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CESIGN CRITERIA
REACTOR PLANT MODIFICATION = PROJECT CG-558
AND
100-C AREA ALTERATIONS - PROJECT CG=-600
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SECTION A
GENERAL

INTRODUCTION
—_—n

.8 to be used in tre Preparation of detgllel

tion for Increased Producrion
and for Project CG-600, 100-C Area Alteraticns. It has been determined that the
most economical method of increasing plutonium production within the next Tive
years is by the modernization and improvement of thre 10C-3, 1wn-z, 100-D, L0OQ--DR,
100-F, and 100-H reactor plants., Thege reactors are currently incepable of Cp=TE-
ting at their maximum potential pover levels because of a limizad availability or
process cooling water. as 4 result of this program, it is estlimated thac 1650~
2350 megawatts of total additional production will be achieved.

tae existing res:lor
Plants could be modified in varying degrees was Presentad in Document BW--29419,

fications to Existing

» dated September 28, 1953. A sumwary of the
more important alternates is presented in Document, EW-29707, "Summary of Alterpa-

tive Cases for Project CG-558", dated October 2l, 1953. In a letter, W. E. Johnson
to D. F. Shaw, "Alternative Capacity Increases for Project CG-558", dated Octoder
2l, 1953, the Commission was requested to appraise the aliterna
tion increases in the light of their anticivation of future plutonium demund.
This request was answvered in a letter, D. P. Shaw tc W. B, Johnson of the same
title (Document HAN-52827) dated November 27, 1953 in wnich thev stated that the
achievement of the maximum production potential represented Yy ti2 vroposed

modifications (Case Seven) at the earliest posaible date is of malor {mportance
to the Commission's Program.

PURPOSE

Se————

The purpose of this document 1s to set forth the
cations and additions to Hanford reactors and the

required to obtain higher power levels and improv
tion.

design basis for certain modifi-
ir supportiag facilities as
e the safety of reactor opera=

The obdjective in making these changes to existing facilities is to ralse the pro-
duction level of the following reactors: 105-B, 105-C, 105-D, 10S-IR, 165-F,

and 105-H; to obtain Dore efficient utilization of power ard filter plant capa-
city; and to add to the safety of Teactor operation.

The bases for ma jor decisions regarding the ¢t
mission and distribution, choice of ma jor equ

and safaty considerations are contained in do

ype of irstrumentation, power trans-
ipment and other technicul, econoric,
cuments listed in the bidliography.
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ORGANIZATION OF DOCUMENT o

™ portion of this document following this Section A is d{\ided into six ma jor
sections designated "B" through "F".

Sections B, C, D, and E define the modifications to be made to Areas 100-B, C; 100.D,
[R: 10C-H; and 100-F, respectively. Section F contains the codes and stapdards tk

at
must be otserved in the design covered by this document, and the reference docu-
rn»nts upon which these criteria are based.

Fach succeeding section except Section F 1s divided into three parts. Part I
det'ines the basic requiremerts that must be fulfilled in the redesign of the sys-
“em, Part II defines the physical changes to the existing system which must be
made in order to meat the requirements of operability and safety defined in Part I.
Part IIX willi be issued subsequently as a revision or addendun and will define in
detailed and specific terms the nature of the alterations to system components
such as piping and structures, and the nature of new equipment and processes,

Ali modifications that are to be made to 100-C Area will be under Project

’
100-C Area Alterations, except that the secondary pressure monitoring system for
1C5-C will be part of Project CG-558, Reactor Plant Modifications.

L
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SECTION 3
100-B, C ARFA MODIFICATICY

-+  BASIC DESIGN REQUIREMENTS

A3
g

1.000 Intrcduction

Part I of this sectiocn is intended o0 set forth ¢
quirements of the water required to suppor* %tze

i¢w ard qualizy se-
re
objectives; establish requireqd improvements for sa

a=- rojigr4l«
Y reilacility
and specify the weans of effecting the savirgs im powsr cosé thas

1.100 100-B Area

1.110 Reactor Coolant and Subsidiary Water Fequireme=zzs

1.111 The basic continuous quantities of water to be provided ;
are as follows: .

To process 72,000 gpo
To export 18,000 gp=
Non-process to 105-B L, 000 gym
Miscellaneous 1,500 gpm

Thz total amounts of raw and filtered water to be
handled are derived under the descriptior of the var-
ious component parts of the plant contaired ir Farts
IT and III of this document.

1.112 The quality of cooling water furnished %o the reacter
‘shall meet the following specifications:

Turbidity.veceieiinnteones..0.20 ppr maximur
Irom..ncicececescensennnee..0.03 ppm maxiomum
. Aluminum...ceeenreececnneass0.50 PPz waximum
Chlorides..cccerceesncsneess2.00 ppa maximum
pn..-,......................7.5tOT.e "‘;\n.
Sodium Dichromate...........2 { 1 ppm at any tizef
24 "hour average 2°£ 0.2
Free Chloring...ccceceseeese0.2 Jpa waxizun S ~:

;ga.i‘, 3 .' R

T

1.113 Under the condition of an emergency shutdowm precip1$§~- e
by the BPA pover fallure, wvatar shall continue to be de< it I
livered to the reactor without interruption. It ahnllgbﬁ. ;
delivered at e rate such that the top of riser prestﬁnﬁﬁ‘
sball decay at & rate, with respect to time after povex it i
fallure, not greater than that shown oa Exhibit 1.1131¢%§§§§§ X
Conversely, under the condition of stsam Zallure, vatysZshall K
continue to be delivered to the reactor without interruption. fi
The process weter pumping station shall be capable of furasTiE
nlshing the required shutdown flov for an irdsfinite periodiy
ol time vithout recourse to BPA pover. B
. .
The wvater requirsment versus time after reector tripbqtiil%ﬁ3 ‘
shown on Exhibdbit 1.1132. EUR

R ’

o e
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VARIATION OF REQUIRED TORP

AFTER BPA OUTAGE

105-B REACTOR
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EYEIRIT 1.1132

WATER REQUIREMENTS VERSUS
TIVE AFTER REACTGR "TRIB_00T™

105-8
Time
A Time

irs, Mip, Sez, m_e_s.
o} 3K o 30

0 20 10 1/6
o » ¥ 1/3
o) kY 0 1/2
0 32 ) 1

) 33 0 1

o] 3% o 1l

0 35 o 1

0 L% o 5

o 30 o 10

2 €0 0 10

q

1 X o 30

2 X ¢ 60

3 3 o 60

5 3 o 60

5 ¢ &
3 k) o - 60
By 30 o 1,80
*Cons

ta=t operating flow for K o} ﬂnutoi ior to stmtlown.

