in the [norgartic Solidified final waste forms at present Trace quantities might be 
expccted in some of the sludges ma soiidification agents. bur no data currently exist to support 
this. 

These PRELIMINARY estimates axe made based on the following: 

Values presented are those expected for the fins waste forms to be disposed of at 
WIPP. 

- a Information has been requested from sites based on Solidified inorganic and Solidified 
Organic waste forms onlv, and is the best avadable data from the TRU waste 
generator/storage sites: 

- The main source of nitrate is anticipated to be from the Solidified Inorganic 
waste forms. .:. -ich in most cases. are sludges produced from the neutralizauoni 
solidification ot nirnc acid-based solutions used at the TRU waste 
genemror/storrige sites. Nitrates are very soluble in aqueous solutions and 
senerally do not produce precipitates in the sludges. The nitrates are generally 
thought to be present as ions sorbed on precipitates or as interstitial soiution 
trapped in the precipitated sludges prior to solidification. 

Minor amounts of nitrate. as evaporites, are anticipated in the debris waste 
forms thar will be acceptable for W P  disposal. but insutiicient data arc 
available to estimate the amount of such TRU waste at this time. 

i 
'\ '>'. , 

% . \  -._ ./ 
, .  

- The main sources of sulfates are anticipated to be: 1) chemicals (e.g. iron 
sulfates) added to the i n o r p i c  soluaons at the time of flocculation and 
precipitation of sludges. and 2) the use of Envirosrone [a gypsum (CaSOJ based 
solidification material] for solidification of inorganic and/or organic soiutionz/ 
siudges at some TRU waste zeneratoristorage sites. 



rn. 
A. 

No quantifiable sources of pnospnate have aeen identified in the Solidified 
Inorganic final waste forms at wresent. Trace quantities might be expected in 
some or the sludges and solidification agents. but no supporting analytical data 
are avadable. The quantities or inorganic pnosunate arc andcipated to be low in 
inorganrc sludges based on process histones at mu waste sites. 

Xnaivticai data in Attacnment 1 povide oniy "less than 0.0025" weight pcrcent 
values for pnosunate. which are simiiar to the 0.001 weight percent e s u m  
provided by LANL in Attachment 1. These values are too low to makc anv 
reliable esamate of phosphate in TRU waste. but indicate that the quana& wiii 
be very small. compared with the nitrate and sulfate values reported. The 
pnosuhate value of "40%" repOKed on page A2-7 is an andvtical emr. Based 
on process knowledge and the lacK of cations to support such a large value of 
phosphate in that particular anaqsis. no sucn vaiue is possible. 

1. Yi tn te  Assumptions 

The amount of nitrate is estimated on the basis of the volumes of Solidified Inorganics. 6 

which are calculated as explained below: 

0 Table 1 lists (in Column 2 )  the rind waste form volumes of Soiidified 
Inorganics for Contact-Handled (CH) TRU and Remote Handled (RH) TRU 
from Figures 3-9 and 3-16 of Revision 2 of the TWBIR (DOE. 1995) for the 
mticipated WIPP inventory (stored pius projected voiumes until 2022). 

Footnotes in Columns 3 and 4 indicate why ceMin volumes of waste have been 
eliminated from further consideration in the calculations: 

0 

- Footnote I eliminates those volumes of chemically precipitated Solidified (;jT) ( "\% 

\v/ 

Inorganics for wnich no nitrate estimates in the waste are available. An 
esumate of the nitrate contribution from these Solidified Inorganics will 
be accounted for in the scaling process. 

- Footnote '7 eliminates the volume of Solidified Inorganics from SRS 
from further consideration because it is a "vitrified" waste form which 
should not contain anv significant amount of nitrates due to the thermal 
treatment proposed for that waste form. 



- Footnote 3 eliminates from further consideration those volumes of 
Solidified Inorganics which represent non-precipitated particulates (e.g., 
incinerator ash, graphite fines, etc.) which have been cemented to meet 
the WIPP WAC; nitrates are not expected to be present in these 
particulates. 

