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'S CHEM-NUCLEAR SYSTEMS,INC.

220 Stoneridge Drive * Columbia, South Carolina 29210

July 16,1985
RA-0308-5
NPS-0109-5

WM Record file WM Project /

Docket No.
Mr. Leroy S. Person PDR_ [
Nuclear Regulatory Comission LPOR __
7915 Eastern Avenue ribution:
Silver Springs, Maryland 20910 x

~~~

-{"g/u .bg
Dear Mr. Person: (R.et. urn to.WM. ,.623.SS)--- _k27

'

REFERENCE: (a) Telephone conversation, Leroy Person, Tim Johnson (US NRC),
and Les Poppe, Jim Staehr (CNSI)

(b) CNSI Topical Report, "CNSI-WF-C-01-NP,10) CFR 61 Waste Form
Certification - Cement"

The enclosed information is submitted in response to reference (a) and to
clarify or augment reference (b). The information is believed to satisfy the
questions and concerns raised by your review of the subject topical and will
be included in a final, smooth document which we will entitle revision 1 to
reference (b).

Please co not hesitate to contact us for arty additional information regarding
this information or the subject topical report.

Very truly yours,

CHEM-NUCLEAR SYSTEMS, INC.

'
-

L. K. Poppe
Director, Licensing

bh
hmesP.Stachr
General Manager
Nuclear Plant Services

LKP:als

8500010016 850716
DR TOPRP ENVC

(803) 256-0450 * Telex: 216947
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ANSWERS TO U.S.N.R.C. QUESTIONS ON REY 1,
'

CNSI-WF-C-01-NP TITLE 10 CFR 61,
i

WASTE FORM CERTIFICATION--CEMENT
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Q3. Will the composition of N-24 or M-5 change?

A3. The composition of these materials will not change. They are common
chemicals available throughout the United States and have been in use for
years.

To protect the interests of Chem-Nuclear, the chemical composition of M-5 -

and/or N-24 are not openly disclosed. However, each of these reagents is
defined in Chem-Nuclear's research records and are subject to audit by
duly authorized agencies.
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Q4. With reference to the in-situ encapsulation method:

la) Assuming that no support may be credited to the filters or other
media to be encapsulated,- will the cement slab support.the weight of

,

earth overburden?'

b) Is leach test data available for the in-situ formula? Are leach
, indices for the in-situ fonsula comparable to other waste formulas?

|
A4. a) It has been shown that the structural strength incorporated into the

| current design is' sufficient to support-the maximum expected loads
i for the largest container (14-195 Liner). The maximum span for that

container is-71 inches of cement with a minimum thickness of 31/2
inches, and contains two layers of 3/4" gage 9 stgel mesh. This lid
is sufficient to support up to 50 ft of 120 lb/ft3 soil
overburden. (See Attachment 1)

b) Leach data obtained for encapulation formula is identical to data for
sodium sulfate waste formulation. Such formulation makes up the
sulfate process. Data is included for the sulfate waste
solidification formula which uses cement, M-5, boric acid and lime
for which .is data included.

2

i

{ '

i

#
_ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ ____.__._._______.__.__.______________.________________________________..._____________._______a _



.

. .

* .

Q8. Clarify the use of the term " random" versus " intentionally," with respect
to core sample locations within full-scale billets.

A8. The locations of core drillings were intended to provide representative
samples from the solidified billets. Both longitudinal and transverse
sections of the billet were examined for uniform mixing and compressive
strength. Sample points are always selected at or near the dewater leg,
which experience has shown, could be the most stagnant point. Other
samples are taken at random to prove homogeneity.

Q9. You state that variations up to 12 percent boric acid up to 66 percent
waste loading are stable. Why is data included for 73 percent?

A9. The subject document presents complete certification data for the five
generic waste forms identified on page 2. The data for the 73 percent
waste loading formula was included as ar. indication of the effect of
formula variations on final product properties. The data for 73 percent
waste loading will be removed from the final document.

3
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Q12. The test data state that slight bacterial growth was observed in the ASTM
'G-22 test. Why was the recommended extraction procedure not performed?

A12. ASTM G-22 states that the " nutrient-salts agar will support growth of the
test bacteria when carbon requirements are supplied by susceptible
plastic materials"; or in our case, carbon supplied by the solidified
test sample.

According to Dr. Gerald Cowley, Assistant Chairman, University of South
Carolina Department of Biology, in his letter dated June 18 1985 (See .
Attachment 2), it is not unconmion to find slight growth of bacteria in

,

the type of agar used due to its own impurities.
!
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Q13. Please provide all data for leach tests in the reconnended forma't.

A13. The data are supplied in Attachment 3.
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! Q14._Please provide all data for leach tests of various leachants. Why was
: sea water not used? ,

A14. In lieu of perfoming tests using synthesized sea water as a leachant.
CNSI decided to submit data generated in 1981 on a now obsolete formula t

; which used leachants of various pH values. These tests used Cs-137,
j Co-60, Sr-85, and Ce-144, and showrd that varying the pH did not affect ,

~the leach rate. Although the Tech tical Position on Waste Form states
that " additional testing using otter leachants specified in ANS 16.1
.should also be performed," CNSI believed these data would be sufficient'

to fulfill the intended purpose of testing various leachants, "to confirm
the solidification agents' leach resistance in other leachant media.";

: Presently, Chem-Nuclear has conducted comparative leach and detonized
; water tests using synthesized sea water on resin bead and boric ' acid t

. formul as. Higher leach indices were obtained for the sea water leachant :
in each test. |

'

:

i As a result of these tests, CNSI believes that demineralized water
f adequately defines a solidification agent's leaching behavior. (See
j Attachment 4).
,

Q17. How does the 80 ft3 solidified sample compare with the actual sizes of
,

products solidt fled by CNSI? Why.was a 10% Na2504 solution;

i solidified instead of a 25% solution?
<

A17. a) The rate at which the reaction heat is dissipated can affect the,

1 final compressive strength. Due to the low themal conductivity of
I cement products, the heat dissipation rate is directly proportional
| to the ratio of surface area per unit volume.
