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PART A

MAIN & AUXILIARY CIRCULATORS

PRESENTERS:

Ai

D. Kapich (GA)
M.
C
J

K. Nichols (GA)
. Rodriguez (GA)
. Vavrina (GA)



PART A
MAIN & AUXILIARY CIRCULATORS

The attendance and handouts for this presentation are attached at the end

of these minutes for Part A of Session 11IC.

I.

1I.

111,
IfT.a.

INTRODUCTION
A brief introduction was made by the moderator, fred Swart.

MAIN CIRCULATOR & LOQP ISOLATION VALVE (LIV) REQUIREMENTS

Devorin Kopich presented the portion of the handouts (viewgraphs) related
to the requirements for the main circulator and its loop isolation valve.
He emphasized that the safety classification of the circulator extended
only to the primary coolant boundaries; including the seismic and motor
failure aspects. In contrast, the function of the loop isolation valve
is safety classified because the core auxiliary cooling system {CACS)
requires that not more than one of the four main loop valves be open

to prevent bypass around the core. There must be no instability at

any point of operation or stack-up of margins which are 20% on the
worst case differential pressure and 30% on the nominal design point.

MAIN CIRCULATOR & LIV DESIGN DESCRIPTION

The design description of the circulator and the Toop isalation valve
was presented by Davorin Kopich. The seisnic response of the circulator
and motor assembly has been analyzed and found to be satisfactory. The
isolation valves have been found to close alrost instantly from the
Fort St. Vrain (FSV) experience. Proven technology is being

emphasized in the design; particularly in regard to 011 leaks which
have been a major, general complaint in gas cooled reactors. This

has resuited in the use of water lubricated circulator bearings

within the primery boundary and oil lubricated bearings, including
. the thrust bearing, only 1in an electric motor outside the primary
containment. The high power consumption, approximately 11.5 MW per
circulator, and the recovery of only 40% of the energy supplied to the
circulator dictates the use of a high efficiency motor; e.qg., &
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synchronous motor. The motor should be within present technology
because solid rotor generators have been made in sizes up to 1,000 MW.
Both pipe and vane circulator diffusers are being considered; the

selection may depend upon actual testing.

The isolation valve will make use of the same metallurgy and hard
facing used at FSV to pravent self welding; this includes both the
shaft and its bearing and the vanes upon which the blades come to
rest in the closed position. The design also incorporates an added
feature in the form of high pressure helium jets which blast against
the blades to initiate operation of the vaive when the loop flow has
stopped on circulator coastdown. Additionally, a fiber optic device
will monitor the position of the valve blades. The jets and fiber
optics will be used in combination for in-service inspection (ISI)
of the valve during operation of the circulator.

A water lubricated sliding mechaniral seal is used at the primary
system pressure boundary of the circulator shaft. The water
temperature is low so there is no problem with cavitation. This
seal is accessable for ISI by means of a removable spool between

the motor and circulator shafts.

The circulator bearing water from the service module is pressured
by a self contained pump driven by the circulator shaft. The water
is then drained uphill for return to the module by three jet pumps,
each of which is capable of removing all of the water.

The circulator service module is an improvement over the FSV module.
It has no live modulating valves. It receives buffer helium and
bearing water from the circulator, separates them, discharges the
helium to the helium purification system for return to the circulator,
and cools and returns the bearing water to the circulator. The
buffer helium is taken firom a header maintained at 15 psi above
reactor pressure and metered to the circulator through a fixed
orifice. The bearing water is cooled by a coil coniained in the

separator/surge tank.
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For shutdown, an air operaled brake prevents rotation of the impeller,
a bellows energized by high pressure helijum operates one of two shut-
down shaft seals, and a mechanical shutdown scavange pump removes

residual bearing water from the bearing module.

Mr. Kapich's response to specific questions raised during the course
of his presentation are listed below by the name of the inquirer.

1. P. Kasten - The primary seal at the closure flanges is of Code
design and can be in-service inspected by monitoring the pressure
in the buffer helium area between the two O-rings in the double

seal. The buffer helium is pure.

2. V. Scotti - The primary closure bolts, which include two bayonet
bolts for guides, are man accessable through the motor mount and
could be in-service inspected, possibly by Zyglow, but the
primary indication of any distortion would be by leakage of

the buffer helium.

3. P. Kasten - The purpose of the two piece closure flange is
primarily a question of forging size and also allows removal
of the bearing cartridge from the larger closure flange.

4. P, Kasten - The speed of the circulator will be varied during
operation to control the rate of helium flow.

5. P. Kasten - The speed of the circulator is varied to match the
demand for steam. The rate of helium flow is thus controlled by
the feed water rate via circulator speed. The minimum speed of
the circulator is 5% of nominal design for hot restart.

6. Unknown - The isolation valve disk, or blade, comes to rest in

the closed position upon the upper edge of vanes that span the
valve body. It does not rest on the "seat" itself.
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7.

10.

1.

12.

13.

', Kasten - The isolation valve is not kicked open by the helium
jets. The blades are only blasted apart to close the valve.

The jet helium pressure is 500 to 1000 psi above the reactor
pressure and the blast duration is 3 sec.

L. Welshans - There is no mechanﬁca] device being considered for
overriding the isolation valve. The feeling is that a mechanical
device would cause more problems than it would solve; particularly
with regard to an additional live seal on the primary cooling
system. The jet produces a force of about 200 pounds on the

valve blades.

L. Welshans - At FSV the isolation valve has stood open on

shutdown but it was not stuck. With full power on four circulators
at FSV, the valve closed almost instantly after stall head was
reached on the tripped circulator. It is presently being
considered to spread the blades to form an angle of about

3 degrces in the open position so that gravity will assist in

closing the valve.

seal
Unknown - The s1iding mechanicalfis of the limited leakage type
recently developed for cooling water pumps and boiler feed water
pumps. It is both cooled and Tubricated by the bearing water.

Approximately 50 kW is Tost through cocling of the upper seal.

P. Kasten -~ The seal water pressure is 1050 psig; about the same

as the primary system.

L. Welshans - If the shutdown seal's bellicws fails at FSV, the
reactor is shutdown and the circulator is removed for repair.
The new design for the SC/C circulator provides a redundant
shutdown seal for backup.

Unknown - A1l scavenging helium is recovered by the circulator
service module and the helium purification system.
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14.

15.

16.

17.

18.

19.

20.

21.

K. Van Howe - The shutdown scavenge pump assures removal of
bearing water on runback from the jet pump and during shutdown.
A slinger on the circulator shaft acts as a pump impeller
capable of holding a water pressure of 150 psi against the
leakage of water into the reactor during circulator operation.

R. Stearns - The buffer helium in the circulator bearing
cartridge is maintained at 1 psi above reactor pressure.

P. Kasten - It is not necessary to know the water pressure
within the helium/water cavity of the bearing cartridge.

The water pressure is controlled by the pressure of the buffer
helium. It is the velocity of the Luffer helium through the
labyrinth rather than pressure drop which prevents moisture
from entering the reactor and radioactive gas from entering the

bearing cartridge.

K. Van Howe - The water level in the circulator service module
surge tank is made up by a small, positive displacement pump
with a counter for accuracy of control and recording the

quantity of make up.

L. Welshans - If the circulator service module surge tank floods,
water will be drained by overflow pots and redundant valves will

shut off the supply of water.

P. Kasten - The purified helium header is maintained at 15 psi
above reactor pressure. A fixed orifice meters the flow of
buffer helium from the header to the bearing cartridge.

Unknown - Failure of the jet pump to function automatically
starts the shutdown pump to remove water from bearing cartridge.

K. Van Howe - The sliding high pressure seal leaks at the rate
of approximately 1 litre/hour. This water will probably be
discharged to rad waste. It is of very low activity and the only

drain from the entire system,
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22.

23.

24.

25.

26.

27.

K. Van Howe - Dﬁring startup, the surge tank provides for the
expansion of the bearing water.

R. Stearns - The bearing water is cooled by a coil located inside
the surge tank. The coil is supplied with reactor plant cooling
water, which water is not safety classified.

V. Scotti - The capacity of the surge tank is expected to be
about 500 gallons.

K. Van Howe - On shutdown of the circulator, the brake is applied
to stop rotation, the shutdown seals are actuated, and the shut-
down pump is run to remove all water drain~-down from the bearing

cartridge.

C. Dupen - The gquestion of oil vs. water a: a Tubricant has been
well researched. 0il has a very bad history - it is very
difficult to remove from the reactor. Water has twice the
specific heat of 0il and has a 50% higher flow rate - 200 gpm

for water vs. 120 gpm for 0i] on a 12 inch bearing. Additionally,
water produces less friction than oil. This gives water the
greater cooling capacity and the Tower potential for grabbing.

P. Kasten - The use of gas Jubricated bearings would require a
submerged motor concept and high speed operation. It also gives
a problem at depressurized conditions. Gas bearings were used
on Dragon, but these were small, high speed {24,000 rpm) units
operating at constant speed. The mass of the large horsepower
SC/C circulators is not generally compatible with gas bearings.
Submerged operation would require the use of an induction motor
which is not as good as a synchronous motor for operation at

variable speed.
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28.

29.

30.

31.

C. Forkel - The shaft is caused to rotate by bearing water
through the tangential flow producing a fluid shear force on

the journal.

The point is that this speed coupled with the high mass of the
motor necessitates stopping the rotation with the brake before

actuating the shutdown seal.

V. Scotti - The fiber optics for the isolation valve position
indicator is suitable for the pressure and temperature of the
reactor environment, but some radiation shielding may be
required, It will be a permanent installation. It has been

very sucessful at FSV,

K. Van Howe - Tha fiber opfics system is replaceable.

K. Van Howe - The in-service inspection (ISI) will consist of:

a)

b)

c)

Monitoring the shaft orbit

Monitoring the main flange for leaks

Visual inspection of the main closure bolts
Monitoring the sliding water seal for excessive leaks

Checking with the fiber optic system, that the LIV will
move when the closing heljum jets are applied

Volumetrir examination of the circulator when it is removed,

A7
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III1.b. The design description of the electric @motor and solid state puwer
supply was presented by Carmelo Rodriguez.

The motor is variable speed and is rated at 15,200 hp. producing
a corque of 33,260 ft 1bs. It has a vertical shaft and operates
in the environment of the reactor building. It is cooled by air-
to-water heat exchangers within the frame. The selection of the
motor considered a direct current motor and both induction and
synchronous alternating current motors. Direct current motors
were eliminated because of size. The synchronous motor was
selected over ine induction motor because it provides betier

speed control, it is more efficient, and it is smaller. The rotor
of the motor is solid and jits field is energized by a brushless
exciter and rotor mounted diodes. A}l brushes and sTip rings

have been eliminated. The motor provides the thrust bearing and the
brake for the entire motor and circulator assembly. The bearings
are of the oil lubricated, tilting pad type. A solid, removable
coupling spool joins the circulator and motor shafts. This allows
the motor to be removed and replaced without disturbing the
alignment of the assembly. A computer mode! of the combined
shafts has indicated that although the motor rotor has cne
critical speed within the circulator's operating range, the
response is acceptable as a result of the damping of the bearings.

The variable frequency P supply is the main user of thyristors.
The power supply for each c;?%tiﬁﬁgf_contaijs two, complete, three
phase trains; each of which is capaBTé“L‘,carrying full power for
the circulator. The reconstructed variable fregus~ry sine wave

is approximated by 12 step chenges per cycle. A design fezture is
that the thyristors can be serviced while at power. The power

supply draws energy from the 13 kV plant power grid.
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In the FSV experience with electricelly driven feed water pumps, it

was found necessary to make e very fast transfer between the normal
power source and reserve power source (within approximately two cycles)
so that the rotor at slow down will not lag the <tiétur by more than

20 or 30 electrical degrees. Otherwise there wil. be a very high

load on the rotor and bearings of the motor. A fast transfer of

power scurce for the circulators will be a requirement on the balance
of plant (BOP) for the SC/C plant. The experience in steel mills

with this type of power supply has been 90% availability with only

one thyristor train.

Viewgraph No. F-867(32; included ir the csttached handout lists &
number of existing motors having characteristics similar to those
required for the main helium circulator motor. Of particular interest
are: (a) the Westinghouse synchronous 4-pole mo:or, {b) the two
induction motors, and (¢} the Siemars synchronous 18,000 hp motor.

The Hestinghouse motor is very close to the SC/C requirement for

power and is slightly higher speed which makes the SC/C motor design
easier. The induction motors' speed control is by switching on and off
resistors that are in series with the rotor windings. This is
inefficient, but the motors have been in operation for 20 years.

The Siemens motor has been in operation fur two years. The motors
will be observed for their continued operational experience.

Mr. Rodriguez emphasized thet all of the motor features contained in
the concept for the SC/C plant are in keeping with present technology
for motors of the required size although they have not all been

combined in the desiagn of one motor.

Mr. Rodriquez's response to specific questions raised during the
course of his presentation are listed below by the name of the s
£

InQuIree.,
‘AE.
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1.

™

L. Welshans - The bearing for the vertical motor is state-of-
the-art. Many motor manufacturers have been contacted and
none has made a motor with all of these characteristics; but
many have made vertical motors of the sare horsepower but not
variable speed or horizontal motors with variable speed but
not of this size. However, none of the potential suppliers
anticipate difficulty in meeting all of the reguirements.

C. Dupen - The critical circulator speed is higher than the
operating range. Because of the higher mass of the motor

shaft the motor has one critical speed, in the range of 800

to 1,000 rpm, that is within the operating range. The motor
supplier has taken this into the consideration in the design of
the motor. Because of external damping of the bearings; the
response at the critical speed is 0.010 inch which is considered

acceptabie.

L. Welshans - It would be better if the circulator and motor
were made by one vendor for a unified design, but there is a
prcblem in getting a single vendor. However, GA has worked
ciosely with the motor supplier for an integrated effort.
Mr. Welshans remained uncomfortable in the fact that 2 motor

combining all of the necessary features has net actuaily been built.

Unknown - The thrust bearing is of the Kingsbury type and double
acting. It provides for an upward load of 40,000 1b and a
downward load of 25,000 1b.

Unknown - Harmonic generation in the power supply does not

have adverse effects on the operation of the motor. If one

of the three thyristors fail, the output sine wave is further
distorted; however, the motor is still capable of running with

a number of the thyristors out of service. A ripple is produced
in the power grid but the dc reactors in the power supply reduce
the effect. Discussions with other users of this system in
steel mills indicate the effect is livable.
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V.
IV.a.

6. Unknown - The effect of harmonic generation on the communication
system is addressed in plant specification for the control and

instrumentation system as a requirement.

7. Unknown - The reliability of the rotating diodes in the synchronous
motor has been addressed by the motor manufacturers. They have
20 years experience on generators and are confident of the

application to the motor.

3. C. Forkel - The "solid rotor" electric motor has a one forging
rotor with slots cut in it. This term is in contradistinction

to a "laminated rotor".

8. K. Van Howe - A spare motor is an unnecessary expense because
the motor can be removed, transported to a shop, rewound,
returned to the plant, and reinstalled within one week. There
are numerous shops distributed around the country which rewind

large motors of any make.

10. Unknown - Reinstallation of the motor can be accomplished without
realignment because it is dowelled to the circulator with
tapered pins as part of the original installation.

MAIN CIRCULATOR DESIGN & TECHNOLOGY PLANS

The overview network and program costs ware presented by Michael K.
Nichols. The technology plan details the things that need to be

done to assure that the hardware will satisfy all of its requirements.
Viewgraph No. 3221-2 shows that GA is well into the conceptual design
of the main circulator, LIV, and circulator service system. In the
later part of conceptual the initial prototype design will incorporate
feedback from component tests, which will then proceed on the final
design and construction of the prototype circulator, LIV, motor, and
motor controller. This will be accomplished in the time frame of the
plant Title I design. The prototype tests will be conducted during
Title Il design so that the production units can be completed for
installation during Title 1II construction of the plant.
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IV.b.

Mr. Nichols' response to specific questions raised during the course
of his presentation are listed below by the name of the ingquirer.

1. L. Welshans - Each production unit circulator assembly will be
acceptance tested in the circulator test facility before shipping
to the plant site. The circulators will be tested separately
at the test facility; not four at a time. The hot flow test of
all four circulators will occur at the plant. The production
motors will be acceptance tested at the plant site; not at the
circulator test facility. The prototype motor will be retained
at the test facility to drive the production unit circulator
assemblies. The prototype circulator will test a complete motor,
circulator, and motor module system together with all controls
to the operator's panel. This will facilitate operators
training with an exact duplicate of the plant control panel.

2. P. Kasten - The bearings and seals will be tested in the proto-
tvpe circulator test in addition to the previous tearing and

<ry] component test.

The desian data needs, technology development plan, the component
and circulator power test, and the circulator test facility were
presented by Michael K. Nichols. The material tests of an impeller
forging of Type 410 stainless steel and welded Inconel-718 bellows,
the bearing and seal test, the shutdown seal component test, the
water/air sliding seal test, and the 1/3 scale aerodynamics test
are all directed toward the design of a successful prototype
circulator which will bring no surprises when tested in the full
size prototype test facility. The prototype test will be full size
and full power. The transient circulator tests will include service
system transients, The noise level generated by the circulator in
helium will be measured. The prototype test facility will be a
modification of an existing GA facility that was used for Delmarva

equipment tests.
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Mr. Nichols' response to specific questions raised during the course
of his presentation are listed below by the name of the inquirer.

1. L. Welshans - A Type 410 stainless steel forging for the impeller
is needed to assure the technology for producing sound forgings
of the required size and which will have the required strength
throughout its volume. It will be fracture mechanics tested.

In the nast these forgings have also been spin-tested.
Licensing requires demonstration of adequate capability of

burst protection.

2. L. Welshans - Quality of the production impellers will be assured
by complete Zyglow inspection of each after the completion of

fabrication.

3. L. Welshans - ASME Code approval of Inconel-718 is needed for
the welded bellows un the shutdown seal. High cycle fatigue
failure of the shutdown seal bellows was a problem at FSV.
Mr. Welshans had no pioblem with testing the weldment but
stated that Code approval could not be obtained for $481,000.

4. L. Welshans - The conditions for the bearing and seal component
test differ from the real system in that the system will be
unpressured. Cavitatinn in the bearing water pump is a greater
problem vhen unpressured. When completed, this test should
provide all the information needed for the final design of the

prototype.

5. C. Forkel - The bearing and seal test rig in the viewgraph and
Fig. 2 of review document No. 906252 is not prototypical with
respect to the sliding water seal and the absence of the upper
water lubricated sleeve bearing. It is believed that the sliding
water seal should be the subject of a separate test program. The
single hearing will be studied for cff-balance loads at the bearing
and its response to various speeds. Also, the bearing water pump
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10.

1.

12.

performance and its interaction with the bearing will be studied.
The labyrinth seal for the water/helium interface will be exactly
protctypical. Mr. Forkel continued to favor the maximum possible
prototypicallity in the bearing and seal test.

K. Van Howe - Bearing loads for coupling misalignment will not
be investigated in the bearing and seal test. The combined
effect vill be determined in the full scale prototype test.

L. Welshans - The aerodynamic test of the main helium circulator
will be with air at room temperature - not heated. The test will

checkout the diffuser design and show the effect of LIV malfunctions.

L. Welshans - The impeller wiil be checked out in the aerodynamic
test. The main study will be of interactions between components

and selection of the diffuser type. The performance map will be

generated and the reverse bypass flow will be determined.

P. Kasten - Both lamniar and turbulent reverse flow will be
experienced. The test will explore the effect of various valve

positions.

P. Kasten - The diffuser will be designed for operation at normal
conditions. The reverse flow characteristics of the diffuser
will be explored for safety considerations. The test will be
made with shaft fixed against rotation and again windmilling in

reverse.

K. Van Howe - The brake will be designed to prevent windmilling

in reverse.

P. Kasten - In addition to the diffuser design, the 1/3 scale
aerodynamic tests will check the impelier design and the effect
of the location of LIV. The primary cbjective of the test is
to explore the interactions of the various components. The
small scale tests are felt justified because modifications of
full size parts for changes of design wiil be expensive in both

time and money.
Al4



IV.c.

13. Unknown - In the priority designation, "1" is essential, "2" is
for risk reduction, and "3" is for optimization.

14. L. Welshans - The prototype circulator test will be at full
temperature and pressure with helium. The circulator heat
input will be removed by a Dowtherm cooler.

15. K. Van Howe - In the prototype test all bellows seals will be
prototypical and the bell-mouth steam generator-to-circulator
duct (circulator inlet) will be duplicated.

16. K. Van Howe - The circulator inlet duct pressure drop for flow
measurement purposes will be calibrated in a separate facility.

17. L. Welshans - The cost estimate of $5.85M for the prototype
circulator test facility is based on reusing the existing GA
facility. It is less than the $20M estimate for the gas cooled
fast breeder reactor (GCFR) circulator test facility because
the HTGR has a smaller motor and the GCFR facility was all new.
The estimate is GA's - not Ralph M. Parsons. GA was not sure
if the cost of the motor was included in the estimate and agreed
to find out.

The motor, controller, and instrumentation plan overview and the

design data needs for same were presented by Carmelo Rodriguez.

The control and instrumentation effort is divided into two categories -
the main circulator motor controller and the controls for the rest of
the system. The control effort has been integrated with the mechanical
effort. Most of the controls and instrumentation for the primary system
are carried by the overall plant control system and the plant
protection system. However, there are some controls that are urique

to the primary system that control and monitor the circulator service
system that provides buffer helium and bearing water to the circulator
bearing cartridge. Since the service system control is mostly passive,
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the active functions of this system consist of the surge tank Tiquid
level control on the positive displacement makeup water pump and
monitoring the water level in the cirzulator bearing cartridge to
alert the operator to start the positive displacement scavenging
pump to prevent water from ingressing the primary system.

Mr. Rodriguez's response to specific questions raised during the
course of his presentation are 1isted below by the name of the

inquirer.

1. K. Van Howe - The motor contractor, not GA, does all of the
design of the circulator motor and its controller. Fabrication
of these components is not in viewgraph No. 3221-3 because they
are capital cost equipment. GA's Tiaison includes computer
modeling of the control system to assure its proper performance.

2. L. Welshans - The full scale mock-up of the control room is a
new addition. It will exactly duplicate the control room with

respect to all systems.

3. K. Van Howe - The backup bearing cartridge scavenging pump is
started by Toss of pressure drop across the jet pump.

4. K. Van Howe - There are no design data needs for the motor and
its controller because the technology exists for alit of the
required features although they have not yet been assemblied

in the required combination.

5. K. Van Howe - The motor vendors have existing computer models
that can be routinely changed to generate the parameters needed

for the HTGR circulator motor.

This concludes the minutes for the presentation of the main helium

circulator baseline decign review.
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VI.

AUXILIARY CIRCULATOR & AUXILIARY LOOP_ISOLATION VALVE (ALIV) REQUIREMENTS

Davorin Kapich presented the portion of the handouts related to the
requirements for the auxiliary circulator and its loop isolation
valve. Since the core auxiliary cooling system is a backup lo the
main loops for removal of decay heat, both the circulator and the
ALIV are safety classified in function. The circulator must be
consjstent with 10 CFR 50 requirements and have quick in-service
inspection capability. It must be capable of circulating coolant

at all zero power reactor conditions. Both the circulator and ALIV
must remain functionally undamaged by the effects of earthquake,
DBDA, and the ingress of steam or air. The ALIV must be passively
and automatically actuated by helium flow, be provided with a manual
assist to actuation, and be provided with a position indicator.
Although diversity of the ALIV is not a present regulatory requirement,
this is anticipated and GA has added the requirement that one of the
three ALIV's be diverse in design.

Mr. Kapich's response to specific questions raised during the course
of his presentation are listed below by the name of the inquirer,

1. L. Welshans - The ALIV is diverse from the LIV only in the
use of gravity to open and the use of reverse flow to close
with slight differential pressure. voth valves are of the
same basic design.

2. F. Swart - By "slight differential pressure" to close the ALIV
by reverse flow Mr. Kapich means "2% flow when pressurized and
10-15% flow when depressurized",

AUXILIARY CIRCULATOR AND ALIV DESIGN DESCRIPTION
Davorin Kapich presented the portion of the handouts related to the
description of the auxiliary circulator and ALIV design.
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The selected drive motor has a frame capable of 800 hp, which is

more than adequate for the actual requirement of 226 hp. An induction
motor was selected over a synchronous motor from considerations of

the motor being submerged in the primary reactor cooling system. The
two primary factors were (a) the induction motor, being smaller, is
more suitable to the cavity in the PCRV and {b) the diodes in the
rotor of the synchronous motor are not suited to the environment.

The motor is powered by a variable frequency power supply which is
connected tn both the plant and emergency power systems. By placing
the motor inside the primary system, the need for a high pressure shaft
seal has been eliminated. The circulator is completely within the
pressure boundary and is not a part of the primary closure. A
secondary closure is provided to prevent loss of function if the
primary closure fails. The motor has antifriction bearings, each

of which is provided with its own oil supply.

The total oil volume is six gallons. The motor is cooled by helium-
to-water heat exchangers within the motor frame. The water is supplied
by the plant cooling system which is Class 1. The motor cavity is
depressured through the center of the shaft to foilow the primary
system pressure. The bearing o0il moduie is not permanently connected
to the motor but is actually a detachable service cart for all
circulators. Its design incorporates an interlock to controil the
inventory of ¢l within the motor during o0il changes (on a 2 year
schedule) to prevent spills into the primary helium system.

Mr. Kapich's response to specific questions raised during the course
of his presentation are listed below by the name of the inquirer.

1. C. Forkel - The oil pump, which is integral with the motor
shaft at each antifriction bearing, discharges the oil to
its sump via a pipe not shown on the viewgraph.

2. C. Forkel - The plant cooling system water is at a pressure of
approximately 40 psig, so helium Teaks into the water - not

vice~-versa.
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F. Swart - The buffer helium supplied to the motor doesn't return
to the primary system saturated with 0il. It is discharged from
the motor to an 01l adsorber and thence to the helijum purification

unit for clean up and recycle.

V. Scotti - The vapor pressure of the lubricating oil is unknown.

P. Kasten - The British reactors have sleeve bearings that are
0i1 lubricated from an external supply with a 2-m3 sump. Their
experience from this system has been bad.

K. Van Howe - The 0il is cooled by a water coil in the bottom

of each sump.

V. Scotti - The duty cycle on the motor is 5,000 hrs at maximum
speed and DBA. With no DBA it is infinite on the bearings. The
motor will be continuously rotated at low speed to prevent

brinelling of bearings.

V. Scotti - Loss of oil to the flowing buffer helium is 1imited by
2

the contact surface being only about 1 in¢.

P. Kasten - The loss of 0il1 in two years of operation at full
speed is expected to be one gallon.

C. Forkel - Buffer helium is supplied through an axial hole from
the top of the shaft to radial holes at the two bearings. The
axial hole is blind at the bottom so that it does not communicate

with the primary system.
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11. L. Welshans - The maximum-to-need power ratio of three makes it
possible to reduce the size of the power supply. Reducing the
size of the motor would not result in much savings. Also, a
smaller motor would not reduce the size of the cavity in the
PCRY because its size is dictated by the helium flow passage.

12. L. Welshans - Tne motor is designed to resist helium temperatures of
1700°F by means of insulation on the bottom of the motor and
cooling coils in the bearing cavity. Tne hot soak requirement is
a temperature of 750°F for an indefinite duration. The cooling
system is necessary because the motor itself is designed for
only 107°C,

13. K. Van Howe - The ISI will consist of:
a) Perjodic start at 10% speed while the plant is under
full power
b) Monitoring for high and low oil level in the sump
¢) Monitoring for heljum in the cooling water
d) Exercising the ALIV with the high pressure helium je+
e} Monitoring the double closure interspace for loss of pressure
f) A 10% speed in reverse alarming for operator action.
VIT. AUXILIARY CIRCULATOR DESIGN AND TECHNCLOGY PLANS
VII.a. The overview network and program costs were presented by Michael K.
Nichols. The auxiliary circulator program follows the main circulator

program. There has not been much recent work on the auxiliary circu-
lator but the configuration has been adopted from the Delmarva design.
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VII.b.

