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PUNT SECTION 

IcO    Plant Design Requirement 

1.1    Type of Plant 

It is a Nuclear Power Steam-Electric generating plant. It is air trans- 
portable, skid mounted designed for an ice cap installation. The reactor is 
a pressurized water design. 

i«2    Gene rat onng Requirements and Heating Load 

The plant shall be capable of producing a minimum of 1500 Kw net        ^ 
electrical energy at 4160/2400 volts, three phase, 60 cycles and 1.0 x 10 
Btu/hr for space heating at 165 psia saturated steam at evaporator outlet, 

1,3    Site Conditions 

The plant is designed for the conditions imposed by a remote ice cap site, 
specifically the site conditions require the plant to be located on an ice cap 
at an elevation up to 5500 ft, above seal level with no cooling water for cond- 
ensing steam available.      Severe climatic conditions with surface temperatures 
ranging from -75° F to / 35° F, and constant winds from 5 to 100 m.p.h. velocity, 
dictate the location of the entire power plant in tunnels below the snow surface. 
Average annual snow accumulation of approximately 2 ft, indicates the relocation 
of the entire power plant every six to seven years. 

1,U   Air Transportability 

In order tc meet the limitations imposed hy the site and air transportation., 
as well as to minimize field erection time, the plant components shall be pre-' 
assembled and tested. 

The weight and dimensional limitations are based on the use of the C-130 
Air Craft and air shipment of all packages and components. All transportable 
packages do not exceed 30 ft. long x 9 ft. wide x 9 ft. high and/or 30,000# in 
weight. 

All packages are designed to meet the permissible floor loading and th« 
center of gravity location for C-130 Air Craft, and structurally able to provide 
proper tie-down connections to meet external forces experienced in flight. 

1.5    Standby Power Availability 

Standby power by diesel engine generator sets capable of producing 2000 Kw 
gross capacity will be furnished by others in a facility independent of the 
nuclear power plant.        This standby power will represent 100$ of nuclear power 
capacity. 
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The power generated by the dlesel electric units is supplied at 
416C/2400 volts, three phase 60 cycles on a four-wire system.    The nuclear 
plant switch gear and Instrumentation are designed to receive and tie-in the 
standby power to the station bus, 

1,6    Building Structures and Foundations 

The design of the plant includes loundation requirement infwmation as 
shown by the drawings included at the end of this section.    The drawings also 
provide information to permit enclosure  cost estimation.      The buildings,  struo- 
tures,  and foundations  for support and enclosure will be supplied by others, 

2.0   Desigi Philosophy 

The plant design incorporates the maximum degree of reliability, simplicity, 
minimum maintenance sind cost, within the scope of the design requirements stated 
heretofore, 

2,]    Reliability 

Due to the rernott application and inaccessibility of the Site the proposed 
design incorporates the use of proven components wherever possible.    In those 
areas where new compoents are required all of our past experience plus sound 
engineering judgment has been utilized to select or design the new components, 

2.1.1 Fuel Elements and Control Rods 

The successful operation of the APFR-1 fuel elements and control rods 
permit us to offer a proven core for the reactor.   As such, development of such 
a core is not required.    We are, therefore, offering a proven core which will 
permit us to meet the fabrication, erection and testing schedule as required and 
in addition the highest degree of operating reliability, 

2.1.2 Primary System Components 

The primary system design is an improved design based on the success- 
ful APPR- 1 unit.    As a result the systems and compoents utilize proven tech- 
niques and in addition will reflect the h^Lgh degree of reliability of the APFR-1 
both in engi'aeerlng and the fabrication, 

2.1.3 Closed Systems 

Since minimum makeup water is available at the Site and no water la 
available for cooling the turbine exhaust steam the complete plant will be made 
up of closed water and coolant systems* 
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<,1,3.1    Vapor Contaamnent 

This system due to the potential hazards, of radloactxve corr- 
osion products in the coolant, and the high quality of water required as a com- 
pletely closed «ystenic    Primary system arrangement without vapor  containment  is 
shown on drawing R9-A3~1005« 

2.1,3.2 Heating Systei 

Due Lo the high quality water desired in the secondary system 
the supplying of bleed steam for heating load directly from the cycle would req- 
uire considerable water treatment of the hcatin,' system return drains.      To 
eliminate the necessity :.f  this water tr atnent and its high cost, the use of an 
evaporatcr refcoiler was selected, 

2,lo3o    Auxiliary Cooling System 

All a'-uciiaary pooling systems throughout the plant will be 
closed systems. 

As a result of this approach,,  the amount of Bak(*-up to this 
plant will bo small, 

2.1.4 Condenser System 

Consideration was giver, to the use of a direct air cooled condenser 
to remove the latent heat from the turbine exhaust steam and as an alternative the 
use of an intermediate glycol iccp between a surface condenser and an air blast 
cooler. 

Investigation into the two types of cooling systems indicated that the 
direct air cooled surface condenser has three major problem areas, 

(1) Minimum expenenre to date, 
(2) Experience shows that tempering of air to prevent 

freezing of the condensate in the tubes is an 
unreliable method, 

(3) In the case cf plant shutdown the unit should be 
immediately- drained to prevent freezing« 

On the basis of the Site conditions for tms plant iind anticipating a 
continual rotation of persornel on approximately a nine montn basis, it was 
determined that t he glycol intermediate loop arrangment would provide the 
highests degree of reliabilityj although it would result in a lower overall 
station thermal efficiency.     With the continual changing cf personnel it is 
rather obvious that the  possibility of the direct air blast   cooler being neg-- 
lected during an emergency shutdown coold freeze and damage tne condenser.    The 
result of this woulc. prevent the startup of the plant until repairs could be made. 
Should such an emergency exist with tne glycel intermediate loop arrangments no 
trouble would be anticipated since draining the system will net be necessary. 
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2.1.5 Duplication of Rotating Equipment 

In order to maintain the continuity in operation all pumps in th« 
secondary system whose failure world cause shutdown are duplicaoed.      This In 
it:elf permits reliable performance of the plant while repairs are made, 

2.1.6 Tnstr'jmentation 

Due to the sit« conditions the use of air for any purpose where 
instruments are concerned is determined undesirable.      Therefore, all instrum- 
entation is either entirely mechanical or electrical. 

To permit minimum operating personnel all plant parameters directly 
effecting plant operation are indicated on the console together with the controls 
for such items as pumps and rod drives while all variables which affect plant 
safety are annunciated. 

All other inacrumentation and controls are local in order to insure 
visual inspection of equipment when instrumentation information is required or 
control functions are to be performed, 

2.1.7 Testing 

To insure performance the testing of compoents by the manufacturer 
wherever practical will be done.      In addition a complete plant will be assembled 
and a non-nuclear performance test will be run.      Upon completion of this test 
connecting piping and wiring will be dis-assembled and units prepared for shipment. 

2.1,0    Primary System Components 

The steam generator design is of the horizontal evaporator type to 
comply with shipping dimensional limitations on the primary skid.     The design 
takes into consideration maintenance features such that tubes can be plugged if 
necessary and is readily accessible to do this.        This design will producs steam 
of 98% purity delivering dry and saturated steam to the turbine generator through 
a moisture separator just before the turbine generator. 

This type of steam generator presents no difficult fabrication 
problems and can be manufactured in a minimum of tim«, 

A natural convection cooling loop has been provided in the primary 
system for the removal of heat generated in the cors after shutdown following 
complete loss of electrical power. 

The primary coolant pump is of a canned rotor pump with flanged 
connections for ease of maintenance and shipping purposes.    This type of pump 
has proved to be reliable and given satisfactory service in APER-1» 
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The primary system is made up of two skids which are shipped as 
individual sections  along with the primary shield rings.    The skid bases are 
flanged and doweled  for field assembly with minij.ium of time and labor*    Refer 
to Drawing R9-43-1004. 

Vapor  containmait is provided for this design and is a shop 
fabricated cylindrical vessel made up in sections to meet air transportability 
requirements, 

2,1 „>    Secondary System Components 

The secondary system is provided in packaged and preassembled units 
and include the fclicwing packages: 

Turbine generator package 
Condenser Package 
Switchgear Packages 
Feedwater Package 

Heat Exchange!- Package 
Air Blast Cooler Package» 
Interconnecting Piping 
Interconnecting Wiring 

Refer  to package drawings, 

A iingle turbine generator set and secondary system is provided 
because a single turbine generator which meets the power requirements will res- 
ult in a minimum plant cost, a minimum number of packages and interconnecting 
piping which must be shipped to a plant site and a minimum amount of erection 
time and labor for the plant.     The overall plant efficiency will be improved 
and auxiliary powr r requirements are a minimum as a result of going to the 
single secondary systea». 

The turbine generator is rated at 2000 KW at ,8 power factor and 
operation at 8 in. Hg exhaust pressure.    A maximum of 2250 KW can be obtained 
with 3 inch exhaust pressure with 450 psig steam delivered to the turbine. 

At tne 3 inch turbine exhaut't the condenser flow will be the same 
as at the 9 inch exhaust condition« 

With the reduced back pressure of 3 inches the condenser cooling 
inlet and outlet temperatures will be approximately 100 F and 630F respectively 
with the inlet air to the air blast coolers at -10^, 

The 2000 KW turbine generator requires shipment in two sections. 
One of which is the turbine and gear on its base and the other being the gen- 
erator on ite base. 
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Torbine generators as piovided in this design with split bases which 
are flanged and doweled in the field are not out of the ordinary and no problem 
is anticipated during field ere.:tion. 

Alignment  la made in the manufacturer's plant before testing and 
shipment,.    This alignment requires apprcxiinately 4--6 hours« 

In the  fteldj the two sections would be installed on the foundation 
pad.    The two bass plates will be aligned and leveled and bo]ts and dowels ins- 
erted in the base plates.     Alignment couplings would be checked and corrected 
if necessary.      Following this „ normal alignment procedures are followed which 
would require less time than that followed in the shop» 

2.1.10 Packaging 

Design of the complete plant and the organization of all componenta 
have beeri directed in such a manner that the minimum number of packages will be 
utilized and meet the air transportability requirements as well as reduction in 
erection time desii sd. 

2.1.11 Steam Cycle 

Careful consideration ha? been given to the primary and secondary 
conditions based on physical size, thermal efficiency, auxiliary lead requirement, 
development, required costs and reliability, 

2.1.12 Components 

Due to the short delivery schedule and high reliability required, the 
use of standard equipment which has been manufactured and operated successfully 
is used, 

2.1.13 Vapor containment 

The arrangement of the primary system is such that a small high pressure 
vapor container can be utilized.   In order to meet air transportability require- 
ments, field erection is rsquired for the vapor container, 

2.1.14 Spent Fuel Storage 

Since the spent fuel must cool for a period of time prior to shipment 
the storage pit will be a distance from the vapor container to permit access for 
shipment of fuel without shutting down the plant, 

2.1.15 The plant is designed to meet what is understood ly Alco to be the 
presently acceptable hazards requirements of pressurized water nuclear power 
plants so that no delay in approval of such requirements is expected.     In 
addition, all necessary radiation monitoring devices for the safety of the per- 
formance is incorporated. 
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2.1.16    Consideration of Installation Under Snc*r 

2.1.16.1 Layout Approach 

The layout of the component packages will be such that the 
minimum piping and wiring runs are installed without sacrificing ease of oper- 
ation and mini-mum operating crew, 

2.1.16.2 Enclosures, 

The enclosures for the component packages will be supplied by 
others^ however, estimated heat losses are given hereui. 

2.1,1?   Ventilation 

The ventilation of the component packages and pipe enclosures to 
prevent heating of snow tunnels and freezing of lines during shutdown will be 
supplied ly others, 

3,0 Plant Arrangement 

3,1 Description 

The plant is designed for the placement of all component packages and inter- 
connecting piping and wiring in snow tunnels below the surface of the snow. 
All packages will be placed in tunnel« approximately 2U feet wide and 24 feet 
deep.      The tunnels will be covered with arched plates and a mininnin of snow back- 
fill.    Piping and wire-way tunnels between certain packages will be approximately 
6 feet wide by 10 feet high and at suitable elevations above the main tunnel 
floor to give conveneient access between main tunnels.    Where freezing of 
interconnecting pipe runs could take place during shutdown others will provide 
heated enclosures.     The foundations for the component packages will consist of 
hollow metal piles driven into the floor of the tunnels to a depth of approx- 
imately 30 feet.   The number and location of the piles is dependent on the weight 
distribution of the package skidsj, and the arrangement  of the piles is shown on 
drawing No. MD2S6.      The enclosures for the component packages will consist of 
insulated panels and roofs to protect and enclose the operating equipment.    The 
enclosures and the space between the enclosures and the tunnel walls will require 
ventilation to remove the heat losses from the equipment and piping.    The design 
of the enclosures and the ventilation requirements are not a part of this desiga 
analysis, but will be furnished ty others.     The anticipated differential settle- 
ment between packages is in the order of 0,1 to 0,2 inch per year. 

The piping is designed to accept this differential settlement by the use of 
expansion Joints and swivel type of fittings, as required by the particular serv- 
ice of the different pipe lines and by the change in direction and bends to pro- 
vide sufficient flexibility as in the case of the high pressure and temperature 
in the steam and feed water piping.     The settlement between packages, will be 
adjusted if required by jacking devices supplied by others placed between the 
pile caps and the underside of the skid supports, to maintain not more than 1 
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inch differential settlement  between packages.      Electrical wiring in cable 
trayj is inherently flexible,  and no special provision for differential settle- 
ment is required.      Piping between packages which must pass through the cold 
branch tunnels will be grouped, generally, in two levels,  to permit conpactness 
in overall space requirements, they are to be insulated and enclosed in its- 
ulated panels fomang a duct, through which heated air.   can be delivered to 
prevent freezing during shutdown periods.    During operation, heat from the hot 
lines will protect the adjacent unheated lines, 

3.2    Location of Packages 

The physical arrangement of the component packages was based on the 
following considerations:    first; maximum safety to operators and equipment, 
second; greatest convenience to the plant operators, and third; the most direct 
routing of the principle piping and electrical systems.    The principle equip- 
ment packages; namely, the primary containment vessel, the turbine generator,the 
condenser, the heat exchanger skid, and one unit of the air blast cooler, are 
arranged along the major axis of the plant.     The primary system vapor container 
is in a tunnel at one end ct the plant and separated from the secondary system by 
25 ft, of undisturbed anou which acts as a radiation shield.   Refer to Dwg.MOßKLl. 

The waste storage tank is located in a snow tunnel perpendicular to the 
vapor container with access provided from the vapor container tunnel and also 
from the tunnel containing the switchgear skid. 

A spent fuel tank outside of the vapor container is provided to store 
spent fuel elements and is located in a separate tunnel perpendicular to the 
vapor container tunnel.      Spent fuel elements will be moved by means of transfer 
casks from the reactor vessel to the spent fuel tank where they may be installed 
in a spent fuel shipping cask. 

The spent fuel elements can be removed and transferred to the spent fuel 
tank during plant shutdown and refueling,     After cool-down in the spent fuel 
tank they can be put in the spent fuel shipping cask without shutting the plant 
down. 

The turbine, condenser, and heat exchanger skids are arranged with their 
long axis on a common centerline for the most direct connection of their inter- 
connecting piping.     The turbine is at the end nearest the primaxy package for 
the shortest routing of the main steam piping.      The air blast cooler capacity 
requires that this equipment be divided into three units for shipping reasona. 
Ore section of the air blast cooler is located on the major axis beyond the 
heat exchanger package, and the other two section of the air blast cooler are 
located in separate tunnels perpendicular to the main tunnel and located one on 
each side of the main tunnel near the heat exchanger package.     This arrangement 
shortens the large size glycul solution piping since the main circulating pumps 
are on the heat exchanger skid and are connected to the main condenser on the 
adjacent condenser skid. 
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The arrangement of the air blast coolers in separate tunnels ijnproves the 
dependability of the plant? that is,, in the event of one snow tunnel around an 
air blast  cooler  collaps]ngr then operation can be continue on the other twc 
section? at somewnat  reduced capacity while repairs are being made.    Thus,  the 
collapse of a snow tunnel will not shut down the plant as mignt be the case if 
all coolers were placed in a single tunnel«      The feed water package and the 
switchgear packages aio placed in two separate snow tunnels  perpendicular to and 
on opposite sides of the n^n tunnel.      The feedwater package is placed convenien- 
tly for the branch piping from U".G  Lorbine and condenser, and also arranged tc 
permit, direct connections by branch  r.unnels of the piping between the feed water 
package and the primary equipment in the vapor container.      The switchgear package? 
arj placed in line with the generator fcr the shortest and most direct connection 
of the generator leads to the enclosed switchgear, and to simplify the arrangement 
of the low voltage power and control wiring between the motor control center the 
instrument panel,, and the various packages, 

4.0   Operating Data, Weight and Dimensional Data 

4,1   Plant Perfomance 

Thermal power developed in reactor 
Reactor Life 
Gross electrical power generated 
Electrical power required for auxiliaries 
Net electrical power delivered with ö" Hg 
back pressure at turbine generator 
Net electrical power delivered with 3" Hg 
back pressure at turbine generator. 
Steam applied fcr outside heating purposes 

4,2    Thermal Data cf Reactor at Full Power 

10 MW 
8 MW years 

2000 KW 
315 KW 
1685 KW 

1935 KW 

1 x 10   BTU/hr(Nct 
coincident with above 
values) 

Operating Pressure 
Design. Pressure 
Coolant fljw 
Coolant inlet temperature 
Coolant cutlet temperature 

1750 psia 
2000 psia 
4219 gpm 
5000F 
518.0F 

4,3   Steam GonerAtor 

Tube Side 
Operating Pressure 
Design Pressure 
Flow 
Inlet Temperature 
Outlet Temperature 

1750 psia 
2000 psia 
A219 gpm 
5180F 
5000F 
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Shell Side 
Operating Pressure 
Outlet Temperature 
Inlet Temperature 
Flew 
Blowdown 

4.4 Pressurizer 

Operating Pressure 
Design Pressure 
Design Temperature 
Number of Heaters 
Total heat output 
Steam volume      (cu.ft.) 
Water volume      (cu.ft.) 

4.5 Primaiy Coolant Pump 

Type 
Rated Flew 
Operating Head 
Suction temperature 

4.6 Primary Coolant Piping 

Type 

Size 

4.7 Vapor Container 

Design Pressure 
Material 

Operating Temperature 

4.8 Core Design 

Configuration 

Equivalent diameter-iu 
Active Core height-in 
Material content of core: 

U235   - Kg 
BW     -g« 
SS       -kg 

H20(680F)     -kg 

465 psia 
4630F 
306oF 
37055 #/hr 
400#/hr 

1750 psia 
2000 psia 
650oF 
20 
30 KW 
12.1 
5.9 

Canned Rotor 
4219 gpm 
42 't. 
500oF. 

304 Stainless 
steel, schedule 120 
10" Nan. 

240 psl 
Carbon steel 
GR-212 to SA-300 
1200P 

7x7 array - 3 elements 
in each comer missing 
20.16 
22 

18,49 
16.66 

172.10 
91.54 
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Stationary Fuel Element 

Type 
Number of Elements 
Plates/element 
Active length-in 
Clad thickness-in 
Meat  thickness 
Meat Width 

U233/element 0» 
wtc  B^/element   - gm 

Control Rod Fuel Elements 

Type 
Number of Elements 
Plates/element 
Active length-ln 

4.9   Shielding Design 

Design. Basis 
Access after shutdown - hr 

Dose in Control Console and Turbine 
Generator 

Skid, 0.1 x tolerance - mr/hr 

Primary Shield 
Type 

Number of Steel Rings 
Thickness -in 

Boral cladr thicimess-in 
Water annuiij thickness-in 
Dose rate 8 hr. after shutdown-mr/hr 
Dos«? rate during operation - R/hr 

APFR-l,Core II 
32 
18 
22 

0.005 
0.020 
2.500 

515.16 
0.464 

APIR-1, Core II 
5 
16 
21-1/8 

8 
0.1 

Similar to APIR~l(Concentric 
annul! of ILO and steel.    Steel 
ring clad on both sides with 
Boral.     Inner surface of 
shield tank and outer surface 
of Pressure Vessel support 
ring clad with Boral) 

4 
3-1/4 

1/8 
1-1/4 
50 mr/hr 
247 

Secondary Shield 
Type Snow 
Thickness -Ft. 25 

Dose Rate on Surface; 0.1 x tolerance-mr/hr 0.1 

Core Shielding 
Type Water 
Shutdown - days 1 
TMckness •- Ft. 11 
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Dose Rate - inr/hr 20 

Internal Flux Suppressor 
Material Europium Oxide 
Wt. of Eu/suppressor-gm 1 
Length-in 7/8 
thickness-'in 0.020 
vd.dth-in 2.281 

Clad thickness -in 0.00? 
Meat thickness- in 0.020 
Meat width-in 2.281 
wt.ü2^5/element •• gm 401.12 
wt.B^/element   - gm 0.362 

Control Rod Absorbers 

%r.m 
APFR-l.CoreltLcw CoSS 

56.4 
Absorber plates/Rod 4 
Travel - in 22 

Initial Reactivities - % 
Cold (öö^F) - no xenon 14.11 
Hot (5I20F)-no xenon 
Hot (5120F)-equillbrium xenon 

7.65 
5.15 

Initial Bank Position - inches from bottom 
Cold (6ö0F) - no xenon 5.0 
Hot (512^) - no xenon 9.7 
Hot (512^) - eqaillbri\m xenon 11,6 

Power - Peak to Average 
Hot  (SU0?) - no xenon 
O-MflCR 

Radial (center) 1.46 
Axial (center) 1.65 

8-MWyR 
Radial (center) 1.55 
AxLal (center)                      2-3ec 1.47 

Average Thermal Flujwieutrons/cm 

^ 
0 MWXR 1.67 x 
8 MWYR 2.33 x 10^ 

Expected Total Driergy Release - WIR 10 
Burnup : 10 MWIR 

Average Fuel - % 26 
Maximum Fuel - % 49 

Maximum Control Rod-JJ 27 

Temperature Coefficient -4 
Cold (680F) - 0F-1 -0.22 x 10, 
Hot (512 F) - ^-l -3.4 x 10— 
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Pressure Coefficient , 
Hct  (5120FS 1750 psia) - psi'1 /3.1 x lO"6 

Control Rod Wortn 
Five Rod Bank 

Cold (60QF) - % 19.9 
Hot (512 F) -% 19.5 

Center Rod   0 

Cold (68 F) -% 4.5 
Hot (5120F) -% 4.0 

Spent Fuel Transfer Casks 
Thickness -in 

Single element cask 10.1 
Four element cask 10,5 

Dose Rate on Surface of Cask - mr/hr       200 

Spent Fuel Shipping Cask 
Elements/cask 6 
Weight - Tons 10 
Thickness - in 10.5 
Dose Rate one meter from source - mr/hr     10 

Demineralizer Shielding 
Type APPR-1 

Shielding Material Lead 
Thickness (Radial) -in 3-11/16 
Thickness (Axial) -in 3-3/16 
Dose Rate 

Surface of Shield - mr/ hr 70 
One meter from source - mr/hr             10 

Waste Tank 
Active Source Primary coolant Normal 

Plant Waste 
Shield Thickness - in 

Steel (     n 7.9) 0,6 
Concrete (     w 2,4) 1.32 
Water (    « 1,0) 2,52 
Sncar (     » 0.'-95) 6,6 

Dose rate on surface of shield - mr/hr 500 
( Dose Rate on surface of APHW. 
( waste tank with Nomal Plant Waste only- mr/hr 20) 

Gamma Heating in Snow 
Surface of snow - Btu/Ft-' - hr 0.14 

R-3 
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4.10 Thermal Design 

Type of flow Uniform 
Inlet Temperature - 0F 5000F 
Outlet Temperature - 0F 517.6 
Maximum plate surface temperature -    F 610. 
Flow per fixed fuel element - gpm 98.5 
Flow per control rod fuel element - gpni 94.5 
Lattice flow - gpm 595 
Total core flTw - gpm 4219 

Fixed Fuel Element - Btu/hr-Ft 5 
Maximum operating heat flux 1.772 >: 106 
Bumout heat flux 1.263 x 10 
Maximum ratio of operating to burnout heat 0.1489 
flux 

Control rod Fuel Element-Btu/hr-Ft c 
Maximum operating heat flux 1.78 x 10^6 
Burnout heat flux 1.282 x 10 
Maximum ratio of operating to bumout heat 0*1474 
flux 
Maximum internal plate temperature - ^ 632.3 
Ratio of peak to average power 2.46 
Maximum stress in fuel elements - pei 22,490 
Temperature difference across reactor 46.9 
vessel wall - ^ 
Thermal stress in reactor vessel - psi 6600 
Thermal stress in thermal shield - psi 62,000 
Thermal stress in vessel flange - psi 7,470 
Thermal stress in outlet integral nozzle-psi 5,390 
Allowable thermal stress in vessel, flange, 8,750 
and nozzle - psi 
Total core pressure drops ■ control rod 5*07 
pressure drop - FT of H2O 
Pressure drop through fixed elements - 2.37 
FT of HgO 
Required fixed element orificing -FT of IU0 2.70 
Maximum pressure differential between fuel 0.03 
plates and lattice - psi 
Maximum allowable pressure differential between 3*0 
fuel plates and lattice - psi 

4.11 Weight and Dimensional Data of Major Items 

Turbine Generator 
Dimensions installed 26,-3n x 9I-1" x 

6i-4l,Hlgh 
Shipping Dimensions 

Turbine, gear and base IS'-lO^^lCx 
S^n-Higb 

Generator and base 13 »-8" xd,-10,,x6,-4" 

17 
High 
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Total Weight Installed 

Turbine, gear and base 
Generator ai.d base 
Auxiliaries 

Condenser Package 

Dimensions 

Weight 

Feedwater Package 

Dimensions 
Weight 

Heat Exchanger Package 

Dimensions 

Weight 

Air Blast Coolers 

Number Required 
Dimensions ea« 
Weight    ea. 

Switchgear Packages 

Control Panel Section 
Dimensions 
Weight 

Switchgear Section 

Dimensions 
Weight 

Primary Package 

Reactor Skid Section 
Dimensions 

Weight 

69000 lbs 

30000 lbs 
30000 lbs 
90000 lbs 

24«-3,,x8»-4-l/2wx 
9<-0"High 
28250 lbs 

27,-9"x9l-0" x9»-0l,Hi^i 
28900 lbs 

26«-9" x9,-0llxß,-10» 

High 
23250 lbs 

30«-0" x9'-0"x9«0" High 
25200 lbs. 

29l-Ö"x9,-0Mx9,-OMHigb 
25300 lbs 

14i_7«x9 •-0"a9,-0,,High 
23000 lbs 

12 • -2-l/2"x9 »-0,'x9 «-0" 
High 
28388 lbs 
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Steam Generator Skid Section 
Dimension 
Weight 

Primary Shield Rings 

Vapor Container 

Total weight, installed 
Dimensions installed 

As shipped condition 

Shell 
Heads 
Upper Shield Tank 

Spent Fuel Tank 

Total weight, installed 
Dimensions, installed 

Waste Storage Tank 

Weight 
Dimensions 

Fuel Transfer Conveyor 

Weight 

Spent Fuel Cask 

Shipping Casks   7 ea. 
Transfer Casks   2 ea. 

Interconnecting Piping 

Weight 
Shipping Packages 

Interconnecting Wiring 

Weicht 

Chemestry and Health 

Physics Packaged Lab, 

Total Estimated Number of 
Packages (excluding Spent 

fuel Casks) 

11 «-Ö-l/2"x9'-O"^'-CHign 
293A3 lbs 
?9000 lbs 

$3AOO lbs 
13» Dia. x ^'-S" lg. 

8 pcs 
4 pcs 
1 pc 

10000 lbs 
121 Dia. z20* High 

7100 lbs 
7« Dia x IB» long 

26,500 lbs 

17,800 lbs 
8,000 lbs 

60,000 lbs 
3 

12,000 lbs 

8,000 

23 
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Total Estimated Weight of 575,600 lbs. 
Equipment to be shipped 

5,0   Ethylene G*,   ;ol Diversion and Steam Extraction for Additional Heat 

5.1 Ethylene Glycol Diversion Provisions 

Insulatea tees and valves are provided in the design of the ethylene 
glycol loop to permit diversion to another heat  sink.    However, the location 
of the tees and valves would have to be changed from those shown on drawing 
M02M1 to permit  return of the glycol from this heat sink to a point in the 
system that will allow additional cooling, if required, before entry into the 
condenser.    This is shown schematically on the attached sketch AES-277.    This 
arran-eraent, of course, presumes that the alternate heat sink is a closed 
circuit heat exchanfer, the type of which is unknown at the present time.    It 
must be pointed out that the circulating pumps and their motors marked "A", 
as presently designed,  are sized to circulate the glycol solution through the 
main condenser, the air blast coolers, and their inter-connecting piping only. 
The diversion of the glycol solution to the alternate heat sink would in all 
probability increase the pumping head on the circulating pumps, because of the 
increased length of inter-connecting piping, and possibly a greater pressure 
drop through the heat sink, than through the air blast coolers.    Therefore, 
either booster pumps at "B" would be required, or the present pumps and their 
motors at "A" would have to be reselected for the greater head required.    With 
higher head pumps at "A", under normal operation with the air blast coolers, 
the excess head would require throttling to reduce the flow, with resultant 
operation at low pumping efficiency and excessive pumping horsepower. 

The air blast coolers as designed, place a section of auxilliary cooling 
surface on each cooler package, requiring two one-pass series arrangements, as 
indicated on one for the main condenser circuit the other for the auxiliary 
cooling circuit. 

5.2 Steam Extraction from Main Steam Header for Additional Heat 

Included in this design are the necessary reducing valves, isolation 
and by-pass valves and fittings, not intsr-connecting piping,  for supplying 
the government furnished closed heat exchanger with steam from the main steam 
line after the dryer; the drain from the heat exchanger being returned 
directly to the main condenser. 

Assuming a constant 10 megawatt reactor load and a constant condenser 
backpressure of 8 inches of mercury, the curve M02G2 shows the predicted 
diversion for any given gross or net generation.    With the turbine operating 
and holding its own auxiliaries, approximately 25,000 pounds of steam per 
hour could be diverted to the heat exchanger.    There would, of course, be no 
electrical power for the base at that time. 
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As this system is envisioned, there are several limitations that should 
be C' isidered: 

1. It would not be advisable to divert more than 60 percent to 70 percent 
of the steam to the heat exchanger for any extended period of time without 
special design of the equipment, due to the poor deaeration that could be 
expected at  loads below this point and consequent possibility of corrosion, 

2. It is expected that the load to the heat exchanger would be relatively 
constant wMV operating, and the load on the generator could be manually 
adjusted t^    --j..itain the 10 megawatt reactor output.    If this is not true, the 
turbine could be base loaded at some point where the total steam flow would not 
exceed the reactor capacity, or a pressure control added to the turbine to 
maintain a constant inlet steam pressure, which is a function of the reactor 
load. 

While it is shown on the curve that the maximum steam that could be diverted 
would be 31,500 pounds per hour when the turbine is not operating, there is an 
even more serious deaeration problem should this be attempted, and it would be 
necessary to supply approximately 200 kilowatts auxiliary power to the plant at 
this time. 

7,0   Plan for Installation of the Plant at a Site 

The installation plan which is herein outlined assumes that all snow 
trenches will have been dug by the Government and supporting piers and founda- 
tions for modules are installed by the Government. 

In order to expedite the installation of the turbine generator, condenser 
heat exchanger and air blast cooler modules (refer to Drawing M02MI1) it would 
be desirable to have the foundation pad for these modules in the main tunnel« 
installed as one continuous structure or with bridging between foundations such 
that the turbine generator can be skidded from the transporting sled on to the 
foundation and then skidded along the foundation pad to its installed position 
at the end of the tunnel.   This same procedure would be used for the condenser, 
heat exchanger and air blast cooler modules. 

This procedure will allow these modules to be inst \lled in a minimum of 
time without having to wait for supporting piers and foundations to be installed 
before the individual modules can be installed in the main tunnel. 

In order to utilize the installation crew to the maximum effort, it will 
be necessary to have sufficient hauling equipment and crews to install at least 
three modules siniultaneously. 

The sequence of module installation will be as follows so that alignment, 
pipe fitting, electrical and ccher personnel can proceed immediately after 
installation on their phase of the work. 
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1. Three hauling and rigging crews will install simultaneously the 
♦ turbine generator module, feedwater and switch gear modules.    Immedi- 

ately after installation the turbine generator sections will be 
leveled;,  aligned and fastened together after which alignment of couplings 
and final alignment can be followed through. 

2. The condenser,  heat  exchanger and air blast cooler modules in the 
main tunnel will be hauled into position immediately after the turbine 
generator sections have been set in position.    The hauling and rigging 
crew which installed the turbine generator will be utilized for thess 
modules. 

3. The hauling and rigging crew which installed the feedwater package 
will then bring in the air blast cooler package in the side tunnel. 

4. The third air blast cooler in the other side tunnel will be installed 
by the rigging crew which installed the switchgear packages. 

^ 5.   After completing their work in (3) above this rigging crew will begin 
the assembly of the vapor container. 

6. The installation of module inclosures can be initiated after the 
modules are installed in position.    After final placing of secondary 
packages the exhaust stacks for the air blast coolers can be installed, 

■ It is assumed that the trenches for the air blast coolers will be left 
P " open; that is without roofs, until the exhaust stacks have been set in 

place. 

This can be done with a mobile crane having at least a AO ft, 
beam.    If a mobile crane is not available, this can be performed 
with a gin-pole rig constructed of timbers.    After the exhaust 
stacks are placed then the enclosing sheet metal housing can be 
placed with the same lifting rig and the roof construction can be 
completed, 

7. The installation of prefabricated piping, wiring and necessary 
supports and enclosures for secondary system piping can be initiated 
after Step 1 and during Step 2 above, 

8. The vapor container erection procedures are listed below.   In order 
to handle, ship and erect the vapor container at a remote site, it 
will be necessary to fabricate the vessel so that shipping limitations 
are met for air transport regarding weight and size of packages. 
Total weight of the vapor container is 83,A00#. 

To meet the shipping requirements the vessel will be fabricated 
in 12 pieces and each piece clearly match-marked for each of erection 
and weights clearly shown on each piece.    All pieces have weld bevels 
and bolted angle clips for fitup and erection before welding.   The 
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lower 100° segment pieces will be shipped with I-beam supports for 
ease of erection.    The top segment will be a 90° piece and the two 
intermediate segments will be 85° pieces.    The two elliptical heads 
will be shipped in two pieces each, 

A cat crane of 15 ton capacity or some other lifting rig of 
equal capacity will be required to erect the vapor container pieces 
and can be utilized in handling other components of the plant during 
erection. 

Vapor Container Erection Procedure (Refer to AES-267, Vapor Container 
Field Erection Procedure) _________________«___________ 

a. Piece #1 will be rolled into place on base, 

b. Piece #2 will be rolled into place and butted to Piece #1, 

c. Align the above pieces, secure to base and bolt sections together« 

d. Pieces #3 and #4 opposite side will be installed using guide clips 
for fitting and aligning and angle supports must be used to retain 
pieces in place.    Bolt sections together using angle clips as shown 
on Sketch #AES-267, 

e. Pieces #5 and #6 opposite side will be installed using same procedure 
as in Item #4 above, 

f. The two parts of the access head will be welded together before 
installing on V.C. and the same will be done with the rear elliptical 
head. 

g. The top 90° section of V.C. will be installed and secured for welding. 

h.   Rear elliptical head will be installed, fitted and secured for welding. 

i.    Access h-ad will be installed, fitted and secured. 

j.    Vessel shall be welded in accordance with ASMS Code for Unfired Pressure 
vessels, 

k.    All welds shall be 100^ radiographed, 

1.    A helium leak test will be placed on vessel in accordance with test 
procedures and will be done after primary module installation in the 
vapor container has been completed. 

After the vapor container erection has been completed with the 
exception of the one elliptical head for module entry, the primary 
system package sections will be installed.    The steam generator skid 
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section will be skidded into position into the vapor container first. 
The reactor skid section with the primary shield rings installed in 
the shield tank will then be pulled into the vapor container.    The bases 
of each section will be fastened and piping assembled at the flanged 
joints. 

The upper shield tank will be installed on the vapor container 
and elliptical entry head welded into position to complete the vapor 
container structure, 

9.    Piping and wiring between the primary and secondary systems can be 
installed after the vapor container is completed.    At this time, all 
piping and wiring inside the vapor container leading to penetrations 
on the elliptical head can be completed, 

10.    After completing the rigging work on the vapor container, the installa- 
tion of the waste storage tank, spent fuel tank and spent conveying 
system can be done. 

Erection Man Hours, Time. Equipnent and Materials Required 

It is estimated that approximately 10/^86 man hours will be required 
for the installation of the plant.    On the basis of using a total of 34 
men as a minimum for the installation crew, 291 hours will be required 
for plant erection.    Assuming a 10 hour day, 6 day work week for the 
installation of this plant the total installation time will be approximately 
5 weeks which will meet the specified installation time of 6 weeks maximum, 

A breakdown of equipment and material required for installation of the 
plant is as follows: 

Equipment required for erection of plant at the site 
Erection equipnent required for primary and secondary system 
4 - 300 amp. welding machines Full period 
1 - Air compressor 315 CFM " n 

1 - Air hoist " " 
1 - 15 KW portable light plant " " 
1 - 1/2" to 2" pipe machine " " 
1 - D-4 Cat w/winch & dosn, " " 
2 - 2-ton chain hoists 
1 - 1-ton chain hoist 
Misc. tools, Jacks 
Misc. Lumber (Cribbing) 
Cat. Crane 15-Ton capacity 1 month 
Misc. Angle 2", 3", 4" radom to 20«-0" 
Torches and burning equipment 
Trades and hours required for erection of plant at the site 
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M«H» 

2 - Millrights 648 
8 - Riggers 2452 

10 - Pipefitters (4 welding pipefitters) 2744 
6 - Electricians 1928 
6 - Laborers 1920 
2 - Hoisting engineers 5A4 

34    Men Total 10,486 

A breakdown by trades and hours which will be required for installation 
is tabulated on the following page. 

8.0   Plan of operation of the installed plant including number and 
qualifications of the operating personnel required 

The following personnel are estimated as being required for the operation 
of the installed plant. 

1. 
o 

3. 
4. 
5. 
6. 
7. 

Plant Superintendent 
Shift Engineers (Plant Superintendent will handle day shift) 
Operator (Reactor Console) 
Mechanic 
Instrment Technician 
Process Control (Health Physics and Chemistry) 
Power Plant Electrician 

each 
each 
each 
each 

1 each 
1 each 
1 each 

1 
3 
4 
1 

The above will comprise the complete operating crew and should be set up by 
shifts as tabulated below: 

Shift flL 

Plant Supt.-Shift Engr. 
Operator (Reactor) 
Turbine Operator 
Instrument Technician 
Process Control 

(Health Phy. & Chem.) 
Power Plant Electrician 
Mechanic 

Shift §2 

Shift Engineer 
Operator 
Turbine Operator 

Shift #3 

Shift Engineer 
Operator 
Turbine Operator 

#4 Relief 

Shift Engineer 
Operator 
Turbine Operator 

The duties of each of the members of the operating crew are tabulated below: 

Personnel Duties 

Plant Superintendent 
Shift Engineers 
Operators (Reactor) 
Turbine Operator 

Overall plant responsibility 
Supervision of Shift personnel and plant operation 
Console Operator - under shift engineer 
Responsible for turbine and misc. turbine equip- 
ment operation 
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Personnel 

Instrument Technician 
Process Control 
(Health Phy, & Chem.) 

Power Plant Electrician 

Mechanic 

Duties 

Responsible for Inst. Control and on call status 
Responsible for Health Physics and Water Chem, 
and on-call status 
Responsible for all power plant electrical equip- 
ment and on-call status 
Responsible for maintenance of all mechanical 
equipment. 

While it is perfectly possible for two men to operate the plant under normal 
conditions which should prevail the bulk of the time,, we would recommend that 
three men be on duty at all timesj  namelyj  shift engineer,   console operator, and 
roving operator.    The shift supervisor would be able to relieve either of the 
others and be available to act and assist during periods of emergency operation. 
During the day when trained maintenance people and the plant superintendent are 
around,,  this third man might not be necessary. 

The shift supervisor should be more experienced than the control operator, 
but both should be well trained in the operation of the equipment involved. 
Both should be capable of rapid interpretation of data and capable of making 
decisions under emergency stress. 

The roving operator need not be so highly skilled, but should understand 
the equipment and carry out such tasks as regeneration and checking of deminer- 
alizer,  operate the oil purifier,, and operate the valves and equipment.    He 
should be capable of being trained for control operator. 

The qualifications of the operating personnel are listed as follows: 

Personnel Qualifications 

Plant Superintendent- 
Shift Engineers (4) 
Electrical Supervisor 
Instrument Supervisor 
Electrical Technicians (2) 
Instrument Technicians (2) 
Process Control 

Mechanical and Nuclear Engineering 
Power Plant and Nuclear Plant Training 
Electrical Engineering 
Electrical, Electronic or Mechanical Engineerini 
Electronics and Electrical Training 
Electronics and Electrical Training 
Health Physics and Chemical Engineering 

9.0   Plant Relocation Following Extended Power Operation 

The relocation of the plant can be accomplished without severe difficulty as 
far as the secondary system is concerned. The primary system will require specie 
equipment and handling procedures for the relocation. 
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In order to relocate the primary system a s proposed;  either of two types of 
sleds must be available: 

(1) One which is capable of carrying 120,000 lbs, or 
(2) Two sleds which are capable of carrying 60,000 lbs. with special 

rigging which will carry the primary system sections as proposed 
to be relocated.    The purpose of the rigging being to distribute 
120,000 lb, weight over the two sleds, so that a 30 ton sled must 
be available to do this. 

Plans for relocation of the plant following extended power operation to a site 
approximately 250 yards from initial site will require about the same numbers 
in man-power, vehicles, equipment, etc, as were required for the initial 
installation. 

The procedure for handling modules and relocating to the new site will 
be the installation procedure in reverse with the exception of the Primary 
System Module which will require special attention and will be clearly ex- 
plained later as a separate item. 

The new site trenches and module foundations shall be completed before 
disassembly of plant.   Hauling vehicles, transport sleds, hoisting equipment, 
manpower, and other miscellaneous materials and equipment shall be at the 
disassembly site. 

Disassembly and transporting packages to a new location will take place 
simultaneously.    Four pipefitting crews of four men each will start disassembly 
of interconnecting piping and clearly indexing same for re-erection.    Two 
rigging crews of six men each plus two vehicles and four sled crews will remove 
packages as they are disconnected.    On the short distant change of location it 
may be possible to extend trench to new location without surfacing in the case 
of the main power plant trench which contains one air blast cooler, heat ex- 
changer package, condenser package, turbine generator package could be handled 
below the surface to their new location and be in the proper sequence of erection. 

The remaining packages, the two air blast coolers, the feedwater and 
switchgear and control packages would have to be surfaced and handled in the 
manner of original installation. 

In order to relocate the primary system and stay within safe radiation 
limits a partition plate will be installed in the vapor container during the 
initial plant installation.    This partition plate is shown on Sketch AES-274 
and will contain a two foot thickness of water to reduce the radiation to 
safe levels during plant relocation.    It is proposed to cut the vapor container 
around its circumference at the mid-point or parting point of the primary skid 
and also remove the elliptical head of the vapor container at the reactor vessel 
end.    Before removing this head, the shielding water at this end of vapor con- 
tainer will be drained except for the 2 foot thickness of water required for 
shielding during relocation. 
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Fuel elements will be removed from the core and placed in the spent 
fuel tank. 

The upper shield tank will be drained and removed from the /apor 
container. 

The reactor skid section will be disconnected from the steam generator 
skid section.    The shielding water in the shield tank will remain in place 
for shielding purposes. 

After separating the primary reactor skid from the steam generator skid, 
the complete segment of the vapor container and reactor skid will be skidded 
on to the transporting sled or rig, whichever is available. 

The breakdown of weights for this portion of the primary system will be 
as follows: 

Vapor Container Segment -   42,000 lbs. 
Shield Rings 30,000 
Reactor and Skid 30,000 
Shield Water 18.000 

Total 120,000 lbs. 

The same sled or rig will be used for the steam generator section of 
the primary skid and its portion of the vapor which has a total weight of 
approximately 70,000 lbs. 

The two vapor container half sections including skids will be installed 
on the new bases aligned, bolted and rewelded.    The upper shield tank will be 
rebolted to the vapor container.    After the vapor container is welded, the skid 
sections will be aligned, bolted and leveled and the vapor container will be 
helium leak tested as in initial installation. 

For relocating the plant in excess of 25 miles the same procedure will 
be required as used in the short haul with the following exceptions: 

1. This plan will require sufficient sleds to handle all packages 
so that lags will be prevented in case of an exceptionally long haul« 

2. Packages will be securely tied down on sleds and equipment, protected 
from the weather using 

The breakdown of men, materials, vehicles, equipment, and time 
required in each case are as follows: 
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Personnel 

Riggers 
Pipe fitters 
Electricians 
Mechanics 
Welders 
Welders Helpers 

No, 

12 
16 

6 
4 
2 
2 

Equipment 

15-ton capacity cat.crane and crew 
3 - 305,000 # capacity sleds 
2 - 60,000 # capacity sleds 
2 - Cat, tractors for hauling sleds 
4 - 10-ton hydraulic Jacks 
Misc. lumber (cribbing) 
Misc. pipe for rollers 
2-300 Amp Welding machines,, gasoline driven 
D-4 Cat. w/winch^, doser and F.E.L.  for utility 
2 ~ Handi-crane 6000# cap. with 20' ext. boom 
Air compressor - gasoline driven, 300 CPM 
Tugger hoist -air driven 
Misc. shop equipment and small tools 
Acetylene cutting equipment^ torches, hose, etc. 
Acetylene gas supply 
Oxygen supply 
1 - 15 KW Portable lighting plant 
1 - Pipe cutting and threading machine 1/2" to 2" 
Chain hoists 1 and 2 ton capacity 

Time Required 

5 weeks 
6 weeks 
6 weeks 
6 weeks 
4 weeks 
4 weeks 

Time Required 

6 weeks 
5 weeks 
1 week 
5 weeks 
6 weeks 

6 weeks 
6 weeks 
6 weeks 
4 weeks 
6 weeks 

6 weeks 

3 months 
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10.0   Testing of Plant 

The follwing tests are proposed to be performed by Alco Products Inc., 
and/or other manufacturer's supplying equipment to Alco for the Plant« 

1. Individual item test. 
2. Components and Assemblies Test 
3. Plant Factory System Test 
k*    Low and High Power Performance Test 
5» Plant Performance Test 

Tests 1, 2 and 3 will be performed directly after manufacture and assembly 
and prior to shipment to a Site« 

Tests k and 3 will be performed under Alco Products, Inc. supervision, 
after installation of the plant at a Site« 

The following outline basically covers the testing to be made since the 
specific details covering the testing requirements and procedures to be followed, 
and how the testing is to be accomplished, will be developed by Alco Products, 
Inc. and submitted to the Government for review and approval prior to the execu- 
tion of the proposed tests as outlined in this proposal« These test procedures 
will be submitted as specified not later than one month prior to factory testing 
and by April, I960 for on-site testing« 

10.1 Individual Item Tests 

Alco Products, Inc. will be responsible and provide to the Government 
for Alco fabricated items and where required from other suppliers to Alco Products, 
as follows: 

ASME certificates for pressure vessels and code stamps. 
Calibration curves for instruments, gauges and meters« 
Performance curves and test results on pumps. 
Rating curves and test results on the turbine generator« 
Test results of cladding material« 
Core flow and orificing test results« 
Performance Test on Control Rod Drives« 
Fuel Element Tests« 

The testing of components will be performed as required by Alco Products 
for Alco fabricated components and by other manufacturer's for components purchased 
by Alco, pxlor to assembly on modules to demonstrate their functional integrity« 

Components and Assemblies Test 

Following fabrication and individual item testing, these items will be assem- 
bled on the plant modules and subjected to subassembly tests outlined as follows: 
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1. Inspection of mountings and supports for equipment on the modules to 
preclude damage due to vibration and insure proper securemento 

2. Valves and shutoff controls associated with pressure vessels and their 
piping will be tested for functional operation and leakageo 

3. Primary system will be helium leak tested. 

Uo   Hydrostatic test will be performed on the assembled primary system module 
in accordance with applicable codes to insure integrity of the primary 
system piping and connections. 

5. Leakage of fluid from the primary system will be checked far excessive 
amounts beyond design conditions, 

6. Rotating machinery_„ pumps, motors will be tested for proper rotation, 
operation and excessive vibration« 

10,2   Plant Factory System Test 

Prior to preparation for shipment, the secondary system modules will 
be tested in the assembled configuration.    The primary system will be checked and 
tested separately. 

The plant modules will be assembled in the overall configuration as 
shown on drawing M02M12 with the exception of the primary system and waste tank 
which are at elevations of 20 ft, and 2h fto respectively below the secondary 
system as shown on drawing M02M12o   The piping between the primary and secondary 
system will be assembled and checked for fit up and coding. 

It is proposed to test the primary and secondary system separately« 
The secondary system  /ill be supplied with steam from an external source and 
checked for integrity., operation and performance. 

The secondary system modules including the air blast coolers and piping 
will be placed as shown in Dwg. M02M12 and all prefabricated interconnecting 
piping and wiring installed to check proper fitup, coding and integrity« 

The primary st -am generator skid and reactor skid sections will be 
assembled and bolted togeW-r and tested for integrity and operation using a 
dummy core. 

An external steam source will be utilized to supply steam to the second- 
ary system, at the design flow and pressure« 

The physical integrity pf the piping and vessels will be checked when 
simulating operating temperature pressure and flow conditions on the primary system 
and to check instruments, controls pumps and pressuriaer heating elements, control 
rod drives and insure that all modules are stable and free from excessive vibration. 
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The capability of the system to deliver the required amount of electr- 
ical power within the required quality limits shall be checked« 

Readings on all necessary flows, temperatures and other instruments 
will be made to record operating conditions such that a heat balance can be calcu- 
lated. 

An outline of the proposed plant factory test is given as follows: 

Test Procedure 

A helium leak test followed by a hydrostatic test will be performed on 
primary system in accordance to the specified requirements* Flanges and heads 
will be checked for leaks at this time« To attain operating temperatura on the 
primary system, steam from an external steam generator will be introduced into 
the secondary side of the steam generator« 

The main steam line, boiler feed and all other piping from steam generator 
will be blanked off or valved off during this heating-up period* Primary pump 
will be started, rotation checked and circulation established to pick up the heat 
being released in the secondary side (tubes) of steam generator« 

Pressure will be brought up on primary loop by placing the heating elements 
into operation in the pressurizer and controlled at 1750 psi. Temperature of the 
primary circulating water will be raised at a rate of $0 F per hour maximum, until 
operating tenperature of 520 F is attained and held at that point until a satis- 
factory inspection has been made of the entire primary system« 

The control rod drives will be operated at operating temperature to check 
out rod drops, controls, wiring, clutch operation, etc« Primary system instru- 
aentation will be checked during flushing and cleanup. Final check of the non- 
nuclear instrumentation will be made during operational test« 

Secondary System Test 

All the pressure piping of the secondary system will be hydrostatically 
tested upon completion of erection in conformance with A.S.A. code for pressure 
piping* This test shall be performed on each set of lines to a pressure conform- 
ing to A.S.A. code and of sufficient duration to make satisfactory inspection 
of all Joints for leakage* A complete set of marked piping prints shall consti - 
tuts record of the leak tightness of the secondary system* 

Secondary system instrumentation will be checked and tested during erection, 
and during flush out and clean-up. Final checks and adjustments will be mad« 
during the initial phases of the operating test at Dunkirk« 

Primary System 

The items listed below will be checked during electrical check out« Operat- 
ional checks i*e*, rotation, vibration overheating and design conditions check 
will be made during operation test« 
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P.C« Punp 

PoG, Makeup Pump 

Seal Leakage Pun?) 

Rod Drive Motors 

Motor Operated Blowdown ^alve 

Spent Fuel Pit Recirculating Punp 

Heating Procedure to Simulate Operating Press. & Temp» 

1. At this time the primary system will be completely filled with clean 
demineralized water with reduced oxygen content« All pumps will be 
off and all valves on the primary system will be closed* 

2. The external steam jenny will be put into operation and brought up to 
pressure« 

3* Pressurize the primary system to a minimum of 50 psig by means of P.C 
makeup pump« Regulate pressure by adjusting makeup and blowdown« 

U»    Start up PeC« pump. 

5« Start pressurizer heaters as required to raise pressurizer temperature 
at a rate of 50 F/hr« 

6« Introduce steam to the secondary side of the steam generator« Start 
at a very low rate and gradually increase flow until beating rate 
reached 50 F./hr« Keep the primary system temperature at least 20 F 
below the pressurizer temperature« 

7« Throttle the valve in the blowdown jumper line to control condensate 
flow from the steam generator« 

So When the temperature of the water in the pressurizer reaches saturation 
temperature n steam will form and water will be displaced in the press- 
urizer« While this is taking place the blowdown rate will have to be 
increased and/or the makeup rate reduced to maintain a constant pressure 
in the system. 

9. When the pressurizer water level reaches normal operating level, put the 
P.C. make-up pump on automatic control« 

10. The primary system pressure will now start to rise and blowdown should 
be reduced to a minimum. 

11. Continue heating until normal operating temperature and pressure is 
reached« 

P-42 37 



12. Manually control pressurizer heaters and raise primary system pressure 
to 2000 psig and check safety valve operation. 

13. Reduce system pressure to normal operating pressure (1750#) and operate 
at design conditions for specified time. 

U;.   Shutdown the pressurizer heaters and the external steam source« 

Cool the Primary System 

1. Start boiler feed pump, 

2. Gradually admit water to steam generator until normal operating level 
is reached. 

3. Put steam generator level control into operation« 

U. Gradually open steam hand valve to the evaporator« Control the steam 
flow to lower the temperature of the primary system at a maxlmm rate 
of 50 F per hour« 

5« When primary system pressure drops to 50 psig put the pressurizer level 
control on hand operation and maintain a minimum of 50 psig pressure on 
the system by means of the P.O. makeup pump« 

6.   As system teiqperature approaches 212 F the cooling rate will drop« 
Additional cooling may be attained by blowing down the primary and/or 
secondary system«   When blowing down the primary system the blowdown 
cooler must be used* 

7«   When desired cooling has been attained shut down the various systems in 
reverse of startup.   Drain and dry system.    Prepare for loading and 
shipping« 

10 «3   Low and High Power Performance Test at the Site 

Prior to pressurizing the primary system, the vapor container shall be 
tested for leakage rates with a helium mass spectrometer to insure that leakage 
rates are not exceeded« 

Core loading and unloading procedures and transfer of fuel elements 
in transfer casks shall be test demonstrated« 

The low and high power testing will Include the following: 

1.   Each control rod shall be calibrated over Its entire length with various 
settings of other control rods utilizing sufficient combinations of rod 
settings to determine all significant control rod effects« 

2«   Individual rod scram will be checked with coolant flow in the core at the 
design conditions« 
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3o   Rod calibration shall be penarmeci at temperatures from ambient to 
design level. 

ho    The temperature and pressure coefficients of reactivity will be measured 
at several points ranging from room temperature to design operating 
temperature while the primary coolant temperature is raised at approx- 
imately 30 i*1 per hour« 

So    Safe plant shutdown shall be tested according to tne approved stuck rod 
criteria. 

60    Tests and calibrations oi' process control instruments and radiation 
monitors will be made to insure proper operation and accuracy for safe 
plant operation» 

7.    Control mechanisms and circuits will be checked and tested for reliable 
operation» 

All instrumentation will be inspected and tested for proper installation and 
connection.    Check lists will be furnished to the government covering instrumen- 
tation calibration and performance check out indicating that each instrument and 
instrumentation system has met performance test recommended by the manufacturer. 

Instrument calibration shall include the followings 

a;    Cuntinuity and signal test of all detecting components, recording circuits 
and control circuits will be made after installation. 

b) Signals simulating high flux levels and short periods will be applied to 
trip circuits to insure approved design responseo 

c) Moaule radiation detectors will be tested and calibrated by means of 
standard radiation sources* 

d) All failures that relate to safety of the operating system will be indu- 
ced and response checked against design requirements. 

e) All control rod elements shall be loaded into the reactor vessel and 
filled with water at design temperature and pressure and the action 
of all control rod elements shall be initiated singly and in bank to 
indicate freedom from binding« 

10,ii   Plant Performance Test at the Site 

The plant performance test will include the following items s 

1.   The ability of the plant to deliver a minimum of 1500 KW electrical 
power t.depending on existing camp loads at the time) at the design 
conditions. 

a) The procedures for shifting and dividing of electrical and steam 
loads between tne nuclear plant and the camp standby power shall 
be demonstrated. 
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2. Demonstration test of the radiation monitoring system will be made for 
proper operation during full load operation of tne reactcr. Three 
radiation surveys of the entire camp will be made» 

3, Leakage rates of the primary and secondary systems shall be made to 
insure limitations within the design conditions. 

U» Chemical analysis of the primary and secondary system water will be 
made to check impurity content within the design conditions. 

5. Decay heat removal from the primary system following loss of power 
without bulk boiling of the primary system coolant will be checked. 

6. Temperature of the tunnel walls shall be monitored to show that, gamma 
heating does not exceed specified levels. 

7. An endurance test shall be performed for UüO hours with less than 2k 
hours total planned and unplanned downtime and will include one 96 hour 
uninterrupted run with existing camp loads. 

The construction progress schedule on the following page indicates manpower 
requirements and time requirements for erection and testing at the site. 

11.0 Testing (In Service and Developmental) 

11.1 Fuel Elements 

The stationary fuel elements for this core will be identical to those 
in APPR-1 except for end boxes. These stainless steel plate type fuel elements 
have an excellent performance record both in in-pile and reactor operation. 

Irradiation Tests - Irradiation tests performed In conjunction with 
APPR--1 Core I consisted of both small sized samples and full sized elements. Test 
variations in the small sized saiqples included matrix material, type of oxide, 
amount or reduction, oxide particle size, oxide and burnable poison contents, 
clad-core-clad proportions and amount of burnup. In brief, all samples showed 
no structural failures, even at burnups as high as ST% ü235# Matrix hardening 
was evident, with the effect increasing as particle size decreased. In no case, 
however, was the hardening sufficient to cause structural failure. All snail 
sized samples were exposed at WR  tenperature. 

A full sized fuel element exposed to an estimated 25>»UO£ U^* burnup 
at MIR temperature showed no evidence of structural failure. 

Another full sized element was exposed in the SIR core at Arco. How- 
ever, this element received only about 356 1)235 burnup before removal from the 
core. No metallurgical examination has been made, but visual Inspection revealed 
no sign of any defect* 

Reactor Operation - The AFFR-1 has been in operation since April, 1957* 
The fuel plates in this core consist of about 26 weight % of fully enriched UOg 
and a small amount of BrC as a burnable poison dispersed in a stainless steel 
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matrix and clad with stainless steel«    The fuel plates are brazed into side 
plates and end boxes or handles attached to form the fuel elements»    To date, 
average U235 burnup is about 22$ and maximum U235 is in the vicinity of 3S%, 
No evidence of malfunction has been found. 

Other reactors have been operated with stainless steel plate type 
elements of about the same UO2 content.    These elements j however5  are formed by 
welding the fuel plates to two side plates.    Bic fuel plates T»ere made by a 
commercial fuel element manufacturer.    Operation of tnese fuel elements is 
reported as very satisfactory. 

Further Development Work On Stainless Steel Plate Type Cores - 
Development work on the APPR-1 Core II has recently been completed at CRNL,    Core 
II elements will also be clad with stainless steel.    Integral flux suppressors 
will be used in the control rod fuel elements to minimize flux peaking. APPR-la 
Core I will also employ stainless steel fuel elements similar to the APPR-1 
elements.    It is evident that considerable confidence is placed in stainless 
steel plate type fuel elements of the APPR-1 type. 

Status of Stainless Steel Plate Type Fuel Elements - 
The extensive research;, development and production experience gained from the 
APPR-1 Core I fuel element program is readily available.   No further development 
work will be required for a similar core, except that normally expected due to 
changes in vendor, method of assembly, etc.   The pre-packaged reactor core has 
been designed within the limits of APPR-1 experience.    The extensive irradiation 
tests usually required for a new core design thus can be safely eliminated.   The 
only significant difference in fuel plates is the incorporation of integral flux 
suppressors in the control rod fuel element plates. 

A development program on integral flux suppressors and dispersions of 
£u203 l" stainless steels for APPR-1 Core II has been completed at CRNL,   APPR-1 
Core II fuel elements will be fabricated in approximately 3 months.   It is evident 
that the necessary experience in manufacturing control rod fuel elements with 
integral EU2O3 flux suppressors will be available for the pre-packaged core.   A 
considerable amount of irradiation experience in the APPR-1 on these fuel elements 
will also be available before operation of the proposed plant* 

Alco recommends a welded rather than a brazed fuel element for this 
core.    The advantages of welded fuel element construction are significant.    The 
elimination of braze metal removes the alwasy present possibility of contamina- 
tion with high neutron absorbing elements.   The possibility of galvanic    effects, 
peeling^ etc. arising from the use of a different material is eliminated.    The 
fuel plates can have considerably higher strength-, since dead soft fuel plates 
are not required.   Fuel element cost can be reduced.    The possibility of re- 
jection of fuel elements in assembly operations will be reduced.    Other advan- 
tages include less dead material resulting from the use of thinner side plates 
and a faster production rate. 

Alco Products, Inc. has conducted a development program on welded fuel 
elements.    Several different welding designs have been investigated, and two 
very promising designs have resulted.    In both cases, a reduced thickness side 
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plate is used. Welding is performed by a mechanized tungsten electrode inert 
gas shielded set--up. No filler metal is added., thus eliminating compatibility« 
Results of this program are most encouraging o Distortion has been held within 
established toleranceso 

Further development work will be limited to that normally required by 
the introduction of a new fabrication method, and will require only relatively 
small expenditures in time and cost and will not delay the completion of the 
subject core. 

11 o2 Absorbers and Absorber Materials 

11.2.1 Boron 

The APPR--1 Core I utilizes B^ as the absorbing material in 
the form of a dispersion in iron clad with stainless steel. Content of B^-0 in 
tne iron matrix is about 3*'lA weight %, 

Performance of these absorbers to date has been entirely satisfactory« 
However., the results of other irradiation programs indicate the possibility of 
future difficulty in operation.   Irradiations of small sized samples and of one 
full sized sample have been at low ambient temperatures«   Post-irradiation heat 
treatments have been applied to unblistered samples in order to obtain some simu- 
lation of reactor temperature conditions« 

Samples with about 30-35$ actual B^-0 burnup blistered and swelled 
severely in-pile.   Samples with about 9 - 17$ B**' burnup blistered to some extant 
after short heat treatments at 500° « 600° F«   Samples with burnups of about k% 
maximum shoved no blistering after heat treatments as long as 312 hours«    These 
tests indicate that blistering and swelling of such nature as to cause control 
rod malfunction might occur at some B^O burnup between k and 17$«    Since B^O 
burnup in the pre-packaged reactor core is expected to be considerably in excess 
of h,%:  tne use of B^ as the absorbing material is not recommended« 

11.2.2 Europium Oxide 

APPR-1 Core 11 will use europium oxide as an absorber material 
dispersed in stainless steel (elemental powders) and clad witn stainless steel« 
Content will be 33 weight %.   Reactor performance is expected to be completely 
satisfactory on the basis of work to date« 

Irradiation tests have been performed by KAPL on 25 and 30 weight % 
europium oxide extrusions. No difficulties were found in fabrication. Bend 
tests before and after irradiation indicated about a 2/3 reduction in ductility« 

In development work in connection with APPR-1 Core II absorbers^ ORNL 
experienced reactions of EU2O3 with the matrix during hot working operations» 
These reactions were traced to silicon present in the matrix material« It has 
been found that maintaining the silicon content of the matrix powers at a very 
low level will eliminate this reaction« 
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Metallographic studies of KAPL sanples after irradiation and CRNL 
reacted samples after fabrication indicate similar effects«   KAPL dispersions 
were subjected to a lower working temperature for much shorter periods of time 
than the CRNL samples.   Since the reaction is undoubtedly time-temperature de- 
pendent, the difference in as-fabricated results is understandable» 

The loss in ductility of the KAPL samples is thus indicated to be a 
delayed europium oxide-silicon reaction occuring in-pile rather than in fabrica- 
tion.    Consequently, it is believed that dispersions of europium oxide with matrix 
silicon content low enough to prevent reaction during absorber plate hot working 
operations will not suffer a significant loss in ductility during irradiation. 
Satisfactory operation is thus expected for absorbers consisting of europium 
oxide dispersions in stainless steel clad with stainless steel made with proper 
matrix material and low silicon content* 

The absorbers proposed for this core will be identical to APPR-1 Core 
11 absorbers containing 33 weight % europium oxide in low silicon elemental stain- 
less steel powder dispersions clad with stainless steel.    The absorber section 
will be composed of four hot rolled plates welded together at the corners to form 
a hollow rectangle.   Although there is believed to be no question of europium 
oxide absorber integrity^ actual operating experience in APFR-1 Gore II will be 
available tefore operation of this reactor* 

11.3   Control Rod Drives 

A multiple rig with six coiuplete drive mechanisms were placed in 
operation in February 1956 primarily for severe endurance testing*    These drives 
operated approximately one year under these conditions with no serious malfunction 
of any component* 

Some of the results of the testing are as follows: 

Individual Cumulative (all 
drives) 

Scram cycles 2 drives 15,000 ea. 60,000 
Continuous Operation 1 drive, 15,000 ft. 
Total travel in scram cycling 2 drives 60,000 ft.ea*    2140,000 ft* 
Operating hours at Temp» and 
press 5 drives 2,250 ea* 13,000 

Tests were also made leaving rods in a stationary position at various 
points in the operating cycle for periods up to two months*   Rods were then 
scrammed.    No indication of any sticking or malfunction was observed* 

It was found that one material used in certain specific locations in 
the prototypes showed rather severe corrosion up ;n metallurgical examination of 
the drive components after test*    This material was cnanged in the final produc- 
tion design to one with essentially the same physical properties^ but better 
corrosion resistance.   The final design also provided for grouping the components 
in subassemblieo to greatly facilitate maintenance* 
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The production drives were built and installed in the Alco Critioality 
Facility for the final critical checkout of the APPR-l core.    They were operated 
for a period of approximately four months under cold conditions.   Each one was 
installed in the multiple test rig and operated for two weeks under APPR-1 
conditions of temperature and pressureo    No troubles were encountered during any 
of this Operation«, 

The drives were shipped to Fort Belvoir for installation in APFR-1 in 
February 1957«    After installation and debugging of the control equipment an 
intensive period of testing was done under actual operating conditions with a 
dummy core in place.    Approximately 500 scram cycles were run on each rod with 
no indications of sticking or malfunction»    A requirement of the APPR--1 contract 
specified a complete drive change demonstration would be made«    This was to be 
done in a period of twenty-four hours by four men.    The actual time recorded 
at the demonstration was five hours twenty-one minutes from the time the power 
was shut off until the mechanisms including seals had been removed and reinstalled 
and the rods were again being run from the Control Room,    This demonstration was 
performed with the reactor at operating temperature and pressure« 

The APPR-l went critical on April 8, 1957 and;, after the initial shake- 
down period and preliminary testing,   completed a 700 hour acceptance test at full 
power.   Subsequent to this test; a six month test at power conditions specified 
by the customer has been completed. 

