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SR0s, and one instructor certification SRO. Four upgrade SR0s, one instructor
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ANO 2 EXAM REPORT
~

i

Report Details

1. Examination Results

SRO Candidates 'R0 Candidates

Total- . Pass Fail % Total Pass Fail %

9 5 4 55 9 6 3 66
,

2. Examiners.

S. L.- McCrory (Chief Examiner) NRC
J. Smith, PNL
R. Clark, PNL
J. Boegel, PNL>

This Examination Report is composed of the sections listed below.

A. Examination Review Meeting Comment Resolution

B. -Exit Meeting Minutes

C. Generic Comments

D.. Examination Master Copy (SRO/R0 Questions and Answers)
,

Performance results for individual candidates are not included in this report
because, as noted in the transmittal letter attached, examination reports are
placed in NRC's Public Document Room as a matter of course.

t
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ANO 2 EXAM REPORT
,

Examination Review Meeting Comment Resolution

'

In' general, editorial comments or changes made during the exam, the exam-

review, or subsequent grading reviews +are not' addressed by this resolution
- section. This section reflects resolution of substantive comments made during
. the exam review. The modifications discussed below are included in the master
exam key which is provided elsewhere in this report as are all other changes
mentioned above but not discussed herein. The following personnel were
present for the exam review:

NRC UTILITY

S. McCrory J. Constantin
L. McClure
L.. Taylor
G. Woolf
A. Elliot

COMMENTS

1. Q 1.9/5.9 The shape of part B of the curve is affected by Pu build up
and requires knowledge of burnable poisons which do not
exist in the present ANO 2 core.

Resp: "Pu build up" was added to the answer key for partial
credit. Considering the low point value and the broad
generic nature of the question, the full credit answer was
not modified.

. 2. Q 2.1.4 The correct answer could also be a " cylinder-double actuated
air operated."

Resp: REJECT: The control lines are clearly marked to indicate
hydraulic operation.

3. Q 2.1.8 The symbol could also be a butterfly valve.

Resp: REJECT: " Damper" is a correct description and is included in
the matching list.

4. Q 2.1.10 The symbol could also be'a pressure' reducing or control valve.

Resp: REJECT: Capillary lines are not normally used on pressure
reducing valvesibecause of the small working force transmitted.
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5. Q 2.2/6.2 .(a) Key shows bus voltages.
t

Resp: Voltages not required in the answer.

-(b) Operators are not required to memorize breaker and
- . transformer numbers. Should delete the requirement from

the key.

Pesp: REJECT: These components are labeled on their control
devices with the alpha-numeric designation and are
procedurally referred to in this manner. The grading
criteria was developed such that 80 percent of the question
value could be obtained if the network was completely
correct except for component numbers.

(c) Drawing too time consuming for a 6-hour exam.

Reso: REJECT: Drawings are considerably quicker and easier way.
of soliciting indepth and detailed system knowledge than
essay responses.

6. Q 2.3/6.3 HPSI shut off head is 1450 psi.

Resp: ACCEPT: Key modified.

7. Q 2.4/6.4.c DG prelube is not specifically for the turbo-charger.

Resp: ACCEPT: Key modified.

3. Q 2.4/6.4.A Engine heating system and Jacket cooling water pressure
switches are also correct.

Resp: REJECT: These are either. passive on reactive to the
situation stated. The answer indicated in the key is the
only active force to achieve the desired result.

'

9. Q 2.6 Drawing too time consuming and seismic. boundaries are not
considered viable objectives of.the operator training proge$m.

Resp: See response #5 concerning drawings. The answer key was
j' modified to lower the incremental point value assigned to

seismic boundary identification. However, such knowledge.
| is considered pertinent to an operator's understanding of<

'system survivability to casualties of a seismic nature.

10. Q 2.11 Loss of ACW requires turbine shutdown due to loss of
G cooling to lube oil, starter cooling, and H cooling.

2

Resp: ACCEPT: Key modified.



"
.

.-

.

.

3

s

!. 11. Q 3.1/6.1 ESFAS actuation setpoints are different.

Resp: ACCEPT: Key modified.

12. Q 3.3 Safety channels have 3 ae'tectors/ channel. The source range
has more than two range scale indications.

Resp: ACCEPT: Key modified.

13. Q 3.5 Proportional heaters to " minimum'' vice "off." Additional
symptoms will result from the conditions

Resp: ACCEPT * Key modified. Symptoms were evaluated using the
key as a basic guide. If a question existed about a

*

particular response, plant reference material was reviewed
to confirm the response.

14. Q 3.8/6.6.A Key incorrect concerning SOBCS operation.

Resp: ACCEPT: Key modified.

15. Q 4.2/7.2.8 1he approved procedure states that void formation in the
RV head may be detected by observance of pressurizer
anomalies such as rapid increase in pressurizer level
while depressurizing or a rapid decrease in pressurizer
level while increasing pressure.

Resp: There is no plausible situation whereby void formation
would first be detected as a result of pressurizing and
observing an outsurge from the pressurizer. This is a
primary indication of initial void collapse or
compression. This will be graded as an incorrect response
to the problem stated on future exams,

16. Q 4.2/7.2 Procedure 2203.13 indicates that a void is collapsed as
soon as the outsurge from the pressurizer stops during
repressurization.

Resp: During a rapid repressurization, this premise would be true
only if both charging and letdown are secured. However,
the end point may not be achievable before reaching
safety relief setpoints. Repressurization alone is
insufficient to collapse a void in the RV head.
Further, pressurizer level behavior as a result of
repressurization only is inadequate indication or
confirmation of complete void collapse. The wording of
the question was sufficiently nonspecific to allow credit
for responding per the indications of Procedure 2203.13.
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17. Q 4.7/7.7 Procedure revision changed the immediate actions.

Resp: Part A became not appropriate as a result of the revision
to Procedure 2202.08. The question was graded based on the
responses to parts B and C only.

18. Q 4.9/7.9 Reactivity balances are only performed by the nuclear
engineering department.

Resp: The question was not testing the specific ability to
perform a reactivity balance, but the ability to identify
reactivity changes resulting from changes to plant

' conditions, which is a viable requirement of operators.
Using the reactivity balance forms provides the fastest
and easiest means of determining the net reactivity change
which must be compensated by changing the Boron
concentration. The answer key identifies two methods of
addressing the problem.

19. Q 4.9/7.9 Heatup/ Critical ops curves and tables were needed to
answer the questions correctly.

Resp: The information on these curves and tables (OP 2101.04)
did not apply to the correct answer.

,
,

20. Q 8.1/8.11 (a) Too many assumpticns needed for conditions given.>
,

' '

Resp; INVALID: Of the eight question areas,~ only two required ' '

any sort of an assumption. Q 8.11'.C required the
understanding that " loss of physical control of theJ /

-

' facility" includes the control room. Q 8.11.0 requires
' ,

~ the reasonable and conservative assumption that radiation
release in the fuel building as a result of a fuel3.

handling accident will probably be of sufficient magnitude,

to call an alert condition. All other questions have
specific answers per Procedure 1903.10 without any
assumptions needed.

(b) Procedure 1903.10 uses mostly offsite dose projections
for EAL criteria. Insufficient information was given to
determine offsite dose.

Resp: INVALID: The key is based on specific criteria found in
Procedure 1903.10 which do not relate directly to offsite
dose projection. Several EAL criteria will result in N0
offsite dose.
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21. Q 0.2 Trivial question.' Operators should not be required to
know procedure numbering beyond the general series number.

Resp: Candidates routinely demonstrate an inability to locate or
~ identify procedures which address emergency situations.
An' operator should, by virtue of training in procedures
and frequent review of emergency oriented proceuures, be
able to go directly to the specific procedure series which
contains the one needed'to address a particular problem.
The key was modified to give partial credit for correct
general series identification.

22. Q 8.10 Control room instruments indicate CST level in percent.
Operators should not have to know tank capacities.

Resp: It is reasonable to expect operators to know the
capacities of major tanks related to safety as a part of
b: sic system knowledge. Partial credit was given whare
candidates identified the Tech Spec limit as a ' unction of
percent.

23. General Tech Specs were asked on Special Tests section requiring
memorization..

Resp: INVALID: No questions were asked about Special Tests.
Question 8.8.A is the only one which may have been
interpreted to relate to Special Tests and specific
directions to ignore Special Tests were included in the
question.,

24. General Several questions require specific procedural response.
Many of these procedures have been revised.

Resp: ACCEPT: Key updated to the latest procedure revision.

25. General The exam was too long and required too many drawings.

Resp: The exam was carefully reviewed as to its content and the
expected completion time. Both were deemed to sati:'y the
requirements of 10 CFR 55. The exam process is capable of
sampling only a small portion of the knowledge an operator
should have. It is necessary that the exam be as
comprehensive as possible within the constraints allowed.
Therefore, a written exam should be challenging both in
scope and length to adequately differentiate candidates
of less than acceptable knowledge levels.

_
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ANO 2 EXAM REPORT
.

' t Exit Meeting Summary

.

At the conclusion of each week of the exam period, examiners met with
representatives of the plant staff to discuss the results of the#

' examinations The following personnel were present for the exit interviews:,, . .
,

First Week

NRC Utility

S. McCrory R. Wewers
J. Vandergrift
E. Force
J. Constantin
R. Hargrove
L. McClure
A. Elliot
E. Wentz

Mr. McCrory started the discussion by detailing the preliminary results of the
first week of oral examinations administered. There were 12 candidates, six
R0s, five SR0s, and one Instructor Certification. All were_ considered as clear
passes. It was noted that these results were still subject to final review by
the region.

Only one general comment of a generic nature was discussed with the facility
staff. There was evidence that the candidates were unfamiliar with the
expected magnitude of various plant parameters as a result of casualty type

- transients.

There was some discussion concerning.the recent change in the facility exam
review procedure. The staff indicated that they had not received a copy of
the.Denton letter which described the changes to the review procedure. Mr.
McCrory offered to send the plant a copy of this letter by separate
correspondence.

. Second Week

'

NRC Utility

J. Boegel (PNL) J. Levine
R. Wewers
J. Constantin
R. Hargrove-

Mr. Boegel' informed utility personnel that of the five candidates given oral
- examinations, four were clear passes. He further indicated that he observed
no generic weaknesses during the examinations.

_
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.ANO 2 EXAM REPORT

Generic Comments

During the| grading of the R0 and SRO exams, areas of generic weakness were
identified based on the responses of the candidates to specific questions.

1These subject areas are discussed below.,-

E1. Infquestion 4.9/7.9.A most of the candidates' demonstrated an inability to
> either identify or deal with the reactivity changes resulting from the
' combination'~of' rod withdrawal and simultaneous power / increase to a new
steady-state. condition.' Several candidates' considered reactivity due to
rods only and ignored moderator temperature'and doppler reactivity.

- effects. Others who. identified the net: reactivity change as positive
, failed to realize .thatLnegative reactivity must be added to compensate,
'so that the boron concentration would increase..j,

12. In question 4.9/7.9.8 most of the candidate's demonstrated a lack of-
! understanding of the-terms 1EFPD or EFPH. Several identified that 3 EFPH
. remained before Tech Spec limits _wo'uld be exceeded but failed to realize
that as~ long as ^ power:is less' than 100 percent,' it.will take more than 3

'

hours to use up 3 EFPH. While smst of the candidates knew that rod
motion was . restricted to 10"/15 min. ~and that_ normal power increases.were
limited to 10%/hr., few indicated' awareness that normal power decreases

~

are limited to 30%/hr. or that-Tech Specs impose a 5%/hr. limit on power
increase after operating below the short term rod. insertion limits fors

.more than 4 hours.
. _ ,

3. In question 1.3/5.3 many candidates-failed to realize that the DNBR-

increased because the DNB or CHF-limit was increased as a result of
increasing the pressure.

14. Several candidates missed the radiation exposure limits asked for in
" question 4.3/7.3.A.

5. In question 4.5/7.5 most candidates indicated unfamiliarity with the
precautions of RPP 1622.010 for minimizing internal deposition of
radioactive materials as a result of decontamination efforts.

6. A chronic problem. observed during grading of written exams is.that
candidates fail?to thoroughly read a~ question and as a result do not
answer some part of iti - An unnecessary number of points were given up by
candidates on this exam'because they overlooked an entire category of
information requested by the question. An example is a question which
asks-the candidate to list and explain certain information. ,The
candidate will list'the items requested but not have anything written for
explanation.

xThese areas should-be regarded as' potential areas for emphasis in the ANO II
; training program. Because of the small sample size and the specificity of the
remarks this. analysis does not necessarily indicate a problem with the
training program as a whole.

~
-
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Date administerel: Mrach 20, 19%
Exan type: Ileactor Operator and Senoir licactor Operator
Connents: The questions in categories 1 an' 5 are the same. Categories 4 artl

7 are the sane exccpt that caty, ry 4 has cne rore question (4.11).
Category 6 is a compocite of categorice 2 and 3 Dual numbers are
used to indicate category 6 questions.
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1. Principles of I;uclear Pour, Plant Operation, Thermodynar.iics, Heat

Transfer, and Fluid flow

1.1 A. Describe how cooldown is contrc11ed during natural circulation. (1.0)

B. Describc and explain the major dif ferences you would observe in
the establishment of natural circulation in the following two (2)
plant conditions: (1) reactor trip caused by tripping of four (4)
reactor coolant pumps, and (2) reactor trip with reactor coolant
pump running for OfiE (1) hour and then tripping. The reactor
coolant pumps are not available af ter being tripped. (2.0)

ANS:''e-

A. Cooldown during natural circulation is controlled by the steam
generator feed and steam rate. As steam and feed flow is increased
the rate of cooldown is increased.

' B. A reactor trip caused by 4 RCPs trip requires that natural
circulation removes 5% to 7% of full power. A reactor trip followed

by reactor coolant pump trip 1 hour later results in natural
circulation removing 3% to 3% of full power. The higher power 5% to
7% will cause higher delta temperatures and flow rate causing
faster setup of natural circulation. The lower power 1% to 3% will-

cause longer setup times.

REF: Basic thermodynamics CAF
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Refer tt. Figure 1.2 f oi questiori 1.2 and 3.3
.

