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I. INTRODUCTION AND SUMMARY

This report documents the mathematical model and sources of radiation

used for the radiation analysis and shielding activities in support of the

design of the 1137400E version of the 75,000 Ibs thrust NERVA engine. It

supersedes and replaces the last published Common Radiation Analysis Model

(CRAM) document (ANSC Report - RN-S-0551, 6 March 1970).

The nuclear subsystem (NSS) and non-nuclear components are treated in

two separate sections. The NSS section is as submitted by WANL for the Rl

reactor with composite fuel. From the standpoint of neutron leakage which

determines non-nuclear component secondary gamma sources, there is no essen-

tial difference between the graphite and composite core NSS configurations.

In the forward direction the pressure vessel neutron leakage magnitudes were

adjusted to be equal to the specification extreme leakages legislated in

the engine specification. This then resulted in non-nuclear component

sources which would not be exceeded with either candidate NSS design.

The geometrical model for the NSS is two dimensional as would be re-

quired for the DOT discrete ordinates computer code or for an azimuthally

symetrical three dimensional Point Kernel or Monte Carlo code.

The geometrical model for the non-nuclear components is three dimensional

in the FASTER geometry format. This geometry routine is inherent in the ANSC

versions of the QAD and GGG Point Kernel programs and the COHORT Monte Carlo

program.

The nuclear subsystem section also includes data pertaining to a pressure

vessel surface radiation source data tape which has been used as the basis for

starting ANSC analyses with the DASH code to bridge into the COHORT Monte

Carlo code using the WANL supplied DOT angular flux leakage data.

In addition to the model descriptions and sources of radiation, the

methods of analyses are briefly described in each section.
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II. TECHNICAL DISCUSSION

A. Non-Nuclear Components

1. Geometrical Models

Figures 1 and 2 show two views of the 1137400E engine con-

figuration components forward of the reactor including the upper portion

of the pressure vessel assembly. Some of the major zones in the mathemati-

cal model description of these components are superimposed in these two

figures. The basic mathematical model is essentially mass equivalent to

the actual engine in that the mass of the engine between two engine station

planes, which are a foot or more apart, is closely approximated by the

mathematical model between these planes. The total math model description

represents the actual engine mass within 1%. The mass distribution is

approximated as closely as was possible within reasonable computer running

times.

A total of 172 zones and boundaries were used to describe

the components forward of the pressure vessel. The nozzle and nozzle exten-

sion were represented by zones and boundaries. The cylindrical portion of

the pressure vessel was represented exactly as a single annular zone.

The non-nuclear components were originally described for

the 1137400C engine configuration and only the engine station locations were

changed in remodeling for the E engine design. It was decided that the

model was sufficiently complicated and the analysis much too expensive to

repeat for the changes in some of the components from the C to E engine

designs.

Figure 3 depicts the model representing a conglomerate of

small engine parts and the lower thrust structure (LTS). The gimbal actuator

models are shown in Figure 4 and the gimbal regions in Figure 5. The upper

thrust structure (UTS) region is shown in Figure 6. The few zone model of

the turbopump assembly (TPA) is depicted in Figures 7 and 8. A much more

detailed model of the TPA was used to compute radiation heating levels

Internal to the TFA, as reported in Engineering Operations Report N8140R:71-0005.

-2-



The pump Inlet line, pump shutoff valve, turbine inlet line,

turbine bypass line, turbine exhaust line, pump discharge line, and struc-

tural support cooldown line are depicted in Figures 9 through 14. These

regions are based on the C engine configuration but present a fair repre-

sentation of the mass distribution and secondary source magnitudes for the

E engine.

Figures 15 through 24 depict the zones in the CRAM which are

required to describe the void regions in the engine forward of the pressure

vessel. These are extremely important from a radiation transport viewpoint

and are required to complete the mathematical model without resorting to

slab configurations.

Figures 25 and 26 depict the nozzle and nozzle extension

models. The extension model shown here is for the Columbium alloy backup

configuration. A simple model was required for the primary configuration

employing a graphite material, as it was assumed that secondary gamma and

inelastic scatter gamma sources would be minimal for such a design.

Appendix A is a computer listing of the FASTER geometry CRAM

including zone and boundary descriptions in cm units with the origin of

the model at 220 and R=0 on the engine axis at the mating plane between

the pressure vessel and nozzle flange. This corresponds to an engine

station of 206.93 inches. The dimensions of all the figures in this

report are keyed to this model zero location.

-3-



View of Forward Portion of 1137AOOE Engine
Configuration - Showing Twin Turbopumps
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View of Forward Portion of 1137400E Engine
• - Configuration - Showing Line Routing ARCund Disk Shield

NOTE: Sources in forward components are based on case wit;h the disk shield
removed.
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UTS & Conglomerate

437.42

423.67

319-02

293-62

255.10

Weight (ibs)

69-3^
880.72
25.17
25.17

1000.4

Note: Zone k includes UOO Ibs for Instrumentation
and unmodeled sub lines.
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dmbal Actuators
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Global

Weight (Ibs)
221.05 - •
81.6

302.65

— 482.42

~ 465.31

459.98

437.42
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OTS

525.6 ~

482.42-

73.66

Weight (Ibsj

193.85
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Turbopump Assembly

Zone Weight (Ibs)

10
11
12
13
Ik
15

Subtotal
16
17
18
19
20
21

Total

81.89
627.97

0.07
1*8.10
1.97

26.9
786.9
81.89

627.97
0.07

1*8.10
1.97

_ 26.9
1573.80
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Turbopump Assembly

I
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PropeLlant Inlet line
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Turbine Inlet Line

61.32-^*33.9-»26.7~. * ^-

n.15
229-5T

0.70
2^.89
0.15

111.66
25-92

0.2U

36
37
38
73

12fi
131
132

Total TIL
Total H2
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Turbine Bypass Line

: «-.

