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This documer_t 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
IO0-B, C, D, DR, F, and H Reactors.

The objective in making these modifications is to provide improved
reliability and adequacy in the l_st ditch reactor cooling systems for
current and short-range forecast conditions. Performance requirements
for the last ditch cooling system are based on the reactor cooling

system criteria set forth in Document Ng 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 failure of the secoud&ry system to provide its
rated flow.

II ..... P__

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

The objective in making these changes is to _ clericS:n-
ties of the high tank and export raw water systems in order to assur

"¢o_uformancew-_ t-_ _stab'_ety criteria for reactor coo_ _-

The document is divided into four major sections. Section llI defines
the basic process requirements which must be fulfilled in the design of
the system modifications. Section 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 iu the design and the refer-
ence documents upon which these design requirements are based. Section
VI contains technical supporting data and drawings to amplify the
description of the requirements.
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3.000 General Reouire_ent, s and Co_sidqratious

The last ditch cooling _stem for each of the lO0-B, C, D, DR
F and H Areas consists of two 300,000 gallon capacity high tanks
at each reactor and the export water system. Upon loss of both
the primary (190 BuildAng electrical driven pumps) and the
secondary (190 Build/ng stee_ driven pm,,ps) coolant Supplies , the
last ditch system must autoa_tlcally supply sufficient coolant
flow to prevent reactor dam_e. Under this condition, the pro-
cess water flow initially deca_s according to-the characteristics
of the priory system pump _els. At approxi_tely _8 'psi
(55 psi at C) top of riser pressure the check valves in the .high tank
discharge piping open and the tanks supply filtere& water to the
reactor. Before depletion of the high tank storage, a parallel r_w
water supply is _shed to the reactor from the export system by
the automatic opening of a control valve (Grove valve). Required
reactor shutdown flow must be continuously available from the ex-
port system for an indefinite period. The existing export system
arrangement is shown by Figure 2.

3.100 HiKh Tank Requirements

3.110 Ei_h Tank Flow Rates

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

3.120 Ei_h Tank and Discharge Pi_in_ Corro.siou'

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
completedduriug 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 High Tank Water Tesmeratur.e.S

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 _gre_ centi_le _ri_ m_mmr mouths. In or_ to
obtain full effectiveness of the high tank coolant supplies the
temperature of the stored water shall be controlled to not exceed
4 degrees centigrade above the process water temperature as
measured at the reactor inlet.

3.200 Ex_ort Systma Reauire_ut s

3.210 Ex_ort System Flow Rates

The flow from the export system shall exceed the mininnan re-
quired reactor flw rates at the time of depletion of the
high tank supplies and shall be auto_tically available. The
export s_etem shall be adequate for an emergency condition of
the following magnitude: a total electric power failure to
all 100 Are_ and a concurrent steam plant failure in one dual
reactor area. The minimum required flow rate to each reactor
shall _ determined by use of the following equation:

%- 'ar
- x  o-4(to 2 et- -

Qe - required flow to the reactor e minutes after
power loss in _n.

fd " heat generation decay factor for 9 minutes
after power loss

P - reactor operating power level before power
loss iu _.

t O - bulk outlet _ter temperature.

t i - inlet water temperature°

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

The max'imu_ allowable bulk outlet te_eratur_ tn, for shut
dovu conditions shall be taken as 90 degrees centigrade 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, fd, 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-3_-A.

The bulk ten_erature scale-up factor, ft' shall be taken as
listed in I_g-/_092.

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 water flows as tabulated on the next page.



B 91,500
C I03,500
D _,000
_a 89,50o
y 92,000
w 94,000

3.220 _'coUt SYs_'e" Reliability

To assure that the required fl_,,capabilities of the export

syste= are available with a high _egree of reli&bility,
certain existing deficiencies sb_Ll be corrected.

L

3.221 S_W_ Su_Dreaaor=

TWo Pelton surge _rppressors are located at each of the
182 B_l_i_ pumping stations which supply the export

system. The surge suppressors open to bTpass water
to the 182 Bttiidingreservoir during a flow transient
in order to preveut water h-_er da_e to the export

system piping. At present, surge suppressor
actuation _Y be iuitiated by loss of electrical power
to the control soleuoidl. The opening of these surge
suppressors durlu_ the time the export system is lure-

_ ishtng last ditch cooliug water could reduce this
supply below the miuim_a required. Thus, the surge
suppressors shall be modified to be actuated directly
by pipe liue pressure surges which could result in
structural damage rather thau by electrical powez
failure. Hydropueumatic accumulators are also required
at each modified surge suppressor to supply the uecessary
operating pressure to open the surge suppressors during
loW presmure portious of a flow trausieut.

