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::uestiens or wish further backcrcund infor atien, please centact Marshall
Little at FTS 476-5481.

Sincerely,

J A Al.. W V
v - p-v -

c bert H. Neillo

Director

RhM:Ig

Enclosure

L'THIS DOCUMENT CONTAINS
POOR QUAL.lTY PAGES

30o827oN
2.7052

Onweeg an :cce:e ce : ana vs.s ':e tre New Vex.c3 es :., a-c E vecer er: cc:v:-e-:
:t tre zee:cse: '.'asta sc.at.cn 3 c: :'ar: '.*TO:t a 'ece ai s c.eF has:S e:Os ::"y

,



. - - - -= - ' ^

^ marsnali i. Little
~ ~~~

-

7/18/80; , ,

NUCLEAR CRITICALITY SAFETY ANALYSIS

FOR THE

WASTE ISOLATION PILOT PLANT PROJECT

Remote Handled Wastes-

Rectired Analyses

'

: 1. Evaluate the reactivity of a linear array of eleven RH waste containers

with full loading under the following conditions:

a) Dry storage with reflection from the concrete pit wall.

.

b) Fully moderated and fully reflected
.

c) Jetermine the reactivity of the worst case rearrangement with full

j moderation and reflection.

d) Determine impact of replacing ecderator and reflector with brine

or salt.,

.

I 2. Determine the reactivity of a single RH waste canister over a range of

values of H/Pu-239. -

3. Cetermine the minimum critical number of close packed RH waste canistars

over a range of values of H/Pu-239.

Recuired Analyses

1. Evaluate the reactivity of each type of CH waste storage array at the

maximum and the average-fissile loading ever a range of H/Pu-239 values.
.
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2. Evaluate the reactivity of a crushed array of CH waste representing a
,

'

full underground storage array with maximu= and average fissile centent

over a range of H/Pu-239. Crushing is defined as an 30-percent reduction

in the compactible volu e of the waste.
!

3. Cetermine the minimum critical array si:es at caxi.um ant. average loading

over a range of H/Pu-239.

4 Evaluate reactivity of crushing the =aximum waste hoist load of CH waste

at various values of H/Pu-239.
.

-

Fire 'Jater Collection Trenches
.

Criticality safety associated with fighting fires is to be addressed by con--

side'ing an incident involving a full forklift load (24) cf dr:.ns (the maximen

fire in the CH 'daste Handling Areal. Each drum is assu ed to centain the maxi-

rum fissile loading. It is further ass: ed that all of the (24) dr'rs are
ruptured and the fissile content of each is drained into a fire water collectica

~

trench.
.

.
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SECTION 2
i

DESCRIPTION OF THE WASTES

Two types of transuranic wastes, contact handled and remote handled, will be
,

received at WIPP. The wastes will be received packaged in drums and boxes

contained within licensed shipping containers.
.

2.1 Contact Handled Wastes

Contact handled (CH) wastes are oefined as those packages which have a surface

dose rate less than 200 mrem /hr. The waste planned for storage consists of

material packaged in the DOT-specification [1] drums and boxes, shown in Figures
2-1 to 2-6, which will arrive a't the site packaged in licensed shipping centainers.

.

A listing of the CH waste containers and' the maximum allowable fissile content of
,

each is given in Table 2-1. The drums received at WIPP are planned to be

packaged in either the steel banded package shown in Figure 2-7 or over-
Both containers are, packed in the sealed steel container shewn'in Figure 2-8.*

referred to as six packs,

The isotopic ccmpositions shown in Table 2-2 have been assumed as the an-
i

ticipated typical fissile content and isotopic breakdewn [2] of' the drums and
4

00T-specification 7A boxes.

The materials packaged in the drums and boxes a e both ccabustible and non-
.

combustible. Combustible materials include paper, cardboard boxes, wooden '

boxes, plastic l'ags, rubber scrap, rags, surgical gloves, clothing, etc.*
It may be assuned that 25 percent of the waste is ccabustible [2]. The non-

combustible wastes include residues fr:m chemical processing, building rubble,
a

f metal, glassware and dry sludges.
<
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1"
,

Bin Cover
_ SS 3/4 _ _~

In.
~ ,

5/15 Hezb Head $;rew
* * '

(8 requ! red),

50 3/3 In. '

h. g

/ m

NNNdO < ;.--

o
-- - -

.. '

>

Bln Body'

.

e

72 3/3 In.
Wrather Stripping,

(7/15 In. thick X i In. wide)
.

Brace 2 In. angle tron
'

l %

Littir 2 Strap,3/4 In. dlarneter-

..

St!?fener 3 in. angle Iron

Din Cover and Body,
.

12 gauge steel

Figure 2-3 DOT Specification 7A Steel Sox '

,
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1

Bolt R!ng (12 gauge}

.

'
i

'

*
.

Bolt (5/8 in.)
'

Head and Gaskat,

$' '

,

'

%N ..
-

: %r-
-

J.