Average
Flov

GPM

71,9200
€2,000
h1,000
36,000
32,000
28,000
28,000
28,000
27,000
25,000
23,000

21,000
18, 500
13,0

- .8,800 .
- 5:700

P Py

- ,;”-,' m’m © N

3,600

2,880
TOMYL

AN .

{
et
K

Flov Durirg
Period
Gallons

2,130,000%
10,000
1k,000
18,000
32,200
28,000
28{000
28,000

135,000
250,000
230,000

630,000

1,110,000

" 80k,000
;;.-sae,ooo :

:216,'”0
3,187,000

10,680,002



1.120

1.130

l.1ko

1.15%0

i.11% There shall de sufficlent filtered vater stored apd avall-
able to the reactor, without repleniskment from the rav
vater aystem, to provide 30 minutes of normal process

flov, plus the volume required tc satisfy tre ererzency

transition from full flow to shutdovn fiov, plus 2& hours
of shutdown flow.

LI S

1

[L Y

2
Pag

Conversion froz Steam Pover

The present systeam of process water pump
h0% of tkhe total Pover required {s furaisked Ly steanm turcices,
shall be converted o an all electric system. Steam pcwer skall
continue to be available. Tt shall autcratically assume the
required pumping load in the evert of eleciric power failurs.

ing, whoereny approximately

Reactor Piping

The pressure at the inlet of any £TCe88 tude skall rot exceed
450 psig.
The front face crossheaders rhall te modified 10 provide a

check valve at each end of each croasheader, as protection
against the effects of earthquake or bomd blast.

Disposal of Reactor Effluent

The reactor ef
not less than
River,

fluent shall be retained for an average time of

one hour before being discharged into the Columbia

Instrumentation ang Control

All instrumentation shall be of
pPerform 1ts function under the ¢
program.

sufficient range and atrength %o
onditions resulting from this

A primary system of reactor instrumentation shall be provided whidij
will instigate a "scram"

if bolling in any Process tubs “ecomas
{zminent,

A aecondary system ol reactor instruzentation skall be provided .
vhich will "backup” the Primary system to the extent that the - o
imainence of boiling in any process tube vill be detected indepen- 5

dently of the functioning of the Prisary system and & "scram" .;
1p1tilt0d. !

A teaperature aonitoring system shall de provided t0 permit
teuperature determination in each 1

ayer of Masoaite of the aido"=f"
and top biological shields as % measure of shield deta.ioration
Tate,

\
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A flow 12dicatirg system shall be provided to permit the positive
flow determinatiorn through the therma’ shield cocling system.

The wairn process waler pump motors and thelir dlscharge pressures

skall te conirolled frox a central control station in the 190-B
Buildirg.

The horizcatal corntrol rods, their thimbies, and test hole thimbles
skall be modified or replaced to withstand the higher temperatures,

aad other corditions arising from this program that would de inimi-
ral tc rod operation.

1.16Q0 (Coatiaucus Poisor Column Charg_igg

Suftable rectarica shall be provided to enable certain process tubes
%0 e charged or discharged with "poison" slugs without shutting
dovr the reactor. Such mechanism shall not preclude the option of
ctarging the gsaze tudes with fuel slugs during shutdown.

1,173 Spare Bydraulic Capacity

ze spare unit stall be provided at every pumping station furnishe-
ing wvater to the filter plant or to process,

1.180 A-chitecture

1.191 Gereral

The guidirg philosophy which shall be used to determine the
architectural dssign shall be that the plant stiuctures are
20 be deaigned on a functional dasis with no architectural
<reateant for purposes of appearance.

1.182 Structural Design

All structures shall be designed to withstand the loads
specified belov without exceeding stresses or coambinations

of stresses as specified hereinafter or as provided in
Section ¥ of this document,

1.1821 Sold Loading

Design walues for scil dearing shall bde in accorde-
ance with the values giver by the Uniform Building
Code for compact fiur. sant. In no case shall the
s0il bearing pressux® «xceed 800U pounds per squars
foot. Foundations placed adjacent t0 and adbove the
level of the bottom of deep vertical wvalls shall

be placed on a lean concrete dackfill. In no case
skall footings be placed on bdackfilled earth. Fill
placed during the construction of the original plaat
skall not be cons!2ired as dackfill.
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1.1822 Live Loads .

Earthquake loads shall te of ar intecsity specifieq
by 8eztion 2312 of the Uciform Z11lding Code for .
8eisnic Probability, Zone No. 2. o

Roof loads ehall oe takex ag g uaiformly distrihuted {

load of 25 pounds PeT square foot of roof arsa pro- ]
Jected on a horizontal plane,

Floor and Platform loads will be 2stabligheq b E
their usage and ersction coaditions.

Wind lcads shall be taken as a uniformly distri-
buted horizontal lcad of 20 pounds Per square foot
acting on the vertical projeztion of all areas,

1.1823 Concrete beaig 1

Reinforced concrete design shall Ye
vith the Trequirements of the "Building Code Requize-

1.182%  Structural Stec Design ‘ !