1

i The selection of the 80 ft3 container was based on its high heat
i dissipation rate compared to that of other larger containers. The
~

results of this test have yielded the lowest compressive strength,
,

therefore offering the highest degree of conservatism.

j, b) Ten percent sodium sulfate concentration was selected for the
j following reasons:
!

l 1) The high temperature required to maintain 25% sodium sulfate in
| solution is difficult to achieve with testing equipment;
! particularly, when large volumes are involved. More
! importantly... CNSI routinely processes 20 and 255 solids
i content in large liners. The reference to " dangerous exotherms"
' was made in error, based only on simulation problems during

testing, and will be removed from the final document.
4
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ATTACHMENT 1

STRUCTURAL ANALYSIS OF CONCRETE RADWASTE CONTAINER

UNDER BURIAL CONDITIONS
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SIMtARY

.

The fdllowing is a structural analysis of a concrete container for burial of
radwaste. The concrete container is reinforced with a wire mesh in the form
of an inner steel cage with a wire mesh lid. The container is used to
encapsulate components such as cartridge filters. The following assumptions

were used:

Burial Height . . . . . . . . . . . . . . . . . 50 feet0

3120 lb/f t0 Soil Density ................

0 Contents do not support the structure; i.e., container is
effectively empty.

O Concrete compressive strength . . . . . . . . 1,500 psi

0 Steel allowable stress 36,000 psii ...........

The analysis shows that with a lid thickness of concrete (3.50 inches) and the j

existing layers of wire, the allowable stresses are not exceeded and the
container may be buried for an indefinite period without failure of the lid
due to the soil loading,

l

i
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INTRODUCTION

A sizing analysis of buried concrete liners has been performed to determine a
design for the upper closure plate that can withstand a loading of

2
6,000 lb/ft on its surface. The overall dimensions of the liner are as
indicated on the sketch:

,I,
.

v u o e ,, v ,,
.

t
$/E

6,000 lb/ft

Steel Mesh Cage 2 h " --o. =
,

71"=

1 7 c. ' =|

An ANSYS finite element analysis indicates that the ' upper closure plate
behaves like a fixed-end circular plate, the bending moment for which may be
calculated using analytical expressions available in Formulas for Stress and
Strain, by Roaik, fifth edition.

2
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Bending moment at center:

29a (1 + V) (Case 40 (b) page 363)M =
# 16

2x 35.5 x (1 + 0.1 ),

16

3,610 in-lb/in=

Bending moment at edge:

2- 9a /8M =
ra

2x 35.5 /8= -

- 6,564 in-lb/in=

It can be seen from the expressions of bending moment that at the center the
tensile stress occurs at the bottom surface cf the plate, whereas at the edge,
the top edge experiences tensile stress. Therefore, it is necessary to

reinforce the concrete at both top and bottom.
.

In the following pages the minimum top surface thicknesses of concrete and
plain steel wire cloth, which are used to form the closure plate, are
evaluated and the following assumptions are used:

3
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O The tensile loads are carried entirely by the steel and the

compressive loads are carried entirely by concrete.
i

The concrete is loaded to its maximum compressive strength (1500 psi).0

The steel wire cloth is loaded to yield (36,000 psi).O

Under these assumptions the stress distribution over a cross-section of unit

width is as follows:

a/2

Concrete [ -

N
" 4 A

j [ ; c

.85 fc' Ztr =

Steel Mesh-Q
~ w

(Reference: Reinforced Concrete Fundamentals, by Ferguson,
fourth edition, John Wiley)

From above reference, page 44:

766.53 d0.85f ' a bN ==
c c

0.7073 dd
b 87, b fgC

="

0.6012 d0.85 c =a =
b

d.a 0.6994 dZ ==

^s 9N *
t

2
536.11 dN ZM ==

t

Y3611d =
5

Therefore present design, having 3-1/2 inch concrete thickness with 0.075 inch i

of steel reinforcing, meets the above criteria.
:

I
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ATTACHMENT 2

DR. GERALD COWLEY LETTER - JUNE 18, 1985
REFERENCE: BACTERIAL GROWTH OBSERVED

IN
BIODEGRADATION TESTING

L-
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UNIVERSITY OF SOUTH CAROLINA

CO LU M BI A. S. C. 2 9 2 08

DEPARTMENT OF BIOLOGY

(8031777-4141
18 June 1985

Mr. David Thorpe
Chem Nuclear Systems
220 Stoneridge Drive
Columbia, SC 29210

Dear David:

Enclosed is an explanation of the bacterial growth in some earlier
samples and a summary of results of the last three PV samples.

I hope everything is satisfactory.
,

Sincerely,

.--

#

Gerald T. Cowley
Assistant Chairman

GTC:tdp

Enclosure
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Explanation of Bacterial Growth on Agar Surfaces

O , BWR69, and PWR66, reported in 1984 asSamples labeled DE/Fe2 3
having bacterial growth on the agar surrounding the samples, were not
invaded _by bacteria since no bacteria were detected below the surface of
the cement samples. Growth on the agar was very sparse and did not
exceed the growth on a concurrent culture containing agar, but no cement
sample. Staining of the cement surface was only at the point of contact
between the agar surface and the cement. A small amount of growth in
agar is not uncommon. This growth results from a small amount of
organic matter contamination in the agar itself.

Tests on later samples were performed in a liquid, rather than an
agar solidified medium. .This modified procedure accomplished two
things: (1) it avoided the problem of microbial growth resulting from a
small amount of organic matter contamination in.the agar; (2) it
provided for a better wetting of the entire cement surface.

,
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ATTACHMENT 3

LEACH TEST RESULTS
IN

ANS 16.1 FORMAT

i

%



bo

t{ DN hhI %, ',

s aessswxswes*
9 0s

,

dn

f D' M ( M
s mse mse w uss ~,

nm
hS'hltgPhR3R %* Q

w wev e d s s ( q $'8y
Sqs

w %

o

kk % % k kN

wesseetstet &

.s

k
+

e
D I

$0 g
N
w

N.

