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ABSTRACT

Design calculations have been performed using the IBM-7090
computer for the shielding requirements for the Rover Processing
Facility. Shield thicknesses have been found to vary between
18 inches and four feet of ordinary concrete depending on the
decay time and the equipment being shielded.

3 4456 05484LY 1

L




- 2
Necessary shield thicknesses have been calculated for the Rover Processing
Facility by the SDC code on the IBM-7090. These thicknesses were calculated
for an irradiation time of 3000 seconds at 1000 Mw total power in 200 kg U-235
and for decay times of 90, 180, 360, 720 days. Source strengths were determined
for a single irradiation of 3000 seconds using the PHOEBE code for fission
product activities., Since the probable irradiation history will be 50 seconds
at power followed by a seven-day shutdown period for a total of 10 such cycles,
the calculated source strengths are about a factor of 1.5 to 2 high for the
decay times considered. The actual calculation was attempted using the PHOEBE
code but the answers appeared to oscillate rather than decrease with increasing
decay time. The code failed to produce reasonable results for the actual case
because the ratio of power time to down time was very small for each cycle.

Shield thicknesses were determined for the following cases:*
(a) A 12' x 2' x 4" slab dissolver containing 90 kgs U-235. Since this dissolver
- 1is a finite slab, two different cylinder sizes were used to approximate this
case. (See result sheets.)

(b) A 12' x 7" diameter cylindrical dissolver containing 18.7 kgs U-235.

(c) A 12' x 7" diameter solvent extraction column (vol = 93.5 liters) containing
L gms U-235 per liter.

(d) A critically safe storage cell for 200 kg U-235 stored in 100 cans spaced
on 2 foot centers. Each can contains 2 kgs U-235.

The results of these calculations are as follows:

Thickness of Ordinary Concrete Required to Reduce Dose Rate
to 1.0 mrad/hr at the Outside Shield Surface

Thickness in Inches for a Decay Time of

Source 90 days 180 days 360 days 720 days
Slab Dissolver L7 41 37 33
Cylindrical Dissolver L 39 3k 30
Extraction Column 30 26 22 17
Storage Cell Ly 38 34 29

Pages 3 through 26 are coples of the output sheets from the SDC code. These
sheets give the source strengths for each of nine energy groups and each group's
contribution to the total gamma flux and dose rate at the outside shield surface.
There are four pages for each case. These pages correspond, in order, to decay
times of 90, 180, 360, 720 days, respectively.

* In all cases the source was placed 60 cm from the ing**- ©--- ~% +»~ ~hi-~14
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oHItLDINQ VEoIGN CALCULATIUNS = GEUMETRY OUPTION 6 - MATERIAL NCe. 6

ROVER CORE PRUCEOSING FACILITY ohRIELU UESIGN = SLAB LILSOLVER CASE 1

DESIGN DOst RATE - 1+000 MREPF/HOUR DOsSE POINT ve CM IN FRONT OF SHIELDS
CALCULATED orililyu THICKNESS = 1184802 CENTIMETERS
L - 60eU My SUURCE AVERAGoU CNEROLY =  Ul667 MEV LUost AVERAGED ENERGY = 24324 MtV
CYlLe VOLe LOURCE»» oHIELU AT oliibs LOSE POINI 29 VOLUME -~ 226000.0 CC
HL —183e0 CMy H< ~18340 CMy TOTAL H —36640 CHMy RADIUS - 1440 CM
GROUP SOURCE STRENGIH GROUP ENERGY GAMMA FLUX GAMMA DPOSE RATE
PHOTUNS/SEC MEV PHOTON®/5W CM/oEC MREM/HOUR
1 l42600E 14 Qe300 le3495E-06 04000
Z 245800E 14 0630 l.2608E~02 0002
3 5 72500E 13 1.100 le2063E 00 0«097
4 l.5240E 15 14550 245977E 00 06168
5 748500E 11 1.990 1.5835E 00 0070
6 le7000E 1z 24380 S«4711lt 00 Qe384
7 legaspk 11 24750 2e4332ZE 00 0.088
8 849500t 10 3250 3.0879E 00 0.099
9 4¢71luQk 10 3¢7G0 3¢0200E 00 0091
TOTALS 449000t 14 2e¢3412E 01 l.000



. SHIELDING UESIGN CALCULATIONS - GEGMETRY OPTION 6 - MATERIAL NO. 6

ROVER CORE PROCE<SING FACILITY SHIELD DESIGN - SLAS DISSOLVER CASE 1

DEoIGN DOSE RATE - 1. 00U MREM/HOUR ~ DOSE POINT Ue CM IN FRONT OF OSHIELD>
. CALCULATED SHIELD THICKNESS =  103+764 CENTIMETERS
L = 6060 °CH SUURCE AVERAWCLU ohNoROY = 04664 MCVs DUSE AVERAGED ENEKOY = 1.965 MEv
CYLe VOLe SOURCEs OShIELUV AT SIUEs DOSE POINT 25 VOLUME - 226000.0 CC
Hl =183.0 CMs HE —-183e0 CMs TOTAL H =36640 CM» RADIUS = 1440 CM
GROVP SQURCE STRENGTH GROUP ENERGY GAMMA FLUX GAMMA DOoSE RATE
PHOTUNS/SEC MEV PHOTONS/5Q CM/SEC MREM/HOUR
1 4404008 13 0300 242242E~05 0000
Z 1.0¢20E 14 04630 944830E-02 0e012
3 346500E 13 1100 448927E 00 0e321
4 L1e5750E 12 16550 1+9408E 00 0el06
5" ls6Y00E 11 1,990 l+8528E 00 04070
6 344550 11 24380 8e9674E Q0 Q0e314
7 4e43150E 10 24750 2¢4864E 00 0078
5 le4550E 10 30250 1.9500E OO 04055
9 69400 09 3700 le6086E 00 04043

