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PLANT SECTION

1.0 Plant Design Requarement
1ei Type =f Piant

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.,

1,2 Generatoring Requirements and Heating Load

The plant shall be capable of producing a minimum of 1500 Kw net 6
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 requirs 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 £ 350 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,
1,4 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 the
center of gravity lacation for C-130 Air Craft, and structurally able to prcvide
proper tie-down conilections 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 af the

nuclear power plant, This standby power will represent 100% of nuclear power
capacity.

P-4 4
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The power generated by the diesel 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,

1.5 Building Structures and Foundations

The design of the plant includes 1rs>undaticn requirement information 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 Design Philosophy

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

2.1 Reliability

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

2.1.1 Fuel Elements and Control Rods

The successful operation of the APPR-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
pemit 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 ir addition will reflect the high degree of reliability of the APFR~1
both 1n engineering and the fabrication,

2.1,3 Closed Systems

Since ninimun makeup water is available at the Site and no water is
available for cooling the turbine exhaust steam the complete plant will be made
up of closed water and coolant systems,
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2¢163.1 Vaper Containment

This system due to the potential hazards of radicactive corr-
csion products an the coolant, and the high quality of water required is a com-
pletely clcsed system., Primary system arrangement without vapor cortainment is
shown on drawing R9-43-1004%,

2.Le3.2 Heating System

Due to the high quality water desired in the secondary system
the supplyirp of bleed steam for heating load directly from the cyctle would reg-
uire considarable water treatment of the hcating system return drains, To
eliminate the necessity :f this water tr atment and its high cost, the use of an
evaporater retoiler was sclected,

2.1o3.3 Auxailiary Cooling Systew

All axxaliary cooling systems throughout the plant will be
closed systems,

As a result of this approach, the amount of make=upr to this
plant will bw small,

2.1.4 Condenser Systex

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 lccp between a surface condenser and an air blast

cooler,

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

(1) Minimum experience to date,

(2) Experience shows that t empering of air to prevent
freezing of the condensate in the tubes is an
wireliatle method,

t3) In the zase ¢f plant shutdowr. the unit should e
inmediately drained to prevent freezing,

On the basis cf the Site conditions for this plant ind anti cdipating a
continual rotation cf personnel on approximately a nine month basis, it was
determined that the glycol intermediate loop arrangment would provide the
highests degree of reliatility, although it would result in a lower overall
station thermal efficiency. With the continual changing cf personnei it is
rather obvious that the possibility of the direct air blast ccoler being neg-
lected during an emerjency shutdown could freeze and damage tne condenser., The
result of this woull prevent the startup of the plant until repairs could bs made.
Sheuld such an emergency exist wath the glyccl intermediate loop arrangements no
trouble would be anticipated since draining the system will nct be necessary,

P~6 6



2.,1.5 Duplication of Rotating Equipment

In order to maintain the continuity in operation all pumps in the
secondary system whose tailure would cause shutdowrn are duplicated, This in
itcelf permts reliable performance of the plant while repairs are made,

2.1,6 Instrmentation

Due to the site conditions the use ¢f air for any purpose where
instruments are concermed is detemmined undesirable., Therefore, all instrum-
entation is either entirely mechanical or electrical,

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

All other inatrumentation and controls are local in order to insure
visual inspection of equipment when instrumentation information is required or
cortrol functicns are to be performed,

201.? Testing

To i1nsure performance the testing of compoents by the manufacturer
wherever practicai 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.

2.1,8 Primary System Components

The at.cam 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 produce 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 difficulv fabrication
problems and ¢an be manufactured in a minimum of time,

A natural convection cooling loop has been provided in the primary
system for the removal of heat generated in the core after shutdown following
compiete loss of electrical power,

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

Vapor containment 1s provided for this design and is a shop
fabricated cylindiicali vessel made up 1n sections to meet alr transportability
requirementsz,

2,1, Secondary System Components

The secondary system ie provided in packaged and preassembled units
and include the folicwing mackagess

Turbine generator package
Condenser Package
Switchgear Packages
Feedwater Package

Heat Exchanger Package
Air Blast Cooler Packages
Ianterconnecting Piping
Interconnecting Wiring

Refer to patkage drawings,

A single turbine generator set and secondary system is provided
because a single turbine generator which meets the power requirements will res-
ult in a minimumn plant ccst, a minimum number of packages and interconnecting
piping wrich 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 awdliary powe ~ requirements are a minimum as a result of going to the
single secondary sy steu.

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 1inch exhaust pressure with 450 psig steam delivered to the turbine,

At the 3 inch turbine exhaust the condenser flow will he the same
as at the 8 inch exhaust condition,

With the reduced back pressure of 3 inches he condenser couling
inlet and outlet temperatures will be approximately 100 F and 63°F respectively
with the inlet air to the air blast coolers at -1Q°F,

The 2000 KW turbine generator requires shipment in two sections,
One of which 1s the turbine and gear on its base and the other being the gen-
erator on its base.



Turbine generators as provided in this design with split bases which
are flanged and doweled in the field are not out of the ordinary and no prcblem
is articipated during field ereztion,

Aligament 1s made 1n the manufacturer?s plant before testing and
chipmernt. This alignment requires approximately A4--6 hours,

In the field, the twe sections would be installed on the foundation
pad., The two base plates will be aligned and leveled and bolts and dowels ins-
erted in the base plates, Alignment couplings would be checked axnd corrected
if necessary, Follcwing this, normal alignment procedures are followed which
would require less time than that follewed in the shogpe

2.1,10 Packaging

Design of the complete plant and the organization of all components
have been 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 desirzd,

2.1.,11 Steam Cycle

Careful consideration has been given to the primary and secondary
condi.tions based on physical size, thermal efficiency, auxiliary lcad requirement,
development, required costs and reliability.

2.1,12 Comprnents

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 cf the primary system is such that a small high pressure
vapor container c¢an be utilized, In order to meet air transportability require-
ments, field erection is required for the vapor container.

2.1e1l4 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 ¢f fuel withcut shutting down the plant.

2+,1,15 The plant is designed to meet what is understood by Alco to be the
presently acceptable hazards requirements of pressurized water nuclear power
plants so that no delgy in approval of such requirements is expected. 1In
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 Snow
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 minimum operating crew.

2.1.16.2 Enclosures,

The enclosures for the component packages will be suppli-d by
others, however, estimated heat losses are given hereix,

241,17 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 by 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,
A1l packages will be placed in tunnels approximately 2/ feet wide and 24 feet
deep. The tunnels will be covered with arched plates and a minimum 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 tc a depth of approx-—
imately 30 feet. The number and location of the piles is dependent on the welght
distribution of the package skids, and the arrangement of the piles is shown on
drawing No. MO2S6. 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 design
analysis, but will be furnished by others, The anticipated differential settle-
ment between packages is in the order of 0,1 to 0,2 inch per year,

The riping is designed to accept this differential settlement by the use of
expansion joints and swivel type of fittings, 28 required by the particular serv-
ice of the diiferent 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 1l

P-10 10



inch differential settlement between packages, Electrical wiring in cable
trays is inherently flexible, and no special provision for differential settle-
ment is required. Fiping between packages which must pass through the cold
branch tuanels will be grouped. generally, in twc levels, to permit compactness
in overall space requirements. they are to be insulated and enclosed in ins-
ulated panels fcrming a duct, through which heated air, can be delivered to
prevent freezing during shutdown pericds. During cperation, heat from the hot
lines will protect the adjacent unheated lines,

3.2 Location of Packages

The physical arrangement cf 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 packagee; namely, the primary containment vessel, the turbine generator,the
condenser, the heat exchanger skid, and cne unit of the air blast cooler, are
arranged alcng the major axis of the plant, The primary system vapor cantainer
is in a tunnel at one end ¢f the plant and separated from the secondary systeam by
25 ft. of unlisturbed snow which acts as a radiation shield. Refer to Dwg.MORMI1l,

The waste etorage tank is located in a snow tunnel perpendicular to the
vapor container with access provided from the vapor container tunnel and also
from the turnel 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 shippirg 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, conderser, 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 primary 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 reasons.
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 glycol solutlon piping since the main circulating pumps
are on the heat exchanger skid and are connected to the main condenser on the
adjacent condenser skid.

11 R-11
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The arrangement of the air blast coolers in separate tunnels improves the
dependability of the plant: that is, in the event of one snow tunneli around an
air blast cooler collapsing, then cperation can be continue on the other twe
sections at somcwiat reduced capacity while repairs are being made. Thus, the
collapse of a snow tunnsl wiil nct shut down the plant as might be the case if
all ccolers were ylaced in a single tunnel, The feed water package and the
switchgear packages aio placed 1n twc separate snow tunnels perpendicular to and
cn opposite sides of the main tunnel, The feedwater package is placed convenien-
tly for the branch piping from iiic turbine and condenser, and alsc arranged tc
permit direct connections by brancn “unneis of the piping between the feed water
patkage and the primary ecuipment in the vapor container., The switchgear packages
are placed in line with the generator fcr the shortest and most direct ccnnection
of the generatcr leads t- the enclosed switchgear, and to simplify the arrangement
of the low voltage power and control wiring between the motcr contrel center, the
instrument panel, and the various packages.

4.0 Operating Data, Weight and Dimensional Data

4.1 Plant Perfoimance

Thermal power developed in reactor 10 MW

Reactor Life 8 MW years

Gross electrical power generated 2000 Kw

Electrical power required for auxiliaries 315 KW

Net electrical power delivered with 8" Hg 1685 KW

back pressure at turbine generator

Net electrical power delivered with 3" Hg 1935 Kw

back pressure at turbine generator, 6

Steam supplied fcr outside heating purposes 1 x 10 BTU/hr(Net
coincident with above
values)

L.,2 Thermal Data c¢f Reactor at Full Power

Operating Pressure 1750 psia
Design Pressure 2000 psia
Coolant flow 4219 gpm
Coolant inlet temperature 500°§
Coolant cutlet temperature 518.°F

L.3 Steam Gonerator

Tuke Sids
Operating Pressure 1750 psia
Design Pressure 2000 psia
Flow 4219 gmm
Inlet Temperature 518CF
Outlet Temperature 500°F

P=12 12
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Lo

Le5

L6

Shell Side
Operating Pressure
Outlet Temperature
Inlet Temperature
Flow
Blowdown
Pressurizer
Operating Pressure
Design Pressure
Design Temperature
Number of Heaters
Total heat output

Steam volume  (cu.ft.)
Water volume  (cu.fte.)

Primary Coolant Pump
Type

Rated Flow

Operating Head

Suction temperature
Primary Coolant Piping
Type

Sizo

Vapor Container

Design Pressure
Material

Operating Temperature

4.8 Core Design

Configuration

Equivalent diameter-in
Active Core height=in
Material conteg&sof core:

- Kg
B0 g
SS ~kg

H,0(68°F) kg

13

465 psia
463°F
306°F
37055 #/hr
LOO#/hr

1750 psia
2000 psia
650°F
20
30 Kw
12.1

5.9

Canned Rotor
4219 gpm

L2 gt.
500°F,.

304 Stainless
steel, schedule 120
10" Nom,

240 psi

Carbon steel
&R- to SA=300
120%%2

7 x7 array - 3 elements
in each corner missing
20,16

22

18.49
16,66
172.10
91.54

P13
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Stationary Fuel Element

Type

Number of Elements
Plates/element,
Active length-in
Clad thicknese-in
Meat thickness

Meat Width

wt, U235/element - gm
wt, Blo/element - gm

Control Rod Fuel Elements

pe
Number of Elements
Plates/element
Active length-in

Shielding Desige

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 c¢lad: thickness-in
Water annuli; thickness-in
Dose rate 8 hr. after shutdown-mr/hr
Dose rate during operation - R/hr

Secondary Shield

Type
Thickness «~Ft,

Dose Rate on Surface; O,1 x tolerance-mr/hr

Core Shielding
Type
Shutdown -~ days
Thickness - Ft.

P-1; 14

APPR-1,Core II
32
18
22 .
0.005
0.020
2,500
515,16
NAIR

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

Similar to APRR-1(Concentric
annuli of H,0 and steel., Steel
ring clad on both sides with
Boral, Inner surface of
shield tank and outer swrface
of Pressure Vessel support
ring clad with Boral)

s
1/8

1-1/4

50 mr/hr

247

Snow
25

0.1

Water
1l
11



Dose Rate - mr/hr

Internal Flux Suppressor
Material
Wt. of Eu/suppressor-gm
Length-in
thickness-in
width--in

Clad thickness -in

Meat thickmess-- in

Meat width-in

wt.l}2 5/element - gm

wt. Bl /element, - ga

Control Red Absorbera

2=
Absorber plates/Rod
Travel - in

Initial Reactivities = %
Cold (68°F) - no xenon
Hot é 5]2°F)-no xenon
Hot (512°F)-equilibrium xenon

Initial Bank Position -~ inches from bottom
Cold (68°F) - no xenon
Hot (512°F) ~ no xenon
Het (512°F) = equilibrium xenon

Power = Peak to Average
Hot (512°F) - no xenon
O-MWYR
Radial (center)
Axial (center)
&-MWYR
Radial (center)
Axial (center) P
Average Thermal Flux~neutrons/cm
0 MWYR
8 MWYR
Expected Total Energy Release - MWYR
Burnup : 10 MWIR
Average Fuel ~ £
Maximum Fuel - €
Maximum Control foa-%

Temperature Coeffisient
Cold (683F) -~
Hot (512 F) - -al

20

Europium Qxdde
ils

7/8

0,020
2,281
0.005
0,020
2.281

401,12

0.362

APPR-1,Corel:Low CoSS
56.11:

L. 46
1,65

1.55
1.47

16»7::10‘."‘3

2,33 x 1013
10

26

49
27

=022 x 10 T

-31.:10‘*
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Pressure Coefficient
Hot (5129F, 1750 psia) = psi~t

Control Rod Worth
Five Red Bank

Cold (68CF) - %
Hot (512 F) -%
Center Rcd

[o)
Cold (68 F) -%
Hot (512°F) -%

Spent Fuel Transfer Casks
Thi.ckness -in
Single element cask
Four element cask
Dose Rate on Surface of Cask - mr/hr

Spent Fuel Shipping Cask
Elements/cask
Weight - Tons
Thickness -~ in
Dcse Rate one meter from source - mr/hr

Demineralizer Shielding
Type

Shielding Material

Thickness (Radial) -in

Thickness (Axial) -in

Dose Rate
Surface of Shield - mr/ hr
One meter from source ~ mr/hr

Waste Tank
Active Source

Shield Thickness - in
Steel { = 7.9)
Concrete ( w 2.4)
Water ( w» 1,0)
Snow ( = 0.-95)
Dcse rate cn surface of shield - mr/hr
( Dose Rate on surface of APPR-1

43.1 x 1070

.
RS RN e]

10,1
10.5
200

6
10
10.5
10

APPR-1
Lead
3-11/16
3-3/16

70
10

Primary coolant Normal
Plant Waste

006
1.32
2,52
6.6
500

( waste tank with Normal Plant Waste only= mr/hr 20)

Gamma Heating in Snow
Surface of snow ~ Btu/Ft3 = hyp
R-3

P-16 16

0.14



4,10 Thermal Design

Type of flow

Inlet Temperature - OF

Outlet Temperature - °F

Maximum plate surface temperature - °F
Flow per fixed fuel element - gpm

Flow per control rod fuel element - gpm
Lattice flow - gpm

Total core flow - gmm

Fixed Fuel Element - Btu/hl\-th

Maximum operating heat flux

Burnout heat flux

Maximum ratio of operating to burnout heat
flux

2
Control rod Fuel Elemert-Btu/hr-Ft
Maximum operating heat flux
Burnout heat flux
Maximum ratio of operating to burnout heat
flux
Maximum internal plate temperature = °F
Ratio of peak to average power
Maximum stress in fuel elements - psi
Temperature difference across reactor
vessel wall - °F
Thermal stress in reactor vessel - psi
Thermal stress in thermal shield - psi
Thermal stress in vessel flange - psi
Thermal stress in outlet integral nozzle-psi
Allowable thermal stress in vessel, flange,
and nozzle - psi
Total core pressure drops s control red
pressure drop - FT of Hy0
Pressure drop through fixed elements -
FT of H,0
Required fixed element orificing ~FT of H,0
Maximum pressure differential between fu
plates and lattice = psi

Uniform
500°F
517.6
610,
98.5
945
595
4219

5
1.772 x 106
1.263 x 10
0.1489

1.78 x 107
1.282 x 10
0. 1474

632.3
2,46
22,490

169

6800

62,000
7,470
5,390
8,750

5.07
2,37

2,70
0,03

Maximum allowable pressure differential between 3,0

fuel plates and lattice - psi
L.11 Weight and Dimensional Data of Major Items

Turbine Generator
Dimensions installed

Shipping Dimensions
Turbine, gear and base

Generator and barce

17

261-3" x yt=1" x
61-4"High

15'-10%x81-10"x
51-11"High

131-8" x8110"x51~4"
High

P17
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Total Weight Installed
Turbine, gear and base
Generator a..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

P-18

18

69000 1bs

30000 1lbs
30000 1lbs
90000 1bs

24,1-3"x81=4-1/2"x
9i-0"High
28250 1bs

271-9"x91-0" x91=O"Hi gh
28900 1bs

261-9" x9!=0nxB 110"

High
23250 1bs

301-0" x9'=0"x9%0" High
25200 1bs,

291-8"x91-0"x9* =O"High
25300 1bs

1, '=T"xG 1=0"x9 t~O"High
23000 1bs

121-2=1 /guxqt_ouqu_ou
High
28388 1lbs



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

Welght
Dimensions

Fuel Transfer Conveyor
Weight
Spent Fuel Cask

Shipping Casks 7 ea,
Transfer Casks 2 ea.