Rote: Kldplane Z - 366.1 cm
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Turbine Exhaust Line

177.8

293.62
287.2T
277.75
268.22
25V. 03

130 0.75
133 3.45
134 • 0.16

-9.40
Total TIL 241.45
Total H~ 2.76
In TIL

384.81—
375.4

33.2\5_
_.__ i
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Pump Discharge line

Zone Weight (ibs)
2.8

81*. 76
252.18

- 16.31
0.86

U6.U8
0.55
0.55

U6.48
13U.03

4.76

168.57

255.1
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Structural Support Cooldown Line

•fx

-,-L

j Total Hg 3.15

— 1.891
j—3.50

Zone Weight (ibs)
""ST" 2.U9

69 88.92
70 569.77
71 0.55
72 26.39 i

123 32.59 J126 0.11——rr
Total Line 147-90 17-8

r \
^)

474.59

•451.0

Z • -

I

388.31
384.81

3'. 50

1.891

255.1
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Void Regions

Z «= 25U.03 to Z = 355.5

25U.03
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Void Regions
2 =355.5 ta Z = 384.81
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2 -
Void Regions

o Z

LTS

•rx
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Void Regions
Z.- 391.7: toZ = 423.67
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2=42^7^^437.42

SSCL
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Void Regions
Z g^SI .0 to Z
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r •— —

Void Regions
2. - 457.33to Z = A7A..J
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Void Regions
2 •--£7A.fin to Z =
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Void Regions
Z «= A82.42to Z = 610.5

PSOV

Pit

610.5

UTS

— 609.33

— 525.6

482.42
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2. Materials of Composition

Tables 1 and 2 presents the materials of composition for

each of the regions of the non-nuclear component portions forward of and

Including the pressure vessel. Two identification numbering systems are

used, one for the QAD Point Kernel model and another for the COHORT Monte

Carlo model. The zones are as described in the appropriate figures and

Appendix A.

Tables 3 and 4 present similar materials of composition

information for the ARMCO nozzle and Columbium alloy backup nozzle exten-

sion models. The prime candidate graphite nozzle extension is represented

by a single material composition of carbon.
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TABLE 4

MATERIALS OF COMPOSITION - ARMCO NOZZLE AND COLUMBIUM EXTENSION

NO. Z
ZONE

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

MAT.
NO.

11

10

9

8

12

13

14

15

16

2

2

2

2

2

3

3

1

1

2

2

2

4

2

5

6

5

5

5

5

5

5

5

5

5

MATERIAL

Hydrogen

Hydrogen

Hydrogen

Hydrogen

ARMCO

ARMCO

ARMCO

ARMCO

ARMCO

Hydrogen

Hydrogen

Aluminum

Aluminum

ARMCO

ARMCO

ARMCO

Hydrogen

ARMCO

Columbium

Columbium

Columbium

Columbium

Columbium

Columbium

Columbium

Columbium

Columbium

Columbium

Columbium

VOLUME
. (cm3)

1.603 +5

9.458 +3

-
• -

5.769 +3

1.156 +4

1.199 +3

5.968 +3

8.609 +3

1.668 +4

1.903 +4

1.054 +3

4.386 +3

1.746 +4

4.631 +4

2.857 +4

1.908 +4

1.313 +4

2.227 +4

2.579 +3

2.658 +3

1.239 +4

1.878 +3

2.040 +2

2.226 +2

2.570 +2

2.944 +2

3.156 +2

3.356 +2

3.442 +2

5.271 +2

1.483 +3

2.607 +3

2.067 +3

DENSITY
(gm/cm3)

1.8-4

1.0-4

1.0-5

3.5-6

7.896

7.896

7.896

7.896

7.896

6.0-3

6.0-3

7.896

7.896

7.896

4.18-2

7.896

9.498

9.498

9.498

9.498

9.498

9.498

9.498

9.498

9.498

9.498

9.498

DESCRIPTION

Propellant

Propellant

Propellant

Propellant

Core support coolant

Convergent nozzle coolant

Throat coolant

Divergent nozzle coolant

Divergent nozzle coolant

Core support

Convergent nozzle

Throat

Divergent nozzle

Divergent nozzle

LH£ plenum

~L&2 plenum

Pressure vessel

Pressure vessel aft flange

Nozzle

Torus

Torus

Torus

Torus

Nozzle extension

Nozzle extension

Nozzle extension

Nozzle extension

Nozzle extension

Nozzle extension

Nozzle extension

Nozzle extension

Nozzle extension

Fore flange

Fore flange
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3. Sources of Radiation

The computer printout listed in Table 5 presents the

secondary gamma sources for the combinations of regions grouped into

thirteen equivalent sources. The $ and Z locations of these effective

sources are the second and third vertical columns for lines 000004, 10,

17, 24, 31, 38, 52, 59, 66, 73, 80 and 87. The sources are given in

units of mev/in per energy group in descending order. The energy group

structure is listed on the second page of this table.

Table 6 is a computer listing of the capture gamma, in-

elastic scatter gamma and total gamma sources in the 45 regions used

to describe the ARMCO nozzle and Columbium nozzle extension. As was

discussed earlier, sources are not available for the graphite nozzle

extension, as these are considered to be negligibly small.
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î

-55-

i

f

'

i

.



