
APAE 115 
Volume I I 
AEC R d  and 

w 

WVR preliminary design 
for PL-3 

Contract Na Av30-11-2900 
witbU.S.AdEnergyCom~an 
New Y d  Operatism C ) f k  

MASTER 

ALCO PRODUCTS, INC. 
NUCLEAR POWER ENGINEERING DEPARTMENT 



DISCLAIMER 

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



DISCLAIMER 

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





APAE-115 
Volume 2 
AEC Research and 

Development- Report 
UC -81, Reactors Power 

(Special Distribution) 

PWR PRELIMINARY DESIGN 
FOR PL-3 

. . 

Approved by: 
G. E. Humphries, Project Engineer 

Issued: February 28, 1962 

Contract No. AT(30-1)-2900 
with U. S. Atomic Energy Commission 

New York operations Office 

ALCO PRODUCTS, INC. ,, A ,. . 
Nuclear Power Engineering Department 

Post. Office Box 414 
Schenectady 1,. N. Y. 



. . 
. - :AEC LEGAL NOTICE 

This. report was prepared as  an account of 'Government sponsored work. 
Neither the  United States, nor the Commission,, nor any personacting onbehalf 
of the Commission: 

A. Makes any warranty or representation, expressed or implied, 
with respect to  the accuracy, completeness, or- usefulness of the information 
contained in this report, o r  that the use of any inioimation, apparatus, 
method, or process disclosed in this report may not infringe privately owned 
rights : 

B. Assumes any liabilities with respect to the use of, or for damages 
.. resulting from.the use of any information) apparatus, method, or  process 
disclosed. in. this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or  contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or 
provides access. to, any information pursuant to  his employi@ent ar contract 
with the Commission, or  his employment with such contractor. 

ALCO LEGAL NOTICE 
. . 

This report was prepared by Alco Products, Incorporated in the course 
of work under, or in connection with, Contract No. AT(30-1)-2900, issued 
by U. S. Atomic Energy Commission, NYOO; and subject only to the rights of 

" the United States, under the provisions of this cont~act ,  Alco Products, 
-Incorporated rpakes.-no,warranty or representation, express or implied, 
and shall have' no liability with respect to  this report or any of its contents 
or with respect to the use thereof or with respect to whether any such use 
will infringe the rights of others. 



DISTRIBUTION 

External 

New York.Operations Office 
U. S.. Atomic- Energy Commission 
c/o:Alco Products, Inc. 
1 Nott Street 
Schenectady.5, New York 

Attention: ~ e s i d e n t .  ~ n g i n e e r ,  PL-3 ". 

New York Operations Office 
U. S. Atomic. Energy Commission 
376 Hudson Street 
New York 14, New York 

Attention:. Project Engineer, PL-3 
Reactor ~ i v i s i o n  

U. S.. Atomic.. Energy Commission 
Washington 25,. D. C. . . . .  . . .  

~t tent ion:  Chief, Water Systems Branch 
(Army Reactors) 
Division of Reactor. Development 
Mail Station .F- 3 1 1 

U. S. Atomic. Energy Commission 
Washington 25, D. C. 

Attention: Chief, Water Reactors Branch 
Civilian. Po.wer 

:Dipision of Reactor. Development 
Mail Station. F- 3 11 

U. S. Atomic.. Energy Commission. - 
Chief, New Yo rk. Patent Group 
Brookhaven National Laboratory 
Upton, New York 

: Attention:   arm on Potter 

i f i  



External 
coljies 

12 ' U. So Atomic. Energy Commission 
Off ice of the General. Counsel 
Washington 25, D. C. 

Attention: Vr. Roland Anderson 

U. S. Atomic. Evergy Commission 
Idaho Operations Office 
P.O. Box.2108 
Idaho,Falls, Idaho 

Aeention: . Director, Division .of Military Reactors 

14 U. S. Atomic. Energy Commission 
Reports and Statistics' Branch 
Division .of Reactor Development 
Washington 25, D. C. 

15 - 19 Bureau of Yards and .Docks 
Navy Department 
Washington 25, D. C. 

Attention: - Director,. 'Nuclear Power. Division 
Code E-300 

20 Office of the Chief of Engineers 
. . 

Department of the Army 
~ u i l d i n ~  T- 7 
Washington 25, D. C. ' 

.A- 

Attention: chief, Projects  Branch 
Nuclear Power Division 

21 Nuclear Power Field Off ice 
U. So Army ~ n g i n e e r  Reactors Group 
Fort Belvoir, Virginia 

. Attention: Chief, Nuclear Power. ~ i e l d '  Off ice 



DISTRIBUTION (CONTvD) 

External 
Copies 

d 2  
, . a  

Sundance. A i r  F o r c e  Radar Station . .  
P. 0.. Box 80 
Sundance, Wyoming 

: Attention: . AEC Si te  Representative, PM- 1 

Nuclear.Power: Field Office , . 
U. So. Armp;Engineer Reactors Group 

I Fort Belvoir, Virginia 

Attention: 0. I. C. SM- 1 

Chief, U. S .  A h y  Reactors "Gfbup 
, Fort  Greely, Alaska 
.APO 733 
Seattle, Washington 

.Attention: 0. I. C. SM- 1A 

Commanding Off ice 
U. So Army Polar Research and Development Center 
Fort  Belvoir, Virginia 

Attention: Nuclear .Power Officer 

Commander r ' 

. A i r  Force Special Weapons cen te r  '(AFSWC) 
Albuqerque, . New Mexico 

Attention: SWVP 

Office of Technical Information Extension 
P. 0. Box 62 
Oak Ridge, Tennessee 

Union Carbide Nuclear Corporation 
Oak Ridge National Laboratory 
Y- 12 Building 9704- 1 . . 
P. 0. Box "Y" 
Oak Ridge, Tennessee 

.Attention: Mr. L. D. Schaffer 



.; DISTRIBUTION (CONT'D) 

External 
Copies 

31 
: .,t: 

. Director 
U. S.. Army, Cold. Regions 
Research .and. Engineering. Laboratories 
P .0 ;  BOX 282 , 

Hanover,. New   amp shire' 

: Attention: . Dr. R. W.. Gerdel 

32 Advanced. Technology Laboratories 
Division of American- Standard 
3 69 Whisman,. Road 
Mountain. View, California 

. Attention: Director, Research and. Development 

33 Aero jet General. Nucleonics 
Military.Products. Division 

. Box. 77 
San . Ramon, California 

Attention: Manager 

34 . The. Babcock & Wilcox Company 
Atomic. Energy. Division 
'1201 Kemper Street 
P. 0.. Box. 1260 
Lynchburg, Virginia 

. Attention: Manager 

35 Combustion:Engineering, Inc. 
Nuclear ,Division 
prospec(  ill Road 
windsor, Connecticut 

Attention: Mr. J. B.. Anderson 

..a6 ' General Atomic 
. Division .of General Dynamics 
P. 0. Box 608 
San. Diego 12, California 

: Attention: . Assistant Laboratory. Director 

vi 



DISTRIBUTION (CONT'D) 

External 
Copies 

General. Electric Company 
Atomic Power: Equipment Department 
2151 South .First Street 
San Jose 12,. CaliEornia 

. Attention: Manager, Engineering 

Lockheed- Georgia Company 
Lockheed .Nuclear Products 
Marietta,: Georgia 

. . .  

Attention: . Director, Nuclear Laboratories 

T h e  Martin Company 
P. 0. Box 5042 
Middle River, Maryland 

Attention: AEC Contract Document Custodian 

United Nuclear Corporation 
Development Division 
5 New Street 
White Plains, N. Y. 

Attention: Library Custodian 

Westinghouse: Electric Corporation 
,.Atomic Power Department 
P. 0. Box.355 
Pittsburgh i 30, Pennsylvania 

. Attention: Director of Projects  

Internuclear Company .,,... 
7 North Brentwood Blvd. 
Clayton 5, Missouri 

Attention: Mr. 0. J. Elgert 

vii 



' .  43 ' Jackson. and Moreland Company 
Park Square Bldg. 
Boston 16, Massachusetts 

Attention : Mr. Harold Vann 

Internal 
Copies 

W, D. Leggett 
K.' Kasschau 
J. Go Gallagher 
J. F. Haines 
G. E. Humphries 
No F. Taylor 
J. H. Mackin 
D. Go ote , 

J. W. Niestlfe 
W. R. Pearce 
E. R. Schmidt 
P o  E. Bobe 
W. 0. Enright 
R. E. Williams 
E. L. Cofrances 
R. M. Ryan 
H. N. Roberts 

NPED File 



ABSTRACT 

The pressurized water reactor. p,reliminary design .presented .in th is  
volume is the.preferred.design developed h d e r  phase I. of the PL-3 contract. 
This report presents :plant design criteria,. summary of plant selection, : plant 

, description, reactor and.primary system description,. thermal and hydraulic 
analysis, nuclear. analysis,. control. and. instrumentation description, shielding 
description, auxiliary systems,, power:plant equipment, waste: dispo'sal, build- 
ings and tunnels, services, opera.tion a n d  maintenance, logistics,, ,erection, 
cost information. and. a training- program outline. . . . .  
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1.0 INTRODUCTION 

F f  In' October, 1961, Contract AT(30- 1)- 2900 was signed between Alco . 

Products, Incorporated and the Atomic Energy Commission whereby Alco .. 
Proaucts shall perform-the research, development, design, construction, ,? 
installation.and testing of a nuclear steam power plant which utilizes a light i n f  

water cooled and moderated nuclear reactor, capable of being transported by' 
air and installed and operated in a snow tunnel at  Byrd Station, Antarctica. :, 

1.1 THE PL-3 PROJEC-T-- - :I ,.s :* 

- Task 1 of Phase I of the contract was devoted to a thorough survey of :I' 
concepts and designs of nuclear steam power plants which satisfied the general 
requirements for PL-3. Five concepts were selected for design modifications 
so 'that each plant concept met fully the technical requirements for PL-3 as de- 
lineated in Section 2.0,"Plant Design Criteria. " Two concepts employed BWR 
to produce steam, one a natural circulation direct cycle reactor system which 
was a modification of PL-2, and the other a natural circulation indirect cycle 
reactor system. The remaining three concepts utilized the PWR to produce 

'-:steam. . Each concept was similar to portable nuclear*power plants already .. i: 
constructed for service in remote areas  (PM- 1 and PM-2A). An evaluation.. . 
procedure was developed to implement the selection of two nuclear power plant 
concepts which were most promising for PL-3. Based on the criteria establish- 

- ed for the evaluation, the direct cycle BWR (PL-2) and a PWR which yas a 
generic derivative of PM-2A were selected as the preferred concepts. It was 
recommended that both plants undergo further design analysis to realize addit 
tional saving in plant size and weight, principally reductions in core size and 
improvements in refueling and spent fuel shipment techniques, with concomitant 
reductions in-module weights and spent fuel shipping requirements. These re- 
commendations were altered when discussions with the Army Reactors Branch 
eMcited a strong emphasis on extended core lifetime for either concept, with 
acceptance of the increased system weight rmplied by the resultant larger 
reactor core. 

The two perferred concepts were subjected to further design analysis to 
resolve such problems as the selection of vertical o r  horizontal steam generator 
for the PWR and the attendant vapor containment provisions and primary system 
arrangement. The ultimate objective of this work was to achieve preliminary o r  
reference designs for each plant during Task 2. A selection was made of the 
preferred preliminary design which would be the basis for final design, fabrica- 
tion, erection, and operation of the PL-3 plant for Byrd Station, Antarctica. 
The design preferred for this application was the PWR design similar to PM-2A. 
The arguments and discussions underlying this selection a r e  presented in a com- 
panion report, AP Note 408, Volume I, "PL-3 Concept Sel'ection." 



1.2 CONTRACT-RE QUIREMENTS 

The arguments supporting the selection of the preferred preliminary de- 
sign for-PL-3 and the description of the two plant designs, developed during 
Task 2, which vied for preference comprise the cqntents of three reports. The 
selection arguments were presented in AP Note 408, Volume I, "PL-3 Concepq 
Selection. l1 The PWR and BWR design descriptions a re  presented respectively' 
in this document and-APAE-115, Volume 1, "BWR Reference Design for PL-3. " 

These documents Ga~ialEy fulfill the contractual requirements for the Phase* I 
portion of the PL-3 contract. 

Phase 11 will be devoted initially to the preparation of a design analysis, 
plans, drawings and procurement specifications, followed by the, manufacture 
and/or procurement of components, materials and equipment for the~preferred 
P M  plant. The plant items will be tested and assembled finally into modules 
designed to permit shipment of the entire*plant to Antarctica by ship and air 
transport. 

Phase 111 will consist of transportation supervision, . installation and test 
operation of the, plant at Antarctica, t 

During Phase I, research and development work pertaining to the PL-3 
plant design'was initiated to demonstrate the feasibility of advanced technological 
features of the preliminary design. This work will be continued, terminated o r  
modified as required to demonstrate the integrity of the plant design during - 
Phase II. 

/ 

':-1..3 . SCHEDULE 

The performance,of workunder the PL-3 contract will be accomplished .in 
accordance. with. .the comp1.etion time of the principal. events listed below: >.: .  .: ..,.. , 

. i ,  1. Completion of. preliminary design and preparation .of developme* -- 
.,! ' program. - .  February 28, 1962. 
:'4 , 

2.. Delivery of the~plant support facilities to the point of embarkati0n.h 
continental United. States - September 15, 1962. 

. . 

3.. Delivery of the~plant to the: point of embarkation in. continental united 
States - September. 15, 1963. . . -. . 

.4.. Completion of on-site tests - October 15, 1964. 

. . 
, - 



The data and. descriptive: material. presented in. this report form. a pre- 
liminary design .of a .pressurized water reactor: power plant. This optimized 
design. minimizes system weights and. the number of shipping modules-and con- 

: . ,forms to the. requirements, development objectives: and.criteria.described.in 
. the' Technical Provisions. attached to the PL-3 contract. 

. The: preferred .PWR design borrows :the technologically advantageous 
features of the PM- lA,  PM- 2A, .'and SM- 1, while: meeting the 20, 000 %b. module 
weight limitation. Two core,designs were considered during the earPy-stages of 
the preliminary design. . Thehpreferred core is a 7. x 7 full enrichment platertype. 
core design used.h..SM-1. . The alternate design is. a 5 x 5 core design.,withSM-2 

.plate type fuel elements. This design was developed to reduce the. system weight 
and spent fuel handing. . The 5 x 5 design,work is included in an appendix:to this 

: . report h order. to present in full the engineering.anal,ysis and design performed 
.. dur.ing Task-2. 



2.0 PLANT DESIGN CRITERIA 

The technical requirements and objectives for the plant are presented.in. 
the contract as "Appendix B - Technical Provisions. l1 Environmental data for 

' the Byrd Station s i te  is a lso  provided in Appendix B. The data and requirements 
which a r e  significant to the plant design and to the selection of a preferred plant 
for PL-3 a r e  summarized in these paragraphs.' 

2.1 GENERAL CRITERIA 

2. 1. 1 Design\ Requirements - ".* 

2.1. 1.1 The plant shall have a net output of 1,000 w e  at  0. 8'pf 
(3 phase, 480 volt, 60 cycle) plus 1. 5 x 1 o6 ~ t u / h r  of 
thermal energy. 

2 .1 .1 .2  The reactor shall be light water cooled and moderated, 
either of the forced circulation pressurized type o r  
natural circulation boiling (direct cycle) type. f 

2.1.1. 3 The plant shall utilize a conventional condensing steam 
cycle with turbine generator with cycle waste heat dis- 
sipitted to the air. 

2.1.1.4 The plant shall include the foundations and housing and 
all supporting facilities and equipment. to operate and 
maintain the plant as a self -sufficient unit. 

2.1.1.5 The plant shall be capable of being transported in pre- 
assembled modules by C-130 aircraft  operating under 
Antarctic conditions. 

2.1.1. 6 The plant shall be capable of being installed and operated 
in snow tunnels at Byrd Station, Antarctica. 

2.1.1. 7 The plant shall be capable of being installed with equipment 
which can be transported by C-I30 aircraft  operating 
under Antarctic conditions. 

2.1.1.8 The plant shall b e  inherently safe to operate and maintain. 

-2.1.1.. 9 The reactor plant shall be contained. 



2.1.. 1.10 The plant when .installedin.the Antarctic. shall have a high' 
degree of assurance of satisfactory~'operation. . . ,  . 

. . .  . .- 

2. lb l.o.ll The plant shall not release radioactivity of .a:type and 
. magnitude that would adversely affect future scientific 
studies in. the Antarctic. 

. 2.1.1.12 The plant (other than foundations and housing and all . 
supporting facilities) shall be capable of being installed 
in a single Antarctic construction season. 

2,1,1.13 ~h~ -plant shall be capable of being operated and main- 
tained under normal operating conditi0ns.b~ personnel 
working an 84-hour. week with cumulative radiation 
dosage less than. 1.25 rem/quarter per man. 

.2.1.2 ... Research and Development Objectives 

2.1.2.1 The plant should be capable of being installed with a 
minimum amount of effort and with a minimum of con- 
struction equipment. 

2.1.2. 2 The%plant .must be capable of being s'afe'ly operated.and 
maintained with a minimum. number of beisonnel and 
should be capable of being refue1ed.b~ the' normal total 
crew. 

2.1.2.3 The volume and wkight of the plant and associated equip- 
:merit to be transp6rted.should.be a minimum. 

2.1.2. 4 ' The plant should be capable of producing power. on a con- 
tinuous basis. 

2.1.2.5 , The cost of the plant should be the minimum. consistent 
with the other requirements. 

2.1,2. 6 The core life should be not less than two years; the fuel 
cycle costs per unit of energy should. be a minimum, and 
the total weight of spent fuel casks should.be .a .minimum. 

2.1.2. 7 The plant should require a low inventory of repair parts 
and operating supplies and should provide for maximum 
interchangeability of components. 

2.1. 2. 8 The design life of the. plant should be at least '20 years. . 

2.1. 2. 9 The plant sho,uld be simple. to install, operate and main- 
tain and should require a minimum: of special skills and 
comp1ex:procedures o r  processes. 



2.1. 2.10 Insofar as 'possible, the plant should be of a design that 
could. be utilized a t  other Antarctic snow tunnel installa- 
tions with a minimum of modification. 

. . 

2.1.2.11 The plant should be capable of being relocated with a . -  

minimum amount of effort and with.the maximum reuse  
of equipment and facilities. 

2.1.2.12 The plant should be of such a design that replacement 
crews can be trained without requiring additional new 
training facilities in the United States. 

PLANT SITE AND ENVIRONMENTAL DATA 

The environmental conditions at Byrd Station a r e  presented in Table 2.1. 

2.3 . ADDITIONAL DESIGN REQUIREMENTS 

In addition to  the general cri teria.  for  PL-3, listed in Section 2.1, guide- 
lines for the plant design were included in Appendix B which further defined 
.the design requirements. The guidelines which markedly influenced the pre-  
liminary 'design and selection of the plants developed during Task 2 a r e  listed 
below : 

2.3.1 The plant should be capable of being started from a dead cold 
condition without external power. 

2.3.2 The plant shall have a net output of 1,000 kw at 0 .8  pf (3 phase, 
480 volt, 60 cycle) and 1. 5 x lo6  Btu/hr of thermal energy. ' The 
1 . 5  x 1 o 6  Btu/hr of thermal energy shall be in the form of steam 
at 100 psi dry and saturated, and the steam system shall be ap- 
propriately designed to  prevent radioactive. contamination to the 
export steam. 

2.3. 3 All rotating par ts  and all electrical instrumentation components 
should be capable of being removed and replaced without cutting 
structural members o r  pressure  piping. 

2.3.4 All major components shall have a design. life' of 20 years. 

2.3. 5 After extended occupied shutdown (greater than 24 hours), the 
plant shall produce rated power output in not more than 24 hours 
without damage or  permanent deformation to  any part  of the plant. 

2.3.6 Following a sc ram at power operation, the plant shall be capable 
of recovery t o  demand power operation within.20 minutes, pro- 
vided startup can be safely initiated within 8 minutes after the 
scram. 

2-3 



TABLE 2.1 
ENVIRONMENTAL DATA AT' BYRD STATION, ANTARCTICA 

Location 80°s, 1 2 0 w  

Accessibility 

Air 
Sea 
Other 

Cvnstruction 

Type 
Season 
Equipment 
Limitations 

Water 

October - February 
No 
No. 

Subsurface (Snow Tunnel) 
90 days 

Transportation Limited 
Peter Snow Plow Capability 

Source . . 

Quality 

Availability 

Wind 

, Snow . 
Soft and Palatable Requires 
Minimum Treatment 

Lf mit ed 

Average Velocity 
Maximum. Velocity 

- Prevailing Direction 

Temperature 

Mean Annual 
Minimum 
Maximum 

.- Average Construction 
Minimum. Construction 

Precipitation 

Annual Snowfall 

Elevation (above sea  level) 

,15 - 17 mph 
-77 mph 
NNE 

13 in. 



. . 

" .: i 2.3. 7 Components' of'the plant which a r e  capable of producing interference 
to. radio communication equipment shall be equipped .with suitable 
means of suppressiqn. 

. . . .  . . 

The plant shall be designed so  that the maximum temperature of 
the surrounding snow will not be greater than O°F. In any case, 
the temperature r i se  in the snow under the foundations shall not 
exceed 20'~. 

All foundations should be designed to have uniform loading and 
provisions to accommodate differential settlement of a maximum 
of 5 feet between the primary and secondary systems. 

2.3.. 10 The plant shall be- designed and constructed i n  accordance with 
the latest applicable codes, standards, and practices. 

2.3.11 The complete plant should be capable of being. operated from a' 
central control room by one man, except that an additional "man 

' . *  !' may be used .5"minutes after a scram, and to' check equipment 
. .. . . . : every 2 hours. During startup and shutdown :operation, a .second 

man may be required n .  the 'control room. 

2.3.12 The r e a c t o ~  complex shall be designed to allow for safe routine 
operation even in the event of simultaneous release to the coolant 
of one per cent of the activity of the end-of-life fuel elements. 

2.3.13 The steam at the turbine inlet under steady state conditions and 
" . .during instantaneous !load changes of' 2@0 of full load steam within 

range of 10-100% of full load shall hot, contain moisture in excess 
of 0.25%. : 

2.3.14 Steam generators in any indirect cycle reactor system shall be 
of tube and shell construction with reactor coolant on.the'tube side.. 
Provisions .should be made for.remova1 and replacement.of tube 
bundle assembly utilizing- flanged connections. Access shall be 
provided for plugging tubes. 

, * 
2.3.15 The reactor shall have negative void and tempepature coefficients 

of reactivity within all expected operating and shutdown conditions. 
. . 

2. 3.16 The fuel shall'be enriched.uranium clad with either stainless steel 
or zirconium. . 

. :, 

2.3.17 The core life should be as  long as possible (greater than2 years) 
consistent with. keeping the fuel cycle costs per unit of energy 
and the total weight of spent fuel casks to a minimum. 



: .. 2 . 3 . 1 8  A soluble poison system'shall be provided for emergency shutdown 
. of the reactor. 

2.3 .  19 Sufficient control rod worth shall be provided to make the-reactor 
J subcritical at  atmospheric pressure and a coolant~temperature of 

4 ' ~  with any single rod in the fully withdrawn position. This re-  
quirement shall apply at  any time during core life and shall not 
require the aid of soluble neutron poisons. 

, , 2 . 3 . 2 0  If the rehctor pressure vessel is austenitic stainless steel, the 
reactor shall be designed s o  that integrated fast neutron dose 
to the pressure vessel shall not exceed 1021 nvt over the design 
lifetime of the plant at 0. 8  plant factor. If the reactor vessel is 
carbon steel, fast neutron exposure over the life of the plant a s  
described in the preceding sentence shall be such that there will 
be no restriction of operating and maintenance procedures. 

2: 3 .21  When. the turbine generator is in operation, the system shall be 
automatically load following. If rod motion .is required to ac- 

, , o . .  . complish. this, an. automatic control system shall be furnished. 
. . .  

2.3,. 22 The plant under normal operating conditions, shall not release 
. :  

, . . .  . 3  . . t .I radioactive wastes above the following c ~ n c ~ n t r a t i o n s  : gaseous, 
4  x loms4 l c / c c ;  liquid. lom8 pc/cc ,, 

2 . 3 .  @ Spent fuel storage facilities shall be furnished to store a minimum 
. " of two complete cores at maximum reactivity in a subcritical 

condition, to reject safely the fission product decay heat of the 
. . . . . . ) . .  cores, and to. contain.and control the release from ruptured 

spent fuel elements.of 2% of the fission .product inventory of a 
spent core. 

- . 2 i 3 . 2 4  The primary shield shall be designed s o  that in no event will the 
dose exceed 100 millirem/hour outside the primary shield 120 
minutes following shutdown. The radiation level 3  feet from 
other plant components shall not exceed 1 . 2  millirem/hour. 

2 , 3 . 2 5  The plant secondary shield shall be designed so  that the radiation 
' 

level outside of the.power plant controlled area shall not exceed 
0. 06 millir"e/hour. No detectable radiation attributable to the 
plant will b'e allowed in the camp living, areas. 

2 . 3 . 2 6  Neutron flux attributable to the plant shall not exceed one neutron 
per square meter per minute at one mile from the plant under any 
operating condition. 



3. o SUMMARY',OF PLANT SELECTION 

3.1 TYPES OF PWR PLANI' CONSIDERED 

Three PWR plant concepts were evaluated during Task 1 of Phase I. One 
concept was a modification of PM-1; the remaining two were modifications of 
PM-2A. During this initial portion of the PL-3 contract, each concept was evolved 
from PM-1 or PM-2A by modifying these existing plants only to the extent neces- 
sary to  satisfy the requirements for PL-3. Although one or more of these plant 
concepts would be dropped from consideration as engineering design and analysis 
progressed, i t  was expressly intended that advantageous design characteristics of - 

any of these concepts would be included in the design of the plant to be selected 
ultimately for PL-3. 

The principal modification made to the concept derived from PM-1 entailed 
the design of vapor containment to  satisfy PL-3 requirements. PM-1 utilizes 
vertical enclosures to facilitate back f i l l  earth shielding, but does not provide 
pressure containment in the event of primary system rupture. Consideration 
was given also to the problems associated with installation and operation of 
PL-3 in a snow tunnel and the sizing and packaging of plant components to satisfy 
weight and size limitations for PL-3. 

The two plant concepts derived from PM-2A were designed for snow tunnel 
installation and total containment of the primary system and incorporated the 
glycol-coupled heat rejection system used on PM-2A. Extensive revisions of 
the PM-2A design were required to meet the design criteria for air transport- 
ability. These concepts were essentially similar except for their cores. The 
core for one concept was a 7 x 7 array of SM-1 fuel elements; the other used 
a 5 x 5 arrangement of SM-2 elements. 

3.2 ,SELECTION OF PREFERRED PWR CONCEPT 

Preliminary design work was directed initially toward. a plant design which 
utilized the 5 x:5 core. While the lifetime of this core marginally satisfied the 
2 yr  core life requirement for PL-3, the smaller core size was expected.to yield 
savings in spent fuel shipping casks and primary system size anp weight. Fur- 
ther analysis of this design approach led to the conclusion.that tLe pressure vessel 
size could not be reduced significantly because of the possibility of radiation 
damage.to the pressure vessel with. prolonged exposure. In addition, the advantage 
of reduced ,number of spent fuel shipping casks was negated by the increased .'. 
frequency of shipment characteristic of the shorter core life. The hazards as- 
sociated with the transportation of men and material to the PL-3 site a r e  great 
so  that there is a premium attached.'to methods or  techbiques which minimize 
shipping to or from. Byrd Station. 



These conbiderations led to  the rejection of the 5 x 5 core in favor of the 
7 x 7 array  of SM-1 fuel elements with its extended lifetime. One further ad- 
vantage of this core is the long and successful history of operating experience 
with this core in SM-1. 

The preliminary design which evolved from the 7 x.7 concept incorporated 
the vertical steam generator and containment used on PM-1. The concept of 
high pressure containment, developed for the BWR described in a companion 
report, was applied to this preliminary design and resulted in two vertical con- 
tainers for theyprimary system rather than the four which characterize the 

' 

PM-1 'and PM-3A designs. One container encloses the reactor and the other 
encloses the steam generator, pressurizer, primary pump and control rod 
drive motors. The two cylinder containment design permits convenient access 
to the container enclosing the pump, steam generator and pressurizer through 
an access hatch at grade level. This simplifies the probtems associated with 
primary system maintenance. The preferred plant with 7 x 7 core design and 
vertical containment for the PWR preliminary design is described in the body 
of this report.' The alternate 5 x 5 core design'is described in an,attached, 
appendix. 



4.0 P U , N T  DESCRIPTION 

4.1 TUNNEL .AND BUILDING ARRANGEMENT 

The plant is located in two tunnels parallel- to an existing tunnel leading. from 
camp as shown in Dwg. AEL-734. These tunnels a r e  27 f t  in width at the base and 
all buildings located in these tunnels a re  20 ft in width. 

The tunnel configuration has been designed with the short plant erection 
schedule of 45 days as a major consideration. It will be feasible to  bring in 
equipment during the plant erection from all four of the ramps leading into the 
two plant tunnels. 

Three building-enclosed areas  a re  within the two plant tunnels and a re  con- 
nectedbybnecessary personnel and piping interconnecting tuqnels. The first  of 
these enclosed areas is the primary system. This is the most remote from-the 
camp and downwind of a11 of the other plant and camp areas. In the same, tunnel 
a s  the primary system, although separated by a snow barrier,  is the building 
housing the power conversion system (turbine-generator, condenser, and aux- 
iliary equipment) plus the heat rejection system (air blast coolers and related 
equipment). 

The plant tunnel closest to the main camp tunnel contains waste processing 
and laboratory equipment, the control console, and other necessary plant utilities. 
At the end of this tunnel, again downwind of both plant and camp, is the proces- 
sing area for both liquid and gaseous wastes. I)me to the slightly radioactive 
nature of these wastes, this equipment is located on the lee side in relation to 
other equipment and i s  separated from-othek equipment by a shield barrier. The 
chemilcal laboratory, emergency diesels, maintenance and personnel facilities 
a r e  also located in this tunnel. 

An access tunnel connects the plant complex .to the camp tunnel and enters 
the plant complexat the personnel area where necessary monitoring of personnel 
and equipment is- performed. 

4.2 REACTOR AND POWER PLANT EQUIPMENT 

, The primary system of the PL-3 plant consists of a pressurized water 
reactor and a vertical steam generator. Primary system operating pressure is 
maintained at 1200 psia by the pressurizer. The primary system coolant is 
circulated by the primary coolant pump, picking up heat while passing through 
the reactor core. The heat is then transferred to the secondary system, generat- 
ing steam at 315 psia, @y and saturated, for delivery to  a geared turbine- 
-generator unit. An auxiliary heat exchanger provides low-pressure export steam 
to the camp system. The turbine exhausts to a surface condeqser and a glycol- 
coupled air blast cooler heat rejection system. A summary of plant data is pre- 
sented in Table 4.1. 
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TABLE 4: 1 . 

PLANT DATA SUMMARY 

Reactor Power 

Gross Electrical Output 

Net Electrical Output 1000 kw 

Low Pressure Export Steam 1 . 5  x l o 6  Btu/hr 

Core Lifetime 

Fuel Type Fully enriched, plate type 

Fuel Loading 

Steam Conbtions at Turbine 

Condenser Vacuum 

Design Ambient Temperature 

Number of Planeloads Required: 

~u i ld ings  and Foundations 

Reactor and Primary Systems 

22.48 Kg U-235 . . 

26,250 lbs/hr: @ 300 psia 

6 in. Hg 

3 4 ' ~  

' power ' conversion Equipment and Auxiliaries - 22 

Construction Equipment and Supplies 4 

Emergency Diesel Fuel Oil 

TOTAL ,109 

The reactor complex or steam producing equipment. is.housed in the primary 
building in two vertical vapor comtainters. The reactor vessel is in one of the 
vapor containers, connecting to the other which houses the steam generator, the 
pressurizer and the primary coolant pump. These containments a r e  designed to 
sustain a maximum credible'accident pqstulated to release the total energy in 
the primary system. Nuclear instrumentation and the primary shielding a r e  lo- 
cated within the reactor vapor containment.. An 0verhead:bri'dge crane is pro- . 
vided within.the primary building for  use during erection, maintenance and 
fuel handling operations. 



.The arrangement of the power plant equipment and plant auxiliaries is shown 
in Dwg. ~ ~ ~ - - 7 3 4 . '  The condenser module, 28 f t  x:.8 f t  is oriented so that the 
turbine-generator module and turbine auxiliaries module are .  located alongside 
the condenser. - The.lengths of these modules a re  13 ft 6 in. and 7 ft respectively. 
The width of both modules is 6 f t  9 in. , and this arrangement allows a 5 f t  3 in. ' 

aisle by the power conversion equipment. Additional laydown areas of 15 f t  and 
8 f t  a r e  provided at the -ends of the mobules. 

The condenser module contains a surface condensing unit with an-integral 
deaerating hotwell. Operating vacuum and duty at full load and 34OF ambient' 
temperature a r e  6 in. Hg and 23.7 x lo6 Btu/hr. Two condensate pumps, (rf 
addition to module piping, valving, wiring, and instrumentation, a r e  located 
in the module. 

The turbine-generator module has a 1500 KWe turbine-generator with 
necessary:piping and control equipment. This module must be shipped in. two 
packages because of the 20; 000 lb limitation for each shipping module. 