Interconnecting Piping

Weight
Shipping Packages

Interconnecting Wiring
Weight

Chemestry and Health

Physics Packaged Lab.

Total Estimated Number of

Packages (excluding Spent
fuel Casks)

19

111-8-1/2"x9 1=0"x9'=0"Hi gh
29343 lbs
29000 1lbs

83400 1bs
13¢ Dia. x 43'=5" 1g,

8 pcs
L pes
1l pe

10000 1bs
12! Dia, x 20" High

7100 1bs
7% Dia x 18" long

26,500 1bs

17,800 1bs
8,000 1bs

60,000 lbs
3

12,000 1bs

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 Glyrcol 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
MO2M1 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 un the attached sketch AES-277. This
arranc-ement, of course, presumes that the alternate heat sink is a closed
circuit heat exchanger, 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 poc.sibly 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 awdliary
cooling circuit.

502 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 inter-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 awdliaries, 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,

P=20 20
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As this system is envisioned, there are several limitations that should
be ct 1sidered:

1. It would rot be advisable to divert more than 60 percent to 70 percent
of the steam to the heat exchanrer 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 expscted that the load to the heat exchanger would be relatively
constant wt.il< operating, and the load on the generator could be manually
adjusted t. =.atain 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 MO2M1l) it would
be desirable to have the foundation pad for these modules in the main tumnel,
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 instilled in a minimum of
time without having to wait for supporting piers and fouidations 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 simultaneocusly.

The sequence of module inscallation will be as follows so that alignment,
pipe fitting, electrical and ccher personnel can proceed immediately after
installation on their phase of the work.

22 P23
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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.

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 thes:

modules,

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

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

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

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 l=ft
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 40 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.,

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.

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 83,400#.

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)

Qe
b,
Ce

d.

€.

f.

g
h,

i.

K,

1,

Piece #1 will be rolled into place on base.

Piece #2 will be rolled into place and butted to Piece #l.

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

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,

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

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,

The top 90° section of V,C. will be installed and secured for welding,
Rear elliptical head will be installed, fitted and secured for welding.
Access h~ad will be installed, fitted and secured,

Vessel shall be welded in accordance with ASME Code for Unfired Pressure
vessels,

All welds shall be 100% radiographed.

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, Equipment and Materials Required

It is estimated that approximately 10486 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 equipment required for primary and secondary system

L - 300 amp. welding machines Full period
1l - Air compressor 315 CFM n L)
1l - Air hoist i .
1l = 15 KW portable light plant i "
1=~ 1/2" to 2" pipe machine " "
1 - D-4 Cat w/winch & dosn. " "

2 « 2-ton chain hoists

1l - 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'-O"

Torches and burning equipment

Trades and hours required for erection of plant at the site

26 P-29



98%7°0T1 879 m™e 0261 8261 m™mie z2she

ose ENOSUETTaos TH
Hue],
889 =y w3 onz 9 ™t 8ct 29seM J0H # T4 Teng juadg
8612 AR 8zt oz 8o (0744 054 *0"A ¥ a[npol wWeysfs Areutay
886 Zh %9 oz h18e gee 9TNPCH 1823Yd1TMS
zLet &Y (4% one 962 0% z61 STNPOj{ JDQEMPR3]
9¢1T g% 49 ohe oYz Y18¢ Z61 sTnpow Jsfueycxa ey [
81T e 49 o%e ohe 9LE 261 9TNPON JssSU3PUO)
gOYT 091 79 ove ore 18¢ ozE sInpou Jo0jed’dush-oqam],
85t Z1T 8ctT ohe 95 r4d % 0s% §J9T0GO 35eTq ATV = €
W 1810, WOorarity | idug SJaJoqe] *30o(d S49931] SJIadITH
JutqsTIOoy  » saojernsurl -3ad1d

P-30

NMOOHVAWE = STINIOW INVId NOILOFHH

a & e Ealde o



PR o2t R AT R

M.H.

2 - Millrights 648
8 - Riggers 2452
10 - Pipefitters (4 welding pipefitters) 2744
6 - Electricians 1928
6 - Laborers 1920
2 - Hoisting engineers Shb
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., Plant Superintendent 1 each
2., Shift Engineers (Plant Superintendent will handle day shift) 3 each
3. Operator (Reactor Console) 4 each
4, Mechanic 1 each
5. Instrument Technician 1 each
6. Process Control (Health Physics and Chemistry) 1 each
7. Power Plant Electrician 1 each

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

Shift #1 Shift #2 shift #3 #4 Relief

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

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

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

Personnel Duties
Plant Superintendent Overall plant responsibility
Shift Engineers Supervision of Shift personnel and plant operation
Operators (Reactor) Console Operator - under shift engineer
Turbine Cperator Responsible fer turbine and misc., turbine equip-
ment operation
28 P=31



Personnel Duties

Instrument Technician Responsible for Inst. Control and on call status
Process Control Responsible for Health Physics and Water Chem.
(Health Phy. & Chem,) and on-call status
Power Plant Electrician Responsible for all power plant electrical equip-
ment and on-call status
Mechanic 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 reccmmend that
three men be on duty at all times; r:amely, shift engineer, console cperator, 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,

Tiue qualifications of the operating personnel are listed as follows:

Personnel Qualifications
Plant Superintendent Mechanical and Nuclear Engineering
Shift Engineers (4) Power Plant and Nuclear Plant Training
Electrical Supervisor Electrical Engineering
Instrument Supervisor Electrical, Electronic or Mechanical Engineerin,
Electrical Technicians (2) Electronics and Electrical Training
Instrument Technicians (2) Electronics and Electrical Training
Process Control 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 specia
equipment and handling procedures for the relocation.

P-32 29
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In order to relocate the primary system as 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 1lb, weight over the two sleds, so that a 30 ton sled must
be available to do this,

Plans for relccation 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 ef 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 circuuference 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.,

30 P-33
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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 vapor
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 (ontainer Segment - 42,000 lbs.

Shield Rings 30,000

Reactor and Skid 30,000

Shield Water 18,000
Total 120,000 1bs,

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 No.
Riggers 12
Pipe fitters 16
Electricians 6
Mechanics 4
Welders 2
Welders Helpers 2

@ui pment

15-ton capacity cat.crane and crew

3 - 30,000 # 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 CFM
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

P36 33

Time Required

5 weeks
6 weeks
6 weeks
6 weeks
L, weeks
i, weeks

Time Required

6 weeks
5 weeks
1 week

5 weeoks
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,

l. Individual item test.

2. Components and Assemblies Test

3o Plant Factory System Test

4+ Low and High Power Performance Test
S5e Plant Performance Test

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

Tests 4 and 5 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, 1960 for on-site testinge

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 generatar.
Test results of cladding material.

Care 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
far Alco fabricated components and by other manufacturer's for components purchased
by Alco, piior 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 tc
preclude damage due to vibration and insure proper securement.

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

3. Primary system will be helium leak tested.

L, 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.

S. 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 MO2M12 with the exception of the primary system and waste tank
which are at elevations of 20 ft. and 24 ft. respectively below the secondary
system as shown on Jdrawing MO2M12. The piping between the primary and secordary
system will be assembled and checked for fit up and coding,

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

The secondary system modules including the air blast coolers and piping
will be placed as shown in Dwg. MO2M12 and all prefabricated interconnesting
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 togetisr 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 presswure.

The physical integrity of 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 pressurizer 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 50 F per hour maximum, until
operating temperature 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-
mentation will be checked during flushing and cleamup. Final check of the non-
nuclear instrumentation will be made during operational test,

Secondary System Test

All the pressure piping of the secondary syatem 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 -
tute 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 made
during the initial phases of the operating test at Dunkirk,

Primary System

The items listed below will be checked during electrical check out., Operate
ional checks i.e., rotation, vibration overheating and design conditions check
will be made during operation test.
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P.Co Pump

PoCs, Makeup Pump

Seal Leakage Pump

Rod Drive Motors

Motor Operated Blowdown Valve

Spent Fuel Pit Recirculating Pump

Heating Procedure to Simulate Operating Press. & Temp,

1,

2.

3e

10.

11.

P42

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,

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

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

Start up P.C, pump.

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

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

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

When the temperature of the water in the pressurizer reaches saturation
temperature, 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
ii1 the system,

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

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

Continue heating until normal operating temperature and pressure is
reached,
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2.
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Manually control pressurizer heaters and raise primary system pressure
toc 2000 psig and check safety valve operation.

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

Shutdown the pressurizer heaters and the external steam source,
Primary System
Start boiler feed pump.

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

Put steam generator level control into operation.

Gradually open steam hand valve to the evaparator. Control the steam
flow to lower the temperature of the primary system at a maximum rate
of 50 F per hour,

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,C. makeup pump.

As system temperature 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,

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 vapar 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,

1.

2.

The low and high power testing will include the following:
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,

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

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 per hour,

Safe plant shutdown shall be tested according to the approved stuck rod
criteria,

Tests and calibrations of process control instruments and radiation
monitors will be made to insure proper operation and accuracy for safe
plant, operation,

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 following:

ay
b)
c)
d)
e)

Continuity and signal test of all detecting components, recording circuits
and control circuits will be made at'ter installation,

Signals simulating high flux levels and short periods will be applied to
trip circuits to insure approved design response,

Moaule raaiation detectors will be tested and calibrated by means of
standard radiation sources.

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

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,

10.4 Plant Performance Test at the Site

1.

P=L,

The plant performance test will include the following items:

The ability of the plant to deliver a minimum of 1500 KW electrical
power (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 the reactar, Three
radiation surveys of the enlire camp will be made.

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

Le 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 LOO hours with less than 2l
hours total pianned 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)
1.1 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 ine-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
varictions in the small sized samples 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 ai burnups as high as 57% 023$. 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 small
sized samples were exposed at MIR temperature,

A full sized fuel element exposed to an estimated 25.40% 235 burnup
at MIR temperature showed no evidence of structural failure.

Another full sized element was exg sed in the STR core at Arco. Howe
ever, this element received only about 3% U235 burmup before removal from the
core. No metallurgical examination has been made, but visual inspection revealed
no sign of any defect.

Reactor Operation = The APPR-1 has been in operation since April, 1957.

The fuel plates in this core consist of about 26 weight % of fully enriched U0,
and a small amount of th 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 35%.
No evidence of malfunction has been fourd,.

Other reactors have been operated with stainless steel plate type
elements of about the same UO7 content. These elements, howaver, are formed by
welding the fuel plates to two side plates. The fuel plates were made by a
commercial fuel element manufacturer. Operation of these fuel wlements is
reported as very satisfactory.

Further Develcpment Work On Stainless Steel Plate Type Cores -
Development work on the APPR-1 Core II has recently been completed at (RNL. 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 APFR..l
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 caore, 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
Eu203 in stainless steels for APPR-1 Core II has been completed at (RNL. APFR-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 Eup03 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 betrore operation of the proposed plant,

Alco recommends a welded rather than a brazed tuel element for this
core. The advantages of welded fuel element construction are significant. The
elimination of braze metal removes the alwasy present possibility of contaminae
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 advane
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. Distortion has been held within
established tolerances.

Further develcpment work will be limited to that normally required by
the introducticn 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 cors,

11,2 Absorbers and Absorber Materials
11.2.1 Boron

The APPR-1 Core I utilizes B0 as the absorbing material in
the form of a dispersion in iron clad with stainless steel. Content of BV in
the iron matrix is about 3-1/L weight %.

Performance of these absorbers to date has been entirely satisfactory.
However, the results of other irradiation programs indicate the poasibility of
future difficulty in operation. Irradiations of small sized samples and of ome
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 B0 burnup blistered and swelled
severely in-pile. Samples with about § - 17% B0 burnup blistered to some extent
after short heat treatments at 5000 .. 600° F, Samples with burnups of about 4%
maximum showed 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 BlO burnup between L and 17%. Since B0
burnup in the pre-packaged reactor core is expected to be considerably in excess
of 4%, the use of B1O as the absorbing material is not recommended.

11.2.2 Europium Oxide

APPR~1 Core II will use europium oxide as an absorber material
dispersed in stainless steel (elemental powders) and clad with 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; (RNL
experienced reactions of Eup03 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 samples after irradiation and ORNL
reacted samples after fabrication indicate similar effects. KAPL dispersions
were subjected to a lower working temperature for much sharter periods of time
than the (RNL 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 duwring 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
II 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 APPR-1 Core II will be
available tefore operation of this reactor.

11.3 Control Rod Drives

A multiple rig with six complete 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. 240,000 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 wwon metallurgical examination of
the drive components after test. This materia. was cnanged in the final produce
tion design to one with essentially the same physical properties, but better
corrosion resistance. The final design also provided for grouping the components
in subassemblies to greatly facilitate maintenance.
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The production drives were built and installed in the Alco Criticality
Facility for the final critical checkout of the APPR-1 core. They were operated
for a periocd of approximately four months under cold conditions, Each one was
installed in the multiple test rig and operated for two weeks under APPR-1
conditicns of temperature and pressure. No troubles were encountered during any
of this operation.

The drives were shipped to Fort Belvoir for installation in APPR-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
spacified 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-1 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
Power Branch of ERDL. 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 4OO of these cycles were
accomplished 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 cumponent.

Alco designed and built for ANL a prototype drive for the ALPR. This
protctype was extensively tested and approved by ANL. As a result of this progranm,
Alco received a production contract for drives which are presently installed in
the ALPR. Alco has been informed that the drives are operating quite satis~
factorily,

The ALPR 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 EFAR 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-1,

The success of this drive concept, 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 plantsa.
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11.4 Reactor Vessel, Steam Generator and Prassurizer

These components are of the same type of design and materials which
have been used in PWR programs with complete 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 Pump

The pump which will be used in the proposed Alco plant is a "canned
rotor" type pump which has been successfully used and proven in numerous appli=-
cations for several years, This type of pump 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
pump. It's reliability at APPR-l, as well as in the Navy and other PWR progranms,
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
temperature of 200 hours with one houndred (100) starts and stops. Required
helium mass spectrometer leak and hydrostatic tests will be performed,

The pump 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
APPR-1 and designed for APPR-la, All equipment will be of the "commercial® type
which has been completely proven in service.

