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INTRODUCTION:

In late January, 1975, when the Fort St. Vrain reactor was taken critical
following an extended shutdown, a reactivity discrepancy was noted. In-
vestigation revealed that water had entered the lower part of the reactor
vessel while the plant was shut down and that high moisture in the coolant

had contributed to the discrepancy. In late February, 1976, while the

reactor was shut down, water again entered the vessel, but the amount was
minor. As a result of these occurrences, the Public Service Company of
Colorado (PSCo) has conducted a comprehensive tvaluatiod‘of the cause

of the water ingress, modifications necessary to minimize .the potential for
recurrence, an assessment of potential damage to reactor c;;poncnts, lnd.
l&ﬁific;eioni necessary to 1:9?01. pogto;-lncc of the moisture monitoring
systems. In addition, a number of changes to the Technical Specifications

have been proposed. (&) (71 (130 (33) g ype staff has completed its evaluation
of these events and concluded that resumption of operation under the conditions
proposed, and with modifications as discussed herein, is acceptable. The basic
documents which have been considered in this evaluation, are listed in the
enclosed list of references.

BACKGROUND
On January 21, 1975, the Fort St. Vrain reactor was taken critical for

training purposes and a negative reactivity discrepancy of between .004

and .00740 was noted. The discrepancy was within the Technical Specifications
limit of 0.0124p, and it was attributed at the time to higher than expected
core temperature, since the helium circulators were not providing forced

convection flow. On the following day the reactor was taken critical,
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again with circulators idle. A negative reactivity discrepancy of about .0084p
vas noted. On January 23, 1975 two circulators were operated to establish a
known core t‘cqou:uu and the reactor was taken critical. The reactivity
discrepancy was still negative, but as time passed the discrepancy turned
positive, reaching a value of +0.00840. Since the total change was in excess
of Technical Specification limits on unexplained reactivity changes, the

reactor was scrammed.

Through investigation it was determined that the negative reactivicy
discrepancies noted on January 21 and 22 were caused by the presence of
reserve shutdown material which had been inadvertently discharged from

one of 37 hoppers into the core during maintenance. The positive reactivity
discrepancy of Jmnry 23 was caused by the moderating cfhct of maouing
woisture adsorption om core graphite as the helium cireuiators :rmportcd
moist helium from a water source in the lower part of the reactor vessel.
Subsequent investigation revealed that about 4250 gallons of water had
entered the reactor vessel via ome or more of the non-operating helium
circulators in late December 1974 or January 1975 while the reactor was

shut down with circulator water drain lines closed to facilitate maintenance

operations.

During the period of January 21 through January 23, neither the dewpoint
monitors in the plant protection system (DPMMs) nor the "Analytical"
moisture monitors in a separate system gave an indication of abnormally
high moisture levels in the reactor coolant. The DPMMs were set to trip at
a selected dewpoint level, but trip did not occur. When two of the DPMMs
wvere switched from their "trip" mode to the "indicate" mode to give direct

readout of dewpoint levels, a discrepancy between the Analytical instruments
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and the DPMMs was apparent, and a sample of coolant was taken for analysis
in a gas chromatograph. This analysis indicated a moisture level of over
10,000 ppuv, several thousand ppmv over the levels showmn by either the DPMMs
or the Analytical instruments. This confirmed the presence of abnormally
high moisture in the reactor vessel and initiated the extensive investigation

cited previously.

Dry-out of the reactor system was accomplished via the helium purification
system, initially with helium coolant at positive pressures, with final
dry-out being accomplished by drawing a vacuum of less than 10mm Hg. By
mid-March 1975, the reserve shutdown material had been removed from the core
and moisture levels in the reactor coolant had returned to a normal opcra:iﬁg
range. A critical run om March 17, 1975 confirmed that the guc:iv;.:y

discrepancy was no longer present.

On February 25, 1976, while the reactor was shut down and depressurized, water
again entered the reactor vessel via the helium circulators. This second
occurrence was detected in time to limit the ingress to about 200 gallons.

Subsequent dry-out has been sucessfully accomplished.

The NRC evaluation of these events, the remedial measures that have been taken
and the associated Technical Specification changes that are required is

presented in following sections.

EVALUATION
&tor’t Ingress

Review of plant records and tests conducted by PSCo have eliminated the
steam generators, the liner cooling system for the prestressed concrete

reactor vessel (PCRV), the helium transfer compressor and the helium
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purification system as possible sources of the water in the reactoT

vessel. The helium circulators were then singled out as the most

yrobabl.c source.

During February 1975, Gene tomic conducted tests at its San Diego
Laboratories using a spare . .cculator to determine under what conditions
during circulator shutdown and startup bearing water in-leakage could
occur. These tests clearly show that circulator drain valves would have
to be abnormally restricted or that an unusual pressure imbalance would
have to occur for water to rise up the shaft and ianto the PCRV during
eirculator startup and operation. Tests with the circulator shutdown
and the mechanical seal seét also showed that with drain valves closed
sufficient pressure could be developed to lift the seal and admit water

to the reactor vessel if a m!fic;icn:'ly high pressure source of water.

were admicted to the circulator cavity.

During December 1974 and early January 1975, various circulators were
in an abnormal configuration occasioned by replacement of Pelton wheels
which are used as an emergency backup drive to the normal steam turbine
drives. Review of plant records indicated that in early January while
two of the circulators were blind-flanged from the bearing water system,
the emergency feedwater system was pressurized. Although this system
wvas isolated from the Pelton wheel cavities by closed valves, it is
c:mgly. suspected that leakage occurred. All of the water may have
n:ugud the reactor vessel during this pericd., There were also periods
of time when the other two circulators were similarly isolated and vul-

nerable to such inleakage.



During mid-January 1975, difficulty was experienced in putting some of the

circulators into operationm. Water accumulated in instrument sensing
lines, %ultcr helium alarms occurred and differential pressures were
such that bearing water could have entered the vessel. Circulator
speeds were occasionally less than anticipated. Review of gas
chromatograph records for mid-January also indicated the possible

presence of high moisture.

These anomalous indications and circulator startup difficulties are now
recognized as symptomatic of water control difficulties, and plant
operating procedures have been changed accordingly, to assure that drain
lines are kept open when circulators are idle and to assure that abmormal
conditions are recognized and corrective actions are taken promptly.

In addition; level indicators and Hi Level Alarms have been installed

in the Pelton turbine drain cavities of each circulator. Pressure
differential 1n-:ru;¢nts have been installed to directly verify that
bearing water surge tank pressures are lower than reactor pressure

during circulator startup. Drain pots for buffer helium instruments have
been relocated to a low point and equipped with level alarms. Setpoint
of flow control for the hijh pressure buffer helium water separator

has been relocated to the control room.

The water ingress event of February 25, 1976 occur?od wvhile the reactor
was shut down and depressurized. Two circulators were being operated
in the self-turbining mode and buffer helium was being supplied by high
pressure bottles rather than by the helium purification system which is
normally used during reactor operation, Power was inadvertently

disconnected from a pressure controller, allowing valves in the supply
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and recirculation lines to fail-open and admit 80 psig helium to the helium dryer
outlet. This upset the “elium buffer system by preventing buffer helium recircu-
lation and iaterfering with drain of bearing water to the high pressure separator.
As a result, about 200 gallons of water rose up the circulator shafts into the
PCRV because of reversed pressure differentials during the emsuing 35-minute
period while corrective actions were being attempted. This occurrence is indi-
cative of the complex interactions that can take place in the circulator
auxiliaries as the result of s‘ngle faillures. Until further operating experience
proves to the contrary, it must be anticipated that water ingress can occur via

the circulators.

To reduce the chance of recurrence, PSCo has implemented a change in the control

‘valve in the line from the helium storage system so that loss of controller power

will rcsult 1n valvo closure. - PSCo has also initiated a Tichnicnl Sp.cif‘cacion
change vhich will rcquirc that vnlvcs 7-23226 and V-23221 be placed ia :hc closed
position to isclate the helium storage system from the helium circulator buffer

helium system when the reactor is in operatiom.

The procedural measures and equipment modifications taken to date give increased
assurance that substantial amounts of water will mot enter the reactor vessel
via the helium circulators in the future. The consequences of water ingress

via the circulators or other pathways were previously analyzed and found
acceptable during operating license review. Improvements to the moisture
monitoring systems, as discussed in a following sectiom, give assurance that

such ingress will be readily detected during reactor operation.

Effects of Water Ingress om Components
During the periods of January through March 1975 and February and March of

1976, while substantial moisture was in the reactor vessel, temperature and

oxygen levels were too low to allow significant amounts of corrosiom to
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metallic materials or reaction between water and graphite to cause dimensional
changes or loss in strength. Tests have demonstrated that the properties of
£4brous insulation on the reactor vessel walls are not affected by soaking and
subsequent déyout. The absence of significant corrosive actiom om metallic
components has been verified by direct examination of a circulator and its
penetration area and of several orifice assemblies and comtrol rods, their drives
and housings. Control rod and orifice assemblies have been tested and found

to function normally. We conclude that none of these materials and primary

system components were adversely affected.

Following the ingress eveat of 1973, several control rod position poteantiometers
vere replaced because they appeared to be marginal owing to local electrolytic
corrosion that occurred during the period of high moisture. Following the 1976
ingress, pownr to :h. control rod drive and orifice assemblies was removed to
prevent such corto.ion. and subsequent tests hsvc denonstrated tha: pooi:ion
{nstrumentation !mct:l.cu' normally. To provide further verification that
deterioration of potentiometer circuitry has not occurred, PSCo will perform
{nsulation resistance tests prior to startup. Reserve shutdown material removed
from the core was found to be unaffected by the moisture and it was re-used.
During seal modifications to comtrol rod drive assemblies in September 1975, a
vhite crystalline deposit was found on some of the boron carbide balls in the
reserve shutdown hopper associated with the mechanism undergoing modification.
Inspection of several other hoppers revealed a similar deposit. Analysis has

shown that this deposit consists of crystals of boric acid.

Depending.on the reactor region they serve, these balls comsist of 20
to 40% boron in the form of B‘C in a graphite matrix. They were manufac-

tured to have a specified maximum 3203 content of 0.15%, This oxide

will hydrolize in the presence of moisture to form crystals of boric



acid 03)03) or anhydrous boric acid (noz). depending on temperature.
During tho period of January-March 1975, when abnormally high moisture
vas present in tho.ructor coolant, conditions were favorable for moisture
condensation in the reserve shutdown hoppers, since they are located in

a relatively cool region in the upper head of the reactor vessel and

they are vented to the reactor coolant. During this period it is clear
that such condensation did occur and that a fraction of the 3203 in

the balls leached out and redeposited as crystalline boric acid when the

system was dried out.

From the neutromic standpoint, the reserve shutdown system is unaffected.
I‘c in the balls was .unaffected sincc temperatures were far too low to

; cause oxidatiom, uul :hn carbide !on is not’ solubh in water to a
measurable extent. Since the balls, with their loading of n‘c are
neutronically "black" to thermal neutrons, the negative worth of the

reserve shutdown system is the same as before 3203 lsaching occurred.

If the reserve shutdown system were discharged into the core, and the
balls were subsequently removed, some of the crystalline material might
be left behind. It is possible that a negative reactivity effect might
be detected during subsequent reactor startup, by a small deviatiom from
predicted control rod position. However, the magnitude of the reactivity
effect would be highly unlikely to exceed 0.0034p, which is less than
one-third of the definition of an anomalous reactivity occurrence as

set forth in the Technical Specificarions. Reactivity increase, owing to

depletion of residual borom by neut.on absorption, or relocation of the

residual material under high moisture conditions, would be gradual and



easily accommodated by normal control rod adjustment. We conclude, therefore
that residual boron left fn the core following discharge of the reserve
shutdown system will not have a detrimental effect on subsequent operation

of the plant.

Although boric acid solution is mildly corrosive to carbon steel, no
evidence of corrosion was found on reserve shutdown hoppers. In the

dry state, crystalline boric acid is not corrosive. Therefore a corrosion
potential in the hoppers does not now exist. 3203 does not react with

any of the materials used in the reactor system at the operating
temperatures involved. Thus there would be no deleterious effects

even if some boric acid were left in the core, as postulated above, and were
subsequently relocated as B,0, to the vario.ul'hi‘h.é‘-pcumro mg..of :
m system, If hydroly'ou and solution of relocated boric acid were to
occur as the result of some future water ingress event, corrosion of
ferritic materials would be negligible if low oxygen concentrations were
maintained in the helium coolant. If not, some minor pitting corrosion
could occur. While inspection of selected components would be in order
following such a condition, loss of serviceability would not be

anticipated owing to the very small quantity of boric acid involved.

The only potential concern over the presence of the boric acid deposit,
would be the possibility of adhesion of the balls in their hoppers to the
extent that discharge capability would be affected. Laboratory tests,

in vuch crystals were grown under conditions representative of those
under which the deposits were formed in t.ho hoppers, indicate that the

bond strength of the deposits is negligible, and that the potential for
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adhesion should be very small. In addition, one of the hoppers was removed
from the tuftor and discharged in a test fixture. This hopper dischargad
normally, indicating that the boric acid crystals had no effect on opera-
bility. Based on these tests, we conclude that the reserve shutdown system

is capable of carrying out its design function.

In the period of time during and following the ingress event of February 33,
1976, records show that temperature of the coolant and of the PCRV liner

cooling water system were maintained well above the coolant dewpoint tempera~
tures. Thus condensation on the surfaces of compoments in the system, including
the reserve shutdown hoppers, was prevented. However, should reactor cunditiouns
at some future time be such that moisture condensation can again occur in the
reserve ll'n}:dm system }lnppcu, the reactor should not be oycn:od until ic

ts reconfirmed that functional capability of the system has mot been o
The NRC will review any future abnormal occurrence reports comcerning high
primary coolant moisture levels to determine whether condensation has occurred

necessitating corrective actionm.

We conclude that the measures taken to date will reduce the chances of
recurrence of water ingress via the helium circulators, that the materials in
the reactor system have not been damaged, that the operability of comtrol rod
drive assemblies and the reserve shutdown system have been verified, that
moisture levels in the primary system have been restored to a normal operating
range and that from these standpuints the reactor is ready for resumption of

operation.

F r on F u Poisons
Although we have concluded that the moisture ingress event of January

1975 has had negligible effect om core materials, ve have reexamined the



potential effects of moisture levels permitted during varior~ operating
conditibns by the Fort St. Vrain Technical Specifications onm the B,
fixed burnable poison material in the core. In this connection PSCo
has responded to a number of specific questions and has subsequently
proposed modifications to the Technical Specifications to improve
reactivity surveillance.

Our concern was that under operating conditions permitted by the Technical
Specifications, the fracticm of B‘C fixed burnable poison that might

be oxidized to nzo in the presence of nzo might be greater than pre-

3

dicted. Of itself such oxidationm is of no comncern, since th. 3203

would remain in place at operating core t-pctuuru. However, if

an appreciable !rutm of n‘c were oxiduul before it was depleted by

m:ron aboorpti:n. and :hc reactor \nn shut down and then restarted
under high moisture conditions, some of the 1203 might be relocated

by steam distillation with an a:undin.g positive reactivity effect.