S8tructural sicel design shall be in aczordance with
the requirements o the AISC "Specification for the
Design, h‘bricntion, and Frection nf Structum
8teel for Buildings®. 1In genexrl, buildirg frames
shall be designed as coatiauous atruciures and
structursl continuity will be achieved bty the use
of welding or Dardelet bolts. No field riveting
Vill be permitted.

All duildings housing operatinrg personnel arnd Squipmeat . -
shall de tonstructed with steel fraxing, sheathed vith C
corrugatsd asbestos cemernt or corrosion resistant sheet ‘
metal piding. %o burnable materials shall be used, ' f
includes lumber and combustible insriating matarials. oot

Reinforcing steel for reinforced concrete construction
shall be intermediate &rade and shall conform to the re-
Quirements o¢ "Standard 8pecifications for Billet Steel
Bars for Concrete Beinforcement” (Agmy( desiguatioz A-15).

DECLASSIFIED
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Reirforcing bars shall be deformed in accordance with AS™
desigrnatinn A-305.

All rcofs saall be adequately sloped to provide drainage.
Roof slats skall be reinforced gypsua or poured in place
iigh=welight conzrete. A metal gravel stop shall be pro-
vided st all eaves, Metal gutters and downstouts shall be
rrovidad only where water would splll on lower roofs or
Cver docrvays end walks. All roofs shall te covered with
a 20-year built up asphalt membrare coverei with gravel,

Floors szall be reinfcrced concrete except steel grating
will be used where required over valve Pits, pipe galleries,

*n
elc.

Stairs stall be fadbricated of (1) steel ckanrel stringers with
steel grating treads or concrete filled pan type treads or

(2) pcured reinforced concrete. Guard railings shall be

steel of the "Nu-Rail" type, or its aquivalent.



taga

No windows shall be provided in any exterfio: wall.
Interior doors shall be cf the hollow zertal lype with gioel
franes,

Exterior doors for the passage of perscnuel scall e o
steel industrial type with chaanel frames. Exterilor d
for the passage c? large equipmens skall 5z of the zot
operated rolling steel type.

£ e

*

W

cTs

1.18% Acoustical Treatment

The noise level in structures modified uader this prograz
shall be suppressed to the practical minimum. The design
of internal Piping, interior finish a-i equipamert fourda -

tions shall be upon this basis.

1.185 Heating and Ventilation

Heating, cooling and veztilation systems szall be provided
for major buildings and annexes constructed under this

Program and vwhere required because cf additional head load.
The syatems shall be designed for the following conditions:

Surmer Winter
Outside TInside (5' above floor) Qutside Inside
105°pB  85° pp (A1l equipranat -10° D3 70°D8 (Ro
b equipment
68° wB cperatine) cgerz‘-‘-:z)

Temperatures are in degrees Fahrerheit.
The ventilation systems shall be capable cf Aischargirg sir
through thke pipe tunnels to the 105 Buildings at s velocity

of T5 feet per minute and shall be suflicient to prevent -
infiltration of dust into the buildings. :

DECLASSIFIED
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1.210 Reactor Coolant and Subsidiary Water Requirements

1.211

1021-2

l.213

The basic continuous quantities of water to be provided
are as follows:

Discharge from 190-C Process Pumps

91,000 gm
Non-Process to 105-C 4,000 gpm
Miscellaneous 1,500 gm

The total amounts of raw and filtered water to be handled
are derived under the description of the various compon-

ent parts of the plant contained in Parts II and III of
this document.

The quality of cooling water furnished to the reactor
shall meet the following specifications:

Turbidity 0.20 ppm maximum

Iron 0.03 ppmn maximum
Aluminum 0.5 ppm maximm
Chlorides 2.00 prm maximum

pH T.5 to 7.8

Free Chlorine 0.2 ppm maximum
Sodiux Dichromate 2.¢ 1 ppm at any time.

2

4 hour average 2 ¢ 0.2 ppm

nder the conditiun of an emergency shutdewn precipitated
by BPA power failure, water shall continue to be delivered
to the reactor without interruption. It shall be delivered
at a rate such that the top of riser pressure shall decay
at a rate, with respect to time after power failure, not
greater than that shown on exhibdit 1.2131.

The process water pumping station shall be capeble of
furnishing the required shutdown flow for an indefinite
vericd of time without recourse to BPA power.

The water requirement versus time after reactor trip-out
is shown on exhibit 1.2132.
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EXHIBIT 1.2132
WATER REQUIREMENTS VERSUS
TIME AFTER REACTOR "TRIP-OUT"
105-C
Flew Durtng
Time 4 Time Average Flow Period,
Hrs, Min. Sec, Minutes GPM Gallons -
30 ) 30 91,000 2,730,000%
30 10 1/6 80,000 13,000
30 30 1/3 47,300 15,800
3 () 1/2 40,000 20,000
32 o] 1 34,600 34,5800
33 o 1 30,500 30,500
3k o 1 30,000 30,000
35 0 1 29,600 29,600
4o 0 5 28,209 141,000
50 ) 10 25,900 259,000
60 o 10 ! 23,700 . 237,000
1 30 o 30 21,800 654,000
2 30 0 60 19,100 1,146,000
3 30 0 60 15,500 530,500
A 30 0 60 12,700 762,000
6 0 0 9 10,900 981,000
n 30 0 33 7,300 2,409,000
35 30 0 14%0 k500 6,480,000
TOTAL 16,900,000

*Bormal operation for 30 minutes prior to fallure.
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1.215 There shall te su?ficfent filtered water stored and amlable

to tte reactor, vithout replenishment from the raw vater
systen, to provide 30 =minutes of process flowv at 91,000 gallons
per zinute plus the volume required to satisfy the emergency

transition freca full flow to shutdown flow, plus 24 hours of
shutdown flow.

Reactor Pipina

The reactor piping shall be mcdified in suck a manner that 91,000 gpa
can b2 pumped through the reactor ty nine of the ten existirg process

punps without overloading their drives by tore than ten percent of
their nameplate harsepover,

Disposal aof Reactor Effluent

The reactor effluent shall de retained for an average time of not less
than one Lour before being discharged into the Columbia River.