oo b o 0 M N et M 4 h 5 et O s. b $W M M M M M M M 4 h h h \n b b +
J

%d44444G44\i444 YN
o.m' !""

b t**
.d

+ lis
S3E$k QkNMDN% % III

N

4 4444ssweessses 4 asa
O-
%%

9 S %%% 4ge w wwwwwegs'esi3 s

N
&

'

)
,

4R%%t03M%4D %E 8 I
'

&= xswwssq3 5 ' a s i 4
i '

im
T

_ _ - _ _ _ - - _ _ _ _ _ _ _ _ _ - - _ - _ _ _ - _ - - - - - - - - - - - - _ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~



.
^ ~

Resin R Powdex 8 ~

50-FS C5-/37 fr-85 C E - d '7 - - '

/ I ; / / 4'

96/ 9.67 2 75 '?. 7'1 ff, 75 8G7 4,if 6.8V
2ts 714 8. a 9 8.c4 Sf'/ 66'l9,37

9,3|/f, 97 7, 9' 1.o/ 4.99 8. A 4 8,3 '' 6,75 6.87
7,40 7. 72 7.0 f 20S 7.30 7. 34 6.7.2 6. / 3
7.62 76/ 7,/: 1.09 8. A 3 7./5 6 68 * 6.69 *
7.69 7 7/ 2/0 208 E.; 7 r// 6, 70 6, 7/

9,78 9,69 2 33 '2 0 9 * 9.&I ?!3 6 77 6 78
to ,o 3 / CMS 7 IS * 209 7. s 9 9Af 6, 78 6 80
/c,a / to,09 2.11 2/2 9.75 /s.o 3 6 8/ 6.83
/6 4 9 9, fY 22: 7./6 9,85 9.87 6. 81 6 9/
/0 ,:x to,V3 7.27 22/ n. </A ta '/C 6. TC 6. 99

to,67 73s 1,af Jo,/G /a '/'l 7OV 207, o , 26
' .9/ ll,73 1'/0 ?. 3'l lo 20 /C.o r 2/3 7/7//
//,69 /s.VT 7 50 243 9.8/ 9.60 1./ 9 1;V
//45 II,38 '2SS 75/
|1. 77 76/ 737-

7.77 7. 7;t- -

td.o/ to./6 233 7.J 7 f/) 9;l 48.S 4 17a

I

0! E ''/A yeahc %
202;

e -4>

Wsums os i, .cc
_ _

-_ _ _ _____



* *
Fage / of

]
LEACH TEST RESULTS' .

LEACH TEST IDENTIFICATION NUPEER Di~//e't or /ad i
LABORATORY WHERE TESTS PERFORMED CNSI

ANALYST bu/a bulard i san OdO+ve v
DATE RESULTS REPORTED

Part A. Description of Leach Specimen
Specimen Id. Nunt>er DF/FA & - / er,v/J
Portion of Waste Incorporated in Mixture */9 Weight t

'7V Volume 1

(Based on inttial volumes)
Type of Waste Chemical and Radioisotopic Composition, and Specific Activtty of the Waste

m : q. f:c , p, n,A, o 77 q cg. M nn/sc_/ 3 3 cp Cp//4 Ssf5 r n
'

30 A ul /sc l#- 3 95 fi' n d %-W 'A!9 4 7; C (!s - hs7 )

Type and Composition of the SolidificaJfon Agent
/J5 a. Now /0 4 450 <r MrJ/m/ ? etsiirt

u a v

Freparation of Spec 1 men (8 C;/cht' $21 0% cd Di n str (I/bn? _8-
.

L AYAarf $ 2d bw _ nAdsiish}n D O #-x n<d iL wA A' 11 d

m d f|() 4- * -e nr/ s f&in; sw 2 % S/ n J nau & NC '-Mc * E h
'C$df 2 to du W/6ei. -1 vE,/ A La b/ba_ 1*1Xd u A:nf -

Shape and Ofsension#of Specimen 6*

Sphere, diameter, d (ca) =

Cylinder, diameter, d (ca) =

l ength, 1 (ca) -

Parallelepiped, length, I (ca) =
width, w (ce) =

height, h (ca) =
Other Shape Truncated cone

Dimensions Top diameter = 7.5 cm, bottom dianeter = 6.0 cm, height = 7.0 cm
Inttial Weight of Specimen, W (g) =

3Volume of Specimen *, V (cm ) 2 51=

2Surface area of Specimen, S* (ce ) = 220
Storage Conditions Stored in a sealed plastic cup during cure and coo 11ng period.

Af ter cooling, sample was removed and feediately placed in the teaching vessel.

Appearance (plau,
si (i

Descrfptfon of Leachant
Leach Interval Electrical Conductivity Volume, VL

(n) (unho/cm) (al)
I c,9.o .,.",Jcc

2 4 1. C *foi
3 <ro ; c c.

4 ayo a ; e.

5 *n.6 : c_y

6 < n_c .etj \

7 *- r_ o JIMV |

|

Calculated from dimensions of specimen. |
*

|
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(EACH TE ST RC $tL T S ~

LEMH TEST 10(NTirlCAT10N NUM3CR

LA8mATORY 44(RE TE5TS PCRf 0RPTO CN$1
ANALYST Paula Rowland, Susan Ridge =ey

DATC RESULTS REPORTED

Part 8. Description of Leech Test Procedure
Specimen Properation * (Seae as Part Al

Diegree of Leech $pperatust

I I I i

9 Li L

.

1r-_

T
16.0 7.0 9.4

Q D-d
_)L_ /3 d - 12

b 17.5 d
-

20.1 2

,

L Leechete S e llag Proc. dor. Swl. w.s c wed fr th. I.echlag vessel end t==ediately

placed in another leech vessel. The semple was not clnsed between periods. The
leechete is stirred end a known volwas withdrawn vslag en outomatic pipette with
disposable tips. The leechete segle is then pipetted into e ave 6ered torosilicate
viel. 08 water is then edded to bring tte total volv=e to 15 ml.