The work of tailoring the design to the specific requiremants for the
HTGR-SC/C is just getting underway. The results of a number of
component tests will be input to the design of the prototype which
will be tested in the GA facility. Because of the safety requirements,
the tests will become a qualification for Ticensing before the
commitment to the production hardware. The overall program cost is
smaller than that for the main helium circulator. The viewgraph
titled, "HTGR-SC/C Design Project No. 6654 Rev. B, Dtd. 10/30/81"

is in error. The large spike should be removed. It includes about
$3.6M of production hardware which does not belong in the design
costs. This correction will reduce the total cost to about one half.
The costs assume the use of the main helium circulator test facility.

The design data needs and technology plan were presented by Michael K.

Nichols.

A full size Tower bearing and 0il foaming test with helium has been
completed. Radiation tests on the Tubricating oil have resulted in
the 2-year o0il replacement requirement. At the end of the 2-year
period enough o1l must remain in the sump for a DBDA. The oil
Tevel is indicated in the control room.

The motor cooling test is a mockun of the motor run in air. It is
needed because the motor manufacturers have no pressure drop data

of the cooling gas passages. The aerodynamic test will be a scale
model test in air. The o0il irradiation test will be performed on
0ils developed since the last test to determine if a better o0il is
availabie. The ijmpeller blade vibration test will be for the purpose

of determining the natural frequency of the blades.

The qualification test will be with a full size prototype in the actual
reactor environment and in accordance with 10 CFR 50. The planned
Delmarva test was to include an "aged stator" which was actually baked
to an end of 1ife condition per IEEE. This is st111 the plan for the
SC/C auxiliary circulator. The seismic test will consist of placing
the circulator and motor on & shaker table and demonstrating its
ability to operate during a seismic event.
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Mr. Nichols' response to specific questions raised during the course
of his presentation are listed below by the name of the inquirer.

1. L. Welshans - If the oversize Delmarva design were not available,
essentially the same amount of testing, not more testing, would
be required because *“e tests are just now being started. The
only exception would be the bearing test which has been completed.
A smaller, higher speed machine may require a2 repeat of this test.
The capacity and dependability of the circulator is of prime
importance; the efficiency is of very little concern. The size
of the cavity for this motor is dictated by the size of the
impeller; not the motor size.

2. K. Van Howe - Windmilling of the circulator is not a problem. It is

desirable because it will prevent brinelling of the bearings.

3. Unknown - The prototype test facility will be in the same building
as the main circulator test facility.

4, L. Welshans - The seismic test will be performed at Wyle
Laboratories or a similar facility capable of shaking a mass
of about 30,000 1bs.

5. K. Van Howe - The seismic test of the auxiliary circulator will
not include the ALIV. It will be qualified analytically or
shake tested separately.

6. P. Kasten - There is no problem in testing both main and auxiliary
circulators in the same facility since the auxiliary circulator
follows the main circulator schedule. This will allow the use of
the same personnel for both tests.
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VIII.

7. K. Van Howe - The speed of the circulator windmilling in reverse
will be determined in 1/3-scale air flow test. The torque with
a Jocked rotor will also be measured. The design intent is not
to burst the rotor at this condition.

8. C. Forkel - The windmilling speed will be determined analytically

and verified on the 1/3-scale air flow test.

CONTROL AND ELECTRICAL SYSTEMS FOR CACS

James Vavrina presented the portion of the handouts related to the
control and electrical system for the CACS. «fhe system includes the
variable frequency power supply, the automatic sequencer, the core
auxiliary heat exchanger (CAHE) water temperature outlet controller,

and the safety related display instrumentation (SRDI) which monitors

the overall system performance.

Upon command from the plant protection system, the automatic sequencer
assures that the CACS pressurizer is up, the water pumps are running,
and the air blact heat exchanger (ABHE) fans are on. The auxiliary
circulators are then controlled by the CAHE water outlet temperature.
The maximum time for the CACS to go from standby to full cod%ing is
eight minutes. The system would require five minutes to full cooling
with on-site power; however, if on-site power were lost at the end of
the five minutes, an additional three minutes would be required to
bring on backup diesel power. This would be the worst case.

The variable frequency power supply is similar to that used for the
main circulators except for being of much lower power. The protection
for the drive motor is conventional. The NRC requirements for the
system are reflected in the referenced 1EEE standards.

Mr. Vavrina's response to specific questions raised during the course
of his presentation are listed below by the name of the inquirer.
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IX.

1. F. Swart - The motor controller output voltage and frequency
are both controlled so that their relationship remains constant.

2. K. Van Howe - The ABHE operation is initiated by the sequencer.
Its heat transfer is cuntrolled by automatic Touvers based on
the outside air temperature and air discharge temperature.

3. L. Welshans - The piant condition that causes the system to
start is loss of cooling. Consideration has also been given
to loss of feed water and loss of off-site power.

4. P. Kasten - The controls and sensors for the system are off-the-

shelf except for qualification.

CONTROL AND ELECTRICAL DESIGN TECHNOLOGY PLANS

James Vavrina presented the portion of the handouts related to the CACS
control and electrical design technoiogy plans. The primary design
data needs are verification by test of the circulator performance

and the fuactioning of its labyrinth seals, the compatibility of the
motor and its controlier, and proper interaction of the CACS controls

with their interfacing control systems.

This concludes the minutes for the presentation of the auxiliary circu-

lator baseline design review and Part A.
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MAIN CIRCULATOR REQUIREMENTS

G E NERAL ATOMICRENEE

82y

F-902{(1)

A. SAFETY |

FUNCTION IS NON-SAFETY CLASSIFIED,

PRIMARY COOLANT BOUNDARIES ARE SAFETY CLASSIFIED.
SEISMIC AND ROTOR FAILURE: A) NOT TO DAMAGE OTHER COMPO-
NENTS, B) NOT TO CAUSE BREACH OF PRIMARY BOUNDARY,

B. FUNCTIONAL

CIRCULATE AND CONTROL THE PRIMARY COOLANT FLOW.

SURGE MARGIN TO BE AT LEAST 20% OF THE FLOW RATE AT THE
WORST COMBINATION OF SYSTEM MARGINS.

MINITUMUM AND MAXIMUM CONTROLLABLE SPEED TO SATISFY
PLANT TRANSIENT SPECIFICATION.

PREVENT THE LUBRICANT ENTERING THE PRIMARY COCLANT
AND VICE VERSA.




MAIN LOOP ISOLATION VALVE REQUIREMENTS

PNEERRE £ NERAL ATOMICTENENNNS

62y

F-902(2)

A. SAFETY

FUNCTION — SAFETY CLASSIFICATION.

CLOSED EXCEPT WHEN MAIN CIRCULATOR OPERATING.
FLOWACTUATION WITH CLOSURE ASSIST AND POSITION INDICATION.

B. FUNCTIONAL

PREVENT THE BACK FLOW OF PRIMARY COOLANT.

ACTUATION TIME TO SATISFY PLANT TRANSIENT SPECIFICATION.
TO BE REMOVABLE THROUGH THE CIRCULATOR PENETRATION.




MAJOR DESIGH CONSIDERATIOAS

HIGH AVAILABILITY

- SIMPLIFIED AlD RARDENED SHAFT SEAL SYSTEM.
SEPARATION OF CIRCULATCR DRIVE FROM HSS.
RELOCATION OF CRITICAL COMPOJENTS FROM WITHIN THE
CIRCULATOR TO 0OUTSIDE,

RUGGED AilD FUACTIOHAL MECHANICAL DESIGH,

MIIMUM MAINTENANCE REQUIREMENTS,

EASY REMOVAL A4D INSTALLATIOHN,

USE PROVEA TECHNOLOGIES,

o00D OPERABILITY

- MINIMUM CIRCULATOR (NTERACTION WITH OTHER PLANT SYSTEMS.
- SINPLE AilD ACCURATE “OHTROLS.

PRENUCLEAR TESTING

- ABILITY FOR FULL POWER ALL LOOPS TESTIilG,

- ALSU LOOP INTERACTION WITH FLOW MISMATCH, LOOP TRIP,
RESTART, ETC.

PERFORMANCE

- hlIGi PLAJT CAPITAL COST JUSTIFIES REFINED AERODYWAMIC
DESIGH.
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F-596(R)

VIAIN CIRCULATOR DESIGN BASIS
PERFORMARNCE REQUIREMENTS AT FULL LOAD

INLET PRESSURE
PRESSURE RISE
INLET TEMPERATURE
MASS FLOW RATE

1027.1

22.9 PSI
606°F

637.1 LB/SEC
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MAIN CIRCULATOR DESIGN BASIS
PERFORMARCE REQUIREMENTS AT

O ENERAL ATOMICIRNRINE

F-596(R)

FULL LOAD (CORT)

CIRCULATOR PRINCIPAL CHARACTERISTICS

SHAFT POWER 11,300 KW

ROTATING SPEED 2360 RPM

IMPELLER/DIA. RADIAL/72.0 IN.

BEARINGS WATER LUBRICATED, HYBRID,

ULTRA HIGH STIFFNESS
FIRST CRITICAL SPEED 4300 RPM

DRIVE MOTOR PRINCIPAL CHARACTERISTICS

TYPE SOLID ROTOR, SYNCHRONOUS
SPEED CONTROL SOLID STATE, SELF

4 . COMMUTATED CONVERTER
BEARINGS OIL LUBRICATED, TiLTING PAD,

TWO RADIAL PLUS SINGLE THRUST
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MAIN CIRCULATOR INTERFACES

BRAKE CONTAINMENT
FLUID BUILDING
CONTROL WALL
SYSTEM SUPPORT
PCRY CIRCULATOR CONTROL
C‘l;‘bl:.?;l-ﬁ LINER INSTRUMENTA- ROOM cgmﬂc
CLOSURE TioN PANEL
SYSTEM SYSTEM
u‘ st | = pu—
o
PCRV ELECTRIC MAIN BEARING PLANT
SUPPORT NGTOR CRETTOR WATER ELECTRIC
FLANGE DRIVE MODULE SYSTEM
VARIABLE HELIUM
HELIUM LOOP
FREQUENGY PURIFICATION ISOLATION AND MAKE-UP
POWER el aLATA WATER SUPPLY
SUPPLY SYSTEMS
PLANT PLANT STEAM
ELECTRICAL CONTROL GENERATOR
SYSTEM SYSTEM SHROUD

£-890(2)



HTGR-SC/C MAIN HELIUM
CIRCULATOR AND DRIVE

BEREEIENERAL ATOMK ST
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LOOP ISOLATION VALVE ASSEMBLY

NN ENERAL ATOMK DISTXR

h‘
DETAIL A

{(ENLARGED)

DETAILB
{(ENLARGED)

F-890(1)
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DRSNS E N EARAL ATOMKCOIENEN

PLANT

MAIN CIRCULATOR SERVICE SYSTEM

FSV

CLASS I/SAFE SHUTDOWN COOLING

E.G., BACK BEARING WATER

& MAKE-UP; INSTALLED

SPARES

PPS
TWO CIRCULATORS PER SERVICE SYSTEM
BUFFER HELIUM INTERNALLY RECIRCULATED
LOW PRESSURE HELIUM RECOVERY

PE/DPL

NO SAFE SHUTDOWN COOLING REQUIRED
BACKUP BEARING WATER FOR AVAILABILITY ONLY
ONE SERVICE SYSTEM PER CIRCULATOR
EXCEPT: BUFFER HELIUM DRYERS
BACKUP AND MAKEUP BEARING WATER
LOW PRESSURE HELIUM RECOVERY
BUFFER HELIUM RECIRCULATED BY He
PURIFICATIONS SYS.

JET PUMP DRAIN SCAVENGING

REF
2240
MW(t)
HTGR-
SC/C

SIMPLER SERVICE SYSTEM, CONTROLS ONLY FOR
MAKE-UP

BEARING WATER PUMP INTEGRAL WITH
CIRCULATOR SHAFT

NO BACKUP BEARING WATER

NO SHUTDOWN ACCUMULATORS

NO LOW PRESSURE HELIUM RECOVERY

NO SHARED EQUIPMENT BETWEEN CIRCULATORS
FEWER SERVICE SYSTEM TRANSIENTS

LESS PLANT AND CONTAINMENT BLDG. SPACE

F-875(2)
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FSV SERVICE SYSTEM
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OUTPUT HP AND TORQUE VS. SPEED

VARIABLE SPEED GIRCULATOR
DRIVE MOTOR FOR HTGR LOOP

9pv
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|

500

1000 1500 2000 250
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TILTED PAD UL 2~ AWINDINGS” WINDING
BEARINGS | '
—d” s
.IL . A— .
g \ ’ 1 y
L\ } 137

THRUST
BEARING

F-850(1R}

A47

Sl

AIRTO

WATER
COOLERS
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. HTGR DRIVE MOTOR

EEEREGENERAL ATOMICEENEE

- r————- 1 SYNCHRONOUS
VARIABLE | ' z'TOATTOORR
FREQUENCY ~- | |
POWER | wduu r<(3 PHASE) ROTATING PARTS
SUPPLY L _/
I I T T
| | S :‘: I l
' | K P |
| | i 7]% l | :
| SYNCHRONOUS | LE_7 | EXCITER |
MOTOR FIELD | DIODE BRIDGE | ROTOR
L o e e e L L e e —_——
" T0 [ |
CONTROL VARIABLE l |
POWER VOLTAGE | . i
440 V — THYRISTOR | ‘
3 PHASE BRIDGE | A
T LSTATOR___
FIELD CONTROL
SIGNAL FROM

£.767(2) CONTROL LOGIC



TRERENGENEAAL ATOMICENES

HTGR POWER SUPPLY

INPUT | ! OUTPUT
I DC.LINK
|
CONVERTER § REACTORS | CONVERTER
BREAKERS .
T0 2 THYRISTORS THYRISTORS | pReAKERS
MA'N 4_._ E ' fb'm | P /\__.A
POWER 3
SUPPLY TRANSFORMERS o Ly To
. SYN
w0
B pre— P MOTOR
3 THYRISTORS . { THYRISTORS STATOR
— c t Fg112 . —
s J ’-\ ¢ ) 15-
1 1
DYNAMIC
BRAKING
RESISTORS
T0 FIRING CIRCUITS
CONTROL — AND FIELD CONTROL SIGNAL > TO
POWER CONTRO!. LOGIC SYN. MTR
’ 1 710 SUPPLY
SPEED SIGNAL
SIGNAL FROM )= <{ FROM
REACTOR FOR CONTROL TACHOMETER

F-?67(4)
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EENENE RAL ATOAY SR

F-867(32)

MOTOR SUL. LIER

ALLIS CHALMERS
ALLIS CHALMERS

ALLIS CHALMERS
ALLIS CHALMERS

WESTINGHOUSE
WESTINGHOUSE

BROWN BDVERI
SROWN BOVERI

BROWN BDVERI

SIEMENS

SIEMENS

TYPE OF PLANT

TYPE HP RATING MOTORRPM  MOUNTING CUSTOMER
SYNCHRONOUS 9000 1200 {CONSTANT) VERTICAL
6 POLE
SYNCHRONDUS 10000 3600 (CONSTANT) HDRIZONTAL
2 POLE
SYNCHRONOUS 12000 1200 VERTICAL
SYNCHRONDUS 14400 1800 HORIZONTAL
4 POLE
SYNCHRONOUS 15000 900 (CONSTANT) CLARK BROTHERS
SYNCHRONDUS 1250/15000 300/3600 HORIZONTAL NASA CLEVELANO
4 POLE VARIABLE
SYNCHRONOUS 12500 1500 HORIZONTAL SAAKBERG WERKE
BAD
SYNCHRONOYS 17500 1500 ARBED-SA
LUXEMBURG
SYNCHRONOUS 40000 3000 ISCOR WORKS
JOHANNESBURG, S.A,
A.C. 12000 2980 HORIZONTAL EDFY
CHINON, FRANCE
INDUCTION 9600 2240 HORIZONTAL DUNGENESS A"
VARI-SPEED UK.
woucTion 9650 1500 HORIZONTAL SIZEWELL
(SLIP RING) VARI-SPEED UK,
A.C. 18900 2000 HORIZONTAL WYLFA
U.K.
SYNCHRONOUS 30000 3000 ANBEO
BELVAL
SYNCHRGNOUS 18000 6000 HORIZONTAL ESSEN STADT
VARI-SPEED IVERKE

STEEL MILL

MAGNOX REACTOR
G.C.A.

MAGNOX REACTOR
G.C.R.

MAGNOX REACTCR
G.C.R.

MAGNOX REACTOR
G.C.R.

FOSSIL FiRED
POWER PLANT-
-BFP DRIVE




SUMREEEGENERAL ATOMICEERSE

1GY

@

NEED
2,33.D.1

2.33.D.2
2,21.2D.4

2.21.2D.8

MAIN CIRCULATOR CONTROL & ELECTRICAL DESIGN, SYSTEM 21

DESIGN DATA NEEDS

DESCRIPTION

PERFORM HUMAN ENGINEERING
STUDIES ON LGCAL AND REMOTE
CONTROL SCHEMES, AND MAIN COHM-
TROL ROOM AND REMOTE SHUTDOWN
ROOM ARRANGEMENT AND FEATURES
AS REQUIRED TO ASSURE THAT
PLANT OPERATION CAN BE PROPERLY
MONITORED AND CONTROLLED BY
OPERATING PERSONNEL

VERIFY ADEQUATE LOGIC AND LAY-
OUT OF PROTECTION AND CONTROL
SYSTEMS

VERIFY JET PUMP, B/U SCAVENGE
SYSTEM AND SLINGER OPERATION
AS A FUNCTION OF RPM AND FLOW

VERIFY FULL POWER PRESSURE, TEM-
PERATURE, COMBINED PERFORMANCE
OF CIRCULATOR, MOTOR, POWER SUP-
PLY, ISOLATION VALVE, BEARING,
SEAL & ELECTRONIC CONTROLS

PRIORITY ~  EACILITY ~ COST REV §
T2 FULL SCALE CONTROL ROOM  SEE PCS
L1 SIMULATION WITH INTER- DDN's

FACE CAPABILITIES TO CON-
NECT EXPERIMENTAL COMPO-
NENT TEST FACYLITIES AND
REAL TIME COMPUTER SIMU-
LATION LABORATORY
T2 FULL SCALE MOCK-UP OF SEE PCS
L1 CONTROL ROOM BOARDS AND  DDN's
CONSOLES
Tl FULL SCALE, FULL SPEED SEE MAIN
BEARING & SEAL TEST RIG ~ CIRC. DDN's
11 FULL POWER CIRCULATOR SEE MAIN
TEST FACILITY DDN's
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HIGR - SC/C DESIGN PROJ. 1O, 6654

FOUIVAL LT RV, "B”, DIB, 10/30/31
HEADS (EARLY START ESTIIATE REVERUE DOLLARS
(1824 HRS= oy (1981 $'S)
3221-PRIMARY LOOLANT CONTROL & ELECTRICAL
1 EUIV, HD)) SUBNET » BAND NONESCALATED (000)
50 — — 5000
R EH — .
TOTAL § == ——
bs OTHER §— — =~ — ~ hsoo
i CAPITAL = ~= ——
40~ ~ 4o00
. TOTAL REVENUE DOLLARS - $2 434 i
35 { ADJUSTED 12/09/81 ) _ 3500
z 30— 3000
(&%) R L -
25 - L 2500
20— — 2000 !
15— — 1500
- - :
10 L 1000
. . .
-y \.‘- N-' b~
U R T T i T i
86 87 88 8g 90 91 92 - 93 84
FISCAL YEAR
NOTE: EARLY START - MANPOWER LOADING NOT YFT OPTIMIZED/LEVE! LOADED
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DESIGN

CIRCULATOR,
VALVE,
SERVICE 5YS

P ——

TECHNOLDGY

CIACELATOR,

VALVE, SERVICE

SYS§, MOTOR
& CONTROL

BEARINGS,
SEALS,

AERODYNAMICS

TEST
FACILITY

— o —

! praTatvee

INST.

j

RELEASE
LONG LEAD

~ITEMS
o8 ] 12/82

" PLAN, DESIGN &
FROCURE

OMPONENT TESTS

-4

-+
85 3/86

L
10/81

7

9/8%
CONSTRUCTION

[~d

1., & e | 3
2 R SE 89 a0 0 LnZ 94
3 8l FE] : Ly
s kw3 B4 &l o - 223
SUEw® af@ all e B|= S« o8
2uwlad Do =l =l 2l o < rw
QD —-ax O QW ¢ Ot Sw [=] o
(oulmk-a ola oo al ola o u 2000
Ly ] BLY BLZ 8Ly L 1
CONCEPT DESIGN DESIGN ' FINAL DESIGN, FAB S INSTL & START 9
! [ |
UTLEN TTLE N TITLE i ~—~Lr i
coMML.
COMPLETE OPER,
RELEASE PRODUCTION bELY
INITIAL LONG LEAD 10
PROTOTYPE PROTO PRODUCTION SITE
CONCEPT.DES. . DESIGN DESIGN | e - TEST
am 12/88 /‘n 1, 780 | 1/oy
L}
l i
! |
L i A
— ___WL_.__.. —_—— — ————— e e ] L ]

SSURENT 4 +1 1381 ATDGN R

MAIN CIRCULATOR
ISOLATION VALVE

& SERVICE SYSTEM

1 1

F-859(3)




EERENCE NERAL ATOMICHEERENER

MAIA CIRCULATOR DESIGN

* AERODYWAMICS
COMPRESSOR
DIFFUSER
INLET

* STRUCTURAL
MOTOR SUPPORT
CLOSURE
DUCTING

* BEARINGS & SEALS
* SERVICE SYSTEM

* LOOP ISQOLATION VALVE

AS5



MAIN CIRCULATOR TECHNOLCGY
COMPOWENT TESTS

* BEARINGS AND SEALS
. INTEGRAL PUMP
. WATER BEARING CHARACTERISTICS

. HELIUM/WATER SEAL
. DRAIN SYSTEM
. SERVICE SYSTEM

* SCALE MODEL AERODYNAMICS
. COMPRESSOR
. FLOW PATHS
. LOOP ISOLATION VALVE

* SHUTDOWM SEAL
* KIGH PRESSURE SLIDING SEAL

A56



MAIN CIRCULATOR TECHNOLOGY
PROTOTYPE TESTS
REACTOR IMSTALLATION CONFIGURATION

* SIMULATED REACTOR ENVIRONMENT
. HELIUM
. FULL TEMPERATURE
. FULL PRESSURE/DEPRESSURIZED
. TRAHSIENTS

* COMPLETE PERFORMANCE EVALUATION
. AERODYNAMICS
. BEARINGS & SEALS
. SERVICE SYSTEMS
. MOTOR
» MOTOR COATROLLER
. INSTRUMENTAT ION
. LOOP ISOLATION VALVE

A57



MAIN CIRCULATOR SC/C PROGRAM COSTS

INCLUDING MAIN LOOP ISOLATION
VALVE AtD SERVICE SYSTEM

1981 $

DESIGN COSTS
TECHNOLOGY COSTS
HARDWARE & CAPITAL COSTS

TOTAL PROGRAM COST

$ 4,07 X 100
$ 4,87 X 100
$10.47 X 105

$19. 41 X 106

“INCLUDES $5.85 X 10® FOR PROTOTYPE TEST FACILITY

A58




HTGR-SC/C DESIGN PROJ. NO. 6654

m— N1, ATOMICamm REV. “B”, DTD. 10/30/81
EARLY START ESTIMATE)
EQUIVALENT (
HEADS REVENUE. DOLLARS
ilgz[lqleRS:}ﬂ) ) SuBNET 3221-PRIMARY COOLANT nann _MAIN CIRCULATOR N(;‘Jl{?gé\&% (000)
. EH —_— B
9 | TOTAL § —— e - 300
OTHER §~— ~— — —
- CAPITAL —_——
8 - - 800
: TOTAL REVENUE DOLLARS - $4,07h i
7 - — 700
) ) 600
= 6 - |
v - - 400
3 - — 300
2 - - 200
J ;
1 s —— 100
N 8
A m mm e m e ———— e o = = m e o
] | I T 1 I T T T | T T
81 82 83 84 85 86 87 88 89 90 9 92 93 94
FISCAL YEAR

NG EARLY START - MANPOWER LOADING NOT YET OPTIMI,  _EVEL LOADED
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m———— MAIN CIRCULATOR TECHNOLOGY
_ MATERIAIS TESTS
DDN DESCRIPTION
2,21.2.A.1 * - OBTAIN FRACTURE MECHANICS DATA ON FORGED AWND

WELDED ROTATING MACHINERY MATERIAL

*

- BENCH TESTS

*

- PRIORITY - 12

* - COST - $200K

NOTE: SAME AS PROGRAM FOR AUXILIARY CIRCULATOR (DDN 2,28.2.A.1)
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WL 1t AL 41O

DUR

2.21.2.A,2

MAIN CIRCULATOR TECHNOLOGY

MATERIALS TESTS

*

*

*

DESCRIPTION

- OBTAIN CODE APPROVAL OF INCONEL 718 FOR USE IN
SHUTDOWi SEAL BELLOWS

- BENCH TESTS
- PRIORITY - T2

- COST - $481K
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@

MAIN CIRCULATOR TECHNOLOGY

o BEARINGS & SEALS COMPONENT TESTS

DDN

2.21.2.D.1, 2, 3 & 4

DESCRIPTION

* - DETERMINE PERFORMANCE CHARACTERISTICS OF
WATER BEARING, INTEGRAL PUMP, HELIUM/WATER
SEAL, HELIUM/WATER DRAINS AND SERVICE SYSTEM

*

- FULL SCALE BEARING TEST RIG

%

- PRIORITY - T1

* - COST - $2,297K
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m MAIN CIRCULATOR TECHNOLOGY
SHUTDOWN SEAL COMPONENT TEST

DDN DESCRIPTION

*

2,21.2,D.5 - DEMONSTRATE SHUTDOWN SEAL DURABILITY AND

RESISTANCE TG FLOW EXCITATION

*

- BENCH TEST RIG

*

- PRIORITY - T2

* - COST - $283K
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WA HERAL ATOVWCIR

DDN

2.21.2.D.6

MAIH CIRCULATOR TECHNOLOGY
WATER/AIR SEAL COMPONENT TEST

DESCRIPTION

* - CONFIRM HIGH PRESSURE WATER/AIR SLIDING SEAL
PERFORMANCE

* - BENCH TEST RIG

-

~ PRIORITY - 12

* - COST ~ $283K
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MAIN CIRCULATOR TECHNOLOGY

e AERODYNAMICS COMPONENT TESTS
DDN DESCRIPTION
2.21.2.0.7 * _ DETERMINE AERODYNAMIC PERFORMANCE OF MAIW

CIRCULATOR COMPRESSOR, FLOW PATHS AND LOOP
ISOLATION VALVE INCLUDING REVERSE FLOW

* ~ 1/3 SCALE TEST RIG USING AIR

&®

- PRIORITY - T2

* - COST - $1,582K
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LA NE Ay ATOMCIRIIN

DDN
2.21,2.D.8, 9 & 10

MATH CIRCULATOR TECHNOLOGY
PROTOTYPE TESTS

DESCRIPTION

*

- VERIFY PERFORMANCE OF PROTOTYPE HARDWARE UNDER ,
SIMULATED REACTOR CONDITIONS INCLUDING CIRCULATOR,
VALVE, SERVICE SYSTEM, MOTOR, MOTOR CONTROL AND
ALL RELATED INSTRUMENTATION

*

~ FULL SIZE, SPECIALIZED TEST FACILITY
* - PRIORITY - T1

* _ COST - $3,154K - TESTS & LABOR
1,886K - HARDWARE
5,850K - FACILITY

$10,525K




HTGR AUXILTARY CTIRCULATOR

p=d
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GAC PROPRIETARY INFORMATICN

GENERAL ATOMIC COMPANY

Thls document contalns proprietary
information (f General Atomic Company.
This document may not be copied in whcle
or in part or made public without the
express consent of GAC, and it will be
returned to GAC upon completion of the
contract work for which it is provided
or upon request of GAC.