Isstruzectatica and Control

All instrumeatation shall be of sufficient range and strength to per-
forz their function uzd=r the conditions resulting from this progran.

A primary system of reactor instrumentation shall de provided which

vill instigate a "scram" if boiling in any process tube becomes
izsminent.

A secondary systea of reactor instrumentation shall be provided which
vill "backup”™ the primary systea to the extent that the imminence of
bolling ir any process tube will dbe detected independently of the funce
tloning of the prizary system and a "scram®” initiated.

Contirucus Poison Column Charging

Suitable mectarism shall be provided to enable certain process tubes

.-to ba ckarged, or discharged,.vwith "polson™ slugs without sbutting
‘dovn the reactor.. Such mechanisa shall not preclude the optiom of
-'.,_._charging tbn same tu‘bas vith fuel lluan dnring smtdmm

' XY
. ) “
sy b v - R SL I FAN
m = ; 3,1 f"; DA ‘ N N

. . ‘e
PN . .

0::: spare c:dt cha.l.. te providzd nt mry punpins station t\u'nuhlng
water to the filter plnmortoprocesa'.
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BASIC DESIGN PHILOSOPHY : v

Introduction

The following is intended to describe in a minimuz of detall consistent
with clarity what modifications to existing plart elements and vhat zharcges
in operating philosophy will bde made in order to euable =Ze requirsaents
specified in Part I to be realized. The water flowv diazru3as, as modified
by this project, for the 100-B plant are shown in %wc parss 12 exhibi<ts
2.010 and 2.020, and for the 100-C plant are shown .z twe parte in exhibils
2.030 and 2.0kO0,
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2.110 Reactor Modifications

2.111

2.112

FPront Face Piping

The increase in top of riser pressure, over that nov in effect,
will necessitate the replacement of the front face risers,
including the base eldows.

Accordingly, the four existing stainless steel risers of 20
inch diameter will be replaced with two carbon steal risers
of heavier wall thickness and 36 inch diamseter. The two

risers of greater diameter vill be more efficient hydrauli-

cally than the four of sasller dismeter and will be less °x-
pensive to install.

The existing four inch diameter strainers at each end of each

crossheader will be replaced with five inch strainers of the
type used in 105-K, in order to reduce hesd loss.

Pive inch check valves willi be installed st the end of each

crossheader in order to protect against the possible effects
of bomd blast or earthquake.

All front face nozzles and pigtails will be replaced with a
type of greater hydraulic efficiency.

Instrumentation
2.1121 Tube Preasure Monitoring

The installatiorn of nev noztles and pigtails requires
that new venturi tubes iz the central pover zone and
nev orifices in the-fringe pover zone be installed to
provide the optimum pressure and sensitivity of response
of the Panellit gages in the pressure monitor systes.



2.1122

2.1123

- o
cia@ DT

The existing Panellit gages will be feplacc? “i%h new gages
of a similar but improved type. :

A nev and complete Panellit pressure monitor avstem will
be installed in parallel with the existiling systea for.

the purpose of gaining the safety that a dual system

vill afford. Facilities will be prcvided to calibrate

and test the individual Panellit gages in their normal
locations with the reactor in operati.n Lo provide
increased system reliability.

Biological Shield Temperature Monitoring

It is anticipated that the inner mascnite layers of the
biological shield will gradually deteriorate as a result
of the heat generated by power levels produced by this
program. In order to achieve a balance between maximum
Pover levels and reasonable shield life 1t w2ll pe ne-
cessary to control the rate of shield detericration.
This control will be accomplished by the installazion
of a temperature monitoring system.

The temperature monitoring system will consist of a
series of thermocouples located at selected positicns
in the shield. Thermocouple readings will be registered

at a central control point. The temperature will bde
monitored at the following locations.

Far Shield: (1) Near the three coordinate center-
lines of tte shields in each layer of steel; (2) On
the same horizontal exis as (1) but six to eight

feet farther toward the rear of the reactor and 1in
each layer of steel; (3) On the same vertical axis as

(1) but eight feet higher in elevation, and in each
layer of steel.

Top Shield: (1) Near the intersection of the three
coordinate centerlines of this shisld, equidistant

from four central vertical rod plugs, and in Sch
layer of steel.

Thermal Shield Flow Monitoring

Rotating-vane, sight-glass flov indicators will be

LT
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instal.ed between the thermsl loop and each thermal

shield cooling tube for the purpose of detecting flcw
through all tubes.

2.112h Power Calculation

An automstic power calculator systeam vill be provided.
2.1125 General

All existing instrumentation vhose ranges are exceeded
by the contemplated water flovs, pressures, or opersa-
tirg pover levels willl be rehadbilitated or replaced.

Poison Coluem Charging Mechanisa

Tventy-four tudbes will be equipped with ball wvalves on doth

the inlet and outlet nozzlea for the purpose of charging or
discharging poison pieces during resctor operation. The rear
face ball valves will be reaotely controlled by a hydraulic
systea of manually-opersated valves in the control room. Special
inlet connectors will bde provided with integral vsalves to pro-
vide a high flov rate for flushing poison from the tube and a
lowv flov rate for cooling purposes. The froat face nozzles
vill be adaptable to the conventional fuel charging machine as
well as to the poison charging machine.

The poison column charging machine will consist of a tube
approximately three feet long into vhich the poison pieces
will b2 placed vith the iniet ball valve closed. After the
tube 1s closed the bdall valve vill be opened end the pieces
pushed into the tube with a hydrsulic pistom. Rlectrical
lockouts vill be provided for the "C" elevator, one to be
located in the control roos and the other cn the charging
machine, to prevent movement of the elevator during charging.