V
t~

uc
a

Cx.
r~
c
<
5*.

C-
C

LJ
t~
<
C

2
»—
t/l

1
u-
s
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ARMCO NOZZLE MODEL
No. Designates Region Number
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COLUMBIUM NOZZLE EXTENSION MODEL

No •" Designates Region Number

-160.

-404.4

-462.3

-514.3

NOTE: Prime candidate graphite nozzle extension model not shown
as sources are negligible In graphite.
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4. Methods of Analysis

The non-nuclear components are described in three dimen-

sional terms in the FASTER geometry routine suitable for direct use with

the ANSC versions of the QAD and GGG Point Kernel codes or the COHORT

Monte Carlo code.

The secondary gamma source strengths in the forward direc-

tion were computed for the model of the 1137400C engine configuration. It

was not deemed economically feasible to repeat the analysis for the

1137400E configuration. The neutron angular and energy leakage data from

WANL was inputed into the DASH code and normalized in magnitude to be equal

to the specification extreme levels, as reported in the engine specifica-

tion. The COHORT model of the components and propellant tank bottom was

used to compute the neutron transport and subsequent secondary gamma sources.

The UDAP code was used to categorize the secondary sources by groups of

regions, reducing the number of sources to 13.

A similar DOT/DASH/COHORT/UDAP coupling was used to compute

the sources in the nozzle and nozzle extension. The cylindrical portion

of the pressure vessel source was taken from the WANL-DOT model. The

curved portions of the pressure vessel were estimated from DASH and Point

Kernel data. These data were used to back extrapolate to the pressure

vessel closure dome and curved bottom near the nozzle flange.

The neutron flux was treated as follows: The sixteen group

structure from the DOT leakage tape was used as input to the COHORT Monte

Carlo analysis through the DASH code by reformating into sixteen source

energy groups. Particle histories were generated in the HOI procedure in

COHORT and neutrons were followed in twenty two groups. These twenty two

group fluxes were then analyzed with the A02 and A03 analysis routines.

Since these are Monte Carlo procedures, based on particle history informa-

tion, the identification with the original energy group structure is only

indirect.
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Table 7 lists the neutron and photon energy group struc-

tures used in these analysis.

The neutron sources for any other analyses can be obtained

from the WANL-DOT analyses reported in this document.

Each of the computer codes used in the ANSC analyses is

described in Engineering Operations Report N8140:R-72-0015. Users

Manuals and sample problems are included in that report along with de-

scription material on each method of analysis.
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TABLE 7

NEUTRON AND PHOTON ENERGY GROUPS STRUCTURE

Neutron
DOT/DASH

GROUP

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

ENERGY, Mev

3.0 - 10.0

1.4 - 3.0

0.9 - 1.4

0.4 - 0.9

0.1 - 0.4

1.7(-2) - l.O(-l)

3.0(-3) - 1.7(-2)

5.5(-4) - 3.0(-3)

1.0(-4) - 5.5(-4)

3.0(-5) - 1.0(-4)

1.0(-5) - 3.0(-5)

3.0(-6) - 1.0(-5)

l.OC-6) - 3.0(-6)

4.0(-7) - 1.0 (-6)

1.0(-7) - 4.0C-7)

0 - 1.0(-7)

Neutron
Monte Carlo

GROUP ENERGY ,

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

9.

8.

7.

6.

5.

4.

3.

1.

0.

0.

0.

1.

3.

5.

1.

3.

1.

3.

1.

4.

2.

Mev

0 - 10.

0-9

0-8

0 - 7

0-6

0-5

0-4

4 - 3

9-1

4-0

1-0

7 (-2)

0(-3)

5 (-4)

0(-4)

0(-5)

0(-5)

0(-6)

0(-6)

0(-7)

5 (-8)

0

.0

.0

.0

.0

.0

.0

.0

.4

.9

.4

- l.O(-l)

- 1.7(-2)

- 3.0(-3)

- 5.5(-4)

- 1.0(-4)

- 3.0(-5)

- 1.0(-5)

- 3.0(-6)

- l,0(-6)

- 4.0(-7)

- 2.5(-8)

Photon
Secondary Sources

GROUP ENERGY ,

1

2

3

4

5

6

7

8

9

10

11

12

13

7

7

6

5

4

3

2

2

1

1

0

0

0

.5 -

.0 -

.0 -

.0 -

.0 -

.0 -

.6 -

.2 -

.8 -

.35 -

.9 -

.4 -

-

Mev

10.0

7

7

6

5

4

3

2

2

1

0

0

.5

.0

.0

.0

.0

.0

.6

.2

1.8

.35

.9

.4

-62-



B. Nuclear Subsystem

WANL-DRM-54255
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NA-71-90

Mr. J. L. Dooling
Manager, Subcontracts
NERVA Rocket Operations
Aerojet Nuclear Systems Company
Post Office Box 13070
Sacramento, California 95813

WEEN SEPARATED PROM ENCLOSURES. HANDLE THIS

Attention:

Subject:

Gentlemen:

'Mr. E. A. Worman

Transmittal of the September, 1971 Common Radiation Analysis
Model (U)

V

Transmitted herewith are copies of the following document: DRM No. 54266, "Common
Radiation Analysis Model (CRAM) for the R-l Reactor Design Employing Composite Fuel
and a Shaped Infernal Shield". Transmiiial of this document completes IFD No. 016.
The Seplember, 1971 CRAM was updated under Project 712, Work Statement f.52.

