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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.

DISCLAIMER

Portions of this document may be illegible in electronic image
products. Images are produced from the best available
original document.
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A. POWERPLANT CHARACTERISTICS

1. Turbojet Engine Performance NOM_m_f?inuwgkf;gqq,fléﬁfiﬁmw;wwﬁf;

The powerplant requirements for a muclear conversion of the B=70 airplane
have been investigated. The criteria for poweryplant selection which were
discussed during the meeting at North American Aviation in Los Angeles on
September 11 and 12 are briefly outlined below:

(1) Nuclear engines are to provide sufficiemt thrust for a cruise at 0.9
Mach. mumber and 25,000 feet altitude with no chemical augmentation.

(2) Chemical augmentation is to be used during the supersomic portion of
the mission at 3.0 Mach number and 65,000 fect altitude.

he 1A or 2A modification of the J-58 engine is to be given

asis of maximum thrust on muclear power alone at 0.9 Mach

25,000 feet altitude. The current J-58 model was‘capable of

l producing the highest thrust at the above flight condition. The J-58 Mod
1A was about 3 per cemt lower in thrust output, and the J-58 Mod 2A, about
15 per cent lower. On this basis the J~58 Mod 2A was not given any further
consideration. The thrust to engine weight ratio of the other two engines
was approximately the same and, since the engine airflow requirements of the
J-58 Mod 1A were already matched to the B=70 airplane inlet characteristics,
this engine was selected for further study.

Farly in this study it became apparent that the engine size criteria in
item (L) above imposed a severe requirement on the radiator which resulted
in a large air-side pressure drop and low thrust output. The engine size
limitations restricted the choice of radiator to an axial flow type which,
with the limiting face area allowable by the restriction on engine diameter,
resulted in high flow velocities through the radiator.

In an attempt to irmprove the performance, the criteria were relaxed by

considering a radiator with a larger face area whic:: would have corres-
ponding lower gas velocities through the radiator. This radiator can be

installed in the engine in two differe ySs An axial flow type radiator
u &t ¥
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can still e used which would result in an increase in engine diameter but
no increase in engine length. The second alternative is to use an inclined
face type of radiator core in which the alir is turned before entering and
after leaving the radiator. In this arrangement, the engine length is
increased but the engine diameter can be held the same., Both of these
"large" radiators have been sized to yield the same thrust performance. In
order to permit an evaluation by NAA, performance, weirht and installation
information for both thie large and srall radiator configuratiors have been
rrepared and are included in this report.

The nuclear system for this powerrlant is the same as described in PWAC-257.
The heat source is a 350 Mw lithium~cooled solid fuel element reactor with
a columbium alloy as the structural material. The lithium enters and leaves
the reactor at 1350F and 1750F respectively. NaK picks up the heat from
the lithium in an intermediate heat exchanger and delivers the heat to the
engine radiators at 1650F. The structural material in the NaK circuit is
316 stainless steel.

The two sets of engine performance are presented in Figs. 1 to 6. The
engine performance on nuclear power alone at 0.9 Mach mmber is plotted
against altitude in Fig. 1 for the J-58 Mod 1A engine with both the small
and the large radiator. From this graph the difference in cruise performance
between the two radiator sizes can be noted. The thrust at 25,000 feet
altitude is not sufficient to fly the fully loaded B-70, therefore, a reduc=-
tion in chemical fuel load must occur. However, a decrease in cruise alti-
tude will restore the fuel carrying capacity. A differernce between the
performance of the engines at the supersonic 3.0 Mach number and 65,000

feet altitude portion of the mission in terms of fuel consumption versus
thrust can be noted in Fig 2. The net thrust, fuel consumption, airflow
and reactor power for the J-58 Mod 1A engine with the large radiator during
nuclear-chemical power is plotted in Fig 3 to 6 over the spectrum of operating
flight conditions,.

Weight Estimation

The engine radiators have been studied in sufficient detail to arrive at a
reasonable weight estimate. These estimates have been made for the "small"
radiator which matches the NAA requirements outlined previously, and for

each of the two "large" radiators also previously described. The basic
turbojet engine weight, without the radiator, of the chemical engine counter-
part has been retained without change. A weirht estimate of the liquid metal
and miscellaneous systems has also been made. These weights are all tabulated
in Fig 7. The reactor and shield date is given later in this rerort. Piping
data for this powerplant has also been computed and is tabulated in Fig 8.

‘The piring schematic used as a basis for the liquid metal weight estimate is

illustrated in Fig 9.
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B. RFACTOR AND SHIELD DATA

1. OScaling Factors

a. DbBasic Reactor Package

Two specific reactor sizes have been studied in order to provide
scaling data. The dimensions and weights of these rcactors are as

follows:
Power, Mw 350 575
Diameter, inches 33.2 37.2
Height, inches 55.5 59.5
Weight, 1bs, 5000 8000

The rcactor envelope, which includes the active core, reflector, controls
and pressure shell, is approximately cylindricdl. Theewelope dimen-
sions and weight may be scaled using the relations below for the power
range of 300 Mw to 60C lMw. These dimensions and weights are imdependent
of reactor coolant temperature in the 1750F to 2000F range.