Eorizontal Rods and Thimbles

Eine nev horizontal rods, except for the ruck sections, will
be installed. The replaceasnt 1ods will possess the same
control ability as the existing rcds dut will have greater
£lexibility, and heat trunsfer capacity. They will be one
piece aluminum extrusioas wvhich will copsrate through a sili-
cone seal wounted oa the side shield. This will make possibdble
the removal of existing thimbles which will mot functiocn

satisfactorily et the teaperatures to bY@ attained at the
higher powver levels.

The main shield gates over the rod cpenings vill be removed
and shield plugs used vhen a rod is roemoved from an opening.

A1
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dirg storage pit when
Ystem utilizing existing shield
ines will be provided for the

These plugs will be stored in a shiel
nct in use. A leak detection 8
gate control lines as sniffer 1
detection of rod seal leaks.

2.115 Downcomers

The existing downcomer will be inadequat. to carry the con-
templated flows, without ertraimment of air by <he falllrg
water and consequent vibration due to the introduztion of su:-
atmospheric pressures within the pipe coluwm:.

Furthe~, the existing cushion chamber and Junctioa box at +he
base of the downcomer vill become pressurized with the ir-
creased flows, with consequent leakage and introduction of
vater and vapor into the 105-B Building proper.

These conditions will ve alleviated by the remcval of +he
existing downcomer and the installatiorn of a "Cascade" tipe
of dovncomer similar to the ones Presently installed in 105~
IR, 105-H and 105-C. The base of the downcomer will rest iz
the present cushion chamber at the -20'0" elevation. A 66™
effluent line will be brought out from the base of the down-
comer through that portion of the cushion chamber at -20'0".
The remainder of the cushion chamber will be abardoned.

2.120 Process Water Syctem

2.121 Process Water Piping

Tne increase in water Pressure over that now in effect will
necessitate the replacement of the main headers in the valve
Pit. The mains connecting the process water pumps to the
header and the Piping connecting the export system will bde
adequate structurally. An analysis of the econamics of puxp-
ing indicates that the process waler piping betwveen the front
face risers and the main headers An the valve pit should be
replaced with pipe of greater hydraulic capacity.

Accordingly, the four existing stainless steel Pipes of 20
inch diameter connecting the main headers to the risers vill
be replaced with two 36 inch carbon steel lines with required
valves and fittings. The tvo stainless steel 20 inch main
headers vill be replaced with a single 36 inch carbon steel
header of heavier wall thickness.

Two new 18 inch diameter process water lines complete with

valves and strainers would supplement the 12 existing lines

connecting the process pumps Lo the main header in the valve
pit.

-
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2.122 Process Water Punping

The presently installed Process wvater pumping facilities
cozsist of 12 pumping units. Each urit consists of two pumps
in saries, a steam driven Primary, and an electrically driven
secondary. Each pump set is rated at 3000 gpm against 915

feet total head, at the rated pPrimary pump speed of 2100 rpa.

Toe modification will replace the

cess pumps with eight electrically driven main process pumps
which will in themselves be capable of developing the required
Operating pressure. These pumps will be located in a new
bullding addition to the Present 190 Building. Each main
process pump will deliver 10,400 gpm against 1360 feet TDH.
Corsequently, the contemplated flow of 71,000 €pa can be
supported by seven of the eight main Process pumps, thus pro-

existing 12 secondary pro-

viding one spare unit.

Th existing asteam driven Primery pumps will be retained as
emergency auxiliaries.

In order to effect safely the transition from normal to
shutdown flow, the drive assembly of the main process pump
vill contain a flywheel. The inertia of the assembly will
be such that in the event of a BPA powzi failure the speed
of the main pumps will decay at a rate that will produce a
rate of decay of top of riser pressure slowe: than the mini-

®um requirement illustrated on iteam 1.1131 for a period of
least 35 seconds.

At such time as the effect of the fiyvheels becomes insuffi-
clent to maintain a pressure, at the main pump discharges,
kigher than that at the auxiliary pump discharges, check

valves will open alloving the auxiliary pumps to pump directly
to the reactor bypassing the main pumps. Under these conditions.
the steam turbines driving the auxiliary puxps will have been
accelerated to a constant speed that would cause ten or more

of them to deliver flow in excess of the 35,000 gpm required.

The characteristic of the Pt

ping systen through vhich the pro-
<ess pumps discharge will be

8lightly influenced by filming
of the tubes and change in vater temperature from summer to

vinter. The effect of this will hecessitate some means of

conirolling Panellit pressure within the limits of the trip
setting. Thia pressure control vill be accomplished by in-
stalling a pressure regulating valve at each pump discharge.

2.123 Solids Peed System

Tke present solids feed Systeu consists of mixing tanks,
transfer puaps, injection puaps, and strainers for injecting
& 5% diatomaceocus carth slurry into the process vater streaa.



NThyein L
All existing equipment is located iz the reactg}i%£§$;
Pit, with the {njection into the Process water stream

Occuring in the process water lines connecting the valve
Pit with the front face of the reactor.

The existing pumps and Pipring are Znadequate to supply
the required amounts of diatomaceous earth slurry required
under this program. All existing equipment, with the

exception of the 11,500 gal. nixing tank,will be removed
and replaced vwith a rew system.

Two new pumps will dbe installed, taking their suction
directly from the solids feed mixing tank, each capubdle

of delivering 200 gpam of a 5% diatomac=ous earth slurry

at a rated head of 640 psi. One pump is capable of supply-
ing the required amount of slurry for a purge of the resctor
Piping. A powver operated self cleaning type of stratiner will
be provided in the suction line of each pump to provide for

straining of the slurry. Provision for injection of the
slurry shell be made in the valve Pit piping.

The present solids feed system is also used as a source of
bigh pressure filtered water for tube flushing. Proviasion
vill be made for the continuance of this water supply,

2.130 PFiltered Vater System

2.131

2.132

Water Treatment

Water quality of the required specification will be sttained
by treatment with alum and activated silica as presented in
document HW-29542 which outlines the scope of Project CG-567
entitled Alum-Activated Silica Water Treatment Facility.