TOTALS l.8L125E 14 243794E 01 1.000
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SHIELDING UESIGN CALCULATIONS - GEUMETRY UPTIUN 6 - MATERIAL NOs 6

ROVER COURE PRUCESSING FACILITY ShiELD DESIGN = SLAB DISsSOLVER CASE 1

DEsIGN Dust

Z -

CYLo
H1

GROUP

~NOow P LN

O o

TOTALS

600 Ciis

SOUKRCeo
ChMos

VOL e
~18340

RATE -

le LU

MREM/ZHOUR »

CALCULATEDL SHIclu THICKNESS -

SOURCE AVERALEVD TNzRuY -

SHIELUL AT oSlIbks
H2 =18340 CMy

SUUKCE STRENGTH

PHOTUNS/DEC

le2470L
Ze202(0E
Ee3v00QE
444100E
5e¢19U0E
l.04<Qk
243200E
le7470E
543700E

443003E

13
13
1z
11
10
11
10
09
06

i3

LOSE POINT 2
TOTAL H =366.0 CMs

OROUP ENERGY
MEV

0300
0.630
14100
1.550
14990
2380
2e750
34250
54700

DOSE POINI

924206

Ue

Oe642 MEVS

VOLUME

LOSE AVERAGED ENEKGY

CM

RADIVUS -

GAMMA FL

le4384E-

1,960 1€~
645299E
245120E
240946E
94 15706E
4e2283E
647117~
3¢3759E~

245T259E

UX

04
ol
00
00
00
00
00
o0l
ol

ol

IN FRONT OF SHIELDs

CENTIMCTERS

226000,
14,0 CM

GAMMA DOSE RATE
PHOTONo/SWG CM/oEC

0 CC

MREM/HOUR

0000
0021
0e366
0e117
0070
O0s283
0.118
0s017
0e008

1.000

1820 McV
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SHIELDING veSION CALCULATIONS - GEUMETRY UPTIUN

6 — MA

TERIAL NO,

ROVER CCORE PRUCEOSING FACILLIIY orlelv LESIGN - SLAp DISSOLVER CASE 1
DESIGN DOSE RATE -

L -

CYLo
H1

GROUP

ANoRN o oL NN OaNR Gl SRR UV N

TOTALS

60U

VOL e
~18349

1.000

MREM/HOUR »

DOst POINT

Use

M

6

IN FRONT OF SHIELDs

CENTIMETERS

LUSE AVERAGED ENERUGY

226000,
1440 CM

GAMM

CALCULATED SHIELUL THICKNESS - 8l.052
Ci SOURCE AVERAGEU ENERGY = 06566 MKV
S0URCE s SHIiLL AT olucs DOsSE POINT 2 VOLUME =
Ciis HE ~18340 CMsy TOTAL H —-366.0 CMs RADIUS -
SOURCE STRENGTH GRQUP ENERGY GAMMA FLUX
PHOTUNS/5EC MEV PHOTONS/SU CM/sSEC
347850E 12 04300 8e3145E~04
443400QE 12 0630 5e5314E=Q1
7+3500E 11 1100 3¢ 1562E 00
1.9050E 11 14550 448043E 00
2e4550E 10 14990 345365E 00
449000E 10 Ze38Q leb4iBoE Q1
1.0770E 10 2750 5:8733E 00
1439008 08 34250 1e4955E~01
T¢6900L 06 34700 le2788E~02
Sel306E 12 3.2174E 01

0 CC

A DOSE RATEL
MREM/HOUR

04000
0028
0+¢148
0.188
0.102
0386
Oelas
0+003
0000

1000

2002

MEV
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SHIELDING DESIGN CALCULATIONS - GEOMETRY OPTION 6 - MATERIAL NO. 6

ROVER CORE PROCESSING FACILITY SHIELD DESIGN - SLAB DISSOLVER CASE 2 . :
DESIGN DOSE RATE - 1000 MREM/HOUR DOSE POINT Ve (M IN FRONT OF SHIELD»
CALCULATED SHIELD THICKNESS = 12¥.217 CENTIMETERS '
Z - 60+0 CM»  SOURCE AVERAGED ENERGY - 04667 MEVs DOS&E AVERAGED ENERGY = 24326 MEV
. CYLes VOLe SOURCEs SHIELD AT 5IDb» DOSE POINT 2 VOLUME = 89300.0 CC
H1 =18340 CMs HZ =18340 CMs TOTAL H =36640 CMy RADIUS = 8.8 CM
GROUP SQURCE STKENGTH GROUP ENERGY GAMMA FLUX GAMMA DOSE RATE
PHOTONS/SEC MEV PHOTONSYSQ CM/SEC MREM/HOUR
1 1.2650E 14 Ue300 le2432E~06 0000
2 245850E 14 04630 14 2054E-02 04002
3 Be7500E 13 1.100 - 141754E 00 04097
4 le5240E 13 1.550 245490t 00 0s167
5 748500E 11 14990 1¢5633E 0O 04070
6 le7600E 12 ' 24380 9¢3664E 00 0+385
7 1e8320E 11 24750 T 244097E 00 0088
. 8 8+9500E 10 3250 340619E 00 04099
9 ' 447100k 10 34700 2¢9962E 00 0092