1.2 On' Figure 1.2 indicate and identify the various heat transfer or boiling
regirr,e regions. Identify point A on the curve. (2.0)

Af!S: See Figure 1.2
,

REf: AND Nuclear Fundamentals pgs 190-194

1
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examine hov they relate to heat transfer fro: a fuel rod.

6n 10
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|
Departure from Nucleate Boiling Curve

Figure 92

(1) Region I - Single Phase Convection - Heat
transfer ability in this region is good.j

(2) Region II - Nucleate Boiling - Heat transfer
,

ability in this region is greatly improved, as can be seen!

from the slope of the curve in this region. An incremental
| increase in heat flux in Region II will result in less of a

AT increase than in Region I.

1 (3) DNB Point - Departure from Nucleate Boiling
or Critical Heat Flux (point a on curve). This point is

I the threshold of the partial film boiling region. It is
at this point where heat must he removed by passing through
a larger steata bubble formation on the fuel red surface.

1
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1.3 Point X (figure 1.2) identifies initial plant conditions while operating
at power. RCS pressure is increased such that nucleate boiling is
completely suppressed.

A. How and why is the DNBR affected? (1.0)

B. What happens to Fuel Clad surface temperature? Explain. (1.5)

ANS:

A. DNBR increases because the CHF was increased when pressure went
up. (Note: Plant conditions do not move farther from the DNB
po'i nt. The point is moved farther from plant conditions)

When pressure if tRcre 788EgATgOp) press nucleate boiling:
Using Q = UA (T -TB.

,

Q remains constant because it is a function of nuclear power.

A remains constant because the fuel rod does not compress
significantly due to pressure increase.

c53NhE8fU"remainsconstantbecausethermalpowerisnotT

U decreases due to the loss of nucleate boiling agitation
<

Therefore:
(. E)

T must increase 4WE > to provide the necessary thermal head to
rkkADove the heat generated in the fuel.

REF: ANO Nuclear Fundamentals
Nuclear Engineering Handbook, Etherington, 1958, Section 9

. -.. ~ _ - . ..



.-
'

.

.

1.' 4 Plot Xcnon (Xe) for the following reactor conditions. Assuming A free
initially. (Show relative magnitude and curve shape-not absolute values) (2.0)

. Power level 50% 1or 50 hrs.
Power level 100% for next 40 hrs.
Trip power level 0% for next S hrs.
Power Level 100% for next 52 hrs.

. Power level 50% - for next 50 hrs.

ANS:

50% 100% 100% -50%
3 6 '[9g*

3 - - . . .
102 7

100 150 200"

hrs .2ptpISpoint
.1 pt if peak or dip relationships are incorrect

REF: Std Nuclear Theory

-
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1. 5 Figure 1.5 A-D represent the flow-head characteristics of a fluic system,

containing a centrifugal pump. For parts A through D below draw the new
flow-head curves on figures 1.5 A-D respectively. (2.5)

;

A. Power supply to the pump motor goes froo 60 HZ to 63 HZ.

B. A -venturi type flow detector is_ installed in downstream piping.

C. ~A second identical p' ump is installed.in parallel with the existing
pump.

,
' D. A second identical pump is installed in series and the system is

acid cleaned.

ANS: See figure 1.5.-

[ REF: Std centrifugal pump laws
CAMERON Hydraulic Data, Ingersall - Rand 1977, Section 1

i

i

I

!

4

e ,

>

.

i
s

o

. _ _ _ _ - . _ - - - . . - . - _ . _ . - - . . .. . _ . . . _ _ . . . . . _ , . _ . . - _ _ _ . . . . , _ . . . , _ . _ . _ . _



9 ~

e

G

E O

s

A. o. s,q

''

-j, O. s p

f_

i
,

$

&

N

-

b '. to r.g0 iP

c.ri<rf:/L.a4L.2

_ a
!

t s^
Ro^

.

'

~xo
\

,

\:
e. . . - -e ,u,

\
f ' A..Gr d y,'a U' I ,/ ~

*?
,

' E,-

- , #$ U C f. f



.

.

-

.

.

For cues tions 1.6 and 1.7 ref ci tc, Figure 1.6 and the steat: t al.l e s .
(1 atr.osphere =29. 92" Hg = 33.9' water)

1.6 The water in the condenser hotwell is subcooled. (1.0)

A. hct

B. 2*F
C. 4F

C
D. EF

ANS: C

REF: Std Thermo and Heat Transfer
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1.7 The_ absolute pressure (psia) at the conderisate pump suction is (1.0)

A. 2.3 psia
B. 11.2 psia
C. 3.5 psia
D. 5.4 psia

AtiS: D

REF: Std Thermo and Heat Transfer

|
,



.

.

. .

2.8 If af ter . operating in natural circulation for two (2) hours, an opcrator
error (oversteaming) of the 5/G causes a complete loss of natural
circulation flow, how will the following parameters change (INCREASE,
DECREASE, OR REMAIN THE SAME)? Briefly explain your answer. (Assume
no further operator action). (2.C)

A. Core Delta T
B. Core thermocouple temperature
C. Steam gererator pressure
D. Steam generator level

ANS:

A. Increase (0.2) as boiling occurs in the core. Th (0.15) will
increase while Tc (0.15) remains relatively constant.

B. Increase (0.2) boiling in the core and a lesser means available to
remove the heat (0.3).

C. Decrease (0.2) less primary to secondary heat transfer (0.3).

D. Increase (0.2) less steam being drawn off as the RCS cools, with
constant auxiliary feed (0.3).

REF: Heat Transfer, Thermodynamics, and Fluid Flow, General Physics.

4
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1.9 Explain briefly the basic reactivity thenges responsible for thc shape of
the three (3) areas (A, B, and C) marked on Fig.ure 1.9. (1.5)

ANS:

A. in :ldup of Samariune and other FP poisons (0.5 each)

B. dtpletion of burnable poisons (and Pu Build Up).

C. fuei depletion

REF: Std Rx Theory / Plant Data Book
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1.10 During a reactor startup, will the actual critical position be HIGHER,
LOWER, or the SAME AS the estimated critical position calculated before
the following changes? EXPLAIN your choices. (Consider each change
separately). (3.0)

I. The operator starts using main steam to warm the main turbine prior
to reaching criticality.

B. Actual boron concentration was 30 ppm higher than the value used for
figuring the ECP.

C. Startup was delayed 4 hours beyond the ECP time; a shutdown time of
sixteen (16) hours was used for the ECP.,

D. The pressurizer pressure setpoints are all lowered by 50 psi prior
to criticality.

ANS:

A. ACP LOWER (.25) than ECP because the lowering of temperature will
insert positive reactivity resulting in criticality at a lower rod
height. (.5)

(Will accept SAME if RCP heating is identified as being sufficient to
over come heat loss for turbine warm-up).

B. ACP HIGHER (.25) than ECP because the higher boron concentration inserts
negative reactivity, resulting in a higher rod height. (.5)

C. ACP LOWER (.25) than ECP because xenon concentration will be decreasing
which inserts positive reactivity. (.5)

D. ACP slightly HIGHER (.25) than ECP because negative reactivity
inserted by the pressure coefficient. The moderator will be less
dense and result in a higher critical rod height. (.5) (Will accept

the SAME if change is considered neglible but recognized).

REF: C-E Reactor Theory
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1.11 What hsppens to the r.oda ator temperature coefficient as boron
concentration is increased? Explain. (1.0)

A!15: The negative temperature coefficient becomes less neoative. (0.25)

As the moderator heat increases the expansion removes boron from the
core. This is a positive reactivity addition because less neutrons
are absorbed. This also adds negative reactivity due to less
thermalization of neutrons. (0.75)

REF: Std Reactor Theory
.
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1.12'The buildup of Samariun and Flutonium after a reactor trip can, to sorce
extent, lead to offsetting reactivity effects. Explain or sho,. how each
is PRODUCED and the REASON the reactivity effects can be offsetting. (1.0)

ANS: Fission produces Nd-149 which beta decays (1.7 hr.) to Pm-149 which
beta decays (53 hrs.) to Sm-349 [0.35]. U-238 absorbs a neutron and
beta decays (23 mins) to Np-239 which beta decays (55 hrs.) to
Pu-239 [0.35]. Pu-239 adds positive reactivity (due to high thermal
fission cross section) and Sm-149 adds negative reactivity [0.3f].

REF: C-E Reactor Theory
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2. Plant Design

2.1 lutch the following P&lD symbols with the name or function which best
identifitt tra symbol. (Arrows indicate normal or design fluid flow

(2.0)direction).
y...

i A. Manually operated gate selve
1.

B. Air actuated valve
C. Check valve

p*q| : D. Venturi
E. Orifice
F. Vacuum breakere

G. Temperature regulator
3*

H. Spring loaded relief valve"

I. Back pressure regulatory
J. Pressure reducer

4' Y K. Motor operated ball valve

h L. Damper

5* T M. Hydrauclically controlled valve
N. Solenoid actuated valve
0. Stop-check valve
P. D/P level detector

6.

7.

8. N

L 49. >

10.

ANS: 1.K; 2.E; 3.L; 4.M; 5.F; 6.0; 7.H; 8.L; 9.I; 10.G;

REF: P&ID M-2200, 2201

.
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2.2/6.2 -Draw the electriccl distribution showi7g all pessible ways of energizing
120 VAC Vital Bus 2 RS 2. Include and identify by alpha - numeric
designatio..s all busses, breakers (that can be opcrated from the control
room), transformers, inverters and ultimate sources. (For offsite power

terminate at the switchyard connection). Ignore possible tie-in with
Unit I and bus-linkage alterations. (4.0)

ANS: See attached figure

REF: ANO lesson plan AA-52002-007 and Figure 7.1, .5, .6, and .7
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2.3/6.3 List the syster: ar.d pr essure at which injection fir st bcoins for each
ECCS capable of injecting water into the RCS. (1.5)

AN5: HPSI 1450 psig
- LF51 150 - 180 psig

f SIT 600 - 624 psig

J REF: 0? 2104.039, .040 lesson rian AA-52002-004
( (Eas.ed on rr.inimut: suctio: pressure and DP during surveillance tests)
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2.4/6.4 For the diesel dcsign functions in Column A select the INDIVIDUAL
auxiliary system / components from Column B which MOST correctly satisfies
the function. EXPLAIN your choices. (3.0)

Column A Column B

a. Ensures the diesel is 1. Lube oil heaters
started within 15 seconds

2. Pre-Lube Pump
b. Serves as a backup speed

governor 3. Starting air receivers

c. Minimizes engine wear when 4. Starting air motors

manually starting
5. Centrifugal governor

d. Provides for easier engine
starting 6. Fuel oil day tank

7. Water jacket cooling
pressure switches

8. Electro-hydraulic governor

ANS:

A. 3 [0.25] Insure reliability because each is capable of five
diesel starts (0.5).

B. 5 [0.25] Takes overspeed control upon loss of electro-
hydraulic governor (0.5).

C. 2-[0.25] Precoats engine bearings and parts with oil to
minimize friction and thus wear [0.5].

D. 1 [0.25] Lube oil heater makes the oil easier to pump
and allow better lubrication (0.5).

REF: AND 2 lesson plan AA-52002-016
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2.5/6.5 Shetch 6 ont line diagrer; of the ei:crpency f eed. atc ? systcr fror. the-

source (s) of water to the steam generators. Include pumps, riajor control
valves, and interfaces with other plant systems. Indicate which valves
and purrps would be actuated on an LFAS. (Valve numbers are not
required) (3.0)

Aris: See drawing

REF: ANO 2 P&ID '4-2204

l.
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i 2. E 5 ketch crx tcin steam line from thc SG to the TG shot.ing telativt
i locaticr of major components and steam takeoffs (e.g., MSIV and SGTP '

i supply). Show containment and seismic boundaries. (2.0) -

,

}-

f' AN5: See drawing
i-

REF- AN3 2 lesson plan AA-52002-008, Figure 8.1
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2.7 Using the sinplified RC5 drawing prosided (Figure 2.7), sketc h the
location of the primary system connections to the systems below. (Use
abbreviations provided of define, show relative location on each leg, use
each as many times as appropriate). (3.0i

Charging (CHG)
Letdown (LTDN)
Safety Injection / Shutdown Coolina Injection (SIS)
Shutdown Cooling Suction (SDC)
Pressurizer Surge Line (PZR)
Pressurizer Spray Line (SPRAY)

ANS: Key attached

REF: ANO 2 lesson plan AA-52002-001, Figure 1.2

.
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- : RDT
RCP CP

'

2P320 j 2P32D"

CHARGING ' SAMPLE
RCS ONE-LINE DIACRIO!

REACTOR COOLANT SYSTEM -

g
-

g
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2.8 Choose f rom the list below the auton.atic pt otective trip or lockout of
the emergency diesel generators which is bypassed by an SIAS. (0.5)

A. Engine Overspeed
B. Generator Anti-t'otoring

C. Encine Lube Oil Pressure Low
D. Generator Differential Current

ANS: B

REF: AND 2 lesson plan AA-52002-016 pg 9
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2.9 A. Wr.ct interlocks must ta satisfied t4fere normal starting of 6 RC F. (1.0)

B. Wh;. must RCE temperature be >500 f bef ore startino the fourth ACP? (1.0)

ANS:

A. HP lift pump discharge pressure >400 PSI and CCW flow to the RCP
>240 gpm.

B. To prevent lifting the core assembly as a result of hydraulic force
imported by the coolant. (Density below 500 F is sufficient to lift
core assembly w/four pumps running).

REF: RCS OP 2103.06
SAR

.
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2.10.'6.8 l h( t adiation ranitorint systen provided f or AND 2 consistt of two (2)
subsystems. Name ther and describe their primary objectivcs. (2.0)

ANS: Area Red Monitoring Sys: alert local and CR personnel to abnormal
rad levels in order to control exposure and release potential. Area
cinitors provided to supplement personnel and area radiation
monitoring provisions of plant health physics prograra.

Process Rad Mon Sys: Processing monitoring provides means for
monitoring containment atmosphere, ventilations exhause from spaces
containing components for recirc. of hypothetical LOCA flushes and
all other gaseous and liquid effluent paths where radionuclides
could be released to enviornment.