This document contains: (1) a geometric model and material description of the Nuclear
Subsystem for use in radiation analysis, (2) radiation source strengths and distributions
in each geometric region of the Nuclear Subsystem, and (3) a description of the neutron
and photon angular leakage fluxes at the surface of the Nuclear Subsystem.

The physical data tapes, containing the angular surface leakage data will be transmitted
under separate cover.

Respectfully,

OKiuiHrtL SIGNED
R. F. ft/
Program Management
NERVA Nuclear Subsystem

Enclosures

cc: Mr. R. W. Schroeder, SNSO-C, w/o encl.
Mr. M. R. Fleishman, SNSO-C, w/encl.
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A detailed discussion of the method of analysis is given in the body of this DRM.

3. CONCLUSIONS

. The geometric model of the R-l Nuclear.Subsystem is shown in Figure 1 as a cross-sectional
view of the reactor taken in the R-Z plane. The model shown in Figure 1 is referenced to the
intersection of the reactor axis with the pressure vessel-nozzle mating plane and all dimensions
are given in centimeters. The material composition of each of the 36 geometric regions shown
in Figure 1 is given in Table 1.

The gamma ray source strengths for each of the zones depicted in Figure 1 are given in
Table 2; and are presented in the standard WISDM 13 energy group structure. These data
represent the total gamma ray energy release rate (Mev/Sec) in each region for maximum
gamma activity during operation. This condition occurs at the end of an assumed 60 minute
reactor burn at a power level of 1515 megawatts (Thermal).

The spatial variation of the source strength in each geometric region is presented in
Figures 2 through 73. These are two figures for each region. The first figure depicts the
radial distribution of source strength within the region, whereas the second figure gives
the axial variation.

The envelope which defines the leakage surface of the NSS is the external surface
of the NSS analytical model employed in the DOT-IIW calculations.

This leakage surface is subdivided according to the dimensions shown in Table 3 and 4.
The CRAM data tapes contain the leakage fluxes from each interval defined on the surface
and for each discrete direction.

The angular quadrature data corresponding to the discrete direction fluxes are listed in
Tables 5 and 6. The contents of the CRAM data tapes are described in Tables 7 and 8.

METHOD OF ANALYSIS

The development of the CRAM NSS radiation sources involves the use of the DOT-IIW
and NAGS(5) codes to produce the NSS internal radiation source description and the NSS
surface radiation source description. Development of each type of data is described
below.

(3)
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Two coupled neutron DOT-IIW calculations were performed to compute 16 group neutron
fluxes throughout a reactor modelW similar to that shown in Figure 1. The first was a neutron
fixed source calculations on that part of the reactor which extends from Z = 23.04 to an axial
plane located a short distance into the BATH central shield. From this fixed source problem,
the neutron flux distributions throughout the aft portion of the analytical model were obtained.
In addition, an angular and energy dependent boundary source, based on the angular flux dis-
tributions near the forward face of the core support plate, was generated. Using this boundary
source as a coupling mechanism, a second DOT-IIW calculation was employed to obtain neutron
flux distributions throughout the forward portions of the analytical model.

The neutron problem on the aft portion of the reactor utilized 4160 spatial mesh cells
arranged in an array of 52 radial by 80 axial mesh cells. The boundary source calculation
contained 5420 spatial mesh cells in a 52 radial by 85 axial array. Both calculations employed
16 group, PQ -transport corrected neutron cross sections and an Sg order of angular quadrature.

The neutron fluxes obtained from the two DOT-IIW calculations were input to the
data processing code which combines neutron flux data together with neutron reaction cross
sections (i.e., neutron radiative capture, fission, and inelastic scatter) and photon production
data to produce a spatial and energy dependent photon source in each spatial mesh cell of the
analytical model.

This NAGS photon source data by mesh cell is used in photon DOT-IIW calculations to
compute 13 group photon flux distributions through the reactor modelW similar to that shown
in Figure 1. The photon DOT-IIW problems are: (1) a coupled calculation of two DOT-IIW
problems to analyze the photon transport due to the photon sources in the first neutron problem
(i.e., the portion of the NSS extending from Z = 23.04 to an axial position located a short
distance into the BATH shield), and (2) a DOT-IIW calculation to analyze the photon transport
due to the photon sources in the second neutron problem (i.e., the portion of the NSS from the
.forward face of the support plate to the pressure vessel). The coupled calculation involves the
use of the NAGS calculated fixed photon source distribution in the first portion of the reactor
to obtain the flux distribution and an energy and angular dependent boundary source as a
coupling mechanism to obtain the photon flux distribution throughout the forward portion of the
analytical model.

The photon problem on the aft portion of the reactor utilized 2808 spatial mesh cells
arranged in an array of 52 radial by 54 axial mesh intervals. The boundary source and fixed
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source calculations in the forward portion of the reactor utilized 52 radial by 46 axial mesh
intervals. All three calculations employed 13 group P| photon cross sections and an asymmetric
angular quadrature containing 124 angles.

• The use of the DOT-IIW and NAGS output in developing the CRAM radiative sources is
described in following sections.