Turbine auxiliaries a r e  placed on a separate module. Turbine lubricating 
components, such as a heat exchanger, purifier, filter and circulating pump a re  
located on this skid. Dual steam jet a i r  ejectors and a combination steam jet 
and gland seal leak-off condensing unit a r e  also on this module in close proximity 
to the turbine and condenser madules. 

The secondary auxiliaries module is positioned beyond the 15 ft laydown 
area. The export steam evaporator (1.5 x . lo6 Btu/hr duty) and subcooler for 
auxiliary cooling a r e  placed on this skid. The main and auxiliary glycol coolant 
circulating pumps;;and two feedwater pumps and their motor control center a r e  
also located here. ' Two small storage tanks (5 gals) and metering pumps a r e  
necessary for chemical treatment. . A tank for 100 gals of condensate storage, 
in addition to that provided in the condenser hotwell, is provided. 

Plant switchgear along with extra electronic, recording, and other control 
gear is located on a 15 ft x 8 ft switchgear module. This module is located aft the 
end of the 8 ft laydown area beyond the condenser package. 

The condenser coolant is a 60% by weight solution of ethylene glycol. This 
is cooled by two identical air blast coolers. Air intake is through stacks from 
the outside, through a plenum chsmbel. to settle out snow, and through louvered 
openings to the air blast coolers. Four 60 in. dia.fan units per module draw air  
over straight lengths of tubes containing the coolant. . Each module is 30 f t  x 8 ft 
and has an exhaust stack structure directly over it. 

Waste processing equipment is contained on a module that is 28 f t  x 8 ft. 
A waste processing evaporator, utilizing some main steam for evaporating liquid 
wastes, a condenser and a waste heat exchanger a r e  the major items of equipment 
on this module. Miscellaneous circulating pumps, storage tanks, mixed bed 
demineralizers and a rotating drum for solid wastes a r e  also required for the 
processing of plant wastes. 
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A chemical laboratory is mounted on a module with shippi'ng@mensions of 
15 f t  x. 8 ft. However., this is .expanded to 15 - f t  x 12 f t  to~allow'a.work area'during . . 

plant .operation. Standard .laboratory equipment; such. as a -balance, .fume. hoods, 
sinks, . a  desk, files and an 'emergency shower a r e  conveniently 1ocated"on this 
moklul e. . . 

A control panel for plant operation is mounted on a 15 f t  x 8ftmodule. 
&her components, such as  batteries, battery chargers and two inverters com- 
plete this module. 

Two 250 kw idiiesel generating sets a r e  utilized for plant start-up and 
emergency power for heating and lighting. Their control equipment . . enables 
diesels to come "on-line" within. 20 sec after turbine shutdown. 

The maintenance facility contains machine shop equipment necessary for 
repair and service of small and medium size plant components, including nu- 
clear instrumentation. Storage bins for spare parts a r e  located within the 
maintenance area. 

. . The equipment in the pers.onne1 facility is used for radiation monitoring . ; 
o&both personnel and equipment. Film badge interpretation, along with office 
facilities, i s  also located in this.20 f t  x 20 f t  enclosed area. 

Provisions have also been made for such plknt utilities as diesel fuel 
storage, f i re  protection, and tunnel ventilation and cooling. 



The basic primary system arrangement; shown on Dwg. AEL-762, 
consists of two vertical vapor c q n t ~ i n e r s ~ a n d  surrounding shield and refuel- 
ing tanks, The reactor vessel container houses the reactor vessel enclos- 
ing the reactor; the reactor vessel  support ring, the lead primary shield 
rings, the nuclear instrumentation and a portion of the primary coolant piping, 
This container i s  filled with shield water and also se rves  as the pr imary 
shield tank. The shield water in this tank-not only ass i s t s  in shielding during 
reactor operation but also serves  to cool the lead primary shield rings, and 
to quench the energy of the primary coolant in the event of a system rupture. 
The column of water above the reactor core provides adequate shielding for  
personnel during fuel transfer and refueling operations. 

- The second vertical vapor container houses the vertical steam gener- 
ator ,  the pressurizer,  the seven control rod drive mechanisms, the primary 
coolant pump and a portion of the primary coolant piping. This is a dry con- 
tainer and is connected to the wet container with flexible o r  expansion type 
pipe couplings utilizing seal  partitions o r  water bar r ie r s  located a t  the wet 
tank side. These water seal  partitions a r e  designed for low pressure and a r e  
intended to rupture in the event of a maximum credible accident s o  that p res -  
sure  buildup and released energy may communicate between vapor containers. 
These couplings .hnd water seals  also provide a means for the primary piping 
and the control rod drive thimbles to pass from the wet to the dry container. 

Access into the dry steam generator container is by way of a manhole 
that is located near the floor level of the primary building. Entry into the 
container a t  this lower level provides safe, easy-and quick maintenance of 
the equipment located in i t s  bottom section, -especially the control rod drive 
mechanisms which may be maintained o r  replaced without disturbing the r e s t  
of the system. A manhole in the top section of the dry vapor container also 
provides access into the upper section of the container if  required. 

' 

Additional shielding is provided in the form of peripheral water shield 
tanks ar,rang,ed around the vertical reactor container. ' These tanks extend 
approximately 8 ft from the coke centerline and provide ample cooling water 
and storage space f o r  the spent fuel slipping casks. 

Table 5. 1 presents a data summary for the primary system com.ponents. 
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TABLE 5.1  
* 

PRIMARY SYSTEM COMPONENTS DATA 

Pres su re  Vessel 

Material: Type.304 SS to SA-336 Grade F8 
Pressure  

Design 
Operation 

Temperature 
" Design 

- . .. .' . Operation 
Design s t r e s s  (ASME Code Allowable) 
Inside diameter 
Wall thickness 
Overall length of vessel 
Diameter of opening a t  top 

- Type: Centrifugal canned rotor (1 required) 
Material: Type 304 o r  3 16 SS 
Rated flow of pump 
Operating head of pump 
~ y d r a u l i c  horsepower 
" ' -  'Hot 

Cold 

Steam Generator 

13'50 ps ia  
1200 psia 

5 5 0 ' ~  
47O0F . 

11,900 psi  
40in .  .. 

2-1/2 in: 
11 ft 5' in. 
28 in. 

20 hp nom 
25 hp nom 

Type: Vertical; U-tube and shell with the reactor coolant on the tube side. 
Materials: Those in contact with primary coolant a r e  of either austenitic 

stainless steel o r  nickel-chromium-iron alloy; all others low '- 

alloy ferri t ic  steel. 
Tube side pressure 

Design 1350 psia 
, Operating 1200 psia 

Shell side pressure 
Desigr; 600 psia 
Operating 315 psia 

Tube side temperature 
Design 
operating 

shell side temperature 
Design 
Operating ' 



TABLE- 5. 1 (Cont'd) . 
. . .  

Design secondary flow 30; 000 lb/hr 
Meat transfer a r ea  : . 761. ft2 
Steam quality (2.0% to 100% load) 
.. . 

99.75% 
. , . . 

Material:. Type 304 SS 
Overall .length.' : 
Inside. diameter: 
Wall thickness . .. . 

Operating pressure  
Design presspre  " 

Design temp:erature 
Steam volume 

, water  volume . . 

No, of . heaters . (1 kw each) 
. . 9 

Priir ia~.y 'Coolant Piping 
. I ,  : 

Material :  Type 304 or 3 16 ss 
Outside diameter (Schedule 80)' 
Wall thickness 

Control 'Rod Drives / 

. . 

~ ~ ~ e :  Rack and Pinion (7 required) 
Total travel 

-Control- rod speed (either direction) 
Control rod drop time a t  500°F (predicted) 

. ~ 

Seal - . . 

~ ~ p e :  i Mkchanical breakdown labyri  th 
Average leakage per seal  (predicted P 

. 60 in. 
I '  

26-1/2 in. 
. . 1-11/.16 .in. 

1200 psia '  
1350 ~ s i a  

., 6.625 in. 

, i ' .  [ . . , .  ,.. 

22 in. 
3 in;/min 

. . 
,. 0.5.t0,0;.7,sec 

..s . 

Vapor containment 

Type: Vertical (two required) 
. . .Re$Ctor'.Container-, Steam Generator' Container 

Material: (Type 3:04 or  3 1 6 : ~ s )  ; (SA-350-LF -3 and 
SA -203. ~ r a d $  E) 

Design pressure . . 165 psia 165 psia 
Design temperature 2 0 0 ' ~  . >'4000F 
Outside diameter 8 ft 4 in. 8 f t  .4 in. 
Wall thickness 1/2 in. 1/2 in. 
Overall height 32 ft  8 in. 32 ft  8 in. 



5.2 . REACTOR.VESSEL AND CORE SUPPORT STRUCTURE 

The reactor vessel is shown on Dwg. AES-612. It is a vertical, cylin- 
drica-1 vessel,  with a hemispherical bottom head and a flanged opening a t  the 
top to permit  installation of the core assembly and fuel elements, It will be 
designed and stamped in accordance with the ASME code for Unfired Pressure  
Vessels. The design-pressure and temperature a r e  -1350 psig a t  550'~: The, 
reactor vessel  will be fabricated of austenitic stainless steel  rings, forged 
and machined to shape and then welded to form the vessel. The material will 
be T& 304 stainless steel conforming to the requirements of ASME code 
materials specification SA-336 Grade F8. 

A pair  of s ix  inch nozzles,. located radially in the reactor wall above 
the top plane of the core, are.' provided for attaching the primary piping. 
The seven.contro1 rod drive penetrations a r e  located in the lower portion of 

'-.. the vessel. 

The primary coolant enters  above the core  through a 10 in. nozzle, 
flows downward along the vesselwall ,  turns toward the vessel center and 
flows up through the core. The flow then exits from the vessel by way of the 
s ix  inch outlet nozzle. 

i ,  

A maximum integrated fas t  neutron flux of 1 x 10% nvt was used as the 
design value for sizing the inside surface of the reactor vessel. This value 
was chosen to assure  that the specified maximum allowable value of 1 x 1021 
is not exceeded; This factor of ten should .be sufficien.t to allow fo any pos- 
sible e r r o r s  in the flux calculations. Based on this value of 1 x loHo nvt, 
the vessel  inside diameter is 40 in. To meet the ASME code rules for design 
a t  1350 psig and 5 5 0 ~ ~ ~  a minimum vessel wall thickness of 2-1/2 in. was 
required for the center cylindrical portion of the vessel. The. vessel is 45 in. 
outside diameter and appsoximately 11 ft 7 in. overall outside:.heigbt including 
the top cover. 

The flanged opening in'the top s f  the vessel will be 28 in. inside dia- 
meter and the closure will be made by the use of through bolts. The through- 
bolted design has been selected to:eliminate-. the possibility of the stud threads 
galling the vessel flange. 

The bolt material will be .A-286 as  permitted in a special ruling -under 
ASME code case 1296; nuts will be either A-286 or  SA-194Prade8 (Type 
304 SS). The closure seal  will be made by using either a concentrically 

. mounted pair  of .spiral.wou.nd metal gaskets with-a tell-tale bleed' between the 
two, o r  a.sing1.e octagonal cross-section metal ring gasket. Gasket selection 
will be based onoverall  joint integrity a n i  on gasket seating forces which will . , ' -  

p e r m i t  design of the thinnest and lkh tes t  :flange. 



5.2.2 Core Support Structure 
. . . . 

The core support structure which i s  shown on Dwg. AEL-763 locates 
and supports the stationary fuel elements and guides the control'rods. The 
structure will be shop-assembled and lowered as a complete unit into the 
reactor pressure  vessel. The components of the structure consist of the 
top orifice plate, the top grid plate, -the support plate, core  skir t ,  the bottom 
grid plate, the pinion support ca r r ie r  plate, the pinion bearing supports, and 
the necessary latches, tie rods and fasteners, 

. .  . The seven pinion bearing supports, which.include the. control rod dash- 
pots and 'the control rod rack rollers ,  are supported by.the pinion support 
ca r r ie r  plate which is located by.means of spacers  between it and the bottom 
grid.plate. The.tie rods hold the entire structure together and transmit all 
loads to the support plate located a t  the top of the structure. 

The bottom plate locates and orients the lower end of the stationary fuel 
elements by engaging the elements in large pilot holes. Square holes permit  
passage of the control rods through the bottom plate. A clearance of approxi- 
mately 1/8 in. .is provided between the control rod assembly and the bottom 
plate. T h e  pilot holes provide an entrance passage for coolant flow from the 
lower plenum into the stationary fuel elements. Additional smaller  holes in 
the plate. provide entrance passage for coolant around the stationary fuel ele- 
ments and the control rod tubes. 

The support plate is spaced from the bottom plate by means of the core 
skirt.  The skir t  which confines the total coolant flow within the active core 
a r ea  is restrained from lateral  movement by grooves machined in both the 
bottom and support plates. The top grid plate r e s t s  upon the support plate and 
is held in place by four latches engaging the tie rods. The orifice plate is 
mechanically fastened to the top plate to become an  integral par t  of the top grid 
plate. Square holes permit passage of the control rods through the top plate 
and provide lateral support to the top of the control rod assembly. A total 
nominal clearance of approximately 0.030 in. is provided between the top plate 
and the control rod. 

The core support structure is similar  to that used in the SM-1, SM-1A 
and PM-2A plants. It will be fabricated from Type 304 SS annealed, except 
for dowels and capscrews, which a r e  to be made from Type 302 o r  303 SS. 

5.3 VAPOR CONTAINMENT 

Vapor containment for the PL-3 plant consists of two vertical tanks, 
one containing the reactor vessel and the other the steam generator, pressus- 
izer  and primary pump. The two vessels  a r e  connected together by three 
flexible ducts approximately 2 f t  in diameter. The upper two contain the pr i -  
mary piping connecting the reactor and steam,.generator; the lower one houses 
the seven control rod drive thimbles. 



The reactor containment vessel  is 8 ft  4 in. outside diameter and 
32 f t  8 in. overall height. The tank has elliptical heads and is made in two 
flanged sections. The top section is- flanged above the shield water level 
and may be removed to provide access to the reactor for refueling. In 
addition, this top section provides a void volume for energy containment in 
the event of a primary pipe rupture within-the containment tank. The reactor 
containment vessel is designed for  a pressure  of 165 psig a t  2 0 0 ~ ~ .  I ts  
wall thickness is 1/2 in. and i t s  assembled weight, exclusive of internal fit- 
tings and attachments, is estimated to be 22, 100 lbs. Material used in fabri- 
cation will be Type 304 or  316 stainless steel  to specification SA-336. Nuts 
and bolts will be A-286 material. 

The second vertical vapor container tank is designed to house the steam 
generator, pressur izer ,  primary pump, control rod drives and auxiliary equip- 
ment. Working platforms a t  appropriate elevations and support s tructures for 
the various contained components will be included. A flanged dome is included 
a t  the top of the vessel to facilitate installation o r  replacement of major com- 
ponents, Normal access  to this container is by way of a manhole located near 
floor level, permitting ready and safe entry for maintenance of lower level 
equipment. An access  manhole is also provided in the top cylindrical section 
of this container. The steam generator containment vessel is fabricated of 
1/2 in. thick, A-203 Grade E (3-1/2% nickel) material. Flanges will be forg- 
ed of SA-350-LF-3 (3-1/2% nickel) steel. Bolting material will be SA-193-B'7 
with SA-194-2H alloy steel nuts. Both materials will be quenched and temper- 
ed to 180-240 Brine11 and will possess a 15 f t  ib Charpy keyhole a t  -20'~. 
The weight of the vessel, exclusive of fittings and attachments, is estimated 
to be 22,100 lb. This vessel has the same diameter and height as the reactor 
containment vessel, and is designed for 165 psig pressure  a t  400'~.  The de- 
sign temperatures for these vessels a r e  different because the steam generator 
container is dry while the reactor container 'is filled with shield water. It 
is expected that the quenching effect of the water in case of a rupture in the 
primary system would drastically reduce the maximum expected temperature 
in the reactor container. 

The pressure  loadings in the vapor containers were ana lyzedo  for the 
maximum credible accident to determine peak hydrostatic pressure for the de- 
sign of the vapor containers. The maximum credible accident was defined as 
a failure of the primary system piping a t  operating conditions. The analysis 
predicted that the shield water in the reactor containment vessel will com- 
pietely quench the steam formed by the loss of coolant attending rupture of 
the pr imary piping inside the reactor containment vessel, 

Both containment vessels  a r e  designed to meet the requirements of the 
ASME code for Unfired Pressure  Vessels and will be code stamped. The 
same high quality workmanship and inspection required for the reactor vessel 



will also be utilized kor t he  vapor container vessels; Reinforced penetrations 
a r e  provided for .primary. coolant piping, steam lines, feedwater line, blow - 
down lines, drain lines, wiring, etc. 

. . 

- All vapor container outlet piping penetrations-are equipped with electr i-  
cally operated; fail-safe trip. valves located directly outside. the .vapor con- 
tainer. . '  These valves will.close automatically if the pressure. in the vapor 
container . r ises above .a predetermined level. All inlet piping penetrations 
are *equipped- with -check valves. to prevent "leakage of primary coolant, liquid - ' 
o r  vapor. The check valves a r e  backed-up by manually operated globe valves.' 

. . . , 

Two containment vessels will be mounted on a common.base. to mini- . * .  

mize the displacement of one relative to the other and to keep the s t resses  in" 
3 " .  . the interconnecting ducts to a minimum. 

5.4 REACTOR CORE 

The PL-3 core consists of 38 stationary fuel elements and '7 control 
rod elements with absorber sections arranged in a 7 x 7 array.  Core specifi- 
cati-ons will be developed from PM-2A Core I1 and SM-2 Core I specifications, 
as modified for the specific PL-3 application. The stainless steel  plate type 
fuel elements will be basically of PM-2A C ~ r e  I1 design, incorporating im - 
provements developed in the SM-2 program. A core vendor will be selected 
by competitive bid for fabrication of the two required cores. The vendor will 
be required to qualify his fabrication procedure before the s t a r t  of actual core 
production. The methodfor qualification of procedure will be stated in the 
PL-3 core specifications. All materials employed will be certified and tested 1 
as required by these specifications. I 

I 

5.4.1 Stat ionaryFuelElements 

The stationary fuel element is shown in Dwg. R9-13-2075. It is com - 
posed of 18 fuel plates brazed into Type 347 stainless steel side plates to form 
a rectangular assembly. Type 304L stainless steel  end boxes, for position- 
ing in the reactor,  a r e  welded to both sides of'the element. 

The fuel core, o r  meat, of each fuel plate consists of highly enriched 
spherical UO2 fuel and a small  quantity of ZrB2 uniformly dispersed in a 
prealloyed Type 347 stainless steel  matrix. This core is prepared by powder 
metallurgy techniques and is metallurgically clad by roll  bonding with Type 347 
stainless steel. The cladding prevents exposure s f  the fuel matrix to primary 
water. The final clad-core-clad thicknesses a r e  0.005-0.020-0.005 in. 

5.4.2 Control Rod Assembly 

' The control rod assembly is shown on Dwg. AEL-'763, and consists of 
the following components: cap assembly, tube and yoke weldment, ra'ck, fuel 
element, and absorber element. This control rod design is basically the same 
a s  that used with the SM - 1 core. 
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The fuel and absorber elemehts a r e  housed in a square tube and -held 
in place by.the control rod cap. The rack is bolted and keyed to the bottom 
of the yoke. The yoke, which is welded to the bottom of the square tube, is 
machined- in such a manner that it  provides coolant inlet passage, a piston 
for deceleration of the control rod assembly a t  the end of a sc ram,  and a 
means of attaching the rack. - The yoke also has built-in flow deflection vanes 
which help provide proper flow distribution within the control rod assembly. 
As previously noted, the control rod cap assembly locks the fuel element and 
absorber section in the control rod tube, A large straight-through opening 
provides exit of the primacy coolant from the control rod, The yoke and con- 
t rol  rod cap were developed and tested under the SM-2 program. The ma- 
ter ia ls  of construction, with the exception of the fuel and absorber elements, 
are generally Type 304 SS and Armco 17-4 PH. 

The fuel element portion of the control rod assembly is shown in Dwg. 
D9-13-1030. I t  consists of 16 fuel plates, each with an integral Eu2O3 flux 
suppressor dispersed in Type 347 stainless steel incorporated into the ,top 
end of the core of each plate. The same powder metallurgy and roll  bonding 
techniques a r e  used in fabricating the control rod elements as a r e  used for 
the stationary elements. No end boxes a r e  used with the control.sod elements. 
A pin a t  the outlet end provides a means of handling these elements. 

The absorber section of each control rod assembly consists of four com- 
posite plates. Each plate contains E u m 3  dispersed in a stainless steel  matrix 
which is clad by roll  bonding with Type 347 stainless steel. The composite 
plates a r e  TIG welded to form a rectangular parallelepiped. 

5.5 CONTROL ROD DRIVES 

The Alco design of the bottom mounted PL-3 control rod drives will pro- 
vide: 

1. A power source for reliable operation of the control rods a t  a fixed 
withdrawal and insertion speed 6.nd with accurate position indication 
and limit control. 

2. A means for scramming the control rods by gravity with a fast scram 
rate  within specified time limits. 

3. An auxiliary power source during scram to apply an  additional 
downward force in the event of a stuck rod. 

4. A controlled, low leakage seal  where the drive penetrates the r e -  
actor vessel. 

-. 
5. t.Complete accessibility t0 the seals,  right angle drive units, clutch 

assemblies, instrument assemblies and gear motors for ease of 
maintenance and replacement. 



The control rod drive is shown on Dwg. R9- 11- 1030. It is driven by a 
commercial 1/8 'Fip', 1140 rpm , 3 phase, 440 v motor with an internal 2250- 
to 1 gear reducer producing 1/2 rpm a t  the output shaft. A universal joint 
is attached to the drive motor output shaft by a shear key rated a t  '700 in. -1b 
The other end of the universal joint is splined to the input shaft of the clutch 
drive assembly. This ball bearing-mounted input shaft is keyed to an electric 
clutch for normal up and down movement of the control rod. An over -running 
cam clutch is provided which engages only in the direction of downward con- 
trol rod travel and applies additional torque to release a possible stuck rod. 
I t  is not anticipated that constant force spring motors will be required for 
PL-3 drives, as a r e  shown in the reference drawing. The low pressure  drop 
expected across  the core will not result in an upward hydraulic force on the 
control rods which would increase scram time beyond acceptable limits. 

- Rod position indication is provided by a gear train from the control. rod 
rack through the drive pinion and shaft to the selsyn motor transmitter of the 
instrument assembly.. The instrument assembly includes two cam operated 
microswitches, geared directly to the pinion shaft, which stop rack and rod 
travel a t  the limits of the upper and lower positions. 

A splined universal joint connects the clutch drive to a right angle 
drive unit. This unit is shown on the primary system arrangement Dwg. 
.AEL-'762. The right angle drive unit is a commercial, 1: 1 qatio, spiral  miter 
gear box which is mounted in the gear train between the c lukh  assembly and 
the.shaft seal  assembly, permitting optimum use of the available space and 
assuring complete accessibility to the seals  and all external compgnents. 

,The right angle drives a r e  connected to the water seal  assembly through 
splined universal joints. The splines act as a slip joint which will allow ther- 
mal expansion between the water seal  shaft and the fixed, right angle drive. 
The water seal  assembly is a mechanical breakdown labyrinth type, boltgd f i r s t  
to a ground valve seat  flange and then through the ground flange to a mounting 
flange on the reactor vessel. Spiral wound and filled stainless steel gaskets 
seal  both bolted flanges. The ground valve-seat flange accommodates a spheri- 
cal valve mounted on the water seal  assembly shaft which permits  seal  removal 
without depressurizing o r  draining the reactor vessel. The thrust of primary 
system pressure  acting on the seal  shaft is carried by an external, convention- 
al ly lubricated, ball thrust bearing a t  the input end of the water seal  shaft. 

The pressure differential ac ross  the seal  is approximately system pres -  
sure.  Cool primary make-up water, a t  a pressure of 30 to 50 psi  above reactor 
vessel  operating pressure,  is introduced into the reactor side of the sea l  to cool 
the seal  and dilute any reactor water which may enter the seal.  In this manner 
crud accumulation in the seal  has been kept to a practical minimum in previous 
installations. 

The pinion drive shaft, connected to the water seal  assembly shaft, drives 
the straddle mounted pinion through a loose fitting spline supported by two ball 



bearings in the same yoke that ca r r ies  the ba@k-up rolle?. This arrange- 
ment permits  accurate location of the pinion and back-up rolker with respect 
to each 'other. and proper tooth alignment and backlash betweenthe-rack and 
pinion .are 'assured. The .loose fitting spline acts. as a slip joint'per'mitting 
differential- thermal expansion between the pinion shaft .and the water seal  shaft 
without introducingadditional s t r e s se s  o r  bearing loads. A collar  a t  the re.- 
actor end-of the pinion shaft enables the bearings and pinions to be withdrawn 
for  replacement. 

Any gear motor clutch drive and instrument assembly o r  right angle 
drive can be removed easily for maintenance without disturbing the r e s t  of the 
gear train. The instrument assembly is screwed and doweled to the clutch 
drive assembly, and the clutch drive assembly can be removed from the drive 
train by pulling a pin, sliding the universal joint off the drive shaft and removing 
the mounting bolts. Similarly,a gear motor can be removed from the drive train 
by pulling the same pin, sliding the universal joint off the drive shaft and r e -  
moving the gear motor mounting bolts. 

The right angle drive can be removed from the gear train by removing 
i t s  mounting bolts and sliding i t  from the universal joints a t  both i ts  input and 
output shafts. To remove a seal  assembly, the right angle drive and the con- 
necting shaft would be removed f i r s t  and the nut which positions the thrust bear- 
ing backed-off. The water seal  shaft would then slide outward due to primary 
system pressure,  seating the spherical valve. With the seal  thus isolated, i t  
can be removed from the mounting flange for maintenance. 

All components within the reactor vessel,  or  in contact with reactor cool- 
ant, a r e  of stainless steel o r  other corrosion resistant material. Those com- 
ponents located outboard from the water seal  housing (clutch and drive assemblies 
and linkages) a r e  primarily carbon steel with a protective finish. 

5.'6 SHIELDING ARRANGEMENT 

The primary system shielding arrangement to provide personnel safety 
and reduce radiation heating of the snow walls ang floor is shown on Dwg. AEL- 
5'62. The primary gamma shield surrounds the reactor vessel and consists of % 

lead cylinder 4 ft 5 in. inside diameter, 2-3/4 in. thick, with 1/4 in. stainless 
s teel  canning. A close fitting, 4 in. thick lead slab, with 1/4 in. stainless steel 
canning, is mounted on a common base with the cylinder and forms the bottom 
of the vertical right cylinder. The lead cylinder is located within the reactor 
container which also se rves  a s  the inner shield tank. This tank is 8 ft 4 in. out- 
side diameter and provides an additionaPuninterupted 12 ft  column of shield water 
above the reactor vessel flange. 

The inner shield tank is surrounded by the outer peripheral shield. This 
shield consists of four segmented water tanks and incorporates a stepped joint 
design to form a single, 16 ft outside diameter shield tank. The centerlines of 
the inner shield tank and the outer shield a r e  offset to permit storage of spent 



fuel shipping casks in the two larger tank quadrants of the outer peripheral 
shield. 

The heat.generated in the  .lead cylinder by gamma radiation is removed 
by natural convection cooling during reactor. operation. Cooling coils. near - 

the top of. the inner shield will .remove .any. excess- heat from the shield .water 
to an auxiliary cooling 'system. It' is not anticipated that cooling coi ls  will . 
be required in the. outer- shield tanks during operation. However., cooling 
coils- may be added'at the top of these tanksif thermal studies indicate €he 
necessity for removing decay heat from a spent core being stored in these . 
tanks. 

. . . . 

The segmented design of .the outer shield tank was necessary to meet. 
the. specified shipping package .size. In order to reduce the overxll : number 
of shipping packages,-the five shield tank packages will be utilized as shipping 
containem for spare p a r t ~ ~ r e l a t i v e l y  small  components and installation and 
operating supplies. 

5. '7 . PRIMARY .. 'PIPING 

The primary piping includes all piping in the primary loop connecting 
* 

the reactor vessel, steam generator, and primary pump. It consists of - 

6 in. schedule 80 pipe connecting the components in s e r i e s  in a closed loop 
and provides a system of all welded joints except for flanged connections a t  
the vapor container interconnections to permit field assembly. Specially 
designed weld neck flanges a r e  used with spiral  wound gaskets. The piping 
system design pressure is 1350 psig and the design temperature is 6 0 0 ~ ~ .  

The pipe loop extends from the reactor vessel to the steam generator 
' .  to the psim'ary:pump and back to the reactor vessel. Two. penetrations are 

required in each vapor containment tank for the inlet and outlet pipes. The 
steam generator nozzles a r e  connected to 8 in. x 6 in. ' reducers  for join.ing 
the pkimary pipe. 

Pr imary  piping wiil be Type 304 o r  Type 316 stainless steel,  either 
forged and bored o r  centrifugally cast and cold wrought. All heats of materi- 
al employed will be certified by the vendor. Only the highest quality will be 
used, and in all instances optional tests  such as 100% ultrasonic testing will 
be e.mployed. . . 

If forged, the piping must conform to SA-336 Types 304 or  316. If 
centrifugally cast  and cold wrought, SA-452 Grades TP-304H o r  TP-3 16H 
are applicable. ~ d d i t i o n a l  optional tests  will be performed. 

Shop welding only will be permitted on primary piping. Field assembly 
will be with A-286 bolts and nuts, using stainless steel  asbestos spiral  wound 
gaskets. 



The pressurizer is designed to maintain the primary coolant system a t  
the operating pressure of -1200 psia. It performs this function by heating con- 
tained water, creating steam a t  the saturation te mperature corresponding to 
the required pressure. -The water in-the pressurizer is static and system 
pressure  -is exerted on the primary loop through a smal l  connecting pipeline. 
The pressurizer performs an additional function by suppressing the pressure  
excursions and temperature transients in the primary system resulting from 
changes in plant load. 

- A tentative PL-3-pressurizer volume was obtained for preliminary 
cost and size estimates, -by scaling clown an existing pressurizer design based 
on the ratios of the system volumes. A complete pressurizer sizing study 
will be done when the final primary system design is completed. The differ- 
ential equations describing the nuclear response of the core, the heat transfer 
characteristics of the core and steam generator and the transport delay and 
mixing factors will be derived. The response of the primary system to load 
changes will then be determined by solution of these equations on an analog 
computer. 

The basic pressurizer design, shown on Dwg. AEL-762, is a vertical 
cylindrical pressure vessel with top and bottom hemispherical heads. The 
inside diameter is 26-1/2 in. and the wall thickness is 1-11/16 in, Overall 
height, not including the support skir t ,  is 5 ft. The water volume is 7.3 ft3 
and the steam volume is 8.6 ft3. Total dry weight is approximately 2100 
pounds. 

The pressurizer is heated by 18 tubular heating elements of 1.0 kw 
capacity each. The heating elements a r e  enclosed in wells which permit re- 
placement without necessity for draining the pressurizer.  

Design and fabrication ~f the vessel is in accordance with Section. VIJJ 
of the ASME Unfired Pressure  Vessel Code. . The pressurizer will be. Type 
304 stainless steel. As with al l  other primary components, the highest quality 
will be specified t . h o ~ h o u t ,  both for materials and for fabrication. Forgings 
will be to specification SA-336 Grade F8, plate to SA-240 Grade S and forged 
penetration fittings to SA-182 Grade F 30.4. Gasket material for attachments - 

requiring flanged connections will be spiral  wound stainless ,steel and asbestos 
o r  solid dead-soft annealed Type 304 stainl.ess steel octagonal cross-section 
rings. 

5.9 STEAM GENERATOR 

The-steam generator is the vertical type of U-tube and shell construction 
with the primary coolant on the tube side. Design and fabrication is in accord- 
ance with Section VIH of the ASME Unfired Pressure  Vessel Code. The steam 

r' 

generator will be designed to supply 30,000 ~ b / h r  of dry saturated steam a t  3 15 
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psia and 422OF. A moisture separator of the centrifugal 'downflow type is  
used to remove excess moisture from the steam. Steam quality is 99. '75%. 

The tub9 bundle and shell assembly is flanged and.bolted to the channel 
section to permit  removal for servicing o r  replacement. Inlet and outlet , . 

nozzles on the channel section a r e  provided 'for connection to the  primary 
piping: , The steam generator i s  supported on lubrite bearings to .allow for 
piping expansion. Access for inspection of tubes and tube plugging is pro- . 

vided. by a. manhole'in.the bottom head of the channel. . .The top section of the 
shell is flanged to permit access to the interior of the steam drum for servic-  
ing the moisture separation equipment, and to permit  easier  installation of 
the tube'bundle and shell assembly.. Less  head ro0m. i~  required with a r e -  
movable top shell' section. To gain access  to the steam generator for major 
servicing, the top section of the vapor container shell must be removed. 

. . . . .  

The tube bundle and she'll assembly is replaced by f i rs t  disconnecting': 
the steam line.and other piping and removing the top shell section. After 
the tube bundle and shell assembly is unbolted from the channel flange, it  
can be lifted out of the vapor container with the overhead crane. 