The APPR-1 is presently operated by Alco under contract with the Army 
Fuwer Branch of £EDL.    Operator training is a part of this contract.   During this 
training program,, the reactor has been made subcritical and returned to critical 
power operation approximately 1000 times.   Approximately UOO of these cycles were 
acconqplished by manually scramming the reactor«    The remaining cycles were 
accomplished by driving control rods into the core«   To date., no false scrams or 
other operating difficulties have been experienced which are attributable to any 
rod drive component. 

Alco designed and built for ANL a prototype drive for the ALPR,    This 

t prototype was extensively tested and approved by ANL, As a result of this program, 
Alco received a production contract for drives which are presently installed in 
the AXPR. Alco has been informed that the drives are operating quite satis- 
factorily. 

The &1PB.  drive is basically similar to the APPR-1 drive, but is modi» 
fied for top rather than bottom drive. A similar prototype, but for a bottom 
drive was designed and built for ANL as a back-up effort for the EBWR drives* 
The general arrangement of both of these drives is quite similar to that given 
in this proposal and helps to illustrate the adaptability of the basic drive to 
operating conditions different than APPR-l» 

The success of this drive concepts which exceeded all expectations^ 
is best exemplified by its acceptance by the reactor industry, Alco manufactured 
drives based on this concept are presently being fabricated for the APPR-la and 
the Elk River power plants. 
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II«ii   Reactor Vessel, Steam Generator and Pressurizer 

These components are of the same type of design and materials which 
have been used in fWH programs with coiqplete success»   Each component will be 
tested in accordance with design requirements.    Use of such proven conventional 
type components provides the maximum reliability and assurance of meeting 
operational requirements* 

11.5 Primary Coolant Punp 

The punp which will be used in the proposed Alco plant is a "canned 
rotor" type punp which has been successfully used and proven in numerous appli- 
cations for several years»   This type of punp is widely used in the PWR field 
and its reliable performance record is evident» 

Alco is experienced in the packaged plant application of this type 
punp»   It's reliability at AFPR-1, as well as in the Navy and other IVR programs, 
has exceeded all expectations» 

The pump to be furnished by Alco will be individually tested at the 
manufacturer's plant»   It will be given a minimum performance test at operating 
tenperature of 200 hours with one houndred (100) starts and stops»   Required 
helium mass spectrometer leak and hydrostatic tests will be performed» 

The punp will also be tested in the plant test prior to shipment« 

11.6 Primary Coolant Auxiliaries 

The auxiliary systems are similar to those utilized and proven in 
APPH-1 and designed for APFR-la. All equipment will be of the "coranercial" type 
which has been conpletely proven in service« 

11*7 Secondary System and Equipment 

The secondary system and equipment is of "conneroial" design which 
has proven extremely reliable in service« 

11,8 Instruments and Controls 
4 

Operations at APFR-1 indicate that tubes and relays contribute signifi- 
cantly to unreliability and maintenance problems of nuclear instruments«    There- 
fore, a nuclear instrumentation system containing only transistors and magnetic 
amplifiers for sending and control is being developed for APFR-la in which some 

- amplifiers are card mounted and interchangeable»   Relays are utilized only to 
acconplish a function requiring a high current rating»   Conponents of this tran- 
sistorized system will be fully tested at APPR-1 prior to the fabrication of this 
plant» 

Recorders and controllers specified for this plant are of the latest 
commercial design and require no vacuum tubes»    This equipment has been thoroughly 
field tested   by the manufacturer at isolated stations»   It will also be tested 

4. Nö 



under plant conditions at APPR^l and APPR-la before this proposed plant is 
fabricated« 

Operations at APPR-1 have indicated the need for complete isolation of 
instrument power from any plant voltage transients.    The use of solid state 
components has reduced the power required by the instrumentation and permitted 
the use of one isolated supply for all of the instrumentation. 

The use of this type of design will provide maximum plant reliability, 
minimize maintenance and greatly improve overall plant performance« 

All equipment and systems will be checked at operating conditions (non- 
nuclear) prior to shipment to the site.    Using proven equipment which has 
been thoroughly and satisfactorily checked at operating conditions will pro- 
vide a plant having the maximum reliability« 
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1.0   Reactor Vessel (Drawing No. AKL 3Ö9) 

1.1 Description 

The reactor vessel drawing AEL 3Ö9 has been designed in accordance 
with Case 1234 of the ASME Unfired Pressure Vessel Code which refers to 
vessels subject to gamma radiation.      The cover flange, shell flange, shell 
and nozzles are lew alloy steel forgings overlaid with stainless steel. 
Dished stainless clad heads provide the end closures.      A removable cover 
at the top provides access to the vessel core.      The lower portion of the 
vessel contains penetrations and mounting provisions for the five control 
rod drive mechanisms.. 

The coolant nozzles are located below the active core of the reactor. 
The mounting flange for the core structure is located between the nozzles 
and, with the core structure, becomes the flow divider between the inlet and 
outlet chambers of the vessel.      The coolant enters the vessel through the 
lower nozzle; flows upward through the core, down between the thermal shield 
and the vessel wall and out of the vessel through the upper nozzle,   A cert- 
ain portion is bypassed between the core and the thermal shield to provide 
adequate cooling of the thennal shield.      The core support plate is mounted 
on brackets attached to the vessel wall.      Provision is made ty dowels and 
bolting to properly secure the support plate, still leaving freedom for 
differential thermal expansion between the vessel and support plate. 

Low alloy carbon steel, clad with type 304 stainless steel, has been 
selected for the vessel material, 

1.2 Design Data 

Design Pressure 2000 psi 
Design Temperature 600°?, 
Design Stress 17500 psi 
Wall Thickness 2-3/8 in. 
Overall Length of vessel 125-5/16 in. 
Overall Length of vessel without head 102-5/16 in. 
Inside diameter of vessel 37-3A in. 
Insulation thickness 2 in. 

1.3 Thermal Shield Requirements 

A single two inch thick thermal shield has been added to keep the 
thermal stress at the vessel wall to a level consistent with Code Gas« 1234 
which allows thennal stress to be up to 50^ of the pressure stress, 

1.4 Closure Deeigi 

The reactor cover is secured in place by 18 - 2-3/4 diameter studs and 
nuts.  The pressure seal is made by use of an octagonal dead soft stain- 
less steel ring.  This type of closure has been used on APHl-1 and has 
given excellent service. 
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1.5 Control Rod Drive Penetration 

To provide penetration of the control rod drive tubes through the 
shield tank a water jacket is provided.    This jacket consists of 5 inch 
diameter tubes surrounding the drive tubes with flanges at each end.    These 
flanges are welded to the shield tank inner and outer walls at assembly of 
the reactor vessel in the shield tank.    This method of construction elim- 
inates the need for a separate water box as used in APFB-1. 

1.6 Insulation and Jacket 

The entire vessel and cover are encased in a stainless steel jacket 
to minimize heat losses from the vessel.      The two inch space between the 
vessel and Jacket is filled with glass wool insulation. 

2,0   Description of the Skid Mounted Core 

2.1   Core Description 

The skid mounted core is composed of 32 fixed fuel elonente of APFR-l 
Core II Specifications, 5 control rod fuel elements of APHl-1 Core II spec- 
ifications, and 5 boron absorber sections of APFR-l Core I specification. 
These elements are arranged in the basic 7x7 element array of AFIfr-l with 
three elements missing in each corner.      This results in a core which has an 
equivalent diameter of 20.16 inches and an active height of 22 inches.    The 
arrangement of the 37 elements in the core support structure and control rod 
baskets is very similar to that of the AFPR-l which has proven itself from all 
viewpoints, 

2.1.1   Fuel Element Description 

Each stationary fuel element consists of 18 fuel plates CfWO* 
x 2.50" x 22" with 0.005" thick stainless steel cladding am each side of the 
plate.     The water gap between plates is 0.133",       The control rod fuel 
element plates are 0.020" x 2.281" x 21,125" with 0.005" steel cladding. 
There are only 16 plates to a control rod fuel element.    The water gap la also 
0.133".      A flux suppressor 0,020" x 2.281" x 0.875" i« above the control rod 
fuel element meat.    It consists of 1 gm of europium in the form of StQ O3 
dispersed in a low cobalt stainless steel. 

2.2   Material and Nuclear Parameters 

The material composition of the core includes 18,5 kg of U-235, 16,7 gß. 
of Bl0, 172.1 kg of S.S., and 91.5 kg of H2O.     The core will provide 10th Mtf 
of power for one year at 0,8 load factor.      There is a negative temperature 
coefficient of reactivity at all t emperatures which keeps the core stable 
during changes in the power level (-3.4 x 10-4op op-1 at 512°?),      The maximum 
reactivity occurs at the beginning of operation and decreases with core 
lifetime. 
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More extensive nuclear parameter data is given in a following section 
of this report. From the wealth of experimental data on the APPR-lj the 
characteristics and core performance of the skid mounted reactor can be 
accurately determined. 

2.3 Startup Neutron Source 

The startup neutron sources incorporated in the skid mounted core ares 

1, a 15 curie Po-Be source 
2. a O.^" x 3" x 12" Beryllium block, a "photoneutron" source 

utilizing gamma radiation from fission products. 

The combination of these neutron sources will insure a sufficiently 
large count rate at the neutron counters. In order to insure a safe 
startup; the sources are designed to achieve 10 counts per second at all 
times. The Po-Be source gives 32 counts per second at the start of core 
life. This falls off during core lifetime, and therefore a photoneutron 
source consisting of a beryllium block was added. The count rate at 1000 
hours of operation and 10 days shutdown from the photoneutron source is 131 
counts per second. At the end of core life, the photoneutron source gives 
a count rate of U3 counts per second. 

A new Po-Be source must be used everytime a new core is inserted into 
the reactor. 

2.U Spent Fuel Pit Critical ity 

Calculations were performed to determine the crltieality of a spent 
core in the spent fuel pit. The reactivity in the spent fuel pit criti- 
cality must at no time be greater than 0.70. 

To insure sub-criticality of the spent fuel pit, the stored fuel 
element should be placed in individual cells of a lattice possessing the 
following characteristics. 

1. Minimum height of lattice is equal to that of the active fuel 
element height with element in stored position. 

2. Lattice material consists of 1$ boron steel in l/U" plates* 
3«  renter to center dimension of an individual cell is },Sm, 
h»     l?or shielding and cooling purposes the entire pit is filled 

wi h water. 

The reactivity of such a spent fuel pit loaded to maximum capacity 
(52 elements) with fresh APPR-1 type elements will not exceed 0*70 and 
hence pose no crltieality problem. 
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2,5    Core Thermal and ttydraullc Design Analysis J 

2.5.1 Thermal Analysis ■ 

The core thermal analysis is the determination of the core flow 
requirements.      The  skid mounted reactor has been designed thermally so that j 
the maximum surface temperature in the hot channel does not exceed the sat— , 
uration temperature at the system pressure.    The  coolant flow requirements 
calculations for each fuel element are minimized to the extent that the t 
maximum surface temperature on the hottest plate is equal to the allowable 
surface temperature which in turn is less than the saturation temperature. 
The difference between maximum surface temperature and the saturation temp- 
erature is due to deviations in system pressure^ core power, and inlet temp- ; 
erature.      The thermal parameter for the cores of tailored and unifom flew 
is given in Table 2-1,      As can be seen from Table 2-1, the tailoring or the 
flow through the skid mounted core would save only 102 gpn or about 2jL of the 
total flow.     Therefore, it was decided to use unifom flow,                                                      \ 

2.5.2 Ratio of Operating to Burnout Heat Flux J 

In the case of pressurized water reactor, the specific power Is 
proportional to the thermal neutron flux.     As the power is increased, the 
increased heat flux will cause only a moderate rise in the surface temperature 
of the fuel element.     However, if the heat flux increased to a certain 
value (burnout heat flux), the surface temperature of the fuel element will 
suddenly jump to about 1500° P, or greater.      Since conventional structural 
materials cannot withstand such temperatures, there will be almost instant- 
aneous failure or burnout of the fuel element.    In order to determine if the 
reactor is safe, the ratio of the operating heat flux to burnout heat flux must 
be known.      For the skid mounted core, the ratios are as follows: 

Fixed Fuel Element: 

tlS    -   0./4B9 
4> ao 

TABLE 2-1 

THSIMAL PARAMETER 

CASE 
Tailored Flow Uniform Plow 

Inlet Temperature - 0g                                     500 500 
Outlet temperature -    F                     0             518,1 517.6 
Maximum plate surface temperature- F          610 610 
Flow of Coolant 

Fixed fuel element gpm/element            - 98,5 
Control rod fuel element gpo/            94»5 94.5 

element 

; 
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Element type 34 gpm/element 
Element type 33 - gpm/element 
Element type 23 - gpm/element 
Element type 22 - gpm/element 
Latticeflow gpa. 
Total flow gpm 

98.5 - 
97.0 - 
87.5 - 
98.0 - 

594.3 595 
4117 4219 

Control Rod Fuel Element: 

tzr..  CM4-74- 

From this it can be couoiaded that the operating heat, flux in all 
elements is low enough to provide a safe margin against abnormal power 
excursion. 

2.5,3    Thermal Stress in Fuel Elements 

The maximum internal plate temperature is calculated and is of 
interest for the determination of the thermal stress in the elements.    The 
maximum temperature was found to be 632.3 F.    From the temperature distri- 
bution in the hot element, the maximum thermal stress in the element is 22,490 
psi.    The calculated thermal stress for APHI--1 elements is 28,300 psi.    Since 
the APHl-1 has operated satisfactorily, it can be concluded that the skid 
mounted reactor will also operate satisfactory* 

2.5*4   Thermal Stress in Pressure Vessel 

The pressure vessel is constructed of carbon steel with a stainless 
steel cladding of 1/3 inch on the inside surface.       The outside diameter of 
the vessel is 42.75 inches and the thickness is 2-3/3 inches«    In order to 
calculate the thermal stress in the vessel, the heat generation and the tem^. 
erature difference across the vessel wall mast be known.      The heat generation 
in the vessel wall is described by the following equation: 

rtfßT<j/,H3-SBc) = O.0/8S-C-O'C7** 

The temperature difference across the vessel wall is 46.9 F and 
the thermal stress in tne vessel is 6800 psi.   The allowable thermal stress 
for the carbon steel vessel is 8750 psi.    Therefore, the vessel c onforms to 
code regulations, 

2.5,5    Fuel Plate Deflection 

The maximum pressure differential is based on the allowable deflec- 
tion in fuel plates that can be tolerated.    If this deflection becomes greater 
than the allowable tolerance, burnout may result.     For the skid mounted core, 
the maximum pressuro differential is 3 psi<       The calculated pressure diff- 
erential is 0,12 and 0.03 psi for tailored and unXfom flow respectively. 
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3.0   Control Rod Drives (Drawing No. R9-11-1018) 

The control rod drive mechanisms are identical with minor modifications 
to those used so successfully in APHl-1 and being built for APFR-la.    They 
are of similar type to the Alco built drives now in operation in ALHl and 
the back up prototype for EBWR which has been thoroughly tested at ANL.    Alco 
is now building similar drives for ACF for the Elk River Boiling Water Reactor. 

Basically the drive consists of a rack and pinion with associated shafting 
inside the primary system, a mechanical seal to control leakage of primary 
water where the drive shaft penetrates the reactor vessel wall, and the external 
assembly comprising the position indication mechanism, emergency scram clutch, 
an accelerating spring and drivt w ■. ?.,    The torque capacity of the clutch 
exceeds that necessary to raise '. i -   • ■.orol rods by a factor of nearly 3«   A 
shear element is provided at the uiotror to protect the nechaniom from excessive 
torques resulting from possible malfunction of the limit switches, improper 
installations, etc.      Torque capacity of nearly ten times that necessary to 
raise the rods is provided at this point and all other component stresses have 
safety factors well above this. 

Driving speed of the rods, both up and down, is 3" per minute.   Release 
time of the scram clutch is approximately 50 milliseconds and acceleration of 
the rods in the downward direction is ample to insert negative reactivity at 
a rate sufficient to shutdown the reactor on an amergency basis under both 
steady and transient power conditions« 

An accelerating spring has been added to the basic APER-l drive to provide 
an additional downward force on the control rod during scram.   While the over- 
all control rod weight has beer reduced from the 72 lbs of APPR-1 to 45*5 lbs. 
there has also been a considerable reduction in the pressure drop across the 
core which acts against the rod in scramming.     The net result shows a slight 
decrease in scram time (.4 g for APER-l vs.  ,37 g) for a free falling rod. 
It was therefore deemed prudent to incorporate the accelerating spring mech- 
anism of APFR-la but using a lighter spring of approximately 20 lbs to give 
a resultant rod acceleration of approximately ,7g.     This type spring mechanism 
has been installed with good results on the Alco built ALPR rod drives now in 
operation at Arco, 

Rod position indication is by means   of 2 synchros which are gear driven 
on the rod side of the scram clutch.    Thus, position indication is positive for 
both normal operation and after a scram.    Rod position can be read within less 
than 0.050".    limit switches are provided to prevent overtravel in both the 
full up and full down positions« 

The seal is an all-metallic unit of the floating ring labyrinth type« 
Leakage under operating conditions is approximately 3 lbs. per hour per seal 
and has remained essentially constant over long operating periods in APHl-1 
without maintenance.   Makeup water is provided underpressure to the reactor 
side of the seals so that leakage from the seals is essentially pure makeup 
water which is returned to the demineralizers for reuse in the system« 
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All elements of the drive system external to the reactor veesel, 
including the seal,  can be removed for maintenance or replacement without 
draining or depressurizing the piimary system.        All adjustment of the limit 
switches, synchross etc., can be made on the bench prior to installation to 
minimize the time required for replacement of drive components in the pit. 
Drive motor is conventional, commercially available three phase unit with 
integral spur gear reduction. 

Bearings, motor, tear box and «thör components external to the reactor 
vessel employ conventional lubricants and insulation.      Structural parts 
external to the reactor vessel are made of stainless steel or other corrosion- 
resistant material to permit operation in high humidity atmospheres without 
experiencing damaging corrosion.    All parts and components are interchangeable 
without shimming or fitting or installation. 

4.0   Steam Generator 

4.1 Description 

As shown in the accompanying drawings, the steam generator is a kettle- 
type unit, a U-bend, double pass, tube-in-shell, heat exchanger, horizontally 
mounted.   Overall dimensions are 11' - 7i" long and 4,-2-5/8" wide (exclusive 
of side nozzles and support attachments),    Diy weight is 17j600 lbs. and 
flooded weight is 22,850 lbs. 

4.2 Selection of Horizontal 

The kettle-type design has been selected because it employ» fully under- 
stood technology and poses no difficult or unanticipated stress concentration 
problems, such as occur with risers when a separating drum is used.    Also, 
fabrication is more economical and quicker.     The only other type worth con- 
sidering is the vertical type, and for this particular installation, the 9' 
dimension limitation does not make it practical.      Similarly, final field 
welding under Arctic conditions did not seem practical, 

4.3 Operating and Design Conditions 

Steam purity from the steam generator is 98$.    This is readily accomp- 
lished in the kettle-type and is allowable here because of the line dryer 
being installed immediately before the turbine throttle valve.     The sep- 
arator built into the generator is the simplest type of dry pipe. 

Tube side operating conditions are 1750 p,8,i,g,, 5180F, in and 5000F, 
out.    Shell side operating conditions are 465 p.s.i.g., 306 F, in and 463°^, 
out.    Vapor generation rate is 37,055 lbs, per hour with a continuous blow- 
down of about 400 lbs. per hour. 

o 
Tube side design conditions are 2000 p.s.i.g, and 600 F.    Shell side 

design conditions are 800 p.s.i.g. and 6000F.    Test pressures are at 50$ 
above design ratings. 
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In general, for the steam generator the following additional oper- 
ating requirements holds 

Heat Load 
Primary Flow 
Pressure Drop 

35,000,000 Btu/hr, 
A240 GFM 
13 ft.    (tube side) 

4.4   Construction and Maintenance Features 

Material specifications are shown on Drawing No. H 47210-3-2.    A 
bolted cover is used on the channel end and the primary fluid is retained 
within a permanently welded gasket, assuring full integrity of the system. 
The advantage of this bolted head over a welded one is better access to tubes 
for inspection and rcpairj since working through the small openings is im- 
practical both for fabrication and field servicing. 

Finally, further econony is possible by fabricating the channels,, tube 
sheet and primary fluid nozzles of carbon steel overlayed with Type 304 S.S, 
Welding the tube sheet to the shell, and the tubes to the overlay, is then 
possible without encountering any bi-metallic weld problem« 

5.0   Primary Loop Pressure Drop 

The following calculations have been made for the total pressure drop 
in the primary coolant loop.     Pressure drops for the active core and steam 
generator tube section have been determined elsewhere and the results only 
are presented here« 

Pressure drops through the various fittings and restrictions of the 
loop were determined by obtaining velocity head loss coefficients to apply 
to the local velocity head.     Sources used for these coefficients were "The 
Reactor Handbook", Volume Two and J. K. Vennard "Elementary Fluid Mechanics*. 

The primary loop can be divided into three major sections:   piping, 
reactor vessel, and steam generator.     A summary of the loop pressure losses 
is presented in Table 5-1» 

5.1 Piping 

Flow of 4240 gpm in 10 inch schedule 120 pipe develops a velocity head 
of 6.90 feet of fluid.    Piping losses were subdivided into the friction loss 
and fitting loss.    Fittings included: 

1-90 deg. L.R. ell, 1-90 deg. S.R. ell, 2-45 deg. L.R. ella 
and 1 - 45 deg. S.R. ell« 

5.2 Steam Generator 

Pressure drop through this steam generator was divided into entrance 
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and exit losses and tube friction loss.    The tube friction loss has been 
determined elsewhere.      Entrance and exit losses were based on abrupt 
expansion and contraction losses respectively, 

5.3 Reactor Vessel and Core Pressure Drop 

Entrances    the entrance loss to the reactor vessel was examined in 
two parts,  the conical dxffuser section and the abrupt expansion into the 
lower plenum chamber»    The abrupt expansion loss was assumed to be the 
total velocity head at that point. 

Cores    See Sec, B, IV 7o2 

Annuluas      The contraction outside the top of the thennal shield was 
treated as an abrupt entrance and a gradual enlargement with the pressure drop 
based on the local velocity head. 

Exit',      The reactor vessel exit loss was conaidered due to an abrupt 
contraction from an infinite area with a correction for the rounded edges. 

5.4 Total Drop in Primary Loop 

Table 5-1 indicates a total loop head loss of 39.3 feet.   This result 
is slightly conservative since no correction was made for the close proxinity 
of various fittings.    Also the assumption of total velocity head loss at the 
reactor vessel entrance may be slightly conservative since some velocity will 
be maintained in the plenum chamber, 

TABLE 5-1 

Pressure Lossed in Pximary 
Coolant Loop 

HEAD LOSS 
LOCATION (ft.H20) 

Pipe Friction 1,46 
Pipe Fittings 5,25 
Reactor Entrance Nozzle Cone                                                    1,25 
Reactor Entrance Abrupt Expansion                                           2,67 
Reactor Core 5,0? 
Thanna* Shield Annulus 2,56 
Reactor Vessel Exit 2,62 
Steam Generator Entrance 5ol8 
Steam Generator Exit 2,68 
Steam Generator Tubes lj,j> 
Loop Total HinS 
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6.0   Primaly Coolant Pump \ 

6.1 Description * 

Flow of the pilmary coolant is powered through an hermetically-sealed, ; 
integral liner - motor pump*., engineered and manufactured for zero leakage C 
in nuclear power service.      This unit is equipped with a double thrust ^ 
bearing assembly in the top of the motor, the unit being vertically mounted. 
All parts in contact with the fluid are fabricated of Type 30U Stainless 
Steel.        The canned motor is a 65 HP, 1800 RFM, 440 Volt, 3 phase, 60 cycle 
unit.    Total weight of this equipment is 3700 lbs. 

6.2 Design and Operating Data 

Primary coolant pump operation is as follows: 

Capacity 4240 GPM 
Fluid Temperature 500 F 
Pumping Head 43 ft. water 
Formal System Pressure 1750 p.s.i. 

The pump is to be capable of pumping the liquid at a temperature of 100OF. 
and the motor drive is sized accordingly. 

7.0   Pressurizer - AEL - 348 

The pressurizer is mounted in a vertical position in the primary loop 
and has the function of maintaining a constant ay stem pressure, and to absorb 
the pressure variations caused by the changes in load on the system. 

7.1   Description 

The pressurizer is a cylindrical pressure vessel with hemisphere!cal heads. 
It is designed in accordance with the ASME Unfired Pressure Vessel Code, using 
a material of stainless steel type 304«     It has an inside diameter of 25-1/2 
inches with a nominal wall thickness of 2-1/8 inches in the cylindrical portion 
and a nominal thickness of 1-1/4" in the hemispherical heads.      The design 
pressure is 2000 psi at 650oF.    The overall vessel length is ö'-G", 

Steam saturation temperature and pressure is maintained by commercial type 
electric heaters mounted in individual heater wells located in the lower sect- 
ion of the pressurizer.      The heater wells are sealed against system water 
making replacement of heaters possible without having to drain the prioaxy 
systems.     Twenty heaters, are arranged in two banks of 10 heaters each, having 
a total output of 30 KW, each heater producing 1.5 KW.    Clearance between 
heater element and the wall of the heater well is held to a minimum to obtain 
a maximum heat transfer efficiency.     The heaters are seated in the heater wells 
by weatherhead end connectors designed to withstand full system pressure should 
a leak occur in the heater well, 

*   Centrifugal Type 
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Normal operating pressure of the prespurizer is 1750 psi and oper- 
ating temperature is approximately 620oF (saturation temperature). 

7.2   Volume Requirements 

The steam volume of the pressurizer is 12.1 cubic feet, and the liquid 
volume is 5.9 cubic feet under normal operating conditions, at full load. 
The normal liquid water level is approximately twelve  (12) inches above the 
centerline of the lower row of heater well tubes.    The variations in steam 
and liquid volumes, and transient conditions are covered in detail in 
Section B-III - 1.0 

8,0   Primary Piping 

8.1 Description 

The components of the primary system are connected by 30U stainless 
steel pipe.   Pipe runs and elbows are standard pipe with a nominal outside 
diameter of 10.75 inches and a nominal inside diameter of 9.06U. 

All pipe flanges are standard ASA weld neck type,, made of 30li stainless 
steel.   All welded connections are made in the shop using the consumable 
insert method.    Ends of the pipe are machined and beveled on outside to 
permit full penetration welds.    Reactor vessel nozzles are made of carbon 
steel with a type 30U stainless steel overlay.    At the point of pipe and 
nozzle weld connection the nozzle has an extra heavy overlay so that all 
weld connections in the primary loop Involve similar materials. 

The pressurizer connection to the primary loop is made at the steam 
generator.   This connection is a 2-1/2 inch schedule 80 301* stainless steel 
pipe. 

The primary pump is connected into the primary loop using standard ASA 
weld neck type 30U stainless steel flanges.   All breaks in the primary piping 
for skid shipment will take place only at the flanged connections at the 
steam generator.   This involves two flange connections, on« at the primary 
pump and one in the primary piping.   Flange connections will eliminate all 
field welding of the relatively large primary piping, 

8.2 Operating Conditions and Design Data 

The primary piping design pressure Is 2000 psi at 600°? and has been 
designed in accordance with the ASA code standards.    The test pressure for 
the primary piping and flanging 2275 pel.   The coolant flow rate through 
the primary loop is U2ii0 g.p.m.    The actual operating pressure is 1750 psi 
and the core outlet temperature is 5l80P. 
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8,3    Flanging and Gasket Description 

The three weld neck flange bolted connections use 12 - 1-7/8 inch bolta. 
The gasket mean diameter is 12-3/4 inches and is of the octagonal type.    It 
has a width of 5/8 inch and is made of dead soft type 304 stainless steel. 
This type gasket has been used with good success for the top vessel closure 
of APffi-l. 

9.0   Shielding 

The following sections contain a detailed description of shielding which 
has been designed for the skid mounted reactor, 

9,1   Primary Shielding 

The primary shielding of the skid mounted reactor is made up of con- 
centric annuli of steel and water with the steel being covered with Boral. 
Boral is a dispersion of B^C in aluminum; the boron absorbs thermal neutrons 
and therefore reduces activation and n- tf   reactions of the steel.     In the 
shield tank there are four 3-1/4 inch steel rings sandwiched between 1/8 inch 
Boral sheets.     The Boral-steel sandwiches are separated by 1-1/4 inches of 
water.    The outer surface of the pressure vessel support ring and the inner 
surface of the shield tank wall are also covered with Boral.   Drawing No. 
119-46-1039 shows the primary shielding.   Table 9-2 contains a complete des- 
cription of the primary shielding, 

9.1,1   Shutdown Dose Rate 

All shutdown dose rates were calculated on the basis of infinite 
operation at 10 Mw.    In addition to the dose rate from the core and shield tank 
activation, activated corrosion products distributed throughout the primary loop 
contribute to the dose rate in the vapor container after shutdown*    Fig, 2-1 
in the shielding design analysis of Section B shows shutdown dose rates at the 
primary shield tank as a function of shutdown time.      The total dose rate 
curve includes an estimate of the dose rate from the distributed corrosion 
products. 

Table 9-1 contains shutdown dose rates in and around the vapor 
container after shutdown. 

Table 9-1 

SHUTDOWN DOSE RATES 

Dose rate on surface of primary shield tank (from core and shield 
tank) 
Time after shutdown, hrs. Design Specification, Mr/hr   Calculated Mr/br 

2.5 50 50 
8.0 - 28.0 
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12,0 
24.0 

23.5 
16 

Dose rate between vapor container and tunnel wall (worst point) 

2.5 
8.0 

80 75 
40 

9.1o2   Operating Dose Rates 

The operating dose rate from the core and primary shield on the 
surface of the shield tank during operation at 10 Mw is 247 R/hr, 

9.2    Secondaiy Shieldinp, 

In the skid mounted ice cap installation the packed snow around the 
vapor container tunnel will act as secondaiy shielding to protect uncontrolled 
areas during reactor operation. 

1 Table 9-2 

1                                                           Description of Primary Shield-Radial 

Outer Radius Thickness 
j                     Description Material Inches Inches 

Core . lo.oe» m 

Reflector Primary Water 11.76 1.68 
Thermal Shield Stainless Steel 13.76 2.00 
Cooling Passage Primary Water 18.88 5.12 

|                     Pressure Vessel Cla dding Stainless Steel 19.00 0.12 
Pressure Vessel Carbon Steel 21.38 2.38 
Insulation (Considered Void) 23.38 2.00 

v                    Insulation Retainer Steel 2J.50 0.12 
1;                    Clearance Void 24.05 0.55 

Pressure Vessel 
Support Ring Steel 25.05 1.00 

P.V, Support Ring Cladd- 3oral 25.175 0.125 
ing 

Cooling Passage Shield Water 26.425 1.25 
Shield Ring Cladding Boral 26.550 0.125 
Ist Shield Ring Steel 29.800 3.25 
Shield Ring Cladding Boral 29.925 0.125 
Cooling Passage Shield Water 31.175 1.25 
Shield Ring Cladding Boral 31.300 0.125 
2nd Shield Ring Steel 34.550 3.25 
Shield Ring Cladding Boral 34.675 0.125 
Cooling Passage Shield Water 35.925 1.25 

*   Equivalent radius based on actual core cross-section 
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Shield Ring Cladding 
3rd,Shield Ring 
Shield Ring Cladding 
Cooling Passage 
Shield Ring Cladding 
4th Shield Ring 
Shield Ring Cladding 
Neutron Shield 
Tank Wall Cladding 
Tank Wall 

Boral 36.050 0.125 
Steel 39.300 3.25 
Boral 39.A25 0.125 
Shield Water A0.675 1.25 
Boral AO.000 0.125 
Steel A4.050 3.25 
Boral A4.175 0.125 
Shield Water 51.000 6.825 
Boral 51.125 0.125 
Steel 51.500 0.375 

During operation, the primary coolant loop becomes a scurce of gamma 
radiation.   Dose rates from the primary coolant as well as the core and 
shield tank were calculated through the snow.    The primary coolant dose 
rate was found to be insignificant compared to the core and shield tank 
dose rate. 

Table 9-3 contains operating dose rates at various areas of the skid 
mounted ice cap installation. Distances vised in the calculation of these 
dose rates were taken from drawing No, M02M11, The minimum thickness of 
snow used in the calculations was 25 feet. 

Turbine Generator Package 
Elect. Control Package 
Condenser Package 
Feedwater Package 
Heat Exchanger Package 

*   One-tenth tolerance dose rate 
** Deraineralizer located on this package, 

dendnerallzer. 

Table 9-3 

Operating Doso Rate - 10 MW 

Design 
Specification, mr/hr 

Calculated 
mr/hr 

e                    0.1« 
0.1» 
0.1» 
1.5»* 
0.1* 

0.006 
0.050 
0.006 
1.5 
0.006 

Dose rate is principally from 

9.3   Spent Fuel Shielding 

Provision must be mad« in the Skid Mounted Installation for removing 
the spent core and storing it until it is shipped off the ice cap.   The spent 
fuel shielding most do the following! 
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1 - Protect personnel from the complete core whether in the pressure 
vessel or in the spent fuel pit, 

2 - Protect personnel from the single element being transferred from 
the pressure vessel to the spent fuel pit, 

9.3.1 Water Tank Above Core 

The water tank above the core perfoms the function of shielding 
personnel transferring spent fuel elements frcm the pressure vessel to the 
spent fuel pit and also provides a medium for removing decay heat from the 
spent core in the pressure vessel.      The actual height of water above the core 
is determined from shielding considerations« 

The water tank height above the core has been sized 30 that during 
element transfer a minimum cf seven feet of water is always above the fuel 
element.      Through seven feet of water the dose rate one foot above the surface 
of the water is 84 mr/hr.    This calculation was made for an average fuel 
element removal 24 hours after shutdown after infinite operation at 10 MW, 

9.3.2 Shielding Spent Fuel Pit 

At end of life, the spent fuel elements are transferred to a 
storage area where the elements are cooled down before being shipped for 
reprocessing.    While the elements are in the spent fuel pit,  shielding must 
be provided so that personnel working above the pit do not receive excessive 
radiation.       The shielding is in the form of water placed above the spent 
core. 

The dose rate was calculated for 11, 12 and 13 feet of shield water. 
For 11 feet of shield water, the dose rate was 17.858 mr/hr on top of the 
spent fuel pit.   With 12 and 13 feet of shield water, the dose rates are 
3.985 and 0.903 mr/hr respectively.      The results of the calculation are given 
in Fig. 4-2 of the shielding desi.gr, analysis of Section B,   For a dose rate no 
higher than 5 mr/hr on the top of the spent fuel, pit 24 hrs.after shutdcwn, 
approximately 12 ft of shield water is required above the cer.ter of the core, 

9.3.3    Shipping Cask 

After the core bums out, the spent elements are shipped for re- 
processing.      The shipment of radioactive sources is controlled by 1.0.0. 
regulation.    The required shielding for the spent fuel cask is based on the 
regulation that the dose rate one meter from the radioactive source be no 
more than 10 mr/hr. 

The shipping cask was designed to hold six (6) spent fuel elements 
90 days after shutdown as shown in Dwg. nos. R9-48-2036 and D9-48-2035. 

The required thickness of lead shielding to limit the dose rate one 
meter from the source to 10 mr/hr is 10.5 inches. 
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9.4 Demineralizer Shielding 

Although the N1" activity in the primary system has a 7.4 sec half- 
life and therefore quickly dies after reactor shutdown, corrosion products 
are activated and distributed throughout the primary system constituting 
a source  of radioactivity after shutdown.      In order to remove the corrosion 
products,  a resin-filled demineralizer is placed in the primary coolant 
blowdown line. 

Since the demineralizer removes the activated corrosion products from 
the primary water and concentrates them, shielding must be provided around 
the demineralizer.      Thereforej the skid mounted demineralizer will be oper- 
ated in its own shipping cask which is shown in Fig.6-1 in the shielding lesign 
analysis in Section B, 

The demineralizer shipping cask as shown has 3 •• ll/l6 inches 
of lead around the sides of the demineralizer and 3-3/16 in.hes of leau on 
the top and bottom.    In addition the lead is contained between two 5/8 inch 
steel plates.      This shielding will reduce the dose rate on the surface of 
the cask to 70 mr/hr during extended normal full power operation.   Within one 
day after shutdown the dose rate one meter from the source will decrease to a 
value less than 10 mr/hr, thus meeting I.C.C. shipping regulations, 

9.5 Waste Tank Shielding 

The shielding of the waste tank is based on normal expected activity in 
the tank.      This radioactive source consists of activity present in the normal 
waste of the plant.      xhe dose rate on the surface of the waste tank shall be 
no greater than 500 mr/hr.   The measured activity on the surface of the APPR-l 
waste tank containing normal plant waste is 20 mr/hr.    From this, it can be 
concluded that there is no need of extra integral shielding on the waste tank, 

9.6 Cooling Provisions in Reactor Lower Shield Tank 

During normal operation garama and thermal energy released from the 
reactor vessel to the lower shield tank must be dissipated by internal cooling 
coils. 

The gamma heat loss has been evaluated elsewhere as 110,000 Btu per 
hour maximum.      The thermal heat loss ordinarily is through the air space 
between the reactor and support ring to the vapor container space.    Here, 
however,  complete stagnation of that air space is assumed and nudjuai possible 
thermal flow to the shield tank by conduction is calculated to be 8750 Btu/hr. 
Thus the total design load for the cooling coil sizing is 118,750 Btu/hr, 
Other design criteria are coil water temperature rise, 1000F to 1300F.; 
shield tank water temperature, 1500F.; heat transfer coefficient8,133 Btu/hr. 
Ft.2 0F. outside coil and 842 inside,      Tjrpe 304 S,3. 1/2" pipe is used in 
three parallel loops to minimize pumping head pressure losses. 

87 
A-21 



The  calculated results ares 

1) 7.98 GRI, total cooling water flow 
2) 11 ft.2 external area per each of 3 coilsj  or 50 lineal ft. 

per coil, 
3 "I    Head pressure loss of 1.6 pei per coil (at an average water temp, 

of 115&F.} 

Ihe three coils are installed in the upper shield tank off common inlet 
and outlet manifolds.        Since the length of the outer periphery of the tank 
is approximately 22 ft., in order to obtain the total required length, all of 
the coils have a 2--1/2 loop configuration (around the reactor cavity), 

10.0    Primary Skid Desigr- 

The primary skid carries the reactor vessel primary shielding, primary 
purapj pressurizer, steam generator, blcwdown cooler and their necessary piping. 
In order to meet air shipment requirements the skid must be made on two halves, 

10.1 Camponents on Primary Skid 

The shield tank, shield rings;, reactor vessel and primary pump are the 
main components on the reactor end of the skid.      The seal leakage pump, and 
seal leakage tank are alsc located on this end of the skid.    Because of 
shipping weight limitations the primary pump and the removable sections of 
the shielding will be shipped as a separate package.     The reactor vessel 
cover will be ranoved for shipping to keep within the height limitations and 
a thin cover plate installed. 

The st*am generator, preasurizer, and blcwdown cooler are the main com- 
ponents located on the steam generator and of the skid. The reactor vessel 
cover is carried on this skid during shipping, 

10.2 Design Features 

The main requirements of the design are to meet the size and weight re- 
quirements for air transportation, but yet be strong enough to withstand 
forces of 8 times gravity during shipment.    Proper placing of the components 
on the skids to insure accessibility for erection and maintenance are also 
necessary, 

10.2,1   Provisions for Air Transportability 

In order to meet the size and weight requirements for air shipment 
the skid is made in two halves.      The parting line in directly under the 
flanges of the pump and primary coolant line near the center of the skid. 
The two halves of the skid are bolted together.    Provision for lifting each 
half cf the skid separately or as an assembly has been mad'j.   Ejjr using six 
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points of suspension after bolting the deflection will be kept to an 
acceptable minimum, 

10.2.2 Total Weights and Size of Complete Skid and Sections 

The overall dimensions of the primary skid are, 23 ft. 11 in. 
long, 9 ft. 0 in. wide and 9 ft. 0 in.high.      The total weight of the skid 
with the equipment in place is 91251 lbs.      This does not include shielding 
water. 

The reactor end of the skid with all its equipment in place weighs 
64,619 lbs aid is 11 ft. 8.5 in. long, 9 ft. 0 in. wide and 9 ft, 0 in. high. 
This weight does not include primary or shielding water.     With the shielding, 
cover and pump removed the reactor end of the skid weighs 28,338 lbs. The 
steam generator end of the skid with all its equipment in place weighs 26,632 
lbs, and is 13 ft. 10.5 in. long, 9 ft, 0 in. wide and 9 ft, 0 in, high. 
With the reactor vessel cover on this skid for shipping the total weight is 
29, 343. 

10.2.3 Description of Skid Bases 

The basic construction of the skid drawing R9-42-1001 includes 
two 18 x 8-3/4 x ^4 lb "H** beams at the sides joined by cross ties and partial 
top deck.      The weight requirement makes it necessary to build the skid in two 
halves.    The parting plane is at the center of the skid and directly under the 
flanges at the steam generator.     Fitted plates between the sections of the 
skids insure good field alignment.     The halves of the skid are held together 
with bolting plates and ream bolts.    Jacking screws are provided for leveling 
after installation of the skid in the vapor container. 

11.0   Vapor Container (Dwg No. R9-43-1002) 

11,1   General Description 

The vapor container is a shop fabricated, cylindrical vessel made 
up of 3 segments and two heads which are welded together in the field.     The 
size and weight requirements for air transportability make this construction 
necessary.     Welding of the rear dished head of the vapor container Is done 
after installation of the primary skid.      Stress relieving of the field welds 
is not necessary to meet the code requirements for a welded vessel of this 
size and wall thickness.    All welds are readily accessible for field X-ray. 

A bulkhead separates the skid compartment fran the front end of the 
skid.      The front chamber is filled with water to provide shielding for this 
end of the reactor. 

An access hatch is located in the head at the steam generator and of 
the skid which is large enough to remove the primary pump or the steam gen- 
erator bundle, if necessary.     Most of the penetrations to the vapor container 
are also made In this head» 
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The refueling shield tank is bolted and seal-welded to a flange on 
the vapor container. 

11.2 Normal Operating Temperatures 

The operating temperature inside the vapor container is expected to 
be 12ü0F and 95^ relative humidity. The temperature of the water in both 
upper and lewer shield tanks is expected to be 150 F, 

11.3 Vapor Container Design Conditions 

A vapor container 13 feet in diameter ty 32 feet long is necessary to 
contain the primary package and provide proper access for servicing.    Sub- 
tration of the primary component and shielding volumes leaves a net volume 
of approximately i!«20O ft3 of air space available for expansion of released 
coolant in case of rupture. 

The vessel has been designed according to the ASME Unfired Pressure 
Vessel Code for failure of either the primary or secondary system.    It has 
alsc been so designed that in case of the remote possibility of both a 
primary and secondary system rupture that the stresses in the vessel are well 
below both the yüeid and ultimate strength cf the materials.      A design stress 
of 2$,000 psi which is approximately one third the ultimate and two-thirds 
the yield for Grade 212-B material was selected,     Tliis results in a vessel 
wall thickness of 3/4 inch.     Release of either the primär/ or secondary 
coolant results in a stress in oh« vessel of approximately COjL of the code 
allowable. 

11.4 Fabrication Features and Materials 

To meet the shipping requirements, the vapor container will have to 
be sectioned and assembled on the site.    Each head will be in two pieces and 
the cylindrical portion in 8 pieces.    Erecting lugs will be installed at the 
factory and the sections prefit to insure proper installation in the field. 
The materials of construction are carbon steel 3A 212 for the main cylinder 
and heads.      The shield tank will be carbon steel clad with 304 stainless 
steel on the inside. 

The wiring for the motors and instrumentation will be carried in a 
trough along the top of the vapor container and dropped down at the approp- 
riate locations for connection to the primary compoaents, 

11.5 Upper Shield Kink 

The upper shield tank is a cylindrical pressure vessel having an inside 
diameter of 60 inches and an overall length of 146 inches.  The primary func- 
tion of this tank is to shield personnel while refueling the reactor core. 
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11.5.1 Description and Material (R9-46-1034) 

The upper shield tank is designed in accordance with the A3ME 
Unfired Pressure Vessel Code using a design pressure of 1$0 psi at 500 F. 
The material for the tank walls and cover is SA-212 carbon steel with a 
304 stainless clad.      All flange connections are made of SA-212 carbon steel 
with a 1/8 inch thick 304 stainless steel overlay.    All flange bolting 
material is 3A-193-B7 carbon steel. 

The shield tank has an overall length from flange to flange of 
146 inches and a nominal inside diameter of 60 inches.      The tank walls have 
a nominal overall clad plate thickness of 3/8 inches, and the 2:1 elliptical 
cover also has a nominal overall clad plate thickness of 3/8 inches. 

The bottom flange connection to the lower shield tank is a gasket- 
less joint using 40-1 inch studs and is field seal welded after bolting of the 
joint.      Ihe upper flange uses a rubber gasket sind requires 68 3/4-inch studs 
to seal against design pressure. 

The shield tank has provisions in the form of shelves to store 
reactor vessel stud nuts, and control rod caps.    It also has support plates 
for the reactor vessel cover and a receptacle in the tank wall for vessel 
cover storage during refueling. 

Cooling and decay heat removal coils are located in shield tank 
approximately 9-5/8 inches from top cover flange and extend downward into Uie 
tank approximately 45-5/8 inches, 

11.5.2 Reactor Vessel Cover Storage Provisions 

As mentioned above there are two reactor vessel cover support plates 
welded to the inside of the shield tank.      These plates are notched as shown 
to take the edge of the pressure vessel flange.    There is also a dome-shaped 
receptacle to allow the reactor vessel cover to be stored in shield tank and 
still permit access to the core.    This receptacle has an inside diameter of 
36 inches and an overall depth from shield tank centerline to inside of dome 
of 45 inches.      The vessel cover is stored in a nearly vertical position with 
the flange resting in the support plates and the cover insulation protruding 
into the dome, 

11.5.3 Shielding Water Depth Requirements 

A minimum of 7 feet of water is required above the uppermost part 
of the fuel element during any fuel handling operation.   The normal depth 
of the shielding water is 17 ft 3 in, above the core center line which will 
allow the necessary water above the fuel element while being transferred from 
the core to the transfer cask« 
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11.^.1;  Provisions for Cooling 

An upper shield tank cooling coil 13 required during normal operation 
to diasipate the heat losses from the reactor vessel head and flange. 

The top head of the reactor is an elliptical„ dished head which is 
covered with a fiberglas insulation inside a l*/l6" stamleas steel Jacket. 
Average thickness of this covering i3 two inches« 

Baced on ambient temperatures of 500oF for the primary coolant inside 
the reactor head and 150°? for the water reservoir in the upper shield tank, 
and using xhe vessel dimensions shown in Dwg. No. 309, thermal conduction 
losses through the insulated section of the reactor head are found to be 
negligible (U$7 Btu/hr). 

Consideration of the losses from the uninsulated flange, bolts, and 
nutsr reveals a much greater thermal flow through these portions of the 
vessel to the water reservoir. By graphic analysis the flange shape factor 
is found to be 2„  and from the heat flow equation (p. 16, Heat Tranamiesion 
by W. H„ McAdams),, the heat lose is found to be 128,000 Btu/hr. Allowing 
a 20f>  safety factor „ so that the design criterion is 150,000 Btu/hr; the 
required cooling coil area is found to be U2 aq, ft. With a 1" Schedule UO, 
S. S. Pipe, and a coll centerllne diameter of 56" a total of 8.5 turns are 
required in the upper shield tank. 

Finally, evaluation of the thermal drop across the free convection film 
on the outside of the flange, by taking the total exposed metal area as 
18 sq. ft. and balancing the conductive flow against the convective flow, 
yields a surface temperature of 219-2200?« With a 15 ft. hydraulic head, 
giving a 21.2 psia pressure at the cap, the boiling point Is 23007, con- 
siderably above the calculated metal temperature. 

11.6 Spent Fuel Tank 

11.6.1 Description and Materials 

The spent fuel tank is located remotely from the vapor container in a 
tunnel which is at right angles to the main tunnel. The tank is approx- 
imately 20 ft. high; 12 feet In diameter and is made from l/h  Inch thick 
stainless steel. A storage rack of l/]in~l$ boron steel Is provided to store 
a complete core. Space is provided for underwater loading of two shipping 
casks. 

11.6.2 Cooling Provisions 

Cooling in the spent fuel tank is required continuously during normal 
operation to remove the decay heat from stored elements. The maximum condi- 
tion assumed here is an entire spent core In the tank 36-UO hours after shut- 
down. At this time, the heat release rate is 130,000 BTU/hr (Cf.Flg.l, 
Section 11.6.2},, and a design basis of 150,000 BTU/hr has been selected. 

A-26 92 



Final design calculations yield a coil of 1 inch Scnedule 40, 
stainless steel pipe, 123 feet long in 3.6 turns with a centerline 
diameter of 11,0 feet.  Circulation rate is 10 G.P.M. with a 2.2 ft. 
pressure drop. 

11.6.3 Transfer of Spent Fuel Elements 

Two lead transfer casks will be used to speed up the core unload- 
ing.  The casks will be 26 inches in diameter and 3.5 feet long. A plug 
cover on each cask will insure operator protection when the cask is out of 
water. 

An over-head monorail system with a switching arrangement will be used 
to transfer the fuel from the core to the spent fuel tank.  The same type 
tool as used ir unloading the core in the reactor is used to transfer the 
elements froia the storage rack to the fuel shipping casks, 

11.7 Vapor Container Penetrations 

The penetrations to the vapor container are made through the head at the 
steam generator end.    There are, in this head, 12 water lines, 4 drain lines, 
one 4-inch steam line,  and 11 electrical penetrations.    The drain water and 
steam lines will be of varying size but all require the same type of pen- 
etration.      A nipple will be welded through the head and will be flanged on 
each end.      The inside and outside prefabricated piping is attached to these 
flanged nipples with appropriate gaskets and bolts. 

The electrical penetrations will also be a nipple welded through the 
head.     A double ended cannon type plug will be used to make quick connections 
on both the inside and outside of the vapor container, 

11.8 Space Cooler Requirements 

Thermal heat losses from the reactor vessel, the pressurlzer, the steam 
generator, the primary loop piping, and the lower shield tank necessitate 
the installation of a space cooler inside the vapor container.       To the above 
losses must be added gamma heat generation during operation outside the lower 
shield tank. 

For this evaluation of the heat accumulation in the vapor container, rad- 
iation losses have been taken into account, a temperature basis of 120"F in 
the space has been assumed, and no heat loss from the vapor container to the 
outside is considered, all heat removal to be through a finned, unit cooler 
circulating lOOof water. 

Calculations show that the following heat buildup will exist in the vapor 
container! 
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3000 HTU./hr 
6700 
3020 
9100 
5-430 

12560 

39,81ö BTU/n: 

Source Flow 

Gamma 
Steam Generator 
Pressunzer 
Reactor Vessel 
Primary Piping 
Lower Shield Tanx 
(Uninsulated) 

TOTAL 

To handle this load a self-contained unit cooler with integral fan 
has been selected. 

11.9 Insulation Requirements 

The vapor container is insulated to prevent excessive heat losses to 
the anow (ambient temperature - 15°^) and to keep the metal walls at a ten^ 
perature (100-120°?) which will definitely be above the transition point 
th\^3 insuring maximum strength for a max crax condition. 

11.10 Decay Heat Removal Analysis 

11.10,1   Decay Heat Removal Provisions 

In the event of power failure or primary pump breakdown the 
reactor is scrammed automatically as soon as the primary coolant flow reaches 
%t of full flew value,    Hcwever heat generation due to fission product decay 
constitutes a significant source of heat that must be removed from the core 
to prevent overheating.      This decay heat accumulation is to be dissipated 
in the water reservoir of the upper shield tank.    Transfer of the heat is 
accomplished ly a cooling coil circuit that utilizes natural convection ind- 
uced by the thermal head resulting from the decay heab.     This separate system 
is necessary since the location of the horizontal steam generator below the 
reactor tore level prevents adequate natural convection in the primär/ loop 
alone.     The system ia shown in Figure 1, 

The automatic valve as shown in Fig, 1 prevents priaaiy coolant 
from heating the upper shield tank during normal operation.    In the event of 
pump failure this valve is actuated at the time of reactor scramming; ie, 
when the primary coolant has dropped tc 9U% of full flow value.     The cooling 
coil will then be in operation when the primary flow due to inertia has dec- 
ayed to a negligible value, 

11.10.2    Sizing of Cooling Coil 

Preliminary design calculations yield a minimum coil length req- 
uirement of 52 ft, with 1 1/4", schedule 40, S.S. pipe.   The thermal head 
attainable under the specified conditions is 0.56 p.s»l. at a flow of 7 g»p.m. 
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allowinr a total resistance of 2h0 ft. of equivalent pipe in the gystem. 

CALCULATIONS 

1.     Cooling Coil Size 

Desifji Basis:        1. 5000F.  temp, coolant to coil 
2. 300° F. temp, coolant leaving coil 
3. Minimum pipe leg of 10 ft. 
4. 212oF, tanp. upper shield tank water 
5. Boiling condition at external pipe  surface 
6. Coil operating pressure, 1750 psig 

Thermal head s B m id± - dp)L lbs./in2 

U4 
where d^ and d^ s wt» density at diff, temps., Ibs/CF. 

and L .•? length of pipe leg,ft. 
Then d300 « 57.3 Ibs/^ft^ 

d500 - 49.0 lbs^ ft.3 
L       - 10 ft. ? 

and B      . (57.3 - 49) 10/144 ■ 0.576 lbs/in.    thermal head. 

Heat Transfer: Q r    A AT/fc 
where R « 1_ t^ 1      / tw    / 1_ where tw s. pipe wall thickness, 

ho     hi k       f 
Q « 540,000 Btu/ hr, (cf. Ref,6) 
ho n 273 Btu/hr ft2©?, (cf. Ref. 1) for boiling 
hi - 700 Btu/hr. ft2OF.(cf. Ref. 2) ♦ 
k = 16.2 Btu/hr. ft.2oP. ft. for type 304 3.3. 

(cf. Ref.4) 
l/f •« fouling resistance; assume f = 1000. 

* This heat transfer coefficient is based on the following assimptions and cal- 
culations of the inside fluid velocity: 

A t coolant water - 500 - 300 = 200 F, 
w - flow, Ibs./hr.jJJ    s 540000 - 2700 Ibs/hr. 

'c^, a±        (1) (200) 
At an average density (for 400OF.) of 53.6 lbs, /C.F., the flow« 

51 C.F./hr     If a 1-1/4" pipe is used with O.D. s 1.66", i.d. ■ 1.38" 
and transverse area r 0,010 ft.2, velocity, v ■ 5100 ft. /hr. or 1.42 
ft,/sec.    Also, the mass velocity, G ?? 75 lbs/sec. ft2 

Then, R - 1       / 1 /   0,L!pO,093   / 1 (for fouUng) 
273 700 16,2 1000 

R = 0.00366 / 0.00143 r .0007 / .001 m 0.00? 

Now   ATLlA ■ Log Mean Temp, Diff. 
and with ^T,   = 500-212 - 288 

and     ATa = 300-212 . 88 
AT».« z ^Ö.S 

bo, A s QR/^TtM 2 
- 5/40000 (0.U07) / 168,5 a 22,4 ft, 
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Froir. Ref.OjL, 1 l/V Sch.  40 S.S. pipe is suitable for 650 F. and 1750 p.s.i. 
operation. 

2 
With an external area of 0.435 ft / ft.  of pipe, the required length, L = 

22Jj.    -  51.5 ft. 
0.435 " 

From Ref. (4\, using the Fanning equation or the empirical variation, h = 0,5 
vl.85, where h - pressure divp in ft,  of fluid per 100 ft,  of pipe, v - fluid 

Dl.26 

velocity in ft«  per sec. and D - pipe i.d, in inches, the pressure drop, 
h = 0.5 (1.42) :i-85 / (1.38)1*26 - 0,64 ft/100 ft, which at an averaf 

temperature of 400oF,  is equivalent to 0,24 p,s,i,/l00 ft. 

With the thermal head of 0.576 p.s.i,, the total allowable piping (with its 
equivalent for fittinps and valves) is 

(0,576/0.24) 100 =240 ft, 

A similar calculation using 1" pipe shows a required coil length of 66 ft, and 
a pressure drop of 0,86 p,s,i.A00 ft., which is too high for the thermal head 
available.      Therefore, l-l^" pipe is the best selection, 

2, Cooling Coil Configuration and Location 

For the 60" shield tank, a coil diameter of 4-1/2'  is used.    Then, 
the minimum number of turns required is 

n = L m 51,5 m 3.64 
3.14D 3.14 (4.5) 

3, Total Pressure Drop - Decay Heat Loop 

Flow:    1,42 ft/sec.  (0,75 lbs/sec) 
Average Water Density:    53.6 lbs per cu ft,  (4000F,) 

(7.17 lbs, per gal.) 
At 4240 gpm in the primary loop the following head losses exist: 

Piping and fittings pump discharge to reactor 1,6 ft. 
Reactor entrance 3.9 
Reactor core 5.1 

To1 al 10,6 ft, 

A, Pressure Drop of Primary Loop Section 

If v r g,p,m, 
h. - ft., lo 
K   - constan 

and v~= K    If h 
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then K = iqkO       r !£l£       r 1300 

^10.6 3.26 
3o. h. = V 2 

K 2 
For, V - 10.75/7.17)60 = 6.27 g.p.m.   .L 

h.- tt'2V 2 aJL = 23.3 x 10° ft. 
A"   1300 A2,S00 

B.  Pressure Drop of 1 1/4"  Pipe and Coll 
Given:    75 ft. total length 

3.64 coil turns ( ^ dia. -4 l/2 ft.) 
From Reference (5)j Equation 3-15, 

K s f L/D, resistance of various fittings and valves. 
Now Re   .-r; DVr/u . Reynolds number 

where D - 0.115 ft (1.38") 
V = 1.42 ft,/sec. 
r .- 53.65 lbs        (400ÜF.) 

ft 3 _u 

u- 0.13 (6.72) (10   ) pound mass /ft. sec, 
(0.115 ft.) (1,42 ftj (53.65 lb83 ) 

sec, ft 
and Re 

8.74 x IC'^lb, mass/ft, sec. 
Re s 100,000 

Therefore f ~ 0.0235 

Tabulation of Resistances: 
K (contraction) n 0»5 

or   K (entrance)       r 0,5 
K (exit) - 1.0 

or K(enlargement)     ■ 1.0 
K (90° L.R. Ell) s 0.42 
L/D (open glob« - 340 (K = 7.) 
L/b (open gate) - 13 (K r 0,27) 

Coil 
t R/D » 32 - 19.6 

1.38 
Total resistance of 90ob«nd ■ 49 (L/D) 

Resistance due to length - 31 (l/t)) 
Bend Resistance n 18 (L/D) 

Ihen total Coil L a [ 4(3.64)-!]]   (31 / 18 ) / 49 
D 2 ) 

r     13.5c (40) / 49 r 591.4 
Total K for entrance, exit, turns (6) 

= 0.5 / 1.0/ 6 (.42) n 4.02 
Equiv.L -_• 4.02/.0235 a 171 

D 
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Total L    for 1-1/4" loop, with 1 auto globe and 2 gate valves fully open, 
D 

= 171 r 591 / 340 / 13 / 13 
= 1128 

I« 1128 (0.115) s 130 ft. 
Thus, hB = 0.b4 ft.  of fluid x 130 = 0.832 ft. 

100 ft. of system 
and h    t h- ~ 0.8320233 

A = 0.83 -f ft. at V ^ 1.42 ft./sec. 
and p = 0.83 x $3.6     = 0.31 p.s.i. loss 

144 
Since, available thermal head is 0.$76 p.s.i.,  flow can increase as follows» 

Vl2= hi 

V2 - 1.42 ft/sec. 

\ z 0.576 p.s.i. 

h2 hg = 0.31 

VT = 1.42    /0.576   = 1.42 (1.364) 
V0.31 

= 1,94 ft./sec. 
Final balance between flow velocity and thermal head is detennined by analysis 
with the analog number. 

11.10.3    Analysis of the decay heat removal system 

The sequence of events following failure of the primary coolant pump 
were investigated assuming the pump impeller becomes frozen.      Initially the 
reactor power is constant while the coolant flow rate decreases.    It was 
assumed that the coolant entering the reactor remained at its steady state 
value during this period and that the reactor power decreased only due to the 
effect of the negative temperature coefficient of reactivity.     The reactor 
kinetic equations were solved for these circumstances yielding values of the 
average fuel surface temperature and the average coolant temperatures as a 
function of time.     The design of this system provides for a low coolant Hem 
scram initiated when coolant flow decreases to 94^ of its steady state value. 
It was found that boiling did not take place before reactor scram« 

By conservatively assuming a 1.55 second delay between pump failure 
and initiation of reactor scram, temperatures in the core were established. 
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TABLE I - NOMENCLATIEE 

Symbols: 

2 
A Heat Transfer Surface Area, ft 
C Specific Heat        , Btu/lb0F. 2 
g Acceleration due to gravity, ft/sec. 
L Length of component, ft. 
P Power output of core,  BTU/sec 
P Density of liquid, lbs/ft^ 

R Rate of primary coolant flow, lb/sec- 
t Time,  sec,       0 
T Temperature,    F 
U Overall Heat transfer coefficient, BTU/ft - F* See . 
W Weight, lb. 
x Distance along tube, ft, 
z Vertical distance, ft. 

Subscripts: 

c Mean core coolant condition 
D Design condition, steaay state 
E Mean exchanger coolant condition 
f Friction loss term 
P Mean fuel plate surface condition 
i The i^ increment 
s Mean heat sink condition 

Powor was assumed to decrease linearly during the next 1,45 
seconds to that level predicted as a result of decay heat only. The 
following equations were numerically integrated from 1,55 seconds after 
the accident: 

Wp CF   dTpU). P (t)  -   Ap Up ( I, (t) - Tc (t) )  (1) 
3t" 

Wc Cc   dTjCt)- Ap Up ( TF (t) - Tc (t) ) - 2RCC      (2) 
dt ( Tc (t) - T inlet) 

The rate of decay heat generation is given byt (**) 

P (t) « P (0) ( 0,05225 t -0'2 - 0.05225 (f / t) '0,2) (3) 

where: P(o) - Normal power generation rate, Btu/sec, 

= 9486  Btu/sec. 

t* z reactor operating time, see. 
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At the end of ?.3 seconds after pump failure the average fuel 
surface temperature (Tp) was found to be 600°?, The average coolant 
temperature (To) was 570°?. These temperatures established the initial 
conditions for the analog study of the heat removal system. 