PATENT STATUS
This document, since it is
transmitted in advance of patent
clearance, is made available in
confidence solely for use in
performance of work under contracts
with United States Department of
Energy. This document is not to
be copied or published nor its
contents otherwise documented or
ugsed for purposes other than
specified, before patent approval
for such release or use has been
secured, upon request, from Gffice
of Patent Counsel, United States
Department of Enerqgy, San Francisco

Operations Office, Post Office Box
RNR Y.-17A T Avwravrmnavra A QARGN




AUXILIARY CIRCULATOR REQUIREMENTS

SN ENERAL ATOMCENEENS

29Y

A. SAFETY
1. FUNCTION IS SAFETY CLASSIFIED.
2. PRIMARY BOUNDARIES SAFETY CLASSIFIED,

3.  SEISMIC, DBDA AND STEAM/AIR INGRESS NOT TO CAUSE THE LOSS
OF FUNCTION.

4. ROTOR BURST NOT BREACH PRIMARY COOLANT BOUNDARY AND
OTHER SYSTEMS FOR SHUT DOWN COOLING.
8. FUNCTIONAL

1.  CIRCULATE AND CONTROL THE PRIMARY COOLANT FLOW AT ALL
REACTOR CONDITIONS WITH ZERO REACTOR POWER.

2. CAPABLE OF DEMONSTRATING OPERABILITY DURING POWER -
OPERATION.

3. SURGE MARGIN SAME AS MAIN CIRCULATOR (20%).

4, PREVENT INGRESS OF LUBRICANT AND PRIMARY COOLANT SAME
AS FOR THE MAIN CIRCULATOR.

F-902(3)



AUXILIARY LOOP ISOLATION

S ey VALVE REQUIREMENTS

69Y

F-902(4)

A. SAFETY

FUNCTION IS SAFETY CLASSIFIED,
PASSIVE ACTUATION PLUS MANUAL ASSIST, AND POSITION INDICATION.

SEISMIC, DBDA AND STEAM/AIR INGRESS NOT TO CAUSE THE LOSS OF
FUNCTION.

ONE OUT OF THREE VALVES TO BE DIVERSE IN DESIGN. ‘
B. FUNCTIONAL
PREVENT THE BACK FLOW OF PRIMARY COOLANT.

FORWARD FLOW AND GRAVITY OPEN, BACK FLOW CLOSED.
CLOSE UNDER MINIMUM REVERSE FLOW.
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o HTGR — PS/C AUXILIARY CIRCULATOR
PERFORMANCE REQUIREMENTS
o e DURING THE DBDA

INLET GAS CONDITIONS:*

PRESSURE, PSIA 216
TEMPERATURE, °F 660
DENSITY, LB/CU.FT. 0.024
MOLECULAR WT. 12

FLOW PER CIRCULATOR, 140,000

LB/HR

LOOP AP, PSI 0.96

SHAFT HORSEPOWER 226

*NOTE: PRESSURIZED OPERATION AT 1050 PSI REQUIRES MUCH LOWER
AUXILIARY CIRCULATOR DUTY

F-766(9)R



AUXILIARY CIRCULATOR INTERFACES

ERENGENERAL ATOMICENEEN
L
EMERGENCY PCRV c’:gﬁ&'ﬂgn CONTROL PLANT
POWER LINER ) ROOM COOLING
SUPPLY CLOSURE i PANEL SYSTEM
> l
-
VARIABLE AUXILIARY - -
PLANT BEARING PLANT
POWER F“Eg‘:ig“ cmcmron SERVICE POWER
SuppLY SUPPLY MOTOR ASS'Y. MODULES SupPLY
1
PLANT | HELIUM LOOP
CONTROL PURIFICATION ISOLATION
SYSTEM SYSTEM VALVE °

F-890(3)



"AUXILIARY CIRCULATOR
INSTALLATION

REFUELING FLOGR

— iy TOP OF
PCRV
AUXILIARY d
CIRCULATOR .~ "~ AT
SERVICE -] TENDON
LINES ] "
) A
AUXILIARY ; = 4
HEAT | an AUXILIARY
EXCHANGER : 1 e CIRCULATOR
PRIMARY i < 24 PRIMARY
CLOSURE T E— CLOSURE
) . . ‘-\_ X P
- Allle M auxiLiarY
s ] 0 CIRCULATOR
LOWER gV / - MACHINE
SHEAR N ASSEMBLY
ANCHOR ol ) -
o INAE T auxiuary
AUXILIARY il ~ COOLING
CIRCULATOR o p—— LOOP
SHUTOFF LINER
VALVE

A72




- AUX. CIRC. MOTOR

G ENERAL ATOMICMNRENS

OiL BATH

STATOR

OIL BATH

IMPELLER%[\L

\ UPPER -
) BEARING

MOTOR COOL
HEAT EXCH.

SO

%
Z - FAN
7 =
% /| _Lowen
% - : /
% N AN %
\VE—AN %
L |
o
<l
R i ~—lr \ §:
g IMPELLER BUFFER \

\ COMPRESSOR ROTOR INJECTION

A73



—=-=— AUXILIARY CiRCULATOR SERVICE
SYSTEM FLOW DIAGRAM

FLUIDS LEGEND
——3. HP HELIUM
C— HP BEARING 0IL

1 He/OIL MIXTURE
C——"3 COOLING WATER

AUXILIARY CIRCULATOR

|

_ N » » BLDG
BLDG :
BEARING OIL MODULE DRAIN B } [
= !! "% - UL T=l]) j
= BEARING REACTOR PLANT | é REACTOR
3 COOLING WATER PLANT
= # OIL TANKS SYSTEM ] jm— - "1 W COOLING
-~ il | . WATER
l‘ —l SYSTEM
o} .
: J (e .
N 1]
g @ [
| ‘_’J o v 1
4 a | < I
£ d a —~N\F 1
SERVICE  *X [POWERED b
MODULE °] | VALVES | | insTRUMENT
o | oAl AIR SYSTEM
== ﬁl = > Y « OTHER AUXILIARY
PURIFIED AF _g;:-_—i% CIRCULATOR
HELIUM COMMON v paDIORCTIvE  SERVICE SYSTEMS
HEADER SUPPORT OIL ADSORBER [——> REACTOR PLANT GAS WASTE
rupipcation  LOOP > ¥ SYSTEM SYSTEM HELIUM
SYSTEM ——> PURIFICATION

SYSTEM
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HTGR AUXILIARY CIRCULATOR STATUS
vy OF DESIGN AND TECHNOLOGY

1. BEARINGS AND SEALS TEST (N HELIUM COMPLETED.
700 KW VARIABLE FREQUENCY POWER SUPPLY SHOP TESTED AND DELIVERED.

3. PROTOTYPE SUBMERGED MOTOR ROTOR AND STATOR WERE MANUFACTURED BUT
NOT SHOP TESTED.

4. 60% OF ALL DESIGN ANALYSES FOR DELMARVA CONFIGURATION HAVE BEEN
COMPLETED.

5. DESIGN DRAWINGS FOR DELMARVA PROTOTYPE WERE COMPLETED.

6. FULLSCALE TEST FACILITY DESIGN COMPLETED AND PRESSURE VESSEL FOUNDATION
'AND POWER SUPPLY INSTALLED.

F-766(8)R
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gHEE 2 ghie 2 -F 28z
,8EZEE 8l SRS Sjs oL Sad
T 0 1
CONCEPT DESIGN L' pRELmMOESIGN ¢ FINAL DESIGN, FAB. CONSTAUCTION BLY wsTL & sTARTUP -
7 T
TTiE TITLEN TITLE 11 1‘
I | -BELEASE LONG LEAD COMML
DESIGN " :::J':'Aol‘i'ypg FINAI.O / PAOOUCTION ITEMSl DELIVER OPER )
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IREE NERAL ATOMCIERENNES

AUXILIARY CIRCULATOR DESIGI

* AERODYNAMICS
. COMPRESSOR
. DIFFUSER
o [HLET

* STRUCTURAL
. CLOSURES
. LIMIT STOP

. DUCTING -

* MOTOR COOLIHG
. FANS
. HEAT EXCHANGER

* BEARINGS
* SERVICE SYSTEM
* LOOP ISOLATION VALVE

A77



AUXILIARY CIRCULATOR TECHNOLOGY

COMPONENT TESTS

* MOTOR COOLING
. FANS
. HEAT EXCHANGER
. MOTOR PASSAGES

* SCALE MODEL AERODYNAMICS
. COMPRESSOR
. FLOW PATHS
. LOOP ISOLATION VALVE

* OIL IRRADIATION
* BLADE VIBRATION

A78



AUXILIARY CIRCULATOR TECHNOLOGY
PROTOTYPE QUALIFICATION TESTS

REACTOR INSTALLATION CONFIGURATION

* SIMULATED REACTOR ENVIRONMENT
. HELIUM
. FULL TEMPERATURE
» FULL PRESSURE/DEPRESSURIZED
. TRANSIENTS

* COMPLETE PERFORMANCE EVALUATION
. AERODYRAMICS
. MOTOR COOLING
» BEARINGS & SEALS
. SERVICE SYSTEMS
. MOTOR CONTROLLER
» INSTRUMENTATION
. LOOP ISOLATION VALVE -

* SEISMIC

A78
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S o AUXILIARY CIRCULATOR TECHNOLOGY
MATERIALS TESTS

DDN DESCRIPTIOI!

2,28,2.A.1 * - OBTAIN FRACTURE MECHANICS DATA ON FORGED
: AND WELDED ROTATING MACHINERY MATERIAL.

£

~ BEKCH TESTS
* - PRIORITY - T2
* - COST - $200K

HOTE: SAME AS PROGRAM FOR MAIN CIRCULATOR (DDN 2.21.2.A.1)



(A)

U2 ASENERAL ATOVYCRZA) AUXILIARY CIRCULATOR TECHNOLOGY
MOTOR COOLING COMPONENT TEST

DDN DESCRIPTION

A )

*

2,28.2.D.1 - VERIFY ADEQUACY OF COOLING SYSTEM FOR SUBMERGED

MOTOR; EVALUATE PERFORMANCE OF HEAT EXCHANGER,
SHAFT-MOUNTED FANS AND ROTOR/STATOR FLOW PASSAGES,

L8Y
*

- FULL SCALE TEST USING AIR
* - PRIORITY - T2

* - COST - $702K



28Y

DDN

2.2852.Dl2

AUXILIARY CIRCULATOR TECHNOCLOGY
AERODYHAMICS COMPONENT TESTS

DESCRIPTIOH

* - DETERMINE AERODYNAMIC PERFORMANCE GF AUXILIARY
CIRCULATOR COMPRESSOR, FLOW PATHS AND LOOP
ISOLATION VALVE INCLUDING REVERSE FLOW.

* - 1/3 SCALE TEST RIG USING AIR.

®

- PRIORITY - T2

* - COST - $942K



AUXILIARY CIRCHLATOR TECHNOLOGY

| SENERAL AT OIL TRRADIATION TESTS

DDN DESCRIPTION

2,28.2.D.3 * - ESTABLISH OIL DEGRADATION DUE TO RADIATION.

L

- CAPSULE TEST

L

- PRIORITY - T2

£8Y

* - COST - $39K

L.,
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2.28.2.D.7

v8Y

AUXILIARY CIRCULATOR TECHNOLOGY
BLADE VIBRATION COMPOHENT TEST

DESCRIPTION

* - VERIFY CALCULATED VIBRATION CHARACTERISTICS
OF COMPRESSOR BLADES

*

- BENCH TEST

% - PRIORITY - T2

*

- COST - $223K
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2.28.2.D.4

G8vY

AUXILIARY CIRCULATOR TECHNOLOGY
PROTOTYPE QUALIFICATION TESTS

DESCRIPTION

- VERIFY PERFORMANCE OF PROTOTYPE HARDWARE UNDER
SIMULATED REACTOR CONDITIOHS INCLUDING CIRCULA-
TOR, VALVE, SERVICE SYSTEM, MOTGR, MOTOR CONTROL
AD ALL RELATED INSTRUMENTATION

* - FULL SIZE, SPECIALIZED TEST FACILITY

&

- PRIORITY - L1

* - COST - $1,422K - TESTS & LABOR
3,000K - HARDWARE
3,000K - FACILITY

$7,422K - TOTAL




AUXILIARY CIRCULATOR S/C PROGRAM COSTS

[HCLUDING AUXILIARY LOOP ISOLATION

VALVE AWD SERVICE SYSTEM

DESIGN COSTS
TECHNOLOGY COSTS
HARDWARE & CAPITAL cosTS'

TOTAL PROGRAM COST

$ 3,70 X 100
$ 2,94 X 100
$7.67 X 100
$14.31 X 108

*INCLUDES MOTOR & CONTROLLER AND $3.0 X 10°

FOR PROTOTYPE TEST FACILITY
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2,28,2.D.5

AUXILIARY CIRCULATOR TECHNOLOGY
PROTOTYPE SEISMIC TESTS

DESCRIPTION

~ VERIFY OPERABILITY OF PROTOTYPE CIRCULATOR
ASSEMBLY DURING SAFE SHUTDOWN EARTHQUAKE
(SSE) SEISMIC CORDITIONS

- FULL SIZE SEISMIC FACILITY
- PRIORITY - L1

- COST - $1,023K
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68Y

CACS HARDWARE INCLUDES:
o AUXIL!ARY CIRCULATOR ELECTRIC DRIVE SYSTEM
® CORE AUXILIARY HEAT EXCHANGER (CAHE)
e CONTROLS & INSTRUMENTATION

DESIGN & DEVELOP CONTROL % ELECTRICAL FOR CORE AUXILIARY COOLING SYSTEM.

® DRIVE SYSTEM CONSISTS OF INVERTER-POWER SUPPLY, CONTROLLER & MOTOR FOR
AUXILIARY CIRCULATOR

© CACS CONTROLS & INSTRUMENTATION

THE DESIGN STARTS IN THE CONCEPTUAL DESIGN PHASE & EXTENDS TO THE FINAL
DESIGN & DEVELOPMENT PHASES & POST INSTALLATION FIELD TESTING.

OVERALL OBJECTIVE — PROVIDE DOCUMENTATION TO DESIGN, BUILD, TEST, LICENSE &
OPERATE THE CAHE DRIVE SYSTEM.

® PPS INITIATES SYSTEM 47 SEQUENCER WHICH TRANSFERS CACS FROM STANDBY
TO OPERATE MODE

© CACSINTERFACES WITH NSS & BOP SYSTEMS

® ENSURE CACS MEETS NRC-IEEE REQUIREMENTS FOR CORE COOLING & REACTOR
SHUTDOWN,

e DESIGN & TEST PROTOTYPE ELECTRIC MOTOR & CONTROLLER & SPECIFY PRODUCTION
r-866(1) UNITS




HTGR MAIN CIRCULATOR STATUS OF
i DESIGN AID TECHNOLOGY

1.  HIGH LOAD CAPACITY, HIGH STIFFNESS WATER BEARING TECHNOLOGY IS FULLY
DEVELGPED AND UNDERSTOOD.

2. THEBEARING AND SEAL SYSTEM “LESSONS LEARNED” RE WATER INGRESS AT FSV.
HAVE BEEN INCORPORATED INTO THE NEW DESIGN,

3. ALL THE DESIGN CODES AND METHODS NEEDED TO PERFORM THE CIRCULATOR
DETAIL DESIGN ARE ON HAND.

4. NEW CCNFIGURATIONS OF ELECTRIC MOTOR DRIVEN, CENTRIFUGAL FLOW
CIRCULATORS AND LOOP ISOLATION VALVES HAVE BEEN DEVELOPED IN THE
CONCEPTUAL STAGE.

5. AEBRODYNAMIC, BEARINGS, CRITICAL SPEEDS AND SEALS ANALYSES WERE
CONDUCTED FOR THE NEW CONFIGURATIONS.

6. . CONCEPTUAL DESIGN EFFORT AND FEASIBILITY STUDIES ON THE ELECTRIC MOTOR
DRIVE SYSTEM HAVE BEEN COMPLETED BY AN ELECTRIC MOTOR VENDOR.

7.  BEARINGS AND SEALS VERIFICATION TEST PROGRAM WAS INITIATED IN OCTOBER
1978. THE DESIGN OF THE FULL SCALE, FULL RPM TEST RIG INCORPORATING IN-
TEGRAL PUMP, BEARING AND HELIUM/WATER SEAL IS NOW 90% COMPLETED.

F-766(2)R
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P&I DIAGRAM

CORE AUXILIARY COOLING SYSTEM

0sY

m‘g"“ LABYRINTH
. SEAL AP
PLENUN (LEAKS! AUX. AUX. CIAC,
y CIRC. | NOTOR  |e=—— CLASS IE
r TE‘_ HELIUM FLOW MOTOR \ CONTROLLER 4160 3¢ POWER
C/'com-: o (SPEED) &
INLET S.P.= f (FLOW, TEMP.
(CIRC. L~ CIRCULATOR REACTOR
CIRC. 'a’n'i‘";c"E"' - CONDITION)
ap_| MANCE | AUTOMATIC SEQUENCER
~—1—Loop - COMMAND SIGNAL (SYS. 47)
AeAcTon VALVE ISOLATION 1. PRESSURIZER UP
REAC POSITION VALVE 2. DISCHARGE PUMPS RUNNING
< 3. AIR BLAST FANS ON
"l- TEMP
- Q\ SET POINT
COOLING
< Hz0 OUT
L->AT (CONFIRMS
CIRCULATOR
=% HEAT REMOVAL) CAHE
CORE :
UTLET

0

N

-

F-366(2)

N\

\
REACTOR REMOVABLE

QUTLET
PLENUM

TEINTW

-@‘——- COOLING
Hz0 IN

(SYSTEM 47)



AUXILIARY CIRCULATOR POWER SUPPLY

SEEERGENERAL ATOMICHENERN

INPUT | gn?lOOTHING| OUTPUT
MAIN 4160 V.A.C. BREAKERS nencToRs BREAKERS
M AL _,_A_BE TH;@RISTORS N mg\;msmns ~
POWER SUPPLY Je. 10 AUX.
TRANSFORMERS CIRC.
MOTOR
AUXILIARY CIRCULATOR CONTROL BY VARYING 4160 VAC FREQUENCY
AMPLITUDE TG MOTOR

e 4160 VAC FROM TRANSFORMER
® RECTIFIED & SMCOTHED BY THYRISTOR BRIDGES & DC REACTORS

o DCINVERTED TO. > TO RUN MCTOR AT REQUIRED SPEED
(FREQUENCY CONTROL)

L6

MOTOR PROTECTION
e NVER CURRENT (19)
® STATOR WINDING HOT SPOT (2 PER ¢)
o MOTOR COOLING WATER (2 LGOPS)

SRDI

© MOTOR BEARING 0IL TEMPERATURE

© MOTOR BEARING OIL LEVEL

® PRIMARY COOLANT INTO CACWS (PRESSURIZED)

* H,0 INTO PRIMARY COOLANT (IDENTIFY LEAKING
CACWS LOGP)

® CIRCULATOR CONTROLLER FREQUENCY

® LOOP ISOLATION VALVE POSITION

© CAHE INLET & OUTLET GAS TEMPERATURE

® COHE DUTLET WATFR TEMPERATURE
[T :
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SEEEEREE NERAL ATOM RN

NRC GENERAL DESIGN
CRITERIA #34 & 36
“RESIDUAL HEAT REMOVAL”
“"EMERGENCY CORE COOLING”
ALSO #36 & 37 FOR PERIORIC
INSPECTION OF MAJOR COMPO-
NENTS & PERIDOIC FUNCTIONAL
TESTING OF SYSTEM

IEEE STANDARDS
279 SINGLE FAILURE CRITERION
308 CLASS IE ELECTRIC SYSTEM
323 QUALIFYING CLASS IE
332 MOTORS IN CONTAINMENT
344 SEISMIC QUALIFICATION

. OTHERS + NEMA, QSHA ETC.

SYSTEMS DESIGN
ESTABLISHES CRITERIA
& SYS. DESCRIPTION
SD905867 CACS
SD905869 PLANT CTL
SD905868 SAFETY RELAT:D
C & 1SYS. (PPS)

REQUIREMENTS FOR
INSTRUMENTS &
CONTROL SYSTEME.G.,
MOTOR SIZE, SPEED,
SHAFT TORQUE

AUX CIRC. & CAHE OESIGN

P

{

}
: _~ CONTROL SYSTEM
|
|
|
!
|
|
|
|

REQUIREMENTS
FED BACK

SYSTEM ANALYSIS

CORE AUXILIARY COOLING SYSTEM

< CRITERIA & SYS. DES.
OF ALL SYS. INTER-
-»>

CONTROL SYSTEM DESIGN ACTING. E.G. 33, 32,
28, 21,47
DESIGN CRITERIA SPECIFICATIONS ~ DRAWINGS FOR \
FORCACSCTL.SYS.  MOTOR MANUFACTURE & CACS
PWR. SUPPLY CONSTRUCTION CONTROL SYS.
INSTRUMENTS ABALYSIS + SIMULATION
BOARDS

F-870(3)
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EVOLUTION FROM FSV DESIGN

F-870(2)

FSV HELIUM CIRCULATORS DRIVEN BY

o STEAM TURBINE DURING NORMAL OPERATION
e WATER TURBINE DURING ABNORMAL OPERATION
(SAFETY CLASS SYSTEM)

BOTH DRIVES ON SAME SHAFT

REHEATER REMOVES DECAY HEAT FROM FSV STEAM
GENERATOR SERVING SAME FUNCTION AS CACS IN
HTGR-SC/C REACTOR.

SINCE EMERGENCY HEAT REMOVAL SYSTEM FOR FSV IS
DIFFERENT, DESIGN OF HTGR-SC/C DOES NOT HAVE DI
ECT FSV EXPERIENCE TG GRAW ON.

MOTOR & ELECTRICAL COMPONENTS ARE “OFF THE
SHELF"” AS MUCH AS POSSIBLE.

MOTOR IS IE & REQUIRES SEISMIC & ENVIRONMENTAL
QUALIFICATION.

FSV PCRV COOLING WATER TEMP., PRESSURE & FLOW
SCANNER DESIGN !S APPLICABLE.
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6.12.4.6 MAJOR DOCUMENTS

EENEGE NERAL ATOMCTENENER

G6Y

F-870(1)

—

CONCEPTUAL DESIGN (8/83)

DESIGN CRITERIA DBRAWINGS & DOCUMENTS
CACS CONTROL SYSTEM CACS BLOCK DIAGRAMS
AUX. CIRC. MOTOR & POWER SUPPLY AUX. CIRC. MOTOR & POWER SUFPLY
CONTROL SYSTEM FUNCTIGNAL SPEC,
LAYOUT CRITERIA CACS CONTROL COMPLEX INTERFACE
CACS MOTOR & POWER SUPPLY OUTLINE DIAGRAM — PRELIMINARY
ANALYSIS
CACS CONTROL SYSTEM
PRELIMINARY DESIGN (9/85)
DRAWINGS DOCUMENTS
CONTROL BOARD DESIGN INSTRUMENT LIST

SCHEMATIC DIAGRAM — PRELIMINARY INSTRUMENT DATA SHEETS — PRELIMINARY
FINAL DESIGN (9/88)

DESIGN REPORTS COMPONENTS

CONTROL ROOM SIMULATION PROTOTYPE & PRODUCTION AUX. CIRC.
DRAWINGS MGTOR & POWER SUPPLY

CACS WIRING DIAGRANS INSTRUMENTATION BOARDS, RACKS & PANELS

SCHEMATIC DIAGRAMS — FINAL

BLOCK DIAGRAM ~ FINAL

DOCUMENTS

PRODUCTION CIRCULATOR MOTOR SPEC.

AFTER 9/88

PRELIMINARY OPERATING TEST (POT) OPERATION & MAINTENANCE MANUAL (0&M)
START-UP TEST (SUT) OPERATOR TRAINING PLAN



DESIGN DATA NEEDS
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ALLL1: PLANT LICENSEABLE UNDER EXISTING GROUND RULES.

DDN # TITLE

22824 VERIFY PERFORMANCE OF PROTOTYPE HARDWARE UNDER SIMULATED
REACTOR CONDITIONS INCLUDING CIRCULATOR, VALVE, SERVICE SYSTEM,
MOTOR, MOTOR CONTROL & ALL RELATED INSTRUMENTATION.

A. CIRCULATOR: AP & LABYRINTH SEAL, SPEED INSTURENTS

VALVE: STATUS OF VALVE BY POSITION INSTRUMENTATION

SERVICE SYSTEM: BEARING AND SEAL MODULES INSTRUMENTATION
MOTOR, MOTOR CONTROL: POWER SUPPLY, INNERTER & CONTROLLOR
CACS CONTROL SYSTEM: VERIFY INTERACTION OF CACS CGNTROL
SYSTEM WITH PLANT PROTECTION (32) & OVERALL PLAN CONTROL (33).

CAPITOL COST IS INCLUDED IN THE CIRCULATOR TEST FACILITY
(PRESENTED DURING AUXILIARY CIRCULATOR PRESENTATION)

mo o

F-866(7)
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REACTOR SERVICE EQUIPMENT

PRESENTERS: J. K. Anderson (GA)
J. M. Krase (GA)
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PART B
REACTOR SERVICE EQUIPMENT

The attendarce and handouts for this presentation are attached at the end

of these minutes for Part B of Session II.C.

I1.

INTRODUCTION AND REQUIREMENTS

John M. Krase made a brief introduction and presented the portion of
the handouts relating to the items included in the reactor service
equipment and the summary of the nuclear steam system (NSS) equipment
costs for the lead plant.

CIRCULATOR HANDLING EQUIPMENT

John K. Anderson presented the portion of the handouts relating to

the circulator handling equipment. This system handles both the

main helium circulators and the auxiliary helium circulators and their
isolation valves. The main circulator motor is handled by conven-
tional methods using the containment crane. The circulators are
handled with a double valved, shielded cask. The cask is, in turn,
handled by the containment crane and a trailer transporter. The
double valves separate, one to go with the cask to provide its

closure and the other remains at the PCRV to prevent the ingress of

air to the primary system.

Mr. Anderson's response to specific questions raised during the course
of his presentation are listed below by the name of the inguirer.

1. L. Welshans - The cask is seismic category Class 1 because it
must maintain the structural integrity of the pressure boundary
for containment while mounted on the PCRV. The valves are of
the gate type with inflatable seals.

2. V. Scotti - The shielding is only needed for the plateout on the
circulator. The activation of circulator components is

negligible.

Bl



II1.

3. L. Welshans - The cask has a self-contained cable hoist equipped
with load cells. The required 1ift is seven feet.

4. V. Scott’ - Removal of the LIV and ALIV is a separate operation

from removal of the circulator.

5. C. Forkel - The LIV and ALIV are separately mounted at their upper
ends, not fastened to the circulators, 50 that they are not
removed with the circulators.

6. L. Welshans - In response to the comment that inflatable seals at

the Fast Flux Test Facility (FFTF) gave trouble on a 10 ft.
diameter closure, they worked satisfactorily at FSV, although the

closure was not as large.

