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INTRODUCTION

This documerit defines the user's process and functional requirements
which shall be used as the basis for the preparation of the design for
Project CGI-905, Interim Modifications for Improved Coolant Backup
100-B, C, D, DR, F, and H Reactors.

The objective in making these modifications is to provide improved
reliability and adequacy in the last ditch reactor cooling systems for
current and short-range forecast conditioms. Performance requirements
for the last ditch cooling system are based on the reactor cooling
system criteria set forth in Document HW 66929. These performance
criteria require that the last ditch cooling system be independent of
both the primary and secondary cooling system, including piping to the
reactor manifold, and that it must be capable of providing shutdown
flow indefinitely, assuming instantaneous loss of power to the primary
system and concurrent fallure of the secondary system to provide its

‘rated flow.

PURPOSE

The purpose of this document is to define the process requirements of
the modifications and additioms to the last ditch cooling systems and
to outline the functional descriptions of the proposed equipment.

The objective in making these changes is to elim ent deficien-
cies of the high tank and export raw water systems in order to assure

“Gonformance with the established aafet§~55ifer§g“£gr reactor coollng

systems.

The document is divided into four major sections. Section III defines
the basic process requirements which must be fulfilled in the design of '
the system modifications. Sectlon IV defines the functional require-
ments of the physical changes which must be made to the existing system
in order to meet the basic process requirements. Section V contains
codes and standards that must be observed in the design and the refer-
ence documents upon which these design requirements are based. Sectlon
VI contains technical supporting data and drawings to amplify the
description of the requirements.
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III.BASIC PROCESS REQUIREMENTS

3.000

3.100

iderati

The last ditch cooling system for each of the 100-B, C, D, IR
F and H Areas counsists of two ¥0,000 gallon capacity high tanks

at esch reactor and the export water system. Upon loss of both

the primary (190 Building electrical driven pumps) and the.
secondary (190 Building steam driven pumps) coolant supplies, the
lagt ditch system must automatically supply sufficient coolaut
flow to prevent reactor dammge. Under this condition, the pro-
cess water flow initially decays according to ‘the characteristics
of the primery system pump flywheels. At approximctely 48 psi

(55 psi at C) top of riser pressure the check valves in the high tank
discharge piping open and the tanks supply filtered water to the
reactor. Before depletion of the high tank storage, a parallel raw
water supply is furnished to the reactor from the export system by
the automatic opening of a control valve (Grove valve). Required
reactor shutdown flow must be continucusly available from the ex-
port system for an indefinite period. The existing export system
arrangement is shown by Figure 2.

High Tank Requirements

3.110 High Tank Flow Rates

High tank flow rates obtainable with a clean system are
adequate for the current and short-range forecast reactor oper-
ating conditions considered by this Project. Values for high
tank flow rates shall be based on the latest available test
data.

3.120 High Tank and Discharge Piping Corrosion

Rust accumulation in the high tanks, discharge piping and strainers
could cause excessive pressure drop in the system and consequently
reduce the high tank flow rates below the values indicated under
Paragraph 3.110. Cleaning of high tank discharge lines will be
completedduring 1961 by plant maintenance forces. Under this
project, rust and scale now present in the high tanks shall be
removed and the tanks protected to retard further corrosion.
Existing strainers in the high tank discharge piping shall be
modified to reduce flow resistance particularly due to possible
accumulation of rust scale in the strainer baskets.

3.130

The effectiveness of the high tank coolant supply depends on its
temperature in addition to flow capacity. High tank temperatures
vary with weather conditions and have been observed to be
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over 30 degrees centigrade during summer mounths. In order to

- obtain full effectiveness of the high tank coolant supplies the
temperature of the stored water shall be controlled to not exceed
i degrees centigrade above the process water temperature as
meagsured at the reactor imlet.