TOTALS 44.9VU00E 14 2¢3134E 01 1.000




SHIELDING VESIGN CALCULATIONS - GEOMETRY OPTION 6 - MATERIAL NO. 6

ROVER CORE PRUCE-SING FACILITY OSHIELD VESIGN —= SLAo DISSOLVER CASE 2

DESIGN DOSE RATE -  1.0G00 MREM/HOUR DOSE POINT Us CM IN FRONT OF SHIELDs
CALCULATED SHIELD THICKNESS = 105173 CENTIMETERS
L ]
L ~ 606U CMs SOURCE AVERAGED ENERGY = U.664 MEVS DUSE AVERAGED ENERGY = 14969 MEV
CYLe VOLe oQURCES SHIELD AT SIUEs DOSE POINT 2 VOLUME =  89300.0 CC
Hl =183¢uU CMs HZ ~18340 CMs TOIAL H =~366.0 CM»s RADIUS = 8.8 CM
GROUP  SOURCE STRENGTH GROUP ENERGY GAMMA FLUX GAMMA DOSE RATE
PHOTONS/SEC MEV PHOTONS/SQ CM/SEC MREM/HOUR
1 440400E 13 0e300 2+0531E-05 0+000
2 1.0250E 14 06630 9e0808E~-02 0s012
3 346500E 13 1100 4eTT44E 00 04319
4 145790E 12 16550 1+ 9069E 00 0e106
5 146960E 11 14990 14 8315E 00 0s071
6 3e4550E 11 2+380 848792E 00 0e315
7 443150E 10 24750 244655E Q0 0079
& 1e4550E 10 34250 14 $359E 00 0+055
g 6+49400E 09 - 34700 1e5977E 00 06043
TOTALS 1.8195E 14 243482E 01 1.000
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‘ SHIELDING LESIGN CALCULATIONS - GEOMETRY OPTION 6 - MATERIAL NO. 6

ROVER CORE -PROCESSING FACILITY SHiELD DESIGN - SLAB DISSOLVER CASE 2

DESIGN DOSE RATE -  1.000 MREM/HOURs  DOSE POINT Ose CM IN FRONT OF SHIELDs
» CALCULATED SHIELU THICKNES> =  93.633 ‘CENIIMETERS

L = . 60eu CMs SOURCE AVERAGED ENERQY = U.642 MEV) Dust AVERAGED ENEKRGY = 14824 MEV

CYLe VOLe SQURCE» SHIELD AT oILEs DO9E POINT 25 VOLUME = 89300.0 CC

H1 -183+0 CMs HZ -18340 CM»s TOTAL H -366.0 CM>s RADIUS - 8.8 CM
GROUP SOURCE STRENGTH GROUP ENERGY GAMMA FLUX GAMMA DOSE RATE

PHOTUNS/SEC MEV PHOTONS/SW CM/SEC MREM/HOUR

1 le2470c 13 04300 143215E~04 0000

2 2¢2050Q0E 13 0630 1.8897E~01 06020

3 843900E 12 1.100 6e3563E 00 Oe364

4 4e4l00E 11 1.550 244632E 00 Qell7

5 5.1900E 10 1990 2+0670E 00 0.070

6 l.04<0E 11 24380 9+0539E 04Q 0e285

7 243500E 10 24750 4e1869E 00 OellS

8 v l.7470E 09 34250 646549E=-01 0e017

9 543700k 08 3¢700 343494E~01 04008

TOTALS 4e30523E 13 245317E 01 1000
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ROVER CORE PRUCESSING FACILITY SHIELD DESIGN -~ SLAb DISSOLVER CASE 2

SHIELDING LESIGN CALCULATIUNS - GEUMETRY OPTION 6 - MATERIAL NOes 6

DESIGN DOSE RATE - 14000 MREM/HOUR DOSE POINT Oe¢ CM IN FRONT OF SHIELD)
CALCULATED SHIELD THICKNESS - 82.526 CENTIMETERS B
L = 600 CM» SOURCE AVERAGEU ENERGY = 0Ue566 MLEV> DOSE AVERAGED ENERGY = 24005 MEV
CYLs VOLe SOURCEs SHIELD AT SIDEs DOSE POINT 2o VOLUME - 89300.0 CC
H1l =183¢0 CMy HZ ~18340 CMy TOTAL H =366.0 CMy RADIUS = 8.8 CM
GROUP S0URCE STRENGTH GROUP ENERGY GAMMA FLUX GAMMA DOSE RATE
PHOTUNS/SEC MEV PHOTONS>/5Q CM/SEC MREM/HOUR
1 37650 12 0300 T¢5468E-04 04000
2 443400E 12 Qe¢630 3e3404E~01 0.028
3 73500E 11 1100 340517E 00 0el46
4 1+49050E 11 14550 446838E 00 0.188
5 2e4550E 10 1.990 3+4732E 00 0.102
6 4.9600E 10 . 24380 1.4063E 01 0387
7 l.0770E£ 10 24750 57919t 00 Oelé45
8 143900E 08 3250 l+4773E~01 0«003
9 7.6900E 06 34700 1¢2643E~-02 0000
TOTALS 9¢1306E 12 341559kt 01 1.000