11,7 Secondary System and Equipment

The secondary system and equipment is of "commeroial® design which
has proven extremely reliable in service,

11,8 Instruments and Controls

Operations at APPR-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 fcr sending and control is being developed for APPR-la in which some
amplifiers are card mounted and interehangeable., Relays are utilized only to
accomplish a function requiring a high current rating, Components of this tran-
sistorized system will be fully tested at APPR-1 prior to the fabrication of this
planto

BRecorders 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
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under plant conditions at APPR-1 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 redvced 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.

A1l 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. AEL 389)

1.1 Descriptior

The reactor vessel drawing AEL 389 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 lcw 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
cutlet chambers of the vessel. The coolant enters the vessel through the
lower nozzie, 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 pertion is bypassed between the core and the thermal shield to provide
adequate cooling of the thermal shield. The core support plate is mounted
on brackets attached to the vessel wall, Provision is made by dowels and
bolting tc properly secure the support plate, still leaving freedom for
differential thermal expansion hetween the vesgcel 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
Desigr. Temperature 600°F,
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 37-3/k 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 Case 1234
which allows thermal stress to be up to 50 of the pressure stress,

l.4 Closure Design

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 APFR-1l 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 APFR-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 elements of APPR~1
Core II Specifications, 5 control rod fuel elements of APPR-1 Core II spec-
ifications, and 5 boron absorber sections of APPR-1 Core I specification,
These elements are arranged in the basic 7 x 7 element array of APPR~1 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 elemenis in the core support structure and control rod
baskets is very similar to that of the AFPR-1 which has proven itself from all
viewpoints,

2.,1.1 Fuel Element Description

Each stationary fuel element consists of 18 fuel plates 0,020"
x 2,50" x 22" with 0.005" thick stainless steel cladding om each side of the
plate, The water gap betweecn 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 1is also
0.133"., A flux suppressor 0,020" x 2,281" x 0.875" is above the control rod
fuel element meat. It consists of 1 gm of europium in the form of EwQ 03
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 gm
of B0, 172.1 kg of S.S., and 91.5 kg of H0, The core will provide 10th My
of power for one year at 0,8 load factor, There is a negative temperature
coefficient of reactivity at all temperatures which keeps the core stable
during changes in the power level (-3.4 x 10-4OF OF~: at 512°F), The maximm
reactivity occurs at the beginning cf operation and decreases with core
lifetime.
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More extensive nuclear parameter data is given in a following sectioen
of this report. From the wealth of experimental data on the APPR-1, 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 are:

1, a 15 curie Po-Be source
2. a 0,5" 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 43 coants per second,

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

2.4 Spent Fuel Pit Critical ity

Calculations were performed to determine the criticality 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.

l. 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 1/4* plates.

3, Conter to center dimension of an individual cell is 3,5",

be Tor shielding and cooling purposes the entire pit is filled
wi:-h water,

The reactivity of such a spent fuel pit loaded tc maximum capacity

(52 elements) with fresh APPR-1 type elements will not exceed 0.70 and
hence pose no criticality problem,
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2.5 Core Thermal and Hydraulic Design Analysis

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
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
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, oore power, and inlet temp~
erature, The thermal parameter for the cores of tailored and uniform flow
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 gmm or about 2% of the
total flow. Therefore, it was decided to use uniform flow,

2.5.2 Ratio of Operating to Burnout Heat Flux

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 ahout 1500° F. or greater. Since convintional 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:

#.,

= Q. /489
Y oo
TABLE 2 - 1
THERMAL PARAMETER
CASE
Tailored Flow Uniform Flow

Inlet Temperature — ©F 500 500
Outlet temperature -~ F 3 518.1 517.6
Maximum plate surface temperature- F 610 610
Flow of Coolant

Fixed fuel element gpm/element - 98.5

Control rod fuel element gpm/ %5 e

element
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Element type 3L gpm/elemen® 98.5 -
Element type 33 -~ gpm/element 97.0 -
Element type 23 - gpm/element 87,5 -
Element type 22 - gpm/element 98.0 -
Latticeflow gpm 594.3 595
Total fiow gpm LT L219
Controi Rod Fuel Element:
?—O—P = D A \4‘ 7 *
890

From tnis it can be comg:luded 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 fourd 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 APPR--1 elements is 28,300 psi. Since
the APPR-1 has operated satisfactorily, it can be concluded that the skid
mounted reactor will also operate satisfactcry.

2.,5.4 Thermal Stress in Fressure Vessel

The pressure vessel is constructed of carbon steel with a stainless
steel cladding of 1/8 inch on the inside surface., The outside diameter of
the vessel fs 42,75 inches and the thickness is 2~3/8 inches. In order to
calculate the thermal stress in the vessel, the heat generation and the tew;
erature difference across the vessel wall must be known. The heat generation
in the vessel wall is described by the following equation:

-0,
H(BTU/IN3-SEC) = 0.0/85 ¢ 742

The temperature difference across the vessel wall is [£.9 F and
the thermal stress in the vessel is 6800 psi. The allowable thormal stress
for the carbon steel vessel is 8750 psi. Therefore, the vessel c onforms to
code regulations,

2.5.5 Fuel Plate Deflection

The maxdimum 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 pressures differential is 3 psl. The calculated pressure diff-
erential is 0.12 and 0,03 psi for tailered and unfform 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 APR~1 and being built for APPR-la. They
are of similar type to the Alco built drives now in operation in ALPR 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 irdication mechanism, emergency scram clutch,
an accelerating spring and drive o .:. The torque capacity of the clutch
exceeds that necessary to raise ‘.- - ..rol rods by a factor of nearly 3. A
shear element is provided at the .i>vor to protect the mechanism from excessive
torques resulting from possible maifunction 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 APPR=1l 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 APPR-1 vs. .37 g) for a free falling rod,

It was therefore deemed prudent to incorporate the accelerating spring mech-
anism of APPR-la but using a lighter spring of approximately 20 1lbs 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 lba, per hour per seal
and has remained essentially constant over long operating periods in APFR-1
without maintenance. Makeup water is provided under pressure to the reactor
side of the seals so that leakage from the seals is essentially pure makeup
water which 18 returmed 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 primary system, All adjustment of the limit
switches, synchros, 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 othec: 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 pemit 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

L.l 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' - 74" long and 4'-=2-5/8" wide (exclusive
of side nozzles and support attachments). Dry weight is 17,600 lbs. and
flooded weight is 22,850 1bs,

L.2 Selection of Horizontal

The kettle-type design has been selected because it employs 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,

L.3 Operating and Design Conditions

Steam purity from the steam generator is 98%8. 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.s.i.g., 518°g. in and 500°F.
out. Shell eide operating conditions are 465 p.s.i.g., 306 F. in and 463°F,
out, Vapar generation rate is 37,055 lbs. per hour with a continuous blow-

down of ahout 400 1lbs, per hour.

Tube side design conditions are 2000 p.s.i.g. and 600°F. Shell side
design conditions are 800 p.s.i.g. and 600°F, Test pressures are at 50%
above design ratings,
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In general, for the steam generator the following additional oper-
ating requirements hold:

Heat Load 35,000,000 Btu/hr,
Primary Flow L24,0 GPM
Pressure Drop 13 ft. (tube side}

L.4 Construction and Mantenance 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 re¢;uir, since working through the small openings is im-
practical both for fabrication and field servicing.

Finally, further economy 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:

: l- 90 deg. L.R. Qll, 1l- % deg. S.R. Qll’ 2 = ‘05 dego L.R. ells
. ¢ &nd l o I‘5 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

Entrance: the entrance loss to the reactor vessel was examined in
two parts; the conical diffuser 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,

Core: See Sece Be IV 7.2

Annulus: The contraction outside the top of the thermal shield was
treated as an abrupt entrance and a gradual enlargement with the pressure drop

based on the local velocity head,

Exdt: The reactor vessel exit loss was considered due to an abrupt
contraction from an infinite area with a correction for the rounded edges.

5.4 T»otal 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 proximity
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 irn the plenum chamber,

TABLE 5-1
Pressure Lossed in Primary
Coolant Loop
HEAD LOSS
LOCATION (ft.HZO)
Pipe Friction 1.46
Pipe Fittings 525
Reactor Entrance Nozzle Cone 1,25
Reactcr Entrance Abrupt Expansion 2,67

Reactor Core 5.07
Thevmai Shield Annulus 2.5
Reactcr Vessel Exit 2.62
Steam Generator Entrance 5.18
Steam Generator Exit 2.68

Steam Generator Tubes 3.3

Loop Total 2.3
80
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6.0 Primary Coolant Pump

6.1 Description

Flow of the primary ccolant is powered through an hermetically-sealed,
integral liner -~ motor pumj*, engineered and manufactured for zero leakage
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 304 Stainless
Steel. The canned motor is a 65 HP, 1800 RPM, 44O 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 100°F.
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 system pressure, and to absord
the pressure variations caused by the changes in load on the system.

7.1 Description

The pressurizer is a cylindrical pressure vessel with hemisphereical 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 1l-1/4" in the hemispherical heads. The design
pressure is 2000 psi at 650°F. The overall vessel length is 6!-0",

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 preasurizer. The heater wells are sealed against system water
making replacement of heaters possible without having to drain the primary
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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alall

LT LT AT v L e v T,

[ S

et

v s e

" e et an T



o

Normal operating pressure of the pressurizer is 1750 psi and oper-
ating temperature is approximately 620°F (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 304 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 9.064.

A1l pipe flanges are standard ASA weld neck type;, made of 304 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 30L 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 80 304 stainless steel

pipe.

The primary pump is connected into the primary loop using standard ASA
weld neck type 304 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,one 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°F and has been
designed in accordance with the ASA code standards, The test pressure for
the primary piping and flanging 2275 psi. The coolant flow rate through
the primary loop is L4240 g.p.m. The actual operating pressure is 1750 psi
and the core outlet temperature is 518°F.
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8.3 Flanging and Gasket Description

The three weld neck flange bolted connections use 12 - 1-7/8 inch bolts,
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 gcod success for the top vessel closure

9.0 Shieldin

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- ¥ reactions of the steel., 1In 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.
R9-46-1039 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/hr
2.5 50 50
8.0 - 28.0
83
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9.1,2 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 Secondary Shielding

In the skid mounted ice cap installation the packed snow around the
vapor container tunnel will act as secondary shielding to protect uncontrolled

areas during reactor operation.
Table 9--2
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 Cla dding Stainless Steel 19,00 0.12
Pressure Vessel Carbon Steel 21,38 2,38
Insulation (Considered Void) 23,38 2,00
Insulation Retainer Steel 28.50 0.12
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
1lst 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 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 L4175 0.125
Neutron Shield Shield Water 51.000 6.85
Tank Wall Cladding Boral 51.125 0.125
Tank Wall Steel 51,500 0.375

During operation, the primary coolant loop becomes a scurce of gamma
radiation, Dose rates fram 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 used in the calculation of these
dose rates were taken from drawing No. MO2Mll, The minimum thickness of
snow used in the calculations was 25 feet,

Table 9=3
Operating Dosc Rate = 10 MW

Design Calculated
Specification, mr/hr mr/hr
Turbine Generator Package 0.1 0.086
Elect. Control Package 0.1% 0.050
Condenser Package 0.1 0,086
Feedwater Package 1,504 1.5
Heat Exchanger Package 0.1 # 0.086

% One-tenth tolerance dose rate
#* Demineralizer located on this package. Dose rate is principally from
demineralizer,

9.3 Spent Fuel Shiel
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 fallowings
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1 - Protect personnel from the complete core whether in the pressuvre
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 Cora

The water tank above the core performs the function of shielding
personnel transferring spent fuel elements fram the pressure vessel to the
spent fuel pit and alsc prcvides 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 sc 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 sbove 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 cperation 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 exgessive
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 calculution are given
in Fig.L4=2 of the shielding design analysis of Section B, For a dose rate no
higher than 5 mr/hr on the top ¢f the spent fuel pit 24 hrs.after shvtdown,
approximately 12 ft of shield water is required above the center of the core,

9.3.3 Shipping Cask

After the core burns out, the spent elements are shipped for re-
processing, The shipment of radiosctive sources is controlled by I.C.C.
regulation. The required shielding for the spent fuel cask is based on the
regulation that the dose rate cne meter from the radiocactive 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 )0 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. 1In order to remove the corrosion
products, a resin-filled demineralizer is placed in the primary coolant

blowdown line.

Since the demineralizer i1emoves the activated corrosion products from
the primary water and concentrates them, shielding must be provided around
the demineralizer. Therefore, 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 « 11/16 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 cose 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, ihe 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-1
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 gamma 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 maximum 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, 100°F to 1300F,;
shield tank water temperature, 150°F,; heat transfer coefficients,133 Btu/hr.
Ft.2 OF, outside coil and 842 inside. Type 304 S.S, 1/2" pipe is used in
three parallel loops to minimize pumping head pressure losses.
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The calculated results ares

1) 7.98 GPM, tctal cooling water flow
2) 11 ft.2 external area per each of 3 coils, or 50 lineal ft.

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

of 115CF,)

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

10,0 Primary Skid Design

The primary skid carries the reactor vessel primary shielding, primary
punp, pressurizer, steam generator, blowdown cocler and their necessary piping.
r order tc meet air shipment requirements the skid must be made on two halves,

10.1 Coumponents eon 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 removed for shipping to keep within the height limitations and
a8 thin cover plate installed,

The steam generator, pressurizer, and blowdown cooler are the main coq-
ponents located on the ateam 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 acscesaibility 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 is 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. Provieion for lifting each
half cf the skid separately or as an assembly has been mads, By 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. O in. wide and 9 ft. O in.high.s The total weight of the skid
with the equipment in place is 91251 1bs. This does not include shielding
water,

The reactor end of the skid with all its equipment in place weighs
64,619 1bs and is 11 ft, 8.5 in. long, 9 ft. O in. wide and 9 ft. O 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. O in, wide and 9 ft. O 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/L x 64 1b "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 fur 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 fram the front end of the
skid, The front chamber is filled with water to provide shielding for this
end of the reactor.

An accegs 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 tc a flange on
the vaper container,

11.2 Normal Operating Temperaturcs

The operating temperature insidz the vapor container is expected to
be 120°F and 95% relative humidity. The temperatgre of the water in both
upper and lower shield tanks is expected to be 150°F,

11.3 Vapor Container Desigr Conditions

A vapor container 13 feet in diameter by 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 4200 ft3 of air space available for expansion of released
cooiant 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 suv 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 yield and ultimate strength cof the materials, A design stress
of 25,000 psi which is approximately one third the ultimate and two-thirds
the yield for Grade 212--B material was selected. This results in a vessel
wall thickness of 3/4 inch, Release of either the primurr or secondary
coolant results in a stress in the vessel of approximately JO% of the code
allowable, 0

1l.4 Fabrication Features and Materials

To meet the shipping requirements, the vapor container will have tc
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 materiale of construction are carbon steel SA 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 compoments,

11.5 Upper Shieid Tank

The upper shield tank is a cylindrical pressure vessel having an inside g
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 A
Unfired Pressure Vessel Code using a design pressure of 150 psi at 500°F,
The material for the tank walls and cover is SA-212 carbon steel with a
304 stairless 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 1s SA-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 cverall 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., The upper flange uses a rubber gasket and 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 “he

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 adge of the pressure vessel flange., There is also a dome-shaped
receptacle to allow the recactor 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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11.5.4 Provisions for Cooling

An upper shield tank cooiing coil is required during normal operation
to dissipate the heat losses from the reactor vessel head and flange.

&

s 4
.

'-'n"

The top head of the reactor is an elliptical, dished head which is
covered with a fibergias insulation inside a L/16" stainless steel jacket.
Average thickness of this covering is two inches, "

e e e
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Baced on ambient temperatures of 500°F for the primary coolant inside
the reactor head and 150°F for the water reservoir in the upper shield tank,
and using ihe vessel dimensions shown in Dwg. Nc. 389, thermal conduction
losses thruugh the insulated section of the reactor head are found to be

negiigible (457 Btu/hr).