REF: ANO lesson plan AA-52002-018 Pg 1.

|
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2.11 T rue or f alsc; Continuous f ull power operation is unaf f ected by the
operational status of the auxillary cooling scater systen.. Justify your

(2.0)answer.

AN5: False. The ACWS cools the TG stator cooling subsystem. Therefore
the TG veill ever.tually exceed terrp limits venich veill require
shutdown or a power reduction. (accept also: lube oil cooling or

H cooling systems)
<

REF: E0P 2202.13 pg 2
F&ID M-2211

l
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3. Instruments ar.d Controls

3.3/6.1 List five (5) actuation signals generated by the Engineered Safety
Feature Actuation System. For each, indicate the parameter (s) and
setpoint value(s) which initiate the signal. (4.0)

At:5: Any five, see attached sheet

REF: A!;0 2 lessen plan AA-52002-013 Table 13.2
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TABL,E 3.3-4

E!4GillEERED SAFETY FEATURE AC.T.U...A.l10.N..SYSTE.M I.NSTRlHCHIATION TRIP VALUES,2 -. -- ---
,

b -

V: ALLOWABLE

l.utiCT.10fML UNIT T..R I P...S.E. .I..P_O.I .N I. ._ VALUES
*

-. .

,

U 1. SAFETY lilJECTION (SIAS)
. Manual (Trip Buttons) Not Applicable Not Applicable*1 a.
ca

b. Containment Pressure - liigh < 18.4 psia < 19.024 psia
, _

c. Pressurizer Pressure - Low t 1/66 Psia (I) ? 1712.757 psia (1)

2. C0t4TAllif1EllT SPRAY (CSAS)
Manual (Trip Buttons) Not Applicable Not Applicablea.

~

b. Containment Pressure -- liigh-liigh < 23.3 psia :,23.624 psia
i

,

3. C0!!TAlliMENT ISOLATION (CIAS)
flanual (Irip Buttons) Not Applicable Not Applicable

a.

P ,,111.4 ps ia < 19.024 psia
J b. Containment Pressure - liigh <

y
a?

,33 Aram sy.. /
e , ss ap/ m
.y

Myd
$

,>3

b ca./m m .chn a m m d &
M md

7yJ ' 45uss kenad/yg
i~/~a en.J29n

!

3.1 /6.I & y'

&) cy).
: . ,.

/',
..
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T ABLE, 3.3. .4, ,(C.gnlinugd).

A,Clu,A_1.1,0J{ ,SJSTMJ!!MM_WM E NE
!d glHEEREDSAFETYFEATUR ALLOWABLE

VALUES
L: 1 Rip VALUE

-

^ ~~~' ~~

'M
$ fuMCTl_0HAL UNIT Hot Applicable !

EMEltGENCY fEEDWATER (EFAS) Not Applicable 45.811 % (3)b B. 3
Maintal (trip Buttons) . , 46.7% (3 ) 99.344 psi,)
Steam Generator (A&B) Level-Low

a. .

1
1 90 psi 99.344 psi

Steam Generator AP-liigh (SG-A > SG-B)
b. 1

.,90 psi 729.613 psia (2) !

Steam Generator AP-High (SG-B > SG-A)
c. 1> 751 psia (2)
d.

Steoa Generator (A&B) Pressure - Low urizer
f > 100 psia, during a planned reduction in press

e. 200 psi;i t iied at c
ssurizer pressure and this value is ma n a sed until the trip set-Value may be decreased manually, to a minimum otically as pressurizer pressure is increasshall be automatically removed

pressure, provided the margin between the preTrip may be manually bypassed below 400 psia; bypasst' (1)
the setpoint shall be increased automa''

,500 psia. ided the j
point is reached.whenever pressurizer pressure is ,>d reduction in steam generator pressure, prov200 psi; the setpoint

7
O

ure and this value is maintained at 1il the trip setpoint
is

Value may be decreased manually during a plannem generator pressure is increased untmargin between the steam generator press(2) t

shall be increased automatically as s ea
[9 pper and lower level instrument nozzles.reached. 0.0/5

% of the distance between steam generator uThe zero voltage trip will occur in 0.75 1
3a

$ (3) l
Inverse time relay set value, not a trip va ue.. u'

F. (4)] seconds .
.:

?

3. t /6. I Rejm
*

o
i=8"

'

\,l

. )
. . . . . . _ _

-

_ _ -- _- -_ - - _ _ _ _ _ _ _ - - _ . _ - _ - _ _ _ _ _ . . - _ _ _ _ _ . _ _ _ _ _ . _ _ _ . _ - . _ _ - _ . _ _ _ _ _ _ _
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3.2 What are four (4) of five (5) core operating lin.itt monitered t>y COL 55? (2.0)

Af'5: any four (4)

1. Peak Linear Heat Rate (LP!)) (0.5 each)
2. Margin to DNS (DNBR l'er[:io)
3. Total Core power
4 Azimuthal tilt
5. Axial Shape Index

REF: AND 2 I&C OP 2105.13 pg 2
Tech Specs 3.2.1, 3.2.3, 3.2.4, 3.2.7
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.3.3 lht'excore nuclear instrumentation consists of threc (3) subsystens.
List them., the type, and quantity of detectors each uses, and the
prinicple purpose and range of each. (4.5)

ANS:

Name Startup Control Safety

(0.3) (0.3) (0.3),

# Detectors 2/ch 4 total 1/ch 2 total 3/ch 12 total
(0.3) (0.3) (0.3)

Type Fission Fission Fission
(0.3) (0.3) (0.3)

e

0.1 * 10' CPS or
1% * 125% log 2x10-8% * 200% orRange 0*20gg*

r 10 200% or 0% linear 1% * 200%
(0.3) (0.3) (0.3)

Purpose SUR/ power level input for Rx power input to PPS
below C/S range Reg SYS

(0.3) (0.3) (0.3)

REF: ANO 2 lesson plan AA-52002-014

|
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3.4 List ten (10) signals to the turbine it ip systen which veill cause a
turbine trip by closing all turbine steam valves (setpoints not
required). (?.5)

ANS: and ten

1) Overspeed (1101 of rated speed)
2) Backup overspeed trip (112% of rated speed).
3) Lot vactum (<7.5 psia)
4) Excessive thrust bearing wear (<13 psig)
5) Reactor trip

6) Generator lockout trip

7) Hanual trip from Control Room
8) Excessive vibration (>14 mls.)
9) Manual trip at turbine

-10) High exhaust hood temperature (>225*F)_
11) MSR high level
12) Loss of stator coolant
13) Low hydraulic fluid pressure (<1100 psi)
14) Loss of both speed signals.
15) Low bearings oil pressure (<13 psi)
16) Shaft pump discharge pressure low (<105 psi)
17) Loss of DC to EH controller
18) 500 KV breaker 5130/5134 failure
19) Computer trip of turbine

REF: AND 2 lesson plan AA-52002-009 pgs 13-14

,
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3.5 Assure the pressuit channcl input on sun ice to it,s pressurize central
system (PPCS) failed high. Describe controlled component response to

this failurt and five alarms or indications in the control room.
syr,:pterstic of this f ailure. (2.0)

AN5: Compone t. Response: Spray valves full opcn (0.33)
Proportional htrs. to tinimum (0.33)
B/U htrs. de-energized (0.33)

Symptoms: Pzr. Press. Hi-Lo alarm (5/7 @ 0.2 ea)
Spray valves full open
Proportional heaters to minimum
B/U htrs off w/ press >2220 psi

Pzr Press Lo Pretrip alarm
SIAS received
Rx trip on low pressure

REF: ANO 2 RCS OP 2103.05

t
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3.0 Choose from the list below the main ccntrol rc.co inoic6 tion c.ost
appropriate to confirm rod insertion af ter an automatic reactor trip. (0.5)

A. CET Rod Bottom JJ#h4JJwdu4+d 10wer electrical linit
'

B. U trip ;aath actuated alaro

C. F: actor trip breaker TCB 1 switchgear trip alarm

D. CEA group indications reading zero

ANS: A
'

REF: AND 2 EP 2202.04

,

y -- -- ...,-,_.-,...n,-, , , . , . , - - . _ , , , . _ , , , _ - _ , - _ , _ . . - - _ . . _ . _ , , , , , _ . - . _ . , , _ . . , , _ - . _ , _ _ _ _ _ , - - _ _ . . . .
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3.7 A. With th( CLA control system in autormatic sequentiel ( A5), how can
power be reduced fron.100% to 801 without producing CEA motion? (0.5)

L

B. Knat inputs and calculations does the Reactor Regulcting System (RRS)
use to produce a CEA rotion demand signal? (1.5)

ANS:

j A. Recute reactor power by decreasing steam demand [0.25] and at the
same time reduce Tavg by borating [0.25].'

! B. T.G. 1st stage press, is used to calculate Tref and T.G. power. Th
and Tc are used to calculate Tavg. A rate of power change error is
calculated from T.G. power and reactor power. A temperature error
is calculated from Tref and Tavg. The errors are combined to
produce CEA motion demand. (.3 per sentence.)

REF: ANO 2~1esson plan AA-52002-034
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3.t/6.0 A. How would the ' Steam Dun;. are Eypass control Systera (SDbCS) valves
respond to a turbine trip (without a reactor tr#g) while at 100*4
power? Rod Control in Auto (1.0)

B. Wnat signals determine this response? (1.0)

C. How would the SDBCS respond differently if: (1.5)

1. A reactor trip caused the turbine trip?

2. Circ water were lost at the time of the turbine trip?

(Discuss only initial system response - within first minute).

ANS:

A. The steam dump and bypass valves would Quick Open to establish no
load temperature and pressure in the RCS and SGs.

B. Low steam flow (rapid large drop in flow)(.5)or high pressure
(rapid large rise) generate the Q.0. signal. (.5)

C. 1. A reactor trip blocks the Q.0. signal to 2 up stream and
1 downsteam dump valves.

2. All valves receive Q.0. initially. As condenser vacuum
decreases the bypass valves will shut leaving only the
dump valves open.

REF: ANO 2 lesson plan AA-52002-011
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3.9 With the unit at 601 power, a steat, gerierator tube lest deu lops which
rapidly escalates to 110 gpm in less than five (b) minutes.

A. Explain what available instrumentation will enable the operator to
confirm the emergency is a tube failure rather than a primary leak
to the containment. (1.0)

B. Explain the instrument response which enables the operator to
determine the affected steam generator. (1.0)

ANS:

A. S/G Tube Rupture Leak to Containment
Sample Monitor Containment Monitors
Vacuum Pump DISCH Monitor Containment Press
Steam Line Monitor Sump Level

(Steam / Feed Mismatch too small) Containment Temp
Containment Humidity

B. Steam Line Monitor or Blowdown line
EFW feed demand signal

REF: EP 2202.06, 2202.23
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3.10/6.7 How would the following indications be affected (INCREASE, DECREASE OR N:
CHANGE) by the associated condition change listed below? Consider each
indication separately and EXPLAIN your answer. (3.0)

INDICATION CONDITION CHANGE
l

A. Nuclear Wide Range Cold leg temperature increases 50
Instrument degrees F at constant true nuclear

power. ,

B. Pressurizer level Differential pressure transmitter
reference leg temperature
increases 10 degrees F. (No change
in actual steam flow)

C. Steam Generator level Control steam flow signal |

increases (No change in acutal |

steam flow) j

ANS:
.

A. Increase [0.5] Increased neutron leakage to detector [0.5]

B. Increase [0.5] reduced density of water in reference leg decreases
differential pressure signal resulting in an apparent increase in
level [0.5]

C. Increase [0.5] feed flow would increase to attempt to match the
steam flow until the level error signal overrides the mismatch and
reduces flow. (Final level is slightly higher than initial)

(accept NO CHANGE if answe says level control only looks at
feed flow-steam flow mismatch rate which rapidly decays away on a
step change followed by a constant mismatch).

REF: A&B Standard Reactor Theo y and Fluid Mechanics
C ANO 2 lesson plan AA-52002-015

I
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4. Proctder(s - Normal, Abnorrisl, Emerge ncy, ano Radiological Cont rol

4.1/7.1 Refer to Figure 4.1 for this question.

A. What are the required immediate actions if the H.,/0, analyzer

reading f or the Waste Gas surge Tank is at point'] (1.0)'

B. What further immediate actions are required if the situation
degrades to the indication at point 2 ? (3.0)

C. Why is the mixture at point 3 impossible? (1.0)

ANS:

A. 1. Change H /0 analyzer lineup to monitor the waste gas decay (.33
tank in kerhice. ea)

2. Have Radchem Dept perform H /0 Samples on all affected2 2
components.

3. Take action to reduce concentrations to be within Region A
within 24 hours.

B. 1. Secure all vent, purge and vacuum degas operations. (.25
ea)

2. Place Waste Gas Compressors in " Pull to Lock".

3. Continue H /O sampling by Radchem.p p

4. Take action to reduce concentrations

C. The mixutre is iupossible because the only 0 s urce for the systems2monitored by the H /0 analyzer is air which is 79% N . Therefore,
p 2

a mixtrue of 80% H w 11 have about 4% 0 and 16% N
2 2 2

REF: AOP 2203.10 por 1&6
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4 . 2 /'/ . 2 -A. flow is the reactor vessel head cooled during nSturti circulation?
Briefly describe the actions necessary to achieve the ecst effective
cool down method for the RV head. (1.0)

E. Wnat are the principlc indications of void formation in the RCS when
in naturcl circulstion? (1.0;

C. Generally describe what is done to cellapse void in the RCS when in
naturel circulation. What are the ir..-ications of void collapse.
(Do not consider use of the vessel head vent system). (1.5)

AN5:

A. The vessel head is cooled by ambient loss and conduction from the
head and flange to the nozzle belt region. A large ^T (~350) is
created between the vessel head and Th by rapid cooldown using the.

SGs.