Rocky Fiats Environmental Technology Site ( m S )  and Los Alamos National 
Laboratory (LANL) have provided analytical data/esumaces for nitrate in 
Solidified Inorganics. The RFFTS dam has been used also for the RFER3 
waste stored at INEL. 

c 

2. Nitrate Mas Calculations 

Table 3 contains in Column l a list of those waste streams that conrain the volume of 
waste from each TRU waste generator/storage site listed in Column 4 of Table 1. The 
additional data provided are: 

0 Column 2 lists the Item Description Codes (IDCs) for waste streams produced at 
RFETS and/or stored at INEL. The RF111 designation is for Content Code 11 1 
from RFETS, when the IDC is not specified. 

0 Column 3 lists the stored + projected volume for each waste stream. 

Column 4 lists the sum of the waste material paramems (WMP) for each waste 
smam fmm the individual Waste Stream Profils in Revision 2 of the TWBIR. 
Exceptions to this rule are listed in footnotes in Table 3. 

Column 5 lists the mass of the waste for each waste stream which is the product 
of multiplying Columns 3 and -1. 

Column 6 lists the values of nitrate used for each waste stream. The sources of 
the these values are: 

0 

- For RFETS. the nitrate values are from Appendix 1 of Revision 2 of the 
TWBIR. The 8% values for IDC 001 has also been applied to IDCs 002 
and 007 at both RFETS and INEL. All these IDCs represent "older" 
methods of solidification where the sludges contain portIand cement 
mainly as a sorbent interlayered with sludge which did not contain 
diatomaceous eanh (see Clements, 1982 for drawings). 

/-;' 

(:{i \::../ 
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The 4% value listed in Appendix I of the TWBIR for IDC 807 represents 
a "newer" method of solidification where diatomaceous eanh is used as a 
vacuum filtration agent and portland cement is mixed with the resulting 
sludge to form a "monolithic" solidified final waste form. The dilution 
with diatomaceous earrh and additional podand cement lowers the 
overall niuate value of the final waste form. 

- 

- For waste stream IN-W315.601, Clemcnts (1982) indicates that the 
waste stream is made up of approximately 60% NaN03 and 30% KN03 
(assumed weight percents). This calculates as 62% nitrate. 

- Attachment 1 represents a memo from LANL that provides estimates for 
nitrates in the waste streams. Note that the Envirostone process only 
accounts for a small percmtage of stored volume for 3 of the waste 
streams. The values quoted in Column 6 are based on the small 
percentage of Envirostone solidification agent in the overall waste 
streams. 

Column 7 represents the mass of nitrates in kg which is the product of 
multiplying Columns 5 and 6. 

B. slllfate . 

1. Sulfate Assumptions 

To determine the amount of solidified wastes that nwd to be considered for 
calculating the sulfate content of the WIPP inventory (Table 2), the volume of 
Solidified Organics must be added to the volume of Solidified Inorganics from 
Table 1: 

- The Solidified Organics from Figures 3-10 and 3-17 of Revision 2 of the 
TWBIR (DOE, 1995) have been added to Table 1 (above) to produce 
Table 2 

- LANL has used an Envirostone (gypsum-based) process for solidificauon 
of inorganic sludges in the past (approximately 9% of 4888 m3 in storage 
at LANL) but plan to eliminate the proccy in the future and only use 
portland-based cement for solidification (as was used in the past pnor to 
usage of the Ennrostone) 

I 
i --- 

B . ~ l m s  Inventory Repon Dua. Febwry 1996 
Ntmler. Sullaua. a d  PboaphUCS 4 
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Since the mid 1980's. RFE-TS has used an Envirostone solidification 
process for their organic sludges. Therefore. some of their waste in 
storage and projected contain large amounts of sulfate, as well as some 
Solidified Organics in storage at INEL. 