-O‘[-



SHIELDING DESIGN CALCULATIONS - GEOMETRY OPTION 6 = MATERIAL NOe +6 *

ROVER CORE PROCESSING FACILITY SHIERD DESIGN - CYLINDRICAL UISSOLVER

DESIGN DUSE RATE -  1.000 MREM/HOURs  DOSE POINT Oe CM IN FRONT OF SHIELDs
. CALCULATED SHIELD THICKNESS -~ 111.809 CENTIMETERS
L]
L = 60e0 CMs SOURCE AVERALEU LNERGY = (668 MEVS DOSE AVERAGED ENERGY = 24214 MEV
[
CYLe VOLe SOURCEs SHIELD AT SIUEs DOSE POINT 2s  VOLUME - 9350040 CC
H1l =183ev CMs HZ =183e0 CMs TOTAL H =366e¢0 My RADIUS =~ 90 CM
GROUP  SOURCE STRENGTH GRUUP ENERGY GAMMA FLUX GAMMA DUSE RATE
PHOTUNS/SEC MEV PHOTONS/5Q .CM/SEC MREM/HOUR
1 5¢2100E 13 04300 4e9292E=06 04000
2 1e0650E 14 0630 206943602 00004
3 3,6100E 13 1.100 1« 7922E 00 0el32
4 6e2900E 12 14550 36 2783E 00 0e196
5 342400E 11 1.990 1.7013E 00 04070
6 742700E 11 24380 945476E 00 0363
7 745600E 10 24750 243079E 00 04078
8 - 3.6900E 10 34250 2.7490E 00 0083
9 1s494250E 10 34700 Ze5844E 00 0074
TOTALS 2.0217E 14 2e3986E 01 14000
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ROVER CORE PROCcoSING FACILITY oHIELY UESIGN = CYLINDRICAL UVISSOLVER

SHIELDING DESIGN CALCULATIONS ~ GEOMETRY OPTION 6 — MATERIAL NOe 6

DESIGN DUSE RATE - 1eUCU MREM/HOUR s DOSE POINT Oe CM IN FRONT OF SHIELD,
CALCULATED SHIELD THICKNESS - 97831 +CENTIMETERS
L = 60U Civs S0URCE AVERAGEDL ENERGY = U670 MEVS DUsStc AVERAGED ENERGY = 1.818 MEV
CYLe VQOLe SQURCEs SHIELD AT SIuks DOSE POINT 2 VOLUME = 9350040 CC
H1 =183.0 CMs HZ =18340 CMs TOTAL H =36640 CMy RADIUS - 94,0 M
GROuP SOURCE STRENGTH GROUP ENERGY GAMMA FLUX GAMMA DOSE KRATE
PHOTONS/SEC MEV PHOTONS/5Q CM/SEC MREM/HOQUR
1 lea665QE 13 06300 641992E-05 0000
2 442300t 13 0+630 le 6630E=~01 0019
3 le6U3UE 13 14100 6e6445E Q0 0+404
4 be4YUQE 11 14550 21439t 00 0.108
5 70050E 10 14990 le7804E 00 06063
6 le4<dsQE 11 24380 8¢ 1304E 0O 0+268
7 le7800E 10 2750 2e¢1434E Q0 0064
8 64000CQE 09 36250 le5901E 0O O0e0Q42
9 2-86OOE 09 34700 le2643E 00 0e032
TOTALS Ja5048E 13 2¢3863E 01 1.000
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SHIELDING DEoleN CALCULATIONS - GEOMETRY UPTION 6 ~ MATERIAL NO. 6

ROVER CORE PRUCESSING FACILITY SHIELU DESIGN - CYLINDRICAL DISSOLVER
DESTGN LOsSE RATE = 1.000 MREM/HOURs  DOSE POINT Ue CM IN FRONT OF SHIELD

CALCULATEY Srlelu THICKNESS =~ 86¢266 CENTIMETERS

L = 604U CiMs SOURCE AVERAGEDL ENERGY = 0.642 MEVS DOSE AVERAGED ENERGY = 1.706 MEV

CYLe VOLe SQOWRCEs OSHIELD AT SILEs DOSE POINT 29 VOLUME = 93500.0 CC
H1 —183.0 CMs HZ ~183.0 My TOTAL H =366+0 CMy RADIUS = 940 M
GRQUP SOURCE STRENGIH ORQUP ENeRGY GAMMA FLUX GAMMA DUSE KATE
PHOIUNS/SEC MEV PHOTONS/SW CM/SEC MREM/HOUR
1 541450 12 0300 440551E-04 0«000
2 9+0900E 12 06530 3¢4988E-01 0032
3 34000E 12 14100 8e3966E 00 0e429
4 le8loQE 11 14550 2¢1989E 00 0119
5 241400E 10 1.990 2¢0277E 00 0063
6 443000E 10 2380 8e3845E Q0 0242
7 9+6800E 09 2¢750 3¢6680E 00 0«096
8 T+42000E 08 34250 5¢5116E~01 QeQ1l3
9 2¢2200E 08 34700 2¢6820E~01 0006
TOTALS 147922E 153 200445E 01 1.000
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SHIELDING LESIGN CALCULATIONS' = GEOMETRY OPTION 6 = MATERIAL NO. 6