11.10.3.1 Analysis of the Heat Removal System 

The performance cf the heat remcval system was 
analyzed by analog computer methods. It was assumed that the system did 
not make appreciable contributions until 23 seconds after the pump 
accident. This assumption is very conservative in light of the analysis 
in section 11.10.4 in which the cooling loop is shown to operate almost 
imir.cdiately after pump failure. 

11.10.3.1.1. Analog Kinetic Model 

A lumped kinetic model was used in which tim« 
lags in piping were neglected. (9) This is possible because the intervals 
investigated were long compared to these delays. Equations representing 
the temperature distributions in the system as well as tho coolant flow 
rate through the heat removal coils were solved subject to the initial 
conditions existing at 23 seconds after the pump accident. 

The rate of change of momentum of the fluid circulating in 
the heat removal loop was equated to the sum of forces acting on it« 
This yields a differential equation representing the coolant mass flow 
rate in the cooling loop. 

A^ dt * 1     /-l        1 

* 
i 

(4) 
Hg 

Evaluating the existing thormal head due to the position of the 
heat removal coils equation (4) becomes: 

dR   =   _^_D_     (Tc - Tt)    -    (A pf)#       ( „RJ1*8 (5) 
dt  £      5   Ro 

i   Aig ^     k 
i       Ai8 

The frictional pressure drop in equation (4) has been written as: 

2  (AP^ ,    (APf)0     ( R)1-8 (6) 

Here ( A p^)0 represents the calculated frictional preseur« 
drop in the circuit at an assumed flow rate (RQ).    The exponent 1.8 stems 
from a combination of basic turbulent flow relations.    By choosing R0 
larger than that expected to exist in the loop the exponent 1.8 can be 
conservatively replaced by 2.    This function is simpler to generate on the 
analog computer. 
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Performing a heat balance on the fuel elements the lumped 
equation iss 

WF CF  .JT^ = P (t) - (UpAF)o ( L.  )0-8 ( TF - Tc)    (7) 
dt 

The 0,8 power dependence of the heat transfer coefficient is 
in accord with the usual heat transfer equation of Nusselt: 

NN =     K D   =    0.023      (Nj^)0-8    (Npr)0-^ (8) 

By evaluating the heat transfer coefficient at an arbitrary 
flow rate (Ro) larger than that expected we may replace the exponent 
0,8 by 1, 

Similarly the equations for the other temperatures in the 
system becomes 

Average Coolant Temperature 

Wc Cc      d Tc    a    (Up AF)o      (R )    ( T- - Tc) - R Cc (Tc - TE) 
"cRT Ro (9) 

Average Temperature of Coolant in the Heat Removal Coils 

«E CE  d TE  = R Cc (Tc - TJS) - ( üB AE)0 (R ) ( T . T8) 
HT- ^        (10) 

Average Temperature of Water in the Upper Shield Tank 

v» Hi z (Wo(V (TB 'T8)"U818 (T8 -1V) (n) 
dt 

11,10.3.1.2   Plant Operating Constants 

Cc =   1,27 

Cg -   1,084 

C8 =   1,004 

Of s    0.121 

D   .   8.70 

Ro =   1.2 

RQ s   466.8 (at 4238 gpm) 
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(UE) _ 0.0397 

AE     Z 22.6 

U3     * 1.2916 x 10-^ 

As      s 24A7 

Y     - 4.62 x 10-2 

5-   Ja    - 216 

Wp     = 429.7 

Wc     r 157.8 

Wg     = 28.7 

W8     = 1.7689 x ICA 

(Apf)o - 21.191 ft. 

11.10.3.1.3 Time and Amplitude Scaling Factors 

In order to keep the length of computing time 
at a minimum a time scale was chosen such that one computer second would 
be equivalent to ten real seconds.    Thus tHe problem was solved in a 
time scale ten times faster that it actually takes place» 

It was found that results could be more easily interpreted if 
a scaling factor of unity was chosen for problem amplitudes (one volt !• 
equivalent to one physical unit).    The resulting amplitudes were generated 
in sub-raulttples to prevent them from exceeding 4100 volts.   A reference 
level for temperatures was established at 500^." Temperatures were then 
generated above and below this reference level, 

11.10.3.1.4 Potentiometer Settings 

Servo set coefficient potentiometer values are 
listed in Table 2.    Both the absolute magnitude of the setting and the 
physical symbols are listed« 
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TABLE 2 - POTENTIOMETEtt SETTINGS 
(Section 11.10) 

Number Value Phyaical Quantity 

7 0.0970 10C/100 

12 0,2604 4UE AE 103/WSCSR0 

15 0.0200 1/50 

19 0.7000 70/100 

38 0.3500 35/100 

40 0.6337 100/WC 

a 0.5000 50/100 

42 0.9617 SO/fopCp 

43 0.U65 2UFAF/^CCCR0 

45 0.4082 io CC/VE 

47 0.1857 loorD/p J^- 

48 0.1857 loo r u/'L  ^ 

49 

54 

0.1626 

0.3880 

^Pf)o / R2o       H 
38.8/100 

56 0.3801 20 (UFAP)0 /WCCCR0 

57 0.0100 1/100 

60 0.0743 2(VB)O ^VBRO 

64 0.2000 1/5 

66 0.8100 81/100 
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li.10,3.1.5 Analog Circuit Diagram 

The analog circuit used in this study 
is ehcvm in Fig. 3» The notation is the same as used in APAE-38« Feed-back 
connections have been sriown in order to indicate the coupled nature of the 
problem, 

11»10.3»2  liujults of the Analog Analysis 

Figures k through 7 indicate analog solutions under 
different initial conditions and plant parameters. 

Run A most closely approximates the design 
parameters envisioned, it Js seen from Fig. k that the average fuel surface 
temperature incrtases by 10 F after the decay heat removal system takes 
over. After a period of 30 seconds this temperature begins to decrease 
reaching [i20oF approximately 15 minutes after pump failure. Since the hot 
channel tomptrature is considerably higher than the average fuel surface 
tonpcrature, local nucleate boiling will exist there. The average coolant 
temperature never exceeds saturation. General boiling will not take place 
after pump failure. 

The analog results were checked for consistancy 
by performing a heat balance on the entire system. This accounted for all 
hi-.cxt ge/ifcrated within the limits of error of the problem. 

ll.lO.lj Reverse How Analysis 

During normal operation the automatic valve in the 
cooling coil circuit is closed. In the event of pump failure the valve 
opens when the primary coolant flow has dropped to 9h$>  of full flow value. 
Valve is actuated by same signal that scrams reactor. At this instant 
tiome water at steam generator exit temperatures (500°?) will be forced 
into the cooling coil. Such flow is in the opposite direction of that 
intended for the cooling coil circuit; also, the presence of $00^, water 
in the cold leg «.»f the cooling coil circuit will reduce the thermal head 
intended for the decay heat removal. 

However, analysis will show that if the valve is opened as 
early as the instant of pump failure, the undesirable flow will qiickly 
reverse Its direction arid the original thermal head will re-establish 
itsell. These conditions will be reached while there is still con- 
siderabLf. flow due to primary coolant inertia. Hence, opening of the 
automatic valve as designated above will not interfere with the proper 
operation of the cooling coil. 

Analysis upon which this conclusion is based follows« 

The automatic valve will be assumed to open at the instant 
of pump failure. The amount of 500°? water pushed into the cooling 
coil loop will depend on how fast the primary pump driving head decreases. 
To be conservative in this coaputation it will be assumed that the impeller 
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is free to rotate with coastdown following the curve A of Fig. 2.* Also, 
the force tending to drive the water into the cooling coil will be taken 
as that due to friction pressure drop of the primary coolant between 
points A and B of Fig, 1,    This friction head at any given time will be 
based on the flow at the given time. 

The force tending to prevent 5000F water from entering the 
cooling coil is due to the associated thermal head. At the instant of 
valve opening, this thenral head consists of a 13 foot cold leg (150°?) 
opposing a 13 foot hot leg 530°?.        However, as soon as hot water {50CP?.) 
from the steam generator begins to push its way Into the cold leg (with 
an equal amount of l^CP?, water forced into the hot leg) the thermal head 
is reduced correspondingly.    A parameter of this effect is the distance 
beyond point A of Fig. 1 that 500^. slug of water has been forced into 
the cooling coil.    Fig. 8 gives thermal pressure as a function of this 
distance. 

A force opposing flow in either direction is   the friction 
of the coil circuit itself.    This force is negligible in this analysis 
until flow velocity in the coil has reached approximately 1.6 ft/sec. 
At this point, it is taken into account, 

Newton's second law is applied to the mass of water in the 
cooling coil between points A and B of Fig, 1,    "Up" is taken as the 
positive direction.    Pipe size is 1-1/4 inches, 

FT   = ma (1) 

Fm is the sum of the three forces previously discussed. 

FT   =Ff/Pth/Ft 

Tf   s driving force due to friction drop of primary coolant 
between points A and B of Fig.  . 

* This curve was based on methods given in reference (10), Coastdown 
parameters incorporated follows: 

Normal flow rate   -  466 lb/sec 

Total loop pressure drop  ^ 39,31 ft. 

Rated pump speed        3 91,3 rad/sec 

Moment of inertia, pump   • 55 lb - ft^ 

Rated efficiency        ■ t>5% 
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= 5.5Ö G^-*^ lbs (always positive) 
Based on 106ft. head at full flow 

Fth- driving force due to thermal head 

■ values given in Figure 8 (always negative) 

F^ - friction force due to motion of cooling coil fluid 

(assumed zero until v - 1,6 ft/sec) 

- 2=5 ( v  > 1•Ö 

G   ~   ncrmalized flow rate of primary coolant.    Values as 

a function of time after pump failure are given by Curve A, 

Figure 2. 

v ■ velocity of flow in cooling coil pipe (ft/sea) 

m «• mass of water in cooling coil from point A to point B 

of Fig. 1, 

n   1,19 slugs (assumed constant    for this analysis) 

a    =   acceleration of nass m,  (ft/8ec2) 

Once an average acceleration "a" has been established for 
a time interval,   t, the corresponding velocity achieved (v) and distance 
traversed (a) during this interval may be determined from the following 
formulas, 

v s v0 r a At (2) 

- VoAt / 1/2 a (At)2 (3) 

where VQ H velocity at beginning of time interval. 

By solving equations (1),  (2), and (3) for such discrete time 
intervals*,  the motion of water mass m was established.    Results are given 
in the form of a graph (Fig, 9, Curve A) showing the distance that the slug 
of 500°?. feedwater has moved into the cooling coil as a function of tine after 

the pump failure and simultaneous valve opening.    It can be seen that 
this water enters, reaches zero velocity, and is driven back out by the 

♦    Time interval was taken to be 0,5 seconds. 
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thermal head in about 7 seconds. Comparison with curve A of Fig, 2, 
indicates that at this time there is still approximately 10^ of full 
flow through the main primary coolant loop. 

An identical type analysis performed for the case of a frozen 
püiip C   >w coast down given by Curve B of Fig, 2) shows that is a neg- 
ligible amount of steam generator exit water entering the cooling coil 
pipe.   See Curve B of Fig, 9. 

11.10.5 Results and Conclusions 

In the event of primary pump failure the decay heat 
removal system is sufficiently adequate to prevent generalized boiling 
of the coolant within the core. The analysis is conservative in that it 
neglects heat lost through the pressure vessel cap» 

The investigation was conducted both for the cr.se of a frozen 
pump impeller and for the instance where normal electricUl power is not 
available for the pump» 
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(9) APAE Memo 144 - Notes on Decay Heating After 
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11.11    Air Filtering 

A ventilating system for the vapor container air space is 
shown schematically on Dwg, No. R9-47-1012 of the piping and instrument 
diagram for the primary section of the plant. 

An external centrifugal fan and filter are installed with 
duct connections to and from the vapor container,    A fresh air intake, 
a vent stack outlet and a filter by-pass  are also provided with suitable 
manual valving for the various operations involved. 

The "empty" volume of the vapor container is 5184 cu, ft. 
With a design air change of 100$ every 15 mins., a fan capacity of 
345 c.f.m.  is required. 

The filter housing, installed on the discharge side of th« 
fan, holds two Cambridge 1D-1250 Absolute Filters in series,   D type 
filters are selected because they are built to operate in 100$ relative 
humidity air at temperatures up to 250oP,    Their efficiency is 99,95% 
on 0,3 micron diameter particles,   A specification set by the AEC for 
whom they are originally designed. 

The filters are only used before the vapor container is to 
be entered,  to bring the internal atmosphere down to a safe radiation 
level.    Under this condition, the filters rarely become saturated 
according to APPR- 1 experience. 
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12.0    Fuel Handling Tools 

12.1    Description 

Itie handling equipment and tools for fuel handling are designed 
keeping in mind that a complete fuel change will be completed in 24 hours. 

Operation 1 - Remove Shield Tank Cover - The shield tank cover 
is removed by first unbolting the covering and hoisting it to a storage space 
on the working level.    No special tools are required for this operation since 
the workmar has direct access to the cover. 

Operation 2 - Loosen Vessel Cover Nuts - A torque multiplying 
wrencu is lowered into the water tank directly over the pressure vessel cover. 
The design of this tool is such that the socket of the tool can be located 
and lined up with the nut.    Physically, the tool is a simple gear torque 
multiplying device as used in APPR-1 with a 16-foot extension shaft attached. 
Final tightening of the extension shaft with a torque wrench insures all studs 
being stressed to the proper level*      In this way evenly distributed gaskwt 
tightening and proper initial loosening of the nuts is assured.    Approximately 
three full turns of the extension shaft are required to loosen or tighten the nuts. 

Operation 3 - Remove Vessel Cover Nuts -   After the cover nuts have 
been loosened an extension shaft with a hex socket is lowered into the shield 
tank.      The hex socket has spring loaded balls on two of the flats that engage 
spot drill holes on the nut.      The tool is engaged on the stud nuts and is then 
turned until the nuts have been unthreaded from the studs.   The nuts are then 
picked up, the spring loaded balls carrying the nut weight, and stored on the 
18 studs mounted on the storage shelves in the shield tank. 

Operation U - Install Stud Caps - To prevent damage to studs during 
removal of cover, three stud caps are installed approximately 120° apart. The 
same tool extension is used as with the nut runner. 

Operation 5 - Remove Vessel Cover - Once the cover nuts have been 
removed a three legged cable sling is lowered into the shield tank.     Each 
cable leg has a specially designed safety hook.    Th« hooks are engaged on the 
three lifting rings by means of an extension handle with square drive that engages 
the socket of the safety hook, providing a means for handling the hook.   One« a 
hook is engaged on a lifting ring, the tool engaged in the square drive socket is 
turned seating the safety rod against the hook lip. 

When all the hooks have been attache J> to the lifting rings, tho 
cover is lifted by means of the overhead crane.     When the cover has cleared 
the vessel and studs, it is tipped Into a nearly vertical position by means of 
a small lever operated puller inserted in one leg of the sling* 

116 
A-59 



The differential hoist leg will carry the entire load of the 
cover.    The lifting ring on this leg is located so that when the entire 
load is being supported by that leg the cover will hang approximately $o 
from the vertical.    The cover is placed for storage on two brackets mounted 
on the   shield tank wall. 

Operation 6 - liemoval of Top Grid and Orifice Plate - The 
fixture used to remove the top grid and orifice plate is supported on a 
four 1 legged sling that is  lowered into the  shield tank.    This tool has 
two basic  tarts,  a lifting plate and a jacking plate.    The lifting plate 
is lowered and engaged on the four grid retainers.    Slight pressure applied 
from the working level through a tool extension and hex socket on th« jack- 
ing screw positively nngages the lifting plate.    The above operation dis- 
engages the grid retainers from the rods and also locks grid to lifting 
plate.    The grid can now be removed and stored on shield tank wall.    The 
jacking portion of this fixture is used to disengage lifting plate from 
grids by turning the compound jacking screw with the tool extension and 
the hex. socket.    The jacking plate holds grid in place while the lifting 
plate is disengaged. 

Operation 7 - Place Fuel Transfer Cask in Shield Tank - The 
fuel transfer cask is moved from storage area by overhead crane to shield 
tank.    The cask is lowered into shield tank and placed on a shelf mounted 
on the shield tank wall.    The top cover plug is removed and placed on 
shelf inside the tank. 

Operation 8 - Remove Stationary Elements ~ The stationary fuel 
elements can now be removed by inserting an expandable tool into th« open- 
ing of the element.    The tool is designed so that the expanding arms can 
never come in contact with the fuel plates.    After the tool has been engaged 
in the fuel element it is raised to a position over the fuel transfer cask. 
The element and tool are then lowered into the cask.   Once the element h&e 
reached the bottom the tool is disengaged from the element and removed. 
The fuel transfer cask top cover plug is now replaced and the leaded cask 
is now ready for removal from shield tank. 

Operation 9 - Place Element in Shipping Cask - The fuel element 
tranater cask is picked up and removed from shield tank.    It is then trans- 
ferred to the shipping cask loading pit.   Once the transfer cask has reached 
the loading pit, it is set down, the cover plug removed, and the element 
transferred from transfer cask to shipping cask, using an identical tool 
as used m operation 8,   When the storage rack    has been unloaded, it is 
returned to the shield tank for the next element. 

Operation 10- Replaced Top Gnd and Orifice Plates - The top 
grid is replaced as explained in operation 8,    This step is required to add 
support to the control rod so that it is not damaged during rod cap or 
element  removal. 
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Operation 11 - Remove Control Rod Cap - The control rod caps 
are removed by placing a square socket over the cap.    E(jr pushing down on cap 
with tool and turning i^0 the cap can be removed.    The square has spring loaded 
balls that engage the cap and carry its weight while it is being transferred from 
control rod to storage shelf on side of shield tank wall. 

Operation 12 - Remove Control Rod and Absorber Elements - The tool 
used to remove control rod fuel and absorber elements has two jaws that  close 
around 3/8" diameter pin on top of element.      The tool can be engaged around 
pin in only one position and is designed such that the tool can never come in 
contact with fuel plates.   When tool has been engaged in an element it is 
removed from core and placed in transfer cask.      From this point on, the control 
rod absorber and fuel elements are handled in exactly the same manner as the 
stationary elements as explained in operations 8 and 9. 

Operation 13 - Refueling - The core is reacty- for refueling.    This 
is accomplished essentially in the reverse of the above procedure, 

12.2      Fuel Element Handling System and Procedure 

A general outline of the fuel element handling system is shown 
in Fig. 1 (Section A 12.2),   The main conveyer consists of a suspended monorail 
loop carrying two electrically-propelled trolleys which, in turn, are each 
equipped with electrically driven five ton hoists.      Each hoist can operate at a 
lift speed of 13 feet per min, and travel along the rail is rated at 60 feet per 
min.    Power transmission to the hoists and trolley will be through a cable and 
shoe collection arrangement, with the power cables divided into four main segments. 
one at each end of the loop and one on each of the loop and one on each of the 
long runs.      Power to the long runs is through interlocking switches at each of 
the loading points, to insure against collision of the two trolleys.      The seg- 
ments at the load points are energized through local switches only, to permit 
isolated maneuvering at the load points during cask handling in and out of the 
tanks. 

Procedure during the 48 hour fuel element change period is in 
accordance with the following time cycle: 

Step 1, System cool-down and depressurizing 12 hrs. 
2, Upper Shield Tank opening 2 hrs. 
3, Reactor Cap removal 4 hrs, 
4, Spent Fuel Element removal 7 hrs. 
5, New Fuel Element placement 4 hrs. 
6, Reactor Cap replacing 5 hrs. 
7, Upper Shield Tank Closing 2 hrs. 
8, Reactor Startup and System Warmup 12 hrs. 

Total Time 48 hrs. 
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It should be noted that the primary coolant loop and all the 
auxiliary cooling coils are circulated during the first two steps to 
effect the cool-down.    At the start of Step 3, the primary coolant pump 
is shut down.    At this point, the decay heat generation rate is down to 
about 160,000 Btu per hour, which can be handled adequately by the upper 
shield tank cooling coil and vapor container space coil. 

During the unloading period, the spent fuel elements are placed 
individually in one of the two transfer casks used.    They are unloaded in 
the spent fuel tank^ from tne transfer cask into a support lattice 
(Drg. R9-O-1002). 

All handling of the elements is manual with special tools as 
described in the preceding section. 

The support lattice is eventually emptied into the shipping 
casks at a later time, beyond the 48 hr. shutdown period.   While one trans- 
fer cask is being loaded at the reactor, another is being unloaded at the 
spent fuel tank.    Manipulation of the transfer casks is facilitated by a 
guide stanchion in each tank, which also holds a camming guide device for 
opemr.g the cask lid by means of the the cask weight as it reaches the end 
of its travel near the tank bottom. 

One main aavantage of this method of operation is that during 
the removal of the spent fuel, two elements can be handled at the same time, 
allowing a major time saving in Step 4. 

Since the spent fuel tank is located remote from the vapor 
container, radiation level during plant operation is low enough to permit 
loading of spent fuel into shipping casks at any time.   This operation can 
thus be done at times independent of scheduled (plant shut-downs with 
attendant advantages from both the shipping schedule and plant shut-down 
time standpoints.) 
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13-0   Primary Sys-oeir. Instrumentation 

13.1    Design Cons1derations and Description of System 

The controls and instrumentation for the plant is generally 
similar  to APP^-1 and reflects Alec's operating experience on APPR-1 
and design experience in APPR-la. 

Emphasis has been placed on simplifying the instrumentation 
and obtaining a compact-, eccnomical packaged system consistent with pre- 
serving plant safety,   reliability and operability, and reducing downtime 
due to failuresc 

Instr-umentatlon and controls are provided for the complete 
nuclear powered steam source.    They include instruments, controls and 
safety devices for the reactor., the primary coolant systemj the steam 
boiler feedwater  system and the radiation monitoring system.    Pre- 
fabricated units are used to lower the installed cost of the equipment, 
whenever possibleo    The physical size of the units is small to minimize 
initial costs,  space requirements, weight and transportation costs to 
afford convenience of operatlonc    The central location of equipment and 
the use of maintenance aids keep maintenance costs to a minimum. 

Locally mounted controls and indicators are utilized only 
in cases where complete plant operation is not affected.    These instru- 
ment? are monitored and off-normal conditions alarmed.    Remote mounting 
of control, recording and indication is employed as required where 
radiation haxards,  inaccessibility or good operating practice dictate. 

The control console carries the recorders and indicators 
necessary -to keep the plant operator informed of pertinent plant para- 
meters and the minimum controls necessary to operate the plant.    The 
console is located on the skid with the instrument supply distribution 
panel, secondary switchgear and motor control centers so that all elect- 
rical controls are easily accessible to the operator.    The nuclear 
channels,  radiation monitoring, primary and secondary system recorders 
and indicators,  rod-drive controls, primary system pump controls, press- 
urizer heater controls, scam and trip functions, trip valve controls and 
the annunciator are included on the control console. 

Consistent with the use of all electric and solid state type 
instrumentation, the trip valves on outgoing lines from the vapor container 
are of electric solenoid or electro-hydraulic type which close on power 
failure in a fail-safe condition» 

A radiation monitoring system is provided as a permanent 
integrated part of the plant to detect,  record and alarm and presence and 
level of potential radiation hazards.    It serves to alert the operating 
personnal to any abnormal, situations which may become hazardous to 
personnel and plant operation both on and/or off the site. 
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After a 1957 survey of process instruments made of commercial 
manufacturers, Alco has selected the latest type miniature instruments 
incorporating transistors, magnetic amplifiers and solid state components 
using electrical circuitry throughout^, and electro~hydraulic valves with 
self-contained hydraulic power source.    This type of instrumentation 
reduces and simplifies maintenance by the use of modular construction, 
plug-in and "throw-away" components» 

Pneumatics is eliminated for signal processing, transmission 
and for air loading of valves because of problems of low temperature and 
moisture and during shipment at any site. 

Where components of questionable reliability cannot be elim- 
inated military and industrial "ruggedized" long life types, hermetically 
sealed will be used.    In the more critical applications,  parallel and 
coincidence circuitry is used so that failure of a component cannot cause 
system failure. 

All units are terminated in plug-in type electrical connectors 
and are factory pre-tested as complete channel systems. 

They are disconnected and reconnected as a plug-in operation 
on the final destination were another check is made before operation. 

13.2   Electro-Hydraulic Control Valves 

Electro-hydraulic control valves are used in the all electrical 
instrumentation system in lieu of air operated valves.    While an electric 
operated valve is about two to three times the cost of an air control valve, 
the overall plant cost is less because few valves are needed and the complete 
instrument air system with its associated piping is eliminated.    Elimination 
of air type controls is also highly desirable for this plant to obviate the 
possibility of freezing of moisture in air supply and control lines. 

Self-contained electrically powered hydraulic piston type control 
valves position with a high order of accuracy and have excellent frequency 
response.    The stability of positioning in this type valve is superior to 
a pneumatic diaphragm operator that is a resilient assembly moving in 
response to dynamic forces transmitted from the valve or plug proper on the 
fluid stream.    The hydraulic piston is positioned by a non-compressible 
fluid that dampens vibration and prevents jumping of the inner valve with 
resultant rough control and y«i>.,r *.r\hMT«ui 'D the pneumatic operator. 

The electro-hydraulic valves are self-contained requiring no 
inputs other than the electrical control signal and a.c,  power from the 
distribution line. 

Electro-hydraulic trip valves will "fail-safe" on loss of power 
and close.    Control valves will lock in position and annunciate the condition, 
or close on loss of power as specified. 
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3.3o3 Raaiation Monitoring 

A radiation monitoring system is provided for the protection of 
personnel and plant operation,,    Radiation levels of 5 mr/hr will be alarmed 
both locally and in the control room to warn personnel in a particular area 
and the control room operator of a hazardous condition«    Also by positioning 
detectors in certain areas any malfunction which would result in the release 
of radioactive waste is detected and alarmed so that corrective action may 
be taken b^ the operator«    For the protection of off-site personnel and to 
double check the in-plant monitoring systems, two analyzers monitoring plant 
water and all effiuentd are provided«,    These analyzers are also provided 
with suitable means of indication and alarm. 

The in-plant monitoring systems is gamma sensitive only since 
both primary and secondary reactor shielding contains all neutrons and the 
pipe walla are of sufficient thickness to contain beta radiation« 

Both the water and air effluent monitors are beta and gamma 
sensitive because the effluents are not contained, 

i3ol+ Nuclear Instrumentation 

Drawing heavily on APPR-1 operating experience and APPR-la design 
experiencey Alco has simplified the former nuclear instrumentation system. 
Neutron deteeting chambers used in startup operations and their connectors 
have been a major problem«    For protection of these chambers and their 
connectors our design calls for withdrawal of this chamber «hen not is use« 
At the same time, one startup channel is eliminated because this withdrawal 
will be made in calibrated steps providing the usual two decade overlap of 
the power channel«   When the reactor is at power the chamber will be fully 
withdrawn to extend the life of the chamber and connector« 

Wie safety level chambers are used in a two out of two coinci- 
dence circuit requiring both chambers to initiate a scram at 1^0 percent 
of design level power«    Failure of one of the fail safe safety channels will 
be annunciated without scramming the reactor and will allow time for a re- 
placement of parts In the channel without a shutdown.    But,  if the other 
channel ca.U3 for a scram,   (legitimate or not), before the defective channel 
is corrected, the reactor will be scrammed« 

Five (5) nuclear channels will be provided using six recorders. 
High and low level periods are recorded on a dual channel instrument. 

1« Startup - BF3 counter with low level period 
2« Log N and Period 
3« Linear power 
It. Safety ffl 
So Safety #2 
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The BF3 proportionaj   counter channel with a nimraum sensitivity of h 
coTints/nv wilt cover the neutron fl\ix range from source level w the range 
where the Log N channel gives accurate 3ndicationB    This startup range 
corresponds to a power level of from about OoOl watt to about 100 watts» 
The Leg N channel will cover the pew-sr range from about 10 watts to over 
10 megawatts<,    Associated with the Log N channel is a period anplifiefj and 
a period of 3 seconds will cause a scram«    At a period of 10 seconds rod 
withdrawal is stopped0 

A linear power channel with range selector switch is provided with the 
same operating range as the Log No 

Use of only five nuclear channels, and reduction of the APPR-1 three 
safety channels with a two out of three coincidence scran circuit to the 
two safety channel system with two out of two colncidonce circuit is based 
on the following s 

1»     Use of solid state systems and elimination of vacuum tubes, 
including solid state preamplifiers for the chambers which 
increases reliability and stability« 

2«     Use of regulated and isolated power supplies reduces the chanco 
of false scramc due to outside interference«, 

3»     Use of chamber wells extending to the outside of the vapor 
container with improved type connectors for the chamber leads» 

ko     Use of a BFo - chamber raising mechanism to remove the BF~ 
counter tubo from the region of high flux level during power 
operation.    The mechanism will extend the ucaable life of the 
tube and reduce tube connector failure» 

13 o^ Startup Considerations 

An adequate initial start-up count rate on the BF3 counter channel 
is afforded by the use of a polonium-beryllium neutron source»   After the 
initial startup the polonium-beryllium source is complemented by a 
photoneutron source that yields neutrons upon bombardment by gansa radi- 
ation from fission products»    This source consists of a beryllium slab 
encased in stainless steel and welded to the core tank»    After 1000 hours 
operation at 10 MWS the photoneutron source strength is considerably 
greater than the original source at initial startup and continues to in- 
crease in strength as fission products build up«    Therefore, the count 
rate for startup procedure will be well within the range of the BFo counter 
channel for the life of the core. 

After reloading the reactor with fresh fuel elements a new polonium- 
beryllium source equal in strength to the original source will be required» 
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13.6    Interlocks and Scram Actions 

Rod Travel Limit   Switches 

The rod travel limit switches are the simplest interlocks pre- 
venting travel of rods beyond predetermined limits and protecting the rod 
drive starter and motor from overheating and possible burnout. 

Rod Automatic Drive Down 

There is a contact in parallel with the MinM contact of the 
"gang" switch which is closed during any "scram" condition, energizing 
rod drive motor? "in".   The main clutches are disengaged and the rod drive 
motors, when energized in this manner, operate through the overrunning 
clutches to break loose any rod that may hang up during the "scram".    Once 
broken loose the rod will again fall freely to complete the scram action. 

Nuclear Interlocks and Scrams 

In either the low-power level or the intermediate power level 
regions, a reactor period shorter than some predetermined value prevents 
rod withdrawal.    Both period channels function continuously in the low- 
power region with the low-level channel losing its value above 10 watts. 
This interlock accomplishes its function by making it imoossible to apply 
power to the rod drive motor starters when any attempt is made to with- 
draw rods. 

A rod minimum startup count rate interlock is used to guard 
against reactor runaway during startup because of lack of neutrons when 
achieving a critical mass. 

A low-level protection by-pass in the log N channel by-passes 
both the short period and minimum count rate interlocks at some predetermined 
higher power level.    This by-pass interlock protects against failure of 
either of the interlocks described above which prevent rod withdrawal at 
high power levels.    Actuation of this interlock will be annunciated by a 
momentary audible alarm and switching on of a yellow warning light on the 
annunciator panel.    This procedure is reversed during shutdown of the reactor. 

The period scram is automatically by-passed when the following 
conditions have been satisfied. 

1. Primary Coolant Average Temperature       480°^ 
2, Power Level 60% 

If either or both of these parameters drop below 400°? and 60% 
power, respectively, the period scram is automatically activated. Deacti- 
vation of the by-pass is clearly annunciated to alert the operator. 
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Results of analog computer studies to date indicate that any 
rod withdrawal above the temperature and power conditions listed above 
will  result  in a power level scram before a period scram.    These same 
studies also indicate that at other power levels of power and temperature 
it is possible to limit rod withdrawal in conjunction with a period scram 
by-pass.    However, this has not been incorporated in our designs because 
normal operation of a plant is usually nearly design power.    In a special 
case,  however,  circuitry to by-pass the period scram at lower levels may 
be incorporated in the design. 

A primary coolant pump interlock prevents rod withdrawal when 
the pump is not operating.    This prevents reactor startup and overheating 
of the primary system because of lack of primary coolant flow.    The closure 
of this interlock on the pump motor starter allows withdrawal.    Since there 
is a backup low flow scram action,  starter actuation is considered satis- 
factory evidence that the pump is running. 

Whenever conditions satisfy any or all of the rod withdrawal 
interlocks specified above,  rod withdrawal is prohibited.    It is then not 
possible to energize the rod withdrawal permissive relays.    The operator 
is warned of thij condition by the turning on of a rod (not permissive) 
light and the extinguishing of the green (permissive) light on the control 
console panel.    The reverse is true when rod withdrawal is permittod. 

The rod drive "In" contactor will always override the "out" 
contactor in the event that both of the contactors are energized simult- 
aneously.    This is a fail-safe interlock which would assist in shutting 
down the reactor. 

The rod transfer lock switch requires initiation of reactor 
operations by a keyed switch.    Also, if an attempt is made to start up in 
the "off or "zero" positions, the reactor will scram. 

During zero power operations very low limits must be maintained 
since the reactor pressure vessel cover rosy be off as in criticality tests, 
A scram contact is provided in the log N channel set at some predetermined 
level, such as 1 KW. 

Routine power operation required by-passing the zero power scram 
through the transfer lock switch.    However, the safety channels remain in 
the protective circuitry.    A power level of 120SJ will initiate a scram action 
through the safety channels. 

High rates of flux increase in the reactor coinciding with In- 
creased rate of heat production, are detrimental to the normal operation of 
the power plant and can cause serious damage.   Therefore this rate of flux 
increase is monitored and the reactor is scrammed if too high a period is 
reached.    Two period channels with overlapping ranges are used as monitors 
and scrams are affected by opening contacts in their signal circuits to the 
final output stage of the safety channel.   The low level period scram 
jtilizing the BF3 channel is only in effect at low-period levels and is by- 
>assed by the same log N contacts specified above. 

126 A^5 



The intermediate level scram channel remains in the circuit to 
scram the reactor on a prescribed period below those encountered during 
normal  system load transients» 

There are seven scrams which do not depend upon nuclear channels 
for their scram signals,    Ttie three scrams which depend upon a pressure 
signal are made up of three pressure switches for each scram.    These three 
pressure switches are connected in coincidence so that if any two of the 
three switches are actuated a scram is initiated.   Alarms are also provided 
through the same pressure switches.    The alarms will also detect a defective 
pressure switch when an erroneous alarm is made. 

1. Low primary coolant pressure will first alarm and then scram 
the reactor. 

2. High primary coolant  pressure will first alarm and then 
scram the reactor.    Together with this scram the power to 
the pressurized heaters xs cut off since the condition of 
high pressure may be caused by the heaters rather than 
the recctor. 

3. High pressure secondary steam will alarm and scram the reactor. 
This control implies a primary coolant break through in the 
steam generator. 

U«    Low primary coolant  flow is alarmed at approximately - 3% 
and a scram occurs at approximately -6$.    This control 
guards against boiling in the reactor. 

During zero power operation there is no necessity for primary 
coolant flow and low pressure controls because (a) the low power developed, 
(b) the pressure vessel cover may be off.    Because of this the low flow and 
low pressure alarm and scram specified above ar* by-passed by the  transfer 
lock-switch located in the control unit. 

5. High reactor outlet temperature of primary coolant is alarmed 
and scrammed,    A high reactor outlet temperature indicates 
higher rate of heat generation than the steam generator and 
primary coolant   system are capable of handling. 

6. High temperature steam is alarmed and scrammed.    High steam 
temperature exists when the secondary system is incapable 
of removing heat from the primajry system. 

7«    High primary coolant flow is also alarmed and scrammed. 

13.7    Control Console 

13.7.1    General 

The control console is sized to provide uninterrupted one- 
man operation of the power plant.    Recorders and controllers for the steam 
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and feed-water parameters are included in the console.    As indicated on the 
layout of the switchgear control skid,  associated controls for operation 
cf the power plant such as switchgear;  turbine=generator controls, etc., 
are adjacent to the operAtor.    A graphic panel is not used since this is 
an operating plant. 

The control console is functionally arranged for simplicity 
and ease of operation of the plant.    The nuclear recorders and control rod 
drives necessary to control the primary system are on panels directly in 
front of the operator, with the controls mounted on an inclined panel at 
desk top levels.    The annunciator unit and associated test panel is dir- 
ectly abcve this instrumentation within reach of the operator to acknowl- 
edge alarms«    Additional nuclear instrumentation and radiation monitoring 
equipment is at tne operator's left.    The instruments and controls for 
the primary system are to the right of the operator.   All recorders and 
indicators of variables are mounted on vertical panels in the console at 
operating eye level-  controls are on inclined panels at desk top level. 
All of the sections mentioned above will be covered in more detail in the 
following paragraphs, 

13,7.?    Primary System Instruments 

The vertical eye-level panels of the console contain 
instruments which record and/or indicate all necessary system variables. 
These are* 

1. Primary Coolant Hean Temperature 
2. Primary Coolant Temperature 
3. Primary Coolant Pressure 
4« Primary Coolant Flow 
5, Pressurizer Level and Temperature 
6, Vapor Container Pressure 
7, Primary System Temperature Monitor Indicator 
3. Primary Coolant Pomp Motor Ammeter 
9,    Waste Tank Level Indicator 

10,    Spare Position for Additional Recorder 

The reco/ders are specified on the data sheets accompanying 
this report. Miniature electric type two-channel recorders with 4-inch 
strip charts are used to conserve space. 

The right and left inclined control panels at desk top level 
contain switches and indicator lights used in the control of primary 
system pumps,  pressurizer heaters, and trip valves, 

13.7.3    Nuclear Instrument« 

The vertical panels contain all nuclear recorders which 
are specified in detail in attached data sheets.    These recorders are - 
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1. Safety Channel No. 1 
2. Safety Channel No. 2 
3« Period, 2-channel, high and low level 
4. Log N  ' 
5« Log Count Rate BF3 
6. Linear Power 
7. Spare position for additional recorder 

Amplifiers used in conjunction with these instruments are mounted 
in these recorders» Any controls requiring attention of the operator will be 
included on a panel on the fron to the unit. 

The center panel contains controls and indication for the reactor 
rod drives.    The indicators are dual synchro receivers.    The short needle is 
the "coarse1' indicator of rod position making approximately one revolution 
for full rod travel.    The longer needle is the "fine" indicator making on'j 
revolution for each 3 inches of rod travel.    The combined indication of th«» 
two needles is the  rod position within £ 0.020 of an inch. 

Each of the live rods drive positions is indicated by a separate 
instrument.    Upper and lower limits of travel are indicated by red and green 
lights, respectively.    At these limits of travel the circuit to the rod drive 
motor starter is broken, preventing further motor rotation by either manual 
or automatic means.    A double pole-double throw center off-switch, located 
near each indicator controls direction of individual rod travel,    A ten-pole- 
double throw-center off switch is used for gang control of the regulating 
and shim rods so that the rods may be moved in unison, 

13.70-4    Secondary Instruments 

The right panel contains the instruments necessary to 
record and control steam output of the plant to the secondary system.    These 
are" 

1. Main Steam Pressure Recorder 
2. Main Steam Temperature Recorder 
3. Main Steam Flow Recorder 
4. Steam Generator Level Recorder-Controller 
5. P'jedwater Flow Recorder 
6. Feedwater Pressure Recorder 
7. Turbine Exhaust Pressnre Indicator 

13.7.t    Console Construction 

The control console structural members will be steel 
channeling, using U-shaped channels welded in a manner so as to serve as 
both structural support for the control unit equipment and wiring duct 
for electrical leads from the main internal wiring ducts.    Using the channel 
as wiring duct reduces the amount of harnessing necessary, improves appear- 
ance and facilitates maintenance by allowing easy identification of calbes, 
their routing and  replacement. 
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The inclined panels containing equipment control will be mounted 
irdividually and hinged at the bottom so that they may be opened from the 
front for any maintenance or repair that is necessary.    The upper or top 
sixteen inches of the three vertical panels of the control console contain- 
ing the annunciator unit and test panel may be inclined forward to about 
60° from the vertical to allow easier reach to the annunciator switches. 

The instrument distribution panel will be built integral with 
the console and will also have structural channels to form wiring ducts 
similar to the construction described above for the console.    The unit shall 
be completely enclosed and provided with access doors«    Power and control 
cables will be connected to vertical termination boards in the lower section 
of the distribution panel. 

The annunciator panels will be treated the same as the equipment 
control panels.    They will be hinged at the bottom so that the panel may 
be rotated exposing the circuitry for repair. 

All cables and wires entering the control console fron the Taper 
container, nuclear rack and other locations will be plugged into connectors 
wired to the termination boards in the distribution panel section of the 
control console.    These cables shall enter the distribution panel via over- 
head raceway except for power supplies from the control skid or nuclear 
panel.    The leads from the distribution terminal boards will enter the cont- 
rol console through three wire-ways in the rear base of the console, access- 
ible from the rear of the console«    The three section wire-ways will 
segregate signal, high power and low power cables for ease of trouble 
shooting and to insure no signal distortion due to pickup caused by proxi- 
mity to unshielded power leads.    From this wireway, cables will be placed 
directly into the "channel" construction members.   Wires and cables from 
the controls and equipment in the console will be permanently wired to 
connectors mounted on the terminal boards« 

13.716   Annunciator 

The annunciator will occupy the vertical panels of the 
console and will annunciate 96 variables.    The relays, lamps and hom mounted 
in the same section of the control unit.   All external connections will be 
of the plug-in type.    Two relays and two lights will be used for each 
annunciating station.    The annunciator panel shall be hinged at the bottom 
to allow the panel to be rotated around a horizontal axis for any maintenance 
to components located on the rear of the panel.   The annunciator hom shall 
be provided with adjustable volume control and shall be audible a distance 
of 30 feet.    Individual audible alarms are provided with radiation monitors 
in areas occupied by personnel«    These audible alarms can be heard above 
the noise level of operating machinery. 

The operator is required to acknowledge both the off-normal and 
the return to normal conditions of both the local and control room annun- 
ciation« 
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1367o7   Reactor Rod Control and Indication 

Each rod position is indicated on a single indicator 
unit utilizing two 1 idependently mounted and geared synchro transmitters 
electrically connected to their respective receivers.    These receivers 
are directly mechanically to two concentrically driven pointers and 
contained in the indicator unit.    The coarse indicator pointer travels 
approximately 360^ for the full rod travel.    The short pointer and smaller 
dial is used for this indication.    The fine  indicator pointer, which is 
the longer of the two, travels 360° for each three inches of -od travel. 
Bod pc&ition may be read to at least within £ 0.02 of an inch.    The 
receiver dials are mounted on the control console directly in front of 
the operator together with associated rod drive control levers and indi- 
cator lights. 

Rod position at either extreme of travel is indicated by lights 
mounted directly to the right of the synchro indicators,    A green light 
for "down" or "in" position and a red light for "up" or "out" position. 
These lights are push-to-test lights allowing periodic testing of lights 
locally instead of from some remote control. 

Each reactor rod is rack and pinion driven by a 3-phase, i^O 
voltj, 60-cycle motor.,    This power is transmitted through a main clutch and 
a smaller over-running clutch when traveling in the "down" or "in" direction 
and through the main clutch only in the "out" or "up" direction.    The over- 
running clutch drives any rod down which may not fall freely after a "scram" 
has been initiated.    This clutch actuation will continue until the full 
"down"1 or  "in" position is reached. 

From the control unit all five rods may be controlled individ- 
ually through their respective three-position lever switches.    These three- 
position switches have spring return to the neutral-off position.    When 
either "m" or  "out" contactor is energized by correctly positioning the 
three position lever switch, 3-phase power is supplied through the atarter 
to the moto",    Th<" rao*or fher, drives the rod  "up" or "down" through a gear 
box and  rack and pinion assembly. 

To speed up additions of negative or positive reactivity during 
startups,  etc.,  all five rods may also be controlled in a group or "gang". 
A switch for controlling the "gang" of five rods is located below the panel 
of the console containing the individual rod drive controls.    Besides being 
at definitely offset location, the handle of this switch is of distinctive 
color and shape to further decrease the chance of operator error. 

The limits of rod travel are controlled by "in" and "out" limit 
switches located on the actual rod drive.    These switches prevent travel 
beyond the normal rod travel limits.    Upon actuation of either limit switch, 
the respective limit light is energized and all power through the individ- 
ual and gang control switches to the motor contactor is cut off,  preventing 
further rod travel. 
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13.8    External Wiring 

13.8.1 Wireways 

All instrumentation cables, wires,  power and control 
cables external to the panels and units will be carritd in rtandard wire- 
ways with hinged and gasketed areas.    These will be bolted or screwed 
together   to form wireways interconnecting the panels and units.    The 
wireways will be run in two sections so that low-level and signal cablei 
can be isolated from power and control  cables, 

13.8.2 Cables 

All instrumentation cables used to connect the panels 
and units are cut to length at the factory and wired into plug-in type 
connectors at each end and completely coded.    The resulting leads are 
tested at the factory and prior to installation for continuity and insul- 
ation resistance.    The cables will be laid in wireways in which provisions 
are made for segregating signal and power leads and plugged into the 
correct receptacles at the plant site.    All cables have waterproof Jacket- 
ing to suit the required temperature and humidity conditions and shall be 
terminated in water-resistant connectors. 
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UoO    Primary Parification and Make-up System 

lud    Functional Requirements 

In conventional power and utility plantsj, the purity of the boiler 
water is controlled by a continuous schedule of blowdoun and make-up.,    The 
same principle waa followed in desipn of the purification system for the APPR-1, 
the AFPR-la, and this skid mounted nuclear power plant.    The Fort Belvoir 
Plant was the first pressurized water reactor to utilize a low-pressure puri- 
fication eystemj because of its many advantages and proven performance, this 
type of system has been used in most succeeding land-based plants, including 
Indian Point, Yankee, Savannah, etc    In the APPR-1 design, a small portion of 
water is continuously withdrawn from the main primary system, purified by 
mixed-bed deminerali nation, and reintroduced as make-up to the primary system 
and control rod seals.    Advantages include simplicity of operation, minimum 
capital investment, and elimination of any waste disposal problems with normal 
operation. 

The purification and make-up system is designed to perform the 
followinpr functionss 

1) Continuously remove dissolved and suspended impurities. 

2) Control system pH. 

3) Scavenge dissolved oxypen from the coolant by the addition of 
suitable chemicals (e. g. hydrogen during operation or hydrazine during 
start-up). 

4) Prevent deposition on heat transfer surfaces. 

5) Minimize possibility of fuel element failures« 

6) Minimize corrosion. 

7) Protect moving parts and small orifices from clogging or 
sticking, 

8) Minimize radioactivity buildup on primary system components. 

9) Attempt to eliminate radiological hazards to operating per- 
sonnel and the environment. 

1 - 2 Summary Description of System 

The purification and make-up system contains five basic compo- 
nents; 1) a non-reeenerative heat exchanger (blowdown cooler), 2) a pressure 
reducing-flow control station consisting of orifices, a self contained 
pressure reducing valve and an electro-hydraulic valve, 3) a non-reeenerative 
disposable mixed-bed demlnerallzer, 4) a make-up tank, and 5) a positive 
displacement make-up pump. 
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In addition^ the system contains valves, instruments, and auxili- 
ary equipment required for operation and isolation.    The blowdown cooler, as 
shown on R9-47-1013 - Primary System Skid Arrangement - is located on the 
steam generator skid.    The other components are located on the feedwater skid as 
illustrated by drawing   M02M3 - Feedwater Package General Arrangement. 

The basic flow diagram for the purification and make-up system 
of this skid raountud nuclear power plant is diagramed on drawing R9-47-1012 - 
Primary System P. & I.D.    Primary water enters the purification system at 
approximately 510°? and 175C psia.    The temperature is reduced to about 110°? 
in the blowdown cooler to protect the demineralizer resins from thermal damage. 
A pressure reducing flow control station consisting of orifices, one self- 
contained pressure reducing valve and one electro-hydraulic valve reduces the 
pressure to less than 100 psia before the water is processed through a mixed- 
bed demineralizer.    Flow through the purification system is regulated at about 
1 gpm, although instantaneous flow is controlled by pressurizer level,    Demin- 
eralizer influent also includes a small amount of control rod seal leakage 
water, and as required; make-up condensate to replace system or sampling losses. 

A radiation monitor located on the demineralizer constantly monitors 
radioactivity buildup in this unit.    Should radiation levels exceed preset 
values - as would probably occur during fuel element failure - an alarm in the 
control rocm signals the plant operator to discontinue purification flow.    When 
the source of activity is analyzed, flow may either te diverted to the hot 
waste tank or processed through the demineralizer. 

The demineralizer functions both as a filter and an exchanger. 
Actual operating experience with the APPR-1 has proven that this demineralizer 
design effectively maintains primary coolant purity and, by removing radio- 
active nuclides from the water, minimizes radiation and maintenance problems 
throughout the plant.    Since regeneration of radioactive resins is not feasible, 
and since removal of the resins introduces major handling, storage, and dis- 
posal problems, the demineralizer is designed as an inexpensive, low-pressure 
unit that can be quickly and easily discarded and replaced.    The unit is 
equipped with quick-disconnect seals that completely seal in all radioactive 
water and resins.    The discarded unit can be disposed of either by burial or 
dumping at sea. 

After passing through a filter designed to remove any resin fines 
that might have entered the water, the purified water is collected and stored 
in a 60 gallon stainless steel tank,    A positive hydrogen pressure is main- 
tained over the water in the tank to prevent air in-leakage and to introduce 
hydrogen into the make-up water.    This hydrogen is automatically supplied from 
cylinders thiough regulating valves.    Under a gamma flux, hydrogen not only 
suppresses dissociation of primary coolant, but scavengers any dissolved oxygen 
that might enter the system.    By excluding air from the system, corrosion 
problems are minimized and air-born radiation hazards, such as the formation 
of argon-iVl, are eliminated. 

From the make-up tank, purified coolant is recirculated to the 
primary system and control rod seals by the primary make-up pump.    Pump out- 
put can be manually adjusted from 0,1? to 1,7 gpm. 
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The make-up system provides means for adding a controlled, 
measured amount of hydrog-en to the system during normal operation (through 
the hydropen addition flask), hydrazine for oxygen scavenging prior to start- 
up, and, if necessary,  a decontamination or soluble poison solution. 

Since all primary water is collected and returned to the system, 
waste disposal problems are almost eliminated.    No primary coolant is dis- 
charged to the environment.    Thus, this design is suitable for even the most 
populated area and eliminates any possible public repercussions that might 
result from the discharge of radioactive watpr» 

Design of tnis typical purification and make-up system is based on 
operating experience with the APPR-1.    All components have been tested under 
conditions similar to those that will exist in this plant and have proven that 
the design is not only effective and reliable, but requires a minimum of opera- 
tional manpower. 

H,3    Deslpn Requirements 

The basic design requirements and conditions for the primary 
purification and make-up system are as follows; 

a. The system shall maintain primary coolant purity to such a 
decree that radiation dose levels due to activated corrosion products, 
impurities, and deposited "orud" external to piping and components will not 
pose hazardous accessibility or maintenance problems.    The effectiveness of 
the purification system in minimizing transport and deposition of activated 
corrosion products is as yet not fully known; however, this design utilizes 
the best information available from Task I - Activity Buildup Testing Program - 
of the research and development programs being performed by Alco under 
Contract AT(30-3)-326o 

, b. To minimi?« radiological hazards from gaseous impurities such 
as A     and N^°, and to minimize cürroalon due to oxygen or radiation synthes- 
ized products such as NH- and HNOo, the make-yp system must be designed to 
prevent introduction of air with the make-up water« 

c. To minimize corrosion by scavenplng oxygen and effecting ä 
recombination of the H^ and 0^ produced by dissociation of the coolant under 
a neutron flux, the system shall be designed to maintain in the coolant 
15-30 cc of hydroeen per kg of water, 

d. The required operatinp life of the demineralizer shall be the 
maximum consistent with arrangement and component removal considerations, but 
not less then 90 days. 

e. Means shall be provided to protect the demineralizer resin 
from water exceeding H0o   Fahr,    to avoid thermal decomposition of the resin 
and the resultant loss of capacity. 

f. To facilitate field modifications or insertions, connections 
between the major components of the system shall use tubing and compression 
fittings unless welding is required by the type of service. 
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g. Primary ccolant inlet temperature during operation will vary 
from 509oF to 500oF. 

h. System operating pressure shall be 1750 psig upstream of the 
pressure reducmg-flow control station and less than 2000 psi downstream of 
the make-up pump. The remaining parts of the system shall be designed for 
operation at 50 to 100 psig, depending on location. 

i o The design corrosion rate of Type 304 or 347 stainless steel 
under the thermal and hydraulic conditions existing in the primary system is 
5 mg/dm^/mo. 

J. System equipment may be stored for an indeterminate time at 
-50°?,  although minimum temperature during movement of packages will be -20oF. 
Since all nuclear grade resins (OH- and Hf, Mj/,  or Li/ form) must be shipped 
as a water slurry, the possibility exists of cracking the resin beads by 
freezing. The need for protection during transit and/or storage is dependent 
on the outcome of a proposed research and development program on this subject. 

k. Plant radiation levels under normal operating conditions shall 
be such that the dose received by plant personnel working 84 hours per week 
shall not exceed 300 mr. 

1. The equipment shall be designed or braced to withstand 8 G's 
of shock during transit only, 

m. Leakage from the five control rod seals will be less than 0.1 
gpm. 

n. Primary system volume control shall be based on adjustment of 
purification rate rather than make-up rate. Although no plant operating data 
is available on this control arrangement, discussions with manufacturers indi- 
cates that this will permit closer control of large transient variations than 
is possible with the APPR-1 setup. 

u. Roöi'j t-i.  d*pth in the demineralizer shall be a minimum of 30 
inches. In the absence of APPH-1 opei'-aulüg Hata on the effect of flow loadings 
on optiiiiura demineralizer decontamination factors (groaa Dc F.'s as well as 
individual nuclides), flow loading specifications shall be based on conductivity 
data available from resin manufacturers. During normal operation, flow load- 
ings shall be about 7.5 gpm per square foot of bed surface. 

p. The primary coolant shall be maintained at essentially neutral 
pH. Although data from other installations indicates operation at high pH 
may be beneficial, the effect of high pH on APPR-1 operation (activity build- 
up, corrosion rates, corrosion product release rates, heat transfer, gas 
activity, fission product levels, etc.) has not been demonstrated. 

c. Based on data obtained under Task I - Activity Buildup Studies 
under Contract AT(30-3)-326 and APPR-1 operating data, 25% of the total 
solids in the coolant are conservatively assumed to be soluble for design 
purposes. The average chemical combining weight of the corrosion products is 
assumed to be 50, Capacity of the resin is 10,000 grains/ft3 as CaC03. 
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To Based on APPR=1 operating resultsy system desipn will not 
include an in-line gamma radiation monitor to measure primary purification 
radiation levels,, Experience indicates that crud bursts, activity deposition 
on the chamber surface,, and other factors nullify attempts to use this type 
of monitor to detect failed fuel elements,, The need for a failed fuel element 
detection system is presently belnp evaluated under Task III - Fission 
Product Study of Contract AT(30-3)-326, Area monitors are included for 
personnel protection0 

s0 A connection shall be provided on the suction of the primary 
make-up pump to introduce hydrazine for oxygen scavenffinp during initial 
startupn a decontaminating solution,, and a soluble poison solution» Although 
the latter two are not required by plant design criteria, their inclusion is 
considered desirable emergency features,, The decontamination solution would 
be used in the event of fuel element failure, excessive buildup of lonp- 
llved deposited activity on primary system surfaces, or to facilitate reloca» 
tlon of the plant« The soluble poison solution would be ugod to control 
hot-to-cold reactivity changes in the event a control rod becomes stuck in 
the "full out" position or two rods become stuck in the operating position 
during the first part of core life,. 

to Mixed-bed resin specifications are as followss 

Mixtures mixture of strongly acidic cation resin in the 
hydropen form and strongly basic anion exchange resin in the hydroxyl form in 
proportions of 1.0 equivalent of hydroxl ion to 1.0 equivalent of hydrogen 
ion. 

Particle Sizes both the cation and anion resins shall have a 
mean particle size of 16 to 50 mash and a uniformity coefficient of less 
than two. 

Capacity; the cation resin shall have a total finished capacity 
of not less than 47 mllliequivalents per dry pram, of which not less than 95 
equivalent percent shall be In the hydrogen form« 

The anion resin shall have a total finished capacity of not 
less than iob mllliequivalents per dry pram, of whish as preat a proportion 
as is feasible, but not less than 80 equivalent percent shall be in the 
hydroxyl form. 

Impurities; The resins shall be specially treated to remove 
any soluble orpanic contaminants which may be present. The resin shall not 
contain impurities of foreign cations greater than the followings 

Parts per million 
(of dry resin) 

iron 200 
copper 100 
heavy metals (as lead) 100 
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The resin shall not contain impurities of foreign anions 
greater than the followings 

Percent (equivalent) 

chloride 5 
carbonate 15 

14*4     System Design Data 

Primary system piping and vessels will be fabricated of AISI type 
304 stainless steel.    All other system components exposed to the primary 
water will be of type 30A stainless steel with the following exceptions? 

(1) Rod drive mechanism 

Valve seat and pinion type A10 stainless steel 
water seal shaft Armco 17-4 pH stainless steel 

(2) Instrumentation type 441 stainless steel 
(where no flow exists) 

Purification system flow rates are based on the design require- 
ments outlined in 14«3<>    The primary system surface area and volume used for 
corrosion and activity buildup considerations were 2.48 x 10" cm^ and 600 
gallons, respectively.    The calculated values for the individual components 
are as followss 

Primary System Surface Areas and Volumes 

A^ea. Ft. Volume. Ft3 

Thermal Shield 60.8 
Core and Control Rod Drive 1580.0 
Mechanism 
Reactor Vessel (net water 91.2 42.8 
Primary Piping 39.8 7.6 
Primary Coolant Pump 2.5 3.0 
Steam Generator 894.0 20.6 
Pressurizer 6.0 

Total 2^68.3 80.0 

Based on the above, and assuming that at equilibrium the 
soluble and insoluble corrosion products entering the coolant are equal to 
the corrosion rate of the material under consideration, the Impurities added 
to the coolant by corrosion were calculated to be 3.79 x 10-4 Ib/hr or 124 
grams per month.    Using various assumptions for demlnerallzer efficiency, 
purification system effectiveness in competing with system surfaces for 
circulating Bcrudn

9 deposition rat^s on heat transfer and nonheat transfer 
surfaces, demlnerallzer decontaminai^n factors, etc., the required purifi- 
cation flow rate was calculated to be 1.1 to 1.5 gpn.    Evaluation of stand- 
ard pump capacities and designs offered by manufacturers Indicated that a 
positive displacement pump with a 1.7 ffpn maximum output would be sufficient 
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to meet system make-up and control rod drive seal requirements» 

Assuming that all  soluble corrosion products stay in solution and 
usinp 0o23 as the ratio Of soluble to insoluble impurities  (see H<.3« q), the 
volume of resin required per month can be calculated.    The effect of filtered 
crud on the exchange capacity of the resin is unknown and is not factored 
into the calculations»    For  chis prepackaged nuclear plant,  a minimum of 
0o12 Ft3 of resin will be exhausted per month or 0,36 Ft-' in 3 months of opera- 
tion at system temperature.    To account for unknown factors,  the design value 
used was lo5 times the minimum value or 0o54 Ft3 of resin for 3 months opera«- 
tion» 

For comparison, with improvements in influent distribution to 
prevent the channeling found under Task VI - Shieldinp Studies of Contract 
AT(30-3)-326, an APPR-1 type demineralizer would last about 9 months.    This 
coincides reasonably well with  APPR-1  operatinp experience. 

Pressure drop data used to determine desicn pressure require- 
ments of individual components in the purification    system were a combination 
of manufacturers'  data and measured values durinp APPR-1 operation.    The head 
loss due to frlctlon/lOO ft. of l/2n 16 BWG stainless steel tubing was calcu- 
lated using the Fanning equation 

or        0.03112 ad (1) 
d5 

where § 

h = Head loss to friction, fto 
f = Friction factor, dimensionleas 
L = Length of pipe, ft,  (100 ft.) 
v s Velocity of flow, ft. sec. 
p = Acceleration of gravity, ft/aec2  (32.2) 
q = Flow of liquid, gal/min 
d " Internal Diameter of pipe, In (0.370 In.) 

Substitution of known constants in equation 

(1) yields; 

h   =   9.1 x 107 fg2 

The friction factor is determined as a function of Reynolds 
number by the equation 

it      s   DV 
"Re 

where 

D = Dla. of pipe,  ft. 
V - Velocity of fluid, ft/sec, 
p - Density of fluid, lbs/ft^  (assumed temperature of 120°? Ave.) 
u - Viscosity, Ibs-roass/ft-sec. or centipoises/1488 
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Assuming various flow rates in the purification system, the head 
loss per 100 ft. of 1/2" stainless steel tubing was calculated. The results 
are tabulated below; 

Head LossAOO ft, of l/2" S. S. Tubing 

gal/ min 
3g 

ÜUSSSL ftVsec2 
D 

ft/pec 
P         , 

1 Haas/ft^ 

1 .0022 ^85 x 10-8o .0309 3 61.5 
2 ,oou 19^0 x 10-8 

12,100 x lO"8 

^85 x 10-6 

.0309 6 61.5 
5 .0110 .0309 15 61.5 

10 .0220 .0309 30 61.5 
20 .ouo 19^0 x 10-6 .0309 60 61.5 

gal/min 
u DVp/u xV Bead Loss 

Centipoisea Dimensionless Ft. Pel« 
H88 

xlO"^ 
1 ^.05 UplOO 6.25 2.76 1.2 
2 A.05 28,200 6.0 10.6 4.6 
5 A.05 70,500 ^.5 49.5 21.5 

10 A.05 ia,ooo 4.0 177 76.5 
20 -U 05 282,000 3.5 618 268 

The values used for pressure drop through valves, fittings, and 
other system components was as follows s 

Pressure Drop Through Purification System Components 
Downstream of the Pressure Reducing - Flow Control Station 

Pressure Drop Equivalent ft. 
Psiff of 1/2" tubii» 

Demineralizer ("dirty") 10 
Filter 5 
Valves 23.75 
Flow Indicator 2 
Tees, elbows, fittings . 25.6 

17 49.35 

For 50 equivalent feet of tubing in valves and fittings, the 
total pressure drop due to system components was calculated for various flow 
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rates.    Results are listed belows 

Head Loss Due to System Components 

gal/mln pressure, drop for 50 eg«, ftc Total pressure drop 

1 0.6 17.6 
2 2.3 19.3 
3 4.2 21.2 
U 7.0 24 
5 11.0 28 
6 16.0 33 

From the above calculations,  it is apparent that desipninp the 
demlnerallzer to withstand 100 psip will be more than adequate with expected 
flow rates. 

14„5      Detailed Description of Equipment and Components 

14.5.1    Purification Heat Exchanger (blowdown cooler) 

The purification heat exchanger consists of a spiral 
shaped series of colls held between two flat surfaces - a bast plate and 
casing.    These parts when bolted together form closed spiral shaped fluid 
circuits outside of the coils and in between the two surfaces previously 
referred to, running counterflow to the companion circuits inside of the coils. 
Coils are stacked on top of one another and held together by the base plate 
and casing.    Each coil is attached to a manifold located at either end of the 
coll.    These manifolds are then bolted to the base plate matching up with the 
piping connections to an from the coil side of the unit.    The connection that 
admits cooling water to the outside of the coils is located on the base 
plate. 

istlcs; 
The heat exchanger will have the following character- 

a. Types  spiral tube, counterflow 

b. Materials of Constructions 

Coils 3/8 x 18 BWJ stainless type 304 
Manifolds      bar stock stainless type 304 
Base plat«, steel plate 
Casing; fabricated steel 

c. Performance 
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1. 

5. 
6c 
7. 
8. 

9. 
10. 

Fluid Circulated 
Rate 
Max» 
Temp 
Max» 
Maxo 

of Flow 
Entering 

**' o Leavinz Temp, F 
pressodropjpaig 

Operating Press 9i,psip 
Desipn Press„npsig 
Hydrostatic Test 
Pressojpsip 
Total dutypBTü/hr 
Total Surface ft2 

Conditions 
Inside Coil     Outside Coil 

Primary Coolant 
10^ p.p.h. 

Cooling Water 
600 p.p.h. 

600 
120 

1750 
2000 
2275 

100 
183 
less than 1 

100 
150 

416p000 
11.6 

14o5o2    Pressure Reducing - Flow Control Station 

Purification flow is controlled by use of 1) a pressure 
reducing orlflcej 2) a pressure control valvep and 3) a flow control valve. 
The pressure control valve Is a self-contained control valve that senses the 
pressure downstream of itself and adjusts accordingly.    The flow control 
valve is an electro-hydraullcally actuated valve»    The electrically operated 
valve actuator produces high performance without the use of electronic 
amplification,, utilizing only a simple force motor to control the hydraulic 
pilot.    The pilot system incorporates no close fitting parts, such as sliding 
plate or spool valves, using instead simple nozzle-flapper combinations to 
control hydraulic pressure»    Although no operating experience is available 
with this setup In an APPR-1 type system, it is believed to offer a marked 
improvement over the motor-operated throttling valve installed in the Fort 
Belvoir plant. 

