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This report summarizes engineering‘services rendered by Ebasco Services
Incorporated under contract AT(30-1)-2475 with United States Atomic Energy
Commissionrfor a survey covering the safety, adequacy and reliability of
certain design and construction features pertaining to the N 5 Savannah

nuclear power plant and related systems. Scopekof the work was outlined to

Ebasco under specific subjects and included eighteen (18) task assignments.

Authorization to start the design review on certain phases of the project
assignment known as task No. 1 was given Ebasco in & telegram from AEC under
date of November 16 1959. .

Work completed by FEbasco as of June 30 1960 covered an independent review
of data supplied by AEC such as design plans, specifications, reports, calcu-
lations, heat balances, system drawings, operating manuals, bills of material

and equipment drawings.

Results and recommendations covering Ebasco work on this project were set

forth in various preliminary or interim reports sent to AEC during its progress.

IT - INTRODUCTION AND SUMMARY

A - PURPOSE AND SCOPE

In general, the purpose. of the design review requested by AEC on the

construction and operation of the N S Savannah was to survey the safety,
reliability and adequacy of the ship's nuclear power plant and related systems.

It was stated that suggestions for design changes, considered advisable;

should also be. included.

The scope of the project was limited to design review and included only
those specific tasks assigned to Ebasco. The design review services rendered
by Ebasco covered therefore only (1) a review of the design of the nuclear
power plantvand related service equipment and systems of the N S Savannah from
the standpoint of reliability and adequacy (2) the suggesting of specific
chenges for improvement, and (3) a summary evaluation of the technical and

safety considerations involving the present design and the suggested changes.



~j'B - SUMMABY OF PROJECT .

Interlm reports were prepared coverlng the 1nvest1gat10ns and rev1ews
. made for each task The materlal 1ncluded 1n these interim reports 1s ;
summarlzed in thls report under Sectlon III and covers work completed on
the progect as of June 20 1960 Also, durlng progress of the work on thls
preject a total of six cenferences were held with the United States Atomlc
Energy Comm13810n at whlch tlme progress reports were submitted and task

a881gnments dlscussed.
III - RESUME OF TASK ASSIGNMENTS

A - GENERAL

The various tasks ass1gned to Ebasco by the United States Atomic Energy
Commission in connectlon‘w1th the~d351gn review for the N S Savannah were
ouﬁlined*in detail in & Task Assignment Schedule. Each of the tasks is also
outlined in this Section of the répbrt under the appropriate task number and

a resume showing nature of work done is included.

B - REPORT OF TASK ASSIGNMENTS

. Tagk No. 1 - Detalled Interconnection Diagranms

©The purpose of this task was to prepare detailed interconnection diagrams
~of electrical wiring and pneumatic control as shown on B&W Flow and Instrumentas

tion Drawings for the following systems:

Nuclear Instrumentation

Reactor Control System

~Primery System

Primary Pressurizing System

Primary Relief System

Buffer Seal System

Hydrogen Addition System

Primary Purification System -

Emergéncy Cooling System

Intermediaté Cooling Systenm

Shield Water System

Equipmenﬁ Drain and Waste Collection. System
Sampling System

Gaseous Waste Collection and Disposal and Absorption System

Containment Cooling System



Secondary System
Boiler Water Chemical Addition System
Radlatlon Mbnltorlng System

Mechanical and electrical drawings were made after reV1ew1ng the Babcock
& Wilcox Company, Bailey Meter Company, New York shipbuilding Corporation,
and other equipment menufacturers' drawings: such as flow disgrams, wiring

diagrams, pneumatic tubing diagrams and various equipment details. The

Ebasco system drawings present a composite of the different parts dﬁ each
of the systems and, therefore, give complete pictures of the mechanical and
electrical control Bor each system. As prepared, the Ebasco drawings will

show the ship's bperators the approximate physical location of instruments

and‘céntrol devices. In general, all drawings were made for the systems

showing normal operating condition.
During the process of preparing these drawings, preliminary prints were
issued to all interested parties for information and comments. Subsequent

changes and revisions were made periodically as required.

A total of 33 drawings were made by FEbasco to cover the assignment under
Task No. 1. A complete list of the drawings, separated as to systems, is
included. in Appendix A of this report.

< Task No. 2 - Evaluation of Electrical & Pneumatic Control System

Components

The purpose of this task was first, to evaluate the individual components
for sultability and sdequacy of gervice aboérd the N S Ssvannah as‘they are
used for control and instrumentation of the systems shown in Babcock & Wilcox
Engineering Flow and Instrumentation Schematie Drawings and secondly, to study
these components from a functional viewpoint in the systéms in which they are
installed and to analyze the relationship between these components to ascertain
if their applications provide relisble and adequate controls. - However, since
the data available were not adequate to permit a complete evaluation; the
Nuclear Instrumentation System, the Radiation Monitoring System and the: Soluble

Poison System were not reviewed.

The findings resulting from the engineering reviews, surveys and investi-

gations are as follows:




(1)

(2)

(3)

(&)

Génerally, Bailey‘Meter Company“pneumatic‘components as proposed
for N. S. Savannah are functioning well in‘conventionally
p0wered merchant vessels without unusual malntenance problems.
They have excellent rellablllty and no significant record of
failure. Balley‘Meter Company controls are highly regarded for
their performance by the Buréau bf Ships of the Navy Departmeut,

Central power station appllcatlons have also shown many Balley

Meter Company components to be generally satisfactory.

From a review Of recorded component fallures, provided by the

Bureau of Ships, it‘appears that a possible source of operational
difficulty may exist in the sylphon bellows of Bailey Meter
Company transmitters. fThis is of no special significance, except
for those transmitters not accessible during reactor operation
where certain changes in location of transmitters should be made
and backup controls should be provided to insure reliability of

operation.

Insﬁrument or control air driers are considered necessary in
central power stations and industrial applications, and newer
and more advanced Navy shipboard applications, including nuclear
submarines, require them. Although current merchant marine ‘
practice does not include such driers, 1t is felt that the more
extensive and elaborate control systems of 'a reasctor may require

such driers and that they should be installed in the N.S. Savannah.

Control components associated with Bailey Meter Company components,
such as relays, switches, transformers, annunciators, lamps, push-

buttons, meters, thermocouple switches, timers, pH instruments,

Asco solenoid valves, Leslie control valves, and regulators for

general service will probably be satisfactory. One exception

is a lLeslie angle needle valve, designated as buffer seal system
differential pressure control valve 1,S5-9V. This leslie valve as
presently installed may not provide reliable service for any |
appreciable time. Tt is felt that it should be replaced by an
available and improved Leslie angle needle valve which has

special design features suitable for this service.




(5)_$uff1c1ent spare parts should be prevxded to malntain and

;;repalr any malfunctlonlng control comyonents on board ship.
‘Also, a carefully selected set of spare components, 1nclud1ng
‘ control valve topworks, shculd be stocked to enable replace~
ment of v1tal cem@onents qnlckly and thus restore operatlonal‘
‘; inhegrlty whlle assemblles are repalrede;

3 Past experlence 1nd1cates the 1mportance of hav1ng the contrcl
‘kcomponents and related systems under the supervision of
‘personnel tralned 1n proper maintenance and repalr methodb
‘It is. understood that such tralnlng has been prov1ded for
‘approprlate permanent members of the NoSeSavannah‘s operating

staff.