- LLNL is the only other TRU waste site known to be using Envirostone 
for the solidification of organic liquids/sludges (approximately 7 m3 
stored/projected). 

2. Suifate Mass Calculations 

The sulfate calculations presents in Table 4 follow the same format as the nitrate 
calculations in Table 3. The origin of the values used for sulfate in the RFETS, INEL, 
LLNL, and L A M  waste streams are summarized below: 

0 RFET!jlINEL 
- The 0.11 75 sulfate value is an avmge of the three analyses marked 

"7412 Sludge" in Attachment 2 which are applied to IDCs 001 and 002, 
and at half that value for IDCs 800 and 803 (as explained in the nitrare 
section). 

- The sulfate value of 0.02% is derived from the Attachment 2 analysis 
marked "374 Waste Sludge - Dried Sludge". This value is used for IDC 
007 and at half value for IDC 807. 

- The sulfate value (25.1 %) for the Envirostone solidification of organic 
sludges (IDC 801) is derived from an average value in Attachment 3, 
which represents guidelines for mixing constituents together for IDC 801 
and IDC 700 (at INEL only in storage). 

0 LANL 
- The values for sulfate quoted in Column 7 are derived from data 

provided in Attachment I .  As with the nitrate calculations. the 
percentage of waste in each waste stream solidified by Envirostone 
versus poniand cement is used to calculated the overall sulfate value for 
each waste stream. 

0 LLNL 
- No value for sulfate was requested from LLNL for their one Solidified 

-, Organic waste stream. The Same value for Envirostone-solidified waste 
at WFTS (25.1%) was assumed for the LLNL waste stream. "-" ') 

!< ~\, & i 
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w. s- 

Table 5 presents the summary calculations for determining the density (kg/m') of nitrate and 
sulfate in the overall WIPP inventory and scaling of the density to take into account those 
chemically precipitated waste streams for which data was nor available. SNUNM should use 
the scaled densities for their calculations. The last column in Table 5 provides the estimated 
m a s  of nitrate and sulfate if the design capacity of WIPP for CH-TRU and RH-TRU are fully 
utiliized based on the scaled densities for niuate and sulfate. 

- 

Clements, 1982, "Content Code Assessments for INJX Contact-Handled Stored 
Transuxanic Wastes," WM-F1-82-021, Idaho Falls. Idaho. 

U. S. Departmat of Energy, 1995, "Transuranic Waste Baseline Inventory Report 
(Revision 2)," DOUCAO-95-1121, Carlsbad, New Mexico. 
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TABLE 1. TRU VOLUTVIES FOR NITRATE CALCULATIONS 
(SOLIDIFIED INORGANICS ONLY) 

TRU WASTE TOTAL VOLUME VOLUMES WITH VOLUMES OF 
SITE (STORED + NITRATE DATA OR SLUDGES WITH 

PROJECXED) WITH PARTICULATES "RATE DATA 
(m3 (m3 (m3 

~ ~ 

ANL-E (CH) 

NTS (CH) 

5RS (CHI 

RFETS (CH) 

"EL (CHI 

Mound (CH) 

Hmfwd (CM 1 23.39 I (TOBESCALEDY I (TOBESCALEDY II 
~~ ~ ~~ 

(TO BE SCALED)' 5.20 (TO BE SCALED)' 

5.67 (TO BE SCALED)' (TO BE SCALED)' 

1369.8 1369.8 

1423.01 1389.52 229.63' 

4344.44 3900.39 3598.W3 

2 

6.03 (TO BE SCALED)' (TO BE SCAiED)' 

LANL(CH) 

AL (CH) 

LLNL (CHI 

CH TOTAL 

6922.02 6922.02 6922.02 

0.42 (TO BE SCALED)' (TO BE SCALED)' 

20.18 (TO BE SCALED)' TrO BE SCALED)' 