M

o

Consideration of the losses from the uninsulated flange, bolts, and
nuts. reveals a much greater thermal flow through thess portions of the
vessel to the water reservoir. By graphic analysis the flange shape factor
is found tc be 2, and from the heat flow equation (p. 16, Heat Transmission
by W. H. McAdams), the heat loss is found to be 128,000 Btu/kr.
a 20§ safety factor, so that the design criterion is 150,000 Btu/hr; the
required cooling coil area is found to be 42 sq. ft. With a 1" Schedule 40,
S. S. Pipe, and a coil centeriine diameter of 56" a total of 8.5 turns are ,
required in the upper shield tank,
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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,
ylelds a surface temperature of 219.220°F, With a 15 ft. hydraulic head,
giving a 21.2 psia pressure at the cap, the boiling point is 230°F, con- =
siderably above the calculated metal temperature. o

11,6 Spent Fuel Tank

11.5,1 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 1/4 inch thick
stainless steel. A storage rack of 1/4"-1% 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 contimuously during normal
operation to remove the decay heat from stored elements, The maximum condi.. (5
tion assumed here is an entire spent core in the tank 36=40 hours after shut- ey
down. At this time, the heat release rate is 130,000 BTU/hr (Cf.Fig.l, ;3
Section 11.6.2), and a design basis of 150,000 BTU/hr has been selected. « B
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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 mongrail 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 froum 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 ocutside of the vapor container,

11.8 Space Cooler Requirements

Thermal heat losses from the reactor vessel, the pressurizer, 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 1000F water,

Calculations show that the following heat buildup will exist in the vapor
containers

93
A-27



Source _Flow_

Gamma 3000 BTU/hr
Steam Generatcx 6700
Pressurizer 2020

Reactor Vessel 93.00

Primary Piping 5430

Lower Shield Tank

(Uninsulatea) 22560

TOTAL 39,810 BIU/hr,

Te handie 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 srow (ambient temperature -- 15°F) and to keep the metal walls at a tem~
perature (100=120€F) which will definitely be above the transition point
thus 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 autcmatically as soon as the primary coolant flow reaches
9 ¢ of full flew value. However 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 reservolyr of the upper shield tank. Transfer of the heat is
accomplished by a cooling coil circuit that utilizes natural convection ind-
uced by the thermal head resulting from the decay heat. This separate system
is necessary since the location of the horizontal steam generator below the
reactor core level prevents adequate natural convection in the primary loop
alone. The system is shown in Figure 1.

The automatic valve as shown in Fig. 1 prevents primary ccolant
ifrom heating the upper shield tank during normal operation. In the event of
pump failure this valve is actuated at the time of rcactor scramming; ie,
wher. the primary coolant has dropped tc 94% 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 reg-

uirement of 52 ft. with 1 1/4%, schedule 40, S.S. pipe. The thermal head
attainable under the =pecified conditions is 0.58 p.s.i. at a flow of 7 g.p.m.
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allowing a total resistance of 240 ft. of equivalent pipe in the system,
CALCULATIONS
1. Cooling Coil Size

Desipn Basis: 1. SOOOF. temp, coolant to coil
2. 300° F, temp. coolant leaving coil «
3. Minimum pipe leg of 10 ft.
L. 2120F, temp. upper shield tank water
5. Boiling condition at external pipe surface
6., Coil operating pressure, 1750 psig

Thermal head = B = (d) = o)L 1bs./in?
144

where d) and d, = wt. density at diff. temps., 1lbs/CF.
and L = length of pipe leg,ft.
Then d300 = 57.3 lbs/ft.3
d500 = 49.0 1bs /ft.3
L - 10 ft. 2
and B e (57.3 - 49) 10/144 = 0,576 1bs/in.” thermal head.

Heat Transfer: Q = A AT/R 5
where R = 1 £1 £ tw # where tw . pipe wall thickness,
ho hi k
Q = 540,000 Btu / hr. (cf. Ref.6)
ho = 273 Btu/hr ft2OF, (cf. Ref. 1) for boiling
hi = 700 Btu/hr. ft20F.(cf. Ref, 2) #
k = 16.2 Btu/hr. ft.2°F, ft. for type 304 S.S.
(cf. Ref.4)
1/f » fouling resistance; assume f = 1000,

1
f

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

At coolant water = 500 - 300 = 200°F.
w = flow, 1bs./hr.= Q = = 2700 lbs/hr,
Co 4t 1) (200)

At an average density (for 4OOOF.) of 53.6 lbs. /C,F., the flows
51 C,F./hr If a 1-1/4" pipe 13 used with 0.D. = 1.66", 1.d. = 1.38"
and transverse areca = 0,010 ft.<, velocity, v a 5100 ft. /hr. or 1,42
ft./sec. Also, the mass velocity, G = 75 lbs/sec. ft

Then, R~ 1 41 s O, 083 A1 (for fouling)

273 700 16,2 1000
R = 0.00366 £ 0,00L43 ¢ ,0007 £ .00 = 0,007

Now AT w = Log Mean Temp., Diff,
and with AT, = 500-2]12 -~ 288
and ATy = 300-212 = 88
ol = 168.5 *
54,0000 '20.‘607) / 168.5 = 22.4 $t.

So, A
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From Ref. (3} 1 1/4" Sch. 4O S.o. 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 -
22,4 - 51.5 ft,
435

o

From Ref, (4}, using the Fanning equation or the empirical variation, h = 0.5
v1.85, where h = pressure drop in ft., of fluid per 100 ft, of pipe, v = fluid

Dlo26

velocity in ft. per_sec. and D - pige i.d. in incheg, the pressure drop,
h = 0.5 (1.42) 185 / (1,38)1+20 4 0,64 £t/100 ft. which at an average
temperature of 4LOO°F, is 2zquivalent to 0.24 p.s.i./100 ft,

With the thermal head of 0.576 p.s.i., the total allowable piping (with its
equivalent for fittings and valves) is
(04576/0,24) 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./100 ft., which is too high for the thermal head
available, Therefore, 1-1/4" pipe is the best selection,

2. Cooling Coil Configuration and Location

For the 60" shield tank, a coil diameter of L4-1/2' is used. Then,
the minimum number of turns required is
n= L nil.S ” 3.6[4
3.1D 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. (400°F,)
(7.17 1bs, per gal.)
At 4240 gpm in the primary loop the following head losses exists

Piping and fittings pump discharge to reactor 1.6 ft.
Reactor entraace 3.9

Reactor core 5¢1
Tol 8l 10,6 ft.

A, Pressure Drop of Primary Loop Section

If v = gep.m,
hA = ft., loss
K" - constant

dv=K Vh
ana v A
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then K = _I.Jélp_ co :2’ .5.0 = 1300

V0.6 3.26
30, by =¥ 2
K 2
For, V = (0 75,7 17)60 = 6.27 g.p.m. 6
=( 27) 2 = 23.3 x 10° ft.

1300 L2 200
B. Pressure Drop of 1 1/4% Pipe and Coil
Given: 75 ft. total length
3.64 coil turns { @ dia. = 4 1/2 ft.)
From Reference (5), Equation 3-15,
K = £ L/D, resistance of various fittings and valves.

New Re = DVe/u . Reynolds number
where D = 0,115 ft (1,38")
V= 1.42 ft./sec.
r = 53.65 lbs (400°F., )
Tt 3 -
?‘. 0.13 (6.72) (10 ') pound mass /ft. sec.
0.115 ft, ) (T.42 £t.) (53.65 lb33 )
S€C.
and Re
8.74 x 1¢”91b, mass/ft. sec.
= 100,000

Therefcre I = 0,0233

Tabulation of Resistancea:

K Econtraction) n 0.5
or K (entrance) = 0.5
K (exit) = 1,0

or K(enlargement) = 1.0
L/D (open glote = 340 (K = 7.)
L/D (open gate) = 13 (K = 0.27)

Coil
¢ R/D a2l =196
1.38

Total resistance ¢f 90°bverd = 49 (L/D)
Resistance due to length .= 31 (L/‘Dg
Bend Resistance - = 18 (L/D

D
= 13.5% (4O0) £ 49 = 591.10
Total X for entrance, exit, turns (6)
0.5 # 1.0 4 6 (.42 = 4.02

Equlv.f 4.02/,0235 = 171

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

171 # 591 # 340 # 13 # 13

= 1128

L. 1128 (0.115) = 130 ft.

Thus, hg = 0.64 ft. of fluid x 130 = 0.832 ft.

100 ft. of system

and h £ by = 0.8320233
A = 0.83 o ft. at V = 1.42 ft./sec.

and p = 0.83 x 53.6 = 0.31 p.s.i. loss

144
Since, available thermal head is 0.576 p.s.i., flow can increase as followss
Vi"=h)
V22 V, = 1.42 ft/sec,

hz hz 0031

Vy = 142 [0.576 = 1.42 (1.364)
0.31
= lo9l§ fto/sec.
Final balance between flow velocity and thermal head is determined 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 flow
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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Symbels:

ux::c:..gcr:tb—ovor‘m (@3-

Subscripts:

@ gy tx1 OO0

TABLE I - NOMENCLATIRE

Heat Transfer Surface Area, ft

Specific Heat  , Btu/1b°F, 2
Acceleration due to gravity, ft/sec.

Length of component, ft.

Power output of core, BI'U/sec.

Density of liquid, lbs/f

Rate of primary coolant flow, 1lb/sec.

Time, sec.

Temperature, F a0
Overall Heat transfer coefficient, BTU/ft™- F - Sec.
Weight, 1lb,

Distance along tube, ft.

Vertical distance, ft.

Mean core coolant condition
Design condition, steauy state
Mean exchanger coolant condition
Friction loss term

Mean fuel plate surface condition
The ith increment

Mean heat sink condition

Pow.r 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:

We Cp  dTR(t): P(t) - ApUp (Tp (t) - T (£)) (1)
at

W Cc g%i(t)= Ap Up ( Tp (¢) - T, (t) ) - 2RC, (2)
( T, (t) = T inlet)
The rate of decay heat generation is given by: (8)

P(t)e P (o) (0.05225 t =02 0,05225 (t' £¢) ) (3)
where: P(o) = Normal power generation rate, Btu/sec.
= 9486 Btu/sec,

t' = reactor operating time, sec,
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At the end of 73 seconds after pump failure the average fuel
surface temperature (TF) was found to be 600°F, The average coolant
temperature (Tc) was S70°F, 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
immediately after pump failure.

11.10.3.1.1., Analog Kinetic Model

A lumped kinetic model was used in which time
lags in piping were naglected. (9) This is possible because the intervals
investigated were long compared to these delays. Equations representing
the temperature cistributions 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 fortes acting on it.
This yields a differential equation representing the coolant mass flow
rate in the cooling loop.

AX

Z:‘ 3 R4 23 (4 pp)i PN Az.=z 0 (4)

(ST at < t T |
Evaluating the existing thormal head due tc the position of the

heat removal coils equation (4) becomes:

R = 2D (Tce-Ty) - (Aap), (_R).8
dt 2 Li S Pf L Ro (5)
i A8 57 Ly
i A8

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

2 . 1.8
: (Aar); = (Avpg), (%) (6)

Here ( A ps), represents the calculated frictional prescure
drop in the circuit at an assumed flow rate (Ro). The exponent 1.8 stems
from a combination of basic turbulent flow relations. By choosing R,
larger than that expected to exist in the loop the exponent 1.8 can be
consorvatively 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 is:

Wp Op  F o P (1) - (Upkp), )8 (f-1) O

The 0.8 power dependence of the heat transfer coefficient is
in accord with the usual heat transfer equation of Nusselt:

Ny = hD = 0023 (N, )Ce8 (Np.)Ceb (8)
N e Re Pr)

By evaluating the heat transfer coefficient at an arbitrary
flow rate (Rp) larger than that expected we may replace the exponent
0.8 by 1.

Similarly the equations for the other temperatures in the
system become:

Average Coolant Temperature

WeC, dTc o (Uph (R -T.) =RC, (T - T
C Ur 4F), ao)(TF ¢) ¢ (Te 329)

Average Temperature of Coolant in the Heat Removal Coils

We Cp dTp = RCc(Tc-TE)-(UEAE)o(%o)(TE-T,zlo

T
Average Temperature of Water in the Upper Shield Tank

Wyls a1y = (UgAg), ( %5) (Tg - Ts) = Ushs (15 - 120) (12)
dt

11,10.3.1.2 Plant Operating Constants
cc = 1027
Cg = 1.084

1.004

(2]
®
"

o.ul

8.70

1.2

& & ° P

4,66.8 (at 4238 gpm)
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(Ug) - 0.0397

22,6

1.2916 x 10~4

L

Ag

US

As = 247

¥ = 4.62x2072

:/: di .26
Aig

Wp o _ 429.7

wc £ 15708

W = 28.7

Wg = 1.7689 x 104

(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 soived 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 is
equivalent to one physical unit)., The resulting amplitudes were generated
in sub-multiples to prevent them from exceeding 4 100 volts. A reference
level for temperatures was established at 500°F, Temperatures were then
generated above and below this reference level,

11.10.3.1.4 Potenticmeter 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 - POTENTIOMETER SETTINGS
(Section 11,10)

Number Value Physical Quantity
7 0.0970  10C/100
12 0.2604  UUg Ag 10°/WoCgR,
18 0.0200  1/50
19 0.7000  70/100
38 0.3500  35/100
40 0.6337  100/W,
IRl 0.5000  50/100
42 0.9617  50/WgCp
L3 0.1465  2Uphp McCeRo
L5 0.4082 10 Co/WgCp
L7 0.1857 1wer‘%r
L8 0857 100YD/% M
Aig
L9 0.1626 (ap), /R, _Li
54 0.3880  38.8/100 &
56 0.3801 20 (Uphp)  /McCcRy
57 0.0100  1/100
60  0.0743  2(Ughg), /WgCgR,
6l 0.2000  1/5
66 0.8100  81/100
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11.10.3.1.5 Analog Circuit Diagram

The analog circuit used in this study
1§ shcwn in Fige 3. The notation 1s the same as used in APAE-38, Feed-back
connections have been shown in order to indicate the coupled nature of the
problem,

11,10.3.2 hesults of the Analog Analysis

Figures L through 7 indicate analog solutions under
Jdifferent initial conditions and plant parameters.

Run A most closely approximates the design
pararctars envisioneds It is seen from Fig. L4 that the average fuel surface
temperature increases by 10 F after the decay heat removal system takes
svere After a period of 30 seconds this temperature begins to decrease
reaching 420°F approximately 15 mimutes after pump failure, Since the hot
channel temperature is considerably higher than the average fuel surface
temperature, local mucleate boiling will exist there. The average coolant
temperature never exceeds saturation. General boiling will not take place
arter punp failure,

The analog results were checked for consistancy
by performing a heat balance on the entire system, This accounted for all
heat, generated within the limits of error of the problem.

11.10.,4 Reverse Flow Analysis

During normal operation the automatic valve in the
cnoling coil circuit is closed, In the event of pump failure the valve
opens when the primary coolant flow has dropped to 94% of full flow value.
Valve is actuated by same signal that scrams reactor. At this instant
some water at steam generator exit temperatures (500°F) will be forced
into the cuoling coil. Such flow is in the opposite direction of that
intended for the cooling coil circuit; also, the presence of S00°F, water
in the cold leg uf 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 quickly
reverse 1ts direction and the original thermal head will re-establish
itselt, These conditions will be reached while there is still con-
siderable flow due to primary coolant inertia. Hence, opening of the
autumatic valve as decignated 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 fuilure. The amount of SO0°F water pushed into the cooling
coil loop will depend on how fast the primary pump driving head decreases.
To be conservative in this computation 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 500°F water from entering the
cooling coil is due to the associated thermal head, At the instant of
valve opening, this thermal head consists of a 13 foot cold leg (150°)
opposing a 13 foot hot leg 530°F, However, as soon as hot water (500°F,)
from the steam generator begins to push its way into the cold leg (with
an equal amount of 150°F., 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°P, 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 sacond law is epplied 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,

Fp - ma (1)

FT is the sum of the three forces previously discussed,

Fp =Fr £F, £ F)

F¢ = 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 1b/sec

Total loop pressure drop = 39,31 ft.