B. 1. An otherwise unaccountable increase in pressurizer level. or

2. Inability to reduce pressure with spray. or

3. Rapid increase while depressuring.

C. 1. Stop depressurizing (secure spray). (.2)

2. Energize pzr heaters to increase press (.2)

3. Increase press (pzr level drop - indicates void compression / partial
collapse.1 (.2)

4. Ovec pressurize 50 psi to ensure pzr press control. (.2)

5. Soal to allow RCS structure to cooldown before continuing
dep essurization. (Ensures complete void collapse) (.2)

Cor.plete void collapse is indicated by observing norr.al
pr( scurizer level and pressure response to chargin6 and
cy:1y af ter a soak period following reprecsurization. (.5)

REF: AOP 2202.13 pgs 1-3
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4.3/7.3 /. . State tnc AfD week l3, quat terly, and arnual e>penurt lir its for
personnel with conplete exposure records. (1.0)

B. What is the highest weekly expost're allowed without the General
Manager's approval? (O.5)

ANS:

A. 300 MF,Et;/wt
2500 MREM /qtr
5000 MREM /yr
(all subject to 15(N-18) REM accumulated)

B. Up to 1000 MREM /wk (HP superintendent approved)

REF: RPP 1622.011 pg 3

s
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4.4/7.4 Li t fivt (5) sytctor.t 'o v indicat ion >. of unconit elled/ inacs t rier41t i
raderator dilution. (;,c)

ANS:

1. Povccr level and/cr Tevg .acrease w/CEDtCS Manual
'

'

,

2. Decrease in Boron conco, on meter or by sample !
!

3. Increase in VCT press or level
4. Bororometer high/lo alc a-
5. Boron dilution monitor clarm

REF: EP 2202.07 pg 1

If answer power level increases (only) must qualify by indicatirg power
less than 1% otherwise, deduct 0.1 pt.
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h6nds anc shirts Upon exiting a conta.inated area, you fina that your,

| 4.5/7,5

I sleeves appear to be contaminated. Descritie in moderate detail the
survey and decontaminetion procedures you expect HP personnti to perform

Additionally, give three (3) specific precautions to minimizeon you.
the potential fot- int (enal deposition of radioactive matcrial due to

(2.5)cecontaminstion cffe .

ANS: 1. Detailed whole body frisk
2. Check f or skin c >.ts , atraisons. etc.
3. Remove clothing
4. Second frisk after clothing removed
5. Dress in clean anti-c or surgical greens and procede to

decon area
6. Wash affected areas with soap and water

(Look to see that most of these are covered in a common sense manor.)

precautions (any 3) (.5 ea)

1. Cover skin cuts or abraisions not contaminated with water proof
dressing

2. Do not use stiff brushes or other items which may abrade skin
| 3. Use anti-cs and respirators as needed to reduce contamination

|
spread

4. Water should be about body temp.
5. Do not use industrial or waterless hand cleansers. 3

(Give 1/2 credit for " good sense" actions whicn do not fit there.)

REF: RPP 1622.010 pgs 3-5
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4.6/7.6 List the. ima,ediate actient for a steam g(nc t a tc.t tebe i cpt ure v!.itti
exceeds charging pump capacity but is within HPSI pump capacity. Incluct
all actions required by section 11 of E0Ps 2202.06 and 2202.23. (3.0)

ANS: See attached t'eets

REF: E0P 2202.23 p;; 3, 2202.06 pg 8
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r^ ARKANSAS NUCLEAR ONE Es= c =c mmi
| CHAT 4cE DATE

Page 1 of 2
EECT10': !!: 1 :,E IEAKAGE GEEATER HIAN CHAhCING CAPAC]TY

1.0 SYMPT 0!:S

1.1 Symptems of a loss of coolant accident (i.e., pressurizer levels
decr(asing with no coincident T drop, and with maximum chargingM'E& minimum letdown) in conjunction with . . .

1.1.1 Steam generator sample radiation monitor alarm.

1.1.2 Condenser vacuum pump suction radiation monitor alarm.

1.1.3 liigh radiation indication from Main Steam Radiation Monitors

2RI-1007 for 2SG 2E24A or 2RI-1057 for SG 2E24B as read on
Panel 2C336-2 in the Control Room.

2.0 IMMEDIATE ACTIONS

C.4g 2.1 Trip the reactor; verify reactor-turbine trip.

c.lf - 2.2 Verify the valve permissive switches for the atmospheric dumps
I( are in the "0FF" position.

'

2.3 Initiate OP 2202.06, Section II (LOCA, small break) in conjunction
witti this procedure.

cif , 2.4 Monitor steam generator levels, pressures, & F.W. flows; Securef
both normal & emergency F.W. to the steam generator with the
highest level & pressure, and the lowest F.W. flow,

Con.mence an immediate cooldown to 475 F T via turbineo. */,,, 2 . 5 Mbypasses; depressurize RCS to < 1000 psia. 'E

CAUTION
MSIS actuation setpoints must be periodically reset during
cooldown to prevent isolation of the " operable" steam
generator.

h. [ / p' bb
e
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\ icHANGE DA1E

_ . .

fECT:C: :: - E T.E;.:- 1::TE : EII: T U:" C AT AC;;'.

1.6.4 Cerb:nctier. of ECE tcrpercture r cnd precturizer pre crurt s
f c;' ::.; ::,;- t!.c "FI::::ciud F4 p tr ' c f T i g.:r * 1 (ftturi-.

ticr. Curve).

1.6.5 Incore instrument temperatures >T for existina pressurizer
sat -

pressure

1.6.6 Oscillations in excore power channels due to steam formation

1.6.7 T increasing (>570'F) and diverging from T and T -TC >50*FH C H
if on natural circulation

2.0 I!UIEDIATE ACTIONS

2.1 Verify reactor and turbine tripped.

...............................

. CAUTION * *

. DO !!OT DELAY SI AS ACTUATION BY DEFRESSING THE PRESSURIZEE =( * PRESSURE SETPOINT RESET PUSHEUTTONS. .

...............................

*2.2 Verify preper ESTAS actuctien, as fellous:

,0 *2.2.1 Indicating lamps on ESTAS actuated compenents correspond~

to the color of the switch nameplates.

A. Eed - Valve open or equipment running.

B. Green - Valve closed or equipment stopped.

.fi *2.2.2 Verify HFS! injecticn flow when ECS pressure <1450 psia.
*

6 . L 2.3 ::cc.ually actuate ESTAS at limits below if automatic actuatien does
not occur.

*2.3.1 SIAS and CCAS - containment pressure >18.4 psia or RCS
~ ~~

pressure <1766 psia
'

*2.3.2 CIAS - containment pressure >18.4 psia

*2.3.3 CCAs - centainment pretsure >23.3 psia

2.3.4 1:::5 - stect generctor prescurr <751 pria
~

(
'

2.3 s ras - n:: < t . ti

a!, '
,- ,

t. \r .

.
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k | CHANGE DATE

.e......:....... : L..: V . . r. . . . g,. . . ...z.. . . . . . t: : r. . . . ._ _ . . . . . - . . . . . . . . . . . .
.. :..-

,I 2.4 Tr;p all ECI's afttr trt : (Sct r L!t been tr;pp;d f;r fili Et:Ond;.
............................

Cl.U!:: ..

. , . . . . _ _ _ , - E r. . _:. ,,.....___.-__....Cu,_.,.... *.< rr -:- :. . . . :. . . . e . .e .....A r : :. . .

. LI :IT OF 100* T/hr. .

............................ ;
|
|

. /ff 2. 5 Verify emergency feedwater actuated and restoring 5/G levels. |

./I2.6 Verify diverse containment isolation. ' M A

.# 2.7 Isolate letdown by closing letdown isolation valve (2CV-4820-2).

.y 2.8 Isolate SG blowdown.

3.0 FOLLOUUP ACTIO!!S

3.1 llotify the Duty Emergency Coordinator.

| 1:0TE |*
| Reverify asterisked parameters in immediate actions using |

{ | available instrumentation. preferably those POST-LOCA qualified.|

| 1:0TE |
| Abnormally high centainment building terperatures will effect | j

| pressuricer and steem generater level indicaticn due to changes |
| in the density of water in the reference legs. Refer to Attach-|
| ments 1 and 2 for steam generator and pressurizer level indi- |
| cation ccrrection facters and reactor building temperature |

| ccepute r points (T5601-1, T!!'2-2, T5603-3, T5604-4, T5E05-5, |

| and T5606-6). |

| I;0TE |
| If <20'T margin to saturation is maintained for >5 minutes, |
| Il2T >1 mei/gs, er plant transient occurs which cau:es an ECCS |

*
. .| actuaticn, refer to 1933.30 fer detera.inction of emcrgency |
'

| action level. |

3.2 !!cnitor pressuricer pressure, RCE temperatures and margin to saturation;
maintain at least 50'T margin to saturation by holding RCS pressure near
the maximum allowable pressure within the cooldown pressure temperature
curve (Figure 2) if pessible.

,

.

.................................
CAUTIC! ..

. to !!OT EEEET SIAS AFTEE EC::A-E! E ACTUAT:C:: U::!IL TLA!!T IS .

. C :L E D E 0'. :: 1.!!D C EI EEES UF I. EL: TEE::;.TUEE EEEET;;;;5 CCU'' .- .

( . f.ESt;; I:' LCE: OT A* L IT Ev!:.EL*. ACTU;.!EO CC:*i c::E :IE I:: TI:E .

' . E VE::: CT L;;0 CF ICLEE U::I:L F.EA;;UATEL A!:L STAhi I:!:E LELAYS .
. HAVE ELAISEL. .

. . ...............................
o

/ b*
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4.7/7.7 SIA5 and RAS occct simultanecusly while at pca r E >.c l ud i r ; ttsponse to
the reactor trip:

~
*

A. What is the immediate action for this situation?
(Deleted as result of recent procedure chance)

B. Describe how the SIAS is validated for one of the four (4).
emergency conditions which initiate SIAS. (1.5)

C. If the SIAS is determined to be invalid, what immediate recovery
actions are required? (1.5)

ANS: See attached sheets

REF: E0P 2202.08 pgs 2&3

.
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2.0 S'I':I: m:5

1.1 US/ESI pretrir/ trip alarm (r)

1.; E :.f t ty 1:.it cliu Epte. act anu, cla:r u)
.

1.3 Fossible annunciator alares associated with reacter trips:

1.3.1 RPS/ESF pretrip/ trip channel alarm (s)

1.3.2 RPS actuation channel alarm (s)

1.3.3 PPS channel trip alarm (s)

1.3.4 Reactor trip break-r switchgear trip alarm (s)

1.4 Pretrip/ trip indication on PPS insert on 2CO3

1.5 SIAS lamps on PPS de-energized

1.6 SIAS actuated pumps, valves and/or components in their SIAS position

2.0 IIIl!EDIATE ACTIONS

2.1 If the reactor has tripped, carry out the " Reactor Turbine Trip"
procedure.

* 2.2 Determine validity of SIAS cignal as follows:
,

2.2.1 Pressurizer pressure and level decreasing

S]G preccure appre.':imctely normal
I

6f') # Containment Buildino pressure, temperature, humidity ar.d
sump levels increasing

SIAS is valid: follov 'Losc of Reactor Coolant" ,

2.2.2 Pressurizer pressure and level decreasing

S[G pressure abnormally low

Containment Buildina pressure, temperature, humidity and
sump levels increasing

RCS Temeerature abnormally low

sIAS it valid: fc11tv " Sic a . Supply Syrte F.upture" ( tc c-
rupturc 2r. tide ccr.ta;r. ent building)

''
.,

'

i
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2.2.3 I n t ruri: c i pruture a:.u icvtl dt en acing

,

y p et su:e a:.:c:r cil) I t .:

c : - t - i ~. : - T: ildi : p: t t run , tcrptretu:. hu ::::. c: :...,
& su p levtis constr.n:

-

1

kRCS Temperature abnormally low

SIAS is valid: follow " Steam Supply System aupture" i

}

2.2.4 Pressurizer pressure and levels decreasing

Radiation Monitors associated with Primary to Gecondary leak
| increasing .

j
.

i 5 35 is valid: carry out "S/G Tube Rupture"

2.3 If SIAS is determined invalid- verify >50'F margin to saturation and;

: secondary decay heat removal and secure inadvertent SIAS by:
25

F M 2.3.1 T' ace HPSI pump (s) handswitches in " Full to Lock". t

2.3.2 Place LPSI pump (s) handswitches in " Pull to Lock".

2.3.3 Place Boric Acid pump (s)'handswitches in " Pull to Lock".

2.3.4 Place staniy chtrging pump (s) handswitcht s in ''5tcp".

3.0 FOLLOWUP ACTIO!!S

e e e e e e e e e e e e e e e e e e e e e e . .e e e e . .. . .
. CAUTIO! . ;
* IF EQUIPIIEllT CAN!!0T BE RETUPl?ED TO NOPJ1AL CONFIGURATIO!i *

* CAPABLE OF AUTOMATIC ACTUATIO!! WITHIN ONE HOUR, IIIIIEDIATELY *

* I!!ITIATE A C00LDOWN TO COLD SHUTDOWN AT THE IIAXIMU11 ALLOWAELE *
* RATE. *

.e e.e o e e e, e. e e ae e e t a . ; e e. $ ,e e eeee e c e c : e
-

. .

3.1 Determine and correct cause of inadvertent actuation, rese ~the
affected systems and return all handswitches to normal.

3.2 If RAS actuated inadvertent.1.y, return to RWT suction as fellows:

3.2.1 Reset the RAS actuation.

3.2.2 Clcse a set of ccntairsent su.p suction valver (ICV-5649
and 2CV-5650 el 2^V-5647 and 2;.r-5645) .

I

3.2.3 cp t r. LWT :.u: icn vc1va (;cV-Eci: ar.d 2CV-5 m ).

/-L. ,
,

_ _ _ _ _ _ _ - _ _ _ _ - _ _________ _ .__ __________n
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4.t //.0 i t r /M i r e a clu n 1622.C 3 vir,i t r6Jictio- lt.t11 a'io cc:.di t ions t ( pii <

posting as:

A. Radiation Area
L. High Radiation Area

(List all possible conditions) (1.5)

AN5:

A. 02.5 mR/hr inside controlled access area (and Rad waste storage

buildings)
20.8 mR/hr outside the above areas

B. Any area where (accessible whole body) dose rate is 2100 mR/hr.

REF: G-RWP 1622.003

_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ .
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4.9//.9 114 rt actor has been opu ating at inc conditions of point J on
Ficure 4.9.1 for six (6) hours.