3.200 Export System Reguirements
3.210 Export System Figw Rates

The flow from the export system shall exceed the minimum re-
quired reactor flow rates at the time of depletiom of the
high tank supplies and sball be automatically available. The
export system shall be adequate for an emergency coundition of
the following magnitude: a total electric power failure to
all 100 Aree and a concurrent steam plant fallure in one dual
reactor area. The minimum required flow rate to each reactor
shall be determined by use of the following equation:

Q=fap
: 2.6k x 10-% (€ - Ty _ fy)

Qe - required flow to the reactor © minutes after
power loss in gpm. '

fy - heat generatlon decay factor for 6 minutes
after power loss

P - reactor operating power level before power
loss in MW,

to - bulk outlet water temperature.
t4y - inlet water temperature.

ft - Bulk temperature scale-up factor for low
flow condition.

The maximum allowable bulk outlet temperaturg t_ , for shut
down conditioms shall be taken as 90 degrees cefitigrade and
the minimum temperature of the inlet water, ti, supplied from
the export system shall be taken as 27 degrees centigrade. The
heat generation decay factor, f3, will be available from the
results of the reactor heat decay tests which will be con-
ducted in the near future under Production Test IP-338-A.

The bulk temrerature scale-up factor, ft’ shall be taken as
listed in HW-+8092.

The reactor operating power level, P, shall be taken as that
corresponding to a bulk outlet temperature of 95 degrees centi-
grade, a process water inlet temperature of 22 degrees centigrade,
and reactor wvater flows as tabulated on the next page.

£
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Reactor Flow, GFM
B 91,500
c 103,500
D 92,000
IR 89,500
¥ 92,000
H 9k,000

3.220 Export System Relilabllity
To assure that the required flow capabilities of the export

systenm

are available with a high degree of reliability,

certain existing deficiencies shall be corrected.

3.221 Surge Suppressors

Two Pelton surge suppressors are located at each of the

‘ 182 Building pumping statious which supply the export

. The surge suppressors open to bypass water
to the 182 Building reservoir during a flow transient
in order to prevent water hammer damage to the export
system piping. At present, surge suppressor
actuation may be initiated by loss of electrical power
to the control solenoids. The opening of these surge
guppressors during the time the export system is furn-
ighing last ditch cooling water could reduce this
supply below the minimum required. Thus, the surge
suppressors shall be modified to be actuated directly
by pipe line pressure surges which could result in
gtructural damage rather than by electrical pover
failure. Hydropneumatic accumulators are also required
at each modified surge suppressor to supply the necessary
operating pressure to open the surge suppressors during
low pressure portiouns of a flow transient.

Start of st Dr

The four export system emergency steam driven pumps must
now be started manually. Most of these pumps are in
pormally ummanned buildings and an excessive time delay
could occur in their manual starting.

Control systems for these pumps shall be modified to
provide automatic starting after an electrical power
failure. Automatic starting of the steam driven pumps
will permit the export system to augment the high tank
flow rates during the initial period of emergeuncy

operation and will insure maximum export system capability

at the time of high tank depletionm.
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3.224

3.225
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200 Area Reservoir Control Valves

_ One function of the export system is to supply water

to the 200 Area reservoirs. At present control of flow
to the reservoirs is by manual setting of the 282 Building
cone valves., If these valves happen to be open wide at
the time of an emergency, considerable export flow may
continue to the 200 Areas rather than be diverted to the
last ditch cooling of a reactor. Automatic closure shall
be provided for the 200 Area control valves to insure that
sufficient water is available to a stricken area if only
steam driven pumping 1s available in other areas to supply
the export system. Provision shall be made to supply the
minimum emergency flows of about 2700 gpm to 200-E and
850 gpm to 200-W Area.

St a -

The existing export system cornection to the 105-C
Reactor is equipped with a single strainer. During a
period when the export system is the sole water source
for C Reactor, plugging of the existing strainer could
reduce the reactor coolant flow below the minimum re-
quired. Taere would be no way of restoring adequate
flow without first removing all flow for a period long
enough to clean the stralmer. To assure & continuous
shut down coolant flow from the export system, the
single strainer at this reactor shall bz replaced with a
dual type strainer.

Testing of Export System

The export system shall be extensively tested under both
transient and steady state conditions in order to demon-
strate satisfactory operating characteristics after com-
pletion of the modifications covered by this project.
Testing under transient conditions may indicate the need
for installation of slow closing air admission valves at
critical points along the export system piping.