The pressure reducing orifice is sized to reduce the 
pressure in the purification system from 1750 psig to approximately 450 psig. 
The pressure regulating valve downstream of the orifice controls effluent 
pressure at 100 psig  (or other preset value).    Since the flow control valve 
is not involved in pressure regulationp it can accurately control purifica- 
tion flow as required. 

14.5.3    Demlneralizer 

The demlneralizer is a vertically mounted cylinderical 
vessel constructed of Type 304 stainless steel with a design pressure of 
100 psigo    It serves simply as a container for the resin used to purify the 
primary coolant.    The resin purifies the water by removing radioactive and 
non-radioactive corrosion product, serving both as a filter for insoluble 
material  and exchanger for soluble ionic impurities.   Since regeneration of 
radioactive resins is not feasible, the demlneralizer is designed as an 
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inexpensive unit that can be discarded and replaced.    To facilitate replace- L' 
meritf minimize radiation exposuresp and to prevent contarainatiün of the t 
shipping caak? inlet and outlet connections are provided with self-sealing r; 
quick discüxmect couplinf>So i 

Influent •water enters the top of the vessel throuph a K 
distributiorj assembly which retains the resin in the unit and evenly- distri- 
butes the water to minimise channeling <, A similar assembly is also installed ',; 
in the bottom of the demineralizer vessel to collect the purified water and i 
prevent resin escaping into the outlet line,, The distribution assembly ^ 
chosen for the design consists of a number of slotted pipes radiating from ^ 
the center inlet and outlet manifolds similar to spokes on a wheel. «; 

To minimize radiation exposures to the operating crew, the 
demineralizer will be kept witnin the shipping cask which will be used to 
dispose gf" the unit when the resin is exhausted.    Cask shielding design i 
is covered  xn another section of the report. ^ 

1/..5.4   Purification Filter 1 
k 

A cartridge type filter is included in the purification 
system to catch any resin fines leached from the demineralizer or, in the '. 
event of rrßlfuncllons any crud that might channel through the resin bed. 
Mean pore size of the filter is 5 microns, rated to remove any particles over 
2 microns in diameter.    Pressure drop across a clean unit is about 1 psij 
howeverj, entrapped material may increase this to over 5 psi.    If pressure 
drops exceed the latter value, the housing is designed so that the cartridge 
can easily be replaced with a new unit. , 

Life5.5   Primary Make-up Tank 

To provide a positive net suction head on the primary 
make-üp pump and to provide an immediate supply of purified water for the 
primary system during possible emergencies, a 60 gallon nake-up storage 
tank is included in the system.    Asauming the maximum addition rate, the 
tank will nold a 30-minute supply of water.    This time interval will permit 
the flow rate of make-up condensate from the secondary system to be in- 
creased to handle reasonable leaKage rates. 

A positive hydrogen blanket is maintained automatically 
over water in the tank to prevent in-leakage of air.    The hydrogen is sup- 
plied from A cylinder with discharge pressure regulated by a pressure con- 
trol valve.    Since sufficient hydrogen may not be introduceable by this 
method to maintain 15*30 cc of hydrogen per kg, of coclant, particularly if 
appreciable air enters the primary system, a hydrogen addition system is 
included in the make-ap system design« 

14,5.6   Primary Make-up Pump 

The primary make-up pump is a positive displacement, 
constant speed, controlled volums duplex pump rated at 1.7 gpm, «rmvlmum 
output unddr expected operating conditions.    Discharge capacity can be ad- 
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justed from Od? gpm to 1,7 gpm by manually resetting the plunger stroke 
lengths while the pump is at  rest»    The pump motor is rated at 5 H.P.j, 4A0V, 
3-phaseil 6(>=cycies and is suitable for boiler-house installation. 

1IO5I.7   Hydrogen Addition Flask 

A hydrogen addition flask is provided in the purification 
and make-up system design to permit addition of a controlled known volume 
of hydrogen to the primary coolant in exceas of that introduced in the make- 
up tank.    The addition assembly is illustrated on R9-47-1012 - Piping and 
Instrument Diagram, Primary Coolant System.    Hydrogen is supplied to the 
addition flask from a cylinder of the gas and is used both to purge and pres- 
surize the flask.   When required, the flask is valved into the make-up line, 
the vy-pass valve closed, and the make-up water sweeps the hydrogen int» 
the primary system. 

1^.6    Boron Injection 

In the event the reactor could not be brought to zero power be- 
cause of a stuck rod condition, a secondary means of accomplishing this 
would be boron poisoning.    One side rod stuck in the full up position is the 
most critical case and would require 9 grams of boron-10 dispersed with- 
in the core to effect zero power under these conditions.    This could be   ac- 
complished by injecting 14.9 lbs. of boric acid in solution into the primary 
system. 

U.6.1   Poison Tank 

To prepare a ^0% b*, ution of boric acid at room temp- 
erature, 72 gals, of water are required, therefore a 75 gal, tank could 
serve as a mixing and storage tank and with the necessary piping to the suc- 
tion side of the primary make-up pump the required injection force could be 
provided by this pump.    The injection could be completed in 42 minutes. 

14 «7    Seal Leakage System 

14.7.1 Seal Leakage Tank 

A closed 2ö gallon type 304 stainless steel tank is pro- 
vided in the plant design to collect control rod seel leakage water.    The 
tank is equipped with level control switches to automatically actuate the 
seal leakage pump.    Pump effluent is discharged into the purification system 
upstream of the demineralizer.    The tank is also provided with a high-pressure 
alarm, and a vent and relief valve connected to the stack through a flsoe 
arrester, 

14.7.2 Seal Leakage Pump 

A canned rotor centrifugal pump is provided to empty the 
seal leakage collection tank as required. Pump output was sized so as to net 
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adversely affect demineralizer efficiency due to high flow loadings.    The 
level control switches which actuate the pump are designed to permit frequent 
operation of the pump to minimise seizure due to exposure in a moist atmos- 
phere. 

14.8 Spent Fuel Tank Recirculating Equipment 

On the bottom of the spent fuel tank, inlet and outlet gate valves 
with l/2* flanged connections are provided,    A portable centrifugal pump is 
used to recirculate the water through a cartridge type filter whenever such 
action is dictated by excessive turbidity of the water.    The use of a portable 
centrifugal  pump has proved its usefulneäa at the APPR-1 installation at 
Fort Belvoir for such uses as recirculating, filling, draining and other 
general utility purposes, 

14.9 Initial Fill 

The primary system may be initially filled at a rate of 25 gpn 
from the secondary feedwater storage tank by utilizing one of the cooling 
water circulating pumps and the necessary piping and valves.    The water 
will be pumped directly into the primary system and avoid the 1/2" primary 
blowdown line, 

14.10 Activity Buildup Considerations 

Radioactivity isodose levels around the primary system eight 
hours after shutdown from prolonged full power operation cannot be accurately 
predicted with present technology.    Development work on this technology Is 
presently proceeding under Task I of Contract AT-(30-3)-326.    The following 
information on radioactivity levels in the primary system of the Army Package 
Power Reactor at Ft. Belvoir, Virginia is indicative of what can be expected 
in this similar skid mounted nuclear reactor.    The data are based on least 
mean square values of dosage eight hours after shutdown following one year 
of extrapolated full power operation.    Radiation measurements in pipe lines 
were taken on contact with the four inches of insulation surrounding the 12- 
inch outside diameter pipe. 

Radiation Level Due to De- 
position Activity on Primary 

Location in System System Surfaces (Mr/hr)  

Crud      Piping Elbow below Steam Generator 850 
Trap»    Piping Elbow below Preaaurizer 1900 

Reactor Inlet Pipe 270 
Side of Steam Generator 200 

It should be noted that the piping elbows were crud traps and the 
activity could be reduced rapidly by flushing the crud from these points.   The 
200 mr/hr value in the steam generator appears to be the normal radiation 
level at points where crud does not concentrate. 
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The following table gives approximate radiation levet at given 
distances from the steam generator eight hours after shutdown. 

Distance from Steam Generator Radiation Level (mr/hr) 

)ntact with Steam Gen, Insulation 200 
1 foot 112 
2 feet 76 
3 feet 40 
k  feet 36 
5 feet 24 

15,0   Waste Disposal System 

15.1 Functional Requirements 

The waste disposal system is sufficient to collect and process 
the entire liquid contents of the primary and secondary systems plus normal 
waste accumulation over a 2-month period.    This is a total of 4A50 gallons. 
However, the design capacity is based more realistically on the total volume 
of water in the primary system, the shield tank above the pressure vessel, 
and two months accumulation of normal radioactive plant wastes (hot labora- 
tory wastes, active wastes from equipment and floor drains, and active wastes 
from sampling).    In addition, sufficient extra capacity is Included to accomo- 
date decontamination and rinsing of the primary system, 

15.2 Summary Description of System 

The hot waste storage tank shown on R9-47-1012 - Piping and 
Instrument Diagram - Primary Coolant System - is the major facility for 
containment of radioactive liquids.    Radioactive water will be added to the 
tank from a number of sources and for various reasons.   During normal 
operation of the purification system, settings on the relief valves may be 
momentarily exceeded, dumping a small amount of water into the tank.    If 
primary coolant or demineralizer effluent exceeds preset limits due to crud 
bursts or fuel element failure, the demineraliaer influent or effluent can be 
manually diverted to the tank.    In the event of a steam generator tube failure 
which would contaminate the steam generator blowdown, the blow-off tank can 
be dumped into the hot waste tank.    Hot waste tank influent can also include 
shield tank water if the latter is contaminated by intermixing with the pri- 
mary coolant when the pressure vessel cover is removed.    Other fluids that 
may be added to the tank are condensate from the vent stack if the latter 
becomes contaminatedj hot laboratory wastes; equipment and floor drains from 
certain skids; sampling wastes; contaminated laundry wastes; and solutions 
used to decontaminate, rinse, or flush equipment and system components. 

Whatever the source or activity in the solutions added to the hot 
waste tank, the contents must be stored and/or processed.    If storage and 
decay sufficiently reduce the activity and the water is not required for plant 
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usage, the contents can be pumped into the ice cap for disposal. If purifica- 
tion is required, connections are provided on the discharge of the pump to 
process the tank contents through the purification system demineralizer, 
Deminerai^er effluent from this operation can be returned to the plant via 
the make-up tank or can be returned to the hot waste tank for further pro- 
cessing or disposal« 

15.3 Design Requirements 

A 5000-gallon storage tank is used for the containment of radio- 
active liquid. This tank will provide for collection of the entire primary 
coolant, top shield water, one decontaminating flush, two rinses, and two 
months accumulation of normal plant wastes. The design capacity figures 
are listed below: 

Volume of primary coolant 600 gal. 
Volume of top shield tank 2245 gal. 
Volume of decontamination flush 600 gal. 
Volume of two rinses 1200 gal. 
Volume of two month's normal waste 350 gal. 

4995 gal. 
Alternately, the tank is capable of holding the entire primary and 

secondary system volume plus two months normal waste. The total capacity 
required in this case amounts to A450 gallons, including 600 gal. for primary 
coolant, 350 gal. for normal wastes., and 3500 gal. for the secondary system. 
The latter comprises the following; 

Steam Generator 690 gal. 
Coudenaor Kotwell 300 gal. 
Pump and Piping 10 gal. 
Condensate storage Tank 2500 gal. 

3500 gal. 

Since all of these solutions, including any reducing-complexing 
solution used as a decontaminating reagent,  can be processed through the 
demineralizer, the storage volume required will be less than that listed 
above.    It is anticipated that the hot waste tank will normally only have 
to provide temporary storage of solutions pending treatment and disposal. 
A decontamination flush into this tank with subsequent disposal of radioactive 
crud will be necessary prior to plant relocation.    However, due to insufficient 
technology on control of activated corrosion products, it is not known if the 
decontamination flush will havo the desired effectiveness in reducing the 
radiation level of primary system components. 

An evaporator will be provided for concentration of radioactive 
waste and reclaiming of waste water if directed by the government.    It is 
anticipated that an evaporative capacity of 30 to 50 gallons per hour will be 
sufficient for this purpose.    This would allow processing of a full tank of 
waste water in less than one week of continuous operation. 
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I.    Core Design Analysis 

1.0    Contract Design Requirements 

The core design requirements are set forth in the general objective and 
project guide lineso     The general objective for this project requires that 
the core be of the APHi type and be adaptable to skid mounting of the primaiy 
systenu      The project guide lines call for following items that affect core 
designs 

a. System reliability with minimm down time for refueling , 

bo Minimum installed capital cost at a remote site, 

c. Utilization of proven technoloQTo 

d. Availability for procurement ty January 1, 1959» 

e. Minimum personnel requirements for operation and maintenance. 

f o    Minimum of one year between refueling when operating at full power, 

'i „1 Comparison with APHi-1 and la design requirements 

The contract requirements for this design are not inconsistent in any way 
with those for the APHl-lv^) and l~a^2)reactor cores.        Bjy relaxing design 
requirements the contractor is able to make improvements in core design and 
operating philosophy that are of benefit to the military. 

2.0   Core and Reflector Configurations. 

The core array selected for the skid mounted APHi is the basic 7x7 
array of the APFR-1 with 3 elements missing in each corner which results in a 
core of 37 fuel elements.    In this manner a reduction in effective core dia- 
meter is obtained of approximately 2 inches.    The arrangement of the 32 fixed 
elements.  5 control rod fuel element, and 5 absorber sections in the core 
support structure and control rod baskets is very similar to that of the APHl-1 
which has proven itself from all standpoints. 

The reflector configuration originally envisioned for the skid mounted 
APPH (See APAE 33, Drawing AEL-335) employed a minimum water reflector followed 
by the reactor vessel.      No thermal shielding was to be employed.    It was 
intended to employ a solid stainless steel reactor vessel because of the high 
fast neutron flux on the reactor vessel.        As will be discussed in II Shield- 
ing Design Analysis, Section S.O, the heating in this vessel resulted in too 
high thermal stresses.      It then became necessary to investigate the addition 
of thermal shielding which resulted in an increased diameter of the stainless 
dteel vessel.    A configuration employing a large thickness of thermal shield» 
ing (practically a stainless steel reflector) resulted in a stainless steel 

(1) APAE-10 Vol.1, Phase 3 Design Analysis for the Amy Package Power Reactor. 

(2) APAB-V/j, Vol.1, Phase 3 of the report Amy lockage Power Reactor Field 
Unit |i, APFR-la 
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vessel whose inside diameter was not significantly smaller than that of 
the  carbon steel vessel.      The inside diameter of the shield was such as 
to permit adequate water to be placed between it and the reactor vessel to 
reduce the fast neutron flux to a level such that the total integrated nvt 
over a 20-year life was not a problem.      The basic characteristics of the 
reactor core together with a comparison with APHl-1, Core I are given in 
Section 2.2, 

2.1 APHl-1 Core I and Core II Characteristics. 

Thr     project gidde lines are consistent with the core design dev- 
eloped in "APAE-33, 2000 KW skid mounted APPR power plant".      The core des- 
ign proposed in AE-33 employed 32 fixed fuel elements of APPR-l Core I or 
Core II specifications and 5 control rod fuel elements of APHl-1 Core II 
specifications and 5 boron absorber sections of APHl-1 Core I specifications. 
It is felt that this core configuration, as will be proven in the design 
analysis, meets all the project guide lines, such as utilization of proven 
technology, minimum of one year core life and minimum installed cost.    By 
employing APHl-1 fuel elements in this core the installation becomes capable 
of receiving fuel elements of improved technology as they are developed for 
the APHl family, 

2.2 Dimensional and Material Tabulation 

All core dimensions and material for the Skid Mounted Reactor are 
listed in Table 2-1,    Data for the APHl-1 core is also listed to supply the 
reader with a comparison between the two cores.       All experimental information 
is marked with an asterisk (*), 

TABI£ 2-1 

Comparison of Skid Mounted Jore and APHl-1, 

( "Hot" means 5120F in Skid Core, U0OF in APER-l Core ) 

Skid Mounted APHl-1 

Configuration 

7x7-3 elements 
in each corner 
missing -37 
elements 

7x7 -comers 
missing-45 

elements 

Equivalent diameter - in. 
Active core height - in. 
No.  of fixed elements 
No, of control rod elements 
Material content of core 

U235 -kg, 
BlO   -gm. 
ss - kg, 
H 0 (68°?) - kg. 

20.16 
22,0 
32 
5 

10.49 
16.66 

172.10 
91.54 

22.20 
22.0 
38 
7 

22,50 
19.52 

208.92 
111,08 
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Table 2-1   (Cont'd) 

Skid Moimted APER-1 

I 

Configuration 

Fixed element 
U^  -  gm. 
B10 ■ gm. 

Control Bod element 
U235 .  gm, 
B10 - gm. 

Control Bod Absorber Section 
BlO - gm. 

Volume  m core  •   ':r 

Total 
Fuel elements 

Fuel  plate meat  •   rectangular flat UO, 
Fuel plate clad - type 30^1 stainleas 

Meat  thickness  ■•  in. 
Fixed  element 
Control Bod element 

Meat width   -  in. 
Fixed elenBut 
Control Bod element 

Active length - in. 
Fixed element 
Control Bod element 

Cladding -  in. 
Fixed element 
Control Bod element 

Fuel Plates  per element 
Fixed element 
Control Bod element 

Water gap between plates  -   in. 
Fixed element 
Control Bod element 

Fuel plate meat   composition  - wt .^t 
UOg 
B^C 
SS 

Control Bodb 
Type      square stainless steel basket containing absorber section and control 

rod fuel element (T/S" Europium flux sypprescor at top of neat-lgm Eu) 
Absorber section - four plates welded into a square tube 
Composition     boron enriched in B^" isotope dispersed in iron and clad 

with type 304L stainleas steel. 
Travel-22 in. 
Weight of one rod-55 lb. 

7x7 - 3 elements 
in each corner 

mi88ing-37 
elements 

7x7 -  corners 
missing-^5 
elements 

515.10 515.16 
0M6 

101.12 
0. 3b2 

417.76 
0.363 

56.4 56.4 

23,907 
91,195 

115,102 

29,095 
110,89^ 
139,989 

2   - SS - BkL 
steel 

0.020 
0.020 

0.020 
0.020 

2.500 
2.281 

2.500 
2.281 

22.0 
21.125 

22.0 
22.0 

0.005 
0.005 

0.005 
0.005 

18 
16 

18 
16 

0.133 
0.133 

0.133 
0.133 

25.032 
0.131* 

78.83U 

25.98 
0.1k 

73.88 
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Table 2-1  (Cont'd) 

Skid Mounted APIR-1 

ConfIguratIon 

7x7 - 3 elements 
in each corner 

nii88ing-37 
elements 

"Hot" means 512°^ in Skid core,  kkO^F in AEPR-1 core. 
* means experimental data. 

Initial reactivities  - tf 

Cold     68^ - no xenon 
Hot  - no xenon 

Hot eq. xenon 

Initial banli positions 
Cold - 68°? • no xenon 
Hot  - no xenon 

inches from bottom 

Hot xenon 

Ik.11 
7.65 

5.15 

5.0 
9.7 

11.6 

7x7 - corners 
missing-45 
elements 

15.35* 
10.37* 

8.15* 

3.7* 
6.8* 

8.3* 

Power - t^ax to average, hot, clean 
0 MITCF 

Radial 1.46 
Axial I.65 

Average Tnermal  neutron flux (neutrons     ) 

(cnr - sec.) 
0 WKR 1.67xl013 

Expected total energy release  - MfYB 10 
Average fuel burnup (10 mm) 

2(4 
Maximum fuel  burnup ^ 
Composition of core at end of life 

U-235 left   - Kg. 13.7 
Original B-10 left   -gms. 3.0 

Maximum burnup of control rod material 27*, 
Temperature coefficient 

Cold  -  68°? - 0.22X10-1* 
Hot 

Pressure Coefficient 
Five rod bank worth - i»f 

Cold - 68^ 
Hot 

Center rod worth - $f 
Cold - 68°? 
Hot 

3.4 xlO-jt 
/ 3.1 xlO'TOOpalA) 

19.9 
19.5 

4.0 

1.49 
1.71 

1.^x1013 

15* 
{V-j MWT») 

3S# 
75* 

15-3 
2.3 

- 0.22x10*l+* 
- 2.2 xlO-^* 
/ 2.1 xl0-6(1200p8la) 

19.0 
19.2 

»f.l 
k.l 
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Table 2-1   (Contid) 

Skid Mounted APER  1 

Configuration 

7x7 ■■ 3 elements 
in each corner 

mi8elng-37 
elements 

7x7 - corners 
nii8dlng-^5 
elements 

P.adial Reflector  eavings   ■ 8. 
Cold • 68^ 
Hot 

Axial reflector savings ■ S„ 
Cold      68°? 
Hot 2 2 

Radial buckling      B      ■  cm " 
Cold   •   68^ 
Hot 

Axial buckling -  B* 
68°? Cold 

Hot 
Total Buckling  •  &? 

Cold      68^ 
Hot 

cm -2 

cm .-2 

cm. 

•m. 

6.LL7207 
8.21+8812 

6.030801 
7.978330 

0.0057^7 
O.OO5OI16 

O.OO2I.38 
0.001913 

O.OO7885 
0.006959 

6.180821 
7.797679 

5.109191 
6.103367 

0.00^895 
O.OO4I+65 

0.002259 
0.002129 

0.007151+ 
0.00659i+ 

5,0   AFWL Measured Core Cnaracteristics 

Because of the fact that  the skid mounted APW employs 37 APW. 1 fuel 
elements the measurements made on the APTO-l core employing 1+5 fuel elements 
are cf particular significance.    It  is expected that the principal effect  of 
employing 37 rather than 1+5 fuel elements  is to reduce the reactivity of the 
-.ore throughout lifetime.    In addition,  there will be some increase  In tern 
perature coefficient due to the reduced core size. 

3.1    Bank Position 

The 5 rod bank position in the APPP  1  has been measured under a 
wide range of conditions.    These are   ■ 

70°? No Xenon 

i+l+O0? No Xenon 

1+1+2°? Kquillbrium Xenon 

^2 op Psak Xenon 

The results of these measurements through 7 HßR of core life are 
shown in Fig. 3-1 (Flg. 2A Progress Report #5, Task VII).    It would be ex 
pected that the 5 rod bank position for the skid mounted reactor would be 
further withdrawn at room temperature because of the lower core reactivity 
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and higher  rod worth and would be further vithdravn at operating temperature 
due to the  same reasons together with the higher operating temperature   (512°? 
vs UUO0?). 

3.2 Control Pod Worn 

The 5 rod banii worth has been meaBured under a variety of conditions 
in the ZHS and at Ft. Belvolr. The measurements at Ft. Belvoir provide a com- 
parison between the room temperature calibrations made in the ZPE and calibra- 
tions made at operating temperature. A summary of all the meaaurementa la con- 
tained In Fig. 3 2. (Fig. }D Progress Reportff6)«^). It would be expected that 
the 5 rod bank calibration for the skid mounted AEPR would not differ signifi- 
cantly from that   in Fig.  3-2. 

3.3 Stuck Rod Positions 

With rods A8cB fully withdrawn and considered stationary,  the most re- 
active condition with a single stuck rod is that of an excentric   'od stuck in 
its fully withdrawn position.    The case of having the centerline rod stuck 
in   Its  fully withdrawn position  is  less reactive. 

Fig.   3   3   (Flg. Je Progress Report #5) shows the critical position of 
the partially withdrawn rod as a function of lifetime.    From calibrations of 
the critical rods and their position,  the reactivity In the core can be deter- 
mined if the partially withdrawn rod is  completely withdrawn.    This result  is 
shown in Fig.   3 k  (Fig.  5D).    It would be expected that the critical position 
of the partially withdrawn rod in the skid mounted APffi would be further out 
than that  of the APHM.    It should be noted that  if APHl-1 Core II boron 
loading as specified in APAB 32  (?) can be employed, then the skid mounted 
APTO could be made sub-critical with one rod stuck full out. 

3.^ The temperature coefficient has been measured in the APPR-1 during 
the course of core burnout.    This data is shown plotted in Fig. 3-5 (Pig. IA 
Progress Report #6).    Two effects would be present  in the skid mounted APPR 
that would tend to increase the temperature coefficient.    These eure reduced 
core size and higher operating temperature.    The effect of core size has been 
investigated  in ZPB II and can be used in  interpreting this  change, 

3.5 Pressure Coefficient 

Pressure coefficient as measured in the APW-1 la shown in Fig, 3-6 
(Fig.  1A Progress Report #l). 

3.6 Startup Count Rate 

The startup count rate is being measured in the APPR-l during the 
course of core burnout.    The count, rate ranges from 3 to 5 counts per second 
with the beryllium photoneutron block installed in «he AFRUl. 
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3.7    Conciusioriü 

It   is apparent  from the wealth of experimental data available on the 
APW  I   core that   the characteristics  of the skid mounted core  can be predicted 
with high precision.    This fact  should place the core performance  on a firm 
basis. 

4.0    Skid Mounted Core Characteristics 

The basis  for determining the Skid Mounted Core Characteristics is through 
calculation and comparison with the AEPR-1 and zero power measurements. 

Tne analytical model used in the Skid-Mounted Core calculation la  one 
which was  used  In the analysis  of the Zero Power Experiments   (6) and the 
APW-I.   (7). 

l+.l    Method for Establishing - Calculation and Experiment 

U.l.i    Calculational Model  - The basic model uses two neutron- 
energy group diffusion theory as defined by the equations: 

.Df f-|pf (r,z) /^fc (r,z) = kthit/^h (r,z) / (1-p) k^fc (r,z) 

-DthV2^r^ .^tha^th(r'2)  " V&ft (r.O 

The definitions  of the symbols are given at the end of the 
report.    Assuming separability of the radial (r) and axial (z) dimensions, 
tne solution to these equations can be obtained from various codes for digital 
computers.(^    The Valprod (2) and Windowshade (3) codes, written for the IBM- 
650 digital  computer, were used to solve the multiregion diffusion equations 
in the radial and axial directions.    The output of the codes  include reactivity 
(Keff),   normalized power,  and normalized thermal and fast flux distributions. 
Ir the Windowshade code,  a uniform absorption cross-section simulating a bank 
of corvroi  rods can be specified.    The code then adjusts the rod bank to the 
cr it. icai   position. 

u.1.2    Thermal  Constants   -68^ and 5129F 

Since the Skid-Mounted core contains APW-l type elements, 
tne thermal group constants for the cold {60^) core were abstracted from 
APAE 27   ^.    Constants for the homogenized hot  (512c^') core were prepared by 
the P-3 code    15X Neutron cross sections for each material were evaluated at 
a hardened energy of 0.0597 ev and the thermal cutoff was taken at 0.2k& ev. 
The P-3 code solves the one velocity transport equation to the third spherical 
narmonic approximation for plate type elements.    Table 4-1 shows hot and cold 
Skid Mounted constants compared to APTO-l constants. 

199 B-37 



rFvTjr^jr*" -.* -.'-- ■ r.» - » ■ 

B-38 

Table k-1 

Constants-Skid Mounted and APPR-1 

Fixed Blementa 

Skid APHi-l Skid APPR-l 

a 

p 

£a 
th 

f 
T*l 

th 

D, 

*SUB 

t.h 
a 
x e 
a 

Cold  (689F)        Cold (68Qp)        Hot   (5120F) Hot  (UP0?) 

32.1+03796 32.3788 k&MQ&z V2.9631 

1.32118]. 1.321185 1.565798 1.^91955 

0 01Ü286 0.01102 0.009287 0.010867 

0.898091 0.898091 O.938302 0.933348 

0.013235 0.011+181 0.01x910 0.013921 

0.7^7733 0.747790 O.712723 0.729024 

1.286758 I.286817 1.282469 I.280967 

0.26673^ 0.266863 0.200244 0.207138 

O.4O5789 0.405789 0.309479 0.317149 

1.521326 1.520589 i.545509 1.53110 

O.170539 o. 170538 0.267920 0.245022 

— — 0.006776 0,006272 

O.OC5289 O.007846 0.003785 0.006131 

0.095242 0.088263 0.073065 0.07756 
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CONTROL HOD FUEL ELEMENTS 

a 
f 

Df 

V£ 

p 

t h 

D tb 
2 

r 
tr 

D th 

r 

Ski.1 Skid 

Cold '■680F) Hot  (512^) 

3ie.763697 48 l»6 2583 

1.288348 1.510167 

0«039322 0.031162 

0.009254 0.008411 

0.010876 0.009798 

0.7646'+9 0.730070 

1.175275 1.164865 

0.223360 O.I69193 

0.310757 0.241486 

i.591283 1.427281 

0.180707 O.275669 

0.809039 1.629316 

2.003930 2,307063 

1,8U579 I.209179 

PEFLECTOR PPOPBBTIES (PURE HATBR) 

Skid APPRl Skid APPB-1 

Cold (68^) Cold (68°?) Hot  (512^) Hot   (440^) 

0.14340 O.172304 0.297171 0.264866 

1.671769 I.596015 2.154495 1.893739 

0.0^9470 O.OI6960 0.009849 0.011052 

.34.9638 33.6945 57.373705 47.5034 

0.985556 O.987116 0.986647 0.988482 
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U.1.3   Fast  Constants ■• 68°? and 512^ 

Constants far the  fast  group were also obtained fron! machine 
calculations.     The Muft   -III code   1*0 prepares the fast group constants  using 
the P  1. Selengut-Goertzel approximation for  slowing down of neutrons in hy- 
drogenoua cuxtureB. 

k.l.U   Substitution Effect 

Of the  37 AEW-l  type fuel elements,  5 are movable control 
rod fuel elements.    These elements  contain less uranium and more stainless 
steel cladding than the fixed elements.    The effect  of substituting control 
rod elements for fixed elements can be approximated by weighting the effect 
at the center  of the core by a Jf  (Mr) Bessel function vhereM Is the radial 
buckling.    The effect of the center control rod fuel element on reactivity is 
found by running two Valprod calculations,   one of which contains a control 
rod fuel element region at the centerline.    The multiplication constant^ 
Kgff,   for the Skid-Mounted core can then be found 2rom. the equalitless 

Keff   -  Kef/'*'     'A**tt     ^ (A^ff) * ^ ^ 

F E 
vhere ^ K^ff • Keff. '   '      K^ff  (F.E. with central control rod fuel element) 

N  ' ro.  of rode excluding central rod. 

F,E    •• fixed fuel elements 

It is assumed that the effect of substituting a control rod 
fuel element  for a fixed element changes only the thermal absorption cross- 
sect lor. 

a a a 

^th    '^th    (F*E^ / "^SUB. 

If, 1,5   Model Correct 1 on 

Reactivlty calculations using this analytical approach are 
different  from measured values in the APire-l reactor.    To compensate for this 
expected difference between calculation and measurement,  a "model" correction 
is applied to the calculated reactivity of the Skid-Mounted Reactor. 

h.2   Core Reactivity at 68^ 

Using the model described In section 4.1, the effective multiplication 
of the Skid Mounted Core at 689F was calculated to be 1.1693.    This result was 
obtained from a Valprod calculation of a core composed of fixed fuel elements 
at a temperature of 68°^.    The constants for this calculation are listed in 
Table h-1. 
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The aubötltution effect for a central control rod fuel element was 
found by running a Valprod calculation vith a cylindrical control rod fuel 
element  at the  center of the core.    For this case,  keff decreased to 1.159^» 
The Bubatitutlon effect  for all five elementa le thens 

4keff    = 0.0059 
2 

k^ff  (actual core) - 1.139^ -* J0    Wr) Akeff 

. 1.159**  -^ (0.1+9673) (0.0059) * 1.159^ -0.0117 

- 1.147 

This correction has reduced the reactivity to 1.1477 or 12.87 

The measured cold reactivity for APFS-l IB 1.8l^ lUgber than the 
calculated value.    (3ee Ai^B-27,(°) Pg. 48 and 49, AHUS-32;   '") Pg. 49,50,56, 
73)    This difference is almost constant for a variety of core configurations 
ranging from 1.6 to 2.6itf.]  In all cases the measured reactivity was greater 
than the calculated reactivity.    Thus, the Skid Mounted core should have an 
excess reactivity of about 14.98^ at 68°?. 

The measured reactivity of the APER-1 is 15.35£P.    This Implies that 
the difference in reactivity between the Skid Mounted anfl APfR-l la only 0.67^. 

Measurements were made on the zero power experimental core  d^/ 0f 
the position of the five rod bank vs.  number of elements in the core.    The 
bank moved 1.7" further  in,  going from 37 to 45 elements, which corresponds 
tea reactivity change of 2.57^ using the best available rod worth data.OJ 
However,   these cores had two additional control rod elements present.    In the 
Skid Mounted core    they are replaced by fixed elements.    This difference 
amounts to 0.75^f.    Therefore, we jan infer from this experlToental data thfrt 
the Skid Mounted Reactor has a reactivity of 13.53^/* or 1.82^ less than the 
APW-1.     In the interpretation of this experiment, the assumption was made 
that the rod worth does not  change from 45 to 37 elements.    There is probably 
a slignt   increase  in rod worth in the 37 element core  (about 0,9^ for the 5 
r od bank). 

A difference of i.15^ exists between the two predicted reactivities. 
We will   say,  therefore,  that the reactivity of the Skid Mounted core at 689F 
is 14.11*/ £ 0.58*f. 

4.3    Control Rod Worth 

The worth of the central control rod and the bank of five rods were 
calculated using the Scram Code '"' for the IBM 650.    This code solves a one 
velocity diffusion equation for a bare reactor with a ring of black absorbing 
ehells  including a shell placed at the center of the core.    At 68<^F,  the cal- 
culated worth of the bank is 19.9^/; at 512%  it is 19,%f.   A homogeneous 
thermal poison cross section for the rod bank can then be defined as: 

4-4 rods in     ^ mixed element core 
P 
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This poison cross section  la used to predict  the critical rod bank position. 
The calculated worth of the center  rod alone   is k.jif&i   68°? and ^.O^Pat 
■J129F. 

Expenmertal  measuremente  on the APH*-! Zero Power Reactor   ^'j   Pg. kk 
and ^5,   show a center rod worth of ^„CHtpfor a boron-steel poisoned core, and 
4,8^J*fQr a stEtnleee eteel poisoned core at  68°?.    Tne Integrated worth of 
the entire bank is 18.2^ \H).    Tnis   is fairly good agreement as  it  is ex- 
pected that  the rod worth will be larger in the Skid Mounted Core.    These ex- 
perimental measurements  (■^•' indicate no change in rod worth with changes in 
temperature. 
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kok    ^sre Heactivity and Bank Position 

The hot (bl'S0 F)r clean reactivity for the skid mounted cors 
witi. t'uc^d elements was calculated using the "Valprod" code'^«    The 
coKStants used are lined in Table U~lo    The substitution effect reduced 
the rea-rtivity from ti0i& f    with all fixed fuel elements to 7«12$ Jp 
with fire control rod fuel elements»      In APHl-lv this calcuJUtional 
mod?l was Oo^,.^ f   too low«      Tberefore., the hot clean reactivity of the 
skid core is about ?065i6  f     o 

In the hot (512°?) equilibrium xenon condition^, the reactivity 
decreased to ko9% f   at 0 MWYR» 

A'taodel" correction of 09}0%f   brings the reactivity up ^>o2%^ 
for this case«     This will be the maxi mm reactivity for the eq\ü.librium 
xenon condition since the core will lose reactivity with burnup« 

Ths uniform and one shot burnout models were the same as those 
used in the APPR-1 burnout calculations«  C^w   4x1 equations can be found, 
in this ref atrence.      Calculated core parameters as functions of uranium 
burnup are plotted in Fig. U--1 a^bjC.    The reactivity for uniform burnup 
can then be calculated from the two group bare equivalent core equation,, 

Keff ■■     KthP ♦ Kf (1"P) 
Cl + ^t)    (1* L?^ ) (1 ♦ Bj^ f) 

The results are plotted in Fig« U-2. 

For the non- ■uniform burnup, the core was divided into seven 
radial regions and burned out in five time steps with an average flux for 
each region«     The "Nab I" codevl2} was used to burn up these regions» 
Howeverg no change in reactivity was found up to about 8,,$ MWYRS.     The 
initial case was at hot» equilibrium xenon, 0 MlrfYR«     übe flux distribution 
was kept constant but the magnitude of the flu: es varied with burnup« 

In the axial direction? the core was divided into five regions 
'axd burned out in five time steps using the same assumptions applied to 
the radial burnout.    The initial case was at hot, equilihrium xenon, 
0 MWYR5 with the rods at the critical position (ILb11   out)«   At each 
time step, the "Windowshade" code (3) was utilized in finding the critical 
rod bank pcsition«     A comparison between this calculation and APHl-1 
results is found in Figure U".3« 

The exceas reactivity can then be determined from rod worth 
measurement 5 on tne APPR-1«     The rod worth per inch of the five rod bank 
is plotted in reference (H), and reproduced in Figure 3~2«   It is assumed 
that the rod worth curve for the skid mounted APFR would not be signa.fi-- 
eantly larger than for the APFR-1.     The excess reactivity curve for the 
axial non-uniform burnout is plotted in Fig« U-2 as is the curve for uniform 
burnout«     If the APPR-1 non-uniform correction were applied to the uniform 
burnout curre the predicted lifetime would be less«     This can be expected 
since the r on-uniformity is greater in the APHi-l«     The initial rod bank 
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position in the APFR-l is 8.3" out of the core. This distorts the axial 
flux distribution much more than in the skid mounted core. 

The lifetime of the skid mounted AFFR should be about 10+1 MWYR 
and will exceed the requirement to run for one year at 10 MW (0.8 load factor), 
The maximum fuel burnup for a repion of the core is ^9^ for the center repion. 
The maximum reactivity will occur at the bepinninp of life before Xenon builds 
up to equilibrium conditions. 

A.5 Stuck Rod CritlcalHy 

In the skid-mounted core, the maximum reactivity will occur at the 
beplnninp of core life ia the cold (680F), clean condition. If the core can 
be shut down by any four rods of the five rod bank at this time, then those 
four rods should be able to shut down the core at any time. The stuck rod 
condition will not be ts severe as in AFPR-1 because of the smaller core size 
and increased rod worth. 

Due to the flux perturbations that occur when a rod is stuck out, 
analytical techniques are not successful In predicting the core crltlcallty. 
For instance,, when one side rod is stuck out, that side of the core becomes 
essentially a slab reactor, and the flux shift to that side of the core 
increases the worth of the rod considerably. Fortunately, there Is pood 
experimental data from the APPR»! core (13) showing the reactivity of the core 
with a side rod or center rod stuck out. Fig. U~U  shows the excess reactivity 
of the APPR-1 and skid mounted cores for these cases. The rod worths for the 
skid mounted core are assumed to be the same as the APPR-1, but the initial 
reactivity is smaller by about 1.25% P  , Since the initial skid reactivity 
is close to that of the AFPR-1, the core will not shut down with a rod stuck 
all the way out. However, additional experimental data from the APPR-1 (10) 
shows the core to be critical with the center rod stuck out 9,98", The worth 
of this rod in this range is 50,6^ per inch. Therefore» the critical posi- 
tion of the center rod in the skid core would be 1^.5* out. The APPR-1 core 
is critical with a side rod out 9,8^"' where the rod is worth 65^ per inch. 
In the skid core, the rod should make the core critical about 13 Inches out. 
This is verified in Figure ^-5, reproduced from reference (13), These posi- 
tions are above the equilibrium xenon operating condition where the rod bank 
is initially withdrawn 11.6". However, if a rod were stuck while overriding 
xenon, the core mipht not shut down. 

Boron Injection System for Stuck Rods 

The injection of boric acid into the skid mounted core will be 
necessary to insure complete shutdown in the event of some stuck control rod 
conditions. 

The skid core will shut down with one rod stuck in the equilib- 
rium xenon operating bank position. In the unlikely event of one rod stuck 
all the way out of the core, the core will not shut down at 68°? with the 
remaining four rods. The worst case is with one side rod stuck out. In this 
case, the side of the core becomes a slab reactor, and the flux shift to that 
side increases the worth of the side rod considerably. About 15 out of the 
37 elements form this slab. The excess reactivity can be found from the 
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«xperUnental worth of this rocU  (See Fip« 3~U  or Fip, U~U)    Subtracting 
the difference between the skid and APPR-l cores, about 10751 k, the excess 
reactivity is io55$ k or |2ol2„ Since the worth of B-10 to be injected is 
70< per pm0 about 3 prams of boron -10 would be needed in that side of the 
coreo Assuming homogeneous injection of the boron, 

|? x     3 = 7o4 grams B10 

needed In entire core» A total of 9 gms of B^ was specified for the core 
to account for any experimental inaccuracies e 

4o6 Control Rod Bunup 

The fraction burnup in the control rod bank is defined as the total 
number of absorptions in the rods per original atom density of absorber, iuS., 

B = A total 
»o 

where N^ is the atom density of absorber times the volume of absorber in the 
core at the average bank positiono The assumption is made that all the excess 
neutrons (kex s keff -l) were absorbed in the control rod absorber material« 

where 

Atot.1 = P^ex1 

p = power s 107 watts 

o = fissions/watt-sec. = 3.2^ x l(r 

\J - neutrons =  2.A6 
fission 

Kex = average excess multiplication =0.05 

t = lifetime of core = 3.1536 x 10^ sec. 
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If the average bank position ie 6"  into the core,  N0 - NglO total rod 
atoms x 6/22   = 4„63 x lO2'* atoms  in core. 

NB10 total rod atomfl  - 16.985 x lO2^ 

A total = 1.257 x lO2^ 

The sMjclniun) fractional burnup ie then 0,27.    Thus,   cne amount of original 
B10 absorber left after 10 VUYB. is 3.37 x lO2^ atoms for an average rod in- 
sertion of 6".    The average burnup for the entire length of the rods would be 
TA*.. 

This amount of burnup 1a a less serious problem than tn APIB-l since the 
maximum fractionai  burnup In the APFE-1 ie estimated to be 0.37-    However. 
irradiation of APPP-l rods will be examined and the results will be applicable 
to tne control rode   m the Skid Mounted Reactor.    After 9 MHYP  of operation in 
the APPR- i,  there has been no maLfunctioning of the rods due to control rod 
burnup.    This  is almost equal to the core lifetime of the skid.    However 1  re- 
moval of the control rods from the reactor may present a problem. 

4.7    Temperature and Pressure Coefficients 

The temperature coefficient of the Skid Mounted core was primarily 
baaed upon extrapolation of existing experimental data.    The Zero Power Ex- 
periment  w) predicts a temperature coefficient,  at the operating temperature 

of 512%   of -3.1 *• lO-1* ^.    Measurements on the APPH-l'11' reactor predict 

the same values at 5129F although the curve is of a slightly different shape. 
Fig.  k-6 is a reproduction of the experimental curves which also show a rise 
in the temperature coefficient for a 32 element core.    The skid mounted core 
will therefore have a temperature coefficient of about  -3.^ x lO-1* at the 
operating temperature of 512°?. 

The integral of this curve ie -7.3^ k for the 37 element core from 
68^ to 512^.    This number can be checked from available rod bank data i11). 
In APFP-l the rod bank is 3.7" out;  at HOPF it ie at 6.6".    Extrapolating 
this  curve to 512°?,  the rode would be 8.2" out.    This corresponds to 7.0* k 
and would be slightly higher  in the Skid core due to increased rod worth. 
This   ie excellent agreement,  and,  together with the knowledge of the cold 
(68°?) reactivity of the Skid,  should determine the hot  (5.129F),   clean re- 
activity. 

As expected,  measurements of the pressure coefficient  \2^>25) show 
this to be smaller than the temperature coefficient by at least a factor of 
100.     In the Skid Mounted reactor,   it is estimated to be / 3.1 x 10-^ 

BSTS at  y^0* and 1'^0 P8i opiating pressure.    (See Fig. k-'j) 
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"5.0    Flux  and Power Distribution 

Power   diet n Cations on the Skid - Mounted reactor were obtained for the 
Tbexina.'. Anaiyeie  sectior  for  determination of the coolant flov rate  in each 
elemear .    Power  peaking ar   t rje edge o^ the core vas not   expected to be a 
problf'TD because cf ttie piacement  of the 2" thirk stainless steel therna] slüäldonly 
an average   cf   i   ?   j" from the edge of the core.    However,   different  reflector 
configurations  were examined for  effects  on the power distribution    flux dls- 
trlbutlcn».   z.rä reactivity of the Skid Mounted Core., 

Fast  and thermal  flux  distributions through the primary shield were 
graphed to show the flux  level at   various positions In the shield and in 
the pressure vessei.    These  calculations helped to aet  the  inner diameter of 
the pressure vessel and  iocation of the various neutron reading instruments 
in tne  primary   5nie.a. 

j,. i Powet   Distntution calculations and experiments 

The Vaiprod code,  written for the IBM 65O digital computer,   was 
utilized   in detPrroiling thermal  and fast  flux distributions through the 
primary  shield,,    The ^ode also find? the power distribution and reactivity 
cf the   core by  solving the two group,   multiregion diffusion equations   in one 
dimension.    Marenal constants were calculated by the MUFT III  and P-3  codes. 

Kx peri mental flu*  data  is not available on a 37 element  rore.  Ifrw- 
ever    there  is  raiial flux data for  32 and ^5 element cores with water .ie- 
flectors.    Ab  seen or Pge,  78,  79 and 80 of APAE-27 '"'^  agreement between 
calculated thermal  fluxes and experimental data is excellent.    Since the 
power  generation  is almost  directly proportional to the thermal flux. In the 
corQ    we  can expect  the Valprod code to also predict the radial power dls- 
tribut1 on accurately, 

In the axial direction,   power distributions with a bank of control 
rods   inserted into the core were obtained by assuming the bank could be re- 
placed by a homogeneous thermal absorption cross-section ^tp).    A one dl- 
menaianals  two group code,   the Windowshade code,  iterates for the position 
at  wr-.lch the insert:or, of this £p will result  In a critical core.    The most 
adverse  power distrloutions occur at the beginning of full power operation 
because the rod bann is at  its deepest  penetration and the lower part  of the 
core provides most of the power generation as shown in Fig.  5-1 and 5-2. 
The radiax peak to average  is 1.^6.    The axial center peak to average is 
1.65,  however,  this  unp'cves as the rods are withdrawn. 

5.2    Flux Distribution 

A& the uranium m the core burns up, the rod bank must be moved 
out  to compensate for the reactivity decrease-    This helps flatten the axial 
thermal  flux distribution;  nowever^  the magnitude of the flux increases. 
The power   level   is a function of the flux times the fission cross-sect ion. 
In order to maintain a constant  power level,  the flux increases as the fis- 
sion croee-sect ion decreases due to uranium burnup.    Therefore the magnitude 
of the fluxes will be largest at the end of core life (10 MflfR).    Fig.  5 3 
snd 5-u show the. radial and axial thermal flux distributions at 0 VUXR and 
at 8 MHTVP at   operating temperature  (5120F). 
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Fig.   5-5 ahowB the radial thermal flux distribution for an infinite 
water reflector and for a I 2/3" water gap followed by a 2" ttilck stainless 
steel thermal  shield.    The thermal  shield depresses the thermal flux peak at 
the edge of the  cere considerably since steel does not scatter thermal neutrons 
back into the core as effectively as water and is a greater thermal neutron 
absorber,    Feflector properties  of stainless steel can be found in APAE-27.{°J 

5*3    Flux at   Chamber position 

In order to determine the flux level in the primary shield rings for 
instrumentation and dosage purposes,  radial flux distributionfl were calculated. 
The average thermal flux In the core  is about I.67 x lO1^ at the beginning of 
core life for   10 MW operation.    This  increases to a maximum of 2.3 x 10^-3 after 
10 MWYR.    Fig.  56 shows the thermal flux,   normalized to an average of 1 in 
the coret  through the primary shield which consists of concentric rings  of 
boral/  water^  and carbon steel.    The absolute value of the thermal and fast 
fluxes at the end of life at full power  can be found by multiplying the scale 
by 2.3 x ID13. 

After  shutdown the average value of the thermal flux in the core is 
initially about  1.3 x 10^.    This  is a function of the polonium-beryllium and 
photoneutron sources in the core and the shutdown multiplication constant of 
the core.    Section 6-0 will provide complete data on shutdown conditions. 

Instrument chamber tubes are to be located at essentially two 
type positlcnswithin the shield. 

E "'-:'.'ion  1: 
Two tubes are located within a cut in the second shield ring on a 

center ^3 'icbee from the core centerline. 

Posit ion 2: 

Three tubes  (including the BF^ tube) are to be located within shield 
tank water  on a center  33 inches from the core centerline.    The second shield 
ring does not. extend to These counter positions. 

Katitnates of the average thermal neutron flux at  these positions 
follow^   bae-ed  on  Knowledge of the average core fluxes and flux distribution 
t Lrough the  shiexd. 

Poe it ion 1: 

^th  :   ^''19 •* 109 neutron/cm2-sec beginning of life 

f     ^  i.63 x 10^ end of life 

Posit ion 2: 

(f « 0.89 x 1010 beginning of life 

i( - 1.22 x 1010 end of life 

These values may be reduced considerably by proper positioning of 
ehe tubes  m the vertical dimension. 
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Estimates of the average thermal neutron flux at these positions 
follow,, based on knowledge of the average core fluxes and flux distributions 
through the shield. 

Flux at 10 Megawatts 
Position li 

9       . 2 
(/? r 1.19 x 10 neutrons/cm -sec 

y?= l063 x 10
9 

Position 2 2 

0-, 0.89 x iO10 

/)?-.  1.22 x 10 
10 

beginning of life 

end of life 

beginning of life 

end of life 

Position 1; 

ifr.  On96 
< 

Position 2s 

Shutdown Flux 

beginning of life 

beginning of life 

Gamma flux at both positions for 10 megawatt operation is approx- 
mately 4 x 10^ r/hr. 

These values may be reduced considerably by proper positioning 
of the tubes in the vertical dimension. 
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5.'+    Faät Flux  on Prettaure Veeeei 

To ar attempt to reduce veight,   the  inside diameter of the pressure 
vessel  of the 3Kid Mourted Beactor was reduced to 25"  in the early stages  of 
the deslgij.    B.ringir.p the preaeure vessel   in so near the core increased the 
incident   fast  flux to such an extent, that   it became mandatory to change the 
pressure  vessel material from carton to stainless steel.    The properties of 
stainless steel,  however,   increased the thermal stresses  from gamma heating 
to sucn an extent that  several   inches  of thermal shielding would have been 
necessary to reduce thermal ötress to the desired value.    Addition of thermal 
shields  increased the diameter and weight, of the presssure vessel - thermal 
shield combination.    Therefore it  proved advantageous to increase the diam- 
eter of the pressure vessel to 38" where the incident  fast  flux is tolerable 
on carbon steel,thus resulting in the reference design. 

5.4.1    Method of Calculation 

Two-group radial flux calculations gave the flux dietribu- 
t ions  snown   in Fig,  ^-6    the  fast   flux, shown is distributed in energy be 
tween CU e^ and 10 Mev,     The  flux of  interest,  however,   is that  above   1 
Msv since radiation damage to carbon steel   is dependent   upon the  Integrated 
flux above   ;  Mev„ 

The method used to calculate the above   -1- Mev flux is de- 
tailed   in HAPDi*5 (?5)0    The bae 1 c  equation  182 

.CO 

r 

L- ^fi _ 
')» " ^.^ neutrcni. fir fiBBion 

Rf   '  fission rate,   f iss ions/enr--sec. 

Np  -  nuclear density of hydrogen,  nuclei/cm-^ 

tfVCK)   • hydrogen scattering cross section,  cm^/nucleus 

f!E)   '  fraction cf fission neutrons born with energy E per unit 
energy  Interval 

f(F   )dZ     :   fraction of fif.sioit neutrons born above  energy! 

The calculation above will  overeetlmate the fraction of the 
total fast  flux which is aoove  L Mev since inelastic scattering with the 
heavy elements  in the core  is   ignored. 

After the above  -1- Mev flux has been calculated in the core, 
it   is still necessary to arrive at a corresponding flux on the pressure vessel, 
The Valprod code used to calculate the distribution of the fluxes  is  inade- 
quate to investigate rigorously the effect of the thermal shield-water com- 
bination because of tne two-group limitation.    To assume that the spectrum 
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of the fast fluuc ie the same on the pressure vessel ae in the core would give 
ar overestimate of the above ■■ 1- Mev flux because of the inelastic scattering 
in the steel thermal shields. Therefore an attempt has been made to estimate 
the. effect of thermal ehields and the inelastic scattering in the core on the 
above -1- Mev flux. It appears that a conservative estimate of these two 
effects would be: 

1) Fast  flux through a water reflector only has same spectrum 
as calculated core fast flux. 

2) Through four inches of thermal shielding, the flux above 
1 Mev is attenuated until it constitutes a fraction of the 
total fast flux equal to one-half its calculated fraction 
in the core. 

3) Tnrough two inches of thermal shielding, the flux above 1 
Mev is attenuated until it constitutes a fraction of the 
total fast flux equal to three-fourths its calculated 
fraction in the core. 

These estimates have been applied to the above  -1- Mev 
fluxes  of Table 5-1. 

5.14.2   Comparison with APEK-l and la 

Table 5 1 contains calculated values  of fast and above -1- 
Mev fluxes and "n v t" above 1 Mev for APPR-1, APHl-la,  and the Skid Mounted 
Reactor assuming a load factor of lOOjJ, 

Table 5-1 

Flux and "n v t" above 1 Mev Incident on Pressure Vessel 

^f (   > O.k ev) ^f(   >lMev) n y t 

APFR-1  (20-yT.  lifetime)                    3.8 x lO11 9.8 x 1010 6.2 x 1019 

AJHUla (20-yr, lifetime)                  2.3 x 1012 4.1 x 1011 2.6 x 1020 

Skid Mounted  {2ü-yT. life- 
time) 25" Vessel                             3.5^» 1013 1.09x lO13 6.86JC 1021 

38" Vessel                                          3.l8x lO12 7,k x lO11 4.8 x 1020 
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5.5    Concilia ioaas 

Power  peaking will  not be a problem in the Skid Mounted reactor. 
Radially,   the presence  of the thermal shield only an average  of 1 2/3 inches 
from the core  idge reduces the power peak at the edge of the core considerably 

from lA? ^-- with an all water reflector to 0.95 'ma3t'. rav. ftiv. 

In the axial direction the peaking will be lover than in the APER-1 
core because the rod bank controls less reactivity and is not inserted as 
deep.    In the most adverse case  (hot,   clean,  0 MHYR), the APER-1 five rod 
bank is  inserted 15 inches while the Skid bank is ineer'od only 12 Inches. 

Tnermai stress on the pressure vessel has been reduced to tolerable 
values by the addition of a thermal shield and increased diameter of the 
carbon steel preseure vessel., 

I 

i 

V 
I 
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6.0    SOüPCE STRENGTH DETKFMINATION 

To insure a sufficient  count  rate on the BF, chamber during reactor 
start-up,  a neutron source must  be incorporated vithin the core area.    De- 
termiaation of the strength of such a source follows. 

6.1    Correlation of APK-l Measurements With Theory 

6.1.1   kPPR-1 Measurements 

Since the complete computation of required source strengths 
involves some rather  complex theory,  results of experimental  measurements 
made  on the APHM  will be incorporated wherever feasible.    Source strength 
specification for the APPR-l and experimental data are given below, 

SOURCES 

15 curie polonium - beryllium source  (3.8 x 10'  neutrons/ 
sec.   Initial) 

3" x 3" x 0.5" beryllium block as a photo-neutron source 
utilizing gamma rays from fission products 

Measur ed Shutdown Count Rates,  BF- Chamber 

j                      Date Measured Temp. 
Megawatt Years 

Operation 
Time After 
Shutdown                Count Rate 

1 
April  11,   :^7 

'                      May 26,   '58 
68°? 
112° 

0 
6.15 

0 days            7 counts per 
5-08              h- counts per s 

6.1.2   Determination of       Average Core Flux/SOurce Strength 

One of the meet difficult quantities to compute in predict- 
ing count rate due to a given source is        average core flux/source strength, 
Thie quantity will  be established for the APPR-l by using the count  rate 
measured during the early days of reactor operation.    See page 130 of AP 
Note  ^9.   (17) 

Measured count  rate = 7 cps 
Counter sensitivity - ^.5 cps/nv nv - thermal flux 

^eff /^peak    ^ 0-30 Figure 1-21,  APAE 17  W 

^poalt/J» 3-6 x 10-k     Figure 1-21 APAE 17 (U) 

S = 3.8 x 10^ neutrons/sec. 

where 

Shutdown keff = 0.93   initial excess reactivity - 
total rod worth 

S = neutron source strength 

^ = average core flux due to source 
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^      .2 value of flux; peak in water gap preceding second shield ring. 
BFT  chambe1- lä  located in 2nd shield ring. 

(t    .f - effective counter flux    (an average around the counter tube 
«lib attenuation due to steel tube taken into account) 

5/3 --  _2 . __ 
^.5) (.30) (3«6 x 10-^) (3.8/. loT) 

r 3-79 x 10*4 cm"-2 

This value will be used for APPR-1 type cores for a sub-initial 
kgff of .93 and with the same ratio of thermal to fast core flux.    For dif- 
ferent values of ke*.f the curve cf Figure 6-1 will be utilized.    The curve is 
tased en a claa&lfled Westinghcuse Reactor reactor but normalized to the pre- 
cceding value of jf/S.    The aasumption is made that ß/S is directly proportional 
+.c the ratio cf thermal to fast core flux since # is taken as thermal flux. 
Hence, a corresponding correction should be employed for cores with a different 
thermal to fast flux ratlc.    For the skid mounted reactor this corrective ratio 
Is C 9     Figure 6-1 assumes this correctiono 

6.13 Ccrrelation cf photo-neutron source 

The x^trength of the Pc-Be sour:e had fallen off more than a 
factor of ten when the count rate measurement of k cps wap made on May 26) 
'58      (Se-; Figure J-25 APAE 17;, (i^)    Therefore,  this measurement provided 
a good point  of correlation for the beryllium block photo-neutron source- 
A prediction of this source strength and the resulting count rate was made 
The  factor necessary to force the predicted values of count rate into agree- 
ment  with the measured k cps waä retalr*»^ as a correction factor to be used 
for count rate prediction on the Skid K ^ uted reactor. 

The calculational procedure was based upon that used for the 
APPR-la as given in APAE 17.^) page U7-    More recent data was used where 
appropriate and simplifications made where possible. 

Photo-neutron source strength computation corresponding to the 
measured point  follow. 

The neutron source arrises from the following reaction. 

l^Be^/ y  - 2 ^He4/   0n!   (threshold  -. 1.64 Mev) 

Source cf the gamma ray are fisalcn products.    Hence» a gamma 
source strength cf energy greater than 1.64 Mev must be established.    Then 
the resulting gamma flux on the beryllium block attached to the side of the 
core determined.   The resulting (Jf>n) reaction rate Immediately establishes 
the strength of the neutron source. 

Gaoima source strengths were based on gamma spectrum data from 
NDA-27-39.U9)   Establishment of the resulting gamma flux at the beryllium 
block was based on shielding methods given in TID 7004(20) for a cylindrical 
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source Total gamma attenuation coefficients were also obtained from this 
reference. The microscopic beryllium Qj'.n) ^roas section as a function of 
energy is gaven in Figure 6-2:*. 

Reference to the above sources of information reveals the fcl- 
loving facts  Approximately 9^ percent of the (ir,n) reaction is due to the 
2.5 Mev gamma of La^^^  For the other gam:nas of interest the attenuation co- 
efficient differs little from that appropriate for the 2 "j Mev gamma  There- 
fore, gammas other than those of energy 2.5 Mev were weighted only with the 
Be cross section  Hence, only one shielding calculation la necessary. Further, 
gammas ether than the 2 5 Mev of Ler™ can be considered as one gamma of energy 
2 Mev with a yield equal to that of the total given in NDA-27-39 for Group V 
(.18-2 j Mevx . Ccmputaticns were based on yields given for 1000 hours and in- 
finite operation at 10 iregaw^Tt.s (MW) and after one and ten days shut-down 
period--..  The yield from Lal4rj wac La^en as the total of Group VI (2 2-2 6 Mev). 

Gamma Yield (£*•) 

Energy        Energy Per      1 day shutdown        10 day shutdown 
Group Gamma phctons-cm^/sec      photons-cm^/aec. 

Mev Mev 

1000 hr operation       2.2-2.6 2.5 2,64 x lO"1^ 1.80 x IG"^ 

:.8-2.2 2 5.9^ x 10'll+ 8.3    x lO-1^ 

Total. 3-23 x lO"1^ 1.88 x LO"^ 

Error dae to grouping -ll^t -1.1$ 

infinite operation     ?..2-2.6 2-5 i.2k x lO"^ 2.Oh x lO-1^ 

1.8-2,2 2 7-30 x 10-Ik 2.07 x 10"ll+ 

Total 3 97 x 10-13 2.25 x IO"13 

Error due to grouping 0-65$ 3-7$ 

Gamma Flux 

The beryllium block was considered a field point located midway 
on the 9ide of a finite cylinder equivalent to the core. The quantity^/Sv 
at the beryllium block was computed from the shielding formula found in TID 
7001. (20) 

Agz  gamma flux 

Sy « gamma source strength per unit volume (gamma yield 7 core volume; 
core volume s 1^395 x 105 cm.3) 

* It will be noted that the gamma spectrum data and beryllium cros section used 
here are from different sources than that used in APAE 17- Those used here 
Hre felt tc be more accurate. 
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On.2 attenuation coefficient vas used for a core consist-in« of 00% water.  19-6% 
iron, and 0 '■»% uranium     The total attenuation coefficient for an energy cf 
2  - Mev wa-s chosen      No build-up,   far tor was used since scattering below the 
threshold energy cf  1.64 Mev is effectively a removal.*    (average attenuation 
roefflclent  = 0 09^5  cm-1' 

$Y/SV  T k.lk core radius  = ^8.19 cm 

The expression for the resulting neutron source strength follows. 

&  r-^y^^N ^VB8 N05  - number density 

-  .1236 x lO21* nuclei/cm.3 

V°e  ■ volume beryllium 

= 73.6 cm.3 

Scur: e strengths for 1000 hour and  infinite operation times 
aiter  me and ten day shutdown pericd? were i-eadlly obtainable with the use 
cf the ccrrsspending gamma yields      To obtain the  source strength for ope^a- 
*ing times correspcnding to 6.15 megawatt years and 5-08 day shutdown (needed 
tc     Trelate measured :ount rate),   linear interpolation between the above 
pemts  ^as employed ** The result followsi 

S  -. ^ k 1 lot neutron/sec o 

Computation of the resulting count rate utilizes much of the same data used with 
*.hs Fo-Ee source      However y  the value fi/S must be corrected for core burnout 
FCT 6.15 megawatt ^vears of operation. 

Akeff  = -0.023 estimated from rod bank measurements 

Reference tc Figure 6-1 gives the following corresponding correction factor. 

turnup correction r  »557 

Tfcerefcr%. <f/S s (.557)  (3-79 x I0'k) 

. 2,11 x 10^ cm-2 

I    rf 0eff iHHk 
-.cunt rate r S x ^r xf peak  x  ^        x counter sensitivity 

a    ß f peak 
* Difference in results obtained with this one cylinder method is only 10% 

fron that obtained by use of the three cylinder method suggested in APAE 17 

*■» Infinite operation was considered to be 10,000 hrs.    Operation was assumed 
to "be contlnuoua at 10 Mw. 

iiues ^XA&-J4> vno. reff/^eak use<i liere differ from those employed in 
:tion with tne Po-Be source.    The reason is due to the fact that tcrc 

*♦* The values 
connection with tne i'o-ae source,    xne reason is due to the fact that »cron 
wa-i added to the shield water before the second count rate was measured. 
Flux distribution from which these values were obtained can be found in 
Figures 12 and  1.3 of APAE 35 ^1" 
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* (7.4 x 107)  (2.11 x 10"4) (2.09 x 10~4) (.32) 
x (4.5) 

Count Rate « 4.69 cps 

M^astxred value is 4 cps.    Therefore, correction factor is 

c « 4 
4.69 

C m       .85 

6.2    Neutron start-up source strength - Skid Mounted Reactor 

Count rates were computed for given neutron sources and were found to be 
sufficient.    Hence, these sources are specified for the 10 Mw Skid Mounted Re- 
actor.    Initial source estimates were based on those used in the AFHl-1 and the 
resulting count rates, 

6,2,1   Polonium-beryIlium source 

Prediction of count rate due to a given polonium-beryllium 
source follows.      The method employed follows directly from Section 6,1, 

1. A 15 curie polonium-beryllium source was chosen. 
Corresponding neutron strength is 

7 , (14) 
S = 3.8 x 10   neutrons/sec.    p. 41, APAE 17 

2. Shutdown initial kgff was estimated to be 0.93 frcei rod worth 
and excess reactivity values, 

0/S - 3.41 x 10"4 cm,"2 Figure 6-1 

3. ^"s^/SxS 
jm    (3.41 x 10-4) (3.8 x io') 
4 *     1.295 x 104 n/W-sec 

^     ^eff/^= 5.55 x 10~4 (Includes transmission factor of)    Fig,6-3 
,      ,-    -       («88 through steel tube enclosing counter) 

5. ^ eff     =Vf^x d 
- (5.55 x lO"4) (1.295 x 104) 
- 7.2 neutrons/cm2-SPC       effective shutdown BFo 

counter flux 
6. counter sensitivity r 4.5 cps/nv   typical value 
7. count rate -j»** x (counter sensitivity) 

z VT.*) (4.5) 
count rate - 32 cps 

6,2,2    Photo-nev.cron source 

Prediction of count rate due to a beryllium - fission product 
gamma photo-neutron source follows.     The method employed follows directly from 
Section 6.1. 
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1. The source consists of a 0.5" x 3" x 12" beryllium block 
tomtarded ty fission product gammas. 