A. Using the data on lable 4.9.1 what will be the final boron
concentration if the plant condition is changed to point 2 of
Figurc 4.9.1. Show all calculations (figures 4.9.2 through 4.9.9
and reactivity balance work sheets are provided to assist
calculations). (2.0)

B. If the total accumulated operating time to the right of line A on
Figure 4.9.1 is 4.875 EFP0 for the month, which of points 2, 3, or 4
can be attained without violating tech specs? The OP 2102.04
procedural guidelines and requirements for rod motion and rate of
change of power apply. For each point describe the method you would
use to get there and the time it would take. Explain how you comply
with tech specs (if at all) for changing to the condition for each
point. (2.0)

ANS:

A. 450 ppm (see reactivity forms)

B. Point 2 yes ~8-10.5 hr
By boration and rod withdrawal, rd ht. can be raised above the limit
(long term) in 2.5 hr while holding power constant. This will only

burn up 1.5 EFPH of the 3 remaining. Then power assention to 100%
in limited to less than 5%/hr so that just over 8 hours are
required to get to 100% power.

Point 3 - yes ~3.5 hr
Use same method as for point 2 but do not inctease power. Rod

motion is limited to 10 in/15 min through out the withdrawal. The

long term limit is achieved in the same time as for point 2 with the
same EFPH burn up.

Point 4 yes 1.5 hr
By increasing boron by about 70 ppm power can be reduced below 20%
as fast as the turbine can be unloaded while raintaining Tavg =

!

Tref. Admin. limits for power reduction are 30%/hr

REF: OP 2103.15, 2102.04
Tech Spec 3.1

for A: portial credit evaluation shoulld be based on

1. If reactivity balance forms are used: end point valves
shouldbeenteredforHFP,ARD,XeFree&EqSM.

pfuel = p Boron,all other p = c'

4.5% K = 4.02 % K/K (m ne ) 1.12 (conecdon f actor)
fg

4.02 K Boron => 450 ppm f rom graph
jg

l.
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Work Sheet A-1 Reactivity Balance During Critical Operations to Analyze for
Reactivity Anomolies
Reference Conditions: 100%FP, 583*F, 2250 psia, no Xenon, no Boron, HTP
equilibrium Samarium
Data Needed for Calculation:

' k [+TC J ppaCycle Burnup .300 EFPD ; RCS Boron Conc.

*RCS T, .fSQ *F ; Heat Balance Power I.evel /6c7 %FP .

* NOTE: Use average of CPC Channel A '

PID 160 & PID 162 for T From: SEL | |, Other
(or an equivalent indic$lfon) '

CEA Crp. 5 g D_ in wd., CEA Crp. 2 / ~,'d in vd . , CEA C rp . 3 /*[d in wd ,,

CEA Crp. 4 / O in ud. , CEA Crp. 5 _/ylin v3. , CEA Crp. 6 / 'j C in wd . 5}A,- .'

,

- f,,?%a ,' PLCEA Crp /q) in.wd. "- ,e

1. From Attachment A-1: ,

f(Fuel) : J,W % Ak/k
- .-t

___.

2. Frce AttacLeent A-2: f(b r c>n) = (/ 1 Ak/k
From Attachment A-3: EorenVc,rtriurnurCorrection= /. / 2
From Attactrer.t A-4: E ren Vcrt! Tc=p. Correction = _ ] O
p(E c r c.n)2 = p(E cren) > I :r u;. (< . rectic s x Temperature Cor rection

- p(foren)* = 4 [st.c f 3 ***/k x i. 82 x _f. ( .

_

OA~ p(foron)* = M6 % Ak/ke

3 i
N14 ric ratt.r e cor rection, p(Ter;) = 0, -

3. If T ' = $E0*F i 2*F, r.ert t

otteNIse, f ro:. At tacL er.t A-5 :
* Ak

aterp(Tavg) = x 10-4 it'F
~

Ak

atemp(580*F): x 10-4 FF C
ate:rp(Tavg) + aterp(55' A )F

I

p(Tc:rp) = 2 x (Tavg - 580*F) x 100%
+

x 10-* Ok_ |
k'F X 'T x 100% 3= . y

Ip(Ter)= __. _ C' i>.k / k i
i

__

I
'

4. Tre: Attac!Jent A-6 (Ir :e r; . late c t cen g a rar.etric l ur r up c ur.es):

* *3 / 6 |a) Icr }re!er.t cc;ir a r. ; C E.". 7 : ..; ; m: i t j er. f- L C ' ' s } :. _
_

.
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b) From Attachment A-7:
Additional worth due to PLCEAs = h Ek/k.

c) Sum of 4a and 4b: p(CEAs) + p(PLCEAs) = (h % Ak/k*

*

d) From Attachment A-8:
Temperature Correction Tactor (TCF) =

e) p(CEAs met) = [p(CEAs) + p(PLCEAs)} x TCF
.

| p(CEAs net) = h % Ak/k -

- _ lI

5. From Attachment A-9 (Ir.terpel' ate between parametric Eurnup Curves)

l I ..%'.
( I p(Power) = b Mk/k | J,

M[ ]| |
'

,'I .r. -

-

6. From: SAXON 2 | |, Other (Indicate Method)

'

| p(Xenon) = % ak/k
I I

| 7. *f sa::ariu is at }7I e quilibrius, neglect additional san,arium worth,
p(Sa-arium) = 0

*,
Otherwise, From: SAM 2 | 1, Other (Indicate Method)

| p(Samarium) = C 1 ok/k (
I I I

'

l

8. Sus the follewing:
'

p(Net)=p(Fuel)-p(Fron)*iplTec.p)-p(CEAsnet)+p(Power)-p(Xenon)
- [ 2 p(Samarium)] ,

C
- I p(Net) = 44.5' _ Ek/k |

|
~ l

If p(Net) exceeds ! 0.$Uk/L refer to Section 4.0, Lin:its and Precautions;

Ferforr<>d By
___
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Waste Gas Dischtrgc line High4,30/7.10 What cie the irc.edietc actions for e

Radiation alartn?

ANS: 1. Secure any vent operations in progress

2. Verify 2 Cs'-2428(2C-14) waste oas discharge it ir valve closed.

REF: AOP 2203.006

e

_
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4. H A. List the plant oprator's ir: EGibtC actiont/ dutiei whet. C or.t' 01 T OGr
evacuation and remote shutdovin are required. (1.5)

B. During ren.ote shutdown what is required to prevent inadvertent
initiation.of SIAS, M515, or CCAS? (1.0)

- AfiS: See attached sheets

REF: ECP 2202.33 pgs 187

__.
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L. Adn.inistt ative Proceaur ts , Conditic ns and Limitations

8.3 A. What are the four (4) Emergency Action Levels (EAL) specified in the
EAL response procedure? (1.0)

B. The subcccled conditior. of the RCS can degr 6dt tr the point that an
EAL may be entered. Identify the degraded subct; led condition which
satisfies the classification criteria for entry into the lowest

EAL. Cor.tiriue to degrade this condition ano ine:icate thc criteria
which escalate the emergency to each subsequent EAL. (3.0)

,

ANS:

A. Unusual Event (.25 ea)
Alert
Site Emergency
General Emergency

B. 1. Margin to saturation <20*F for >5 min unusual event (1 ea)

2. Margin <20*F for >10 min (w/o indication of immediate recovery)
alert

3. At saturation - Site Emergency no higher level

REF: EPP 1903.10 pgs 3, 4, 5, 14 & 26
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0.c v/nat u t ies nun bers apply te the follcming prvu dari-1 a r ci (e xt ; i(:
Training Admin Procedure - 1063) (2.0)

A. Radiation Protection Procedure
B. Abnormal Operating Procedure (Unit 2)
C. Ercrgency Operetino Procedure (Unit 2)
D. Entergency Plan Implementing Procedure
E. Offsite Dose Projection Procedure

ANS:

A. 1622 series .4 if either of first 2 number wrong

B. 2203 .2 if either of last 2 number wrong

C. 2202
D. 1903
E. 1904

REF: EP 1903.01 pg 1

.
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6.3 A. . List five (5) categories et types of te;;orety roodifications which
are governed by the Jumper and Lifted Lead Control Procedure
(OPA 1000.28) (2.5)

B. What temporary modifications are enmpt f rom this procedure? (1.0)

ANS:

A. 1. Install /remov.. electrical ju ,:ers
2. Lifting electric leads
3. Install / remove mechanical bypasses, spool pieces
4. Alter mechanical configuration
5. Install / remove blind or blank flanges

6. Rotate spectacle flanges

B. 1. Temporary modifications covered by approved procedures or work
plans

2. Install / remove hand held jumpers

REF: OPA 1000.28

!
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E4 k.' t i ! c HOLD cards be issur.d it, the nv4 01 the Maintencnc(

(1.5)

ANS: 1. Jobs extending beyond ore shif t which will require multi ileI
crews.

2. Whco assignment of less individual is expected to change during
the course of the job.

REF: OPAP 1000.27 pg 6

._. ._. _ .- ._ --. .. .-
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b.b True or ialse. 11 is pertiissible to intentioni,li) U.tcr technical
specification action statements for routine maintenance if the
Maintenance Superintendent's permission is obtained. (0.5)

.

ANS: False permission rust come from the Operations Superindentent or
Operations Manager.

REF: OPAP 1000.27 pg 10

4

!

.

i
l'
f.

!

|
|

-_ . _ - . _ _ , _ - . . - _ . . - - - _ _ _ _ _ _ . . - _. _ . . . . - . -
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E . f- Give five (5) examples of serious injury which b) de f i r-i t ie: c . t v e. th..,

Personnel Err.ergency Procedure LP1903.23. (2.5)

ANS: any five (5)

1. Loir of cone +: 'ousness (rort than ror entary)
2. Fracture (actual or suspected)

3. Head injury
4. Injury thet nay have damaged internal organs
5. Serious burn
6. Hemorrhaging (bleeding)
7. Large dose of radiation (>50R)

REF: EP 1903.23 pg 2

|
1
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8.7 Wriat threc (3) syrutoms art sufficient to orce', a plant e.atuat ion' ( .: -

AfiS: 1. Unevaluated general area radiation levels exceeding 2.5 rRem/1r
outside of the controlled access areas which are not attributed
to any cause other than a possible radiological incident.

Ur. evaluated airborne radioactivity in excess of 1 x 10'9 uCi/cc2.
r easured outside of the controlled access areas.

3. An uncontrolled toxic gas leak where the hazard is not confined
to a local area and the conditions continue to increase in
severity.

REF: EPP 1903.30 pg 3

|
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8.E 6. Wnct is the r.,it ir.un.16vg allov/tc by Tech Specs v,hile ci iticei !

(Exclude special tests) (0.5)

. hat action (s), including time limits, is/are required if Tavg goesE. W
below the limit while critical? (1.0)

AN5- A. 525 F
B. be above 525 F in 15 min. (.5) or be in HOT STANDBY in next

15 min. (.5)

REF: T.S. 3.1.1.5 pg 3/4 1-6
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E.9 Which c.f thc following itens art a&: t t u a tiy Tecta.icci EM ;ificaticnsi

Answer YES if the item is, and tj0 if th( item is not addressed in the-
Technical Specifications.

E:
A. Prir.ary contaiteent humidity yes 3.6.3.4
E. Offsite power feeds yes 3.Ei.1.1
C. Plant computer no
D. Service water pumps yes 3.7.3.1
E. Cfr pumps nc
F. E> core nuclear instrumentation yes 3.3.1.1
G. CVCS volume control tank no
H. Secondary chemistry ( .125/or yes-Activity or

Rad. Chem) no
I. Lake Dardanelle Level yes 3.7.5.1
J. Spent fuel pool building crane yes 3.9.7

REF: ANO Unit 2 TS
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6.10 List the afftcted systerr and statt whether it woulci be condietrca
operable or inoperable pcr Technical Specifications (i.e. , outside an
LCD-entered action statemcnt) for each of the following conditions
(unless otherwise specified, plant is at 100i power and all other
conditiens normal): (4.0)

A. Level instrumentation for one safety injection tank failed.
B. Condensate storage tank inventory of 150,000 gal. total
C. During normal refueling, one airlock doct seal damaged sc as to

prevent proper sealing.
D. During low power physics testing, average reactor coolant

temperature is 400 F and reactor critical.
E. Control room air temperature reaches 130 F while Hi radiatioa alarm

exists.

F. Only one heat and two smoke detectors are found operable
in EDG room 2093

G. The last two monthly surveillance tests of a diesel generator have
each been performed 6 days late

H. The bulk temperature of the spent fuel pool is 135'F.

ANS:

A. ECCS/SI INOP (0.5 each)
B. EFW (CST) INOP (3.7.1.3) .25 sys, .25 OP/IN0P
C. Airlock / Containment OP (3.6.1.3)
D. Reactor Core OP (3.10,5)
E. Control Room Emergency Ventilation INOP (3.7.6.1)
F. Fire Detection Inst OP 3.3.3.8
G. DG INOP 4.0.2, 4.8.1.1.2
H. SFPC/ Fuel Storage OP (3.9 Series)

REF: FCS TS

for B If answer says that 80% is the limit but does not state
whether 150,000 gal is equal to,less than,or greater than
80% deduct .125

- . _ - _ _ - -_



,
.

.
*

.

E.11 Classify each of the f ollowing conditions to the appropriate emergency
action level in accordance with Emergency Plan Implementing Procedure
Emeraency Action Level Response (1903.10) (3.0)

A. Reettor coolant activity greater than lechnical Specification limits.

B. Loss of all annunciators.

C. Security threat'resulting in loss of physical control of the
facility.

D. Fuel handling accident with radiation released to fuel building

E. Multiple steam generator tube failure beyond make up capacity
coincident with high primary system activity.

4.