The controls~and‘instruments provided are generally adequate
\and satiSféétofy for the services intended. waéVer, full
reliability and effectiveness is not being obtained from the
control systems because of the manner of arrangement and
interconnection of components. For instance, the isolation
of duplicate electric circuits is insufficient, the branch
feeder cirduits serve 100 large segments of tHe control systems,
and the alarm and annunciation signal dinitiating devices for
variable‘conditions are not independent of the control devices
themsel&és,‘with few exceptions. It is felt that these
cbnditions should be remedied at the earliest practicable

date or as experience may dictate.

In‘the Safety System, the non-nuclear scram initiating circuits
are not arranged to provide the positive action required since
some false scrams may result from spurious signals and, in
other cases, a scram may not result from proper signals. It

is recémmended therefore that all non-nuclear scram actuating
signals be provided directly from each variable to the safety
cgbinet. ‘Theée signals should be provided in sufficient
“gquantities to establish a coincidence feature for each variable
before any scram would be initiated. These signals should be
of the "fail safe" type independent of any power supply external
from the safety syétem and be entirely separate from the normal

control circult devices and wiring.




(9) In the Centelnment Iselation Syetem the electrlc clrcultsfk;

. thereln are arranged and connected 50 thaﬁ posszble “ .

: e unnecessary activation of this system may shut off power
fffrom the reac’cor° These cmrcult arrangements sheuld also

be rev1sed at the earlmest possible dates~‘
Task No. 3 - Struceural Anely31s

; The purpose of this tesk was to meke a structural anely31s of (a) flrst
| and second cores, (b) core 1nternals, (c) control rod drive structure, and
;”(d) other eqnlpment 1nsxde the contalnmentg : ‘

In accordance with parts (a) and (b) of this task, the fuel container
fassembly of the first core (B&W core) was 1nvest1gated for structural
‘fadeqpacy and p0331ble maxxmum deflect1ons due to thermal gradients, pressure ;
drops andkshlp s motlons,; The thermal gradients were not taken as a straight
~line function but were calculated for their actual expected value, including
the energykgenereted;withinkthe material due to gamma~flux and interacting

 or capture neturons. Pressure drops were‘taken~frem‘B&W reports, as established

. by ealculatiens and corrected by test results from the Research and Development

Program. Accelératiéns and,deceleratidns resulting from ship?s motions were

‘ coﬁservatively considered as working additively with other stresses on the core,
; Abnormal conditions investigated included the reactor operating at full power
with only two pumpe operating and the ship lying on its side with a value of

2 g‘total acceleration. These conditions were considered the most eevere
conditions at which the control and follower rods would have to be 1nserted.
All clearances of the core were checked, including the maximum allowable
maehlnlng, assembly and working tolerances to establish maximum allowable
deflections. The matefial tensile etrengths were investigated as to their
aging, fatlgue, work-hardenlng and notching effect characteristics under

elevated temperatures

: It‘was determlnedkthat‘the deflectioﬁ of ‘the fuel containers under the
most adverse conditions eSSumed will not interfere with the operation of the
control rods andfthe structural strength is adequatekfor the life of the ship.
The structural supports in the reactor vessel for the cere were not re?iewed

S0 there are no comments.

The procedure for the analysis of the second core (GE replacement core)



was substantially the same as the one described for the first core.

It was concluded that the d&fleétions in the cans of~the second core under
the most adverse conditions assumed will not interfere with the operation of
the control rods, and that the structural stréngth is adequate for the life
of the ship. ‘

For part (c) of this task the control rod drive structure was investigated
to determine_the‘maximum expected deflections under the following assumed
indepéndsnx conditions:

Normal operatlng condltlons in heavy weather.

_Abnormal condltlon with the ship lylng on its side with an
acceleration of 2 g total.

In port with the assumed effect of three reactor head bolt
tensioners acting simultaneously on the structure,

The maximum expected stresses for the above conditions were also determined.

It was concluded that the support structure will prevent excessive
deflection of the control rod drives and is structurally adegquate.  The
de61gn calculation sheets of the General Electric Company were also reviewed

and appeared satlsfactoryz

For part (d) of this task, the stresses and moments due to thermel expansion

on the primary piping system were investigated based on the worst temperature
conditions to which the system can be subjected. In addition, the effects of
weight and acceleration wefé reviewed to assure that the nbzzles in the system
are not over~stréssed,"This work also included structural analysis of the
steam generators and pressuriier vessel, All design calculations of Babcock &
Wilcox Company  and. +those of the Electric Boat Division of the General Dynammcs
Corporation were reviewed and found satisfactory. Independent calculatlons
were made when there was little or no margin in allowable stress values and
also where there were disaéreements with the basic assumptions or the
assumptlons were not stated by the designers.  The piping calculations show
the meximum stress occurs at the heat ‘exchanger vestibule nozzle (material,
ASTM-A182 Grade F304) which is welded to the punp casing (material, ASTM-

A351 Grade CF3). Both materials have a minimum yield of 30 ;000 psi,  Based

on this minimum yield strength, a 2 g load with the ship on its side could

produce a slight deformation of the pump ca31ng and the vestibule nozzle.



 ‘It is belleved,khewever, that thls load cendltlon is overly conservatlve,, 
and if 1t ware 1mposed only far a very short tlme the deformatlon would be

. 1mperceptablea‘ Consmderlng the severlty Of the de81gn parameters and the~i .
conservatlve deolgn appreach it 15 theught that the p0581bllity of exceed;ngk
 the yleld.strength in thls case is not crltlcal and, therefore, it is .
7consxéered that the 6351gn is adequate, and does not exceed the max1mum stress
as allowed by appllcable codes“‘ ‘ ‘

Task No. 4 ~~Pr1mary COOlant Pumps
ask Noo ha - Purlflcatlon System

‘ Task Noﬁ L was to 1nvest1gate the p0851b111ty'of usxng buffer seal type
 pumps for the pr1mary~coolant sy:stem° However, this task was held 1nact1ve :

‘ by‘lnstrucﬁlons from the U.8, Atomic Energy Commission.

Task No. Ma was to review the adquacy*of the purlflcation system,
consmder effect on buffer seals and other components following postulated

failure of resxn beds 1nclud1ng spread of resin through system.

Fram this study, it appeared that each &emlnerallzer should have its
own filter in a downstream series arrangement, In event of a sudden hlgh~
dlfferentlal pressure across the filter in operation, lndlcatlve of a resin
breakthrough the flow could then be shifted to anather~dem1neral;zer~fllter
unit. If a cation unit were installed upstream of each demineralizer it
would increase the life of the demineralizer resins. Other improvements
suggésted included; re-routing of the downstream filter bypass line to avoid
resin breakthrough to the buffer seal tank, additional samplmng connections,
changes to the 1nacce581ble diaphragm valve operators to a more reliable type
of valve operator, an additional relief valve,; interlocking of valves to
prctect the resinskagainst possible high temperstures, and automatic flow:
equipment.