O.
Diameter, inches = 1.72 (Re~actor Power, Mw) L +1°9.3
Height, inches = 1.72 (Reactor Power, )0l + 37,6
Weight, lbs. = 133 (Reactor Power, Mw) + 350

b. Reactor and Shield Package

Three sets of shield optimization calculations have been made and the
results are tabulated in Fig 10. The first two cases were recuested
by NA. in a letter dated September 12. The third case vas reguested
later by telerhone. The shielding for case 3 differs from the other
two cases in that advantage is taken of a 50 foot long chemical fuel
tan:: for shielding estimates.

The scaling formulae for gamma and neutron shield weights are given be-
low. The doses and G. Lambda and Y. Lambda have to be taken from previous
shield calculations for the 350 and 575 lw reactors which are reported

in Fig 10« The use of the weight scaling formulae assumes a constant
‘reactor envelope size. Adjustment may be made by assuming that the
necessary chamnge in reactor envelore is added to the outside of the shield
as an identical thickness of lithium hydride.

AW =Ag Dog In {mwj%awns) P }
(o]
AWg= A D Ln + KDg P}_ Pn AW
i {5—1;——7 s =5 “ 0
i
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where Dog = design gamma rate in crew compartment
Doy = design neutron rate in crew campartment
Dy = direct gamma rate in crew compartment
D2 = gir scattered gamma rate in crew compartment

D3 = air capture gamma rate in crew compartment

Dy = new gamma rate in crew compartment

DS = direct peutron rate in crew compartrmet

D¢ = air scattered neutron rate in crew campartment
Dy = new neutron design rate in crew compartment‘

K = ©/F  =altitwe density ratio
P/Po = ratio of "power scaled to" to "power scaled from"
(°» = density of neutron shield
/ﬁc, = density of gamma shield
Ag = G. Lambda
A, =N. Lambda
PAN WG = chance in total reactor and crew comp. gamma shield
Awn = change in total reactor and crew comp. neutron shield
Trade Between Reactor Life and Reactor Size and Weight
Increasing reactor life from, say, 100 hours to 1000 hours requires an
increase of only 5 per cent in reactor weight. This is due to the fact
that with the high strength of the optimum columbium alloy the pressure
vessel and core suprort structure, which change in weight with reactor
life, comprise only a small fraction of the overall reactor weight.
Many major weight items, e.g. reflectar, core, control drums, cantrol
drum drives, pumps and coolant are unaffected by changes in life within
the range of operating lifetimes considered.
Installation of Reactor Package for Minirum Frontal Area
The mechanical design problem associated with designing the reactor for
operation horizontally appears to be too difficult to recommend this at
the present time. The change in reactor installation from a vertical

position to a horizontal position would result in a decrease in shield
envelope height from 116 in. to 93 in.

e
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Reactor Radiation Characteristics

The neutron and gamma radiation flux at the reactor surface is given in
Pig. 11 for the 350 Mw reactor. The neutron flux values are increased by
15 ngxgent for the 575 Mw reactor and the pamma flux values by 36 per cent.

,dose patterns atjpsle-eurfese of the reactor shields are tabulated in
Figs. 12 to 14 for cZﬁif 1 to 3 of Fig. 10, respectively.

so gﬁuiir

The layout of a typical reactor shield is illustrated in Fig. 15. The
reactor shield thicknesses for a 350 Mw reactor, case 1 of Fig. 10 is tabu-
lated in FMig. 16. Similar data for cases 2 and 3 of Fig. 10 are given in
Fig. 17 and 18, respectively. A 60 cm thick inner neutron shield should be
added to the basic reactor before adding these thicknesses for case 1 and
30 em for cases 2 and 3.

Basic Shield Data

The shielding properties of various materials are presented in Fig. 19 to 27.
These materials include uranium isotope 238, lead, boron, boron carbide,
air, alkylbenzene, lithium hydride and uranium isotope 235.

The nitrogen (7, ¥ ) reaction is reported in NARF-56-L1T, Vol. 3, Nov. 14-15,
1956, The results given in this memo come from ORNL-2157, pt. 6, pg. 2L.
The references for scattering and absorption information on air follow:

a., Direct gamma dose - PWAC-198, pg. 16.

b. Air scattering gamma dose -~ PWAC-198, pg. 17 amd ORNL-1575, pg. 188-200
and ORNL CF-56-5-73.

c. Air capture gamma dose -~ PWAC-198, pg. 18.

d. Direct neutron dose - PWAC-198, pg. 21 and ORNL-18}3.

e. Air scattered neutron dose - PWAC-198, pge. 21 and ORNL-1947 and ORNL-2012,

General Startup Procedure

The system on which this procedure is based comprises a reactor ard six
turbojet engines incorporating liquid metal radiators and chemical fuel
combustors. The reactor is cooled with lithium which flows through two
intermediate heat exchangers in parallel. Each secondary loop uses NaK as
coolant and circulates it through three engine radiators in parallel. Each
radiator has isclation valves at inlet and outlet. Each secondary loop has
a bypass valve across the radiators.