14120. I5 13581.73 10750.49 

ORNL(RH). 1 1243.33 1 (TOBESCALED)' 1 (TOBESCALED)' 11 
INEL (RH) I 65.27 I 65.27 I 65.27 II 
ANL-E (RH) I 30.26 1 (TOBESCALELXi I (TO BESCALED)' 11 

~~ 

RH TOTAL - 1  1338.86 I 65.27 I 65.27 II 
!I 

~~ 

TRU TOTAL I 15459.01 1 13647.0 I 10815.76 II 

IANUAUY 1996 
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TABLE 1. TRU VOLUMES FOR SULFATE CALCULATIONS 

11 CH TOTAL I I 15164.53 I 10868.93 

TRU WASTE SITE FINAL WASTE FORhl TOTAL VOLUME WITH 
VOLUME SULFATEDATA 

(Id) (id) 

Hatford (CH) Solidit'. Inorg. 23.39 (TO BE SCALED)' 

ANL-E (CH) Solidif. Inorg. 5.20 (TO BE SCALED)' 

m (an Sotidif. Inorg. 5.67 (TO BE SCALED)' 

SRS (CHI Solidif. Inorg. 1369.8 (TO BE SCALED)' 

lRFETs(CH) Solidif. Inorg. 1423.01 229.63 

' "EL (CHI Solidif. Inorg. 4344.44 3598.42 

LANL (CH) 

INEL (CH) 

ANL-E (CH) 

LLNL (CHI 

Solidif. Org. 30.58 (TO BE SCALED)' 

Solidif. Org. 789.67 2.55 

Solidif. Ore. 0.21 (TO BE SCALED)' 

Solidif. Org. 6.86 6.86 

~~ 

RH TOTAL 

Solidif. Inorg. 1243.33 (TO BE SCALED)' 

1342.42 65.21 

I Solidif. Orb. I 3.56 

TRU TOTAL 16506.95 10933.74 



TABLE 3 : NITR4TE CALCULATION 

- 
LA-MOO2 
LA-nxts I LA-WOO3 

001 3.74 781.9 2924.31 8 
800 104.42 4 
803 4.99 635.2 3169.65 4 126.79 
807 115.02 819.6 w m . 3 9  4 3770.82l 

8oo/8o3/801 0.62 796.1 493.58 4 19.74 
128.79 181804.31 7389.14 

I I I 
WlIW- 
WIIW- 
0011002 

007 
Wlll 
W l l l  

002 
001 
OD2 

1478.88 
43.91 

555.6s 
IOL.91 
122.80 
443.04 
281.33 
608.82 
11.36 

819.6 1212090.05 8 
571.4 3WO. 17 8 
726.6 403735.19 8 
544.3 55469.61 8 
725.6 89103.68 4 
819.6 3631 15.58 4 
317.3 91169.81 8 

.358.0 217957.56 8 
249.6 5331.46 8 

96967.2 

14524.62 

17436. 

0051 0.421 664.01 276.881 62 

I 3664.111 I 2463342.OSl I 

3606.81 1296.0 4 6 7 u n . x  8.8 
86.53 1004.8 86945.34 8.8 

1836.58 1339.3 1459731.59 8.7 I 411349.47 
7651.19 

213W.65 
13%!.10( 1004.81 i398181.08( 8.7 1 111694.04 

I I I 754691.35 6921.011 8619884.78( 

I I I I I 
0 I O B I A  331 I 11265031 181 I 941209 68 

* [Nu did not report warn material parameten for chis waste st-. Thc vduc for this IM3 at RFETS was ammud. 
.* This waste stream was rrponcd in Clcmcnu ( 1983) to be 60% NaN03 and 30% KN03. 

for this IDC was used from Clcmrnls (1983). since no value w1s q d  in Revidax 1 ofthe TWBIR. 
The weight of the w e  
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- 
TABLE 4 : SULFATE CALCULATION 