3.222 S+_rtinuof. steA_. Driver l_s .
,j_ _ _,_ _ _

The four export system emergency steam driven pumps must
__ now be started _uually. M_st of these pumps are in

could occur iu their mauual startiug.

Coutrol syste_m for these pumps shall be modified to
provide automatic ita_ting after an electrical power
failure. Auto_mtiC starting of the steam driven pumps

• will permit the export system to augur the high tauk
flow rates during the iuitial period of emergeucy

operation and w_ll insure nmxi_um export system capability
at the time of high tank depletion.
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3.:_S _)0 Area Reservoir Control Valves

One function of the export system is to su_-_y v_ter
to the 200 Area relervoirl. At prelent control of flow
_o the reservoirs il 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 is available in other areas to supply
the export ly_te_. PrOVilion shall be _ to supply the
minimum eBergency flows of about 2700 gpm to 200-E and
850 g_n to 200-W Area.

3._4 Strainer at 105-O Reactor

The existing export system co_nectiou to the 105rC
Reactor il eqt_ippedwith a siugle ltraiuer. 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 rel

quired. There would Be no way of restoring adequate
flow without first removing all flow for a period long
enough to clean the strainer. To aslure _ continuous

- shut down coolant flow from the export system, the
single strainer at this reactor shall be replaced with a
dual type strainer.

3.225 T_st_u_ of Ex_ort System

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

IV. FUNCTIOI_AI,i__

This section defines the functional requirements of the modification which
shall be made to the existing system in order to meet the basic process re-
quirements.

4.100 ,High _auk Mbdi_icatious
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_.110 Kith _a_ Corrosion Control

_.Iii _i_h _amk Cleaui_

The interior of each high tank sb_ll be thoroughly cleaned of
existing rust and scale by Nndblafting. At the same time
the etau_plpe interior shall be cleaned, either by sand-
blasting or by chemical cleaniug. Cousideratlou shall be
given to appl_ing 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 way tbLt screen plugging could result.

4.11R Che_ca_ _uhibitor AdditiOn

A system shall be provided for the addition of chemical
inhlbitors to each high tank for the control of future
corrosion in the tank and discb_rge piping. The selection
of an inhibitor and the question as to whether or not the

ta_k it lelf can be adeq_tely protested by an inhibitor
alone a_e still under stud_. Initi£1 desl_ shall pro-
cee&°oouthe asstuuptlonthat sodi_ silicate _ill be uae_l,
but that the sy_ shoul& be capable o_ handling a_
inhibitor in liquid form with only minor modificatious.

The silicate addition system shall be designed to su_ply
- inhibitor at a rate continuously variable from zero to that

required to _intain a sodium silicate concentration of I00

(baud on NaoO:3._ SiOo) in the ta_k while filling
an empty tank. _nto_tic c_ntrol of inhibitor concentration
is not required.

The inhibitor system should be designed to use com_rcially
available sodium silicate solution _ith an alkali to silica

ratio of 1:3._ and wi_h a deusity of approximately _i0
_au_e. Sufficient storage capacity should be provided so
that tank truck delivery can be utilized. A single de-
livery could be shared a_ong several reactors. This
storage will su_ly six to twelve mouths silicate require-
ments.

The silicate addition equipment shall be located so that
it is readily accessible for operation and maintenance.
Suggested locations are in the 105 valve pit at reactors
•_ere space is available, or in the 190 Building if iO_

- space is not available.

_.120 ]_i_h_a_ Strainers

Flow resistance of high tank strainers shall be reduced by use
of ue_ strainer baskets of increased surface area and lower pres-
sure drop. Consideration shall be given to parallel operation
of both section_ of the twin type strainers.

_
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4.131 _Mmmerat_e SeaminK Elements

Water tes_erature sensing elements shall be installed
in each high tank and conneete_ to indicators mounted
in the IC)5Cont'_olRooms, Typical sz_uKe_nts for the
lns.__t;iou of the te_erature sensing elements are
shown by Figures 3 and 4, Portions of the emergenc7
te_ratln_D senst_ inltrumentatlon now in service in
all ox'ea#j are suitable for permlnent use and. shall be in-
corpora_sd into the CGI-905 installation.