(1) Reactor is cold. Coolant systems are filled with helium. Radiator
isolation valves are open on all engines. Air inlets and exhausts of
five engines are covered to minimize losses. An air blower and air
heater are coupled to air inlet of the sixth engine. Radiator bypass
valve of the secondary coolant loop comtaining that engine is slightly
open.,
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(2) If temperature is above the freezing poinmt of NaK, the secondary coolant
loops are filled and the NaK pumps are started using an auxiliary air
compressor to supply air to the pump turbines. Helium is purged from
the loops and isolation valves are closed on the engines not being used
for heating. The other is positioned to majintain a normal flow through
the radiator being used for heating. If the temperature is below the
freezing point of NaK, the system is heated by circulating helium with
the NaK and lithium pumps while heat is added by the air blower and
heater until NaK can be nrut in without freezing. In this case isolation
valves are left cracked in all radiators so that NaK will not freeze.
Estimated time, one-half hour.

(3) Helium is circulated through lithium loop with lithium pumps driven by
auxiliary air corrressor. Combination of heat from pump work and heat
transfer via the Li-NaK heat exchangers from hot air forced through
the one radiator raises system terperature of LOOF in about one<half
hour. System is maintained at LOOF by pump work and heat addition.

(4) Lithium pumps are stopped and lithium, preheated to L2S5F, is introduced
into the system through the £ill and drain valves., When the system is
filled with lithium, the pump speeds are gradually increased to maximum
allowed by the auxiliary compressor while the system is purged of
entrained helium. Pump heat and the air heating system sustains system
temperature. Estimated time, one-half hour.

(5) Control drums are unlocked and the reactor is made critical by drum
rotation at rate of about two cents per second. The reactor will become
critical on a period of about twenty seconds. During this operation,

a period meter will be in operation which will inhibit reactivity increase
if the period decreases to ten seconds and scram the reactor if the
period reaches five seconds. Flux lewvel and ;eriod will be recorded
continuously. The coolant temperature will'be maintained at about L25F
by liquid metal pump work, and the air heating system. Time required,
between 5 and 10 minutes.

If the engines are to be started and run chemically, steps (6) through (9)
are taken:

(6) The reactor, on flux control, is brought to a power level which, with
idle liquid metal pump power, will counteract heat losses by radiator
and convection from the system. The air blower and heater are shut off
but kept in position. All pumps are reduced to idle, both bypass valves
are open, all isolation valves are shut or cracked depending on tempera-
ture. Estimated time, ten minutes,

(7) BEngine covers are removed and engines are started normally on chemical
fuel. When at least two engines are rumming, the liquid metal pumps
are valved to use engine bleed air for power and the auxiliary air com-
pressor and the engine inlet air blower and heater are removed.

b
.
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(9)
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This requires about ten mimutes for sequential starting.

During chemical operation of the powerplant, the reactor and liquid
metal systems are heated to the normal reactor inlet temperature by
manually increasing flux to some low value, say 5 per cent of design
power. If cooling is required it can be controlled by the isolation
valves. Estimated time, ten minutes which may coincide with step 7
if required.

Whenmuclear operation is required the reactor is brought gradually

up to 30 per cent power while isolation valves are slowly opened and
bypass valves are closed., When the reactor is at this power and liguid
metal pumps are at idle speed, the temperatwres in the system should
be at design values. The reactor is then transferred to temperature
control, and the bypass valve is put on automatic control. Chenmical
power to the engines will have been reduced by the muclear heat com-
pensator so that total power will be unchanged. The reactor can now
be brought to full power in thirty seconds. Chemical power may be cut
off if desired. Estimated time, five to ten mimtes.

If the engines are to be started and run on nuclear power, omit paragraphs
6 through 9 above and follow (10) through (1l;) below.

(10)

(1)

(12)

(13)

The critical reactor is brought to about five per cent of full power
on flux control as hot air heater is shut off but blower contirmes to
operate. The covers are removed from the other engines. System
temperature is raised by comtrolling bypass valves and blower airflow
until reactor inlet temperature is at design conditions. Estimated
time, 10 to 15 minutes.

An engine other than the one with the blower, is started as its isola-
tion valves are opened. System temperatures are maintained by reducing
blower airflow until the blower is shut off and the isolation valves
of the engine with blower are nearly closed. The liquid metal pumps
are transferred from auxiliary compressor to engine bleed air. The
engine inlet air blower and auxiliary air compressor for liquid metal
pump8 should remain in the ready condition. The reactor is now at
stand-by. Time required about five mimutes.

The other engines are started cne at a time by operation of bypass

and isolation valves. The reactor, on flux control, is manually brought
up to the required power as each engine is brought in. The blower is
removed and that engine started last. The auxiliary air compressor for
the liquid metal purps is discommected. The reactor is now at idle
power, approximately 30 per cent of full power. Time required, about
ten mimites.

System is placed on temperature comtrol. Time, about one minute.

2=
TR
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(1) Nuclear design power may now be reached within 30 seconds and chemical
augmentation may be added as required.

If no intermediate heat exchanger is used, step (2) referring to filling the

- NaK systerm is omitted. The other steps are modified to insure that lithium

in the radiators is always above LOOF to prevent freezing.

General Shutdown Procedure

(1) The reactor is brought from full muclear power to idle (30 per cent of
full power) in a minimum of thirty seconds by normal means which is
reduction of NaK pump speed. If continued engine power is required,
the nuclear heat campensator in the engine controls substitutes chemical
heat for nuclear heat. The reactor is shifted to flux control.

If the engines are to continue to operate chemically follow paragraphs (2)
through (5) of this procedure.