IV. FURCTIONAL REQUIREMENTS
This section defines the functional requirements of the modification which

shall be made to the exiscing system in order to meet the basic process re-
quirements.

4.100 High Tapk Modifications
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4.110 High Tank Corrogion Comtrol

k.120

4,111 Hizh Tapk Cleaping

The interior of each high tank shall be thoroughly cleaned of
existing rust and scale by sandblasting. At the same time
the standpipe interior shall be cleaned, either by sand-
blasting or by chemical cleaning. Consideration shall be
given to applying a protective coating to the tank interior.
However, such a coating must not require excessive time

to apply, and on deterioration must not peel off in such

a wvay that screen plugging could result.

b.112 Chemical Inhibitor Addition

A system shall be provided for the addition of chemical
inhibitors to each high tank for the control of future
corrosion in the tank and discharge piping. The selection
of an inhibitor and the question as to whether or not the
tank 1‘!:391: can be adequately pro‘bected by an inhibitor
alone are still under study. Initisl design shall pro-
ceed on the assumption that sodium silicate will be used,
but that the system should be capable of handling any
inhibitor in liquid form with only minor modificatiouns.

The silicate addition system shall be designed to supply

inhibitor at a rate continuously variable from zero to that

required to maintain & sodium silicate concentration of 100
prm (based on Na 0:3.22 £10.) in the tank while £illing

an empty tank. &ttomtic cGntrol of inhibitor concentration

18 not required.

-The inhibitor system should be designed to use commercially

available sodium silicate solution with an alkall to silica
ratio of 1:3.22 and with a density of approximately 41°
Baume. Sufficient storage capacity should be provided so
that tank truck delivery can be utllized. A single de-
livery could be shared among several reactors. This
storage will supply six to twelve months silicate require-
ments.

The silicate addition equipment shall be located so that
it 1s readily accessible for operation and maintenance,

Suggested locations are in the 105 valve pit at reactors
vhere space 1s available, or in the 190 Bulilding if 105

space 18 not available.

Eigh Tauk Strainers

Flow resistance of high tank stralners shall be reduced by use
of new strainer bagkets of increased surface area and lower pres-
sure drop. Consideration shall be given to parallel operation
of both sections of the twin type strainers.,
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Water temperature sensing elements shall be installed

in each high tank and connected to indicators mounted

in the 105 Control Rooms. Typical arrangements for the
inatallation of the temperature sensing elements are
shown by Figures 3 and k. Portions of the emergency
temperature sensing instrumentation now in service in
all areas are sultable for permanent use and shall be in-
corporated into the CGI~905 installation.

4.132 High Tang Weter Coolins

Each high tank shall be provided with piping designed to
bleed 100 gpm from the tank to control the temperature of
water stored in the tank. The bleed line shall be con-
nected to the tank discharge plping as far down stieam

as possible but upstream of the strainer, to draw in-
hibited water through the discharge piping. To prevent

the waste of this volume of filtered water, the bleed
piping shall be run to the 105 Storage Basin. No additional
piping 18 required at areas where existing emergency bleed
piping 1s satisfactory for permanent use.

4.200 Export System Modifications

The following modifications shall be made to the export system in
order to increase its reliability and supply capacity to individual
reactors as set forth in the basic process requirements, Paragraph
3.20. These modifications will result in improved last ditch cool-
ant flow rates as typified by Figure 1.

4.210

4,220

Grove Valve 1 L1

The Grove Flex-Flow valve shall be opened to supply export

water to the reactor in parallel with high tank flow approxi-
mately twelve (plus or minus one) minutes after the high tanks
start to drain. This shall be accomplished by extending each Grove
va.ve sensing line to a higher elevation in the tank. This change
is required to permit the export system to augment and extend

the high tank water supply until the export system can more
adequately supply the required reactor coolant flow alone. The
exact elevation to which the sensing line will be extended shall
be the elevation of the water surface in the tank twelve minutes
after draining starts. It shall be assumed that the water surface
is three feet below full at the start of draining and. high tank
flow rates ahll be based on latest available test data.

Control Orifices at 105 Buildingsg

Larger flow control orifices shall be installed in the export

System at each reactor as determined by detailed design analysis
of required versus avallable export system flow rates at the time
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of depletion of high tank supplies. McIlroy analyzer data for

emergency operation of the export system presented in HW-67631,

may be of assistance in sizing these orifices.