4,132 El_h Tanl_ Water Coolin_

Each high tank shall,be provided with piping designed to
bleed i00 gpm from the tank to control the temperature of
water stored in the tank. The bleed line shall be con-

nected _o the _tank discharge piping as far down st_a
as possible but u_strem of the strainer, to draw in-
hibited water through the discharge piping. To prevent
the wa_ of this vol_ of filtered water, the bleed
piping shall be run to the I05 Storage Basin. No additional
piping is required at areas where existing emergency bleed
piping is satisfactory for permanent use.

4.2_0 _ort 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 requirementsp Paragraph
3.20. These modifications will result in improved last ditch cool-
ant flow rates as typified by Figure i.

_.210 Grove Valve ._a_in_ Lines

The Grove Flex-Flow valve s_ll 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 s_all be accomplished by extending each Grove
valve sensing line to a higher elevation in the tank. This change
is required to permit the export s_s_em to au6ment 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.

_.220 Control Orifices at 105 Buildings

Lkrger flow control orifices shall be installed In the export
System at each reactor as determined by detailed design analysis
of required versus available 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 Ng-67631,
may be of assistance in sizing these orifices.

_..2_ Autcaattc Sta_ttnK Steam Driven l_s

To decrease the tiue required to bring the export system into
service during an emer_ncy, provision shall be ma_e to s_art all
four steaa 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 purp.s is required in
order to conserve steam supplies" for the acceleration of the secondary
cooling systems at the instant of electrical power failure. Further
iuformJtlon for these modifications Is shown in Figure 5. Actuation
of the pump starting cirauit shall be by low export water pressure.

Suitable annunciation of export pu_p status shall be provided in
both 183 and 190 Building Control Rooms.

4.2_0 200 Area Reservoir Control Valves

Autcmatlc closure shall be provided for the 12 inch cone valves
in the export system supply to the 282-E and 282-W Reservoirs.
This m©_lificationwill insure that sufficient water is available

to a strlckeu area if only steam driven pumplng is available in
other areas to suppl_ the export system. The cone valves shall
close slowly taking ten (plus or minus i) 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 mlnual operation as at
present. The modiflcatlon design should minimize the possibility
of rapid cone valve closure on failure of a_ part of the valve
control 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 d_ta
in _-67621 may aid in sizing the bypass orifices. Further in-
formation for these modifications is shown by Figure 6.

4.250 Surge Suppressors

Export system reliability shall be improved by modificatiou 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 b_draulic diaphragm device. The surge suFpressor
would then be opened only as a result of low or high -

e It is assumed that oul_ three pumps will start in an actual
emergency because of loss of stea_ supply in one area.
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pressure on the export system. This change would eliminate surge
suppressor actuation _rI an electric power failure which would not
affect export system pumping. _ydropueumatic accumulators are
required at each modified surge suppressor to supply the necessary
operating pressure to open the suppressors.

The mo_L_ied surge suppressors shall be set to open when ex-
port system pressure drops to 80 psi. At the sane tlme 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.

4.260 105-C Raw Water Strainer

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
Ng-65931. The strainer chest shall not be constructed of
brittle material such as cast iron. Both the strainer and
adjacent piping shall be anchored as necessa_j to prevent ex-
cessive stress caused by seismic induced motion.

4.270 Slow-C!osiu_ Air Admission Valves

Slow-closing air admission valves shall be installed on the export
system as required. The tests described in Section 3.225 are
expected to determine whether any such valves will be required,
and if so, at what location. Test results will indicate 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
air to cushion the shock resulting from the water column rejoining.
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 adequately iu 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.

4.280 l_nctio.ualTestin_

Following completion of all modifications the last ditch coolant
system shall be tested as necessary to establish that all elements
fuuctlou as intended.
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Figure i Typical High Tank - Export System Flow Bates.

Figure 2 Export Water Lines and Pump Arrangement.

Figure 3 Instrumentation_ High Tank Water Temperature, Conduit Routing
and Probe Installation.

Figure 4 Instrmnentation, High Tank Water Temperature, Control Panel
- M_dification.

Figure 5 Automatic Valve for TUrbine Driven Export Water Pump.

Figure 6 Slow Closing Export Line Valve.

The drawings included as figures 3-6 are intended to illustrate the
general nature of the modifications planned. They should not be interpreted
as representing final design for the project.
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