STORAGE EQUIPMENT

John K. Anderson presented the portion of the handouts relating to the
storage equipment. Control and orifice assemblies are stored in a

vertical well in the service building. The well is provided with a
shielded turntable to allow direct access to the upper part of the

control assemblies for servicing. The handout sketch, No. F-882 (3),

is incorrect in not showing the holes through the turntable to receive

the control rod assemblies. The maintenance cycle on the control rod
drives is eight years. One-eighth of the control rods will be in the
service area at al} times. Other items of reactor eguipment, including in-
vessel fuel handling equipment and helium circulators,are provided

storage in gas tight wells in the service building.

Mr. Anderson's response to specific questions raised during the course
of his presentation are listed below by the name of the inquirer.

1. P. Kasten - The activity in the control rod storage well is con-
trolled by the air handling system.

2. K. Van Howe - One-fourth of the core is refueled at a time.

B2
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3. K. Van Howe - The control and orifice assembly storage equipment
is located in the reactor service building.

4, V. Scotti - The clearance of the reactor-to-reactor service build-
ing door is 26 ft. The circulator cask is not turned horizontal
to pass this opening, but the auxiliary service cask and the fuel
hand1ling cask are turned horizontal.

5. V. Scotti - There is no requirement for a cask drop analysis
because the casks are not iifted very far off the floor.

6. Unknown - Tne control rod storage wells will be maintained at
negative pressure. It would be desirable to have controlled dry
air in the well to prevent corrosion, but this is not being pro-
vided nor relied on. The drives are going tc be designec and
tested to be corrosion resistant to avoid corrosion problems that

were encountered at FSV.

REACTOR SERVICE FACILITY AND TOOLS

John K. Anderson presented the portion cf the handouts relating to

the reactor service facility and tools. The reactor equipment service
facility will be used to perform remote maintenance on activated or
contaminated equipment. It is of conventional mechanical design and

is located in the reactor service tuilding. The reactecr equipment has
undergone various changes and the FSV tools will no longer function with
them. The tools will be redesigned as necessary to accommodate the
final reactor component design. The master/slave manipulator was
selected over a powered manipulator as a result of the FSV experience

to obtain more flexibility.

The core service tools are used with the fuel handlirg machine. It
is a powered manipulator which is used in conjunction with a TV

camera.

B3



The reserve shutdown system consists of a hopper filled with boronated
graphite balls and a mechanism which will permit these balls to be
released to dedicated channels in the core. The reserve shutdown
vacuum tool is for the purpose of removing these balls from the core
after an accidental trip or an emergency use of the system before
returning the reactor to power. The system is essentially the same as
the FSV unit except that it must be demonstrated to work with a core
eight layers deep as well as with the six layer deep FSV core.

The core outlet temperature thermocouples must be replaced periodically.
This is accomplished via flanged nozzles on the periphery of the PCRV.
The thermocouple is first pulled manually until the part being exposed
is too active to handle. Then, the core thermocouple service cask is
connected to the remaining part of the thermocouple which then wound

into the cask for removal and disposal.

Mr. Anderson’s response to specific questions raised during the course
of his presentation are listed below by the name of the inquirer.

1. L. Welshans - The reactor equipment service facility provides for
the checkout and maintenance of the fuel handling equipment that
has become contaminated. The facility may become contaminated,
but it is intended that the facility will be clean most of the time.

2. Unknown - The grapple of the fuel handling machine may very well
become contaminated in use. It would not be cleaned while

refueling.

3. V. Scotti - There are two manipulatr+s. They do not cover the full
range of the facility. The tools that will be needed will be
located within reach of the manipulators. Others will be located
in a rack transported by the crane to bring them within reach.

Mr. Scotti remained of the opinion that the manipulators should
cover the full range of the facility.

B4



4, V. Scotti - It is intended to provide the circulator cask with
sprays that can be used to decon the impeller for contact inspec-

tion or servicing.

5. V. Scotti - Fuel elements will not normally be brought into the
reactor service facility, but the capability is required in the

case of an acciaent.

6. F. Swart - There is no intention to service the circulators at the
plant other than visual inspection. The philosophy has been to do
no more maintenance operations at the site than necessary.

7. V. Scotti - The reserve shutdown vacuum tool was successfully used

a couple of times at FSV.

8. M. Brown - The holes in the core that receive the reserve snutdown
balls are Tocated at the side of the control fuel elements.

9. L. Welshans - The Class I seismic category for the core thermo-

couple service cask is in error.

1G6. V. Scotti - The ISI on the core outlet thermocouple flanged
nozzle is by monitoring the pressure in the space between the

double 0-ring seals.

WIRE WINDING MACHINE (WWM;

John K. Anderson presented the portion of the handouts relating to the
WWM. The WWM is a GA patented device for the purpose of winding the
circumferential reinforcement cables arounc the PCRV during construc-
tion. It travels around the PCRV applyinu the cable under tension as
it goes. The performance of the tensioning device must be qualified.
The WWM applies the 1/2-inch, 7-strand cabie at the rate of 300 ft/min.
at a stress of 30,000 psi. The cable is applied in a continuous wrap
of 53 turns in each layer in each groove for a total one-piece length
of 17,000 ft. Each layer is anchored at the top of the grooc e, the
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cable is wound, and again anchorec at the bottom of the groove. There
are a total of 487 layers of cable with & maximum of 14 layers per

groove.

Mr. Anderson's response to specific questions raised during the course
of his presentation are Tlisted below by the name of the inquirer.

1. C. Forkel - A "layer" is one continuous wrap between anchored
ends in one groove. The 487 1layers are distributed over 25
grooves. The maximum number of layers per groove is 14; the
grooves at the top of the PCRV du not need the maximum number of

layers.

2. Unknown - The WWM is attached to the PCRV by two large rubberized
conveyor belts that completely surround the PCRV. The WWM pulls
itself around the PCRV by means of these belts.

3. Unknown - For ISI, there are a series of cable 'oad monitors

within the PCRV system.

4. C. Dupen - The grippers of the cable stretcher stay in place on
the cable by a system of belville washers su that the cable is
prograessively stretched with very little indentation and no

scraping.

DESIGN AND TECHNOLOGY PLANS

John M. Krase presented the portion of the handouts relating to the
design and technology plans. The mechanical technology wark breakdown
structure of viewgraph No. 3216 will support the ISI system require-
ments work to conform to ASME Code Section XI. From the mechanical
equipment standpoint, there will be surveys of available equipment in
response to the requirements and the development of a special design
for the ISI equipment. The mechanical design technology activities
will provide input to the conceptual design of the ISl equipment to
demonstrate feasibility. A FSVY experience carryover report will be
prepared during FY-1982.
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The WWM will be checked out for function and reliability on a test
ring of size comparable to the PCRV. The cost of the WWM tests is
$1,045K, including $630K for capital facility but excluding the cost
of the WWM fabrication. There will be a temporary wooden mock-up

of the reactor service facility built for checkout of the tools.

The reserve shutdown vacuum tool will be demonstrated in a helium
filled autoclave facility; it is erroneously indicated in the DMN docu-
ment as being tested in air. The purpose is to reduce the t<chnical

risk on its performance.

The reactor service tools will be tested in a facility mock-up for the
purpose of risk reduction. The facility may be located in any industrial

building having enough headroom (about 50 ft.) and floor space.

in the cost summary, the $6.54M design plan costs include the detail
engineering and the manufacturing drawings for the equipment. The
$0.634 cost of capital equipment included in the technology plan cost
ic for the WWM test ring. The vendor only builds the 'SS equinment.

Mr. Krase's response to soecific questions raised during the course of
his presentation are listed below by the name of the inquirer.

1. M. Brown - The slack time on viewgraph 3216 is not for the
correction of unforeseen difficulties with the WWM, but rather
because as a matter of policy all schedules are based on an early

start.

2. C. Forkel - The WWM is being developed at this time because there
was no such machine used at FSV. The circumferential reinforcing
cables at FSV are actually linear tendons instead of a continuous

wire wrap.

3. Unknown - The $50K cost of the core outlet thermocouple service
tool test does not include the cask. The estimated cost of the
cask is an additional amount about equal to the test cost.
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4. P. Kasten - The reserve shutdown vacuum tool will be tested in
helium instead of air to avoid a fluid dynamical argument over the
different flow characteristics of air and helium. The test on the
FSV machine was done in helium and was satisfying to all parties.

This concludes the minutes for Part B.
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GAC PROPRIETARY INFORMATICN

GENERAL ATOMIC COMPANY

This document contalins proprietary
information of General Atomic Company.
This document may not be copied in whole
or in part or madeé public without the
expregs consent of GAC, and it will be
returned to GAC upon completion of the
contract work for which it is provided
or upon request of GAC.

PATENT STATUS
This document, since it is
transmitted in advance cof patent
clearance, is made available in
confidence solely for use in
performance of work under contracte
with United States Department of
Energy. This document is not to
be copied or published nor its
contents otherwise documented or
used for purposes other than
specified, before patent approval
for such release or use has been
secured, upon request, from Office
of Patent Counsel, United States
Department of Enerqy, San Franciscc

Operations Office, Post Office Box
808,L-376, Livermore, Ca. 94550,
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REACTOR SERVICE EQUIPMENT
(SYSTEM 16)

INCLUDES THE FOLLOWING ITEMS:

Circulator Handling Equipment

- Core Outlet Thermocouple Service Equipment

- Core Service Tools

~ Reactor Service Facility Tools

~ Control and Orifice Assembly Storage Equipment
~ Equipment Storage Wells

-~ Wire Winding Machine

- In-Service-Inspection Equipment Feasibility (BOP Eqpt.)
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REACTOR SERVICE EQUIPMEMT

(SYSTEM 16)

SUMMARY - LEAD PLANT NSS DIRECT PRICE (Milliomns, 1 January
1981 Dollars)

- Circulator Handling Equipment

- Core Outlet Thermocouple Service
Equipment

- Core Service Tools
- Reactor Service Facility Tools

- Control and Orifice Assembly
Storage Equipment

-~ Wire Winding Machine

SUM - NSS PRICES
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NSS

Price Category
1.31 Oo&M Zgpt.

.06 O&M Eqgpt.

.37 O&M Eqgpt.

.86 O%M Eqpt.

.63 Base Scope
3.31 Leased
6.54




CIRCULATOR HANDLING EQUIPMENT

FUNCTION

Remove and replace main helium circulators, auxiliary helium cir-
culators and loop isolation valves; shield these components and

transport them on-site.

HANDLING CONCEPT

Motor handled by conventional methods with containment crane.

Circulator handled by shielded cask with double valves.

REQUIREMENTS

Safety Class: 3 for primary boundary components, NN for the
balance

Quality Assurance Level: 11

Design Code: ASME Sec. III Div. 1 Class 3 fror primary boundary
components; conventional mechunical design for the
balance

Seismic Category: I

10 CFR50 Appendix B: Applicable
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CIRCULATOR HANDLING CONCEPT

SEREEEGENERAL ATOMCIEENEE
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T0 HANDLING), /5

SERVICE
BUILDING
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LOWER ISOLATION VALVE

F-882(7)
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CIRCULATOR HANDLING EGUIPMENT
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CONTROL AND ORIFICE ASSEMBLY STORAGE EQUIPMENT

FUNCTION

Storage of control and orifice assemblies (temporarily removed
during refueling, or removed for service, or new/serviced assem-
blies awaiting installation).

Temporary storage of shield plugs removed from reactor of spent
filter/adsorber units, or reserve shutdown vacuum tool.

STORAGE CONCEPT

Vertical well in service building, with 18 storage locations in
turntable.
Shielding on turntable allows service operations on upper portion

of assembly.

REQUIREMENTS

Conventional mechanical design. No requirements imposed by Safety
Classification, Quality Assurance, Design Codes, Seismic Classifi-
cation, or 10 CFR50.
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CONTROL AND ORIFICE ASSEMBLY

RN ERAL ATOMCNE

STORAGE EQUIPMENT
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EQUIPMENT STORAGE WELLS

FUNZTION

Store in-vessel fuel handling equipment, helium circulators,
and other reactor equipment that may become activated or

contaminated.

STORAGE CONCEPT

Gas-tight wells in service building with shielded covers.

REQUIREMENTS

Safety Class: NN

Quality Assurance Level: 1II1I

Design Code: ASME Sec. VIII

Seismic Category: NA

10 CFR50 Appendix B: Not Applicable
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PLENUM TRANSPORTER STORAGE WELL

F-882(9)
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REACTOR SERVICE FACILITY TOOLS

FUNCTION

Perform remote maintenance tasks on activated or contaminated
NSS equipment, within the shielded service facility (BOP).

SERVICE CONCEPT

Remotely handled tools falling into three main categories:

- Positioning tools which place the part to be serviced within
manipulator reach and viewing area of facility windows

- Fixturing equipment which hold parts in place during servic-

ing operations

- Special purpose tooling used in conjunction with manipulators
to perform specific tasks

REQUIREMENTS

Conventional mechanic.l design. No requirements imposed by
Safety Classification, Quality Assurance, Design Codes, Seismic
Classification, or 10 CFRSO.
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REACTOR EQUIPMENT SERVICE FACILITY
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REACTOR EQUIPMENT SERVICE FACILITY

SERMMNNGENERAL ATOMCIRIREES
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F-882(5)

WINDOW
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CORE SERVICE TOOLS

FUNCTION

Perform remotely-operated core service and maintenance.

SERVICE CONCEPT

Manipulator and special tools mounted on the fuel handling
machine arm, used in conjunction with remote viewing camera

(Syst. 13).

Vacuum device mounted on auxiliary service cask for removal

of discharged reserve shutdown material.

REQUIREMENTS

Cconventional mechanical design. No requirements imposed by
Safety Classification, Quality Assurance, Design Codes,
Seismic Classification, or 10 CFR50.
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GP)  CORE SERVICE MANIPULATOR & TOOLS
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CORE SERVICE VACUUM TOOL
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~ RESERVE SHUTDOWN VACUUM TOOL
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CORE OUTLET THERMOCOUPLE SERVICE EQUIPMENT

FUNCTION

Remove core region outlet thermocouples.

SERVICE CONCEPT

Thermocouple pulled into shielded cask and cut into sections.

Fresh thermocouples installed manually.

REQUIREMENTS

Safety Class: 3
Quality Assurance Level: III
Design Code: None applicable (conventional mechanical design)

Seismic Category: I
10 CFR530 Appendix B: Applicable
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 CORE THERMOCOUPLE
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WIRE WINDING MACHINE

FUNCTION

Install reactor vessel circumferential prestressing strand.

OPERATION CONCEPT

Machine revolving around PCRV on wheels while suspended from
a monorail.

Steel-reinforced rubber belts pull the machine against the
PCRV.

Hydraulic systems tension the belts, drive the machine, and

tension the strand being installed.

REQUIREMENTS

Safety Class: NN

Quality Assurance Level: NA

Design Code: NA (conventional mechanical design)
Seismic Category: NA

10 CFR50 Appendix B: NA
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REACTOR SERVICE EQUIPMEWT - SYSTEM 16

OVERALL DESIGN & TECHNOLOGY STATUS

- Service QOperations to be performed have been identified
(based upon large HTGR and FSV programs)

- Servicing philosophy has been developed
- Service egquipment concepts have been established

- Equipment envelopes have been determined to the extent
required for plant layout

- Conceptual design & requirements documentation have been
initiated (FY'82) e

- FSV Experience Carryover Report is in preparation (FY'82) v
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I NEAAL ATOMICENES

DDN

2.16.D.2

2.16.D.1

WIRE WINDING MACHINE

FUNCTIONAL & RELIABILITY TESTS
DESCRIPTION

Functional performance test yields from parameters

for final design PCRV prestressing
* - Facility full size test ring with multiple channels
* - Priority T1, Schedule P

* _ Cost for both tests: $1,045K including $630K capital
facility, excluding WWM manufacture

* — Limited life cycle test to establish reliability
¥ - Facility - as above

* - Priority E2, Schedule F
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SIS HERAL ATOMCIEENN

DN

2.16.D.3

RESERVE

CORE SERVICE TOOLS

SHUTDOWN VACUUM TOOL (RSVT) TEST

DESCRIPTION

- Confirm functional performance of RSVT and test
preferred operation

- Full scale helium autoclave facility
- Priority T2, Schedule F

- Cost $100K
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EEEE NERAL ATOMCEERINR

REACTOR SERVICE FACILITY TOOLS

DESIGN ADEQUACY TESTS - TOOLS IN FACILITY MOCK-UP

DDN DESCRIPTION

2.16.D.4 * - Test the design adequacy of preliminary design

reactor service facility tools

Test Facility: Spatial mock-up with actual
manipulators and shield windows

* - Priority T2, Schedule P

* - Cost $360K
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OENGE NE AL ATOMCENES

DDN

2.16.D.5

CORE OUTLET T/C SERVICE TOOLS

DEVELOPMENT & FUNCTIONAL TESTS

DESCRIPTION

=
1

Development tests on cutter

* - Engineering Lab Mock-up

*
!

Priority T2, Schedule P

*
|

Cost $60K



SERRETENERAL ATOMCIRENN

REACTOR SERVICE EQUIPMENT
(SYSTEM 16)

COST SUMMARY:

$ Millions

Design Plan Cost 6.54
Technology Plan Cost 1.57 (incl. 0.63
capital)
NSS Egpt. Cost 6.54
TOTAL $14.65
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PART C

CONTROL & INSTRUMENTATION SYSTEMS

PRESENTERS : D. P. Giegler (GA)
H. A. Long (GA)
C. Rodriguez (GA) .
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PART C
CONTROL & INSTRUMENTATION SYSTEMS

The attendance and handouts for this presentation are attached at the

end of these minutes for Part C of Session IIC.

CONTROLS & INSTRUMENTATION SYSTEMS QVERVIEW

Carmelo Rodreguez presented the controls and instrumentation systems
overview. There are four control and instrumentaion systems, the overall
plant control system which regulates the reactor conditions to maintain
performance matching the demands of the steam system; the safety related
system which takes protective action in case of abnormal conditions, the
data acquisition system which provides the operator/plant interface, and
the analytical instrumentation system which helps the operator monitor
1imiting conditions operations and the chemical impurities in the primary

coolant.

OVERALL PLANT CONTROL SYSTEM

Carmelo Rodriguez presented the portion of the handouts relating to the
design description of the overall plant control system. The system
includes the main and auxiliary control rooms. The latter is also known as
the remote shutdown area where the operator can go to shutdown the reactor
if the main control room becomes uninhabitable. The system maintains
normal reactor power at 100%, main steam pressure at 2400 psia, and main
steam temperature at 1000°F. It also provides automatic load following
capability for the plant. Additionally, it provides equipment protection
which is distinguished from the safety protection; the purpose being to
protect those items of equipment which are difficult to replace or repair -
i.e., the circulators and steam generators. The high pressure turbine has
a bypass on trip so that the process steam and low pressure turbine steam
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supplies will be maintained. Similarly, the low pressure turbine has a
bypass to maintain the supply to the feed pump for the continued generation
of process steam. The feed water rate is controlied to maintain the
pressure in the process steam head 660 to 670 psia. Thus a reduction in
process steam demand reduces the feedwater rate which, in turn, reduces the

steam rate to the high pressure turbine.

The average steam outlet temperature is maintained at 1000°F by control
of the reactor power. The nuetron flux is also adjusted by a loop shutdown
signal. This is the same system used at FSV. A reactor trip from the
plant protection system (PPS) disables this control system and lets the

reactor power and steam temperature decay.

The speed of each circulator is controlled by the loop feedwater rate in
combination with the deviation of that loop's exit steam temperture from
the average steam temperature at the exit of all the loops. This results
in equalizing the power of the four loops. If only three loops are
operating, the control system averages the exit steam temperature of these

three loops.

The purpose of the loop trip sequences shown on viewgraph no. F-878 (6)
are for the purpose of protecting plant equipment - not for safety.

The control room layout was developed from extensive work done on the
Philadelphia Electric contract. Al1 opertor action is taken at a horseshoe
console arrangement. Monitoring data is provided on cabinets surrounding
the console. An alarm is provided by a flashing red 1ight on the CRT
screen. The coperator can select additional detail at his discretion

including a dispiay of the emergency procedures.

Mr. Rodriguez's response to specific questions raised during the course of
his presentation are listed below by the name of the inquirer.
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1.

L. Welshans - If there is a decrease in the demand for process steam,
there will also be a decrease in the total electrical power Generation
because of the decrease in total steam rate to the high pressure

turbine.

R. Stearns - When the process steam demand is reduced, the high
pressure turbine output is reduced and the low pressure turbine goes
to the maximum power possible, but there is a net reduction in total

electrical power generation.

F. Swart - A thruttle on the low pressure turbine may be a possibility
that is being analyzed to increase the electrical power generation
with a decrease in demand for process steam. This would have the
result of maintaining full flow through the high pressure turbine and
letting the low pressure turbine take the swing.

L. Welshans - The plant is subject to the reguired balance between
process steam and electrical power generation so that the needs of the

process steam user are assured.

K. Van Howe - When the high pressure turbine trips, the steam is
bypassed to the low pressure turbine inlet and the process steam
header. The steam is throttléd by one valve in the bypass to a
pressure of 670 psia. The steam is desuperheated by the injection of

feedwater at the bypass.

L. Welshans - Loss of one helium loop reduces reactor power by one
fourth; first spiking below 75% power and then rebuilding to 75% power.

c3




7.

10.

11.

12.

13.

L. Welshans - Loss of one helium loop will result in a loss of
electrical power generation but need not result in a reduction of
process steam because the division of steam is 60% to process heat and

40% to the turbines.

C. Forkel - The controls to automatically maintain the process steam
supply with the loss of one helium loop are not in the present system

but they are being worked on.

K. Van Howe - The plant can continue to run indefinitely with one loop

shutdown.

K. Van Howe - The reactivation of a shutdown loop requires a
shutdown of the reactor to low enough power to get water in the steam
generator of all the loops and then bringing the reactor back t¢ .71

power.

C. Forkel - The time required to reactivate a shutdown loop is

apprcximately one day.

V. Scotti - The problem of variable process heat load may be

handled by the user being wilTing to base load the reactor and vary
the natural gas generated steam. F. Swart also commented that a
survey of process steam users indicated that there is usually a very
diverse distribution to as many as 25 to 30 actual points of
consumption among which only 2 or 3 may be shutdown at one time. Thus
the total process steam demand may vary by only about 10%. Even so,
Mr. Swart commented that a throttle valve seems to be needed on the

low pressure turbine.

V. Scotti - Uniform heat generation in the reactor core is assumed,
but the control system compensates for maldistribution in core by
equalizing the loops to the average steam outlet temperature.
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14. V. Scotti - The core orifice control system is manual at all times.
This is the same system used at FSV. Automatic control is being

looked at now.

15. K. Van Howe - A manual feedwater trim valve is provided in each of

the loops.

16. K. Van Howe - The loop trips will be provided with set points and

time delays such as to prevent spurious trips.

Carmelo Rodriquez presented the portion of the handouts relating to the
design and technology plans for the overall plant control system. The
control loops are configured and initjally analyzed for stability and the
control room allocations are made during conceptual design. During
preliminary design the hardware is selected and the final stability
analysis is performed. In the final design the actual wiring system is
designed and the input to the test procedures and emergency procedures is
generated. The control room wiil be simulated to verify compliance with
new regulations tnat are being developed on emergency responsibilities, for
use in operator training, and to verify compliance with plant availability

and controlability requirements.

The design cost of $4M does not include the cost of BOP controls such as
feedwater controls, nor DAS, nor safety controls.

Mr. Rodriguez's response to specific questions rajsed during the course
of his presentation are listed below by the name of the ingquirer.

1. P. Kasten - The hybrid computer program is to do what used to be
done by hand. It is for the purpose of trying various control
strategies, tuning the control system, and control loop stability
and sensitivity analysis. The final transient analysis will use
the digital computer for documentation.
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2. R. Stearns - The Midland experience will be considered. L. Welshans
commented that Midiand is a different problem in that there are twe
reactors; one on process steam and one on power. These are used
alternately as reguired to meet process steam requirements.

3. L. Welshans - The schedule calls a new specification for the SC/C

plant to be issued April 30, 1982.

4, P. Kasten- The cost of the technology program is $15M including

operator training.

5. P. Kasten - the control simulator cost of $14M is due to the large
computer that is reguired for the simulation which includes, in
addition to the overall plant control system, all of the other control
systems such as the one for the CACS, the primary cooling system, the
nuclear flux control, and all of the others that are discussed
separately in the presentations. The simulation, therefore, costs

mych more than the actual control system being tested.

SAFETY RELATED SYSTEMS

Donald P. Giegler presented the portion of the handouts related to the
requirements and design description of the safety related systems. This is
really a collection of three subordination systems - i.e., the plant
protection system (PPS}, the moisture monitoring system, and the special
safety related control and instrumentation system. The reason for the
three subordinate systems started in August 1977 when the NRC formed Task
Action Committee A-34 and stepped up the emphasis on three regulatory
guides - i.e., Regulatory Guide 1.22 for periodic testing of protection
system activation functions. Regulatory Guide 1.47 on bypass eand inoperabie
status indication for plant protection systems in nuclear power generating
stations, and Regulatory Guide 1.97 on instrumentation for LWR's to assess
plant conditions during and following accidents. IEEE 279 provides the
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overall criteria for the PPS. The interfacing systems all have constraints
or requirements that they place on the safety related instrumentation
system. GA adds the requirements for separation, segregation, channel

response time, etc. for the consideration of the designers.

The reactor control rods are on non-Class-1E electrical power since the
control rods go in the desired direction on power failure. The plant
protection system, however, is on non-interuptable Class-1f power.

Viewgraph F-897 (4) is in error; the remote shutdown arez is located in

the reactor service area - not the control building.

The general overall requirement of the PPS is to assure that fission
product barriers operate within the safety limits that are established in
the plant specification for nuclear safety. Repeated, general, extended
discussions developed over the properiety of including in the PPS a large
part of the system which is actually directed toward protecting various
items of equipment - not the public. The primary objection of the review
team was that once the equipment protection features are included in the
PPS, they become subject to regulation and can be changed only as the
expense of long delays in traversing the regulatory procedure. This has
been a problem at FSV. The GA representatives responded that the position
of the review team had been argued with the NRC and lost on the Delmarva
plants. The net result was a plea for GA to review the situation with the
objective of keeping the bulk of the features in question, but transferring
them from the PPS to a new system which might be titled “Equipment

Protection System."

The PCRV relief vaive closure interiock assures that there is a path to a
relief valve at all times. It operates on sensing the redundant block

valves position.

The action on the containment isolation system is to close the containment
isolation valves, both in and out, and on high radiation to start the

containment cleanup system.
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The PPS structure is in five stages as shown in viewgraph F-867 (12).

Each of three channels has its own transducer and feeds into two-out-of-
three logic. Microprocessors handle the more complex PPS functions; the
simpler functions are on a standard analog control board. The PPS users
either transmission or hindrance logic. In transmission l1ogic the system
is normally deenergized and takes power to activate. 1In hindrance logic
the system is normally energized and activation occurs on removal of
power. The equipment is both environmentally and seismically gualified to
TEEE 323 and IEEE 344, respectively. The basis for the 1imiting safety
system settings, derived from the plant specification on nuclear safety, is
10 CFR K0, Paragraph 5036. The sensor checks are per IEEE 338 and
Regulatory Guide 1.108. The single failure criteria that applies to the
PPS structure is IEEE 379 and Regqulatory Guide 1.53. The separation
criteria for the PPS is IEEE 384 and Regulatory Guide 1.75. The
availability is from the plant specification on availability. The
reliability is from IEEE 352 which is a guide for the reliability analysis
of PPS's.

The PPS employs two-out-of-three coincidence logic to initiate a protection
system action. It has the capability to test the PPS logic, through
optical isolators, to determine if a trip has occurred by the illimination

of indicator lights.

The HTGR rod holding logic, viewgraph No. F-367 (14), is an example of
hindrance logic. If any two of the three relay coils loose power, the

power will be removed from the control rod holding motor.