Filter Plant

The hydraulic capacity of the filter Plant will be increancqv
sufficiently to support the following demands: -

To process T1,000 gpm ) o
Ron-process to 105-B b,000 gpa g AT
Miscellaneous 1,500 grm 1 BR
70 190-B (cooling) Té,_m K
Subtotal »000 gpa .
Filter backwvash h,000 gpa :
Total 82,000 gpa

The required increase in hydraulic capacity will be accom-

Plizhed by means of alterations which wiil {aciude the following:

2.1321 The openings from the flash aixing chambers to the dis-
tridution flume and between the compartaents of the '
aixing chamber vwill be enlarged.

T
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2.1322 The discbarge capacity of the system conveying

vater from the subsidence basins to the filtaer
beds will be increased by piercing the wall be-
tween the subsidence basin outlet flume and the

filter influent flume with a series of holes two
feet square.

2.1325 The present filter media of 10 inches of anthra-
filt, 20 inches of sand, and 12 inches of gravel
will be replaced with 27 inches of anthrafilt,

3 inches of sand, and 12 inches of gravel.
2.1324k The head losses through the filter effluent flume

will be decreased by removing an orifice and baffle
presently installed in the flume.

2.1325 The avallable head across the filter beds will be

increased by lowering the clesrwvater reservoir
surface by twc feet.

™
;‘I
)
ny
cA

Filier fiuw controis will bs reaesigned to operate
al a rate of 71,000 gpm to the resctor.

A system will be provided so that the effluent from each filter
may be automatically sampled at the head house laboratory.

The system will consist o two sampling pumps, one for each
hulf of the filter plant, located in the filter pije gsllery.
The pump suction line will be a manifold invo vhich copper
tubing has been connected from each filter effluent line.
Three-way solencid operated valves will de located in each
sampling line so that a continuous flov of water through the
linss will be maintained at all times, either to waste or to
the sampling pump suction. Controls for the pumps and valves
will ba located in the head house so that the filter to ba
sazpled may be selscted at that point.

The valve control will be arranged so that one sampling line
to each pump may always be cpen, thus insuring constant flov
of sample water. A discharge line from each pump will be
run %0 & sampling sink located in the head Louse.

Filltered Water Pumping

Present. v, filtered vater for norus) process requiremenss

is pumped from the filter plant by slecirically diiven

puzps. Rormally connected to the process wvater 1oop are
branches %o the elevatad tanks (187-B), thermal shield
sooling, basin charging, and to the hesd house for aiscellan-

eous services. Parallel to this syctes is an emsrgency system
sarved by stean driven pumps.

Under this project will be inatalled an electrically driven
pump of L000 gpm capacity vhich will run continuously to



furnish thermal shield cooliag watsr, water for alscellian-
eous filter plant gervices, and which could ®urnish a
continuous flow through the elevated tarks and through

the storage basin, 1f and when desired.

-
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Relieved of the head requirarents of the elavatad tanks and 1
thermal loop, the four presently ins%alled filtered wBtar
pumps would be required to develop approximatsly 508 o2
the head now required. These pumps would then opearate at
OF near their cut-cff polat sad at a greatly reduced e22!-
clency. Consequently, hsy will be replaced by pumpa
capable of. delivering 15,0¢0 P2 sack. Tuis discharge

at the head required will ant overload *hn oxisting drive
ing motors, which will be retained.

The balance of the T2,500 gpm requirement, plus one spars
unit, vill be furnished by installing two new 15,000 gp=a
pumps .

2.134 PFiltered wWater Pipe Lines

Presently, filtered water 1s pumped to the :learwell tanks,
in 190-B, through ten lines feeding from a loop. Each
line contains a butterfly valve and orifice. The present
system requires theas energy dissipating devices because™
the filtured vater Pumps must develop a pressure much
greater than that required to supply the clearwells.

cwwe @ v

The high pressure services ¥will nov be supplied by the P
separate high pressure punmp. Consequently, the valves and *
orifices will bhe by-passed to provide & more efficient nyttoq.

o e
R

2,135 Priltered Water 8torage oo

AR TN

0f the 10,907,000 gallons required to satisfy the criteri;.f;;‘ ]
stated in paragraph 1.114 seven million gallons are avallable - -

in the 190-B process vater tanks. The dalance may be drawvn

from the seven million gallon 183-B clearwell reservolrs,:)

2.1%0 Rav Water Systea TN

A gRoR

: ' ,*“zéﬂhégik

The rav vater systea will have ¢lectrizally driven puaping ecpnﬁit i
sufficient to meet the requirements specified heruinbefore.

HLVRE
.(; .“‘.k -

To 183-3 82,000 gva
To Export 18,000 gpm
Total 100,000 gpa

Requirements of 100-C Area vill ve furnished through a
system and are descrided under "2.200 - 100-C Aree".

In furnishing the required flows a departure vill be made frun.{pi"g
present aode of operation, W T

S
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The presently inatalled raw water system provides two parallel

pumping aystems between the river pump house (lBl-B_ and the rav
vater rcservoir (182.B).

One system is served by aix electrically driven pumps pumping into
a 42 fnch line to the reservoir. The other system {s aserved by
three steam driven pumps and two electrically driven pumps pump-~
ing into a 30 inch line to the reservoir. The two systems are
cross-connected near the river pump house.

All wvater to the filter plant is presently pumped from the raw water
reservoir (182-B) to the hoad house (183-B).

The changes contemplated under this Program vill provide one pumping
and piping system for export, and other rav vater demand, and
another system for supplying water to the head house. This will
involve enlarging and increasing the efficiency of the system pree-
sently furnishing water to the head house. Specifically:

Flov would be diverted around the rav vater reservoir, through the
existing system, directly into one side of the head house; a new

48 fzah 1222 would Se installed from the river pump house directly
into the opposita side of the head house.