Our concern with B,C oxidation and hydrolysis centered on (1) what

4
appeared to be inconsistencies between the bases for FSV Technical Speci-
fications LCO 4.2.10 and LCO 4.2.1]1 and the intent and wording of the

Technical Specifications and (2) questions related to the GA experimental

and theoretical foundation for the l‘c oxidation rate equations.

(1) Under LCO 4.2.10 the reactor can be operated indefinitely with
‘average core outlet temperatures > 1200°F and with chemical
impurity concentrations, total oxidants, (i.e., nzo + CO + coz)

< 10 vppm, but the analysis of boron oxidation, presented in PSC
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of Colorado Quarterly Progress Report, GA-10560 was performed

on the basis of 1 vppm IZO. not 10 vppa.

(2) The coolant impurity levels allowed under LCO 4.2.11, at
average core outlet temperatures <1200°F, were based on the criterion
that mot more than 10% of the beginning of 1ife (BOL) B’ loading
can be present as oxide over a refueling cycle. Using the
equations and analyses presented in the GA Fuels Group loport(z)
and the PSC progress report, it appeared that this critepion might
not be met.

(3) The original GA n#alysis. leading to the conclusion that the
od.duion rate of n‘c is wvater-transport-limited, did not take
into account a water ingress of the .ngnitudc lu.buqucncly
experienced, as evidenced I;y the statement in the cited: prdﬁ.ﬁ
report that "t!'n initial water content of the active core is expected
to be 30 lbs. or less",

(4) The experiment on which the B ,C oxidation analysis was based

4
consisted of a series of conservative measurements on one plece of
lumped, burnable poison rod (0.67" long), whose composition relative
to FSV-type lumped burmable poison (LBP) was unknown. Conditions
under which the reaction rates were measured were not representative
of reactor coolant pressures and flow rates. The n‘c oxidation

rates determined from this test required the use of several modifying
expressions before application to HTGR conditions, Therafore, these
"ilodifying expressions required the use of assumptions regarding

rate-limiting oxidation mechanisms,

4
Thesa concerns were addressed by Psé.)in response to our quuciou(?) In



the response, revised curves for B,C oxidation were preu.n:'.d. The
revised curves were based on an altered combination of diffusive and
permeation flow, a measured (lower) value of diffusion in H-327 graphite,
and lower values of 'pcrnution flow (due to a lower AP at reduced power
levels). For 1 vppm, using the revised curves, the BAC oxidation rate
was calculated to be 5.4%/yr at 700°C (for transport-controlled cxidatiom)
and 5.5%/yr at 600°C (for reaction rate controlled oxidatiom). At 1200°F
(654°C) and 10 vppm uzo (permitted under LCO 4.2.11), the calculatad B,C
oxidation rate was 42%/yr and 60%/yr in the reaction-rate and transport
controlled regimes, respectively; operation at these levels would be
limited to 90 days per fuel cycle by LCO 4.2.11. As toted in the PSC
rusponse to our quutiou. the actul £rnc:ion of the tonl oxidants

that will be pru«nc in the fon of nzo is difficult to speci.fy precisely
because the distribution of oxidants is dependent on the graphite
chemical reactivity, which in turn is affected by the catalytic effect

of impurities and fission products in the graphite, and the previous
oxidation history. According to the best current calculations by GA,
less than 10% of the total oxidants will be present in the form of H.O,

2
but operating experience in FSV is needed to confirm this.

In summary, we conclude that the predictions of B,C oxidation rates

4
under the conditions outlined are reasomable. However, they are based
in part on a combination of theoretical and empirical informatiom, for

which confirmatory experience i{s needed to assure complate confidence.
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In this regard, PSCo has indicated that they will perform post-irradiation-
examinations (PIE) of burnable poison rods to determine the extent of B,C
oxidation an; depletion and to verify the GA analysis and out-of-pile
experimental rc;ultn. This PIE will be performed at the earliest refueling
outage when a fuel block from the upper one~-third of the core and a block
from the lower ome~third become available, since it has been prodic:cd(s)
that n‘c oxidation can only occur in the upper third where temperatures are
lowest. PSCo has initiated a Technical Specification change at the request

of NRC to add a requirement to report the PIE examination to NRC.

The oxidation of boronm carbiie by itself will have no effect on the reactivity
of the Fort St. Vrain core. Comversion of the cxide to boric acid and
subsequent volatilization of this material out of the fucl-griphito mat? ix
;ould 1n¢rhgs¢.coro ritéitviff {f the amount of material involved were large
enough. To assure that PSCo's reactivity surveillance program is adequate

to detect any anomalous reactivity changes we have reevaluated pertinent
sections of the Techaical Specifications which are part of the operating

license.

Technical Specification LCO 4.1.2 requires that sufficient rod worth be
available to ensure that cold shutdown can be achieved by a margin of
0.0l1Ax with all rod pairs, but the most reactive, inserted. This margin
is adequate. Results of calculations contained in the FSAR indicate
that expected shutdown margin (assuming that the highest wortb rod

pair fails to insert) will be in excess of 0.036Ax at all times during
operation of the first cycle core. Assuming an uncertainty in

the shutdown margin calculatiom of 0.016Ax, reduction in shutdown



margin of at least 0,0lAx may occur before the shutdown margin can

fall below 0.0lAx.

As originally stated, Specifications LCO 4.1.8 and LCO SR S$.1.4 required
thit the reactor be shut down if expected reactivity deviates from
observed reactivity by a difference of 0.0124x. In additiom, it was
not clear whether remormalization of base ructivi:? could be done at

some point in the fuel cycle, thus obscuring the observed difference.

To correct these discrepancies, PSCo proposed changes to LCO 4.1.8

and SR 5.1.4 by 1.::02(6) dated September 11, 1975. As proposed, a
difference of 0.01A:- between predicted and observed reactivities, based
on normalization to a base steady core conditiom, will nq-uirc shutdown
until a satisfactory explatation for. the anomaly is found ' and pcmiuion'
is received from PSCo's Nuclear Facility Safety Committee (NFESC) to
resume operations. In addicion, any renormalization of this base,

as approved by the NFSC, will be reported immediately:torNRC,‘':These changes
provide acceptable means for detection of anomalous reactivity changes,
including changes that could potentially occur owing to loss of

burnable poison from the core. In addition, NRC will be provided

with data for review as may be deemed necessary.

By letter dated March 23, 1976(” PSCo proposed a number of Technical
Specification changes related to assuring operability of the Dewpoint
Monitoring System, correcting of inconsistencies between various |
specifications pertaining to moisture levels permitted under various
operating conditions and providing equivalents in terms of dewpoint

temperatures as actually measured by instruments in lieu of parts per



-16-

million by volume (ppmv) as originally used in the apccifica:ions.
From the standpoint of limiting coolant moisture levels during various
operating conditions, these proposed changes are consistent with the
previous Technical Specifications and are acceptable. These changes,
as well as supplemental requirements for the Analytical Moisture

Monitoring System, are discussed further in the following section.

We conclude that reactivity surveillance requirements with the Technical
Specifications changed as nroposed are adequate to assure that anomalous
reactivity increases occasioned by loss of burnable poison from the core
will be detected and corrective action taken before shutdown margin
specifications are violated. PSCo takes daily readinga.oé Xeactor coolant
-niniur..lcvclx during plant operation. This rc:oré.yill provide

a data base for future evaluaticon ;hould further op;:aciag experience

indicate a need.

Moisture Monitors

Two moisture monitoring systems are provided for the Fort St. Vrain
reactor. One of these is an analytical system which is capable of
continuously drawing primary coolant via a helium sample pump. This
system provides an alarm function only. The other system, a Dewpoint
Monitoring System (DPMM), is part of the Plant Protection System

and is desigred to provide automatic corrective action in the event
of v:tnr ingress during reactor operation = particularly in the event

of a steam generator tube rupture.



The DPMM system consists of eight dewpoint moisture monitors which
derive their'sample flow from the pressure differential imposed acroses
the helfum circulators whon they are in operationm. Six of these are
low level monitors, three of which sample each of the two reactor loops.

Should a steam generator leak occur, the low level monitors are designed

to trip (2 out of 3 logic) thus identifying the loop in which the leak is

occurring and locking in protective circultry which will cause steam

generator dump and isolation in that locp following a high level DPMM

signal.

The two high level monitors sample both loops simultaneously and operate
on 1 out of 2 logic. If either of these monitors trip, the ru.ctor will
( . trip cnd dump and uolac:lon of the ttm gcﬂcratou in the loop 1d.nt1£i¢d_
r by the low level non.:l..crs will mtmciully occur. Should the high level
monitors fail to trip, they are backed up by a high coolant pressure trip
vhich will initiate reactor trip protective action and dump and isclate
a preselected steam generator. Functional performance of this DPMM system
was reviewed in detail previously for a variety of conditions and found
acceptable in terms of identifyi.g water ingress and protecting the core
from uﬁdcrzoin; an excessive degree of damage owing to graphite oxidatiom.
It was also concluded that the combir 1 moisture and pressure detection systems,
considering various failure modes, are capable of preventing pressure
buildup to the point wb.;o the reactor vessel pressure relief valves would
open, thus minimizing the potential for depressurization should the valves

fail to reseat.
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As mdiund previously, when the reactor was taken ctitical in
January- 1975, neither the analytical system nor the DPMM evetem gave
an indication of excessively hig* moisture levels, even though both
systems were in operation at ome time or another. This raised questions
regarding the capability of both systems, and initiated corrective
modifications on the part of PSCo. In the case of both systems it was
found that sample line temperatures were So low that condensation
prevented a truly representative sample from reaching the instruments.
Sample line temperatures for the analytical instruments limited
readings to about 2000 ppmv. Trip settings for the DPMMs were set

at about 5000 ppmv, but condensation in the sample lines limited

the sample to cbo'ut 4500 ppmv. Our evaluation of the corrective

measures is outlined below. - : y e . ) gl R

Dewpoint Monitoring System Modifications
In ccnnection with determining what modifications might be necessary

to correct deficiencies in the DPMM system, PSCo conducted a number of
nois.turc injection tests, made temperature measurements o determine
sample line temperature limitatiomns and determined what Technical
Specification changes were necessary to overcome the sample line
condensation problem. The moisture injection tests disclosed an
additional deficiency with respect to response times at low power levels.
which necrssitated further modifications. These tests and the
modifications are summarized in GA-A-13677(8‘) which was submitted om
December 23, 1975 and in GA-A-13823(9) which was submitted in February
1976.
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The DPMM sensing heads are located in penetrations in the wglls of the
prestressed concrete reactor vessel (PCRV). These penetrations are
cooled by the liner cooling water system which runs at an average
temperature of about 100°F. Since the sample lines to these heads

will run at an ambient temperature near that of the cooling water system,
an inhereant limitation is imposed when penetration heat loads are

small during low power operation. At higher power levels, the ambient
temperatures will be higher owing to hotter gas recirculating in the
sample supply lines. In additiom, it was determined that sample

lines, in some instances, were being chilled to ev~a lower temperatures
because of their close proximity to gaseous nitrogen lines (fed from
liquid n%g:oggn Dewars) which cool the mirrors in the sensors. Corgictive_
seasures have included the installation.of improved insulation and
relocation of some gt the sample lines. Contact p,rometer measurements
of these sample lines have verified that sample line temperatures will
be above 88°F for all low level instruments and above 96°F for both high
level instruments. Technical Specifications which have been
 proposed’”) @) i1 require that the low level instruments be set
at a dewpoint trip setting of < 27°F whenever the DPMM system is required
to be in operation. Thus, these instruments will have ample temperature
margin below sample line temperatures to assure that a saturated gas
sample will reach the instruments to cause mirror fogging at the trip
s.tt{g;. A temporary exception to the original Technical Specifications

permitted the high Jevel instruments to be set at a dewpoint corresponding
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to 5000 ppmv during low power operation (which was their setting during
the moisture problem of January 1975). To assure an ample margin below
sample line temperatures, this exception will be removed and adherence
to the Technical Specification dewpoint setting of < 67°F, will be
required whenever the DPMM system must be operable. This gives
sufficient temperature margin to assure that a saturated gas sample

can reach the instruments to cause mirror fogging and trip.

As noted previously, testing of the DPMM system indicated that
response times would not be adequate at low power levels. Modificatioums,
as described in GA-A13677(8) have been made to correct this deficiency,

@)

and tests of the modified system, described in GA-A13823 ™", have

been conducted.

Functionally, each gf the DPMM monitors is provided with a sample
source via a recirculating supply line which derives its driving pressure
from the helium circulators. The monitors themselves tap this supply
lipe, with much smaller diameter sample tubing, upstream of a bypass
valve in the supply line and return the sample, after traveling through
the sensing head, downstream of this bypass valve. Thus the bypass
valve i{s in parallel with the semsing head. Based on development
testing by General Atomic and data from Hot Functional Testing at

the Fort St. Vrain plant, it was believed that the bypass valve in the
supply line could be put at a fixed setting such that an ddequate
lllail rate through the sensing head would be provided at all power

levels. Tests performed since the water ingress problem have



demonstrated that these bypass valves will have to be adjusted to
achieve: adequate .cn;lng +-ad response times at intermediate to low
reactor power levels when the circulators are operated at correspondingly

lower speeds, thus reducing the pressure differential across the

sampling system.

Based on tests of the DPMM system, representative of circulator
pressure differentials over the full reactor power ‘:ange, PSCo

has determined that if the bypass valve were modulated to give a
constant flow rate of about 60 SCC/sec through the instruments, at
pressure differentials representative of reactor power levels between
about 8% and 100% of full power, and a fixed bypass valve setting

ot 1/8 turn open below about 82, response characteristics would bc
acceptable. Accordinsly, :hc system has been modified by installation

of an automatic control system.

This modification entails the installationm of a reversible céncrol
motor, for each DPM: Lypass valve, mounted on the outer surfaces of
the' pedetration:closures. Since the penetration closures are
tertiary barriers against helium leakage, the shafts for these motors
are connected through low leakage seal assemblies to linkages which
reach the bypass valves inside. These motors transmit modulating
control motion to the bypass valves using a control signal derived
from existing flow meters in the sample lines to the DPMM

{nstruments. The nomiunal control setting will be 62.5 SCC/sec,
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and high and low flow alarms will be set at 50 and 75 SCC/sec
respectively. Low-low flow alarms are provided to alert :hi operators
to an abnormally low sample flow rate, such as might result from clogging
of filters provided in the sample lines to protect the DPMM mirrors
from erosion. Below circulator speeds equivalent to about 8% of reactor
power, it is an:icipitcd that the bypass valve will remain at a fixed
setting of 1/8 turn open (by limit switch) with sample flow rates
decreasing from 62.5 SCC/sec to about 35 SCC/sec at APs corresponding
to 5% reactor power. Flow tests conducted on each of the eight DPMMs
have verified that the newly installed control systems will maintalin
sample flows within the prescribed ranges under steady-state and load

_ change conditions.

mc times for thA.DM' lylém ﬂad.i:ctnd' in cnn"!ukand‘ previcusly
accepted as adequate by the staff, in terms of minimizing graphite damage
owing to oxidation and assuring protective actiom before PCRV relief
valve settings are reached, are 8.6 seconds at full power and 39.5
seconds at 25% power. Response times for lower power levels were

pot addressed at the time, but have been extended in the current review.