Rated pump speed = 91,8 rad/sec
Moment of inertia, pump « 55 1b - ft2 .
Rated efficiency n 65%
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5.58 G1e8 1bs (always positive)
Based on 1C4ft. head at full flow

i

Fiy= 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)
1.8
< v
=& )
G = ncrmalized flow rate of primary coclant, 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/sec)
m =» mass of water in cooling coil from point A to point B
of Fig. 1.
« 1,19 slugs (assumed constant for this analysis)

a = acceleration of mass m. (ft/sec?2)

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

Vv, F aat (2)

- Voot £1/2a (at)? (3)

where v, « 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°F, feedwater has moved into the cooling coil as a function of time 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
puzp {( >w coast down given by Curve B of Pig, 2) shows that is a neg-
ligibie amount of steam generator exit water entering the cooling coil

pipe. See Curve B of Pig, 9.

11.10.5 Resulits 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 crse of a frozen
pump impeller and for the instance where normal electrickl power is not

available for the pumpe.
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11.11 Air Filtering

A ventilating system for the wvapor 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 provideZ 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 the
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 250°F, 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

™e 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
wrencl. 18 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 gasket
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 muts 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 4 - 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. The 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. Once 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. to the lifting rings, the
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.
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The differential hoist leg will carry the entire load of the
cover, The lifting ring on this leg 1s located so that when the entire
load 1s being supported by that leg the cover will hang approximately 50
from the vertical. The cover 1s placed for storage on two brackets mounted
on the shield tank wall,

Operation 6 - Removal 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 15 lowered into the shield tank. This tool has
two basic parts, a 1ifting 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 tocl extension and hex socket on the jack-
ing screw positively cngages the lifting plate. The above operction dis-
engages the grid retalners from the rods and also locks grid to lifting
plate., The grid can now be removed and stored on shield tank wall., The
Jjacking portion of this fixture is used to disengage lifting plate from
grid, by turning the compound jacking screw with the tool extension and
the hex socxet, The jacking plate holds grid in place while the lifting
plate 1s 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 the 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 has
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
transfer cask is picked up and removed from shield tank. It is then trans-

ferrsd to the shipping cask loading pit. Once the transfer cask has reached

the loading pit, it 1s set down, the cover plug removed, and the element
transferred from transfer cask to shipping cask, using an identical tool
as used 1n operation 8. When the storage rack has been unloaded, it is
returned to the shield tank for the next eiement.

Operation 10~ Replaced Top Grid and Orifice Plates - The top
grid is replaced as explained in operation 8. This step is required to add
support to the control rod €o that it is not damaged during rod cap or
element removal,
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Operation 11 - Remove Control Rod Cap - The control red caps
are removed by placing a square socket over the cap. By pushing down on cap
with tool and tuming 45° 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 ready for refueling. This
is accomplished essentially in the reverse of the above procedure,

12,2 Fuel Element Handling System and Procedure

A gereral 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
tarks,

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

Step 1. System cool-down and depressurizing 12 hrs.
2. Upper Shield Tank opening 2 hrs.

3. Reactor Cap removal 4 hrs,

L. 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,

118

A-61



8T MR ot e aa AT BN, SN DD e T BN SR 5

REACTOR UPPER SHIELD TANK
{

\

CONTAINER

s
S 3 \
< \ o \
> N w \
= / §° I.a
e / ”
: AL T L L L EEEEEEELELLEERER LRI ..,

ALCO PRODUCTS INC.
SIMPLIFIED LAYOUT OF

FIGURE I
12.2
A=63

FUEL ELEMENT
SECTION A

CONVEYOR SYSTEM

ANNERRREANNRN AN AR AR NN RN AR AR LR R TR LR L AR LR N

/ ._,__.__
b
N
\ w )
-0 —& - —— - —&}
\ 2 N
(4p] A
\ \ &
\ ) :
A LT

ARRERRRNY AR AR AR AR AR R LA AR R AR AR AR

/\/ﬁl\.\,, 3

O
Z
(T}

SPENT FUEL
TANK
TOTAL TRAVEL"

il

CONVEYOR
MONORAIL

119

Y2 LOOP




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 conl—down. At the start of Step 3, the primary coolant pump
is shut dowri. At this polnt, 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 coill 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. froum the transfer cask into a support lattice
(Drg. R9-43-1002).

All handling of the elements is manual with special tools as
des:ribed 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 unlcaded 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
openir.g the cask 1id by means of the the cask weight as it reaches the end
of 1ts travel near the tank bottom.

One main advantage of this method of operation is that during
the removal of the spent fuel, two elements can be handled at the same time,
allowing & 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 Primaiy Syscem Instrumentation
13.1 Design Considerations and Descripticn cf System

The ¢ontrols and instrumentation for the plant 1s generally
simlar tc APPR-1 and reflects Alcc's operating experience on APPH-1
and deaxgn expsrience in APPR-la.

Emphzsis 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 failures,

Instrumentation and controls are provided for the complete
nuclear powered steam source, They include instruments, controls and
safety devices for the reactor, the primary coolant system; the steam
boiler feedwater c=ystem and the radiation monitoring system. Pre-
fabricated units are used to lower the installed cost of the equipment,
whenever possible. The physical size of the units is small to minimize
initial costs, space requirements, weight and transportation costs to
afford convenience of operation. 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-
ments are monitored and off-normal conditions alarmed. Remote mounting
of contrcl, recording and indication is employed as required where
radiation hazards,; inaccessihility or good operating practice dictate,

The control conscle carries the recorders and indicators
necessary to keep the plant operator informed of pertinent plant para-
meters and the minimun 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
channeis, 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 annunclator 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 faili-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
personnel to any abnormal situations which may become hazardous to
personnel and plant aperation both on and/or off the site.



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 eiim-
inated military and industrial M"ruggedized" long life types, hermetically
sealed will be used. In the more critical applicatiocns, 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 corder 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 wear Snherai.. 'n 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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13,3 Radiation Monitoring

A radiation monitoring system is provided for the protection of
persornel and plant opsration, 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 uperator of a hazardous condition, Also by positioning
detectors in certain areas any malfunction which would result in the release
of radicactive waste 1s detected and alarmed so that corrective action may
be taken by 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 effiuents are provided. These analyzers are also provided
with suitable means of indication and alarm,

The 1n-plant mocnitoring systems is gamma sensitive only since
both primary and secondary reactor shielding contains all neutrons and the
pipe walls are cf sufficient thickness to contain beta radiation,

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

1304 Nuclear Instrumentation

Irawing heavily on APPR-1 operating experience and APPR-la design
experierce, Alco has simplified the former muclear instrumentation system,
Neutron detecting 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 when not is use,
At the same tvime, one startup channel is eliminated because this withdrawal
will be made in calibrated steps providing the usual two decade overlap of
the power chsnnel, When the reactor is at power the chamber will be fully
withdrawn to extend the life of the chamber and connector.

The safety level chambers are used in a two out of two coinci-
dence circuit requiring both chambers to initiate a scram at 150 percent
of desipgn level power, Failure of one of the fail safe safety channels will
be anmunciated without scramming the reactor and will allow time for a re-
placement of parts ir the channel without a shutdown. But, if the other
channel call3 for a scram, {legitimats 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,

lo Startup -~ BF3 counter with low level period
2. Log N and Period

3. Linear power

L. Safety #1

50 Safe(.y #2
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The BF3 proportional counter channei with a minimum sensitivity of N
counts/nv will cover the neutron flux range from source level to the range
where the Log N channel gives accurats indication. This startup range
corresponda to a power level of from about 0,01 watt to about 100 watts,
The lcg N channel will cover the pcwsar range from about 10 watts to over
10 megawatts., Associated with the Log N channel is a period amplifier, and
a period of 2 seconds will causs a scram, At a period of 10 seconds rod

withdrawal is stopped,

A linear power channel with ranga selector switch is provided with the
same operating range as the Log N,

Use of only five muclear channels, and reduction of the APPR-1 three
safety channels with a two out of three coincidence scram circuit to the
two safety channel system with two out of two coincidence circuit is baced

on the following:

l, Use of solid state systems and elimination of vacuum tubes,
including soliad state preamplifiers for the chambers which
increases reliability and stabilitys.

2. Use of regulated and isolated power supplies reduces the chance
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 BFy - chamber raising mochanism to remove the BF
cuunter tubt from the regicn of high flux level during power
operation, The mechaniem will extend the ucaable life of the
tube and reduce tube connector failure,

13.5 Startup Considerations

An adequate initial start-up count rate on the BF3 counter channel
i5 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 gamma radi-
ation from fission products, This source consists of a beryllium slad
encased in ctainless steel and welded to the core tank. After 1000 hourc
operation at 10 MW, the photoneutron source strength is considerably
greater than the original source at initial startup and continues to in-
crease in strength as fission products tuild up. Therefore, the count
rate for startup procedure will be well within the range of the BF3 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 lLimit 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 "in" contact of the
"gang" switch which is closed during any "scram" condition, energizing
rod drive motores "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 locw=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 impossible 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 4L80CF
2. Power Level 8o%

If either or both of these parameters drop below LB8OOF and 80%
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. Hcwever, 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 icvels may
be incorporated in the design.

A primary coolant pump interlock prevents rod withdrawal when
the pump is not operating. This prevents reactor startup ard 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 permisesive relays. The operator
is warned of this 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 may 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 120% 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
itilizing the BF3 channel is only in effect at low-period levels and it by-
>assed by the same log N contacts specified above,
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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. The 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
thres switches are actuated a scram i1s 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 is cut off since the condition of
high pressure mey 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.

L. 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 arv 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 coolent 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 primarxy system,

7. High primary covolant 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 &nd 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
of the power plant such as switchgear; turbine-generator controls, etc.,
are adjacent to the cperator, 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 centrol 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-
cdge alarms., Additional nuclear instrumentation and radiation monitoring
equipment 13 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 ccnsole 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.,2 Primary System Instruments

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

1. Primary Coolant Mean 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
8. Primary Coolant Pump Motor Ammeter

G, Waste Tank Level Indicator
10, Spare Position for Additional Recorder

The recorders 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 Instruments

The vertical panels contain all nuclear recorders which
are specified in detail in attached data sheets. These recorders are -

128 &R7?



1. Safety Channel No. 1

2. Safety Channel No. 2

3. Period; 2-channel, high and low level
4L, 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 indicaticn for the reactor
rod drives. The indicators are dual synchro receivers, The short needle is
the "coarse® indicator of rod position making approximately one revolution
for full rod travel., The longer needle is the "fine" indicator making ono
revolution for each 3 inches of rod travel, The combined indication of the
two needles is the rod position within £ 0.020 of an inch.

Bach of the five 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.

13.7.4 Secondary Instruments

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

Main Steam Pressure Recorder

Main Steam Temperature Recorder

Main Steam Flow Recorder

Steam Generator Level Recorder-Controller
F:edwater Flow Recorder

Feedwater Pressure Recorder

Turbine Exhaust Pressure Indicator
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13.,7.% 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
frent 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 parel 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 repasir,

All cables and wires entering the control console from the vapor
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 racevay 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 mcunted on the terminal boards,

13.7.6 Annunciator

The annunciator will occupy the vertical panels of the
conscle and will annunciate 96 variables, The relays, lamps and horn 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 horn 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 machirnery.

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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13,7.7 Reactor Rod Control and Indication

Bach rod position is indicated on a single indicator
unit utilizing two ! dependently 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 indicatcr unit. The coarse indicator pointer travels
approximately 3609 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 positlon may be read to st 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, 440
volt, 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 i1nitiated. This clutch actuation will continue until the full
"down" or "in" position 1s reached,

From the control unit all five rods may be controlled individ-
ually through their respective three~position lever switches, These three-
position switchee have spring return to the neutral-off position. When
either "in" or "out" contactor is energized by correctly positioning the
three position lever switch, 3-phase power is supplied through the starter
to the motor, The mo*nr then 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 carrivd in standard 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 cables
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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14,0 Primary Purification and Make-up System
14,1 Functional Requirements

In conventional power and utility plants, the purity of the boiler
water is controlled by a continuous schedule of blowdown and make-up. The
same principle was followed in design of the purification system for the APPR-1,
the AFFR-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 system; becsuse of its many advantages and proven performance, this
type of system has been used in most succeeding land-based plants, including
Indian Poirt, Yankse, Savannah, etc, In the APPR-1 design, a small portion of
vater is continuously withdrawn from the main primary system, purified by
mixed-bed demineralization, and reintroduced as mske-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

operaticn.

The purification and make-up system is designed to perform the
following functions:

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).

,) Prevent deposition on heat transfer surfaces.
5) Minimize possibility of fuel element failures.
6) Minimize corrosion.

7) Protect moving parts and small orifices from clogping or
StiCkingo

8) Minimize radiocactivity 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-recenerative 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-regenerative
disposable mixed-bed demineralizer, 4) a make-up tank, and 5) a positive
displacement make-up punp.
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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 MO2M3 - Feedwater Package General Arrangement,

The basic flow diagram for the purification and make-up system
of this skid mountzd nuclear power plant is diagramed on drawing R9-47-1012 -
Primary System P. & I.D. Primary water enters the purification system at
approximately 510°F and 175C psia. The temperature 1s reduced to abcut 110°F
in the tlowdown cooler to protect the demineralizer resins from thermal canmage.
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 1s 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, &nd 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 radiocactive 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 eacily 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 through 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-41, 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 0.17 to 1.7 gpm,.
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The make-up system provides means for adding a controlled,
measured amount of hydrogen to the system during normal operation (through
the hydrogen 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 areca and eliminates any possible public repercussions that might
result from the discharge of radiocactive water,

Design of this 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,

14.3 Design Requirements

The basic desipgn requirements andi conditions for the primary
purification and make-up system are as follows:

a. The system shall maintain primary coolant purity to such a
degree that radiation dose levels due to activated corrosion products,
impurities, and deposited "crud" 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)-326,

41 by To minimize radiological hazards from gaseous impurities such
as A* and N1 » and to minimize curroaion due to oxypen or radiation synthes-
ized products such as NH~ and HNO3, the maks-up system must be desirned to
prevent introduction of air with %he make-up water,

¢. To minimize corrosion by scavenging oxypen and effecting a
recombination of the H» and 02 produced by dissociation of the coolant under
a neutron flux, the system shall be designed to maintain in the coolant
15-30 c¢ of hydrogen per kg of water.

d. The required operating life of the demineralizer shall be the
maximum consistent with arrangement and component removal congiderations, but
not less than 90 days.

e. Means shall be provided to protect the demineralizer resin
from water exceeding 1L0° Fahy. 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 ceolant inlet temperature during operation will vary
from 509°F to 500°F,

. System operating pressure shall be 1750 psig upstream of the
pressure reducing-flow control station and less than 2000 psi downstream of
the make-up pump. The remaining parts of the system shall be designed for
eperation at 5C to 100 psig, depending on lecation,

i, 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/dm2/mo,

J« System equipment may be stored for an indeterminate time at
-509F, although minimum temperature during movement of packages will be -20°F,
Since all nuclear grade resins (OH- and Hé, NH3£, or Lif 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 sterage is dependent
on the outcome of a proposed research and develepment 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 ne plant eperating 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.

v. Rusii: 71 depth in the demineralizer shall be a minimum of 30
inches, In the absence of APPR-1 opeiaiiig data on the effect of flow loadings
on optimum demineralizer decontamination factors (gross D. P.'s as well as
individual nuclides), flow loading specifications shall be based on conductivity
data available from resin manufacturers. During normal operation, flow lead-
ings shall be about 7.5 gpm per square foot of bed surface,

p. The primary ceolant 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 ceolant 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 CaCO3.
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r, Based on APPR-1 operating results, system desien will not
include an in-line gamma radiation monitor to measure primary purification
radiation levels, FExperience indicates that crud bursts, activity deposition
on the chamber surface, and other factors nullify attempts to use this type
of monitor to detect falied fuel elements, The need for a failed fuel element
detection system is presently being evaluated under Task III - Fission
Product Study of Contract AT{30-3)-326. Area monitors are included for
personnel protection.