ROVER CORt PRUCtosING FACILITY SHlELu vESION - QYLINURICAL LDISSOLVER ;

DESIGN DOSE RATE - 1000 MREM/HOUR » DOSE POINT Ue CM IN FRONT OF SHIELDs
CALCULATED SHIeLU THICKNESS = T4.643 CENTIMETERS
Z - 60su CMs SOURCE AVERAGEU ENERGY = Ue566 MEVs DOSE AVERAGED ENERGY = 14902 MEV
CYLe VOLe SOURCEs SHIELD AT 51UE> DOSE POINT 25 VOLUME = 9350040 CC
Hl =183eu CMs He =18340 CMy TOTAL H =366e0 CMs RADIUS = 9.0 CM
GROUP SOURCE STRENGIH GRUUP ENERGY GAMMA FLUX GAMMA DOSE RATE

. PHOIUNS/OEC MEV PHOTONS/SW CM/SEC MREM/HOUR

1 145630E 12 06300 2¢6809E~03 04000

2 le70Y0E 12 04630 6e910<E-01 06049

3 3.0300E 11 1.100 443999E 00 0el82

4 7485208 10 16550 54 7504E 00 06204

5 1.0140E 10 1990 346436E 00 06096

6 240470E 10 24380 1.3877E 01 O0e343

7 4e4400E 09 24750 5¢3907E 00 0e122

8 5.7600E 07 34250 1le2961E-01 04003

9 3,1750E 06 34700 140663E~02 04000
TOTALS 3e7606E 12 3. 3896E 01 1000
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SHIELDING UESIGN CALCULATIONS - GEOMETRY OPTION 6 — MATERIAL NO. 6

ROVER CORE PRUCESSING FACILITY ohItELD UVESIGN = SOLVENT EXTRACTION €OLe

DESIGN Dust RATE - le VUV MREM/HOUR DOSE POINT Ue CM IN FRONT OF SHIELD»
CALCULATED ShIckw THICKNESS ~ 76740 CENTIMETERS
L = 60U (i S0URCE AVERALEU ENERGOGY = 0.668 MEV)Y DUsE AVERAGED ENERGY = 14694 MV
CYLe VOLe O0URCE> oSHlclLL AT olIvks DOSE POINT 25° VOoLUME = 9350040 CC
Hl ~183.U Cis He =183.0 CMs TOTAL H =36640 Cis RADIUS = 9.0 CM
GROUP SOURCE STRENGTH GROUUP £NERGY GAMMA FLUX GAMMA DOUSE RATE
PHOIUNS/SEC MEV PHOTONS/o5W CM/SEC MREM/HOQUR

1 1e04<0k 12 04300 141101£~03 04000

2 2+1300E 12 0630 57T714E-01 04043

3 742200E 11 1,100 Te¢9660E 00 Qe344

4 le2500E 11 1.550 Te2509E 00 06266

5 6+4b600E 09 1990 149002E 00 0052

6 let4240k 10 24380 Bel357E 00 0207

) leblcot 09 24750 l.5330E 00 040306

8 743800t 08 34250 1.4054E 00 0030

9 348Y00E 08 34700 ls1148E 00 0023

TOTALS 4eQ435E 12 249886k 01 1,000
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ROVER CORE
DESIGN LOS

L - 606U

CYLe VOLo

H1l =183.0

GROUP

VoONdouvswihe

TOTALS

ShHICLDING veoIGN CALCULATIONS - GECOMETRY OPTION 6 - MATERIAL NO. 6

PROCESSING FACILITY oHIELYU LESIGN = SOLVENT EAXATRACTION COL. *

£ RATD = le 00U MREM/HOUR DOSE POINT Ge (M IN FRONT OF SHIELD,
CALCULATzL omlIkLy THICKNESS - 666362 CENTIMCTERS

CMy SUURCE AVERKAGEL ENERGY = 06670 MEVS LUsc AVERAGED ENERGY -

SQUuikCE s ohlelLu AT olibes LOSE POINT 29 VOLuME - 93500.0 CC

CMa HZ ~-183.0 CMs TOTAL H =36640 Cis RADIUS - 940 CM

SQukCe STRENGIH GROUP ENERGY GAMMA FLUA GAMMA DOSE RATE
PHOTUNS/9EC MEV PHOTONS/5Q0 CM/oEC MREM/HOUR
343400E 11 0300 566064E-03 04001
8.46000E 11 06630 1+.8167E 00 0106
3.2U00E 11 l.100 ls7665E 01 06621
le2Y00E 10 1550 340433E 00 0093
le4ULiQE 09 1.990 le367<2E QO 06032
2¢8460E 09 2+380 4e3946E 00 0108
3.50600E 08 2750 1+.0318E 00 0e021
1.2000E 038 3250 6e0446E~-01 0.011
5.7200E 07 34700 4e124T7E-01 0+008

145170E 12 3.0841E 01 1.000

1.337

MEV
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bHItLDINb.UthGN CALCULATIONS -~ GEUMETRY OPTION 6 - MATERIAL, NU. 6
*