The unit has 490 U-tubes of 1/2 in. outside diameter on 3/4 in. t r i -  
angular pitch; - 761 sq f t  of heating surface is provided. The steam generator 
will have a shell constructed of 3-1/2% nickel steel to specifications SA-350 
Grade LF-3 or  SA-203 Grade E. The inside diameter of the shell is '30 in. ; 
the overall height is approximately 19 ft. The tube sheet will be SA-350 
Grade LF-3, weld clad with a minimum of 1/4 in. of Inconel to specification 
SB-304 for protection against corrosion by the .primary coolant. The U-tubes 
will be Inconel of nuclear quality specifications and will be required to con- 
form to the ASME condenser and heat exchanger tube specification SB-163., 
including all optional tests. The primary channel will be constructed of SA-203 
Grade E clad w i t h ~ ~ ~ e  304 stainless steel.  Bolting materials joining low 
alloy ferri t ic  steel  o r  clad components shall be .in accordance 'with specification 
SA-320 Grade L-43 and SA-194 Grade 4. Bolting materials joining austenitic 
stainless steel  components shall be in accordance with the general requirements 
of specifications SA-193 and SA-194, as further defined in ASME code case 
1296 for A-286 material. 

5.10 PRIMARY ,PUMP 

The primary pump is a single stage, single suction, zero leakage centri- 
fugal pump. The induction type motor is of canned construction. The motos 
shaft is vertical, the inlet to the pump casing is vertical, and the outlet is hori- 
zontal. The motos housing is flanged to permit removal of the motor and im - 
peller for servicing. The motor is encased in a cooling coil to remove gener- 
ated heat to an  auxiliary cooling water system. The pump is "free floating" 
and is supported by the primary piping inlet elbow and the outlet piping. Ad- 
ditional pipe support o r  hangers will be provided to minimize pipe s t resses .  



The pump is designed to deliver 2250 gpm- a t  a - total head of- 50 ft  of 
water and.at  an operating pressure  of 1200.psi.a'; Design pressure  of the 
pump .is 1350 psia; Approximate weight of- the-pump is 2150 lb. - ~ a x i m u m  
diam.eter of the casing is 25-1/2,in. and the height from the inlet nozzle ' 

to the top of the motor housing i s  64 in.. 
. . . .  . . .  . . . . . 

T h e  pump will. be constructed~essentially of Type 304 or  Type 3 16 . 

stainless steel. Both materials  appear .suitable a t  this time. An analysis . . . 

will-be made, based on Alco experience and vendor suggestions, 'to determine 
which material is best for this -particular application; .Pr imary pump com - 
ponents; such as the tube l iners and the camaround the rotor., may be made 
of Inconel,. 3ournal bearings, thrust disc inserts  and thrust shoes may be of 
materials such as Inconel X, Stellite 19, Graphitar 14 and ceramics,  o r  com- 
binations thereof, as recommended by the manufacturer for this application. 
The highest quality and quality control. will be required for all materials and 
fabrication. 
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6.0 CORE THERMAL AND HYDRAULIC ANALYSIS 

This section' describes the thermal and hydraulic analysis .performed on the 
core for the PL-3 reactor. , The results and the calculational models employed 
a re  describedand discu$sed. . . . A summary of data at design conditions is given-in 
Table 6.1. 

6.1 STEADY STATE THERMAL ANALYSIS 

6.1.1 Steady .State - Analytical Model . .  . 
. . 

The stead ' tate thermal. analysis was performed using the STDY-3 com- 
puter program. Ff :This p rogrampe~forms  a steady state, cbannel 
thermal analysis, computing the enthalpy rise in the average rectangular water 
channel of a plate-type fuel element.' Two-phase.pressure drop calculations in 
the core a r e  performed using semi-empirical.-cor.reEations developed a t  WAPD. 
These calcu8ations include spatial acceleration, elevation, friction, entrance and 
exit pressure losses. 

Hot channel pressure drop is computed by modifying the nominal channel 
pressure drop by an input controlled plenum equation to compute the hot channel 
flow. A table-of' hot channel flow vs pressure drbp is then .compiled. This table 
is interpolated for a pressure drop value within two percent of the modified 
nominal pressure drop. The flow corresponding to this pressure drop is de- 
signated as the hot channel flow. . Enthalpy, meat center line temperature, steam 
quality and departure from nucleate boiling ratio (DNBR) calculations a r e  then 
performed using this flow. . . 

The DNB correlation used in this analysis is recommended by WAPD(~) for  
bulk fluidenthalpies below 589 ~ t y / l b  and is given by 

where: 

'Dm 
= departure from nucleate boiling heat flux 

." 

Hj 
= fluid enthalpy in the j th axial region 

L = length along channel 

s = channel gap 



The criteria.for nucleate boiling. in a' channel is based upon a comparison 
-. between the. averag ilm drop and the film drop as calculated &om .the..Jens - . . 

Lottes ~orre la t ion .7~f  If the a ~ e r a g e ~ f i l m  drop exceeds o r  equals the- film drop 
as calculated from the Jens- Lottes. correlation, the channel is considered to be' 
in nucleate boiling. and the proper pressure drop correlation applied. Since the 

:purpose of this criteria is not to establish the plate surface temperature. but to 

. . . . 
establish the presence of nucleate boiling with its associated increased pressure 
drop and decreased flow, the analysis is based upon bulk o r  average parameters. 

1 

When. calculating the maximum plate surface temperature, the film drops a re  
compared in a similar fkshion, but local parametersare  inserted into the equatiojs. 

With these,procedures utilized by the STDY-3 code to define nucleate boiling, 
it is conceivable to have.a condition where some portion of the channel is essentially 
at a uniform surface temperature with reasonably.high superheat. and.yet not in 
nucleate boiling. ' This has been. observed and indicates that these. elements a re  
marginal with respect 1~ the inception of nucleate boiling. 

. . 

The a x k t  power distribution was calculated by the IBM-650 code, VAL PROD,(^) 
using:flaur weighted nuclear constants. Figure 6.1 shows the normalized power vs. 
axial position. No flux suppressors were included at the inlet; consequently, a 
high power spike is present at the bottom of the core.. The axial. power distribution 
in the section of the control rod.fue1 plates below the active core is shown in ~ i g .  
6.2. 

TABLE 6.1 
THERMAL AND HYDRAULICS - DATA SUMMARY 

General 

Core thermal power 
Primary system pressure 
Coolant flow rate 
Number.of passes thru core 

Initial heat t ransfer  area 
., Core  average heat flux 

Core maximum heat f l u  
Spike' . . 

Peak aiial 

.9.3 Mw , 

1200 psia 
2250 gpm 
1 



TABLE 6.1 (CONT'D) 

'Max- to-avg core power 
Sp*e 

. . . . 

Peak axial 
Minimum DNB ratio 

Core Tem~era tu re  Data 

Core inlet temperature 
Core mean temperature 
Core average outlet temperature 
Max plate surface temperature 
Max -fuel centerline temperature 

Hydraulic Data 

Core coolant flow area 2. 089 f t 2  
Flow channel thickness 0.133 in. 

, Core pressure drbp 0. 8 f t  H20 
Core average coolant velocity 2. 5 ft/sec 
Core average Reynolds ~ u @ b e r  32,900 
Total primary system pressure loss 61.0 f t  H20 

The radial po r g'istribution 'was found using IBM codes and experimental' - 
correction factors. r ; f j   he nominal channeiavcrage rad(a1 peaking  factor.^, Q( L\ T), 
the hot channel average radial peaking factors, Q ( A T), and the local radial peak- 
ing factors,Q ( A  () ), a re  listed in Table 6.2. . Since these. nuclear factors a re  sym- 
metrical. about 'the . center element, only one quadrant. was analyzed. The number- 
ing system for the elements is shown in Fig..7.1. 

TABLE -6.2 
RADIAL PEAKING FACTORS 

(T '= 4700F, No Xenoli) 

1 Element ~ Positions 

Q ( n T )  
Hot Channel 

Q ( A  8) 
Local 

Average Value! 

Q ( 7 n )  
Nominal Channel 
Average 



TABLE 6.2. (CONT'D)' 

Element 
Positions 

Q.' (,A T) 0 )  IJot Channel ,. Local . . 

hvgrage - Value 

Q?( a) 
ldqminal Channel 
Average 

6.1.3 Mechanical Hot Channel Factors 

The mechanical hot channel factors employed in this analysis i r e  the factors 
which account for average and local deviations of meat length, 'araqium content 
and clad thickness. They a r e  denoted respectively by F M&gad  F M Q ~ .  These 
factors were calculated using the 1 st fuel element dime ns and tolerances and 8 7  the equations found in APAE No. 9 1 and are presented in Table 6.3. The methods - 
for combining these mechanical factors and the nuclear peaking factors for use in 
the analysis a r e  also given in APAE No. 91. 

TABLE 6.3 
MECHANICAL HOT CHANNEL FACTORS 

. .. . 

Stationary Element control 

1 -:- .. -. 
. . 

Meat length 1.0357 ' , 1.0357 1.0299. . l9  0299 

Uranium Content 1.005 1.025 I. 005 . . 1.025 . ... 

Clad .thi&ness 

Composite mechanical factor 1.0481 1.0740 1.0422 ,I. 0680 



The hot channel factors, for plate spacing, rippling and flow maldistribution 
a r e  applied in the STDY-3 code, to the individual dimensions to which they a re  re- 
lated. Plate spacing is applied to the average dimension of the hot channel while 
the rippling ractor is applied to the local dimension of the hot channel. Maldistri- 
bution of channel-to-channel flow is included in the code as a plenum factor. 

. ,, .. 6.1.3.1 Uranium Content: ~ e i i a t i o n  

The fuel plates forming the hot channel a r e  assumed to contain the maximum 
allowable uranium density per plate. If on the average, the uranium content is 
higher by a certain percentage than the nominal, the water temperature will be in- 
creased since more heat will be transferred to the coolant moving between the two 
plates. The average hot channel factor describing this effect is the ratio of hot 
channel maximum fuel loading to the nominal channel loading. 

In addifion to the total uranium'deviation per plate, which affects the total 
sensible heat in the channel, the possibility exists of having a .non- homogeneous 
mixture which would affect the local film temperature rise. . The local hot channel 
factor which accounts for this effect is the ratio of the maximum loca1,fuel loading 
to the nominal local fuel loading. 1 

6.1.3,. 2 Active Core Length Deviation 

For a given volume of. meat -per plate, a reduction .in the active fuel length 
increases the amount of meat per  unit length and the meat per unit heat transfer 
area. It is assumed that the decreased length increases only meat thickness 
and not active width. This affects both the bulk coolant temperature rise and the 
filnfgradient. . Both the average and the local hot channel factors a re  defined as 
the ratio of the nominal to mkimum fuel meat .lengths. 

6.1.3.3 Clad ~ h i c k n e s s  Deviation 

If the clad thicknesses on each..side of a fuel plate a r e  unequal, a g ~ e a t e r  
portion of the total heat generated in the meat will pass.out through the..thinner 
clad because of lower thermal resistance. . A hot channel, therefore, is defined 
as being composed of two fuel plates whose inner and.outer clad thicknesses a re  
a t  the minimum and maximum observed values, respectively. Both the average 
and 1ocal.ho.t channel factors a r e  then given by the ratio of the heat transferred 
through the inner sides to that transferred through cladding of nominal thickness. 
The average is based on the average clad thickness variation over a fuel plate 
while the local. factor is based on the local thickness variation. The water temp- 
eratures: and the film coefficients a re  assumed equal on both sides of each fuel 
plate. 



I 
. . 

6.1; 4 ..Addition51 Factors Included in Thermal Analysis 

, To allow,;for . . uncertainties in. the claculated power distribution, anudlear 
uncertainty factor of 1.05 was .used for the average'conditfons and afac tor  of , ' .  

, 

1.10'for the local conditions. 

The fraction .of fission heat released directly, in the fuel plates was 
accounted for. by power generation factors of 1.00' for average conditions and 
0.95 for local. conditions. . . .. - 

~ev ia t ions  from the reference pressure of 1200 psis were accountedfor ' 

by performing the thermal analysis at '117.5 psia? 
.. . 

To account for ripples in the fuel plates caused. by compressive s t ress  
' 

resulting from the tempe ature' differential between the meat and the side ' . . '  . . 

plates, values of ripplind6) were applied to the hot channel dimensions. A 
ripple ratio ,of 3.0 was used, resulting in a hot c,harinel. spacing of 0.172 in. for 
both the stationary and control rod elements. 

. 

'To dccount for the maldistribution in channel- to- channel flow caused by 
lower plenum effects, maldistribution factors based on a + 12% variation in 
mass flow for both the statibnary and control rod element; were applied to the 
plenum factors; 

6.1. 5 Resu1t.s at Reference Conditions of 9.3 Mw 

Table 6.4 gives the steady state results at the reference conditions of 9.3 
Mw core power, 470°F mean core temperature and 330F core temperature rise. 
The minimum depariure from nucleate boiling ratio (DNBR) occurs at the inlet 
spike of fuel element number 45. The value of 6.44 is considerably above the 
minimum allowable of 2.0. No nucleate boiling is indicated, and  it may be con- 
cluded from the above results that the core can be operated safely at the reference 
design conditions. . . 

. .. 

, 6.1. 6 .  .Effects of Varying Core Temperature Rise 
. . . , 

The effects of varying the core temperature rise for several core. powers 
a r e  shown in Table 6: 5b The results are, for '  fuel ,element 45,. the hottest element 
in the core. Nucleate boiling is observed only at the highest power and core 
temperature rise; Since the minimum DNBR at each power level increases with 
increasing core temperature rise (decreasing coolant flow rate) the possibility of 
reducing the reference design coolant flow rate is indicated. 



Core. Position 

TABLE 6.4 
RESULTS OF THERMAL ANALYSIS AT REFERENCE CONDITIONS 

Core Power -Level - 96 3 Mw 
Average. Core Temperature - 4 7 0 ' ~  
Core Temperature Rise - 3 3 O ~  

Nominal Channel Ho t  .Channel Hot Channel Max. (DNBR)$& Nucleate 
- Flow - Bulk .Outlet Plate .Surface at Inlet .Boiling 

lo5 Ib/hr ft2 - Temperature Te,mpebature . Spike 
. O F  ' " -OF;. ' 



TABLE 6.5 
RESULTS OF THERMAL ANALYSIS FOR ELEMENT 45 
. . 

. . . , . . . Average .'Core. Temperature - . 4 7 0 ° ~  
,' . 

Core . Percent of Core. Temp Nominal .. ..Hot Hot Hot . 
Power; Coolant Flow . ' . Rise Channel . ' Channel Channel - Channel 
.Mw . -  , at 8 Mw & n ~ c o r e  : Flow . ' Flow Bulk Outlet Max: Plate 

,Tc0re= ,280~  OF 105 lb/hr f t 2  .. 1o5.lb/hr ft2 Temp OF ! Surface 
. .. . .Temp O F  

. . .. 

Min. .. Nucleate 
DNBR Boiling 
at Inlet 
Spike 

. . 
. . * -44BF.Mean: Core Temperature 



6.2 . 'TRANSIENT ANALYSIS . . . . . . . . 

The analysis of the thermal transients ollowing a loss of flow accident 
f 7 )  has been performed by means of the ART-02 code to determine if this cir- 

cumstance represents a hazardous condition. 

6,2.1 Method of Analysis 

The ART-02 code utilizes a one-dimensional model to predict the behavior 
of a water-cooledand mod-crated:, reactor with plate-type elements during transients ' 
which a re  slower than a prompt excursion. The reactor model considered in the 
ART code is either a one o r  two pass core operating initially in a steady-state 
condition. The reactor is subjected to a variation in flow rate with o r  without a 
variation in reactivity, as induced by control rod motion, to simulate a loss of 
flow with o r  without scram. With this information, a reactor kinetics calculation; 

" 3 

is performed to determine the core power as a function of time. 

The behavior of a single coolant channel through the core represents the 
nominal response of each'pass. Thermal calculations. are: performed for one 
o r  more additional channels in. each. pass. The additional channels. a re  treated 
as hot channels to represent possible extremes in.dimensions, pressure drop and 
heat input. The hot channel is analyzed to determine reactor, safety during the 

: loss of flow transient under consideration. 

Fog o r  homogeneous flow is assu ed for the hydrodynamic calculation. f" (8) Though this 'is somewhat less  rigorous than the slip flow model used in ART-04, , 
it was utilized in the absence of good .void fraction data. 

' .  . . . . .  , . . . 
, , .. ._ . . . . 

For analytical purposes, the problem of theloss  of primary coolant flow is 
divided.into twb parts. The first part  begins a t  the instant of pump failure and 
extends for about. 5.sec9 ending when natural circulation becomes the predominant 
driving force for coolant flow.   he second part analyzes<he natural circulation 
flow from decay heat. The ART code is limited because: 

1. It analyzes only reactor core and makes no account for the secondary 
system effects. This representation will be valid up to the time it takes 
the fluid to complete one cycle of the primary loop. 

\ 

2. The code, a s  used, has no provision for the reactivity changes due to 
steam formation, and as the quality increases, the model becomes much 
to conservative to formulate a reasonable representation of the actual 
conditions-in the reactor. For this reason, the saturation region pres- 
sure data is only programmed up to 40 percent quality and all problems 
a re  discontinued when the exit quality exceeds this criterian. 

3. Most important, the burnout heat flux, 6 , is limited to a range of 
enthdpies less  than 1000 ~ t u / l b  and mass ve ocities greater than 0.1 x 
106 Ib/hr ft2. 

DNB 



.. ' 

6.2. -.... 2 . Departure from .Nucleate Boiling Correlations , ,' 

I. 

The. departure. from 'nucleate boiling correlations used in. the ART code .'. . . 

are not identical to those used in STDY-3, 's ince &ring the loss of .flow transients, .. - 
there.'is considerable variation in mass velocity, (G:). The following correlations 
with their.' indicated 'ranges were used: . . . 

r U L Y D  -1 06 1; = 0.325 '(3) (Fc) 2i' ; for  G: 5 1. 6x lo6 lb/hr ft2; ' 

. , . I 

where: 

= ' departure from nucleate Wiling heat flux . . 

= local mean mass velocity . . . Gi 

H.. = local fluid enthalpk 
.3.! 

( F  ) . = channel length and non-uniform local heat flux correction factor 
. c 2 1 .  . a  - 
6.2. 3 Power and Flow Distribution 

The lossof  flow analysis,.was performed for element 45 at a core power 
level of 8 Mw. The axial. and radial powerdi"st'r.ibuf~ons.we~e!~he same as for the 
steady state analysis. For conservatism,it~was assumed that the rods were not 
scrammed so that the core power gener@tion during the transient becomes a func- 
tion of the temperature . .. coefficient only. 

As in the steady state analysis, the flow maldistribution used in the hot 
' 

channel is based on isothermal measurements which showed a + 12% maldistribu- . 

tion. . An initial mass flow fo r the  . , element of 0.675 x 106 lb/hrfta was obtained 
f rom the stkady state analysis. , , 



. . 
6.2.4 Hot Channel Factors 

The hot c h a p e l  factors used in this analysis were formulated for average 
conditions which affect heat generation rates and for local conditions which affect 
local heat fluxes in the DNB correlations. The numerical values of the individual 
factors used in the transient analysis are equal to those used in the steady state 
analysis. However, the input format fog the ART code is somewhat different than 
that for the STDY-3 code. The methods of formulating these factors for the 
transient analysis a re  given in APAE 91. (3) 

Unlike the. prkvious steady state thermal analyses, there is no hot channel 
factor for plate spacing deviations caused by rippling. This factor i's omitted 
b.ecause .the. ART .code will ackept a local mass velocity"correction factor as 
direct inputto evaluate variations in the local mass velocity. The variations in 
plate spacing which causes variations in local mass velocities a re  fully covered 
by the local correction factor. 

6; 2.5 Flow Coastdown I .  

" . The -reactor;'coolant flow coastdown, the driving force for. the transient 
portion of'. the 'code, was represented by a decreasing flow in the nominal channel 
'of the form ' " 

G"' : 
1.25 

. . 

where t'is the time in.'seconds. For conservatism, the ,analysis is. based on the 
'most adverse'flow co~stdown,thaatof $stu&or frozen pump 'impeller. . A val.ue 
of b for this case was taken as 2.2 s e c - l .  . This is based on a preliminary pres- 
sure :loss analysis of the loop. 

6.2. 6 Allowable DNB Ratio for Transient Operation 

The minimum allowable DNBR in a reactor transient was conservatively 
set  at 1.5, compared to the steady state minimum allowable DNBR of 2. 0. If 
the most critical element in the PL-3 does not have a minimum DNBR of less 
than 1. 5 in a loss of flow transient, the entire reactor is deemed safe for the 
duration of the thermal transient.. 

,- 

6.2.7 Results of Transient Thermal Analysis 

The transient behavior of the hottest element in the core, element 45, has 
been determined for a loss of flow incident without scram. The steady s t i te  con- 
ditions at. the start of the transient were: 1) core power - 8 Mw, 2) inlet temper- 
*ature - 4 5 e 0 ~ ,  3) system pressure - 1175 psia, and 4) coolant flow rate - 2250 gpm. 



The flow coastdown, the power coastdown and the ,minimum departure from 
nucleate boiling ratios (DNBR) a r e  given in Figs. 6.3, 6.4 and 6.5 respectively. 
Because of the enthalpy and mass velocity limitations in the ART code, the plot 
of DNBR-vs time in pig.  6.5 has been stopped 2.9 sec after initiation of the 
transient. 

The most significant result of the analysis is that the minimum DNBR 
never goes below the steady state value of 7.48 and is therelore well above the 
minimum allowable value of 1.5 given in Section 6.2. 6. The oscillation in the 
DNBR occurring about 1.8 sec after the start of the transient is caused by the 
development of some nucleate boiling in the hot channel. Nucleate boiling during 
a transient is not considered to violate the condition of operation without nucleate 
boiling. Because of the wide margin of safety existing during the transient 
initiated at a core power of 8,O Mw, it is expected that a transient from the 
reference condition of 9.3 Mw could be handled by the core with adequate safety. 

6.3 PRIMARY SYSTEM PRESSURE DROP 

The pressure drop in the primary loop has been calculated on the basis of 
the 4 7 0 ° ~  mean water temperature and 2250 gpm flow rate. The loop consists 
of three main parts: the loop piping, the reactor vessel, and the steam generator. 

The primary loop, shown in Dwg. AEL-762, has a total of 24.5 f t  of 6 in., 
Schedule 80 pipe. This includes five 90° bends, two 25' bends, and one 45' bend. 
Of these, the 90° bend immediately preceding the pump is not included in the pres- 
sure loss~.calculations because this is an integral part  of the pump, and the latter 
cannot be tested without it. There a r e  no valves in the main pipe line. Based on 
the flow rate of 2250 gpm, the resulting kinetic head loss is 15.1 f t  H20, at 
velocity of 25.4 ft/sec, At the mean temperature of 470°F, the Reynolds Number 
is 8.8 x lo6 for an inside diameter of 5.761 in., and the friction factor is 0.0081. 
This yields a frictional pressure drop of 5.0 ft ;  thus, the total loss in the piping 
is 20.1 f t  HZOo 

In this type of reactor and control rod design, the overall core pressure 
drop f.s dependent entirely on the control rod flow requirements. For this analysis 
the pressure loss was obtained from SM-2 data, since an SM-2 type rod inlet is 
planned for  the PL-3 and the cap and exit configuratio will have a pressure drop 
similar to that of the SM- 2 rods. From APAE No. 91b)  the pressure drop for 
an SM- 2 type control rod was found to be 2.22 f t  of water at 100 gprn flow through 
each element, varying as the 1.91 power of the flow rate. In the 7 x 7 core each 
control rod should have a flow of about 60 gprn so that the core pressure drop is 
about 0.8 f t  of water. 

In the reactor vessel, shown in Dwg. AEL-763, the frictional pressure drops 
a r e  in the nozzle and in the core itself. The total. straight length in the two nozzles 
causes a pressure drop of 0.4 f t  H 2 0  The kinetic pressure loss in the vessel due 
to inlet nozzle diffusion and discharge was calculated from diffuser performance 



data, assuming a one velocity head loss at the diffuser discharge. The baffle 
loss is adjustable and represents an estimate of the resistance required to 
achieve adequate flow equalization around the vessel. The exit plenum and 
nozzle loss was taken directly from experience with the SM-2 flow test at the 
PL-3 flow rate. 

The steam .generator pressure.  drop has been. selected from values. re- 
. ported.for heat exchangers of similar. thermal. duty and.flow rate. . Final cal- 
culations- f o r  the. PL- 3 configuration .have not been .performed by the steam 
generator.manufacturer, but it is expected that the assumed pressure.drop of 
25. 5 f t  of water .is: adequate. 

The resultant component and total pressure drops a r e  given in Table 6.6 
for the reference flow of 2250 gpm. Figure 6.6 shows these results for a 
range of flow rates. The theoretical pumping work required at the reference 
conditions of flow and head loss is 26.9 hydraulic horsepower. 

TABLE 6.6 
PRIMARY SYSTEM PRESSURE LOSSES 

. . 

Component Head Loss - f t  H90 

Piping 20.1 
Reactor core .- 01 .8 1 

Reactor nozzle. (friction loss) 0.4 
Reactor vessel. (kinetic pressure loss) 

Inlet nozzle diffusion and discharge 7.2 
Horizontal. flow distributing- baftle between 
core  and vessel (not shown) 1.2 

: Exit plenum, and nozzle 0.3 
Steam. generator .25.5 

Total:- 

Plus 10% contingency 
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Figure 6.3. .Flow Coastdown Following Pump Failure 
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7.0 CORE PHYSICS ANALYSIS 

This section describes the nuclear, analysis performed on the prelirqinary 
design. PWR core. for the PL- 3 reactor. The analysis includes reactivity and 
.lifetime calculations, control rod worth, stuck rod data and .flux and power dis- 
tributions. Extrapolations of measurements made on similar 'cores have also 
been used to predict certain nuclear characteristics for which direct measure- 

' . ments and/or analyses a re  not available. . 

7.1 GENERAL DESCRIPTION OF CORE 

7.1.1. .'Geometric and. Material Confimration 

. The PWR reference design core utilizes Type I1 fuel elements and absorbers 
similar to those employed in the SM-1 Core 11. A schematic cross-section of this 
core is shown in Fig. 7.1. The core employs flatplate fuel elements composed of 
a highly enriched U02 - stainless steel matrix and clad with stainless steel. The 
boron burnable poison is intimatelymixed with the U02 and stainless steel in the 
fuel matrix. The fuel plates a r e  30 mils thick, including the 5 mil cladding on 
each side of the fuel matrix. Control is accomplished by the use of 7 box-type 
absorbers with fuel element followers arranged in an open array and operated as 
a bank. The absorbers a re  composed of Eua03 in stainless steel and clad with 
stainless steel. A complete tabulation of data on the core is presented in Table 
7.1. 

7.1.2. - Calculational Techniques 
, . . . 

The calculational models employed for the PL-3 nuclear analysis were es- 
sentially the same as those used previously at Alco to successfully predict the 
nuclear characteristics o other parallel-plate, pressurized water reactors. The 

(1 1 MUFT 111,' IBM- 650 code was used to obtain the flux-averaged fast parameters. 
Thermal parameters were obtained from the P3 IBM- 650 code(2) which calculates 
average macroscopic thermal cross-sections for the fuel element and the intra- 
element spatially-dependent thermal flux. The microscopic cross-sections em- 
ployed were averaged over a hardened Maxwell- Boltzmann distribution. 

The CANDLE- 2 IBM- 704 burnup code(3) was employed f o r  predictions of 
core lifetime and fu.el and poison burnup distributi.ons. Power distributions and 
local power e a i n g  factors were calculated using the two-dimensional P D Q 2  
(x, y) ~ o d e ( ~ f f o r ' t h e  IBM-7090 computer in conjunction with the axial WINDOW- 
SHADE, IBM- 650 code. (5) 



General Descri~t ion 

Configuration: 7 x 7 array of elements, corners missing. 
Fuel: U02-SS matrix, fully enriched, SS clad 
.Burnable poison: ZrB2 in SS- UO2 m a t r k  
:Absorber: EU203 -SS matrix, SS clad . . 

-Structur%E. material: Stainless steel 
Moderator:. Water 

.. Average temperature 4 7 0 ' ~  
Pressure 1200 psia 

'.Average power level . 7.4.Mw . . 

Core life . 2  .yrs  
Number of fuel elements 

Stationary 38 
Movable 7 

Number of absorbers 7 
Initial loadings 

U-235 , . . 22.48 kg 
U-238 , -  .Ie 7.kg 
B-10 15 ... 75 gm , .  

Total number of cells 4 5 ':: ": 

Cell size 2.9375 in.x2.9375 in. 
. Active core height 21.75 in. 
Effective. core diameter 22.2 in. 
Core volume 138.0 l i ters 
Initial heat transfer a rea  560.0 ft2 
Average metal/water volume ratio : 0-26 

Type: Rectangular assembly of flat fuel plates brazed into 
side plates with attached end boxes. 

Meat material: Spherical U02 (26%)), ZrB2 and Type 347SS 
Clad materig:  Type 347 SS 
Side plate m a t e r a :  Type 347 SS 
End box material: Type 304L SS 
Fuel element active length 

Stationary 21.75 in. 
Movable 21.125 in. 

Fuel element cross  section 
Stationary 2.844 in. x2.863 in. 
Movable 2.624 in. x2.619 in. 

Element loading U- 23 5 
Stationary 515.16 gm 
Movable 417.76 gm 



Element loading B- 10 
Stationary 
Movable 

Number of plates.per element 
Stationary 
Movable 

Plate width 
Stationary 
Movable 

Plate thickness 
Clad thickness . . . 
Meat .width , 

Stationary 
Movable 

Meat thickness . . 

Water gap between.plates . . 

I 

1 - Absorber: Element 
I 

Type: . Box. assembly of four flat plates. - . . - 

i - Meat. material: EU203 and stainless steel 
,. Clad .material: Type '347 SS . . 

. Aktive, length 
~ c t i v e  width 

- ,Active thickness . . 

.2.778 in. 
2.558 in. 
0.030 in. 
0. 005. in. 

, . .  . .  
. .,.. . . . 

. 2.54 in. . . . ,  

2.32 in. . .:, 
0.020 in. . .. 

0.133'in. , 

20.81 in. 
2.20 in. 
0.096 in. 

' .  

Physics 
. . . . 

Maximum reactivity 
at 470°F 11.3% 

. .,.. . 
at 6 8 ' ~  .. . . 17.1% 

. . at 4o0F (4OC) 17.3%' 
. . ' Control bank -worth at 6 8 O ~  

. . ,. 
Six rods :' . . . , . . . . ' 19 .3%p :, 

. . '. . . . ,' Seven .rods . .. . . . .. .... 2 3 . 2 8 p  . ,  , 

. . ,' Shutdown. margin, one rod fully. withdrawn .. ' . :: 
:..,, . (  . . .  . . at 6 8 ' ~  , . . _ ,  . .  : . . .  . ..  1 .  2.2% p 

at 400F (~OC) . ? .  0% P 
Tempeiature coeff iciknt 

at 470°F - 3 . 2  i,1b-4% A,P/oF 
at. 6 8 ' ~  . . . , - 0. 6..i  ,I()- 4% A::~/oF 

. ,  . 
.. . . 
. . . . .  ., 

.at 40°F (4OC) -0.5'3 10- 47 . 0 A P/OF 
Average'thermal flux, hot clean core i. 0 x:i1013 ne~ts/crna 1 I sec 



TABLE 7.1 (cONTqD) 

Fuel burnup (U- 235) at end of life , 

Average 
Maximum 

Boron burnup at end of life 
Average 
Maximum 

Max-to-avg core power at  4 7 0 ~ ~  
! a 

Gross radial 
Local radial 
Gross axial 

.Energy dependent neutron distr" tions on the pressure vessel were cal 87 ed using the '@JMG-~, IBM-704 code and the P D Q 2  (r, z) IBM-7090 code. #at- 
A complete description of these codes may be found in revious Alco reports.(79899) 

P e f Ex erimental data on SM-1 Cor I, (lo) SM-1 Core 11, ( PM-2A Cores 1(12) and 
II( 3)9 and the SM-1A Core 1(11 reactors were used to confirm the validity of these 
analytical models since the cores a r e  similar in many respects to that of me PL-3 
preliminary design. k 

7.2 REACTIVITY AND LIFETIME 

The lifetime of the PL-3 core was calculated using the CANDLE-2, IBM-704 
code(3) and extrapolations of the measured SM-1 Core I lifetime. 

The CANDLE-2 code will calculate reactivity, critical rod bank positions, 
U- 235 spatial distributions, B- 10 spatial distributions, thermal and fast ;flux 
spatial distributions, and power distributions, all as a function of core life. The 
maximum-reactivity as well as the most adverse power distribution occurs a t  the 
start of core life, thereby simplifying the calculational problems somewhat. 

Figure 7.2 shows both the calculated and extrapolated measured reactivity 
"as a function of core energy release. The measured values were obtained from 
the SM-1 Core I measurements at 440°F. At present, the differences between 
SM- 1 Core I and the PL-3 PWR core a re  the  mean core operating temperature, 
which is 470°F for PL-3 compared to 440°F for SM-1, and the use of integral 
Eu203 flux suppressors t the top of the control rod fuel element inqtead of the 
external Haynes combs. a 4 )  The measuredSM-1 Core I curve has been corrected 
to account for two fresh fuel elements.which were sulqlstituted at 10.5 MWYR. No 
such change is contemplated in. the PL-3 design. 

The lifetime of the PL-3 core is estimated to be 15.2 MWYR o r  2.05 y r s  at 
7.. 4 Mw. The maximum reactivity occurs at the start of life; 17.1% at 68OF9 
and 11.3% at 4 7 0 ' ~ ~  with no xenon. 