The remote safe shutdown area entails portions of the PPS as illustrated
in viewgraphs no. F-867 (10), F-867 (20), and F-867 (21).

In the PPS evolution from FSV, viewgraph F-867 (15), the first four items

are technical improvements over FSV. The last four items re- 1t from

differences in structure between FSV and the SC/C plans.
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At this point the presentation moved on the the moisture monitoring
system. The accumulator tank in the compressor module is sized at 85
feet3 and designed for 500° . The filters in the filter module are
redundant and are milipore, 10 micron filters which are impervious to
water. The moisture detector head uses a chilled mirror and reflected
light sensor. The temperature at which the mirror fogs indicates the
moisture concentration. A moisture injection point is provided for
testing. The filter remuves solid particles from the sample ctream to
prevent reduction of the mirror's reflectance. The sample flow rate will
be displayed and means will be provided for balancing flow. A compressor
provides the driving force for the sample system; this is an improvement
over FSY where this function was provided by the circulator differential
pressure with resulting difficulties in controlling the flow rate because
of varying differential pressure. The filter system is new from FSY and

provision has also been made for cleaning the mirror.

At this point the presentation moved on to the safety related control and
Instrumentation system. It consists of three subordinate systems that have
been brought on by NRC Task Action Committee A-34; i.e., safety related
display instrumentation (SRDI), post accident monitoring instrumentation
(PAM), and core performance instrumentation (CPI). They perform functions
that are related to safety but are not safety systems. The SRDI and PAM
systems are safety grade class 1E but the CPI system is not.

The SRDI is active during normal plant operations, during an accident, and
after an accident. It must be capable of checking each safety system imput
sensor by peturbing the system variable it senses, or introducing a
suitabie substitute for that variable, or by cross check on a variable that

has a known relationship to the variable being checked.
The PAM is a subnet of the SRDI. It concentrates on those variables most

needed by the operator during and following an accident. The purpose is to

determine the nature of the accident, verify that the correct protective

03]



action has been initiated, estimate the threat of the accident to the
health and safety of the public, and allow the operator to determine if he
should take additional manual action to mitigate the consequences of the

accident.

The CPI monitors such variables as region flow, region power, region

peaking factors, axial power profile, power-to-flow in a region, overall

core power, and core inlet temperatures.

Mr. Giegler's response to specific questions raised during the course of
his presentation are listed below by the name of the inquirer.

1.

L. Welshans - The moisture monitor is listed in connection with the
interfacing systems because it is one of the three subordinate systems
comprising the safety related systems. Parts of the moisture
monitoring system have been specified and parts of it have not.

R. Stearns - The detection of radioactive material is part of the
containment isolation system which is part of the PPS.

K. Van Howe - The interface between the safety system and the ron-
safety systems is at the isolation between the safety system and the
system it's feeding. These interfaces are not all defined but the
rules for finding them exist.

L. Welshans - Stopping the ingress of water to the primary coolant
system protects the public because the water causes the primary

coolant pressure to increase and this will open the PCRV safety valve.

R. Stearns - The primary coolant boundary is protected by protecting
the tubes in the steam generator.

K. Van Howe - A slow rate of water ingress to the primary coolant
system is damaging to the core because the reaction rate of the

c10



10.

11.

12.

13.

14.

graphite increases with the concentration of oxidants. The system
trips at 500 ppm water. Redundancy on safety trips has been a
historic characteristic. Cutting back on reactor power reduces the
temperature and thus reduces the water's reaction rate with the

graphite.

K. Van Howe - There are two steam dump valves per steam generator
loop. The response time is 15 sec to open and 5 sec to close.
Dumping stops when the pressure in the leaking loop reaches the

primary coolant pressure.

F. Swart - The design pressure of PCRY is 1145 psia. Mr. Giegler did

not know the set pressure of the relief pressure.

L. Welshans - GA is not advocating deletion of the containment

building.

K. Van Howe - The trips for the CACS is at J0% rated feed water
flow with two-out-of-three diverse logic.

L. Welshans - There is a five minute delay in the start of the CACS.

K. Van Howe - Combining the feedwater rate and high main circulator
inlet temperature, with three channels each to start the CACS, may
make the system so complicated that spurious trips may be <increased.
This problem should be Teft to the reliability specialists.

K. Van Howe - There is a manual bypass of the PCRV relief valve
interlock with a key lock so that the block valves can be closed if a

relief valve should stick open.

Unknown - if radioactivity is detected on the water side of a CAHE,
it can be safely blocked in because there will remain two CAHE's in
operation, which is adequate to cool the reactor under the worst
condition. The SC/C plant has the same prohibits as FSV where, as
last ditch, safe shutdown cooling is maintained.
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15.

16.

17.

18.

19.

20G.

21.

22.

Unknown - The radiation levels that activate the containment
jsolation system are yet to be determined to prevent the movementof a

source through the area from causing a spurious trip of the system.

Unknown - The reason viewgraph F-867 (11) lists reactor service
building radiation as initiating the containment isolation system is
not understood. GA will review and answer later as whether this is a

mistake.

K. Yan Howe - Mr. Giegler did not know if the helium purification
building is a containment building that shuts down on high radiation.

F. Swarts - Spurious trips of the plant during testing will be
avoided by continuity checks to avoid a test being conducted in one
channel in combination with a failed chip in another channel. Mr.
Swart remaired unconvinced, because of the higk incidence of spurious
trips at FSV, and continued to favor an actual disconnect from the

plant during testing.

L. Welshans - The safe shutdown room control boards inform the
operator of the plant condition and provide him with the ability to
act with respect to the neutron region flow control system and the
CACS.

L. Welshans - The moisture monjtor system does differentiate between
loops. There is a moisture detector on each loop. When tripped, only
the leaking steam generator is dumped and the reactor is shutdown.

P. Kasten - If the circulator seal is leaking water, there will be
a2 loop shutdown and the shutdown seals will be closed when the

circulator has stopped. The reactor will not be shutdown.

P. Kasten - A circulator seal leak can be distinguished from a steam
generator Teak by sensors in the scavenging chamber for the level of
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23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

the water and radiation sensors in the surge tank to determine the

condition of the seal in the circulator.

P. Kasten - The moisture monitor sample point is located at the

circulator diffuser outlet.

Unknown - Locating the moisture monitor sample point at the steam
generator outlet instead of the curculator outlet will make it much

less accessible.

L. Welshans - The moisture monitor will trip at 100 ppm on a two-
out-of-three basis without a circulator seal malfunction or a 500 ppm

reactor trip absolute.

P. Kasten - The moisture monitor sample line is temperature controlled
to be sure that condensation doesn't cccur. Condensation has been a

prcblem before.

Unknown - The monitor detector is to be a commercially available

unit such as made by EG&G.

R. Evans - The heat trace temperature of the moisture monitor sample

1ine has not been determined yet.

K. Van Howe - The mirror cooling media has not been selected. Liquid

nitrogen has been considered.

F. Swart - The response time of the moisture monitoring system is 20

sec.
F. Swart - The SRDI reflects the lessons learned from TMI.

K. Van Howe - The PAM performs functions that were taken from the
data acquisition and processing system (DAP) by regulatory fiat.

K. Van Howe - The PAM includes a radiation monitoring capability.
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Donald P. Giegler presented the portion of the handouts related

to the design and technology plans for the safety related systems.
The model of the plant will be used to determine what the accident
and transient response of the plant is in order to provide the
safety system settings and functions in a more detailed manner. A
failure mode and effects analysis will also be performed for the
safety related instrumentation system. This will check such
things as single failure criteria - a failure is assumed in one of
the channels of the PPS and the other two channels should carry
out the intended function. The environmental and seismic specifica-
tions will be developed for equipment in the safety system. Con-
currently, there will be some testing performed as required by the
design data needs such as the design verification of the moisture
monitor. There are a number of questions to be answered with
respect to measuring the mass flow rate of the helium.

The costs are plotted separately for the PPS, the moisture monitor-
ing system, and the special safety related system. The late peak
on the cost of the moisture monitoring system is for design
verification - the testing of the actual, installed article

(see the response to question 9). The SRDI prices are not included
in viewgraph F-897(5); this is estimated to be $3M based on the
experience of GA'Selectronic system division with similar systems

for light water reactors.

Mr. Giegler's response to specific questions raised during the course
of his presentation are listed below by the name of the inquirer.

1. P. Kasten - The design verification of the moisture monitor is
spread out over three years at a low level in order that the delay

will permit compliance with the latest possible regulations.

2. K.Van Howe - Testing of the helium mass flow rate measurement
system will be performed in conjunction with the circulator test.
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Iv.

Iv.a.

Unknown - The circulator inlet shroud wiil be replicated for the
test of the helium mass flow rate measurement system.

F. Swart - It will be verified that the thermocouples can be
installed in their thermowells; however, the response time is the

main point at issue.

Unknown - GA is not developing any new instrumentation.

P. Kasten - The difference between qualificaticn and verification
is: in qualification, the equipment is exposed to the seismic and
environmental conditions in which it would be expected to operate.
whereas in verification, the entire system would be assembled and
tested to show that it will perform as intended.

Unknown - Qualification of equipment for radiation is included
under IEEE 323, but normally all solid state equipment is kept

away from a radiation environment.

K. VanHowe - It appears that the late peak cost on the moisture
monitor for design verification testing of the actual installed
article is incorrectly included with technology development. GA
will review this and adjust as necessary {see Part D, Question 6).

P. Kasten - There are three hygrometer modules on each steam
generator loop for a reactor total of twelve.

DATA ACQUISITION AND PROCESSING SYSTEM (DAP)

Henry A. Long presented the portion of the handouts related to the
requirements and design description of the DAP. The DAP is the
primary plant-to-operator information interface. The provided
information includes fuels burnup information for of f-site fuels
management and operational information for historical records. The
sequence of events monitoring of digital contacts has a very fine
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time resolution of 2 msec - this is used primarily for future diaano
sis of a trip to determine what caused it. The cathode ray tubes
(CRTs) are color which provides another degree of freedom in the
display. The post trip review will record approximately 500
parameters for a one-hour period after which they will be over-
written if there is no event or other reason to examine the data.
If a trip or plant excursien occurs, the last hour's performance
will be available to study the sequence of events leading up to
the occurrence and how the plant recovered. The operator guides
are provided by the celor CRTs to guide the operator through
various procedures such as startup, shutdown, and load changes.
This saves the operator the need to refer to a manual for written
procedures. The emergency operations facility support is in
response to ilureg 696 and the post-TMI requirements for information
displays. The intent with this system is to use the basic plant
computers of the DAP to generate the data that will go to the
technical support center, the emergency operations facility, and
the nuclear data link. The fourth function described in Nureg

969 is the safety parameter display system (SPDS). The intent is
to also generate the safety parameter display on a color CRT. The
DAP is not intended to be seismically hardened, but the SPDS will
be hard wired as mandated by Nureg 696.

The continued function of the DAP is not essential to protect

the public; but, the diagnostic capabilities and the operator
information for continued operation of the plant are so important
that an availability of 99.99% is being sought. This is equivalent
to a mean time to repair of four hours out of two years. This is
accomplished by the use of two completely redundant computers. One
can monitor while the other is accruing data that is not being
used. Program development or diagnostics can be performed on one
while the other is being used, but on failure of the monitoring
computer it switches to the other computer.
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The CRT displays are driven by independent display generators in
such a fashion that no single failure can take out all of the
CRTs.

The sequence of events monitor takes the calculational load off
of the main DAP computer. It separates out the contact closures
or other binary events of the 2 msec time resclution and provides
the order with which any contacts changed state to the DAP system

computer.

The control room simulator will tie into the DAP. It will be pro-

vided with similar CRTs.

The DAP receives inputs from the various safety systems. These
are isclated in such a way that no type of failure in the DAP

can degrade the safety systems. The safety parameter display will
be driven from the DAP system but wiil be backed up by a separate
seismically hardened SPDS provided under the safety related
instrumentation system.

The use of remote multiplexing provides a very large potential to
save on plant wiring costs and to improve the quality of the
instrument signals flowing into the computer of the DAP.

Human factors will receive a major emphasis. This is consistent
with the policies GA has used on the advanced HTGR work in the
past and is more emphasized with the post-TMI 2 documents coming
out of NRC.

A prototype of the system is now being operated. The actual
system for Summit Plant was completed after the plant was canceled
and is being used with some new experimental hardware testing.

Actual photographs of the CRT displays are included in the handout.
An alarm is indicated by a field of red. Such an alarm is
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indicated by the photograph for the steam generator status far the
reheat steam outlet temperature of 1017°F on Loop B. The control

rod position display shows whether a rod is in or out, and if it is

in an intermediate position, the number of inches withdrawn. It

also provides a flat cable indicator so that the operator mav distrust

the indicated rod position.

There were no questions raised during the course of Mr. Long's

presentation.

[V.b. Henry A. Long presented the portion of the handouts related to the
design and technology plans for the DAP.

The scheduled performance of the failure mode and effects analysis
has been slipped to allow the input of the maximum possible infor-
mation of the actual, deliverable DOP computer hardware. The
greatest evolutions occur in central processing units (CPU's) and
some of the memory components. It may be practical to upgrade this
system both before and after commercial operation to take advantage
of the Tatest equipment that is smaller and lower cost.

The peak in the expenditure chart represents the period during which the
bulk of the work on the application programs development will occur.

The Tate peak is to allow the incorporation of a maximum amount of

other piant design data needs into the appliication programs before

they are written.

There were no questions raised during the course of Mr. Long's

presentation.

V. ANALYTICAL INSTRUMENTATION SYSTEM
The presentation of the analytical instrumentation system was cancelled

but the handouts for it are included at the end of these minutes for

Part C.

VI. CONTROL AND INSTRUMENTATION SYSTEMS SUMMARY
This part of the agenda was included with the Working Session, Part D.
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OVERALL PLANT CONTROL SYSTEM
SCOPE/OBJECTIVES

SRR E NE RAL ATOMICHRRIE

{22

HUMAN ENGINEERED FOR SAFE REACTOR OPERATION AND HIGH PLANT AVAILABILITY
MAIN AND AUXILIARY CONTROL ROOMS

REGULATE REACTOR CONDITIONS

MAINTAIN NOMINAL PERFORMANCE
PROVIDE AUTOMATIC LOAD FOLLOWING CAPABILITIES
ACCOMMODATE NSS AND BOP PERTURBATIONS

EQUIPMENT PROTECTION AGAINST PROLONGED PLANT UNAVAILABILITY

F-868(7)



SRR E NEAAL ATOMK IS

OVERALL PLANT CONTROL SYSTEM

DESIGN REQUIREMENTS

223

PLANT TECHNICAL
DESCRIPTION

PLANT SPECIFICATIONS:
SAFETY, PERFORMANCE,
OUTPUT CAPABILITY,
ENVIRONMENTAL,
ELECTRICAL, C&l
AVAILABILITY
RELIABILITY,

BOP, LAYOUT

f

CONTROL SYSTEM DESIGN

F-868(4)

L

SYSTEM DESCRIPTIONS
(12, 21, 28, 32, 35, 36)
ARCHITECT ENGINEER
(BOP)

REG. GUIDES, NUREG'S
ANSI/IEEE STANDARDS

NATIONAL ELECTRIC CODE

NEMA STANDARDS




€23

&,

LOW HEADER

:’;acss;suns TRIP iﬂgﬁ”a SUPERHEAT
s STEAM
£ NERAL ATOMICHEERINR l CANDD PROCESS STEAM
Q supeRHEAT sTEAMS, Q1Y HEADER
Y’ ey G ene S '
L———q {
— FROM THREE - L @)
FROM ‘ oTHER LOOPS | ¢ —=== (i) ",
BIN FLUX L,..L A |
™ TIC Lﬁ‘djnc
DETECTORS ‘ SPEED SIGNAL i | |cEnERaToR TURBINE GENERATOR] }
| @--—*EQ* | l
I ‘ 1 |  AVG.STM TEMP [conpensen
PPS ~— —} ®_ : PIC
| m ) A S NS
STEAM r—- S.P. P l
GENERATOR -
| -{ll- *@*'@*g'@ |
REGULATING /.0 SUPERHEATER | | |
ROD | evaroraTOR | FROM 3
N economizen | | LO0RS :C‘F)FEEDPUMP |
A FEEOWATER | ) B.C.D |
] FLOW SIGNAL J |
FRomLoors | |
8 THRU D | ,-—-————-------——----———-—-—4—-l
REACTOR | "P[;C} -@‘-—;
b faom L—fﬁ——-{; FEEDPUMP
: LOOPS B, C, D
-~ M

F-868(9)

A 0 5 FEEDWATER
7

A 4

TO LODOPS
B,C.0



MAIN STEAM PRESSURE CONTROL

RN ENERAL ATOMICREENER

(NORMAL PLANT OPERATION)

%23

FROM STEAM GENERATOR

+

SUPERHEATERS

(TURBINE LOADING
ANDO UNLOADING)

SENSED THROTTLE

-
1

PRESSURE
FEEDWATER
FLOW
AVERAGE
THROTTLE i
PRESSURE l
CONTROL *
J’ FEEDPUMP
- == FEEDWATER | SPEED CONTROL
FLOW e ——— —
CONTROL
A

FEEGWATER FLOW

.
N SET POINT
HP REACTOR TRIP INPUTS |
TO PROCESS TURBINE FROM PPS
STEAM USER 11 sTace |
AND TO IP ' A PROCESS STEAM
TURBINE / L — HEADER PRESSURE
STAGE L1 PROCESS STEAM SETPOINT
DA e HEADER PRESSURE |@t— — — — —
CONTROL
L —>
PROCESS STEAM

F-878(5)

HEADER PRESSURE




MOISTURE MONITOR SYSTEM OBJECTIVE

AENEREEENE RAL ATOMICEEREERED

o0

e DETECT PRIMARY COOLANT MOISTURE
T0:
e MINIMIZE GRAPHITE/HZO REACTION

e PREVENT PRIMARY COGLANT PRESSURE FROM RISING
TO PCRV RELIEF VALVE SETTING

£-867(23)



PPS EVOLUTION FROM ESV
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TEST BYPASSES

PRETEST CONTINUITY CHECKS
PROGRAMMABLE TEST LOGIC
OPTO-ISOLATORS

CACS INITIATION & CAHE ISOLATION IN HTGR SC/C DESIGN/
PELTON WHEEL START IN FSV DESIGN

e HIGH STEAM GENERATOR INLET GAS TEMPERATJRE REACTOR

TRIPIN HTGR SC/C DESIGN/HIGH REHEAT STEAM TEMPERATURE
SCRAM IN FSV DESIGN

® MAIN CIRCULATOR PROTECTIVE FUNCTIONS MOVED TO PCS
e CISIN HTGR SC/C DESIGN |

F-867(15)




SAFE SHUTDOWN ROOM CONTROL BOARDS

IR ENERAL ATOMICEREREE

29)

BOARD
DESIGNATION BOARD TITLE

PPS CONTROL ROD POWER
DISTRIBUTION CENTERS

MAIN LOOP SHUTDOWN
CONTROL BOARD

F-867(21)

INSTRUMENTATION

AUX CIRCULATOR MOTOR CCOLING
WATER PUMP CONTROL

REACTOR TRIP CIRCUIT BREAKER

BOILER FEEDWATER TRIM VALVES

BOILER FEEDWATER BLOCK VALVES

MAIN CIRCULATOR HELIUM ISOLA-
TION VALVES

MAIN CIRCULATOR MOTOR BREAKER

ary
PER
LOOP

wabh  a=b

-



SAFE SHUTDOWN ROGM CONTROL BOARDS

EEEEREEGENERAL ATOMK NN

C 190

BOARD
DESIGNATION

F-867(20)

BOARD TITLE

CACS LOGP GUNTROL
BOARDS (DUPLICATION
OF 12803/A/B/C)

INSTRUMENTATION

AUX CIRC MOTOR TEMPERATURE

AUX CIRC MAIN CIRCUIT BKR

AUX CIRC START SWITCH

AUX CIRC PHASE VOLTAGE

AUX CIRC PHASE CURRENT

AUX CIRC FREQUENCY

AUX CIRC SPEED

AUX LOOP CUTOFF VALVE

AUX HEAT EXCHANGER TEMP

AUX COOLING WATER INLET VALVE

AUX COOLING WATER OUTLET VALVE
INDICATOR

AUX COOLING WATER PUMP CONTROL

BUFFER HELIUM COMPRESSOR CONTROL

aty

PER LOGP

amd wmd smd amd awmd emd wek amd wmb emd

amd  amb



092

SAFE SHUTDOWN ROOM CONTROL BOARDS

SERENGENERAL ATOMICHEREN

BOARD
DESIGNATION BOARD TITLE INSTRUMENTATION

13273A/B RSS ACTUATION LOCAL MASTER RSS ACTUATION SWITCHES
CONTROL BOARDS RSS POWER

112XX CONTROL ROD INDICATION  CONTROL RODS INSERTED LIGHTS
BOARD WIDE RANGE POWER LEVEL METERS

121XX PRIMARY COGLANT MONITOR AUXILIARY LOOP HELIUM OUTLET
BOARD TEMP

REACTOR INLET PRESSURE

F-867(19)

aTy
PER
L.OOP



GGA FORM 387 11-67 MiSC. INSTR. DATA SHEET

- -
S General Atomic EXAMPLE PCS INSTR. DATA SHEET
~ L~ < Incorporated
N Oy &
iRy b 2 RELEASED 1-27-78 ELECTRONIC CONVERTER DATA SHEET
SPEC!FICATION FOR PROCESS INSTRUMENT PACKAGE
w
<ial 2| PROJ NO. 20 [spEC. ND. 93-1-2 T1ssue [ paTE | pace 0F
G|c3| 3| | INSTRUMENT NO.(MARKND. | TM-2255 ™ 22561 22552 TM22562
= g SERVICE LOOP 1 MOOULE | LOOP2MOOULE [LOOPTMODULE  |LOOP2 MODULE
P REHEATSTEAM | REHEATSTEAM | REHEATSTEAM | REHEAT STEAM
| = TEMP. TEMP. TEMP, TEMP.
|| =] S locaTion 137 138 37 138
1 1ei 2
| |
- [z]
ololls INSTRUMENT TYPE SUMMING AMPLIF
Z(=|1T8]  [useron FLUX CONTROL & }
TEMP DEV. ALARM —F
INPUT FROM (INSTR.NO.) TT-22554,5,6 TT-22564.58. 5 THTSE T e
% INPUT SIGNAL 1050 MA
Z | RANGE/CALIBRATION 700-1100/°F
TOM-2255 1 TOM-225¢ ©
TOM-2285-2 TOM-225¢
DUTPUT TO (INST. NO.) T™-2256-2 TM-2256-2 TM-2253-3 | TM-2256-3
OUTPUT RANGE 700-1100°F ——
_ | ouTPUT s1GNAL 10-50 MA
2 [Loan me. RanGE 066052
E [COMPUTATION, OUTPUT = HAB.C.D} | (A+B+C - 1/3 (A+8+C+3D) 1/6
© [accuRacy +0.5% OF SPAN
ZERD ADJUSTMENT —25T0 +100% SPAN
SPAN ADJUSTMENT 2% OF SPAN
CASE, SIZE & TVPE - - _ _
w | CONSTRUCTION - - _ _
~| | S [maTemaL/icoLor - - - _
g MOUNTING RACK
w LOCAL INBICATOR NO
£ 3URNOUT PROTECTION Z Z Z -
8 -
= |2
o =
REE REF OWG £6-66504
S £ = POWER SUPFLY BUS | BUS I! BUS1 BUS 1l
I|alS POWER CONSUMPTION 10 WATTS
[
e E'.; z MANUFACTURER FOXBORO
; Ll 2 MDDEL NO. N/66 CC-CH30 M/B6 CC-CHAD —
o=
=loialE P1 OR CI REF. DWG. PL224 PI22.9 PI.224 Pl229
L [ Ml &
0| wlw| & NOTES: FOXBORD BLOCK QIAGRAM | BD-22SH. 7 -
> ol g
[17) g’, Ofw
[ B "R -]
oz
I | baTA SHEET N0, CR133
F-867(18)

€55




oo|eo|2(w General Atomic
R incorporated EXAMPLE PPS INSTR. DATA SHEET
= 2 RELEASED 1-20-78
SPECIFICATION FOR PROCESS INSTRUMENT PACKAGE XR-102
S| [PROJNO.90 SPEC. NO. 93-1-1 [ 15SUE | DATE PAGE1  OF
2| |B8l_|.|_{=|_|={=|<| | PPS OUTPUTTO CLOSE CIRCULATOR STEAM TURBINE CONTROL VALVE
gl |E= &| AND CIRCULATOR TRIP VALVE.
< = ;
S| [~l=l-|: &
of|z|E(z|E( g8 E(E”
HREEEHEEEEEREE
5 = RELAY(S) PER DRIVER: 1 CONTROL RELAY (SoD 0.8501-GC 40)
Lol = EHEEEEEEE TYPICAL SCHEMATIC: HS-22111  HS-2249
Z|z|z|2] | =8|5|5|5l5|S|5/55]  CLOSE CKT TO RESET  ~ cs/c CS/C
- = xen A —F —} CONTACT CLOSES WHEN
HJ ("2 ©w ~
@l8): 18- |5 |8 HTITA CONTACTS CLOSED SC-2105 OUTPUT
= v WITH HANDSWITCHES | DECREASES T0 0%
w IN “CLOSE” POSN == XSL-210%X
= R _ CR-2138:S 51705
< wl o N PNORMALLY 1y
e A I I DEENERGIZED “TCONTACT OPENS
HIS I R S IF BRAKE IS SET
aslsl: (g | gl [ gl:
S5 3 L svans L SPARE
w|® =] : =] s 2 = 2 I E-1203 PG. 411 |
gl g 15 1g):
- - -r -
5 P I g s E- 3 2 6 LPISTM
x T 2[ BB TEMP GAIN CHG
=1 E g o = S A | . . E-1203 PG 1624
= s ELEUETE (SEE NOTE 2)
o = o~
— =] O =y w
vl <2 o~ 7
= B8 x| B §x) 3 1L vz (SEE NOTE 1)
pr w )88 8e|Diz s Ls-maprs.ws
5 3131531812185
> 2|2/ 2)2|2 % 2|2
X s CIRC 1A AUX
3 SYSTEM INTERLOCK
=k
| T E1203pG.476
= g a3l 13 |13
= 3 m RN ERENIE g :
Qg = > > >
£z 215 5 (| E
§ E .5 5 H § a 5 H g :
- o |5 |] |] |8
Sl B NERE
5 [=} = =z x x
alg NE RN
23 SIS SE (R
=] 2 |3 |3 |a
Z|old =
w0 we
Eienla. e e B e e e B
5|2 EHEEEEEEEE
=|2|Z = R EEEEEEE
SIS5|2|E| | 2%|2|2E|E|&|2|E|
= o = E Ol o|lo w
E ale & > [ x| > x|x]|x|x]x
=|&|=|8| [MFG/MODEL: GA/ESD/XCR-1
w|2|o| 2}  [REF. DWGS: 1933, ELD-154-0000-1
~|_lo|Z| [ NOTES: {1) RESETTING XCR-83137-A & XCR-03145A RESETS XCR-85163A
= | paTA SHEET NO. XR-102
~867(16)

C58




EXAMPLE CABLE TAB

RN N ERAL ATOMK TN
FT ST VRAIN GENERATING STATION CABLE TAB GADWG 90-1-9301-700, ISSUE F DATE 080580 PAGE 1002
CABLE cLSS END PB ... FUNCTION......cvvirennann, GPND  ..B/M.. LAST CHNG
SER. .8D. ... ENO Nf). CON SIZE ANSULATION, cov SHEET
.“I..‘..III....‘I‘....“...‘H'II“‘...“'..‘.GI...I{I.IQG...".’..‘.‘.I'I'.l'..l..'...“...I.l'.."’k‘l...‘ﬂ"...'..Illl...Illll."..'ﬁl.“'.‘.
£13035 MCB 1-09 (N6) 12BPY-1 NO 2 BUS PT SEC FCN-3301
C SWYD RELAY PNL 3§ 4/C 10 600V PE-PVC PVC 1303
TRAY 2T R11 85 K25 MH1B K1)
ROUTING OSGN 11¢C 1Mc 1e e
LocC AX uo MH Up
A13036 MCB8 1-09 (N6) 18P-1 NO 1 BUS PT SEC
C MCB 1-09 (N5) 1/C 10 600V PE-PYC PVC 1303
TRAY INT
ROUTING DSGN
8 Loc
~ A13037 MELB 1-09 (N6) 2 8P-1 NO 2 BUS PT SEC
C MCB 1-09 (N5) 1c 10 600V PE PVC PVC 1303
TRAY INT
RBUTING DSGN
L0C
A13038 MCB 1-09 (N5) 18P-1A NO 1 BUS PT SEC
c MCB 1-03 (N4) e 10 600V PE-PCV PVC 1303
TRAY INT
ROUTING DSGN
LbC
A13039 MCB 1-09 (N3) 78P18 ND t 8US PT SEC
C MCB 1-09 (N3} 1/c 10 60av PE-PVC pPVC 1303
TRAY INT
ROUTING DSGN
Loc
A13040 MCB 1-09 (N3) C5317 5317 PCB CONTROL CN-759 FCN-4597
C SWYD RELAY PNL 2§ 12/C 10 600V PE-PVC PVC 1304
TRAY 27T2 4072 4112 R1Z BE K43 MHID MHIC **** K12
ROUTING DSGN 12C 12C 12C 12P 12P 12C 12
LOC AX AX AX AX Uup MH MH
CT SEC METERS CNJ20 FCN-3289
4/C 10 600V PE-PVC PVC 1304

MCB 109 (N4) M5307

D13041
SWYD RELAY PNL 2N

F-867(17)



| HTGR ROD HOLDING LOGIC

ICEENRNGE NERAL ATOMICTENRRNR

993

PPS PPS PPS
CHANNEL A CHANNEL B CHANNEL C
INPUT INPUT INPUT

|_ BISTABLE BISTABLE BISTABLE _I

RELAY COILS

Ay B,
| 11
ROD B | |
HOLDING— — -
POWER T c o
1
B A |
1 2 CRD
MOTOR

F-867(14)



HTGR PPS 2/3 LOGIC

SREERNG £ NERAL ATOMICIEERSEE

CHANNEL CHANNEL CHANNEL
IIAII IIBII I’cll

o= e e v e i — - e e ] e — e = —— e = —— e —

{?/ ~BUFFER
—@ [%wpm-

ISOLATOR

(LIGHT SOURCE,
LIGHT SENSTIVE
DIODE)

4

0!