All existing rav water lines would continue to be intarconnected

near the river pump house and would each be capable of pumping in-
dependently into the rav water reservoir.

At the river pump housa, the six 10,000 gpm units prasently fur-
nishing wvater for filtration and for export will bde replaced with
8ix 10,5000 gpm units pumping directly to the head house. A
savenih and eighth 10,500 €p2 unit will be added to the system.

Water for export, and other rav vater demand, vill continues to be

furnished to the rav water reservoir via the existing 30 inch pipe
line.

To provide spare electrically driven capacity, one of the three
stean driven pumps rated at 7500 épm at 150 foot TDE would be com-
verted to electric drive and would be £itted with a bowl and ime
peller aascmbly to increase its capacity to 10,000 gpm at 150 foot
TDPHE. Thus, an outage of a single unit in the systemn furnishing

vater to the filter plant could be supported by pumping extra
vater to 182-B and thence to 183-B.

Electric Powver Bupply

A normal increment of 20,000 kva over the precent demand of approxi-
mately 15,000 kva will be required by 100-B Area uzder this program.
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This 35,000 kva will be drawvn from the modifled 230 kv traasmiasion
cystem via the 151-B subatatlion as it now exists.

The 27,500 kva normally required by the process puap drivas, in the
190-B Building, will be transmitted directly to ihe motors at 13.8
kv via nev circuit breakers and underground cables,

An additional increment of 1200 kva will be required by tke river
puzp drives and vill be transmitted, es presently, at 13.8 kv.

The added increment of power will necessitate w new 13.8/2.3 kv,
5000 kva substation at the pump house.

All other electrical pover requirements will be satisfied as at
present.

Bteanm Qeneration and Utilization

The effect of thls progrum upon the steam demand of 1CO-B Ares will
be to greatly decrease the base load on the steam generators, and
%0 greatly accelerats the rate of steam demand duricg tnhe I{nitial
stage of an emergency BPA power outage.

This change in the steanm utillization from that now i{n effect is
due antirely to the change in operation of the 190-3 process pump-
ing atation, as described under paragraph 2.122. Otlher require-

wents for emergency standdby and miscellany will rezain substan-
tially the same as at present.

The present base steam demand of the turbines driving the 190-B
primary process pumps is 120,000 pounds per hour and represants
approximately 70 percent of the tntal steau granerated excluaive
of that for dbuilding heating. Aftar the accompllstwent of <his
program, the base ateam demand of the turbines driving tke auxi-
liary process pumps would be 20,000 pounds per hour or 28 per-

cent of the total steam generated exclusive of tbat for building
heating.

On the basis of summer conditions where no heating load is imposed,.
the base load on the boiler house would be approximately 70,000
pounds per hour. The four boilera installed in the 184-B Bulilding
ars each rated at 100,000 pounds of steam per hour and would re-
Quire a uvinimus load of not less than 20,000 pounds per hour per
boiler in order to operate satiafactorily. Three boilers steaa-
{ng would require a base load of at least 60,000 pounds per

hour vhich vill be exceeded dy 10,000 pounds per bour. Winter
conditions would necessitate the steaning of the fourth boiler

in order to support the building hesting demand.

DECLASSIFIED
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In the event of BPA power failure, the steam supply to the
turbine driving the auxiliary process pumps would be acceleratad
from 20,000 pounds per hour to 120,000 pounds per hour within 45
seconds. This degree of acceleration is within the capability
of the boller and turbine response vhen four minute delays are
incorporated in the emergency switching to steam driven ventli-
lating fans in the reactor and gas buildings. This delay in
operation of the emergency ventilating system would not incur
unreasonable risk in reactor operation since the possibility

of the coincidence of an electric power failure with a reactor
contamination is low.

The above stated emergency stean demand is predicated on an
operating procedure under vhich no cooling vater would be
furnished the condensors serving the auxiliary process pump
turbines. Operating non-condensing, the turbines would require
about the same amount of steam under normal operating conditions
as .hey would require i{f running condensing. Under emergency
conditions, the instantaneous steam demand to the turbines would
be 120,000 pounds per hour with non-condensing opsration, as
compared to an instantaneous turbine demand of 95,000 pounds

per hour, plus a demand of 6500 pounds per hour to the condensor
vater pumps vith process pump turbines operating condensing.

Plle Effluent System

2.171 Process Sever System

The increase in the process vater flow rate will neces-
sitate replacement of the existing 48" RC? effluent
line between 105-B and 107-B. The existing reinforced
concrete pipe is not hydraulically capavle of handling
the water flovs; and is in such a state of pbysical
deterioration that {t would be neceasary tO replace

the lower portion of the line at the present process
flovs i{n the immediate future.

A diversion box will be provided in the vicinity of the
105-B Building to provide a cross connection with the

100-C effluent system and to collect the 105-B Building
floor drains.e.
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2.1T2 107-B Retantion Basin

2.173

The retention basins are of sufficient size to reta'n

the reactor effluent for a period in excess cf one
hour.

The inlet sluicewvays wvill be enlarged and provided wih
larger sluice gates.

The outlet veir will be lovered by one foot to preve=:
over-topping the basin.

Ec changes in crid Piping, basin drainage system, or
effluent monitoring systems are necessary.

Outfall System - 107-B to Mid-Rivar Chancel

The existing outfall system serves ' )th the 107-8
retantion dasin and the main area naver eystom, as &
asans of disposing drainuge to the viver. ‘nder the
increased flov rates, the process wever lines froa
107-B to the outfall structure, the outfal) struct.re

(1905-B) and the 42" ocutfall line will “e hydraulically
inadequate.

It vill bde adventageous tc construct a ccepletely new

outfall etructure. It vwill be locetsd dovrstirean foa
the existing structure. It will Le comnected %o 107-B
by means of a nev 66" line. 2 pev 66 in:™ outfall line

will convey the ffluent from the new 150M Bullding tc
aid-river channel.