To decrease the time required to bring the export system into
service during an emergency, provision shall be made to start all
four steam driven pumps" automatically approximately ten (plus or
minus one) minutes after an electrical power failure. A ten minute
delay in the starting of the steam driven pumps is required in
order to conserve steam supplies for the acceleration of the secondary
cooling systems at the instant of electrical power failure. Further
information for these modifications is shown in Figure 5. Actuation
of the pump starting circuit shall be by low export water pressure.
Suitable annunciation of export pump status shall be provided in
both 183 and 190 Building Control Rooms.

a Res trol Valves

Automatic closure shall be provided for the 12 inch cone valves

in the export system supply to the 282-E and 282-W Reservoirs.

This modification will insure that sufficient water is available

to a stricken area if only steam driven pumping 1s available in
other areas to supply the export system. The cone valves shall
close slowly taking ten (plus or minus 1) minutes to prevent
pressure surges. The valves shall start to. close within one

minute after loss of export flow. Normal positioning of the

valve for control purposes shall be by manual operation as at
present. The modification design should minimize the possibility
of rapid cone valve clcsure on failure of any part of the valve
coutrel mechanism. An annunciator and indicating light shall be
provided at the appropriate 200 Area control rooms to show valve
position. The minimum emergency flows of about 2700 gpm to 200-E Area
and 850 gpm to 200-W Area will be .supplied through an orificed by-
pass line around the cone valve. Actuation of the valve closing
mechanism shall be by low export system flow. McIlroy analyzer data
in BW-67621 may aid in sizing the bypass orifices. Further in-
formation for these modifications is shown by Figure 6.

Surge Suppréessors

Export system reliability shall be improved by modification of

surge protection equipment. In order to eliminate a possibility

for unnecessary surge suppressor actuation, the electrically operated
control solenoid on each surge suppressor shall be replaced with a
pressure actuated hydraulic diaphragm device. The surge suppressor
would then be opened only as & result of low.or high -

* It is assumed that only three pumps will start in an actual

emergency because of loss of steam supply in one area.
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pressure on the export system. This change would eliminate surge
suppressor actuation by an electric power failure which would not
affect export system pumping. Bydropneumatic accumulators are
required at each modified surge suppressor to supply the necessary
operating pressure to open the suppressors.

The modified surge suppressors shall be set to open when ex-

port system pressure drops to 80 psi. At the same time the existing
surge suppressor high pressure trip should be adjusted to 300 psi
and the suppressor closing time adjusted to 120 seconds. The
suppressor settings shall be the same for all eight suppressors.

105-C Raw Wat 17

The single strainer in the 105-C export line shall be replaced
with a dual strainer so that export flow can be transferred
from one strainer basket to the other without interrupting flow
to the reactor.

The new strainer should be selected and installed to provide
adequate seismic resistance according to the requirements of
HW-65931. The strainer chest shall not be constructed of
brittle material such as cast iron. Both the strainer and
ad jacent piping shall be anchored as necessary to prevent ex-
cesgive stress caused by seismic induced motion.

Slow-Clos on Val

Slow-closing air admission valves shall be installed on the export
system as required. The tests described in Sectiom 3.225 are
expected to determine whether any such valves will be required,
and if so, at what location. Test results will ilndicate that air
admission valves are required if, following a total pump stoppage
at maximum export flow, the water column in the export system breaks
at any point, and if existing equipment does not admit sufficient
alr to cushion the shock resulting from the water column reJjoining.
Although it is probable that the surge suppressors at the 182

Pump House and the Simplex air valves installed at summits along
the export piping will function adeguately in this respect, it
must be demonstrated that the degree of protection afforded the
main export piping and the branch lines to the reactor is
sufficient.

Functional Testing
Following completion of all modifications the last ditch coolant

system shall be tested as necessary to establish that all elements
function as intended.
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Unless otherwise stated, the design, the material used, and the work to
be performed shall adhere to the requirements sgt forth in the latest
edition of the Hanford Works Btandardr avd the applicable codes approved
by these standards.
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