In order for the DPMM system to properly carry out its safety function
it is necessary that both the low level and the high level moisture
monitors reach their trip points before a High Reactor Pressure Trip
occurs. This pressure trip is programmed to occur at a coolant pressure
7-1/32 above the operating pressure for any given reactor power

level. Calculations based on the Jesign tasis water inleakage rate from a



steam generator tube rupture indicate that a high pressure trip would
be reached in about 113 seconds at power levels below 25%. This
defines the time envelope within which the DPMM system must complete
its action. A response time of 100 ~.conds at 5% power will give
adequate margin to assure proper DPMM safety action before a high

pressure trip is reached, and we have identified this as a requirement

for the system.

Below 5% power, the response characteristics of the DPMM system may
become uncertain because of reduced helium circulator APs, and in this
range the analytical moisture monitors will be utilized as a supplementary
means of dc:.ﬂining coolant r ’jture levels. In this low power range,
pcphit‘ :cupcucutu and coolant :qcraturu will bc mfficiently 1aw
tluc graphi:o oxidation rates :ould be misnificant and pressure increases
would not reach relief valve setiings in the event of water ingress.

We will require that the DPMM system be kept in operation below 52

power, but without a specific response time reguirement. In the event

of a design basis steam generator leak the DPMM system will functiom

but with a relatively long response Cime. In addition, a high pressure
trip could occur at power levels below 5X. This would cause reactor scram
and dump and isolation of steam genmerators in a preselected loop. Test
data, reported in GA-A13677<8), indi~ate that the DPMM system should
respond within 113 seconds at power levels above 2% so long as filters

in the sample lines remain clean. Accordingly, during initial plant
operations there is reasonable expectation that the system

will {dentify a leaking loop and provide automatic corrective



-action, thus avoiding the complications that might arise from
the posgibility of "wrong-loop-dump” if sole reliance were placed on

the high pressure trip.

With clean filters the predicted response times of the modified system,
based on data reduced from moisture injection tests, are summarized

42 Table 4 and Figure 3 of GA-A13823¢%L for both high level and low level
DPMMs. These data indicate that for APs corresponding to equilibrium

core conditions the overall system will be capable of correctly identifying
the icop in which a steam generator tube rupture may have occurred and
initiating a reactor trip and dump and isolation of the steam generator

{2 about eight seconds at full power, about 17 seconds at 252 power,

lpd about 33 seconds at 5% povc.r. For beginning of life core conditioms,
the A.Ps will be s;allcr for a given 'powc.'r level }'and the response times

slightly longer.

The modified DPMM system incorporstes alarms which will assare that
deviations from acceptable sample flow rates, in terms of required

response times, will be automatically brought to the attention of operators
in the plant control room. For initial plant operatiom, these alarms

will be set in accord with sample flow rates representative of those

used in testing the DPMM system and thus will be effective over the

required range of reactor power levels .
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PSCo has proposed chmges(” u’”to several of the Technical
Specifigations pertaining to the DPMM system. The propbud

change to SR 5.4.1 adds periodic surveillance requirements for the
modified DPMM system. These are adequate. The proposed change to

LCO 4.2.11 substitutes allowable moisture levels as a fumctiom of
coolant temperature, expressed in dewpoint temperature rather than
ppuv as done previously. This change provides consistency within the
Technical Specifications. Proposed changes to LCO 4.4.1 substitute
equivalent dewpoint settings for the high and low DPMM instruments

in place of settings expressed in ppmv. In addition sample flow rate
requirements for the DPMM system to be operable have been proposed as
follows: Below 2% power a minimum lllpll. flow rate of 1 SCCIu.c;
between 2% and.5X power 2 miaimum sample f1ov rate of SCC/sec;

at power levels bctv’un 5% and 207 a minimum sample flow rate of

15 SCC/sec; between 20% and 35% power a minimum sample flow rate of

30 SCC/sec and between 35% and 50Z power a minimum sample flow rate

of 50 SCC/sec. The ssmple flow rates are consistent with assuring that
the required DPMM response times are met. We conclude that the proposed

Technical Specification changes are acceptable.

Alarms must be set at the minimum sample flow rate identified above for
each of these power level steps to assure that operators will be alerted
to sample flow rates that go below these minima. Sample flow rates and
any associated requirements have not yet been established for power levels
above 50%. However, iaitial operations will be limited to 40% power.

Before authorization is issuec for plant oparations above 40Z, the
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foregoing sample flow rate requirements will be reexamined in the
light of moisture injection tests results obtained during power
ascension and the Technical Specifications will be modified if

necessary and extended to cover operatioms up to full power.

From our review of the details of the DPMM system, including the comtrol
system, the physical installation, the locations of components, pro-
visions for flow alarms ard circuit arrangements, together with the
proposed Technical Specification changes, we conclude that the

modifications made to the DPMM system are acceptable.

The existing flow sensing devices, to be uacd'to dcrivebcon:rol signals for
bypass valYt modulation, are located in the closed 1nscrun;nt penetrations
and thus will be c:pocc& to anbicnt.élnpcri:n:ns.vhich will vary con- |
siderably with reactor power. Temperatures are not expected to exceed
185°F. PSCo has tagtn into account the possibility of a 207 flow

sensor decalibration at somewhat higher tcnpcra:urﬁs in zssessing response
times. We concur that this degree of decalibratiom should still leave
acceptable response times. However, ainci there is some uncertainty

in the penetration ambient temperature calculations, PSCo has agreed, by
letter dated January 28, 1976(10) to install a thermocouple in one of the
penetrations containing a single DPMM instrument and another in a pene-
tration containing two instruments, to verify the calculations. The
thermocouples must be mounted on the flow semsors. Information from
thco;‘:h.rnocouplcs will provide data for further evaluation and any
needed corrective action should temperatures be projected to exceed the

185°F estimate as the reactor approaches full power. At the request of
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(23)

NRC, PSCo has initiated a Technical Specification change to limit flow

sensor temperatures to a maximum of 185%F unless Bases satisfactory to

NRC are provided to justify operatiomn at a higher temperature.

By letter dated December 9 1975(11), as amended by letter dafed March 3,
1976(12). PSCo requested permission to temporarily bypass inputs to the
plant protection system from the DPMM system in order to conduct moisture
injection tests at 5%, 25%, and 1002 of reactor power to measure response
times. 'Tho existing test system will be utilized to inject small amounts
of moisture-laden helium for these tests. During tle periods while the
system is bypassed, two observers in direct communication with the reactor
operator will continuously observe the moisture monitors to assure

.that 1f their response should indicate aoisturc 1ngrcss via a steam
generator leak or some othcr cause, the apcrator can take 1nnndia:o
corrective action manually. In addition, the Analytical System Moisture
Monitors will be used to monitor coclant moisture levels during the tests.
Based on review of the test procedure to be used, the conditions
under which testing will be dome and Technical Specification changes 23!,

we concur in PSCo's conclusion that these tests can be carried out safely.

It is anticipated that data reduced from these tests will confirm the
glncfal response time characteristics of the DPMM system as predicted

from tests upon which the modifications are based, and that response

times will fall well within the limits discussed above, particularly

at ié;ornndiato to low power levels, Precise correspondence with predicted
performance is not necessary. However, if the data indicate that the

shape of the response time curve as a function of circulator AP



(corresponding to power levels between 5 and 100% of reactor power)

deviates substantially from the predictiom, further evaluation should be
done to assure that response times remain acceptable at all power levels.
1f necessary, because extrapolatiom is uncertain, additional
moisture injection test data should be acquired. We will review
the results of testing at 5% and 251 power in connection with
verifying and extending the Technical Specuicn:ioﬁ limits discussed

above.

Analytical Moisture Monitoring System
The Analytical Moisture Monitoring System is not part of the plaat pro-

tection system but may be used under some plant conditions as a means
of continucusly dc_nrﬁning‘ reactor coolant moisture levels when the
DPMM system is in its trip mode. Periodic sampling of primary coolant

for laboratory analysis may also be employed for this purpose.

The Analytical System contains two dewpoint amalytical instruments.

The sample line for this system comes through the PCRV wall and travels

several hundred feet through areas of the plant where ambient temperatures

are less than those encountered in the PCRV wall. Since the moisture
ingress event of January 1975, the sample line has been trace heated

to assure that the limiting temperature for the sample line will occur
in the PCRV wall, thus assuring that a coolant sample can be delivered to
the instruments under essentially the same conditions as for the DPMM
mtu With this change, assurance is provided cha:‘ the analytical
system can cover the same moisture range as that covered by the DPMM

system at the new proposed dewpoint trip settings. Previously,



this range would have been limited, owing to condensation in the sample

line at whatever ambient temperature the line may be exposed to.

%
By letter received on December 3, 1975(13), PSCo proposed two new
Technical Specifications to cover conditions under which the Analytical
System Moisture Instrumentation would be required to be in operationm
(LCO 4.4.5) and Surveillance Requirements for this system (SR 5.4.12)
Under this change, éhc Analytical System will be required to be in
operation at power lcvnis of S or less. This system performs an

alarm tunction only and operator corrective action would be required if
moisture levels became excessive. In essence, the Analytical System
provides a backup to the automatic action of the DPMM ;ystcn over the
power range where its rcspansc charac:cristics may be unccrtain. .Wh
couclndn th‘: the proposcd ch:ngcs to the chhnical Specifications are

acceptable. P - .

. — - — -
pe——

-CONCLUSION . .

Based on our review and the consid.rgtions discussed above we have comcluded
that: (1) damage to materials in the Fort St. Vrain reactor has not occurrad
owing to moisture ingress; (2) adequate measures have been taken to minimize

the potential for recurrence of moisture ingress; (3) operability of the control
drive assemblies and the reserve shutdown system has been verified; (4)
modifications to the moisture monitoring systems are acceptable; (5) suitable
tests will be performed during rise-to-power testing to verify response
chlrae:uri;:ics of the DPMM system; and (6) operation of the reactor under

the conditions of the proposed revisions to the Techmical Specifications is

acceptable.



Based on our review we have also concluded that: (1) because the changes

do not involvé a significant increase in the probability or consequences of
accidents previously considered and do not involve a significant decrease in
a safety margin, the changes do not involve a significant hazards considera~-
tion; (2) there is reasonable assurance that the health and safety of the
public will not be endangered by operatiom in the proposed manner; and (3)
such activities will be conducted in compliance with the Commission's regula-
tions and the issuance of this amendment will not be inimical to the common

defense and security or to the health and safety of the public.
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UNITED STATES NUCLEAR REGULATORY COMMISSION

DOCKET NO. 50-267

| ; PUBLIC SERVICE COMPANY OF COLORADO

NOTICE OF ISSUANCE OF AMENDMENT TO FACILITY OPERATING LICENSE

Notice is hereby given that the U. S. Nuclear Fegulatory Commission
(the Commission) has issued Amendment No. 13 to Facility Operating License
No. DPR-34 issued to Public Service Company of Colorado. which revised
Technical Specifications for operation of the For: St. Vrain Nuclear
Generating Statiom, located in Weld County, Colurado. The amendment is
effective as of its date of issuance.

The amendment revises the Technical Specifications to (1) add require-
ments for operation of analytical system .noisture mcaitors bcﬁem reactor
shutdown and' 5 percent power; also calibration frequency :or. these mnq.tors.
is stated; (2) revise allowable primary systen impurity levels and ‘mathod of
specifying moisture impurity fion parts per million to dew point temperature;
(3) add a definition of operable dew point moisture monitor; (4) add functional
checks and tests for dew point noisture monitors; (5) revise the core reactivity
status surveillance and limiting conditions for operaticn; (6) isolate the
helium storage system from the helium circulator buffer helium system when
the reactor is in operatiom; (7) allow bypass of plant protective system
moisture wonitors for testing during the startup testing program; and (8) add
reporting requirements.

The applications for the amendment comply with the standards and require-
ments of.the Atomic Energy Act of 1954, as amended (the Act), and the

Commission's rules and regulations. The Commission has made appropriate
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findings as-required by the Act and the Commission's rules and regulations
in 10 CFR Chapter I, which are set forth in the license amendment. Prior
public notice of this amendment is not required since the amendment does
not involve a significant hazards considerationm.

The Commission has determined that the issuance of this amendment
will not result in any significant envirommental impact and that pursuant
to 10 CFR 51.5(d) (4) an envirommental statement, negative declaratiom or
environmental impact appraisal need not be prepared in comnection with
issuance of this amendment.

For further details with respect to this action, see (1) the
gpp}icgtionl for an?ndn-nt dated September 11, 1975; December 1, 19753;
ﬁh:cﬁ 23, 1976; and June 14, 1976; (2) Amendment No. 13 ta License No.
DPR-34, and (3) the Ca-!isciou'u related Safety Evaluation. All of these
items are available for public inspection at the Commission's Public
Document Room, 1717 H Street, N. W., Washington, D. C. and at the Greeley
Public Library, City Complex Building, Greeley, Cglorado 80631.

A copy of items (2) and (3) may be obtained upon request addressed
to the Uniced States Nuclear Regulatory Commission, Washington, D. C.
20555, Attention: Director, Division of Project Management.

Dated at Bethesda, Maryland, this € ‘day of June 1976.

FOR THE NUCLEAR REGULATORY COMMISSION

Lriginal signed
& Robert A. Clark 3

Robert A. Clark, Chief
Special Reactors Branch
Division of Project Management



Dublic Service Company °F Colorado

39
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16805 WCR 19 1/2, Platteville, Colorade 80651

" December 4, 1984
Fort St. Vrain
Unit #1
P-84515

~,

\
Mr. Robert Martin, Regional Admintstrator
Reactor Project Branch 1
Region IV
Nuclear Regulatory Commission
611 Ryan Plaza Drive, Suite 1000
Arlington, Texas 76011
ATTN: Mr. E. H. Johnson

REFERENCE: Facility Operating License
No. DPR-34

Docket No. 50-267

Dear Mr. Collins:
Enclosed please find a copy of Licensee Event Report

No. 50-267/84-012, Preliminary, submitted per the requirements of
10 CFR 50.73(a)(2)(v).

Sincerely,

W
J. ¥W. Gahm
Manager, Nuclear Production

Enclosure

cc: Director, MIPC

IWG/djm S22 CTT L
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At 0830 hours on November 5, 1984, with the reactor shutdown for control rod drive
(CRD) inspection and maintenance, the reserve shutdown hopper of control rod drive
and orifice assembly (CRDOA) #21 was functionally tested in the hot service
faciifty per SR 5.1.2c~X, "Reserve Shutdown Assembly Functional Test". During
performance of the test, 1t was dfscovered that about 40 pounds of reserve
shutdown material (40 weight percent boron) had been discharged from the hopper
assembly. The reserve shutdown hopper 1is designed to release approximately
80 pounds of material containing neutron absorbing boron carbide into the core
upon rupture of the hopper rupture disc.

The event was reported to the Nuclear Regulatory Commission at 1225 hours on
November 5, 1984, per the requirements of 10 CFR 50.72(b)(2) “four hour report”.

The failure of the CRDOA #21 hopper assembly to discharge an acceptable amount ¢’
reserve shutdown material during performance of SR 5.1.2¢~X {s being reported
pursuant to the requirements of 10 CFR 50.73(a)(2)(v).