All process, and other retained drainage, will be dis-
charged through the nev outfall systea. The existing
outfall will continue to serve the aree Waln sewver.

2.210 Reactor Nodifications

2.211 Froat Face Piping

All front face no:zles and pigtails vill be Teplaced with
e type of higher hydraulic efflclency.

DECLASSIFIED
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The installation of nev nozzles and pigtails requlires that
existing veaturis in the central pover zone be replaced vith
nev veaturi tubes t0 provide the optimm pressure and sensi-
tivity of response to the Panellit gages in the pressure
wonitor systems. By tapping the Panellit gages intc the
throat of the venturi aad thus Tegistering a pressure less
than the tube inlet pressure, the existing Panellit gages wvill
ccntinue t0 be of adequate range. Noreover, the sensitivity

of response of the Panellit system to saall variatioas in
pressure vill be improved.

Where necissary. the existing orifices in the fringe powver
tone will be replaced with nev orifices wvhich will produce
the optimum sensitivity vithin the range of the Panellit gages.

A nev and coaplete Panellit systee vill be installed in parallel

with that existing of the purpose of gaining the safety that
a dual systes vill afford.

Facilities will de provided to calidrate and test the individual
Panellit gages in their Panellit locaticns vhen the reactor is
in operation thus providing increasud reliability.

Existing instrumentation; including the automatic power calcu-
lator, the semi-autosstic pover calculator, and miscellaneous
process water instirumentation, will be recalibrated or replaicsd

vh:r2 their ranges arc exceeded by operating pover levels,
vatar flowe, o pressures.

Poison C¢' umn Charging Nechanism

Tventy-fouur tubes vill be equipped with ball valves on both

the in(et and outlet nozzles fcr the purpose of charging or
discharging poison pleces during reactor operstion. The rear
face ball valves vill be remotely controlled by a hydraulic
system of wanually-ocpersted valves in the control room. Specisl
inlet connectors will be provided vwith integral valves to pro-
vide a high flov rate for flushing poison froa the tube and

& lov flov rate for cooling purposes. The front face nossles
vill be adaptable to the coaventional fuel charging machine as
vell as tO tlie poiscn charging wachine.

The poison column charging machine will consist of a tude
approximately three feet loug 1ato which the poisom pleces
vill be placed vwith the i{nlet %all valve clossd. After the
tube 1s closed the ball valve vill be opened and the places
pushed into the tude with a hydraulic piston. Blectrical
lockouts ¥will de prcvided for the "C" elevator, one to de
loccated {a the control room and the other on the charging
machine, to prevent movemsnt of the elevator during charging.
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Process Water Systea

The capacity of ‘he process vater system vill be increased to aeet

the requirements of this program by decreasing the resistances of the
system as specified in 2.211, and dy running nine of the ten pu=gs

installed.

The philosophy of operation vould remair the same as curremtly,
except that the mted flov wvould de on the basis of one rather ¢har

tvo spare pumps.

On these bases the driving motors will druv
excess of that at wvhich they are rated.

current 3% - 10% in

in the event of an emergency shutdowvn due to a BPA power failure,
the minimm alloweble rate of decay of the riser pressure will be
that illustrated on exhidit 1.2131. The flyvheel effect of the
existing pump drive assemblies 1s sufficient to meet this requiremen:

Filtered VWater System

2.231 Vater Treatmént

Water quality of the required specification will be attained
by treatmsnt with alum and activated silica aa preasented iz

Document HwW=29542.

2.232 Pilter Plant

The filter plant will be required to
demand:

To 190-C Process Pumps
Non-Process to 105-C
Mlscellanecus
Sudbtotal
Filter Backwash
Total

support the following

This demand will be gatisfied vith no modifications to the

filter plant.

2.233 Filtered Water Pumping

The pumping capacity of filtered wvater to the proceas wvater
clearvells and to dbackvash vill be increased to meet the

Tequirenents of this program by adding ane nev vertical tur-
bine-type pump in parallel with, and identical to, the five

21,000 gpm units presently installed.
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Raw Water System

The rav water supply to 100-C Area will, as at present, under normal

ope-ating conditions be pumped from the river pump house (181-B)
directly to the 183-C head house.

In order to provide the required 101,000 gallons per minute of rav
vater, one new river pump will be installed in parallel with, and
identical to, the ten units presently installed.

This installed capacity will provide, in addition to the pumps
required to furnish 101,000 gm to lé3-c, a spare unit capable of
pumping either into the 100-C rav wvater system or into the 100-B
rav wvater system as described under parsgraph 2.140.

BElectric Power Supply

An increment of 800 kva over the present demand of approximately
3,000 kva will be required by 100=C Area under this progruam.

This 800 kva will be drewn from the modified 230 kv tmnsmiuion
system via the W.luﬁluuon ax it pov cximts. -

No additional transformer or svitchgear capacity vill be required
to serve additional power demand by 100-C plant.

Steom Genuration and Utilization

This program will have no significant effect upon the steam desand
of 100-C Area.

The capacity and capability of response of the existing boiler
plant will be sufficient to provide the requirements of 100-C

Areoso vhen carbined with 10C-B Area as described under paragraph
2.1

Reactor Effluent System

2.271 Process Sever System

The changes to this system are based upon a future possidle
process flov of 100,000 grm attainable by installing pro-
cess vater pumps in the twvo vacant places in 190-C.

On this basis the follovwing changes to the effluent system
vill be made:

In the diversion box, the "Xnock-ocut Walls"™ between the
malin chamber and the ocutlet chambers would be removed and
nev mctor operated sluice gates installed.
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The two existing 66 inch pipe comnections at tus o
box would be connected with 66 inch pipe to existing 66

inch connections at the 107-C basins, each bax connecting
t0o its respective basin.

107-C Retention Basin

A splash guard will be provided at <h2 influent to the bas'n
in order to prevent splashing over the basina walls.

L
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