(2) The bypass valves are slowly opened, isolation valves are slowly closed
and the reactor is manually reduced in power all in a coordinated
process which keeps reactor inlet temperature at a constant value. When
the power 1s down to afterheat level whicn is estimated at 2.5 per cent
of design power, the coptrol drums are rotated to their least reactive
position and the reactor is shut down. By control of the valves, cooling
is varied so that temperatures slowly fall to about L25F where they are
maintained until the chemical power is to be shut down.

(3) A chemical engine is shut down and the air blower is positioned in frat
of that engine. The auxiliary air compressor is connected to the liquid
metal pump air manifold. When the pumps are running on auxiliary air
and the cooling load has been taken over by the blower, the other
engines are shut down normally. At this time all engines except the one
used for cooling have closed ar cracked isolation valves depending on
temperature. Estimated time, ten minutes.

(L) After a sufficient time for the afterheat to decay to a point where
system losses by radiation and convection will dissipate the afterheat,
the blower will be shut down. This time is estimated at one to twenty
days depending on mission lergth, it is about 15 days for a thirty day
mission.

(5) The liquid metals may now be drained and replaced by helium which is
circulated by the pumps. If at any time when the system is not drained
and the afterheat generation is not enough to keep the system above the
freezing point of lithium, the heater in the air blower must be acti-
vated and heat put into the system, Estimated time, one half hour.

If the engines are to be shut down at the same time as the reactor, omit steps
(2) and (3) of this procedure and follow (6) through (9) below, returning to
steps (L) and (5) after (9) has been accomplished.

8-
—
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(6) The aporopriate bypass valve is opened slowly as isolation valves are
nearly closed on one engine. Reactor power is manually reduced as the
engine shuts down. The isolation valves must be left open enough to

prevent freezing of NaK in radiator if the ambient temperature is low,
Time required, about one mimite.

(7) An air blower is positioned at the inlet of the engine that was shut
down and its isolation valves are opened. An auxiliary air supply is
coupled to the liquid metal pump air manifold. These operations may
overlap 6 and 8 and require about ten minutes.

(8) Step 6 is repeated on other engines leaving one at idle. Time for this

operation is approximately 5§ mimites. Reactor is now at standby which
is about 5% of full power.

(9) The last engine is shut down as pump speeds are reduced and the drums

are rotated to their least reactive position. Pump speed, drum rotation
and blower airflow are programmed during the entire shut down procedure

8o that the system temperatures fall in stages to about 1000F. The
reactor is now shut down and at afterheat level which is about 2.5
ver cent of full power. Blower airflow and pump sSpeeds are adjusted
as required to maintain temperatures. Time recuired varies from 5 to

10 minutes depending on whether reactor is nearly new or has been at
power for some time.

Afterheat Removal

Based on previous studies a generoha time must be allowed to connect the
ground cooling circuit. This time must be less than that for afterheat to

raise the core temperature exceesively. Fig. 28 shows the afterheat produc-

tion of a reactor as a function of reactor continuous operation time and of
time after shutdown. A criterion of 800F temperature rise results in the
table below of allowable time available for heat transfer as a function of
time after shutdown. The time for connecting the ground cooling circuit is
tentatively considered to be one-half hour. Thus lithium cannot be drained
or disconnected for 1200 hours in the 350 Mw reactor and 50 hours in the
575 Mw reactor. The 350 Mw reactor is based on 1000 hours operating time;
and the 575 Mw reactor, 10 hours of continuous operation,




Time After Shutdown
Hours

1
100
500

1000
2500

1

5
10

50

Heat Generated
BIU /hr

350 Mw Reactor

o2 of
o8
S

o3 =3

HuUVo RN
Nel

=8
MWK

RN

1
1
1
1

575 Mw Reactar

2.16 x 10!
6.87 x 1od
6.48 x 10-
2.55 x 10°

(e

NOTE: ¥ 1000 hours of continuous operation
#% 10 hours of continuous operation

«10-

CNLM- 1196

Time for BOOF Temperature
Rise Min,
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CNILM-1196 o Fig. 7

WEIGHT LSTIMATE

Number of Engines 6 6 6
Radiator diameter, in, 57.0 T2.4 57.0
Radiator length, in, 30 30 L48.5
Turbojet Engine Weight, 1b,
Turbojet (exclusive of radiator) 5,200 5,200 55200
P hotaty 1b/engine B 2y Y

Total, 1b. 15800~ W0~ S50

Iiquid Metal System, 1b,

Piping (wet, insulated) 18,500 18,500 18,500
Valves L,800 4,800 4,800
Expansion joints and couplings 800 800 800
Pumps and Drives (wet) 3,200 3,200 3,200
Accumlator (wet insulated) 2,;{00 2,';00 2,700
Bleed air ducts 1,500 1,500 1,500
Total, 1b, —T.500 STE0.  TILS0
Helium System, 1lb, 700 700 700
Shield Coolant System, 1b, 500 500 500
Control System, 1b, 2,200 2,200 2,200
Intermediate Heat Exchanger 8,700 8,700 8,700
Total Powerplant Weight, 1bs ﬁflrfﬁ‘ 106, 9‘8"866—,
layout Drawing Number LH-100470 LH-100471  LH-100472

NOTE: #* Does not include reactor and shielding, These items are reported in
Fig. 10 of this report,

-17-



CNLN-1196 g

PIPING DATA

Reactor-to~-Intermediate Heat Exchanger Piping;

Outside diameter, in®

Wall thickness, in.