ROVER CORE PRUCEogINU.FAQILITY oHIebD DESIGN ~ SOLVENT EXTRACTION COL.
DESIGN LOSt RATE -

l -

CYLo
H1

GROUP

VWSOV H WwR -

TOTALS

1.00U MREM/HQUR

CALCULATEY SrileLy THICKNESS -

DOst POINT Ue

C

600

VOL »
~183.0

IN FRONT OF OHIELDS

55283" CENTIMETERS

DUSE AVERAGED ENERGY

)

CMs SOURCE AVERAGLU ENERGY = Qo642 MEVS
SOURCEs SHIELD AT 5I1UEs DOSE ‘POINT 2 VOLUME =
CMs HZ -18340 CMy TOTAL H =36640 CM» RADIUS -
SOURCE STRENGIH GROUF ENERGY GAMMA FLUX
PHOTUNS/SEC MEV PHOTONS/SUW CM/SEC
1+0290E 11 0300 3¢3658E=02
1+8loQE 11 04630 3.6201E 00
6+9200E 10 1.100 241582E 01
3¢6360E 09 14550 348758E 00
4+2800E 08 14990 1+5320E 00
§+6000E 08 24380 449827E 00
1+9300E 08 24750 16 7483E 00
144400E 07 50250 2e0809E~01
4o 4400E 06 34700 8¢ 7069E~02
3e5904E 11 3¢ 7670E 01

93500,0 CC
90 M

GAMMA DOSE RATE
MREM/HOUR

04002
0150
0e596
0e095
0030
06092
0030
04003
04001

1.000

le276

MEV
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SHIELDING LESIGN CALCULATIONS - GEUMETRY OPTION 6 - MATERIAL NO. 6

ROVER COKt PRUCESSING FACILITY SHibLD VESIGN = deVENl”EATRACllON COL

DESIGN DUSE RATE »=  140UU MREM/HOURs  DOSE POINT Ue CM IN FRONT OF SHIELD>
CALCULATEU SHIELU THICKNESS — 424292 CENTIMETERS
Z - 60s0 CMs . SOURCE AVERAGED ENERGY — 04566 MEVs DOSE AVERAGED ENERGY - 1.350 MEV
CYLs VOLe SOURCES® SHIELL AT SIDEs DOSE POINT 25  VOLUME - 93500.0 CC
Hl1 —18340 CMs HZ2 —-183e0 ClMy TOTAL H =~366+0 CMs RADIUS = 9.0 CM
GROUP  50URCE TRENGIH GROUP ENERGY GAMMA FLUX GAMMA DOSE RATE
PHOTUNS/SEC MEV PHUTONS/SQ CM/SEC MREM/HOUR
1 3.1260E 10 0300 344140E-01 06012
2 3.5760E 10 0630 949987E 00 06270
3 6+0600E 09 14100 1.4854E 01 0293
4 1.5700E 09 1.550 1.0166E 01 0e185
5 2.0240E 08 1.990 3,4188E 00 0,051
6 4e0940E 08 24380 1.0127E 01 0e146
7 8+8500E 07 24750 3.1226E QO 06043
& 1.15<0E 06 34250 548816E~02 0,001
9 6+3500E 04 34700 441307E-03 04000
TOTALS 7e5372E 10 5¢2091t 01 1000
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. SHIELDING DESIGN CALCULATIONS - GEOMETRY OPTION 3 - MATERIAL NGQe. 6

ROVER CORE PROCESSING FACILITY oHIELL PESIGN = o»TORAGt CELL CASE }

DESIGN DOSE RATE = 14000 MREM/HOUR s DOSE POINT Ue CM IN FRONT OF SHIELDS
CALCULATED SHIELL THICKNESS - 106376 CENTIMETERS
v 2 = 6040 CMs SOURCE AVERAGED ENERGY - 04667 MEVs DUSE AVERAGED ENERGY — 2.142 MEV
DISK SQURCE s RADIUS— 485.0 CM» DISP~ 0. CM
GROUP  SOURCE STRENGTH GROUP ENERGY GAMMA FLUX GAMMA DOSE RATE
PHO I ONS/SEC MEV PHOTONS/5Q CM/SEC MREM/HOUR

1 2¢7900E 14 0300 1e4604E-05 04000

2 5.70<0E 14 06630 4eT2643E-02 04006

3 149310E 14 1,100 243237E 00 0158

A 343630E 13 1550 3.7727E 00 0e212

5 1e7340E 12 14990 16 7647E 00 04069

6 348870E 12 2.380 945363E 00 06343

7 44s04Y0E 11 24750 242382E 00 0.072

8 1.9750F 11 34250 245867E 00 04075

9 1.04L10E 11 34700 2¢3908E 00 0e065
TOTALS 160823E 15 ’ 2+44660Q0E 01 12000
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SHIELDING DESIGN CALCULATIONS - GEOMETRY UPTION 3 = MATERIAL NO. 6