2. Source strength calculations were based on 1000 hours of 
operation at  10 megawatts ten days after shut-down. 

3. SLtf"36 = i.88 x 10" ^ photons-cm2/sec Section 6.1 

u. <^/Sv = h  17 method of TID -JOOk^20^ 
0 

Sv-« Sy/:ore volume core volume - 1.15 x 105 cm.3 

core radius = 25-6 cm. 

assumed core composition : 805t HpOj 

19.6^Fe; 

average attenuation 
coefficient = 0.09^5 cmT1 

5 S •'^5Be N86 VBe x correction factor    correction factor = „85 

* I.58 x 108 neutronB/sec N86  = 0.1236 x IG^ 

yBe  . 220 cm.3 
This value 

assumes effective volume 
to be 0-75 actual volume. 

6 d/S = 3-32 x 10"U cm.'2 Figure 6-1 

Assumes A keff ■ 0.02 based on l.lU mega- 
watt year operation for APPR-1, See Fig- 
ure 3E Progress Report No. 6.(1-8) 

7 • ^eff/# * 5 -55 x I0'k Figure 6-3 

Value includes transmission factor of 0.88 
through steel tube enclosing counter. 

8. Counte1-  sensitlvtt.Y z k 5 cps/nv 

^4     r ef f 
9. Count rate " g x ^ x —       x counter sensitivity a   ß 

* (1-58 x 108) (3.32 x 10-M  (5-55 x lO-1*)  (U.5) 

• 131 counts per second 
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10 If the reactor remains shut-down for 92 days, the count will 
drop to approiMnately 2 cps. This value is based on the de- 
cay of the ? 2-2.6 Mev gamna group as given in NM-27-39   ■ 9) 

11. Ccunt rite at the end of core life was estimated as follows. 

Infinite operation at 10 megawatts and ten day shut-down is 
assumed o The value of step 9 was corrected for this longer op- 
eration time and for the change in Shut-down kgff- 

operation time correction = 1.13 reference (19) 

correction due to keff = 0.29 Based on Figure 6-1 

assuiEing^lieff - 0.062. 
See reference (18). 

count rate - (131)   (1.13)   (-29) 

- ^3 cps 

6.2.3 Conclusion 

The following start-up neutron sources  should be incorporated in 
the  10 Mw Skid-Mounted Core- 

15 curie Po-Be source 

0.5" x 3" x 12" beryllium block 

The resulting count rate at shut-down will be quite adequate for 
start-up for any reasonable operational program during the lifetime of the core. 
Sufficient margin is allowed in the event there is considerable delay in trans- 
porting the Pc-Be source due to the unique geographical location of the reactor. 

B-95 
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7.0 Analysis of Spent Fuel Pit Crlticality 

Calculations were perfcrmed to show that the reactivity of the spent 
fuel pit will at no time exre-1;! O.7Q 

The calculated method chosen wan that of modified two group theory. 
The expression for reactivity fellowss 

K = «; f p / IA,^ U - p) 

(l/B2     )(1/I2I2) (l/B2^ 

B-96 

K " total reactivity 
^ » neutrons per fuel aticrption (thermal) 
f s thermal utilization 

'}r » neutrons per fuel aDsorptlcn (resonance.) 
fr E resonance utilization 
B- " buckling 

» a age to thermal 
L • thermal diffusion  length 
p • resonance escape probability 

The fuel elements ar'5. to be stored within a l^t boron steel lattice 
l/V' thick immersed in water ♦    To insure a conservative result the 
following assumptions were mad^i 

1. Only fresh fuel elements are stored (no control rod elements). 

2. Lattice is filled to capacity., including the space taken up by the 
hopper. 

3- Self-shielding factor of one is used for the fuel element ■ 

1      , , 
k.  There iß no thermal  leakage,      'Tft272 '    ) 

Thermal constants were  computed for a hemegemzed core but utilized a 
self-shielding factor for the loron steel absorption.    This self-shield- 
ing factor waö computed by the P^ Code for slab geometry.    Fast con- 
stants were computed by the Muft^III Code, utilizing homogenized number 
densities.    The final results follows 

* Boron steel containing one percent boron possesses good mechanical 
properties and Is readily available     Hence, this boron concentration 
was chosen, and the necessary total boron content of the pit adjusted 
by controlling the lattice thicknesa.    The resulting l/V value is 
quite compatible with mechanical Considerations. 
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Thermal contribution 
Fast contribution 

- .500 
= .Ikk 

= <6kk 

7.1 Calculational Model 

Detailed steps of the computation are giver below: 

Diameter of spent fuel pit: 

Volume fractions; 

fuel element 
1% boron steel lattice 
water gaps (exterior to fuel element) 

Thermal Contribution 

Absorption cross sections: 

fuel element 

235 
U 

l^t boron steel 

water 

2R   -32 In. 
R   ■ Ü0.6 cm 

t?   • .526 
fD   - .117 
fw   - .357 

1.000 

.391U cm' 

J25» .302 

3-58 
w 

.0221 

Self-shielding factor boron steel: 

The P2 appi-oximation was used for slab geometry to determine a self- 
shielding factor for the boron steel absorption.    The geometry incor- 
porated is pictured below: 

w  « .318 cm (1/8") 

W-w  ■ .320 cm 

0        w ¥ 

Distance from Steel Center 

W was taken where flux 
peak was thought to occur. 
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,7   _*   -- .■ --    ^- 

• 3«50 cm 

s  C 91-8 cm ^ torcn steel scattering cross section 

l'MQ- 0.988      1- average cosine of scattering angle, boron eteel 

W -   0.0221 cm"1 

^.s    s 3-0      -m HpO scattering cross section (based on measured 
diffusion length) 

w 
l-ftc   »    676      1-  average cosine of scattering angle, HpO 

Self-shielding factor was taken tc be the value at the water-steel 
interface divided by the average flux in the steel.    This self-shield- 
ing factor was found to bei 

S    -   U0 

Thermal utilization followss 

ff£25 

ff£f /SI* ^b / fw ^w 

  (:326) (:302) 
T.526,   /,39I) *TM>) (.117) (3-58)-♦> (-357) (.0221) 

.U18 

2.07? 

f -   0870 

Fast Contribution 

Homogenized number densities corresponding to the core and volume 
fractions listed earlier were used as input for the Muft III Code. 
The resulting fast group censtants appear be lows 

T-31.1       ^fr-   *£* .67 

= 0.51 

Axial buckling was taken to be that of the core. (Table 2-1) 

B2 « .00191 
z 
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Geometric buckling is used in the radial direction. 

' ( 1*0.6   ) 

= .00352 

Total buckling 

B2 = Bz
2 / Br 

-   .005^3 

Fast leake^e 

*  1 / B2 r 

S H (.005i3)(31.l) ' •856 

Total Reactivity 

The expression for total reactivity follows.    Recall that the thermal 
non-leakage factor is taken as unity. 

n f P   , nhfn (i~p) 
K" 1 /?r/   1/B^T 

= (.870)(.6?)(.856) / (.51)(.33)(.856) 

• .500 / .144 

= .644 

7.2    Comparison with ZEE 

This low value of reactivity is compatible with ZPE experiments.    It 
will be noted on p    ^0 of APAE-21  (21)  that the value of B-10 mass per 
fuel element required for criticallty is  -775 gn» per fuel element>    The 
i'jt boron steel lattice used in the Skid Mounted spent fuel pit results 
in a value of 9 gm per fuel element for lattice height equal to that of 
the active element. 

7 3    Conclusion 

To insure sub-criticality of the spent fuel pit,  the stored fuel ele- 
ments ahould be placed in individual cells of a lattice possessing the 
following characteristics; 
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1. Minimum height of lattice  is equal that of the active fuel element 
height with element in stored position. 

2o  Lattice material consists of 1$ boron steel in l/k" plates, 

3. Center-to-center dimension of an individual cell is 3>5"" 

k. For shielding and cooling purposes the entire pit is filled with 
water. 

The reactivity of such a spent fuel pit loaded to maximum capacity (52 
elements)* with fresh APPR-1 type elements will not exceed 0.70 and 
hence pose no criticallty problem. 

"J .k    Relocation Effect 

To facilitate a more feasible operating program and to reduce 
shielding requirements,  the spent fuel pit has been relocated outside the 
vapor container.    Though the design capacity has been Increased to ^9 fuel 
elements (7x7 array), the radius of the equivalent cylinder is smaller 
than that designated in the foregoing criticallty calculation.    Therefore, 
the corresponding value of effective multiplication will be lower, and the 
conclusions concerning criticallty given in Section 7«3 remain valid. 

* Design capacity is k6 elements. Conceivably, however, six additional 
elements could Inadvertently be fitted into the space allowed for the 
loading hopper. 
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B 

B2 Cm"2 

Df Cm 

Dth Cm 

65 

% 

Kth 

^ff 

L 2m 

N25 atoms/cmS 

NB- '-0 atoms/cnr 

P 

F Ml 

Sr 

s2 

t Sec 

V Cm3 

•^ 

•<f 

^h 

f 
^1 

72 

^2 

Ai sec -1 

sec" 

NQMENCIATUBE 

Fraction burnout 

Buckling 

Fast diffusion coefficient 

Thermal diffusion coefficient 

Thermal shielding factor 

Fast multiplication factor 

Thermal multiplication factor 

Effective multiplication factor of core 

Diffusion length 

U-235 atom concentration 

Boron 10 atom concentration 

Resonance escape probability 

Reactor power 

Radial reflector savings 

Axial reflector savings 

Time 

Core volume 

Xenon non-uniform factor 

Fast U-235 capture to fission ratio 

Thermal U-235 capture to fission ratio 

Fraction thermal fissions 

Iodine fraction fiosion yield 

la placian Operator 

Xenon fraction fission yield 

Iodine decay constant 

Xenon decay constant 
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-y^..     neute/cm 
•th 

(Tf^       cm 

a 
^Tth 

^h 

xe 
a 

th 
a 

xe 

rsub 

a 

t 

-th 

T real 

cm 

cm 

cm 

cm 

cm 

cm -1 

cm -1 

cm 

cm 

-i 

cm- 

47^^ neuts/cm -sec 

neut8/cm2-8ec 

neuts/cm -sec 

^region 

iff core 

Neutrons i^er fission times thermal macroscopic 
fission cross section 

Keff-1 
Percent reactivity    *-- 

Boron-10 thermal absorption cross section 

Boron-10 fast absorption cross section 

U-235 thermal absorption cross section 

U-235 fast absorption cross section 

U-235 thermal fission cross section 

U-235 fast fission cross section 

Xenon thermal absorption cross section 

Macroscopic thermal absorption cross section 

Macroscopic xenon absorption cross section 

Rod Lank equivalent poison cross section 

Cross section representing effect of sub- 
stituting 5 control rod elements for 5 fixed 
elements 

Macroscopic scattering cross section 

Macroscopic transport cross section 

Macroscopic removal (slowing down) cross section 

Fermi age 

Thermal flux 

Fast flux 

Real average thermal flux in core 

Average region flux from Valprod or Hindowshade 

Average core flux from Valprod or Ulndowshade 
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II SHIELDING DESIGN ANALYSTS 

1.0 Contract Design Requirements 

Shielding design requirements for the Skid Mounted Reactor ice 
cap installation are: 

1. Shielding must be adequate to permit access to the primary skid 
8.0 hours after shutdown. 

2. Shielding must be adequate to permit operating personnel working 
an 84-hour week to conform to government established radiation tolerance 
standards which allow an average integrated total body dose of 300 millirem 
per week  (mr/wk).    A maximum permissible integrated total body exposure of 
3 rem may be received in a period of any short duration within a thirteen 
consecutive week period and annual exposure may not exceed 5 Rem/year. 

3. Shielding must be adequate to permit personnel to perform routine 
maintenance such as leveling,  snow removal,  etc., around the vapor container 
after shutdown. 

1.1 Design Dose Rates at Various Locations and Operating Conditions 

Table 1,0 indicates the maximum permissible design dose rates at 
selected important locations for both shutdown and operating conditions and 
includes calculated dose rates at these locations.    The site layout is shown 
in Dwg. M02M11.    Conservative calculational procedures would make the actual 
operating dose rates appreciably less than design values. 

During normal operation, personnel at the control console and tur- 
bine-generator skids should not receive more than 0.1 times tolerance.  (Dose 
rates at other skids will be smaller since they are farther from the vapor 
container.)    As used here, tolerance refers to a dose rate of 1 mr/hr, which 
gives a dose of 8U mr in an 84-hour week.    This low value of 0.1 tolerance 
allows a margin for performing short time maintenance operations in high 
level radiation areas.    In addition, this procedure is consistent with that 
outlined in APAE 78, Revision II (l)  for uncontrolled areas. 

Since operating personnel will approach the feed water and heat ex- 
changer skid only intermittently, design dose rate has been set at 1,5 mr/hr. 
The demlnerallzer is the chief source of radiation at this skid. 

The primary shield has been designed to give the maximum permissible 
design rate of 50 mr/hr at the primary skid (see Table 1.0) at 8.0 hours 
after shutdown for infinite operation at 10 Mw,   Again, conservative calcu- 
lational procedures would make the actual dose rates somewhat less than cal- 
culated values. 
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Primary shielding has been designed to give the maximum permissible 
design rate of 80 mr/hr at the worst point outside the vapor container on the 
s'de of the reactor away from the steam generator.    This is comparable to the 
dose rate experienced in the vapor container 2.5 hours after shutdown. 

Design dcse rates have not been established for the area on the sur- 
face of the ice cap.    Dose rates have been calculated in this area and ac- 
cess must be restricted,  possibly by fences . 

Table  1-0 

Radiation Dose Rate from Skid Mounted Reactor 

(Ice Cap Installation) 

1. Normal Operation 

1.1 Control Console Skid 

12 Turbine Generator Skid 

1.3 Feed Water and Heat Exchanger Skid 

2. Equipment Maintenance after Reactor Shutdown 

2.1 Dose rate on surface of primary 
shield tank 

Time after Shutdown - Hours 

2.5 

12 

2k 

2.2 Dose rate between vapor container and 
snow wall (worst point) 

Time after Shutdown - Hours 

2.5 (.ore in pressure vessel) 80 

1.2 General Design Principles 

Design 
Specification 

mr/hr 
Calculated 

mr/hr 

0.1 0.050 

0.1 0.086 

1.5 1.5 

50 50 

23.5 

16 

80 

During the reactor operation, activation of the primary coolant re- 
sults in all parts of the primary system becoming severe gamma sources.    This 
radiation has a 7.U sec half life.   After shutdown this source decays rapidly 
and the activity drops to a level at which no shielding Is required for this 
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radiation, even to work near the primary system. Consequently, considerable 
shielding of the primary system is necessary only during reactor operation. 
This shielding la accomplished by the packed snow which separates the vapor 
container from the manned stations of the ice cap installation. 

The reactor requires a considerably greater amount of radiation 
attenuation during operation than the primary coolant. With the reactor 
shut down, the radiation level is greatly reduced^, but considerable shield- 
ing Is still needed to protect personnel working in the vapor container 
from accumulated fission product activity in the core. These two functions 
are accomplished by the primary shield surrounding the reactor vessel. 

The shielding available in the primary shield is described in Table 
1-1. 

Since the Skid Mounted Reactor must be air transportable the pri- 
mary shielding design principle is that the shielding weight on the primary 
skid mast be kept to an absolute minimum. This principle dictates that the 
pressure vessel be of the minimum possible diameter which will survive ra- 
diation damage and thermal stresses. All shield rings must also be of a 
minimum diameter to give a shield tank of minimum weight. 

Since snow will replace secondary shielding in the ice cap Instal- 
lation it is not necessary to attempt optimization of primary and secondary 
shielding* Therefore the primary shield has been designed simply to meet 
the requirement of access to the primary skid and sides of the vapor con- 
tainer after shutdown. 
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Table 1-1 

Description of Primary Shield - Radial 

Outer Radius Thickness 
Description Material Inches Inches 

Core « 10.08* _ 

Reflector Primary Water 11.76 1.68 
Thermal Shield Stainless Steel 13-76 2.00 
Cooling Passage Primary Water 18.88 5.12 
Pressure Vessel Cladding Stainless Steel 19.OO 0,12 
Pressure Vessel Carbon Steel 21.38 2.38 
Insulation (Considered Void) 23-38 2.00 
Insulation Retainer Steel 23-50 0.12 
Clearance Void 24.05 0.55 
Pressure Vessel 

Support Ring Steel 25.05 1.00 
P.V Support Ring Cladding Boral 25.175 0.125 
Cooling Passage Shield Water 26.425 1.25 
Shield Ring Cladding Boral 26.550 0.125 
1st Shield Ring Steel 29.800 3.25 
Shield Ring Cladding Boral 29.925 0.125 
Cooling Passage Shield Water 31.175 1.25 
Shield Ring Cladding Boral 31.300 0.125 
2nd Shield Ring Steel 34.550 3.25 
Shield Ring Cladding Boral 34.675 0.125 
Cooling Passage Shield Water 35-925 1.25 
Shield Ring Cladding Boral 36.050 0.125 
3rd Shield Ring Steel 39-300 3.25 
Shield Ring Cladding Boral 39-425 0.125 
Cooling Passage Shield Water 40.675 1.25 
Shield Ring Cladding Boral 40.800 0.125 
4th Shield Ring Steel 44.050 3.25 
Shield Ring Cladding Boral 44.175 0.125 
Neutron Shield Shield Water 51.000 6.825 
Tank Wall Cladding Boral 51.125 0.125 
Tank Wall Steel 51.500 0.375 

* Equivalent radius based on actual core cross-aection. 
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2.0    PRIMARY SHIELD ANALYSIS 

The basic purpose of the primary shield is to attenuate neutron and 
ganana radiation escaping from the core to acceptable dose rate levels.    How- 
ever, the primary shield itself becomes activated due to capture of neutrons 
escaping from the core and therefore becomes a source of gamma radiation. 
The problem then becomes that of achieving the required atteauation of core 
radiation with the minimum amount of shielding activation.    Shield activation 
may be minimized by Judicious choice and spatial arrangement of shielding 
materials. 

The primary shield analysis was completed using the shielding codes 
developed at Alco.    Dose rates from these shielding codes have been checked 
against experimental measurements in the APPR-1 and calculated dose rates 
have been found to be consistently higher than those measured (see Ref. 2). 
In addition a hand calculation of the dose rate from the core after shut- 
down on the surface of the shield tank for the skid mounted configuration 
was made to check the machine output. 

2.1 Configurations Considered 

The basic configuration considered for the primary shielding is sim- 
ilar to that of APPR-1 in that it is made up of concentric annul! of water and 
steel.    However, in the Skid Mounted shield the steel rings are clad on both 
sides with Boral to reduce activation by themal neutron capture 

Since most of the dose after shutdown comes from the core, thermal 
shield and pressure vessel the dose is quite insensitive to the arrangement of 
the steel rings in the shield tank, that is, the calculated dose rate is a 
function only of the total steel thickness in the shield tank. Therefor«, 
the arrangement of the shield rings in the tank was dictated by weight and 
mechanical rather than shielding considerations. 

2.2 Reference Configuration 

The reference configuration is shown in Dwg. No. R9-46-1039 of Sec- 
tion A and described in Table 1-1.    There are four 3-lA-inch steel rings 
sandwiched between l/8-inch Boral sheets in the shield.    The Boral-steel 
sandwiches are separated by 1-1/4 inches of water.    The inner surface of the 
outer tank wall and the outer surface of the pressure vessel support ring 
are also clad with Boral.    During the plant lifetime of 20 years, the 
bumup in the Boral sheets will be about 0,5% based on the total number of 
original atoms. 

2.3 Shutdown Dose Calculation 

After shutdown significant contributions to the dose rate in the 
vapor container are made by: 

1. Fission products and activated steel in core. 
2. Activated steel in the primary shield. 
3. Activated components around the primary shield. 
4» Activated corrosion products in primary coolant. 
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Of the above four sources^ only the first two lend themselves to 
fairly rigorous theoretical analysis. For the last two sources use must be 
made of data accumulated during APPR-1 operation. 

2.3.1 Calculational Model 

2.3.1.1 Core Source and Attenuation 

The core was considered a volumetric source uniformly 
distributed in the form of a cylinder. The well known equation for calcu- 
lation of the dose rate from such a source was taken from the "Reactor Shield- 
ing Design Manual"(3) and for a point opposite the cere midpoint is: 

Kj) = factor for converting from flux to dose 

Other symbols defined in TID TOOU (3) 

Fission product decay gammas are usually divided Into 
seven energy groups.. Data on the seven groups are available In "Decay of 
Fission Product Saunas" (4) and "Fission Product Decay Gamma Energy Spectrum" 
(5). Volumetric source strengths for the seven groups taken from Ref. k  are 
listed In Table 2-1. 

Activation gammas from stainless steel In the core were 
also considered. Activation gamma production calculations are outlined In 
Sections 2 3.1.2 and 2,3.3. 

2.3.1.2 Activation Sources and Attenuation 

The activated steel rings in the primary shield were 
treated as infinite slabs and a correction applied to account for the actual 
cylindrical geometry. The basic equation from TID 700^ (3) with the cylindri- 
cal correction is: 

rg = radius of cylindrical source 
?D ■ radius of cylindrical surface through dose point 
Kj) ■ factor for converting from flux to dose 

Other symbols as define^ in TID 700^ (3). 

Each steel slab is divided into thinner slabs and each 
thin slab is attenuated through all material between the slab and the dose 
point. 

Since Boral is applied to steel surfaces exposed to 
water in the shield tank, thermal flux and hence thermal activation of the 
steel Is reduced to a minimum. However, the Boral has a much smaller effect 
on the fast flux and fast activation. Resonance Integrals of romerance and 
Macklin (6) were used to calculate activation of the shielding materials by 
the fast flux. 
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Data on gamma yields from actlvatsd elements were taken from the Acti- 
vation Handbook (7).    The compositions of carbon and stainless  steel used in 
the calculation follow. 

Composition of 30k Stainless Steel 
(j0= 1-9 gm/cm3) 

Carbon 0,08^ by weight 
Marline3e 2.00 
Silicon 1.00 
Chromium 19■00 
Nickel 9.50 
Cobalt 0.05 
Iron (by difference) 68.37 

Carbon Steel - C-1015 
(f-- 7.ÖU gm/cm3) 

Carbon 0.15^ by weight 
Manganese 0.^3 
Phosphorus 0.018 
Sulphur 0.031 
Silicon 0.17 
Cobalt 0.01 
Iron (by difference) 99.091 

Stainless steel composition, except for cobalt content, was taken fror 
Allegheny Ludlum Blue Sheet for Allegheny Metal 18-8 (8).    Carbon steel compo- 
sition, except for cobalt,, was taken from Modern Steels and Their rruperties (9). 
Cobalt content of both stainless and carbon steel was taken from Bopp and Sis- 
man  (10). 

In the machine calculation, at 2 5 hrs after shutdown, the decay gammas 
fror stainless and carbon steel are lumped into one energy group having an 
average energy of I.65 Mev.   Materials are assumed to have been exposed long 
enough so that all activities are saturated. 

For short times after shutdown « 10 hrs) jfapo is the chief source of 
radiation in carbon and stainless steels.    For longer times after shutdown 
Fe59 and Co"0 become the chief sources. 

Activation analysis of the skid-mounted shielding Is complicated by the 
fact that the steel surfaces exposed to water in the shield tank are covered with 
Bcral to reduce activation due to thermal neutron capture.    However,  the Boral 
has a amaller effect on the faat flux and fast activation, which is ordinarily 
negligible when compared to thermal activation. 

Little work has been done on fast flux activation of shielding ma- 
terials in configurations such as the skid-mounted and APPR-1 shields.    The 
approach used in the machine calculation Is to use the resonance Integrals of 
Fomeranee and Macklln (6), and assume the fast flux to be proportional to l/E. 
The use of the resonance Integrals of Ref. 6 will give an overestimate of fast 
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activation because they are based upon foil activation  (no self-shielding) 
whereas the shield is made up c£ massive slabs of steel. 

No experimental data are available on fast activation of large slabs 
of steel.    Data axe available on thermal activation (see Ref.   11); thermal 
activation sources from the machine were found to check closely with the data 
of Ref. 11. 

2-3«l»3 Model Comparison with APPR-1 measurements 

Since the skid mounted shielding is similar to that of 
APPR-1,  it appears wortiwhile to make use of APPR-1 experimental data to ap- 
proximate the skid mounted dose rate.    With this purpose In mind all the ma- 
terials in the skid mounted shielding were combined and the calculated skid 
mounted dose rate compared to the measured dose rate at a corresponding point 
in the APPR-1 shield.    Since the exposed steel in the ekid mounted shield 
tank is Boral clad,  the data from APPR-1 represents an upper limit for the 
skid mounted dose rate. 

Total shielding between the skid mounted core and the 
outside of the shield tank is as follows: 

6.79 inches water @ /  = 0.8 gm/cm3 
12.^ Inches water @ ^= O.98 gm/cm3 
18.775 inches steel 

The closest corresponding point In the APPR-1 shield 
Is between the seventh and eighth shield rings.    This region has the fol- 
lowing materials between the dose point and the core: 

10.7    inches water ® f- 0.8 gm/cm3 
6.25 inches water fi/7" O.98 gm/cm3 

18.75 inches steel 

The dose rate in this region of the APPR-1 at 2.5 hrs 
after shutdown from Fig.  2.3 of APAE 35(2)  Is about 130 mr/hr. 

Comparison of the Skid Mounted dose rate to APPR-1 
experimental measurements is valid at 2.5 hours after shutdown because the 
Mn^D activity is the chief source of radiation at this time and was satu- 
rated in APPR-1 before doses were measured. 

2.3.2 Dose from Core 

The dose rate from the core was calculated both by hand and 
with the IBM 650 machine code developed by Alco.   The two calculations em- 
ploy the basic equation of Section 2.3.1.1 with minor differences which will 
be detailed in the following sections. 

257 B-113 



^ th rf. 

2o3o2.1 Machine Calculation 

Ccmplets Details of the Machine Calculation are con- 
tained in APAE 35(2) and APAE Memo 142 .02 .: 

In the machine calculation, at 2.5 hours after shut- 
dcwn. the flöaion product decay gammas of Groups 3J  ^> 5;  6,  7 of Table 2-1 
are lumped into one group which is assumed to have an effective energy of 
I..65 Mev and the 650 machine calculates attenuation through the shield and 
buildup for gammas of this energy.    Groups 1 and 2 of Table 2-1 are also 
lumped into one group, but the dose raxe from this group is negligible in 
romparlson to Group«» 3> V" 5>   6 and 7 of Table 2-1. 

The first part of the machine program calculates Sv 
(gammas/sec-cn3) and^Ac(cnr^)  the llrear absorption coefficient in the core. 
Sy is calculated from the following equation (see Ref .2 ) - 

V; ? Vl [$thFi/ ^f^ C2-3) 
Sv : source strength>  gammas/sec-cm^    (assumed to be at I.65 Mev) 

.Vi - volume fraction of material 1 in the core 
average full power thermal neutron flux in the core, neutrons/ 

-sec 

q>    = average full powsir fast neutron flux in the core, neutrons/ 
cnr-aeo 

F«  " gammas/cm3~aec arising In material i per unit thermal neutron 
flux 

&! • gammas/cm3-sec arislcg in material 1 per unit fast neutron 
flux 

(See AFAE 35 (2) for complete details-) 

Files of F and G factors for core materials  (U235 and 
stainless steel) are available for the machine calculation for various times 
after shutdown.    Therefore,  only the average fast and thermal neutron fluxes 
in the core and the material volume fractions are necessary as input to the 
machine calculations to calculate Sv. 

The actual average tharmal flux is 2.3 x lO1^.    ii0W_ 
ever, material in file on 11^35 is based upon the fission cross section of 
Ij235 at O.Ce^ev corrected for a Maxwelllan distribution as follows: 

f 
ö" « 58C barns 

0.C25 ev 

^thermal ■ 0.886 x 580 - 5^ barns 

However, according to Appendix III, APAE Memo 126 (13), 
temperature and heterogeneous effects In APPR-1 reduce this cross section to 
327 barns or about O.65 tlxes the value used in the machine files.    In order 
to leeep the files general, the cross section was left as It was and the 
average thermal flux was multiplied by O.65 giving the average thermal flux 
listed in the input «hieb follows: 
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Material Volume Fraction* 

H20 0.795207 

Stainless Steel 0.173590 

/35 02 0.017259 

L= 1.5x10« neutrons/cm2-sec 
(fc = l.U x lO1^ neutrons/cm2-sec Tfast 

* Sum Is not lOO^t because some materials such as u238o2> B1-0, C which do not 

The core absorption coefficient, )AC is calculated by 

/"z^i    Vl 

effect Sv have been omitted. 

the machine as follows: 

V^ ■ volume fraction of material 1 in the core. 

y^i = absorption coefficient of material 1 in the core. 

Files of absorption coefficients for materials of Interest are available. 
After calculating Sv and/^. the machine calculates dose rate by Eq. 2.2. 
Repeating Eq. 2.2 

BSy Ro2       , x      1 D = ^T F (e'b2)-fe 
Input to this part of the machine program is merely 

the dimensions of the core and shielding materials from Table 1-1. 

The machine calculates geometric and material at- 
tenuation to get the unscattered dose and then calculates and applies the 
dose buildup factor B to get the total dose. 

manner: 
Buildups are calculated and used in the following 

1) All thicknesses of the same material are summed up and a 
buildup factor for each material is calculated by the 
equation (3 ) 

B = A^"^ / (l-A^e^b 

Files of buildup parameters A,o<.,o<2 from Ref 3 
are available for materials of interest. 

2) The buildup factors are then multiplied together and the 
the product applied to the unscattered gamma dose. 
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3)    Buildup due to self-absorption in the core is not used. 

Results of the machine calculation of the dose rate 
from the core at a point on the core midplane on the surface of the shield 
are: 

y^c = 0.1151+ cnr1 /Sz = l-'66 
Sv - 4,76 x 1011 ßSSffläS  ®  1.65 Mev 'B = l61 

sec-cmJ 

0 . 1,59 x 10^ BSSSagg @ 1.65 Mev 

D = i+U mr/hr 
sec-cm 

2.3.2.2 Hand Calculation 

In the hand calculation each group of gammas of Table 
2-1 is treated separately using the appropriate gamma absorption coefficients 
and buildup factors. Groups 1, 2 and 3 give a dose rate insignificant com- 
pared to that of Groups 4, 5, 6 and "J;  therefore only the dose rates of the 
last four groups were calculated. Eq. 2.2 is the basic equation used. 

In the hand calculation the buildup factor is treated 
differently from the way it is treated in the machine calculation. In the 
hand calculation the total number of relaxation lengths in the shield plus 
the y^&" (a measure of self-absorption in the core) Is used for attenua- 
tion. A dose buildup factor corresponding to the total number of shield 
relaxation lengths plus T*,8" Is applied. Iron buildup was used since steel 
Is by far the most important shielding constituent of the shield. (Except 
for Group k,  water buildup is nearly the same as iron buildup.) 

Complete details of the hand calculation are contained 
in Table 2-2. In addition to the calculation of Table 2-2 which is for 
2.5 hours after shutdown, dose rates were also calculated at 12 and 2k 
hours after shutdown at a point on the shield surface opposite the core 
center. A summary of results follows: 

Time After Shutdown, Hr. Dose Rate from Core, mr/hr 

2.5 24.3 
12 11.5 
2k 9.9 
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2.3-3 Dcse from Activated Materials In the Shield 

The dose rate from the activated materials in the shield was 
calculated with the IBM 650 code developed by Alco. Complete details of the 
machine calculation are contained in APAE 35 (2)  and APAE Memo lk2  (12) • 
Equation 2.1 is the basic equation employed. 

Repeating Eq. 2.1: 

(See Section 2.3.1.2 and TID TOOU (3) for definition of symbols.) 

Briefly, Sv and B are calculated as in the core calculation 
described in Section 2.3.2.1. Files are available which contain data on neu- 
tron cross sections, gamma yields, gamma absorption coefficients and buildup 
parameters for different shielding materials including carbon and stainless 
steel. Files are also made up so that Sv may be calculated for various times 
after shutdown. 

At times shorter than 12 hours after shutdown, gammas from 
activated shield materials are put into two energy groups. All gammas be- 
low 1 Mev are considered to have an average energy of 0.75 Mev; all gammas 
above 1 Mev are considered to have an average energy of I.65 Mev. 

At 12 hours and longer after shutdown, gammas above 1 Mev are 
considered to have an average energy of 1.25 Mev. This change is made be- 
cause after 12 hours shutdown Co"0 and Fe59 become more important than Mn 56 
as gamma sources since saturation of all activities is assumed. 

Input to the machine calculation is merely the fast and thermal 
fluxes throughout the shield and the thicknesses of materials in the shield. 

Table 2-3 contains fluxes used in the machine calculation. 
Fluxes in Table 2-3 were taken from Valprod Calculation No. 2624 results of 
which are plotted in Fig. 5-6 of Section 5 of Core Design Analysis. Thermal 
fluxes for points Inside the pressure vessel have been multiplied by 0.8 to 
correct for temperature effects on thermal cross sections of water and stain- 
less steel. (See Section 2.3.2.1.) 

Boral in the shield has been treated as water as a source and 
shield after shutdown. Neither water nor Boral would contribute appreciably 
to dose rate after shutdown. 
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TABLE 2-3 

Fluxes Used in the Machine Calculation of Dose Rate from Activated 
Materials. 

Point Location 

1 Core-Reflector I.F.   (Interfa 
2 Reflector Midpoint 
3 Reflector-Thermal Shield I.F 
1+ Thermal Shield Midpoint 
5 Thermal Shield-Coolant I.F. 
6 Coolant Passage -1 
7 Coolant Passage -2 
8 Coolant-Pressure Vessel I.F. 
9 Pressure Vessel -1 

10 Pressure Vessel -2 
11 Pressure Vessel-Void I.F. 
12 Void-Support Ring I.F. 
13 Support Ring Midpoint 
14 Support Ring-Boral I.F. 
15 Water Annulus Midpoint 
16 Boral-lst. Shield Ring I.F. 
17 Ist. Shield Ring Midpoint 
18 Ist. Shield Ring-Boral I.F. 
19 Water Annulus Midpoint 
20 Boral-2nd Shield Ring I.F. 
21 2nd. Shield Ring Midpoint 
22 2nd. Shield Ring-Boral I.F. 
23 Water Annulus Midpoint 
2k Boral-3rd. Shield Ring I.F. 
25 3rd. Shield Ring Midpoint 
26 3rd. Shield Ring-Boral I.F. 
27 Water Annulus Midpoint 
28 Boral-Uth. Shield Ring I.F. 
29 kth. Shield Ring Midpoint 
30 kth. Shield Ring-Boral I.F. 
31 Water Annulus Midpoint 
32 Boral - Tank Wall I.F. 
33 Tank Wall Midpoint 
3^ Outside of Tank Wall 

0 th 

1.89 
2.1+5 
1.07 
3.16 
5-21 
1.52 
1.17 
2.91* 
6.35 
1.86 
U.68 
5.18 
1.7 
2.28 
7.92 
3.81 
2.1+2 
U.36 
8.1+ 
3.12 
1.45 
6.92 
8.1+9 
2.77 
1.17 
3.9^ 
1.25 
2.35 
8.3 
3.67 
3.8 
8.1+5 
1.93 
1.62 

10l3 
10l3 
10^ 
1012 
1012 
10l3 
10^ 
1012 
ion 
ion 
1010 
IQlO 

109 
loio 
10° 
ID? 
10T 
io9 

1076 
10o 
108 
106 

io5 
ioj> 
10ö 

io5 
io3 
10J 
106 
101* 

Is 
IM 
5-75 
1+.67 
3.07 
1.76 
9.2 
5.1 
3-33 
2.5 
1 78 
1.15 
9.56 
7.21 
5.05 
3-35 
2.62 
1.37 
5.88 
3-95 
3.07 
1.61 
6.92 
4.6 
3.6 
1.83 
7.01 
5.48 
1+.21 
2.08 
7.11 
1.68 
3.96 
3.66 
3-38 

ioi3 
I0l3 
10^ 
10^ 
1013 
1012 

10^ 
IO1* 
1012 
10I2 
1012 
1011 

ion 
ion 
ion 
ion 
ion 
1010 

1010 

10 ,10 
109 
109 109 

109 
108 
108 
108 
108 
I07 

106 
106 
106 

Results of the machine calculation of dose rate due to shield activation 
after shutdown are as follows: 

Group 
Average 
Energy 

Dose Rate 
2.5 hrs after shutdown       21+ hrs after shutdown 

1 
2 

1.65 Mev 
O.75 Mev 

1+8.2 mr/hr                             15-9 mr/hr 
18.1 mr/hr                             NegUfiible 

Total       66.3 mr/hr 15.9 mr/hr 
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2.3.^ Dose Rate from Sources outside Shield Tank 

In addition to the radiation from the shield tank there are 
two other sources of radiation in the vapor container after shutdown. These 
are: 

1) Activated corrosion products distributed throughout the 
primary system 

2) Activated components in the vapor container 

These two sources do not lend themselves to rigorous theoreti- 
cal analysis, but health physics surveys made in APPR-1 give an indication of 
the relative importance of the two sources and the general dose rate level to 
be expected in the vapor container from the two sources. 

Experimental data from APPR-1 are applicable to the Skid Mounted 
Reactor because: 

1) Activation of corrosion products in the two plants is com- 
parable . 

2) Neutron fluxes escaping from the shield tanks of the two 
plants are comparable. 

Surveys made in APPR-1 lead to the following conclusions which 
have been applied to the Skid Mounted Reactor: 

1) Dose rate from vapor container component activation is small 
compared to dose rate from distributed activated corrosion 
products. 

2) A general radiation field exists in the vapor container from 
these two sources which gives a dose rate of about 30 mr/hr 
at 2.5 hours after shutdown and about 6 mr/hr at 21* hours 
after shutdown. 
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2„3'5 Total Dose Rate after Shutdown 

Results from the machine calculation indicate a dose rate on 
the shield surface of 110 mr/hr (66 rar/hr from shield activation and kk  mr/hr 
from fission product gammas) for infinite operation at 10 MW and 2.5 hours 
shutdown time. However^ APAE 35 (2) shows that the machine calculation gives 
dose r^.tes consistently higher than those measured in APPR-1. For instance, 
from Table 2.13 and Fig. 2.3 of APAE 35 (2) between the seventh and eighth 
shield rings of APPR-1 where total shielding is approximately equal to that 
In the Skid Mounted Reactor the machine calculated dose rate is about alx 
times the maasured dose rate. Therefore, it seems to be a conservative es- 
timate to say that personnel standing at the primary skid 2.5 hours after 
shutdown would be subjected to 50 mr/hr from the primary shield rather than 
the 110 mr/hr calculated by the machine program. 

Adding to the dose rate from the shield tank that from acti- 
vated corrosion products and vapor container components gives a total dose 
rate of 80 mr/hr at 2.5 hrs. after shutdown for infinite operation at 10 Mw. 

2.3-6 Conclusions 

The Important measure of the effectiveness of a shield is the 
dose accumulated by personnel outside the shield. 

Fig. 2.1 is a plot of dose rate outside the shield tank, vs 
time after shutdown for infinite operation at 10 Mw and is based on the 
following de :a: 

Time After Shutdown 

Source 2.5 hrs.       12 hrs.        2k  hrs. 
Core 2k mr/hr       11.5 9-9 mr/hr 
Shield 26  ' 12 6 
Activated Corrosion 

Products ^0  

Total 80 mr/hr 

Core doss rates were calculated by hand (see Table 2-2 of Sec- 
tion 2.3.2.2).    Shield dose rates were calculated by the machine; the dose rate 
at 2.5 hours after shutdown was reduced to give a total dose rate of 50 mr/hr 
at shield tank surface (see Section 2.3.5)  including the 2k mr/hr from the 
core hand calculation.    Shield dose rates at 12 and 2k hours after shutdown 
were reduced by the same factor.    Dose rates from activated corrosion products 
were estimated from health physics surveys in APPR-1. 

From Fig 2-1 it can be seen that the dose accumulated by per- 
sonnel working at the shield tank for   4 hours from   Ö    to   12    hours after 
shutdown would be about 170 mr. 
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2.h Operating Dose Calculation 

Ordinarily operating dose rates from the reactor and shield tank 
must be calculated in order to determine thickness of secondary shielding 
necessary to reduce the operating dose rate to allowable levels,    In the 
skid mounted ice cap installation It Is necessary to calculate the oper- 
ating dose rate In order t^ determine the distance between the vapor con- 
tainer tunnel and the manned stations of the installation since the snow 
between the tunnels acts as secondary shielding 

During operation algniilcant sources of gamma radiation which es- 
:ap^3 from the shield tank are.; 

1. Prompt fission gammas. 
2. Fission product decay gammas» 
3» Radiative capture gammas in 1)235 and in the shield, 
k.  Decay gammas from activated materials in the shield tank. 

£4.1 Calculation Model 

2,4.1.1 Cere Source and Attenuation 

The calculation model used in the operating dose 
rate calculation wasv In general, the same as that used in the shutdown 
dose rats calculation,, Magnitude of the source strengths and energy spec- 
trum, of course, are much different» 

The machine program was used in the operating dose 
rate calculation. Files for the fission gamma yield are based upon the Motz 
spectrum for fission gammas as follows (see p. Vf* Ref- 15 )! 

N(E; dE - 18.5 e-l'2^dE gammas/fission-Mev 
'E in Mev) 

The above expression assumes a total of 12 Mev of 
gamma energy per fission event. Total gamma energy released from the fis- 
sion event and its decay products is 11 Mev. One Mev is assumed to be re- 
leased in radiative capture in u235 per fission and the radiative capture 
gammas are assumed to have the same spectrum as the fission gammas. 

In addition to gammas from U235/ capture and acti- 
vation gammas from stainless steel and capture gammas from water were con- 
sidered. Data for the files for capture gamma production and energy spectra 
were taken from Table 3.6 of TID 7004 (3 ). Data for the files for activation 
gamma production were taken from Ref. 7 . 

In preparing the files, data on resonance capture 
integrals from Ref. 6 were used where available. For materials whose 
resonance capture Integrals were not available a l/v variation of absorp- 
tion cross section was assumed. Thermal absorption cross sections for all 
the machine calculations were taken from BNL 325 ( lö • Thermal activation 
cross sections were taken fr jm Ref. 7 . 
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Capture and activation gamma oources in the core during 
operation vere calculated basically in the same manner as outlined in the 
shutdown calculation (see Sections 2.3.1.2 and 2.3.3)« 

During operation gammas produced range in energy up to 
7 Mev.    All gammas are put into five energy groups as follows: 

Group Energy Range, Mev Average Energy, Mev 

1 "77 7-0 
2 5-7 6,0 
3 3-5 ^-0 
k 1-3 2.0 
5 0-1 0.75 

2A. 1.2 Capture Sources in Shield and Attenuation 

During operation, capture sources in the shield and 
their attenuation are calculated in much the same manner as activation sources 
after shutdown (see Sections 2.3.1.2 and 2.3-3) • All activities are assumed 
to be saturated and operating at equilibrium values. Sources of data for 
capture and activation gammas are listed in Section 2.l+.l.LActivation and 
capture gammas produced during operation are put Into the five energy groups 
listed In Section 2.U.I.I. 

2.k.2  Model Comparison with APPR-1 

As has been shown in Section 2.3.1.3, the primary shielding in 
APPR-1 out to the water annulus between the last two shield rings is approxi- 
mately equal to the total primary shielding of the Skid Mounted Reactor. At 
this point in the APPR-1 shield the total measured dose rate during full power 
operation is 86.U R/hr and the machine calculation gave 315 R/hr at the same 
point (see Table 2.12 of Ref.2 ). 

Again the measured dose rate of 86 A R/hr In APPR-1 would be 
expected to be an upper limit for the Skid Mounted Reactor. However, the 
machine calculated operating dose rate of 247 R/hr has been used in this 
report. 

2.4.3 Dose from Core 

Input to the core dose rate calculation during operation is the 
seme as that for the shutdown calculation; the machine merely uses an oper- 
ating file rather than a shutdown file. The input consists of core dimensions 
(height and radius), volume fractions in the core, kinds of materials and 
their thickness in the shield, and fast and thermal average fluxes in the core. 
Material types and thickness were taken from Table 1-1; volume fractions and 
fluxes are listed in Section 2.3.2.1. 

Table 2-U contains the output of the core operating dose rate 
calculation. Total calculated dose rate from the core is 73'8 R/hr. 
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2 U.u Dose from Capture and Activation Sources m the Shield 

Input to the operating dose rate calculation for capture 
sources in the shield is the same a-o that for the shutdown activation calcu- 
lation ani consists of thicknesses ani types of materials in the shield and 
fliures throughout the shield. Fluxes used are listed in Table 2-3> types 
and dimensionfi cf materials were taken from Table 1-1. 

Tabls 5-5 contains the output of the operating dose rate cal- 
culation. Total calculated dose rate from the shield is 173 3 R/hr. 

Table 2-5 

Results of Machine Calculation of Operating Dose Rats 
from Capture and Activation Sources in the Shield. 

Energy Rangej       Average Energy, 
Grcip Mev Mev Gammas/cm^-sec Dose Rate, R/hr 

1 > 7 7-C 1.32 x 10? 110.1* 
2 5-7 6.0 5-59 x 10° ltl.7 
3 3-5 ^-O 3.36 x 10b l8.k 
k 1-3 2.0 8.88 x 10? 2.8 
5 0-1 0.'75 2.72 x ICT Negligible 

Total 173.3 R/hr 

2.I.5 Total Dose on Surface of Shield Tank 

The total dose rate on the surface of the shield tank is the 
sum of the core dose rate from Section 2.^.3 &nd the shield dose rate from 
Section 2.h.k.    This total is 21*7 R/hr. 

It has been shown in APAE 35 (2 ) that the a-ichlne calculation 
gives dcse rates consistently higher than those measured. It has also been 
shown in Section 2J+.SJ that the dose rate measured in APPR-1 outside a shield 
thickness corresponding approximately to total thickness of the skid mounted 
reactor is 86.1+ R/hr and the machine calculated dose rate at the same point 
is 315 R/hr. Nevertheless, the 2V7 R/hr calculated outside the skid mounted 
shield has teen used in following sections of this report. 

2.5 Control Rod Drive Shielding 

Control rod drive shielding after shutdown has been a difficult 
problem in both APPR-1 and APPR-la. In these designs, t-, replace rod drives, 
personnel must approach quite close to the core. 

Dose rates in APPR-1 control rod drive pit range from 940 mr/hr at 
20 minutes after shutdown to 1+8O mr/hr at 2 l/2 hours after shutdown. (See 
Table 7. Ref. 14.) The geometry of the shield tank and control rod drive 
pit make it difficult to apply shielding effectively although this has been 
done in both designs. 
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Tr.e control rod drives of the skid mounted reactor and their relation to ty? 
core, pressure vessel, and shield tank may be seen In Dwg. Nos. R9-1+6-1039 and 
R9-U7-1013. In the skid mounted configuration personnel do not have to approach 
any closer to the core than the outside of the shield tank« Therefore, shield- 
ing may be provided in the shield tank tc protect personnel changing rod drives. 

In addition to the fixed elements in the cere there are five control rod 
fuel elements which are below the core after shutdown. To determine how feu: 
down the shield rings must extend to protect the control red drive it was stip- 
ulated that the amount of shielding intersecting a ray from the bottom of any 
control rod fuel element to the control rod drives must be the same as is inter- 
sected by a ray from the core surface out horizontally to the shield tank surface, 

In orde-    ^ ...culate the amount of shielding material intersected by a 
ray from the Uoutom of the fuel elements to the control rod drives it was 
necessary to determine equivalences of steel and water. (Boral was neglected.) 

The equivalence of shield water and steel taken from Table 6.11 of Ref. 3 
for 2 Mev gammas is:  1.7" steel -  11.6" water. 

Hater in the pressure vessel was assumed to have a density of 0.8 gm/cm3 
and therefore its equivalence with steel is: 

1" steel ■ 8.53" Primary water 

The problem then becomes that of scaling off a drawing the thickness of 
materials intersecting a ray from the bottom of the control rod fuel elements 
to the area occupied by personnel changing control rod drives and extending 
the shield rings down until enough shielding material is intersected. 

Dose rate from core and shield tank expected in this area would be less 
than the 50 mr/hr expected at the surface of the shield tank opposite the core. 

2.6 Nozzle Shielding 

Drawing No. R9-46-1039 shows the relation of the reactor outlet 
nozzle to the core and the shield rings. It can be seen that insulation around 
the nozzle and pipe in the shield tank affords a streaming path through the 
T»rimary shield for radiation from the core and from the control rod elements 
below the core. 

The approach to this problem was essentially the same as that used for 
the control rod drive shielding. That is, the nozzle and shield rings were 
drawn full size and rays drawn from the core and control rod fuel elements 
through the insulation to the outside of the primary shield tank. 

The following equivalences of materials were used (see Table 6.11,. Ref. 3): 

1" Lead - 11.6" water = 1.7" Iron 

Where less than the full arount of shielding material was intersected;, in- 
sulation will be taken off and replaced with lead until the desired amount of 
shielding is intersected. 
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2.7  Radiation Heating In the Shield Tank 

During operation a significant amount of heat is deposited in the 
shield tank by radiation escaping from the core, pressure vessel and thermal 
shield. In order to size the cooling coil needed to remove the heat, the rate 
of heat deposition is calculated in the following section. A basic assumption 
is that all radiation incident on the pressure vessel support ring is absorbed 
in the shield tank. 

2.7.1 Neutron Heating 

ALI neutron heating is due to the absorption of the kinetic energy 
of fast neutrons. 

From Table 2-31  the fast neutron flux incident on the pressure 
vessel support ring is 1.15 x 10^2 n/cm^-sec. This is the fast flux averaged 
over the 22" height of the core. The corresponding area on the support ring 
is; 

7r x ^ x 22" s 3.32 x 103 in2 

= 2.U x 10^ cm2 

Assuming an average of 1 Mev per fast neutron the total amount 
of neutron energy incident on the support ring over the 22" height of the 
core is: 

2,U x 10^ cm2 x 1.15 x 1012 n/cm2-8ec x 1 Mev/n ■ 2.^6 x 10 MaVsec 

Fluxes above and below the core are smaller than core fluxes and 
fall off rapidly (see Fig. 9.1). However, neutron energy incident on a 10* 
high section of the support ring below the level of the core was calculated as 
follows: 

9F- average core fast flux 

4>F= 1.U x 10
4 

From Fig. 9.1 the ratio of the fast flux at the bottom of the 
core to the core fast flux is: 

i'  = 0>95 x 10U = 0.66 
f        1.U x 10U 

The ratio of the fast flux 10" below the core to the core fast 
flux is: 

~   =   5.9 x IP12   =   o.oa 
fy        1.U x lOU 

Taking a linear average from the bottom of the core to 10* below 
the core: 

£.   = 0.66 + O.Oq = 0.35 

£ 2 
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Or an average fast flux over the 10" section of the support ring 
would bes 

(f)  = 0.35 x 1.15 x 1012    n/cm2-sec « 4.02 x 1011 n/cra2-sec 

The area upon which this flux is incident is; 

TT x 48" x 10" e 1.51 x 103cm2 

= 9.74 x lO^cm2 

Total neutron energy incident on a 10" section of the support ring 
below the level of the core iss 

9.74 x 103cm2       x 4.02 x 1011 n/cm2 sec x 1 Mev/n 

= 3.92 x lO3^ Mev/sec 

The fast flux below this 10" band below the core may be neglected. 
Since the flux above the core is much smaller than the flux below the cor«, 
the heat deposition above the core may also be neglected (see Fig. 7, Ref. 13) 

Total heating due to neutrons is then? 

2.46 x ID16 Mev/sec / 3.92 x 1015 Mev/sec • 2.85 x 1016 Mev/sec 

2.7.2 Heating from Core and Pressure Vessel Gammas 

A machine calculation was made to determine the gamma flux incident 
on a section of the support ring corresponding to the core height. The 
results, which include core gammas and capture gammas, follow: 

E(Mev) 6 j6/oec~cm2 ^ f Mev/sec-cm
2 

7 3.24 x 1011 2.27 x 1012 

6 1.80 x IQll 1.08 x 1012 

4 2.34 x 1011 9.36 x 1011 

2 1.24 x ID12 2.48 x lO12 

0.75 5.87 x 1011 4.4 x 10". 

Total 7.21 x 1012 Hev/sec-cm2 

7.21 x 1012 Mev/sec-cm2  x 2.14 x lO^cn^ . 1,54 x IG1? Mev/sec 

L". 
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From Fig. 80, Ref. 29, the total gamma flux below the core falls 
off similarly to the fast neutron flux. Therefore, the heating rate due to 
core gammas in the lO" section below the core iat 

3.92 x lO1^    x 1.54 x lO1? Mev/sec - 2.46 x 1016 Mev/sec 
2.46 x 1016 

Total gamma heating iss 

2.46 x 1016 Mev/sec / 1.54 x lO1? Mev/sec - 1.79 x lO1? Mev/sec 

2.7.3    Heating from Captures in the Shield Tank 

Neutrons incident on the inner surface of the pressure vessel 
support ring are captured in the steel, boron and water in the shield 
tank resulting in the production of capture gammas except in the case of 
boron.    The reaction in boron is as followss 

0nl / 5B10_ .3U7 ^ 2He4 / 2.8 Mev 

Thus, while boron serves as a gamma suppressor, appreciable 
amounts of heat are released in the shield tank in the form of kinetic energy 
of the boron reaction products.    The heat release will in fact be greater 
than had the neutrons been absorbed in water. 

The total amount of gamma radiation released per neutron capture 
is equal to the binding energy of the additional neutron.    In the case of 
carbon steel, this has been taken to be 8 Mev; for water (hydrogen) it has 
been taken to be 2.2 Mev.    It has been assumed that all capture gammas 
are absorbed in the tank. 

The equation used to calculate heat production in the different 
materials in the shield tank is: 

H ■II tit HH ■1:1 % 

Vj[ - volume of ith material 

- absorptions per em? of 
ith material 

Ei s energy released per capture in ith material 

Table 2-6 contains details of t.he calculation.    To account for 
gamma production above and below the core, the radial fluxes which are 
averaged over the height of the active core were used over an area extending 
over the height of the core plus 10 Inches below the core«    Heat production 
rates were calculated for the first five regions of the shield.    Since the 
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fluxea fall off exponent!ally, it is not necessary to calculate captures 
further out in the shield.    Past and thermal cross sections are the same 
as those used in the Valprod calculation, results of which are plotted 
in Fig. 5-6 of Core Design Analysis. 

Table 2-6%    Calculation of Heat Produced by Captures 
in the Shield Tank 

Region* 
*.+ 

^u cwrl     2-F  cm-i        n/cn1
2-sec n/cm2-sec ^ VF

J   ^K cm^ sec 
1 0.16864   0.008    2.6 x 1C10   7.21 x 1011  1.015 x 1010 

2 16.715 0.59 8 x 109 4 x 1011 3.70 x 1011 

3 0.115 0.001 4 x 1010 3.35 x 1011 4.94 x 109 

4 16.715 0.59 8,5 x 109 8 x ID10 1.89 x 1011 

5 0.16364 0.008 2 x 108 1.37 x ID11 1.1 x 109 

Region* 

1 5.6 x 104 8 3.98 x IO15 

2 1.033 x 10^ 2.8 1.07 x 1016 

3 1.26 x 105 2.2 1.38 x 1015 

4 1.28 x 10^ 2,8 6.8 x 10^-5 

5 3.52 x 105   3     1.17 x lO1^ 

H = 2.40 x 10
16 Mev/sec 

♦Region - 1 - Pressure Vessel Support Ring 
2 - Pressure Vessel Support Ring Boral Clodding 
3 - 1st. Water Annules 
4 - Boral Clodding on 1st. Shield Ring 
5 - Ist. Shield Ring 

2.7.4 Conclusions 

Total radiation heating rates in the shield tank as calculated in 
the preceding sections are: 

Neutrons 0.29 x 10 ^ Mev/sec 
Grammas from Core, Thermal  1.79 x IO1? Mev/sec 
Shield and pressure vessel 
Captures in the shield tank 0.24 x 10 ' Mev/sec 

Total    2.32 x IO1? Mev/sec 
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2.32 x 1017 Mev/sec x 5.472 x 10"13 Btu-sec   = 1.27 x 105 Btu/hr 
Mev-hr 

Over 75/6 of the total heating rate is based upon the machine 
shielding calculation.    Because the machine calculation has been shown to 
yield higher dose rates and heating rates than those measured,  the heating 
coil for the shield tank has been sized to remove 110,000 Btu/hr of gamma 
and neutron heat. 

2.8    GAMMA FLUX ON THE INSTRUMENTS 

A machine calculation was performed to determine the operating 
dose rate on the nuclear instruments in the shield tank.    Neutron fluxes 
used in this calculation were the same as those listed in Table 2-3 of 
Section 2.3.3.    These are end of life neutron fluxes and therefore give 
the highest gamma dose rate to be expected on the instruments.    Thermal 
neutron fluxes are markedly different for the two instrument positions shown 
in Drawing No. R9-46-1039 as a result of the different amounts of water 
behind the instruments.    This difference will have little effect upon the 
gamma flux and the gamma dose rate has been assumed to be the same for all 
instruments. 

Shutdown gamma doso rates on the instruments in the skid mounted 
shield tank have been estimated from experimental data taken in APPR-1. 
Table 2-7 contains a comparison of gamma dose rates measured in APPR-1 and 
calculated for the skid mounted reactor. 

Table 2-7:    Gamma Dose Rates on the Instruments in APPR-1 
and the Skid Mounted Reactor 

Operating 

Calculated 

5 x 105    R/hr APPR-1 

Skid Mounted U x 105   R/hr 

Measured 
2.5 x 105    R/hr 

APPR-1 

2U Hrs. After Shutdown 

Estimated* Measured 

  103   R/hr 

Skid Mounted 7 x ID2 R/hr 

♦Estimated from APPR-1 measurements. 

Kv 
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3.0 Secondarv Shielding Analysis 

The primary shield was designed on the basis of minimum weight and ac- 
cess to the primary skid 8.0 hours after shut-down. Therefore, a high level 
of radiation would be expected around the primary skid during operation. 

The allowable continuous radiation received by any personnel is based 
on the amount that may be received in one year. This allowable radiation 
is 5 R/YR. In any one week, this is equivalent to a radiation level of 
96.2 mr/week. Since base personnel are scheduled to be on duty 8^ hours 
a weekn the hourly permlssable dose rate in operating areas can be ap- 
proximate Iv 1 mr/hr. 

At the site., the radiation emanates from the core itself, the primary 
shield (shield tank) and N-l6 activity in the primary water. In order to 
decrease the level of tne operating radiation to base personnel, the primary 
system is located within the secondary shield, in this case^ snow. 

This section will deal with the thickness of secondary shielding re- 
quired to decrease the operating radiation to 1 mr/hr. The operating radia- 
tion consists of the contribution from the N-l6 activity of the primary 
water and from the activation of the primary shield. 

3.1 N-l6 Activity in Primary Hater 

In all reactors where water is used as a primary coolant, there 
is activation cf the water. This is due to the capture of a neutron by 
0~l6 as shown in the following reaction which has a threshold of approxi- 
mately 10 Mev. 

0 •L 

The extent of the activation is a sensitive function of the influx time 
and the total cycle time. 

A simplified method was employed to calculate the N-l6 activity. 
This metnod was used since It was shown to give comparable results to a 
more precise and lengthy method (2  ). 

3.1.1   Calculation of N-l6 Activity 

In this reactor^ the water will be activated in both the 
core and the reflector.   The activity was calculated using the following 
equations: 
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:ore 
— -Mc 

AC(O) --Ihi-^ry.—) (3-1) 
1-e    ^"T 

reflector 

^(o) =Za*R (^=2—-.^ (3-2) 
l-e   AtT 

Total 

^(0) - AC(O) / AR(0) (3-3) 

where 

Ac(0) = activity due to activation in core, dis/sec-cm 

AR(0) = activity due to activation in reflector, dis/sec-cnr 

^> = average activation flux in core, neutrons/cm -sec 

yp - average activation flux in reflector, neutrons/cm -sec 

^T    = activation cross section of 0-16, cm"    ■ k,2'Jh x 10 

^ - disintegration constant of N-l6, sec"    = 0.09^+3 

trj = time for one complete cycle,  sec = Q,02k 

t    - time water spends in core,  sec ■ O.38U 

tp = time water spends in reflector, sec a 2.kk9 

The activation flux is that part of the fast flux above 
10 Mev which consists of the uncollided and collided flux.    The uncollided 
flux is described by equation 3-'+ (17) 

. j/R-,    f(E) 
ct>u(E) = !-l  (3-1») 

I0(E)  / IH(E)  / XFe(E) 
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where 

(b IE)   '  iincollided activation flux,   neutrons/cm'-sec-Mev 
u 

V ;- neutrons/fission - 2.k6 

R     "   (P)   (CF)/V, FiS3ions/cni3-sec  - 2.815 x 1012 

10 

where 

P = Power output, watts -10' 

(OF) - Conversion factor, Fjssion/Watt-sec - 3*2^ x 10 

V = Volume of core,, cnH ■ 1.151 x 10^ 

f(E) = Watt's fission spectrun^ neutrons/fission neutron 

y   (1) = macroscopic cross section of oxygen, cm 
^—o 

]F (E) - macroscopic cross section of hydrogen, cm 

2_F (E) = macroscopic cross section of iron, cm 

Watt's fission spectrum is defined by equation 3-5» 

f(E) = 0.1+84 e~ Sinh  V2E (3-5) 

E = neutron energy^ Mev 

Table 3-1 gives the calculation and numbers that were used 
to obtain the unco Hided flux. 

The collided flux above 10 Mev is defined by equation 3-6 (17), 

.00 .E/T VRF 

EZH(E) 
(1-p) /f(r) dE« /pe"  ^)2 / (|) / 

(3-6) 

In this case the second term Is negligible. 
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where 

f"  I0(E')   ZFe(E') 
J rH(E') /Z0{E') T IF;TFT ^'^^ 

p.^. 
«00 

) d E« 
'E 
/f (E. 

E s energy,   Mev 

T = nuclear temperature of the residual nucleus, Mev 

Table 3-1 

Calculation of Uncollided Flux 

^(E) ^(E) ^Fe(E)        Z*t ^U(E) 
E(Mev) f(E) (barns)      (barns) (barns) (cm"1) n/cm -sec-Mev 

10 9.6l6 x lO"^        0.94 1.25 2.95 0.1092 6.096 x 1010 

11 k.kOl x l0-k        0.87 1.33 2,82 0.1061 2.871 x 1010 

12 l.99h x 10'k        0.79 1.^1 2.68 0.1025 I.3I17 x 1010 

13 8.962 x 10-5       0.7U          1.50 2.58 0.1009 6,lk9 x 10^ 

11*            3.997 x 10~5       O.69          l.5k 2.52 O.O988 2.801 x 109 

15 1.771 x 10*5       0.65 1«57 2.U5 O.O968 1.268 x 109 

16 7.795 x 10"6       0.61 1.59 2.39 0.091*7 5.701 x 108 

£ 8 
17 3.kl3 x io-b      0.57 1.61 2.3U 0.0927 2.5^8 x 10 

X - NH<rH(E) / N0<r0(E) / NFe <rPe(i) 

NH = U.138I x 1022 atoms/cm3 

H 

N    - 2.1635 x 10^2 atoms/cm3 

NFe = 1.4653 x 1022 atoms/cm3 

Table 3-2 outlines the calculation of the collided flux above 
10 Mev. "Jhe total energy dependent flux is the sum of the uncollided and col- 
lided flux and is given in Table 3-3. 
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Table -3-2 

Calculation of Collided Flux 

E(Mev) IH(E) ^(Ei/^e (E) It(E) J   flE^dE1 

E P n/cm -sec-Mev 

10 0.03893 0.07027 0.1092 1.305 x 10"3 0.767 5.578 x 109 

11 O.0360 0.07010 0.1061 5.477 x I0'k 0.891 1.04   x 109 

12 0.06978 0.1025 2.464 x I0~k 0.843 6.829 x 108 

13 0.03064 0.07026 0.1009 1.077 x 10"1* 0.811 3.55    x 108 

Ik 0.02856 0.07024 0.0988 4.72 x 10-5 0.763 1.939 x 108 

15 0.02692 0.06987 0.09679 1.84 x 10"5 0.649 1.11    x 10 

16 0.02524 0.06942 0.09466 5.28 x 10"6 0.584 3.77    x 107 

17 0.02359 0,06912 0.09271 

Table 3-2 

2.3   x 10"6 
0.513 1.939 x 107 

Total Energy Dependent Flux 

E(Mev) ^(D n/cm -sec-Mev 

10 6.655 x 1010 

11 2.976 x 1010 

12 1.416 x ID10 

13 6.504 x 10 

14 2.994 x 109 

15 1.378 x 109 

16 6.078 x 108 

17 2.742 x 108 
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The total flux above 10 Mev is defined by equation 3-7. 