The worth of the bank of seven cbntrol rods was extrapolated &m. measure- 
ments on.SM- 1 Core I; see 'Fig. 7.3. . This measured worth of 23.3%. was used 
to obtain an .equivalent control rod bank thermal. absorption-.cross- section with 
which control rod critical bank positions were then calculated for various operat- 

. . 
ing conditions;(l4) s e e  Table , 7.2. 

,, . - * .  .,, _ 

A requirement of the PL-3 reactor is that the core can be shutdown with 
my one control rod stuck full out under any operating condition. This condition 

I will easily be met in the PL-3 PWR core since it has been demonstrated that the 
SM- 1 T o  e can be shutdown with almost one and one half control rods stuck out 
at 68'~. fief The -, - shutdown margins at 680F and 4OC a r e  estimated to be 2.2% 
and 2.0% n p ,  respectively. 

In the unlikely event that4wo control rods a re  stuck full out, the boron 
injection systed'will insure complete shutdownbf the core. It should be noted 
that the co're reactivity is maximum at the start of life and continually decreases 
with core burnup thereby improving the shutdown margin throughout core life. 

r -  

TABLE 7.2 
CALCULATED 7 ROD BANK POSITIONS FOR PL-3 

' I  

OPERATING CONDITIONS 

Operating 'Condition Control. Rod Bank:Position 
(Inehes from Bottom of Core) 

6 8 ' ~  - Clean' 
440°F - Clean 
4 4 0 ' ~  - Eq. Xenon 
4 ' 7 0 ~ : ~  - Cleaia 
4 ' 7 0 ~ ~  --Eq. Xenon 

7.4 TEMPERATURE COEFFICIENT OF REACTIVITY ' .  

Figure 7.4 shows themeasured values of the SM-1 Core I temperature 
coefficient of reactivity a s  a function of temperature. This curve applies to the 
PL-3 design as well and shows anegative temperature coefficient over the 
operating temperature range of the core. An extrapolation of this curve shows 
that the coefficient should still be negative in the 40°F (4 '~)  temperature range, 
thus meeting the PL-3 criterion. / -  

7,5 POWERDISTRLBUTLONS 

Power distributions for the open 7 rod array were calculated using the 
PDQ2 (x, y) code. Since the mean core temperature was not firmly established 

7- 5 



at the time these calculations were performed, the calculations used a mean 
core temperature of 440°F. This will introduce some conservatism into the 
power peaking calculations since the power peaking decreases with an increase 
in core temperature. (9) Table 7.3 lists the radial power generation factors for 
each element. The element numbering system is shown in Fig. 7.1. The axial 
power distribution is given in Table 7.4. The power distribution at the start of 
life,without xenon, will be the most adverse since the control rod bank is con- 
tinually withdrawn as the core burns out. 

Although the seven rod bank is further out than the five rod bank in the 
SM- 1 Core I, the axial power peaking in PL-3 is 6% greater than SM-1 Core I. 
The increased reactivity worth of the 7 rod bank depresses the power in the 
upperpart  of the core, causing an increase in the power generation in the lower 
section of the core. 

The power .distribution through. the center of the core, parallel to and. per- 
pendicular. to the. fuel plates. a re  shown in Figs. 7'. 5 and 7.6, respectively. 

TABLE 7.3 
NORMALIZED RADIAL POWER GENERATION FACTORS 

. . (4400F; NO"XEN0N) 

Element No. .Average Power 
in. Element 

~ v e r a g e  Power Maximum Power 
in Hottest Plate In. Element 
of Element 



TABLE 7.4 -- - -  . 

NORMALIZED AXIAL POWER DISTRIBUTION . . 

(4400F; NO XENON) 

Inches from 
Bottom of Core 

Inches from 
Bottom of Core 

Note: Rod Bank:Position is 8 in. from bottom of core. 

The integrated fast neutron flux (E > 1 Mev) for the SM-1, 7 x 7 prray, 
operating at 440°F for a 20 y r  period at an average 7.4 Mw level (148 Pc/IWYR) 
is shown in Fig. 7.7. The incident flux of fast neutrons with energies greater 
than 1 Mev on the surface of a 40 in. i. d. pressure vessel is seen to be 1.1 x 
1020 neuts per  cm2. The one dimensional, mu tigroup : P I M G - - ~ ~ ( ~ )  and the h) two dimensional, few group PDQ2 (r, z) codes were employed to determine 

' 
the integrated fast neutron flux. The calculations were normalized to measure- 
ments of fast neutron flux within the SM- 1 mockup carried out at the Mco 
critical facility. These data were increased by a factor of 1 .3  to account for  a 
probable e r ro r  in the measurements. The calculated axial variation in fast flux 
at the core centerline, core-reflector interface, and at a radial distance of 
25 in. from the core centerline is shown in Fig. 7.8. 

A comparison of the calculations with measurements using the S(n, p)P 
threshold detector, as carried out at the N c o  critical facility, is shown in 
Fig. 7.9. The results show good agreement between theory a d  experiment for 
fast neutron fluxes above the effective S(n, p)P threshold energy of 2.9 mev. 



Neither the mean temperature of. the core nor the actual reflector.. con- 
figuration were determined at the time of. these calculations. Consequently, 
the calculations were performed at a mean -core temperature of. 4400F for an 
all-water reflector. Increasing the mean core temperature. to 47'0°F and/or 
the addition of a steel reflector is not expected to significantly change the re- 
sults of ,the calculation. 
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Figure 7.1. PL-3 'Core- A r ~ a y  with Type 2 Fuel Elements 
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FIGURE 7.5 PL-3 CORE .POWER DISTRIBUTION (CENTRAL X,Y PLANE PARALLEL .TO FUEL PLATES) 
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FIGURE 7.6 PL-3 CORE POWER DISTRIBUT.I,ON (CENTRAL X,Y PLANE PERPENDICULAR TO FUEL PLATES) 



FIGURE 7.7 PL-3 CORE INTEGRATED FAST NEUTRON FLUX RADIAL DISTRIBUTION 
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8.0 CONTROL AND INSTRUMENTATION 
.I 

8.1 PLANT,SYSTENLS CONTROL 

The inherent load-following characteristics of the PWR can be relied upon 
during normal plant operation. Seven control rods a re  provided for safety, start- 
up,and shutdown, and for the shim adfjustments of reactivity required to compen- 
sate for the long term effects associated with fuel burnup and fission product 
poisoning. The reactor control rod drives may be operated individually o r  in 
groups by selector and control switches on the control console. 

The pressurizer maintains primary system pressure by control of the fluid 
temperature within the pressurizer, using electric heater units. These heaters 
may be operated manually, but normal1.y an automatic control will:re@late the 
system pressure within a narrow range about 1200 psia, energizing the heaters 
on low pressure and shutting them off on high pressure. Load changes, reflected 
in the expansion and contraction of the volume of primary system water, a re  ab- 
sorbed in the pressurizer. The pressurizer level is controlled by rate-regulation 
of the primary system blowdown. Makeup rate is set  by water chemistry re- 
quirements. 

An automatic feedwater control system, utilizing a three-element control[er, 
will correlate feedwater flow rate, steam flow rate, and steam generator water 
level to actuate a feedwater control valve and maintain proper water level in the 
steam generator. 

Secondary system blowdown is thr0ugh.a closed purification,system to the .' 

condenser hotwell. Only minor losses of secondary water inventory a re  anticipat- 
* 

ed; manual control of makeup will be.adequate to maintain the level in. the con- 
denser hotwell within acceptable limits. . . 

. . 

Conventional controls for. the turbine-generator unit will beiprovided. 

An instrumented flow diagram,. AEL- 750, is provided for reterence. 

1 .  

8.2 NUCLEAR INSTRUMENTATION 

The nuclear instrumentation,, as shown in the block diagram Dwg. AEL- 730, 
indicates the nuclear behavior of the plant and maintains safe limits of reactor 
operation. It accomplishes this by measuring and indicating neutron flux from 
r,eactor startup to approximately 150% full power. The nuclear instrumentation 
essentially covers 10 to 11 decades of neutron flux. These decades a r e  divided 
into three ranges: 1) the source range, 2) the intermediate range, and 3) the 

, power range. 



. . 

From -the neutron flux.measurements, and the- rate of change .of neutron . 

flux.measurements, control signals are derived to perform the .required reactor 
operations and to maintain safe normal conditions. Duplicate nuclear instrumen- 
tation channels a re  used .for safety and reliability. Two out of three coincidence 
circuitry is used in the power range to ensure that a false signal from one power 
range channel will noft cause a scram. 

The nuclear instrumentation system has seven analog channels; two for 
source range, two for intermediate range, and three for the power range. The 
instrumentation system monitors reactor neutron flux and computes reactor 
period from source level (2 .5  x .  10-lnv) to 150% of rated reactor power ( 2 . 5 ~  10lOnv). 

8 . 2 . 1  Source B n g e  Channels 

The two source range channels monitor neutron flux and compute reactor 
period over a range of at least 2 . 5  x 10-I to 2 . 5  x lo4 nv. These channels pro- 
vide analog signals of reactor neutron flux and reactor period 'for -recording and 
indicating, and for scram logic circuitry. They furnish signals of 0. 5 watts each 
and indicate: 1) neutron flux as log of count rate over a neutron flux range corres- 
ponding to 2 .5  x .10-I  to 2 . 5  x lo4 nv, 2) period from -30 sec to +30 sec, and 3) 
detector power supply voltage on the front panel. The source range channels also 
furnish analog signals to the scram logic circuitry for neutron flux level, e. g., rod 
withdrawal prevention be1ow.a minimum count rate. 

Each source range channel is supplied with a self-contained test calibrate . . -  

unit. This unit provide.~ at least three check points equally spaced throughout the 
range of the channel. The test calibrate unit is used with panel. mounted.meters 
to align instrumentation and to verify proper channel operation. 

A scaler and mechanical register, capable of counting all pulses within 
the channel range, a r e  provided. The scaler has a scaling factor adjustable in 
factors of 10 o r  less  over the instrument range. The mechanical register pro- 
duces an audible "click" upon registering a count. 

8 . 2 . 2  Intermediate Range Channel 
. . 

The two intermediate range channels monitor reac o r  neutron flux and 5 compute reactor period over a r b g e  of at least 2 .5  x 10 nv to 2 . 5  x 10lo nv, 
for recopding and indicating and for scram logic circuitry. The intermediate 
range channels furnish signals 9f 0. 5 watt each and indicate 1) neutron flux on 
a log,scale as percent of rated reactor power, 2) period from -30 sec to +30 sec, 
and 3) detector power supply voltage. 

The channels also furnish analog 'signals to. the scram logic circuitry for: 
. . 

1,. ~eutron.fEux :for zero power. scram, 



2. Neutron flux f o r  bypass of source range and for cutting off source 
range detector voltage. 

3. Period .for rod withdrawal- prevention on. a . lo  second period. 

4; Period for scram on ,duration period curve. 

Each. intermediate range channel is supplied with a self-contained test 
calibrate unit. . This a n i t  provides at least three. check points throughout the 
range of the channel and is employed with panel mounted meters to align instru- 
mentation .and to verify proper channel operation. 

The three power ran e channels monitor neutron flux over a range of % 1.25 x: lo8 nv to 2 .5  x.101 nv. These channels analog signals of 
reactor neutron flux .for recording and indicating, and for  scram. logic "c:ircuitry. 
The power channels furnish signals of 0 .5  watt ' .each for  remote recording of 
neutron flux.and indicate neutronflux on a linear scale and detector power:'supply 

. . voltage on the panel front. . Analog signals to the scram. logic circuitry a r e  pro- 
vided .for high power :scram. 

The power range instrumentation i s  supplied with a self- contained unit to 
.monitor the operation .of each channel's circuitry and continuity of the channel, 
chamber, and cable. ~ a l o ~ e r a t i ' o n  and/or failure is audibly indicated. 

Each power range channel is supplied with a self-contained test calibrate 
unit. This unit provides at least three check points throughout the range of the 
channel and is employed with panel mounted meters to align instrumentation and 
to verify proper channel operation. - 

8 .2 .4  Logic Circuitry 

The scram and trip logic circuitry receives analog signals from the various 
parameter sensors to perform the proper logic operations satisfying plant safety 
requirements. 

The startup logic circuitry receives amlog signals from the startup channels 
for rod withdrawal permission abwe  a minimum count rate. 

The intermediate range ,logic circuitry 'receives analog signals from the 
intermediate range channels to: . 

. . 

1.. Bypass low level protection from startup channels. 

2. Cut off BF3 detector high.voltage and insert a shorting resistor across 
BF3 terminals. 



3.  Scram on. zero power. 
. .. . 

4. Stop rod.withdrawa1 on short period. . .. 

5. Scram on duration period curve. 

The power. range ,logic circuitry receives analog signals from the power 
range channels for high power -level reactor scram. 

Process scram logic circuitry receives analog signals to: 

1. Scram on primary system high pressure. 

2. Scram on primary system low pressure. 

3. Scram on primary system high temperature. 

4. Scram on primary sybtem low flow. 

5. Scram if an attempt is made to start up in the off o r  zero positions of 
the rod transfer lock switch. 

6. Scram manually. 

7. Prevent rod withdrawal when primary coolant pump is not operating. 
\ 

The. process inhibit circuitry allows the removal, of one process channel 
to permit emergency repairs and testing without causing a scram,. and the test 
inhibit circuits allow'testing of one instrumentation ,channel at a time without 
causing false scrams. 

8 .2 .  5 Shielding of Detectors 

'To accomplish. a reactor startup within, 8 min after a scram during. high 
power operation, the effects of high gamma radiation in comparison to low 
neutron flux must be overcome. . A solution is provided by shielding the detector 
tubes against gamma radiation but not to such an.extent that neutron senstfi7ity 
is greatly affected. Lead is used a s  a gamma shield. and paraffin is inseited 
between the lead and the .detector to thermalize fast neutrons and increase neutron 
sensitivity during high backgrounds. ,.-- \ 

8 . 3  CONTROL CONSOLE 

The majority of all plant instrumentation and control functions a r e  located 
at the control console on the control skid. The control console utilizes a "U" 
shaped geometry with the top panel faces inclined toward the operator. A 45O 



sloping panel. is used for control 1evers.and switches; all controls a re  located in 
proper relation to the display they affect. The control console includes the follow- 
ing pertinent design features: 

. . 

1. One man control is assured because dl controls necessary during plant 
operation a r e  located on the console. 

2. Only instruments essential to operator surveillance a r e  located on the 
front of the console. 

3. Where practical meters will utilize rotating bases so that for normal 
indication a vertical position reading occurs. 

4. Nuclear, primary, secondary and electrical displays a r e  grouped from 
left to right respectively around the control console vertical panels. 

5. Instrumentation and controls a re  arranged so that optimum viewing 
distance is obtained. 

The nuclear instrumentation and control display includes meters, indicator 
lights and control switches affecting the plant nuclear characteristics. Included 
a re  meters for source range, intermediate range and power range nuclear indica- 
tions and the necessary parameter selector switches; instrumentation for rod 
height indication and switches for rod drive motor control; and indicators for nu- 
clear parameter scrams, Primary instrumentation and control panels include 
meters, indicator lights and controls affecting the plant primary system. Includ- 
ed a re  pressure and/or temperaturemdications for the reactor vessel, the pres- 
surizer, the primary coolant pump and the primary side of the steam generator. 
For the pressurizer, level indicators and heater indicators a re  provided. Con- 
trol and protective devices a r e  insh'lked for these parameters. lndications a r e  
given for high or  low pressure, high temperature, low flow and manual scram 
conditions. Also included as part of the primary display and control panel a r e  
meters and controls which indicate and control parameters within the primary 
vapor container and shield tanks. These include temperatures, water levels, 
flows, pressures, valve positions and so forth, The secondary system display 
and control panels include instrumentation for steam temperature, steam flow, 
steam pressure, steam generator water level, makeup rate, valve positions, 
turbine speed, glycol system temperature and flow, auxiliary cooling system 
parameters, lube oil system parameters, and auxiliary steam system para- 
meters. Controls for these parameters a re  provided where applicable. Elec- 
trical instrumentation and control panels include instrumentation measuring 
generator voltage and current and exciter voltage and current. Controls for  
electrical system circuit breakers, load transfer equipment, and generator 
loading a re  provided where applicable. 



9.0 . SHIELDING AND RADIATION LEVELS 

9.1 ..OPERATING RADIATION LIMITATIONS 

9.1; 1' Operating Neutron Flux Limitations 

The: technical requirements : for PL-3 limit .the neutron flux at .one mile 
from..the PL.-3- to one .neutron.per square meter per minute. -No experiments or .- 
scientific. observations with- which. higher: levels of neutron fluxes might interfere 
a r e  at this time i.n..evidence. 

. . .  . . 

The initial approach taken. to interpretation of this criterion was to integrate 
the fast neutron.leakage from the primary shield and utilize bomb blast data to 
evaluate its transmissionto one mile. (1) Neutronleakage through the top of the 
primary shield may be neglected since the water cover required.for fuel handling 
is considerably greater than. that required on the side of the primary shield. for 

.neutron"shielding. For preliminary calculation, neutron.leakage through the ; 

bottom of the primary shield was neglected. The analytical model is thus. reduced' 
.to aninfinite right circular cylinder surrounding the,reactor core. 

The neutron leakage through the side of this cylinder af$proximates a cosine 
distribution of the form: . 

2 ' .  
@ = f a s t  neutron. leakage flux in. reactor midplde,  (n/cm ~ ~ e d  

x : = vertical separation from reactor midplane (cm) 
I 0 

Ro = primary shield . !  radius (cq'), and 
\ : r 

i 

. = effective cost neutron removal cross section for water (0.101 cm-l). . \ ' ,  



The total leakage is found from the following integral: 

In an infinite air medium, the flux a t  one mile, gl, is 
- 

Where: 

2 2.21 x 10 meters = fast  neutron re1 a ion length in a i r  
?I$. (bomb blast data) , , 

D = %-mile = 1. 61  x lo3 meters 

From this relationship, a plot of neutron flux a t  one mile vs. primary s,hield radius 
has been prepared, Fig. 9.1. From this figure it can be seen that a 7.5 ft  radiuq 
shield will give 40% of, the limiting::ne~tron'flux:Tr~~,shield penetration. Neutron . 

streaming through radial streaming paths and shield penetrations .can then be al- 
lowed to contribute the remaining 60% of the total primary shield neutron-leakage. 

4 It was assumed that 10 neutrons/cm2-sec a r e  equivalent to 1 Rem/hr and 
account was taken in the calculations above, of the reduced water density in the 
react  r vessel. The fast neutron dosewate was taken from the BSR pure water 
data. r2) The corresponding thermal nelitron f luxis about 150% of the fast flux. 
The thermal neutrons leaking from the shield surface a r e  of no importance in 
this calculation since they a r e  captured long before they reach one mile. How- 
ever,  they a r e  contributors to dose in the camp due to their interactions in air .  



The following conse'rvative and non-conservative factors should be explored 
in subsequent ~. phases of design'where the need .for refinement of t h e ~ c a l c u l a t i o r i ~ ~ ~  
is evidenced: 

1. ~ o s s e s  due to scatterings in the tunnel - It is estimated that only about 
25% of the neutrons leaking from the primary shield will escape from 
the tunnel. No tunnel losses were considered in the aboveimodel; the 
assumption used was conservative. 

2. Increased shielding effectiveness of steel  - Steel is a s  effective a s  about 
1 . 6  times a s  much water for  shielding fast  neutrons provided sufficient 

' hydrogenous material follows it. The magnitude of this effect will de- 
pend upon the amount of steel  in the final configuration; steel  effectiveness 
was conservatively assumed equal to that of water in the above model. 

3. Snow scattering outside the reactor tunnel - The bomb blast radiation 
data a r e  applicable for an infinite air medium. Consideration of the 
snow as  a second scattering medium would probably account for  about 
a factor of two in greater  neutron flux a t  one mile. The,assumption 
used was non-conservative. 

I 

4. Effect of annular voids within the primary shield - The insulation. void 
around the reactor vessel and other non-radial voids within the primary 
shield do not contribute to the effectiveness of the shielding. No account 
was made of these voids in the above model; a non-conservative assump- 
tion. ' . 

' 5. Dose-flux conversion factor - The factor used corresponds approximately 
' 

'to 0i.8 Mev. An evaluation based upon an analysis of the neutron spectrum 
should be done. 

6. Effects of shield penetrations and radial voids in the primary shielding - 
These will have to be considered on an individual basis and shielded to 
permit leakage compatible with direct penetration. An effort should be 
made to achieve optimum distribution between neutrons streaming through 
shield penetrations and those neutrons penetrating directly through the 
primary shielding. 

9. I. 2 Operating Ga.pma Dose Limitations 

Operating gamma dose rates a r e  restricted'by . . design requirements of the 
PL-3' contract. Limitations imposed are :  

1. 0,06 mrem/hr outside power plant controlsled area. 
. . 



. . 2. Integrated exposure of I. 25 .rem/quarter for each man, based upon 
84 h r  work week. 

I 3. No detectable radiation .in camp living quarters.. 

1 An empirical relationship for gamma dose from a i r  reactions in this type 
geometry was obtained from FZK-122. (3) 

where, 

D l ~ ~  
= air scatter gamma dose-rate: at  I00 f t  (mrem/hr) 

= integrated gamma leakage on snow surface over the reactor 
Dsg ' ' tunnel (mrem-cm2/hr.) 

. . 
: : , 

. . 

D -  = integrated fast neutron leakage on snow surface over the reactor 
sn tunnel (mrem-cm2/hr.) 

gsn , = integrated thermal neutron flux on snow surface over the reactor 
tunnel (n/sec). 

From Section 9.1.1, Qsn and gSn were found to be 3.2 x 107 and 
4.8 x lo8 respectively. The integrated operating gamma leakage from the primary 
shield is about 1.0 x 10I0 mrem-cm2/hr if it is designed to meet shutdown limits 
on the shield surface. All gammas leaking from the sides of the primary shield 
must undergo at  least one scattering of 90° or more to escape through the top of 
the tunnel. This will reduce the gamma dose by 0.04, due to the scattering, to 
give an integrated gamma dose of 2.5 x 108 mrem-cm2/hr. Only about 25% 
will escape from the tunnel on one scattering. Using these figurks in the above 
formulation gives an air  scatter gamma dose rate at  I00 f t  of 0.25 mrem/hr 
on the snow surface at  the distance of the lateral tunnel. Similar calculations 
were performed for 500 and 1000 f t  separation and the results a re  plotted in 
Fig. 9.2. Attentuation of neutrons and gamma radiation in the reactor tunnel roof 
a re  ommitted in this calculattion as  a re  neutron losses due to scattering within 
the tunnel. 

This calc,ulation is .sufficient to demonstrate that the a i r  scatiered dose.is 
within controllable limits. Detailed calculations performed after the :reactor 
shielding, tunnel layouts, and plant buildings have advanced 'in their designs: 
would indicate any additional shielding which might be required-either in the form 
of snow cover over the camp tunnels or  in the form..of additional shielding on the 
reactor. The present calculations indicate a requirement for a controlled area , 

on the'xnow surface for about 300:ft surrounding the reactor. 



Factors in this calculation which need additional study are:  

1. Coefficients in the empirical air scatter formulation - The coefficient 
of Psn has some unusual characteristics which lead to questioning of 
some of the values-given in FZK-122. 

2. ~ h e r m a i  neutron capture by steel. - Thermal neutron caljtures in the 
outer s teel  shield tank wall-and in the tunnel arches were neglected 
in this calculation. . 

3. Thermalization of fas t  neutrons by tunnel wall scattering. - If the 
fast neutrons, which a r e  responsible for the gamma dose from inelabtic 
scattering of neutrons in air, a r e  thermalized before escaping into the 
a i r ,  they, should be included in Psn. They then contribute to the air 
capture gamma dose. 

, . 
4. Neutron escape from the snow tunnels - The same neutron fluxes 

obtained in the previous section were used; hence, the s ame  un- 
certainties exist with respect to the flux values a s  in the previous 
section. 

5. Gamma scattering from the reactor tunnel - A more detailed study 
of the, gamma. scattering from the reactor tunnel must be made as the 
design of the primary shielding, reactor building, and tunnel con- 
figurations progresses. This study should consider energy degradation 
on scattering, gamma leakage distribution from the primary shield, 
attenuation by the building walls and tunnel arches, and contributions 
f rom multiple scatterings. 

9 . 2  SHUTDOWN RADIATION - -..---. - REQUIREMENTS 

The primary feactor shield leakagel.@ter shutdown is limited by the 
technical criteria. This requirement is interpreted to limit radiation leakage 
from the &imary shield to 100 mr/hr a t  2  hr s  after shutdown from an extended 
full power gperation. Since  ROC(^) cbde l ibrary  decks were available for 
2 . 4  hr s  shutdown time, *and since a dose reduction of about 20% occurs between 
2 . 0  and 2 . 4  hr s  shutdown"time, an equivilant preliminary design target was 
taken as 80 mr/hr a t  2 . 4  hrs  after shutdown. 

. . 
The primary shield optimization study indicates that about 3  in. of lead 

shielding must be added within the 7 . 5  f t  radius primary shield to meet this 
criterion. Fig. 9 . 3  gives the gamma dose ra te  at 2 . 4  hr s  .after shutdown out- 
side the primary shield as a function of lead shielding thickness. The machine 
calculations have indicated,. that about 37% more weight of steel  is required to 
replace the lead for g a m d a  shielding. This and other factors contributed to 
the selection of .lead for the PL-3 gamma shielding material. 



The total operating gamma dose for  the shield which resulted from the 
shutdown criterion is about 12 r /hr .  The shutdown dose is predominantly 
from the reactor core, while the operating dose is predominantly due to 
hydrogen captures in the shield. 

9.3 CONSEQUENCES O F  FUEL ELEMENT FAILURE 

One of the basic design cr i ter ia  for  PL-3 has been that the reactor tunnel 
is not accessible during operation. Therefore, the fission products release by 
a fuel element failure a r e  shielded s o  long as they a r e  contained within the 
primary system in the relactor tunnel. The primary purification system is 
located outside the reactor tunnel and would be a large radiation source in the 
event i t  is used to clean up a substantial fission product release. For example, 
if a release in the amount of 1% of..the fission products occurs, about 10 in. of 
lead shielding would be required on the demineralizer. Shielding would also 
be required on blowdown piping, valves, etc. 

Study of the fuel integrity for  the PL-3 reference fuel has indicated no 
mechanism which can be credibly postulated to account for  release of as much 
as 10-3% of the end-of-life fission products. In conclusion, i t  appears that the 
purification system should be designed to accomm'odate_ro~ti.ne:~fission product 
re lease  of about 10-4% of the end-of-life inventory. C a r e  should be h e n  in 
the design that releases as high as 10-2% do not represent an untenable hazard 
o r  render any function of the plant inoperative without chance of recovery. 
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10.0 PRESSURIZED WATER REACTOR AUXILIARY SYSTEMS 

10.1  . PRIMARY 'COOLANT PURIFICATION SYSTEM 

A low .pressure, 25 psig system has been selected for PL-3 application 
in preference to a high. pressure  (reactor pressure) system. The,  low PI%?%- 
s u r e  system has several advantages. 

1. .Most of the components a r e  designed for a 125 psig design, pressure.  

2. Maintenance and replacement of components is less  hazardous then 
with high pressure  systems. 

3. More latitude is ,allowed in placement of purification system com- 
ponents . 

The only significant disadvantage is t h e  requirement for  continuous 
operation of a high pressure  pump. If high pressure  sealing water. is required 
for primary system components,. this disadvantage virtually disappears. 

Clean-up of the primary system o r  reactor water is accomplished by con- 
tinually removing a small flow fkom the reactor, purifying it, and then returning 
it to  the reactor system. This flow, o r  "blowdown, l1 is on the order of 0.5 gpm. 
It is basically a high purity water contaminated with activity and corrosion 
products. A two step cation mixed bed arrangement has been selected for PL-3. 
The small  cation bed, preceding the mixed bed, serves  several functions. 

1. , The major portion of the activity is either cationic or. particulate and 
will be retained on the cation bed either by filtration o r  ion exchange. 

2. The volume of high activity is concentrated providing a reduction 
in shielding requirements. 

3. A cation mixed bed combination obtains a greater  removal of activity 
than could be accomplished with either a cation or  mixed bed used 
alone. 

One possibility that must be considered is the use  of pH control. 'This 
could effect not only ion exchange res in  selection, but the .overall purification 
system design. However, pH con tP~ l  is not contemplated at the present time. 

Operation of the system ap shown in AEL 710 is completely automatic. 
Water is. removed from the 'reactor, cooled below 120°F and then. reduced in 
pressure  to 25 psig. This pressure  is sufficient to  provide flow through the 
ion exchangers to a makeup storage tank. The tank provides a .  supply of high 



purity water for  the primary system and is ,sized to hold the water removed from 
the primary system due to expansion during heatup of the'reactor. It also 
represents an adequate source of high purity sea l  water. Water is returned from 
the- tank to the reactor by a positive displacement pump. 

An automatic pressure  control vals~e maintains' downstream pressure a t  
25 psig. Safety features include: 

1. A temperature control valve s e t  to close if the blowdown exceeds 1 3 0 ~ ~ .  

2. A pressure relief valve to dump the blowdown to one of the pools if the 
pressure a t  the ion exchanger inlet exceeds to 100 ps.ig. 

3. High and low pressure alarms.  
- ,  

.. , 

4. A blowdown isolation valve upstream of the cooler to close a t  75 psig. 

5. High and low flow al4rms. 

From the makeup tank, a pump raises the pressure to 50 psi above pri- ' 

mary system pressure. The major' poption of the return flow passes through 
a back Qressure valve and returns to the primary system. Sufficient flow is 
diverted:to the control rod drive 'seals. Thesea l  outleakage may return directly 
to the makeup tank o r  may'go to an intermediate sea l  drain tank. 

Blowdown flow control, which is from the pressurizer level indicator, ' adjusts 
to maintain a constant level in the pressurizer.  '   here a r e  several  advantages of 
this control method: 

I .  Expqnsion and contraction of primary coolant due to temperature change 
is automatically compensated. 

. 2: If makeup is lost, blowdown'stops to prevent the loss of primary coolant. 

Since the primary system of a PWR is a closed cycle, chemical treatment. 
is feasible. Hydrogen is added to suppress the decomposition of water and remove 
oxygen. ' : ~ * . e !  other possible means of control is the addition of lithium hydroxide to 
ra ise  the-pH. 

Decay heat will be removed f rom the reactor by allowing water to boil in 
the secondary side of the steam generator. The vertical s team g e n e r ~ t o r  
establishes.na~ra~circulation .- - ._ in the primary s y s t e m  The primary circulation 
pump is not required to he in operation for decay heat removal. 



To compensate for steam removed from the steam generator, a small  
make-up water flow must be provided. Two methods a r e  being investigated 
to accomplish this. The f i r s t  would be to discharge the steam to the main 
condenser and return condensate to the steam generator. The second is to pro- 
vide a small  condenser 'wherein the steam is condensed and flows back to the 
steam generator by gravity. This arrangement would provide a closed cycle and 
be advantageous in the event of a generator tube rupture. The smal l  condenser 
would be cooled with either shield water o r  air .  

bi 
The temperature of the reactor and cooldown rate is controlled by regulating 

the boiling rate of the secondary water. Figure 10.1 shows the shutdown heat 
removal requirement for cool down and decay heat removal. As can be seen, 
this requirement drops off rapidly. A boiling rate of 500 lb/hr would be more 
than satisfactory. 

10.3 REFUELING AND FUEL TRANSFER SYSTEM, 

I0.3.fr.: fiefueling Objectives 

The pressurized water re'pctor must be refue1ed:at'regular scheduled inter- 
vals. This change should be accomplished as quickly as possible, with operating 
personnel adequately protected against radiation exposure. A refueling system 
for Byrd Station should incorporate the following features: 

: 1. Adequate protection of personnel from radiation. 

2. Functional and structural  integrity of apparatus subjected to adverse 
climatic conditions. 

3. Minimum number of units to adequately meet requirements. 

4. Ease of operation with a minimum of personnel. 

5. Minimum time to accomplish entire operation. 

6. Minimum weight consistent with reliabiJity . 
7. Simplicity of design to minimize cost and maintenance. 

10.3,2  Removal of Fuel From Reactor 

The optimum transfer  system utilizes the fuel transfer chute method. A 
typical application of this system is shown in Drawing AEL-762; a conceptual 
chute design is shown in Fig. 10.2. The transfer chute is simple and economical, 
requiring little o r  no maintenance. In operation, i t  is a direct and rapid method 



. . 

of transferring fuel and requires only a small operating crew. An overhead 
crane is required only for the reactor vessel and vapor container dis- 
assembly and reassembly. The transfer chbte is welded directly to the vapor . 

container and containment integrity is maintained by use of a sea l  plug in the 
chute, The s e  al plug sea t s  against a tapered shoulder on- the inside of the 
chute, and a flexible sea l  is expanded against the tube wall. 

. . . . 

' The f~llowing procedure is followed when transferring spent fuel elements 
after preparation of the transfer tools: 

1. Loosen, remove and s tore  vapor container cover nuts. 

2. Remove and s tore  vapor container cover. , 

I 

I 3. ~ i i l  dry cap (if  used), unbolt, remove and store.  

4. Loosen, remove and s tore  reactor cover nuts. 

5. Install stud caps. 

6. Remove and s tore  reactor vessel cover. 

7. ,Remove and store core cover. 
1~ 

\>, 8. Remove and s tore  control rod caps. . . 
."--.., 

rk 9, Loosen, remove and s tore  fuel chute plug o r  plugs. 
l,. '..\.., j .. . 10. ',,,Position auxiliary shield on top of cask. 

x. 
k. 