The reactor remained in a cold shutdown condition throughout this event.

An 1investigation 1s presently underway to determine why some of the reserve
shutdown material was retained inside the CRDOA #21 hopper assembly.
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EVENT DESCRIPTION: S

The purpose of the reserve shutdown system is to provide a means of admitting
sufficient negative reactivity into the core to ensure an adequate core shutdown

— margin from any reactor operating condition completely independent of the control
rod system.

The reserve shutdown system 13\2335630d of a storage hopper located between the
control rod drive mechanism and the thermal shield at the Jlower end of each
refueling penetration. Each hopper contains nominally spherical neutron absorber
material composed of boron and graphite. This absorber material 1is held inside
the hopper by a rupture disc.

A steel guide tube extends from the underside of the hopper to the top control
reflector block of the associated core region. The guide tube engages the top
reflector block, forming a clear passageway for the reserve shutdown material to
fall from the hopper, through the guide tube, and into the core (see Figures 1 and
2).

RJpture of the hopper rupture disc and subsequent release of the absorber aaterial
into the core is inftiated by pressurizing the hopper with helium. Each hopper is
connected to a separate high pressure helium bottle (2200 psi nominal) by a
pressurizing 1ine that allows helium flow from the bottle into the hopper
immediately above the rupture disc (Figure 3). These bottles have an alarm system
associated with them that will actuate when the bottle pressure drops below
approximately 1640 psig, at which time the bottles are replaced. Section 3.8.3.2
of the FSAR analyzes reserve shutdown system performance with a minimum helium
bottle pressure of 1500 psig. In this case, if the rupture discs fail to burst at
the design differential pressure of 165 & 50 psi, the hopper pressure could build
to a maximum of 1015 psia. Since the reactor pressure is 700 psia, a minimum
differential pressure of 315 psi can be imposed across the disc, assuring fits
rupture.

SR 5.1,2¢ 1is performed to determine the reliability of the differential burst
pressure of the disc, and detect any tendancy of the poison material to bridge or
deteriorate 1in the hoppers over extended periods of time. The surveillance
consists of placing the CRDOA inside the hot service facility over a pre-weighed
container, so that the reserve shutdown material will fall into the container when
the rupture disc bursts. A helium 1ine and pressure guage are connected to the
CRDOA hopper assembly, and the hopper 1is pressurized until the rupture disc
bursts. The container {s then weighed to determine the amount of reserve shutdown
materifal released during the test. Eighty teight pounds of reserve shutdown
material must be released in order to satisfy SR 5.1.2c~X acceptance criterfa.

Upon discovering that only forty pounds of reserve shutdown material had been
released during the test, maintenance personnel performed a visual {inspection of
the hopper internals using a borescope. The material that failed to discharge
from the hopper was removed, and samples were collected for {nternal analysis.
Samples were also sent to Los Alamos National Laboratories for Nuclear Regulatory
Commission independent analysis.
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ANALYSIS:

The reserve shutdown system is designed to provide sufficient negative reactivity
contral to achieve hot shutdown conditions from any operating condition without
movement of the control rods. This condition can be met with two of the thirty-
seven reserve shutdown hoppers inoperable per LCO 4.1.6, providing for a total
negative reactivity insertion of at least .0884K in the equilibrium core.

The capability of pressurizing the reserve shutdown hoppers is demonstrated once
each quarter, during normal plant operation. The "low bottle pressure" alam
circuitry 1is functionally tested once per quarter, and calibrated annually to
insure that any loss of the minimum required rupture gas pressure is readily
detected (see SR 5.1.2). .

An off-line functional test of a reserve shutdown assembly has been performed
following each of the three refueling cycles to date, as required per the Fort St.
Vrain Technical Specifications. During each of these tests, the rupture disc
burst pressure was below 300 psid as required per Section 3.8.3.5 of the FSAR, and
acceptable amounts of absorber material were released from the hoppers.

FSAR Section 3.8.3.4 analyzes the reserve shutdown neutron absorber material and
concludes that bridging and deterioration are not anticipated wunder the
temperature, radiation, and helium environment in which the material is stored
inside the hoppers during operation.

Two reserve shutdown hoppers have been functionally tested as a result of control
rod drive problems recently encountered (see LER #84-008). The two reserve
shutdown hoppers tested were on CRDOA #26 and CRDOA #21. DOuring testing of
CRDOA #26, all of the reserve shutdown material (20 weight percent boron) was
released from the hopper as designed, however, the hopper assembly of CRDOA #21
40 weight percent boron material) did not function properly as outlined in this
report.

The potential safety consequences of this event are currently being fnvestigated
and will be analyzed further once the cause and extent of the problem are known.




i UICENSEE EVENT REPORT (LER) TEXT CONTINUATION AR O 0D 3 shet

F"‘.‘ US. NUCLEAR AEQULATOR' COMMISE:ON
EXPMES 82188

e . e S
GILTTY w11 DOCKET WUMBEA ) LER WUMBER & raGE (B

o|sjojojo|2|6|7/8l4]|—0l1]2/—lol0lo]4 °’lon

TEXT ' e aseae & Sowwes. we ctdasy WRC Foswn JBA ' (TT

‘ CONTROL ROD DRIVE
|_l— & RESERVE SHUTDOWN
ASSEMBLY
TOP MEAD
T PENETRATIONS
~’¢u~ PoRvY

PURIF ICATION

SvsTEM waLL 4

TOP REFLECTOR

THERMAL e

BARRIER

conTROL A0 —

REFLECTOR

P ——

CORE SUPPORT

B00S

CORE SUPPORT

POSTS

SUPPORT

CORE SUPPORT

FLOOR COLLMN—T]

poRV LNER ||




rnc rerm wwan US NMUCLEAR REGULATORY COMMIBEION
e LICENSEE EVENT REPORT (LER) TEXT CONTINUATION APPROVED OMB NO. 31800108
EXPIRES 831788
m) DOCKEYT NUMBER ) LER NUMBER (& »AGE (B

vEAR a

°Lll5L°l°12L517 8| 4|—{0| 1] 2|—(018/0]5 °'lOl7

TEXT (¥ e amwes & v, w soEvensy WAC o MA W (1T

PRIMARY
CLOSURE

'MOUNTING
FLANGE

“BORONATED
GRAPHITE
~ SHIELD

" RESERVE
SHUTDOWN
SYSTEM HOPPER

"RUPTURE —
DISC HOLDER

. RESERVE

__SHUTDOWN. __
“GUIDE \UBE—

CONTROL
ROD DRIVE
MECHANISM

ORIFICE
CONTROL
MECHANI SM

N — —

< GRANULAR

GRAPHITE
SHIELD

KAOWOOL
THERMAL
SHIELD

FIG. 2 CONTROL AND ORIFICING ASSEMBLY




h'-‘ US NUCLEAR REGULATORY COMMISEON

LICENSEE EVENT REPORT (LER) TEXT CONTINUATION APPROVED OMS NO 21800104
EXPIRES 03188
[PACILITY NAME (1) DCEXET NUMBER 3! LER NUMBER (@ | ’ace 3
vEAR a 1AL | WION
o|sjojojo|2|g]| 7{g8lai—10l1] 2= ofiol7

TEXT (f mave ame @ o e oo N Fern 4 v (TH

B TO C IS TYPICAL FOR TOTAL OF 7 LINES

T B

S

PRIMARY COOLANT SYSTEM

HEL 1UM 8 HEL I1UM

STORAGE STORAGE

CYLINDERS CYLINDERS
S e g ¢ S— |

HELIUM STORAGE
SYSTEM

Fig. 3. Reserve shutdown system flow diagram.




VA NUCLEAR RSGULATOAY CUBEEBION

LICENSEE EVENT REPORT (LER) TEXT CONTINUATION APPROVED OME (. 11 90-0108

I
»al

m Y T— Lan wsman - | veeacm
Fort St. Vrain, Unit No. 1 = S
o|sjojoje|2)6/7]84|—0l1]2 M. g‘ 017

CORRECTIVE ACTION:

As mentioned previously, the cause and extent of this anomaly are presently under
investigation, along with the development of an appropriate plan for corrective
action prior to returning the plant to operation.

A supplemental r‘ggrt will be submitted March 5, 1985.
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INTRODUCTION

The objective of the research and development program work reported here
is to develop and verify the information required to design, comstruct, oper-
ate, and maintain the Public Service Company of Colorado power plant as pro-
vided in U.S. Atomic Energy Commission Contract AT (04-3)-633.

Part I of this report includes the work described in Appendix B of the
contract; this work consists largely of component development and testing,
nuclear analysis, and fuel development and testing. Part II covers the work
described in Appendix K of the contract on the fuel transfer machine, the
series-steam-turbine-driven circulator, the control rod drives, the steam

generator, and coated particles.
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Fig. 3.38--Fracture mode due to hocp stress only in
0.75=in. OD, 0.5-in, ID graphite tube (H-327) (axis
parallel to log e:trusion). Estimated failure stress
in excess of 1200 psi (M=31717-3)

In conclusion, the fuel hole arrangement in a fuel block is a thick shell
configuration; thus, when subjected to internal Joading, defects on the face
of the bore would be the most significant. Defects that breach the web between
any two holes, but that are equal to or below the acceptahle maximum diameter,
do not precipitate failure under static loads. The fracture within a fuel
hole remains local to the area of applied load when excessive hoop stresses
are created at the inner fibers (i.e., at the ultimate stress, fracture of a
coolant hole web occurs without total breakup of the material).

Control Materials

Experiments on the behavior of boronated graphite materials at conditions
calculated to occur during the hypothetical loss-of-forced-circulation (LOFC)
accident have continued (see earlier quarterly reports GA-9130 and GA-9440
for results of earlier work). The tests are being performed to study the
transport of boron from control rod materials and to measure the degree of
compaction or slumping of boronated compacts subjected to a compressive load.

The conditions chosen for these experiments are those calculated to occur
in a small region at the center of the core during the LOFC accident, Tem-
peratures up to 2980°C are predicted; and, due to melting of metal components
and subsequent slumping of control rods, the central boronated compa.ts could
be subjected to a compressive load of 16 psi.

Test samples were prepared from production boronated graphite compacts
and from compacts prepared at Gulf General Atomic. In addition, tests were
performed on boronated graphite spheres prepared at Gulf General Atomic (i.e.,
reserve shutdown material), Measurements of weight loss, boron loss, and
structural integrity (i.e., slumpirg) were performed at 2950°C, at compressive
loads of 16 psi, and for exposure times up to 120 hr.

The compact samples were right circular cylinders (1.6 cm diameter by
3 cm long) with the exception of sample 4705-14, which was 5 cm long. Each



M-31717=-2

Fig. 3.39~Structure through outer fiber section of tube
(Fig. 3.39) showing relatively strong matrix devoid of

fracture. Wall thickness reduced at defect position by
252

M=31717-~1

(75X)

Fig. 3.40~=Section through wall of tube (Fig. 3.39) showing
mode of fracture by linkup of discontinuities normal to
principal stress direction
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sample rested on the bottom of a surrounding graphite crucible and was held
at the top by a weighted graphite ram. There was a radial clearance of about
0.5 cm between each sample and the inside wall of the graphite crucible.

Two types of spheres were tested in one experiment. Four spheres, two
of each type were stacked vertically, the two types being separatwed by a
graphite wafer. The sphere column was subjected to a 16-psi compressive load
(based on the area of the equatorial plane of the spheres).

The experiments were conducted in an induction furnace, the temperatures
being measured with an optical pyrometer that has been calibrated to 2300°C
with a standard lamp., Temperature calibration runs utilizing the thermal
arrest of melting 2rC were performed. Definite indications of melting occurred
at an apparent temperature of 2845°C, and resolidification was observed at
2870°C., The published melting points for ZrC range from 2800° to 2911°C,
with several investigators agreeing om 2850°C. It is concluded that temperatures
measu-ed during these tests are accurate to within $50°C,

The experimental results of all of the tests are shown in Table 3.34,
including data on s.umping behavior, weight loss, and boron loss. In addition,
estimates of the diffusion coefficient for boron loss from the compact samples
are included as well as the apparent boron/carbon ratio in the effusing species.

All of the test samples slumped relatively little (see Col. 8, Table 3.34)
as a result of the combined conditions of compressive load and high temperature
(with the exception of sample 4705-48 which compressed about 30%). It is of
interest that in all of the tests, sample compression was essentially complete
after the first 5 or 6 hr of the run. This was true even for the 120-hr test
in which the sample (No. 4705-14) slurped 8% during the first 5 hr and an
additional 4% during the next 45 hr. The sarple then showed no further sample
compressiorn throughout the remainder of the iest period.

Boron losses are shewn in Col. 7 of Table 3.34, These results are also
shown in Fig. 3.41, where log boron loss is plotted versus log time. The data
roughly fit a square-root-of-time relationsh‘p, which indicates a diffusion-
controlled mechanism,

At the conclusion of the 120~hr test, all parts of the furnace internal
components were assayed to obtain a boron material balance and to ascertain
where the major portion of the effusing boron was collected. The data given
in Table 3.35 indicate that significant boron redistribution can occur in a
graphite system where an efficient sink is provided (i.e., graphite at lower
temperatures).

Boron transport in laboratory-scale tests such as these is expected to
be much higher than in the reactur core, This is because the increase in the
boron content in the core graphite surrounding the control material is not
duplicated in the laboratory.* Moreover, the diffusion path through the

*Boron in the core graphite would cause a back-pressure effect. This
effect would not occur in the laboratory because cold regions in the furnace
would act as sinks for the boron and would tend to limit the increase in
boron content of the graphite surrounding the sample region.

L ———— L — . -




Table 3.34
BEHAVIOR OF BORONATED GRAPHITE AT 2950°C AT A COMPRESSIVE LOAD OF 15 PSI

Initial Total Final Total
Borom Anneal | Weight Boron Boron Sample p ¢
Sample Density | Content Time Loss Content | Loss Compression b eff
No.2 (g/cm?) (%) (hr) (%) (2) () (x) B/C= | (1077 cm?/sec)
Production Compacts:
4705-46 1.7 28.6 1.9 7.1 27.0 12.1 6.7 0.9 3.3
4705-38 1.7 28.6 4 8.6 23.1 26.7 3.9 8.0 6.0
4705-40 1.7 28.6 10 36.4 13.8 68.8 5.4 1.6 16.7
4705-29 1.7 28.6 12.5 29.6 17.3 57.6 3.4 1.5 10.8
4705-34 1.7 28.6 27 25.5 21.0 45.6 4.0 1.2 2.6
4705-42 1.7 28.6 38 35.6 10.2 80.2 6.8 1.2 3.9
4705-14 1.7 28.6 120 38.2 0.16 99.7 12 3.5 -—
GGA Compacts: E
4705-48 1.76 30.7 10 34.1 20.0 57.5 29.5 1.0 11
4705-58 1.59 .9 10 9.0 17.¢ 25.1 2.9 1.3 2.2
4705-62 1.68 20.3 10 8.8 16.9 23.8 1.3 1.5 2.0
4705-64 1.78 3.3 10 9.5 15.0 36.9 1.9 6.0 4.8
GGA 1/2-in.-diam.
spheres:
4705-56L 1.49 20.7 10 - 12.9 44.5 3.7 —— 3.7
4705-56H 2.14 18.5 10 - 12.2 33.0 2.1 -— 2.1

2A11 compact sam
which was 5 cm long.

ples were right circular cylinders

Bacom ratio ..oron/carbon) in transported species.

