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REPORT DETAILS

1. Examiners

D. N. Graves, Chief Examiner, RIV
E. Plettner, Observer, RIII

2. Examination Review Meeting

Review of the written examinations was conducted after the examination
was administered. Personnel present during this review were: C. Mick,
P. Roy, G. Van Middlesworth and R. Schlesinger, representing Iowa
Electric, and D. Graves and E. Plettner representing the NRC.

Facility comments and resolution of those comments are as follows:

Comments

2.9 First the drain valve to the lower heater opens
fully IE-3A, then the DUMP opens to the condenser.
Also, there are no extraction steam bypass valves
at DAEC.

Ref.: P&ID M-105, sh. 2

Resolution: Agree. Key modified.

3.2 Steam flow is used for RWM.

Ref.: System Description I-10, pg. 8

Resolution: Agree. Key modified.

3.3.6 15 seconds, not required for full credit.

Resolution: Agree.

3.6 None of the answers is correct.

Ref.: E-109, sh-2

Resolution: Agree. Questions deleted.

Section 4 has only 24.5 points. Cover sheet shows 25.

Resolution: Noted.

4.6 Another low vacuum alarm occurs at 25.5" Mg.

Ref.: System Descriptions D-4, pgs. 16-17

Resolution: Agree. Key modified.
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4.4/7.9 Accept in addition to answer key answers:

1. Control rods

2. EMC/ pressure set

Accept any three

Ref.: IPOI VI, D.1, pg. 15
D.2, pg. 16
E, pg. 17

Resolution: Accepted control rods. Did not accept EMC/ pressure
set after review of procedure in question. Key
modified. Also added CRD cooling water flow adjust-
ment as an acceptable answer.

5.5.a- Runout can also lead to conditions which can lead to
pump damage.

Resolution: Agree. Added to key as acceptable answer.

5.11 Add: Does not change during normal operation, i.e.,
equilibrium value is independent of power.

Resolution: Agree. Added to key.

6.1 Other possible answers:

1. Thermal limit calculations assume a specific bundle
orientation. If this orientation is different than
that assumed in the calculation, you may end up with
non-conservative thermal limit (MCPR) calculations.

2. Assure proper bypass flow. If oriented wrong, the
bypass flow would not be in the correct location for
instrument cooling.

Resolution: Agree. Key modified.

6.3 Consider accepting start permissives: 35 psig, Rx
pressure and inboard MSIVs shut.

Resolution: Agree. Key modified.

6.6.c Answer will be half-scram if corresponding IRM is upscale
or inop. I-3, pg. 34.

Ref.: System Description I-2, Figure 12

3
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6.6.e Answer will be half-scram if corresponding APRM is
downscale.

Ref.: System Description I-2, Figure 12

Resolution: Agree if candidate specifies the additional condition.

7.2 1. Also accept Plant Superintendent

2. Also accept Assistant Plant Superintendent (any of 3)

Ref.: Chief Engineer and Assistant Chief Engineer are
old terminology and not all procedures reflect this
relatively recent change.

Resolution: Agree. Key modified.

7.3 2. " Bypass Offgas" should be in acceptable answers.

Resolution: Agree. Will accept.

7.7/4.8 Well water and GSW should be considered as independent
answers as should Condensate Service Water and demin-
eralized water for purpose of providing six different
sources of water as alternate sources.

Ref.: P& ids, M-111, M-144, M-109, M-146

Resolution: Agree. Key modified.

8.2 SSE will now be the OSS.

Resolution: Agree. Key modified.

8.7 1. Accept either of the o_r answers as a complete answer.

2. OSSs do not approve RWPs, they just get a copy of
the RWP, no signature is required by the OSS.
Therefore, consider throwing out the question as
not required knowledge of the OSS.

Resolution: 1. Not accepted. If title only was given, full credit
was awarded.

2. Disagree. Considered pertinent knowledge for a
Senior Reactor Operator.

|

|
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3. Exit Meeting

At the conclusion of the site visit, the examiner met with utility
representatives to discuss results of the examination. The following
personnel were present:

NRC Utility

D. Graves R. Hannen D. Mineck
J. Wiebe E. Mick P. Roy

W. Miller R. Schlesinger

Mr. Graves started the meeting by detailing preliminary results of the
oral operating examination with one of the four reactor operator
candidates being a "not clear pass" as of that time. It was explained
to those present that a "not clear pass" is not a definite failure.

,

One general candidate weakness was identified to the facility. It was
noted by the examiner that the candidates were weak in abnormal procedure
immediate operator actions.

The utility asked if any particularly strong areas were noted and when
results could be expected. Examiner responded that no particularly strong
area was noted in all candidates and that results would be given upon
completion of the examination grading and subsecuent reviews per
Region III's policies.

The meeting concluded with the examiner thanking the staff for their
cooperation during the examination.

1
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U. S. NUCLEAR REGULATORY COMMISSION
REACTOR OPERATOR LICENSE EXAMINATION -

-

FACILITY: Duane Arnold Eneroy Center

REACTOR TYPE: BWR
.

DATE ADMINISTERED: March 12, 1985
. .

EXAMINER: Dave Graves

APPLICANT:

INSTRUCTIONS TO APPLICANT:

Una separate paper for the answers.. Write answers on one side only. Staple question
ch2et on top of the answer sheets. Points for each question are indicated in
parentheses after the question. The passing grade requires at least 70% in each
category and a final grade of at least 80%.