Weight (wet), 1b/ft¥**
Insulation weirht, 1b/ft
Insulation thickness, in.
Length assumed (total), ft.
Number of lines

Intermediate Heat Exchanger-to-Reactor Piping;

Outside diameter, in™

Wall thickness, in.

Weight (wet), 1b/ft™*
Insulation weight, 1b/ft
Insulation thickness, in,
Length assumed (total), ft.
Number of lines

Lithium

Lithium

Intermedliate Heat Exchanger-to-Radiator Pipingj; NaK

28

Outside diameter, in™
Wall thickness, in.
Weight (wet), 1b/ft+*
Insulation weirht, 1b/ft
Insulation thickness, in.
Length assumed (total), ft.
Number of lines

Radiator-to-Intermediate Heat Fxchanger Piping;

Outside diameter, in®

Wall thickness, in,

Weirht (wet), 1b/ft**
Insulation weight, 1b/ft
Insulation thickness, in.
Length assumed (total), ft.
Number of lines

Radiator Bypass Piping; NaK

Outside diameter, in™

Wall thickness, in.

Weight (wet), lb/ft*¥
Insulation weight, 1b/ft
Insulation thickness, in.
Length assumed (total), fi.
Number of lines

NOTE: % Does not include insulation thickness

¥t Includes insulation weight

| ___ 4
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AaK  ACCHOLRATOR
LYFASS  (ONKOL VAL VE

CHECK VL YE
INTERNIELLGTE HEDT ENCHAN GER
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CHT M=1196 azrree FIG, 10
RFEACTOR AND SHIELD PACKAGE SUMMARY

Case 1 Case 2 Case 3
Reactor Power, Mw 350 575 350
Altitude, ft. 25,000 65,000 25,000
Crew dose rate, garma, rem/hr .0037 .02 11
Crew dose rate, neutron, rem/hr .0013 .01 .139
Crew dose rate, total, rem/hr .005 .03 .25
Crew compartment length, ft. 16 9 26
Crew compartment diameter, ft. 7 7 10
Reactor-~to-crew comp. Sseparation, ft. 100 100 100
Gamma shield material U U U
Neutron shield material - reactor LiH LiH IiH
Neutron shield material = crew compartment Plastic Plastic Plastic
Weight Summary
Reactor 5,000 8,000 5,000
Reactor inner neutron shield 10,200 3,900 3,100
Reactor outer neutron shield 11,200 8,700 27,300
Reactor gamma shield 18,700 9,500 18,100
Structure 1,900 1,300 1,100
Crew comp. side neutron shield 17,500 9,900 14,200
Crew comp. rear neutron shield 3,500 L4,000 0
Crew comp. side pamma shield 9,800 1,000 9,600
Crew comp. rear gamma shield 5,700 3,500 0
Reactor shield assembly 47,000 31,400 54,600
Total crew compartment 36,500 21,800 23,800
Total reactor and shield weight 83,500 £3,200 78,L00%
G. Lambda 16%x 10° 1,771 x 105 3.21 x 10%
N. Lambda 1.6%x10° 1771 x 20° 3.21 x 10
Shield cooling load
Iithium temp. used for calculation,F 1750 2000 1750
Shield heat, Mw 2.71 3.66 2.71
* Advantage is taken of 50 feet of chemical fuel located between reactor
. and crew compartment for shielding estimates.
-___2
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CNILM=1196 b - TaN FIG. 11

‘ NEUTRON AND GAMMA RADIATION FIUX AT REACTCR SURFACE
Spectrum Neutron Dose - 350 Mw Spectrum Gamma Dose
Energy Group n/em?/sec
)e 0.2 E13 # The fraction of dose in rem at
2 Lh.2 E13 each enerpy value for both reactors
3 1.9 F13 is listed below:
L 2.3 EF13
5 2.7 F13 .53 at 2 Mev
6 2.9 F13 .29 at L Mev
7 3.2 E13 .12 at 6 Mev
8 3.7 F13 .06 at 7 Mev
9 3.8 E13 0 at 9 Mev
10 3.7 E13
11 3.0 E13 Total Gamma Dose:
12 2.4 E13 350 Mw - 3.6 E8 rem/hr
13 2.0 E13 575 Mw = L9 E8 rem/hr
I 1,5 E13
15 1.1 E13
16 0.7 E13
17 Osk 13
18 0.2 E13
19 0.1 E13
20 0,05 E13
21 0,05 E13
. Total = 4.0 E1l - scale for

575 Mw case, multiply by 1.15
3# E13 1s equal to 1013

-2/~



CNLM=1196 £~ FIG. 12
S0 el

’:_‘,\,./’Li ;,f DOSE PATTERN AT,SYREASE- OF 350 MW REACTOR SHIELD
(Case I of rig 10)