NSS INTERNAL RADIATION SOURCE

The photon source data by spatial mesh cell is used in NAGS to provide the internal radia-
tion source description. These data are integrated by NAGS to provide the radial, axial, and
energy distribution of photon source in each geometric zone of the analytical model depicted
in Figure 1. The data for each geometric zone are summarized in Table 2 and Figures 2 through
73. The data in Table 2 and Figures 2 through 73 assume that the radial, axial, and energy
distribution of the radiation source in each zone is separable into three distributions. Data in
Table 2 are the total gamma ray energy release (Mev/Sec) in each zone. The radial source
distributions in Figures 2 through 73 are plotted such that:

/R f (R)dR

/RdR

and, the axial source distributions are plotted such that:

= 1.0

(Z)dZ
= 1.0

These data comprise the NSS internal radiation source description.

. NSS SURFACE RADIATION SOURCE

The NSS surface angular fluxes which define the NSS surface radiation source on the
CRAM data tapes are obtained from DOT-IIW calculations of the neutron transport and photon
transport in the NSS.
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The neutron leakage flux data are obtained from the DOT-IIW calculations as described
previously. The DOT-IIW output data tapes are linked using the CAFT^) code to produce a
single data tape describing the leakage angular fluxes from the NSS surface envelope. The
merging of the DOT-IIWoutput tapes for neutrons results in a single data tape for an analytical
model with a total of 6188 spatial mesh cells arranged in an array of 52 radial by 119 axial
mesh cells. The 119 axial mesh intervals result from data for the 85 axial mesh for the boundary
source DOT-IIW calculation and 34 of 80 axial mesh for the fixed source (aft portion) DOT-IIW
calculation. The radial and axial mesh lines describing the 52 radial and 119 axial mesh inter-
vals are listed in Table 3.

The neutron leakage angular flux tape contains sixteen group data with a total of 48 angular
flux values for each surface mesh interval. The 48 angular directions are defined by the quadra-
ture data given in Table 5. The contents of the magnetic tape for the CRAM NSS surface radia-
tion source for neutrons is described in Table 7. The neutron group structure is given in Table 9.

The photon leakage flux data are obtained from the DOT-IIW calculations as
described previously. DOT-IIW data tapes are added and linked using the CAFT code to
produce o single data tape describing the leakage angular fluxes from the NSS surface envel-
ope. This merging of the DOT-UW output tapes for photons results in a single data tape for
an analytical model with a total of 4160 spatial mesh cells arranged in an array of 52 radial
by 80 axial mesh cells. The 80 axial mesh intervals result from data for the 47 axial mesh
intervals of the boundary source DOT-IIW calculation and 33 of 54 axial mesh intervals
from the fixed source (aft portion) DOT-IIW calculation. The radial and axial mesh lines
describing the 52 radial and 80 axial mesh intervals are listed in Table 4.

The photon leakage angular flux tape contains thirteen group data with a total of 124
angular flux values for each surface mesh interval. The 124 angular directions are defined
by the quadrature data given in Table 6. The contents of the magnetic tape for the CRAM
NSS surface radiation source for photons is described in Table 8.

Acomputercode to assist in conversion of CRAM data tapes at the users computer facility
is listed in Table 10. The CRAM data tapes are written at 800 bpi density on 7 track tape with
a maximum of 3960 BCD characters per record. Each set of 3960 characters contain 240 data
words written with the FORTRAN format (30 (8E15.8, 12>Q)such that each line of 132 charac-
ters contains 8 data words each represented as fifteen characters. The neutron and photon
tape contents are described in Tables 7 and 8.
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TABLE?

CONTENTS OF THE CRAM NSS SURFACE RADIATION
SOURCE DATA TAPE

The CRAM neutron data tape contains:

1. A total of 560 physical records of BCD information written at a density of
800 bpi on 7 tracks.

2. Each physical record contains a maximum of 3960 characters with a total
of 240 data words per record. The 3960 characters were placed on tape
with the FORTRAN format (30(8E15.8, 12X)). This results in thirty (30)
lines of data with 120 (8 x 15) characters of BCD character information
to represent 8 words. Twelve (12) blank characters fill out each line to
a total of 132 characters.

3. The 560 physical records result from a total of 16 sets of 35 records, one set
for each group of the neutron flux solution. The first 34 records of each
35 records are complete records and the 35th of each set contains 792
BCD characters.

4. Data on the CRAM neutron tape are the left-right bounder)' surface
angular fluxes and top-bottom surface angular fluxes for each of 16
groups. These data are in the following order:

, m = 1,48), j = 1,119), ((4>m., m = 1,48), j = 1,52)

where;

4> . is the angular flux for angle number m and left or right
surface mesh interval j,

$ . is the angular flux for angle m and top or bottom surface
mesh interval i.

5. The right boundary surface fluxes are those flux values with a positive
direction cosine u in Table 5. The top boundary surface fluxes are
those flux values with a positive direction cosine »j in Table 5 and the
bottom boundary surface fluxes are those flux values with a negative
direction cosine *i in Table 5.
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TABLE 8

CONTENTS OF THE CRAM NSS SURFACE RADIATION
SOURCE DATA TAPE

The CRAM photon data tape contains:

1. A total of 897 physical records of BCD information written at a density of
800 bpi on 7 tracks.

2. Each physical record contains a maximum of 3960 characters with a total of
240 data words per record. The 3960 characters were placed on tape with
the FORTRAN format (30 (8E15.8, 12X)). This results in thirty (30) lines of
data with 120 (8 x 15) characters of BCD character information to represent
8 words. Twelve (12) blank characters fill out each line to a total of 132
characters.

3. The 897 physical records result from a total of 13 sets of 69 records, one set
for each group of the.photon flux solution. The first 68 records of each 69
records are complete records and the 69th of each set contains 792 BCD
characters.