(1.6 cm diam. by 3 cm long) with the exception of 4705-14,

l EDeff calculated from F = A/L Jﬁefft (see text).

gTuo of each type of sphere were used in the same experiment (see text).
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100

10

BORON LOSS (%)

O PRODUCTION MATERIAL (28.6 wWT-% B)
A GGA COMPACT (30.7 WT-% B)
A GGA COMPACT (~20.0 WT-% B)
0 GGA 1/2 IN, SPHERES (~20.0 WT-% B)

TIME (HR)

Fig. 3.41--Boron loss from boronated graphite at 2950°C
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graphite is much greater in the core than in the experiment. Accordinglv, an
important objective of these experiments is to use the boron loss data to
determine diffusion coefficients from which boron distribution in the core
can be calculated.

Effective diffusion coefficients for boron losses from the test specimen: ,
were calculated using the relationships: '
b

:

F = /Dt 2.256/L for cylindrical compacts, and
F = /Dt 3,385/L for spherical specimens,

where F = fraction boron lost,
D = effective diffusion coefficient, cm?/sec,
t = time, sec, and
L

radius of sphere or cylinder, cm.

These relationskips, which are not exact because geometry factors are not
precisely taken into account, yield diffusion coefficients that should be of
sufficient accuracy for reactor calculations.

The diffusion coefficients thus calculated are listed in Col. 10 of Table
3.34. They range from 2 x 107 to 1.7 x 10~® cm?/sec. The diffusion coefficie-
for boron in graphite at 2950°C used in safety analyses is 3 x 10™°. This

value is greater than the above experimental values, indicating that the boron ¢
redistribution calculations for the LOFC accident based on diffusion through ¢
graphite are conservative. t

Table 3.35 i

DISTRIBUTION OF BORON IN FURNACE FOLLOWING 120-HR ANNE.AL
OF SAMPLE 4705-14 IT 2950°C

Specimen Boron
Weight Content
Specimen (8) (%)
Compact sample 0.0225 0.38
Graphite ram, above sample 0.0585 0.99
Compact crucible, around sample 0.194 3.28
Crucible holder 0.266 4,51
Graphite susceptor:
Top cap 0.156 2,65
Middle 0.388 6.56
Bottom car 0,087 1.47
Lampblack, 3 cm around susceptor 3.363 56,93
Remaining lampblack 1.372 23,22
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In all of these high-temperature anneals, total sample weight losses
invariably exceeded the amount of boron transported. Moreover, it was observed
that nonboronated graphite control samples, heated under similar conditionms,
lost relatively little weight. This suggests that the vapor above boron car-
bide in graphite at high temperatures is composed of species containing both
boron and carbon. Column 9 of Table 3.34 gives the apparent atom ratio
(3/C) for the transported species. It is seen that the B/C ratio ranges
from 0.9 to 3.5. (The B/C values of 8,0 and 6.0 obtained for samples 4705-38
and 4705-64, respectively, are believed to be anomalous.) This phenomenon
is consistent with experimental data of other workers where the species B,
BC, B,C, and BC; have been observed to exist in the vapor phase at high tem-
peratures.,

Tests planned for the future include measurements of boron diffusion
coefficients in H-327 graphite and boron vapor phase tramsport in a mocked-
up control rod system,

Irradiation Testing

Irradiation experiments are being conducted to proof test TRISO and
BISO coated particles, blended beds, and fuel rods under Fort St. Vrain
design irradiat on exposures. These experiments are intended to confimm
the selection of the reference fuel designs and to demonstrate the performance
of these materials under service conditions. To date a total of 96 TRISO
samples and 129 BISO samples have demonstrated successful irradiation per-
formance, as shown in Table 3,36.

During this report period, two full-exposure tests (P20 and P22) of
TRISO coated particles completed irradiation, and postirradiation examination
of one (P20) was completed. Five proof tests of TRISO particles, blended beds,
and fuel rods to half (F-25, F-27, and F-28) and full exposure (F-26 and F-29)
began irradiation., One test of a full-size blended bed (F-30) is being de-
signed.

Capsule P20, Capsule P20 is the highest exposure test of TRISO coated
particles ever conducted with significant burnup. The particles were irrad-
iated to fast fluences up to 8,7 x 102! n/em? and to burnups up to 27% FIMA,
both of which exceed the reactor maximums of 8 x 102! n/cm® and 20%Z FIMA,
respectively.

The capsule contained twelve different batches of TRISO particles. Each
was tested at the maximum temperature (1300°C programmed down to 1100°C) and
three were also irradiated at the median temperature (approximately 900°C),
making a total of 15 tests.

The particles were designed to compare the irradiation performance of
TRISO=I and TRISO-II coating designs with LTI and HTI outer PyC coatings.
Various SiC layer thicknesses were included. Two of the samples had outer
isotropic PyC coatings doped with silicon to determine the effectiveness of
this advanced concept for further improving irradiation stability of the PyC
layer, All of the particles were coated in laboratory-scale equipment.
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PUBLIC SERVICE COMPANY OF COLORADO

P O. BOX 840 . DENVER COLORADO 8020

December 14, 1984
Fort St. Vrain
Unit No. 1
P-84530 /¢

OSCAR R.LEE
VICE PRESIDENT

Regional Administrator

Region IV

Nuclear Regulatory Commission
611 Ryan Plaza Drive, Suite 1000
Arlington, Texas 76011

Attention: Mr. Eric H. Johnson
DOCKET NO: 50-267

SUBJECT: Technical Specification
Upgrade Program

REFERENCES: 1) NRC Letter, H. R. Denton
to R. F. Walker, dated
10/16/84 (G-84392)

2) PSC Lette=, 0. R. Lee
E. H. Johnson, dated
11/16/84 (P-84498)

3) NRC/PSC meeting on
November 28 - 30, 1984

Dear Mr. Johnson:

Enclosed, for your {information, are the Work Specification and
Schedule that PuL’ic Service Company has developed for the Fort St.
Vrain Technical Specification Upgrade Program. As discussed in
References 1, 2 and 3, the program objective {s to {improve the
accuracy, completeness, and clarity of the FSV Technical
Specifications, and to provide a draft of the upgraded Technical
Specifications to the NRC by April 1, 1985.

Attachment 1 is the Work Specification which provides the
requirements and guidance for the review of the Final Safety Analysis
Report (FSAR), and for the review and upgrading of the Technical
Specifications.

Attachment 2 1is the project schedule which has been developed to
support the April 1, 1985 draft submittal date. The Technical
Specifications have been grouped into forty-eight (48) subject
categories or work packages, and various priorities have been
assigned to each one, based on the degree of difficulty and
complexity of the subject matter.
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As discussed ‘n the reference meeting, the overall schedule for
submitting the upgraded Technical Specifications is as follows:

Provide draft Technical Specifications to NRC
NRC comments provided to PSC

Submit for PORC/NFSC approval

Submit proposed Technical Specifications to NRC

April 1, 1985
May 1, 1985
June 1, 1985
July 1, 1985

Public Service Company anticipates that further revisions and
elaborations to the attachments will be required as the upgrade
program develops.

If you have any questions or comments about the information contained
herein, please contact Mr. M. H. Holmes at (303) 571-8409.

Very truly yours,

0. R. Lee, Vice President
Electric Production

ORL/JMG/kss
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FORT ST. VRAIN
TECHNICAL SPECIFICATION UPGRADE PROGRAM

A.  PURPOSE AND SCOPE

1. Purpose

The objective of the Fort St. Vrain Technical Specification
Upgrade Program is to improve the accuracy, completeness,
and clarity of the Fort St. Vrain Technical Specifications
consistent with the licensing basis of tne Fort St. Vrain
plant as embodied in the Fort St. Vrain Final Safety
Analysis Report (FSAR).

The purpose of this Work Specification is to provide
requirements and guidance for the review of the FSAR and
the review and revision of the Technical Specifications.

2. Scope

The Fort St. Vrain Technical Specification Upgrade Program
consists of two parallel review efforts leading to
preparation of a more accurate, complete, and clear set of
Technical Specifications. The overall program plan is
{1lustrated in Figure 1 and the project flow chart is shown
fn Figure 2.

The scope of this Work Specification includes the review
and revisifon of the following existing Technical
Specifications sections and assocfated subsections:

Section 1.0 Introduction
Section 2.0 Definitions
Section 3.0 Safety Limits and Limiting
Safety System Settings
Section 4.0 Limiting Conditions for Operation
Section 5.0 Surveillance Requirements
Section 6.0 Design Features
Section 7.0 Administrative Controls

The Fort St. Vrain Final Safety Analysis Report (FSAR)
shall be reviewed to the extent necessary to verify the
bases for the existing Fort St. Vrain Technical
Specifications. The FSAR shall also be reviewed to
identify any omissions from the existing Technical
Specifications.




PUBLIC SERV'ZE COMPANY OF COLORANO WS-TS-1

FORT ST. VkamiN NUCLEAR GENERATING STATION Issue A

Page 3 of 16

SPECIFICATION CONTINUATION SHEET

WORK

The Standard Technical Specifications (STS) for
Westinghouse 1ight water reactors shall be considered
during the performance of this work as indicated in the
following sections of this Work Specification. However,
conformance with the Standard Technical Specifications is
not intended to be a requirement of this program, nor is
substantiation or justification of any differences with STS
requirements necessary. [f instances arise whereby Fort
St. Vrain's design features and Technical Specification
requirements may represent a possible safety concern
relative to STS requirements, those instances will be
addressed as separate licensing issues outside the scope of
the Fort St. Vrain Technical Specification Upgrade Program.
Plant modifications and hardware backfits will not be
undertaken to permit the adoption of any STS requirement.

It is outside the scope of the Fort St. Vrain Technical
Specification Upgrade Program to utilize or consider any
Standard Technical Specification requirement which opens
the licensing basis of the Fort St. Vrain plant for further
justification or analysis.

Significant research and development efforts or analytical
investigations beyond those documented in the FSAR will not
be undertaken to determine how or whether a Standard
Technical Specifications requirement can be utilized at
Fort St. Vrain. Questionable Standard Technical
Specifications requiring such efforts and investigations
will not be utilized or given further consideration.

TO BE PERFORMED

Each existing FSV Technical Specification within the scope
of this work specification shall be reviewed using the
criteria described in Section C of this work specification.

The FSV Final Safety Analysis Report shal! be reviewed
using the criteria described in Section D of this work
specification.

Upgraded FSV Technical Specifications shall be prepared as
necessary according to the criteria described in the
following sections and deficiencies identified during the
reviews shall be corrected.
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C. TECHNICAL SPECIFICATION REVIEW CRITERIA

General Criteria

a. The purpose of the technical specifications is to
require that the overall facility status is consistent
with the assumptions in the safety analysis. These
assumptions deal with the following:

(1) Facility Physical Characteristics, i.e., features
that are expected to remain constant.

(2) Status of Equipment, i.e., system and component
operability.

(3) Operating State of Equipment, {.e., physical
equipment parameters which concern system or
component actions or the position or running
condition of equipment.

(4) Values of Process Parameters 1.e., flows,
temperatues, pressures, etc..

(S) Condition of Equipment and Structures, i.e., the
state of preservation of quality.

(6) Administrative controls (e.g. shift staffing,
review and audit) that must be maintained.

b. Prior to establishing the technical specification, the
basis shall be defined thereby establishing the
rationale for the specification.

c. Technical specifications shall be provided only for
ftams relied upon in the safety analysis, and for
other items specifically required by Federal
regulations to be in the technical specifications.

d. Technical specifications shall be written in a clear
and concise manner with the intent that only one
fnterpretation can be made. The use of vague terms
such as "immediately" or "sufficiently" shall be
avoided or defined to assure uniform interpretation by
all auditors and operators.

e. Technical specifications shall be formulated such that
complifance is physically possible based on the plant
design, including test and measurement limitations.

f. Aliowance for calculational inaccuracies and dynamic
effects shall be considered.
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g. Technical specifications shall clearly state the
facility operating conditions (e.g. power operation,
refueling) to which they appply. The operating
conditions selected shall be limited to those
conditions for which equipment must be operable or for
which parametric limits exist due to assumptions of
the safety analysis.

h. Values for parameters shall be specified in units
directly available to the operating personnel, shall
include allowable tolerances on the specified value,
and shall include a'lowance for the effect of any
associated instrument error, as appropriate.

i. Technical specifications shall preserve defense in
depth (e.g. multiple barriers, redundancy, backup
systems) only to the extent that it has been relied
upon in the safety analysis.

J. Technical specifications shall preserve the single
failure criterion to the extent relied upon in the
safety analysis and may permit relaxation from this
criterion for justifiable periods, for example as
based on probability, reliability, previous analyses,
or experience.

k. Adverse impact on plant availability shall be
considered in the development of technical
specifications consistent with the maintenance of an
acceptable level of safety.

1. Technical specifications shall be developed such that
on-site personnel exposure is as low as reasonably
achievable while ensuring the health and safety of the
public.

m. Incorporating requirements by references to the Final
Safety Analysis Report, Federal regulations, or
industry codes and standards shall be held to a
minimum. Where utilized, these references shall be to
the subdivision of the document rather than a general
reference.

n. The selection of values for technical specifications
shall be done by (a) deterministic methods, or (b)
probabilistic and reliabilty methods. Probabilistic
and relfability methods shall be utilized only when
suftable justification is presented, and only on a
case~by-case basis.
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Technical specifications shall be stated in the
simplest terms possible to clearly convey their
meaning without ambiguity.

Technical specifications shall be reviewed and
expanded, as necessary, to assure accuracy,
completeness, and consistency with existing safety
analysis documentation.

The technical specifications shall account for and
utilize existing plant equipment and safety systems.

2. Criteria for Bases for Technical Specifications

Bases for technical specifications shall be summary
statements of the reasons for such specifications and
shall be provided for safety limits, limiting safety
system settings, limiting conditions for operation,
and surveillance requirements.

The bases shall explicitly correlate the plant design
and safety analyses with the technical specification
Timits and operating conditions, thereby providing a
validation of the overall design for the prescribed
modes of operation.

The bases for technical specifications shall be
developed with appropriate consideration of the
following general requirements:

(1) The bases shall not contain requirements over and
above those in the specification

(2) For each technical specification requirement,
there shall be a corresponding and clearly
identified basis which is solely related to an
fdentified safety requirement.

(3) Where applicable, the bases shall identify the
specific plant process condition which is
controlling for the corresponding specification.

(4) The relationship between the values specified in
the technical specification and those used in the
safety analyses shall be provided in the bases.
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(5) Errors, from instrumentation or other sources,
assumed in the development of the technical
specification limits shall be discussed in the
bases to provide a clear relationship between the
technical specification and the safety analysis
values.

(6) The bases shall explain the rationale for the
requirements in remedfal action statements and
the appropriateness of the condition restoration
times relative to an acceptable level of safety.

(7) The sources of information summarized in the
bases shall be cited.