^act(n/cin2-8ec)  =     / ^ (E) dE (3-7) 

10 

where 

Therefore 

^(E) -: 1.707 x 10^   e^0-7833E 

^ac-t  - 8.559 x 10     neutrons/cm -sec 

In order to obtain the average flux over 10 Mev in thr» 
and reflector.,  the following assumption is made:    the neutron flux a    - 
haa the same radial distribution as the fast group flux.    Therefore/ 
age fluxen above 10 Mev in the core and reflectors are 5 »397 x lO1^ an_ 
1.538 x lOlO neutrons/cm^-sec respectively. 

3.1.2    Results 

From equations 3-l> 3-2, and 3-3 the activation of the pri- 
mary water by the 0^-° (n,p)N^" reaction is as follows: 

Activation in dis integrations/sec-cm^ 

Core 
^(0) = 1.545 x 106 

Reflector 

Total 

AR(0) = 2.553 x 106 

AT(0) s U.098 x ID6 

3.1.3 Comparison with APPR-1 

A rough comparison can be obtained from the measured N-l6 
activity and known cycle times in the APPR-1. The experimentally obtained 
activity is 1.63 x 10° dls/sec-cmS. Therefore, 
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but 

and assuming 

and 

" Atcl 
AAPPR-l(0)   = 1'63 x lo6 s ^«l^l(   ^ XtJ  * 0'0eik 

1-e        "t-1 

A
SKID(0)   = ^ S  1^^ (^. Att2)  • 0.06698 

•a2 
al •ft-^Ä-o-^ 

'■ ^«tW-X . ( ^fast18™ 

^2      -    1.3053 x IQ1^    a 

^1 1.0095 x 1011* 
l.^X, 

^a^l 

l.if08 

0.066982!    ^ 

1.63 xlO6      ^^al^l 

82   2       = 2.50U x 106 

From the scaling of the measured activity In the APPR-1, 
the activity In the skid mount would be 2.504 x 10" dis/sec-cnß or approxi- 
mately 39^ lower than the previously calculated value of U.O98 x 10° dls/sec- 
cm3 vhlch Is the number that will be used on the secondary shielding calcula- 
tions . 

3.2   Attenuation of N-l6 Gammas Through Secondary Shielding 

In section 3*1; the N-lb activity In the primary coolant was cal- 
culated at the reactor outlet.    This section describes the calculation of the 
attenuation of the N-l6 gammas through the secondary shield. 
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3.2.1   Calculation Model 

The method used to calculate the gamma dose rate from the 
primary coolant is described fully in RAS-I  (ig) and AP NOTE 63  (19)  as de- 
veloped by the Electric Boat Division of General Dynamics Corp. 

RAS-I takes the source due to the N-l6 activity and attenu- 
ates it  through shields within the vapor container and the secondary shield. 
To obtain the source geometry,  the primary coolant piping and steam genera- 
tor is divided into sections about one foot in length.    The foot long sources 
are then approximated by a point, source at the center of the actual source 
having a strength of    -5    'g£o:a/sec).    The point sources are then located 
in a three dimensional co-ordinate system.    Essentially,  the same setup is 
used to determine the shadow shields within the vapor container (including 
piping and steam generator).    The input to the computer consists of the 
properties of the sources/  piping,  steam generator and other components in 
the vapor container.    The points at which the dose rates are to be calcula- 
ted are also included in the input.    The shadow shield,  source point and 
dose point descriptions are given in Tables 3-^ 3*5 and 3-6 respectively. 
The location of all dose points is given in Figs. 3-la to 3-le. 

The computer calculates the Inverse square attenuation and 
the self-absorption of the source to the selected dose point.    After this, 
the machine checks to see if the gamma ray passes through a shadow shield. 
If it does, the computer attenuates the source through the shadow shield. 
For secondary shielding the machine uses two shields of specified thick- 
ness.    Then it uses Peebles data (20)  to compute slant attenuation and 
buildup in the shield.    The dose rate at the selected dose point from all 
sources is summed up by the t,jichine which then prints the dose rate as 
the output. 

A unique property of the Ice cap skid-mounted reactor is 
that the density of the secondary shielding (snow) varies in the vertical 
direction.    This variation is shown in Fig. 3-2.    In the calculation where 
the gamma rays from source to dose point were slanted in a vertical plane, an 
average snow density and linear absorption coefficient were used. 

3.2.2   Calculated Doae Outside of Secondary Shield 

During the shielding task conducted on the APPR~1 (2), 
measurements were performed determining the dose rate of various positions 
on the outside of the secondary shield.    In all cases, the dose rate calcu- 
lated by RAS-I was between a factor of 1^ and 3 greater than the measured 
rate.    According to Ref.  (1Ö)   (pg. 93 »ncl 9^) the machine calculation has 
been checked against the STR Mark I shield test and the calculated dose 
rates were consistently higher than the measured doses.    Therefore,  the 
RAS-I calculation can be used to determine the dose rates on the outside 
öurfa:e of the secondary shielding. 

The dose rates were calculated at 33 positions in the sec- 
ondary shielding around the vapor container.    The results from the RAS-I 
calculation are given in Table 3-7•    The dose points were selected so that 
isodose lines could be determined as a function of depth and distance from 
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TABLE 3- •5 

Source Point Dee cription 

Type                    1DA ^ Xs   («0 YB (ft) *B (ft) c 

Boiler And                 06 001 29.3 33.3 29.5 293.05 

Boiler Tube               09 001 31.6 33.3 29.5 90.20 

09 002 32.6 33.3 29.5 

09 003 33.6 33.3 29.5 

09 004 3^.6 33.3 29.5 

09 005 35.6 33.3 29.5 

09 006 36.6 33.3 29.5 

09 007 37.6 33.3 29.5 

09 008 38.6 33.3 29.5 

09 009 39.6 33.3 29.5 

09 010 40.6 33.3 29.5 i 
Schedule 0 Pipe       11 001 24.8 34.2 29.9 25.69 

11 ooe 25.8 34.2 29.9 22.38 

11 003 26.6 34.2 29.9 22.29 

11 OQk 27.5 34.2 29.9 22.20 

11 005 28.4 34.2 29.9 25.26 

12 001 28.5 32.4 29.0 16.34 

12 002 27.6 32.4 29.O 19.51 

13 001 26.7 32.4 29.4 21.11 

Ik 001 26.3 32.4 30.4 22.15 

15 001 25.8 31.5 31.5 18.74 

15 002 24.8 31.5 31.5 17.11 

15 003 23.9 31.5 31.5 17.04 

15 odk 23.0 31.5 31.5 18.50 
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TABLE 3-6 

DOSE POINT DESCRIPTION 

Dose Pt, 
.ane Identification 

1 001 
1 002 
1 003 
2 004 
2 005 
3 006 
2 007 
2 008 
2 009 
2 010 
2 Oil 
2 012 
2 0.13 
2 01k 
2 015 
2 016 
2 017 
2 018 
2 019 
2 020 
3 021 
3 022 
3 023 
3 021+ 
3 025 
3 026 
3 027 
3 028 
3 029 
3 020 
3 031 
3 032 
3 033 

»D C>1 'b2 

0 20.0 35.0 66.9 10.000» 02.318* 
0 30.0 35-0 66.9 10.000* 02.318» 
0 47.7 35-0 66.9 10.000» 02.318* 
5 82.2 35-0 66.9 20.500 01.600 
5 99-9 35.0 66.9 20.500 01.600 
5 20.0 65.5 66.9 20.500 01.600 
5 82.2 80.0 66.9 20.500 01.600 
5 82.2 65.5 54.9 20.500 01.600 
5 82.2 1+7.0 5M 20.500 01.600 
5 82.2 35.0 54.9 20.500 01.600 
5 82.2 23.0 54.9 20.500 01.600 
5 82.2 01+.5 5^.9 20.500 01.600 
5 82.2 65.5 1+2.9 20.500 01.600 
5 82.2 35.0 1+2.9 20.500 01.600 
5 82.2 01+.5 1+2.9 20.500 01.600 
5 82.2 65.5 30.7 20.500 01.600 
5 82.2 1+7.0 30.7 20.500 01.600 
5 82.2 35.0 30.7 20.500 01.600 
5 82.2 23.0 30.7 20.500 01.600 
5 82.2 0I+.5 30.7 20.500 01.600 
5 00.0 80.0 66.9 20.500 01.600 
5 30.0 80.0 66.9 20.500 01.600 
5 20.0 95.0 66.9 20.500 01.600 
5 00.0 65.5 5^.9 20.500 01.600 
5 20.0 65.5 5^9 20.500 01.600 
5 1+0.0 65.5 5I+.9 20.500 01.600 
5 60.0 65.5 54.9 20.500 01.600 
5 00.0 65.5 1+2.9 20.500 01.600 
5 20.0 65.5 1+2.9 20.500 03.600 
5 00.0 65.5 30.7 20.500 01.600 
5 20.0 65.5 30.7 20.500 01.600 
5 40.0 65.5 30.7 20.500 01.600 
5 60.0 65.5 30.7 20.500 01.600 

* Cbl and Cb2 have been multiplied by lO"2 to fit input.    Therefore cal- 
culated dose rates must be multiplied by 102. 
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the vapor container.    From the results given in Table 3-7; the various isodose 
lines in the different planes eure given in Fig.  3-3a to Fig. 3-3c. 

Table 3-7 

Dose Rates from RAS-I Program (Secondary Shield) 

Dose Point Dose  (mr/hr) Dose Point Dose  (mr/hr) 

1 92.5 18 0.0094 

2 131-76 19 0.0761 

3 62.98 20 0.0219 

l* 0.0087 21 0.0031 

5 0.00? 22 0.0084 

6 0.0068 23 0.0128 

T 0.0015 2k 0.0023 

8 0.00i*8 25 0.0220 

9 0.0088 26 0.0096 

10 O.OIOU 27 0.0019 

11 0.0134 28 0.0050 

12 0.0091 29 0.0666 

13 0.0068 30 0.0136 

11» 0.0654 31 0.2329 

15 0.0092 32 O.3603 

16 0.0175 33 0.0357 

17 0.0359 

3.3    Attenuation of Radiation from Shield Tank 

3.3.1    Calculation Model 

With the primary shielding designed for access after shut- 
down, the dose rate from the reactor and the shield tank through the snow will 
be much greater than the dose rate from the primary coolant. 
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Tne following equation was used to calculate the reactor and 
shield tank dose rate through the snow: 

D2 = ( ?r ) D1 e"
b B(b) (3,8) 

where D, = dose rate at a distance ^ from the core center 

D. " dose rate on the surface of the shield tank opposite 
the core midplane 

D1  - 247 R/hr (from Section £.U) 

r^ = radius of shield tank 

r1 - h  25 ft 

r9 = distance from core center to point at which dose rate is 
to be calculated 

t ~  snow thickness 

t - LXt 

LA -  linear absorption coefficient of snow for 6 Mev 
gammas;  cm"1 

B(b)   - dose buildup factor (for water) 

Table 3-8 contains details of the operating dose rate calcu- 
lation from the shield tank at various locations in the secondary system.   At 
all these locations dose rate from primary coolant activation is negligible 
compared to the reactor dose. 

In the calculations of Table 3~ö;  gamma radiation from the 
shield tank was assumed to be at 6 Mev.    Snow density was assumed to be 
O.517 gm/cm3 which corresponds to a depth of 2k feet (see Fig. 3-2).    The 
24-ft. depth is minimal for the ice cap installation. 

Fig. 3-4 shows the approximate dose rat? as a function of 
penetration through snow.    Points for the curve were calculated ftrom Eq. 3»8» 
For the sake of generality and simplicity of calculation it was assumed that: 

r2 - r1 / t 

That Is-, geometrical attenuation between the shield tank surface and the 
snow wall was neglected. 
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Knowing the thickness of enow between an area of Interest 
and the vapor container, Fig. 3.^ may he used to find the approximate dose 
rate to be expected.    However,  dose rates taken from Fig. 3.1*- for the 
specific areas listed in Table 3-8 will be higher than those calculated in 
the table.    This  is caused by neglecting the geometrical attenuation between 
shield tank and snow wall in the general calculations for Fig. 3.^ and taking 
the attenuation into account for the more specific calculations of Table 3-8« 

Fig. 3-5 shows isodose regions in the snow around the vapor 
container; data for the  isodoee linee were taken from Fig. 3^' 

Fig. 3-6 shows isodose lines on the surface of the ice cap. 
Liose rates on the ice cap surface were calculated by Kq. 3'8 on the basis of 
the following assumptions: 

1. r s rj_ / t (geometrical attenuation between 
shield surface and snow is neglected) 

2. t  - slant thickness through snow 

3. Average snow density between core and surface of ice cap is 
0.48 gm/cm3 (see Fig. 3.2). 

3.3.2    Conclusions 

From Table 3-8 it may be concluded that dose rates from the 
shield tank of manned stations of the skid mounted ice cap installation as 
shown in Dwg. No. M02M11 of Section C are well below the design dose rates of 
Section 1.1. 

3.4   Secondary Shield Thickness Required 

Comparing the dose rates calculated from the shield tank in Section 
3.3.1 to those calculated from primary coolant activation in Section 3.2 It 
can be seen that the primary coolant doce rate is about a factor of ten 
smaller.    Therefore, the necessary thickness of snow between the vapor con- 
tainer and the uncontrolled stations  of the site may be determined from 
shield tank dose rate only. 

Drawing No. M02M1I  of Section A shows a site layout with 25 feet 
of snow between the vapor container and the nearest skid which must be 
accessible during operation (the turbine generator skid).    From Table 3-8 
which contains the dose rate at the turbine generator through twenty-five 
feet  of snow,   it  can be seen that the dose rate calculated is 0.086 mr/hr. 
The design dose rate in this area from Table 1-0 of Section 1.1 Is 0.1 
mr/hr. 

Therefore,  it may be concluded that 25 feet of snow Is adequate and 
desirable as a secondary shield. 
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3.5 Dose Rates Around the Vapor Container after Shutdown 

The basic equation used to calculate dose rates around the 
vapor container after shutdown is Eq. 3.8 of Section 3.3.I. 

From Fig. 2.1 of Section 2.3,5 the dose rate just outside the 
shield tank is 50 mr/hr. at 8 hrs. after shutdown. An average gamma energy 
of 2 Mev was assumed. The 50 mr/hr. dose rate was attenuated through the 
vapor container with no distance attenuation as follows: 

(B)(e~^)(50 mr/hr.) = dose rate outside vapor container 

>^Fe = 0.336 cm"
1 for 2-Mev gammas 

b = 0.75 inch x 2.54 cm/inch x 0.336 cm"1 s 0,64 

B = 1.5 

D = 1.5 x e-0,64 x 50 mr/hr > 40 mr/hr 

This is the total dose rate on the surface of the vapor 
container between steam generator and shield tank 8 hours after shutdown. 
Going away from the steam generator the shield tank shadows out the sources 
outside the shield tank. Therefore, the shield rings have been wrapped 
around the core only for enough to give a dose rate of 40 mr/hr in this area. 

Dose rates far from the reactor were calculated according to 
the following equation: 

D2 a Be~b (rl)2 x 40 mr/hr (3-9) 

r^ r distance at which 40 mr/hr dose rate was calculated 
taken to be 1C ft. 

rg s distance to point at which dose rate is to be calculated 
t m snow thickness, cm 
b «;it 3 

ja   m 0,0254 cm-1 for 2-Mev gammas and snow •  = 0.517 gm/cm 

Fig, 3-7 shows dose rates 8 hrs, after shutdown as a function 
of distance through the snow. Fig,3-8 shows iscdoses around the vapor container 
after shutdown. 

The dose rates shown in Fig, 3-8 apply only radially around 
the vapor container. There is an area under the shield tank which will have 
a much larger Jose rate and which will be inaccessible after shutdown. 
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3 »$    Conclusions 

From the foregoing sections the necessary thickness of snow 
between vapor container and uncontrolled areas has been determined to be 
25 feet for a vapor container located in a tunnel kk feet deep. 

From Fig. 3-6 and Fig. 3-3a It can be seen that dose rates 
on the surface of the ice cap fall off rapidly with distance back from the 
tunnel edge, being 0.0k mr/hr 30 feet back from the full diameter (2k feet) 
of the tunnel.   Actual exclusion area on the surface of the ice cap would 
be determined by radiation surveys during operation.    However,  it may be 
concluded that an exclusion area extending no less than 50 feet back from 
all tunnel faces would be adequate and desirable.    For the site layout 
shown in Dwg. No. M02M1L   of Section A;  this would give an exclusion area 
of about 150 x 125 feet. 
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k.O   Spent Fuel Shielding 

Provision must be made in the Skid Mounted Installation for removing the 
spent core and storing it until it is shipped off the ice cap. The spent fuel 
shielding must do the following: 

1) Protect personnel from the complete core whether in the pressure 
vessel or in the spent fuel pit. 

2) Protect personnel from the single element being, transferred from 
the pressure vessel to the spent fuel pit. 

k.l   Water Tank Above Core 

The water tank above the core performs the function of shielding 
personnel transferring spent fuel elements from the pressure vessel to the 
spent fuel pit and also provides a medium for removing decay heat from the 
spent core in the pressure vessel. The actual height of water above the 
core is determined from shielding considerations. 

To arrive at a necessary water depth above the core, it was first 
assumed that the allowable dose rate at the surface of the water would be 
received during the transfer of Individual fuel elements since the fuel ele- 
ments must be raised about seven feet above the core during transfer. Then 
the dose rate from the cooplete core was checked through the column of water. 

k.l»!   Calculation Model 

Because of the fairly large distance between the surface 
of the water tank above the core and the top of the core Itself, the con- 
ventional methods for calculating dose rates above cylinder ends fall to 
give accurate answers. Therefore, the core was treated as a point source. 

In calculating the dose rate from the Individual fuel ele- 
ments the same difficulty was encountered. However, since the fuel element 
height is much greater than its width, the fuel element was divided into 
eight smaller sections (approximately cubes) and dose rates calculated for 
each section. A correction factor was then applied to account for aelf- 
absorption in the small sections. 

Calculations were made on the basis of 10 MM operation 
for infinite time; time after shutdown was 1 day. 

U. 1.2 Dose Rate During Element Transfer 

The individual fuel element was divided Into eight sec- 
tions, each section having the dimensions 2.750 x 2.863 Inches. The 
total dose rate from the eight sections one foot above the surface of 
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the water directly above the element was calculated using the following equa- 
tion: 

7 T Sv Ve'blJ     Bi 

D=    ^      ^   J"0      1=1 J-0     1=1     UtTr2 K- 
üi 

Sv    " specific activity of ith energy group    Mev/sec-cnr 

V = Volume of a section, 3*66 x 10   cnr 

r = 2U4 cm (7 ft of water plus 1 ft) 

Kj),   - factor for converting energy flux of ith energy group 
1      to dose rate 

biJ '" AH o x V 'S***1     x J x 2-T5 lnche8 x 2'5k i^h 
2 element 

From the definition of b it can be seen that the dose rate 
J 

from each section is attenuated through all the sections above It. Geometric 
attenuation, however, was kept constant (for ease of calculation) by using 
the minimum r for the eight sections. 

Table k-1  contains details of the calculation of the single 
element calculation. 

Dose rates for the eight sections and total dose rate follow: 

Secti( Dn Dose Rate (mr/hr) 

1 

2 

(top £ 
fuel 

:.75 inches 
element) 

of 46.25 

26.10 

3 Ik.2k 

1* 7-23 

5 3-70 

6 2.00 

7 1.05 

8 (bottom 2.75 inches 
fuel element) 

of 0.57 

B-174 
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Table k-l 

Calculation of Dose Rate from Single Fuel Element 

vSection 

R 

^ 'fuel 
element 

a 7 ft.   =214 cm 

= 3.66 x 102 cm3 

■ 8 ft.  * 2hh cm 

" /^core " pc 

Section 1 

Group 

k 

5 

6 

Group 

k 

5 

6 

Section 2 

Group 

k 

5 

6 

Mev 
Sv> o 

Bec-cmJ 

2.7 x lO1! 

9 
7.05 x 10 

2.35 x 10 10 

KD 

6.05 x io5 

6.5 x 105 

6.8 x 105 

/AH20 

0.055 

0.0U9 

0.04U 

2.18 x 10* 

5.31 x 10C 

1.69 x 101 

b3s 

^o 

11.78 

I0.U8 

9,kl 

7.7 x lO"6 

2.8 x 10"5 

8.05 x 10"5 

D, mr/hr 

32 

1.75 

12^. 

U6.25 

0.108      0.75^       12.531* 22 

0.0941   0.658    11.138 n 

0.0879     0.620        10.03 10.5 

b2 =^^2.75" x2.5Ug 

e-b3 

%0 (b) 

19 

11.8 

9.2 

3.6 x 10"° 

1.U5 x 10-5 

k.k x 10-5 

n     SU 

17.3 

1.0 

JA 
26.1 
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Table k-l (continued) 

Section 3 

Group b2 

b3 = 
BH2C(b3) e-b3 D,  mr/h: 

1* l 508 13.288 23 1.8 x 10'6 9.02 

5 1.316 11.80 11« 7.5 x 1C"6 0.56 

6 1.2U0 10.65 11.5 2.1+ x 10"5 Iu66 

1U.25 

b2  -■ 2 x b2 of Section 2 

Section k 

Group 

k 

b2 

2.262 

b3 

14.Oil 
V(b3) 

21+.6 

e^ 

8 x 10"T 

D, mr/hr 

4.29 

5 1.971* 12.U5 14.5 3-9 x 10*6 0.30 

6 1.860 11.27 12.0 1.3 x 10"5 2.64 

7.23 

Section 5 

Group 

h 3-016 Ik.8 26.5 

5 2.63^ 13.11 16 

6 2.U80 11.89 12.4 

Section 6 

Group 

k 3.770 15.55 28.5 

5 3.290 13.77 16.7 

6 3.100 12.51 13 

3.8 x 10'7 2.2 

2 x lO'6 0.17 

6.8 x 10"6 1.43 

3.70 
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Table ^-1  (continued) 

Section 7 

Group b2 b3 V(b: 
k k.5Zk 16.30 30.5 

5 2.9^8 14.43 17.5 

6 3.720 13.13 13.7 

e' 3 D^mr/hr 

8.P. x 10"8 0.5U 

5.3 x 10"7 0.05 

2 x 10"6 0.46 

1.05 

Section 8 

Group 

4 5.27B 17.06 33 4 x 10"8 0.29 

5 4.606 15.09 18.4 2.8 x 10"7 0.(W 

6 4.340 13-75 14.5 1.02 x 10-6 O.25 

0.57 
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The preceding calculation does not take into account the effect 
of self-absorption in the sections of the fuel elements. Equation k-1 was taken 
from Ref. 21 to account for self absorption: 

S.A. 

W |/W 
-aw 

2/V 
-2 IA a 

(1-e rc ih-1) 

a - half height of section, 1.375 inches 

JX    - total linear absorption coefficient of core, cm" 

The minimum self-absorption factor will be calculated when i4 
is a minimum; that is, for Group 6 which has the highest energy gamma. The 
self-absorption factor calculated for this group was O.83. If this factor is 
applied to the dose rate calculated without self-absorption, the result is 84 
mr/lir one foot above the surface of the water in the tank above the core when 
the top of a single fuel element is 7 feet below the surface. 

k.i.?   Dcse After Shutdowii (Pull Core) 

The dose rate from the complete core on the surface of the 
water above the core was calculated using the following equation: 

7    SVi Ve-
bl \ 

5       3 
V = core volume,  1.15 x 10     cm 

^i " Mi- x ^ cm ^ ft of water at>ove core) 

r = 519 cm 

(See Section k.1.2  for definition of symbols) 

No self-absorption correction was made. The calculated 
dose rate was 2.7 x 10"3 mr/hr. 

Table k~2  contains details of the calculation for the whole 
core. 
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Table 4-2 

Dose Rate above Complete Core 

tH 0 = 17 ft ■ 519 cmwr 

r2 m 2.69 x 105 

Group v> sec-cnr «2°     V 
4 2.7 x 1011 0.055 28.5 

5 7.05 x 109 0.04Ö 25.4 

6 2.35 x 1010 0.044 22.8 

-b 
e"      ^o  D,mr/hr 

4.2 x 10   60   2.38 x 10~ 

9.1 x 1Ö12  33   7.15 x 10"5 

1.3 x 10   24   2.36 x 10 ^ 
2.67 x 10-3 

The dose rate on the walkway above the vapor container fron 
the complete core was calculated In a manner similar to that above. It was 
found that the equivalent of 11 feet of water was needed between the core 
and the walkway to reduce the dose rate on the walkway floor to 20 mr/hr. 
It was also found that rays from the core could go through the tank on a 
slant and intercept less than this minimum of eleven feet.  Where this was 
possible lead was placed in the tank to attenuate core gammas to the allow- 
allowable level.  Lead, water and steel equivalences were taken from Table 
6.11 of Ref. 3. 

4.1.4 Dose Rate During Transfer of Element from Shield Tank to 
Spent Fuel Pit 

In the process of moving the spent fuel elements from the 
core to the spent fuel pit, a transfer cask is used to protect personnel who 
are handling the spent elements.  The size of the single element transfer 
cask is based on shielding requirements.  The following assumptions were used 
in the calcolation of the required shielding. 

1. Dose rate on surface of cask to be no more than 200 
mr/hr. 

2. Infinite operation of reactor 

3. 24 hours shutdown time 

4. Transfer cask to be cylindrical 

5. Dose rate due to three energy groups 

6. Cask to contain either one or four elements 
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The dose rates were calculated for a cylindrical spent fuel 
element transfer cask of thicknesses of 8^  10 and 12 inches.    The results 
are given in Fig. k-1.    To limit the dose rate to 200 mr/hr on the surface 
of the transfer cask., 10.1 inches of lead is requirec' for the single element 
cask and 10*5 inches is required for the four element cask. 

4,2   Water Level in Spent Fuel Pit 

At end of life, the spent fuel elements are transferred to a 
storage area where the elements are cooled down before being shipped for 
reprocessing.    While the elements axe in the spent fuel pit,  shielding 
must be provided so that personnel working above the pit do not receive 
excessive radiation.    The shielding is  In the form of water placed above 
the spent core. 

U.2.1   Calculation Model 

In order to determine the shielding required for the spent 
fuel pit, the following assumptions were made: 

1. Infinite operation at 10 MH 

2. 2k hours of shutdown 

3« Equivalent sphere to determine self-absorption in core 

k. Point source for attenuation of gamma-rays 

5. Personnel are always directly above spent core 

6. Radioactive sources can be divided into four energy 
groups. 

The self-absorption in the core was calculated using a 
spherical source.    On the basis of equivalent volumes (1.15 x 105 cnn)., 
the radius of the equivalent sphere is 30*17 cm.   From Eq. U-l, the self- 
absorption factor of the core was calculated for all four energy groups (2l)> 

The numbers used in the calculations and results are given 
on Table 4-3. 

The fission product gammas sources are also given In Table 
4-3 for the four energy groups.    The sources were obtained from NDA-27-39 (4 ) 
for infinite operation and 24 hours of shutdown. 

The required amount of shield water above the spent core 
was based on the attenuation of gamma rays from a point source using equa- 
tion 4-2 for all four energy groups, 
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Table 1+-3 

Calculation of Spent Fuel Pit Shielding 

Energy Group 

IV V VI 

E(Mev) 1.6 2.1 2.5 

U        (cm-1) 0>lo8 0.09^1 0.0879 
/   core 

(/tr)core 3-258 2.839 2.652 

sA(>^r)core 0-219 0'Zkl 0•263 

/A      (cm"1) 0.055 0.048 O.CÄ38 

S(Mev/8ec-watt) 3.1 x 109 8.1 x 107 2.? x 108 

S0(Mev/8ec) 3.1 x 10l6 8.1 x 10^ 2.7 x 10^ 

c  (y/cm2-sec) 355 3x5 265 
e    mr/hr 

(b1)1 18.^ 16.43 14.75 

(b1)2 21.79 19.42 17.43 

(b1)3 20.12 17.92 16.09 

B 41.0 21.8 15.9 

B2 53.0 26.8 19.1 

B 47.0 24.2 17.6 

e-(bl)l 9.808 x 10-9            7.318 x lO"8 3.927 x lO"? 

e'^l^ 3.441 x 10"10           3.68 x 10'9 2.693 x lO"8 

e-^lb 1.828 x 10-9            1.65 x lO"8 1.028 x lO"7 

Didnr/hr) 5.294 0.717 11.847 

D2(inr/hr) 0.172 0.032 0.699 

D3(mr/hr) 0.950 0.151 2.884 

a    = 11 feet ag « 13 feet                      ^ - 12 feet 

(DjU = 17.858 mr/hr (D2)T = 0.903 mr/hr         (D3)T = 3.985 nr/hr 
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D(E)  - B(E)   Sm    S0(E)    e'bl(E) (^2) 

UTTa2 

where 

D(E) " dose at desired point,  mr/hr 

SA(E) - self »absorption factor 

B(E) - dose buildup factor 

S„(E) = source strength of poinx source, gammas/sec 

a s distance from point source to dose point 

AA      (E) ■ linear absorption coefficient of water, cm" 

2 

"HgO 
thickness of water shield 

The calculation of the dose rate at the top of the spent 
fuel pit for 11^ 12, and 13 feet of shield water for all energy groups is 
given in Table 4-3. 

h.2.2   Dose Rate on Top of Spent Fuel Pit 

The dose rate was calculated for 11, 12, and 13 feet of 
shield water. For 11 feet of shield water, the dose rate was 17.858 mr/hr 
on top the spent fuel pit. With 12 and 13 feet of shield water, the dose 
rates are 3.98l5 and 0,903 mr/hr respectively. The results of the calcula- 
tion are given in Fig. h~2.    For a dose rate no higher than 5 mr/hr on the 
top of the spent fuel pit 2k  hours after shutdown, approximately 12 feet of 
ahield water is required above the center of the core. 

4.3 Shielding for Shipping Cask 

It was decided to use the spent fuel shipping cask that was de- 
signed for the APPR 1. The design analysis was presented In AP Memo 63 (22) 
The following assumptions were used in the calculation: 

1. Fuel element activity 1.5 times the average activity 

2. Six spent fuel elements per shipping cask 
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3. Reactor operation time was taken as infinite 

k.   Four  shutdown times:     1C,  20-   30,   and 90 days 

The dose rates on the surface of the shipping cask and one meter from 
surface is given in Table k~k for different lead thicknesses and the four 
cooling times. 

From the calculated results.  9«8 inches of lead is needed so that the 
dose rate one meter from the surface is  less than 10 mr/hr with a cooling time 
of 90 days.    The dose rate on the surface of the spent fuel shipping cask will 
be under kO mr/hr for the conditions stated in the previous section. 

TABLE k~k 

Radial Dose Rates - Spent Fuel Cask 

Lead Thickness     Dose Rate in mr/hr at Dose Rate in mr/hr one meter 
Inches Surface after Shutdown from Surface after Shutdown 

10       20       30       90 10 20 30 90 
days    days    days    days days      days      days      days 

9-5 - - 91.2 - - - 1^.55 

10.0 660 ^97 3^8 ko.9 138 103 71 7.92 

10.5 318 240 168 18.6 Ik 56 39 4.33 

11,0 161 123 86 - kl 31 22 - 

11.5 83 6k U5 - 23 17 12 - 

12.0 ^5.7 35.6 25.2 - 12.7 9.7 6.8 . 

k,k   Conclusions 

From the foregoing sections it may be concluded that adequate 
shielding has been designed for the spent core and that core removal 
operations may be carried out within the allowable dose rate limits of 
Section 1.0. 
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5.0 Eeat Release Distribution 

The reactor vessel ae origitftlly designed in APAE-33 C23 ) vas based 
on a two inch thick veseel wall located 6.15 cm.   from the edge of the core. 
In this design,   there was tc be no thermal shields between the core and the 
reactor vessel as  rar:  be seer, in Drawing AKL-335  of APAE-33  (23 )•    This was 
proposed because  of the necessity of compactness.     However,  detailed calcu- 
lations on this  proposed design snowed that the vessel was overstressed due 
to gamma heating.     In order to decrease the streee to within the allowable 
etress, work was perfcrmed on various configurations.    Table 5«1 gives the 
list of configurations that were investigated. 

Tne gamma heating was calculated for all seven cases at a power 
output  of 10 Ml.    Case 7  is the configuration that was finally selected. 

5.1 Reactor Vessel Wall at Midplane 

5,1.1. Calculation Model 

The calculation of the gamma heating in the reactor veaael 
was based on a cylindrical core with the thermal shields and the reactor 
vessel as cylindrical shells.    The calculation was performed at the mid- 
plane of the core and la divided Into core and secondary gammas.    The com- 
plete calculation was performed by an IBM 650 program (L2 )•    Tto code la 
divided into k parts.    The first routine calculates the aource strength, 
^, , and the macroscopic  cross section of source material, i^.    The at- 
tenuation of core gammas is then computed by a second routine utilizing 
/'c and ^   and material and geometrical apeclf ication set up by a third 
routine.    The results of these operations is the volumetric heat release, 
H (BTU/in3 - sec),  in the reactor vessel.    The calculation of the gamma 
attentuation is based on equation 5-1« 

Case # 

1 

2 

3 

1+ 

5 
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TATO 5 -1 

Realtor Vessel Configurations 

Reactor Vessel Thermal Shield 

iside Dla. Thickness Material Inside Dia. Thickness Material 

25" 2" 3043S None 

25" l-3An 30^38 None 

28.5" 2" 301*83 23.5" 2" 304-38 

30.5" 2" 30438 23.5" 3" 304-33 

30.5" 2" 30433 23.5" 3" Borated 
304-38 

37.75" 1/8" Clad/ 
2-3/8" 
Vessex 

30433 
3A-212 
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TABI£ 5-1 (Cont'd) 

Beactor Vessel Configurations 

Case # Reactor Vessel Thermal Shield 

Inside Dla. Thickness Material Inside Dia. Thickness Material 

7 37.75"        1/8" Clad/ 30^-38 23.5" 2" ZOkSS 
2 3/8" SA-212 
Vessel 

,   .      ceBaScRo n..   1 ,      « 
H(S)  =      2(a/a)      *[9>*2i (5-1) 

where   Ba = Energy absorption build-up factor 

Sc = Source strength of core,  (cm~3 - sec-l) 

E0 - Radius of volume source, cm 

a = distance from source to heat release point,  cm 

£ * effective self-attenuation distance t   cm 

J [0.^2] s      /      * '^2 ««c e' d e1 

e - Tan"1 QsJß), degrees 
a/s 

h = height of volume source, cm 

b2  ■ \ tMc* 

i 
yMg = Macroscopic cross section of core, cm'1 

Äki ■ Macroscopic cross section of ith shield,  cm-1 

tj, ■ Thickness of ith shield 

Ce = H(l)/^1) - (2.488 x 10-15 |g2l£s3)^lft(l) 1 

^w(S) = Gamma flux,  photons/cm2-sec 

ila(K) = energy absorption cross section for vessel, cm-1 

I    = Energy of gamma, Mev 
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The second contribution to the volumetric heat release in 
the reactor vessel is due to capture and decay gammas emanating from various 
components of the shield. This calculation is also computed by the IBM 
65O ( 12} and is based on equation 5-2. 

H(1) ■ 2|^v fe^^ (w0 

where Sv * source strength of volume source,   (cm-3-sec 1 

14B « macroscopic cross section of source material, cnr^ 

K2(b) -h J      £± dt 
^b      t2 

b3 " bi tM*h 

h = thickness of source slab,  cm 

5.1.2 Application to AFHU1 

The volumetric heat release was calculated for the thermal 
shield and the reactor vessel of the AEffi-l by ASTRA( 24)«    From experimental 
temperature measurements on the AFKUl reactor vessel, a volumetric heat re- 
lease was calculated.    To compare with the above quantities, the heat release 
rate was calculated using the IBM 65O codes.    The values of the volumetric 
heat releases on the inside surface of the reactor vessel and thermal shield 
is given in Table 5-2. 

Table 5-2 

Volumetric Heat Release in AFHUl Thermal Shield and Reactor Vessel 

Beactor Vessel Thermal Shield 

ASTRA ^3,300 BTU/Pt3-Hr 2^9,000 BTü/Ft3-Hr 

Alco (IBM 65O) 37,000 BTU/Pt3-Hr 162,000 BTü/irt3-Hr 

Sxperimental Temperature 20,000 BTU/Ft3-Hr None 
measurements 

From the above table, the IBM 650 calculation gives results 
closer to the experimentally inferred number than does the ASTRA computation. 
The results from the machine calculation are within a factor of two to the volu- 
metric heat release based on experimental temperature measurements.   The heat 
release distribution through the reactor vessel is given in Fig. 5-1, for all 
calculation models.    This figure shows that the machine calculation gives a 
reliable answer. 
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5.1.3   Calculated Distribution (Core gamma) 

The gammas emanating from the core Is divided into 5 energy 
groups as given in Table 5-3. 

Table 5-3 

Energy Groups of Gammas 

Group inergy (Mev) 

1 Greater than 7 

2 5-7 

3 3-5 

k 1-3 

5 less than 1 

The gamma heating in the reactor vessel was calculated for 
all cases. The contribution from each energy group from the core is given in 
Table 5-4, for the final configuration, case 7. 

5.1.4 Calculated Distribution (secondary gammas} 

For each calculation of the distribution due to core gammas, 
the distribution due to secondary gammas was computed. The results that were 
obtained for case 7 is given in Table 5-5 based on the same energy grouping. 

5.1.5 Calculated Distribution (Total Gammas) 

The total volumetric heat release is the summation of the heat 
release due to core and secondary gammas.    The results for the final config- 
uration,  case 7, are given in Fig. 5-2 and in Table 5-6. 

At the Interface between the clad and the reactor vessel, the 
total volumetric heat release,  H, is O.OI78I BTU/in3-8ec or 1.108 x 105 BTÜ/FT3. 
hr.    The distribution can be described by the following equation: 

H = 0.0l85e-0'6^395 » BTU/ln3-sec (5-3) 

The volumetric heat release distribution for the other cases 
are given in Table 5-7. 
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Table 5-7 

Volumetric Heat Release DiBtrlbutlons for All Configurations 

Average 
Caee § Equation Heat Release 

1 H = O.lSSSe-0-^62* BTU/in3-8ec fl 3 0.0688 BTU/in3-8ec 

2 H s 0.1338e-0-T62x BTU/in3-8ec H - O.O7J+I BTU/inS-sec 

3 H = 0.03O8e-0*66:L:bcB'ro/in3-Bec H = 0.0171 BTü/in^-sec 

k H = 0.0l85e-0'6]|53xBTU/in3-8ec H ■ 0.0104 BTU/in3.sec 

5 H = 0.015e-0'5736x BTU/in^-sec H = O.OO89 BTü/in3-8ec 

6 H = 0„03l+le-0'686ÖxBTU/in3-8ec H ■ O.OI76 BTU/in3-8ec 

7 H = 0.0l85e-0'67J|x BTU/in3-8ec H » 0.0097 BTU/in3-Bec 
The thermal stress in the reactor vessel due to gamma heating was cal- 

culated, on the haBis of the above operationa. 

5.2    Axial Heat Distribution in Reactor Veseel Wall 
k calculation was made to establish the heat release distribution at 

various axially positions in the vessel.    The heat release distribution vas 
calculated in the outlet nozzle and the flange above the core to facilitate the 
thermal stress calculations In these members. 

5.2.1   Outlet Nozzle 

The outlet nozzle is located about 6 Inches below the bottom 
of the core.    The average thickness of the nozzle is 10 Inches. 

The machine calculations of core gamma attenuation Is set up 
to determine the heat distribution at the midplane of the core and therefore 
can not be used axially ( 12 ) •   A simplified model was used to calculate the 
volumetric heat release as a function of axial position as given In equation 5-^< 

where       Ha s Volumetric heat release at any axial position,  BTU/in3-8Sc 

Hm = Volumetric heat releass Core midplane, BTU/ln^-sec 

^Ai = macroscopic cross-section of 1th shield,  cm"1 

tjS thickness of i^h shield, cm 

Y - Tan-    (—4-)>  degrees 
' a/Bo 
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B0 = Radius of cylinder source,,  cm 

a    - Distance from source to heat release point,  om 

h    - Axial distance above midplane of core,  cm 

The heating at the inside surface of the nozzle calculated 
from equation 5-4 is 18,000 BTU/hr-Ft^,    At the midplane of the core,  the heat 
release at the inside surface of the vessel due to secondary gamma is equal 
to that due to core gammas.    As a conservative approach,   it can be assumed 
that the secondary contribution is equal to the contribution from the core 
on the inside surface of the nozzle.    Therefore, the volumetric heat release 
distribution at the nozzle is 36,000 BTU/hr-ft3. 

5.2.2   Flange on Top of Reactor Vessel 

The heat release distribution was calculated on the inside 
su-'face of the flange and at various interior points.    The contribution of 
core gamma was based on the attenuation of the core gamma flux on the inside 
surface of the thermal shield through the shield, reflector and reactor vessel 
flange.   Iquations 5»5a and 5-!5b were used to calculate the attenuation of 
the flux 

(Thru steel)        ^2 ^ BQ« ^ (5-5») 

(Thru water)        ^2 "rl (5-5^) 

where Ba   - Knergy absorption build-up factor 
ok 

IX - macroscopic cross section of steel,cm 

t = thickness of steel,cm 

These equations assume that the only attenuation Is due to 
steel.    Vater was considered transparent tc gamma rays.   As another conserva- 
tive assumption, the contribution due to secondary gammas was set equal to 
heat release distribution due to core gammas.   The total heat release dis- 
tribution is shown in Fig. 5-3. 
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6.0    Demlneralizer Shielding 

Due to corrosion and activation of the structural material In the primary 
system, the primary coolant becomes activated.    This activity is due to 
both soluble and insoluble nuclldes in the coolant.    In order to reaove 
these nuclldes, a resin filled demlneralizer is placed in the primary 
coolant blowdown line.    Therefore,  the demlneralizer acts as a filter 
for insoluble nuclldes and as a chemical exchange medium for soluble 
nuclldes.    In this manner, the activated nucllde concentration in the 
primary coolant is kept down. 

The activation of the primary coolant Is due to several nuclear reactions. 
With stainless steel as the structural material,  the following reactions 
will take place in the material» 

i. Cr 

2. N 

3- Fe 

4- Mn 

5- Fe 

6. N 

7. Co 

8. Fe 

50 
6k 

L 

5^ 

55 
56 

58 
L 

59 

58 

(n,l) Cr51 

(n,*) N^ 

(n;p) Hrtk 

(xU) Mn56 

(n;p) Mn^6 

(n,p) Co5ö 

(n,*) Co60 

(rOf) Fe59 

Since the demlneralizer removes all the activated nuclldes from the blow- 
down line,  the demlneralizer In turn becomes a radioactive source.    This 
necessitates the shielding of the demlneralizer by a lead cask. 

6.1   Corrosion Product Concentration in Demlneralizer 

The concentration of active nuclldes in the demlneralizer was calculated 
from equations 6-1, 6-2, 6-3, and 6-k. 

nft =  X * Y U-0 

X ~ 
Vx A 

C&M^^tf-fe    h^Z  -r^e-PyV 

A-(A+qAUt   -At      -At  -(Af^AWJ 
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y= 
.  QCoS^AU^^ö-j*, 

VtAAVC 

(.e-At       e-Xt e'(M<lto,H 

(6-3) 

7.QMsP^^a pe^\ e-M^»te-»|  ^.^ 
-fA^tAtQAw)     LAVW ^       Zl 

where ru   « concentration of active nuclldes In demlneralizer, atom/cm^ 
? -11 

C^   = release rate, gm/cni -sec  x 0-965x10 
2 6 S     »-total primary system corrosion area, cm •   2.763x10 

0 o ^ 
(S )N   = for normal Co stainless steel, cm    » 1.296x10 

(S  )T   = for Low Co stainless steel, cnT  ■ lA68xKr 
2 6 

Sa  = primary system corrosion area exposed to flux, cm  ■1.524x10 
2 h (Sa)N  = for normal Co stainless steel, cm -5.65x10 

(Sa)L « for low Co stainless steel, cm « 1.468x10° 
23 

N    = Avogadro's number, atoms/mole  « 6.02 x 10 
2 / ö".   = thermal activation cross section of target nucllde, cm /atom 

Aj: ■ Atomic weight of target nucllde, gm/mole 

Q ■ flow rate through demlneralizer, cm^/sec »63.6 

X. ■ disintegration constant of active nucllde, sec 
Vw ■ volume of primary water, cnH«   2.1x10° 
iOj ■ density of target nucllde, gm/cm^ 

jl - recoil distance, cm x l0"-> 

t = time of operation., sec  = 3 •156x10' 
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^     = thermal neutron flux; effective; weighted by core geometry and 
fraction of cycle time spent in each region-core, and reflec- 
tors,  neutron/cm^-sec; r   9.35x10^2 

®a   = thermal neutron flux; averaged over core geometry - not de- 
pendent upon primary -ycle time, neutrons/cm^-sec   =2.65xlO-'-3 

fs   • fractional abundance of chemical element in system-material 
weight fraction. 

f     = fraction abundance of target nuclide in chemical element  - 
weight,  fraction. 

V-r   -effective volume of resin bed in demineralizer, cm   ~   5-66x10 

The derivation of the above equations is given in APAE-17 (25).    Compari- 
son of the analytic calculation with experimental measurements Is given 
in ref, (2).   The relaafee rate, Co, was obtained from fitting APPR-1 data. 
The differences and the difficulties in performing these analytical cal- 
culatlons are also given in ref. 

The properties of the various nuclldea are given in Table 6-1. 

The concentration of active nuclldea in the demineralizer after one (l) 
year of full power operation at 10 MW la given in Table 6-2. 

TABLE 6-2 

Concentration of Active Nuclldes in Demineralizer 

Nuclide Concentration,  np (atom/cm') 

8.lk9xl0lk 

T.533xl08 

1.lOSxlO1^ 

8.2U3xl010 

4.133xl012 

3.598xl011+ 

2.695xl013 

6.2 Volumetric Source Strength of Demineralizer 

The next step in determining the shielding required for the demineralizer 
is the calculation of the volumetric source strength. The source strength 
is based on the buildup of active nuclldes in the demineralizer. 

Cr^ 

Ni65 

Mn^ 
^6 Mn' 

Fe59 

Co60 

Co^8 
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Equation 6-5 was used to calculate the source strengths. 

sv = ^ Hh E (6-5) 

where Sy = source strength of volume source, Mev/cnr-sec 
njj = concentr.ition of active nuclides in demineralizer, atom/cm^ 

/, * disintegration constant, sec" 

E : gamma energy    |fev 

X (T) =  number of gammas of energy, E,  released per disintegration 

The constants to equation 6-5 and the source strength of the volume 
source, Sy, due to eacn of the activated nuclides are given in Table 6-3- 

Nuclide 

Cr 

Ni 

51 

65 

Mn 

Mn 

5^ 

56 

C058 

Fe59 

Co 60 

TABLE 6-3 

Calculation of Volumetric Source Strength 

^(sec"  ) (f) E(mev) Sy (mev/cnr-sec) 

3.03xlO'7 0.1 0.32 7.901xl06 

7.U33xlO"5 0.1» 0.37 6.267X102 

0.25 1.49 2.ÜÖ6X101* 

0.18 1.12 1.129X101* 

2.57xlO"8 1.0 0.84 2.392xl05 

7.^33xlO"5 1.0 0.84 5.l47xl06 

0.3 1.81 3.327xl06 

0.2 2.13 2.6lxl06 

l.llTxlO"7 1.0 0.81 2.438xl06 

1.7^x10"7 
0.5 1.3 4.674xl05 

0-5 1.1 3.955x105 

k.ITxlG"9 1.0 1.33 1.995xl06 

1.0 1.17 1.755X106 
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The clfferent gammas emitted from the active nucllde were consolidated 
into five groups to facilitate the calculation of the dose rate due to 
the active nuclides in the demineralizer. The energy groups that were 
used and the volumetric source strength for each group is given in 
Table 6-k, 

TABLE 6-h 

Energy Grouping and Source Strength 

Group Number Group Energy (mev) S (mev/cnP-sec) 

1 2.13 2.6lxl06 

2 1.81 3.327X106 

3 1.2-1.5 2.1t83xl06 

k 1.0-1.2 2.I62xl06 

5 <1.0 1.573xl07 

,3 Demineralizer Shielding 

Since the Activity in the demineralizer builds up during reactor opera- 
tlon, it is desirable to operate it in a lead shield cask so that the 
dose rate on the surface of the lead cask be no more than 70 mr/hr. The 
following sections will discuss the selection of the size of the lead 
cask. 

6.3.I Radial Shielding Demineralizer 

The IBM 650 shielding program (12) was modified in order to cal- 
culate the dose on the outside surface of the lead shield cask. 
This program calculates the dose rate at any desired point due to 
a cylindrical source with intervening shield materials. Fig. 6-1 
shows the geometry of the demineralizer and lead cask. The 
equation that the machine solves is given on page 360 of Rockwell 
(3 ) where^ =02 =© 

The calculation was performed using the energy groups and volu- 
metric source strengths given in Table 6-h.    In order to deter- 
mine the effect of lead thickness on dose rate, four different 
cases were calculated. They were two, three, four, and five 
inches of lead. The dose rates on the outside surface of the cask 
due to the different energy groups are given In Table 6-5 for each 
size of the lead cask. 
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TABLE 6-5 

Dose Rate on Surface of Loaded Demlnerallzer Shipping Cask 

Thickness of Lead In Cask 

Energy Group 2" of Lead 3" of Lead ki{ of Lead 5" of Lead 

1 
2 
3 
h 
5 

353.Y mr/hr 
380.0     " 
157-7     " 
88.6     " 

1^.9    " 

IO3.9 mr/hr 
102.9      " 
32.7     " 
15-3     " 
13.5     " 

29.92 mr/hr 
27.ll      " 
6.53      " 
2.51      " 
1.39     " 

8.57 mr/hr 
l.lk     " 
1.29     " 
0.1+1    M 

0.10      " 

Total 1133-9 mr/hr 268.3 mr/hr 67-^6 mr/hr 17.51 mr/hr 

The results are also shown on Fig. 6-2.    For a maximum dose rate 
of 70 mr/hr on the surface of the lead cask, k inches of lead is 
required for the cask.    This value is very conservative as the 
buildup factor is defined as follows: 

V T\ (6-6) 

th 
where B^ = Buildup factor of i       material 

The buildup factor can be calculated In a different manner as 
follows: 

BT A, e 
-V] 

/ (1-Ai) e 
•Vi 

(6-7) 

where b-, ., - TEßA^t^    for all shield materials. The buildup fac- 

tors are smaller and therefore do not give as conservative an 
answer as the machine calculation. The results from the hand 
calculations are given in Fig. 6-2. From this curve a lead thick- 
ness of 3 9/l6 inches will limit the dose rate on the outside sur- 
face of the lead cask to 70 mr/hr. It is recommended that the re- 
sults from the hand calculation be usec. as the radial thickness of 
the lead cask. 

6.3.2 Vertical Shielding of Demineralizer 

From studies performed during the shielding program of Task VI 
(2 ), it is known that less lead shielding is needed for the top 
and bottom of the lead cask. The following equations were used 
to determine the maximum and minimum dose rates with a three inch 
lead cask. 
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■'--i ^ ■-V I 

Upper Limit 

D 
BSy  j 

Lower Limit 

D 
BSy  1 

^Ce[ 

g2 (bi sec e.yj 
(6-8) 

SaOh) 
g2 (bj Sec 

Sec@ r!] (6-9) 

where 

^(b) = b r# dt 

A -1     ^o 
^ « Tan      (    i   ), degrees 

9^ - Tan'-1 (-JT—gr), degrees 

b,s    3^ cm. 

a1 =   distance from top or bottom of cylindrical source to dose 
point, cr 

For 3 inches of lead,   >he upper and lower limits on the top of 
bottom surfaces of t>     .^sk are such that the average value la a 
little greater than 70 mr/hr.    Therefore about 3 l/l6 Inches of 
lead would be required for the top and bottom parts of the lead 
cask.    This is shown in Fig. 6-1. 

6.3.3 Do8e Rate After Removal 

After removal of the deminerallzer from the system, the dose rate 
on the surface of the cask will decrease rapidly for the first 
forty hours. The decay of the dose rate will then decrease very 
slowly compared to the initial decrease. Within the first forty 
hours, all of the short lived activity will decay avay giving an 
initial fast decrease in the dose. Thereafter, the dose rate de- 
creased slowly due to the decay of the long-lived nuclldes. Ex- 
perimental and analytical work on this subject is given in APAE- 
35 ( 2 ) • The dose rate after a cooling period of about two days 
would be within kO mr/hr on the surface of the lead cask shielding. 

6.3.4 Results 

The shipping cask consists of two 3A" thick concentric steel 
cylinders with 3 9/l6M of lead between them. In the APPR-1 de- 
sign, the cask consisted of two 3/8" thick steel rings with 
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3 l/2" of lead between them. For equivalent casks with 5/8" steel 
rings, 3 ll/l6" of lead will be needed radially in the skid mount 
demineralizer. Axially, 3 3/16" of lead will be needed with the 
5/8" thick steel retaining walls. 

For the above cask, the dose rate one meter from the source is 
15^ of the dose rate on the surface of the shipping cask. With a 
dose rate of 70 mr/hr on the cask surface, the dose rate one meter 
from the source would be 10.5 mr/hr. Within a day, the dose rate 
one meter from the source will decrease to a value less than 10 
mr/hr. This radioactive source would then meet I.C.C. shipping 
regulations. 
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7.0 WASTE TANK SHIELDING 

The wast tank will be used to store radioactive waste. This waste 
may include the primary coolant and two months plant waste. The shielding 
of the waste tank is based on normal usage and not on abnormal nuclear 
incidents. This means that the radioactive source in the waste tank will 
be due to activated corrosion products in the primary coolant and active 
material in the plant waste. The high energy gamma rays (energy groups 
1 and 2) are from the disintegration of the short-lived nuclides present 
ir the primary water. These nuclides have half-lives of approximately 
2.6 hours (26). Therefore, the activity due to these nuclides will di- 
minish rapidly and disappear within a day or two after the primary water 
is drained into the waste tank.  The shielding required will be such that 
the allowable dose on the shield surface shall not exceed 500 mr/hr. 

7.1 Primary Coolant Activation 

The activity of the primary coolant is due to the activation and 
corrosion of structural materials In the primary systemt The nuclear re- 
actions giving rise to this activation are the same as described in Sec- 
tion 6,0. 

The concentration of the various activated corrosion products 
in the primary coolant was calculated by equation f-l,  7-2, 7-3, snd 
7-U. The derivation of the following equations is presented in APAE-17^), 

nw = U / V / W (7-1) 

U CoSoNa^fsfn^e 
AQ 

■ (A/ QA„)t      -(A / Q/Vw)t -(QAw)t 
1-e 

(X/Q/Vj 
-e (7-2) 

V " AAVW 

-(A/Q/Vw)t      -(A/Q/Vw)t   -At 
l-e 

(A/QAW) / W7 
-e 

(7-3) 

B-216 
341 



Vegagfafjla     1 - 
^vw (A/ Q/O »— 

(A/Q/vv)t 11 (7A) 

where n^ = concentration of active nuclides in prinary coolant, atom/cm^ 
and the other symbols are defined in section 6.1, 

The preceding equations were solved for a power output of 10MU 
for one year at full power operation.    The results of this calculation is 
given in Table 7-1. 

Nucllde 

Cr51 

Ni65 

Mn5^ 

Mn^6 

Co58 

Fe 

Co' 

59 

60 

TABUS 7-1 

Corrosion Product Concentrations in Primary Coolant 

Concentration (atoa/cnr) 

2.194X1011 

^.983x107 

6.877xl08 

5.452xl09 

1.2U8X109 

6.515X108 

2.k65xl010 

Total AtOBB 

U^OTxlO1^ 

1.0^6xl0llf 

l.M^xlO1' 

l.UjxlO16 

2.621xl015 

1.368X1015 

5.219x10 16 

The ganoa rays from all the nuclides were divided Into five energy 
groups.    The total source strength of the volume source due to the primary 
coolant is given in Table 7-2. 

TABLB 7-2 

Total Source Strength Due To The Primary Coolant 

Group Number 

1 

2 

3 
k 

5 

Total Source Strength (mev/eec) 

3.625X1011 

k.texicP- 
S.S^lxlO9 

1.953X109 

7.197X1011 
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7.2   Plant Waste Activity C2S) 

In two months of operation, the accumulation of normal waste would 
amount to about  3OO gallons or  1,136x10° cm^.    The average activity of the 
waste would be approximately 0.2^lo/cm3 or 2.275x105 jülc.    The total source 
strength due to this activity is 9«21J-5xlo9 Mev/sec.    The following was as- 
sumed in order to calculate the total source of the normal plant waste. 

1. Average energy of radioactive nuclldes = 1.1 Mev 

2. One photon per disintegration of radioactive nuclide. 

This radioactive source,, since the average energy is 1.1 Mev, was  included 
in Energy Group k along with the contribution from the primary coolant. 

7.3    Volumetric Source Strength in Waste Tank 

The source strength of the volume source in the waste tank is equal 
to the total source strength calculated in sections 7-1 end 7-2 divided by 
the volume of the waste tank.    The volume of the waste tank assuming that 
it is filled to capacity is 1.939x10^ cm3,   A list of the volumetric source 
strength for each energy group is given in Table 7-3. 

TABLE 7-3 

Volumetric Source Strength in Waste Tank 

Volumetric Source 
(Mev/cnH-sec) 

l.STxlO1* 
k 

2.383x10 

1.723x10^ 

5.776xl02 

k 
3.712x10 

7.1+    Waste Tank Shielding 

The shielding of the waste tank was based en the use of any of the 
following material: 

1. Concrete,/> = 2.k gm/cc. 

2. Water, ^ - 1.0 gm/cc. 

3. Snow, P~ 0.59^ gm/cc  (Snow depth = Ko') 

U. Steel,y^» 7-9 gm/cc. 
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Group Number 
Total Source 

(Mev/sec) 

1 3.625X1011 

2 4.62X1011 

3 3.3^1xl09 

k 1.12xl010 

5 7.197X1011 
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The method used to calculate the dose rate on the surface of the 
different shieldp  is identical to the method uaed In Section 6.    The IBH 
Shielding code  (lg) was used to perform all the numerical calculations. The 
dose rates on the öhield surface as a function of shield material and thick- 
ness is given in Fig, 7-1«    The required shield thickness for each shield 
material is given in Table 7-1+ for an allowable dose rate of $00 mr/hr on 
the shield surface. 

TABLE 7-4 

Shield Thickness for Waste Tank 

Material Thickness 

Concrete (^= 2,k gm/cc) 1.32 inches 

Water (/0= 1.0 gm/cc) 2.52 inches 

Snow (^= 0.595 gm/cc) 6,60 inches 

Steel (    =7.9 gm/cc) 0.6   Inches 
The shield thickness using snow is based on the tank being an 

average of kO feet below the snow surface.    This depth Is considered to 
be the most adverse case as the snow becomes denser as it piles up on the 
top surface.    Therefore, less snow is needed to adequately shield the waste 
tank with the passage of timo. 
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8.0   GAMMA AND NBOTRON HBATING IN THE SNOtf - RADIAL DIRECTION 

Since the snow around the vapor container acts as secondary shielding 
and is subject to heating by radiation escaping from the vapor container, 
it is necessary to evaluate this heating to determine if it is necessary 
to remove the heat from the snow. 

8.1    Calculation Model 

The approach used in calculating the gamma and neutron heating 
in the snow was to use a conservative model which would overestimate the 
heating.    Then if heating rates calculated are not prohibitive, a more 
detailed analysis is not necessary.    The heating calculation was divided 
into three parts: 

1. Gamma heating from primary shield and primary coolant 
gammas. 

2. Neutron heating from neutron flux leakage from primary 
shield. 

3. Gamma heating from capture gammas produced in snow. 

8.1.1   Gamma Heating from Primary Shield and Primary Coolant 

The dose rate on the surface of the primary shield dur- 
ing operation is 2V7 r/hr (see section 2.^.5).    Dose rate from the pri- 
mary coolant at the worst point is about one r/hr.   A total of 300 r/hr 
is assumed for the sum of these two sources. 

The equation used in gamma heating calculations is: 

H.   -C.B. ^-fg- (8.1) 

where 
Y-£- energy flux, Mev/cm2-8ec 

/14& ' energy absorption coefficient, cm 

Ba ~ buildup factor for energy absorption 

ce = 2.W8 x lo-1? 2Sti=4 
Mev-in3 

In order to calculate the energy flux,^™ on the face 
of the tunnel it was assumed that the gamma dose rate of 300 R/hr is at 
2 Mev and that there is no geometrical attenuation between vapor con- 
tainer and snow.    Therefore: 
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$^(0) : 300 R/hr x 6.^ x 105 Mev-hr/cm2-8ec-B 

^B(O) = 1.92 x 108   Mev/cm2-aec 

Energy flux as a function of penetration into the snow Is 
calculated as follows: 

^K(x)  =$4(0) e-A* 

where x = penetration into snow,  cm 

yH - total linear absorption coefficient, cm"1 

Table 8-1 contains details of the calculation of gamma 
heating in the snow from gammas born Inside the vapor container. 

8.1.2   Neutron Heating in the Snow 

Neutron heating in the snow is calculated from the follow- 
ing equation: 

= Ca2payM(0)e"rRomXl 

where 
^N(0) = neutron flux on tunnel face, neutrons/cm -sec 

^^(0) is assumed to be the fast flux on the surface of the 
shield tank. 

^N(0) was assumed to be 1 x 10' (fast flux is actually 
somewhat lower) 

S - average energy of fast neutron 

B was assumed to be 10 Mev 

/,   = removal cross section of snow for fast neutrons, cm-1 

(other symbols defined in section 8.1.1.) 

To arrive at *^Ke01 for anow a density of 0.6 gm/cnP was 

assumed for snow. From ASCD 3978 (26)> & representative relaxation length 
for fast neutrons In water is 10 cm or 

O^0        -1 2^ =0.1 cm 
Rem 

347 B-223 



3 For snow at a denflity of 0.6 gm/cm , 

2aR      ' 0.1 x 0.6 : 0.06 cm"1 

Besulte and. details of the neutron heating calculation are 
contained in Table 8-2. 

8.1.3   Gamma Heating from Capture Gammas in the Snow 

Gamma heating from hydrogen captive gammas in the snow was 
calculated from Eq. 8.1 as follows; 

Hy    * Ce Ba/aa <£E(x) 

The  infinite slab equation of Section 1-k, Chapter 9, 
Ref.  3 , was used to calculate ^«U) as follows: 

The snow was divided Into 3-ft. thick slabs and 3   was con- 
sidered constant throughout the 3-ft. slab.   Sv was calculated as.follows: 

8VU) = -^SSL x X^0 ith(x) x 2 Mev/gaBBa 
1 gm/cm0 

S (x) = Capture gamma production, Mev/sec-cnr 

(one 2- Mev gamma/capture) 

snow 0.6 gm/cm 

Y        - 0,0195 cm'1 0 /O- l gm/cm3 

a 

<f> th(x) = thermal flux at x 

Tj.    (x) has been assumed equal to  y^U) of Section 8.1.2. 

In reality (5'  (x)  is proportional to and less than <pN(x), but the assump- 

tion of equality it;  conservative. 
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Table 8-1 

Gamma Heating in Snow due to Gammas from Shield Tank and Primary Coolant 

Ä Mev 
e'/** H>p Btu/in.^.sec 

1.0 7.5IV x 10"9 

0.068 1.8^ x 10"9 

k.6 x 10'3     2.32 x 10-10 

/4a = 0.6 x 0.0263 cm"1 = O.OI578 cm'1 

yU: 0.6 x 0.0^9 cm"1   = O.0294 cm-1 

>7 = 0.6 gm/cm 
f* BXiOV 

x}  cm »E'  sec-cm2 Ba ^x 

0 1.92 x 108 1.0 0 

91.^ J+.7 x 107 3.6 2.69 

182.88 5.91 x 106 6.7 5.38 

Table 8-2 

Neutron Heating in Snow from Neutrons lacaping Primary Shield 

x, cm *. (x) n/cm -sec ^Remx 
^W 

% , Btu/ln.-eec 

0 1 x 107 0 1 1.492 x IG"8 

91.H k.l x lO1* 5A9 4.1 x 10'3 6.11 x 10"11 

182.88 1.68 x 102 10.98 1.68 x 10-5 2.51 x 10"13 
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Sy has been held constant in each 3-ft. slab of snow to 
permit use of Eq. 8.3. The constant value assumed for S is the maximum 
in each slab. 