LA-MW 

L A - W W  
LA-WOO6 
TOTAL LANL 

LA-TQM 

001 Sol. Inorp. 3.74 781.9 1924.31 0.11 3 . 3  
OQI Sol.lnorg. 0.83 544.3 452.86 0.02 0.09 
800 Sol. Inorg. 104.42 ns.2 80946.38 0.055 44.52 
801 Sol. Org. 108.99 an. I 9S595.13 25.1 23W.38 
UO3 Sol. Inorg. 4.99 635.2 3169.65 0.055 1.74 
Sor Sol. Inorg. 115.02 819.6 94270.39 0.01 9.43 

800lW3M Sol. Inora. 0.61 796. I 493.58 0.055 0.27 
338.61 m8s2 .30  24053.65 

700 Sol. Orp. I .66 877.1 1455.99 25.1 365.45 
700 Sol. Org. 0.89 877.1 70.62 25.1 195.94 

W l x m  Sol.Lnorg. 1478.88 819.6 It12090.05 0.11 1333.30 
WIM)2 Sol. Inorp. 43.91 571.4 '3090.17 0.11 27.60 
001M12 Sol. Lnorg. 555.65 726.6 ~ o 3 n 5 . 2 9  0.11 444.11 

007 Sol. Inorg. 101.91 544.3 55169.61 0.02 11.09 
R F I I I  Sol. Inorg. 1z.m 725.6 89103.611 0.055 49.01 
Wlll  Sol. lnorg. 443.04 819.6 363115.58 0.055 199.71 
m Sol. Inorg. 287.33 317.3 ~ I ~ ~ . ( L I  0.11 1W.29 

sol. 1nOrK.l .S8.811 358.0) 317957.561 0.11 I 239.751 

Sol. Inorg. 3606.81 1296.0 4674425.76 1.4 6.5441.W 
Sol. Inorg. 86.53 1001.8 -5.34 I .7 1 4 n . m  
Sol. Inorp. 1836.58 1339.3 1 4 5 m  I .59 5.5 135285.24 
Sol. Inora. 1392.10 1004.8 13987a2.08 8.1 113301.35 

6922.01 I 9619884.18 315506.62 

I mzl sol. ln0m.l 11.361 249.61 5331.461 0.11 I 
I I I 3666.251 I 246%99.821 I 
I I I I I I I 

I I I I I I I 
TOTAL TRU I I 10933.741 I I IJ64875.38( , 341993.84 

* INEL did not report w munial paramam ior this WMC IVSLIII. The vduc for this IDC 81 RF!ZS was assumed. 
** Sdirts vduc for W L  Solidified &gMiCS was assumed 10 be Khe same as for RFETS Solidified OrgoniC. (IDC 1101). 
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TABLE 5. NITRATWSULFATE DENSITY CALCULATIONS 

L- 

Nitrate 

Sulfate 

10815.76 11265484 941245.9 1.19Et05 7.91 85.6 9.24 1.62Ei06 

10933.74 11364875 342993.8 1.19EtO5 2.88 80 3.60 6.33EtOS 



A'TTACHMENT 1 

TELEPHONE CONFERENCE SVWMABY 

Parties: Paul Drez, DEA/CTAC 

For solidified Inorganics waste stream LA-TO06; LA-WOO3; LA-WOO6; 
and LA-MOO2 assume the following composition €or final waste 
form: 

Envirostone-based solidified waste forms: 

Nitrate 8.2% 
Sulfate 38.5% 
Phosphate 0.001% 

Portland Cement-based solidified waste forms: 

Nitrate 8.8% 
sulfate 1.4% 
Phosphate 0.0018 

LA-MOO2 has only used portland cement; the other three have use 
portland cement until 1985 and then Envirostone: 

WSI Portland Envirostone Portland Envirostone 

LA-TO06 84.5% 15.51 100% 0 1  
LA-WOO6 54.65% ,45.35% 100% 0% 
LA-WOO3 84.5% 15.5% 100% OZ 
LA-woo2 100% 0% 100% 0: 