(2 <}
H - I $:ﬁ)NNEL e

lcuaiNEL 8" ~

lrmp 11
{ z:{z uurcﬁ]ﬂ 4

| TRIP —+-

—— —— —— — ———— ——— —— —— —————— . —— e m— <=

— T s . —— o E— — — — — — — — — — — —— — — — — — w—

F-867(13)



PPS STRUCTURE

VARIOUS

PLANT TRANSDUCERS

LOCATIONS —_—

CONTROL

BOARD OR INPUT MODULES

MICROPROCESSOR NIM NIM NIM —_—
'__

CONTROL #J | }

BOARD OR LOGIC MODULES

MICROPROCESSOR
NIM NIM

CONTROL
ggARD NIV NIM NIM OUTPUT MODULES

MICROPROCESSDR

S S —

EXTERNAL ACTUATORS

VARIOUS PLANT LOCATIONS

F867(12)

£54



EEEREIN G ENEAAL ATOMICTMENS

CONTAINMENT ISOLATION SYSTEM

£92

F-867(11)

H!GH CONTAINMENT PRESSURE
HIGH CONTAINMENT RADIATION

REACTOR SERVICE BUILDING
RADIATION



SEEEGE NERAL ATOMICIEERNND

CAHE ISOLATION SYSTEM

299

F-867(10)

e HIGH CORE AUXILIARY COOLING
WATER RADIOACTIVITY

e LOW-CORE AUXILIARY COOLING PRESSURIZER
LEVEL AND PRIMARY COOLANT
MOISTURE CONCENTRATION



RN ENERAL ATOMICEEEREE

PCRV PRESSURE RELIEF VALVE
CLOSURE INTERLOCK

143

F-867(9)

o REDUNDANT BLOCK VALVE NOT FULLY
OPEN




MEERENENERAL ATOMICIEEEE

CACS INITIATION SYSTEM

052

F-867(8)

LOW PLANT FEEDWATER FLOW RATE
LOW PLANT HELIUM FLOW RATE
HIGH CONTAINMENT PRESSURE



SR £ NERAL ATOMICTINRER

MAIN LOOP SHUTDOWN SYSTEM

672

F-867(7)

HIGH CIRCULATOR QUTLET HELIUM TEMPERATURE
HIGH SUPERHEAT STEAM TEMPERATURE



NG ENERAL ATOMICEIINENS

STEAM GENERATOR HEADER ISOLATION
AND DUMP SYSTEM

8tJ

F-867(6)

HIGH PRIMARY COOLANT MOISTURE
CONCENTRATION (ANY HEADER)

LOW SUPERHEAT STEAM PRESSURE
(DUMP TERMINATED)



N £ HERAL ATOMICENENN

REACTOR TRIP SYSTEM

J

F-867(5)

HIGH PRIMARY COOLANT PRESSURE
LOW PRIMARY COOLANT PRESSURE

HIGH PRIMARY COOLANT MOISTURE
CONCENTRATION (ANY HEADER)

HIGH STEAM GENERATOR INLET
HELIUM TEMPERATURE

HIGH REACTOR POWER LEVEL

HIGH REACTOR POWER-TO-HELIUM
MASS FLOW RATIO

HIGH CONTAINMENT PRESSURE



| PLANT PROTECTION SYSTEM (PPS)
= SYSTEM 32—1

— REACTOR TRIP

—~ STEAMHEADER ISOLATION AND DUMP

~ MAIN LOOP SHUTDOWN

— CORE AUXILIARY COOLING SYSTEM INITIATION

— PCRV PRESSURE RELIEF BLOCK VALVE CLOSURE INTERLOCK
— ROD BANK WITHDRAWAL INTERLOCK

— CORE AUXILIARY HEAT EXCHANGER ISOLATION

— CONTAINMENT ISOLATION

1]

F-867(3)



PLANT PROTECTION SYSTEM (PPS)
Sy /- SYSTEM 32—-1 OBJECTIVE

S¥2

e PREVENT RADIOACTIVE RELEASES HAZARDOUS TO HEALTH
AND SAFETY OF PUBLIC

BY:

® [NITIATING ACTION TO PROTECT FISSION PRODUCT BARRIERS

e LIMITING RADIOACTIVE RELEASES IF FAILURES OCCUR IN
THE BARRIERS

F-867(4)




HTGR CLASS 1E ELECTRIC POWER SYSTEM

IR ENERAL ATOMICHEENEE

w92

I UNIT AUX. START UP & I
TRANSFORMER RESERVE
I I TRANSFORMER ’T‘ T

v Ty "5— R 4,-— Ty —

_‘ BUS 1 BUS 2 ) 4160V CLASS 1E BUS 3 ]
| ARRANGEMENT & ARRANGEMENT & ENGINEERED r l
| LOADS SIMILAR TO ,) LOADS SIMILAR TO ) SAFETY FEATURES ) )
5160V CLASS 1E 4160V CLASS 1€ l LOADSR & T |
BUS3 BUS 3 BLDG |
STANDBY ' |)' '
‘ STANDBY D GNO 2 I 480V CLASS 1E BUS 3 ‘
D-G NO 1 . STANDBY
480V CLASS 1E Mcc ) ) D-G NO 3 |
i , EZJ_:_J |
CHARGER BLDG ENGINEERED
mce SAFETY FEATURES
LOADS STATIC MCCS LOADS R & T BLDG
—_— SWITCH
—y CLASS 1E DC BUS
i DUAL ) CLASS 1E 120/208 VAC UPS BUS
n e INPUT +
Nl INVERTER
125/250 ) UPS LOADS
vDe R& TBLDG |
BATTERY DC LOADS ‘
“&TBLDG BOUNDARY OF CLASS 1E ELECTRIC POWER SYSTEM H

F-867(31)
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MR ENERAL ATOMICHBEEENES

SYSTEM IDENTITY

ELECTRIC POWER {92)

PLANT CONTROL BUILDING (77)

REACTOR CONTAINMENT BUILDING

(12.1)

ELECTRIC POWER (92)

CONTROL BUILDING (77)

F-897(4)

SAFETY RELATED SYSTEMS

SYSTEM 32

NSS/BOP INTERFACES

INTERFACE DESCRIPTION

PROVIDES MOISTURE MONITOR CLASS IE
480 V AC POWER. PROVIDES MOISTURE
MONITOR CLASS IE UPS POWER.

HOUSES MOISTURE MONITOR INDICATORS
AND EQUIPMENT IN THE MAIN CONTROL
BJOARD.

HOUSES MOISTURE MONITOR HYDROMETER
AND CGIAPRESSOR MODULES AND ACCUMULATOR
TANK.

PROVIDES CLASS IE POWER TO SPECIAL SAFETY
RELATED INSTRUMENTATION.

THE MAiN CONTROL ROOM AND REMOTE SHUTDOWN
AREA HOUSE SPECIAL SAFETY RELATED INSTRUMEN-
TATION.



AN

RGN ENE RAL ATOMICRNENENS

SYSTEM IDENTITY

CORE AUX. COOLING SYSTEM
(CACS) (28)

ELECTRIC POWER SYSTEM (92)

FEEDWATER (26)

MAIN STEAM (52)

7-897(3)

SAFETY RELATED SYSTEMS
SYSTEM 32
NSS/BOP INTERFACES

INTERFACE DESCRIPTION

PPS CACS INITIATE TG CACS SEQUENCER.

RECEIVES PPS SIGNAL TO OPEN
CIRCUIT BREAKER TO MAIN CIRCULATOR
MOTOR.

NSS FLOW SENSOR IN BOP FEEDWATER
LINE (ONE PER LOOP).

NSS RESISTANCE TEMPERATURE SENSOR
(3PER LOOP) IN BOP LINE. ALSO NSS
PRESSURE TAP (3 PER LOOP) TO MEASURE
MAIN STREAM PRESSURE.



L9J

| @ SAFETY RELATED SYSTEMS

SRR ENERAL ATOMICIEENREN

SYSTEM IDENTITY

FEEDWATER (26)

CONTROL BUILDING (77)

TURBINE-GENERATOR CONTROL (51)

F-897(2)

SYSTEM 32
NSS/BOP INTERFACES

INTERFACE DESCRIPTION

PPS AFFECTS CLOSURE OF FEEDWATER
BLOCK AND TRIM VALVES, AND OPENS
AND CLOSES STEAM HEADER DUumP
VALVES.

THE MAIN CONTROL ROOM AND REMOTE
SHUTDOWN AREA HOUSE PPS INSTRUMENT,
CONTROL, AND ELECTRICAL EQUIPMENT.

LOAD RUN-BACK ON REACTOR TRIP.,



0

IR E NERAL ATOMICEEEREEN

SYSTEM IDENTITY

MAIN STREAM (52)

NON-GLASS IE AC POWER (92)

CLASS IE UPS AC POWER (92)

F-897(1)

SAFETY RELATED SYSTEMS
SYSTEM 32
NSS/BOP INTERFACES

INTERFACE DESCRIPTION

RECEIVES PPS SIGNALS TO CLOSE
MAIN SUPERHEATER OUTLET VALVYES.

PROVIDES CONTROL ROD HOLDING
POWER.

PROVIDES INSTRUMENT POWER TO PPS
MEASUREMENT CHANNELS AND
INITIATING LOGIC.



RN ENE RAL ATOMICEENE'S

INTERFAGES SYSTEM 32

5E2

F-867(2)

SYSTEM

"
12
21
23
28
3
35

BOP

PCRV

NEUTRON & REGION FLOW CONTROL

PRIMARY COOLANT, MAIN CYRCULATORS, STEAM GENERATORS
HELIUM PURIFICATION SYSTEM

CORE AUXILIARY COOLING SYSTEM

PLANT CONTROL SYSTEM

DATA ACQUIS!TION & PROCESSING

FEEDWATER, ELECTRICAL, T/G SET, VALVES, PNEUMATIC
SYSTEM, HYDRAULIC SYSTEM, CONTAINMENT, ETC.



%2

SRR EN ERAL ATOMICTREEEENR

SYSTEM IDENTITY

MAIN STREAM (52)

NON-CLASS IE AC POWER (92)

CLASS IE UPS AC POWER (92)

F-897(1)

SAFETY RELATED SYSTEMS
SYSTEM 32
NSS/BOP INTERFACES

INTERFACE DESCRIPTION

RECEIVES PPS SIGNALS TO CLOSE
MAIN SUPERHEATER OUTLET VALVES.

PROVIDES CONTROL ROD HOLDING
POWER.

PROVIDES INSTRUMENT POWER TO PPS
MEASUREMENT CHANNELS AND
INITIATING LOGIC.



NEENYINCE NEAAL ATOMMCOEES

INTERFACES SYSTEM 32

£ED

F-867(2)

SYSTEM
1"
12
21
23
28
33
35

BOP

PCRV

NEUTRON & REGION FLOW CONTROL

PRIMARY COOLANT, MAIN CIRCULATORS, STEAM GENERATORS
HELIUM PURIFICATION SYSTEM

CORE AUXILIARY COOLING SYSTEM

PLANT CONTROL SYSTEM

DATA ACQUISITION & PROCESSING

FEEDWATER, ELECTRICAL, T/G SET, VALVES, PNEUMATIC
SYSTEM, HYDRAULIC SYSTEtM, CONTAINMENT, ETC.



G E NERAL ATOMICEREERE

SAFETY RELATED INSTRUMENTATION
DESIGN REQUIREMENTS

8€J

PLANT TECHNICAL
DESCRIPTION

t

i

PLANT SPECS:
SAFETY, ELECTRICAL,
C&|, RELIABILITY,
AVAILABILITY,
BOP RAMNTS

SAFETY RELATED
INSTRUMENTATION

F-868(1)

SYSTEM 32 ¢

SYSTEM DESCRIPTION
(11,12, 18, 21, 28, 33, 35, 36)
ARCHITECT ENGINEER (BOP)

NRC REG GUIDES
IEEE/ANSI STANDARDS
NEMA STANDARDS




W £ HE R AL ATOMICHIEINENS

DESIGN OVERVIEW SYSTEM 32
SAFETY RELATED INSTRUMENTATION

L£]

F-867(1)

® 321
® 322
® 323

PLANT PROTECTION SYSTEM

" MOISTURE MONITOR SYSTEM

SAFETY RELATED CONTROL AND
INSTRUMENTATION SYSTEM
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GAC PROPRIETARY INFORMATICN
This document contains proprietary

information of General Atomic Company.
This document may not be copied in whole
or in part or madé public without the
eéxpress consent of GAC, and it will be
returned to GAC upon completion of the
contract work for which it is provided

or upon request of GAC.

GENERAL ATOMIC COMPANY

SAFETY RELATED INSTRUMENTATION

PATENT STATUS
This document, since it is
transmitted in advance of patent
clearance, is made available in
confidence solely for use in
performance of work under contracts
with United States Department of
Energy. This document is not to
be copied or published nor its
contents otherwise documented or
used for purposes other than
specified, before patent approval
for such release or use has been
secured, upon request, from Office
of Patent Counsel, United States
Department of Eneray, San Francisco

Operations Office, Post Office Box
808,L-376, Livermore, Ca. 94550.
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NS E NE RAL ATOMICIINRENE

HTGR-SC/C DESIGN PROJ. NO. 6654

REV. “B”, DTD. 10/30/81

EQUIVALENT EARLY ST
{EADS (EARLY START ESTIMATE) REVENUE. DOLLARS
(1824 HRS= (1981 $'S)
1 EQUIV. HD.) SUBNET _3233-PLANT CONTROL SYS. _BAND _ SUMMARY NONESCALATED €000)
5 7 —_ 1000
i EH —_— _
TOTAL § — — —
— OTHER § — — — = =~ - 9300
. CAPITAL ——— ——
L — — 800
4 /\ TOTAL REVENUE DOLLARS - $4,039 s
] B 700
. [\
3 - 600
. 500
2 -] 400 !
:
— 300
]
1 — 200
— 100
HY! 82 83 84 85 86 87 88 89 90 91 92 93 94
FISCAL YEAR
unTE RLY START - MANPOWER LOADING NOT YET 0PTIM|ZED/" )

-L LOADED
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EEEIEEGE NE RAL ATOMICHEEEN

233.c1

(]
¥ 2.33.0.1

| 2.33.0.2

233.0.3

F-899(2)

DESCRIPTION

DEVELOP HYBRID COMPUTER
PROGRAMS FOR CONTROLS
ANALYSIS

DEVELOP OBSERVABILITY,
CONTROLLABILITY AND HUMAN
ENGINEERING CRITERIA

OEVELOP MAIN CONTROL ROOM
SIMULATOR AND ANALYSIS TO
VERIFY COMPLIANCE WITH
HUMAN ENGINEERING CRITERIA

VERIFY ADEQUATE LOGIC AND
LAYOUT OF CONTROL AND PRO-
TECTION SYSTEMS

DEVELOP DATA BASE FOR
ISOLATION DEVICES

OVERALL PLANT CONTROL SYSTEM

PRIORITY FACILITY
T2 NONE
SPECIAL
T2 NONE
SPECIAL
T2 FULL SCALE CONTROL
L1 ROOM SIMULATOR
T2 FULL SCALE MOCK-uP
L1 OF BOARDS & CONSOLES
T2 EXISTING GA ELECTRONIC

LABS

COST ${000)

10,000 (CAPITAL)
4,000 (LABOR)

46
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6 N E RAL ATOMICRENNEEEN

OVERALL PLANT CONTROL SYSTEM

ENCLOSURES, INSTRUMENTS, BOARDS, CONSOLES PRICE ($000)

F-899(1)

1,500



2€2

1 E s g
Y M B2 X Y 5 S e 'Yl 1) a9 90 9 92 _ng 94
{ 2 3 ES o 5
93080 ony/m  Ewl .3 Slg £a el - 2.3
QUllgw@ a0 all ¢ b= Fc a8
Zuada - [ = o Zlec cng < w
o ae Qla o|w 0 Qlw > oTa
j Ou|Bo  Ola ole Ola »mu -0 O
L T 8L1 8L2 ! BL3 1
CONCEPT DESIGN PRELIMDESIGN 7 FINAL DESIGN, FAB, CONSTRUCTION G® INSTL & STARTUP <
PREP, AR INPUT ! !
PCS & MCR 2:5';":”?[- INPUT TITLE e wrlen | TITLE N ~!
DESIGN CONC DES. | pROCUREMENT SPEC. 1 (LE) ANSWER PSAR RAISED QUESTIONS | PREPARE FSAR INPUT COMML.
BAS& | PREP FINAL l l T answen Fsannmsen OPER:
ORAFT, SPEC __JREP. PREL DES. SPEE Y 4o _PROC.SPEC |\ PREP. FINAL DESIGN REPORT. ISSUES (LOE)
MR 4 g -
TPes S ch \LAYOUT JPREL. DES. ScHEM, | e N\ | . PREPAREWIRING DIAGS | |
MCR & pes 3 1B DIAGRAMS INST, LISTS J-—1 — - DATA SHEET TABS VENDORS A/E LIAISOR — RFP'S, PURCHASE REQUEST,
SYST. DESCR. , . UPDATE SYD FINAL DESIGN SYD . FABRICATION, INSTALLATION & START-UP -,
cOST EST| | UPDATE § COST EST | FINAL COST EST " 1/ ' Y
] U ] | =7 - -y
DEFINE \__' Fmea s ReLasiLTYY MR ML CLASS 1E QUAL REQ'S ™~ CUSTOMER REQ'MTS, POTS, SUTS, SQPS,
}——-———
TRANSIENTS DEV. EQUIP. PROT. v MCR & PCS EQPS, Q& MMANUP S, OPERATOR TRAINING
FOR TUNING ., ISYsT. LOGIC R Y SIMULATION ‘
PREPARE HUMAN~_[ |_ pERFORM !
FACTORS ENGINEERING REQ'MTS |, | JHUMAN ENGINEERING STUDIES §,
PREPARE BOPR TITLE ') 4 LA TTEW T TiTee
{mmr-l:!i/:.'ﬁ"‘"' ¥ = —t
TECHNOLDGY DEFINE PLANT ) ] DEFINE STEADY STATE AND
—— OBSERVABILITY REQUIREMENTS | TRANSIENT ANALYSIS FOR CTRL SYS MODEL
OEFINE PLAMT | { ] | ! {
CONTRDLLABILITY REQUIREMENTS |/ | PERFORM ELECTRICAL ISOLATION TESTS
PREPARE HUMAN ENG. | T 1t — l !
|cRITERIA FOR € & 1 SYSTEMS /11 Lerepahe otaitaL/myenid
OFVCLOP DIGITAL CONTROL BAYA| |}~ | COMPUTER MODELS FOR STEROY
| 8:5€ FOR HTGR APPLICATIONS 1 i ‘ STATE AND TRANSIENT ANALYSIS (LDE) UPDATE DIGITAL/HYBRID
| | | I COMPUTER MDDELS TO INCLUOE
- WA Ll H PPS & PCS FINAL INSTRUMENT & SYSTEM DATA. .,
V4 FABR OF MCR |/ (LOE) MAIN CONTROL ROOM SIMULATOR
 —r 4 SIMULATOR SUPPORT OF PCS & FPS FINAL DES. & PLANT START-UP, \
Ll L -, 1 T v
;:‘;;f;‘ﬁo":ggén‘:‘“ MODEL PCS TRIP i PERFORM RESPONSE TESTING
DV &S REQUIREMENTS. TRANSIENTV - | OF He FLOW. 32331 &2
- @ PLANT CONTROL SYSTEM
' ool IN CONTROL ROOM
T PERFORM RESPONSE TESTING —Cr Ay A5 MAIN C
PREPARE DESIGN & PROCUREMENT OF TC/RTO.
SPECS FOR MCR SIMUL. GOPT L l l N I T T
1 1
F.859(12)




OVERALL PLANT CONTROL SYSTEM
e DESIGN EVOLUTION |

L€

STEAM PRESSURES CONTRO'.LED BY FEEDWATER FLOW — SIMILAR TO FSV, SUMMIT,
FULTON, 9G0ORMWe REFERENCE HTGR

STEAM TEMPERATURES CONTROLLED 3Y REACTOR POWER — SIMILAR TO FSV,
SUMMIT, FULTON, 900MWe REFERENCLE HTGR

SEPARATE MAIN STEAM/HOT REHEAT TEMPERATURE CONTROL — ELIMINATED WITH
THE ELIMINATION OF THE STEAM REHEATER — ONE DEGREE OF FREEDOM GAINED

ELECTRICALLY DRIVEN CIRCULATOR — ELIMINATES STEANM - FEEDWATER INTER-
ACTIONS, ENHANCES MAIN LOPP COOLING ABILITY

HUMAN ENGINEERED CONTROL ROOMS AND BOARDS - ENHANCES PLANT
AVAILABILITY

F-86&(6ij




0]

Q

PEEREDA I AAL AL

BOP SYSTEMS

CORE AUXILIARY COOLING
(SYS, 28)

OVERALL PLANT COHTROL SYSTEM

SYSTEM
\\

SYSTEM INTERFACES

SAFETY RELATED IWSTRUMENTATION (SYS. 32)

/

OVERALL PLANT
CONTROL SYSTEM
(SYS. 33)

/

PRIMARY COOLANT SYSTEM
(SYS. 21

DATA ACQUISITION AND
PROCESSING (SYS. 35)

i—————————

NEUTRON AND REGION FLOW
CONTROL SYSTEM (SYS. 12)
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MAIN CIRCULATOR SERVICE SYSTEM ISOLATION

DEENGE NERAL ATOMCERNSNR

822

E——

AR

SENSOR1 LOW AP ACRGSS HELIUM SUPPLY CAVITY
AND HELIUM/WATER DRAIN CAVITY

SENSOR2 LOW APACROSS HELIUM/WATER DRAIN
CAVITY AND HIGH-PRESSURE JET PUMP
SUPPLY

LOW AP ACROSS BEARING WATER SUPPLY
CAVITY AND BEARING WATER DRAIN

SENSOR3 LOW AP ACROSS SEAL DRAIN CAVITY
AND BEARING WATER DRAIN CAVITY

F-878(1)



PLANT CONTROL SYSTEM LOGP TRIP

HIGH CIRCULATOR
SPEED '

LOW CIRCULATOR
SPEED TO
FEEDWATER FLOW

LOW MAIN STEAM
PRESSURE

L23

BYPASS BYPASS

F-878(6)

[ circuLator |
| ISOLATION |

S

i
TRIF

¥

SHUTDOWN
CIRCULATOR
MOTOR




ERERENERAL ATOMCIREEENE

R S

922

FROM

%
t
A
$
}
}
HELIUM FLOW ;’_"*‘

TO HP
TURBINE

LOOP STEAM TEMPERATURE CONTHOI.

REACTOR

F-878(3)

STEAM TEMPERATURE SIGNAL

pe. G —— T G T D L T . G CELES et D GG S ep TEED e Gagm et Shiin S wces

LOOP SHUTOOWN AND
REACTDR TRIPINPUTS

FROM PPS
* LOOP STEAM [* — -
§__4_ FROM TEMPERATURE AVERAGE
‘ I FEEDPUMPS CONTROL - — — STEAM
| SYSTEM TEMPERATURE
* l— ______________ P‘-—-—l
SENSED FEEDWATER FLOW RATE T LOAD REDUCTION
* i INPUT
CIRCULATOR HELIUM
* SPEED CIRCULATOR
FEEDBALK SPEED
['_""—'-'““——> CONTROL
/? ' !
L MOTOR
R T -
cl cmfi ] MOTOR ol
HELIUM FLOW
T0 REACTOR




| NEUTRON AND STEAM
hred TEMPERATURE CONTROL

EERENGENERAL ATOMICEIEENER

HELIUM FLOWTO
CIRCULATOR AND
REACTOR

A

!