F. Loss of all offsite power.

ANS:

A. Unusual event D. Alert (0.5 each)
8. Alert E. Alert .25 for 1 too hi

C. . General Emergency F. Unusual Event .4 for 2 too hi
.5 all other

REF: EPP 1903.10 pgs 5, 15, 26, 38

,
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Table 2: Saturated Steam: P7 essure Table
#

Aos Press. Tem 0 Sat. $st $at. sat sat Sat Aos Press

Lb!$0 Ift T8hr liowd Iva0 V3 Dor bound ba0 Vapor Licuid ba0 V400r LD> $0 in

9 I 't '93 'g hg h,g li Sg $ ,g Ig 3
g

talets 32018 0016*22 33:2 4 3302 4 0 0003 10?5 5 10755 0 0000 21872 t tt?7 8 88865

825 59 323 0 016032 1235 5 1:35 5 27382 10601 1087 4 00542 2 0425 2 006) 8 25

4 58 79 586 0 016071 64 5 641 5 47 623 10486 10 % 3 0 0925 15446 2 0370 SH

10 10174 00!6836 33359 33360 69 73 10 % 1 ICS 8 0 1326 l 8455 I 9781 18

Its 19321 0 016592 38404 38420 16126 982 1 143 3 0 2836
'

6094 1 5443 5t

58 162 24 0016407 73 515 73 532 13020 1000 9 131 1 0 2349 |

$043 1 7879 Ig g

14 608 212 00 0 C16719 26712 26 799 18037 970 3 .150 5 0 3121 4447 17%8 14 stl

ils 213 03 0 016726 26274 26 290 18121 9697 3150 9 0 3137 ,4415 1 7552 15 I

2te 227 96 0 016834 20070 20087 19627 %01 1156 3 03358 13962 1 7320 fe e
,

su 250 34 0 017009 13 7266 13 74M 218 9 945 2 1164 1 0 3682 13?!3 16995 38 8

4e e 26725 0 L 7151 30 4794 10 4 % 5 2361 933 6 1869 8 0 3921 12844 16765 as a

Hs 28102 0 017274 8 4967 8 5140 2502 523 9 !!?41 0 4112 12474 1 6586 ut

ate 292 71 0 017343 71562 7 1736 262 2 915 4 1177 6 04273 12167 1 6440 ses

7e e 30293 0 017482 5 1875 62C50 272 7 9078 1180 6 0 4411 11905 1 6316 ft8

se 312 04 0017573 5 4536 5 4711 2821 9009 !!83 1 0 4534 11675 l 6208 8e e

sts 32028 0017j59 4 4779 48953 2901 894 6 1185 3 04643 11870 1 6113 18 8

tats 327 32 0 017740 4 4133 44310 298 5 688 6 1187 2 04743 11284 1 6027 istI

tita 334 79 0 01782 40306 4 0484 305 8 s831 1188 9 0 4834 11115 15950 115 3

1210 34127 0 01789 3 7097 3 7275 312 6 877 8 !!90 4 04919 10%0 1 5879 12t s

13t3 34 TJ3 0 017 % 3 4364 34544 319 0 872 8 1891 1 08998 I0815 1 5813 13e i

144 8 353 04 001803 3 2010 32190 3250 868 0 1193 0 05073 1 0681 1 5752 tea e

15tt 35843 (LC1809 2 9958 30139 330 6 863 4 t1941 0 5141 1 0554 1 5695 IMO

its e 363 55 0 01815 2 81 % 2 8336 3361 159 0 !!95 1 0 5206 . 1 0435 1 % 41 164 9

37t3 368 42 0 01823 2 65 % 2 6738 341 2 854 8 (196 0 0 5269 1 0322 1 5591 118 0

ises 373 08 0 01:27 2 5129 2 5312 346 2 850 7 !!96 9 0 5328 10215 1 5543 tes t

Itu 3??.53 001833 2 3847 2 4030 350 9 846 2 1197 6 0 5384 10113 1.5498 196.8

7tEI 381 80 0 01839 2 2689 2 2873 355 5 542 8 1198 3 0 5438 10016 1 5454 fee t
-

21ts 385 91 0 01844 2 16373 2 18217 359 9 139 1 1199 0 0 5490 0 9923 1 5413 21s s

22t 6 389 84 0 01850 2 06779 2 C8629 364 2 135 4 1199 6 05540 0 9834 1 5374 228 8

23ts 393 70 0 CII55 |97991 1 99846 368 3 431 8 12001 05588 09748 15336 238 I

244 8 397.39 0 01860 1 89909 1 91769 372 3 828 4 2006 0 5634 09H5 1 5299 talt

250 0 400 97 0C1865 1 82452 1 84317 376 1 825 0 20! ! 0%79 0 9585 1 5264 not

264 0 40444 0 01870 1 75548 L 77418 379 9 821 6 ,201 5 0 5722 0 950s 1 5230 78e 4

2hl 40180 0 01875 1 69137 71013 383 6 818 3 ;201 9 0 5764 0 9433 1 5197 275 9

2ste 411 07 0 01880 1 63169 .65049 3871 815 1 (202 3 0 5805 0 9361 1 5166 238 0

2313 414 25 0 01885 1 57597 , % 482 390 6 812 0 1202 6 0 5844 09291 1 5135 298 9

set s 417 35 0 01829 1 52384 154274 394 0 8C8 9 :202 9 05882 0 9223 1 5105 3se l

431 73 0 01912 1.30642 1J2554 409 8 194 2 204 0 0 6059 0 8909 I 4968 354 8

'he 3 4A4 60 0 01934 1.14162 3 4095 4242 780 4 ,2046 0 6217 08630 14847 sets

esta *
.

*
*

f ..

als 8 4 % 28 0 01954 101224 1C1179 4373 7675 1704 8 06360 08378 1 4738 45ee,

let t 46701 0 C1975 0 90787 0 92762 449 5 755 l 1204 7 0 6490 0 8148 1 4639 Set t
154 8

538 8 47694 0 01994 0821 3 0 84177 460 9 743 3 1204 3 0 6611 0 7936 1 854' .

6aa e 48620 0 C2013 0 74962 0 76975 471 7 732 0 12037 0 6723 0 773 1 4461 6esI.

854 8 49449 0 C2032 0 68811 0 70843 481 9 720 9 1202 8 0 6828 07552 14381 458 8

714 8 503 08 0C2050 0 63505 0 655 % 491 6 7102 1201 8 06928 07377 ! 4304 788 8

758 9 51084 0 C2069 0 58880 0 60949 500 9 699 8 12007 0 7022 0 7210 1 4232 758 I

Ist t $18 21 0 C2087 0 54809 0568 % 509 4 6896 !!99 4 0 7111 0 7051 14163 Ott g

854 8 52524 0 C2105 0 51197 0 53302 518 4 679 5 !!98 0 0 7197 06899 1 40 % ssa s

tot 8 531 95 0C:123 0 47968 0 $0091 526 7 6697 !!% 4 07279 0 6753 1 4032 sts a

95t 3 $3839 OC2141 0 45064 047205 534 7 660 0 !!947 0 7358 0 6612 !?970 958 8

10:1 0 544 58 0 02159 042436 0445% 542 6 650 4 1192 9 0 7434 0 6476 1 39:0 tscal

18549 550 53 0 C2177 0 40047 0 42224 550 1 640 9 !!91 0 0 7507 0 6344 1 3851 test e

lite t 156 23 0 02195 0 37863 040058 557 5 631.5 !!89 1 0 7578 06216 1 3794 1188 0

1154 0 % 1 82 0 02214 035859 038073 564 8 622 2 !!870 07647 0 609) ; 3738 1158 8

list B $6719 0C2232 0 34013 0 36245 571 9 6130 liga 8 0 7714 05%9 ;3183 1288 I

1254 8 572 38 0 02250 0 32306 0 34556 5788 603 8 !!82 6 0 7780 0 5850 13630 1254 8

1338 I $17 42 C C2269 0 307:2 0 32991 585 6 5946 !!80 2 0 7843 0 5733 1 3577 13tt t

1354 3 582 32 0C 288 029250 0 31537 592 3 585 4 !!77 3 0 7906 0 5620 ! 35:5 1351 e*

taet t 18707 0 02307 0 27471 0 30178 598 8 576 5 1175 3 0 79 % 0 % 07 3474 tatti

tale 8 59170 0 C2327 0 : s5 84 02?911 605 3 5674 !!72 8 08026 05397 : 32:3 1458 I

1508 3 $96 20 0 02246 0 25372 0 27719 611 7 5584 !!70 1 0 8085 0 5288 ;3373 tielt

1158 8 600 59 CC2366 0 24235 02%31 618 0 549 4 11674 08 22 05182 1 33; 1554 9

tset a M4 87 0C 357 0 23:59 0 ;5545 6242 5403 1164 5 0 8199 0 SC76 ;3 7' 'lcs e

1858 3 M905 0 C:407 0 22143 0 2:551 630 4 531 3 ;ifi 6 0 1:54 0 297: ; 2:25 1550 0

11st e 61313 CC2428 0 21178 023607 636 5 52 2 ,;58 6 2 43t9 0 :467 1 3;76 17tt e

175f t 617:7 3C 250 0 20*53 02:713 642 5 $!!! :!5! 6 0 836) 0765 ,l 1758 4*

tles e 62: 02 3C:72 0 19390 0 2186I 985 103 8 .;!2 0 8;; . :%: . 7? 180s 8

06 7 34%i ; p?2 teta s

0 95*9C249 O !!!58 3 21052 695 49 { N90
0 u59 ' .il; t tts t

0 0:51{, 0 17761 0:0278 %04 465 4 3561956 0 i24 83

tile s 432 :2 202141 016999 0195 0 5% ) 475 8 ,;42 0 0 8574 34358 29?; itse t
titt e 62856

.3:e e 635 to :C 565 3 162 % 0 ;8!31 672 : 266 2 .;283 3962! O 47 % 255i 2208 8

2t48 54276 302!15 :ssB5 0175C: H35 us' ;20! 3 87:' 0 :053 7 50 :1838

2 St t 9925 :C;%9 0 13603 3 16270 495 5 426 7 ';! ! :!!28 33548 3?i 22ttI

2.Ja 3 655 49 :C27 7 0 12:06 0 15113 *07 : :06 0 J3 3 8929 ) 3640 !!G :3sti

24ss e %2 :1 :C2?90 0 11:17 0 ::C76 790 242 8 .;33 ' 3 933; 3 3:30 ::M :sse s

2!0s t HI1; ;C:stl 3 10:09 J ;2068 73: 7 Ci ;293 i :9!!9 22*06 22:5 250s s

*+ !!2 0 !*:7 0 :1* * . :! :6ct a

!sta g 573 91 2928 2 0917 3::;.0 *u 5 ..i;!. 297 :HM :T;; !!9* 270s t

2 tat i:153 :C2:29 * C8165 0 ;;94 *!* ;

29Ct e i64 96 : 3:24 * 07; *; '| :0305 "O* !!! . 55 I 2964 :::$: .H! Ilclt

29:3 8 H0 : ::3:5! OC(;5: 20520 *l5 ; !5 * 229 8 37H8 ::::5 ;!Z :1:88

:::t t H! 33 :CI!9 2 0W3 4 8500 10; I ;!: 3::: i*:9 :;19: 1:i it:tI

Itse s *:C * f ;?il! 2 037 ". 2 C?252 122 0 ;H Hli OR :: n . i* ? 3188 8

323s t *:S Cs . u': 20;;9; 3:5H3 875 5 % H:! . :25: 3 0:47 182* 3 :t t

32882* *05 7 3 ;5:75 J CMO: 0 :5073 706 0 .: M60 ;36;* MA ;6;! 22ttP

C

cnt o O m w
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Table 1. Satursted Steam: Temperature Table-Continued

Entnaicy rarr00,

Temo [0 pge $3t $31 $31 $at $31 $3t 70 ' 0
ACs Pres 8 50ecific ver meu

F an' 50in ticu'd (va0 vacot b0uiO fea0 vacoe (.09 0 (va0 va:ct Font
I

n, h eg n %. leg %g
e

## ' 't 't

444 8 466 87 0 01961 0 97463 0 99424
441 5 7632 1204 8 0 6405 0 8299 1 4704 4Hft 0

op I 485 % 0 01969 0 93583 0 95557
446 1 754 6 1204 7 0 6454 0 8213 14M7 4H 8

444 8 50443 0 01976 0 89885 0 91862
450 7 754 0 12046 0 6502 08127 1 4629 ott i

472 3 524 67 0 01984 0 86345 0 88329
455 2 749 3 1204 5 Mill 08042 14592 472 8

478 3 545 I! 0 01992 0 82958 0 84950
459 9 744 5 1204 3 0 6599 07956 1 4555 41s 8

tas e 566 15 0 02000 079716 0 81717
445 739 6 1204 1 0 6648 07871 14518 488 9

444 0 547 81 0 02009 0 76613 0 18622
44 9 I 734 7 12C38 0 6696 0 7785 1 4481 464 8

444 8 610 to 002017 0 73641 075654
473 8 729 7 1203 5 06745 0 7700 1 nas ass 4

492 e 633 03 002026 0 707 % 0 72820
4785 724 4 1223 1 0 6793 0 7614 1 4407 482 s

est8 6%61 0 02034 068065 070100
4832 719 5 1202 7 0 6842 0 7528 I 4370 allI

let t 68086 0 02043 065ut 0 67492
4879 714 3 1202 2 0 6890 0 7443 1 4333 SMS

Sea 8 705 78 002 53 0 62934 0 64991
4927 709 0 12017 0 6939 0 7357 I 4296 5H 8

508 8 731 40 0 C2062 0 6C530 0 62592
4975 703 7 1701 1 0 65B7 0 7271 1 4258 set t

512 8 757 72 0 0207? 0 58218 0 63289
502 3 6942 1200 5 0 7036 0 7185 1 4221 1t2 8

3163 784 76 0 02081 0 55997 058079 507 1 692 7 1191 8 0 7085 0 7099 1 4183 516 8

528 0 812 13 0 02091 0 53864 0 55956 512 0 6870 1199 0 0 7133 07013 1 4146 528 8

524 8 841 04 0021C2 051814 0 53916 516 9 641 3 llH 2 0 7182 0 6926 1 4100 528 8

128 8 870 33 0 C2112 0 49843 0 51955
521 8 675 5 !!97J 0 7231 06839 1 4070 lit t

532 8 900 34 0 02123 0 47947 0 50070
526 8 669 6 !!96 4 0 7280 0 6752 1 4032 132 8

5363 93:IF 0 C2134 0 46123 0 48257
5313 H36 1895 4 0 7329 06H5 13993 538 8

544 8 962 79 0 02146 0 44367 0 46513
536 8 657 5 1194 3 0 7378 0 6577 1 3954 548 4

M48 995 22 0 02157 0 42677 0 44434
541 8 6flJ !!93 1 07427 0 6489 1 3915 544 8

544 8 1028 49 0 02169 0 41048 0 41217
546 9 6450 lit! 9 0 7416 0 6400 1 3876 548 8.