ROVER CORE PRthbSINb FACILITY SHIELDL DESIGN -~ STORAGE CELL CASE

DES>IGN DUSE RATE = 1e0U0 MREM/HOUR s DOSE POINT O CM IN FRONT OF SHIELD)
. CALCULATED SHIELDL THICKNESS - 92.644 CENTIMETERS
L = 60e0 CMs SOQURCE AVERAGEU ENERGY =  (.665 MEVS DOsc AVERAGED ENERGY = 14745 MEV
‘DISK 30URCE s RADIUS= 485.0 (M» DISP~- 0. (M
GROUP SOURCE STRENGTH GROUP ENERGY GAMMA FLUX GAMMA DOSE RATE
PHO IONS/9EC MEV PHOTONS/5Q CM/SEC MREM/HOUR
1 8¢9040E 13 0300 1le 7076E-04 04000
2 242610E 14 04630 2+7500E-01 0029
3 840580E 13 14100 7.7272E 00 Oel436
4 344TT0OE 12 1¢550 2e3701E 00 Oelll
5 3,7450F 11 1990 1« 7774E 00 0059
6 7e6270E 11 2e380 7+8495E 0O Qe2bl
7 94530U0E 1V 2750 2+0066E 00 0.056
8 342130E 10 34250 le4476E 00 04037
9 1e5310E 10 34700 1.1323E 00 0027
TOTALS 4.0048E 14 . 2+4586E 01 14000
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SHIELDING DESIGN CALCULATIONS - GEOMETRY OPTION 3 - MATERIAL NO. 6

A

ROVER COREt PRUCESDSING FACILITY oHIELy UESIGN = STURAGe CELL CASE 1

VESIGN LOSE RATE - 1.000 MREM/HOURSs  DOSE POINT Oe (M IN FRONT OF OSHIELDS
CALCULATED SHIELD THICKNESS = 81301 CENTIMETERS
L = 600 (Mo SOURCE AVERAGELUD ENERGY =  (Ue642 MEVY DOSE AVERAGED ENERGY - 1.627 MEV
[}
DISK SOURCE) RADIUS= 48540 (M>» DISP- 0 M
GROUP SOURCE STRENGTH GROUP ENERGY GAMMA FLUX GAMMA DOSE RATE
PHOTONS/SEC fEV PHOTONS/SQ CM/SEC MREM/HOUR é
t
1 2¢7540E 13 0e300 1+0501E£-03 0.000
2 44800QE 13 04630 55283E-01 06045
3 le80L0E 13 14100 1.0004E 01 Q470
4 9e7420E 11 1.550 2¢9904E 00 Oell7
5 lel4oQE 11 1.990 1.9649E 00 0057
6 2¢3010E 11 24380 Te8491E 00 04213
7 541840E 10 24750 3+43401E 00 0.082
8 348520E 09 34250 448823E~01 0.011
9 le1870E 09 34700 2¢3378E-01 0005

TOTALS 9.6106E 13 2¢7422E 01 1000
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. . SHIELDING DESIGN CALCULATIONS - GEOMETRY OPTION 3 - MATERIAL NO. &
ROVER CORE PRUCESSING FACILITY SHIELD DESIGN - STORAGE CELL CASE 1
DESIGN DOSE RATE = 1.000 MREM/HOUR> DOSE POINT. Oe, CM IN FRONT OF OHIELDS>

CALCULATED SHIELD THICKNESS - . 694309 CENTIMETERS
»Z - 60U CMs SOURCE AVERAGED ENERGY = 04566 MEVs DOst AVERAGED ENERGY = 1.820 MEV
DISK SOURCE> RADIUS= 48540 CMs DISP- 0. M
GROUP SOURCE STRENGTH GROUP ENERGY GAMMA FLUX GAMMA DOSE RATE
PHOTUNS/SEC MEV PHOTONS/SW CM/SEC MREM/HOUR

1 8e3500E 12 0e300 7e66666E-03 0.001

2 945770E 12 0630 lel764E 00 0074

3 l146220E 12 1.100 5¢5554E 00 04206

4 442010E 11 14550 6e4468E 00 0209

5 54190t 10 14990 346815E 00 04090

6 ls0960E 11 20380 143510E 01 0311

7 2¢3770E 10 2750 540852E 00 0+108

8 340800E 08 3250 1.1850E-01 0002

9 le6990E 07 34700 945887E~03 0.000

TOTALS 200163E 13 3e5591E 01 1.000




VI

.

L]
L
2
L4
[}
¥

SHIELDING DESIGN CALCULATICNS - GEOMETRY OPTION 2 - MATERIAL NO. 6

ROVER CCRE PROCESSING FACILITY SHIELD CESIGN - STORAGE CELL CASE 2

DESIGN COSE RATE - 1.CCC MREM/HCUR, CCSE POINT 0. CM IN FRONT OF SHIELD,
CALCULATED SHIELD THICKNESS - 110.878 CENTIMETERS
7 - 545.C CM, SCURCE AVERAGED ENERGY -~ 0.667 MEV, DOSE AVERAGED ENERGY - 2.133 MEV

LINE iSCURCE, CCSE PGINT TYPE 2, HI - 485.0 CM, H2 - 485.0 CM, TOTAL H - 97C.C CM

GROUP SCURCE STRENGTH GROUP ENERGY GAMMA FLUX GAMMA DOSE RATE
PHOTONSY SEC MEY PHOTONS/SQ CM/SEC MREM/HOUR
| 2.79CCE 4 C.3CC 1.1175E-05 C.0Co
2 S.1C2CE 14 G.630 4.,2010€E-02 0.C805
3 1-931CE 14 1.100 2.2066€ 00 G.160
h 23630 13 1550 3.6324E 0O C.215
5 1.734CE 12 1.99C 1.6977€ 0O C.070
& 2.887CE 12 2.380 ?.1224E 0O C.343
1 L.CkSCE 11 2.750 2.1228t 0O t.071
g 1.97SCE 11 3.250 2.4208t GC C.G73
g 1.CHICE 11 3.700 2.2123c GO C.C63
- TOTALS 1.0823€ 15 2.3457e 01 1.CC0
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SHIELDING DESIGN CALCULATICNS - GEOMETRY CPTION 2 — MATERIAL NO. 6