11, Using hand tool, select element, lift from core, place in chute 
and lower into hopper. 

12.. Disengage transfer  tool from element and 'remove from chute. 

13. Using fuel handling tool, unlatch hopper and rotate to vertical . 

position. 
\ . .  

14. Lift element from hopper and place in basket of shipping eask, 
. . 

15. Rotate hopper into alignment with chute and latch; 

f 6. Repeat steps If through 15 until all fuel is transferred. The auxiliary 
shield must be moved f rom cask to cask a s  one cask is filled and 
another is prepared for loading. 



17, Load new core in reactor. using transfer tools. 
. . . .  - .  . . . . 

18. Reassemble reactor: by r4vers.ingsteps 1 through 9. 
. .. 

. , 

10.3.3 Storage of Spent Fuel in 'Peripheral Shield Tanks 

The transferred fuel will be  storedin shipping casks placed around the 
vapor- container. in the. shield tanks. The fuel will be kept in the 'shield tanks 
for.not less  than 90 days after removal fro'm the reactor. During this decay 
period, the cask will be cooled by natural convection.' The,lid of the cask 
will be supported .on a pedestal above the cask, allowing circulation of the shield 
tank water and reducing: radiation scattering. 

10..3. 4 Shipping Casks For  Spent Fuel Elements . . .  

The shipping casks for the spent fuel elements of the PL-3 reactor will be 
designed in accordance with AEC, ICC, and ICPP regulations regarding con- 
tainers for shipment of radioactive materials. Preliminary s hielding calculations 
indicate that little advantage is gained in shielding thickness by allowing cool- 
down for one year rather than ,ninety days. The concepts "are, therefore, based 
on radiation levels ninety days after shutdown of the reactor. 

' . 
The reference core for the PL-3 reactor is a 7 x 7 Type 2 core, This core  

consists of445 fuel elements, 7 of which are.contro1 rod followerg with 
absorbers. Shielding calculations indicate that the entire core can be shipped in 
2 casks, based on a maximum allowable gross shipping weight of 27,500 pounds, 
and in 4 casks, based on a maximum allowable gross shipping weight of 20,000 
pounds. A tabulation of this shipping cask data is presented in Table 10: 1.' All 
shipping casks will be skid mounted for shipment. A conceptual design of this 
skid is presented in Fig. l o b  3. This skid, will be sized to fit the selected cask 
and will be constructed of T-1 steel  with appropriate tiedown between cask and 
skid. 

1 0.4 SOLUBLE POISON SYSTEM 

Injection of a sqluble neutron absorber will be accomplished by providing 
a smal l  pressure tank containing boric acid crystals through which the make- 
up pump discharge can be diverted. : This water flow will dissolve the boric 
acid and ca r ry - i t  into the reactor to accomplish the required shut-down. 

I .  



TABLE 10.1 . .  . 

Caik Design l ' /2 Core . 

No. of  Casks per core 

Elements per cask 

. . 
Core 

2 4 

22. o r .  23 11 or 12 

Absorbers per cask 4 o r  3 2 o r .  1 

Element length, in.. 31.625 31.625 
. . 

Absorber length, in. 
. . 

Lead Equivalent, in. 

Bare  Weight per  Cask, Ib. 25,350 18,650 

Loaded Weight per  Cask, Ib. 
1 

' Basket Opening, in. sq. 
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11.0 POWER PLANT EQUIPMENT 

11,l STEAM CYCLE AND HEAT BALANCE 

The steam system of the PL-3 consists of the main steam piping, a line 
separator, the steam turbine and the condenser. The energy from the reactor 
is utilized in the generation of steam in the steam generator. The steam passes 
through the main steam piping to the turbine inlet throttle valve. A steam sep- 
arator is located just ahead of this valve in the main steam line. The separator 
removes the entrained moisture from the steam. The steam is then expanded 
through the turbine and is condensed in the surface condenser. The cool fluid 
used in the condenser is an ethylene glycol solution which is circulated, between 
the surface condenser tubes and the air blast coolers where it is cooled by the 
cold Antarctic air. The .air- e jection system removes the non- condensables 
from the condenser iyur ihg  proper exhaust pressure. The 1 ube oil purifica- 
tion system keeps the turbine generator lubricating oil clean and useable. The 
condensate is then pumped from the hotwell to the boiler feed pump- and r e -  
turned to the steam generator. The heat balance, Fig. 11.1, shows the state 
of the steam and condensate at  the various points in the cycle. Dwg. AEL-736 
shows the components, connections and .valve$ used in the PL-3 system. Table 
11.1 prpsents a data summary for the secondary system components. 

. . . . TABLE 11.1 
- , 

SEC.ONDARY SYSTEM COMPONENTS DATA 
4 ) . . .. . . 

1 . : .  .. . . . ' . , . 

Turbine-Generator 

Type: Multi- . .. . , ,nonT extraction,, condensing. , . 

Inlet steam pressure at full 'load 300 psia 
Turbine speed . , 10,000 rpm 
.Generat~r  .speed .., , . . 1200 rpm 
Exhaust pressure 6 in. Hg 
Rating (0.8 po+wer factor) . . i500 kw 

, Voltage 480 volts' 
,Frewenc.y : . . . .  ,. . ., 60 cps 

. . , .*Phase . . . : % ,  . : : J  . ;- - ,  

Excitation . . . . -  . . , . sfatiq - 

. - . . : L'.,'.;. . ' . I . I ,  .-. . 

wpe:  . ,Horizontal, , multiple pass. " '  

&ty . . .  ' i .. . . 'I  . - .  , '  . . . . : . 2 3 . 7 ~  lo6 ~ t u / h r  
Operating pressure 6 in. Hg 
Inlet glycol. temperature : . . .  , . I '  . 8 0 O ~  



TABLE 11.1 (CONT'D) 

Air Blast Coolers 

Type: Continuous plate fin, forced convection. 
Duty 24.5 x lo6  ~ t u / h r  
Glycol circulation flow 1200 gpm' 
Tube outside diameter' ' 578 in. 

Condensate Pumr, 

Type: Centrifugal 
Head 
Flow i .  

. . .  

Feedwater Pump' 

Type: ' Centrifugal 
Head 
Flow 

. Export Steam System 

110 f t  H20 
60 'gpm 

800 f t  H20 
60 gpm 

Type: Submerged tube 
Evaporator duty 1 .5  x lo6  ~ t u / h r  
Steam pressure (from steam source) 300 psia 
Steam pressure (to camp system) 100 psig 

11.2 TURBINE-GENERATOR AND LUBE OIL COOLING SYSTEM 

The turbine-generator unit to be used in the PL-3 plant utilizes a non- 
extraction multi-stage condensing steam turbine connected through a geared 
speed reduction system to a salient pole A. C. generator. The turbine will 
operate at 10,000 rpm and the generator at 1200 rpm. 

The turbine design will provide for operation over a range of exhaust 
pressures from 8 in. Hg.absolute to 2 in. Hg.absolute. The turbine-generator 
is designed to produce 1500, kwe at '6 in. Hg.absulute using 300 psia inlet 
steam. Provisions have been made for moisture removal from the steam to 
minimize erosion problems in the last stages of the turbine. This moisture 
will be collected at the low points of the turbine exhaust casing and drained to 
a tank. From the tank, the moisture will'be-pumped to the main condenser by 
an e'ductor, The eductor derives its motive fluid.from the condensate pump. 

The turbine'lube oil system will accomplish .continuous filtering, purifica- 
tion, and temperature control. A centrifuge is used for filtering and purification 
and an oil- to- glycol heat exchanger. for oil temperature control. Oil temperature 
is held constant at the bearing header; 



The electric generator to be used in..PL-3 is a six-pole (qalient), 1200 rpm, 
air cooled, open type machine. The generator will produce 48bvolt, 3 phase;. 
60 cycle electric power. Qther.features of the machine include static excitation 
and automatic voltage regulation. 

11.3 CONDENSER 

The main surface condenser is of shell and tube construction utilizing 
multiple,pass arrangement,. suitable construction materials, md.adequalte 
deaeration of the condensate. Removal of non- condensktbles will be accomplished 
by a twin stage, two element ejector capable of removing the non-condensables 
to 2 in. Hg.absolute. A feature of the condenser is the construction of a double 
tube sheet to guard against glycol leakage into the condenser and ultimate con- 
tainination of the steam generator. 

For an ambient. air temperature of + 3 4 O ~  and a 1500 kw gross output of the 
turbine generator,. the condenser will have a duty of approximately 23.7 x:106 
~ t u / h r .  

11.4 .HEAT REJECTION SYSTEM 

Waste heat from the main condenser and plant auxiliaries will. be rejected 
to the atmosphere by forced air cooled heat exchangers using 60% solution of 
glycol by weight in water. as. the transfer fluid. The solution will be circulated 
through the main. condenser, turbine lube 'oil coolers, and the condensate sub- 

I :' 

cooler., The heat rejection, duty a t  full load and. at  +34OF ambient air temperature 
will be approxirnately24.5 x : lo6 ~ t u / h r  and the flow through the air blast coolers :. \ 

will be approximateBy.1200 gpm at a mean temperature of about 1 0 5 ° ~ .  The air 
blast coolers a r e  continuous plate .fin cores with 5/8 in. tubing arranged to achieve 
optimum exchanger effectiveness. . A i r  will be forced over the cores at  approxi- 
mately 800 ft/min face velocity with a total. ai.r requirement of approximately 
500, QOO cfm a% peak demand. Four fans for each cooler will be provi,ded. The 
glycol system can function with .practically no operator.attenl&ion durhg.al l  plant 
conditions. It offers inherent re8i.abili.t~ from f reezing. 

11.5 CONDENSATE FEED SYSTEM 

The condensate feed system utilizes two stages of pumping from the con- 
denser hotwell to the steam generator. The first stage of pumping is accomplish- 
ed by the condensate pump. This pump has. sufficient head capaci.ty to overcome 
the pressure drop. &sociated with the cooling circuit and also provide adequate 
NPSH for the second'stage of pumping.. The boiler feed pump delivers feedwater 
directly to the steam generator through the feedwater control valve. . Thus the two 
stages of pumping a re  accomplished by two pumps in series. This system of pump- 
ing has had successful operation on the PM-2A design and hasa lso  been utilized 



successfulPy in many advanced commercial.power plant designs: Deaeration is , 

accomplished in the main .condenser hot well- so that a. deaerating heater. o r  de- 
'aerator tank is not required. The condensate frbm the hot well must be sub- . , 

cooled to about lOOoF for use as a coolant in the plant auxiliaries which include 
the primary and secondary blowdown coolers, the spent fuel tank, and the upper 
and lower shield tanks. The subcooling is accomplished in a water to..glycol heat 
exchanger. After passing through the cooling circuit the condensate passes 
through the air ejector condensers and then to the feedwater pump suction. The 
condensate pump will have a capacity of approximately 60 gpm with a TDH of 
about 110 feet. The boiler feedwater pump will also have a capacity of 60 gpm 
but will have a TDH of about 800 ft. The feedwater pump will also be capable ' 

of 1400 ft of TDH at 10% flow capacity. These pumps a r e  centrifugal units 
with orificed recirculation provided to protect against high temperatures during 
shutoff conditions. 

11.6 EXPORT HEAT SYSTEM I 

4 

Camp process steam is produced in a shell and U-tube type evaporator 
I 

located on the secondary auxiliaries module in the plant. The supply water is 
furnished at an inlet temperature of 40'~. A small suction tank and feed pump 
is required in the inlet pipe to the shell side of the evaporator. A branch line 
off the main steam line, with saturated steam up to 300 psia in pressure, is used 
to evaporate supply water. The evaporator is designed for a transfer rate of 
1.5 x lo6 ~ t u / h r  and furnishes saturated steam at 100 psig for camp process 
purposes. Condensate is drained to the condenser hotwell. 

11. '7 PIPING AND VALVES 

Piping and valves have been chosen in accordance withtheir application; 
the parameters considered include system fluids, system pressures and system 
temperatures. The W l e  below lists the ranges of these parameters for some 
of the secondary systems. 

SECONDARY SYSTEM PARAMETERS 

System Name Fluid 

Main Steam 
Export. Steam 
Exhaust Steam 
Condensate 
Feedwater 
Primary Blowdown 
Glycol System 
Lube Oil System 
Waste Disposal 

Steam 
Steam 
Steam 
Water 
Water , 

Water 
Glycol 
Oil 
Wastes 

Pressure ' Temperature 

Atm. to 550 psi  
.Atm. to 150 psi  
2 in. Hg to 15 psi  
2 in. Hg to 40 psi  

:Atme to 600 psi  
Aim. to 2000 psi 

. Atm. to 100 psi  

. Atm. to 150 psi  
Atm. to 50 psi  

Amb. to 4 8 0 ' ~  
.Amb. to 3 6 5 ' ~  
Amb. to 4800F 
Amb. to 4 8 0 ' ~  
Amb. to 2000F 
Amb. t o  2 0 0 ' ~  
-90°F to 1900F 
Amb. to 3 0 0 ' ~  

. Amb. to 1 9 0 ~ ~  



Linesand valves.are dbded accordingto the system in which they a re  ap-. .... .. 

plied. The line and- valves' are-  numbered serially.with .a,.different. group of numbers 
. assigped to each major system. 

11 .8 .  EMERGENCY POWER . '  
. . . . .  

Emergency.power is supplied: by two diesel generator units; the rating of 
each unit is 250 kw. The generators are connected to the. plant auxiliary'bus . 
through their - own protective circuit breakers. If. the plant aml iary .bus  goes 
dead, drop-out relays will. automatically start the diesels and bring them on-line 
to re- energize- the bus. Battery .power:is used to start the diesel units. -:A one- 
line electrical. diagram is shown. in Dwg. AEL- 743. 

. :.. 

.. A source- of preferred power. for the nuclear instrument;. rack,- ,the laboratory, 
radiation monitors, the control console, the BF3 lifting mechanism and. all DC 
power .requirements is provided through .a battery bark on the control. skid. . The 
battery - is composed of ninety-five nickel cadmium. cells and supplies. 11 5 volts 
DC for DC power requirements andfor two ro tary2  kw inverters to meet: AC 
requirements. . Two static battery chargers operated in parallel normally keep 
the- batteries charged. , The battery chargers a re  supplied with ,440 volts. AC, 60 
cycles from the auxiliary bus when the batteries, a re  being charged. 

11.9 STARTUP AND SHUTDOWN POWER REQUIREMENTS 

Auxiliary power requirements during periods when the,plant is: shutdown 
a re  supplied by the emergency diesel generator units. Similarly, du$ing plant 
startup, power must be supplied to the plant auxiliary bus until the plant becomes 
self- sustaining. . The various~~uxil iary power requirements a r e  tabulated in 
Table, l l .  2. 

11.10 SECONDARY SYSTEM CHEMICAL TREATMENT 

The secondary system is treated much the same as any other moderate 
pressure boiler;. Morpholine is added for pH and corrosion control. Either 
hydrazine o r  sodium sulfite.kus.edfor oxygen removal. Hydrazine is being 
given careful consideration, 'since it would considerably reduce secondary 
blowdown requirements. Oxygen control is simplified by providing adequate/ 
deaeration of condensate. 1 



TABLE 1.1.2 
AUXILIARY POWER REQUIREMENTS 

Power Required (k:w) 
Item During Shutdown During Startup 

Primary Coolant Pump 
Pressurizer Heaters 
Glycol Pump 
Auxiliary Glycol Pump 
Heat Rejection. Fans 
Feedwater Bumps 
Auxjliary Oil Pump 
Centrifuge Oil. Pump 
Condensate. Pump 

, Waste.Process System 
Gerieral Ventilation 
Special Ventilation 
General Heating 
Special Heating 
Tunnel Ventilation ' ' 

Lighting 
Exciter 
Evaporator. Pump 
Miscellaneous Power 

Total Power Required 2 52 3 62 
\ 



5 0  KW 
2 6 2 5 0  LB/HR LOSS 6 0  KW LOSS 

AUXILIARY HEAT. 
2 0 0 0 0  LB/HR I 

FIGURE 1 1 . 1  PL-3 HEAT BALANCE 



12.0 RADIOACTIVE WASTE DISPOSAL I 

12.1 GASEOUS WASTE DISPOSAL 

The PL- 3 specifications .provide that. any gaseous waste discharged 
from. the plant shall not exceed 4 x 10-  l4 ,!L c/cc. . A further. specification 
effecting gas activity states that the plant shall be design.ed to operate after 
the simultaneous release to the reactor coolant of 1% of the fission product 
inventory of the core after 2 y r  of full power operation. .. 

For gaseous waste system. design .purposes it was .assumed that: 

1. 0ne.percent of the fission gas inventory of a . 2  y r  core is released.to 
. . 

the' coolant. 

2, The reactor continues to operate and release 1% of the fission gas 
being produced. 

The above design assumptions do not imply that such circumstances a r e  
possible. In reality, such a large release would require an accident such as a 
core meltdown. Continued operation of the reactor is then virtually impossible. 

Several problem' areas  a r e  as follows: 

1.. Any gaseous. activity present in the p,bols might be released to the sur- 
roundhgs. Equipment will be provided to control. any such release. 

2. Gaseous activity will be in 'any leakage f romthe  primary sys- 
tem and must. be controlled. 

3. Sampling and. automatic analysis equipment will be designed to prevent 
the release of gaseous activity. 

4. Any other potential sources such as tank .vents .must be controlled. 

Air in-leakage is eliminated through operation .of the system. at greater 
than atmospheric pressure. In addition, radiolytic decomposition is eliminated 

. .through the practice of maintaining a hydrogen' overpressure in the primary . 

system. This hydrogen, on the order of 30-40 cc/liter of water, has the effect 
of causing recombination of the hydrogen and oxygen produch of radiolytic. de- 
composition'. The non-condensables in..th.e primary system resolve themselves to: 
1) fission gas, . 2) induced.activity gas and. 3) hydrogen added to suppress decom- 

.position; 

At.primary system operating pressure,. all of the gas will. remain.in solution. 
Venting- should not be required during normal operation. . However, when the 



pressure is lowered for .removing the reactor vessel head,. some gas could be . 

released .f rom, the cool.ant. . .Postulating -a considerable number .of cladding-failures 
coupled .with the need for refueling, it would be. highly desirable to remove any . . . 

-active gas in the.primary system before attempting to remove the reactor head; 
For  PL-3, where allowable limits a re  on the order of 4 x 1 0 - l ~ ~  c/cc, this re- 
moval of active gas before removing the reactor head becomes quite important. 

- 1 

One concept .of a gaseous waste collection and disposal system is shown i.11 
AES- 596.. Operation is as follows: 

. . b , . 

1. The top of the reactor vessel is vented to a condenser. Initially, a little 
water will be blown down until a steam dome is formed. The primary 
waters is, allowed. to boil, slowly at a rate slightly above that required to 
remove decay heat. The active gas will be stripped from the reactor and 
carried to> the condenser with the steam. I ,  ' 

2. The steam i.s condensed and returned to the reactor. 
. I .  

3. A vacuum pump removes active gases from the condenser and transfers 
them to a surge tank. 

4. From the surge tank, the gas is compressed into bottles for off-site 
shipment and disposal. If the activity is sufficiently low, the collected 
gas might be slowly released fbr dilution and discharge to the atmosphere 
through the cooler discharge siack; 

,. . 
; Such a system would be operated whenever removing the rkactor head was 

a*icipa%ed.. .There 'would be little need fop accurately determining:fission gas 
content bf the primary system. The major gas collected would be hydrogen with 
a total quantity less than 4 scf peS cycle. . 

l 2 ,2  LI:QU%D WASTE DISPOSAL - 

The PL-3 specifications provide .that any liquid waste discharged from the 
plant sM,l not exceed 10- 8pe/ml.  Evaporation i s  the only practical method of 
processing P.iquid waste to meet PL- 3 speci£ications. Discharge of processed 
waste from the plant will be kept at a minimum by using this processed waste 
o r  "reclaim water" as primary system and pool makeup. The system schematic 
is shown in Dwg. AEL- 710. 

The various wastes a r e  .collected in- a storage tank. The size of this tank 
will be determined by primary system decontamination waste vol.umes. Here . 
the waste can be mixed, sampled, and any required adjustment in pH made. N.1 
waste sent to the system wi.ll, be proc.essed.by evaporation. The- evaporator con- 
densate may. be passed through a small deminerallzer to guard against carryover 
and then stored for reuse o r  discharge. I 



The activity and other solids in the evaporator feed concentrate in the 
evaporator bottom. When a predetermined qu&tity of sludge has been ac- - 
cumulated, it is sent directly to a disposal drum which will be precharged with 
a-dry concrete mixture. By going directly to the disposal drum, the problems 
associated with storing and pumping a highly active sludge which may solidify 
a re  eliminated. After adding the evaporator bottoms, the contents of the drum 
a re  mixed by rolling, then allowed to stand while the concrete sets. The contents 
a re  self- shielded; however, additional shielding will be provided if required. 

..\\ 
.The preliminary liquid waste system is designed to process any waste which;! . . 

may reasonabw be expectedfrom the PL-3 plant and to producea high quality 
reclaim o'r:processed water which is suitable for makeup or'discharge. The 
activity and solids which .are removed .from the waste.wil1 be solidified so as to 
be. acceptable for off- site shipment and. disposal. . . 

All of the radioactive water processing equipment is included .on a single 
skid .employing the same design approach as shown in. AEL- 747. This: arrangement 
will provide easy access to components for operation and maintenance. . The skid 
layout also makes use of the required wate P storage. capacity to provide :additional 
shielding of the components. 

12.3 SOLID WASTE DISPOSAL 
, . 

Any.solid waste will be.packaged in containers suitable for off-site shipment 
and. disposal. .It may prove desirable to place small contaminated objects in the 
liquid waste drums where they would then be immo.bilized .in cement. 



13.0 BUILDINGS AND .TUNNELS ' 

13.1 TUNNEL LAYOUT 

Snow tunnels will be of the same general. type of construction as. that of' the 
remainder of the station. Some. modifications, however have been .introduced as 
a result of prior experience' both at BvrdStation and at Camp .Century. . These 

: modifications a r e  principally intended to reduce,arch~ settlement. 

The layout of the plant and tunnel system is indicated on Dwg. AEL-734. 
The principal units of the plant will be located in parallel tunnels with smaller 
connecting tunnels for personnel access and piping. The small tunnels will enter 
the larger tunnels at the ends to avoid the arch support of the main tunnels. 

Access to the larger tunnels for equipment installation will, be through 
ramps from the snow surface to the tunnel floor with a maximum slope of 10 
percent. After construction is completed, the ramps will be allowed to f i l l  
with snow, except at the primary building and the waste processing building, 
since no further usage is anticipated. The ramps to the primary building and 
the wakte processing building will be used periodically for fuel supply and waste 
removal respectively. 

The construction of the tunnels will be a cut-and-cover operation utilizing 
the Peter Snow Plow. Except for the primary building, where considerable depth 
is involved, the normal procedure will be to excavate a ditch to the proper depth, 
with a shelf on each side to support corrugated metal arches. A typical cross- 

-4 
section is shown on Dwg. 7385-SK-S-11. The metal arches will res t  on continuous 

$$! timber footings. Snow will be backfilled over the arches to a depth of approxi- 
, mately 3 f t  at the arch crown. The metal arches for the primary building will be 

constructed of sections similar to those of the shallower tunnels, but with a higher 
arch rise. 

Bulkheads will be of timber construction and will be located at ends of the 
wide tunnel sections. In general, construction will be similar to those now in 
existence at the site. Openings will be provided where needed to"ci3ri~Brm with 
access requirements. 

r. 

Personnel es'cape hatches will also be similar to those now installed at the 
site and will consist of vertical ladders ini5 ff  diameter circular corrugated metal 
enclosures with a hatch above the snow sukace.  



13.2 BUILDINGS AND FOUNDATIONS 

13.2.1 Building: Su~erstructure 

All building superstructures will be of panelized construction utilizing 
stressed-skin plywood panels. All components will be designed to be quickly 
erected and disassembled with a minimum of tools and erection equipment. 
Connection materials will be chosen with an emphasis on re-erection; nails, 
rivets o r  field welding will not be used for field assembly. 

The primary building and that portion of the secondary building which 
houses the air blast coolers will have metal frames. Such framing, although 
primarily installed to support such equipment as the primary.building crane 
and the cooler stacks, will support, the wal l  panels as well. The remaining 
buildings will be frameless and will utilize the bending resistance of the wall 
and roof panels, suitably connected, to provide structural stability. 

The design and fabrication of all panels will conform to the specification 
of the Douglas Fir  Plywood .Association. 

Wall panels for all buildings will consist of 1/4, in. thick plywood sheets, 
pressure glued to both sides of framing members 3-1/2 in. deep. The framing 
at the panel edges will be suitable for engagement with conti@ous panels. F0.r 
all buildings, except the primary building, the wall panels will contain 1 in. x 
3-1/2 in. interior studs on ,approximately 1 f t  centers. Interior studs will not 
be necessary for the primary building wall panels, although some interior mem- 
bers  may be required for the purpose of receiving bolts o r  lag bolts to attach 
the panels to the bu'ilding frame. Wall panels for the primary building will be, 
in general, 4 f t  x 8 ft. Wall panels for the other buildings will be 4 f t  wide, 
running the height of the wall. 

Roof panels for all buildings except the primary building will consist of 
3/8 in. plywood sheets pressure glued to both sides of framing members 5 in. 
deep. One inch thick interior joists at 12 in. spacing will run in the direction of 
span, otherwise construction will be similar to that described above .for. wall 
panels. In general, the panels will span the entire width of the building. The 
panel size will be 4 f t  wide and 20 f t  8 in. long. An exception will be in the air 
blast cooler room where the stacks will interrupt the span. Roof panels in this 
location will be supported by metal framing and will be sized,to accommodate 
the stack penetration. 

' 

Roof panels for the primary building will be similar to the wall panels for 
that building. 
I 

Plywood for. all panels will be DFPA Grade C-C Exterior Plugged. Fram- 
kg for panels will be Douglas Fir, Construction Grade. Wood and plywoodmay 
be ,impregnated for f i re  resistance. 



h all panels,. the r ecess  between. the. plywood .faces will be. filled with 
urethane, foam insulation: . 'A continuous- sheet vapor barrier will be adhered 

. . to the plywood face forming.the interior wall o r  ceiling. This barr ierwil l  be 
either .sheet aluminum or.- aluminum. foil reinforced with ,plastic coating. . All 1 

panel surfaces including the vapor barrier will be sholj'painted' pa . . with fire re- 
. sistant piint. except those,areas of the vapor barr ier  to which pressure-sen- 
sitive'. tape. will be applied. 

Joints between panels will be gasketed with ,soft ,  closed- cell, elasto- 
meric material. Compression of the gasket and tight f i t  of the panels, one.to 
another, shall in general be accomplished by the use of cam o r  wedge type 
locking devices and/or bolts. 

. After erection.of panels,. all joints.in.the vapor seal will. be closed by the 
application .of impervious pressure-sensitive type protected by gasketed batten 
strips. Tape0 areas  will be.painted to match the remainder of the panels after 
the buildings a re  heated. 

Exterior doors will be of light-weight construction of a .type. normally de- 
signed .for cold storage buildings. The normal 'size of door opening will be; 2. f t  
6 in. wide by 6 f t  6 in. high. . Doors.wiEl open, outward and will be equipped with 
quick. opening :latches with. a push. bar on. the interior side. Somewhat larger - , 

doors. may .be. provided should mechanical design. development indicate that 
la rger  items must frequentlybe moved thf?+ugh the openings. 

Easily removable wall panels will be. provided in. the ends of all buildings 
for normal access for equipment-which is too large to be handled through, per- 
sonnel. doors. 

. . 

.All exterior doors will be "air locked" to reduce the flow of warm air 
f r o m .  the buildings when .doors .a re  opened. This will be accomplished by means 
of. uninsulated vestibules,. approxima%e%y 4 f t  x 4 f t ,  8 f t  high, Bocated.at the 
exterior doors inside the buildings. . Double swinging doors with .gravity closing 

'. hinges will.separate the vestibule from the building. 

, 
' ; Metal framing is required to support the discharge stacks for the air blast 

coolers. Since the stacks willprotrudeabove the surface, they will be ex@d,ed': ', 
to lateral wind loads. The framing. will be designed to resist  these. loads as'. well 

. as the weight. of %he stack. and. a .portion. of the building .superstructure. loads. . De- 
pending on design. development this framing may be either inside o r  outside of the 
building. 

13.2.2 , Foundations 

All buildings will be supported on spread-footing type foundations. Founda- 
tions will be proportioned and located so that snow-bearing pressures 'resulting 
from long-term loads will be approximately equal under foundations at the same 
elevation. 

CI 
0 
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The primary system tunnel will be deeper than the tunnels housing. the other 
plant components. Therefore, the primary building.foundations will bear on snow 
which has been naturally compacted to a greater density and load-carrying capacity 
than that in the shallower tunnels. The primary building foundations will bepropor- 
tioned so that the snow-bearing pressures under maximum loading will not exceed 
1000 lb/ft2. 

A reduced maximum allowable snow bearing pressure, not to exceed the 
pre- construction weight of overlying snow at the level of the foundation-bearing 
surface, will be used to proportion the foundations in the shallow tunnels. The 
foundations at different levels will be sized so that the snow-bearing pressures 
under protracted loading will vary in proportion to the preconstruction loads of 
overlying snow. By accounting for the increase in natural densification of deeper 
snow, i.t is expected that the annual change in vertical separation between founda- 
tions at two levels will not exceed the natural contraction of the snow mass. 

With the passage of time, it is probable that the floor of the turlrlel cross 
section will change from a level to a crowned surface in which the outer edges 
will be depressed from their original elevation relative to the building floor, 
and the centerline will be raised. Where practicable, foundations will be located 
near the quarter points of the tunnel width, where the change in relative eleva- 
tion is minimal. . ,. 

To allow free circulation of tunnel air under the buildings o r  other potential 
heat sources, and in. accordance with contract requirements, floor systems will 
be elevated to maintain at least 2 f t  6 in. between the tunnel floor snow surface 
and the lowest point on buildings o r  drain pipes. Foundations and jacking equip- 
men6,will utilize this under-floor space. 

. Wood-f ramed, strebsed- skin plywood panels will be used for the foundation- 
bearing surfaces. Wood panels a r e  relatively light in weight, easy to erect, and 
provide a snow-bearing surface with desirable heat transfer properties. The 
bottom of the panels will be located at least 6 in. below the tunnel floor snow 
surface so as to bear on snow undistu.rbed by construction.traffic, and to provide 
further insurance against heat transmission to the snow-bearing surface. 

. Metal.beams and trusses will be used to elevate the buildings and to dis- 
tribute loads to the snow- bearing panels. Bearing blocks and sills, of wood o r  
other materials with good insulating properties, will be used as required to b r e d  
anyf'direct path which might conduct heat to the snow-bearing surface. Building. 
floor panels will be similar to wall and roof panels as modified to suit heavier 
loads. 

The primary building will be suspended at  all times from jacks located under 
the building. To facilitate the remote level measurement and control of jacking, 
only four jacks will be used. The building frame wd.l be used as a stgf b0x. t ru.s~ 
to deliver bu.Sding and primary equipment loads to the foundations. A lined pit, 
stiffengd to resist the lateral pressure of the snow and surcharge loads, will be 
provided at each jack screw rod. 



U. S. S tee l  T -1  steel, o r  equal, will  b e  used f o r  the f r aming  m e m b e r s  of 
the  p r i m a r y  building supe r s t ruc tu re  and subs t ruc ture .  T o  take advantage of the 
cold t empera tu re  ductility proper t ies  of this  ma te r i a l  in  the unwelded condition, 
shop  and f ie ld  welding will  b e  prohibited. In cases where  shop welding is unavoid- 
able in the detailed design,  U. S. S tee l  HY-80 steel, or equivalent, will be  used. 

Drawing 7385-SK-S-9 illplstrates a pre l iminary  design of the foundations 
and supe r t s tu rcu re  of the p r i m a r y  building f o r  the p re s su r i zed  wa te r  r e a c t o r  
with the p r i m a r y  equipment enclosed in two ve r t i ca l  containment;vessels. 

The secondary  and s e r v i c e  bdildings will  be of light-weight construction,  
and will  ordinar i ly  b e  supported direct ly  by the i r  foundations. Jack ing  s ta t ions  
along the length of the buildings wil l  be  used, as requirkd f o r  local leveling or 
t o  raise the en t i r e  building until s h i m s  o r  cr ibbing m e m b e r s  can  be inser ted  to  
b e a r  the load, To  avoid buckling of the building walls or o ther  damage- f r o m  the 
se t t l ement  of foundations, a continuous.fruss of t r i angular  c r o s s  sect ion will be  
provided along each  s ide  of the building to 'deliver loads t o  the snow-bearing 
panels ,  F l o o r  suppor t  b e a m s  will  cant i lever  beyond the top chord of the t r u s s  
on each  s ide ,  

Aluminum wil l  be  'used genbrally f o r  the secondary and s e r v i c e  building 
sbbs t ruc ture  f raming.  A pre l iminary  design of a portion of the  maintenance and 
s to rage  area of the en t rance  building is i l lus t ra ted on Dwg. 7385-SK-S-11. 