For the first 3-ft.  alab of snow between x ■ 0 and x = 
91.^ cm: 

S    = 0.6 x C.OI95 cm"1 x ^N(0) x 2 Mev/gamma 

S    = 2.3^ x 10"2 x 1 x 10^ Mev/sec-cm^ 

Sv  •  2.3i+ x 10^ Mev/sec-cm^ 

x = 182.88 cm: 
For the second 3-ft  slab of snow between x ~ 91«^ cm and 

S    - 2.3I+ x 10-2 (p (91.M0 

3V = 2.34 x lO"2 x 4.1 x 10^ Mev/sec-cm3 

Sv = 9.6 x 102 Mev/sec-cm3 

Calculation of the snow capture gamma heating rate is de- 
tailed in Table 8-3. 

8.2    Conclusions 

The total radiation heating rate Is, the sncrw is the sum of the 
different rates in Tables 8-1, 8-2 and 8-3. 

Totals are: 

x,  cm Hm, Btu/ln.^-sec 

0 2.25 x 10"8 

-9 

182.88 2.51 x lO" 

9lM 2.46 x 10" 
-10 

Results are plotted in Fig. 8-1.    It has been concluded that 
heating rates such as these are not prohibitive and do not require a 
means of heat removal. 

B-226 350 



»_ 
•_ 
7_ 

m m MW ti^rM4 mi\u m-ti vt ttmt FTT|T TTTT ■M^ i-i-l • rrr 144+ 51 
■4-T ^H till ut 111 

: i 7 T-f- 

^Äf^/^f 

m mmsmm 
S'MlW/ 

Y^ 
tttti 

EttTt^4 
--r-p= Stfi 

rfitl* 

I   T], =4j== U^44 
L-ttir 

*» fcR^ 

: t rt 
t-! ;-i -t-!-r 

tm 
■t r i'f m ig^Ä>H#rj-U f- [ \ y#\ ^'UU w im 

351 
B-227 



Table 8-3 

Gamma Heating from Capture Gammas Produced in Snow 

From let 3-ft thickness S    - 2.34 x 105 Jfev/sec-cnr 

x,   cm bl EgCbi) fa ¥V E2(b1)-B2(b3 

91M 0 1 2.69 1.5 x 10"2 1.0 

182.88 2.69 1.5 x 10"2 2.69 6.2 x 10-k 1.4 x IQ"2 

^U) 

3.98 x 10c 

5.57 x 10k 

91.44 

ld2,88 

Ba(b ) H*^, Btu/ln.3-8ec 

3.6 

6.7 

5.63 x 10 

1.4? x 10 

•10 

•11 

From 2nd 3-ft. thlcknesB 2 3 S    = 9.6 x 10   Mev/sec-cm 

x,   cm 

182.88 1.0 2.69 

X2(b3) VV^V 
1.5 x 10" 1.0 

^ 

3.04 x 10 182.88 

t .0 
B (b-) Hy, Btu/ln,3-eec 

3.6 4.3 x lO"12 

JA^ = 0.6 x 0.0263 cm-1    - O.OI578 cm"1 

JA- 0.6 x 0.049 cm'1     = 0.0294 cm-1 

/ö8now " 0.6 gm/cm3 
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9.0   Gamma Heating of Snow Under the Reactor 

There is much less steel and much more water under the core than in 
the radial direction.    Therefore, the gamma flux emerging from the vapor 
container under the reactor is much greater and the neutron flux is much 
smaller than in the radial direction.    Since in the radial calculation 
neutron heating is smaller than gamma heating, only gamma heating will be 
calculated under the core. 

A machine calculation was performed to find the ganma flux incident on 
the snow under the vapor container.      Fluxes used in the calculation are 
shown in Figo 9-1.      These fluxes are from a Valprod calculation with water 
only below the core and will give an overestimate of the capture gamma flux 
since the steel members below the core would depress the thormal neutron flux. 

Results of the shielding calculation follow. 

Group S x 5 Me\ 

1 7 

2 6 

3 U 

4 2 

fy*, ^/sec-cm Mev/sec-cm 

3.284 x 109 

1.909 x 109 

1.999 x 109 

2.3 x 1010 

10 
1.14 x 10 

9 
8   xlO 

8.195 x 109 1.74 x 1010 

Gamma heating in the snow was then calculated in the same manner as 
in Section 8.1.1 except that each group above was calculated separately with 
anpropriate absorption coefficients, etc.     Table 9-1 contains details of 
the calculation.     Fig. 9-2 is a plot of gamma heating rates in the snow 
under the reactor. 

TABLE 9-1 

E, Mev 

7 

Gamma 

^cm /gm 

0.018 

Heating in the Snow under the Reactor 

0.0108                 0.026 0.0156 

6 0.019 0.0114 0.028 0.0168 

4 0.0213 0.0128 0.034 0.0204 

2 0.0263 0.0158 0.049 0.0294 

Snow density   ~   0.6 gn/cm 

On surface of snow:     Hsr(o)zCa    /^ ^«^ 

Ces 2,488 x lO-15   Btu   - eg3 
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E, Mev H^  ( 0 ).     Btu 
in^-sec 

7 6.2 x 10"7 

6 3.24 x ID"7 

k 2.54 x ID"7 

2 6.45 x 10~7 

Total 1.84 x 10"6 

Three feet into snow:              H y(3) r Bae 

t a 91.44 an 

E,Mev /** ,->lt                    ^t) 

7 1.427 0.24                    1.58 

6 1.536 0.215                   1.70 

4 1.864 0.155                  2.10 

2 2.686 6.8 x ICT2          3.60 

-/U 
<4 (o) A 

Six feet into snow: 

t s 182.88 cm 

Mev /At .-/At Ba(^t) 

7 2.854 5.78 x 10"2 2.15 

6 3.072 4.65 x 10"2 2.37 

4 3.928 1.95 x 10"2 3.3 

2 5.372 4.65 x 10'3 6.65 

Ce 

H ^?     Btu/in -sec 

2.46x 10 
-7 

1.19 x 10"7 

8.26 x 10"8 

-7 
1.58 x 10 

6.06 x 10"7 

y» 
3 

Btxi/in -sec 

7.69 x 10"9 

3.58 x IXT0 

1.64 x 10rö 

1.?? x IO"8 

7.98 x KT8 
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10.0  ACTIVATION OF COMPONENTS 

During the course of reactor operation, the various components within 
the pressure vessel and the components of the primary shield are activated 
by the neutron flux.      The relocation of components of the primary system 
is dependent upon the activation of the above equipment. 

]DJ     Pressure Vessel and Primary Shield Component 

The dose rates five feet from each component after one year full 
power operation for various shutdown times are given in Table  10-1. 

To be able to handle the components, the dose rate due to the 
activity of each part should not exceed 75ar /hr five feet from the source. 
The following table is intended to serve as a guide in the determination 
of the decision as to the feasibility of relocating various components. 
These rates can be used as a basis for planning but actual dose rates must be 
measured when actual relocation operations are undertaken.       The results 
given in Table 10-2are for 1 year of full power operation. 
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TABI£ 10*1 

DOSE RATES * FROM ACTIVATED COMPONENTS 

Shutdown Times 

Component 1 day 10 days 30 days 1 year 

Thermal Shield 6.22 x 107 5.43 x 10
7 4.44 x 107 1.62 x 107 

Pressure Vessel 1.28 xlO6 1.32 
6 

x 10 9.15 x 105 3.34 x 105 

Pressure Vessel 2 xl03 1.75 xlO
3 

1.43 x 103 
2 

5.2 x 10 
Cover 

Pressure Vessel 1.63 xlO
5 1.42 x 105 1.16 x 105 4.23 x 104 

Support Ring 

1st Steel Ring 3.11 xlO^ 2.72 
4 

x 10 
4 

2.22 x 10 
3 

2.64 x 10 

3 
8.1 x 10 

2 
9.62 x 10 

2 
1.09 x 10 

2nd Steel Ring 3.70 xlO3 3.23 xlO
3 

3rd Steel Ring 4.19 xlO
2 3.66 xlO2 2.99 x 102 

4th Steel Ring 4.71 xlO
1 

4.11 x 10
1 

3.36 x 101 1.22 x 10 

Shield Tank 6.8 X151 5.94 xU
1 -1 

4.85 x 10 
-1 

1.77 x 10 

*   All dose rates are in units of Mr/hr. 
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TABLE  10-2 

FEASIBIIITr OF RELOCATION OF COMPONENTS 

Shutdown Times 

Component 1 day 10 days 30 days 1 year 

Control Rod N N N N 
Basket 

Rod Drive Shaft N N N N 

Thermal Shield N N N N 

Pressure Vessel N N N N 

Pressure Vessel N N N 1 
Cover 

Pressure Vessel. N N N N 
Support Ring 

1st Shield Ring N I N N 

2nd Shield Ring N N N H 

3rd Shield Ring I N N I  • 

4th Shield iing R * R » R a 

Shield Tank R R R R 

Symbols Used: N - Can not be relocated (dose>75 mr/hr) 

R - Can be relocated (dose <75 mr/hr) 

*     Indicates dose rate within a factor of 2 
of 75   mr/hr 
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1.0    Primary System Kinetics 

1.1   General Kinetic Model 

1.1.1 Description 

The general kinetic model used is that developed in APAE 38 (l) 
for the APFR-1,  The validity of this model in representing plant transients 
introduced ty control rod and load perturbations was demonstrated by compari- 
son with plant data.   The validity of this model in representing the 1500ekw 
Packaged Nuclear Power Plant is assumed because of its basic similarity to the 
APPR-1. 

1.1.2 Nomenclature 

Symbols s 

2 
A Heat Transfer Surface Area, ft. 
C Specific heat, Btu/lb "^F 
F Coolant Flow Rate, Fraction of Rated Value 0 
h Average core film coefficient, Btu/hr-Ft^ - F 
k Potential power contribution from precursors 

Btu/sec . 
Jl Mean nuetron lifetime, birth to absorption, sec" 
L Load factor of steam generator power output 
p Primary system pressure, psia 
P Power output of core, Btu/sec 
R Rate of primary system flow, lb/sec 
S Slope of pressurizer characteristic,    p/ AV^ot 

p8i/ft3 
t Time, sec     0 
T Temperature, F 
V Volume, ft3 
W Weight, lb 
(V        Fraction of power generated in fuel plates and 

cladding 
Delayed neutron fraction of a group 

Ä Volume coefficient of primary coolant expansion, 
0F-i 
Excess reactivity of core .. 

^f        Excess reactivity coefficient,    F-l or psia" 
-©■        Temperature difference at design load,0P ^ 
X        Decay constant of a delayed neutron group, sec 
f       Time lag, sec 

Subscripts« 

C Mean core coolant condition 
D Design power output condition, steady state 
E Exchanger tubing 
F Mean fuel plate condition 

e 
s 
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Subscripts: 

G Mean steam generator condition, primary (tube) side 
i ith delayed neutron group 
L Liquid in steam generator 
neg Negative increase in primary coolant volume 
p Primary pressure 
pos Positive increase in primary coolant volume 
r Control rod insertion 
S Mean steam conditions in generator corresp. to 

saturation 
tot Total for primary system 

1-8    Thermo, properties: Condition of location In 
schematic diagram 

1-5    Nuclear parameters: Particular i^h delayed neutron 
group 

1.1.3   Differential Equations 

The following set of differential equations describing primary 
loop component behavior is derived in APAE 38(1).    They are repeated here for 
ready reference. 

Core thermal kinetics: 

ft W ■ i*- p(t) 
F F 

?^T*(tw£5-T,u:. 
Wp^F^C    F ^F^^] FC 

where 

'i.(O)   =^P(0) 

d 1-CX 0(A 1.2 

c c c ro 

«e-. ^ hi. / i. Tc(t) /f-Vt) 
^c 

wheri 
Tc{0) S    Pi 
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Core nuclear kinetics: 

l_P(t) a _£ 
x J E P(t) 

^/3      «I 
--p-p(t) / 2>i % 

^        1=1 

(t) 

i-K^t) -V-.P(t) ■ \  Ki (t) 
dt       X 

where (Si 
K^O) •: J^J P(0) 

Kinetics of plenum chambers and piping; 

D,l 0,1 b,i 

where 

1 ' 5,6'   1 • /   PRP 

— .9 3       2, .3       ^.«3 

where 
T,. (fc. u) = Tk(0) = g2i l4 ^3,M " V 

Kinetics of steam generator; 

The basic kinetic model developed in APAE 380.)i8used in the 
study since superheated steam generation is not involved. 
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It ^- w; ^M 
2®   « 

r
G

ÄGs 
TGU)/^T8(t) 

where 
TG(0)   = Tc(0)   -  0 

k ^ ' (WLCL/XCE)6G8 ^O^ - Tw^Tfce^ V" 

WT.CT. / v;L(t) 
•L"L r "E'E 

where 
T8{0)  = - © Gs 

Pressurizer kinetics: 

where 

/    Constant 

AVtot(t)  = 0 

PW ^ V AVtot(t)    '   &Vtot(t)*0 

P(t)   = *„. AVtot(t)    ,    AVtot(t) - 0 neg 
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1.2    Scaled KinefJ Lc Model 

1.2.1   Plant Constants 

Cc 1.196 Vi 604,8 

CE O.I3O (X. 0.94 

C 
F 

CL 

0.121 

1.162 

0i 0.91 x 10"3 

2.Q6 x 10"3 

i 2.5 x 10"5 ß3 1.31 x 10"3 

PD 9486 ^ 1.68 x 10"3 

R U66.8 (4238 GPM) 05 
0.26 x 10"3 

pos 
186 8 1.126 x 10"3 

neg 111 ^P 
/ 3.1 x lO^ 

V c 
3.222 T 

- 3.4 x 10"H 

VG 13.1] erc 18.1 

\i 6.031 Ö0S 
48.9 

h,k 23.87 ©1,2 16.99 

\6 
12.05 *i 1.58 

\l 
12.3$ 9.2 0.32Ü 

\ 
85.O ^3 

0.126 

M-. 157.8 \ 0.035 

WE 2400 ^ 
0.0128 

W 
F 429-7 rc 0.3380 

WG 641.8 ^0 1.375 

WL 4370 r2,3 0.6327 

W2,3 295.3 ¥3A 2.504 

W3A 1169 ^5,6 1.264 

«s.6 589.8 r6.1 1.296 
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1.2.2   Time and Amplitude Scaling Factors 

A time scaling factor of unity (computer and real time 
scales equal) was used because of the speed of the transients involved and 
the ease of scaling. 

An amplitude scaling factor of unity (one volt per 
physical unit) was used for ease of interpreting computer results and for 
ease of scaling.    Proper voltage levels were then obtained by the use of 
multiples or fraction of the variables, 

1 ...      "vtentiometer Settings 

A listing of servo-set potentiometer settings is given 
in Table 1-1.    Z&ch setting is stated in terms of both plant symbols and 
specific numerical value, 

1,2.4   Analog Circuit Diagram 

The circuit diagram for wiring th« «lectronic analog 
computer is shown in Pig, 1-1,    Feedback connections have been included to 
demonstrate the many interactions involved, 

1.3 Analog Computer Model Response 

The transient response of the kinetic modrl was determined for 
a series of load perturbations.    Fig, 1-2 illustrates responae to instant- 
aneous load reductions and Fig, 1-3 to instantaneous load increases.    A 
listing of run numbers and the corresponding conditions applied is given in 
Table 1-2. 

Only plant load perturbations were considered since primary pres- 
sure variations due to control rod perturbations would be of less magnitude 
than those due to the worst load changes considered. 

1.4 Selection of Pressurizer Size 

A pressurizer vessel containing 12.1 cubic feet of vapor and 5*9 
cubic feet of liquid was selected as being more than adequate for any primary 
system volume changes that would be encountered in the operation of the power 
plant. 

Analog computer analysis of the plant model indicates that the 
maximum primary pressure variations are / 230 and -66 psi when the anticipated 
value of temperature coefficient is used. These pressure swings correspond 
to instantaneous load drop and rise respectively between 100$ and 0$ of 
rating t 
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An extrapolated value of - 3.A x 10~^ is anticipated for the 
temperature coefficient of reactivity.    Although expectations of this high 
a coefficient are well justified,  it is conceivable that a value as low 
as - 3,0 x 10 4 might exist, though this is a highly conservative extra- 
polation.    Under such circumstances the maximum primary pressure variations 
are / 250 and - 76 psi corresponding to the extreme load perturbations 
mentioned. 

The computer model is very conservative in determing positive 
primary pressure surges since adiabatic vapor compression is assumed in the 
pressurizer.    Heat transfer by vapor condensation on vessel walls and liquid 
free surface is neglected.    A comparison of adiabatic model and actual plant 
response to similar perturbations showed the pressure surges to be in the 
ratio of about 2 to 1 respectively for the APPR-1.    See APAE 38 (l) for 
further details. 

Primary pressure surges of the model are also conservative since 
secondary system heat losses and auxiliary uses of steam are not included. 
The minimum load on the steam generator is actually in the order of l/2 % 
of rating. 

The primary system is designed to structurally withstand under 
code regulations an internal pressure of 2000 psia,  providing for a 250 psi 
pressure surge from the normal operating pressure of 1750 psia before opening 
of the safety valve.    The pressurizer design is therefore seen to be more 
than adequate in meeting demands from extreme plant perturbations and un- 
certainties in specfifications of plant constants. 
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Servo 

Tabl e 1-1 

-set Potentiometer Settings 

1» 
Pot 

i Pot 
No. Setting Value No.                        Setting Value 

i 
i 

i 

0 mm — 
23      2/10^3 0.3161 

f 
ci. 

\ 

24      1/10 ^3 0.1580 

25   1/10 ^3 0.1580 

Recorder 
26     200/RC 0.3582 

3 v              Channels *-*-<              "»W/*»^-, 

l 4 
27     Wio^;^ 0.191^ 

■ 

5 
28      12/101^4 

0.191^ 

. 6 / 
29      240/0^3^ 0.1717 

> 

■ 7   * ̂ PD/20WFCFÖFC 
0.4733 30    6/10 ^ 0.2396 

•. 8 20 P(/WFCF 
0.3616 31   6/10 r3> 

0.2396 

> 9 c*pD/ioowFcFeFC 0.09^8 32  2/10 ^G 
0.11+55 

i 10 2oce /PD 
0.3816 33  2©lo2/©Gs ^G 

0.5051+ 

^ 
11 uoo U-(X)/Wccc 

0.1272 34   2/icrG-/e l^^s^Q 0.1707 

r 
12 2^ö   2/ic2r d 0.5221 35    iooo/(wLcL/ «E^ 

0.1856 

i 
13 2/io zr. 0.5917 36     V^YL ' VE* 

£eGs 
0.0180 

■« 1U ^©ipAo^eFc/.2r
0-8520 37     PD/(«LCL/1 ̂ E^Gs 

0.0360 

• 

15 yT/ioci O.136O 38     8^ 6>G8/PD 
0.4330 

p 
16 35 yv. 0.1270 39     2/10 2%^ 0.151+1+ 

IT 3.5 VVa^ 0.1178 H0      1/^6)1 
0.7718 

.■ 18 35rvG 05165 ^      ^^l 
0.7718 

\ 19 35 »^5,1 
0.9611+ 42     200/RCc 

0.3582 

■'. 

20 Sneg/
21C 

Spos/2100 

0.5286 i  1*3   12/10 rs6 
0.7515 

;• 21 0.0884 44     12/101,2 

5^6 
0.7515 

.;■ 

22 3V5^ 0.07M* 45     240/CcW5;6 0*3402 
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Table  1-1  (continued) 

Pot 
No, Setting 

6/10 2^6 

Value 
Pot 
No. 

58 

Setting Value 

k6 0.4748 0.0128 

kl 6/K r5.6 0.4743 59 2^/iooje 0.7280 

kQ 2 ß^oojl O.5696 60 84 /32/lOhl 0.99^6 

'+9 ^ß.JiooJL O.575I 61 84/yioSe 0.4402 

50 XL/io O.158O 62 &ßk/io
ki 0.5649 

51 X2/32/i00i O.388U 63 2^/ioo£ 0.2080 

52 ^2 
0.3280 64 1/2 0.5000 

53 A 3/9 3/w i 0.6602 65 200/840 0.2381 

.^ ^3 
0.1260 66 .._ — 

^5 \V10i 0.2352 67 .„ 

56 \ 
0.0350 68 -•■ — 

57 ^ /s3/ioJ 0.0133 69 .-• j .,,. 
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TABLE 1-2 

Analog Computer Model Runs 

Run Number Conditions Applied 

1 F.L. to 25% inst, 

2 F.L, to 10^ inst, 

3 F.L. to   0% inst. 

4 F.L. to   0% inst., no  ^p 

5 F.L. to   0% inst., 
tft = -3.0 x 10-4 

6 25$ to F.L, inst, 

7 10$ to F.L. inst, 

8 5% to F.L. inst, 

9 0% to F.L. inst, 

10 0% to F.L. inst., no  ^p 

11 0% to F.L. inst.,     ^s -3.0 x ICH* 
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200    REACTOR BEHAVIOR FOLLOWING PUMP FAILURE 

2,1   General Kinetic Model 

2<.lol   Description 

In this study the response of the reactor following a 
failure of the primary coolant puinp was investigated.     The nature of this 
failure was assumed to be one in which the impeller of the pump becomes frozen 
thus impeding coolant flow»      This is a conservative assumption. 

Coolant flow due to natural convection is neglected in the computer equa- 
tions due to the physical location of the steam generator.     Murray (^) has 
shown that when the steam generator is located below the reactor vessel coolant 
flow due to natural convection will be negligible. 

After pump failure the diminishing rate of coolant flow results in increas- 
ed temperatures both in the fuel and in the coolant within the core.   If the 
reactor continues to operate atiated power this temperature rise will cause 
boiling within the reactor vessel.   It is thus necessary to incorporate a reactor 
scram system activated when the coolant decreases to a preiset value of mairiinnin 
flow rate*   This study is intended to indicate whether boiling temperatures will 
occur before the reactor is scrammed, 

2.1,2   Pump Coastdown Characteristics 

In calculating the rate of pujqp coastdown after an accident 
the kinetic energy possesed by the moving coolant is equated to the friction of 
the loop.     The normalized flow rate "G (t)" is integrated over the range of 
flow yieldingsw) 

G (t)0'8 - 4s 

i       L 
wheres      a*   £, i 

1-1      A1 
F (t»0) 

0.8 g H(t«0) 

LJ ■ length of pipe section i (ft) 

Ai ■ cross sectional area of pipe (ft^) 

F(tM)) * design coolant flow rate (ft/see) 

H(t«0) ■ head drop around coolant loop (ft) 

g ■ acceleration due to gravity 
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In the system under consideration, it was assvmed that the impeller of the 
coolant pump had become frozen and thus was further impeding coolant flow,   A 
value of 59o2 ft was used as the negative head«    This was obtained from data of 
a pump similar to that envisioned in this design o 

The value of lW thus becomess 

66.751 x 9.532 a«_ 0.2507 
0.8 x 32,2 x 98.52 

2.1,3   Differential Equations 

equations are? 

dP 

(i) 

(t) 

Utilizing the notation of section 1.1.2 the general kinetic 

5      v 

Sr ^ X* Tn it)  J   £. £ i    \ P (t) OoOl £     <£+  Tc it) y   ^ 

♦L   A,k  (t) 
i-l 1  1 

where: P(t) ^ i^l (t) 
t 

The pressure coefficient of reactivity commonly included in the above 
expression is neglected because there will be insufficient circulation of 
coolant external to the pressure vessel within the time being considered. 

Performing a heai balance on the fuel and coolant within the core yields: 

and 

d Tf(t) 

dt 

die (t) 

«* cP   (*)   " Ah 
Wfcf 

)  P(t) 

vfcf 

.  hA 

(Tf (t)  - Tc (t)) 

(Tf (t) - Tc(t) ) 

-2 R (Tc(t) -Tinlet) 

wheres    Tf (t-O) ■ ®F9 C 

Tf (f 0) -   0 

The meaning of symbols used is indicated in section 1*2 «2 

The flow rate, F(t), is given in section 2.1.2 by: 
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G(t)    -    JW-        -       /—AA1-25 

\a+t   / F(t-O) 

where: F(t=0) ■ rated coolant flow 

t ■ time after punp failure accident 

ISie constant a is dependent upon the physical configuration of the primary loop. 

The average film coefficient in the core is a function of the flow mass 
rate to the 0,8 power. 

thens h(t)   e 

h (0) 
/F (t; V-0.   (    a 
[?   CO)/                 (   t4« 

) 

) 

h(Q)  s 
PD 

A e F.C 

The previous equations for the fuel and coolant temperatures become 

dTf(t) -     oc     P (t) -    A 
dt      Wp Cp WpCp 

.T 

h (o)  (_J_.) (Tf (t) . Tc(t)) 

d_cCt) . .^^L Mt) +  A  h (0) (   ) (Tp(t) m Tc(t) ) „ 
Hc^c "c^o        ( a+t ) 

- 2  R 
■c 

,   .1.25    "l 

(sr)       Tc(t_>J 
2*2 Constants for Differential Equations 

2.2.1 Time and Amplitude Scaling Factors 

A scaling factor was chosen in order that ten computer seconds 
would equal one second in real time.  This was dictated by tho rapid sequence 
of events following a pump failure accident and the need to geu. detailed behavior 
during this time. 

An amplitude scaling factor of one volt equals one physical unit was chosen 
for this section of the analysis.  The magnitude of the quantities generated 
were scaled proportionally in order that their magnitudes would not exceed + 
100 volts« 

2.2.2. Potentiometer Setting 

Table 2-1 lists the physical quantities in each potentiometer 
setting as well as their absolute magnitude in this problem. 
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TABLE 2-1    POTENnöMETHl SETTINGS 

Potentiometer Quantity Magnitude       Potentiometer       Quantity     Magnitude 

1 1/2 0.5000 

2 8^2 /lOoOOO   5 0.9946 

3 20/84 0.2381 

k 2 /Sj/lOQj) 0.7280 

5 84^3 /105000 9 0.4402 

6 84^4/ 105000i 0.5649 

7 84^, /lO^OOO  ? 0.2285 

8 2^ /100   i 0.0280 

9 Tin/200 0.0425 

10 0.5696 

11 0.5751 

12 A 1   ./10 0.1580 

13 ^2^2   /100^ 0.3884 

U *• 2  /10 0.0328 

15 7l3Ä3    /lOoA 0.0660 

16 A 3     /10 0.0126 

17 7\4^4   /lOOß 0.0235 

18 TV/yiO 0.0035 

19 T^/^lOOJl o.oou 

20 A5   /10 0.0013 

21 100   e^c/PD 0.1908 

22 A ho/10 WfCf 0.9475 

23 10°c/Wf cf 0.1808 

24 A ho/10 WCCC 0.2611 

25 2R/WC 

26 50 (1-^WCWC .. ^ 

27 a/10 0.0/ 

28 1 /100 0.0100 

2? a/10 0.0251 

30 

2.2.3   Analog Circuit Diagram 

Fig. 2-1 shows in symbolic form the analog circuitry used in 
this study.     The notation is that utilized and explained in APAB-38N3J, 

2.3   Results of Analog Punp Failure Simulation 

Solution of the coupled differential equations during the punp failure 
condition yields values of the average fuel surface temperature and the average 
coolant tenperature.     These solutions are shown in Fig. 2-2 where the reference 
value of the temperature coefficient of reactivity has been used*   Fig. 2-3 is 
a plot of the results in which the temperature coefficient has been reduced 
by 25*. 

The statistical hot channel for this system has been designed at 617° F. 
This is the saturation temperature at design pressure.     The hot channel factor 
has been calculated assuming the simultaneous occurence of all hot flux factors 
at the same point.     This is definitely a conservative assuafption.   More 
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realistically the hottest channel would probably be near 60?^    Experimental 
data vU)  indxcate that nucleate boiling does not begin until the fuel surface 
tenperature exceeds saturation temperature by as much as 30° F»    By conserva- 
tiyely assigning a one second delay between the low flow scram signal and 
reactor shutdown  .ae can estimate the rise in temperature within the hottest 
channelo      Fig» 2-1 indicates a tenperature rise of U3«.U0 F for the average 
fuel surface temperature during the second following the reactor scram signal 
assuming forced connection,,      The behavior of the hottest channel will follow 
this trendo      Tnua only limited nucleate boiling probably will occur within 
the hottest channel during a pump failure« 

The analog results indicate a permissible 2-7 second delay between low 
flow scram and reactor shutdown»      The average fuel surface temperature will 
not reach saturation before reactor shutdown0 

2 oh    Conclusions 

Results of analog simulation of a pump failure accident in which 
the pump impeller becomes frozen indicate that only limited nucleate boiling 
will probably occur before reactor shutdown.      The average fuel surface 
temperature during this accident will not reach saturation before reactor 
shutdown and therefore no general boiling will occur« 
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SKID-MOUNTED APPR 
DESIGN ANALYSIS 

IV, CORE IHERMAL & HYDRAULIC DESIGN ANALYSIS 

1.0 THERMAL DESIGN CRITERIA 

The contract sets forth certain General Objectives and Project 
Guidelines that affect the thermal design of the Skid Mounted APPR.    The 
most Important of these are. 

a. System reliability with rainiraum downtime for refueling, 

b. Utilization of proven technology 

c. Availability  for procurement by January 1,   1959« 

On the basis  of these project guidelines the Skid Mounted JWPPR 

has been designed thermally so that the maximum surface temperature in the 
hot channel does not exceed the saturation temperature.    The thermal design 
criteria employed on the APPR-1 and APPR-la has  been reviewed prior to start 
of the thermal analysis of the Skid Mounted APPR. 

The following criteria have been established for thermal design of 
APPR pressurized-water reactors: 

1.1 Heat Transfer Coefficient 

The heat transfer coefficient, is to be calculated by use of the 
Dittus-Boelter equation with a constant coefficient of 0.021: 

h . 0,021 |    J£ ^ (Pr)0'^ 

where: 
h = heat transfer coefficient.  Btu/ftShr0? 
k - thermal conductivity, Btu/ft hr0? 
D - equivalent diameter of channel,  ft 

- density of coolant,  lb/ft3 
V s velocity of coolant,  ft/hr 

* viscosity of coolant,  lb/ft-hr 
Pr - Prandtl number of coolant 

The coefficient  0 021 was established subsequent to a survey of the 
literature on experimental heat transfer data,  and is felt to be conservative, 
but not extremely so      Papers reviewed are referenced ■ .t the end of this sec- 
tion. 

1.2 Power Distribution Utilization 

A calculated axial power distribution Is to be used for the analysis. 
Values from a calculated radial power distribution are combined with a side 
plate flux peaking factor and other existing peaking factors to establish In- 
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dividual nuclear radial   factors for the various elements or groups  of similar 
elements.     Methods  for  the establishment of these  factors axe outlined by B. 
Byrne  in paper entitled.   "Thermal Design Basis  for APPR Type Elements."    In 
addition a nuclear uncertainty factor of 1.05  is applied to both the bulk 
coolant  temperature rise and the film temperature gradient to account for un- 
certainties   in the calculation of power distributions.     In the heat transfer 
analysis the assumption is made that  95^ of the heat released in the core is 
released  in the active  fuel elements.    The basis  for this assumption is ex- 
plained m  1.6 3 öf  this section. 

1.3 Hot Cnannel Factors 

Manufacturing^   orifice sizing,   and inlet box effect hot channel fac- 
tors are derived in 1 6.1 of this section for APPR-1 elements and are listed 
below.    Elements with other dimensions should be treated similarly. 

Average factors are those which apply to the bulk coolant tempera- 
ture rise,  and local  factors,   those which apply to the film temperature 
gradient. 

TABLE 1-1 HOT CHANNEL FACTORS 

Factor 
Item Average   Local 

1.0706 
1.0050 
1.0357 
1.006U 
1.0417 

1.1623 
1.0250 
1.0357 
1.0128 
1.0332 

1.0309 
1.0638 

1.0247 
1.0507 

1.2044 
1.2428 

1.3230 
1.3566 

Plate spacing deviation 
Uranium content deviation* 
Length deviation 
Clad thickness deviation 
Orifice sizing 
Inlet box effect: 

Fuel element 
Control rod 

Combined  factor (Product of individual factors) 
Fuel element 
Control rod 

* This factor Includes uranium content of the whole element along with homogen- 
eity within the element. 

1.4 Lattice Requirements 

Since it is not possible to tailor lattice flow as is done with the 
internal flow,  the entire lattice flow must be based on the maximum fuel ele- 
ment requirement.    Calculations (see 1.6.2 of this section) Indicate that the 
larger tolerances on lattice channel dimensions constitute an additional hot 
channel factor of 1.033.    It 1B therefore felt that the lattice flow should 
be established on the basis of an average lattice velocity 3$ greater than the 
highest stationary fuel element velocity. 
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1 5 Instrumentation Tolerances 

InntrLLTientation tolerances for pressurized water reactors have been 
estimated by R.E. May, and indicated by G. Knighton tn memos of 5/14/56 and 
b/V'Sö to be as follows;; 

system pressure 
core power 
inlet  temperature 

The above values are conservative and it is  feasible to  improve same 
with more accurate,   and more costly instrumentation. 

1.6 Calculations 

1.6  1  Hot  Channel Factors 

The  hot channel factors,  as  listed  in Table   1--1 were calculated 
on  the basis  of the  following maximum deviations: 

TABLE  1-2 

Nominal 

.133" Internal  Plate  spacing 

Uranium Content 

Length 

Clad thickness 

Relative Channel Flow  as Governed 
by Orifice Diameter 

Effect of inlet box on flow 
distribution: 

Fuel element 
Control rod 

21.75" 

.005" 

1.00 

Max. Deviation 

/ .006 avg 
£  .0133 local 

/ 0.5^ average 
7 2.5^ lo^al 

£ 0.75" 

,0005 avg 
.001 local 

£ k$  avg. and local 

3^ 
ft 

1.6.1.1 Plate Spacing Deviation Factors 

(A) Average Hot Channel Factor 

A flew passage may be restricted by plate bowing or 
sagging in the center, or by deviations in the plate edge spacing, the latter 
case being the most severe thermally. 
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Norciudi Channel 

An - dw 

A-'-erage Hot Condition 

Tne reduction in flow area - aw 

Aha " dw-aw - f
vd-a) w 

^An.  iidw   _ 2dw 
Dn " Pn " £.(d/w) " d7^ 

n  3 
k  Aha k  (d-a) w 

D^ " -J^T  "2 (v/dU) 
As the pressure drop P across each channel of the 

same element Is essentially equal and as contraction and expansion coeffic- 
ients for the channels are negligible, velocity variation is only a func- 
tion of the average hydraulic diameter deviation 

u2 
P  - 

12 (2g) 

V2n 

Cc / ^ / Ce 
where Cc and Ce are essentially zero. 

V^hl     Dha      (d / w) 
iw/jL^a] 

(d - a) 

'ha 

TR 

TR 

d (Wd - a) 
(d / w)   (d  - a) 

(TO)ha      An        WJL_ 
(TR)n    ' -^na      Vha 

3/2 

d-a 
d / w  • 

d / w 

1/2 

Substituting the numerical values applicable for APPr 
elements: 

d = .133" 
a -  .006"   (min.  averafi deviation) 
w = 2.733" 

FrjR   ■   1.0706 

(t)  Local Hot Channel Factor 

In defining the worst possible channel,  thermally, 
the conservative approach is taken of considering that the average devia- 
tion could be the negative observed limit, while a local deviation could 
simultaneously be at the posit Ive observed 1 imit in the same channel. 

w -*i 
I 

w -H W 

i 
Nominal Channel 

^n dw 

Average Hot Condition 

Ahi - (d / b)w ' %! 3S; Li* 
Local Hot Condition 
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The  local deviation is assumed to be sufficiently 
gradual tc permit ccmplete diffusion. 

Vh a (d/b) A(d/w a) 

Vhl * Vha" X Vhi = Wtt/ZJISFf 
The film coefficient is reduced not only by the drop in 

coolant velocity but also by the Increase In hydraulic diameter: 

.1+ 

D ' r 
A^hi . K 

AT    AT, n hhl 

hl n 

,1.2 
d (1 j v - 

O.ll 

dib>0-2 (ä££) 

avO.il 
FAT     d (d - a)«-»       ^    dTv 

Substituting values for APPR elements: 

b  z    0133" 
FAT - 1.1623 

1.6.1.2 Uranium Content Deviation 

(a) Average Hot Channel Factor 

Both fuel elements forming the hot channel are assumed 
to contain the maximum allowable uranium content per plate. 

FTR 
TR 

"TO 

ha 'ha 

tent per plate is 0.5^. 

n        "n 
The maximum allowable positive deviation of uranium con- 

Wn  (1 /    005) 
FTR  - "^u ' =  I 0050 

n 
(t) Local Hot Channel Factor 

^ ' ^ 
ATh     Whl 

«n 
In addition to the 0.5$ uranium content deviation per 

plate, there is a maximum allowable non-homogeneity within a plate of 2$. 
Assuming, conservatively, that the maximum positive deviation per plate and 
the maximum positive non-homegeneity deviation occur simultaneously, the maxl- 
laum local uranium content deviation ia 2.5$• 
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'AT 
Wn (1 /   .025^ 

Wr 
I.025O 

1.6 1.3 Active Cere Length Deviation 

For a given volume of meat per plate,  a negative devia- 
tion in active length increaseo the amount of meat per unit length and there- 
fore par unit heat transfer ar«a.    This affects both the bulk coolant tempera- 
ture rise and the film gradient      Based on the conservative approach that 
decreased length in^^eases only meat thickness and not active width: 

Ln 
F1«R  = FAT - 

^nln 
for APPR fuel elements: 

Ln ■- 21.75" 
Lmm -- 21" 

F-TR : FAi . 21.72 
'    21 1.0357 

It may be noticed that since the nominal meat width is 
also the minimum meat width> a corresponding calculation Is not necessary for 
active width deviation. 

1.6.1.4 Clad Thickness Deviation Factors 

- Derivation of General Equations 

If the two clad thicknesses of a fuel plate are un- 
equal, a greater portion of the total heat generated in the meat will pass out 
through the thinner clad because of lower thermal resistance. A hot channel 
is, therefore, defined as being composed of two fuel plates whose Inner and 
cuter clad thicknesses are at the minimum and maximum observed values respec- 
tively. Both the average and local hot channel factors are then equal to the 
proportional increase In the heat transmitted through the inner sides. 

in the diagram below. 

HOT 
C H * N N t L 

A cross section cf the hot channel fuel plate is shown 
The water temperatures are conservatively assumed equal. 

F14.M M«0T ri».M 

OUTS 1oe 
CMAMM e L 

T 
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The determinaticn of hot cbaimel factors la derived m the folicwlng steps. 

a) Determine the general diffftrentlal sqjatlon for the temperature dis- 
tribution through the meat as a volume heat source. 

b) Determine the general solution for step (a).    Substituting boundary 
conditions,  solve for the general constants of integration. 

c) Determine the location of the temperature peak by setting slope of 
t&mperature curve equal to zero.    Portion the heat flov through two 
clads accordli'gly,   in terms of meat boundary conditions. 

d) Determine the temperature gradient through each clad and water film 
combination,  using the results of step (c)      The meat boundary con- 
ditions are then defined in terms of physical dimensions and proper- 
ties. 

e) Substitute the meat boundary conditions as determined by step (d) into 
the expressions for propcrtiotlng of heat flow as determined in step 
(c).    The hot channel factor is then simply the ratio of the hot 
channel side flow to the average or nominal flow. 

a) The general differential equation for temperature distribution 
through a volume heat source is determined as follows: 

im 

dx/x/dx 

W - ^in = Qdx 

/dtm\ /dtnA      //i2tAdx 
\dx /x/dx   ^dx   jx r\dx / 

By prcper substitution and simplification: 

out     Hin       ^n ^dx ;x/di: ^ ^ vdx  'x 

Ui« = -K m (IK / <-% to 
d2tT 

x dx" 

Qdx = "^ (ibi) ** 

m .-.-.. a. 
de Km 
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h} The differ ant lal equation i-i solved by the reduction of order 
msthoi: 

T ?*• ^    ■   ,•    then %L    « - ä 
d< : 

Jdj   -    ■ |-   Jd 

d- ix K^ 

4U ^ 
_-^   .   „   2L_   v    ^ 

j^m ■   • ^/xdx/cijdx 
m 

^ " ■ sir ^ ^ cix ^ ^ m 

Boundary conditions (See Fig. l). 

x » c ; Tm = T2 

x = ^tn-v TJJ s T^ 

By aubatltution of boundary condl+lona Into the general solution: 

T2 - <:2 
Q t2. 

T3 = - ^   / C! t^ - T2 

Substituting these results to obtain the specific solution: 

T = - _ä- ^ 2 /  T3 -T2 / ^E |x / Tg m [! 2^     L  ^ 
z)  To find the point of temparature peaking, and therefore the 

point of direction .-hange In heat transfer, determine t- 
dT ' 

where —r- -  0; 
CLX 

^ = - -S-% +  [ JILl_Tl_ + -Öl-. 1 r 0 
** K~ L    t», in* J 

It is seen from this expression for t    that the peak temperature normally oc- 
curs in the center of the meat, but that a correction is necessary with unequal 
sink temperatures.    This is,  of course, as expected. 
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As heat gensraticn p«ir unit volume is uniform,  the fraction cf the total heat 
flow  that is leaving the fuel plate on the hot channel side is equal to tp/tm- 
Therefore: 

-ih = Q tp 

. QSn  / \  (T3   -  T2) 

q0 = Q (tn, - tp) 

■ fttin    -ja    {T3  - Tg) 
2 ^ 

d) Since an expression is available for the heat flow rate through the 
clad and water film on either side, the corresponding tenperature 
gradients can be determined: 

n  / ^h / 1    \ 

Similarly for the other plate aide: 

T3-Tv.q„(|.  a ) 

By subtraction and substitution for q0: 

T3 - T2 s^ - q^r !co / n - qJ^ch / n 

T3 - T2 -- Qt,,, f^co / JL] - qh Qch / _2 / Wl 
Lkc:      hfJ Lkc       hf       *ci 

For convenience in handling, this  latter expression will be written as: 

T3 - T2  = Qt^ - qhf; <,< = ^2 / _1 

Kc Kc" f hf 

e) The final expression for qh can now be determined by substituting 
this final relationship in paragraph (d) for To - Tg Into the equa- 
tion for qh in paragraph '.c): 
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qh - ^Jn / ^ (T-,   ■ Tp ■ 

Qtin / 5s '.QL^cK - qhf ] 
T-m 

^    /    QK^ 

2™. P   ' er ^ 
The hot channel factor is now determined by dividing the maximum by the nomi- 
nal heat  flux 

^ ' «.=< 

F - r- 
4h     ^ r 

Üß   /    1 

5n Qt 

a' 
, tm/g^c 

c< 
* Km rt; • ^7 t. s/i- 

I       Kc        Kg        hf 

It is aeen that when the two clad thicknesses tc0 and t^ are equal, then 
ß- 2o( and F s 1 as expected. 

(a.i A'-'erage Hot Channel Factor 

The following numerical values are applicable for AFPR elements: 

^   • .0200 in.  (nominal) 

t^jr, s .0045 in.  (minimum average) 

tc0 ■ .0055 ln-  (maximum average) 

1^    " .000205 Btu/in. ^F sec  (at 600PF) 

k0    = .00027U Btu/in. CT sec  (at 600OF) 

hf* « .00459 Btu/in.2 OF sec 

By computation: 

C< : 237.91+ in2 - OF - sec/Btu 

&  = U72.23 in2 - op - sect/Btu 

♦ To be precisely correct ^ hf would have to be re-evaluated for each new core and 
for each element within the core. However, as even a large change in hf has an 
insignificant effect on required flow, an average value la used. 
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Substituting Into the sxpressicn for hot channel factors developed in 
section (a): 

FTR  - 1.0064 

(b)  Local Hot Channel Factor 

The following numerical values are applicable for the local factor: 

t-h =   .00^0 in.   (minimum  local) 

t,,0 =   .0060 in.   (maximum  local) 

By computation; 

o( z 239.76 m2  - ^  - seo/Btu 

A   = 472.23 in2  - OF  - sec/Btu 

Substituting into the expression for hot channel factors: 

jw 41* . 5* = ta / 2 kmcy 

F - 1,0128 

1.6,1.5 Orifice Sizing Factors 

The orifice diameter required to yield a given flow 
rate for a particular fuel element will be determined by a flow test rig. 
Some flow deviation allowance must be made for instrument error and experi- 
mental accuracy. As the calculated value of the proper orifice diameter is 
expressed to the nearest 1/64" for machining purposes, an additional devia- 
tion allowance must be introduced. Experience with the APPR-1 demonstrates 
that a combined maximum deviation of t4^ is sufficient for both stationary 
element and control rod flow. 

The hot channel factors associated with a 4^ reduc- 
tion m flew from an undersized orifice are determined in a manner similar 
to that used for the factors associated with plate spacing deviation with 
the exception that no change in the channel flow area is considered. 

(a) Average Hot Channel Factor 

_ TRh     Vn 
^ ' TRn " Vh 
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lb)  Local Hot Channel Factor 

FT 
Th ,. K   .    vn 0-8 

Tn      hh        Vh 

FT " Vn  (i-VÖÜT         "  1-0^ 

1.6.1.6 Inlet Box Effect, on Flow Distributi on 

An allowance  is made  for uneven flow distribution on 
leaving the fuel element  inlet boxes.    For  stationery elements,   the outer 
channel flow was asiiuned to be yfo below average.    For control rods the outer 
channel flow was assumed to be 6^ below average.    Further investigation of this 
subject is intended. 

(a) Average Hot Channel Factor 

FTR - TOn ■ vh 

'P.E.  _ Vn(l".03) 
[FTR),, „    - ..  rg    _v   =  1.0309 

(b) Local Hot Channel Factor 

F ,   _!*. ^ . ( ^ )0-8 
T =   Tn      hh       Sh  ; 

V 0.8 

T F.E, Vn(l-.03) 
Vn 0.8 

'•F  T)C.R. "      v^öST ■ l-^ 

I.6.I.7 Symbols and Nomenclature 

a - Mtuc.   negative average deviation of plate spacing,  in. 
A - Channel flow area;   In.2 
b - Max.  positive local deviation of plate spacing,  in. 
c ■■ Specific heat of water.   Btu/lb.-0F 
C - Flow coefficient 
d - Nominal plate spacing>   in. 
D - Hydraulic diameter of channel,  in. 
f - Channel friction factor 
F - Hot channel factor 
h - Water film heat transfer coefficient, Btu/ln^-QF.-sec, 
k - Thermal conductivity, Btu-in./in.2-OF.-8ec. 
L - Channel length-,   in. 
p - Perimeter of channel,  in. 
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AP - Pressure drop across channel; in. of water 
q - Heat flow rate., Btu/in.2-0F.-sec. 
Q - Volumetric heat generation rate in meat, 3tu/in.3-Bec. 
t - Thickness of meat or clad in fuel element, in. 
T - Temperature, 0F. 

TR - Bulk temperature rise of channel flow, 0F. 
- Water viscosity, lb./in.-sec. 

V - Water velocity in channel, in./sec. 
w - Width of channel, in. 
W - Relative weight of uranium per plate 
X - Distance to point inside meat, measured from hot channel side per- 

pendicular to plate, in. 
0 - Thermal neutron flux 

- Water density, lb/in.3 

- Subscripts 

a - Average conditions along length of channel 
avg. - Average conditions across width of fuel plate meat 

c - Clad 
C - Contraction flow on entering channel 
E - Expansion flow on leaving channel 
f - Watsr film 
h - Hot channel conditions 
1 - Local conditions along length of channel 
m - Meat of fuel element 
n - Nominal conditions 
o - Outside channel (adjacent to hot channel) 
p - Peak meat temperature 

AT - Temperature gradient across water film 
TR - Bulk temperature rise of channel flow 
w - Water 

1.6.2 Lattice Requirement Determination 

The manufacturing tolerances for the lattice passages are, by 
necessity broader than those for the internal passages. 

L^ mmm.    (    i  n   01 ft 
Tn l-o.»"> 

BASKET 
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'A"".' '.-■ "«',"^ r» \r> -••.' v- • 

Sines the larger lattice tolerances are a result of misalign- 
ment of entire elements rather than warping of individual plates,  it is not 
possible for the average and local deviations to be in opposite directions. 
As the pressure drops across the various  lattice channels are essentially 
equal,   velocity variation is a function only of average hydraulic diameter 
deviation 

D h 

Since the effect on required flow of increased bulk coolant 
temparature rise hot channel factors is insignificant in comparison with 
the effect of increased film gradlant hot channel factors, only the latter 
will be derived here. 

h = .oil § c^r8 :
c-^; 

AT 
ATh 

C.k 

A.0-2 

n 

.. / n-,ü.ä 
AT 

Nominal Channel 

{±)0'2 

% 

_ _ j 

T 
ä-CL 

w AT 
Hot Channel 

An" 

Ah^ 

dw 

(d-a)« 
AT d/w a-a 

D« = 1* A 'n 
l-a)w 

Between two fuel elements: 

FAT i 1.033 

Between fuel element and control rod basket 

rAT ■ 1.019 

It is therefore considered conservative to base the lattice 
flow on an average velocity 5$ greater than the largest internal fuel ele- 
ment velocity. 

B-282 
397 

f- •■- "T. ».«.«. ^. ^»vrv-r«-.»-, T^.-O »_tH-TS."v^.t,,>.*,'iw,,>.T-.t-.""- 



1.6.3 Heat Release Distribution 

The direct fission energy has the following distribution (Pro- 
ceedings of the Symposium on the Physics of Fission Held at Chalk River., 
Ontario, May l!+-l8, 1956. Seaaion C, CRP-6U2-A {July 1956). 

Source Energy 

KB of Fission Fragments 
KE of Fast Neutrons 
Prompt Gamma Rays 
Fission Product Gamma Rays 

Beta Decay Energy 

Totals 

CRP-6ii?A 
1956 

167-1 / 2 Mev 
5 £ 0.5 Mev 
7 -»-12 Mev 
7  5 MeV) 

( / 2 Mev 
5 5 Mevj ~ 

192.1 / 9.5  - ^-5 Mev 

It may be expected that most of the energy of the fast neutrons  (5 Mev fissions) 
la released in the water moderator.    Also a large fraction of the prompt gemma 
rays will be released in the fuel element side plates, end boxes, thermal 
shield,  etc.    In addition, there is a net energy gain in the n,Ofreactions in 
materials ctker than the fuel plates.    Calculation for the MTR  (An Estimate 
of the Häat Generation and Distribution in the MTF^ R.A. Oremeaey,   (IDO-16443) 
indicate that only 90^ of the heat generated is released in the fuel elements. 
Until detail heat generation and distribution are available for a particular 
design»  a heat generaticn rate of 0.95 times the maximum expected shall be 
used as a basis for thermal design. 

398 B-283 



' V"» VT i.^   L"»  ■-     »   -^      -^ 

2.0    TEERMAL ANALYSIS 

The thermal analyele of the core is the determination of the core 
flow requirements,   based upon the thermal design criteria previously dis- 
cussed .. 

2.1 Gerieraii.  Equations and Results 

The required core flow is determined by use of the following 
equations: 

U)   vT3       )     = Tln  /  (AT),  /  (66); 

(3) 

'max 

(2)       (6T)Z    =FavgFnFRAT wc P    -b (I) 

C^).    = »lo='n'BAe [•?  (-|)2 

where: 

(Ta       )    = maximum surface temperature of fuel plate at Z ^i v smax 2. 

Tin = inlet temperature of coolant fluid * 

(AT)Z = temperature rise of bulk coolant fluid from Inlet 
to Z ** 

(A©)z " temperature gradient across film at Z s 

FB      = bulk coolant temperature rise hot channel factor avg 
Floc = film temperature gradient hot channel factor 

Fr  = nuclear uncertainty factor 

) individual nuclear factors for the various elements, 
FR^T ) whlch represent the ratio of the heat flux of the 

) nottest plate in the element to the average core 
) flux and the ratio of the heat flux of the hottest 

_ apot on the hottest plate to the average core flux, 
R^©) respectively» 

b - heat transfer area per flow channel, ft2 

j - average core heat flux,  Btu/ft2-hr 
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w = flow per channel.  Ib/hr 

Cp - specific heat of the bulk coolant fluid evaluated at the 
mean coolant temperature Btu/# 0F. 

h - film heat transfer coefficient,  Btn/tt2-^-0!, 

L = active length of fuel element,   ft. 

Z - distance along the active meat length of element,  measured 
from inlet,   ft. 

JL = ordinate of the axial power distribution normalized to an 
p       average of unity. 

(U)    b  - 2  (active meat width) x (active meat length) of one fuel 
plate. 

(5)   ^LiiiLOOO   x (.95) , (p^) 

where: 

P = total core heat output, MW 

A « total heat transfer area, ftc 

F..„,,4.  a factor for instrument tolerance 
laflt 0.8 m     -i ^ ,6,    h =  ...   £       ^] - [^] 

where: 

k = themal conductivity of coolant,  Btru/ft hr ^P 

De 
s equivalent diameter of one flow channel,  i.e., one water 

gap, ft. 

P - density of bulk coolant, #/ft3 

V = coolant velocity through plates,  ft/hr. 

yU = viscoBity of bulk coolant, #/ft-hr 

Cp - specific heat of bulk coolant fluid, Btu/^-0? 

(7) De = !* (flov area) 

wetted perimeter 
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Evaluating the above equations for various values of "Z", the 
maximum surface temperature for each element  or group of eimllar elements 
for a range of assumed flow rates may be determined.    The results are 
then plotted for each element as "Ts^^ vs. G.P.M."  (See Fig. 2.2). 

Knowing the saturation temperature corresponding to system pres- 
sure and the instrumentation tolerances on pressure and inlet tempera- 
ture,  a maximum allowable suiface temperature can be determined.    The re- 
quired flow for each element can then be determined by use of the pre- 
viously mentioned plots.    Lattice flow is calculated on the basis out- 
lined in item 1.4,  Thermal Design Criteria. 

The required flow thus calculated constitutes minimum core flow 
only.    It  is conservative  in that the analysis assumes all worst possible 
factors and tolerances to occur simultaneously. 

Since the calculated required flow was determined on the basis 
of a fully tailored core^   i.e. equal maximum surface temperatures in all 
elements,  it would be necessary to install, within the reactor vessel, a 
suitable orifice plate, designed to achieve the required velocity dis- 
tribution.    The proper size of the orifice holes for said plate would 
have to be determined experimentally on a flow rig, using simulated com- 
ponents prior to the completion of core and vessel fabrication. 

It should be noted that since it is not possible to orifice con- 
trol rod elements externally, and since the elements must be Interchange- 
able, the flow for each control rod must be equal to the flow required by 
the hottest one,  in this case the center element. 

By the previously described method of analysis, the following 
results were arrived at as the tailored flow requirements for the Skid- 
mounted core: 

Inlet temperature 500*7 

Outlet temperature 518.1*7 

Max.  plate surface temperature 610*F 

Minimum flow requirement of core klYJ gpm 

The corresponding required velocity schedule for orificing the 
core is given in Table 2-1 as V/V avg, where V avg is the average core 
velocity. 

As may be noticed from the velocity schedule, the variation of 
stationary fuel element flow requirements is very small.    In fact the 
additional flow required in order to establish the flow through each sta- 
tionary element equal to that through element 3^» the hottest stationary 
element, is only 102 gpm.    Since the advantage of tailoring is so minute 
for this core,  it has been decided to use uniform 1'Iow. 
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Table 2-1 

Velocity Schedule 

Element No. V/V avg core 

Uv 1.0511 

34 1.0138 

33 ).998^ 

23 O.9006 

22 I.OO87 

Lattice 1.06^6 

that  la to allow equal flow for all stationary elements.    It may be noticed, 
however^  that, some orificing is etill necessary to compensate for plenum 
chamber effects and  for the difference between pressure drop through a con- 
trol rod arid that through a stationary element.    On the above basis, the 
following design conditione were established: 

Flow per fixed element 98.5 gpm 
Flow per control rod element 9^*5 SPo 
Lattice flow 595 gpm 
Total core flow lf219 gpm 
Inlet temperature 500 °t 
Outlet temperature pi?.6 9f 
Maximum surface temperature 610 ?F 

2.2    Calculations 

2.2.1 General Constants and Dimensions 

Puli thenml power 10.0 vsg 
System pressure 1750 peia 
Inlet temperature 500*7 

Stationary fuel element nominal dimensions 

Meat thicKnesö 0.020 in. 
Meat width 2.500 in. 
Meat height 22 in. 
Channel width 2.733 in. 
Channel depth 0.133 in. 
No. of plates per element 18 
No. of plates per core^ 

18 x 32 elements 576 
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Control rod fuel element nominal dimensions 

Meat thickness 0.020 in. 
Meat width 2.201 in. 
Meat height 21 in. 
Channel width 2.513  in. 
Channel depth 0.133 in. 
No. of platee  per  element 16 
No.  of plates  per   core , 80 

16 x 5 elements 

2.2.2 Heat Transfer Area 

Heat transfer area per plate; 

b  = 2  (meat  lengtn)  (meat width) 

VK. : 2 t22)^2^   s o.7639 ft2 

bc R   = 2 (21)  (2.281) = 0.6653 ft2 

for a control rod insertion of 9•25" 

bC.R.  ^9.25) = 0.2930 ft2 

21 
Total heat transfer area 

A = 576 by., / 80 bCtR. (9.25") = ^63.^5 ft2 

IF"- 
2.2.3 Average Heat Flux 

Assuming that 95^ of the total core power ia generated 
in the fuel plates, and applying the instrumeritation tolerance on power: 

C^ = P x 0.95 x Finat x 3^3,000 
 x  

'-0 - 10.0 x 0.95 * 1.035 x 3^13.000 
^63 A5 

^: 72,1*10.2 Btu/ft2 - hr 

2.2A   Bulk Coolant Temperature Rise 

(AT)z = Favg Fn FI^T h'!) 
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where: 

(Wr.K. = 1'2CMi (WCR. = 1'2k2Q 
Vg> 

Fn = 1.05 

bF.I. s 0.7639 ft2i bCoRj  = 0.6653 ft2 

tf = 72,^10.2 Btu/ft2 hr 

C-   =   1.179   Btu 8  510  F 
lb-0? 

»Z/L 
(AT)zF.K. = 5-93310x10 

lb-0? 

4    F' 

(AT)„ = 5.33205x10^    FB^T 

FRAT      / 
P L 

I d f 
The integral representti the area under the curve of the 

axial normalized power distribution plotted versus Z/L. 

The radial factors, ^pAT andL FP.Aö>have ^"^ calculated 
by the nuclear group and are as follows (element numbers refer to Pig. 2-1): 

Element No. 

2k 

33 

23 

22 

11* 

13 

2.2.5   Heat Transfer Coefficient 

1.238 

1.113 

1.211 

1.208 

1.146 

1.143 

.021   § PVD 

Z4 

0.8 

E 

O.k 

1.490 

1.321 

1.472 

1.454 

1.319 

1.483 
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vnere: 

Dp-g  = 0.02144 ft 

DCB = 0.02105 ft 

at 510 F 

k - 0.3496 Btu/ft-hr-OF 

P - 48.52 lb/ft3 

yw  =  0.253 Ib/hr  ft 

Pr = Cp/u =0.853 

"k 

hF.K. " 0-996l4 V0-8 

hC.B. = 0-99986 V0-8 

2.2.6   tfater Film Temperature Gradient 

(AO)z = Floc Fn FB^e *'fl M Z -1 

where 

(F^F.B.  = 1'3230:  (Floc)c.R. = 1-3566 

Fn - 1.05 

^ - 72,410.2 Btu/ft2  - hr 

(AG) 
Vs. 

'2C.B. 

1.00749 x 105    FR^QP p 
o[" 

(A0)7._ „     ■ 1.03158 X 105    F, ERAd 
5 

2.2.7   Maximum Surface Temperatures 

The above equations for (AT)« and (AQ)^ were evaluated 
for 1/2" increments along the length of the core for various elements and 
flow rates.    It was thus established that the hot spot always occurs 
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FIGURE 2.1 

CORE FUEL ELEMENT ARRANGEMENT AND NUMBERING  SYSTEM FOR 

SKID-MOUNTED REACTOR 
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axlally,  for the range of flows coneidered;   at a position approximately 
7.5" from the inlet to the active core.    The values of (T8)„ ,  as eval- 
uated at this position for the various elements and a flow range from 
30 - 100 gpm,  are plotted in Figure 2-2. 

2.2.8    Flow Requirements 

By applying to the saturation temperature at I??0 psia 
tolerances for  instrumentation on system pressure and inlet temperature, 
a maximum allowable surface temperature of bldt was determined.    The 
required flow for the various elements, corresponding to this tempera- 
ture are listed In Table 2-2.    The corresponding lattice  flow ia  cal- 
culated as follows: 

Lattice flow   sMax. F.B.  flow x Lattice area x 1.0$ 
F.K. area 

Lattice flow = 98.5 gpm x Q.2U6p ft     x 1.05 
0.0429 ft^ 

- 59^.3 gpm 

Table 2-2 

Total Required Flow 

kk 

33 

23 

22 

Flow per 
Element 

GFM 

X 

No.  of Similar 
Element a 

■ 9^.5 5 ^72.5 

98.5 X k = 39^.0 

97.0 X k = 388.0 

87.5 X 8 ■ 700.0 

98.0 X 16 : 1568.0 

Total internal flow 3522.5 

Lattice flow ^-3 
Total Required Core Flow if 116.8 

The summation of the various element flows and the lat< 
tice flow composes the minimum required core flow. 

■ x -..-,'" v 
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For uniform flow the total flow requirement  is composed 
of the following: 

Control rods 

9J+.'? gpm/elernert  x 5 control rods   « ^TS gpm 

Stationary elements 

98.5 gpm/element x 32 elements  - 3152 gpm 

Lattice 

59^.3 gpm or 59^ gpm 

Total core flow -    1*219 gpm 

For uniform flow through the stationary elements the 
minimum core flow requirement  is therefore 4219 gpm. 

2.3    Conclusions 

The thermal analysis has determined the required flow for the 
core to be 4117 gpm for the case of tailored flow, and 4219 gpm for a 
uniform flow core.    Since tailoring the flow in the core would result  in 
a savings of only 102 gpm,  tailoring is of little advantage for this 
particular core and it therefore has been decided to use uniform flow. 
This will still necessitate a small amount of orificing to compensate 
for plenum effects and for the larger pressure drop which occurs through 
the control rod elements. 
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3.0    RATIO OF OHffiATING TO BURNOUT HEAT FLUX 

This section cons let B of the calculation of the maximum ratio of oper- 
ating to burnout heat flux.    This ratio is of interest in-so-far as  it af- 
fects the core operation during an accident. 

3.1    Operating Heat Flux 

The maximum operating heat flux in the hottest control rod is de- 
termined bys 

(rop)ciw= (Pavg x (FR L9 )awx (T),nax 

where 
2 

(TOTJ^CH        
= Inaximum control rod operating heat flux,  Btu/ft  -hr 

max 

^f        = average core heat flux,  Btu/ft2-hr avg 

^FH A     ^CE        = n^xi^uni radial control rod power diatribution iactor 

(-±)= maximum ordinate of the normalized axial power 
P     distribution 

For the skid-mounted core: 

.2 
^avg : 12'kl0 Btu/ft^-hr 

(_|_)  r 1.650 
V 

(^op)cBinax =  (72>10)  (1.1*90)   (1.650) 

= 178,020 Btu/ft2-hr 

Correspondingly, the maximum operating heat flux in the hottest 
stationary channel is: 

^OPWX =  ^vg X {**L. ^ ^ x ty* 5 'mas: 

=(72>10) (l.lf83) (I.65O) 

= in,lQk Btu/ft2-hr 
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3.2    Burnoiit Heat Flux 

The burnout heat flux is calculated,  using the Jens and Lottes 
equation (Ref. ANL-M-öSy), as follows: 

( T^ ^.O. icr 

m 
ft sat tJ 0.22 

where; 

('■f )B 0    - burnout flux,  Btu/ft  -hr 

G = mass flow,  Ib/hr - ft 

teat  : saturated temperature corresponding to flow conditions,   ^ 

t^j : water temperature at the position of burnout,  0F. 

C,m : constants, function of total preaeure (p. 52, A1IL-4627) 

For the hottest control rod: 

G = 926,304   lb/hr-ft2 

teat = 617.09F (ä 1750 psla 

tb = 515.56°? 