Analytical Techniques:
Counting Instrument identificeflon end Cell 6 cation A Hershew 3 m 3 NellThi detector type

aw=6er 125Wl2-tr4 serial am No 328 cellbrated using a N85 treceetle stenderd of
Cs-137, Co-40, and Sa-I I 3.

Constitwent og, Analytical Procedure, Stenderd Devletion of Method [G4G & tec et>de l
1100 multi-csennel snelyrer

I

Constifwent ey, AnalytlCe s Procedu e, Standard Devletion of Method 5eae es el. l
r

,

|

Constitwent eg, AnalytlCel Procedu e, Stenderd Devletion of Method Se=e es a .r
g

_

__
\

__

* I f 4I t forent tren '9eeperet son of Specimen * In Fort Ae

i
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LE ACH TEST RESULTS

LEACH TEST IDENTIFICATION NUEER D6/fe',_ C r / ad .t
LABORATORY WHERE TESTS PERFORED CNSI

ANALYST bv/o L./ cod N (an Odowo/
DATE RESULTS REPORTED

Part A. Descrfption of teach Specimen
Specfeen Id. Number nE/FP, m - I mc/A
Portion of Waste Incorporated in Ritture e/9 Wef ght 1

~7'/ Volume 1
(Based on inf tf al volumes)

Type of Waste Cheef cal and Radfofsotopic Composition, and Specf fic Activity of the Waste
/ 33 cs- Cdh 545 _ a : e. / % or n w .Ar J n 7 <v DT achr-

30 & u];h (4~ 3 ?k 17 zu t,U %-WQ '494 "I L &* Ms - M'7 )
'

Type and Composttion of the Solfdiff cajfon Agent/JS a- |w /06_ASOa /fr/Lv/ 7 desbrf
u " v

Preparatton of Specfyen & Ctbit $2, Og a d M jt w d r_ (I//w n-,

L AA_-e/ h* lt/ Am . nddsn s/ |% M'at A7-x nad m niA D L A
mal ///) 4- * e d s fa_4 s , , < . (*; SJ J cia <t wc*-nc*n br
efuI+ 2 b <b ~ _ & & r % oL./4 J-m labet sFInG M '

f "Shape and Olsenston of Specimen d

Sphere, dfaatter, d (ce) =

Cylinder, diaatter, d (ce) =

l ength, I (ce) -

Para 11elepiped, length, I (ce) =
wid th , w (cm) =
height, h (ca) =

__

Other Shape Truncated cone
Ofmensfons Top diameter = 7.5 cm, bottom diameter = 6.0 cm, hef aht = 7.0 cm

Inf tf al Wef ght of Specimen, W (g) =

3Volume of Spe: teen *, V (cm ) 251=

2Surface area of Specimen, $* (ce ) = 220
Storage Conditions Stored in a sealed plastic cup during cure and cooling period.

Af ter cooling, sample was removed and tapedf ately placed in the leaching vessel.

Appteranet GVZ d w
0 ()

Description of Leachant
Leach Interval Electrical Conductivt ty Volume VL

(n) fueho/cm) (al)
1 eJ.e .Jc0*

2 < 2. C .. JO C*

3 e_o . ;co"

4 <10 ?wu
5 n.O ymna

6 <v.o .. r u i).

7 ' 1.0 '~nD

,o Calculated from dimensfons of specimen.

I
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L(ACH I($f Rf SLA.T5 ' ~

LCACH TEST ID(NTIFICATION NtM3CR

} LA8mATmf *(RC TC5TS PCMORP(0 CNSI
ANAL.T ST Pegle Rowlead. Susan Ridgeway _

DATC RCSULT5 REPmTED
Port 8 Description of Leech Test Proced#e

Speelmen Properation * (Seae as Part Al

Olegree of Leech Apparatust

Q Li L'jI i i i

'

f
.

v,-

T
16.0 70 94

k;-604 '

AgJL /. 5

fc 17.5 .. H-

-

20.1 ----9

( Leechete $ w ling Proc.d< . 5 pl. was r d from the leeching vessel ead l==edletely
Ploced in eaother leech vessel. The semple was eat clnsed between periods. The
leechefe is stirred end e 6aove volume withdrawn using en evtomatic pipette with
dispose 6fe tips. The leechefe semple is then pipetted into e nwebered barost licate
viel. 01 water is then added to bcIng the total volves to f 5 ml.

Aaelytical Tochalqves
Counting lastrweent identificetten end Cellbrefloa A Hershev 3 m 3 Nel(Thi detector type

number 125Wl2-wd serial nweber esD 328 cellbrated using a Nes treceetle stenderd of
Cs-137, co-60, and Sa-113.

_.

Constituent og, Analyticel Procedure, Stendeed Devletion of Method EG4G & tec et> del
7100 multin hennel snelyrer

Constitwent ey, Anelytical Procedpe, Stenderd Devletion of Method Seae es eg.

_

Constitwent eg, Analytical Procedse, Stenderd Devletloa of Method Some es e .
Ig

_

m

* It ditterent tras meopererlon or speeg.e,. g, pee, g,

!

- _ _ _ _ _ _ _ _ _ _ _ _ . --
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LEACH TEST RESULTS.
.

LEACH TEST IDENTIFICATION NUPEER b Ct' O 69 - /
LABORATORY WHERE TESTS PERFORMED CNSI
ANALYST km/o FevM m.d 5 ,-cn PA u v

"

OATE RESULTS REP 0niED

Part A. Description of Leach Specimen
Specimen Id. Nuter R/c P 6Q -I
Portion of Waste incorporated in Mtxture 6'6 Weight 1

b9 Volume 1

(Based on initial volumes)
Type of Waste, Chemical and Radioisotopic Composition, and Speciff c Activity of the Waste
625 a A'A % //2 e /)] Ao ,J G./ i a_ h</s. fA ' SvP C.i tt e*- i 2'7

24c a,/% % -4c $7-2c Y a-fo)
v v

Type and Composition of the Solidification Agent A o. A ,, . c er ,t/ .f e n L.