Task No. 5 - Babcock & Wilcox Co. Operating Menuals

The purpose of this task was to review and provide comments concerning

the B&W operating manuals.

Ebasco started review of preliminary copies of individual Volﬁme II
Operating Manual as regards outline, content and format. Since 1t was
decided that the operating manual had to be rewritten and brought up to
‘ daté BEbasco was requésted to stop further work and send in comments as of
March 1, 1960. ‘ ‘ ‘




Taskkﬁb, 6 - COntalnmenthéssel Env1ronment

The purpose of thls task was to make a sﬁudy of the envmronment in the

. contalnment vessel in order to evaluate the effect of humldlty, heat

pressure, etc.;on the equlpment therein (and the effects of nltrogen flxatlon
and nitric acid attack), lncludlng evaluatlon of all elecﬁrlc cable 1n51de the

co&talnment veosel.

. ALl power and control cables speclfled for use inside the contalnment

vessel were rev1ewed for sultabllityu Thelr phy31eal location was also considered
- to evaluate accidental phy81cal damage as well as damage from the environment.

Also con31dered.were the methods of support and guidance, construction details at
‘penetratlons, Junctlon boxes and cable terminations, as well as actual installation

procednre and workmanshlp as observed aboard the ship.

It was determlned that polyv1ny1 sheaths for cables, while probably satisfactory
for the present, should be checked for damage from time to tlme, and thelr use
avomded in the future because of possible radiation damage and temperature limitation
of the materials. The polyvinyl sheaths are adequate for the design conditibns of
150 F but inadequate for an>emergency temperature of 350 F. Cables with feltedv
asbestos or glass fiber coverings over the conductor insulation should be installed
with care and subséquently inspected to insure that terminations are properly
sealed and that the sheath is undamaged. This would forestall moisture absorbtion
in the layer of felted asbestos and/or glass fiber beneath the sheath; s condition

which can lead to cable fallure.

It was also determined that for upgrading purposes, consideration should be
given to the use of extruded silicone rubber insulated, silicone rubber sheathed,
armoured cables (non-portable) for all power and control sources within the
containment vessel. The portable cable should have‘Silicone rubber insulation and.
neoprene Jacket, and all cable within primary shield tank wells should have polyethy-
lene 1nsulat10n and jackets. In the event of abnormal condltlons care: should be

used to inspect and/or test all cables to determine which might require replacement.

Babcock & Wilcox Compeny's data and drawings relative to the reactor contalnment
air-conditioning system were also studied in order to evaluate the adequacy and
reliability of the design. The review was based on a detailed examination of the
system specifications, engineering flow diagram, temperature, pressure and humidity
conditions; equipment capacity, air distribution sysbem, purge ventilation system
and system controls. The review was supported by calculatinns, independent from

those made by B&W, for heat load and air duct friction pressure loss.



; ktfthe heat loaa condltions lnclude reasonable marg;ns of
 f‘safety and equlpment:and materlals were ad.eqpatea chever, the use of alumlnum
i ~ ’£‘€31' coil casing and duct work mlght prove advisable 1f 1t is found that g corrosxonf"
‘1kproblem develops from the momsture w1th1n the conta:.nmenta Manual presettlng cf
the bywpass dam@er precludes adgustment for varylng cenditlons,; Thls deflclency
. could be 01rcumvented by keeplng the bywpass damper in the fully close& pOSLtlon
 and manually adgustlng the valves 1n the coollng water llnes to accommodate
variations in load. Further 1mprovement may be obtalned by substltutlng automatlc ,
~ temperature control for these manually controlled valves. Provision for 1ndependent |
  ~¢011 leakage detectmon is another 6531rable 1m@rovement, This wquld;enable 1solation;
of defectlve coils as requlred, Isolation of a COll by*clesur@ of‘the ihlet andk
~Qutlet valves means that the entrapped cooling water will expand due to increase in.
temperature. This objectlon could bekovercomeﬁby 1nstallat;on~of sultable pressure

relief valves.

Atmospheric conditions within the containment vessel were also reviewed in

order to evaluate the corrosive effect on the exposed surfaces of various metals.

Effects with and without the presence of nitric acid on stainless and carbon‘steel,

aluminum;cogper and copper alloy‘components‘were considered. Production‘or nitric
acid by nitrogen‘fixation because of ionlzing radiation was considered, especially
acid production in the annulus surrounding the reactor vessel and a01d production
in the instrument thlmbles within the prlmary shield tank.. The escape into the
containment of all the nitric acmd produced in the annulus was assumed (although in
reality there would be some retention in the fiberglass insulation) in order to
‘establish the most unfavorable condition producing corrosion. The‘effect of nitric
acid remaining in the annulus or in the instrument thimbles within the primary
shield tank was also determined. In Appendix C,Figure 1 presents graphically the
increase in corrosion that would occur in & normal temperature with increasing
humidity. Although these air contaminants are sulfur diOXide and ammonium sulfate,
the genéral corrosive effects of these compounds are very similar to the vapérs of

nitric acid. The production of nitric acid is presented in Figures 2 and 3.

It appeared that equipment and surfaces within the containment vessel will not
be harmed by the containment atmosphere or by the nitric acid prodaced within the
annulus‘surrounding the reactor vessel. Air circulation is adequate to prevent
nitric acid frOm‘colleéting and attacking the carbon steel, aluminum or copper
alloys. ~If there is a problem Polyclad 933-1 and other protective coatings applmed;
to surfaces add protection from nitric acid attack. Best practices should be used
in applylng protective coatings supplemented by thorough inspection. Cafe taken
in the installation of instrument cans into thimbles will also help. Circulation




ask Nb. 8. Permanent Reeordlﬁg

Con51der1ﬂg the m1831on of the N Sa Savannah what data needed permanent

recerdlng and where could thls equlpment be located?

Babcock & Wilcox Company and Balley Meter Company data, Bllls of Materlal,
‘Emam1ngs and Speclflcatlons relatlve to 1nstrumentatlon and control together w1th
“‘other pertinent data were revaewed and studled 1n order to determlne the adequacy
of the speclfled recorders for varlable termperatures, flows, pressures and levels
in the N.5. Savannah's power plant. L

It is reccmmended from thls review that addltlonal recordlngs of varlables

are requlred to provmde adeqnete operatlonal and performance data as follows:

A. Nuclear Instrumentatlon = Contlnuous recording durlng start up.

operations ‘of both BF, source range detecﬁor channels level and

~rate; auctioneered leael and rate from the two f1531on ehambers

~ and guctioneered level and rate from the 1ntermed1ate range
compensated ionization chamberse This record;ng to be on tbree
separate miniature type two pen recorders located on the maln

 control console front panel.
B. Temperature - Addition~of a single 16 peint‘recorder as folldws:e

L. Recordlng of four reactor shell dlfferential temperatures k
to evaluate reactor warm=-up and shut down rates,

2. The other twelve points to be used for varlables in the propu131on
system which would be requlred to calculate and check plant
operation and efficiency. This temperature recorder could be
located in control room on Auxiliary Panel "B -




C. Flow, Pressure and,Level ~~Slx ex1st1ng varlables 1n the reactor

‘ systems whlch are presently 1nd1cated an& one new variable should

k be prov1ded All of these pOlntS coula be accommsdated in the

. \ex1st1ng recorder cases, in the main control room, whlch are ‘
‘:presently utlllzed as 1nd1catorsa  Nine variables in the propuls;on
system should be recordad to facilitate analysls of plant operatlon.
These recorders could be locally mounted in the machlnery space.