552.9 1062 59 0 02182 0 39479 0 41660
552 0 638 5 1190 6 0 7525 0 6311 1 3837 552 8

Int * 1097 55 002tp 037%6 0 40160 557.2 632 0 !!89 2 0 7575 0 6222 1 3797 558 8

5u8 !!33 38 0 02207 0 36507 0 38714
562 4 625 3 !!87 7 0 7625 0 6132 13757 568 8

544 8 1170 10 0 02221 0 35099 0 37320 567 4 614 5 1386 1 0 7674 0 6041 1 3716 5H e

164 8 1207 72 0 02225 033741 0 35975 512 9 611.5 !!84 5 0 7725 0 5950 13675 568 0

172 8 12426 0 02249 0 32429 03478 578 3 6045 1182 7 0 7775 0 5859 13634 572 8

576 8 12 85 74 0 0:264 0 31162 0 33426 543 7 5972 1180 9 0 7825 0 5766 1 3592 575 8

581 8 1326 17 0 02279 0 29937 0 32216
1891 5'89 9 1179 0 0 7876 0 5673 13550 lu e

584 8 13677 002295 028753 0 31C44 594 6 582 4 1176 9 0 7927 0 5580 13507 5H e

Seta 1410A 0C2311 0.27600 029919 6001 574 7 1874 8 0.7975 0 5485 1344 588 8

H20 14533 0 C2378 0 26499 018827
6051 %68 11726 08030 0 5390 13420 582 8

SOL 4 14978 0 02345 0.25425 027770 6in e 558 8 11702 0 8082 0 5293 1 3375 SM8

..

. .

Hta 15432 0 02364 0 24384 016747 6171 550 6 !!67 7 0 8134 0 5196 1.3330 6at e

644 8 15897 0 02382 0 23374 0 25757 622 9 542 2 1365 1 08187 0 5097 1 3284 sea t

688 8 16373 0D2402 0 22394 0247 % 628 8 533 6 1162 4 0 8240 04997 1 3238 588 0

412.8 16861 0 02422 0 21442 0 13865 634 8 524 7 1159 5 0 8294 048% 1 3190 612 8

5118 1735 9 0 02444 010516 012960 640 8 515 6 1156 4 0 8348 0 4794 1 3141 sits

(28 8 1786 9 00246 01%I5 0 22081 646 9 5063 !!!3 2 0 8403 04689 1 3092 878 3

524 8 18390 0C2489 0 18737 0 21226 653 8 4%6 1149 8 0 8458 04583 1.3341 824 8

428 8 892 4 0 02514 0 17800 0 20394 659 5 486 7 !!a6 3 0 8514 O u74 12988 628 8

622 0 IM70 0 0:539 0 17044 0 19583 665 9 476 4 1142 2 0 8571 0 4364 12934 632 8

63La 20028 0 C2566 0 16226 0 18792 672 4 457 1838 1 0 8628 04251 12879 536 8

648 8 2059 9 0 02595 0 15427 0 18021 679 1 454 6 !!!3 7 0868f 04134 12821 644 8

644 8 21183 0 02625 0 14644 0 17269 685 9 441 1 1129 0 0874 0 4015 1 2761 440

M48 21781 0 02657 013876 0 16534 692 9 431 3 1124 0 C E806 0 3993 1 2699 His

652 8 2239 2 002691 O13124 0 15816 700 0 418 7 !!!8 7 08868 0 3767 12634 512 8

Esta 23011 0 02728 0 12387 0 15115
707 4 405 7 1113 1 0 8931 OJ637 1 2567 858 8

Ha8 23457 0 C2768 0 11663 0 14431
714 9 392 I !!07 0 08995 0 3502 1 2498 568 8

444 8 2431 1 0 02811 0 10947 013757 722 9 377 7 !!00 6 0 9064 0 3361 12425 564 8

H&4 24981 0 02858 010229 0 13087 731 5 362 1 1093 5 0 1137 0 3210 1 2347 668 8

572 8 2566 6 002911 0 09514 0 12424 740 2 345 7 1C85 9 09212 0 3054 122M $72 8

674 8 26J68 0 02970 0 08799 C ilf 69 749 2 328 5 10776 0 9287 0 2892 1 2179 675 1

606 8 2'08 6 0 03037 0 C8080 0 11117 758 5 110 3 10685 0 9365 0 2720 20 % EH $

644 8 ??l2 : SC3:14 0 07349 01043 ~68 2 290 2 :053 4 09u7 02?37 ' ;984 584 8

648 8 28574 0 03204 0 C6595 0 09799 *78 8 2E42 :0470 0 9535 0 2437 . ;472 Isle

542 8 29345 0 03313 0 05797 0 09110
7905 243 1 ;033 6 3 % 34 3 2110 117u set t

698 8 3013 4 00J455 0 04916 0 08371 804 4 212 8 |O17 2 0 9749 0 1641 .1591 lH 0

fas t 3094 3 0 03662 0 03857 0 07519 822 4 :72 7 995 2 39901 0:490 !!390 188 8

782 8 !!iS 5 0 03824 0 03173 0 06997 835 0 '44 7 179 7 ; 0006 0 1246 1252 782 8

7M I 3177 2 0 04108 0 02192 0 06300 854 2 ;02 0 956 2 ;0 69 00876 ' ;34 734 8

785 8 3198 3 0 C327 301334 0 05730 873 0 61 4 134 4 1 0329 0 0527 . 0856 785 8

78147* 2203 2 3 C5078 000000 0 05078 906 0 00 706 0 ; 0612 0 0000 ; 0612 785 41*

'CM 22s tt"0eraturt
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T;ble 1. S:turated Stxm: T mperature Tcbb-C2ntinu:d
-

40s P,ess 50ecinc vowme * Ectnaic7 Entrc07

fem 0 to Oer $ 8t. $al $st Sat $at $at fem 0

Fame 50 in 00uid (.a0 Vacor liOvid Evap va0er Li09 0 (ta0 V400r fahr

ve v tg og he h ig hg 1. Sig 8g f
1 0

let t 75110 0016510 50 21 50 22 148 00 990 2 11382 0 2631 15480 1 8111 151 8

1828 7850 00t4522 48 172 18189 150 01 989 0 1839 0 02662 5413 ' 8075 182 8

1 04 I 8 203 0 016534 46232 46 249 152 08 987 8 1139 5 0 2694 .5346 8040 Ise e

taas 8 568 0 016547 44 383 44 00 154 02 986 5 1140 5 02725 .5279 18304 tse t

1sta BM7 0016559 , 42 621 42 638 !$603 985 3 !!41.3 02756 ;5213 (1969 188 8

1919 9 340 0 0:5572 40 941 40 957 158 04 9841 !!42 1 02787 1 5148 1 7914 ise s

1720 9 747 0 016585 39 337 39 354 160 c5 182 8 1142 9 02818 1 5082 17900 192 8

194 8 10 168 0 0;6598 37 808 37424 162 05 til 6 143 7 02848 1 5017 1 7865 tto e

1st 8 10 605 0 016611 36348 36 364 164 06 980 4 144 4 0 2879 I 4952 17131 1st 8

194.8 11.058 0 016624 34 954 34 970 16608 979 I 145 2 0 2510 l 4888 8 7798 198 8

2sl 9 11 526 0 016637 33 622 33639 168 09 977 9 1146 0 02940 1 4874 1 7764 298 I

294 8 12 512 0 016 64 Ji l35 31351 17211 975 4 11475 03001 18697 17698 2W I

Issa 13 568 0 016691 28862 28 878 17614 172 8 11490 03061 14571 17632 298 8

2110 14696 0 016719 26 782 26 799 18037 970 3 11505 0 3121 1 4447 17568 212 I

2183 15 901 0 016747 24 878 24894 18420 %78 !!52 0 03181 1 4323 1.7505 218 8

278 I 17186 0 016775 23 131 23 148 18823 965 2 II53 4 0 3241 14201 1 7442 229 9

274 8 18 556 0 016805 21 529 21 545 19227 962 6 1154 9 0 3300 1 4081 1 7380 224 9

278 8 200!$ 0 016834 20 0 % 20 073 196 31 960 0 !!% 3 3 3359 13%1 1 7320 228 8

232J 21 % 7 0 0!(864 18 701 18 718 200J5 957 4 1157 8 03417 1 3842 1 7260 232 I

228 8 23 216 0 016895 17 454 17471 204 40 954 8 1159 2 0 3476 1 3725 17201 238 8

248 3 24 % 8 0 016926 16 304 16 321 208 45 952 1 1160 6 03533 1 3609 17142 248 I

244 0 26 826 0 016958 15243 15260 212 50 949 5 !!&2 0 03591 1 34*4 I 7085 244 8

248 8 217% 0 016990 14 264 14 281 216 56 946 8 1163 4 03689 IJ379 1 7028 248 I

252 8 30 883 0 017022 13 358 13 375 220 62 944 8 1164 7 03706 1 3266 1 6972 252 0

2%J 33 091 0 017055 12 520 12 138 22469 941 4 1166 1 0 3763 1 3154 1 6917 258 8

25tt 35 427 0 017089 11 745 !! 78 2 228 78 938 6 !!67 4 0 3819 1.3043 1 6862 281 9

254 8 37 894 0 017123 11 025 II 042 23283 135 9 !!68 7 0 3876 12933 1 6808 264 8

2n88 40 500 0 017157 10 358 10 375 236 91 133 1 1170 0 0 3932 12823 16755 258 0

271.9 43 249 0 017193 9738 9755 240 99 6 9303 1171 3 0 3987 1 2715 1 6702 172 8

2783 46147 0 017228 9162 9 180 245 08 127 5 1172 5 04043 12607 1 6650 276 1

2stt 49 200 0 017264 4 627 3 644 24917 924 6 1718 04098 L 2501 16599 280 t*

284 8 52 414 0 01730 41280 81453 253 3 923 7 175 0 04154 2395 16548 264 8

284 8 55 795 0 01734 76634 76807 2574 918 8 1762 0 4208 .2290 1 6498 !st s

2518 59 350 0 01738 72301 72475 261 5 915 9 1177 4 0 4263 2186 1 6449 292 8

215J 63 064 0 01741 6 8259 6 8433 265 6 913 0 Ll78 6 0 4317 . 2082 1 6400 296 0

J
* . ..

. .

e

3m3 67005 0 01745 ( 44&3 6 4658 269 7 910 0 1179 7 04372 1.1979 14351 304 1

3as8 71119 0 01749 6 0955 61130 273 8 907 0 !!80 9 04426 11877 16303 364 I

3m3 75 433 0 01753 5 7655 5 7830 278 0 9040 11420 04479 1 8776 1 62 % 388 9

st2A 79 953 0 01757 54%6 5 4742 282.1 901 0 1183 I 0 4533 1 1676 1 6209 312.I

8143 84 688 0 01761 51673 5 1849 286.3 8979 11841 0 4586 1 1576 1 6162 3its
.

3210 89 643 0 01766 48%1 49138 29t!4 8M 8 |185 2 04640 1.1477 16116 328 I

224 8 w 826 0 01770 4 6413 46595 294 6 891 6 1186 2 04692 1 1378 1 6071 324 8

128J 100245 0 01774 4 4030 44208 294 7 888 5 1187.2 0 4745 11280 1 6025 328 I

222J 105 907 0 01779 4 1788 41966 302 9 885 3 !!88 2 0 4798 11183 !!981 332 1

33ta 131 820 0 01783 3 9688 39159 307 1 482 1 1189 1 0 4850 11086 15936 335 8

3d3 I!? 992 0 01787 3 7699 3 7878 311 3 878 8 1190 1 04902 1 0990 1 5892 344 6

344 8 124 430 0 01792 35134 36013 315 5 875 5 Ilt! 0 0 4954 10894 1.1849 344 I

348 131 142 0 01797 3 4078 3 4258 319 7 872.2 1191 1 0 5006 1 0799 15806 348 8

152 9 138138 0 01801 32423 32603 323 9 168 9 1192 7 05058 1 0705 1 5763 352.8

334J 145 424 0 01806 3 0863 31044 3211 865 5 1193 6 05110 10611 1 5721 354 8

3tte 153 010 0 01811 29392 2 9573 332 3 8621 1394 4 05161 10517 1 5678 2n88

asa s 160 903 0 01816 28002 2 8184 336 5 858 6 1195 2 05212 1 0424 1 % 37 364 8

3ett 169 113 0 01821 2 6691 2 6873 340 8 855 1 1195 9 0 5263 1 0332 1 5595 364 8

371J 177 648 0 01826 25451 2 5633 345 0 851 6 11 % 7 0 5314 1 0240 1 5554 172 8

37t3 186 517 0 01831 2 4279 24462 349 3 844 1 1197 4 05365 1 0144 1 5513 178 8

'sta 195 729 0 01836 2 3170 2 3353 353 6 844 5 1198 0 0 5416 10057 1 5473 IIS I

3a4 8 205 234 0 01842 2 2120 2 2304 357 9 840 8 1198 7 0 5466 09%6 1 5432 384 8

384 8 215 220 0 01847 2 1126 2 3311 362 2 5372 1199 3 0 5516 0 9876 1 5392 388 8

382 9 225 516 0 01853 2 0184 2 0369 366 5 833 4 1199 9 05%7 0 9786 1 5352 392 1

298 8 236 193 0 C1858 19291 1 9477 370 8 829 7 1200 4 05617 0 96 % 1 5313 39u1
'