*1 < e k i~ /2" _< /Gr a A L/ 7 a m,-}

a - ' v

Preparation of Specimen //a/ d 2Lr Ar da-,Y Afo, Kcd /Ae'f ). nh',

'l s*> AYa /wu n r A L .:. , t2s.s # - d emu f R A.d ~ d & ~
, L4*r M e s~.f [n 1r- hs 4, _brn5 md ANL n< / & - / W "f $4*/ "4 .

Shape and Dimension of Specimen

Sphere, diameter, d (ca) =

Cylinder, dianter, d (ca) =

length, 1 (ca) =

Para 11elepiped, length, I (cm) =
width, w (cm) =
height, h (ca) = -__

Other Shape Truncated cone
Dimensions Top dianeter = 7.5 cm, bottom diameter = 6.0 cm, height = 7.0 cm

Initf al Weight of Specimen. W (g) =

3Volune of Specimen *, y (cm ) 2 51=

2Surface area of Specimen, S* (cm ) = 220
Storage Conditions Stored in a sealed plastic cup during cure and cooitna pertoa.

Af ter cooling, sanele was removed and funedtately placed in the leaching vessel.

Appera nce

Description of Leachant
Leach Interval Electrical Conductivity Volume, VL

(n) (umho/cm) (al)
1 <Je Dco
2 < 2. o 2.XD
3 < m. c, JJCo
4 s n.c :ce
5 < c o : Zee
6 < 2.0 22 oc
7 < :. 0 2Eco

I

'

* Calculated from dimensions of specimen.
,

i

|

I
!

l

. _ . . .- - _ - - ._ _ __ - . _ . . -
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LEACH TEST REstLTS -

LEV >4 TEST IDENTIf fCATION MM3ER

LABORATORY t#(RE TESTS PERFORME0 CNSI
ANALYST Paula Rowland, Susan Ridge ay

DATE RESULT 5 REPORTED

Part 8. Description of Leech Test Procedure
Specimen Properetton * t$ene es Part Al

Diagree of Leech Apperatus:

I I I I
r_l LJ L

f
.

v-_.
1

16.0 7.0 9.4
NO-o.

_L_ Lb d iu
b 17.5 d

-

20.1 2

( Leechete 5mling Proced<. 5 ple .es reaoved free the f.eching vessel sad l=ediately
eleced in anoth.c 1 ch ss.t. Th. seepl. ... =t rins.d between periods. The
leechete is stirred end a known welwano withdrawn valng en outcynatic pipette with
dispose 6fe tips. The leechefe sagte is then pipetted into e nusebered borosilicate
viel. Of ester is then added to bcIng the total volume to 15 ml.

Analytical Techalques:
Counting lastrweent identificetten and Cellbretton A Hershev 3 x 3 NellThi detector type

nweber 125Wl2-W4 serial nweber MD 328 cellbrated using a N85 trecoable stenderd of
Cs-137 Co-40, and Sn-Il3.

Constituent eg, Analytical Procedwre. Stenderd Devletion of Method CG4G &tec *bdel
7800 autti-channet snelyrer

Constituent ey, Analyf f cel Procedu e, Stendere Devletion of Method Sam as el.r

_

Constitwent e g , Ane t y t i c a l Procedur e, S t end er d Dev l e t i on o f Me t hod Sene el e .
g

__

_

_

* I f di tf orent from Wreperation of Speelmen* In Port A.
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LE ACH TEST RESULTS |
' =

LEACH TEST IDENTIFICAT104 WUMER f 4 (P 69 - J
LABORATORY WHERE TESTS PERFORMED CNSI

hiv/o 0> ./o. c/ % e.- F<cto n avANALYST e

DATE RESULTS REPORTED

Part A. Description of Leach Specimen
Specimen Id. Nueer &P[#-2
Portici of Waste incorporated in Mixture V6 Wefght 1

(-Q Volume 1

(Based on inf ttal volumes)
Type of Waste, Chemical and Radioisotopic Composition, and Specf fic Activity of the Waste
G2. T .t Ab M /62 <2 D? Ac) . n' " r / s'n Ab f A~~ 3*&3h s d 0 - / ' '7-i

U21$$a (.r -b' T )
'G

Type and Composttf on of the Solf diff cation Agent /o 4,e.< oc d .ro a // m
'*

/s e A& w /M-f / 90 e Aw6, / i aw e .N
u - u

Preparation of Specimen A6s/ ,,6 07 / 20 A s y/: a Jen<Wxf< A/on %/

{ /Idl e_ a/% fvtu w fi. i (2s-s' M c a../ ecmi.e4 RAn/ anef
,

& .n m >a MA.. G .a ' G t a .d , u-a. s4 w * / 7c'f
' '

'/n 2? A~a u.

Ahape and Ofmension of Specimen

Sphere, diameter, d (cm) =

Cylinder, diameter, d (ca) =

length, I (ca) =

Para 11elepiped, length,1 (cm) =
w idth , w (cm) =
height, h (ca) = __

Other Shape Truncated cone
Ofmensfons Top diameter = 7.5 cm. bottom diameter = 6.0 cm, height = 7.0 cm

Inf tial Weight of Specimen, W (g) =

3 251Volute of Specimen *, V (cm ) =

Surface area of Specimen, $* (cw?) = 220
Storage Conditions Stored in a sealed piastic cup during cure and coo 11ng period.

Af ter cooling, sagte was removed and immediately placed in the leaching vessel.

Appearance

Description of Leachant }
*

Leach Interval Electrical Conductivity Volume,VL
fn) (umho/ce) (al)

1 d .: 22c c.

21db2 s :.

2zwc3 L e

:2es4 a 1 ,:

5 <e c z2co

( ; e irc o6

I s 2. 0 22cc

* Calculated from dimensions of specimen.
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LEACH TEST REstLT5
-

LEACH TEST IDENTIFICATION NMR

q LABORATORY t#(RE TESTS PDTORMED CNSI
AMLYST Paula Rowland. Susan Ridge =ey

DATE RESULTS REPORTED

Part 8. Description of Leech Test Procedure
Specimen Properation * (Seae as Part Al

Olegree of Leech Apperatus

L!]