/'

\ 'w_ _.w
-,

, Rolling Hoop (3 re:;ulted)

j *ni"l.i; } ";';;"d " >' ""',,

-i

f-

i

-

\

< !

o

..

%
g 221/2 In.

i.D.

-,

h.

s. Figure 2-4 Cor specifica icn 17C Steel Urun (55 Gallon)
.
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Bolt Ring (12 gauge)

l

' Bolt (5/8 in.)( , ,
# Head and Gasket,

/
.. #

- - Bodf a d Head Sheet

(
h

'

23 In. usable *

Inside belght

/- \
'

|

\ /

.

18 In. _

l.D.

Figure 2-5 COT Scecification 17H Steel Crum (30 Gallon)
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1

1
.

Belt Ring

(12 scuse)
,

'
.

,

/ - 2 Beit (5/3 m.)'

Heed and Gaskei {-

1 N 3
'

-

4 Ven, Hofes

I'"I"I'"""' 'I 4 " 9'I'ed.'

-.
Solidindu strict c:.,.

Se'g 5 e iin' hf'N'r*#/entin;
2

', * *'d s, h rd -o od |

#'ID3ti033, ge. N'i

M h7. SPEC 2R
.

, egoi.oren'

<

'

[ / ' ''

I'

1 %.

Df .O.T. SP. 17CRequired for packages
- $

ha*/ing authori:ed 370s3 .

OfeqbivsIen!1 '

J we igh t in excess o.
219 kg (480 lb) as f 3specified in CFR-49, |

-

5 178.104 j ,m'

'

.

'
1

1 Y )
.

-w
J ,

T
Figure 2-6 CGT Specificatien SM Packaging-
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1. CONTAINS G [ ACll 55 GALLON DRUMS.
- - ,
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VOL UME Or 0 OlluMS - - - - -- -4 0 CU II. -
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+ ~ - n 1 u u a a a u - - m u - w w.- '

.

.

.

.

.

NOTES
.

..

~ .( 1. Weight of Container- - - - - - 326 lbs.
"'

t~. . -. .= ..

Weight of Contents - - - - - - 8942 lbs.*
,,'

.. . . . . . ..
- - - - Total Weight - - - - - - 9268 lbs.

.

*90% Full at 138 lbs./cu ft.r .. . - .: n :. e

. .. .. .. _

2. 18 Ga. (.0478) Steel Cover and Bottoms~ - - .. .. .. ..
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2.2 Remote Handled Wastes

Remote handled (RH) wastes will also be received for storage at WIPP. All RH
was:es will be received at WIPP contained in cetal canisters placed within
licensed shipping containers. The canister is a 24-inch outside diameter,

! 3/8-inch thick carbon steel pipe of welded construction'and is 10 feet long
including the lif' ting pintle. Some canisters will be overpacked within the WIPP

| hot cell with a 25 inch outside diameter,11-foot long, 3/8-inch thick carbon
,

steel overpack. The waste canister is designed to satisfy the requirements for
a Type A container as described in 49 CFR 173.398 (1). Design and fabrication
of the canisters will be controlled by a WIPP approved specification. All,

canisters will be smooth-sided or corrugated cylinders and will have no protru-
'

sions that extend beyond their ncminal cutside diameter. The reference RH waste
canister is shown in Figure 2-9.

I
,

-

The actual RH waste may be ass'umed to be in one of three ncnco.T.bustible forms.

One fora of waste may be termed ncn-fixed and consists of contaminated concrete
and steel, dry process sludges, etc. The two fixed waste forms may include

,

borosilicate glass and wastes fixed in ordinary concrete. The assumed isotopic
content of RH wastes regardless of form is shewn in Table 2-3 [2].-

i .

: .

e..e

,

i

|

|

,
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; 206" x

192"= ,
'

< 120" >
4 2",, ;

a

b 1//// /////////////'i///
i

| /-

) '40" Dia.* 36" Dia * ,( Drilled Hole
, , _

A 96" Spacing '''
"

. j

et ) ;
'

4

I. 1 5 <//////////s- ! / ///i//x /
.

- -

b 2,, RH Uaste Canister-

''

* Maximum based on Title I[10] design.

72" |
@ Steel shield plug not shown.,

. . . .

t
1,

t .

} Y _J
'

o

;
,

Figure 2-9 Remote Handled Waste Canister Storage Configuration (Not to Scale:
,,
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- TABLE 2-1

CONTACT HANDLED WASTE CONTAINERS

Packaoe Descriotion Dimensions Maximum Fissile Content
(grams)

.

00T-7A Boxest

a. FRP-coated plywood 4' x 4' x 7' 350*
b. Cleated. plywood Random *

'c. Steel boxes (M3-Bins) 50" x 53" x 72" *

.

Drums -

a. 55-gallon, 17C 24" dia. x 35" length 200
'

b. 30-gallon, 17H- 19" dia. x 29" length 100
. c. 55-gallon, COT 6M 24" dia. x 35" length 500

*

d. 83-gallon ** 25" dia. x 43" length 200

t Packaged in steel overpack for storage.
~

* Limited to 5 grams in any cubic foot.
**Used as overpacks for 55-gallon drums.