4. Data on the CRAM photon tape are the left-right boundary surface angular
fluxes and top-bottom surface angular fluxes for each of 13 groups. These
data are in the following order:

(«*mj, m = 1,124), j = 1,80), ((4>m., , = 1,124), j = 1,52)

where;

<t> . is the angular flux for angle number m and left or right surface
' mesh interval j,

<> . is the angular flux for angle m and top or bottom surface mesh
mi . i .

interval i.

5. The right boundary surface fluxes are those flux values with a positive direc-
tion cosine u. in Table 6. The top boundary surface fluxes are those flux
values with a positive direction cosine rj in Table 6 and the bottom boundary
surface fluxes are those flux values with a negative direction cosine »j in
Table 6.
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TABLE 9

NEUTRON ENERGY GROUP STRUCTURE FOR THE NSS CRAM

Group Number

1

2

3

4 . . . "

5

6

7

8

9

10

11

12

13

14

15

16

*Numbers in parentheses refer to powers of ten..

Energy Bounds (ev)

2.87(6) to 1.0(7)*

.1.35(6) to 2.87(6)

8.21 (5) to 1.35(6)

3.88(5) to 8.21(5)

1.11(5) to 3.88(5)

1.50(4) to 1.11(5)

5.53(3) to 1.50(4)

5.83(2) to 5.53(3)

7.89(1) to 5.83(2)

1.068(1) to 7.89(1)

1.86(0) to 1.068(1)

3.0(-l)to 1.86(0)

6.0(-2)ro 1.2(-1)

2.0(-2) to 6.0(-2)

0.0 to 2.0 (-2)

SECURITY CLASS

WANL FORM NO. 59919-1
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î,-;_.-

-1-1-
-j-j-

ifi 1

2

i;i- ':'•''

4^fi

;;--;--:̂ r:

j§i£

vH::-:-

rj"-rr5r

-»-f }~T"

-*i~H~r
• i l l

| j j !

. .; . : :-.-, =.

=^xr

-----

_U:

i i •
1 ; : >

hi j t .r+iT'
T'l ! i
J .; ":.-:.

3rr:::̂

-{•.ri-.t:

»-i |̂ T-
I J ^ |

ih+
jl-H-1 1 1 1
08

;k-l-

^
"j:-

5£

_^:

-— :

-j-j-

! j
1 I
l ,

— .

^

-, —

i i
— H

i

_..

^

5ir:
• —

~T

-:-—

J-j-

1 |

i.- :•

^LL

--

r̂r

• i

i~*~

| .
i

-

— -

H-

.:r.

>a

:-.-:

r̂

i
i
T

2

.-1.

:r i:

-t-

?-:;-
•:--:

.— ,.
— —

1 1
i [

-—

—

^_

i '; '

^

---

— —
-rr

ttl
F1 1

10

^
;'.-:

•̂ r.

•-̂

•~:~.

~~r

.....

\ |
i

'_.

~

cr

;- -

i—

•

m— -
.-.-

»r~

.̂.-.
=

.4-

i

. L

-.:

- _

—

--
-p

i
|

-H

...

—

-:-

1
i

i

i-

—,

:-

-̂ -r j

. -j

- •

;•->-.;--

m

SHT

*-j-T-

j'JrzTT

SEE

^
rVT~
' t" r

: 1 i
! ! 1

, —

• — •

..L-..

-T +

j ii •[ *
• •

-~-

-3±

T-

£•':
-p-

4i--j-j
-j-f-1 1
21

:U!:., !

T^T

u :;-Ji r

^
333-

"S-t.?"

-1—
•| ' } } ! •

1 ! -

T'+h
1 i i

T i ,

-.xZ-.'-..

-r^-

------

_ y ^ '" .
ittrl:

_i ; i_
I • '' 1

-!--+-{-i ' ! l
t • • i

v: =-:-•:-.-

>Sih;

l-idq".
-J--1— -

il+

"il" i
f |T
1 I1

2

: : : J

'•'•• ' 1:

/;-J-"^^

T^rri

. :; -^ T -T"

- { .• -

~~"~T~

-;-— L-
i l 1 1

I : i J

TT.,-"-.-::

^_.— ..-

-rr —

mz::
1 J— . ̂ -;—

| > l |

' ' !

_-^nj

r̂ rzr.7.T

<-̂
HUrt117-

--M-I-

14-i
III

' 21

\~\ - . \-

±&.

.-:-. :,

•"±iHLt

."=if~t:

'r-£z:::rr

• ;
-i ! J !
i i ; j
; t |

••~ :--'o

------

-----

-r—

ILZ±T
— • — •-
-i ' ' j_

1 | i i
t*5
OD '-':•
CO -:-r

ita
itf
4*^
_ij i_

:'|±t
— f-r-

1H"
|l

4

- r - i ' 4 i - '

-[:;•-!-

IB̂

^5i"

nESE

^

"I" i ) r~
f ? • •^4-f^-
i ' i ^~j j

«.-*«
U
_,:—_-

--njH
:rt±r

--H-t-
: ' - i
I 1 |

j | i

1 ! 1

r̂iiT

:j3rt±

iff?
Sf^_ .j —

i _ _
1 1
tj-T
T I 1

21<

AXIAL DISTANCE FROM CRAM MODEL "0" (CM)

RELATIVE AXIAL DISTRIBUTION OF PHOTON SOURCE IN REGION 27
PERIPHERAL SHIELD IV

DRM No. 54266
Page 82 of 100

FIGURE 55

-145-



Astronuc!or:r
Z/ Laboratory

198932-1

-•)-!-: •-rf-L-H— -f—Ml j M

±ri£j—ill- :b±hrJ4if

(J,
3

3AUVl3il

-146-

DRM No. 54266
Page 83 of 100



Astronuclear
ZZ/ Laboratory

102

101

}r
O
z
LU
Oi
H-

UJ

£
5

ID-!

r5B935-1

~&:

•> -u.! .-;.