(8) The justification contained in bases shall not be
considered part of the Technical Specification
requirements and may be changed by the licensee
without prior NRC approval, providing that the
change is evaluated and determined not to fnvolve
an unreviewed safety question.

3. Criteria for Definitions

a. The technical specifications shall include a 1ist of
definitions of terms which are frequently used within
the document and which are not in general every ‘ay
use. In addition, terms which have technical
connotations, or terms which are applicable only to
Fort St. Vrain should be included. These terms shall
be explicit and clearly defined in simple and direct
language with the intent that a uniform, unambiguous
interpretation of the technical specifications can be
achfeved for facility operation and regulatory
enforcement.

b. Relevant standard technical specification definitions
shal]l be adopted where the definitions are consistent
with existing plant features and the licensing basis
of the plant, {.e.; FSAR terminology and analyses.

4. Criteria for Safety Limits

a. Safety limits shall be prescribed for selected process
variables related to the integrity of barriers to
fission product release. Compliance with safety
limits shall provide assurance that the barrier will
perform as assumed in the safety analysis.
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b. The bases shall identify the barrier to fission
product release that is being protected Dy the limit
and show why that limit is adequate.

5. Criteria for Limiting Safety System Settings (LSSS)

a. Limiting safety system settings shall be defined to
assure that no safety limit would be violated as a
result of a frequent plant process condition and that
no infrequent or limiting plant process condition
would have consequences which do not meet the
acceptance criterfa for that condition.

b. Values for limiting safety system settings shall be
based on the assumption that the facility is at or
within its limiting conditions for operation when one
of these process conditions occurs.

An adequate margin shall be provided between the
limiting safety system settings and the safety limits
so that safety limits would not be exceeded in the
event that protective action is initiated if a
Timiting safety system setting is exceeded.

¢. Conditions under which channels, features, and
interlocks may be bypassed shall be specified either
together with the relevant limiting safety system
setting or with a relevant limiting condition for
operation.

d. The bases for limiting safety system settings shall
identify the safety limit or other safety requirement
that is being ensured by the LSSS and shall describe
all allowances included in determining the
relationship of the LSSS to the safety limit or other
safety requirement. The bases shall discuss the
conditions under which the bypass of automatic
protection associated with an LSSS is permitted.

6. Criterfa for Limiting Conditions for Operation (LCO)

a. The limiting conditions for operation shall cefine the
lowest functional capability or performance levels
necessary to assure safe operation of the facility as
evaluated in the FSAR accident and safety analyses.

b. Limiting conditions for operation shall be provided
for the following when they are relied upon in the
safety analysis:

(1) Condition, or status, of equipment or systems;




PUBLIC SERV'CE COMPANY OF COLORADO ——
X EORT ST Vh~iN NUCLEAR GENERATING STATION Tssus A
Page 9 of 16

SPECIFICATION CONTINUATION SHEET

FORAM 344 - 22 - 4083

(2) Parameter limit with no associated instrument
alarm or protective action setpoint;

(3) Instrument setpoints for monitored parameters
with no associated automatic protective action
(for this case, the LCO 1imit shall be the
limiting value of the parameter, while the SR
value shall be the instrument setpoint).

(4) Instrument setpoints for monitored paraimeters
with assocfated automatic protect . ve actions.

¢. Each LCO shall include an applicability statement that
clearly identifies the operating modes to which the
LCO applies.

d. Values for limiting conditions for operation shall be
consistent with extremes of initial conditions which
have been shown to result in acceptable consequences
for the various plant conditions as demonstrated Dy
the safety analysis.

e. Included in the 1imiting conditions for operation
shall be an action statement that describes the
remedial action to be taken if:

(1) the operable status of equipment or systems is
less than the required minimum;

(2) the monitored parameters are not within the
specified range; or

(3) the instrument setpoints are less conservative
that the specified value.

f. Remedfal action statements shall specify the condition
restoration time and shall require that, unless
restoration is accomplished within that time, the
facility be taken to a specified mode of operational
safety consistent with the safety protection available
from the remaining equipment or systems. The time
interval allowed for each action shall be specified.
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g. In developing remedial action requirements,
consideration shall be given to: the operability of
redundant or diverse systems; the probability of an
event taking place during the condftion restoration
time which would be influenced by the limiting
condition for operation; the reliability of the
redundant or diverse systems; the risk of inducing an
undesireable incident while performing the remedial
action (for example, the thermal transients induced Dy
a shutdown and cooldown); and the potential cost of
complying with the proposed remedial action versus the
benefits thus derived.

h. The allowable condition restoration times shall be
established based on level of equipment availability
required to assure an acceptable level of safety and
should consider events that will reduce the level of
availability such as surveillance and maintenance.

1. When necessary to preserve acceptable channel or train
availability, condition restoration time requirements
shall include establishment of cummulative downtime
limits.

j. Each LCO shall include a cross-reference to the
surveillance requirements that support the LCO, except
that surveillance shall not be required {f the normal
operating status of equipment or systems, for the
applicable operational modes, equals or exceeds the
lowest functional capability of performance level
relied upon in the safety analysis.

k. The bases for limiting conditions for operation shall
identify the safety analysis assumption or other
safety requirement that establishes the need for the
LCO, and shall discuss why the specified lowest
functional capability, performance level of equipment,
Timiting value of a process parameter, or conservative
actuation limit for specified automatic protection
devices is appropriate. The rationale for deviations
from the specified conditions as allowed by remedial
action statements shall also be discussed.
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7. Criteria for Surveillance Reguirements (SR)

a. Surveillance requirements shall delineate testing,
calibration, monitoring, and inspection in sufficient
scope, depth, and freguency to provide assurance that
equipment, systems and process variables are within
limiting conditions for operation. Each limiting
condition for operation shall be supported Ly a
surveillance requirement except where the normal
operating status of equipment or systems, for the
applicable operational modes, equals or exceeds the
lowest functional capability or performance level
relied upon in the safety analysis. Every
surveillance requirement shall be cross-referenced to
a limiting condition for operation, or to an
administrative control.

b. Minimum disturbance of normal plant operation should
be assured by relating surveililance requirements to
normal operational cycles such as the refueling
period, where practical.

c¢. Customary surveillance scopes, depths and frequency
which have been found compatible with an acceptaole
level of safety shall be employed unless sufficient
design, operation, or research informatiorn suggests
alternate approaches. The Standard Technical
Specifications may be used for guidance in this
regard.

d. The su~veillance program shall demonstrate acceptable
availability for equipment for which there is limited
experience or reliability data. (A sliding
surveillance frequency can be estavlished by choosing
an initfal surveillance frequency with provision to
lengthen or shorten the time bDetween tests Dased on
experience gained with the equipment involved).

e. The surveillance shall be consistent with the
requirements of recognized and relevant industry codes
and standards.

s Where it is not obvious that the surveillance supports
the LCO, the bases shall describe how the specified
surveillance will assure compliance with the LCO. The
rationale for the surveillance frequency shall be
identified to facilitate consistent modifications to
the frequencias where warranted by plant performarce.
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8. Criteria for Design Features (OF)

a. Design features of the facility which, if aitered or
modified, could have significant effects on safety and
are not covered by the safety limits, limiting
conditions for operation, or surveillance requirements
shall be incorporated in the design features section
of the technical specifications.

b. Particular sections cr criteria of the FSAR may be
referenced as an alternative to providing design
details in the technical specifications; however, such
references should be limited and specific since
referenced criteria or features will become part of
the technical specifications and cannot De changed
under the provision of Title 10, Code of Federal
Regulations, Part 50, "Licensing of Production and

| Utilization Facilities," Section 50.59, "Changes,

Tests and Experiments,” without Commission approval.

References to the FSAR that provide further

information but are not intended to be part of the

technical specification, should be located in the
bases.

c. Provisions should also be included to allew for normal
degradation of design features where applicable.

9. Criteria for Administrative Controls

a. Administrative controls shall be included in the
technical specification to assure that operation of
the facility is conducted in a safe manner. Implicit
in this are the requirements for: organization;
procedures; record keeping; review; audit; reporting;
staffing qualifications and resolution of safety limit
violations.

b. Specific responsibility and authority shall be
delineated for those portions of the organization
charged with fulfilling these requirements.

. The administrative controls shall also require that
the facility procedures include those operator actions
relied upon in the safety analysis.

d. Additional guidance can be found in other standards
and regulatory guides for:
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(1) Administrative controls: American Natidnal
Standard, "Administrative Controls and Quality
Assurance for the Operational Phase of Nuclear
Power Plant," N18.7-1976/ANS-3.2;

(2) Selection and training of personnel: American
Natiana! Standard, "Selection and Training of
Nuclear Power Plant Personnel," N18.1-1971/ANS-
3.1; and

(3) Reporting of operating information: Regulatory
Guide 1.16, Revisfon 4, August 1975, "Reporting
of Operating Information - Appendix A, Technical
Specifications.

0. FSAR REVIEW CRITERIA

1. The entire Fort St. Vrain Final Safety Analysis Report
shal] be reviewed to identify the underlying assumptions
used to determine that operation of the plant does not
present an undue risk to the health and safety of the
public.

e

The essential safety functions that protect the health and
safety of .he public are those related to:

a. Protecting the intagrity of fission product
boundaries.

b. Controlling reactivity.
¢. Cooling the fuel.

d. Limiting the release of radfocactive fission products,
and

e. Mitigating the consequences of accidents and natural
and manmade phenomena.

3. The underlying assumptions to be identified consist of:

a. Values of process varfaoles that must be kept within
certain bounds.

b. Operating state of equipment that must be maintained.

¢. Operating status (or cperability) of equipment tha’
must be maintained.

d. Condition (or quality) of equipment and structures
that must be maintained.
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e. Physical characteristics of the plant that must
fixed, and

8 Administrative controls that must be main;a1ncd.

4. Underlying assumptions that are expected to, or could vary
with time or circumstances, throughout the 1ife of the
plant shall be identified as being subject to technical
specification control. A list of these items shall bDe

forwarded to the Program Coordinator.

remain
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TECHNICAL SPECIFICATION UPGRADE PROGRAM
PROJECT SCHEDULE

The Technical Specification Upgrade Program includes two parallel
reviews, one to review the FSAR for items that should be included in
the Technical Specifications, and the other to review the Technical
Specifications for accuracy, completeness, and clarity.

The FSAR review is scheduled to begin on December 17, 1984, and is to
be completed by February 15, 1985, as follows:

FSAR SECTION COMPLETION DATE
1, 2 & Appendix G 1/04/85
3 & 4 & Appendix A 1/11/85
5 & 6 & Appendix E 1/18/85
748 1/25/85
9 & 10 & Appendix H & I 2/01/85
1., 12& 13 2/08/85
14 & Appendix D 2/15/8%

The Technical Specification review has been inftiated. The Technical
Specifications have been grouped into work packages, based on their
subject matter, and priorities have been assigned for their
completion. The schedule for work package completion is as follows:

High Priority work packages are expected to b< completed from
Janvary 15, 1985 through March 1, 1985;

Medium Priority work nackages are expected tc be completed from
February 1, 1985 through March 15, 1985; and

Low Priority work packages are expected to be completed from
February 15, 1985 through March 20, 198S.

The work packages, their assigned priority, and the Technical
Specification sections that they include are listed below.



Work Package
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2

o v e W

17

20

Description

Definitions
Reactor Core
Reactor Vessel
Core Irradiation
Control Rods
Reactivity

Inlet Orifice Valves

Primary Coolant System

Steam Generators/
Safe Shutdown Cooling

PPS Instrumentation
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Work Packago

24

26

12

13

15

18

31

32

i3

”

Descr1gtfon

Analytical/PPs
Moisture Monitors

Auxiliary Electrical
Firewater Systems

PCRV Pressurization

Pr1-ary/Sccondary
Activity

Loop Impurity Levels

PCRV Liner Cooling

Steam Water Oump
Tank

Room Isolation Damper/
Halon Fire Suppression

Smoke Detectors

Fire Barrier
Penetration Seals
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Work Package

35

36
37

38
39

41

4z

43

45

47

Description

Tendon Surveillance

Concrete Surveillance

Liner Specimen
Surveillance

RCD Surveillance

S/G Bimetallic Welds/
Tubeleaks

Design Features

Administrative Controls

Safety Limits
Records
Procedures

Reporting Requirements

Environmental Qual-
ification

Depressurization/Helium
Purification
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Purchase
Specification

12-D-1 Revision B

12-D-1 Revision C

12-D-14 Revision A

ATTACHMENT 2

Comparison of Reserve Shutdown

Material Purchase Specifications

Material
Manufacturer Purchased
Union Carbide Corpeoration 7/16" and 9/16" (original)

Advanced Refractory Technologies 7/16" and 9/16" (1982-1983)

Advanced Refractory Technologies 7/16" and 9/16" (1984-1985)



SECTION
2.1.2

2.2

2.2

2.3.2

2.4.2

2.7

2.9.5

12-D-1
Issue R

Boron Density
Tolerance +.03
in a ball

B203 <1% of ball
weight

Concentration of
elements other
than Boron or Car-
bon < 1 wt%

Bulk Density > 1.80
gm/cc for all “balls

The same ball used for
density testine shall
be used to determine
Boron and B203 concen-
tration

Acceptance by the Buyer
of each lot shall be
subject to tests and
analyses by the Buyer
for all requirements

of this specification

12-D-1
-Issue C

Average Boron Density
Tolerance .03 for all
samples of a production
lot; Boron Density
Tolerance +10% in a ball

B203 <1% of ball weight

Concentration of elements
other than Boron, Carbon,
Oxygen and Iron < 1 wt%

Bulk Density > 1.50 gm/cc
for 9/16" diameter balls
Bulk Density > 1.35 gm/cc
for 7/16" diameter balls

The same ball used for
density testing shall be
used to determine Boron
concentration; this same
ball or others from the
same sub-group will be
used to determine B

Fe, and other impurity
values; a minimum of

G balls will be tested
for other impurities;

2 additional balls will
be retested if any indi-
vidual ball fails.

Acceptance by the Buyer
of each lot shall be
subject to tests and
analyses by the Buyer
for all requirements

of this specification
except as provided in
paragraph 2.4.2

Boronated balls must be
kept away from nuclear
fuel.

12-D-14
Issue &

Boron Dens.ty
Tolerance +.03 in
a ball

B203 <.2F% of ball
weight f,r 9/16
B203 <.75% of ball
weight ‘or 7/16

Concen ration of elements
other :han Boron, Carbon,
Oxyger. and Iron < 1 wt?

Bulk Density > 1.50 gm/cc
for 9/16" diameter balls
Bulk Density > 1.35 gm/cc
for 7/16" diameter balls

The same ball used for
density testing shall be
used to determine Boron
concentration; this same
ball or others from the
same sub-group will be
used to detarmine 820?
and other impurity values
a minimum of 6 balls w111
be tested for other impuri-
ties; ” additional balls
will be retested if any
ball fails.

Acceptance by the Buyer of
each lot shall be subject
to tests and analyses by
the Buyer for all require-
ments of this specification
except as provided in para-
graph 2.4.2

Boronated balls must be
kept away from nuclear
fuel.