E

tot

e

6

.
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TABLE 2-2

ISOTOPIC CO.'iTENT OF CONTACT HA? IDLED WASTE ORUM5 Afl0 30XES

Total Mass Total Mass ,Isotoce Per Drum, grams Per Box, grams

Pu-238 2.5 x 10-3 4,0 x 10-3
Pu-239 7.5 12.0
Pu-240 0.5 0.81'
Pu-241 2.7 x 10-2 4,4 x 10-2
Pu-242 2.4 x 10-3 3.9 x 10-3
Am-241 1.5-x 10-3 2.5 x 10-3

Total 8.03 12.86

IypicalFissile
Content,-grams 7.5 12.0.

Typical Plutonium
Content, grams 8.0 '

12.8,

Maximum Allowable
Fiss11e-Content,
grams 200.0 350.0

. ..

S

+

$ y

a

2-13
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TABLE 2-3

REMOTE FRIOLEO WASTE ISOTO?!C CONTENT

Isotcces t4 ass in 'daste. grams

.

Co-60 0.093
Sr.90/Y-90 59.3
Ru-106/Rh-ICS 2.0 x 10-3
Cs-137/3a-1372 0.5 ,.

Eu-152 0.1
Eu-154 3.1 x 10-2
Pu-233 0.0'2
Pu-239 125.7
Pu-240 S.7
Pu-241 0.*5
P.-241 2.5 x 10-2.-

Total 195.95
,

.

ese

9
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TABLE 3-1 - <

27 ENERGY GROUP STRUCTURE
i.

EU(eV) EL(eV)GROUP
.

1 1.733 + 7 1.221 + 7
2 1.221 + 7 1.000 + 7
3 1.000 + 7 7.408 + 6
4 7.408 + 6 5.488 + 6
5 5.488 + 6 3.679 + 6 -

6 3.679 + 6 2.231 + 6
7 2.231 + 6 1.353 + 6
8 .1.353; + 6 8.208 + 6,

9 8.208 + 5 4.979 + 5
10 4.979 + 5 3.020 + 5
11 3.020 + 5 1.832 + 5
12 ~1.832 + 5 1.111 + 5
13 1.111 + 5 4.087 + 4
14 4.087 + 4 1.503 + 4
15 1.503 + 4 5.531 + 3,

16 5.531 + 3 2.035 + 3
17 2.035 + 3 ,.485 + 3

18 7.485 + 3 2.754 + 3
19 2.754 + 2 1.013 + 2
20 1.013 + 2 3.727 + 2
21 3.727 + 1 1.371 + 1
22 1.371 + 1 5.044
23 5.044 1.855.

24 1.855 6.826-1
25 6.826-1 4.140-1
26 4.140-1 1.000-i
27 1.000-1 1.000-5
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TABLE 3-2

EXPERIMEtlTAL CATA FCR THERMAL SYSTEM: UNREFLECTED PLUT0tlIUM tlITRATE
>

i
SOLUTIO?l IN ALUMINUM SPHERE -

r

I
. Measured Volume : 949.1 liter

Container Material : Al
' Al Thickness : 0.77 cms

Temperature : 23 + 0.5*C *
,

r _
.

.

'

Chemical Analysis Pu (NO )4 Water Solution3

!

Pu Concentration : 9.43 g/ liter
.

Specific Gravity : 1.053
-

,

'

- Free Acid Molarity : 1.105 :4
.

.

,

'

Isotopic Analysis (wt%)

I Pu-238 .Pu-239 Pu-240 Pu-241 Pu-242
0.004 -97.386 2.521 0.075 0.0144

s

. . . .

;

-

! *

.

O
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TABLE 3-3

EXPERIMEtiTAL DATA FOR FAST SYSTEM: SPHERICAL CORE OF
Pu-239 Ifl SPHERICAL REFLECTOR

Core
,

Material Pu-239

Diameter, cm 10.084

Mass, kg 8.386

Density, sm/.m3 15.62* **

Enrichment, wt-% *

:

Reflector
.

Material Enriched Uranium-235
'

Thickness, cm 1.656-

Density, gm/cm3 18.8**-

.

* Density is for Pu. This contains 4.9 atom-% Pu-240 and 0.31 atom-% Pu-241.

**93% enriched uranium-235.

...
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TABLE 4-2

COMPOSITIONS OF CONCPETE AND SOR0 SILICATE GLASS

'

Concrete Borosilicate Glass

Element- Weight Percent Element Weight Percent

Aluminum 4.6 Aluminum 0.91

| Calcium 8.3 Boron ' 7.69

.
Hydrogen 0.6 Magnesium .- 0.12

Magnesium 0.3 0xygen 55.37
'

Nickel 1.2 Potassium 0.84*
.

>

Oxygen 49.8 Silicon 31.64
'

- Potassium 1.9 Sodium 3.43,

Silicon 31.5 -

.,

Sodium 1.7'

Sulfur 0.1
*

.

>
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