Degrees From Primary Secondary
Foreward Gamma Dose Gamma Dose Neut ron Dose
5 «059 rem/hr «0093 rem/hr .18 rem/tr
15 <11l .0097 .22
25 - 411 011 .34
35 3.01 .012 .61
Ls 38.8 .01 1.05
55 150 .016 I
65 21,07 019 3.10
75 1.1 B} .021 Le90
85 L.2 E4 .02l 7.01
95 6.l EL .029 13.7
105 6.8 E4 031 18.4
115 7.0 EL <034 23.9
125 7.3 E4 +037 30,6
135 7.9 EL .0L3 51.2
us 8.6 EL 051 8547
155 9.9 Bl - 068 201
165 ES .07 216
175 ES .07 216

The dose outside the crow compartment is about 20 rem/hr

The dose inside the crew compartment = ,0037 rem/hr for gammas
= ,0013 rem for neutrons
a ,005 rem total

-2 2 -




CNLM=1196

&‘.'\L,\.j; DOSE PATTERN AT
{

Degrees From
Poreward

o

N

135
U5
155
265
175

ase

Primary

Gamma Dose

«037 rem/hr
11,
o522
Le29
73.6
2525
2,53 Ek
9.05 El
1.25 ES
1.37 E5
1.L42 ES
1.L8 E5
1.53 E5
1.63 ES
1.72 E5
1.96 ES
2.5 E5
2.5 ES

o

SUREAGE OF 575 REACTOR SHIELD

Second ary

.385
101
Lh2
«515
613
«720
851
«933
1.05
1.22
1,30
1.38
1.16
1.63
1.79
2.2
3.L8
3.48

Gamma Dose

rem/hr

The dose outside crew compartment is about 10 rem/hr
The dose inside crew compartment = ,02 rem/hr

= .01 rem/hr for neutrons

for gammas

= ,03 rem/hr total

-23-

FI1G, 13

Neut ron Dose

2.96 rem/hr
3462
5467
1L
203
L7.2
91,7
130.1
207.2
350
Lh2
552
679
988
1360
287h
11,500
11,500
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CNLM-1196 Lo
.5D{Aﬁt_ .
[Dures) DOSE PATTERN AT,SURFACE OF 350 MW REACTOR SHIELD
(Case 3 of Fig 1)
Degrees Fronm Primary Secondary
Foreward Gamma Dose Gamma Dose
5 Lol rem/hr +22y rem/hr
15 7.48 231
25 26.9 0237 .
35 5949 250
L5 L92 261
55 1310 .276
65 2950 301
75 7590 322
85 1.45 EL 3k2
95 3.11 Bl 382
105 6.08 EL 396
s 7.98 EL A421
125 8.16 EL L36
135 8459 El U7l
5 8470 Bl o481
155 8.91 EL 500
165 9.18 E4 523
175 .Ul E4 5Ll

The dose outside orew compartment is about 15 rem/hr
The dose inside crew compartment = ,111 rem/hr

= ,139 rem/hr for neutrons

for gammas

= 0250 ren/hr total

-24-

FIG, 1k

Neutron Dose

bel6 rem/hr
Li.81
5.48
6.97
8450
10.9
15.9
21.1
26,8
L2.0
L8.5
61ols
69.8
9Lie1
102
117
138
159
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GNIM-1196 Rt FIG, 16

REACTOR SHIELD THICKNESSES FOR 350 MW REACTOR
(Case I of Fig 10)

¥

Degrees Fronm Garma Shield Neutron Shield
Foreward Thickness Thickness Total
5 : 15,71 em 49493 cm 65.63 cm
15 .94 48.96 63.90
3] 13.48 L6.L8 59.96
35 1.20 L3.26 Shieli6
L5 8425 L1.13 L9438
55 5.42 L0146 45.88
65 3.57 35.79 39436
75 1.87 33.24 35.12
85 0.37 A 31.78
95 0 25.58 25.58
105 0 22,82 22,82
115 0 20.11 20,11
125 0 18.13 18,13
135 0 13.35 13.35
5 0 8.57 8457
155 0 0.66 0s66
165 0 0 0
175 0 0 0

Add a 60 cm inner neutron shield layer (LiH) to basic reactor before
adding these thicknesses,

Gamma Neutron Total
Crew compartment shield - side 1.16 cm 22.11 cm 23.27 cm
rear 3492 49470 53.62

* Does not include 60 cm (24 in) of inner neutron shield (LiH)

-26~




ONIM=1196 T FIG. 17

REACTOR SHIELD THICKNESSES FOR 575 MW REACTOR
[Case 2 of Fig 1y

Degrees From Camma Shield Neutro: Shield
Foreward Thickness Thickneas Total
1 16.98 cm 56.40 cm 73.38 em

15 15467 55492 T1.59
25 13.91 53.68 67.59
3% .51 49.89 6li.110
L5 8.28 L6l 5Le69
55 L.25 Lh.53 L8.78
65 1,69 41,19 L2.88
75 0429 9 39.73
85 0 35064 35.64
95 0 30,99 30,99

105 0 28,91 28.91

ns 0 26,94 26494

125 0 25.11 5.1

135 0 21.77 21.77

U5 0 18,95 18.95

155 0 12,29 12.29

165 0 0 0

175 0 0 0

Add a 30 cm inner meutron shield layer (ILiH) to basic reactor before
adding these thicknesses

Gamnma Reut ron Total
Crew compartment shield - side 80 com 20,85 cm 21.65 om
reayx 2.67 57-12 59079