“~D;;Water Purlty - Saspended sollds 1n the buffer seal make-up and 31x

| f‘polnts of conductiv1ty throughout bcth the reactor and propulsion

isystems and two points of;pH should be recorded. These recorders

; kcould be located in the sampllng room w1th alarms brought back to
the main console annunc1ator,k ‘

E;‘Mlscellaneous Recorders - A two pomnt mlnlature recorder shculd be ‘
added to the main switchboard for recording voltage and frequency
of the vital instrumentation power supply bus. A multipoint "operations" '
recbrder is recommended for recording~of~all~a¢tions which will result
in loss of ship power. ThlS recorder could be located in the nuclear
1nstrumentatlon workshop

Task No. 9 - Maln Control Console

The purpose‘df this task was to‘study the main control console for time,
motion and phychological factors. ‘

In general, it was found that the main console is adequate for the mission
intended. However, the consclé was found to be too large and shéuld have
been turned around so that the operator’would‘face férWard and have immediate
access to the electrical switchboard as well as the main console, The control
and énnunciat;on for equipment not related to load changes or not needing

continuous surveillance should not be located on the main console,

Thé use of indicating lamp eclors; in our OPinion, should have been
standardized so their meanings would be consistent. Means for testing ih&i@a@ing
lamps should also have been made consistent instead of the several methods

employed on the nmalin console.

Push button operatlon should have been delegated to certaln specific
functlons such as lamp test or amnunciator acknowiedgement instead of belng
used for controlling the electrlcal circuits. It is felt that operatlon is
further complicated by the use of momentary contact push buttons instead of

rotary type control switches.



ﬁameplates were found to be generally 1nadeqpate and lacklng effectlve :“

k‘}descrlptlons.

; The steam throttle control assembly appears to be unnecessarlly large
‘-and may obstruct lateral movements on the conscle bench center sectlon.;‘ .

Task No. lO - Ch chal Cleanlng

The purpose of thls task Was to 1nvest1gate chemlcal cleanlng of the .
“'plant by use of cltrle acld before the reactar goes crltlcal, Also to
‘determlne whether such a cleaning method woul& helyp deeontamlnatlon or reduce
',the amount of crud" produced. However this 1nvest1gatlon was suspended by
 the United States Atomic Energy Comm1831on because reports from others

jlndlcatea that the maln prlmary pumps were susceptlhle to eltrlc acmd attack.

Task No. ll - Safety System

 This task was to prepare a coordlnated Safety System araw1ng ccverlng
the various systems llsted under Task No. Lo

~Accord1ngly, Ebasco prepared a separate deﬁailed;intercénnection diagfam
of the electrical wiring for the Safety System showing all the interconnections
withkth& other B&W Reactor Systéms‘which is ESI-drawing NI-80-E2 entitled,
"Safeﬁy‘system - NI-80 - Interconnection;Wirihg Diagram."

Task No. 12 - Main Propulsion Plant

The purpose of this task was to review the main propulsion plant and its
auxiliaries as follows: o

(a) Check all New York Shipbuilding diagrams for flows, pressure
drop, line sizes, piping design; cdntrol valve components,
m;scellaneous pump heads and capac1t1es, extractlon heaters,
deaerator, and feed pumps. . Review equipment spec1flcatlons
and check for adequacy. : '

Check electrical‘syStem and control‘wiring for turbine
generstors and diesel generators for load control.

, Review main steam plplng extractlon lines, b01ler feed.

piping and cressover steam piping for thermal stress condltlons




(d) RevneW'power and control cable and components Wthh 1nclude

;,follOW1ng,
Power Cable and erlng Study - NYS Plan No. 529 302 15
through 25 ‘ - ~
: Rev1ew of Electrlcal Lcad Analys1s - NYS Plan Ko 509-302-9
~ Alt C Power System
k~Rev1eW'of Fault Current Analysms - NYS8 Plan No. 529 302 =35
Alt B Power System \
i Fuses, Breaker Coordination and Motor Overload Protection
- Group Control Centers and Mbtor Starters
: SWltchboard
- Mbtors and Generators
Miscellaneous Electrlcal Devaces
Eleetrlcal Distribution System - NYS Plan No. 529- 302~l3
Alt G, Power System Elementary Wiring Diagram
Electrical Control Systems, Review control system for
- take-home motor and other controls in the“propulsionﬁ

plant

In accordance with parts (a) and (c) of this task, a design review of
New York Shipbuilding Corporation diagrams and equipment specifications for
the purpose of ghecking flows, pressure drbp,‘line sizes; piping design;
control valve components, miscellaneous pump heads and capacities, extraction
heaters, deaerator, and feed pumps as used in the main propulsion systems
was made. -~ In addition, the main steam, extraction, boiler feed ind cross-
over sﬁeam piping systems weré checked for thermal stress conditions. No
back-up calculations were made.

It was found that the design documents and specifications for piping,
valves, and equipment were satisfactory with the exception of a few minor
drawing corrections. A general inspection of‘the thermal stress conditions |
for the main steam extraction, boiler feed and crossover steam piping indicated
satisfactory flexibility.




In accordance“With parts (Db) énd‘{d) of this task, the adeqﬁacy*df the
mainﬁpropulsion:plant'and auxiliaries to provide satisfactory power for
startup, normal, and emergency conditiéhsawas'inVestigatéd, A ¢heck of the
electrical system and control wiring for the turbine generators and the
diesél generaths for load control and a reviev of the‘power‘and céntrol

cables and components were also made.

Inspections were made on board ship, and the:installation was found

saxiSfactory insofar as workmanship is concerned. It was felt that cable
trays could be used for grouping and supporting cables in congested areas
in place of clamps and brackets to reduce initial and maintenance labor
costs. :

In general, it was detérmined that the electrical power system was
satbisfactory. However, it was found that the maximm short-circuit duty
on the group control’véircuit breakers and power panel circult breakers was
grester than their interruption ratings. This can be corrected by operating
the main switchboard as a split bus, or by addition of cﬁrrent limiting

reactors in feeders to overdutied power pahels and group control centers in

which the breakers cannot be replaced.

Also calculatiohs indicated that the'volﬁage drop will be slightly
less than 20 per cent when the fourth 300-hp primary pump is started with
startup load on théytwo 750-kw diesel generators. The bus uhdervoltagei
relays can-be setb beléwh20~per cent so they will not operate falsely on
startup. - It is also suggested that more room should be4allotted to

electrical switchboard areas for future nuclear ships than was provided

for the N. S. Savannah.

Task No.: 13 - Casualty Analysis

The purpose of this task was to review the Babcock & Wilcox, "Casualty
Analjsis Report,"” dated July 15, 1959 to determine whether the functions and
conditions described therein are cérrect, adequate, and in agreement with

the latest interconnection wiring and cdntfolrdiagrams.