S. A connection shall be provided on the suction of the primary
make-up pump to introduce hydrazine for oxygen scavenging during initial
startup, a decontaminating soiution, and a soluble poison solution. Although
the latter two are not required by plant desien criteria, their inclusion is
considered desirable emergency features. The decontamination solution would
be used in the event of fuel element failure, excessive buildup of long-
lived deposited activity on primary system surfaces;, or to facilitate reloca-
tion of the plant. The soluble poison solution would be used to control
hot-to-cold reactivity changes in the event a control rod becomes stuck in
the "full out” pogition or two rods bhecome stuck in the operating pogsition
during the first part of ccre life.

t. Mixed-bed resin specifications are as follows:

Miaxture: mixture of strongly acidic cation resin in the
hydrogen form and stronely 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 Size: both the cation and anion resins shall have a
mean particle size of 16 to 50 mesh and a uniformity coefficient of less

than twe,

Capacity: the cation resin shall have a total finished capacity
of not less than 47 milliequivalents per dry gram, 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 3.5 milliequivalents per dry gram, of which as great a proportion
as 1s 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 organic contaminants which may be present. The resin shall not
contain impurities of foreign cations greater than the following:

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 following:

Percent uivalent

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
wvater will be of type 304 stainless steel with the following exceptions:

(1) Rod drive mechanism

Valve seat and pinion type 410 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 bagsed 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 105 cm? and 600
gallons, respectively. The calculated values for the individual components
are as follows:

Primary System Surface Areas and Volumes

Area, th Yolume, 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 2338.3 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 1lb/hr or 124
grams per month, Using various assumptions for demineralizer efficiency,
purification system effectiveness in competing with system surfaces for
circulating "crud", deposition rates ¢n heat transfer and nonheat transfer
surfaces, demineralizer decontamina:ica factors, etc., the required purifi-
cation flow rate was calculated to be 1.1 to 1.5 gpm, Evaluation of stand-
ard pump capacities and designs offered by manufacturers indicated that a
positive displacement pump with a 1.7 gpm maximum output would be sufficient
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to meet system make-up and control rod drive seal requirements.

N
’

Assuming that all soluble ccrrosion products stay in solution and
using 0,25 as the ratio of solublie tc insoluble impurities (see 14.3, q), the
volume of reszin required per month can be calculated., The effect of filtered
crud on the exchanze capacity of the resin is unknown and is not factored
into the calculations. For this prepackaged nuclear plant, a minimum of
0,12 Ft3 of resin will be exhausted per month or 0.36 Ft3 in 3 months of opera-
tion at system temperature. To account for unknown factors, the design value
used was 1.5 times the minimum value or 0.54 Ft3 of resin for 3 months opera-
tion.,
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For comparison. with improvements in influent distribution to
prevent the channeiing found under Task VI -~ Shielding Studies of Contract
AT(30~3)~326. an APPR-1 type demineralizer would last about 9 months. This
coincides reasonably weil with APPR-] operating experience, a1

Pressure drop data used to determine desien pressure require- %
ments of individual components in the purification system were a combination )
of manufacturers' data and measured values during APPR-1 operation. The head
loss due to friction/100 ft. of 1/2% 16 BWG stainless steel tubing was calcu-
lated using the Fanning equation b

h = fly? or  0,03112 flg? 1)
2gd d o

vhere: f
-
h = Head loss to friction, ft. ”
f = Friction factor, dimensionless =
L = Length of pipe, ft. (100 ft.)
v = Velocity of flow, ft. sec. ﬁ
g = Acceleration of gravity, ft/sec? (32.2) )
q = Flow of liquid, gal/min N
d © Internal Diameter of pipe, in (0,370 1in.) b
Substitution of known constants in equation k
(1) yields: by
h = 9.1 x10 fg2 :j
The friction factor is determined as a function of Reynolds f
number by the equation N
-~ DV -
Fpe = 2.
u
where:
D = Dia, of pipe, ft,
V < Velocity of fluid, ft/sec.
p = Density of fluid, lbs/ft3 {assumed temperature of 120°F Ave.)
u = Viscosity, lbs-mass/ft-sec. or centipoises/1488 ;
e
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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 Loss/100 ft. of 1/2" S, S. Tubing
2
q 3g 63 . D v P 3
al/ min ft’/sec £t /sec Ft, ft/sec  § Mass/ft
1 0022 485 x 10°8 20309 3 61.5
2 004, 1940 x 1078 o 009 6 61.5
5 .0110 12,100 x_%o .0309 15 61.5
10 00220 485 x 10 .0309 30 61.5
20 QOMO 1940 x1 003(» 60 61 05
u DVp/u £ Bead Loss
gal}min Centipoises Dimensionless x 10° rt. Paig
1488
x10~4
1 4,405 14,100 6.25 2,76 1.2
2 4,05 28,200 6.0 10.6 46
5 4005 70,500 45 49.5 21.5
10 4005 141,000 40 17 76.5
20 4005 282,000 3.5 618 268

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

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

Pressure Drop Equivalent ft.
Paig of 1/2" tubing
Demineralizer ("dirty") 10
Filter 5
Valves 23,75
Flow Indicator 2
Tees, elbows, fittings - 25,6
17 49435

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 below: o

Head Loss Due to System Components

al /min pressure drop for 50 eq. ft. Total pressure drop .
1 0.6 17.6 4
2 2.3 19.3 >
3 402 21.2 ;
4 7.0 24 o
5 11 oo 28 E;
6 16.0 33 %

From the above calculations, it is apparent that desiening the
demineralizer to withstand 100 psig 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 coils held between two flat surfaces - a bass 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 topether by the base plate
and casing., Each coil is attached to a manifold located at either end of the
coil., 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 colls is located on the base
plateo

S g e gt Ll LR

The heat exchanger will have the following character-
istics

a. Types spiral tube, counterflow
b, Materials of Consatruction:

Coils 3/8 x 18 BWG stainless type 304
Manifolds: bar stock steinless type 304
Base plata. steel plate

Casirg: fabricated steel
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Conditions

Inside Coil Qutside Coil
1, Fluid Circulated Primary Coolant Cooling Water
2. Rate of Flcw 104 gopoho 600 gopoho
3. Max. Extering
Temp, °F. o 600 100
4o Max. Leaving Temp, F 120 183
5. Max. press.drop,psig - less than 1
6. Operating Press.,psig 1750
7. Design Press.,psig 2000 100
8, Hydrostatic Test 2275 150
Press.,psig
9, Total duty,BTU/hr 416,000
10, Total Surface ft< 11.6

14.5.,2 Pressure Reducing - Flow Control Station

Purification flow is controlled by use of 1) a pressure
reducing orifice, 2) a pressure control valve, and 3) a flow control valve.
The pressure control valve is a self-contained control valve that senses the
pressure downstresm of itself and adjusts accordingly. The flow control
valve is an electro-hydraulically actuated valve. The electrically operated
valve actuator produces high performance without the use of electronis
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 regulation, it can accurately control purifica-
tion flow as required.

14.5,3 Demineralizer

The demineralizer is a vertically mounted cylinderical
vessel constructed of Type 30, stainless steel with a design pressure of
100 psig. It serves simply as a container for the resin used to purify the
primary coolant. The resin purifies the water by removing radiocactive and
non-radicactive corrosion product, serving both as a filter for insoluble
material and exchanger for soluble ionic impurities. Since regeneration of
radiocactive resins is not feasible, the demineralizer is designed as an
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inexpensive unit that can be discarded and replaced. To facilitate replace-
ment, minimize radiation exposures, and to prevent contamination of the
shipping cask, inlet and outlet connections are provided with self-scaling

quick disconnect coupliings.

Infiuent water enters the top of the vessel through a
distribution assembly which retains the resin in the unit and evenly distri-
butes the water to minimize channeling. A similar assembly is also installed
in the bottom of the demineralizer vessel to collect the purified water and
prevent resin escaping into the outlet iine, The distribution assembly
chosen for the dezign consists of a number of siotted pipes radiating from
the center inlet and outlet manifslds similar to spokes on a whesl.

To minimize radiation exposures to the operating crew, the
demineralizar will be kept wathnin the shipping cask which will be used to
dispoge of the unit when the resin 1s exhausted, Cask shielding design
18 covered in another section of the report,

1L.5.4 Purification Filter

A cartridge type filter is included in the purification
system to catch any resin fines leached from the demineralizer or, in the
event of mslfunction, 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 microne in diameter. Pressure drop across a clean unit is about 1 psi;
however, 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,

14.5.5 Primary Make-up Tank

To provide a positive net suction head on the primary
make-dp pump and to provide an immediate supply of purified water for the
primary system during possible emergencies; a 60 gallon make-up storage
tenk 13 included in the system, Assuming 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 tondensate from the secondary system to be in-
creased to handle reasomable leakage rates,

A positive hydrogen blanket is maintained automatically
over water an the tank to prevent in-leakage of air., The nydrogen 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 hydrogeri per kg. of coclant, particularly if
appreciable air enters the primary system, a hydrogen addition system is
incleded in the make-up system design,

14.5.5 Primary Make-up Pump
The primary mske-up pump is a positive displacement,

constant speed, controlled volume duplex pump rated at 1.7 gpm, maximum
output under expected operating conditions., Discharge capacity can be ad-
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justed from 0.17 gpm to 1.7 gpm by manually resetting the plunger stroke
lengths while the pump 15 at rest. The pump motor is rated at 5 H,P., 440V,
3-phase, 60=cycies and i1 suitable for boiler-house installation.

14.5,7 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 excess 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 ¢ylinder 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 *y-pass valve closed; and the make-up water sweeps the hydrogen inte
the primary system.

14.6 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 conditiont., This could be ac-
complished by injecting 14.9 1lbs. of boric acid in solution into the primary

system.
14.6.1 Poison Tank

To prepare a 50% c. acion 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 te 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 20-gallon type 304 stainless steel tank is pre-
vided in the plant design to collect control rod sezl 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 alse provided with a high-pressure
alarm, and a vent and relief valve connected to the stack through a flanme
arrestor,

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 leadings. The
level control switches which actuate the pump are designed to permit frequent
operation of the pump to minimize seizure due to exposure in a moist atmos-
phere,

14.8 Spent Puel Tank Recirculating Equipment

On the bottom of the spent fuel tank, inlet and outlet gate valves
with 1/2" flanged ccnnections 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 usefulness 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 gpm
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 Contrect AT-(30-3)-326, The following
information on radiocactivity 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 squars 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
Traps Piping Elbow below Prsssurizer 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 levek at given
distances from the steam generator eight hours after shutdown.

Distance from Steam Generator Radiation Level (mr/hr)
Contact with Steam Gen, Insulation 200
1 foot 112
2 feet 76
3 feet 40
L feet 36
5 feet 2L

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 4450 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 demineralizer inflvent 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 contaminated; hot laboratory wastes; equipment and floor drains fiom
certain skids; sampling wastes; contaminated laundry wastes; and solutions
used to decontaminate, rinse, or flush ejuipment 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 intc the ice cap for disposal. If purifica-
tion is required, connecticns are provided on the discharge of the pump to
process the tank contents through the purification system demineralizer.
Demineralizer 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 Requirem=nts

A 5000-gallon storage tank 1s 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.

i 995 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 4450 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.
Coudenser Hotwell 300 gal.
Pump and Piping 10 gal.
Cendensate storage Tank 2500 gal,

3500 gal.

Since ail 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 1s anticipated that the hot waste tank will normally only have
to provide temporaiy storage of solutions pending treatment and disposal.

A decontamination flush into this tank with subsequent disposal of radiocactive

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 have 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 1f 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 proccessing 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 lines. The general objective for this project requires that
the core be of the APRR type and be adaptable to skid mounting of the primary
system. The project guide lines call for following items that affect core
designs

a. System reliability with minimum down time for refueling,

b, Minimum installed capital cost at a remote site.

c. Utilization of proven technology.

d. Availability for procurement by January 1, 1959.

e, Minimum personnel requirements for operation and maintenance.

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

1.2 Comparison with APPR-1 and la design requirements

The contract requirer{xesnts for tla:.? design are not inconsistent in any way
with those for the APR-1{1) and 1-al2)reactor cores. By relaxing desigmn
requirements tha contractor is able to make improvements in core design and
operating philosuphy that are of benefit to the military.

2.0 Core and Reflector Configurations.

The core array selected for the skid mounted APPR is the basic 7 x 7
array of the APR-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 atructure and control rod baskets is very similar to that of the APR-1
which has proven itself from all standpoints,

The reflector configuration originally envisioned for the skid mounted
APPR (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 5.0, 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
ateel vessel, A configuration employing a large thickness of thermal shield-
irg (practically a stainless steel reflector) resulted in a stainless steel

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

(2) APAE-17, Vol.l, Phase 3 of the report Army Package Power Reactor Field
Unit #1, APPR-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 te
reduce the fast neutron flux to a level such that the total integrated nvt
aver a 20~year life was not a problem, The basic characteristics of the
reactor core together with a comparison with APR-1l, Core I are given in
Section 2.2.

2.1 APRR.1 Core I and Core II Characteristics.

The  project guide 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 APPR-1 Core II
specifications and 5 boron absorber sections of APPR~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 APPR-1 fuel elements in this core the installation becomes capable
of receiving fuel elements of improved technology as they are developed for

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 APPR-1 core is also listed to supply the

reader with a comparison between the two cores. All experimental information

is marked with an asterisk (%),
TABLE 2-1

Comparison of Skid Mounted nre and APR-1,

( "Hot" means 512°F in Sidd Core, 440°F in APRR-1 Core )

Skid Mounted APRR-1
7x7 -3 elements 7 x 7 -corners
in each corner missing-45

Configuration missing -37 elements
elements
Equivalent diameter - in, 20.16 22,20
Active core height ~ in, 2,0 22,0
No. of fixed elements 32 38
No. of control rod elements 5 7
Material content of core
5 -kgo 18:149 22050
B1O —gm, 16.66 19.52
ss - kg. 172.10 208,92
H20 (68°F) - kgo 91051$ 111008
B-20
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Table 2-1 (Cont'd)

! Skid Mounted APPR -1
i_ 7x7 - 3 elements T7x7 - corners
' in each corner misesing-i5
) Configuration missing-37 elements
) elements
) Fixed ]igmem
| o gm. 515.16 515.16
] B0 . gm. 0.46L 0.4k46
Control Bod element
Ueldd - gm. L01.12 4L17.76
BlO . gm. G.362 0.363
Control Bod Absorber Section
l BlO _ gm. 56.4 56.4
N Volume in core - -7
ss. UGy, Byc 23,907 29,095
H50 91,195 110, 89k
Total 115,102 139,989
‘] Fuel elements
R Fuel plate meat - rectangular flat UO, - 85 - B(C

Fuel plate clad - type 304L stainless steel
Meat thickness - in.

Fixed element 0.020 0.020
i Control Rod element 0.020 0.020
' Meat width - in.
i. Fixed elemeut 2.500 2.500
x Control Rod element 2.281 2.281
N Active length - in.
X Fixed element 22.0 22.0
. Control Rod element 21.125 22.0
e Cladding - in.
' Fixed element 0.005 0.005
Control Rod element 0.005 0.005
Fuel Plates per element
Fixed element 18 18
. Control Rod element 16 16
= Water gap between plates - in.
b Fixed element 0.133 0.133
Control Rod element 0.133 0.133
Fuel plate meat composition - wt.%
uo, 25.032 25.98
. B),C 0.134 0.14
- S8 78.834 73.88

Control Rods
< Type 8qQuare stainless steel basket containing absorber section and control
rod fuel elexant (7/8" Europium flux supprescor at top of meat-1lgm BEu)
Avsorber section - four plates welded into a square tube
Composition - boron enriched in plo isotope dispersed in iron and clad
vith type 304L stainless steel.
Travel-22 in.
Weight of one rod-55 1lb.
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Table 2-1 (Cont'd) .