Section

12-D-1
[ssue B

2.9.6

3.1.1

3.1.3

3.3

B4C particles < 50 mesh
and > 325 mesh; B4C
chemical composition:
Boron-70-76 wt%, B203,
< 3 wt%, Boron + Carbon
> 94 wt%, Iron < 2 wtik,
all other impurities

< 4 wtX

The binder shall be
coal tar pitch or
other material approved
by Buyer.

The balls shall be baked
in an inert atmosphere
at a temperature of

3400 +£100°F for a mini-
mum of two hours.

12-D-1
Issue C

A1l packaging, shipping
receiving, storage, and
handling requirements
shall be per Attachment
7.10, Level B.

B4C particles < 50 mesh;
B4C chemical composition:
Boron-70-76 wt%, B203 <

3 wt%, Boron + Carbon

> 94 wt%, Iron < 2 wt%,
all other impurities

< 4 wti.

The binder shall be
phenolic resin or other
material approved by
Buyer.

The balls shall be heated
in an inert atmosphere.
The target temperature
of the bake shall bde
greater than 1820°C, but
less than or equal to
2180°C, with no indivi-
dual reading greater than
2250°C for more than 15
minutes.

Refiring: In the event
that balls initially heat
treated do not pass the
drop tests specified in
2.4.1, the lot in question
may undergo one complete
refiring per the above
initial heat treatment con-
ditions. If, after this
refiring, the balls do not
pass the drop tests speci-
fied in 2.4.1, the lot
shall be rejected.

12-D-14
Issue A

A1l packaging, shipping,
receiving, storage, and
handling requirements
shall be per Attachment
7.10, Level B.

B4C particles < 50 mesh

The binder shall be
phenolic resin or other
material approved by
Buyer.

The balls shall be heated

in an inert atmosphere at

a temperature between 2600°F
and 3500°F for a minimum of
60 minutes of which at least
15 minutes will be at 3400+
100°F.
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Purchase Specifications

12-D-1, Revision B and 12-D-14, Revision A
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Gulf General Atomic

Incorporated

Specification For Boronated Graphite Balls - Reserve Shutdown System

Proj. No. 90 Spec. No. 12.p-1 issue B Date 5.26-69

1.0 SCOPE

This specification establishes requirements for boronated graphite balls for
use as the reserve shutdown material in the 330 MW(e) High Temperature Gas Cooled
Reactor (HTGR) Power Plant to be constructed for the Public Service Company of
Colorado at Fort St. Vrain. The reactor site is located approximately four miles
northwest of Platteville, Colorado.

2.0 PRODUCT REQUIREMENTS

2.1 Design Features and Boron Content

2.1.1 Description of Components. The boronated graphite balls form
part of the reserve shutdown system for the reactor by providing a neutron
absorber material which is released into 37 channels (or a portion thereof)
in the reactor core. The spheres are normally stored in hoppers located
in each of the 37 refueling penetrations in the top head of the reactor
vessel. Activation of the reserve shutdown system releases the balls into
the core by rupturing a retaining disk in the bottom end of the hopper.

High pressure helium gas injected into the hopper causes the disk to rupture
and releases the balls from the hopper.

2.1.2 Boron Content and Dimensions. The balls shall be boronated
grapkite containing natural boron in the form of boron (ByC). Two types of
balls designated Type A and Type B, shall be fabricated. The differences
between the two types shall be (1) boron content and (2) diameter. The
boron density in a ball and the diameters of the two ball types is shown in
the following table with the required tolerances.

(a) Boron Density
Diameter In a Ball
Type (Inches) (gm Boron/cc Ball)
Ball + 1/32 + 0.03

A T7/16 0.32

B 9/16 0.66

(a)
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The ratio of major to minor axes must

be less than 1.15. Any flashing or mold
mark must be included in the measured
diameter and shall not protude more than
1/32 inch above the ball surface.

The boron density in the balls shall be determined by the following equation:

(Boron Concentration in Weight Fraction) (Bulk Demsity, gm/cc) = (Boron Density,
gn Boron/cc Ball).
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Proj. No. oo Spec. No. 12-D-1 Issue Date s5.26-69

2.2 Chemical Purity of Finished Product

The concentration of B,0., must be less than 1% of ball weight. The
coneentration of elements other boron and carbon must not exceed 1 wt-%.
The iron impurity level must be less than 0.5 wt-%. The balls must be free of
contaminants such as dirt, grease, and wax or other foreign material associated
with manufacture or storage.

2.3 Physical Properties

2.3.1 Strength. The structural integrity and impact strength of the
balls shall be sufficient to satisfy the test conditions specified in

paragraph 2.4.1.

2.3.2 Density. The bulk density of the balls shall be equal to or
greater than 1.80 gm/cc.

2.4 fication (Chemical and ical rty Test

A sampling of balls from each lot processed shall be subjected to
chemical and mechanical tests by the seller to confirm that composition and per-
formance requirements have been met. Records and test reports shall be maintained
| as specified in paragraph 2.8.

l

2.4.1 Strength. The number of balls selected for impact strength
tests shall te y lot size. The following table shall be used
to determine sample size.
Number of Balls Number of Balls
in Lot in Sample
1201 to 3200 125
3201 to 10,000 200
10,001 to 35,000 315
35,001 to 150,000 500
150,000 to 500,000 800

~ The test procedure shall be as follows:
Each sample shall be subjected to two consecutive free fall drops of the

entire sample in a continuous cascade from a height of 30 feet into a
3.75 inch diameter closed end hole in a block of PGX or similar grade of
commercial graphite. After the second drop, all dust, fragments and balls of
the sample shall be sieved on a number 3 (U.S.) sieve (0.265 inch opening).
The lot shall be rejected if the weight of material passing through the sieve
is greater than 0.5% of the original sample weight. Portions of the sample
not subsequently used as described in paragraph 2.4.2 shall be sent to the
i Buyer in accordance with paragraph 2.9.3.

Equipment No. Page 5 of 8




GGA FORM 317 9-67

Gulf General Atomic

Incorporated

Specification For Boronated Graphite Balls - Reserve Shutdown System

Proj. No. 90 Spec. No. 12-D-1 Issue B Date 5-26-69

Notations in this column indicate where changes have been made.

2.4.2 Density and Chemical Analysis. Each sample of balls selected
for impact tentmf in rocordance with 2.%.1 will be divided into five equal
sub-groups after impact testing and the density of one ball from each sub=-
group will be determined in accordance with ATSM C-559-65T. The same ball
will then be subjected to chemical analysis to determine boron and Bp
concentrations. In the event that there are less than 20 separate lots of
balls, the number of balls selected from each sub-group will be increased so
that a minimumof 100 balls are analyzed separately. Density, borom, 3203 and
Fe concentration of each ball shall be within the limits specified in para-
graphs 2.1.2, 2.2, and 2.3.2. s

2.4.3 ty Control. The manufacturer shall submit for the written
approval of stE %r, detailed testing and quality control procedures,
including the requirements of paragraph 2.4.1 and 2.4.2, prior to start of

production.
2.5 Definition of "Lot"

The term "lot" skall designate the balls produced from & single
blend of raw materials, shaped under identical conditions, and baked at the
same time in the same furmace.

; 2.6 Change Approval

| Any deviation or change in the product specifications :ball require
'; prior written approval of the Buyer.

2.7 Acceptance 4

Acceptance by the Buyer of each lot shall be subject to tests and
analyses by the Buyer for all requirements of this specification.

If a sample from a lot is outside of specification limits for any
requirements, two additional samples and subsequent tests or analyses shall be
conducted. The failure of either of the two additional samples to meet specifi-
cation requirements shall be cause for rejecticn of the entire lot.

T 2.8 Records and Test Reports

2.8.1 The seller shall maintain records identifying the raw materials
used in each batch of material.

2.8.2 The system of labeling of lots of balls and their respective test
samples shall provide that the Buyer can readily identify each batch and
lot with the corresponding samples tested and analyzed under provisions of
this specification. Records of the tests and analysis shall be available
for Buyer's inspection for two years after the balls have been accepted.

2.8.3 The Seller shall rumish to Buyer 5 copies of certified test
reports listing in tabular form all results of the test specified in
section 2.4. The results of all tests and analyses shall be traceable to
the lot and sample tested.

Equipment No. Page 6 of g
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2.9 Packing, Marking, and Shipping

2.9.1 The Seller shall provide suitable packaging containers for the
balls to permit safe, contamination-free shipment and to insure protection
during covered storage at the reactor site. The Seller shall prepare a

packaging procedure to be approved by the Buyer not less than 120 days prior
to shipment of the material.

2.9.2 BEach package of balls shipped shall contain material from cne
lot only.

2.9.3 The unused portion of test samples discussed in paragraph 2.4
shall be packed in separate containers clearly marked "Sample Material"”
for each lot and sent to thé Buyer no later than the date of shipment of
the production lot.

2.9.% Each shipping container shall be labeled with the specification
number, including revision numbers, batch and lot number, purchase order
number, gross, tare, and net weights and Seller's name and plant locatiom.

3.0 PROCESS REQUIREMENTS
3.1 Raw Material

v

raw material shall be made by the Seller using standard ASTM analytical
methods. The B4C shall have the following chemical composition
Boron 70 to 76 wt-% 3202<3vt-$
Boron + Carbon 3> 94 wt-% Fe X 2 wt-%
All other impurities < 4 wt-%

The B,C particle size shall.be less than 50 mesh (U.S.) and greater than
325 mesh (U.S).

3.1.2 Filler. The filler shall be a graphite flour which has been
graphitized at 2700°C for & minimum of 1 hour prior to blending in the mix.
The ash content shall be less than 1 wt-%.
3.1.3 Binder. The binder shall be coal tar pitch or other material
approved by the Buyer.

3.2 Mxing and Forming

uniform dispersion of boron within a ball. The vendor shall select, subject to
__qrprovnl of the Buyer, a technique for mixing and forming, which assures
satisfactory strength, uniformity of the boron content, and shape of the balls.

3.3 Heat Treatment

The balls shall be baked in an inert atmosphere at a temperature of
3400 + 100°P for a minimum of two hours.

3.1.1 Boron Carbide. A certified chemical analysis of the boron carbide

The boronated graphite shall be fabricated in a manner which assures a -

L
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1.0 SCOPE

This specification establishes requirements for boronated graphite
balls for use as the reserve shutdown material in the 330 MwW(e) High
Temperature Gas Cooled Reactor (HTGR) Power Plant owned by Public Service
Company of Colorado at Fort St. Vrain. The reactor site is located
approximately four miles northwest of Platteville, Colorado.

2.0 PRODUCT REQUIREMENTS
2.1 Design Features and Boron Content

2.1.1 Description of Components. The boronated graphite bal's
form part of the reserve shutdown system for the reactor by providing
a neutron absorber material which is released into 37 channels (or
a portion thereof) in the reactor core. The spheres are normally
stored in hoppers located in each of the 37 refueling penetrations
in the top head of the reactor vessel. Activation of the reserve
shutdown system releases the balls into the core by rupturing a
retaining disk in the bottom end of the hopper. High pressure helium
gas injected into the hopper causes the disk to rupture and releases
the balls from the hopper.

2.1.2 Boron Content and Dimensions. The balls shall be
boronated graphite containing natural boron in the form of boron
(B4C). Two types of balls, designated Type A and Type B, shall
be fabricated. The differences between the two types shall be (1)
boron content and (2) diameter. The boron density in a ball and
the diameters of the two ball types are shown in the following table
with the required tolerances.

: Boron Density
Diameter(2) In a Ball
Type (Inches) (gm Boron/cc Bail)
Ball t 1/32 : 0.03
A 7/16 0.32
B 9/16 0.66

(a)
The ratio of major to minor axes must
be less than 1.15. Any flashing or mold
mark must be included in the measured
diameter and shall not protrude more than
1/32 inch above the ball surface.

The boron density in the balls shall be determined by the following
equation:

(Boron Concentration in Weight Fraction, (Bulk Density,gm/cc) =

(Boron Density, gm Boron/cc Ball).

REVISION _  _A
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2.2 Chemical Purity of Finished Product

The concentration of By03 must be less than .25% of ball weight
for 9/16 and .15% of ball weight for 7/16. The concentration of elements
other than boron, carbon, oxygen, and iron must not exceed 1 wt-%. The
iron impurity level must be less than 0.5 wt-%. The balls must be free
of contaminants such as dirt, grease, and wax or other foreign material
associated with manufacture or storage.

2.3 Physical Properties

2.3.1 Strength. The structural integrity and impact strength
of the balls shalT be sufficient to satisfy the test conditions specified
in paragraph 2.4.1.

2.3.2 Density. The bulk density of the balls shall be equal
to or greater than 1.5 gm/cc for 9/16 and 1.35 gm/cc for 7/16.

2.4 Qualification (Chemical and Physical Property Testing)

A sampling of balls from each lot processed shall be subjected
to chemical and mechanical tests by the seller to confirm that composition
and performance requirements have been met. Records and test reports
shall be maintained as specified in paragraph 2.8.

2.4.1 Impact Strength. The number of balls selected for impact
strength tests sﬁai1 De determined by lot size. The following table
shall be used to determine sample size:

Number of Balls Number of Balls
in Lot in Sample
1,201 to 3,200 125
3,201 to 10,000 200
10,001 to 35,000 315
35,001 to 150,000 500
150,001 to 500,000 800

The test procedure shail be as follows:

Each sample shall be subjected to two consecdtive free fall
drops of the entire sample in a continuous cascade from a height
of 30 feet into a 3.75 inch diameter closed end hole in a block
of PGX or similar grade of commercial graphite. After the second
drop, al! dust. fragments and balls of the sample shall be sieved
on a number 3 (U.S.) sieve (0.265 inch opening). The lot shall
be rejected if the weight of material passing through the sieve
is greater than 0.5% of the original sample weight. Portions of
the sample not subsequently used as described in paragraph 2.4.2
shall be sent to the Buyer in accordance with paragraph 2.9.3.

REVISION 2
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2.4.2 Density and Chemical Analysis. Each sample of balls
selected for impact testing in accordance with 2.4.1 will be divided
into five equal sub-groups after impact testing and the density of one
ball from each sub-group will be determined in accordance with ASTM
C-559-65T. The same ball will then be subjected to chemical analysis
to determine boron concentration. To determine B203, Fe, and other
impurity values, this same ball or others from the same sub-group will
be utilized. In the event that there are less than 20 separate lots
of balls, the number of balls selected from each sub-group will be
increased so that a minimum of 100 ba'ls are analyzed separately. To
determine the concentration of other impurities, a minimum of six balls
will be randomly selected throughout production and tested. Density,
boron, B203 and Fe concentration of each ball shall be within the Timits
specified in paragraphs 2.1.2, 2.2, and 2.3.2. In the event that any
individual ball fails to meet the requirements above, two additional
balls from the same sub-group will be selected and retested for the
requirement 1in question. If either retested ball fails, the Seller
must submit a written request for deviation or scrap the lot.

2.4.3 Quality Control. The manufacturer shall submit for
the written approval of the Buyer, detailed testing and quality control
procedures, including the requirements of paragraph 2.4.1 and 2.4.2,
prior to start of production.

2.5 Definition of "Lot"

The term "lot" shall designate— the balls produced from a single
blend of raw materials, shaped under identical conditions, and baked
at the same time in the same furnace.

2.6 Change Approval

Any deviation of change in the product specifications shall require
prior written approval of the Buyer.