No . corrections to drawings were made in the course of the review, but
certain conditions were noted for future upgra&ing purposes. An’analysis
was made of the non-vital and vital instrumantatibn, electrical fuses, power
supply and load distribution. A marked copy of the B&W analysis with

certain comments, and corrections was submitted to the AEC.



'This neviewiindicated that the Casualty Analysis should be rewritten,

brought up- tc date and certain impbrtantWOmissions added. It was noted
that many 1nstrumants are tied together electrlcally, g0 that fallure of
a 81ngle fuse w1ll cause loss of many dupllcate instruments thus negating the
purpose for their installation. In some cases, the annunciator signals are
derived from pressure switches located at the ends of complex control systems.
The loss of reliability in these instances is questioned.
Task No. 14 - Local Instrumentation

This task calls forklisting~and checking local instrumentation for:each
of the Systems as listed under TaékkNo. 1. Accordingly, all local instrumenta-
tion shown on Babcock & Wilcox and Bailey Meter Company's drawings are also

shown on FEbasco's Pneumatic Instrument and Control drawings, and on the

Control Equipment list which were prepared under Task No. 1

Task No. 15 - Engineering Flow Diagrams

- The purpose of this task was tb review and check the applicable flow
diagrams for all of the mechanical systems as listed under Task No., 1 with
respect to velocities, line sizes, pressure drops, pump capacities, pump
heads, equipment adequacy, miscellaneous components and materials.

The Brimary System was found consistent with system specifications.
Review of welding details for temperature elements placed in the reactor inlet

and outlet piping could not be done due to incomplete detailed information.

With reference to the primery coolant pumps there is doubt as to whether they

will operate satisfactorily under low flow range starting conditions.

The Relief System dncludes an effluent éondensing tank ‘and manifold assembly
which should be tested at operating steam pressure to make certain that its
design will not cause any undue shock or water hammer. Minor valve discrepancies

should be corrected to be consistent with design requirements.
‘ The Primary Pressurizing System was found satisfactory.

Several valves employed in the Buffer Seal System were found to deviate in
part from the deéign specification. Purthermore the desurger location is not
in accordance with pump manufacfurérfs reéommendationa To avolid the possibility
of water hammer, a relocation of the desurgers close to the pumps is desirable.

A float control with a reasonably wide range should be installed at the desurger

to have better control during the system pressurizing transient conditions.



The Hydrogen Addition System wes‘found satisfactory, exceptifor the fact '

: that some eperatlng valves are not shown on the drawmng. It is noted that a
check valve near the buffer seal tank is 10cated below the water line. Its
locatlon may causge. chetterlng due to low gas flow. With reference to the
piping for this system, conelderatlon should be given to the replaeement of
carbon steel pipe lines HA-9 and HA- 10 wmth stalnless steel material. Also,
all safety relief valve vents should be loca$ed remete from air exhaust ducts,

hot exhaust llnes, passagevays and above normal levels of personnel access.

A review of the design details of the control valves located in the
Primary Loop Purification Systenm indicates thet impfovements to benefit
operation can be made. These include changing the existing inaccessible dia=
phragm valves t0 air cylinder type operators and provide interlocking between

valves to protect the resins against possible high temperatures.

The Emergency Cooling System was found consistent with the specifications.
However, a pressure relief valve should be installed on the cooling water ;
piping, downstream of the emergency cooler, since inadvertent closing of the

valves will result in & pressure build-up due to high temperature coolant.

In the Intermediate Cooling System the control valves CW-29V and
CW-39V do not appear to have excessively high pressure drops as specified
on data sheets so they may have been incorrectly specified. The two manually
operated by-pass valves, CW-155V and CW-140V, located downstream of the
buffer seal coolers and let-down coolers, respectively, do not seem to be
equipped with any means to guide the operator for correct Setting. 'It is
suggested that a local pneumatic temperature indicater shouid be provided

near each of the two valves.

The Equipment Drain and Waste Collection System was‘found satisfactory.
Numerous cross connection and flow transfer points in the piping arrangement
may require that operation instructions be written in sufficient detail to
minimize errors by the operator. A twin strainer should be installed between'
the waste transfer pump and valve PD-69V to eollect undissolved‘solid materials

entering the pump.




A review of the design details of the Sampling System reveals several
instances whefe imprévements should be made, such as: replacement of Tygon
tubing, with its lBOF Temperature llmlt with stainless steel and redes1gn1ng
breakdown orifices SA-F3 & SA-F10 to take the full pressure drop from 1750
p51g to 75 psig and thus relieve valve SA-lV of throttllng action.

The Gasecus Waste Collectlon and Disposal System was reV1ewed for adequacy

of deslgn and was found satlsfactory.

No comments were made on the Gaseous Absorptlon Precess Bquipment System

due to lack of adequate information.

The design documents and specifications relating to the Secondary System
were found con51stent with d381gn specifications except for minor draw1ng

correctlons.

The Boiler Weter Chemical Addition System was found satisfactory. The

phosphate system and the sulfite system are adequately sized. However, there

are some changes that can be made to improve the system.

Qur experience withduplex positive displacement pumps, which are used for
phosphate feed, has indicated a fall off in hetering accuracy and higher
maintenance costs with wear. We recommend the simplex type pump for this
Service. Diaphragm type shut off wvalves locatedkbgtween the containment
and the secondary shielding are inaccessible during operation and should be
replaced with the mbre reliable alr cylinder type operator. Very probably,
manval determination of phosphate and sulfite levels may suffice, but the
insdequacy of such determinations in comparison with modern automatic analyzers,
such as Larson-Lane, should be considered.

Due to lack of necessary informastion, the Soluble Poison System was not
reviewed or evaluated.

Task No. 16 - Shield Test and Maintenance

The purpose of this task was (a) participate in shield test and evaluation
of results and (b) study of maintenance procedure inside of containment vessel’

and review of drydock maintenance procedures (relating to radioactivity).

No work has been done on this tagk pending'specific authorization from AEC,




Task No. 17 - Primary System E ulpment Quallty Control

The purpose of this task was as follows
(a) Review estimated corrosion rates and meximum corrosion
‘ for reactor and primery system including the effect of

nitrogen fixation.

Review radiation effects on core materlals, reactor vessel

andzprlmary'system.

Review of thermal insulation in contact with stainless steel
piping and equipment for possible metal chloride contamination,

stress corrosion cracking in primary system.

Review welding procedures and stainless steel cladding procedures
to insure against carbon migration and micro fissures in weld

heat-affected zones for reactor vessel and primary loop.
Review BXW activation calculations of primary coolant.

Review B&W stressranalysis of boiler and pressurizer for

purpose of upgrading.

Review B&W calculations to determine the temperature limitations
of primsry system materials and components and possible modes of
malfunction that could endanger these limits.

For part (a), corrosion caleculations as prepared by Babcock & Wilcox were

reviewed to verify their validity. The corrosion rate used by B&W as a basis
for calculation; 10 mg/dm? per month, was verified. - This is the accepted
rate for the 300 series stainless steel and it is not expected that corrosion

during service will exceed it.