'

aalI 247259 001864 L8444 ;1630 375 I 825 9 1201 0 05667 39607 } $274 4tt t

tes e 258 725 0 01870 L 7640 1 7827 379 4 822 0 1201 1 0 57L 3m8 5234 484 8

. 5195 4Ct l

444 0 '7C 600 0 01475 6877 . 7064 !83 8 8182 2019 0 5766 39429 . 5157 412 0

ig 82 894 001881 ,6152 1 6340 188 1 814 2 :202 4 0 5816 934
I

8 $95837 0 01887 1 5463 i H51 252 5 810 2 12M 8 0 5866 39253 108 4M

428 s 308 780 0 01894 1 4808 14997 M69 806 2 1031 05H5 0 9165 ; 5080 4M

osI 322 191 0 01900 14 44 14374 401 3 802 2 1203 5 0 1964 09077 . 5042 424 I

' 3640 0 01906 ' 3591 1 3782 405 7 '98 0 ;203 7 3 6014 04990 . 50# 4:48

351 00 001913 l'30266 1 32179 410 1 939 :204 0 36063 38903 ; 49H 432 1

366 03 0 01919 124857 1 26806 414 6 789 7 ,204 2 3 6M 0 8816 ;4HI 4M

use - 331 54 0 01926 1 19761 1 21687 419 0< ~85 4 :204 4 0 616i 38729 4850 448 0

0 52M 854 "48

1 neI n1H 0 019n ! !4874 1;uG6 2 '" , M.3
3 48, 9,8643 d.g

t u8I 414 Of 0 01940 110!!! !12:52 4M .34. 0629 855 441 8

'

H2O 431 14 0 01947 1 05764 ;07711 432 5 772 3 3048 3 6q 0847;. 8 428

ute 448 n 0 01954 10!!it ;03472 u10 '678 ;204 8 0 tit. 0 8385 ; 474 45u.

u
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Table 1. Saturated Steam: Temperature Table
Entearcy [ntrocy

Ats Press Specibe volume

fee 0 tb Oer $st $at. $st $8t. Sat Sat. Tem 0

Fant $q in boui0 fea0 va0er b090 fea0 Va0er bouio fia0 Va0er fant

f p v, veg v8 he h tg hg g, 3,g sg 1

32 8 ' O C8859 0 016022 3304 7 3304 7 - 0 0179 1075 5 1075 5 0 0000 21873 2 1873 32 8 *

34 I C C9600 0 016C21 3061 9 3061 9 I 996 1074 4 1076 4 0 0041 2 1762 2 1802 34 I

34 5 01C395 0 016C20 28390 2839 0 4 0C8 1C732 1077 2 0 0C81 2 1651 21732 25 I

18 8 011249 0 C16019 2634 1 2634 2 6 018 1072 1 1078 1 0 0122 2 1541 2 1663 38 I

48 9 8 12163 0016C19 2445 8 2445 8 1 027 1C710 IC79 0 0C162 2 1432 2 1594 48 8

42 1 C l3143 O C!6019 22124 2272 4 10 035 10698 1C79 9 O C2C2 2 1325 2 1527 ar e

44 8 C 14192 0 016019 2112 8 21128 12 041 1068 7 1C80 7 * 0 C242 2 1217 2 1859 44 I

48 I C 15314 0 016C20 19tl 7 1965 7 14 C47 10676 1C816 O C282 2 till 2 1393 as e

48 I C 16514 0 916021 1830 0 1830 0 16 051 10664 10825 0C321 2 1006 2 1327 48 I

18 0 0 177 % 0 016:21 1704 8 1704 8 18 054 10653 1C834 C C361 2 0901 2 1262 54 8

52 9 0 19165 0 016C24 1589 2 1589 2 20 057 1064 2 1C84 2 0 0400 2 0798 2 lit? 52 5

54 8 C 20625 C C16026 14824 1442 4 22 058 10631 1085 1 0 0439 2 0695 2 1134 54 I

58 8 C 2218J 0 016028 1383 6 1383 6 24059 1061 9 1C86 0 0 0478 2 0593 2 1070 54 8

58 8 C 23643 0 016031 1292 2 1292 2 26 060 1060 8 10869 0 0516 2 0491 2 1008 laI

lei C25611 0 016033 1207 6 1207 6 28 060 1059 7 10477 0 0555 2 0391 2 0946 85 8

42 3 0 27494 0Cf6C36 !!?9 2 !!?92 30 059 1C58 5 1C88 6 0 C593 2 0291 2088i 82 8

64 8 C 29497 0 016039 1056 5 1C56 5 32 CSI 10574 1C89 5 0 0632 2C192 2 0824 64 I

64 8 C 31626 0 016043 989 0 9898 34056 iC56 3 1090 4 0 0670 2 0094 2 0764 ll 8

la 8 0 33889 0 016046 126 5 926 5 36 054 1C552 10912 0 C708 1 9996 2 C704 lt 9

78 8 0 36212 0 016050 868 3 864 4 38 052 1054 0 10921 0 0745 1 9900 2 0645 78 8

72J 0 38544 0 016054 814 3 114 3 40 049 1052 9 10930 0 0783 1 9804 2C587 72 1

14 8 0 41550 0 016058 164 1 764 1 42 046 10518 1093 8 0 0821 19708 2 0529 is 8

fle C44420 0 016063 717 4 717 4 44 043 1050 7 1094 7 0 C858 1 %I4 2 0472 78 1

78 8 0 47461 0 016067 673 8 673 9 46 040 10495 1095 6 0 0895 1.9520 2 0415 78 I

81 8 0 50683 0 C16072 6333 633 3 48 037 104t4 1096 4 0 0932 9426 2 0959 84 8

82 0 0 54093 0 016077 595 5 195 5 50c33 10473* 10973 0 0969 ,9334 2 0303 82 9

34 8 0 57702 0 016082 560 3 %03 52C29 1046 1 1098 2 0 ;006 ;9242 2 C248 84 8

IS I 0 61518 0 016087 221 5 521 5 54C26 1045 0 1099 0 0 1043 19151 2 0193 84 8

88 8 C 65551 0016093 4%8 4%8 54 022 10439 1099 5 G 1079 L 9C60 2 0139 III

SI8 069313 0 C16099 44 8 I 468 1 58 018 1042 7 11008 0 1115 18970 20086 esI

52 0 0 74313 0 016105 441 3 4413 60 014 1041 6 1101 6 0 1152 1 8881 2 0033 tr a

94 8 0 79062 00!6111 4t6 3 414 3 62 010 1040 5 !!02 5 Cl!88 1 8792 1 9980 94 8

M8 C&4072 0 C16117 392 8 3929 64 006 1039 3 1103 3 0 1224 1 8704 1 9928 HG

88 8 C 89356 0 016123 370.9 370 9 66 003 1038 2 1104 2 0 1260 1 8617 1 9876 SB I

. .

1988 0 94924 0 016130 350 4 350 4 67 999 1037 1 1105 1 01295 1 8530 19825 1a8 8

, 182 1 1 00709 0016197 331.I 331.8 69 995 1035 9 1105 9 01331 1 8444 19775 182 8

Its B 1 06 % 5 0 016144 3131 313 1 71 992 1034 8 1106 8 0 1366 I8358 19125 1 04 I

let 8 1 1347 0 C1615l 296 16 296 18 13 99 .1033 6 1107 6 0 1402 18273 19675 IIII

188 8 12C30 0 016158 28028 28030 75 98 1032 5 11085 0 1437 1 8188 1 9626 Itte

111 8 1 2750 0 016165 265 37 265 39 77 98 1031 4 !!O93 0 1472 1 8105 1 9577 198J

112 0 1 3505 00161F3 25137 251 38 79 98 10302 !!!0.2 01507 1 8021 1 9528 112 8

114 8 1 4299 0 016180 23821 238 22 81 97 1029 1 It!! O 0 1542 1 7938 19440 114 0

118 I 1 5133 0 016188 225 84 225 85 83 97 1C27 9 !!!! 9 01577 17856 1 9433 til8

8183 16009 0 0161 % 21420 214 21 85 97 1026 8 1112 7 0 1618 1 7774 19386 1188

12s 8 t6927 0 016204 20325 20326 8797 1025 6 !!!3 6 01646 17693 1 9339 175 8

122 8 1 7891 0 C16213 192 94 19295 89 % IC24 5 1134 4 0 1680 17613 1 9293 122 9

124 8 18901 0C16221 18323 183 24 91 96 1023 3 .115 3 01715 1 7533 'L9247 174 8

12tt 1 9959 0016229 I?4 C8 174 09 93 96 1022 2 ,116 1 0 1749 1 7453 9202 121 8

128 8 2:068 0C16238 16545 16547 95 96 1021 0 ,117 0 0 1783 1 7374 i9157 138 I

138 8 22230 0 016247 15732 15733 9796 1019 8 1117 8 0 1817 1 7295 1 9112 135 8

122 8 23445 0 C16256 149 64 149 66 99 95 1018 7 1118 6 01851 1 7217 19068 132.8

134 I 2 4717 0 0:6265 142 40 til at 101 95 1017 5 1119 5 01864 1 7140 1 9024 134 0

138 0 2 % 47 0 016274 135 55 135 57 103 95 1016 4 1120 3 0 1918 1 7063 1 8980 138 1

1388 2 7438 0 016284 129 09 12981 105 95 1015 2 1821.1 01951 16986 18937 1388

140 0 28992 0 C16293 12298 123 00 107 95 1014 0 1122 0 0 1985 ,6910 1 8895 148 8

tais 2 0411 0016303 187 21 11722 109 95 1012 9 !!22 8 02C18 .6534 1 8852 142 9

144 8 31997 0C16312 111 74 til 76 111 95 1011 7 1123 6 0205) ,6759 1 8I10 144 I

148 I 3 3653 0C16322 10658 106 59 IIJ 95 tolo 5 1124 5 0 2084 i6684 I 8769 144 I

'48 8 3 5381 0 016332 101 68 101 70 115 95 1009 3 !!25 3 82117 16610 1 8727 144 I

158 1 3 7: 84 0C16343 9705 9707 :17 95 1008 2 !!26 1 C 2150 1 6536 1 8686 ISI t

152 5 3 9065 3C:6353 9266 9268 ;19 95 !007 0 1126 9 02183 ;6463 ! 8646 152 8

154 8 4 1025 0C!6363 98 50 48 52 ;21 95 ;005 8 1127 7 0 2216 ; 6390 ; 8606 154 0

154 0 4 3068 OG16374 84 % 8457 23 95 |004 6 !)28 6 02248 ; 5318 1 8566 155 8

158 8 45197 0C16184 BC 82 80 83 ;25 % 10034 :129 4 0 2281 16245 1 8526 150 0

164 0 47414 0016395 !!!? ?7 29 12796 ;0c2 2 1130 2 023 3 ; 6174 18487 164 8
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Table 4.9.1
.

Core Burnup 300 EFPD
PLCEA ht- 150 in.
Boron concentration 430 ppm
.Tave 566
- Pzr Level- 52%

VCT level- 40%

BAST concentration' 12,000 ppm

(For' ease of calculations only assume Xe free and 100% eq Sm)
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Work Sheet A.-1 Reactivity Balance During Critical Operations to Analyze for
Reactivity Anomolies
Reference Conditions: 100%FP, 583*F, 2250 psia, no Xenen, no Boron, HFP
equilibrium Samarium
Data Needed for Calculation:
Cycle Burnup EFPD ; RCS Baron Conc, ppe

V ; Heat Balance Power W W*RCS T,,, .

* NOTE: Use average of CPC Channel A
'

| PID 160 & PID 162 for T From: SEL | 1, Other
(oranequivalentindic$lfon)

CEA Grp. I in wd., CEA Grp. 2 in wd. , CEA Grp. 3 in wd
*

CEA Grp. 4 in vd., CEA Grp. 5 in wd., CEA Grp. 6 in vd ',--..

PLCEA Grp in.wd. - ~ ?g$.3
. 4

~

,

1. From Attachment A-1: ,

l p(Fuel) = % Ak/k
,.
*~

2. From Attachment A-2: p(Boron) = 1 Ak/k
From Attachment A-3: Baron Worth Burnup Correction =
from Attachment A-4: Boron Worth Temp. Correction =
p(Boron)* = p(Boron) x Burnup Correction x Temperature Correction

,
p(Boron)* = %ak/k a x .

,

1
| |

|p(Boron)* = 1 Ak/k
|3 1i

3. If T 's 580*F t 2'F, neglect temperature correction, p(Temp) = 0, -

otheNIse,fromAttachmentA-5: .

* Ak
artemp(Tavg) = x 10-4 P F

*

Ak
i artemp(580*F)= x 10~4 PF CT

|
atemp(Tavg) + artemp(580'F)

. p(Temp) = 2 m (Tava - 580'F) x 100%
+

.

Ak
x 10-4 kiX *F x 100%=

2-

| p(Temp) = tik/k | c3
I l-

4. Trom Attachment A-6 (Interpolate between parametric burnup curves):
(
1

! a) For present controlling CEA group position p(CEAs) = %Ak/k

Mr
.

_

u ,-
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. b) From Attachment A-7:
Additional worth due to PLCEAs = Mk/k

c) Sum of 4a and 4b: p(CEAs) + p(PLCEAs) = % M/k*

d) From Attachment A-8:
"

Temperature Correction Factor (TCF) =
e) p(CLAs net) = [p(CEAs) + p(PLCEAs)) x TCF

,

I l

| p(CEAs net) = 1 M/kl -

|
_ l

From Attachment A-9 (Interpolate between parametric Burnup Curves)5.
| ' . . -.

J

. p(Power) = M k/k | ,-e'. --

| ' ri. 3'
|

6. From: SAXON 2 | [ l, Other (Indicate Method)

| | - ..
*

I p(Xenon) = _ % M/kl
I l

7. If samarium is at IEP equilibrium, neglect additional samarium worth,
p(Samarium) = 0

Otherwise, From: SAM 2 l _ _l,other (Indicate Method)
.
~

| p(Samarium) = % M/k |
|'

-

8. Sum the'following:

p(Net)=p(Fuel)-p(Boron)*1p(Temp)-p(CEAsnet)+p(Power)-p(Xenon)
- [ t p(Samarium)] ,

- | p(Net) = Mk/k |
| |

If p(Net) exceeds 1 0.5 M k/k refer to Section 4.0, Lir.sts and Precautions.
.

Performed By
C0TimeDate

Reviewed By
Nuclear f.ngineer or Nuclear Support Supervisor
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