* Doea‘ not include 30 om (12 in) of inner neutron shield (IiH)

-27 -




CNLM=1196 Y FIG, 18

REACTOR SHIELD THICKNESS FOR 350 MW REACT(R

(Case 3 O )
Degrees From Ganma Shield Neutron Shield
Foreward Thickness Thickness Total
S 11,04 om 56,08 cm 67.12 em
15 20.44 553k 65.78
25 8.95 55466 64,60
35 8.04 5ke36 62,10
L5 5459 54499 60,58
55 L.L8 53.61 58.28
65 3659 51,27 5L. 86
75 2.5 49.71 52,25
85 1,83 48.2l 50,06
95 1.02 Lh.95 L5.97
105 0427 L. 38 Lk. 65
15 o L2.L8 L2.18
125 0 41,31 11.31
135 0 38,58 38.58
w5 0 37.89 37.89
155 0 36462 36462
167 0 35.09 35.09
175 0 33.78 33.78

Add a 30 om inner neutron shield layer (LiH) to basic resctor befare
adding these thicknesses.

Gamma Neutron Total
Crew compartment shield - side .50 cm 8.hli em 8494 em
rear 0 0 ]

* Does not include 30 cm (12 in) of inner neutron shield (1iK)
=]

-2 8-




SHIELDING FROPFRTIES OF VARIOUS MATERIALS

Density = 2.9 GM/ecc

Material £ Mz Pan Mg Ay S P, Fe Fe 5
y2 B o168 91 .82 .88 .92 97 ShaT ahBl - Loply §° . u087
Lead 113 51 L7 50 .52 56 0 0 .07 93
Boron 1k 101 070 058 053 .06 0 0 0 0
mac, BC .136 09 +061 055 056 071 0 0 0 0
0, Mr, Void §x105 6x10° 3.7x10° 3x10% 2.9x 107 2.6 x10° o 0 0 0
Alkylbenzene 086 037 027 022 021 .018 1.0 o 0 0
!mn J113 .033 <022 017 016 013 +005 0 0 0
235 168 91 .82 .88 .92 97 3.84 Ja .06 0
£2 = Neutron Removal Cross Section, CM™ 1
4 = Gamma Attemation Cross Section, CM™> - Subseript = Energy, Mev.
P = Garma Probabilities - Fraction of Photons Bmitted per Capture
For Jo P. Puel M, = ,0265 CM T %, = ,089 Mt Z,B= %4 = 048 0N
Nitrogen Cross Sections - Absorption (», ) Reaction Gamma Attenuation = 3 Mev.
O, = el + ,05Barns, Z,=L.19x 10-6 ot Ft. of Fraction of Photons
Camma Attemuation Cross Sections for Crew Campartment '&D@L—_ Remg{gir;g
Uranium A4 = 811 GM1 . s
Polyethelene 44 = ,025 CM—L ;g é.?ge
0 5

N

O O O O © o o o

96 TT-WIND

6T °*0ld
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ONLM-1196 TR FIG, 20
21 GROUP ENERGY AND LETHARGY LIMITS
2,y = (12A)(2, +.24,) A -

Group AU U Interval E Interval
1 5 o5 =1 6406 ~ 3,68 Mev
2 1 1-2 3.68 = 135
3 1 2~3 1.35 - L%
I 75 3 - 3.7 L98 - .235
5 75 3.75 - L.5 0235 - J11
6 s ke5 = 5.5 J1 - 0409
7 1 5e5 = 645 0L09 = 015
8 1 65 = 705 015 - ,00553
9 g 745 = 8.5 5530 « 2030 Ev
10 1 8.5 = 9.5 2030 - 748
n i 9.5 = 10.5 748 - 275
12 1 10,5 ~ 11.5 275 - 101
13 1 11,5 = 12.5 101 « 37.3
1, 1 12,5 = 13.5 37.3 = 13.7
15 1 13.5 = o5 13.7 = 5.04
16 1 oS - 15.5 Se0L = 1,86
17 1 15,5 - 1645 1,86 = 4683
18 p 1645 = 17.5 683 - ,251
19 o7 17.5 = 18,2 o251 = 125
20 o5 1842 - 18,7 125 - ,0756
2 l,lor 0 18,7 = 19.8 .075 - ,025%
lethargy,U-/n‘z:" £,= 10 Mav

el



CNIM-1196 LT FIG., 21

MI’CRCBCO"IC OXYGEN CROSS SE:CTIO"S USED IN

Energy
e “a S § - T
1 E-16 1.54 195 E-11
2 1.L5 ol
3 4.09 516
b 3.86 487
5 3.67 163 Y
6 v 3,57 151
7 3.57 Jl51
8
9
10
1 ¥y Y
12
13
piN
15
16
17
18 3.58 oli52
19 3.66 oLi62
20 3.73 471
21 3.76 E-11
4

=3I




CHLi4=1196 e FIG, 22

o BORON CAPBIDE - 8,10

Energy
Numbar £, (en) 2, () EE () Zy (en?)