I I I I

"_l LJ
t

.

n-.-

T
16.0 7.0 9.4

k60+
v __ /S JA

b 17.5 d
-

20.1 2

( Lexhete sevileg Procedor. s t. .es re.=oved froe th. l. w hing v.ssel and l==edletely

eleced la enoth.c l ch ves.el. Th. semp t. .es not rins.d between periods. The

leechete is stirred end a known volm withdrawn valag en estoestic pf pette with
disposeble tips. The leechefe segle is then pipetted lato e numbered borosilicate
viel. Of water is then added to bring the total volm to IS al.

__

Analytical Technigwes:
Counting lastrw ent identlfleetion ead Cellbeation A Hershev 3 x 3 NellThi detector type

nwebec 125Wl2-W4 seriel aw ec 328 cellbeated using a NBS treceable stenderd of
Cs-137, Co-60, and Sn-ll3.

Constituent og, Analytical Procedure, Stenderd Devletion of Method CG4G &tec et> del
7100 multi-channel enelyrer

._

_.

Constifwent ey, Analytical Procedu e, Stendard Devletion of Method Sem as el.r

Con s t i t went eg Aaelytical Procedu e, Stenderd Devletion of Method Se=e es o .r g

_

_

_

.

* I f dif ferent frose "Properation of Specimon" In Pect A.

!
i

_ _ _ - _.
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LEACH TEST IDENTIFICATION NUteER Mos/1
CNSI

LABORATORY gERE TESTS PERFORED
ANALYST [Ov/,f [&,./a ,d M,- /?, ch. e s

DATE RESULTS REPORTED
'

Part A. Description of Leach Specimen
Specimen Id. Nuscer k'cw. A . / d.2-
Portion of Waste Incorporated in Mixture 53 Wefght t

69 Volume 1

(Based on inttial volumes)
Type of Weste, Chemical and Radictsotopic Composition, ard Specific Activity of the Weste

177/7.E & m-) m ',U N $td suL <M) Jcr a Jo% /VO1 .50./30o s
.w %/ n ho's-. (4 H _1P 7,, e (%sA *7 *f. y 'r ' n; $~E< 3 n r ~ e. d w)

Typ and Composttfon of the Solidiff cation Agent / *:s e A v /r/<- h e>e-
' *" #V4=/ 1 < L>.,u a

Preparation of Spec 1nen /;N /M 1 /d Ab> %cu A sls /?We - d2%~ Af"
,,

L A s.a | Or w . S A r _ fb - ~&' Np _a/ J li */ sd<1,Ad .v ds/,snitdu
lidd tT>-+ 977-6 s J r e D Afird' b.J% M 2 - n or& hkn . 2>

AufDJe,vi A in *S 6 2 & iu s
' '

"Shape and Of mension of Specimen'

Sphere, diameter, d (ce) -

Cylinder, diameter, d (ca) =

length, I (ce) =

Para 15elepiped, length,1 (ca) =
width, w (ca) =
height, h (ca) =

Cther Shape Truncated cone
Ofeensions Top diameter = 7.5 cm, bottom diameter = 6.0 cm, hef aht = 7.0 cm

Initial Wef ght of Specimen. W (g) =

3 2 51Volume of Specimen *, V (cm ) =

2Surface area of Specimen, S= (ce ) = 220
Storage Conditions stored in a sealea plastte cup during cure and cooling period.

Af ter cooling, sample was removed and f aunedf ately placed in the leaching vessel.

Appeara nce

Description of Leachant
teach Interval Electrical Conductivt ty Voluse, VL

(n) (umho/cm) (al)
1 < _? . c r .2ec

2 llc 2 ob
~

3 <:0 2:co
4 <2 o 22cz- |

5 <ro < ? e r.

6 = 2.0 2 2 at

|
7 <22 : 2 0 c>

|
,

o Calculated from dimensfons of specimen.
i

!
!

l

)

. _ _ _ _ _ _
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(CACH TEST RESULT 5

LEO TEST IO(NTIFICATION NU@CR

LA8mATmY t#fRE TESTS PERFORP(0 CNSI
_

ANALYST Paula Rowland, Susan Ridge =87 ._-

OATC RESULT 5 REPmTED

Port 8 Description of Leech Test Procedure
Specimen Properation * ISene as Part A)

Olegree of Leech Apperatus:

I I i i

L']Q LJ
i

-

1r- \
|

T \16.0 7.0 9.4
iMO J '

7
,

y_ r5d' $
Ib - - - 17.s = =i j,

'l ,- 20.t 9
- Leechete so-ellas Procedere se=ple =es re=ov d fraa the le*chlas vessel *ad 1.=diste>y '

Pl*C*1 In' enother leech vwssel. - The mie was not clnsed t>etween periods. The g
feedote is stirred enJ e known volvg althdrawn using en octoestic pipette with -
disposettle tips. The leechefe sample is then pipetted into e nWed borostlicate

_ vlat. Of water is then added to t>cing the total volume to 15 ml., ,

AnalytIcel Techniquest

Cownting lastreament identification end Cellbration A #4 eshev 3 x 3 Nel(Tal detector type
nea6er 125W12-W4 serlet nwet>er HD 328 caill>cated using a N85 traceable stenderd of
Cs-137. Co-60, and Sa-al3.

.

Constituent eg, Analytical Procedwre, Stenderd Devletton of Method EG4G &tec et> del
1100 out fl=chennel snelyter

7
:

Cons t i t uen t ey, Analytical Procedu e, Standard Devletion of Method 5 m es eg.r

--

___

1-

--

~

Constituent og, Analyticas Peocedwre, Stenderd Devletion of Method 5srae es ag.

%.
-

_ _ _ _

-

* U
4

.o

.| 9

*
If difforent from *Properation of_ Sh. Imen* In Pett he '

1,
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LEAC3 TEST RESULTS -

LEAC3 TEST IDENTIFICATI(k NUMBER c s e ra b-I
LA80AATORTyERE TESTS PERF0asto Cust
Au4LTST V Au lA keulA,M % # 1 % A *> R i t-l e t ta A * /

.