-H*
4E&-i-f-pr-
---H-
--ft

|_-U1 -J -

^

~--:

" ~~j .

,

ft3-

3£

f̂e1

Vrr

3-jH-i

4^44:

::::

i,; j-;
• • - 1 .r:.:

î

fi*f

-.'..:.;. \.

±'-Lrr

ffir

" '~j T'f"

F
...

-r '̂-i

"T~'-"f~l"
— i- -•

_j_

J-
i i

Iz—r-

^-
..1-J..J.J-

f
-r

t"

-H

' , 184.5

RELATIVE

1

-

|

-L

•^ ! -:

:.:- ;>.:•

•:- -i--

;̂

V"'-L-

fci.l.':

:JV~t. ~-

'̂ '.l-̂ i.

...L.^-L

:l;ht

• •-* -•• '

-'t^r-v

r^t-rSVdir-

- — :--T
' •• i i

T*"T

: -• r

—

:NrBf
r i \

..... —
• 1 :--

.-i-;:-: --
.- :-~4v.-r "-

•"'"'C

— i i v

-i:P-
_ ! _ : _ j .

±|_L

L

1

m
si
"-i-T-t-

-_tt-r-r
w--H-r

'.izi: i

i '-.-•-'

±ti±
-T-Lr-i-

ffif

3JEHZ

iHari-

4n3-'j~-

l̂ jl

fffl

i ' •. •.!

::-:-'- 1-

:•:>':::•;

:•:©

—:---•

_.-
--T-

--!-

;±
; 1 '. j

• - ! - : - •

•i.:r^-_

_:.:r::-:

:«

VI.T^™

.

™±E

' 1 t '

Ht\-i
. .jV —
..-. ... X-\

.J-LJ-.-

M

liriB:

rr-25-

TP-T

a
ir

tf
"̂u

-f-

-: -\ -
•-"- \.iu_\

±i±p

mz

rll-ijr::

± r̂hr

•-.-;-H-

T9+

,i ! • '

_^_^:

.CT-—..

^H-.f:

-.-:—::

~J— f-. --

±p?:
, . , !

TTuX

psi

.;-:-,.:

-•••1^4:

-I !.-.::•

. :

!••

.-:-;-:::;

HrSr
' i ' '

§F
1 ! .

-;-.--•?•-

-—

|—
,— —

n
^ijitzr

rr--.tr:

-̂ Tl:

rfi|

*

J_^_i_^.

-̂ffH

z-lmirrr.

^T-t-t:

sn
-l-t-j-r-ffi

^ •:-..'-

~.—~-~:
•-. : •-

;iEE-ie
..

•--—---

— _ •_
_ ,
-•——7-

, P

«

• -;-• :

-.:.̂ ;-. .:.

' F.-TJ;

::i-rr

-•-!-<-
.r

7ff-^'-

-±I±--

-;-- ^

. :..:..L

-l4-f-
-:;-.:

:r --

h=̂

f

1-

.-~i=;----
J— r— q

t ' i

' T:-{ .'I-f

' ' j

___,__;_

! 1 * j

-H-h-
JUJ."

si

33^1

3±5;

j. • i

T"-!-i

:=h3i

~~f~j~T~

iff1 1
_

• ---;

•r-lM=

'. '. . i i~

•-!-• .-.-

«.

"Ull̂ Î
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hfeffidfefe 382-912 ̂ r^W^

ffi[S|Sfep
^ifflmfttaifl

H1ON3H1S

-161-

DRM No. 54266
Page 98 of TOO



© Astronuclear
Laboratory © Astronuclesr

Laboratory

LU
Di

O

156932-I

00

HlON3i)iS 3AI1V13H
DRM No. 54266
Page 99 of TOO

-162-



Astronuclear
Laboratory

Astronuclear
Laboratory

158837-I

o
CO

Z
O
O
LU

O
Cii

O
CO

(X LU

r l
ID O "J
o z>

CO LU

S£
t/1
Q

X<
£ ?

5
LU

. ' v C r - _ i l y - j ' I ! i i
ZK p^rrrrT^I"- 4-H-i

i

LU
(J

Z
<
LO

Q
_l
<
X

oo

DRM No. 54266
Page 100 of 100

-163-



EAW:BAL:mc
N8140:R-72-0014

APPENDIX A

FASTER GEOMETRY DESCRIPTIONS

FOR NON NUCLEAR COMPONENTS

-164-



!

• '

CO

SB §

«• is
Frt ti'.

w u »j
i-J W t?0 w r~*
2 «?

S§ 03
< S5 C

S 8 «
O "2 09
CQ 3 g

pj tr
g fr h &

V
•o
p _

0
CQ

«M ^
" CM

H

•H i

s
O !

N'

01 O 9 CX

-

tn 9 £r

N O O
tn*4^

in in
c£ c?^ ft

iftrf d-

i

iDin

CD

^
CO

sD
«O .

fO
V

<\tr- o a-
°V id

~ |2
-
k
r-

•H .̂  o» o j-*oi«\i J*o in
•H e\i r^ f- r- o oj Wo
jw -i CMCJ I10**"!
01
O
" « «.

o o
• »

*> Co

'v n

1 .