ROVER :CORE PROCESSING FACILITY SHIELD DESIGN - STORAGE CELL CASE 2

CESEGN CCSE RATE - 1.0CC MREM/HCUR, COSE POINT 0. CM IN FRONT OF SHIELD,
CALCULATED SHIELC THICKNESS - 96.764 CENTIMETERS
Z -~ 54B.C CM, SCURCE AVERAGEC ENERGY - [D.665 MEV, DOSE AVERAGED ENERGY - 1.732 MEV

LINE SOURCE, DCSE PGINT TYPE 2, HI - 485.0 CM, K2 - 485.0 CM, TOTAL H - 770.0 CM

GROUP SOURCE STRENGTH GRCUP ENERGY GAMMA FLUX GAMMA DOSE RATE

PHOTCNSY/SEC MEV PHOTONS/SQ CM/SEC MREM/HOUR
1 E.9040E 13 G.30C 1« 3734E-DU ' C.00E
2 2.2641CE 14 C.63C 2.5059e~-01 C.C29
2 €E.C5ECE 13 1.100 7.3887& 0OC C.uu2
Y 2.4770E 12 1550 2.2792€ 00O O.113
S 2. THEDE 11 1.996 1.6937€ 0O CoU57
6 1.627CE 11 2.380C 7T.4121€ GC C.241
1 $.53CCE IC 2.750 1.8725E OC C.C55
& 2.213CE 10 3.250 1.3284€E CC C.C35
G 5310 1C 3.70C 1.0250€E OO C.C2¢6
TOTALS L.CCUBE 1Y 2.325CE CI 1.G01
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SHIELDING DESIGN CALCULATICNS - GEOMETRY OPTION

ROVER CCRE PROCESSING FACILITY SHIELD CESIGN - STORAGE CELL CASE 2
DESAGN DCSE RATE -

7 -

LINE SCURCE,

GROUP

OO~ E NN -

TOTALS

SE45.C CM,

CALCULATED SHIELD THICKNESS -

DOSE POINT TYPE 2, HI

2. TS54LE
L.86ECE
1. 8S1CE
S.742CE
1.4 6CE
2.3C1CE
S. LBL4DE
2.852CE
|« 187CE

S.61L6E

1.0C0 MREM/HOUR,

SOURCE AVERAGED ENERGY -

SOLRCE STRENGTH
PHOTCONSY SEC

13
1:3
13
i
11
§1l
1C
C

ce

13

COSE POINT 0

2 - MATERIAL NO. 6

« CM IN FRONT OF SHIELD,

85.099 CENTIMETERS
0.642 MEV, DOSE AVERAGED ENERGY -
- u485.0 CM, H2 - u85.C CM, TOTAL H - 970.0 CM
GROUP ENERGY GAMMA FLUX GAMMA DOSE RATE
MEV PHOTONS/SQ CM/SEC MREM/HOUR
C.300 B.7493e-04 0.CCC
C.630C 5.107CE-O! B.Cu6
1.100 2.5499E CC EW79
1.550 2.8512E OC C.119
1.99C 1.8429€ 0O 0.05¢6
2.380 7T.2732€ 00 f.207
2.750 3.0501 0OC C.G79
3.25C 4.3710€E-0! 0.CIC
3.70C 2.0606E-01 C.00S
2.5722E 0} 1.0CC

1.611
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SHIELDING DESIGN CALCULATICNS — GECOMETRY OPTION 2 — MATERIAL NO. 6

ROVER ‘CORE PROCESSING FACILITY SHIELD DESIGN - STORAGE CELL CASE 2

DESIGN DOSE RATE - ° 1.000 MREM/HOUR, DCSE POINT 0. CM IN FRONT OF SHIELD,
CALCULATED SHIELD THICKNESS - 72.487 CENTIMETERS
r’ I - SuE.C CM, SOURCE AVERAGED ENERGY - [.566 MEV, COSE AVERAGED ENERGY - 1.794 MEV

4
]

LINE :SGURCE, DCSE POINT TYPE 2, H) - 485,00 CM, H2 - u485.C CM, TOTAL H - 97C.C CM

GRCOLP SCURCE STRENGTH GRCUP ENERGY GAMMA FLUX GAMMA DOSE RATE
PHOTCONS/SEC MEY PHOTONS/SQ CM/SEC MREM/HOUR
] £.35¢CE 12 G.30C 7.0566E-03 0.001
’ Vi G.577CE 12 C.630 1.1514€ 00 0.078
il 3 1.622CE 12 1.100 5.4590& 00 B.216
y L, 2CI1CE V) 1.55C 6.2418t 00 C.213
e 5 S5.415CE 10 1.99C 3.4590€ OC C.C88
£ 1.CY¢CE 11 2.38C 1.2473€E Ot C.3COo
7 Z2.3710E 10 2.750 4.6031 0O G.102
E 2.C&8LCE CE 3.250 I .0460E-01 0.002
G 1.699CE C7 3.7CC 8.3027E-03 0.000
TCTALS 2.C1E3E 13 . 3.3507€E 01 1.C00
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