2.7 Acceptance

Acceptance by the Buyer of each lot shall be subject to tests ard
analyses by the Buyer for all requirements of this specification except
as provided in paragraph 2.4.2. If a sample from a lot is outside of
specification limits for any requirements, two additicnal samples and
subsequent tests or analyses shall be conducted. The failure of either
of the two additional samples to meet specification requirements shall
be cause for rejection of the entire lot.

2.8 Records and Test Reports

2.8.1 The seller shall maintain records identifying the raw
materials used in each batch of material.

REVISION __ 3
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2.8.2 The system of labeling the 1lots of balls and their
respective test samples shall provide that the Buyer can readily identify
each batch and lot with the corresponding samples tested and analyzed
under provisions of this specification. Records of the tests and analyses
shall be available for the Buyer's inspection for two years after the
balls have been accepted.

2.8.3 The Seller shall furnish to the Buyer 5 copies of certified
test reports listing in tabular form all results of the test specified
in Section 2.4. The results of all tests and analyses shall be traceable
to the lot and sample tested.

2.9 Packing, Marking, and Shipping

2.9.1 The Seller shall provide suitable packaging containers
for the balls to permit safe, contamination-free shipment and to insure
protection during covered storage at the reactor site. The Seller shall
prepare a packaging procedure to be approved by the Buyer not less than
120 days prior to shipment of the material.

2.9.2 Each package of balls shipped shall contain material
from one lot only.

.9.3 The unused portion of test samples discussed in paragraph
2.4 shall be packed in separate- containers clearly marked "Sample
Material" for each lot and sent to the Buyer no later than the date
of shipment of the production lot.

2.9.4 Eack shipping container shall be labeled with the specifi-
cation number, including revision numbers, batch and lot number, purchase
order number, gross, tare, and net weights and the Seller's name and
plant location.

2.9.95 Boronated balls must he kept awav from nuclear fuel.

2.9.6 A1l packaging, shipping, receiving, storage, and handling
requirements shall be per Attachment 7.10, Level B.

3.0 PROCESS REQUIREMENTS
3.1 Raw Material

3.1.1 Boron Carbide. The source of boron shall be B4C powder
with particle size less than 50 mesh (U.S.).

3.1.2 Filler. The filler shall be a graphite flour which has
been graphitized at 2700°C for a minimum of 1 hour prior to blending
in the mix. The ash content shall be less than 1 wt-%.

5k Binder. The binder shall be phenolic resin or od.her
material approved by the Buyer.

REVISION A
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3.2 Mixing and Forming

The boronated graphite shall be fabricated in a manner which
assures a uniform dispersion of boron within a ball. The vendor shall
calect, subject to approval of the Buyer, a technique for mixing and
forming, which assures satisfactory strength, uniformity of the boron
content, and shape of the balls.

3.3 Heat Treatment

The balls shall be heated in an inert atmosphere at a tem-
perature between 2600°F and 3500°F for a minimum period of 60 minutes
of which at least 15 minutes will be at 3400° £100°F.

4.0 Qualit- Assurance and Documentation

4.1 Seller's and his sub vendors' work and material supplied
for this or.:r shall be in accordance with the requirements of 10CFRS0
Appendix B. The Seller shall not start fabrication until the Seller's
Quality Assurance Manual, Quality Assurance Plan, and Quality Assurance
Acceptance Procedures have been reviewed and approved by PSC. The above
documents shall be submitted to Public Service Co. c/o Quality Assurance
Supervisor, 16805 Road 19%, Platteville Co, 80651. After the above
documents are reviewed, PSC will .develop inspection and witness hold
points and submit them to the Seller.

4.2 The Seller's inspection program shall allow for the necessary
personnel and procedures to inspect, test, and document his manufacturing
process, product inspections and examinations required by applicable
codes and specification.

4.3 The Seller shall ensure that the regquirements of this
Specification and all other related documents are a part of any order
purchased from a sub vendor. Copies of these documents are required
to be at the locations where any work, fabrication, or processes are
being performed.

4.4 The Buyer and Buyer's designated engineering agent shall have
free access to the Seller's plant at all times to witness or verify,
or to observe any processes, procedures, inspections or tests required
by this specification. These representatives shall have the right to
any information regarding engineering procurement, scheduling and pro-
duction. The Seller shall provide whatever personnel, facilities, test
equipment tools, or instruments as necessary to facilitate any inspection
or survey. The purpose of these inspection surveys is to assure that
nonconforming Material/Equipment is not shipped to the job site. The
Inspection/Surveys do not relieve the Seller of his obligation to conduct
an adequate inspection of his own, nor does it relieve the Seller of
his obligations regarding nonconforming Material/Equipment missed by
such inspections.

REVISION A
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4.5 The Seller shall state, as part of his Quality Assurance
Plan, his intended Test/Inspection points and the procedurcs he will
conduct these Test/Inspections to. The Seller shall also state any
restrictions or deviations he intends to make in the conductance of the
test. Items requiring In-Process Test/Inspection shall be subject to
the approval of the Buyer or the Buyer's designated engineering agent.
Notification for these Test/Inspections shall be given to the Buyer at
least five (5) days prior to the Test/Inspection. All equipment shall
be inspected and code stamped by the authorized agency where so required.
Supplementary inspection will be conducted by the Buyer. Inspection
or audit by any agency of the Buyer in no way relieves the Seller of
his responsibilities to provide Equipment/Material 100 percent in
compliance with the specification.

4.6 At time of final shipment, all documentation required by
the applicable codes and standards, and that are specifically required
by this order, shall be available for review at the request of the Buyer
or Buyer's designated ergineering agent.

4.7 Items such as model number, material specification, etc.,
which have been approved by the Buyer or the Buyer's designated engineering
agent may not be substituted without the prior approval of the Buyer
or the Buyer's designated engineering agent.

4.8 Inspectors or testers and evaluators of tests shall be
qualified to the requirements of ANSI-N45.2.6 prior to performing required
testing and evaluations.

4.9 Quality Assurance Records shall be arranged in an orderly
fashion, indexed, and supplied as part of the f'nal shipment.

REVISION
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1SSUE 12 FORT ST. VRAIN WUCLEAR GENERATING STATION FSV-STD-1
&i-1 PACKAGING, SHIPPING, RECEIVING, STORAGE AND WANOLING REQUIREMENTS

FOR 'N' SERIES PURCWASE ORDERS ISSUE D

TTANDARD PACKAGING, SHIPPING, RECEIVING, STORAGE AND MANDL ING REQUIREMENTS

« The items 'n this purchase order are assianed physical protection classification levels for packaging, shippt nemv'q. storage and
" 'n accordance with the quidelines of ANSI N45.2.2-1972. The designated levels are noted as follows: ANSI Leve ‘ANST Level B,
ANS! LEVEL 'C, 'or ANSI Level '0°.

CLEANING - T™e item(s) shall be cleaned to remowve as much dirt, metal chips, slag, rust, grit, mill scale, of) or grease residue, chemical residue
or_other contaminents a5 s customarily resoved under normal industry practice.

PACKAGING - T™he itam(s) shall be wrapped or packeged in accordance with good commercial practice.

Packaging shall be designed to provide protection to prevent damege, deterioration or contamination of the meterial as a result of handling, snipping
or storege of the material.

Each 1tam shall be sarked n accordance with applicable codes and standards for such ftems. The serking code used shall be identified in the shipping
dOCuments .

[tems and packages shall be sarked as follows:

a) Individual 1tems or packages .f identical 1tams shall be fdemtified with the following sinfmm information: Mamufacturer, part nusber, PSC PO
numbe” and quantity.

b) Extermal packeging shall be marked with the fallowing winfmse information: Mancfacturer, destination, PSC PO number, handling instruction,
weight of container and number of containars In shipment.

c) Idemtification and marking shall not be deletericus to the material and shall be designed to preclude loss due to handling, storage, shipping or
as 2 result of environmental conditions.

SHIPPING - ™e ftem(s) snall be shipped utilizing a method of tramsportation consistent with the packaging methods employed.

« A receiving ‘nspection, acceptance and control systen shall be established to assure that parts or subassemblies 0 de used in the
cation or asswmbly of these tem(s) are in accordance with the specified requirements.

% Storage procedures shall be established by the seller to provide protective measures which will prevent damage, detarioration or contamination
item(s) during extended storage.

HANDLING - ™he ftem(s) shall be handled in accordance with good handling practice and in 2 manner 50 as not to degrade the ftem in any way.




ATTACHMENT 4

Drop Test Surveillance

SR 5.1.2c Adequacy Question




Overview of Hopper Surveillance SR 5.1.2c

Existing Surveillance Requirement:

An off-line functional test of a reserve shutdown assembly shall be
performed in the hot service facility, or other suitable facility,
following each of the first five refueling cycles and at two refueling
cycles thereafter. These tests will consist of pressurizing the reserve
shutdown hopper to the point of rupturing the disc and releasing the
absorber material. If a reserve shutdown hopper rupture disk does not
rupture at a differential pressure less than 300 psi and release the
absorber material, the reactor shall be placed in a shutdown condition
until it can be shown that LCO 4.1.6 can be met.

New Surveillance Requirement:

Testing of two reserve shutdown assemblies, one containing 20 wt%
boronated material and one containing 40 wt% boronated material, shall
be performed on assemblies removed during each refueling outage up to
the end of plant life. The reserve shutdown system material from the
tested hoppers will be visually examined for evidence of boric acid
crystal formation and chemically amalyzed for boron carbide and leachable
boron content. In addition, these tests will consist of pressurizing
the reserve shutdown hopper to the point of rupturing the disc and
releasing the absorber material. I[f a reserve shutdown hopper rupture
disk does not rupture at a differential pressure less than 300 psi and
release the absorber material, the reactor shall be placed in a shutdown
condition until it can be shown that LCO 4.1.6 can be met. Failure
of a reserve shutdown system assembly to perform acceptably during
functional testing, or evidence of extensive boric acid crystal formation
will be reported to the NRC.

It has been determined that the clumping of the balls could be predicted
by the formation of boric acid crystals which can be seen in the visual
examination or detected in the chemical analysis. Since the existing
surveillance was expanded to include a hopper test or bo*h types of
balls (20 wt% and 40 wt%) in adaition to the visual and chemical examina-
tions at each plant refueling cycle, any failure of the hopper to dis-
charge should be prevented.

It is felt that the surveillance requirements SR 5.1.2c, pressurizing
the hopper, and the new surveillance requirements are adequate to provide
assurance of the operability of the reserve shutdown system.



ATTACHMENT 5

Report on Blending of
the ART Absorber Material
Manufactured in 1982 - 1983



Blending of the RSS Absorber Material

The RSS absorber material purchased from Advanced Refractory Technologies
(ART) during the period 1982-1983 contained deviations from the purchase
specifications regarding boron density. The boron content for the 9/16"
balls varied from the required nominal specification value of .66 gm/cc
lot average to the extent that a review of the boron density values by
lot was conducted by G.A. Technologies at PSC's request. The review
concluded that the reserve shutdown material boron density variations
were inconsequential in that the variations would not result in reduced
shutdown margins. It was concluded, however, that the production lots
should be mixed to even out the boron density and a PSC Controlled Work
Procedure was written to accomplish the task at the plant site. The
mixing of the specified lots of 9/16" occurred in June, 1983 in a mixing
sequence as specified by sketch 1 (SK-°) of Controlled Work Procedure
(CWP)83-74. The 7/16" ART balls had but two lots (P-50R & P-51) that
required mixing to even out boron density and this mixing was accomplished
in August, 1983 under CWP 83-91.

Provided for your review is a more detailed chronological history and
copies of the CWP's used to accomplish the work.



PSC BLENDING - 9/16 INCH DIAMETER MATERIAL

Nonconformance report (NCR) 82-89 dated 11-19-82, identified deviations
from specification in the areas of boron content (5 lots), iron content
(7 lots), impurity content (3 lots), and sintering temperature (2 lots).
Samples from the material identified in the NCR were examined by GA Tech-
nologies and fcund acceptable provided the production lots were mixed
(GP-1709 dated 11-24-82). GS-AR-401, dated 12-8-82, was initiated by
the procuring engineer to develop a Controlled Work Procedure (CWP) which
would intermix 9/16 inch lots to produce a homogeneous mixture. GS-AR-428,
dated 3-24-83, was written assigning project responsibility to Site
Engineering and requesting the CWP be completed as soon as possible,
CWP-83-74, dated 6-3-83, was written and is attached for reference as
to the method used for the blending process. Approximately 1000 pounds
of 9/16 inch diameter balls were purchased under P.0. N-3554, shipment
A. This allows for the formation of 12 80-pound composite lots with
approximately 40 pounds of material remaining. This remainder was
identified as Lot #P-15 and was scrapped per D.C. #75285. (Lot #P-15
had been previously identified as having the maximum deviation from
specification values in NCR-82-89.) Sketch 1 of CWP-83-74 identifies
the composition of each of these 12 80-pound composite lots. CWP-83-74
was completed on 6-8-83 with Quality Assurance sign-off on 6-19-83.
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RECEIVED 637 2 S

GA Technologies Inc.

PO BOX 81608

SAN DIEGO. CALIFORNIA 92138
(619) 455-3000

November 24, 1982
GP-1709
Sy - -0~

Mr. H. L. Brey, Manager

Nuclear Engineering Division
Public Service Company of Colorado
5909 East 38th Avenue

Denver, CO 80207

Subject: Transmittal of a Justifi-
cation for Accepting the 40%
Boron Reserve Shutdown
Material

Reference: PSC P.0. N-3980
Dear Mr. Brey:

As requested by Jack Levin, GA has reviewed the deviations from speci-
fication for the reserve shutdown material manufactured by Eagle
Pitcher Co. for PSC. Enclosed are two GA intemal memorand: describ-
ing the results of this review. Memoranda CNE:VM:125:82 addresses
excess boron density. Memoranda RDB:005:CM:82 addresses the excess
impurity levels.

These reviews conclude that the reserve shutdown material is accept-
able. The deviations from the specified boron density are inconse-
quencial. They will not result in reduced shutdown margins. It is
concluded, however, that these production lots should be mixed to even
out the boron density in zny one hopper.

Should you have any questions, please contact Gary Hein at
(619) 455-2645.

Very truly yours,

300

vy

< ~ A
i ldiaidt it . _

lliam A, Graul, Manager
Fort St. Vrain Project

Enclosures




PSC BLENDING _ 7/16 INCH DIAMETER MATERIAL

Nonconformance Report (NCR) 83-144, dated 7- 6-83, identified Lot P-50R
as being slightly low and Lot P-51 as being slightly high for boron
content. Lot P-50R consists of 10 pounds. Lot P-51 consists of 24 pounds
of balls. The disposition of NCR 83-144 requires that lots P-50R and
P-51 be mixed prior to use and their containers appropriately marked.
Controlled Work Procedure (CWP) 83-91 was prepared on 7-25-83 to mix
equal amounts of lots P-50R and P-51 and is attached for reference. As
equal amounts were required for mixing, this resulted in an excess of
14 pounds from Lot P-51. The remaining 14 pounds from Lot P-51 was
scrapped per D.C. #27745. CWP 83-91 was completed on 8-22-83 with final
Quality Assurance sign-off on 8-31-83.
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