< FRGM FEEDPUMPS

TO HP TURBINES
AND PROCESS LOADS

T CE— AR G, CE—— e — e
— — > —>

AVERAGED SENSED STEAM GENERATOR
STEAM TEMPERATURE |
OF ALL LOOPS REACTOR TRIP HELIUM FLOW
| { INPuTSFROMPPs  FROM REACTOR
' I
STEAM e —J .
TEMPERATURE NEUTRON
CONTROL — NEUTRON *FLUX
_____ ~> SveTEN NEUTRON CONTROLLER
LOGP SHUTDOWN FLUX
INPUTS FROM PPS F T COMMAND
| L= _LoaDTRIP
| INPUT
STEAM
TEMPERATURE
SETPOINT

F-878(2)

€25



| MOISTURE MONITOR SYSTEM
) SYSTEM 322

NCIEGENERAL ATOMICEEREEES

§9)

® SAMFLES PRIMARY COOLANY FROM 4 S/G’s
o DETECTS HIGH MOISTURE

® SIGNALS S/G ISOLATION & DUMP SYSTEM ON DETECTION
OF LEAKING LOOP

® SIGNALS REACTOR TRIP SYSTEM ON DETECTION OF HIGH
PRIMARY COOLANT MOISTURE

F-867(22)
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G ENERAL ATOMICHEIREN

MOISTURE MONITORING SYSTEM—SCHEMATIC

99)

FROM
PRIMARY 1
COOLANT
SYSTEM

F-867(25)

HYGROMETER
MODULE

1

HYGROMETER
MODULE

-

=N

— HYGROMETER

MODULE

ACCUMULATOR

TANK

COMPRESSOR

MODULE

PRIMARY
=»> COOLANT
SYSTEM

H

—p|HYGROMETER

MODULE




NG ENE RAL ATOMICHENNR

MOISTURE MONITOR SYSTEM

£92

STEAM GENERATCRS A SHOWN, STEAM GENERATORS B, C & D SAME

HELIUM
RETURN
T0
LOWER
PLENUM

HAND
VALVE

FLOW
CONTROL
VALVES

CHANNELS TO
STEAM GENERATOR

DUMP LOGIC

ATBjCJ

COOLING =P
FLUID

HYGROMETER
mobuLe [

FROM
MODULE

SERVING
STM. GEN. 8,

F-867(26)

C&D

COMPRESSQOR

ACCUMULATOR
TANK

MODULE
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@ DEW POINT MOISTURE MONITOR
. INSTRUMENT OPERATION

EEFEINGENERAL ATOMCIRERNEES
S —
ELECTRONICS &
CONTROL
MODULE |«
-l
» = =t 3
PHOTO I
PRESSURE RESISTOR al &| =
CHAMBER Aeur . =l &l 2
SOURCLE Q1 <1 =
wl 2l ©
w| T o

/,_ssmcm
HELIUM -
SAMPLE IN .
F i
| :mﬁm_zz\\\‘ﬂ.rl |
TEMP, SENSOR— | \\\o/m/m/%M _ 1@1
|
%32\\\ COOLING FLUID
COOLING COILS CONTROL

VALVE

{ e Jien o
cm
-
v—

=
S=

F-867(27)
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SEEENE NERAL ATOMICERNERS

MOISTURE MONITOR SAMPLING SYSTEM

693

DIV-1
He FLOW  LOOP-A M5V AC  He FLOW
OFF /. ISOLATION / srmi OFF
ZR\  VALVE SW. f ZA ZAL
2AL gLOSE N / \,CLOSE OPEN) SROI
SRDI GPEN
i G /jf\ N/ '
pva | 2 DIV Div-l 17 vl
. J ] | I | ‘ Fi |
W Ty *TyYl Ty ¢«T>y FraLH r FALH
| in{Fsin) | | FSLH ﬁl
SRD) SRDI
6-1;1& s 6-1;(6 l - | | @G |
e e e b e | — j | — o
I
> -k FE FE
[E XX X4 BIV- DIV-I1
LDOP-A SC-2 ~—f—= SC3 _
444 4 >< FLOW
c’ e, BALANCE
TEST MOISTURE INJECTION VALVE

F-867({28)



MOISTURE MONITOR FILTER SYSTEM

EEEEREGE NERAL ATOMICIIGEERS

T

D

P O
iy * mv.Ti
FILTERFO 'B'FILTER |
AND u l
J AND l
OR P l
NoT] NOT |
oFF ]| l
DELAY
NOT I
OFF
AY
=5 O |
SSR SSR E@ i
Ty 115V Acl « L\ N
piv-t fotvAl DIV
FLOwW
BALANCE VENT
e ‘A’ FILTER
S
=3
Ve
- P
o)

F-867(29)
c70

VENT

E { FILTER
| g}_ T,

Div-I
IBI




SURIEEEGENERAL ATOMICEINERINS

MOISTURE MONITOR SYSTEM
EVOLUTION FROM FSV

L£3

F-867(24)

SAMPLE DRIVEN BY COMPRESSORS IN SAMPLE LINE / CIRC AP
USED AT FSV

DETECTOR HEAD IMPROVEMENTS TO ELIMINATE MIRRCR FOULING

CONSIDERED (E.G. REMOTE CLEANING, CHEMICAL HYGROMETERS,
FILTERS, ETC.)

TEMPERATURE CONTROLLED SAMPLE LINES

SIMPLIFIED ON-LIN® TESTING & CALIBRATION (E.G. DETECTOR
TEST SAMPLE INJECTION, TEMPERATURE/FLOW/LIGHT SOURCE

MALFUNCTION DIAGNOSTICS, BIVERSE COMPARISON MONITOR,
ETC.)



MOISTURE MONITOR DETECTOR SYSTEM

CINERETEHERAL ATOMICINEN

MOISTMONITOR
ISOLATION CH-A

T
}

CHA
MOISTURE MONITOR

—
|

SHS H,B
T0 STM. GEN

o SWITCH He FLOW
* OPEN CLOSE
~ 7 N\ v
N

2L]

TEST &
CALID.

| INJECTION

[ — 0|V|I-_-

‘A’ FILTER 4

. -

cHe
MOISTURE MONITOR

IDENTICALTOCHA
SHOVIN ABOVE

owv-n

"B' FILTER m "
{=<t— 1

CH.C
MOISTURE MONITOR

IDENTICAL TO CH-A
SHOWN ABOVE

L
NOTES:

1. LOOPS A, B, C & D ARE JDENTICAL TO LOOP
SHOWN O THIS ORAWINS.

F-867(30)

oump

’DIV~I

I FAILURE IN
MOIST MON.

SRDI

SHS NG
T0 STM. GEN.
oump

FAILURE IN
MOIST MON.

'S" i 70 ACC.
TANK

I Div-i

DUMP
FAILURE IN

MODIST MON.
SRDY

SHE M,
l_l TO STM GEM.

oivii
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EEEREEE NERAL ATOMICEEES

SPECIAL SAFETY RELATED SYSTEMS
SYSTEM 32-3

£4)

F-867(33)

o SAFETY RELATED DISPLAY INSTRUMENTATION (SRDI)
e POST ACCIDENT MONITORING INSTRUMENTATION (PAM)
o CORE PERFORMANCE INSTRUMENTATION (CP1)

SYSTEMS THAT PERFORM FUNCTIONS RELATED TO
SAFETY BUT ARE NOT SAFETY SYSTEMS.



SRD!I

ERERERECE N AAL ATOMICIEINE

OBJECTIVE:SUFFICIENT INFORMATION TO ENABLE OPERATOR
TO VERIFY SAFETY FUNCTIONS.

o DISPLAYS EACH VARIABLE RELATED TO PLANT SAFETY
e INDICATES SAFETY SYSTEM LOGIC STATUS

® INDICATES SAFETY SYSTEM ACTUATED DEVICE POSITION
OR STATUS

vLd

ACTIVE DURING NORMAL OPERATION, DURING AND AFTER
ACCIDENTS.

F-837(34)



PAM

SEEREANENERAL ATOMICTRRENS

G543

OBJECTIVE: ENABLE OPERATOR TO FOLLOW ACCIDENTS

e MONITORS & RECORDS PLANT VARIABLES & SYSTEM CONDITIONS
DURING & FOLLOWING AN ACCIDENT

e SUBSET OF SRDI

MOST NEEDED SYSTEM CONDITIONS:

REACTOR SHUTDOWN
CORE COOLING
CONTAINMENT ISOLATION
' CONTAINMENT PRESSURE
PRIMARY COOLANT PRESSURE
HEAT TRANSFER FROM CORE TO HEAT SINK

F-837(35)



RNENGENERAL ATOMICIEINED

CPI

94)

F-867(36)

OBJECTIVE: PROVIDE OPERATOR WITH INFORMATION
NEEDED TO PREVENT EXCEEDING CORE LCO's.
e MONITORS OVERALL CORE PERFORMANCE

e VERIFIES COMPLIANCE WiTH LIMITING CONDITIONS FOR
GPERATION (LCQ's)

e SUBSET OF SRDI
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CONCEPT DESIGN PRELIM DESIGN vy FINAL DESIGN, FAB, CONSTRUCTION g INSTL & STARTUP g
f t
|e—— NITLE nTLEN TITLE N !
DESIGN PREL. DES. SYO, 18°S { l ggg: -
CONE,DES | SYD,PF, PR (, 1B, 10 | DES BASIS _FINAL DESIGN: WIRING & INSTRUMENTATION, CONTROL BOARDS, MODULES, ENCLOSURES .
j ANALYSIS OF ACCIOENT & TRANSIENT T
RESPONSE. SIMULATION & FMEA
LK 11
UPDATE | FINAL COST ESTIMATE, SCOPE OF
COST. EST. COST DATA| SUPPLY, PROCUREMENY SPECS VENDOR AND A/E LIAISON: PURCHASE FABRICATION, AND CONSTRUCTION
e, | H—-—-‘, e 3 —~— —
DEVELDP SEISMIC
& ENVIRONMENTAL SEIS, & ENV. TESTS SPECS & REPORT
| INMENTAL . & ! N
BOPA QUALIFICATION |
Py EqMTS
TITLE | INPUT TITLE)N) TITLE )
( {LOE) RESPONO TO
BOPA INPUT PREPARE PSAR { (LOE) ANSWER PSAR RAISED ISSUES PREPARE FSAR , \ FSAR QUESTIONS
“TECHNOLOGY |t — T T 1Tt 71T
— PREPARE HUMAN ENG. CRITERIA
FORCA I DESIGN |
T T
DEFINE PLANT ORSERVABILITY
METHODS REQUIREMENTS |
DEFINE PLANT CONTRDLLABILITY
REQUIREMENTS
UPDATE DIGITAL/HYBRID COMPUTER MODELS TO INCLUE PPS & PCS FINAL INSTRUMENT & SYSTEM DATA (LOE)
BVas - ] 1T T ' - T
?gugﬁl PP:sz 75 PERFORM ELECTRICAL 32321,28&3
RANSIEN 1SOLATION TESTS PERFORM QUALIFICATION ’
T TESTlN(;: | PLANT PROTECTION SYSTEM
PERFU‘RM nesvowTE TESTING OF He FLow || o b on! MOISTURE MONITOR SYSTEM
PERFORM RESPDNSE TESTING OF Te/RTp | ) Too1- PLANS & PROCERURES S—_e e o — SPECIAL SAFETY
DESIGN VERIF OF MOISTURE MON INSTR EONT DES VERIF OF ™ RELATED SYSTEMS
X MM, INSTR. P s — -~ [-———-C
' N B I F—-f---—-[---——F
F-859(11)
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PERARAEENERAL ATOMCINRERS

NEED

2.32.D.1

2,32.D.2

2.32.0.3

1 - ESSENTIAL
2 - RISK REDUCTION

3 - OPTIMIZATION/APPLICATION
-+ NHANCEMENT

SAFETY RELATED INSTRUMENTATION, SYSTEM 32

DESIGH DATA NEEDS

DESCRIPTION

VERIFY MOISTURE MONITOR RE-
SPONSE AND REPEATABILITY

VERIFY SENSITIVITY, RESOLUTION
AND REPEATABILITY OF HELIUM
MASS FLOW MEASUREMENT

VERIFY THE TECHNICAL FEASIBIL-
ITY, SENSITIVITY, RESOLUTION
AND REPEATABILITY OF STEAM
GEWERATOR INLET TEMPERATURE
INSTRUMENTATION, THCLUDING
THE STEAM GLNERATOR IMWLET TEM-
PERATURE RAKE.

L1

L1

T - TECHHICAL
L ~ LICENSING
E - ECONOMICS

REVISED
FACILITY COST $(000)
EXISTING CONTROL, ELEC- - 51

TRICAL, ELECTRONICS &
EXPERIMENTAL ENGINEERING
FACILITIES

EXISTING CONTROL, ELEC- 150
TRICAL, ELECTROWICS & EX-
PERIMENTAL ENGINEERING
FACILITIES

EXISTING COWTROL, ELEC- 150
TRICAL, ELECTRONICS &
EXPERIMENTAL ENGINEERING
FACILITIES



@

R NERAL ATOMICIIEERR

EED

2.32.D.4

2.33.D.1

643

2.33.D.2

SAFETY RELATED INSTRUMENTATIOi!, SYSTEM 32
DESIGN DATA HEEDS

REVISED
DESCRIPTION PRIORITY FACILITY COST $(000)
EQUIPMENT QUALIFICATION T2 EXISTING CONTROL, 1950
ELECTRICAL, ELEC-
TRONICS & EXPERI-
MENTAL ENGINEERING
FACILITIES, SUBCON-
TRACTOR FACILITIES.
PERFORM HUMAN ENGINEERIHG T2 FULL SCALE CONTROL  SEE PCS
STUDIES TO LOCAL AID RE- L1 ROOM SIMULATION WITH  DDN's
MOTE CONTROL SCHEMES, AWD INTERFACE CAPABILI-
MAIN CONTROL ROOM AMD RE- TIES TO COMIECT EX-
MOTE SHUTDOWN ROOM ARRANGE- PERIMENTAL COMPONENT
MENT AND FEATURES AS RE- TEST FACILITIES AND
QUIRED TO ASSURE THAT PLAWT REAL TINE CONPUTER
OPERATION CAll BE PROPERLY SIMULATION LABORATORY.
MONITORED AND CONTROLLED BY
OPERATING PERSOANEL.
VERIFY ADEQUATE LOGIC AND T2 FULL SCALE MOCK-UP OF  SEE PCS
LAYOUT OF PPS & PCS L1 CONTROL ROOM BOARDS ~ DDN's
AND CONSOLES
DEVELOP DATA BASE FOR SOLID T2 EXISTING ELECTRONIC  SEE PCS
STATE AND FIBER OPTIC COM- LABORATORIES DDN's

PONENTS



| HTGR-SC/C DESIGN PROJ. NO. 6654

A NERAL ATOMICH— REV. "B", D7D, 10/30/81
. (EARLY START ESTIMATE)
1
EQLIVAFLNT REVENUE DOLLARS
JEADS (1981 ¢'S)
;;g%ﬁlC?S;D.) SUBNET 3232-SAFETY-RELATED CE1 SYSTEM ,panp _SUMMARY NOMESCALATED (000)
20 - — 2000
- EH -— -
_ TOTAL § — — — — 1800
18 OTHER § ~ —— — —
. CAPITAL —— = ——
% . ~ 1600
1 N TOTAL REVENUE DOLLARS - $11,698 "
14 — /r N - 1400
: AN

12 - / ~ /\ — 1200
10 -

082

1000
’ t
8 — 800
6 — 500
y - 400
J
2 — 200

81 82 83 84 85 86 87 88 89 90 91 92 93 gh
FISCAL YEAR

NOTF * RLY START - MANPOWER LOADING NOT YET OPTIMIZED/ ! LOADED




182

.i:rcmnnou_ HTGR-SC/C DESI'GN PROJ. NO. 6654
REV. “8", DTD. 18/30/81

Em;:g\\DL?n (EARLY START ESTIMATE) | REVEMUE DOLLARS
(182q HRS= 3232-SAFETY-RELATED C&4 SYS PLANT PROTECTION (1981 $'S)
1 EQUIV, D))  SUBNET — » BAND NONESCALATED  (000)
—_ — 1500
10
] EH —_— L
: TOTAL § —m — —
9 -] OTHER § — =~ — ——= —~ - 1350
- : CAPITAL —— = —
° -; ,//'\\\ TOTAL REVENUE DOLLARS ~ $7,279 [. 1200
1000
7 —-—
6 - 900
5 N 750
A -: 600
;- 450
2. ’l 300
i - 150

81 82 83 84 85 86 87 88 89 90 91 92 93 94
FISCAL YEAR

NOTE: EARLY START - MANPOWER LOADING NOT YET OPTIMIZED/LEVEL LOADED



HTGR-SC/C DESIGN PROJ. NO. 665

SSGENEAAL ATOMCH— REV. “B”, BTD. 10/30/81
EQUIVALENT (EARLY START ESTIMATE)

HEADS REVEMUE NOLLARS
(1824 HRS= (1981 $'S)

1 EmIV.HD.) suBnEt _ 3232-SAFETY-RELATED Cél SYS. ,BAND MOI1STURE MONITOR

NONESCALATED  (000)

5 EH TOTAL REVENUE DOLLARS - $3,120 — 500
_j TOTAL § — — /— \ .
. OTHER § =~=~——-
- CAPITAL =—-— / \ -
A ~ / \ — 4oe
_ / i
L RSN N
= J / v R
;oo
i N “ B
_1 ] \ [~
2 - / \ — 200 '
] / \ B
//’ / \ \
- ! \ L
/ / \
e / ! i
- \/ ] ‘\\ — 100
4 / \ -
/ \ B
- I' \_
B / | NUF
S | bow
| [ T T T 1 T
86 87 88 89 90 91 92 93 94

FISCAL YEAR

—_

NOTF ~ RLY START - MANPOWER LOADING NOT VFT oPTIMIZED/ i LOADED



1

HTGR-SC/C DESIGN PROJ. NO. 6654

RSN ENEFAL ATOMICIS REV. “B"”, DTD. 10/30/81
EQUIVALENT (EARLY START ESTIMATE)
HEADS
ilgzllql[t}m:ﬂ) ) SUBNET _3232-SAFETV-RELATED Cel SYS. o, SPECIAL SAFETY-RELATED
2. -
.
-1
1 T
-
-
.ﬁ

TOTAL § —— ———

CAPITAL — — —

TOTAL REVENUE DOLLARS - 51,299

I

T

T

1

FISCAL YEAR

NOTE: EARLY START - MANPOWER LOADING NOT YET OPTIMIZED/LEVEL LOADED

86 87 88

REVEMUE DOLLARS
(1981 $'S)
CALATED (000)

500

1409

300

200

100
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SYSTEM 32, PRICES

EEEERGENERAL ATOMIC NS

F-897(5)

PPS INST. ENCLOSURES
PPS INST/HDW
PPS CONTROL BOARDS

MOISTURE MONITOR HYGROMETER MODULE
MOISTURE MONITOR COMPRESSOR MODULE
MOISTUREMONITOR ACCUMULATOR TANK
MOISTURE MONITOR INST ENCLOSURES
MOISTURE MONITOR INST/HDW

MOISTURE MONITOR NON-MQODULE EQUIPMENT

TOTAL

SAFETY RELATED SYSTEM,

(105)
35

2.1

6.2
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GAC PROPRIETARY INFORMATICN

This document contains proprietary
information of General Atomic Comp
This document may not be copied in
or in part or made public without
express consent of GAC, and it wil
returned to GAC upon completion of
contract work for which it is prov
or upon request of CAC.
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DATA ACQUISITION PROCESSING

PATENT STATUS

This document, since it is
transmitted in advance of patent
47 clearance, is made available in

GENERAL,ATOMlC COMPANY confidence solely for use in

performance of work under coptract

. with United States Department of
any. Energy. This deccument is not to
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808,1.-376, Livermore, Ca. 94550,
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PURPOSES OF THE DAP SYSTEM

EETEEGENERAL ATOMCIEREER

1. PROVIDE OPERATORS WITH PLANT INFORMATION IN
EASILY ASSIMILATED FORMAT.

L8)

2. STORE PLANT DATA FOR OPTIONAL LATER USE IN
ANALYSIS OF ABNORMAL EVENTS.

3. PROVIDE INFORMATIGN FOR PLANT SUPERVISION.

F-864(1)



DAP SYSTEM FUNCTIONS

IR E NERAL ATOMICHINEEEER

882

OPERATOR/COMPUTER COMMUNICATION.
ANALOG POINT PROCESS!NG AND ALARM.
DIGITAL POINT PROCESSING AND ALARM.
ALABM SUPPRESSION.

SEQUENCE OF EVENTS MONITORING.
GPERATOR DEMAND FUNCTIONS.

CATHOOE RAY TUBE (CRT) INFORMATION
DISPLAYS.

F-8641(2)

ANALOG AND NUMERICAL TREND RECORDING.
DATA LOGGING.

POST TRIP REVIEW.

DIAGNOSTICS AND SELF-CHECKING.

NUCLEAR APPLICATIONS PROGRAMS.
PERFORMANCE CALCULATIONS.

OPERATQR GUIDES.

EMERGENCY OPERATIONS FACILITIES SUPPORT.



AUEEENE N ERAL ATOMICIEE

NUCLEAR APPLICATIONS PROGRAMS

683

F-864(4)

CORE REACTIVITY STATUS

CORE PCWER AND TEMPERATURE DISTRIBUTION
CORE HEAT BALANCE

ON-LINE CALIBRATION OF CONTROL RODS

DATA OUTPUT TO OFF-LINE CORE MANAGEMENT
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SRR EAAL ATOMICTENSI

DAP SYSTEM ORGANIZATION

€6l

F-86413)

- 1
I |
| i
| HTGR |
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SEENERAL ATOMCEIEER

BASIC FUNCTIONS, PLANT ff
DESIGN DEFINITION

PLANT TECH
DESCRIPTION

OTHER PLANT
SYSTEMS

PLANT INPUTS

NOREG-0696

vl

SPDS, TSC, EOF
REQ'MTS

DAP SYSTEM DESC,,
FUNCTIONAL SPECS.

AVAILABILITY
SPEC

AVAILABILITY DATA

> DATA ACQUISTION,
PROCESSING, & DESIGN

HUMAN FACTORS REQ'T

SYS. 33-
PLANT CONTROL

POWER, SPACE REQ'MT
EQUIP,
DELIV. RDPR
DAP/SIM.,
F Rea. | | PROTOTYPESYSTEM

PROCUREMENT SPEC., P.O.

EQUIPMENT
FABRICATICN

F-888

FORSIMULATOR

CONTROL ROOM
SIMULATOR
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DATA ACQUiSITICN AND PROCESSING

SYSTEM INTERFACE

PLANT INPUTS
(NSS & BOP)

OFFSITE COMPUTER
(FUEL MAWAGEMENT, ETC.)

[ —— |

I

DATA ACQUISITION

) 1
PLANT CONTROL

AND PROCESSING
EMERGEIICY OPERATIONS |
FACILITIES

(TSC, EOF, NDL)

SYSTEM
(CONTROL ROOM)




DAP SYSTEM REQUIREMENT

PEURER:ENERAL ATOMCEENEN

S U

€62

F-889

A. SAFETY

1. SYSTEMIS NOT SAFETY CLASSIFIED BUT ACCEPTS INPUTS FROM
SAFETY SYSTEMS THAT MUST BE PROPERLY ISOLATED.

2. SAFETY PARAMETER DISPLAY WILL BE DRIVEN FROM THE DAP
SYSTEM, THIS WILL BE BACKED UPBY A SEPARATE SEISMICALLY HARD-

ENED SPDS PROVIDED UNDER THE SAFETY-RELATED INSTRUMENTATION
SYSTEM.

B. FUNCTIONAL

1. HIGH AVAILABILITY BECAUSE OF PLANT OPERATIONS INFORMA-
TION PROVIDED AND PLANT DIAGNOSTICS FEATURES.

2. REMOTE MULTIPLEXING CAPABILITY FOR REDUCED COSTS
AND IMPROVED INPUT INPUT SIGNAL QUALITY,

3. WELL ENGINEERING WITH RESPECT TO HUMAN FACTORS.
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F-886

PROTOTYPE DAP SYSTEM DISPLAYS
AND KEYBOARDS
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EVOLUTION OF THE DAP SYSTEM

DY £ NE TAL ATOM ORI

FROM FSV PLANT COMPUTERS

1)

2)

3)

4)

5)

6)

F-864(5)

DATA GATHERING AND DISPLAY IS CENTRALIZED INTO ONE SYSTEM RATHER
THAN SPREAD OVER SEVERAL UNCORRBRELATED SYSTEMS.

REDUNDANCY OF COMPUTERS AND CRITICAL PERIPHERALS IS USED TO GREATLY
IMPROVE SYSTEM AVAILABILITY.

MORE COLOR GRAPHIC DISPLAYS ARE USED TO IMPROVE THE PLANT OPERATOR'S
ACCESS TO PLANT OPERATIONAL INFORMATION.

OPERATOR GUIDES ARE ADDED TO ASSIST THE PLANT OPERATOR IN EXECUTING
VARIQUS PROCEDURES (E.G., START-UP, LOAD-CHANGE, NORMAL SHUT-DOWN,
EMERGENCY SHUT-DOWN).

ADDITIONAL COMPUTATIONAL CAPABILITY ISPROVIDED TO IMPROVE QUALITY
OF EXISTING FUNCTIONS AND TO PROVIDE FOR MORE EXPANDABILITY.

EMERGENCY RESPONSE FUNCTIONS (REF. NUREG-0696) ARE ADDED TO iMPROVE
THE ABILITY TO OPERATE THE PLANT UNDER EMERGENCY CONDITIONS.
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DESIGN DATA NEEDS

TRERVENL € NE A AL ATOMICINENS

0012

DDN NO. TITLE PRIORITY FACILITIES COST

2.35.C.1 REQUIREMENTS FOR SAFETY T2 NONE NONE
PARAMETER DISPLAYS

2.35.C.2 HUMAN FACTORS REGUIREMENTS T2 * 114

2.35.C3 REQUIREMENTS FOR SAFETY-RELATED
DAP SYSTEM FUNCTIONS T2 NONE NONE

* CONTROL ROOM SIMULATOR — SAME FACILITY AS THAT USED FOR PLANT
CONTROL SYSTEM

F-864(8)
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DAP SYSTEM EQUIPMENT PRICE

IR € NE AL ATOM I

PRIC TO UTILITY [N $1000's

COMPUTERS AND MAIN MEMORY
PERIPHERAL EQUIPMENT

PLANT INPUT MULTIPLEXING EQUIPMENT
TOTAL

F-891(2)

490
136
1226
2452
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ANALYTICAL INSTRUMENTATION

GENERAL ATOMIC COMPANY

GAC PROPRIETARY INFORMATICN

This document contains proprietary
information of General Atomic Company.
This document may not be copied in whole
or in part or made public without the
express consent of GAC, and it will be
returned to GAC upon completion of the
contract work for which it is provided
or upon request of GAC.