13.2.  3 Jack ing  and Level  Indication 

The proposed p r i m a r y  building jacking s y s t e m  cons is t s  of fou r  Limitorque 
HM-4X valve ope ra to r s  installed on t r u s s e s  supported by the  foundation with the 
building hung f r o m  the i r  s c r e w  s t e m s .  The jacks will  rest on sphe r i ca l  lubr i te  
bear ings  designed to compensate  f o r  f ive deg rees  of tilt of the  footings. A s y s t e m  
of sl iding guides,  also lubri te  equipped, will  hold the jacks in l ine with t he  build- 
ing and re l ieve  any bending moments  on the jack sc rew.  Lubri te  bear ings  are 
bronze with the bear ing  su r f ace  d t i l l ed  in a sui table  pa t te rn  and the holes filled 
with a solid lubricant.  

The jacks wil l  be electric motor  operated and equipped with torque and 
l imi t  switches  to prevent  operat ion e i t he r  under  overload o r  when the jacks have 
reached 'the l i m i t  of t ravel .  Opera t ionof  the jacks will  be f r o m  a- control  panel  
containing the  jack controls  and level  .indication, with a d i ag ram of the p r i m a r y  
building containing l ights to  show the j a c k  and manometer  selection.  The jacks 
will have a s e l e c t o r  switch allowing operation of one jack at a t ime and a spr ing-  
r e t u r n  control  switch to  raise o r  lower the building. A lock on the s e l ec to r  swi tch  
will' prevent  unauthorized operation. A jack range indicator wi l l 'be  provided  to 
show the amount of jack movement available at any t ime.  

w he secondary  building will be  jacked by portable  jacks and s h i m s  placed 
as needed. The jacks will  b e  s i m i l a r  to. Blackhawkpor tab le  power jacks,  which 



have a .lever-action pump and a ram connected by about 10 f t  of hose, allowing 
the operator to jack from a point not under the building for better control of 
the operation. . : : 

. . 

The level indication will consist of a methanol filled manometer system 
to indicate the building level and four pendulum type tilt indicators to detect 
uneven settlement of the primary building footings. 

The primary building mano'meter system will have five capacitance type 
level indicato.rs, one at  each corner of the primary building and one as reference 
on one of the secondary buildings. These will be provided with a selector switch 
to connect each manometer to a single-panel indicator and, at the. same time, 
light an indicating light on the panel diagram to show the location of the mano- 

~ meter being read. ~ h u s ,  by checking correspondence of the jack selector and 
manometer.lights, the operator can be sure that the proper jack is in operation. 

I 

The system for the secondary buildings will-be provided with flat 
glass, reflex type gauges for local reading, butsvalves will also be provided so 
that the remote reference indicator in the primary building system can be used 
to check the fluid level in the secondary building system. Solenoid valves, 
operated from the control panel, will be provided to isolate these systems and 
to connect the reference manometer to either. 

The manometer systems will be closed with a fluid line and an equalizing 
line connecting the points. The system will use copper tubing where it can be 
protected from physical damage; elsewhere, copper pipe will be used. 

.A storage tank and two pumps will be provided to contain a reserve 
supply of fluid and to f i l l  and empty the system. One pump will b e a  rotary 
pump of approximately 3 gpm capacity for transfer service. The other will 
be.a remote head diaphragm pump, adjustable from 0 to 0.1 gpm for adjusting 
the level. The pumps and associated valves will be operated from the control 
panel. a d  the tr im pump and its rate control will be in the building. With this 
arrangement, all filling operations can. be performed from inside the building; 
Hose connections will be provided so the transfer pump may also be used to 
pump fluid between shipping drums and the storage tank. 

- The foundation tilt indicators will consist of a pendulum and ring contact 
mounted to detect deviations of.5 degrees, from vettical in any direction. Con- 
tact between the pendulum and the ring will complete the electrical circuit to 
light'a-tilt indicator light on the panel diagram. 

13.3 CRANE ARRANGEMENT 
i 

A study was! undertaken to determine the most practical and economical 
type'of crane. installation for the primary building. Of necessity, the primary 
building will be a metal frame structure due to its height, thus lending itself 



readily and economically to support of a bridge-type crane. A gantry-type 
crane would necessitate a wider, and consequently heavier, building because 
of the size of the primary equipment and the space required for the gantry legs 
on either side. Other disadvantages of a gantry crane are that it would not 
service as great an area as a bridge-type crane, would represent a greater 
hazard to personnel, and would limit the use of walls for supporting piping, 
ducts and equipment. 

A 10-ton bridge-type crane and a 2-ton auxiliary for use in refueling a re  
specified for the primary building. The main hoist may be electrically operated 
if final design requires long vertical lifts. The auxiliary hoist will be hand 
operated for accuracy in refueling operations. The crane will be fabricated 
principally of aluminum because of erection weight and climatic requirements; 
such construction has become relatively common. 

The secondary building will be of relatively light panel construction and 
will be unable to support a bridge crane. The hoisting requirements for this 
building can be adequately served by a 5-ton, manually operated gantry-type 
crane. The crane will have rubber-tired wheels for use in and around limited 
spaces and equipment mounted on skids without need for tracks imbedded in the 
floor. It will be designed for quick and easy disassembly and reassembly by 
two men. Disassembled parts will be sized to permit passage through a man 
door and will be easily transportable by two men. These specifications enable 
use of. the crane for maintenance in all other buildings of the facility not having 
permanent hoist installations. The hoisting mechanism will be a chain hoist of 
5-ton capacity and standard construction, but smaller hoists to be furnished in 
the maintenance building can also be used with this gantry. No major problems 
a r e  anticipated in the design of hoisting facilities for secoridary equipment. 
Hoisting equipment is manufactured in a variety of standard units and designs 
today which can be adapted for special applications. If final design indicates 
that the special secondary building gantry cannot serve a particular skid, e .  q. 
the turbine-generator, an adaptation can readily be made to suit existing con- 
ditions. One of the gantry's end legs may have to be removed, for instance, and 
a special "A" frame provided which can be attached to the turbine-generator 
skid at the time of overhaul for removal of turbine-generator rotor. In such a 
compact installation, only final design can dictate specific maintenance needs. 

13.4 TUNNEL COOLING AND VENTILATING 

. . The tunnels in the plant complex must be maintained at a constant low 
temperature in order to limit the temperature rise in.the surrounding snow. 

' Since.the buildings within the tunnels a r e  maintained at a higher temperature 
than the ambient snow temperature, there is a constant heat flowt'ending to increase 

' .the temperature of the .snow. This problem can be alleviated by circulating 
cold air through the tunnels throughout the year. During the Antarctic winter 
months,, airat temperatures as low as - 80°F will be drawn from the atmosphere, 
circulated through the tunnels and discharged to the atmosphere. During the 



summer'months when temperatures range as high as +34O~,  cold a i r  will be 
drawn from air wells sunk in the tunnel floor, circulated through the tunnel, 
and discharged to the atmosphere. 

The air well installation will consist of a well casing of about 18 in. dia- 
meter, inserted 20 to 25 ft into a drilled hole in the snow. The depth of the un- 
cased hole should be about another 25 f t ,  for a total of 50 f t  beneath the tunnel 
floor. The depth of this uncased drilling is not considered to be critical; how- 
ever, sufficient uncased area' should be provided to permit easy access of air 
across the snow boundary. An axial flow fan, discharging upward, will be 
mounted on the top of the air well casing with a discharge duct mounted on the 
discharge flange of the fan. This discharge duct will terminate in a diffuser so 
that optimum direction of air flow will be provided. 

The location, number, and size . . of the air wells will be dependent on final 
tunnel configuration. 'The total air 'well capacity is a function of building area, 
building heat loss, snow temperature, and. maximum permissable tunnel temp- 
erature. 

, 

' The present tunnel arrangement requires several. air wells, each with a : 

capacity of 3500 cfm. 

The'air discharge from the air wells will be vented from. the tunnel through . ' 

ducted fans, These fans will also provid6 tunnel cooling during the winter months 
when the air 'wells a r e  not in service. During this period, air will be drawn into. 
the tunnel through inlet vents and discharged through the ducted fans. The amount 
0f'ai.r ci.rculated will be the minimum required to maintain tunnel temperature 
within safe limits. 

' It is intended to provide each of the main tunnels with at least one exhaust 
fan, With this arrangement each fan will be sized to handle 7000 cfm. . 

In as much as  the ducted fans. wil.l.be sized primarily to exhaust the air 
well discharge, it can be concluded that the amount of outside air that can be 
circulated will be approximately equal to the total. air well capacity, so that 
whenever ambient air temperPatwe is lower than snow temperature, outside air 
can be used for tunnel cooling. 

13.5 ELECTRJCAL SYSTEMS 

Cabling to equipment will be multiconductor, '600 vo.lt, arctic butyl o r  
~olyethelene insul.ated, PVC jacketed cables with a ground' wire.' Cable trays 
:will be used, where.applicable; feeders:and control cab1es:leaving a traywill  

'. 
' be enclosed in conduito Fl.uoresceht lighting circuits will'uiilize trolley bus' 
duct system so as to provide maximum flexibility. Other lighting cable circuits 

.and receptacles' will be enclosed in conduit. ,Any motor cable circuits which 
.may be exposed to mechanical injury will.also be enclosed in c'onduit. 



Miscellaneous electrical equipment will be grounded, using the ground 
wire provided in each multiconductor cable. This ground wire will be connected 
to the ground bus of the distribution panel, which will be connected in turn to 
the main ground cable. In addition, all metallic building panels, large motors, 
electrical enclosures, cable trays, conduit, pipes, building steel, and equipment 
skids will be grounded individually by a bare copper conductor "Cadweldedfr to 
the main ground cable loop. The main ground cable will extend throughout the 
tunnel complex establishing a low resistance ground path to the neutral of the 
generator. The ground cable will be extended to any additional standby power 
source and feeder distribution points to eliminate a ground return through the 
snow fields. 

The one-line diagram, .Dwg. 7385-SK-E- 1, illustrates the power and light- 
ing circuits. 

Power panels will be 3-phase, 277/480 volt and will contain breakers fo r  
miscellaneous 3-phase power feeders. Power requirements for normal - 
lighting- and receptacles will amounJ ,to 30 kva; an additional 15. -- .- 
kva will, be required for miscellaneous single phase motors, laboratory equip- 
ment and control relays. The service required fo r  building heating, humidity 
control and pipe line-heating will amount to 135 kw; tunnel supply a i r  and ventila- 
tion requirements a r e  an additional 65 hp. Thermostatically controlled electric 
heating cables and full covering of insulation will be provided for water pipe 
heating, where required. An additional thermostat will be provided for low 
temperature alarm. A static type annunciator will be used to monitor pipe 
heating systems and primary building ventilation fans. A malfunction in the 
system will sound plant alarm. Power panels, lighting panels, and starter 
groups will be premounted on-free standing plywood panels to keep field instal- 
lation and wall mounting to a minimum. If wall space is at a premium, motor 
control centers will be centrally located. 

Miscellaneous lighting and receptacle panels will be 3 phase, 120/208 volt 
and will contain breakers for incandescent lighting circuits and miscellaneous 
120 volt equipment. Receptacles for 120 volt circuits will be of the grounded 
type. 

~ o k o r s  will be totally enclosed and, where applicable, fan-cooled type 
and.motor strip heaters will be specified. Magnetic s tar ters  will be combination 
typk, complete with circuit breakers, thermal overloading protection and control 
stations mounted in covers. 

,. . 
Wherever. possible, , equipment terminals will be the plug-and- receptacle 

type of connector. Where this is not feasible, standard terminations with Stakon 
pressure connectors and. tape will be used. 

- .  . . 

During building erection, a minimum of 50 kw of diesel electric power will 
be required for constructi.on tools, temporary lighting and electric heating of the 
erected buildings. . : . . 



13.6 BUILDING HEATING AND VENTILATING 

A study of various types of heating was conducted. Electric heating is .a 
dry type of heat in a climate of extremely low humidity and was selected in spite 
iif 1 0 ~  efffc-Pency for sthe following reasons: 

1. Electric heating in this particularly cold climate will be much more 
reliable since it presents no major problems due to freezing, as 
would be encountered in a wet type o r  boiler system. Start-up pro- 
blems, initial equipment costs, and maintenance will be less. The 
need for a separate exhaust and intake stack is eliminated. 

2. Heat will be required during.building erection of the first season. 
Heat will.also be required during the second season of plant erection. 
A mobile diesel electric generating unit is the logical heating choice 
for these periods, 

I . 3. .  A standby diesel electric generator will be provided for plant start-up. 
During shutdown periods, this capacity may be available for heating. 

4. Use of a second type of heating system would multiply maintenance and 
spare parts problems. 

The heating system to be provided will consist of a standard air condition- 
ing unit, capable of being shop fabricated and tested stateside. This system will 
incorporate control and preheating of ventilation air, filtering, heating by either 
electricity, steam, hot water o r  combination, humidification and distribution 
control. Steam o r  hot water heating coils,for areas  where steam is available 
and/or recovery of waste heat proves economical during plant operation, can 
be readily installed in such units very economically without danger of freeze-up 
if piping serving these coils is located entirely within the building served. Thus 
the heating system will take advantage of the electric power available during 
construction and shutdown periods and the most economical and available power 
during plant operation. It will be a single combination system involving no extra 
spare parts. 

Radiant heaters may be used in specific areas  such as the control console, 
where an operator must sit for prolonged periods and where additional heat is 
required beyond that provided by the building heating gystem. 

A typical arrangement of the heating and ventilating system is shown on 
Dwg. 7385-SK- M- 2. Ventilation a i r  as required will be taken f rom the tunnel. 
It will be preheated immediately upon entering the air conditioning unit to control 
static electricity build-up. A ventilation air control damper (Dl) will automatical- 
ly regulate the supply of ventilating air. . A self-closing damper (D5) and a similar 
damper (D6) in the exhaust will be fitted where required to close on a pressure 
build-up within the building to contain and permit control of any contaminated air 

,,in the event of a release of radioactivity within that building. Ventilation air will 



mix with return air entering the return air grille. Return air will be auto- 
matically controlled by the return air control damper (D2). This air mixture 
will then pass through suitable filters to remove any dirt o r  dust. It will then 
pass through the air conditioner main electric heating unit ( ~ 2 )  and heating 
coil, if the latter is fitted for use of steam o r  for waste heat recovery. The 
air will be heated as it passes through these units to a temperature slightly 
lower than that required for heating individual rooms at the various supply air 
terminals. The air will then be drawn over a pan-type humidifier and heated 
by an electric immersion unit (E4) as required, automatically controlled by 
room humidistat (HI)  Air leaving the supply fan (F1) will be discharged to 
branch outlets fitted with room supply air heaters (E3) controlled by individual 
room thermostats (Ti). Supply air diffusers located near the floor will sweep 
the floor and far wall with a curtain of warm air to maintain comfortable 
conditions. 

The quantity of exhaust air will be slightly greater than the fresh air 
supply to maintain infiltration into the building. An axial fan (F2) and duct- 
work will take relatively cold air from near the floor and exhaust it directly 
to the atmgsphere, not into the tunnel. 

The temperature control system will be automatic. On start-up, with 
the supply fan (F1) running, the room temperature below the setting of a ther- 
mostat (TI) and with the air condition air stream temperature below the setting 
of a bulb-type thermostat (Ta), a program motor will be modulated by the latter 
signal for maximum heating by the electric heaters (E2 and ~ 3 )  The ventilation 
air. intake control damper (Dl) will be closed, electric preheater (El) will be off, 
theaexhaust air control damper (D4) will be closed and the exhaust fan (F2) will 
be off. Balancing dampers (D3) will have been set to balance the system and then 
locked in position. As the air-to-supply fan ( F ~ )  approaches the setting of (Tz), 
the program motor will energize electric heaters (E2) as required to maintain 
the (T2) setting. Room thermostat (TI) will energize electric heaters (E3) to 
maintain space setting, ventilation air intake control damper ( D ~ )  will open, 
preheater ( E ~ )  will be turned on, exhaust fan (F2) will start and'exhaust air 
control damper (D49 will open. When the supply fan (F1) is off, exhaust fan 
( ~ 2 )  will be off, and exhaust, supply and return air dampers will be closed. 
Supply fan (F1), exhaust fan ( F  ) fresh air intake control damper (Dl), and 
exhaust air control damper (D4 7 will be wired to the relay cabinet of f i re  pro- 
tecfion system to shut-down upon actuation of the f i re  protection system. 

During normal plant operation, units fitted with steam o r  hot water coils 
will be manually shifted over to de-energize electric heaters (E2). Automatic 
controls will then modulate hot water o r  steam coil control valves. 

The primary building ventilation will be sized for six air changes per hour 
during normal plant operation and will exhaust to the atmosphere and not to the 
tunnel. During shut- down for maintenance, refueling o r  other requirements, 
heating and ventilation of this building will be similar to the system used for 
the remainder of the complex. It will be possible to monitor the primary build- 
ing exhaust. 
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. 
13.7 LIGHTING . .  

General over-all plant lighting will be 120 volt fluorescent. Lighting .for 
tunnels, escape hatches, air-blast cooler. areas, waste processing building, . 

' 

upper reactor level, storage building and .miscellaneous fixtures will be 120 volt 
incandescent type. The approximate operating illumination intensities given in 
Table 1 3 , l  will be established, 

TA'BLE 13.1 
OPERATING ILLUMINATION INTE NSIT-IES 

Location 
Foot - 

Candles 

Air- Blast Coolers 
Decontamination 
Purification .Area 
Reactor Lower 
Reactor Upper 
Waste Processing Building 
Maintenance' Building 
Personnel Building 
Heat Exchanger. and Condenser. Area 
Gene rator and Switchgear. Area 
Control Room Area 
Diesel Room 
Laboratories 
Storage Areas 
?"earanel Li ghting 

All a reas  will have portable, lightweight, automatic, reelites each 
equipped wi.th.a 100 watt hand lamp for supplementing fixed area lighting 
during periodic inspections and maintenance of equipment. 

Automatic emergency lighting is provided for the possible loss of normal 
power. These units will consist of nickel cadmium batteries, two 6 volt lamps, 
a voltmeter, a trickle charger with neon lamp'and automatic relay. They will 
be Poca%ed strategically throughout the building and tunnel complex. The ...u nits for 
tunnel LlBuminat;ion will be located within the buildings, and the lamp heads will 
be mounted on the outside walls of the buildings. 



13.8 FIRE PROTECTION 

A low-pressure, centralized-storage carbon dioxide fire protection 
sys temis  contemplated.for the entire, PL-3 complex. . High-pressure carbon 
dioxide and water sprinkler systems were also considered. Installation of the 
fire. protection system during the first s.eason, along with .erection of the build- 
ings, is recommended. for the following reasons: 

. . 
. 1 .  The system can be installed s o  that it willnot interfere with installa- 

tion and .erection ,of plant equipment the following season when time is .a 
premium. 

2. Fire.protection will be provided .for. the unoccupied and idle buildings 
during the first' year. ,; - , 

, . 

3; Fire. protection will be provided during the entire. plant. instaliation. 
and erection .period the second year. 

4.. Early installation will. afford suffic4ent time for a.complete test of the 
system to ihsure adequate andlsatisfactory.. operation, 'to check the den- 

. .' sity of carbon dioxide discharge in the building and to set  satisfactory 
timing sequences of the various . . portions of the  system.^ 

Use of a water o r  liquid. sprinkler system was eliminated .from .consideration 
. . 

because of the following reasons: 

. . 
1. Such. systems a r e  not suitable for electrical fires. 

. . 

2. Systems containing water present many obvious problems of operation 
and. maintenance: at the low temperatlre encountered in. PE- 3 , app1ic.a- . 

f ion. , . : . :  
. . 

: 3. Cleanup at these low. temperatures would be extremely difficult. 
. . 

A c0Z.system has been selected because: 
, . 

1.. Such.a system can be used .for all types of hazards involved. 
I 

.2.. There is no difficult cleanup necessary after use, nor is. there damage 
to equipment:. 

Two types of C02 systems a r e  available, low-pressure and high-pressure. 
The high-pressure C02 system utilizes bottles o r  cylinders at approximately 
2,300 psig pressure for C02 storage. Liquid C02 is stored in a centrally located 
unit in the low-pressure system. This unit and the dry ice converter would be 
enclosed in separately insulated aluminum housings for outdoor installation. 



The low-pressure C02  system is:favored over the high-pressure system 
because: 

1. No floor space in buildings is required, since the storage unit can be 
located in an unheated tunnel area. 

1 

. 2: The entire storage capacity is available at all times for the protection 
of all hazards covered. 

3. Maintenance is less, particularly because only one storage unit has to 
be recharged. 

4.. Greater protection is afforded because a higher percentage of carbon 
dioxide snow is discharged which $cook .combustible's.. and .fires to'. 
sub-ignition temperatures. In addition, a fire can occur in the same 

. area repeatedly, and.protection is  still available. 

5. A nitrogen. expellant is not required with a low-pressure system. 

A schematic diagram, Dwg. 7385- SK- M- 1, shows the essential parts of 
the low-pressure system. The storage unit (1) is a self-contained unit with 
integral electric heater and refrigeration unit, including necessary controls to 
maintain the carbon dioxide in a liquid state a t  O°F, and approximately 300 psig. 
Normally the electric heater will maintain the internal temperature of the stor- 
age unit at O'F. Should the tunnel temperature rise above OOF, the refrigeration - 
unit will maintain the correct internal temperature. If at this time the refriger- 
ation unit should fail, a built- in relief valve protects the storage tank of the unit 
against excessive pressure. A normally pressurized manifold, including two 
normally locked-open shut-off valves (3), each serving only one tunnel, a r e  pro- 
vided on the unit for maintenance purposes. From this manifold, headers will 
be extended to the various buildings and f i re  hazards of the complex. Dwg. 
7385-SK-M-1 does not indicate every building or  hazard. Its purpose is to show 
typical arrangements for the types of hazards requiring protection. An entire 
building with no specific potential hazard, such as the waste processing building, 
will be protected bytcztal.flooding using a master valve (4) as a master-selector 
valve. Buildings with several specific hazards, such a s  the secondary building 
with the turbine-generator, the switchgear, and/or other equipment will be pro- 
tected by spot flooding, using one master valve (4) and a separate selector valve (5) 
for each hazard. 

The storage unit capacity is selected on the basis of the maximum hazard 
to be protected. In a normal installation where recharging of the storage unit is 
possible immediately after use, sufficient charge must remain to adequately 
cover a second discharge into the maximum hazard. Realizing that this storage 
unit can be recharged only once a year, and after consultation with the manu- 
facturers, a storage unit will be selected of standard capacity to insure four dis- 
charges covering the maximum hazard. 



Actuation of master valve (4) and selector valve (5) by the pilot control 
cabinet (6) can be accomplished by manual operation of push button (7) located 
at each building exit, o r  automatically by heat-actuated devices (8) located in 
the vicinity of potential f i re  hazards. Actuation causes alarm (9) to sound, 
warning personnel to vacate the area in the vicinity of discharge, and operates 
relay cabinet (10) to shut down ventilation fans, exhaust fans, dampers and to 
operate an annunciation system. . Manual-coded stations will give audible and 
visual identification of f i re  locations. After a preset interval, carbon dioxide 
will be discharged through nozzles (11) to cool and extinguish the fire. A con- 
trol panel (12) will house all auxiliary relays, code tl"ansmitter, alarm con- 
tacts and the normal and standby power supplies for the complete operation and 
supervision of the system. 

Recharging of the low-pressure system will be by use of dry ice and a 
dry ice converter (2). Facilities a re  presently available for air-lifting o r  air 
dropping, if necessary, dry ice in 10 in. cubes weighing 50 lb each. These 
cubes will be,placed in the dry ice converter (21, which consists of a suitable 
tank to which heat will be applied for converting the dry ice into liquid carbon 
dioxide. The converter has facilities for pumping the liquid C02 into the storage 
unit (1). 

13.9 PLUMBING AND PIPING SYSTEMS 

This section covers the hot and cold water service, sewage drains and 
vents, and the radioactive o r  contaminated waste systems. Water for the plant 
will be furnished and piped to the plant complex from the camp supply. a 

One electric hot- water heater will be adequate to heat water for use at the 
plant complex. Generally, copper tubing, wrought cohper fittlngs and brass 
valves will be used fo r  the hot a d  cold water systems. Nitrogen-charged shock 
'absorbers wd.1 be used to suppress water hammer as rewired. Electrical trac- 
ing will be employed where necessary to prevent freezing.and.al1 lines will have 
adequate insulation, covered on the outside with an aEumi.num skin. 

Generally, plumbing drains and vents will be of copper tubing and brass 
fittings, since cast iron is not suitable for service at ext@emely low temperatures. 
These materials a r e  suitable for the temperatures involved and a re  conventiona1l.y 
used in normal climates. AP1 sewage drain lines: will .be electrically traced' to. 
prevent freezing and will be adequately insulated and covered on the outside with 
.an aluminum skin. Due to difficulties in assuring sufficient pi'tch of the drain 
system, f ind  design will probably dictate the collection of sewage in a localized . 

tank. Duplbex.sewage ejectors will then pump this sewage into the camp system. 
Since the sewage system will be pumped, the mains can. be run within the build- 
ings whenever possible rather than outside in the below-freezing temperatures. 

'Pitch of the system will be a minimum of 1/8 in. per foot, with no pockets. 



To simplify construction problems at the site, the fixtures and equipment 
required for the toilet area will be prefabricated and mounted on a skid as in- 
dicated on Dwg. 3'385-SK- M-3 such that final installation will simply entail con- 
nection of electric power supply and the fol%owing four bolted piping connections: 

a. Cold water. supply 
b. Hot water supply. to laboratory area 
c. Vent 
d;- Sewage drain 

The entire unit will be fabricated of stainless steel, including base, water closets, 
lavatory, sewage tank, hot-water heater, floors and walls. The hot-water heater 
and sewage ejectors will be completely wired including starters,  relays, float 
switches and junction boxes. All available unused space on the skid unit will be 
used for mop, pail, toilet paper, towel, soap and other associated supply storage. 

The decontamination area will also be prefabricated. It will contain an 
emergency shower, a laboratory type cabinet sink, and industrial type clothes 
washer-extractor combination unit and a clothes dryer. Fabrication will be 
entirely of stainless steel and advantage will be taken of unused space on the skid 
unit to provide storage for accessories required for this facility, such as mop, 
pail., towel, soap and clothes storage. 

The contaminated (radioactive) waste piping and fittings .will be of stainless 
steel.. There will be no pockets in'the system, which will drain by gravity under 
the buildings for discharge into hot waste storage tanks. . Electrical tracing.and 
.insulation will be employed to provide protection against freezing. Final design 
.mzy dictate colabection .and pumping .of contaminated waste, in a fashion similar 
to the sewage, if gravity drainage proves inadequate. 

. Electrical tracing of piping has.been selected because of the many problems 
associated with steam tracing,at freezing temperatures, especially at temperatures 
as low as -8Q0E'. -Both.systems have demonstrated extensive and satisfactory per- 
formance "histories. 



14.0 SERVICES 

14.1 HEALTH PHYSICS FACILITIES 

The health physics facilities will contain the necessary equipment to 
analyze prepared water samples and air samples for radioactivity and to 
develop and interpret neutron and beta-gamma sensitive personnel monitoring 
films. 

14.1.1 Sample Preparation 

The preparation of high-activity samples will be accomplished in the 
chemistry laboratory. This facility cannot be used to prepare low activity 
samples due to the possibility of cross-contamination. Therefore, the health 
physics facility .will contain the equipment necessary to prepare low-activity 
samples of counting. 

14.1. 2 Counting Room 

The counting room of the PL-3 is located within the reactor plant complex, 
but a t  the maximum distance possible from all sys  tems containing radioactivity. 
The room will contain Geiger-Mueller and scintillation detectors and scalers  
for alpha, beta and beta-gamm$ analysis of system samples, air samples and 
swipes. 

t 

The room also contains the necessary equipment for interpretation of'the 
personnel monitoring films. The densitometer is provided for interpretation of 
the beta-gamma sensitive films, . and a projection microscope for counting 
neutron tracks. 

. . 

14.1.3 Personnel Monitoring Dark Room 

This room is equipped with the necessary facilities to develop the personnel 
monitoring films. It contains both hot and cold water, a sink equipped with 
photographic developing tanks, storage space and a bench. The room is painted 
with a flat black paint and provided with a light tight door lo minimize light 
reflections which could cause fogging of the monitoring films. 

14.2 DECONTAMINATION AND LABORATORY FACILITES 

In addition to chemical instrumentation, it will. be necessary to provide 
laboratory facilities for  back-up purposes and for the routine analysis not handled 
by installed instrumentation. The single chemistry laboratory shown in Dwgs. 
AEL-729 and AEL-739 is prop~sed  fo r  both radioactive and non-radioactive 
chemistry. As it  is recognized that this laboratory will not be suitable for low 
activity counting equipment, the health physics laboratory will be used for t w s e  
purposes. 

14-1 



Facilities for decontamination of small  parts and a washer-dryer con- 
bination a r e  also included with the laboratory equipment. Any chemical 
recording instruments will be located in the laboratory. Where necessary, 
a la rms  and readouts will be located a t  the main plant console. 

The chemistry laboratory is located in close proximity to the liquid 
waste disposal and purification systems to minimize the distance that radioactive 
samples will have to be carried. The laboratory collapses for shipment, pro- 
viding a compact package. Upon installation, the two parts a r e  separated and 
the a r ea  between is used as a work space. 

' \  

1 4 . 3  MAINTENANCE FACILITIES 

Provisions for small  and medium size  component repair and for nuclear 
and standard instrumentation and control equipment maintenance a r e  included 
in a machine shop located between the control console modules and personnel 
facility. The machine shop contains, in addition to the standard machine shop 
hand tools and working stock, such components as  a hydraulic press,  hoists, 
grinding equipment, poiwer saw, lathe, compressor, oscilloscope, autotrans- 
former ,  cutting and welding outfit, and a brazing and soldering set .  Space is 
also allocated in this enclosed area, for the storage of 2 years1 supply of 
plant component spare  parts.  

Typical examples of maintenance that could be performed in this a rea  
a r e  service and repair to pumps, heat exchangers, and piping and valving. 
Major components such a s  turbine rotors and condenser tube bundles must be 
serviced in the laydown areas  adjacent to their modules. 

An additional maintenance area,  located between the waste processing 
module and the chemical labotatory module, will be design'ated as a llhotl' 
comp0nen.t repair  center. A duplication of some of the main machine shop tools, - 
such as a dr i l l  press,  lathe, grinding eqqipment, welding and cutting .gear will 
be  required to perform maintenance on items where some precaution is required 
due to exposure to radiation. 

14.4  PERSONNEL FACILITIES 
. . 

Entry from the main camp to the plant complex must be made through the. 
enclosed personnel area. .This a rea  is approximately 20 f t  x 20 ft.and provides 
office space, .  consisting of desks and filing cabinets for  both t.he plant Health 
Physicist .and Superintendent, A sanitary fixture and sink is located adjacent to 
this office space within the personnel area. 



This a r e a  also houses. the health physics analysis equipment. .The 
instrumentation required .for -radioactive sample analysis; along with film 
badge-interpretation equipment, .will. be utilized by the plant's health physicist. 
A-portion-of the  building, near .the entrance from the camp, is used for per-  
sonnel monitoring purposes. 

14.5 TUNNEL UTILITIES & CONNECTIONS TO CAMP SYSTEMS 
... 

The principal connections between the camp area  and the plant complex a r e  
for:. (I) Supply water from the camp for plant utilities and process steam 
evaporator;- (2) Export s team supply to the camp from an evaporator in the plant; 
(3 )  Electrical supply, terminating at the perimeter of the plant co.mplex for con- 
nection to the camp system; and (4) Sanitary sewage, also terminated at the 

. plant' perimeter for  the connection of the drain line from the plant complex with 
the camp's disposal area. 

- The access and piping tunnel connecting the camp tunnel and the plant 
complex enters the plant complex a t  the personnel building where necessary 
monitoring of personnel and equipment is performed. 



15.0 OPERATION AND MAINTENANCE 

' The operational work.load is controlled by the requirements-for the 
reactor operation, chemical and waste disposal systems operation,. and re- 
fueling. The normal reactor operation is essentially~automatic, relying on 
the inherent load-following characteristics of the PWR. Only one man. is , 
required at the console' to monitor4he plant operations. A second .man .is re- 
quired to periodically check plant equipment and se rve  as a relief, for the con- . . 
trol room operator. 

. ,  . 

The above two' shift positions are filled by the one man per shift design?ted 
.Shift Supervisor, and the one man per shift designated.Contro1. Room and. Equip- 
ment Operator.' The Shift"Supervisor can: serve,.. as desired, in the .capacity of 
either control .room 0.1- equipment operator. 

. . 

. .  . Chemistry and health .physics .work.will be. handled by the process control 
technician. The. continuous processing systems a r e  designed .for automatic 
operation. Periodic - sampling. and routine maintenance will be accomplished by 
shift operating personnel under. the" direction of the *process control technician. 
He will also be required.30 direct the processing and disposal of radioactive 
waste which will. b e  an .inte.rmittant' operation .on a batch basis. 

. . 

Refueling will be scheduled every two years, utilizing.the entire crew f o r  
.three 12-hr days. . . , . 

. - Pressurizer heaters,. the coolant pump and steam generator have proven 
reliable in similar service and require only a.minimum of maintenance. Spare 
parts for .  this equipment will be held in stock. 

Standard power plant equipment and auxiliaries a r e  specified for the 
secondary system. Normally scheduled maintenance following the manufacturers 
recommendations results in minimum downtime and manpower requirements. 

', 'All secondary systems components- a re  accessible for maintenance during plant 
operation. 