1 .07087 .1755 .03359 JE - 10

2 .07810 «2292 04356

3 .0868 .2992 .05631

kL «17L9 «Li50L .08606

5 +2514 4740 0921

6 .3542 .5155 .1020 Y

7 .5399 .5700 .1058

8 .8125 .5000 .1085

9 1.253 .11800 1178

10 1.919 .LL00 1275

1n 3.145 -L,000 01522

12 5.29) 41200 .2051

13 8.701 5700 3195

il 13.29 .8800 L8l

15 22,59 1.1 8525

16 33.0L 2,125 1,340

17 6l 2l 3.572 2,22

18 106.3 5490 3.673

19 161.4L 8.70L 5.533

20 216.9 11,28 7.36

21 217.5 12.8 Q1 E-10

® 2.5 Mev 4s "Q" for B1° (7, ) reaction
-

~32 -
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ALXYLRENZENE
Energy
i 24 () £1 (7)€ () £, (en”)

1 .28 E-5 0769 1072 .1E-10

2 11 E-5 Nphil .1801

3 53 E<5 «1830 .3118

L .72 B-5 2639 1812

5 .97 E<5 «3L06 6743

6 111 E< -L31h 9131

7 2542 E-l 5319 1.186

8 5305 E<, 5476 1.233 Y

9 8068 E-l 5632 1.233

10 .8068 E-l 5532 1.233

1n «1548 E=3 «5632 1.233

12 1289 E=3 5633 1.233

13 5857 E=3 5631 1.233

1 .6930 E=3 .5630 1.233

15 00108} 5629 1.233

16 001884, 5681 1.297

17 003122 5829 1.3L3

18 «00510L7 6225 1.L62

19 «008299 7571 1.869

20 -00975L .8137 2.0L0

21 01188 8857 .1 E-10

E____=

-33_



CNIM-1196

O @ N O W W N

(=

17
18
19
20
21

=, (cn)
.06683
068446
06136
0875
.10547

19512
.28524
032599
«52734
91565
1.6961

2.3788
2.7326
2.8860
1.50kk
3.5380
6.4719
11.231
15.059
16.187

URANIUM (U~-235
(Used wIth U230 to Get Natural U)

£, (en)  §£ (em)

.0510
2150
2030
2710
3770
44690
4740
«5820
«66732
70280
«7368L
.80252
«96100
1.0183
1.1635
«67691
1.1932
1.7685
2.7273
33275
344915

00298
«00298
00289
«00337
-00LLS
.00510
00554
«00698
00789
«00956
01249
01835
02368
02722
02950
+01597
.03418
-05517
-09301
12210
.1 B-10

-34-

Z(em”)
«19128
.1620L
-0l185
.01980
»00710
.00162
.1 E-10

FIG., 24

3.07
2.78
2,58
2,46
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URANIUM (U - 238)

Energy § S 7}:,67
Group
Number Za(m)  Zp@w)  EE () 5 (ew) Z (emy) YV
1 .0313 0833 00280 .18885 .03076 3.07
2 0268 1727 00311 17323 02461 2.78
3 0067 2501 00292 .0l132 00126 2.58
L 0076 «3L60 .00370 .01995 .1E-10 2.6
5 0087 L4601 <005 00677
6 0140 5710 .00516 .1E-10
7 0225 <6650 .00582
8 029l .8160 <006 95
9 +0516 99717 00839 y
10 1287 1.347 .01131
1 32442 1.877 01576
12 «3261 3146 02641
13 .2181 1.715 -O1LLi0
U 1,000 10.20 00931
15 1.160 5.662 .0}700
16 0115 -5L00 -00L5L
17 .0187 SL71 00460
18 0312 #5599 00470
19 -0L78 +5T65 0048l
20 0653 5540 00499
21 0999 .6285 1E-10
-

S PG =




FIG. 26
MACROSCOPIC CROSS SECTIONS FCR LEAD
2
Energy | § = weres
Group
Number Zz, (cm') £, (cm”) £ %, (cm) Z . (em™)
1 7 E=5 2l 00233 0632
2 196 00150 0366
3 .186 .00178 00233
L .208 00201 0
5 ' «293 00283
6 <3k .00332
7 «339 «00327
8 362 00350
9 362 '
10 362
11 362
12 362
13 1.3 E~4 362
¥ 1.9 E<L 360
15 2.9 E=l «360
16 C.l Eay 361
17 8.4 E=l «361
18 00139 3601
19 .00225 . 360 00342
20 00265 .358 00346
21 .00285 «355 E-11

-365-



. CNLM-1196 ” FIG. 27

MACROSCOPIC LITHIUM HYIRIDE (IiH) CROSS 3ECTIONS

Energy § & 7.2;/
Group
Number Z, (ev) £, (cm™) £Z, (cm) Z, (em)
1 3.14 E<L 157 135 0
2 li.39 E=l 163 170
3 «70 177 «317
L 1.11 E-3 321 .510
S 1.66 E=3 .288 670 Y
6 2,52 E=3 «350 .895
7 ,,08 E=3 L5 1.17
8 7.1 E=3 oLk9 1.21
9 0112 459 1.26
10 .0182 159 1.26
11 0307 453 1.26
12 .050 JLh2 1.27
13 .0790 JLli2 1.27
14 129 bl 1.28
15 .22l 113 1.30
16 335 419 1.35
17 595 L33 1.L6
18 1.0 166 1,66
19 1.57 .510 1.94
20 2.13 570 2.28
21 2.28 500 E-17
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