C = 0.J+8   ft   1750 paia 

m = 0A1+2   9   1750 psia 

t£BO 
io5 

BO 

CR 

CH 

O.I4.J4.2 
(0.1+8)(0.92630J+)    *       (101.51)0,22 

= 1,282,215   Btu/ft2 - hr 

For the hottest stationary element; 

G = 893,493 lb/hr - ft2 

teat = 6l7-09 F 

tb = 515.16^ 

C * 0.48 

m = 0.442 
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^BO 

106 

L    JFE 

=  (OA8) (0.893493)0-l+i+2 (I01o93)0'22 

BO 
FE 

= 1,263,196 Btu/ft2  - hr 

3.3    Flux Batios 

The ratio of operating to burnout heat flux,  for the hottest con- 
trol rod,   is: 

^ 22 
rso CR 

178.020 
1,282,215 

=  0.1388 

The corresponding ratio for the hottest stationary elements,  those 
in the outer ring,   iss 

fa 

FE 
W8^   1 0.1W3 

1,263,196 

3.4   Application of Hot Channel Factors 

The hot channel factors which are concerned with uranium content 
and meat thickness,  and therefore affect the maximum possible operating 
flux, are the uranium content deviation factor and the meat length devia- 
tion factor.    Locally these factors are 1.0250 and 1.0357i respectively. 
If these factors are applied to the flux ratios, the results are: 

Top 
fBO 

0.1388 x 1.0250 x 1.0357 = 0.1474 
CB 

and 

fa 

Lv    JFK 

= 0.1403 x I.0250 x 1.0357 s 0.1489 
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^.O    Interml Plate Temperatures 

The maximum internal plate temperature  is calculated and is of 
interest  for determination of the thermal stresses  in the elements. 

k..l    Method of Calculation 
i     <c 

TolTi 

Mi, 

Lc* Ti,,      ,1 

—> *»• -» •f* * 

Considering the heat 
generation rate within 
the meat to be uniform: 

^max ' TOmax /  ^ " ToW /  (Tc  - Ti)^ 

, ^        - ^max (7-) 
^l-^oJmax  " r 

iymax 2 km Tkm 

where: 

■^cmax s nß^in111111 internal temperature,  9P 

Tojnax = naximuin surface temperature,  ^I 

(Ti-TQJjj^jj = maximum temperature difference acrosB the clad, ^ 
(T-.-Ti)        - maximum temperature difference between the center of the 

meat and the meat - clad Interface,  °P 
V'max = maximum core heat flux, Btu/ft2 hr 

X = thickness of the clad, ft 

y " thickness of the meat, ft 

Kc - thermal conductivity of the clad, Btu/ft-hr ?F 

KJJJ = thermal conductivity of the meat, Btu/ft-hr ^ 

The maximum core heat flux can be determined as follows: 

A max =(Tav6 x (Frai)max x (P/p^ 

k.2    Numerical calculation 

max 

For the Skid-Mounted APIR Core: 

^favg 3 72,410 Btu/ft2-hr 
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(FR     ) = 1.490 

fmax = (ra^lO) x (1A90) x (I.650) 

^max = ^Ö^O Btu/ft2 hr 

X = 0.005 inches 

y - 0.020 inchee 

Kp = 11.1 Btu/ft hr OF • 612 F 

I^ = 9.64 Btu/ft hr ^ « 612 F 

(To)max = 617.09^ 

Therefore: 

(Ti-To^    - i^^L^l . 6.68 °F 

(T.-T^ =  (178.020)  (.020)  .      ^ ITc-Ti;^      ^^ ^      - 7.69 

Td     = 617.09 / 6.68 / 7.69 = 63l.460r 

4.3   Application of Hot Channel Factors 

If the hot channel factors concerned with uranium content and 
meat thickness  (see Article 3«4) are applied to these values the results 
are as follows: 

(Ti-ToCx a 6*68<* x :L025 X
 

1-0357 ' 7-09OF 

(Tc-Ti/max = 7.69^ x I.0250 x 1.0357 » 8.16^ 

Tcmax = 6l7.09 / 7-09 / 8.16 - 632.349? 
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k.k    Comparison with AEFR-1 

Since the primary system pressure of the APHR-1 is 1200 psla in 
comparison with the system pressure of the Skid-Mounted core (1750 psia) 
the surface temperatures, and therefore the absolute values of the maxi- 
mum Internal temperatures, are not comparable. However, the magnitude 
of the thermal stresses is mainly dependent upon the temperature differ- 
ences across the clad and across the meat, rather than the absolute tem- 
peratures . 

Calculations completed for the AJTO-l (see Bef. 9) showed the 
temperature difference across the clad,  and the temperature difference 
from the clad-meat  interface to the center of the meat each to be 9.90F« 
Corresponding values for the Skid-Mounted APPR Core have been shown to be 
7.10? and 8.2°? respectively.    It may be noticed that the corresponding 
values for the Skid-Mounted Core are smaller than those of the APIER-1, 
The calculation for the AFPB-1 had been based upon equal thermal con- 
ductivities in the clad and in the meat.    For the Skid-Mounted Core cal- 
culations the more conservative approach was taken, that of considering 
the thermal conductivity of the meat to be somewhat smaller than that of 
the clad. 
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5-0 THERMAL STRESS IN  THE ELEMENTS 

Thermal stresoes are caused by temperatmo differences between points 
in the fuel element.    The  stresises are proportional to tne temperature dif- 
ferences and the temperature differences are approximately proportional to heat 
flux,  decreasing somewhat with increasing coolant velocity. 

5-.1 Use of Experimental Data 

A program was begun in 193^ tc test a stainless steel fuel element, 
of the type used in the APPR-1,   in the STR mock-up.    The element was to be 
tested for mechanical stability under combined hydraulic,  thermal, and ir- 
radiation conditions present In the STR      Additional tests have been performed 
with a different element  in the MTB. 

The table below compares  the irradiation conditions  in the MTR with 
those  in the APPR-1 (Ref 11): 

Table 5-1 

Units 

Average heat flux Btu/ft2 hr 
Specific Power Kw/Kg 
Fuel Concentration in 

Matrix gm/cm-J 
Fuel loading gm/cnr 
Fuel loading per plate gm 
Maximum temperature of 

fuel Op- 

MTR-APPR 
Type I Type II       APPR-I 

M*9,000        ^61,000       55,900 
9,000 9,000 550 

1.2U0 1.81? 1.31 
0.0315 0.032U 0.066 
10.36 10.67 23.65 

566 

A similar comparison is made with the STR in Ref 11. However, as this 
information is classified^ it la not reported here, 

5.2 Experimental Test Conditions and Results 

A six-plate element was tested In the STR at a cooling water tempera- 
ture and pressure of 500°? and 2050 psia, respectively. It was removed from 
the reactor after 157 full power hours cf satisfactory operation, examined, 
and found to be in excellent condition. It was then returned to the reactor 
an additional 100 hours, the total burnup of r235 estimated to be 3^« Further 
information, which is clasalfied^ may be found in references 10 and 11. 

Two series of tests were undertaken in the MIR. The first was per- 
formed with an l^plate elementand the second with small capsulated fuel plate 
specimens. 

The small specimens were of two types. Theix* basic characteristics 
are listed below: 
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Type I Type II 

Design life (Mtf-Yr) 
Clad-core-clad tblcknefla  fmila) 
Coxe compoalticn i.veigM f.} 

Clad Material 

15 
5-10-5 
17»93 UO2 
0.19 BuC 

81 ..88 stainless 
50^L stainless steel 

30 
6.5-7.-6.5 
25.81 uo2 
0.35 B^C 

73,8^ stainless 

Ths full size plates were cf three types, 
are as fellowss 

Their basic characteristics 

T>pe I Type II        Typ-e III 

Design life  (,MW-Tr) 
Platen of each type 
Plate Clad-core-olad thickness 
Cere mlxtare compcsiticn 

Distance betvaen places 

15 
5 
9-12-9 
uo2 18.75 

Stainless 81.04 

22.5 
6 
10-10-10 
22.18 

0.27 
77.55 
117 mils 

30 
6 
11-8-11 
26.89 

0.39 
72.75 

The plates were inserted In the core for an estimated burn-up of 
2^-h2$.    The velocity in the MTR core is approximately 30 fps.    The specimens 
were remove! from tihs core and examined. No gross damage occurred and there 
was no evidence cf defects. 

5.3 Comparison with Skid-Mounted Core Conditions 

It may be noticed that the average heat flux in the MTR was greater 
than that cf the 10 MW Skid-Mount by a factor of 6.37« 

In A?Memo Vj,;.9) the temperature distributions and thermal stresses 
were calculated for a total pewer of 10 MW and a peak, to average power of k, 
corresponding to a maximum heat flux of 224;000 Btu/ft^-hr.    The maximum stress 
calculated was a tensile stress in the side plate near the outermost fuel plate. 
This value numerically was 28>30C psi.    This calculation was based on extremely 
conservative assumptions and is an indication of the upper limit of possible 
ötresasa.  rather than an actual expected value. 

The*   product of the maximum crdinate of the axial power distribution 
normalized to an average of unity and that of the radial power distribution 
(determined on an analcgouö basis) gives the ratio of peak to average power. 
For the Skid-Mcuntsd Core: 

^Max (1.650) (1A9C) - 2M 

Then: 

cfMajc «hfe1)^ = (2.1*6) (72,1*10) = 178,000 Btu/ft2-hr. 
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Since the aaximum heat flux In the 10MW Skid-Mounted Core is 178,000 
Btu/ft  ~hr, the correöpundlng upper etress limit is: 

178 
ig x 28,300 psi = 22,1*90 pei 

It is therefore evident that the Skid-Mounted Core has em even 
larger safety factor than the APIR-1 (which has been operating satisfactorily 
for 1-1/2 years). 

5 .A    Conclusions 

On the basis  of the comparison with experimental test data pre- 
sented,  the comparison with thermal stress calculations presented,  and the 
fact that the APPR-1 has been operating satisfactorily for 1-1/2 years with 
thermal stresses approximately 26^ greater than those expected in the Skid- 
Mounted Core,  it has been concluded that the thermal stresses  in this core 
will be below the allowable value.    It is therefore considered not neces- 
sary to undertake a detailed analysis of thermal stresses in the fuel plates. 
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6.0    THERMAL STRESS IN REACTOR VESSEL 

In addition to hydraulic stresses  in the vessel,  thermal stresses oc- 
cur 9   caused by a temperature gradient across the vessel wall.     This tem- 
perature gradient is caused by the heat generation of gammas  absorbed or 
experiencing colliaions  in the  vessel. 

6.1    Method of Calculations 

If the heat generation rate in the wall is plotted versus distance 
through the wall on semi-log paper,  it may be seen that it closely approxi- 
mates a straight line.    The heat generation rate through the wall may there- 
fore be represented by an experiential of the forms 

-ux 
^ - ^o e 

where 

q,    = heat generation rate at the inner surface of the vessel wall 

x = distance through the wall, measured from the inner surface 

u ■ slope of the curve on semi-log paper 

qx = heat generation rate at x distance from the Inner surface 

6.1.1   Temperature Difference Equation 

If the equation of the heat generation rate Is substituted 
in the general heat transfer equation: 

d2t 
-k  = q 

integration results in the following equation: 

V 
•ux 

kt =  -— / Cx / D 
u i 
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0tili2ing the boundary conditions; 

x = 0  ,  T 

and 1,0 (slrice "t^6 vessel wall is insulated 
' a at its outer surface). 

the constants may be evaluated; 

C ~- 52 e-urw 

D  n-kTi  -So 
u2 

The final equation for the difference between the temperature 
at some distance x through the wall (T), and the temperature at the inner 
surface of the wall  (T^)   is given by: 

(T-Ti)  = —0  (l-e*^ -xue-uw) 
k u^ 

where: 
k a thermal conductivity of the vessel wall 
w • thickness of the vessel wall. 

At x = w the equation reduces to: 

Sc 
fl - e-^ (1 + uw) 

6.1.2 Thermal Stress Equation 

(To-Ti)»  2 G 
.- 

If Ti is considered as a base temperature or an initial uni- 
form temperature, then the Increase above T^, (T - Ti) may be represented by 
t and: 

t - 
ka2 ( 

.-ux uxe •uw 

Assuming the temperature distribution to be symmetrical with 
respect to the axis of the cylinder and constant along this axis, at a cross 
section distant from the ends of the cylinder the tangential stress at some 
radius (r) may be represented by    (Ref. 21): 

cXtrdr / _£ 
2 ia2 re 

2,. 2    2iJeL 
r  (b -s ) ^ 

ourdr - oft 

where; 
G\ - tangential stress at radius  (r) 

E ■ Young's modulus 
/* ■ Poisscn's ratio 
a - inner radius of the vessel 
b ■' outer radius of the vessel 
0{ * coefficient of linear expansion 
t ■ Increase in temperature above the uniform initial temperature. 
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*>~F_> ^ •"* kT* k^ ." 

(2) Ins ids wall insulated. 

'.3) Outside wall insulated. 

{k)  Equal bulk coclant temperatures in inside and outside 
channels 

Utilization of ?ase (3) for detennining stresses in th.e vessel 
has been foo.id to be accurate within 3^ of  the values determined by use of the 
derived equations. It is in general more conservative tüttn the derived equa- 
tions. 

6.2 Thermal Stress in APPR-1 

For purpose of comparison of calculated values with actual values, 
the calculated and experimental temperature differences and thermal stresses 
of the APPR-1 will be presented here. 

6.2.1 Calculated and Measured Temperature Difference 

As indicated en page 195? Hef. 22,  the measured temperature 
difference between the bulk coolant temperature and the outside vessel wall 
temperature in the AFPR-1, operating at 10 MW, was 12.6° F. 

In determining the corresponding calculated value, the following 
equations are used. 

The temperature difference across the vessel wall (T0 - Tj) Is 
given by: 

(To - Ti)   = -iß- 
•tu*1 

1. - e-uw (1  /uw) 

and the temperature gradient across the film (T^ - Tw) Is represented by: 

(Ti'Tv)  " h^ Jrla q° ^ ^ 
or integrating and simplifying. 

^o 
Ti - Tv^  r -5-r k x       w-       u^ah ] (ua / 1)  -e-uw (ub  / 1 

where:  h - heat transfer coefficient. 

For the APPR-1 parameters: 

T0 - Ti = 13.120 F 

Ti - Tw =    6.09° F 
or the total temperature difference as calculated Is 19.2° F, as compared 
with the measured value^  12.6° F. 
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Since x - r  -a,  the increase in temperature above Ti may also 
be represented bj: 

1    (1 - e -u(r-a)  .  (r-«0 
k uc r-a; ue -uvn 

or 

k u^   1_ 
aue "uv) - euac e - «-< ue -uw) r 

Substituting the abo^e expression for (t)  in the aquation for 
determining the tangential  stress  f43\):. and integrating results  in the fol- 
lowing expression for tfV 

<rt ■- 
1    £   \ (1 / *ue-uv)    (1 . af) / e-u(r-a)    (ur / l) .  (ua / l) 

2 ^      ^ u2r2 u2r2 

-uw ue       (r a- 
)/ i. 

r2(b2 - a2) 
IjiLlau^nx^-a^/^ub/l) 

- aSLp - ü£^ (b3.a3)l.i / e-u(r-a) / (r-a) ue-uw 

Since the thermal streBS in ihe vessel goes from a confressive 
stress at the inner surface to a tensile stress at the outer surface, the maxi- 
mum stress must be at one cf these surfaces.    Evaluating the above equations 
at r * a and r « b yields: 

<n (r = a) 
S prq. 

^IlkuSjIb^a2 

tea j 1) - HS 

illaue^i (b2 . .2) / £- (ub ; ,) 

u 

and 
Ox (r - b) = ^(r - a)' 

u 

■uw (1/ 
1 

It is obvious that for reasonable values of "u" and V the 
maximum thermal stress will occur at the Inner radius (r - a) of the vessel. 

A similar equation could be derived for calculating the radial 
Btress.    However, as the tangential stress will always be larger than the 
radial stress . further derivations are not necessary. 

In "Thermal Stresses in Reactor Vessels"  (Ref. 22) sets of 
curves are presented (based on IBM 701* calculations, for determining thermal 
stresses in vessels with various parameters and conditions.    The curves 
presented represent k cases: 

(1) Equal wall temperatures at Inside and outside surfaces. 
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6.2.2 Thernal Stresa In AFPR-1 

The T^.emai straas correepcnding to the measured temperature 
difference  (12.6° F)  15 1975 P8i«    The stress corresponding to the calculated 
temperature difference (19'2° F)  is 2977 psi. 

AJ may be noticed, the method of calculation yields values of 
temperature difference and thermal stress considerably higher than those ac- 
tually existing, as evidenced by experixcental measurements. It is felt that 
this will also be true of values calculated for the Skid-Mounted Core. 

6.3 Calculated Temperature Difference and Thermal Stress at Mid-Plane 

In dealgning the reactor vessel several possibilities were con- 
öidersd ana investigated with respect to thermal stress.    Since the Skid- 
Mc'jnted APPR is a package reactor, it is desirable to keep the vessel as 
close to the cere as pcasible-, although in dclng so the thermal stress is 
Increaaed.    The varioua desigr.3 Investigated in arriving at one satisfac- 
tory with resjeot tc thermal stress are indicated In Table 6-1.    The re- 
sults of cases 3"'7 ar^ represented graphically in Figure 6-1 <. 

As may be noticed from the table, the thermal stress corresponding 
tc tbs final design (Caae 7)  Is 6800 psi.    The temperature difference across 
the wall is U6.90 F. 

Table 6-1 

Reactor Vessel Thermal Stresses 

React or Vessel Thermal Shield. Thermal 
Stress 

Case Inside Inalde 
No. Diameter Thickness Material Diameter Thickness Material psi 

1 25" 2" 304-SS None 132,200 
2 25" 1 3A" 304-SS None 111,500 
3 £8.5" ?." 304-SS 23-5 2" 304-SS 30,800 
K 30.5" 2" 30U-SS 23.5" 3" 304-SS 

Borated 
18,800 

5 30.5" 2" 304-SS 23.5" 3" 304-SS 16,420 
6 V •75" 1/8" clad 

/2 3/8" 
vessel 

304-SS 
SA-212 

33" 1" 304-SS 12,400 

7 37.75" 1/8" clad 
/2 3/8" 
vessel 

304-SS 
SA-2i2 

23.5" 2" 304-SS 6,800 

6.4 Calculated Thermal Stress in the Thermal Shield 

Since the data presented in Ref. 22 has been found to be accurate 
within 3^ cf values calculated from derived equations, this data was used for 
calculating the stress In the thermal shield.   For this purpose Case 4, equal 
bulk coolant temperatures inside and outside the channel, was utilized. 
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The stress was calculated to be 62,000 psi.   Since the thermal 
shield is not a structural member>  however, this value is not too large. 

6.5    Calculated Thermal Stress In Vessel Flange 

An analytical expression for maximum thermal stress is derived on 
page 11 of HALPD-CE-^ and is here applied to the vessel flange of the Skid- 
Mounted Reactor. 

For the case of a pressure vessel with the inner wall surface at 
zero temperature  (above some datum),  the outer wall surface perfectly insu- 
lated,  and an exponential heat generation rate in the wall the maximum ther- 
mal stress occurs at the inner wall surface and is given by; 

where 

So- 
EQC lo 

2(1 -^ k^   _ 
- .L/(.L 

Äa r  vpa r> p' 

s. stress at inside wall surface 

S = modulus of elasticity 

CV = linear coefficient of thermal 
expansion 

q    = volumetric heat generation rate at 
the inside wall 

/* = Poisson's ratio 

k = thermal conductivity 

^  = linear absorption coefficient 

a = wall thickness 

psi 

264 x 106 psi 

8.0 xlO"6    i^)-1 

BTU/ft3(hr) 

0.3 

25 BTü/ChrHft)^) 

5M08 ft"1 

ft 

This equation may be safely used for the vessel flanges of the 
Skid-Mounted Reactor as the conditions restricting the use of the equation 
approximate those of the Skid.    Values of the heat generation rate at the 
inside surface of the wall of the flange were determined and presented In 
Section 5.2 of the Shielding Design Analysis.    The flange vail-thickness is 
also variable and in this case insertion of the maximum value of the thick- 
ness in the equation with the corresponding heat generation rate yields the 
maximum thermal stress; that is when a»0.63333 feet and q  =2.76 x ICT 
BTU/(ft3) (hr).    Then (9a = (5.M+06) (0.63333) = 3.^58. 
and „ (26.4xl06)(8.0xl0-6)(2.76x10^)   ,, 

0 ' 2(1.0.3)(2^(5.^0Ö)2 ¥" 
\ 

2     / 2 
3.^58 3.M.58 • 3.H58 

7V7O pel 

The allowable thermal stress in the flange is 8750 psi.    This ex- 
ceeds the calculated value of the maximum thermal stress, 7^70 psi, by 17^ 
which is a sufficient margin of safety. 
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6c6    Calculated Thermal Stress in Integral Nozzle 

The same analytical expression for naximum thermal stress in a pres- 
sure "easel which was applied to the vessel flange in Section 6.5 is used here 
to determine the maximum thermal  stress  in the vessel outlet nozzle. 

Tne nozzle  is so designed that   it   is considered an integral part 
of the vessel  and  its allowable thermal stress  is that of the vessel.     The 
volumetric heat generation rate In the  inside vessel wall surface at the 
nozzle  is  3.965 x 10^ BTU (hr)  (ft^) as determined in Section 5,2 of the 
Shielding Design Analysis,    The gamma attenuation path-length through the 
nozzle  is 0,75 feet.    The linear absorption coefficient  is 8.6M* (feet)"'1-. 
Then    (E a  -  (8.6^)   (0,750)  -  6.U83 and the maximum thermal stress  iss 

C   . (26 AxlO6) (8, OxlO'6) (3.965x10^) 
t0" 2(1-0,3)(25)(8.6H)2 

2        / 
^53 ^ 

2 
OB3 

6,1+83 
-6.483 

: 5390 psi 

This stress is less than the allowable by a factor of (8750/5390) 
or 1.62.    Since the outlet nozzle is closer to the core than the inlet noz- 
zle  (which is also integral by design) the  inlet nozzle will undergo less 
thermal stress and a calculation is not necessary. 

6.7    Conclusions 

As was  indicated in Section 6.3,,  the thermal stress in the vessel 
was calculated to be 6,800 psi.    Since the allowable thermal stress In the 
vessel is 8750 psi,  the vessel and thermal shield designs are satisfactory, 
in this respect.    As was pointed out in Section 6.2, the calculated stress 
value is considered quite conservative. 

The thermal stresses in the flange and integral nozzle are safe by 
factors of 1.17 and 1.62 respectively. 
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7.0   Core PresBure Drop 

The following calculations have been made for the pressure drop across 
the active core  only, and do not include the inlet and outlet plenum cham- 
bers.    All other pressure drops have been established as a separate calcu- 
lation. 

7.1 Comparison of Calculated and Experimental Data 

Pressure drops through the stationary fuel elements were calcu- 
lated by use of the IBM 65O Digital Computer   (Ref.  19).    Verification of 
the accuracy of this program is illustrated in Fig. 7~1-, where both com- 
puted pressure drops and experimental pressure drops for air flow through 
a fixed fuel element are plotted vs flow.    It may be noticed that the 
slopes of both curves are identical and that the calculated data is con- 
servative in comparison with the experimental data.    Since the method of 
calculation of pressure drop is the same for all fluids, the values cal- 
culated by the computer program for water flow are equally valid. 

7.2 Calculation of Pressure Drops 

Although good results were achieved in calculating the stationary 
fuel element pressure drops by use of the computer,  it was not feasible to 
perform similar calculations for the control rod elements, because of the 
more complex geometry. 

As experimental data for air flow through the control rods was 
available, the following method of analysis was utilized.   Several cases 
for air flow through fixed fuel elements were calculated on the computer 
and plotted versus Reynolds number.    The experimental data for air flow 
through the control rods was plotted on the same graph (Fig.   7^).    As- 
suming that the ratio of control rod pressure drop to fixed element pres- 
sure drop for a particular Reynolds number is constant for either air or 
water flow, the control rod pressure drop for water flow was determined 
by plotting the fixed element pressure drop for water flow versus Rey- 
nolds number and applying the ratio for that Reynolds number, as deter- 
mined from Figure 7-2.    This assumption was based upon the fact that fric- 
tion factor for a particular Reynolds number is independent of the fluid 
under consideration. 

The plots for water flow are shown in Figure 7 ~3*   From the 
plot of control rod pressure drop versus Reynolds number for water flow 
it was possible to determine the values needed for plotting Figure 7-U, 
"Control Rod Pressure Drop vs Flow Per IlementM. 

7.3 Results and Conclusions 

The pressure drop through a control rod element is plotted ver- 
sus coolant flow in gpm in Figure 7-^.   For the coolant flow required through 
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tue control rod elementB  in the Skid-Mounted APPR core, as established in 
Section 2,0,  the pressure drop is 5.07 ft EgO.    This  is also the total pres- 
sure drop across the core, as the control rod is the governing element with 
respect to pressure drop. 

It may be noticed that these values are for the unmodified control 
rods.    It  is expected that the control rods to be used in the Skid-Mounted 
APBR will have a slightly smaller pressure drop.    However, as the modifica- 
tions were not completed at the time this analysis was underteken,  and as 
the experimental data was fox an unmodified element, Figure 7-^ gives a 
conservative estimate of the desired values.    It has been estimated that 
the corresponding values for the modified elements will be 10-15^ lower. 

The pressure drop through the fixed elements  is plotted in Fig- 
ure 7-5 versus  coolant flow in gpm.    It nay be noticed from this plot that 
the pressure drop through a fixed element  is considerably less than that 
through the rods.    It will be necessary to orifice these elements  in order 
to equalize all pressure drops.    Since the preseure drop through the fixed 
elements  is 2.37 ft -at the flow required for tne Skid-Mounted core,  the 
orificing required will be approximately 2.70 ft HgO. 
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8.0    FUKL HATE DEFLECTIONS 

Since the internal core flow and the lattice flow through the core are in 
parallel, the over-all pressure drop through each flow passage must be 
equal.    However,  since the geometry of the passages is not the same for 
both types of flow paths, and since the amount of orificing varies be- 
tween flow paths, the breakdown of the over-all pressure drop axlally is 
not alike for all passages.     This leads to pressure differentials across 
the outer fuel plates,  causing deflection of the plates.    If this deflec- 
tion becomes greater than the allowable tolerance,  burnout may result. 

8.1    Calculation of Pressure Differential 

It has been previously stated  (Section 2.0) that the Skid-Mounted APPR 
will be a uniform flow core.    However,  as the worst possible conditions 
have been considered  for both uniform and tailored flow,  the results of 
both cases will be included. 

The over-all core pressure drop has been shown to be 5-07 ft HgO.    From 
Figure 5-5 it may be noticed that the pressure drop through a fixed ele- 
ment with a flow of 98.5 gpm is 2.37 ft H2O, and that the corresponding 
value for a flow of 87-5 gpm  (the minimum required stationary element 
flow for a tailored core) is 1.88 ft H2O.    The corresponding required 
preseure drops e>     >ss the orifice holes are 2.70 ft and 3*19 ft re- 
spectively. 

The various losses throu^ the elements, which make up the over-all 
pressure drop across the core, are listed In Table 8-1.    The notation 
refers to Figure 8-1. 

TABLE 8-1 

Head Loss Through Stationary Elements 

Ft H20 

Position 

hl 

Type of Loss 87.5 gpm 98.5 KPm 

sudden contraction 0.2226 0.2828 
gradual enlargement 0.0263 O.O33I* 
sudden contraction 0.039h 0.0501 
friction loss 0,7817 0.9752 
sudden enlargemeixt 0.0238 0.0302 
friction loss 0.0101 0.0126 
sudden enlargement 
orifice loss / sudden enlargement 3.9661 3-6857 

hg 

H 
Y 

* Since in the calculation of pressure drop across the elements, the 
model did not Include an orifice plate, the calculations Included a 
loss due to sudden enlargement at the outlet.    For actual conditions 
this loss will be a part of the orifice pressure drop. 
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The flew rate throughcut the lattice passages is essentially equal. The 
breakdown cf the preasure losses axlally Is Illustrated in Table 8-2. 
The notation again refers to Figure 8^1, 

TABLE 8-2 

Head Loss Through Lattice 

Ft HgO 

0 .1322 
0 .0491 
c .0450 
1 .3000 

(not needed) 
H 

II 

Position Type of Loss 

H-L sudden contraction 
H^ abrupt change of shape 
Ho gradual contraction 
Hit friction loss 
H- gradual enlargement 
üß abrupt contraction 
En orifice lose» 

The data in Table 8-1 and Table 6-2 la represented graphically in Fig- 
ure 8-2.   As may be noticed from the plot, the maximum preasure differ- 
ential for a uniform flow core la 0.03 pal.    The maximum differential 
for the core with tailored flow would have been 0.12 pal. 

8.2    Experimental Data 

An inveäLigatlon was conducted at 0RNL to determine the effect of prea- 
sure differential on the outer plates of an APPH-type fuel element. The 
fuel elements were pressurized with air,  and the deflection of the outer 
plates measured      (Ref.  20.) 

From the experimental data it becomes evident that a differential prea- 
sure exceeding 3 psi would result in a deflection of the plate which 
would cause the adjacent spactngs between fuel elements to be beyond 
tolerance limits  ".see Ref. 20). 

B.j    Conclusions 

As was shown m Section 8.1, the maximum expected presaure differential 
across the outer fuel plates is 0.03 pal«    Since the presaure differ- 
ential required to deflect the plates beyond the allowable tolerance 
limit is 3 psi;   it la apparent that further investigation of this prob- 
lem is not necessary. 
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FIG.     8.1 

LOCATION OF HEAD LOSSES 

THROUGH CORE 

h> 

m ht 
■^ 

FLOW 

H,- 

hs 

-*-• U- h,*^ 
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I    GEMEHAL DESCRIPTION OF SECONDARY PACKAGES 

The secondary system mechanical and electrical equipment is included 
in the following ten packages5    the turbine generator packages (two sections)| 
the condenser package; the heat exchanger package; the air blast cooler pack- 
ages (three sections); the feed water heater package; and the switchgear 
packages (two sections), 

1,0   Turbine Generator Packages 

The general arrangement of the turbine generator is shown on appended 
drawing No, M02M6 and the structural skid on drawing No, M02S5.    The overall 
dimensions of the erected package are 26 feet 3 inches long by 9 feet 1 inch 
wide by 6 feet 7 inches high.    In order to meet the weight limitations imposed 
by aircraft transportation, the turbine generator unit is divided into two 
packages for shipment.    The turbine and reduction gear form one package 15 feet 
8 inches long by 8 feet 7-1/4 inches wide by 5 feet 11-1/2 inches high.    The 
generator and exciter form the second package 13 feet 4 inches long by 8 feet 
10-1/2 inches wide by 6 feet 4 inches high.    These lengths include one remov- 
able skid end on each package, at the point of Joining the skids, between the 
reduction gear and generator.    This unit is a 2000 kilowatt, geared, turbine 
generator set, consisting of a multi-stage, multiple valve condensing turbine 
with two uncontrolled extraction points, a single reduction herringbone gear, 
a 1200 r,p,m, enclosed air cooled generator, a direct connected 10 kilowatt 
exciter, lubricating oil cooler, generator air cooler, and steam auxiliary 
lubricating oil pump, all mounted on structural steel bases with an Integral 
lubricating oil storage tank.    The turbine is provided with an integral trip 
and throttle valve, speed control governor, and an overspeed governor. 

1,1   Operating Characteristics of Machine and Auxiliaries 

The turbine is designed to deliver 2000 kilowatts when supplied 
with steam at 425 psig,, dry and saturated at the throttle and with 8 inches 
Hg. absolute condenser conditions.   The turbine is also designed to receive 
steam at rising pressure from 425 psig, at full load to 750 psig, at no load. 

The turbine can be safely operated at condensing conditions down to 
approximately 3-1/2 inches Hg absolute, without danger of excessive erosion in 
the last stage blading. 

The turbine operates at 4600 rpm.    Two extraction points at 99 psia, and 
31,5 psia, are available for feed water heating.    Oil pressure for lubrication 
and operation of the hydraulic governor and control valves is supplied by a 
direct-connected gear pump, and an automatically controlled steam-driven 
auxiliary oil pump. 

Lubricating oil cooling and generator air cooling are accomplished by 
built-in heat exchangers which will be cooled with a glycol and water solution 
circulated through an auxiliary section of the air blast coolers. 
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1.2 Generator Characteristics and Operation at 5500 Feet Elevation 

The generator is totally enclosed, with two outboard jearings, 
and a direct-connected overhung exciter.    It is rated at 2500 kilovolt amperes, 
2000 kilowatts at 80 percent power factor and wound for 4160/2400 volts "Vtye" 
connectedj grounded neutral, 3 phase, 60 cycles, and operates at 1200 rpm. 
The exciter is rated at 10 kilowatts, 125 volts, direct current, and is self- 
ventilated.    The generator and exciter are designed to N.E.M.A. standards, 
and proportioned for continuous operation at full load with acceptable 
teraperatur« rise for operation at an elevation of 5500 feet above sea level, 

1.3 Total Weight and Weight Distribution 

The total weight of the turbine generator unit is about 67,000 
pounds.    Since this exceeds the allowable shipping weight of 30,000 pounds, 
the unit will be divided into two sections, one consisting of the turbine and 
reduction gear, and the other consisting of the generator and exciter, each 
weighing approximately 30,000 pounds.    Auxiliary equipment,  including oil 
cooler and strainer,  trip and throttle valve,  and miscellaneous auxiliary 
devices weighing about 7000 pounds,  will be shipped separately. 

1.4 Provisions for Air Transportability 

To permit shipping this unit by air transportation, the struc- 
tural frame will be divided into two sections, the line of separation will occur 
in the vertical plane of the face of the coupling between the reduction gear and 
the generator, as shown on the turbine generator drawing No. M02M6.    Two tem- 
porary skid ends will be provided for bolting onto the divided structural frame 
to permit each section being handled as a complete skid.    These skid ends will 
also protect the faces of the structural frame from damage during transit. 
The divided structural frame and temporary skid ends are shown in detail on 
drawing No. M02S5.    Removable bracing and locking devices will be provided for 
the turbine and generator by the manufacturer, to prevent axial movement of 
the  rotating parts and to resist the forces developed during air transit. 

1.5 Special Doweling and Alignment Requirements 

Special dowels will be provided between the two adjoining ends 
of the structural frame to assur accurate alignment,  in the field, of the two 
parts of the turbine generator unit.    Also, adequate and clear markings will 
be provided on the generator shaft coupling halves to insure recoupling of 
the unit in the same angular position, thus eliminating the problem of checking 
the balance of the unit, 

1.6 Heat Release From Turbine Generator To Insulated Enclosure 

The total heat loss from the unit to the insulated enclosing 
structure will be approximately 50,000 B.t.u. per hour. 
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2,0   Condenser Package 

The condenser package is shown on the appended drawings No, M02M7 
and No. M02M8.    This package is 24 feet 3 inches long,  8 feet L~l/2 inches 
wide, and 9 feet high, and includes the condenser, two condensate pumps, and 
the steam air ejector.    All piping and valving between components and the 
wiring and locally mounted instrumentation are provided in the package with 
flanges provided for connection to other packages.    All piping on the shell 
side of the condenser will be welded and flanged to prevent leakage of air 
into the condenser as completely as possible.    As few connections as possible 
will be located below the water line to minimize this source of oxygen con- 
tamination. 

Starters for the pump motors are located adjacent to the pumps.   All 
electrical controls are run to one junction box from which connections will 
be made to the control center. 

2.1    Condenser 

One 2500 square foot, three=pass, horizontal surface condenser 
is being sapplied. The condenser will be of the deaerating type with a 
steel hot well of approximately four-=minute storage attached. The unit is 
19 feet 0 inch overall length and 51 inch diameter shell. The shell will 
contain 796, 3A inch, 18 B.w.g., Admiralty metal tubes bowed between Muntz 
metal tube sheets. The condenser is elevated as high on the skid as possible 
to provide NPSH for the condensate pumps, 

2.1.1 Design and Operating Data 

The unit is designed to transfer 26.4 million B.t.u, 
per hour when supplied with 2000 g.p.m. of ethylene glycol solution 60 percent 
by weight at 110°?., and under these conditions will produce a vccuum at the 
steam inlet to the condenser of 8 inches of Hg. absolute. The pressure drop 
on the glycol side of the condenser will not exceed 25 feet of water. 

The condenser is equipped with a float-operated level control which will 
admit water to the condenser from the feed water storage tank. High and low 
level alarms will indicate difficulty with the control system to the operator, 

2.1.2 Deaeration 

The condenser is of the deaerating type and is guaranteed 
to produce condensate with 0 degree depression and with no more than 0,03 c,c, 
per liter oxygen content.    This is the normal guarantee for any condenser, 
and since this condenser will be of the deaerating type it is expected that it 
will produce condensate of considerably better quality than guaranteed, 

2.2   Air Ejectors 

The air ejector selected is a steam jet ejector, with dual, 
single stage jets discharging into a 75 square foot surface condenser cooled 
by the condensate. 

446 
C-6 

--'-'* -■• -T -.»••-* 'j •_• .»-^ -^ -*:jr'f-j -j'if^ 



2.2.1 Design and Operating Data 

The air ejector with one element operating is designed 
to remove at least 3 c.f.nu of free air from the condenser at absolute press- 
ures greater than 3-1/2 inches of mercury when supplied with 305 pounds of 
300 psig. steam per rtour.    The jets require at least 2$ gpm. of water for 
condensing the steam., and hem e, it will be necessary to recirculate water 
back to the condenser at all loads under 700 kilowatts.    The recirculation is 
done automatically ty a sylphon valve on the discharge side of the air ejector 
condenser, with the quantity of water recirculated being limited by a fixed 
orifice. 

2.2.2 Advantages of Air Ejector Versus Vacuum Pump 

Prior to the selection of the steam jet ejector, a study 
was made of the steam jet air ejector versus the rotary type vacuum pump. 
Conclusions indicated that the steam jet ejector was themodynamically approxi- 
mately as efficient as the rotary vacuum pump.    In addition, its simplicity 
of operation and small amount of maintenance made it very attractive for the 
location in a remote area.    Costwise, the duel element steam ejector with one 
spare element was approximately the same as the rotary vacuum pump with no 
spare capacity^ hence, with these factors weighed it was fairly obvious that 
the steam jet ejector was the  proper selection. 

2.3    Condensate Pumps 

The two condensate pumps are vertical, volute, centrifugal 
pumps.    They are driven by 20 horsepower, 1750 rptn. drip-proof, vertically 
mounted, solid shaft, normal thrust, squirrel cage, induction motors, 

2.3.1   Design and Operating Data 

These pumps were selected for their low weight and 
ability to operate with low NPSH.    Due to the head room limitation on the 
skid, approximately 1-1/2 feet of NPSH is available for the condensate pumps. 
Each pump will deliver 90 gpm. of condensate at 152^ against a total dynamic 
head of 325 feet.    Although this is slightly more discharge pressure than is 
required for protection of the boiler feed pumps, it gives an additional margin 
of safety on the suction of the boiler feed pumps, and those pumps were reduced 
in head capacity by this margin. 

2.k   Heat Release from Package 

The expected heat release from this package at full operating 
temperature is 300,000 B.t.u. per hour with an ambient temperature of 80°?. 
All piping above 1550F. will be insulated.    If all of this radiation cannot 
be used for heating the enclosure,  some of the surfaces will be insulated. 
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2.5    Skid Design 

The structural steel skid is made of a high strength steel 
capable of  withstanding shodc at low temperatures.    The skid is an all welded 
frame designed to support the weight of the equipment during transportation, 
including lifting, skidding, etc.    The skid is also designed to resist the 
Inertial forces of the equipaent while being transported by air; namely, 8 G's 
forward, 2 G's aft, 2 G's vertical and 1.5 G's lateral. 

2.5.1   Weight and Weight Distribution 

The total weight of the condenser package including tha 
structural skid is 28,250 pounds.    The skid has bean proportioned to distribute 
the weight of the package in accordance with the allowable floor loading of 
the C-130 aircraft. 

3.0    Heat Exchanger Package 

This package is shown on appended drawings No. M02M9 and M02M10. 
This package is 26 feet 9 inches long by 9 feet 0 inch wide by 8 feet 10 inches 
high.    The components included in this package are the cooling water heat 
exchanger,  cooling water heat exchanger pumps, evaporator, the circulating 
water pumps, and the blowdown flash tank.    The evaporator and the cooling 
water heat exchanger have been held as close to the skid as possible, being 
elevated only enough to withdraw the bundles over the pumps.    All piping has 
been held as close to the skid as practical for ease of supporting during 
shipment.    All operating controls are accessible from the edge of the skid. 
The skid is entirely pre-wired with a minimum of connections necessary by the 
field to place in operation. 

3.1 Cooling Water Heat Exchanger 

The cooling water heat exchanger is a U-tube heat exchanger, 
13 feet 6 inches in overall length with an 18 inch diameter shell. 

3.1.1    Design and Operating Data 

The heat exchanger is designed to transfer 568,000 B.t.u, 
per hour from the cooling water entering at 127° F. and leaving at 100°?. to 
86 g.p.m. of 60 percent by weight ethylene glycol.    The ethylene glycol enters 
from the air blast cooler at 92° P. and leaves the exchanger at 108,5° P, 

3.2 Evaporator 

The evaporator is designed to produce 1000 pounds of steam per 
hour for certain uses outside the plant, 

3.2.1   Design and Operating Data 

The evaporator is designed to deliver 1000 pounds per 
hour atl50 psig. of essentially dry steam.    Steam for operation of the evapor- 
ator is obtained from the main steam line at between 440 and 750 psig,, re- 
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duced in pressure through a pressure control valve to 300 psig., by a control 
valve with external pilot initiated from the shell of the evaporator. 

The evaporator  is complete with float-operated inlet valve, which will 
regulate water returned from outside the station,  and level alarms to indicate 
trouble to the operator at control panel. 

While little blowdotffi is  expected with raw water of the purity available 
at the site the evaporator may be blown down into the flash tank when required, 

3,2.2    Description 

The evaporator :LS made up of a shell of 26-3/4 inches 
outside diameter by 8 feet 1 inch overall length.    The heating surface in the 
shell is comprised of 21 L-tubes of 90-10 copper-nickel material giving a 
surface of 42 square feetj which is submerged in the lower half of the shell. 
Steam is taken off  in a dry pipe for use by the post. 

3.3 Circulating Water Pumpe 

The circulating water pumps delivering glycol to the condenser 
in a closed cycle are two, double suction, half capacity, horizontally split 
case punips» 

3.3.1    Design and Operating Data 

Each circulating water pump has a rated capacity of 
1000 gpm, against a total head of 65 feet.    They operate at 1800 rpm,, and 
require 22.4 brake horsepower when pumping the 60 percent gylcol solution at 
110° F.    The pumps are the standard, cast iron, bronze fitted pumps with 
hall bearings, and are driven by two General Electric Company's induction 
motors rated at 25 horsepower, or equal, 

3.4 Heat Exchanger Circulating Water Pumps 

Two full capacity heat exchanger circulating water pumps deliver 
water to the coding water heat exchanger and the air and lube oil coolers on 
the turbine generator.    They are centrifugal pumps, mounted together with a 
7 1/2 horsepower induction motor on a common structural steel baseplate. 

3.4.1   Design and Operating Data 

Each single stage pump operating at 3550 rpm. is designed 
to deliver 300 gpm. of ethylene glycol solution against a total head of 25 psi. 
at a temperature of 92° F.    The pump has a vertically split steel casing, with 
cast iron Impeller and oil lubricated ball bearings.    Only one pump will be 
operated at a time, and it will deliver approximately 86 gpm, to the heat ex- 
changer, 60 gpm, to the turbine oil cooler, and 100 gpm. to the t"rbine genera- 
tor air coolers. 
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3.5 Blowdown Plash Tank 

A small flash tank is located on this skid together with meter 
and control valves. The tank is sized to handle the maximum flow from the 
boiler through a 1/2 inch line, flashing the steam and retaining the water 
until cool. 

This tank will also be used to handle the continuous blowdown from the 
evaporator located adjacent to it, 

3.6 Heat Release 

The heat  release from this package will be 45,000 B.t.u. per 
hour.    All lines on this skid over 140° F will be insulated. 

3.7 Skid Design 

The structural skid is made of high strength steel capable of 
withstanding shock at low temperatures.   The skid is an all-welded frame 
designed to support the weight of the equipnent during transit, including 
lifting, skidding, etc.    The skid is also designed to resist the inertial 
forces of the equipment while being transported by aircraft} namely, 8 G's 
forward, 2 G's aft, 2 G's vertical, and 1.5 G's lateral, 

3.7.1   Weight and Weight Distribution 

The total weight of the heat exchanger package including 
the structural skid is about 23,250 pounds.    The skid has been proportioned 
to distribute the weight of the package in accordance with the allowable floor 
loading of the C-130 aircraft, 

4.0   Air Blast Cooler Packages 

The general arrangement of the air blast cooler is shown on Drawing 
No. D-133919. 

4.1    General Description 

Due to the lack of cooling water at the site, closed circuit air 
blast coolers are used for condensing steam.    An ethylene glycol and water 
solution is circulated in a closed circuit through the main condenser and air 
blast cooler sections.    Auxiliary cooling is provided by a separate section 
of the air blast cooler, circulating a glycol solution through the auxiliary 
heat exchanger in a separate closed circuit.    The air blast coolers are ex- 
tended surface heat exchangers, liquid to air.    The coolers are arranged with 
two banks of cooling sections placed vertically, one on each side of the unit. 
The liquid flow is horizontal through multiple tubes extending the full length 
of each bank.    The tubes are connected into vertical headers at each end. 
Air flow is horizontal across the tube banks entering on the outside faces of 
the banks, flowing to the center.    Air flow is produced by induced draft fans 
located between the tube banks, and placed at the top of the unit.    The dis- 
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charge from the fans is vertically up.    The liquid flow in each main bank is 
two-pass  entering and leaving the bank through flanged pipe connections on the 
headers at the same end.    The main banks on each side of a cooler unit are 
arranged for parallel flow.    The auxiliary section of each cooler is arranged 
for single-pass flow.    Weight and dimensional limitations require the air 
blast cooler to be divided into three separate and identical sections.    Each 
section is 30 feet 0 inch long by 9 feet wide by 9 feet high.    The three sec- 
tions of the air blast cooler are located in three separate snow tunnels, as 
shown on the plant general arrangement, and the piping is arranged for series 
flow through the three sections. 

4.2   Performance and Design Data 

Service -    Glycol solution cooler 
Draft type -    Induced 
Number of units -    One in three sections. 

Main i Cooler Auxiliary Cooler 

Duty B.t,u./Hr. 26,400,000 1,100,000 
Extended Surface Sq. Ft. 117,400 9,600 
Air Temperature - In oF 35 35 
Air Temperature - Out Op 110 73 
Liquid Temperature - In op 143.1 101 
Liquid Temperature - Out oF 110 92 
Total Fluid Entering Lb./Hr. 1,057,000 160,000 
Liquid Side Pressure Drop p.s.i. 11 5.5 

Combined Cooler 
Total Air Flow at Standard Conditions c.f.m. 354,000 
Total Static Pressure In.-HgO 1.25 
Fans 68 inch dia. 
Fans per Section 3 
Fans - Total Number 9 
Fan Speed r.p.m. 684 
Horsepower per fan h.p. 20 
Total Horsepower h.p. 180 

Materials; 
Headers Carbon steel 
Plugs Brass 
Tubes Admiralty 
Fins Aluminum 

Header Type Welded steel 
Tube Type Pressure wrapped 

fin 
Tubes 1" O.D. by 24' 0" 18 B.w.g, 
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4.3 Exhaust Ducts 

The air discharge from the induced draft fans will be carried 
to the sncw surface by means of insulated ducts. In order to prevent melting 
of the snow by heat from the exhaust ducts, these ducts will be enclosed with 
outer casings or ducts separated from the warm inner ducts by a ventilated air 
space. By this type of construction the snow will be protected from melting. 

4.4 Basis of Horsepower Requirements 

The power requirements for the coalers is based on a calculated 
pressure drop across the finned tube coils and the friction of the exhaust 
stacks of 0.25 mch water> plus a negative pressure of 1 inch water at the 
face of the  coils.    Thus the fans are designed to operate at a total static 
pressure of 1.25 inches water. 

k.U.l   Air Flow Through Snow 

The air supply to the air blast coolers will be induced 
to flow from the surface down to the face of the co.^ls.    The Army will design 
and construct the inlet air system such that the pressure drop between the 
surface of the snow and the inlet to the coils, when maximum required c.f.m. 
is flowing, does not exceed 1 inch of water. 

4.5 Weight Distribution 

Each section of the air blast cooler has a total weight of 
25,200 pounds.    The coolers are designed symmetrically about the longitudinal 
centerline and the weight of the coils and fans is uniformly distributed along 
the two side frames, 

4.6 Skid Design 

The skid is an all-welded structural steel frame designed to 
support the weight of the equipment during transit, including lifting, skidding, 
etc.    The skid is also designed to resist the inertial forces of the equipment 
while being transported by aircraftj namely, 8 G's forward,  2 G's aft, 2 G's 
vertical, and 1.5 G's lateral. 

5.0    Feed Water Package 

This package is shown on the appended drawings No. M02M3, No. M02M^, 
and K02M5. 

5.1   General Description and Components on the Package 

This package is 2? feet 9 inches long by 9 feet 0 inch wide by 
9 feet 0 inch high, and contains the low pressure feed water heater, high 
pressure feed water heater,  boiler feed pumps, feed water storage tank, chemical 
feed system), cooling water pumps, secondary system demineralizer, and the 
following primary system auxiliaries:    primary make-up pump, primary demineral- 
izer, and the primary make-up tank.    The two feed water heaters have been 
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elevated in a horizontal position on the skid to allow the placing of smaller 
equipment underneath., and to assist in draining the heaters to the condeneer. 
The  constant  speed, vertical boiler feed pumps and the heaters have all been 
groupec at one end of the  -.kid to allow complete operation of this equipment 
within a ömail area.    The feed water storage tank has been located near the 
center  of the  skid so that  its broad surfaces could be used for mounting the 
pump starters and controls,  and the large amount of small piping from the 
primary system.    The feed water heater level controls are located between the 
feed water heaters and are easily accessible for maintenance.    The primary 
auxiliaries are all located at one end of the skid and on the outside of the 
package for ease of maintenance.    In general, all of the piping,  instrumenta- 
tion, and electrical control on the panel are completely interconnected on the 
skid,  requiring a minimum of connections being made to other skids. 

5.2 Low Pressure Feed Water Heater 

5.2.1 Description 

The low pressure heater which is mounted along the edge 
of the skid is 15 feet 3 inches overall with a 16 inch outside diameter shell. 
The heater which is in the suction to the boiler feed pumps is valved for 
by-passing in case of difficulty during operation.   The heater is a four-pass, 
U-tube design with the lower pass being shrouded for an integral drain cooler. 
It will have 37 0-tubes of 3/4 inch outside diameter arsenical copper,  com- 
prising a tot,al gross surface of 190 square feet of which 58 square feet is in 
the sub-cooling zone.    The heater will contain the required auxiliary equipment, 
including high level alarm, gauge glasses, level control, and tube and shell 
side safety valves. 

5.2.2 Design and Operating Data 

The low pressure heater is designed to heat 37,000 pounds 
per nour of condensate after leaving the air ejector to a total temperature of 
235°? at full load, operating normally at 27.5 psia.    It will receive drains 
from the evaporator and the high pressure f'jed water heater, which will be 
subcooled to aiV'.oximately 171°?, or 10 degrees above the entering water. 
The drains from the heater will be returned to the condenser shell and it is 
expected that the heater will have sufficient pressure differential to return 
these drains at all loads above 200 kilowatts. 

5.3 High Pressure Heater 

5.3.1   Description 

The high pressure heater is installed in the discharge 
of the boiler feed pumps and will be subject to the full discharge pressure 
of these pumps.    The heater is 9 feet 11 inches overall length and 14 inches 
outside diameter of shell.    It is a U-tube design heater containing 32 U-tubes 
of 3/4 inch outside diameter arsenical copper, comprising a total surface of 
105 square feet.    The heater will be complete with a high water alarm, 
necsssary instruments, relief valves, and drainer.    Drains will cascade to 
the low pressure heater. 
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5.3.2   Design and Operating Data 

The heater water side is designed for 600 psig. at 
350^. and the shell side for 100 psig. at 350oF.    It will transfer 
2,760,000 B.t.Uo  per hour heating 37,000 pounds per hour of boiler feed water 
from 236° F. to 309° F. at full load, operating normally at 89 psia. 

5.4    Feed Water Pumps 

The two feed water pumps are vertical, 15 stage, double case, 
centrifugal pumps.    Each pump is driven by a 40 horsepower, 3550 r.p.m., 
drip-proof, vertically mounted, solid shaft,  squirrel cage induction motor. 
Either pump can supply the full load requirement of the boiler. 

c    / .1 Performance and Design Data 

The pumps are placed between the low pressure and high 
pressure feed water heaters. Each pump will deliver 90 g.p.m. of feed water 
at a temperature of 235° F. against a discharge pressure of 465 psi. with a 
suction pressure of 110 psi., and will deliver 10 gpm. against a discharge 
pressure of 750 psi. The efficiency at 90 gpm. is 52 percent. The pumps are 
designed specifically for boiler feed service, th« outer shell is of carbon 
steel, and the casings, impellers, wearing rings, shaft and shaft sleeves are 
constructed of 11-13 percent chrome steel, 

5.4.2 Selection of Pumps 

Due to the conditions peculiar to the reactor boiling 
of rising drum pressure with falling load, a thorough investigation of various 
types of feed pumps was made before selecting vertical centrifugal pumps. 
Variable speed, multiple-cylinder,  positive displacement pumps were considered 
because of the high discharge pressure required at low loadj however, the high 
turn down range of 9 to 1 would require complicated speed control of the driver, 
and a gear speed reducer between the variable speed driver and the pump. 
Alternating current to direct current drives, hydraulic couplings,  eddy-current 
couplings, and mechanical variable speed drives were considered.    In each case 
the space requirement, weight,  and first cost were higher than the centrifugal 
pumps.    The centrifugal pumps operating at constant speed simplify the regula- 
tion of feed water to the boiler drum.    Whereas by variable speed drive the 
water level control would have to be translated by control mechanism to pump 
speed, with the centrifugal pumps the water level controller simply adjusts 
a throttling control valve in the discharge line between the pump and boiler, 

5.4.3 Pump Mounting 

The verical feed water pumps are supported by a 
mounting flange at the discharge head of the pump.   This mounting flange is 
bolted to the structural supporting frame which forms a part of the complete 
feed water package skid.    The pump casing which contains the multi-stage pump 
is below the mounting flange, extending down to the bottom of the skid.    This 
results In keeping the center of gravity of the pumps low on the skid, which 
is advantageous in shipping.    The vertical motors which are mounted above the 
discharge head of the pumps will be removed for shipment for two reasons; one, 
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to reduce the shipping weight of the package, and two, to protect the pump 
shaft and impellers from damage during transit. 

5o5 Chemical Feed System 

5.5.1 General Description 

The purpose of the chemical feed system in •'■he secondary 
side of the plant is to treat the condensate, boiler feed, and steam in such a 
manner that the corrosion of all equipment will be held to a minimum. Practical- 
ly all corrosion control systems in power plants accomplish this purpose by 
controlling the pH of the water in the boiler at a given alkalinity, and 
providing some means of oxygen scavenging.    In this case, morpholine will be 
added to the condensate ahead of the low pressure heater which will in some 
degree control the pH of the feed water in the cycle as well as the pH of the 
water in the boiler.    Since morpholine is carried through as a gas with the 
steam, it will protect the entire system from the boiler outlet back through 
the condenser. 

Sodium sulphite will be added to the condensate stream at the same point 
prior to entering the low pressure heater.    It will be fed continuously into 
the condensate stream and thereby protect the heaters and piping into the 
boiler, at which point the residual will be maintained to scavenge oxygen in 
the boiler.    When the condenser is functioning properly, the amount of sulphite 
required to bo pumped into the system will be rather small, 

5.5.2 Performance and Design Data 

Identical chemical feed pumps and tanks have been selec- 
ted for both the morpholine and sulphite service since neither chemical is 
particularly corrosive. Each pump will be a proportioning pump with a single 
cylinder, having a capacity of 1.7 gph. and being driven by a 1/3 horsepower, 
1725 rpm., three phase, 440 volt, alternating current motor. The capacity of 
the pumps may be varied from zero to full rated maximum capacity by adjust- 
ment of the stroke. These pumps take their suction from a 15 gallon stain- 
less steel tank set immediately above the pump. The suctions of the two tanks 
have been interconnected so that the pumps can be used for pumping either 
sulphite or morpholine in the event that one pump is out for service, 

5.6 Secondary Water Treatment System 

The secondary water treatment system consists of one mixed bed 
deionizer, which will receive melted snow at approximately 50° P and 5 p.p.m. 
total solids, and deliver water having a specific resistance of over 1,000,000 
ohm centimeters. The unit having an overall height of 74 inches will be 
furnished on a baseplate approximately 40-1/2 inches wide by 29 inches deep, 
which will contain one deionizing tank 14 inches in diameter and 60 inches 
high, completely piped with 5/8 inch stainless steel pipe and 1/2 inch stain- 
less steel type valves. The unit will contain 1.1 cubic feet of cation resin 
and 1,65 cubic feet of anion resin which will be manually regenerated. 
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5.6.1 Description and Performance Data 

With the specified water containing no more than 5 p.p.m. 
total solide, the deionizer vail have a flow rate of 300 gallons per hour and 
the capacity between regenerations of 75,300 gallons. The unit will be re- 
generated manually, and should require between 2 and 2-1/2 hours to regenerate. 
During the regeneration period, the unit will require approximately 200 gallons 
of water at a rate not exceeding 8 g.p.m. Approximately 5.5 to 8 c.f .m. of air 
are required at  10 psig. for mixing the beds after regeneration, 

5.6.2 Supplementary Equipment 

A blower capable of producting 20 c.f.m. at 10 psig. with 
accessories, and a 3 horsepower, drip-proof motor will be furnished with the 
unit for operation during periods of regeneration to mix the resin.    This 
denineralizer package will be complete with an inlet integrating flow meter 
and indicating controller which will close a motor-operated water valve when 
the purity exceeds a preset standard. 

5.7    Feed Water Storage Tank 

Forming a part of the skid will be a rectangular storage tank 
made of 1/4 inch steel plate.    The tank will be covered and vented with an 
access manhole in the top.    The tank is 6 feet 0 inch by 7 feet 3 inches 
long by 7 feet  11 inches high, and contains  2500 gallons of useable capacity. 
This rectangular shape tank utilizes the available space on the skid to the 
best degree.    The tank will be complete with high and low level alarms and 
drain connection. 

The 2500 gallon tank will have an expected storage capacity equivalent to 
10 hours of operation.    In case of emergency, the blowdown on the boiler 
could be cut off and the storage time  extended to more than 2k hours.    The 
low level alarm on the tank has been set at approximately 2/3 capacity so 
that there will be sufficient time to regenerate the demineralizer in case 
of any difficulty after the alarm.    Morpholene will be added to the tank to 
cor.trol pH of  the water, and thereby reduce corrosion of this carbon steel 
tank and associated piping. 

5.8    Cooling Water Pimps 

The purpose of the cooling water pumps is to supply cooling 
water to the primary coolant pump, primary heat exchanger, space cooler, spent 
fuel pit  cooling, and the shield tank coolers.    This system is a closed 
circuit, from the cooling water pumps through the various pieces of equipment 
to be cooled,  bac, through the cooling water heat exchanger, and to the suction 
of the cooling water pumps.    The feed water storage tank is connected into 
the suction of the cooling water pumps acting as a surge tank for the system, 

5.8.1   Description and Design 

The cooling water pumps which are provided in duplicate 
are centrifugal process pumps driven by 3 horsepower, 440 volt, drip-proof 
motors at 3600 rpm.    The pumps are rated at 50 gpm, and deliver 100° F. water 
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against a total head of  50 psi.    The pumps are vertically split, with steel 
casing,  cast iron impellers> and oil lubricated ball bearings.    Although 
this is a heavy-duty,  process type pump,  a 100 percent spare has been pro- 
vided which will automatically start in case of loss of discharge pressure. 

5.9 Primary System Auxiliaries 

While the primary system auxiliaries located on this package 
have no connection with the other equipment, it provides a convenient place 
for locating this equipment during shipment, and fits in quite well with the 
overall arrangement of Lhe plant.    Located on this skid are the make-up tank, 
make-up pumps, and the primary system denaneralizer, together with the 
associated instrumentation and piping which are required to be accessible by 
the operators.    The equipment is located around the edge of the skid for ease 
of maintenance and operation. 

5.10 Shipment 

Due to the limitation on height, it will be necessary to remove 
the safety valves on the heaters and ship separately.    Due to the limitation 
on weight, it will be necessary tc remove the primary demineralizer and ship 
this separately.    For practical reasons and limitation on weight, it is 
desirable to remove the motors from the two vertical boiler feed pumps, and 
to ship them separately, as will be detailed later.    All other equipment will 
be shipped intact as assembled, 

5.11 Heat Release from Package 

The expected heat release from this package at full operating 
temperature is 29,000 B.t.u. per hour.    This estimate is based on computa- 
tions with insulation on all piping and equipment over 140° P. 

6,0   Switchgear Packages 

6,1   General Description 

The electrical packages are shown on drawing No, MD2E3.    Due 
to space and weight limitations, the electrical equipment has been mounted 
on two skids.    The control package is 28 feet 10-7/8 inches long by 9 feet 
wide by 8 feet 10 inches high.    The switchgear package is 13 feet 10 inches 
long by 9 feet wide by 8 feet 10 inches high, 

6.1.1 Components 

The switchgear package will contain only the switchgear. 
The control package will contain the control console, nuclear rack, instru- 
mentation distribution cabinet, motor control center, rectifier, battery rack, 
and dry-type transformer, 

6.1.2 Arrangement 

The ccntrol package has been arranged with the console, 
nuclear rack, and instrumentation distribution cabinet at the front of the 
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package.    Due to its length the motor control center will occupy one side of 
the package and be separated by an aisle from the other remaining components. 
Access space has been allowed at both sides of the  control console, I 

The sw.tchgear  package allows both a walking space and a draw-out aisle 
for the circuit breakers in the area not occupied by the equipment. 

6.2 Switchgear Equipment 

6.2.1    Equipment Provided 

The switchgear will be an indoor, draw-out unitized, 
4160 volt, three phase, four wire, metal enclosed unit consisting of; 

A - 2500 Kilovolt ampere turbine generator air circuit breaker. 
P - Exciter,  synchronizing, and auxiliary panel. 
C - Incoming line air circuit breaker. 
D - Auxiliary power air circuit breaker. 
E - Outgoing feeder No. 1 air circuit breaker. 
F - Outgoing feeder No. 2 air circuit breaker. 

6.3 Motor Control Center 

The motor control center will be an indoor, unitized, 600 
volt, 600 ampere, three phase, three wire assembly, including circuit breakers, 
motor starters,  etc.,  for the 480 volt circuits to the primary, feed water, 
condenser,  heat exchanger,  air blast cooler packages, and the station services. 
The control cente1' will also contain panel boards for the distribution of 
alternating current and direct current power for instrumentation. 

6.4 Station Transformer 

The station transformer will be a dry type; self-cooled, 500 
kilovolt ampere, 4160 volt, wye primary, 480 volt, delta secondary, three 
phase, 60 cycle, '.nit substation type.    The transformer will be mounted on 
"Korfund" vibration isolators to prevent vibration transmission to the control 
console. 

6.5 Station Patteries 

The station battery will supply the direct current requirements 
of the control console and the tripping requirements of the switchgear circuit 
breaKers. The battery will be the nickel cadmium type mounted in trays on 
a steel battery rack. The rating of the battery of 165 ampere hours at 28 
volts is based on supplying the instrumentation load for approximately one 
hour after station power failure. 

6.6 Electrical Equipment for Instrumentation 

The rectifier will supply a regulated source of direct current 
control power and the floating charge on the station battery.    By means of an 
inverter,  part of the direct current will be changed to a preferred alter- 
nating current supply for the control console, nuclear rack, and monitoring 
devices.    The distribution of the control power is as shown on drawing 
No. M02E2, 
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6.6.1 Rectifier 

The rectifier will be a free standing, fully enclosed, 
ventilated, indoor unit of the solid-state type.    It will be rated for the 
100 amptre,  28 volt,  direct current instrumentation load and the floating 
charge rate of the battery.    It will also be used,  if necessary in an 
emergency, for re-charging the battery from a fully discharged state, 

6.6.2 Inverter 

The inverter will be a solid-state unit for inverting 
approximately 3000 watts, 28 volts, direct current to 115 volts, 60 cycle 
alternating current, 
control center. 

The inverter will be designed to mount in the motor 

6.7 Weight Distribution 

The weight distribution is as follows; 

Control Package 

Motor Control Center 
Primary Instrument Console 
Instrument Distribution Cabinet 
Nuclear Panel 
Battery 
Rectifier 
Conduit and Wire 
Transformer 
Skid 

Total 

Switchgear Package 

Switchgear 
Skid 

Total 

Pounds 

5,000 
2,700 
750 

1,550 
800 

1,000 
500 

6,400 
6,600 

25,300 

20,000 
3,000 

23,000 
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