Instrumentation will be. modular, allowing rapid changeout and economy of 
'mainteriance operations. Self-checking circuitry will be i n c o r p o r a t e d . ~  an in- 
sti-umentation design feature .and will assist in both preventative maintenbce 
.and in. reducing .downtime .. . . .. 

: :' , 

Routine .maintenance on, the primary and. secondary systems and. components, 
as well as instruments and. controls, will be performed by instrument technicians 
and..mechanical. and electrical maintenance specialists, assisted by the other.men 
on.  duty. In the event of anemergency, any o r  all of the plant crew would be "on 
call"; Major overhaul and .maintenance work:would be accomplished with the help 



of w e  entire crew. In the event an "on-call" specialist is unavailable for duty, 
one' of the shift supervisors o r  equipment operators will be qualified to assume 
these duties. 

Based upon the foregoing, the minimum crew requirements and, duties a re  
outlined below: 

Officer in. Charge - One required; assumes overall re- 
sponsibility for the plant and crew. 

Plant Superintendent - One required; second in command 
and responsible for plant operation, 
maintenance and crew training. 

Non- Commissioned Officer in. Charge - One required; qualified as a shift 
supervisor and in a specialty. 
Assists the plant superintendent 
and handles administrative duties . 

and personnel. 

Shift Supervisor - Three required; responsible for 
plant operation and. maintenance 
during regularly scheduled shifts 
and qualified in a specialty. 

Control Room and Equipment Operator - Three required; qualified to operate 
control room and plant equipment 
under direction of shift supervisor. 
In training for shift supervisor and 
qualified in a specialty. 

Instrumentation - ~echnichan 

Mechanical Maintenance 

- One required; qualified to operate . a 

and maintain instruments and con- 
trols. Capable of acting as control 
room and equipment operator. ' Norrnal- 
ly on day work but "on call" for 
emergencies. 

- Two required; qualified to install and 
maintain mechanical equipment and 
as control room and equipment oper- 
ator. Normally on day work but "on 
call" for emergencies. 

- - One required;, qualified to install 
and maintain all plant electric'al 

. equipment. Also qualified as a 
control room and equipment operator. 



Health. Physics and. Process  Control - One required; qualified. to monitor 
Technician and control radiation hazards, en- 

force safety regulations and control 
plant water chemistry. . Also qualified 

. . as a control room and.equipment 
ope rator. 

Clerk - One required; assists NCOIC in genr 
era1 office duties and qualified as a 
typist. 



16.0 LOGISTICS. AND ERECTION 

16.1 PLANT SHIPPING REQULREMENTS 

The equipment and material required for the complete PL-3 power plant 
including buildings and foundations can be packaged into a total of approximately 
75 shipping modules, each one a single aircraft load. The total consists of 29 
modules of foundations, buildings and support facilities, 24 modules for reactor 
and primary system and 22 modules for power conversion equipment and auxi- 
liaries. A list of the shipping modules and their weights and cubages is given in 
Table 16.1. 

The modules will.be transported from the port of embarkation. to McMurdo 
Sound by ship in two loads. They will arrive at McMurdo on about 15 December, 
1963, and.15December9 1964, the starting dates.for the two construction periods. 
The foundations, buildings and support facilities will be shipped fo.r the first 
period and will be escorted by two sub-contractor. personnel. . The remainder of 
the plant, consisting mainly of the reactor and.primary system and the power con- 
version equipment and auxiliaries, will be shipped .for the second period. . Two 
contractor personnel will escort this shipment. 

The plant will be airlifted from McMurdo Sound to Byrd Station by C-130-B 
Hercules aircraft. Twenty nine plane loads will be required during the first  
(1962-63) construction period and 46 will be required during the second (1963-64) 
period. Because of the large difference in the number of flights required during 
the two construction periods an effort will be made to procure and ship during 
1962 some of the spare parts and spare equipment and operating supplies. The 
above totals do not include the shipping requirements for the emergency diesel 
fuel oil. Based on 10% outages over two years, 73,000 gallons of oil will be 
necessary and will require thirty C- 130 flights during the two construction 
seasons. 

The:delivery schedules of material and equipment to Byrd .Station will be 
optimized to minimize handling and storage at the construction site. Two o r  
three flights per day will be required during most of the two construction periods 

. . to expedite erection and to insure startup of the plant on schedule; j J .  

16.2 CONSTRUCTION SCHEDULE, MAWOWER AND EQUIPMENT 

The PL-3 plant will be constructed in two phases; 1) erection of the founda- 
tions, buildings and support facilities, and 2) installation of the reactor and other 
plant equipment. This work will be spread over the two construction seasons, 
1962- 63 and 1963- 64. The plant construction will start on approximately December 
15 each season and continue for about 60 days. Although some preliminary work 



TABLE 16.1 
SHIPPING 'MODULES 

Contents I Number Weight- Ib cubage-ft3 

. ,. ,Foundations, Buildings and. Support Facilities 
! I 

. . . . # 

Foundations and Jacking 11 168,400 15,500 

Buildings and Superstructure 11 224,200 20,363 

Support Facilities 7 - 109,200 10,645 

Sub- total 29 501,800 Ib 46, 508 f t 3  

Reactor and. Primary System 

Reactor Vessel 1 18,500 . 960 

Lower Vapor Container (Reactor) 
Shielding' and Vessel Support 1 19,500 1, 730 

Uppe P Vapor Container (Reactor) 
Reactor Vessel Head and Core 
S%mcture 1 

Lower Vapor Container (Equip:l.t) 1 
and Structure 

Upper Vapor Container .(Equipft) 
and Pressurizer 1 17,500 ,650 

Steam Generator, Primary .Pump 
and. piping 1 19,700 .960 

Spent Fuel Storage Tanks 
and Lead Shielding 

Shield Water Tanks and 
Lead Shielding 

Lead h .d .  Polyethelene 
Shielding . 5  100,000 4,800 

Fuel Shipping Casks (27, 050 Ib each) 4 108,200 * 1,150 
1 

Spare Parts and Equipment 2 40,000 1,720 

Mi.scel1.aneous Structure and Equipment 3 - 60,000 2,880 

Sub- total 24 498,500 lb 23,110 f t3  
16- 2 



Contents ;  umber " Weight-lb cubage-ft3 
- .  

Power: Conversion.'Eaui~ment 

Turbine 

Turbine Auxiliaries 

Condenser 

Air Blast Coolers : .  

Secondary Auxiliaries 
. ,  . 

Control Console 

Switchgear' . . 
., . 

Waste- Processing 

Chemical Laboratory and Maintenance 
and. Decontamination. Equipment 

Auxiliary. Power:(2- 250 Itw units) 

Piping 

Auxiliary. Electrical 

Secondary System Supplies 

Lead Shielding for Waste Disposal 
System 

Spare:Parts, Tools and. Misc. 

Spare Compoi~ei~ts 

Sub- total 



may-begin qt Byrd.Station prior to. December 1.5, actual plant consfruction in 
each phase.'must await the arrival of materials and equipment by ship at Mc- 
Murdo Sound and subsequent airlift to Byrd Statxon 

. . 
I 

The construction of the PL-3 snow tunnels will begin early in the 1962-63 
season, so that when the f i rs t  plane load of foundation .material arrives .erec- 
tion of the plant may begin a t  once. Work on the foun'dations, buildings and.  
support facilities will proceed .'through the first construction season and be es- 
sentially completed at the 'end of the season. Final work .in this phas'e.may'be 
completed in the next season,before the arrival of the reactor. and.plant equip- 
ment. 

. The second construction phase will begin with the arrival of the reactor 
and plant systems abbut December 15, 1963. As the modules arrive by air 
the equipment will be moved into the tunnels, erected on their foundations and 
interconnected. By the end of January 1964 the plant erection and installation 
will be completed and component checkout a i d  system integrity and continuity 
tests started. All non-nuclear test will be completed, the reactor fueled and 
zero power operation attained by February 15. 

The construction crew requirements can be sub-divided into the manpower 
needed fo r  foundation, building and support facility erection during theifirst 
season and the personnel needed for reactor and plant installation during'the 
second season. . Table 16.2 lists the construction.crew manpower requirement 
by crafts fo r  the two seasons. . The list does not consider tunnel excavation 
and arch erection. . 

. TABLE 16.2 
CONSTRUCTION CREW MANPOWER REQUIREMENTS 

Craft Number of Men Months Required 
. . 

1962- 1963 Construction Season 

Survey Crew 
Construction Crew Supervisors 
Carpenters 
Steelworkers 
Laborers ' 
Electricians 
Plumbers 
Millwrights 

. Equipment Operators 
Sheetmetal Workers 
Riggers 

Sub- total 



. . . .  Craft -- 
. . . . .  . . . . .  * . . ,  

.- :Number of Men 
. . .  ., . . . . . a  . . . . . . .  . . . . . . . . 

Survey. Crew 
Construction Crew Supervisors 
Carpenters 
Steelworkers 
Laborers . . 

Utility. Men 
Electricians . . . . . . . . .  . . 

Pipefitters 
Millwrights 
Equipment Operators 
Sheetmetal Workers 
Riggers 

,Months. Reauired " 

Sub- total - 70 

In addition to these personnel there will be contractor and sub-contractor 
personnel required. . During the first season. there: will be two prime contractors 
and two. foundations and buildings sub-contractor representatives at  the site. Con- 
tractor and sub-contractor personnel required during the second season a r e  listed 
in Table 16.3. 

TABLE 16.3 
1963- 64-SEASON CONTRACTOR AND SUB-.CONTRACTOR 

PERSONNEL REQUIREMENTS 

Number of Men Months Required 

Prime. Contractor 

Site Manager 
Construction. Engineer 
Electrical Engineer 
Instrument Technician 
Nuc1ear:Engineer ' 

PL- 3 Operating Supt. 
Shift Supe'rvisor 
Health Physicst 
Chemist.. 

I : Sub- Contractor 

Foundation .and Buildings 
Turbine 
Instrumentation 

~ jF These men will.arrive for startup and will remain for the first operating season. 



There will be about $40,000 worth of construction and rigging equipment 
and supplies required for the building and plant erection. This will include -such 
items as power supplies, winches, hoists,; -hydraulic jacks, - electric and gas 
welding equipment, saws, timber Cribbing., and miscellaneous hand tools, This 
material will require about four aircraft flights from McMurdo Sound. The heavy 
construction equipment which should be available at Byrd Station is listed in Table 
16.4. I ' 

% ,  '- 
o 

, TABLE 16.4 
HEAVY CONSTRUCTION EQUIPMENT 

Item 

D-8 Tractor 
Traxcavator with Lift Jacks 
3 -Ton, Mobile Crane 
10 -Ton Sleds 
20 -Ton Sleds 

Number of Items. 



17.0 COST INFORMATION 

Table' 17.1'~~sumrnar'izes the cost of the ,major plant components and 
systems and.p~esents  the estimated cost of the equipment comprising the com- 

. . plete,plant. . .  , 

Item . Cost - 

Reactor Vessel 
Steam Generator 
Pressur izer  
Pr imary Pump 
Vapor Container (2) 
Core Support Structure 
Control Rod +Drives 
shield and Refueling Tanks 
Shipping Casks 
Air Blast Coolers (2) 
Turbine -Generator 
Condenser 
Secondary Auxiliaries 
Turbine Auxiliaries 
Waste Processing Equipment 
Chemical Laboratory 
Maintenance Facility 
Diesel Generators (2) 
Switchgear 
Control Console 
Radiation 'Monitoring\ Sys tem 

?R,eacOor Core 
**Miscellaneous Items 

Support Facilities 696,000 

$ 3,070; 000 
* F i r s t  core  procurement and- fabrication costs. 
** Included in category a r e  interconnecting- piping an6 wiring health physics 

and personnel equipment, diesel fuel storage and miscellaneous I primary 
equipment. 



S ~ a r e  Components 

Primary'  Pump Motor' & Rotating Assembly 
Steam Generator Tube Bundle 
Control Rod Drive 
Control Rod Baske t& Rack 
Nuclear Instrumentation 
Second Reactor Core 

Suare Par t s  

Fuel Oil - 10% Supply for 18  Months 
Pr imary Coolant Pump Spares 
Reactor Vessel Stud Nuts and Bolts 
Tr ip  and Control Valves 
Process  Instrumentation 
Nuclear Instrumentation 
Control Console 
Turbine and Generators 
Diesel Generator 

17.2 FUEL CYCLE COSTS 

Fuel cycle cost were computed for  the reference 7 x 7 Q p e  2 PWR core 
based on the following assumptions: . . 

1. 2.1  y r  core life a t  0.8 plant factor(7.4 Mw; 15 .54  (MWYRS) 

2. Fabrication costs a r e  based on the average of the charge for two 
complete cores and includes the'following: fuel use charges, fuel 
losses, UF6 to UOz conversion costs, sc rap  and reprocessing costs 
and technical liaison. 

3. Current AEC price schedule fo r  enriched u ran iu~~ l .  

4. Chemical reprocessing plant charges @ $17,600 per  day, $32 per Kg U 
for conversion to UF6 and 1.3% losses. 

1- . 

5. Shipping charges for  f r e sh  fuel Schenectady to P. 0. E. only. 

' 6. Two spent fuel. shipping casks @ 27,050 lb/cask, $19200/ton shipping 
, charge. 



7. A use charge of 4-3/4% is applied only to the two full cores plus  10% 
spare- elements-.for, . one. .. core .  . . required within the reactor complex 
a t  all times. . . . . . . . .  

.. , .. . .. 

The fuel cycle costs in doltars- per year may be converted. to mills per net 
electrical killowatt -hour by multiplying by 1.426  x 1 0 ~ ~ ~  This assumes - l o o  
M'we output at 0 . 8  plant factor, and neglects any credit for the export steam 
ge.ne rate'd . 



TAB'LE 17.2. 
SUMMARY OF FUEL CYCLE COSTS 

Cost Item 2.1 Yr Core $/Core $Lkr ..: 
. . 

1. Fuel Burnup Cost 

Kg U Initial 
Kg U Final 
Initial Enrichment 
Final Enrichment 

. . 
Y ..: 

$/;kg U Initial 
; b 

. . $/kg U Final 
Initial U Value 
Final U Value 

Burnup Costs 

2. Core. Fabrication Cost 
. . 

$ 262, PO0 $ 125,000 

3. Reprocessing Costs 

Conversion to UF6 $ 770 
Plant Costs $ 52,800 
Reprocess Losses $ 2,420 

Total 
Reprocessing Costs 

4. Shipbing Costs 

F r e d .  Fuel $ I., 000 
Spent Fuel $ 32,460 

Total Shipping Costs 

FUEL CYCLE COSTS WITHOUT USE CHARGE $448,792 $ 213,709 

5. Fuel Use Charges 

In Reactor Core $ 25,090 . . . .  

, Spare Core. $ 30,619. 
10% Spare, 1 Core $ 3,062 

Total Use Charges 

$ 241,.695' TOTAL. FUEL 'CYCLE' COSTS $ 597,563 



18.0 TRAINING PROGRAM 

The scope of the. training program for the PL-3 program includes -the 
training of-the plant operating crew and.the supervisory members of the build- 
ing construction group and the preparation of 'a training manual. 

OPERATOR TRAINING 

The PL-.3 operator 's training course is designed for personnel who have 
completed the academic and operations phases of the SM-1 Operator's Training 
Program. The .schedule is based on the training requirements for atotal  of 
twenty government personnel. Fourteen members of this group w i l l  comprise 
the PL-3 operating crew. The other s ix  trainees will receive parallel in- 
struction.to serve as  reserve and to take part  in the stateside and on-site 
assembly and initial operation and testing of the PL-3 plant. 

All twenty trainees will be made available for training on January 1, 1963; 
the schedule is based on the assumption that all  the operator trainees will be 
trained together and no presentation of make-up classes will be required. 

It is further assumed that all the PL-3 operator trainees have received 
s ix  months' operational experience a t  the SM-1, although it  is not expected that 
they have a s  yet operated together a s  a crew. This qualification on the SM-1 
reactor in both reactor operation and technical'specialties eliminates the need 
for further preparatory training a t  any other reactor facilities and greatly 
simplifies training and qualification on the PL-3 reactor. However, emphasis 
must be given to the coordination of the group for function a s  an integrated crew. 

The PL-3 operator training wi l l  begin with a brief period of operation at 
the SM-1 for the entire PL-3 crew, under Alco supervision. A11 trainees will 
then receive orientation training and instruction in the PL-3 plant systems, 
plant procedures, assembly, disassembly, si te  testing and plant building con- 
struction, including instruction by vendor's personnel. During stateside testing 
and operation, all trainees will receive practical training both in their specialty 
and in reactor operation. Detailed class room and laboratory training will be 
given in each specialty prior  to the practical training. The duration of this 
program, as  outlined in Table 18.1 and Figure 18.1, will be approximately 
eight months. 



TABLE 18.1 
PL-3 OPE'R~~TOR~S TRAINING PROGRAM 

Session Training Description Location 

Integrated Crew Training SM-1' 
Advance Orientation SM-1. 
Test Site Orientation Scht dy 
Plant Systems Sch'dy 
Plant Procedures Sch' dy 
Specialty Training Scht dy 
Health Physics Specialty 

(a) Classroom & Laboratory 
(b) Practical 

Chemistry Specialty 
(a) Classroom & Laboratory 
(b) Practical 

Electrical Specialty 
(a) Classroom & Laboratory 
(b) Practical. .  

Instrument Specialty 
(a) Classroom & Laboratory 
(b) Practical 

Mechanical Specialty 
(a) Classroom & Laboratory 
(b) Practical 

Review of a l l  Specialties (10-15 hrs/ea.ch) ,. . . 

Ins truc t im 
: Hours 

7 Assembly, Disassembly and Un-Site 
Testing Sch'dy 40 

8 -._ Plant Operation and Testing Sch' dy 160 
.9-- - ' Plant Buildings Sch'dy .20 

(J & M) 
10 Vendor Training Sch' dy 40 

(Vendors) 



1 8 , l .  1 Session 1, Integrated Crew Training 

~ntensive  .one week  operation of the SM-1 will be scheduled f o r  the PL-3 
operating crew to function a s  an integrated crew. This session will be held . , 

on a three-shift basis, around-the-clock for six days, during which time the 
crew will take the SM-1 through planned shutdowns, cold startups, emergency 
shutdown, full-power runs, and dry-runs of maximum credible accident pro- 
cedures. Army crew, members will report  to their military supervisors during 
this session; the sessions will be monitored by Alco instructo'rs. . Each trainee.. , 
will participate in this session for a minimum of 40 hours. 

, . ' . . 

18.1.2 Session 2, ~ d v a n c e  Orientation . 

'prel iminary orientationon. the  PL-3 will be given at the SM-1 facility 
immediately following Session 1.. The objective of Session 2 will be familiariza- 
tion of: the t:rainees with the PL-3 plant by comparisons to the SM-1 plant. Con- 
ference disc.ussions will be held to compare the operation of PL-3 with SM-$. 
Prints,  photographs,. and cut-away -drawings wilr be' used as-training kids. .   his 
session will involve 40 h r  of classroom lectures and discussions. 

. .. , . .. 

1 8  1 3 Session 3. Test  Site Orientation 

Pr ior  to Session 3, the trainees will be given approximately one week 
in which tore- locate  to Alco's Schenectady Plant. Session 3 will resume the 
training program with 40 hours of indoctrination a t  the stateside test  facility for 
the PL-3, consisting,or orientation and possibly using such training aids as a 

' 

full-size mockup of' the PL-3. The trainees will learn the physical layout of 
the plant and components prior to final erection. This 'session will be held 
eight8 hours per day for five days. 

18.1.4 Session 4, Plant Systems . . 
. . 

. . , .   hi's s e s s i o n ' ~ i l 1  consist of ten four-hour lectures held over .a two-week 
period and will cover.. descriptions and design philosophy of all plant systems. 
Emphasis wili be given to system differences from SM-1. Trainees will sketch 
all  systems under the supervision of ALco instr'uctors ... Plaht drawings and ' 
manufacturer' s literatlire will be used. a s  training aids. 

I ' 
3 ,  

18.1.5 Session 5, Plant ~ r o c e ' d u r e s  

This session will follow Session 4 and will also consist of ten four-hour 
lectures over a two-week period. Thes,e conference-type training sessions will 
take place both- in classroom.and in the plant. Preliminary .operating procedures 
and manufacturer's' l i terature will be used as :training aids. .. Trainees will dry- 
run operating procedures in the plant until they have.proven . . . their proficiency and 
familiarity . .. ., . ;. 



18.1.6 Session 6, Specialty Training 

Specialty training will be given to all  operating trainees in their selected. 
specialty. It is assumed that each man would attend only one specialty training 
session and the overall specialty review, with the exception of the process con- 
t rol  technician specialists, who would attend' both Session 6A, Health physics, 
and. 6B, Chemistry Procedures. 

It is further assumed that each man has already qualified in his specialty 
on the SM-1 prior to joining the PL-3 training program. In addition to the 
operator 's specialty training, he will reoeive a 15 to 20 hour review in all the 
other specialty subjects to enable him to fully understand all phases of the PL-3 
operation. It is not the intent of this review to qualify the trainee to work un- 
assisted in a specialty other than his own. However, in an emergehcy, any 
operator should be able to give limited assistance in any specialty under the 
direct  supervision of a qualified man. This should be very advantageous at the 
remote Byrd Station location. The specialty review training will be taught by 
the qualified specialists and monitored by Alco instructors, who will not 
participate except to give guidance where necessary. 

Session 6A, Health Physics Specialty 

Ten four-hour lectures will be given to process control technician , 
specialists over a two-week period, covering health physics procedures, plant 
health physics equipment, and the special techniques to be used a t  PL73. A11 
health physics equipment will be checked out by these specialists during state- 
side testing. 

Session 6B, Chemistry Specialty 

Forty hours of classroom lectures and laboratory work will be given to 
familiarize the process control technicians with those techniques necessary for 
control of water chemistry of both primary and secondary systems, Ten four- 
hour sessions will be held over a period of two weeks. The plant chemistry 
equipment will be used for trafning and the trainees will be required to-handle 
water  chemistry chores under Alco supervision duririg the stateside testing - 
period. Radiochemistry procedures will be taught in the Alco laboratory, . 
Session 6B will be divided into 20 hours of lectures and 20 hours.of laboratory 
testing. 

Session 6C, .Electrical Specialty 

Training in the electrical specialty will consist of ten four-hour lectures 
and conference meetings held over a two-week period covering all phases of 
electrical work. Electrical testing during stateside plant tests will provide 
additional practical training. 



Session 6D, Instrument Specialty 

Instrument specialists will receibe their specialty training in 40 hours 
of lectures and on-the-job instrument training during plant testing. Session 6D, 
lectures will cover the theory of operation of all plant instrumenation and control 
systems, with comparisons being made to the SM-1 systems. Manufacturerst 
li terature will be the principal training aids. A minimum of 40 hours of 
instrument specialty training will be given in the plant on an informal basis 
during the testing period. This training will consist largely of lectures by the 
Alco - 2nstrumen-t- technician and engineer covering the operation and maintenance 
ol instrument components and sys tems. 

Session 6E. Mechanical Specialty 

Forty hours of lectures and demonstrations will be given to mechanical 
specialist trainees covering mechanical maintenance of plant equipment. This 
training will include operation and maintenance of special handling tools, .control 
rod drives, rotating plant equipment, etc. Plant equipment and mockups. will be 

- used during this session to provide practical training following classroom meet- 
ings. Practical training will be gained throughout plant startup and testing. 

18.1.. 7 Session 7, Assembly,:. Disassembly. and-,On-Sife Testing -. 

All operator trainees will attend 40 hours of conference-type training 
sessions covering procedures developed for assembly, disassembly, and on- 
si te  testing of the P L  -3 plant. Preliminary assembly and disassembly instructions 
and on-site tes t  procedures will be used as training aids. In addition, all crew 
members will witness the initial assembly and disassembly of the plant a t  Alcot s 
Schenectady plant. 

18.1.8 Session 8, Plant Operation and Testing 

All operators will be assigned to shift crews for the purpose of receiving 
operating experience during initial stateside plant testing and operation with-a 
non-nuclear heat source. A minimum of I60 hours of this on-the job training 
will be received as  an integrated military unit within Alco's PL-3 operations 
group. 

18.1 ,9  Session 9, Plant Buildings 

Representatives of;rackson-andMoreland will give 20 hours  of classroom 
lectures covering construction of PL-3 plant buildings. This will be held a t  
Alcots stateside test facility, and will prepare the operating crew for their 
participation in the Byrd Station PL-3 assembly. 



18. 1. 10 Session 10, Vendor Training 

One to two days of instruction will be given by technical representatives 
of vendors supplying major equipment such a s  the turbine-generator set,. 
nuclear instrumentation, prpcess instrumentation, and a rea  radiation,monitoring 
a t  Alco's states'ide facility.   his training will be given at opportune'times 
during initial checkout of the equipment by the vendors' representatives. 

18.2 CONSTRUCTION SUPERVISION TRAINING 

The PL-3 training program also provides for the training of four supervisory 
personnel from the military organization responsible for initial erection of the 
plant buildings and installation of plant components. The training program for 
these key construction personnel is given in Table 18.2. 

TABLE 18.2 
PL-3 CONSTRUCTION SUPXKVISOR'S TRAINING PROGRAM 

Session -- Training Description 

1 Plant familiarization and 
orientation 

2 Disassembly, Packing and 
Assembly 

Instruction 
Location Hours 

Sch'dy 

3 Gener a1 Building Boston 40 
Construction (J & MI 

Detailed Construction Methods Plant 80 
(Vendor) 

18,2.1 Session 1, Plant Familiarization & Orientation 

The construction supervisory group will be given a general orientation 
session consisting of 20 hours of classroom lectures to familiarize them with the 
plant layout and principles of operation. This session will be directed to 
providing broad familiarization to serve as a sound basis for the detailed erection 
training to follow. Use will be made of all  available training aids such as plant 
layout drawings, flow sheets, scale models, etc. 



18 .2 ,2  S e s s i o n 2 ,  Disassembly,  P a c k i n g a n d A s s e m b l y  

Sess ion  1 will  b e  followed by 40 hours  of l ec tu re s  and group d iscuss ions  of 
the detai ls  of d i sassembly ,  packing, and assembly  of the plant. The sequence of 
e rec t ion  of the plant and buildings f o r  the  m o s t  expeditious scheduling of site test- 
ing wil l  be  emphasized.  

Session 2 will  be followed by 40 hours  of l ec tu re s  and group discussion by 
Jackson  and Moreland at the i r  Boston Office, cover ing e rec t ion  of the PL-3  
buildings. 

1 18.2 .4  Sess ion  4, Detailed Construction Methods 

Eighty hours  of conferences  covering detai ls  of building construction will  
be held at the building vendor 's  faci l i t ies .  ~ l i  neces sa ry  information, ins t ruct ions ,  

I and procedures  to enable the  construction group to effectively d i r e c t  t he i r  :work 
at the jobsite wil l  be  provided. 

, . 18.3  OPERATOR TRAINING MANUAL, 

An ope ra to r  t ra ining manual wil l  b e  developed which wil l  contain all lesson  
plans and photo reductions.of all ske tches  used in the t ra ining course .  This  
manual wil l  be bound in  loose leaf fo lders  and copies  presented to  all t r a inees  
f o r  use  as a study aid. Each  t r a inee  will  keep his  l ec ture  notes and laboratory 
work notes  in his manual  which will be used, ' in  ,par t ,  t o  g rade  his  per formance  
during the t ra ining period.  
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APPENDIX A 

DESIGN INFORMATION FOR ALTERNATE PWR CONCEPT 
. . 

5 X 5 CORE - TYPE I11 FUEL ELEMENTS 



1 INTRODUCTION 

During Task 1 of the PL-3 c ,tract, considerable attention was.given to  a 
small size core employing d fuel elements. These elements a r e  similar 
to  the SM-2 type elements, ( scheduled to be used in replacement cores for the 
SM-1, SM-1A and PM-2A reactors.   he SM-1, SM-1A and PM-2A reactors 
presently employ Type &fuel elements(1) as does the reference PL-3 design. . . 

Use of the Type'3n:"elements, which contain approximately 60 percent more fuel 
thanthe Type I1 elements, offers the advantage of either a considerable increase 
in core life for a given core 'size, o r a  significant reduction-in core size for 

' 

a given core lifetime. During Task 1, the potential advantages of using a mini- 
mum sized core seemed quite attractive from- the standpoints of reducing the 
weight of the primary system and various mechanical aspects. A smaller pres- 
sure  vessel could be utilized, resulting in a reduction of the weight of lead re-  
quired for primary shielding. Only 4 or 5 control rods a re  needed, minimizing 

' the number of vessel penetrations. In addition, problems associate@ with the 
storage and shipping of fuel elements would be less for a smaller core. 

' It was determined that a 5 x 5 array containing 25 elements, including 5, 
or possibly only 4, control rod fuel elements could meet the required core life 
of 2 years. Accordingly, a considerable amount of physics, thermql and hydraulic 
analysis was. performed for this core. In addition, critical mockup! experiments 
were performed for this core under Task 3. 

Unfortunately, the requirement to survey many types of cores during T.ask 1 
did not permit time to.expl0a fully all the potential non-nuclear advantages of the 
small sized core. ~ r o m  a nuclear standpoint, the core su fers  in comparigbn 

4f to some of the. larger cores sizes studied during Task I,.( which present greater 
potential in lifetime. During the course of Task 1, the thermal power level re-  
quirements were increased, reducing the already marginal lifetime of this core. 
In addition, preliminary studies indicated that an. increase of the primary system 
operating temperature would be necessary and this would further decrease core 
life. These effects could be compensated to  some degree by an increase in fuel - 

loading or by using a thick stainless steel reflector ; however, these modifications 
would require additional development effort. 

The comparison of reactor concepts performed at the end of Task 1, (5) 
indicated no significant advantages of the 5 x 5 concept relative to the other de- 
signs considered. For this reason, in addition to its status of development as 
compared.to the 45 element Type I1 core, the PL-3 preferred concept, the 5 x .5 
core was dropped from further consideration for PL-3 application. 

This appendix summarizes. the physics, thermal and hydraulic analyses and 
experiments performed during Tasks 1 and 3 upon. the 5 x 5 core~eontaining 20 
stationary fuel elements and 5 control rod fuel elements. 



The calculations for this core were performed during an early phase. of the 
evaluation program, before the thermal power requirements were determined. 
They were based on an. operating thermal power level of 8.0 Mw,. a core mean 
coolant temperature of 4 4 0 ° ~ ,  and the same coolant flow as in the 7 x:7 core, 
2250 gpm. 

Studies of the heat balance and power requirements for the 7 x 7 core, per- 
formed subsequent to termination of work on the 5 x 5 core, indicate a design 
thermal power of 9 . 3  Mw and a core mean coolant temperature of 470'~. 

. . .  ' 

Detailed results a re  presented only for the initial assumptions for t h e 5 x  5 
core, but the effects of increased:power and temperature a re  indicated. In parti- 
cular, nucleate boiling would occur at th.e indicated design power level of 9 . 3  Mw 
if the flow rate is unchanged. Howev'er, the occurrence of nucleate boiling does 
notrepresent a hazardous condition, nor is it precluded by the design criteria. 

Calculations of core lifetime and fuel cycle costs a r e  based on an average 
power level of 7.4 Mw, corresponding to an 0.8 plant factor operation of the plant 
which, at design ,power, requires 9 . 3  Mw 'thermal power. 



2.0 DESCRIPTION OF CORE .AND VESSEL 

During the study of the 5 x 5 Type 111.-c-or.e,, various combinations of core, 
reflector; and vessel configurations were investigated; a typical layout is shown 
. in Dwg. AEL-711. This particular drawing shows a 5 x 5 core containing 4 
control rods. A five rod core  would be nearly identical except that the central 
stationary fuel element would be replaced by a control rod fuel element as in 
Fig. A. 1. The drawing shows the core  surrounded by a laminated steel  refle,ctor 
having a total thickness of 7-7/16 inches. 

The reactor vessel shown is of low alloy ferr i te  steel and has an inside 
spherical radius of 25 inches. The control rod actuators a r e  of the bottom-entry 
type, s imilar  to  those for the SM-1, SM-lA, and PM-2A reactors. 

The reactor vessel primary coolant nozzles a r e  both located below the core, 
with the inlet nozzle being located in- the  lower cylindrical portion of the vessel. 
The coolant flow from the inlet passes upward through the core, turns 180°. at 
the top and pasbes between the outer reflector rings and the vessel wall, leaving 
through the exit nozzle. 

Use of a laminated steel reflector is advantageous from the nuclear stand- 
point, since it reduces the critical mass  of the core. However, the reflector 
must be relatively .thick in order to  be effective,resulting in mechanical design. 
problems and limitations upon the minimum inside vessel dimensions. There- 
fore, since it would be desirable to eliminate the laminated steel  reflector from 
the mechanical design standpoint, . the:nuclea~,  thermal and hydraulic analyses 
(described in Sections 4. 0 and 5. 0, respe'ctively) were based primarily upon a 
pure water reflector. 
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3.0 CRITICAL MOCKUP EXPERIMENTS 

Critical mockup experiments were pepformed upon a 5 x 5 array of Type 111 
fuel elements. These experiments were limited to the determination of certain 
important quantities needed to confirm the nuclear characteristics of the small- 
sized core. The measurements included control rod calibrations,stuck rod 
configurations, reflector reactivity worth, temperature coefficient and substitu- 
tion effects. 

3.1 EXPERIMENTAL ASSEMBLY 

Descriptions of the core support assembly, the stationary and movable fuel 
elements, and the control rods employed, a r e  described in detail in APAE-100. (6) 

The core support assembly consists of a three-tiered stainless steel table 
located over the center of the reactor tank floor at the Critical Facility. Struc- 
tural support and alignment of the assembly a r e  assured by tie rods and spacers. 