1

M

n* • i
w

s?. e;'cJ5s»' *' *^r>

'

tf *
a-

— •

• •

•

" ' •• 1

j

1

r - "

i

'

1

1 •

"

t*> o c ift 'o o irt
r- •uir-.~«ut Kiiwir
• «H •

«-<: *H

1"

!
I

; i

'

!

' !
j

...

'

1

i

_
-\

•

"

in _

I

«o
a -* o:

•
_

*L*)**
j: — i

o } —

m in«r> L-I •

. • ̂  • ̂F* ̂  r*- N :

M u rj w

in~o o in o o

j
t

*

r!Ji!')riU'n Scuj^ ̂ °^d.-.~ "e
v< *4 ! U0%C*9'C^*4(MC^C^w'9'*4

1 | »•« • • i

1 0» c\ (N O*

rei i i

<v'io' :inoco in KI c- o »-i m -.-, • » ji cy i 0 0 0 0 0 0 0 0 3 tnrv !
»••

9<L£x no-paenba '>-"™2;'0l0.~~~!
)

aaqmnjj Xjepunog -"« n * nor-

i
a> fh a

1 1

*•»»,
i . : ! I 1

OOrO«UCJOa*rt fO K)OO

-«rj •*>

1

•» in «o 1*00. O -4 tM

moo ion -«

*o r* «n

'* '" "*"

-its-

-^r-. f!.

pHKi IO

r-0 -,

II.:

. ' . 1
O 10 "^ r1 rt '"* rt ** w .'Y r' -^ w ^ N t<vl w w ^ -: "^ "^ N °2 N N ru cc f j

w rt .-* n •«•> r* -«M *l

i

* m.o

j .

i |
i i i

i



1

o"w

M

W
,J

H

'

M
I .

|f£

M
l = ?l-o >|
1 2 1fat;
I«S 1

C£*2

w23

ro OKI

•i * *

•H

0<

rr f »— *

_ _ . *v f

1
|

.

•

-

1
1 '

•

m m in in m L^ cj ifi cvj >o m \o IT. %c c* ^ in a- st IT* ' ^ in =t tf>
j

in in co in in in u". if- in • <\i
S ^H S cv M c\i ir> ~ in ^ T j£ "^ |£ "^ ̂  (£ N'o" 0» '°* a ^ c? >!W f^in- f0 in*fi r^Q l°co '*? S : f^

(^ • O CD 0^ CO 0* 0' ; ' 9* CT *-l 0^ •-» : • i;*
•-t i

a

^CM N ' 1 ;«M if :

•H «-l <-4

0

«-«,— i 3 * 3 i- i- a * » : >c o o ^ >o vO ̂  .t in in in in in in if. in
* ^ 3 a 3 - 3 - 3 3 - 3

•- f t 4 r t

<0iny>
in

0

£ _. v0:jj
in : »•:

CM CM 3

CO \O CM CVJ r- CI CV W !M O 05 ' •
ro«roro-- iro'OioiO )O»T >T.

rtiOroro ' ro ro »o n a a & & 3 & &

in. in m in 10 m <\j in <M ' \o in \o in »o o> 3- in 3- .t in
I

d- in d- in

S>^~ctK?0!n°!n° .^r^'iS^^^ ^c/c^" »;':,;-

vOCM
« — ~ •• > F- • T- J • • \J*

l O C O O C O O v f i O v O O •
O CO O CO tO • • f \ J \ O — <
• i i • in in i i cv :

c> ro in in
§

•H 1

in in o 0<0-0

pO^

1
°"" t>

I — **/

oooac?

•W

p

in ~\rt CM in in in in in in ; a1

"in"i^^!;o"S .^S ; ^
in

M 3- ^ 3" ̂

*|V — ^/

* • "> '

7* c* 0s o* r*" 10 :o o m o> CM
• • c cc a s) co CM • * r- 3- * • • CM CM CSCMC\ I ! IOCOCO • • *m •minc jc rocoo -a - f - r - o^ •

oo! II. MO?) Tl-i-i i.-irf i.i S) <M : " l i c v — : r^ in
1 ^_f 1 lrf ,_{

O<VCM<VtO~4 t -<CM
— < -H •-(

-•» .-t ,n •* > I- :o'i O» t
O t£ *O *O xO -.1 «O 1

1
1
1

'

1 .1

1
M cxi rv' M —« • t o o ^

_

o *n *K •-< *^
1 1

1
r.| CM cvi »< — i -i

t
i

' '
0 1 . I t

c
1

^,-,-H
,

*H «-t î ^ •-Irt
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.* î ^< ^4 c^ 7w w oo "i fg 10 -vO 10 in S o o o 3 o :o -< ry ro .-* m o i- o 'o .-i co ••« o> o o o c- & 10 10
wcw cu cv.' ?j Jj cu <v ' cv •-( W »r> •-< ; "> -t .•-< »-< ^ m in LI in in in -o in * in in ; in » in i*> ^ fv w f\i
0 0

9- O

o o o p o o
i

o o oo
i

C O O O O O

o o o o o

ooco'ooiom^-in's'inrj'

C> 0

e
I* t'l tf O >-4 Csi

in a- o o omoo o D in o o o o-

p o

O J- \f> '£> t- 55 'C> O -< C\J n 5" •.*! -3 1*
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