| DATE RESULTS REPORTED
-' "

| 9avt C. Experieental Data
Constituent Analyzed, a Jr _ M
Free Standtag hete* In Leach Specimen Container: _ yes gno

If yes. Volume (e1) * y Radfoactivity (uCl) * J and % of A, *
Spectees af ase Before Initiation of Leaching: De g f aclude with results in the tele below.

| Volume (el) * @ Radfoactf vity (uCf) * y and 1 of A, *
Initfal Amount in Specteen. A ,luCfl [after 30-s rfase] * 4r3 2. 7

l Toep. Tier a Date* As Corrected "
| Interval e n a Analyzed Bla nk conc. a *** n o 'n## III#IdtI ]*

Cl In out o n a Ain) (s) (s) (uCf/cc ) (utf/cc ) (uCf/cc ) ( IsCf ) (frac tion /s ) 1
*

DO CE 6jg, .t- M5 TW 90 '1 158 El. 9 $D 0 f.')0[- f f p, *)D f- F ,| ') Q if , g p,3 y -jg 3 3
! c8.t S syko

i @7 73 -2 f tfs ib /,J if 9 M fb. M Neg.plo, DNo- N g.ho, Nip n + .id O ' 0 "

I 3

4

5

6

7

8

9

10

11

|
12

13

I
14

15

* Date. hour, and etnute
** Concentration in leechate, show unf ts.

*** a, corrected concentration ae
Y, a factor to convert to same units a A . The value of a, must include any radfoactivity

rf ased froe the specimen and tee leach apparatus at the end of the renewa1 period.
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LgACH TEST RESULTS. ,

LEACH TEST IDENTIFICATION NUPEER [.>9'z, M

LABORATORY gERE TESTS PERFOR!ED CNSI
ANALYST Vdu/# E /acd % - /A c/6 < es
DATE RESULTS REPORTED

Part A. Description of Leach Specimen
Specimen Id. Muiter /&s ,- // . / d .1
Portion of Waste Incorporated in Mf ature $3 Weight 1

69 Volume 1

(Based on inttf al volumes)
Type of Waste Chemical and Radfof sotopic Composition, and Specific Activity of the Waste
300e 171/2 1 & ni-) m ,4/ $ d /t d m L < nn. ) _Jw a jet A/01 50./

At- %/ t . /4- (4 - H 3? 7 i ts e-sA7 9 v */ - s E-E s- T - L L . e. d ord
'

Typ and Composition of the Solidification Agent /<vo- Am.y Arc 5Le e-
" " ' "/w&J , e vaa<

Preparation of Specimen /u/ /ro a /d Ab h M M f;m ,4 _ dh-#,

$ Mid<%tnar D~- s <%c wf as'. lid n J mW .v A-f snndh
Ndd t&.+ %7-s & < e.. 41 /.147./ a.J % on 2 -res: .nd !~C M a as

' '.<srEfan s-4 /m-. *f 6 R 6 huk.
Shape and Ofmension of Specimen' "

Sphere, diameter, d (cm) =

Cylinder, df aaeter, d (ca) =

length, I (cm) -

Parallelepf ped, length, I (cal =
width , w (cm) =
height, h (ca) =

__

Other Shape Truncated cone
Olsensions Top diamter = 7.5 cm. bottom dianuiter = 6.0 cm, hef aht = 7.0 cm

Inf tf al Weight of Specimen W (g) =

3Volume of Specimen *, V (cm ) 251=

2Surface area of Specimen, $* (cm ) = 220
Storage Conditions Stored in a sealed plastle cup during cure and cooling pertod.

Af ter cooling, tasple was removed and fusediately placed in the leaching vessel.

Appeara nce

Description of Leachant
Leach Interval Electrf cal Conductivity Volume YL

(n) (umho/cm) (al)
1 < J.c : 2c t
2 llc J:ob
3 4: & :'tC
4 s: e 2:c,

5 <ru *ee
6 =3c 2 2 ve
7 < te, : 2vo

* Calculated from dimensions of specimen.

)
,

_ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . . . _ _ _ _ . _ _ . . _ __ _ _ . _ . __. . _ _ _ _ _ _ . _ . . _ _ _
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LCACH TEST 10CNTIFICAf tope NUPOCR

'( L6 TORY *(RC TESTS PCMORP(0_CNSI
AMLYST Paula Rowland. Susan Ridgeway
DATC RESULT 5 REPGtTED

Port 8 Description of Leech Test Procedure
Specl=en Properation * (Sese as Part Al

_Olegree of <eech Apparatust
|
i

! I

"_I L_i L '

'

T I""7-

16 0 7.0 94
7 ,

+6 0-*
,

J' [5 Ig
'k 17.s 4
-

20.1- 2

1 <.-~,e 5 l i n, ,,- .e 5 .. ..s r._, - ,, ,~ f.. hlng .ess.t .nd I - l...i t,1-edin o,~rI ch _ss.t. , = 1. ..s .o, , Ins.d - t.een ,.el.ds. To
(**chete is stirred end a knoim voluses .ithdrawn using en automatic pipette with
disposette flps. The leechete sea le is then pipetted into e awebered borosilicate
viel. Of water is then added to t>rlag the total volvene to 15 ml.

A^elytical Techniquest
Cownting instrweent identification end Celll>cetion A Hershes 3 m 3 NellThi detector type

nw=her $25Wl2-W4 serial nweber 80 !?S cellbested using e 865 trecee60e stenderd of
Cs-137, co-40, and Sn-f l 3.

Constitwent og, Amelytical Procedure, 5tenderd Devletion of Method (G4G ortec M> del
7000 aviti-channel enelyger

i

Constitwent ey, Analytical Procedure, Stendeed Devletion of Method 5em as 88
___

_

Constitwent al, AnalytlCal Procedu e, Standard Devletion of Methodr Se=e as o .g

_

.__

__.

* I t d|ttecent free *Properation of $9eclaen* In Peet A. *

_ _ _ _ _ - - _ _ _ _ _ _ _ _ - - - ----
~~
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LEACH TEST RESULTS

LEACH TEST IDENTIFICATION NUPEER /br/a e /3
LABORATORY WHERE TESTS PERf0RPED CNSI

ANaList &> Je 4% &vrf .%. a ,, f u r'e.u ,: .
i QATE RESULT 5 REPORTED

!