For part (b), radiation effects on core materials, reactor vessel and

the primary system were reviewed.

With our present knowledge of the hardening effects of high intensity
radiation on the stainless steel core materials, such effects should be »
minor so that no failure should result therefrom. Similarly the reactor

vessel should not be affected.  Sinc¢e there should be no fast neutrons

in'the primary system, the piping should not be affected by radiation. There




is some possibility of gamma, héating ofeﬁhe primary system piping adjacent to
the reactor. Bowever, since the plpe always contains water, gamma heatlng should

not cause abnormal thermal stresses‘

For part (c), ﬁhermal,insulation in contact with austenitic stainle39~steelk
was investigated to~establish’€he probability for fallure ste@ming from‘stress
corrosion cracking Stress corrosion creéks cen dccur:in auéténiticfsﬁainless steel
when it is exposed to a moist env1ronment containing oxygen and as little as 5 parte
per mlllion of chlorlde. Cracking has been observed in a temperature range of 650 B
down to -130 F in a time as short as 30 mlnutes and as long as T years. NNS@,Savannah
1nsulat;on,conslsts of commercial asbestos, fiberglas and other materlals in which
s@all amounts of chloride ions may'be present. In addition,‘ﬁhe insulationkfireu‘
re31st1ve sealer, Benjamin Foster No. 30-72 contains 30 per cent chlorlne. - This
sealer forms a waterproof coating around the outside of the 1nsulatlon. Quantities
of chlorlne ag an 1mpur1ty in the 1nsulatlon or as & magor canstltuent in the |
sealer are suff101ent to form the corros1ve agent in the presence of molsture Sinee
the air temperature and humidity wlthln the contalnment are controlled, no moisture
should collect on or penetrate the insulation. Therefore, the chance of stress

corrosion cracking occurring in normal operation is remote.

However, if moisture content should increase because of air conditiomer failure,
water leakage, or other means and the insulation sealer should become ineffective,

stress corrosion may occur. Imspections within the containment should include exam-

ination of the insulation sealer, with removal and replacement of damaged portlons
scheduled for the next maintenance shutdown. The probability that stress corrosion
cracking of the stainless steel will occur as a result of the above hypothesis is
.remote, snd the Benjamin Foster No. 30-72 Sealer appears to be one of the best sealers

available for this service.

For part (d), a review of BW data and specified welding procedures for the
incidence of carbon migratlon and microfissures in weld heat afflicted zones for the

reactor vessel ‘and the primary loop was attempted.

H0wever; since B&W welding procedures are proprietary'company information
and so not available outside of the company,'it was impossible for Ebasco to proceed
with the task.
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For part (e), B&W activation calculations were reviewed to establish
thelis validity. ‘ ‘

B&W calculations No. BAW—llEé dated December 1958, entltled ”NMSR
Primary Coolant Actlvltyy"'were found to be based on acceptable data and

performed by a satisfactory method to give & reasonable answer.

 For part (f), the B&W stress analysis of boiler and pressurizer were
reviewedf’ The maximum pressures and stresses that could be experienced

therein were also investigated.

On the basis of this analysis it was found that the pressurlzer and steam
 generator are designed within USCG limitations as spec1fled in CG 115 and that

pressure or temperature increases are not probable beyond these llmltations.

For part (g); an investigation to determine the temperature limitations
of primary system materials and components, and possible modes of malfunction
that could endanger these limits was made.

Materials, except for the heater wells in the pressurizer, are limited by
design to 650 F since water in excess of this temperature woald‘causé inter-
granular attack of sensitized austenitic stainless steel. Controls of the
reactor and pressurizer do eliminate any danger of temperatures in excess of

this value.

Task No. 18 - Wiring Diagrams

The'original purpose of this task was 1o prepare elementary wiring diagrams
and one-line wiring diagrams for B&W systems. As & further extension to this
task, Ebasco was requested to prepare elementary wiring diagrams for the

“control rod drive system.

In accordance with the flrst part of the task, Ebasco prepared the requlred
wiring dlagrams covering the B&W systems. (See Appendix B of this report.)
These drawings were prepared so as to develop wiring diagrams which show some
of the complicated systems in elementary form. Also, they were prepared in
such sizes that when they are reduced for insertion into the Testing and
Opefaﬁional Manuals they would remain legible. The Ebasco 480 volt one-line
wiring diagram was based on New York Shipbuilding Corporation drawing No. 529~

302-13 Alt G entitled, "Power System Elementary Wiring Diagram." The Ebasco
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120 volt one-line wiring diagram and the elementary wiring diagrams were based
on circuits developéd‘by‘B&W and their subvendors. | |

. The secon& part of this task (preparation of control rod drive system
elementary wiring diagrams) was assigned to Ebasco on June 7,‘1960‘aé an
extension of Task No. 18. The work on this assignment has been started.
However, the drawings were not finished byiJune730, 1960 and the work will be
continued into ﬁhe new fiscal year. At present it is estimated that approximately
31 drawihgs'will be required to cover this part of the assignment., These drawings
are listed in Appendix B of this report. i

IV - RESULTS AND CONCLUSIONS

The results and conclusions covering Ebasco's design review of the various

tasks submitted for study were presentedkperiodically to AEC in preliminary
or‘interim réports. The comments in those reports included recommendations.
for modifications in equipment and/or design based on group classification as
follows: ;
1 - Change should be made before startup to insure safety and/or
reliability. :
2 - Change in design is desirable to inérease reliability 5f operation
but not necessary before startup.
| 3 = Up-grading considerations for future improvements to be made at
some later date.

The conclusions and recommendations presented in this resume are predicated
solely upon review of the data and documents made available by direction of the
AEC for our study. Any subsequent substitutions or deviations affectihg either
the specified matérial, the method of manufacture, the shop tests, or thé
governing specifications may void the conclusions and recommendations set forth.
Workmanship and inspection during installatidn could similarly affect these

conclusions and recommendations.
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List of Ebasco Drawings
. Prepared Under Task No. 1



LIST OF EBASCO DRAWINGS
PREPARED UNDER TASK NO. 1
Referred to by Systems

Drawing
Number

a - Nuclear Instrumentation System:

NI-8OEL Nuclear Instrumentation System - NI-SO - Inter-
: » connectlon Wiring Diagram .
b - Reactor Control System:

CR-86E1 Contrcl Rod Drlve System - CR- 86 - Interconnectlon
Wiring Diagram

CR-86E2 Control Rod Drlve System - CR 86 - Interconnection
’ . Wiring Dlagram

¢ - Primary System:

PS-09M Primery System - PS-09
aneumatic-Instrument & Control

PS-09EL Primary System -~ PS-09 -
' - Interconnection Wiring Diagram

PS-09E2 Primary System - PS-09 -

InterConneetionJWiriLg Diagram

. PS-09E3 Primary System - PS-09 -
: Interconnection Wiring Diagram

PS-09L k \ Control Equipmeﬁt List

d - Primary Pressurizing Systém:f

PE-15M Primafy Pressurizing System - PE-15 -
‘ Pneumatic Instrument & Control

PE-15E Primary Pressurizing System - PE-15 -
: Interconnection Wiring Diagram

“PE-15L Control Equipment Tist
e - Primery Relief System:

PR-18M Primary Relief System - PR-18 -
: Pneumatic Instrument & Control

PR-18E .~ Primary Relief System - PR-18 -
: Interconnection Wiring Diagram

PR-18L . Control Equipment List
£ - Buffer Seal System:

SL-3TM Buffer Seal System - SL-37 -
Pneumatic Instrument & Control




Drawing : ; . ‘
Numper ‘ . ~ Title
SL-37E Buffer Seal System - SL-37 -
, ' Interconnection Wiring Diagram
ST37L . Control Equipment List
Hydrogen Addition & Shleld Water System
HA-26E Hydrogen Addition System - HA-2 6 - Shield Water System -
SW-60E SW-60 - Intercomnection Wiring Diagram

HA-261L Control Equipment List Sheet No. 1 to 3 inclusive
SW-60L  Control Equipment List
Primary Purification System:
PP-21M Primary Loop Purification System - PP. 21 - Pneumatic
‘ Instrument & Control

PP-21E Primary Purification System - PP-21 - Interconnection
- Wiring Disgram

PP 21L Control Equlpment List
Emergency Cooling System:

DK-48E Emergency Cooling System - DK-L8 -
Interconnection Wiring Diagram

DK-48L Control Equipment List

Sol@ble Poison System:

Due to lack of necessary 1nformatlon, no work was done on draW1ngs for
this system. -

Intermediate Cooling System:
Cw-l7M ; Intermediate Cooling System - CW-L47 -
: Pneumatic Instrument & Cantrol

CW-hTE Intermediate Cooling System - CW-47 -
Interconnection Wiring Diagram

CW-LTL ~ Control Equipment List

Equipment Drain and Waste Collection System:

PD-31M Equipment Drain & Waste Collection System
PD-31 =~ Pneumatic Instrument & Control

PD-31E ! Equipment Drain & Waste Collection System
: PD-31 - Interconnection Wiring Diagram

PD-31L Control Equipment List




Drawing
Number
Sam@ling'Systémélf ‘
~ SA;ZMM‘ . V:Sampling System - SA- oL
,  Pneumatic Instrument & Control ,

SA-24E  Sampling System - SA-2k - |
~ . Interconnectlon Wiring Dlagram '

s ~Control Equipment List
Gaseous Waste Dlsposal and Adsorption System:
WL-39M ‘ Gaseous Waste Collectlon & Digposal System - WL- 39 -

Pneumatic Instrument & Control

WL-39E, , ‘Gaseous Waste Collection & Disposal Systen - WL—39 -
L Interconnection erlng Diagram

WL~39L Control Equipment List
Containment Cooling System:
cc-boM ‘Containment‘Cobling System - CC-49 -
. : Pneumatic Instrument & Control

cc-hog - Contaimment Cooling System = CC=bg -
Interconnection Wiring Diagram

CC;49L Control Equipment List
1Secondary System:

85-11M ~ : Secondary System - $5-11 -
’ Pneumatic Instrument & Control

85-11K ; Secondary System - S9-11 -
: ~ Interconnection Wiring Diagram

SS-11L  Control Equipment List

Boiler Water Chemical Aﬂdﬁtion System:

BF-27E Boiler Water Chemical Addition System - BF-27 -
: : Interconnection Wiring Diagram

BF-27L Control Equipment List
Radiation Monitoring System:

RM—83E Radiation Mbnltorlng System - RM-83 -
Interconnection Wiring Diagram

- Miscellaneous Drawings:

ESI-A-165262 List of Drawings
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List of Ebasco Drawings
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1LIST OF EBASC@ DRAWINGS -
PRERARED UNDER TASK NO, 18
" AND EXTENSIONS THERETO
,(Referredito:by"Sygtems);

a - Nuclear Instrumentatm@n System

Nuclear Instrumentatlon Elementary w1r1ng Dlagrams were not
asslgned to Ebasco under Task No. 18, ~

Drawing ‘“ ~ “ f“ L
Number . .  Title
b ~ Safety System: .. | .
 NI-80ES  safety System - NI-80 - Elementary Wiring
- Dmagram - L

¢ - Reactor Control SYstem:

Preparation of Control Rod Drive System Elementary Wiring Dlagrams

was assigned to Ebasco on June 7 1960 as an extension of Task No,
18, The work on this assignment has been started. However, the

drawings will not be finished by June 30 1960 and the work will be
continued into the new fiscal year.

. At present it is estimated that approximately‘3l drawings will be
required to cover this new assignment. Individual drawing titles
are as fcllows ~ ~

CR—86ES Reactor Control System

Elementary Wiring Diagram
03;86E31/31 Control Rod Drive System - CR-86-ROD E-1 -
L Elementary Wiring Diagram L ‘
CR-86ES2/ 31 Control Rod Drive System - CR-86-ROD C-1 -
, : . BElementary Wiring Diagram o :
 CR-86ES3/31 Control Rod Drive System - CR-86-ROD D-1 -
. Elementary Wiring Diagrsam
CR-86ESk /31 Control Rod Drive System - CR-86-ROD E-2 -
Elementary Wiring Diagram ‘ ~
CR-86ES5/31L Control Rod Drive System - CR-86-ROD C-2 -
Elementary Wiring Diagram L
- CR-86ES6/31 Control Rod Drive System - CR-86-ROD D-2 -
~ Elementary Wiring Diagram ‘ ;
CR-86EST/3L Control Rod Dpive System - CR-86-ROD E-3 -
: Elementary Wiring Diagram ~
CR-86ES8/ 31 Control Rod Drive System - CR-86-ROD C=3 -

Elementary Wiring Diagram



Drawing
Number -

. R~863897”“

| ch-SéESlO/?rl
‘c3é8653ll/3i:“
| onbgme/n
;c3;863313/31‘~1
or-868811/ 1
'~ng863315/31‘
 rcR~86ES16/3l 

CR-86ESIT/31

CRe86ES18/3l

CR-865519/31

CR-B86ES20/ 31

CR-86ES21/31

kVCR~863522/31
CR~86E323/3l

CR-86ES24/31

CR§86E825/31;~

ch~86E826/31

CrR-86ES27/31

: Ccntrcl Rod Drive
;Elementary w1r1nng1agram ‘ . :
f C0ntrol Rod DrlveﬁSystem = CR»86~RODfE§%;s~
Elementery Wiring Diegram
Control Rod Drive System - CR-86-ROD C-b -
_ Elementary Wiring Diagram .
 Control Rod Drive System - CR-86-ROD D-4 -
Elementary Wirlng;Dlagram ~ . o

_Title
System -

~ CR-B6-ROD D=3 -

Control Rod Dllve oystem = CR?86hROD~A§1;;
Elementary Wiring Diagram .
Control Rod Drive System - CR-86-ROD B-1 -
Elementary Wiring Diagram - ‘

Control Rod Drive System - CR-86-ROD A-2 -

Elementary Wiring Diggrem .
Control Rod Drive System - CR-86-ROD B-2 -
Elementary Wiring Diagram