Reactor control is maintained by insertion and withdrawal of control rod 
assemblies which contain both fuel and box-type boron absorbers in a stainless 
steel basket. The control rod assemblies a r e  driven by overhead drives and 
dropped by gravity upon a scram signal. 

The mockup Type stationary fuel elements contained 18 stainless steel 
U02 matrix fuel plates, each loaded with 46.3 gm U-235. Control rod fuel ele- 
ments contained 16 similar fuel plates, each loaded with 42.2 gm U-235. The 
individual fuel plates a r e  composed of 26.5 w/o uranium oxide held in .a  0.030 
in. thick matrix of stainless steel and clad with 0. 005 in. of stainless steel. 

The two cores selected for the experiment consisted of a 5 x 5 lattice of 
mockup fuel elements with either 4 or 5 control rod assehblies in an open array 
as  shown in Fig,. A. 1. The fuel cell was a square, ":. 2. 94 in. on a side. The 
core size was 14. 7 in. square, giving an equivalent core diameter of 16.6 inches. 
The core metal/water volume ratio was approximately 0.352 and the active fuel 
height was 22 inches. 

3.2 EXPERIMENTAL MEASUREMENTS 

'All reactivity measurements were taken by measuring the difference in 
control rod position to achieve criticality between some reference condjtion and 
the condition under investigation. The reactivity worth of moving the single rod 
or bank was established by a series of control rod calibrations obtained using 
the period method atqarious control rod or bank locations. The total worth of a 
reactivity measurement was obtained from .the difference in the critical positions 
of a calibrated control rod or  bank. 

A-5 



3.2.1 Control Rod Calibrations 

The initial core loading was 20 kg of U-235 and approximately 33.6 grams of 
B-10 in the form of uniformly distributed mylar tape impregnated with boron. The 
boron was removed in approximately 6 gram increments, in order to drive the con- 
trol  rodbank and obtain the differential worth curves for both the 4 and 5 rod systems.. 
All control rod calibrations were made by period measurements. After a critical 
position was established, the rod or rods to be calibrated were raised above the 
critical position to obtain about a 30 sec  reactor period. The period is related 
to the reactivity change divided by the change in rod positions, which yields the 
differential rod worth at a point midway between the critical position and the 
period position. 

The differential worth of the total control rod bank was measured as a func- 
tion of position for the 4 and 5 control rod bank configuration with the initial core 
loading sf 20 kg of U-235 and 33.. 6 gms of B-10. These results a re  presented 
in Figs.A. 2 and A. 3. Measurements were also taken for the critical bank posi- 
tion as a function of gms of B-10 in the core and these results a r e  presented in 
Fig. A. 4 and A. 5 for the 4 and 5 rod bank, respectively. 

The differential rod worth curve for control rod A is presented in Fig. A. 6. 
These measurements were performed for the core with a loading of 9.526. gms of 
B-10, surrounded by a 2. 575 in. thick steel reflector. 

3.2. 2 Temperature ~oeff i@ient  

Immersion heaters and a mixer were used in the reactor tank to increase the 
moderator temperature from room temperature, 68OF, to 115OF. The change in 
reactivity associated with the change in.temperature was determined by the change 
in critical position of a calibrated control rod. 

The average core temperature is piotted as a function of the critical positfun 
of calibrated control rod A in Fig. A. 7. These measurements were made with a 
B-10 loading of 9.526 grams and a 2.575 in. thick stainless steel reflector. Table 
A. 1 shows the temperaturekoefficient of this core configuration for temperatures 
ranging from 61°F td.' 1 1 5 ° ~ .  

3.2.3 Reflector Worth 

The relative worth of 3 solid sta.inless steel reflectors, 1/2, 1, and 2. 5 in. 
thick, with ani-'igssentia18y infinite water reflector, were evaluated by observing the 
change in reactivity for the four configurations using a calibrated control rod bank. 

Table A. 2 shows the worth of the stainless steel reflectors relative to an 
essentially infinite water reflector. It can be. seen that replacing the water 'by a 
solid 2.575 in. stainless steel reflector achieved a positive reactivity gain of 110. 82 
cen.ts. However, the thinner stainless steel reflectors decreased the core re-  
activity compared to the water reflected core. 



TABLE A. 1 
.TEMPERATURE COEFFICIENT MEASUREMENTS 

5 x 5 CORE PL-3 CRITICAL MOCKUP - 5 ROD BANK 

2. 575 In. Stainless Steel ~ e i l e c t o r  - 9. 526 Grams B-10 

Temperature 
OF \ 

61. 3 
70. 0 
79. 6 
81 .8  
83 .5  
86. 9 
89; 1 
91 .8  
93.2 
95. 0 
97. 8 

100.5 
102.4 
104.3 
1107.2 - 
i i o .  3 
1 1 3 . 0 .  
115.0 

Reactivity 
, C e n t s / O ~  

. , TABLE A. 2 
..':. REFLECTOR W O R ~ H ~ . ~ A S U R E M E . ~ S  

5 x 5 CORE P.L-3 'CRITICAL MOCKUP 
.+. 

. . 

. , '  ~eact i 'v i ty  Change 
Reflector Cents 

, . 

, Water '  : 0 
2..'575 in. SS ' +llO. 82 
1.030 in. SS -125.97 

. ' 0. 515 in. SS -183.25 



3.2. 4 Substitution Effect 

A four rod critical bank position was established with the center fuel element 
position occupied by a control rod fuel element. A stationary fuel element was then 
substituted for the central control rod ,fuel element and a four rod critical bank 
position was again established. The difference in reactivity attrib~ted.to:-Ure-two 
different calibrated bank positions determined the substitution effect . 

The reactivity of the center stationary fuel element, position No. 33, is 
greater  than.the central control rod fuel element by 141.46 cents. This measure- 
ment was made with a core loaded with 9.526 gms of B-10 and an essentially 
infinite water reflector. 

3.2.5 Stuck ~ o d  Measurements 

Criticality was determined for various rod configurations with a 9.526 gm 
B - 10 core  loading, an essentially infinite water reflector and a rnod"eratar3 temp-? 
tu re  of 68 '~ .  The results of these experiments a r e  shown in Table A.3.. ~TKes-e 
experiments were repeated with all of the boron removed and the results  a r e  con- 
tained in Table A. 4. 

TABLE A. 3 
STUCK ROD MEASURE'MENTS -- "9.526 GET B- 10 

5.x 5 CORE PL-3 CRITICAL MOCKUP, - - 

Configuration 
Nudber  

Rod(s) Fully 
Inserted 

Rod(s) Fully 
Withdrawn 

Critical 
Rod(s) 

Critical 
Position 

ABCD 
ABDF 
ABD 
ABC 
ACD 
AD 
AB 
ABD 
E 
E 
C 
DE 

E 
C 
C 
D 
B 
B 
D 
E 
ABD 
ABCD 
ABDE 
B 
BDE 

- * Stationary element in center core position No. 33. 

Subcritical 
Subcritical 
Subcritical 
Subcritical 
Subcritical 
5. 251 in. 
3. 873 in. 
Subcritical 
7. 115 in. 
7. 742 in. 
9. 477 in. 
1. 240 in. 
0.340 in. 



Configuration 
Number . 

TABLE A. 4 
STUCK ROD M E A S U R E ~ N T S ' . -  :NO. B-.I0 

5.x 5 CORE PL-3 CRITICAL..MOCKUP 

Rod(s) Fully Rod(s) Fully Cri t ical  Cri t ical  
', Inserted Withdrawn R o d s )  . . Position 

ABCD 
ABDE 
ABD E 
ABC. E 
ACD It 
AD C E  
AB CE 
ABD C 
E C 
E 
C 

E 
C 
C 
D 
B 
B 
D 
E 
ABD 
ABCD 
ABDE 

Subcritical 
Subcritical 
6. 990 in. 
7. 258 in. 
12.463 in. 
Supercrit ical 
Supercrit ical 
10. 570 in. 
5. 911 in. 
5. 745 in, 
6. 710 in: 
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4.0 NUCLEAR 'ANALYSIS 

b .  

The nuclear analysis of the 5 x 5 Type. 3 element core was based upon.the 
calculational techniques used successfully on other parallel plate PWR cores. 
The methods of analysis a r e  described with regard to the 7 x 7 core in Section 
7. 0 of the text. The analysis included the following items: . 

1. Core reactivity and lifetim'e as a function of boron-loading. 

2. Control rod'worth and effects of a stuck rod. 

3. Power distributions and power peaking factors. 

4. Integrated fast flux on. the pressure vessel. 

The geometrical and nuclear data for the 5 x 5 core a r e  presented in Tables 
A. 5 and A. 6. 

4.1 CORE REACTIVITY AND LIFETIME 

A ser ies  of calculations were performed to determine the initial core re-  
activity and the change in reactivity vs core burnup, a s  a function of the initial 
boron loading. 

The reactivity variation with.burnup is indicated in' Fig. A. 8 for initial 
loadings of 0, 10, and 15 gms of B-10. In each case, the maximum :r-ea-ctivify 
encountered over life occurs a t  beginning of life. The average worth of the boron 
at  beginning of life is Oo44%a P p e r  gram of B-10. The difference in core lifetime 
.between. cores containing no boron and 15 gms of B-10 is 1.2 MWYR:". 

The core with. a loading of 10 gms B-10 was selected as  the reference 5 x 5 
core. The lifetime of this core operating at 4 4 0 ' ~  and 7.4 Mw average power is 
about 16 MWYR. Since only survey type calculations were:performed, various 
factors which can affect the core lifetime must be considered. The factors which 
will tend to increase core lifetime are :  

1. Stationary center element in place of central control rod fuel element, 
i. e. ,  operate with a 4 rod bank instead of 5 rods. 

2. Increased U02 weight percent .in meat. 

3. Reduced average power level from 7.4 Mw. 

4. Use of a stainless steel reflector with.thickness greater than 2 inches, 



TABLE A. 5. 
.., . ." ' . .5 ~ . . . 5  CORE--DESCRIPTION 

General Description 

Configuration: 5 x 5 Array of Type 3 fuel elements. 

F'uel: UO2-SS matrix, fully enriched, SS clad. 

Burnable poison: BrB2 in SS-UO2 matrix. 

Absorber : Eu203 -SS matrix, SS clad. 

Structural material : Stainless steel. 

Moderator: Water 

Number of fuel elements: 
Stationary 
Movable 

Number of absorber4 

Initial loadings,: 
U-235 
U-238 
B,-10 

Total number of cells 
. . 

Element loading U-235 : 
Stationary 
Movable 

Element loading B-10 : 
Stationary 
Movable 

Number . . of plates per element: 
st'atiomr y 
Movable 

:Plate thickness 

Clad thickness 

Meat thickness 

A-12 

0. 040 in. 

0. O O ~  ino 
, . 

0. 030 in. 



TABLE A. 5 (CONT'D) 

Meat width: 
Stationary 2.65 in. 
Movable 2 .40  in. 

Water gap between plates I 0.123 in; 

Cell size 

Active core height 

2. 937.5. . in. s .x.2. 9375 in. 

22 .0  in. 

Effective core diameter ,, , 16. 6 in. 

Core volume . 77. . ,,, 7. liters . 
. . 

.Initial heat ,transfer area . . 

Average. metal/water volume ratio . , . . , , . . . .  0. .3.6 . . 
.. . 

Fuel Elem& 

Type : Rectangular assembly of flat fuel plates welded. into . . side p la te s  with 
attached end. boxes. 

Meat material : Spherical U02 (25%), ZrB2, and SS. ' . , . :'.. . . . . . 1 .. I . .  . . . . .  . . 
.. .. 

Clad' material : Type 347 SS. 
. . 

.. . _ 
Fuel element active length: 

Stationary 
Movable 

. ; :. . .  . . . ,  . . 
; :,<.:. , , I .  . . . ,. 

22 .0  'in. 
. . 21. 5 in. 

' .  " . .  , . 

., ~ 

. . 
- , Fuel !element &oss section: 

I _ . I  , , 

Stationary 2. 874 in. x 2.863 ,in. 
. . Movable . . . . . . .. . . . 

- fir.,: c .  .: 
' ? .I \...'..I. 

2. 656. in.,..x 2. 619 in. 

Absorber Element . . ,. ~ . - 

Type: Box assembly of four flat plates. 

Meat material: Eu2O3 (32. 74%) and SS. 

Clad material: . .. Stainless steel. 

Active length 

Active width 
\ 

. . . ' ., , .  ., .. . . . . . . 200,81: ina 
. . 

. . . .  . 

. -.. 2.li0 in. 

Active thickness 
. . 

0.096 in. 

A- 13 



. . 

TABLEA. 6 
5. x 5 CORE NUCLEAR DATA 

Average level 
i 

Average moderator temperature 

Average' moderator pressure 

Core life 

Maximum reactivity : 
. At 68OF (clean) 

At 440°F (clean) 
. :~i  1 4 o ~ Q p ( ~ ~ .  xenon) 
At 440'~ (max. xenon) 

Control bank.. .wodh at 6 8 ' ~  : 
5 rods 
4 rods 

Shutdown margin, one rod fully withdrawn: 
At 6 8 ' ~  

Critical control bank position: 
At :6'8%7 (ele*) ,s: : 
At .4'4.80F, (cl.eqh) .:- .. ..' 
At 4409~,(&q.  +enonjr:..:...~ . . 
At 4 1 4 0 ~ : ~ :  (me xenon) J: ... .. ::. ., 

~ e m ~ e g a t u r e  coefficient : 
At 4 4 0 ° ~  
At 68OF 

Average thermal flux, hot clean core 

Fuel burnup (U-235) at end of life : 
Average 
Maximum 

~ h r o n  burnup at end of life : 
'< ' 

Average 
Maximum 

0 
Max-to-Avg core power at 440 F: 

Gross radial 
Local radial 
Gross axial 

. ,.. 

i200 psia 

2 yr;: 

., . . . . 
' . .  I . .  

6. .2 in. 
: 8. 5 in. 

9. 7 in. 
10.0 in. 



Factors which will.tend to reduce the core lifetime a r e  more probable and 
. . 

. . of greater magnitude. These include:. . ' . 
. . 

. . . 
1. Flux suppressors at the bottom of the stationary fuel elements. 

2. Use of an :all water reflector with a half inch stainless steel skirt 
around the core. 

3. Increased mean core operating temperature from 4 4 0 ' ~  to 470°F. 

4. Increased average power level'from 7.4 Mw. 

5. Reduced active plate width from 2.65 inches. 

6. Reduced weight perce,nt of U02 in the matrix. 

, - On the basis of these preliminary calculations, it seems probable that a 
core lifetime of at least 14.8 MWYR, based on 2 yr  operation at 7.4 Mw average 
power, is attainable. 

4.2 CONTROL ROD WORTH 

The worth of the 4 and 5 control'rod bank was calculated using he PDQ-2 
code with control rod cross-secti'ons'derived'from blackness' theory. 

. . . . 
. . . . .  

fi7) 

The five rod bank is calculated to  be worth 32. 65%n P. The fourrod  bank 
is worth 27.300/oa P, which means that the central control rod is worth 5. 35%aP.  
Since, the maximum. core reactivity is about 200/on p a t  6 8 ' ~  with no boron, there 
should b.ea cons~derable.shutdown margin even withzthe central kod stdck full out. 
This .calculation was verified in the critical experiment program, whkre rod C was 
fully withdrawn and rods A, B and D were kept full in. Rod E hadLto be withdrawn 
10. 57 in. to achieve criticality even with no boron in the core. Therefore, it can 
be concluded that the core can be safely shutdown in the event of a rod stuck full 
out. 

4.3 POWER DISTRIBUTIONS 
. . .  

D u e  to the absence of a fission foil mapping of the core in the expepimental 
program, and due to certain inaccuracies in the analytic model in predicting 

estimate of the' power  distributions can be obtained. 
i;3 local power peaking at the corners of the fuel elements, only a preliminary 

Table A. 7 shows the relative radial power generation f o r  each typical~fuel 
element and the local power peaking factors within the elements, and Table A. 8 
lists the axial power distribution, both for the case of the 5 rod bank. The large 



worth of the control rods causes the power i n  the upper section of the core t o  be 
greatly depressed, resulting in a high power peaking factor for  the core. How- 
ever, as in previous analyses, (7) the calculations tend to overestimate this axial 
peaking. 

Radial and axial power distributions for the case of a 4 rod bank a r e  given 
in Tables A. 9 and A. 10 respectively. 

4.4 FAST' NEUTRON EXPOSURE OF VESSEL 
I 

The q~ocedures  outlined in Section:.'l. 6 were used to calculate the integrated 
fast neutron'fluxes external to the 5 x 5 core. The results of the calculations a r e  
shown in Fig. A. 9 which presents the integrated fast neutron flux for neutrons 
with energies greater than 1 Mev.in. the axial plane of maximum exposure. The 
results shown a re  from a multigroup PlMG-2 calculation modified by an axial 
peak-to-average, factor calculated by the PDQ-.2, (r, z) code. The accumulated . . 

nvt at the surface of the 50 in. inside diameter pressure vessel is 2.8 x 1 0 l 8  
neut/cm2 for 20 y r  operation at 0 . 8  plant factor. 

TABLE A. 7 
5 x 5 CORE RADIAL POWER DISTRIBUTION - 5 ROD BANK 

(T = 4400F, No Xenon) 

Q (pl 
Avg. Power 
in Element 

Q ( AT) 
Avg. Psw.er: . 
in  itt test 
Plate of Ele. 

Q ( A @ )  
Max. Power 
in Element 



. TABLE A. 8 
5 x 5 CORE - 5 ROD BANK 

NORMALIZED.AXIAL POWER DIST,HBUTION 
(T = 440°F, No Xenon) 

Inches from Inches from 
. Bottom.of Core p' (Z) Bottom of Core ,p (z) 

NOTE: 5 rod bank :critical at 8. 5 .in. from .bottom of core. 

TABLE A. 9 
5 x 5 CORE RADIAL POWER.SIISTRIBUTION - 4 ROD BANK 

(T = .440UF, No' Xenon) 

Q ( K T )  Q 
Avg. Power In Hot- 

Q ( a 6 )  
Avg. Power Max, Power 

' Element No. ?$n Element ' test Plate of Element In Element 



TABLE A. 10 
5 x 5 CORE - 4 ROD BANK 

NORMALIZED A ~ L  I?OWRR D'ISTRIBUTION 
(T = 44Q°F, No Xenon) 

Inches from 
a .  

Inches from 
~ o t t o m o f c o r e  : . .p (z) Bottom of Core ' ' . P: .(Z) 

NOTE: 4 rod! bank critical at 7:7 in. from bottom of core. 



5.0 ' THERMAL AND HYDRAULIC' ANA,LYSIS 

- .  . .  . . . . . . . . .  

Therma1,and hydraulic analyses performed for the 5 x 5 Type BI..core 
were based upon the same. analytical. techniques- described for the 7 x 7.core 
in. Section 6.0 of this report. The following sections -describe the .analyses 
performed-and the .results  obtained. ' A summary of tpermal and hydraulic 
data for.the- 5 x 5 core; both.for 4 and 5'rod bank.operation; is given in 
Table A. 11. The table is based on the initially assumed design power level 
of 8.0 Mw. 

TABLE A. 11 ..' 

THERMAL AND HYDRAULIC - DATA SUMMARY 

5 x 5 CORE - TYPE 3 FUEL ELEMENTS 

Core with Core with 
5 rod bank 4 rod bank 

Geriel'al 
. . . , . . 

Core thermal power, Mw 
Primary system pressure,  psia 
Coolant flow rate,  gpm . 
Number. of passes thru core . . 1 1 

Heat' ~ 1 u x ' ~ a t a  . . .  

. Initial heat transfer area, ft2. 
2 

319.6 326.5 
. Core average heat flux,, ~ t u / h r  ft 85,423 83,631 

- Core.max. heat flux, ~ t u / h r  ft2 . , 

: . . I  Spike ' .76 1,970 623,050 
Peak ,axial 347,670 306,090 

Max. -to-avg. core power, Btu/hr ft2 
Spike 8.92 7. 45 
Peak axial .4.07 3,66 

Minimum DNB ratio . :  : 

. . 2.49 2.91 

Core Temperature Data 
. . 

Core inlet temperature, OF 

Core mean temperature, OF 

Core average outlet temperature, OF 
Max. plate surface temperature, OF . . 

Max. fuel centerline temperature, O F  

Hydraulic Data 
2 Core coolant flow area ,  ft : , 

Flow channel thickness, in. 
Core average coolant velocity, ft/sec 



5 . 1  STEADY STATE ANALYSIS 

The steady state thermal analysis was performed using the STDY-3 
thermal analysis code. A core having both 5 control rods and 4 rods  was 
inv s t i  ated for a core power of 8 MW and for a core temperature r i se  of 8 '.g 
28 F. 

5. 1: 1 Power Distribution . 
. . . . . . . . . 

The .core .is symmetrical with either rod configuration; therefore .only 
one quadrant has been analyzed. The radial power distributions a r e  given 
i n  Tables A,. 7 and A. 9; 'the.axia1 power distributions.are shown in Figures 
A, 10 and A. 11 and described in Tables A.8 and A. 10. 

. . . . .  . .  . . . . 

5.1.2 Mechanical' Hot 'Channel Factors 

Section.6.O .gives the formulation of the mechanical hot channel factors. 
The following values a r e  used in analyzing the Type 111 element. These 
values apply to both rod configurations. 

Average Locall .' 
Factor . Condition Condition 

1.0233 Plate .Length. _. .l. 0233 
.l. 005 1.025 ~ o m o g e n i e t ~  

Clad thickness 1.007 .l. 012 

5.1.. 3 Fuel Plate Spacing 

Because the 40 mil thick fuel plate element specified for the 5 x 5 core 
is welded, close plate spacing tolerances a r e  specified. In addition the thick 
plate will have a smal l  ripple amplitude. Table A. 12 shows a comparison-of 
plate spacing factors as used in the steady state analysis of the 5 x 5 and the 
7 x 7 core. 

TABLE A. 12 

PLATE SPACING FACTORS 

Plate thickness Spacing - in. Tolerance . 
mils min. avg . max. - 

+ .008avg. , - 
. . 

+ .013 local - . 128 . 133 . I72  
. 119 . 123 . 136 + .004 avg. - 

+ .008 loca l .  - 



The following table gives a -  comparison of the. heat fluxes .and power 
ratios for.the 5 x 5. cores  and the reference '7 x '7.core) both assuming an 
8,O Mw .power level. 

TABLE A,' 13 

COMPARISON OF CORE HEAT FLUX 
Average Core Max. to Avg, 

Core Power Heat Transfer Area  eat Flux Power ~ a t i o  
Mw , f t2 ~ t u / h r  f t2 Spike Peak Axial .. 

560.1 48, '753 5.25 : 3.22 7 x 7 reference.  8 
5 x 5 5 r.od bank 8 3 i9.6 85,423 . 8.92 -4.07 
5 x 5 .4 rod bank 8 326.5 83,631 7.45 ,: 3.66 

5.1.5 . Results of Steady State Analysis-Core with 5 Rods 
' 

. . 

 h he steady state thermal analysis of this core was made for average ' 
c o r e  temperatures of 4 4 0 ' ~  and 470°F and a core temperature r i s e  of 28'~.  
Table A. 14 shows a summary of the results  of the analysis. 

The minimum DNB ratios quoted a r e  for the inlet spike. Again a 2.0 
minimum DNB ratio criterion for steady state operation is used. Element 
44 exhibits the lowest DNB ratio. 

No nucleate boiling is indicated for the core operating a t  440°F, but a t  
470°F almost half the elements have some nucleate boiling. Nucleate boiling 
is exhibited a t  the design. power of 9.3 Mw for 440°~.operation.  

5. 1.6 . Results of Steady State Analysis-Core wi th4 Rods 
. . 

Table: A. 15 shows the results  of the steady state analysis of the 5 x 5 
core with 4 rods a t  8 Mw'core'power and a t  4 7 0 ' ~  core mean. tempe~ature .  . 

. 
Again element 44 has the lowest DNB ratio. 

The analysis indicates.no nucleate boiling present in the core. This . is  
to be expected because of the more uniform power distribution with this rod 
configuration. 

5. 1.7' . Effect .of I n c r e a s i x  Desinn.:Power Level to 9.3 Mw 

The design power level is now expected to be about 9.3 Mw, as for the 
7 x 7 core, rather than the 8 Mw assumed for initial calculations on the 5 x 5 
core. The minimum DNBratio that will occur a t  this new power level can be 

; obtained from values calculated a t  8 Mw .by direct ratio: 

DNB ratio = DNB heat flux 
Local heat flux 

Local heat flux Core power 



The minimum DNB ratios a t  9.3 Mw a r e  therefore: 

%ofe Eleinent Ti.: mean DNB Ratio 

44 4 k 0 0 ~  2.26 5 x 5- 5 rods 
5 x 5- 5 rods 44 4 ? 0 O ~  2. 14 
5 x 5- 4 rods 44 4 7 0 ~ ~  2.50 

At 9.3 Mw thermal power the minimum DNB ratios for element 44 
a r e  above the minimum criterion for thermal safety of 2.0 

Nucleate boiling will be developed a t  9.3 Mw in the 5 x 5 core with 
either rod configuration. 

.5.2 .TRANSIENT LOSS OF FLOW ANALYSIWORE WITH 5 RODS 

A loss  of flow analysis was done for element 34 using the ART-02 
transient analysis code.. The analysis was done a t  a power level of 8 Mw 
and a core mean temperature of 4 7 0 ~ ~ .  For  conservatism, no rod scram 
action was assumed. 

The flow coastdown is given by: 

-1 
where b was taken as 2.2 s ec  

Figure A. 12 shows a plot of flow and power coastdown as a function 
sf time after loss of flow. 

Figure A. 13 shows a plot of minimum DNB ratio during the loss of 
flow ,accident. The curve is s to  ped a t  3 sec  a t  which time the hot channel 8 flow becomes less  than 0 .1  x 10 lb/hr ft  2, the value of the lower limit for 
the burnout correlations. At .05 seconds a minimum DNB ratio of 2.74 is 
obtained. This is only slightly lower than the steady state value of 2.75. 

5.3 CONC LUSIONS 

At 8 Mw the 5 x 5 core will operate without nucleate boiling a t  470 9, 
with either 5 rods or 4 rods. At a design.power of 9 .3  Mw both core con- 
figurations would have some nucleate boiling. . . 

'Both cores  will be safe during a loss  of flow transient without scram'- 
ming the control rodse 



TABLE A, 1 4  
s TEADY ' s . T ~  THERMAL ANALYSIS 

. . 
. 5 x 5 C O R E - 5 R O D B A N K  

.. . - .  

POWER-8 Mw: AVERAGE CORE .TEMPERATURE-440 . - DEG. F 

G G T o  TsMAXHC DNB,'. , Ratio Nucleate 
NC HC 

ToNk Element  HC TmMIIXHC Boiling 

POWER-8 Mw: AVERAGE CORE TEMPERATURE - 4 7 0 ' ~  

G 
NC - Nominal Channel Flow-10' lb/hr f t2 . .  to^^ - Hot Channel Bulk Outlet  ~ e m ~ e r a t u r e ; ~ ~  

I 
G~~ - Hot Channel  low-lo6 lb/hr f t2  0 

T s M A X ~ ~  - Hot channe l  M'U. Plate Surface Temp-  F 
. . 

 to^^ - Nominal Channel Bulk Outlet ~ e m ~ e r a t u r e -  F 0 O TmMAXfi~-  Hot Channel Max. Tempera ture-  F 



TABLE A. 15 
STEADY STATE THERMAL ANALYSIS 

5 x 5 CORE-4 ROD BANK 

POWER 8 Mw: CORE MEAN TEMPERATURE - 470 DEG.F- 

To To TsMAX T ~ M A X  DNB. . Ratio Nucleate 
Element G~~ G~~ NC --- HC HC HC Min. Boiling 



6.0 FUEL CYCLE COSTS 

The fuel cycle costs reported in Table A. 16 for the 5 x 5 core, using 
Type IlYfuel ;elemeht$, - , ~ e r e " b a s e d  o n - a e  :following assumptions: 

1. 2 y r  core life a t  0.8 plant factor (7.4 Mw average; 14.8'MWYR). , 

2. Fabrication costs a r e  based on the average of the charge for two 
complete cores and inc1ud.e" the- following: fuel use charges, fuel 
losses, u $ ~  to UO2 conversion costs, scrap and reprocessing. costs 
and technical liaison. 

I 3. Current AEC price schedule for enriched uranium. 

4. Chemical reprocessing plant' charges @ $17,600 per  day, $32 per Kg U 
for conversion to UF6 and 1.3% losses. 

5. Shipping charges for f resh fue1,Schenectady to P. 0. E, only. 

6. Two spent fuel shipping casks @ 22,600 lb/cask, $1,20O/ton shipping 
charge. 

7. A use charge of 4 3/4% is applied only to the two full cores plus 10% 
spare  elements for  one core required within the reactor complex at 
all times. I 

The fuel cycle costs in dollars per year may be converted to mills p e r n e t  
qlectpical killowatt-hour by rnultiplyiqg by $$4$ x This a s sumes  1 .0  Mw 
electrikal output a t  0. 8 plant factor, and neglects any credit for the export s team 
generated. 



TAQLE A. 16  
SUMMARY O F  FUEL CYCLE COSTS 

5x 5 CORE - TYPE 3 FUEL ELEMENTS 

Cost  Item 

1. Fuel  Burnup Cost 

Kg U Initial 
. , Kg U Final 

Initial Enrichment 
Final  Enrichment 
$/kg U Initial 
$/kg U Final 
Initial U Value 
Final  U Value 

Burnup Cost  

2. Core  Fabrication Cost 

3. Reprocessing Costs 

Conversion to UF6 
Plant Costs 
Reprocessing Losses  

Total 
Reprocessing Costs  

F r e s h  Fuel  
Spent Fuel  

2 .0  Y r  Core $/Core $/Yr 

Total Shipping Costs  

FUEL CYCLE COSTS WITHOUT USE CYARGE 

5. Fue l  Use Charges 

In reac to r  core  19,894 
Spare  c o r e  24,556 
,lo% s p a r e s  fo r  1 core  2,456 

Total Use Charges 

TOTAL FUEL CYCLE COSTS 
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Figure A. 1. 5 x 5 Core PL-3 Critical Mockup 
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Figure A. 2. 5 x 5 Core P L - 3  Critical Mockup - 4 Rod Bank 
Worth Vs Position 

U-235 Loading - 20 kg 

Reflector - Water 

- Temperature - 6 8 ' ~  
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Figure A. 3.  5 x 5 Core PL. .3  Critical Mockup - 5 Rod Bank 
Worth Vs Position 
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U-235 Loading -20Kg 
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.Figure A. 4. 5 x 5 Core PL-3 Critical Mockup- 4 Rod Bank Critical Position Vs  
Boron Loading 

U-235 Loading 20 Kg 

Reflector Water 

Temperature 6 8 ' ~  

-.  
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Figure A. 5. 5 x 5 Core  PL-3 Crit ical  Mockup - 5 Rod Bankcr i t ica l  Position VS 
Boron Loading . 



ROD POSITION - INCHES WITHDRAWN . , ' 

Figure A. 6. 5 x 5 Core PL-3 Critical Mockup - Control Rod A Worth V s .  position 



ROD A POSITION - INCHES WITHDRAWN 

Figure A. 7. 5 x 5 Core  PL-3 Critical Mockup - Average Core 
Temperature Vs Control Rod A Position 
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Figure A. 8. 5 x 5 Core Reactivity Vs  Lifetime 



' ' RADIAL DISTANCE FROM CORE 'CENTERLINE - INCHES r 
Figure A. 9. 5 x 5 Core Integrated Fas t  Neutron.Flux Radial Distribution 

-\ 
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Temperature 4 4 0 ' ~  

No Xenon 
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DISTANCE FROM BOTTOM O F  CORE - INCHES 

Figure A. 10. 5 x 5 ~ o r e ~ x i a l  Power Distribution - 4 Control Rod Bank 



Figure A. 11. 5 x 5 Core Axial Power Di'stribution - 5 Control Rod Bank 
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TIME - .SECONDS . 

Figure A. 12. 5 x 5 C o r e  Power and Flow Coastdown Following Pump Fai lure  



1 2 3 

TIME - SECONDS 

Figure A. 13. ,5 x 5 Core Minimum DNB Ratio Following Pump Failure 
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T O I L E T  A R E A  DECOUTAHINATIOU AIPA 
(Purif icr tion Lab Bld'g.) 

NOTES : 
I .  A l l  f i x t u r e s  - s% steel - marine  type.  
& Tbilel dree s k i d .  s t .  s t e e l  wht .  s t .  f a c i n g . -  
3. Dcconf rminp t ion  skid -s f .  s fee l  w/s!. rf. facing. 
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S(HEMATIC ARRANGEMENT OF 
PLUM8'ING 4 PECONTAMINATION 
S Y S . T E M 5 .  
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N O T E S :  
I. This drkwinq ;Nustrates a p r e  1;m;nary dest'pn of a p o r t i o n  

o f  the Maintenance and Storaqe Area o f  the Entrance Build~hy. 
2 .  411 f;aminy i s  6 0  6 1- T 6 U/urn;nurn. 
J . .Des iyn  L fve  Loeds: 

Roof:  5p .s . f :  + l O p . s . f  pipe load. 
Floor 3 Z 0 8  p. s. f."2 Kip conc en Prated load frandom ~bcstions) 