! Part A. Description of Leach Specimen
i Specimen !d. Mustier /Ldu A - /,s,t/ f
| Portton of Waste Incorporated in Mf ature _3 7 Weight 1

| (W 5 Volume 1

(8ased on fnttfal volumes)
Type of Waste. Cheef cal and Radioisotopic Composition, and Speciff c Activity of the Watte
.M 3 a- [ ssz/as )YRa fmab 2 Y. e <1 nmes Rar/> '' ' c' u esm>,..

w J L ho'cik h? 2. 7 e AJA a fL- c_" 2. 9 - A's. w .'ist r e M A O'"

/ A * NR / E 6 co/3 7 N? a/ _Vd' ?M ) '
Type and Composition of the Solldtff cation Agent /A 7, /se.,e o*c 213 , /1+ /,a/

" ~ "

1 ne ar d

9teparetton of specimeny& feo,e'n e ( -rf a ,ta,, a .,/ unttra Ow. %he -
{ J/se A s. % ar/xs61 rJA, 6 % fu. as n Jhu. . 1:1. </ a Ju- :)w 'x s...,,,,,,.u.-a n w.u..a 1 s ., 2 <

A ra w %c x<uf r u a s w ' . sere *r L| A 6 cle ,ed-
* #$hape and Ofsiention of Specimen

$phere, dieseter, d (ce) =

| Cylinder, df aurter, d (ce) =

length, 1 (ce) =

Para 11elepf ped, length, I (ce) =
wid th, w (cm) =
height, h (ce) =

Other $hape Truncated come
Ofeentfons Top of awter = 7.5 ce, bottee df awtec = 6.0 ce, hef a t = 7.0 cen

Inf tf al Wef ght of Spectmen, W (g) =

3Volue of Specimen *, V (cm ) = _ 251
$urface area of $pecteen, $* (ce!) . pro
Storage Condf tfons stored in a sealea piessic cup asring cure au coolina period.

Af ter cooling, saaple was removed eM fenedf ately placed in the leachin2 Wessel.

Appearanc e

Descrfption of teachant
Leach Interval Electrical Conductief ty Volume. VL

(n) (veho/ce) (ell
f / i> ; 10. *

7 <fo ;' 7 o ,

1 e * <> ais,
,

a ,_ f. 4 I r u e-
I o L*. 23es

| 6 e ; r. i r e. .

7 e so t s e en

0 Calculated from dimenslant of specimen.

|
!
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'
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|
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LEACH TEST IDCNT!f! CATION NUMER / .r/ t /3
LABCATORY WHERE TE$t$ PERFORTD CNSI
ANALYST My,/o Om 6, r/ /wm, f r e 'ema
CTE RESULT $ R[PCATED
part A. Description of Leach Specimen

Spectmen Id. Nutte /L.,/u E ~ /a s av' 1'
portfor of Waste Incorporated in Mf ature _4 '7 Weight $

65' S Volume $

(Based on int 11al volumes)
T)pe of Weste Chemical and Radfollotopic Coopesttfon and Specific Activity of the Weste ,

1 M A a-[trhs 2*12 f tsm th .2 Y. c n now iLA > =* ' c .i &n .,
- ..

| /L L a ' 2 ? r A 11. 4K '' 2 m Ns. w Ast r .r M t/xa =;v .., / k .. trJe '

& < b u Y e, e.13 7 1./1./L_. m )' ''

.

Type and Composition of the Solfdiff cation Agent // 7 o fu,p p _M 3 , /b/,a/ i
' '

i no .s, e . s

,

preparetton of Spectmen gte. reo,qG c M J a n M e. J u.anos Or % ten{ 16el A',%u as / nht . niiw 6 A J u , -i a JA .n 177. / a N 2a
a ~ , . a w ,,, , . u - - , u u ,. w . , 1 s .. w

-

I aku a s w. is o r L,' .2 6 de ws..n a r;. s~u w
j

Shape and Ofiensf on of $pecteen * #

$phere, df asster, d (ce) =

Cyltnder, diaeter, d (ce) =

length. 1 (ce) =

parallelepf ped length,1 (ce) =
vfdth, w (ce) =
hef ght, h (ce) =

Otrer Shape Truncated cone,

Olsensfons Top of awtea = 7.5 ce, bottom df ewtee = 6.0 ca. heinht = 7.0 cm
Inf tf al Wef g9t of Specimen W (g) =

3Volue of Spectmen *, V (cm ) 761=

Surface area of Specimen. $* (cal = 770l
; Storage Coef tfons Stored in a teales sTetpe cuo erina cw e end cooitan serloc.r

; Af ter coolf an, seele mes removed and feediatets nieced in the teachf an vessel.

; Appearance
r

i

'

$

Description of Leechent
Leach Interval Electrical Coaductivtty Volume. V

fa) (u ao/ce) (et)L
!

1 s' : <> 1 :v..
,

t t: o ;2...
|

| 1 . ; s. sss
'

4 .. >_ .. t: - . -

S
', > c. ase.

e = - e. i re.

I a _~ a. e o e. ..

*

* CalcWIsted from dimentient of specimen.
,

J
)

I

i !

I '
.
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Part S. 0..criptio. of t..cn T..t Proc.dw .r
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Of. gree e, L ch App.r.,w.t

{E_l L'J
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i
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_

Co....,v... .y, Analy,f... Pr.c wr., Ste.derd 0. vie.... of M. hod Sea.o el e .s

_

-_

Co..f l w.., og , Ana t y f ee t Pr.c.4w., i ead.e 4 0.vief io. c He. hod 1.*. e t og .

.

-

* i f di f f.r.., from vr.p.retio. of Sp. cia * in P.e t A. ' 1

|

|
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