Control Rod Drive System - CR-86-ROD A-3 -
Elementaryk Wiring Diagram ~ L L
Control Rod Drive System - CR-86-ROD B-3 -
Elementary Wiring Diagram ‘ ‘

Control Rod Drive System - CR-86-ROD A-k ~ 
Elementary Wiring Disgram . o

_ Control Rod DRive System - CRF86~ROD B-l o

Elementary‘Wiring Diagram
Control Rod Drive System - CR-86-ROD X -
Elementary wleng Diagram :

Control Rod Drive System - CR-86 - Control
Pover Dlstrlbutlon - Elementary Wirlng

Disgram

Control Rod Trive System - CR-86 - Automatlc
Group Demand Control - Elementary Wiring
Diagram ; o ;
Control Rod Drive System - CR-86 - Manual
Group Control - Elementary Wiring Diagram
Control Rod Drive System - CR-86 - Hydraulic
Pump 1, 2 and 3 - Elementary Wiring Diagram
Control Rod Drive System - CR-86 - Transducer,

Pressure Switches & Alarms - Elementary erlng
Disgram

Control Rod Drive System - CR-86 - Annunciator &

Indication Accumulator Liguid Detector and lrive

Motor High Temperature Elementary Wiring Diagram



‘ ;Drawi‘ng
Number
CR-86ES28/31
CR-86ES29/ 31
CR- 86Es 30/31
CR-86ES31/31

d - Primary 'System:

PS-09ES1/5
PS-09E82/5
PS-09ES3/5
. PS-O9ESH/5

PS-09ES5/5

By

Tltle

MR R

Control Rod Drive System - CR~ 86 - Annunclator &

Indication Low Accumulator Oil & Gas Pressure -
Elementary Wiring Dlagram ~

Control Rod Drive System - CR-86 - Reactor Screm
Control - Elementary Wiring Dlagram o ‘

 Control Rod Drive System - CR-86 - Door Interlocks
& Lamp Test Relays - Elementary Wiring Diagram

Control Rod Drive System - CR-86 - List of Symbols

Primary System - PS-09 - Elementary Wiring
Disgram ~ L

Primary System - PS-09
Diagram

Elementary Wiring

Primary System - PS-09 - Elementary Wiring

Diagram

Primary System - P5-09
Diagram

Primary System - PS-09
Diagram

Elementary Wiring

[

Elementary Wiring

¢ - Primary Pressurizing System:

PE-15ESl/2

PE-15ES2/2

f - Primary Relief Systém:

PR-18ES

g - Buffer Seal System:
SL-37ES1/k
SL-37ES2/4

SL-37ES3/4

SL.-3TESk/k

Primary Pressurizing System - PE-15 -
Elementary Wiring Diasgram

“Primary Pressurizing System ~ PE-15 -

Elementary Wiring Diagram

Primary Relief System - PR- 18 - Elementary
Wiring Disgram ‘

Buffer Seal Systém - SL-37 - Elementary
Wiring Diagram : o
Buffer Seal System - SL-37 - Elementary
Wiring Diagram ’
Buffer Seal System - SL-37 - Elementary
Wiring Diagram :
Buffer Seal System - SL-37 - Elementary

- Wiring Diagram




%N“mbe” ... mee

: h Hydrogen Additlon and Shleld Water Systems

. HA-26ES - Hydrogen Addltlon System - HA- 26 . Shleld Meiter
‘SW@éQES » . System‘w sw—éo - Elementary Wirlng Dlagram

1= Primary Purlflcation Systam

PP 2IES ‘k3~ . Prlmary Purlflcatlon Systemf- PP 21 .
' ‘ Elementary Wirlng Dlagram ~ ‘

g o= Emergency Cccllng System:

DK-48ES1/3 ;Emergency Coollng System - DK—hB = Elementary
o o ~ Wiring Disgrem
DK-UBES2/3 ‘ Emergency Coollng System - DK~A8 - Elementary
L . Wiring Diagram ;
DK-LBES3/3 ‘ Emergency Cooling System - DK-U8 - Elementary

erlng Dlagram

Soluble Poison System:

R’
§

Due to lack of necessary informatlon, no work Was done on. thls .
system. ‘ ,

1 - Intermedlate Cooling System

CW-b7ESL/2 Intermediate Coollng System - cw-h7 -
; L Elementary erlng Diagram ~
CW-hTHS2/2 . Intermediate Cooling System - cw h7 =

Elementary ‘Wiring Diagram

Equipment Draih and Waste Collection System;

B
'

PD-31ES1/2 ; Equipment Draln & Waste Collection System -
: , PD-31 - Elementary Wiring Diagram ; :
‘PDeBlESQ/Q : Eqplpment Drain & Waste Collection System -

PD-31 - Elementary erlng Diagram

e
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Sempling System:

SA-2LES Sampling System < SA—Zh - Elementary erlng
Dlagram
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0 - Gaseous Waste Dmsposaﬁ and Adsorptlon System

WL-39ES1/k
| WL-30ESZ/h
; WL*39ESS/A

| WL-39ESE/M,

. vGaseous Waste Gollectlon & Dlsposal System
 WL-39 - Elementary erlng Diagram .

Gaseous Waste CQIlectlon & DlSposal System
WL- 39 Elementary erlng Dlagram

Gaseous waste Callectlon & Disposal System
WL-39 - Elementary Wiring Diagram
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i

Gaseous Waste Callectlon & Dlsposal System

 WL- 39 - Elementary erlng Diagram

P ~’Containment Cooling System-

~ cc-loEs1/3
co-hors2/3

cc-LoEs3/3
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Secondary Systém:
§s-11ES81/2

. 88-11ES2/2

o
8

BFa27ES‘

w
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~ Secondary System - 85~ ll - Elementary
‘Wiring Diagram .

Contalnment Cooling System - CC h9 -

Elementary Wiring Dlagram
.. Containment Cooling System - CC- h9 :

Elementary Wiring Dlagram

Containment Coollng System - CC-49 -
Elementary erlng Diagram

Secondary System - 88,11 - Elementary
Wiring Diagram

Boiler Water Chemical Addition System

Boiler Water Chemical Addltion System -
B - 27 - Elementary erlng Dlagram

Radiation‘Mbnitoring‘System

Rediation Monitoring Elementary Wiring Diagrams were not assigned
to Ebasco under Task No. 18,
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ED-52ES1/3
ED-52ES2/ 3
ED-52E83/3

. Miscellaneous Drawiﬁés:

Reactor Systems One-Line Wiring Diagram

Reactor Systems One-Line Wiring Diagram
Reactor Systems One-Line Wir ing Diagram

List of Symbols

Lamp Test Circuit



APPENDIX C

GRAPHIC REPRESENTATION OF EFFECTS OF

ATMOSPHERIC CORROSION AND NITRIC ACID PRODUCTION



ATMOSPHERIC CORROSION OF MILD STEEL
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PRODUCTION OF NITRIC ACID IN THE AIR WITHIN
THE ANNULUS OF THE REACTOR VESSEL & PRIMARY SHIELD
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FIGURE 2
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FIGURE 3