Davis Christenson, LANL 

Stored Wasted Projected Waste 

I. 

h i  ~ 1 
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analysis o f  a cornpos i ted  sample i s  g ~ v r n .  A l l  r c s u l t s  a r c  i n  2 .  
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ATTACHMENT 3 p a .  5 

Faste 5 t r e a t n  - - TRU SOLIDIFIED ORGANIC UASTE (WF-112) 

For d a t a  i n  Section 1. Secondary  C o n t a i n e r ,  snd Sec t ion  2 ,  
A r r a n g e m e n t  of Secondary C o n t a i n e r s ,  see t h e  G e n e r s l  E n g i n e e r i n g  
~ a r a m e t e r s  for  THUFACT 11. 

I: WASTE mCTEPI&L INFORMfiTION: 

_.. 1 S t r u c t o r s . 1  : 

_.. 1. 1 

L 

- 
Ma::imum and Minimum Wriaht - - 
D r u m s :  750 l b  ma::. / 53:) lb avg. / 2W:l lb .  min. ( i n c l u d i n g  
t h e  w e i g h t  of t h e  d rum)  

Acceotable P r o J e c t i l e  Enve looe  - - NA. solid monolith cast 
i n  tne l i n e r  inside t h e  drum. 

- 

- 2.1.2 

Z.2 T h e r m a l :  

Quan t i tv  of Hadionuclidec - - I s o t o p i c  Compos i t ion  (nix 
Group 9, TRUPACT-I1 Spec. ) : 

- e.2.1 

I sot  o ~ e  
PU-238 TRACE 

Fr  act  i on 

1 

~ ~~~ 

Pu-239 0.93CI 
Pu-240 0.058 
Pu-24 1 0.004 
Pu-242 TRACE 
Am-24  1 TRACE 
OTHER (:I. 1)07 

Max. radi  onuc l  ides (Weapons Grade Pu)  : 200 grams/drum 

M a x i m u m  d e c a y  hea t  (Pu) :  0 . 4  w a t t s / d r u n  
(elm) : 0.5 w a t t s / d r u m  

Tota l :  0.7 watts /drum 

Chemica l  F o r m  - - m a  m h  s x  

o i l s  1 0  % 30 % 

t r i c h l o r o t r i f  l u o r o e t h a n e  5 % 1 0  x 
c a r b o n  t e t  r ach 1 or 1 de 2 7. 5 %  
emuls l f i e r  (a p o l y e t h y l  

1 0  7. g l y c c l  e z t e r )  a %  
w a t e r  5 %  15 -A 

- - . "  ._. . i . - 
t r i c h l o r o e t h a n e  and 

= 

gypsum cement  4 0  % 50 % 200 l b  
total liquid (?2 QdllOnS) L ~ J  1 b 3c. 

A2 - 2 
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. 
United States Government Department of Energy 

- memorandum 
~ ~~ ~ 

Carlsbad Area Office 
Carlsbad, New Mexico 88221 

DATE: April 4. 1996 
UEPLT TO 

CAO:NTF':DW:96-1126 
SUWECT: 

Estimate ot  Cement Content in TRU Solidified Waste Forms Scheduled for Disposal in 
WIPP 

Les Shepbard. Director. SNL 

.\trached is a summary of the best estimate of ponland cement in stored and projected 
volumes of solidified waste streams listed in Revision 2 of the Transuranic (TRU) Waste 
Baseline inventory Repon (l'"BIR). This information was requcstcd from thc l'"BIR 
team in support of the Performance Assessment team. 