LA L g Diy A

8kid Mounted APPR-1 .
Tx7 - 3 elements Tx7 - corners .
in each corner missing-45 o
Configurat ion missing-37 elements x
elements ;
;
"Hot" means 512°F in Skid core, 4400F in APPR-1 core, b
* means experimental data, ¢
. A
Initial reactivitiee - %§ !
Cold - 68°F - no xenon 14,11 15.35%
Hot - no xenon 7.65 10.37#* g
l Hot - eq. xenon 5.15 8.15%
Initial bank positions ~ inches from bottom
Cold - 68°F - no xenon 5.0 3.7*
Hot - no xenon 9.7 6.8%
L Hot eq. xenco 11.6 8.3% by
Pover - psax to Average, Liot, clean '.‘_
0 MWYR 5
3 Radial 1.46 1.49 a
i Axial 1.65 1.71
Average Tnermal neutron flux (neutrons ) e
(cm® - sec.) .
0 MIYR 1.67x1013 1.3x1013 2
- Expected total energy release - MWYR 10 15% <
e Average fuel burnup (10 MIYR) (15 MWYR) "
I 264 32%
. Maximum fuel burnup 45% 5% .
A Composition of core at end of life ;
' U-235 left - Kg. 13.7 15.3 Y
Original B-10 left -gms. 3.0 2.3 ;
Maximum burnup of control rod material 274 L3% g
Temperature ccefficient L
Cold - €8°F - 0.22x1074 - 0.22x107 % ;E
Hot - 3.4 x10- - 2.2 x10-M» ]
Pressure Coefficient 4 3.1 x10-5(10pata) 4 2.1 x10-6(1200psta)
Five rod bank worth - %f &
: Cold - 68°F 19.9 19.0 Y
) Hot 19.5 19.2 .F
2 Center rod worth - ﬂ’ 5
5 Cold - 68°F k.5 4.1 2
Hot 4.0 4.1 {:
'E
:
B=22 ¥
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Table 2-1 (Cont‘d)

Skid Mo.nted APPR -1
Tx7 - 3 elements Tx7 - corners
in each corner missing-45
Configuration missing-37 elements
elements
Radial Reflector =avings - 8 - cm.
Cold . 68°F 6.117207 6.180821
Hot 8.248812 T.797679
Axial reflector savings - Sz ~ CM.
Cold 68°F 6.030801 5.109191
Hot 2 5 7.978338 6.103367
Radial buckling Br - em ©
Celd - 68°F 0.005747 0.,004895
Bot 0.005046 0.004465
Axi1al tuckling - 132z cm™e
Cold ¢8°F 0.002138 0.002259
BHot 5 0.001913 0.002129
Total Buckling - Bp cw?
Cold - 68°F 0.007885 0.007154
Hot 0.006959 0.006594

1.0 AFPPR-L Measured Core Cnaracteristics

Because of the fact that the skid mounted APPR employs 37 APPR-1 fuel
elements the measurements made on the APPR-1 core employing 45 fuel elements
are of particular significance., It is expected that the principal effect of
employing 37 rather than L5 fuel elemente is to reduce the reactivity of the
:ore througbout lifetime. In addition, there will be some increase in tem-
perature coefficient due to the reduced core size.

3.1 Bank Position

The 5 rod bank position in the APPR-1 has been measured under a
vide range of conditions. These are -

70°F Ne Xenon
L4 O°F No Xenon
44 2CF Equilibrium Xenon
ul2OF Peak Xenon

Tne results of these measurements through 7 MIYR of core life are
shown in Fig. 3-1 (Fig. 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 withdrawr. at room temperature because of the lower core reactivity
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and kigher rod worth and would be further withdrawn at operating temperature
due to the same reasons together with the higher operating temperature (512°F
vs hkOOF).
1,2 fControl Rod Worn

Tre 5 rod btank worth has been measured under a variety of conditions
in the ZPE and at Ft. Belvoir. 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 summar Pf all the measuremerrta is con-
tained in Fig. 3 2. (Fig. 3D Progress Report#%)\u). It would be expected that
the 5 rod bank calibration for the skid mounted APPR would not differ signifi-
cantly from that in Fig. 3-2.

3.3 Stuck Rod Positions

With rods A&B fully withdrawn and ccnsidered stationary, the most re-
active condition with a single stuck rod is that of an excentric *od stuck in
1ts fully withdrawn position., The case of having the centerline rod stuck
1n its fully withdrawn position is less reactive,

Fig. 3-3 (Fig. 5z Progress Report #5) shows the critical position of
tbhe 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 1f the partially withdrawn rod is completely withdrawn. This result is
shown 1n Fig. 3 4 (Fig. D). It would be expected that the critical position
of the partially withdrawn rod in the skid mounted APPR would be further out
than that cf the APPR-1, It should be noted that if APPR-1 Core II boron
loading as specified in APAE 32 (7) cen be employed, then the skid mounted
APPR could be made sub-critical with one rod stuck full out.

3.4 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 (Fig. 1A
Progress Report #6). Two effects would be present in the skid mounted APFR
that would tend te increase the temperature coefficient. These are reduced
core size and higher operating temperature. The effect of core size has been
investigated 1n ZPE II and can be used in interpreting this change.

3.5 Pressure Coefficient

Pressure coefficient as meaaured in the APPR-1 is shown in Fig. 3-6
(Fig. 1A Progress Report #1).

3,6 Startup Count Rate
The startup count rate is being measured in the APPR-1 during the

course of core burnout. The count rate ranges from 3 to 5 counts per second
with the beryllium photoneutron block installed in che APPR-1,

B=2L 192
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3.7 Conclusious

It 18 apparent from the wealth of experimental datu available on the
APPR .1 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.

L.0 Skid Mounted Core Characteristics

The basis for determining the 8kid Mounted Core Characteristics is through
calculation and comparieson with the APPR-1 and zero power measurements.

Tne analytical model used in the Skid-Mounted Core calculaticr is one
which was used in the analysis of the Zero Power Bxperiments (6) and the
APPR.. (7).

L,1 Methoc for Establishing - Calculation and Experiment

L, 1,1 Calculational Model - The basic model uses two neutron-
energy group diffusion theory as defined by the equations:

-Dg V?Pf (r,z) /ér& (r,z) = kChitha‘(th (r,z) £ (1-p) kf\i,?f (r,z)

'Dthv2 ?th(r‘z) .J‘tha Pth(r;z) * Pzryf (r_,z)

The def'initions of the symbols are given at the end of the
report. Assuming separability of the radial (r) and axial (z) ¢.imensions,
the solution to these equat%o?e can be obtained fsom various codes for digital
computers.\l) 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 incluue reactivity
(Keff), normalized power, and normalized thermal and fast flux distributions.
In the Windowshade code. & uniform absorption cross-section simulating a bank
of control rods can be apecified. The code then adjusts the rod bank to the
critical posiltion,

4.1.2 Thermal Constants -68°F and 512°F

Since the Skid-Mounted core contains APFR-1 type elements,
tne therTg’ group constante for the cold (68°F) core were abstracted from
APAE 27 j. Constants for rhe homogenized hot (512°F) core were prepared by
the P-3 code (5). Neutron cross sections for each material were evaluated at
a hardened srergy of 0.0597 ev and the thermal cutoff was taken at 0.248 ev.
The P-3 code solves the one velocity transport equation to the third spherical
narmonic approximation for plate type elements. Table L-1 shows hot and cold
Skx1d Mounted constants compared to APPR-1 constants.
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Table b-1

Fixed Elements

Constants-Skid Mounted ard APFR-1

Skid APFR. 1 Skid APPR-1
Cold (68°F) Cold (G8°F) Hot (5120F) Hot (440CF)
32.403796 32.3788 48.438042 42,9631
1.321181 1.321185 1.565798 1.491955
0 010286 0.01102 0.009287 0.010867
0.898091 0.898091 0.938302 0.933348
0.013235 0.014181 0.011910 0.013921
0.747733 0.747790 0.712723 0.729024
1.286758 1.286817 1.282469 1.280967
0.266734 0.266863 0.200244 0.207138
0.405789 0.405789 0.309479 0.317149
1.521326 1.520589 L.545509 1.53110
0.170539 0.170538 0.267920 0.245022

- --- 0.006776 0.006272
0.005289 0.007846 0.003785 0.006131
0.0952u42 0.088263 0.073065 0.07756
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CONTRQL ROD FUEL ELEMENTS

Sk11 Skid
Cold i68%F) Hot (512°F)
T 22,763697 LB 46 2583
D 1.26883u8 1.510167
% 0.039322 0.031162
? 0.009254 0.008411
v : 0.010876 0.009798
r 0.764649 0.730070
& 1175275 1,164865
». 0.223360 0.169193
¥5! 0.310757 0.241486
Ko ‘ 1.391283 1,427281
U DL 180707 0.275669
L2 0.809039 1.629316
$> 2.003930 1.387063
s'7 1.8b4579 1.209179
REFLECTOR PROPERTIES (PURE WATER)
Skid APFR-1 Skid APPR-1
Cold (68°F) Cold (689F) Hot (512°9F)  Hot (L4L4OCF)
D), 0.143k0 0.172304 0.297171 0.264866
Dy 1.671769 1.596015 2.154495 1.893739
i-ih 0.0.9470 0.016960 0.009849 0.011052
T 34.9638 33,6945 57.373705 47.5034
P 0.585556 0.987116 0.986647 0.988482
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4.,1.3 Fast Constants - 68°F and 512°F

Constants fcr the fast group were aiso obtained from machine
calculationa. The Muft -III code L prepares the fast group constante using
the P-1 Selengut -Goertzel approximation for slowing down of neutrons in hy-
drogenous n.xtures.

L,1.,4 Substitution Effect

Of the 37 APPR-1 type fuel elements, 5 are movable control
rod fuel elements. Theee elements contain less uranium and more stainless
steel cladding than the fixed elemente, 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 J°2 W') Bessel function where 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 conteins a control
rod fuel e.ement region at the centerline. The multiplication constant,
Kere, for the Skid-Mocunted core can then be found Irom the equalities:

F.E.

Korr * Kogr " ~Alepr N (BKegr) x J° (=)

where A Kopp » KeffF°E' Kers (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-

section,
a a a

2th =2th (F.E.) /ZSUB.

4.i.5 Model Correction

Reactivity calculations using this analytical approach are
different from measured values in the APPR-1 reactor. To compensate for this
expected difference between calculation and measurement, & "model" correction
is applied tc the calculated reactivity of the Skid-Mounted Reactor.

L.,2 Core Reactivity at 68°F

Using the model described in section k.l, the effective multiplication
of the 8kid Mounted Core at 68°F was calculated to be 1.1693. Thie result was
obtained from a Valprod calculation of a core composed of fixed fuel elements
at a temperature of 68°F. The constants for this calculation are listed in
Teble 4.1,

B~
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The substitution effect for a central control rod fuel element was
found by running & Valprod caliculation with a cylindrical control rod fuel
element at the center of the core. For this case; kefs decreased to 1.159k4,
Tne substitution effect for all five elements is then:

0.0059
2

1.159% -4 Jg ,‘r) ADkyop

1.1594 -4 (C.49673) (0.0059) = i.1594 -0,0117

Qkerr

Kors (actual core)

»

1.147

i

This cor-ection has reduced the reactivity to l.1477 or 12.87 ‘ﬁf

The measured cold reac‘?é ity for APPR-1 is 1.81% b.} er than the
calculated value. (8ee APAE-27, Pg. 48 and 49, APAE-32, Pg. 49,50,56,
73) This difference is almost constant for a variety of core configurations
ranging from 1.6 to 2.64f.) In all cases the measured reactivity was greater
than the calculated reactivity. Thus, the 8kid Mounted core should have an

excess reactivity of about 14.98% at 68°F.

The measured reactivity of the APPR-1 is 15.35%f. This implies that
the difference in reactivity between the 8kid Mounted and APPR-1 ie only 0.67%.

Measuremente were made on the zero power experimental core (10) of
the poeition of the five rod bank ve. number of elements in the core., The
bank moved 1.7" further in, going from 37 to 45 elements, which correspo
to a reactivity change of 2.5T% using the best available rod worth data. (1
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%P. Therefore, we can infer from this experimental data thert,
the S8kid Mounted Reactor has & reactivity of 13.53%p or 1.824f less than tie
APPR-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
rod bank).

A difference of 1.15% existe between the two predicted reactivities,
We will say, therefore, that the reactivity of the 8kid Mounted core at 68°F

18 14,1199 / 0581!
4,3 Contrel Rod Worth

The worth of the centr?é control rod and the bank of five rods were
calrulated 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
shells 1ncluding a shell placed at the center of the core., At 68°F, the cal-
culated worth of the bank is 19.%’; at 512°F, it is l9.5$f. A homogeneous
thermal poison cross section for the rod bank can then be defined as:

‘ = f rods in ‘gmixed element core
E a
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This poison cross section 1: used tc predict the critical rod bank position.
The calculated worth cf the center rod alone 1s L.5%fat 68CF and &.O%f at
512€F,

Experimertal wmeasuremerts co the APPR.1 Zero Power Reactor (9), Pg. b4
and 45, show a center rod worth of h,O%f for a boron-steel poisoned core, and
L.8pPrar a steinlees atee}. fﬁieoned core at 68%. The integrated worth of
the entire bank 1is 18.2%f (1) Tnie is fairly good agreement as it 1s ex-
pected that the rod wort wﬁll be larger in the 8kid Mounted Core. These ex-
perimental measurements indicate no change in rod worth with changes in
temperature.

B2
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o4 ore Reactivity and Bank Positiaon

The het (512¢ F). clean reactivity for the skid mounted cov:
with fixed elewents was calculaved using the "Valprod" code 2/, The
soustants used are listed in Table i4~1l, The substitution effeact reduced
the rza.tivity from BOL;:Zf with all fixed fuel elements to 7.12%
with five contrel rod fuel elements. In APPR-1, this calculational
model was 0,53% p *co low, Therefore, the hot clean reactivity of the
skid core 1s about 7.65% J‘ o

In the hot (512°F) equilibrium xenon condition, the reactivity
decreased to 4.9% £ at 0 MR,

A modei® correction of 0,30% f brings the reactivity up 5.2% £
for this case, This will be the maximum reactivity for the equilibrium
xenon conditinn since the core will lose reactivity with burnup,

Ths uniform and one shot burnou? mgdels were the same as those
used in the APPR-1 burnmout calculatvions. (12) a1l equations can be found
in this refarense., Calculated core parameters as functions of uranium
burnup are plotted in Fig. L~1 aybyce The reactivity for uniform burmup
can then be calzulated from the two group bare equivalent core equation,

T+ &) (r 128 ) T+ 520

eff

The results are plotted in Fig. L=2,

For the non-uniform burnup, the core was divided into seven
radial regions and burned out i f')'ure time steps with an average flux for
each region, The "Nub I" codell2) was used to burn up these regians,
However, no change in reactivity was found up to about 8,5 MAYRS. The
initial case was at hot, equilibrium xenon, 0 MWYR. The flux distribution
was kept constant but the magnitude of the flvyes varied with burmup.

In the axial direction, the core was divided into five regions
ard burned cut in five time steps using the same assumptions applied to
the radial burnout. The initial case was at hot, equilibrium xenon,

0 MWYR, with the rods at the critit(v% position (11.6" out), At each

time step, the "Windowshade" code '3/ was utilized in finding the critical
rod bank positione A comparison between this calculation and APPR-l
results is found in Figure L-3.

The exceds reactivity can then be determined from rod worth

measuraments on the APPR-1. The rod warth per inch of the five rod bank

is plottad in reference (11)9 and reproduced in Figure 3~2., It is assumed
that the rod worth curve for the skid mounted APPR would not be signifi.
zantly larger than for the APPR=-l. The excess reactivity curve for the
axtal non-aniform burnout is plotted in Fig. 4~2 as is the curve for uniform
burnout. If the APPR-1 non-uniform carrection were applied to the uniform
burnout curve the predicted lifetime would be less. This can be expected
gince the rop~unifcrmity is greater in the APPR-l, The initial rod bank
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position in the AFITR-1 is 8.,3" out of the core. This distorts the axial
flux distribution much more than in the skid mounted core.