T L —

PATENT STATUS
This document, since it is
transmitted in advance of patent
clearance, is made available in
confidence solely for use in
performance of work under contract:
with United States Department of
Energy. This document is not to
be copied or published nor its
contents otherwise documented or
used for purposes other than
specified, before patent approval
for such release or use has been
secured, upon request, from Office
of Patent Counsel, United States
Department of Energy, San Francisc
Operations Office, Post Office Box
808,L-376, Livermore, Ca. 94550,
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ANALYTICAL INSTRUMENTATION

SRR E ME RAL ATOM K I

FUNCTIONAL REQUIREMENTS

e PROVIDE SURVEILLANCE DATATO VERIFY CONFORMANCE TO
TECHNICAL SPECIFICATIONS (LIMITS ON GRAPHITE OXI!DANTS
AND PRIMARY COOLANT IMPURITIES)

e PROVIDE ANALYSIS OF NSS SYSTEM RADIOACTIVE DISCHARGES
TG THE ENVIROGNS

F-865(1)
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ANALYTICAL INSTRUMENTATION

S0L3

F-B65(2)

MAJOR COMPONENTS

PRIMARY CCOLANT SAMPLE DEPRESSURIZATION RACK
MOISTURE MONITOR

TRITIUM MONITOR

GAS CHROMATOGRAPH

CO ANALYZER

RADIOACTIVE NOBLE GAS MONITOR
RADIOACTIVE IODINE MONITOR
GRAB SAMPLE RACK
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ANALYTICAL INSTRUMENTATION

F-865(3)

Ay FUNCTIONAL DIAGRAM
PART |
E PRIMARY COOLANT SYSTEM ] EADIOACTWE GAS WASTE SYSTE_l\?
c0 Hy0 [RaD1oACTIVE] {_ CHIGH |
> | GASWASTE | | ACTIVITY
DETECTION DETECTION |SURGETANK | | HEADER |
CO, CO9, Ny, Ha, MANUAL CO, CO,, Ny, MANUAL F
0y, CHy GAS  le——»| GRAB Hy, 04, CHy |&——p|  GRAB
ANALYSIS SAMPLE GAS SAMPLE
ANALYSIS
RADIOACTIVE
AT R e
NOBLE GAS DETECTION
DETECTION ‘
MAIN ANALYTICAL
hrced il aa INST. BOARD
DETECTION RADIATION MONITORING
(2 AREA MONITORS)




ANALYTICAL INSTRUMENTATICN
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.., A FUNCTIONAL DIAGRAM
PART {i
""" =" = |
| HELIUM PURIEICATION SYSTEM |
— —— e — — ——— — e — — — e — e—— —
r ;) T "i_ _1_ 7
R B IR B A N A B T AL ]
. | [UTLETOF| | INLETOF | OUTLETOF | “OTLED, | OUTLET
[T OXIDIZER  © DRYER \REGENERATION, AREGENERATION, (LTRNE OF
| | 1rvican! V' coorer ! orver | | LOWTEN | | FiLTER |
- J L b Y _J ADSORB
C0, €0, Ny || 1,0 DETECTION [ €0, COp, Ny,
H,, 05, CH Hp, 09, CHg
> s > Veas | %
ANALYSIS CO, COp, Np, Hy (g ANALYSIS
—p1 09, CHy, GAS
ANALYSIS  [€— RADIOACTIVE
> NOBLE GAS e
| MANUAL GRAB e DETECTION
SAMPLE  |g—
[ MANUAL GRAB| ¢
SAMPLE
oo TO RADIOACTIVE

G" " WASTE SYSTEM &



ANALYTICAL INSTRUMENTATION

SR ENERAL ATOMICEES

8012

F-865(5)

EVOLUTION FROM FSV DESIGN

e INCREASE MOISTURE MCNITOR ACCURACY AND RANGE FOR LOW
LEVELS (<10 PPMV) OF MOISTURE

e USE IMPROVED GAS CHROMATOGRAPH TECHNOLOGY WITH AUTO-
MATIC INJECTION AND PURGE CAPABILITY

e MEASURE I0DINE SPECIES IN HIGH TEMPERATURE PORTION OF
THE PRIMARY COOLANT



ANALYTICAL INSTRUMENTATION

SRS T NE RAL ATOMC S

86019

DESIGN REQUIREMENTS

PLANT TECHNICAL

DESCRIPTION
PLANT SPECS:
AVAILABILITY RAMNTS SYSTEM
PRIMARY COOLANT ’ ANALYTICAL P ESCRIPTIONS:
CHEM RONINTS INSTRUMENTATION 11 21.23 32
C&l ROMNTS DESIGN "oE nOD
IS ROMNTS - 41 33,35 BCP
BOP ROMNTS

NRC REG. GUIDES
IEEE/ANSI STANDARDS

F-868(8)
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ANALYTICAL THSTRUMENTATION

SYSTEM INTERFACES

BOP
AWALYTICAL
PCRV INSTRUMENTATION
PRIMARY HELIUM
COOLANT PURIFICATION

PLANT
PROTECTION

/

PLANT

PLANT
DAP

CONTROL
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ANALYTICAL INSTRUMENTATION

SYSTEM—36
DESIGN DATA NEEDS
00N # TITLE _PRIORITX FACILITIES COST ($K)
2.36.1 VERIFY ADECUATE REPEATABILITY AND RELIABILITY (12) EXISTING 353
OF THE GAS AMALYZING SYSTEM BY PERFORMING GA LABS

PROTOTYPE DESIGN VERIFICATION TESTING OF THE
NOBLE GAS SAMPLER, "NOISTURE MONITOR, TRITIUM

‘MONITOR, €0 ANALYZER, tODINE MONITOR, ARD GAS

CHROMATOGRAPH,

F-865(6)
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SYSTEM PRICE
$500 K
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. K. Nichols (G&)
. Rodriguez (GR)
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P. Giegler (GAR)
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PART D

WORKING SESSION

The working session was to obtain the GA response to the written questions

that had been submitted by the review team and other guestions which had been
deferred from previous sessions. Since the bulk of these fall into the written
category, all questions and answers are reported on the comment/gquestion and
response forms that follow. The attendance list for this part of the meeting
is also attached.

)
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"COMMENTS/QUESTIONS AND RESPONSE
NO. 1

SESSION 1IC (Deferred from IIA) ORG  EGSG

ITEM Core Auxiliary Cooling System  REVIEWER M. L. Griebenow

REVIEW ITEM Technology Development Plan

COMMENT /QUESTION

We could find no hybrid, CACS model development or updating in the tasks costed
yet the design plan includes simulator evaluation of CACS operating procedures.

RESPONSE
This was erroneously included with the design for the CACS. It should have

been 1isted with the DV&S Technology Program. This will be corrected by
transferring 160 man hours from design to DV&S Technology Program.

D3



COMMENTS/QUESTIONS AND RESPONSE
NO. 2

SESSION 11C ORG  SMSC

ITEM Auxilliary Circulator REVIEWER K. R. Van Howe

REVIEW ITEM Reverse Windmilling Speed

COMMENT/QUESTION

What is the speed of the circulator windmilling in reverse with the ALIV open?

RESPONSE

This will be determined in the 1/3 scale test. The specification requires a
tachometer to indicate the speed to the operator. There is no automatic device
and no manual directive to the operator to take any action in regard to the
motor spinning in the opposite direction. There is not a great deal of concern
about the motor spinning in the reverse direction. Rotation is desired in some
direction to keep the bearings from brinelling. If the 1/3 scale tests show

the 1ife of the bearings is threatened, the spin will be limited in some manner.

D4



COMMENTS/QUESTIONS AND RESPONSE
NO. 3

SESSION 1I1C ORG  SMSC

ITEM Safety Related Instrumentation  REVIEWER K. R. Van Howe

REVIEW ITEM Collection Rake Location

COMMENT/QUESTION

Detection of moisture at the bottom of the steam generator {steam generator
outlet) possibly in conjunction with a circulator outlet will allow definitive
indication of steam generator vs. circulator water ingress. This sample point
will also allow definitive moisture detection of a steam generator tube leak
for a shutdown steam generator and will eliminate any requirement for draining
a shutdown steam generator. GA should consider other points for moisture

collection rakes.

RESPONSE

GA will consider other points for the location of moisture collection rakes.
GA has not considered this in the past. However, it is pointed out that after
the helium has made several trips around the loop, the location of the leak may

not be distinguishable.

D5



COMMENTS/QUESTIONS AND RESPONSE

NO. 4

SESSION 11C ORG Bechtel

ITEM Reactor Service Equipment REVIEWER R. F. Stearns

REVIEW ITEM Containment Isolation System

COMMENT /QUESTION

I don't see why the containment should isolate due to high radiation existing
in the Reactor Service Building (RSB).

1 can see isolation of a specific line leaving the reactor containment, such
as the helium purification line. High radiation in the RSB could come from
something 1ike moving a "hot" object near the radiation monitor.

Review this requirement carefully so as not to have any unnecessary RCB
containment isolation/reactor trip.

RESPONSE

This is a good gquestion. Obviously, the reactor should not be tripped as a
result of a source being moved in the RSB. This is indicated on the drawings
as a BOP imposed requirement, but the real requirement may be to oniy isolate
the RSB from the containment buiiding as Mr. Stearns indicates. GA will take
this up with the architect engineer.
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COMMENTS/QUESTIONS AND RESPONSE
‘ NO. 5

SESSION  I1C ORG ~ SMSC

ITEM Safety Related Instrumentation  REVIEWER K. R. Van Howe

REVIEW ITEM PPS Monitoring System Design Adequacy

COMMENT /QUESTION

Clear basis for the radioactivity barrier protection requirements of the
various PPS trips have not been defined. 1t appears that some of these may be
directed toward equipment protection and not public health and safety. The NRC
is beginning to emphasize that PPS trips be on actual parameters which are
jmportant to safety and not anticipatory parameters. Need clear and precise
definition of PPS trips and why they are important to safety.

RESPONSE

GA objects that the basis for PPS trips has been defined, but perhaps not as
well as they could be. As the design now exists, the walls of the steam
generator are a part of the primary cooliant boundary. Isolating the loop is
not adequate protection. As presently defined, the containment boundary ends
with the isolation valve on the steam generator pipe leaving the PCRY. The
tube in the steam generator is a part of the primary coolant boundary and
therefore must be protected by temperature sensors. The NRC has not required
diversity but it has encouraged diversity. GA agrees to an action item to
address the question of separating from the PPS those functions that protect in-
plant equipment but not the public in the preparation of the system description
for the SC/C plant which is scheduled to be issued in May 1982.

D7



COMMENTS/QUESTIONS AND RESPONSE
NO. 6

SESSION 11C ORG SMSC

ITEM Safety Related Instrumentation  REVIEWER K. R. Van Howe

REVIEW ITEM Cost Peak Late in Design of Moisture Monitor
COMMENT /QUESTION

Why does the cost chart titled "HTGR-SC/C Design Project No. 6654 Rev. B, Dated
10/30/81 - Subnet 3232 - Safety Related C&I System, Band Moisture Monitor"
have the iarge peak at 1988 to 19927

RESPONSE
The costs are for the qualification of the equipment as Class 1lE. This is also

included under DV&S in the PPS qualification effort. This cost of $550 k will
be deleted from this chart because it does not belong in the design effort.
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COMMENTS/QUESTIONS AND RESPONSE
No. 7

SESSION  1IC (Deferred from IIA) ORG GE-ARSD

ITEM Safety Related Instrumentation  REVIEWER J. Impellezzeri

REVIEW ITEM Automatic Initiation of the CACS

COMMENT/QUESTION

What reactor plant conditions/sensor signal levels initiate an automatic CACS
startup? Could minor plant transients (i.e., interruption of power, temporary
trip of feedwater pumps, etc.) put the reactor plant in an emergency mode by
automatically initiating the CACS and isolating the primary loops? Evaluate
PPS conditions/signal levels/effects that initiate CACS startup to insure a
false initiation is minimized.

RESPONSE
CACS automatic initiation occurs on:

Low plant feedwater flow rate at~10% plant flow*
Low plant helium flow rate at ~11% plant flow*
High containment pressure 20 psia*

Minor plant transients do not automatically initiate CACS. The limiting safety
system settings are chosen far enough below power operation flow levels and far
enough above power operation pressure level to preclude initiation by minor
trarsients.

*preliminary values

D9



COMMENTS/QUESTIONS AND RESPONSE
NO. 8

SESSION 1IC ORG SMSC

ITEM Safety Related Instrumentation REVIEWER K. R. Van Howe

REVIEW ITEM Reactor Trip Settinags

COMMENT /QUESTION

What is the basis for reactor trip settings, PPS parameters? Also, loop
shutdown and CACS actuation. Example: Hightemperature actuates main loop
shutdown. Why?

What are the limiting safety system settings?

RESPONSE

The question is answered generically by the following supplementary handout for
safety related instrumentation.

D10
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COMMENTS/QUESTIONS AND RESPONSE
NO. 9

SESSION 1IC ORG  SMSC

ITEM Moisture Monitor System REVIEWER K. R. Van Howe

REVIEW ITEM Prevention of Condensation in Sample Line

COMMENT/QUESTION

The moisture monitor at FSY had condensation in the sample Jines. How is this
to be prevented in the HTGR-SC/C plant?

RESPONSE

Condensation in tne sample Tines will be prevented by heat tracing the pipes.
This will extend all the way through the PCRV walls.
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COMMENTS TJESTICHS AND RESPONSE

NO. 10

SESSION 11T o5 SMiL

ITEM Plant Protection System FEVIEWEFR f . 5. Van Howe

REVIEW ITEM Replacement of Helium Temperature Sensors

COMMENT /QUESTION

Can the helijum temperature sensors tha:t actuate the F?S5 be replaced”

RESPONSE

Yes. See the following pages from the supplemental handout for the safety
related insturmentation system.
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COMMENTS/QUESTIONS AND RESPONSE
NO. 11

SESSION 11IC ORG ~ SMSC

I[TEM Overall Plant Control System REVIEWER K. R. Van tlowe

REVIEW ITEM Helium Rate of Flow System

COMMENT /QUESTION

Why not use differential pressure across the orifice valve for each coore
inlet region for the control of helium flow? Orifice position is not good

enough for indication of flow.

RESPONSE

Because the differential pressure across the orifice is not sufficient data
for flow measurement. The orifice valve position changes and the C, changes

with it.
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" COMMENTS/QUESTICNS AKZ RESPONSE
NC. 12

SESSINN 1IC (Deferred from IIA) ORG  EGEG

ITEM Plant Protection System REVIEWZ® . E. Forkel

2

REVIEW ITEM Document 903639, Pg 9, Paragrapr 2.1.6.1

COMMENT /QUESTION

What is meant by, "The low plant helium flow setpoint is based only on the
differential pressure across the main circulator inle+t?" How is the
differential pressure measured?

RESPONSE

This is really the differential pressure from the entrance to the bell mouth at
the steam generator outlet to a point just aheau of the LIV.
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- COMMENTS/QUESTIONS AND RESPONSE

SESSION  IIC (Deferred from IIA) ORG GE-ARSD

ITEM Core Auxiliary Cocling System REVIEWER J. Impellezzeri

REVIEW ITEM CACS Automatic Initiation

COMMENT /QUESTION

What reactor plant conditions/sensor signal levels initiate an autometic CACS
startup? Could minor plant transients (i.e., interruption of power temporary,
trip cf feedwater pumps, etc.) put the reactor plant in an emergency mode by
automatically initiating the CACS and isolating the primary loops? Evaluate
PPS conditions/signal levels/effects that initiate CACS startup to insure &
false initiation is minimized.

RESPONSE
CACS automatic initiation occurs on:

Low plant feedwater flow rate at~10% plant flow*
Low plant helium flow rate at A 11% plant flow*
High containment pressure 20 psia*

Minor plant transients do not automatically initiate CACS. The limiting safety
system settings are chosen far enough below power operation flow levels and far
enough above power operation pressure level to preclude initiation by minor
transients.

*pretiminary values
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COMMENTS/QUESTIONS AND RESPONSE
NC. 14

SESSION  TIC ORG  Yarious

ITEM Auxiliary Helium Circulator REVIEWZR Various

REVIEW ITEM Prevention of Reverse Windmilling & Brinelling
COMMENT /QUESTION

Various reviewers had raised questions concerning reverse windmilling of the
auxiliary circulator and also the prevention of brinelling the bearings without

consuming the 1ife of the bearings.

RESPONSE

Possibly the best solution to this problem is to continuously drive the
circulator in the forward direction at the lowest controllable speed (about
2%). The circulator will be in surge so there will be no net flow of helium
around the CACS. This will prevent uncontrolled windmilling and protect the
bearings without consuming their life. GA will teke the study of this approach
as an action item.
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COMMENTS/QUESTIONS AND RESPONSE
NO. 15

SESSION 1IC ORG EG&G

ITEM Circulator Disk Test Plan REVIEWER C. E. Forkel

REVIEW ITEM Document 905768, Pg 13, Paragrap 3.3.2d

COMMENT /QUESTION

How is it possible to bring out the leads from strain gages mounted on the
circulator disks?

RESPONSE

This can be very easily done by bringing the leads through the centcr of the
shaft to slip rings. This has been successfully done in the past.
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COMMENTS/QUESTIONS AND RESPONSE
NO. 16

SESSION I1C ORG EG&G

ITEM Main Circulator Bearing & Seal Test REVIEWER C. E. Forkel

REVIEW ITEM Document 906252, Pg 8 Paragraph 2.6

COMMENT/QUESTION

Referenced Documents 906063 and 026801 should be furnished for review.

RESPONSE

GA will distribute the referenced documents.
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COMMENTS/QUESTIONS AND RESPONSE

no. 17
SESSION 1I¢C ORG _ EG&G Tdaho

Main Circulator Bearing & R
ITEM Seal Test S REVIEWER €. E. Forke]

REVIEW ITEM Document 906252, Pq. 8, Para. 2.7.7. - Caution

COMMENT/QUESTION

Is this critical speed supposed to be a correlation with the proto-

type circulator? This seems not to be tre case with the proposed
test rig.

RESPONSE

The critical speed has to do only with the test rig - naot the
prototype.
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COMMENTS QUESTIONS AND RESPONSE

SESSION I1C 0RG DOt

Shutdown_Seals REVIEWER | . Welshans

REVIcW ITEM Code Qualification of Inconel 718

COMMENT /QUESTION

Why is Code approval of Inconel 718 needed at a cost of $800K? Can
some foreign exchange data be used?

RESPONSE

This data has been very difficult to obtain. Some months ago, GA went
through DOE to obtain the information that now exists on Inconel 718.

A significant fraction of the needed information exists in that data
base. What does not exist is the qualification of the welding of Inconel
718 as needed for the shutdown seal bellows. Therefore, additional

work must be expended, but not as much as was originally estimated. The
bellows becomes the primary coolant boundary when the shutdown seal is
applied and, therefore, the welded material must be (Code approved.
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COMMENTS/QUESTIONS AND RESPONSE

SESSICN 11C ORG DOt

(TEM Main Circulator Impeller REVIEWER L. M. Welshans

REVIEW ITEM Fracture Mechanics Data for Type 400 SS Forgings

COMMENT /QUEST ION

Whet is the justification for the design data needed for fracture mechanics
and crack propagation research on a large forging of the impeller material
at a cost of S200K?

RESPONSE

This material is not Code approved because it is not normally used for
pressure vessels. The data base for this Series 400 stainless steel does

not includc fracture toughness and crack propagation information. On
Delmarva. there were a number of questions from NRC in this regard which
remained unresolved. This data has not been generated in the five years

since the negotiations with NKC.
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COMMENTS/QUESTIONS AND RESTONSE

GESSTON 1iC ORG  EGSG ldaho

ITEM M™Main Circulator Device Module  REVIEWER C. £E. Forkel

REVIEW ITEM Return and Supply Lines on Draw.02£950

COMMENT/QUESTICN

T am not able to tie the return and supply lines on Drawing C2695C with

the sketch of the main helium circulator service connections. It would

clarify the operation of the system if the attached figure were phantomed
in the drawing to show the complete system.

RESPONSE

The viewgraph of this system used inGA's formal presentation provided the
suggested information with great clarity. GA agreed as an action item to

add the requested information or to substitute the viewgraph drawing.
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TOMMENTS/QUESTIONS AND RESPONSE
NO. 21

SESSION HIC ORG _ EG&G Idaho

ITEM Main Circulator Service Module REVIEWER C. E. Forkel

PEVIEW ITEM Area D1 on Draw. 026950 - Supply Helium

COMMENT/QUESTION

What repressures the suppiy helium line to the "buffer helium cavity?"

RESPONSE

The helium is repressured by the helium compressor in the helium purifica-
tion system. The supply helium is taken from a purified helium header.
The supply helium does not return to the circulator directly from the main

circulator service module.
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COMMENTS /QUESTIONS AND RESPONSE

SESSION 110 _QR_G DOE

ITEM Loop Isolation Valve (LIV) REVIEWER . M. Welshars

REViEW ITEM Hhechanical Override on Operation of the LIV.

COMMENT/QUESTION

Wouldn't it be possible to provide a mechanical override on the valve to

assure its operation?

RESPONSE

There were a number of studies of mechanical linkages on the gas cooled

fast breeder reactor (GCFR}, and it is very difficult to make this a reliatle
system. One of the more serious problems is that of providing a seal

agairst the high pressure helium. A study has recently been undertaken on a
mechanical actuation for the valve, but it is difficult to argue against the
success of the FSV vaives. These have thousands of hours of successful
operation in the reactor, and have been improved by the addition of the
pneumatic override. GA beljeves the force applied by the helium jet is more
than could be applied by a mechanical linkage. The radius of the jet is
three feet, and with a pressure of 1000 psi, it would appear possible to shear
the shaft. One concept that is being considered is to use a pelton whee]
which would have a series of buckets upon which the jet would impinge. GA
agreed as an action item to perform a thorcugh analysis on whatever system

is selected.
D29



COMMENTS/QUESTIONS AND RESPONSE
No. 23

SESSION 1IC QEE Unknown

ITEM Circulator Prototype Test REVIEWER Unknown

REVIEW ITEM Technolngy Program Costs

COMMENT/QUESTION

What is included in the costs for the technology program? Are the motor

and its controller included?

RESPONSE

The hardware and capital costs include the facility, the circulator hard-
ware, the service system hardware that stays in and around the test
vessel, but they do not include the motor and its controller. The motor

and its controller cest $1.2M and $2.0M, respectively.
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COMMENTS/QUESTIONS AND RESPONSE

SESSION 11C ORG _ GCRA

ITEM  Main Helium Circulator REVIEWER _ R A, Evans

REVIEW ITEM Selection of Circulator and Drive Motor

COMMENT/QUESTION

1. Was 3600 rom {or higher) speed considered in optimizing the circulator
and motor selection?

2. Is there an overspeed requirement for the circulator?

3. What is the margin for continuous overspeed and/or overload if required
to increase the helium flow to increase plant output?

4. What is the overvoltage margin in the solid state controller output?

Consider including at least 10% margin in circulator system performance to

insure attaining the full output of the plant.

RESPONSE

1. Higher speeds were considered but with a centrifugal circulator there is
a loss of efficiency by going beyond the optimum specific speed; 2360 is
a compromise where it would be lower, but the impeller gets too big.
Higher than 3600 rpm would 90 to 5000 to 6000 rpm with axial flow;
however, it was felt a more conservative technology on the motor would
be preferred. The axial flow diffuser would also require a deeper
penetration in the PCRV.

2. The circulator has been designed with a very conservative tip speed.

It has an overspeed capability of about 30 to 40%. At FSVY, the over-

speed capability is about 50 to 607; it has operated as 40% overspeed.

The motor is designed for 15,000 hp at 2360 rpm, including 203 rate of flow

margin at the worst combination of system differential pressure and flow.

Nominal power would be more Tike 14,000 hp. There is no margin over the

(&%)

motor nameplate power.
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ND. 24 Continued

The circulator will meet the uncertainties of flow and pressure drop
specified by the system group including a 9% overflow capability (over

the nominal).

4. The power supply wili provide 110% of the nominally required frequency
and voltage to match the boundaries of the circulator in power and tip

speed in the worst case.
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COMMENTS/QUESTIONS AND RESPONSE

SESSION 11 {Deferred from IIA) ORG  CE

ITEM Circulator PM & ISI REVIEWER A. L. Gaines

REVIEW ITEM Document 903637, Pg. 6

COMMENT/QUESTION

What provisions are made for circ.lator preventative maintenance (PM) and
in-service inssection (I1S1)? These questions show why the CACS should be
included in this description.

RESPONSE

There was considerable discussion over this question. The containment
aspects of the matter will be treated along with the rest of the contain-

ment such as visual inspection of the closure bolts. From the FSV experience,
certain components will probably be voiumetrically examined when the circu-
lators are removed. The sliding seals are expected to have a maintenance
schedule of four to five years and the bearings a Tonger time. The net

result is that the PM and ISI requirements are yet to be developed.



COMMENTS/QUESTIONS AND RESPONSE

SESSION I1IC  (Deferred from I1A) ORG CE

ITEM Circulator Pt. of Surge & Brgs. REVIEWER A. |. Gaines

REVIEW ITEM Document 903637, Pg. 15, Paragraph 3.7.4.2

COMMENT/QUESTION

The "point of surge" requires better explanation. Compressor Bearings
should be outside primary pressure boundary (out-board of seals).
Therefore, the fluid should be left to compressor designers choice. If
this cannot be accomplished, then helium gas bearings should be seriously

considered.

RESPONSE

The consensus of the group was that this item had been adequately covered

during the formal presentation by Mr. Kapich.
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COMMENTS/QUECTIONS AND RESPONSE

SESSION I1¢  (Deferred from IIA) ORG CE

ITEM Circulator Inlet & Diffuser REVIEWER A. L. Gaines

REVIEW ITEM Document 903637, Pg. 16

COMMENT/QUESTION

Inlet & Diffuser design fcr maximum rather than a minimum differential

pressure is confusing.

RESPONSE

This has to do with the structural strength of the actual ducts not a
performance requirement. The diffuser interior contains high velocity,
Tow pressure hetium and it is surrounded by low velocity, high pressure
helium which require design for the maximum differential pressure across
the diffuser wall. Similarly, the inlet duct interior contains the lowest
pressure helium in the entire loop while its outside is subject *o the
highest pressure helium in the entire loop.
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COMMENTS/QUESTIONS AND RESPONSE
NO. 28

ORG _ ORNL

SESSION 1IC

ITEM Main Helium Circulator REVIEWER  p. kasten

REVIEW ITEM Design Pressure Rise

COMMENT /QUESTION

The pressure rise is specified as around 22 psi. One 900 MW document

states the Toop pressure drop is 17 psi. Is this because the system is

1050 psi instead of 700 psi?

RESPONSE
For the 2240 MW(t) HTGR - SC/C p]ant,'22.9 psi is the 1imiting value
with maximum margin stack-up for a design basis.
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COMMENTS/QUEST{ONS AND RESPONSE

SESSION 11c ORG _ CE

ITEM Primary Pressure Boundary REVIEWER A. L. Gaines

REVIEW ITEM Document 903638, Pg. 15, Paragraph 7.0

COMMENT/QUESTION

Why is the auxiliary circulator part of primery pressure boundary?

cigure /-1, p. 28, shows penetration closure contains entire unit. Llast
paragraph states services not safety related, including oil service to the
bearings. How long can circulator run without oil service? Could failure
of service contamirate oil reservgir or drain it? Where is transition

between safety classes?

RESPONSE

The auxiliary circulator is completely within the pressure boundary and

is not a part i the closure except for the part labeled in Figure 7-1
"Auxiliary Circulator Primary Closure." The auxiliary circulator can be
operated isolated except for cooling water which is safety classified.

The lubricating oil is self contained; the 011 service module is actually
a cart which is used for the periodic changing ~f the oil. The circulator
can be operated in an emergency without a supply of buffer helium.
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COMMENTS/QUESTIONS AND RESPONSE

30

SESSION 11C ORG _ CE

ITEM Aux. Circ. Opening Torque REVIEWER A, L. Gaines

REVIEW ITEM Document 903638, Pg. 17, Paragraph 9.0

COMMENT/QUESTION

Is opening torque at 6% frequency adequate?

RESPONSE

An opering torgue of 6% is adequate to open the auxiliary loop isolation
valve (ALIV) at pressurized conditions.
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ITEM Reactor Service Equipment REVIEWIR L. *. Welshans

REVIEW ITEM Design, Seismic and Safety Classificaticns of Large Reactor
“Service tquipment Lasks
COMMENT /QUESTION

The large casks that interface with the primary coolant syster during main-
tenance are being designed to Section [II Div. 1, QA Level II, Seismic
Category I, and Safet: .lass III Requirements. These requirements not only

add to the design and equipment costs but may reduce clant availability if
NRC requires that the equipment be tied down wher couzled to the PCRV
openings (this condition exists at FFTS). GA should (1) review the design
requirements for these items of equipment, (2) determine if brief exposure
of primary coolant to containment atmosphere during shutdown for maintenance

is acceptable and downgrade the equipment classification accordingly.

RESPONSE

1. GA will review the design requirements and doccument the reasons.
2. The exposure of the coclant to air is not acceptable because this
atlows air to enter the primary system and contaminates the con-

tainment.
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ITEM Reactor Service System REVIEWER K. R. Van igwe

REVIEW ITEM Inservice Inspection {ISI) Requirerents

COMMENT/QUESTION

It does not appear that ISI reguirements anc concepts will be definec
until start of preliminary design. This may have significant inpact cr tne
plant design and availability. and should be factorec into tlant conzectue’

design. Accelerate ISI development program to allow incorporation into
conceptual design phase.

RESPONSE

The need for ISI provisions is recognized by GA. It is included in the
program plan.
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PART E
REVIEWERS' CrUZus

The attendance at the Reviwers' Caucus is shown on the attzched Yist The
results of this part of Session IIC will be dztailed i1 the moderator’s report.
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