These values have bcen scaled (similar to the methodology used for waste material 
parameters in the TWEIR) to the full volume of the Waste isolation Pilot Plant (WIPP) 
repository. The total estimated weight of ponland cement in these scaled solidified waste 
forms is 8.54E+06 kg. Dividing this value by 6.2E+06 ft' (-175.600 d), the maximum 
capacity of WIPP. yields a ponland cement density in the overall combined conract- 
handled (CH) and remote-handled (RH) transuranic (TRU) waste of 48.6 kg/m'. The 
ponland cement reported is both reacted and unrcacted cement in the waste. There are no 
data available to estimate the percentage of reacted versus unreacted cement. 

T O  

- 

The basic methodology was to perform a sort of the Revision 2 database that supports the 
TWBIR for all Solidified Inorganic and Solidified Organic waste streams. This SOK 
resulted in 211 waste streams. some waste sueams were eliminated from funher 
consideration for the following reasons: 

Data about most Rocky Flats waste streams (both residue and n o m i d u e  waste 
streams) are for waste in current form only and not in final form. The item 
description code (IDC) for many particulate waste streams will change to final form 
because the waste is in a cemented final form. A total of 91 current-form W TRU 
waste sueams were eliminated because of this constraint. (the fwl form of these 
waste streams. however. is included in the ponland cement estimate.) 

The Solidified Inorganic waste streams listed from Savannah River Site are all 
vitrified and therefore do not contain any ponland cement. .4 total of 20 waste 
streams were eliminated because of this constraint. 
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. Les Shephard J 

I If you have any questions concerning the artached information. please contact Mr. Russ 
Bispine of rnv sratf at (505) 234-7146. 

Manager 
National TRU Program 

Auachmcnt 

cc wianactrment: 
M. Mefadden. CAO 
K. H m .  CAO 
R. Bispmg, CAO . 
P. Dm. CTAC 
J .  Harvill. CTAC 
L. Sanchez. SNL 
M. Chu. SNL 
M. Mariafa. SNL 
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CalculationSwmaq 

At Ilte boltoiii of 'I ahle I the lobd kilogranis of prtland cement i s  summarized for CH-1'RU and RH-TRU warle for both stored 
pliis projected waste (in "Tolal kg" column) and projeclcd only waste (in "Projeclcd kg" column). The TOTAL SCALED portland 
cement i s  calculaled as follows: 

C f l - I R U  "Total kg" -t 2.05 * CH-TRU "Projected kg" t RH-TRU "Total Kg" = TOTAL SCALED kg of portland cenient, or 

5.28Et06 + 2.05(1.34E!tO6) t 5.058t05 = 8.548t06 kg portland cemenl 

'I lie lola1 clerisity of p w ~ l a n d  cement i s  calculated as follows: 

8.54E-106 kg1175,W my = 48.6 kgl  m' portland cemcnl 



\ 
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i ‘.y/j Table I .  Estiiiiate of Portlalid Cement in TRU Waste For Disposal in tlie WIPP 
\-./ 



’ /  ~ , ‘Table I .  Esliniate of Portlalid Ceirierit it1 1’RU Waste for Disposal i l l  [lie WIPP 



'Talh I .  Estimate o f  Porllniid Cetiieiit ill TRU Waste for 

1&6l% 01 the wlcidiiz rjent r q o f l c d  u m e n l  in She W B I R  
ntamscmus u n h  Is u d  u the latbenl in Ihis w M e  mum 
miter of ~ ~ i s  used u sotidificstion ~ t e n ~  
:rmiculik used u wrbent in this wsllc drum 
Insis for E l m d  -_--- cemcnl u e  vdues t ~ o e  In rWBlR lupplementd with informstton provldd by IAN 

--- 
I __-- 

- 
lor p i o u s  WlPP m e ~  on nitrste. sulfnlc. md~hosphsls 
.o%dificalion - s p  - - i s  E n v ~ ~ p u m . b s r u l  --__ process) th.( docs not e p o d m d  ccmcnl 

- -  
- 

- 

)it Drl i s  u d  ss wrbcnl 

_- 
- .- 

lisposai in (lie WIPP 