The 1ifetime of the skid mounted AFFR should be about 10 + 1 MWYR
and will exceed the requirement to run fer one year at 10 MW (0.8 load factor).
The maximum fuel burnup for a repion of the core is 49% for the center region.
The maximum reactivity will occur at the beginning of 1ife before Xenon builds
up to equilibrium conditions,.

4.5 Stuck Rod Criticality

In the skid-mounted core, the maximum reactivity will occur at the
beginning of core 1ife in the cold (68°F), 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 us severe as in AFFR-1 because of the smaller core size
and increased rod worth.

Due to the flux perturbations that occur when a rod is stuck out,

anaiytical techniques are not successful in predicting the core criticality.
For instance, when one side rod is stuck out, that side of the core becomes
ecasentiaily a slab reactor, and the flux shift to that side of the core
increases the worth of the rod considerably. Fortunately, there 1s eood
experimental data from the APPR-1 core (13) showing the reactivity of the core
with a side rod or center rod stuck out., Fig. 4-4 shows the excess reactivity
of the AFPR-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% o Since the initial skid reactivity
is close to that of the AFFR-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 14.5" out. The APFR-1 core
is critical with a side rod out 9.84™ 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 4-5, 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 might 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°F 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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experimental worth of this rod. (See Fig. 3~4 or Fig. 4-4) Subtracting
the difference between the skid and APPR-1 cores, about 1.75% k, the excess
reactivity is 1.55% k or $2.12. Since the worth of B<10 to be injected is
70¢ per gm, about 3 grams of boron -10 would be needed in that side of the
core. Assuming homogeneocus injection of the boron,

%% x 3 = 7.4 grams pl0
needed in entirs core. A total of 9 gms of Blo was specified for the core
to account for any experimental inaccuracies.

4.6 Control Rod Burnup

The fraction burnup in the control rod bank is defined as the total
number of absorptions in the roda per original atom density of absorber, i.e.,

B = A total
NO

where N, is the atom density of absorber times the volume of absorber in the
core at the average bank position. The assumption is made that all the excess
neutrons (Xex = keff =1) were absgorbed in the control rod absorber material.

Kotart = PEV ikt
where
P = power = 107 watts
g = fissions/wvatt-sec. = 3.2, x 1010
Y = npeutrong = 3 46
fission
Kox = average excess multiplication = 0.05
t = lifetime of core = 3.,1536 x 107 sec.
214 B-59
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1f the average bank position is 6" into the core, Ny = NglO total rod
atoms x 6/22 = 4.63 x 102% atoms in core.

NB].O total rod atoms $ 16.985 x lo2)+

1.257 x 1024

s total

The maximum fractional burnup is then 0.27. Thus, ne amount of ariginal
BLlO absorber left after 10 MWYR is 3.37 x 102% atoms for an average rod in-
sertion of 6". The average burnup for the entire length of the rods would be

T.4%.

This amount of burnup 19 & less serious problem than 1n APPR-1 since the
maximum fractional burnup in tne APPR-1 is estimated tn be 0.37. However,
irradiation of APPR.1 rods will be examined and the results will be applicable
to the contrcl rode 1n the Skid Mounted Reactor. After 9 MWYR of operation in
the APPR-1, there has been no malfunctioning of the rods due to control rod
burnup. Thie 18 almost equal to the core lifetime of the gkid. However, re.
moval of the corntrol rods from the reactar may present & problem.

4,7 Temperature and Pressure Coefficients

The temperature coefficient of the Skid Mounted core was primarily
based upow( S,xtrapol.ation of existing experimental data. The Zero Power Ex-
periment 9 predicts a temperature coefficient, at the operating temperature

of 5129, of -3.1 x 10-4 op " Measurements on the APPR—l(n) reactor predict

the same values at 512°F although the curve is of & slightly different shape.
Fig. 4-6 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 -3.4 x 10-% at the
operating temperature of 512°F,

The integral of this curve is -7.3% k for the 37 element core fro
68°F to 512°F. Thie number can be checked from available rod bank data 11?.
In APPR-1 the rod bank is 3.7" out; at LLOOF it is at 6.6". BExtrapolating
this curve to 512°F, the rode would be 8.2" out. This corresponds to 7.0% k
and would be slightly higher in the 8kid core due to increased rod¢ worth.
This 1e excellent agreement., and, together with the knowledge of the cold
(68°F) reactivity of the Skid, should determine the hot (512°F), clean re-
activity.

As expected, measurements of the pressure coefficient (21‘:25) show
this to be smaller than the temperature coefficient by at least & factor of
100. In the Skid Mounted reactor, it is estimated to be f 3.1 x 10-

i%l‘fé" at 512CF and 1750 psi operating pressure. (See Fig. L4-7)
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5.0 Flux and Power Distributionm

Power dietrricutions on the Skaid-Mounted reactor were obtained for the
Therma., Anaiys:5 gertior for determination of the coolant flow rate in each
element ., Power peakirg a* the edge of the core was rnot expected to be a
prob s racauge ¢
an average of ., 2 1" rrom the edge of the core. However K different reflector
configurations were examined for effects on the power distribution, flux dis-
tricuticrs ard rasstivity of the Skid Mounted Core,

Faet ard therws. flux distributicns through the primary shield were
grapred tc shce the 7iux level at varicus positions in the shield and in
the pressure vessel. These calcuiations helped to set the inner disameter of
the pressure vesse. ana :ccation of the various neutron reading instrumente
1p tne primary snie.d.

5., Power Distrirutior calculations and experiments

Tne Va,prod code, written for the 1BM 650 digital computer, was
util.1zed 1n determ:ning thermal ard fast flux distributions through the
primary shield. The code alsc finasthe power distribution and reactivity
cf the core by solving the two group, multiregion diffusion equations 1n one
diwenz10v. Materis. constante were calculated by the MUFT III1 and P-3 codes.

Experimenta. flux datea 18 not available on a 37 element ore. Hw-
ever there 15 rairal flux data for 32 and LS elemen? Sores vith water ie-
fiectora, As seern cr Pge. 78, 79 and 80 of APAE-27 , sgreement between
caizuiated therma: fluxes and experimental data i1s excellent. Since the
power generation 1s almost directly proportional to the thermal flux 1in the
core we can expect the Valprod code to also predict the radial power dis.
tributi1on accurately.

Irn the axi1al direction, power distributions with a bank of control
rods 1nserted into the core were obtained by assuming the bank could be re-
placed by a homogenecus thermal absorption cross-section (€p). A one di-
mensioca. . twe group code, the Windowshade code, iterates for the position
at wrich tne ingertior ¢f this £p will resuit in a critical core. The most
adverse power distriputiong occur &t the beginning of full power operation
because the rod bank 1s at 1its 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 radiai peak to average i{s 1.46, The axial center peak to average is
1.65; howsver, this imprcves ag the rods are withdrawn.

5.2 Flux Distribution

As the uranium 1n 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 lievel 1s a function of the flux times the fission cross-section.
Ir order to mairtailn a constant power level, the flux increases as the fis-
g1cn crose-section decreasee due tc uranium burnup. Therefore the magnitude
of the fluxes will be largest at the end of core life (10 MWYR). Fig. 5-3
snd 5-4 aghow the vadial and axial thermal flux distributions at O MWYR and
at 8 MWYR a+ operating temperature (S512°F).

218 B-65
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Fig. 5-95 shows the radial thermal flux distribution for an infinite
water reflector and for a 1 2/3" water gap followed by a 2" thick stainiess
steel thermal shieid. The thermal shield depresses the thermal flux peak at
the edge of the ccre considerably since steel does not scatter thermal neutrons
back into the core as effectively as water and 1s a greater thermal neutron
abgorber, Reflector properties of stainless steel can be found in APAE-27.(6)

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 distributions were calculated.
The average thermal ©lux in the core is about 1.67 x 1043 at the beginning of
core .ife for 10 MW operation. This increases to & maximum of 2.3 x 1013 after
10 MWYR. Fig. 56 shows the thermal flux, normalized to an average of 1 in
the core; 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 1013,

After shutdown the average value of the thermal flux in the core is
initially abcut 1.3 x 104, This is a function of the polonium-beryllium and
photoneutron scurces in the core and the shutdown multiplication constant of
the core., Section 6.0 will provide complete data on shutdown conditions.

Inst rument chamber tubes are to be located at essentially two
type pos:iticuswithin the shield.

Posizion &

Two tubes are located within a cut in the second shield ring on a
center 33 ‘nches frow the core centerline.

Pos1ition 23

Three tubes (including the BF, tube) are to be located within shield
tank water ¢n a center 33 inches from the core centerline. The second shield
ring does not extend to these counter positions.

Estimates of the average thermal neutron flux at theee pasitions
follow, paszed on knowledge of the average core fluxes and flux distribution
through the shieid.

Positron 1:

‘oth : 1.19 x 109 neut ron,/cme-eec beginning of life

¥ - 1.63x 109 end of life

Position 2:

¢ - 0.89 x 100 beginning of life
@ - 1.22 x 1019 end of life

Trese values may be reduced considerably by proper positioning of
the tubes in the vertical dimension,
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Estimates of the averajse thermal neutron flux at these positions
follow. based on knowledce of the average core fluxes and flux distributions

through the shield,
Flux at 10 Mezawatts

Position 1:

9
y?;vIJIQ x 10 neutrons/cm?-sec beginning of life
J o« 163 x lO9 end of life
Pcsition 2¢
; ~10 . .
(- 0,89 x 10 beginning of life
D= 1.22 x 10 end of life

Shutdown Flux
Position 1:
y?: 0,96 beginning of life
Posttion 23
(,0-;; T2 beginning of life

Gamma flux at both positions for 10 megawatt operation is approxs
mately 4 x 107 r/hr.

These values may be reduced considerably by proper positioning
of the tubes in the vertical dimension,
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5.4 Fast Flux on Pressure Vegsel

In ar attempt to reduce weight, the i1nside diameter of the pressure
vesgel of the Skid Mourted Reactor wae reduced to 25" in “he early stages of
the design. Bringing the preseure vessel 1in s0 near the core increased the
inc:dent fast flux to such an extent that it became mandatory to change the
pressure vessel material from carbon to stainless steel. The properties of
stainless steel, hrowever, increased the thermal stresses from gamma heating
t 0 such an sxtent that several inches of thermal shielding would have been
necessgary tc reduce thermal stress to the desired value. Addition of thermal
shieids increased the diameter and weigh® of the pressure vessel - thermal
shield combinatior.. Therefore it proved advantageous to increase the diam-
eter of the pressure veseel to 38" where the incident fast flux is tolerable
Oon carbon steel, thus resulting in the reference design.

S.b.,1 Method of Calculatiorn

Two-group radial flux calculations gave the fiux distribu.
tions enown 1o Fig., 5.0 the fast flux shown 1s distributed in energy be-
tween C.4 ev and 10 M2v. The flux of i1nterest, however, ies that above 1
Mo gince radiaticn damage to carbon steel 1s dependent upon the integrated
flux above . Mev

The method used to ralculate the above -1- Mev flux 18 de-
tailed 1n WAPD.L5 (?5)° The basic equaticn isg

Re | f(E ) *

p o f .

¢H(E) -71,% :.:H E) + Ee; (B) J( £(E”) dET]
L E

‘f m QLA neutyons per flsmion

Ry ° fission rate, flssions/cm3~sec.
Ng - nuclear density of hydrogen, nuclei /cm3
ch(E) * nydrogen scattering cross section, cme/nucleus
t/Fy - traztion of fiesion neutrons born with energy E per unit
energy interval

ljJ'f(F/)dEl : fraction of fisstiou neutrene born above energy B
E

The ~alculation above will overestimate the fraction of the
total fast flux which 1s above L Mev since inelastic scattering with the
heavy elements 1irn the core is ignored.

After the above -1- Mev flux has been calculated in the cors,
1t 13 still necessary to arrive at a corresponding flux on the pressure vessel,
The Valprcd ccde used to calculate the distribution of the fluxee is inade-
guate to investigate yigorously the effect of the thermal shield-water com-
bination because of tne two-group limitation. To assume that the spectrum

-8 221



of the fast flux is the same on the pressure veseel as in the core would give
an 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 shields and the inelastic scattering in the core on the
above -1- Mev flux. It aprears that a conservative estimate of these two
effects would be:

1) Fast flux through a water reflector only has same spectrum
ag 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) Tarough 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 -1l- Mev
fluxes of Table 5-1,

5.4.2 Comparison with APFR-1 and la
Table 5--1 contains calculated values of fast and above -1l-
Mev fluxes and "n v t" above 1 Mev for APPR-1, APPR-la, and the Skid Mounted
Reactor assuming a load factor of 100%.
Table 5-1

Flux and "n v t" above 1 Mev Incident on Pressure Vessel

AL RN

o Tor"dWN

4B A .V v s, v,

‘f( > 0.4 ev) f;'( > 1 Mev) hovt
APPR-1 (20-yr. lifetime, 3.8 x 1011 9.8 x 1010 6.2 x 1019
APRR.1a (20-yr. lifetime) 2.3 x 1012 4.1 x 1011 2.6 x 1020
8kid Mounted (20-yr. life-
time) 25" Vessel 3.54x 1013 1.09x 1013 6.86x 10°1
38" Vessel 3.16x 1032 7.4 x 1011 4.8 x 1020
228 B-8i
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5.5 Conclusions:

Power peaking will not be & problem in the S8kid Mounted reactor.
Radiaily. the presence of the thermal shield only an average of 1 2/3 inches
from the core *dge reduces the power peak at the edge of the core considerably

from 1,47 =5 with an ail water reflector to 0.95 _max.
a‘

In the axial direction the peaking will be lower than in the APFR-1
core because the rod bank controls less reactivity and is riot inserted as
deep. In the most adverse case (hot, clean, O MWYR), the APPR-1 five rod
bank is inserted 15 inches while the Skid bank is inger’:d only I2 inches.

Tnermal stress on the pressure vessel has been reduced to tolerable
values by the addition of & thermal shield and increased diameter of the
carbor steel presaure vessel.
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6.0 SOURCE STRENGTH DETERMINATION

To i1nsure a sufficient count rate on the BF, chamber during reactor
start-up, & neutron source must be 1ncorporated ¥ithin the core area. De-
termination of the strength of such a source folliows.

6.1 Correlation of APPR-1 Measurements With Theory
6.1.1 APPR-1 Measurements
Since the complete computation of required source strengths
involves some rather complex theory, results of experimental measurements
made on the APPR-1 will be incorporated wherever feasible. 8Source strength
specification for the APPR-1 and experimental data are given below.
SOURCES

15 curiepolonium - beryllium source (3.8 x 107 neutrons/
gec. initial)

3" x 3" x 0.5" beryllium block as a photo-neutron source
utilizing gamma rays from fission products

Measured Shutdown Count Rates, BF. Chamber

8
Megawatt Years Time After
Date Measured Temp. Operation Shutdown Count Rate
April 11, 57 68°F 0 0 days 7 counts per sec (17)
May 26, 'S8 112° 6.15 5.08 4 counts per sec (22)

6.1.2 Determination of Average Core Flux/Source Strength

One of the most difficult quanmtities to compute in predict-
ing count rate due to a given source is average core fl.ux/eource strength.
This quantity will be established for the APPR-1 by using the count rate

e R s s s

Fe

PRAr A B o

WL TS T

rweasured during the early days of reactor operation.

Note 59. (17)

where

Measured count rate
Counter sensitivity

"eff -/¢peak

7 cps

"

¢ peak/ 5

3.8 x 107 neutrons/sec.

Shutdown keff = 0.93 initial excess reactivity -

total rod worth

S

¢

230

neutron source strength

See page 130 of AP
4.5 cps/nv nv = thermal flux
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