1 of
Category % of Applicant's Category

Value Total Score Value

25 25 1. Principles of Nuclear Power Plant
Operations, Thermodynamics, Heat
Transfer and Fluid Flow

25 25 2. Plant Design Including Safety
and Emergency Systems

~25 25 3. Instruments and Controls

| 25 25 4. Procedures - Normal, Abnormal,
Emergency and Radiological Control

100 TOTALS
!

Final Grade %

All work done on this exam is my own, I have neither given nor received aid.

_

Applicant's Signature
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1. Principles of Nuclear Power Plant Operations, Thermodynamics, Heat Transfer
and Fluid Flow -

1.1 In your reactor theory lesson plans the following formula is given:
dt, FE , r) Explain the meaning of this formula. (1.0)

1,2- A moderator is necessary to slow neutrons down to thermal energies.
Which of the following is the most correct reason for operating with
thermal instead of fast neutrons? (1.0)-

a. Increased neutron efficiency since thermal neutrons are less
likely to leak out of the core than fast neutrons.

b. Reactors operating primarily on fast neutrons are inherently
unstable and have a higher risk of going prompt critical.

c. The fission cross section of the fuel is much higher for thermal
neutrons than for fast neutrons.

d. Doppler and moderator temperature coefficients become positive as
neutron energy increases.

.

1.3 As core exposure increases, plutonium-239 (Pu-239) concentration
increases:

a. Briefly explain the processes by which this buildup occurs.
(Note: a reaction-decay chain equation may be used.) (0.75)

b. Explain the effect on reactor behavior caused by the
Pu-239 buildup. (1.75)

1.4 Which of the following is NOT a characteristic of subcritical
I. multiplications? (1.0)

a. If the reactor is shutdown long enough, the source range
instruments will lose their ability to determine the sub-
critical multiplication level even though the core may still
be at MOL.

b. Doubling the indicated count rate by reactivity additions will
reduce the margin to critical by approximately one half.

c. For equal reactivity additions, it takes longer for the
equilibrium subcritical multiplication level to be reached
as K eff approaches unity.

d. If two notches of rod withdrawal increases the subcritical-

multiplication level by 10 CPS, 4 notches of rod withdrawal
will increase the suberitical multiplication level by
approximately 20 cps.

1.5 What interlocks ensure that the NPSH requirements are met for the
reactor recirculation and jet pumps? (1.0)

_ _ _ _ . . . _______.
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1.6 See attached figure 32-11 " Pressure - Steam Flow Relationship".
Why does the reactor pressure increase so much more from 04100%-
steam flow than the turbine throttle pressure does? (1.0)

1.7 Which of the following statements is most nearly accurate regarding
control rod worth? (1.0)

.

a. It is proportional to reactor power
,

b. It is proportional to rod speed.

c. It is higher in regions of higher relative neutron flux.

d. It is about the same for all rods in the core.

1.8 T-S diagrams of real plant cycles show a small amount of " condensate
depression"(subcooling) in the condenser.

a. How would cycle efficiency be affected if subcooling is
decreased? Why? (1.5)

b. How could the operator increase the amount of subcooling? ( .5),

1.9 For each of the events listed below, state WHICH reactivity
coefficient will respond first, WHY it responds, and if it,'
ADDS positive or negative reactivity.

a. SRV opening at 100% power. (1.0)

; b. Rod drop at 100% power. (1.0)

c. Isolation of a feed heater string. (1.0)

1.10 Which of the following statements is NOT correct concerning decay
heat? (1.0)

a. Is the heat produced by the energy released from the
radioactive decay of fission products,

b. Can be determined by the reading of the SRM's when the reactor
is shutdown.

c. Is approximately 6% of the total energy released from fission.

d. Is still a significant contributor to the energy in the reactor
core for approximately two hours after the reactor has been
shutdown.-

2
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1.11 Following an auto initiation of RCIC at a reactor pressure of 800
psig, reactor pressure decreases to 400 psig. Assume the RCIC is
operating as designed, which of the following statements best
describe the parameter changes in the RCIC. (1.0)

a. As the RCIC flow to the reactor increases, RCIC pump discharge
- head remains constant and RCIC turbine speed increases.

b. As the RCIC flow to the reactor remains constant, RCIC pump
discharge head decreases and the RCIC turbine speed decreases.

c. As the RCIC flow to the ractor remains constant, RCIC pump
discharge head remains constant and RCIC turbine speed remains
constant.

d. As the RCIC flow to'the reactor decreases, RCIC pump discharge
head increases and the turbine speed remains constant.

1.12 A motor driven centrifugal pump is operating at rated flow. You
start closing down the discharge valve. Which of the following
statements best describes the parameter changes that will occur
with this action? (1.0),

a. Flow remains constant, discharge pressure remains constant,
motor amps increase, net positive suction head increases.

j b. Flow decreases, discharge pressure increases, motor amps
' increase, net positive suction head increases.

c. Flow decreases, discharge pressure increases, motor amps
decrease, net positive suction head decreases.

d. Flow decreases, discharge pressure increases, motor amps
decrease; net positive suction head increases.

I 1.13 If the recirculation pump speed remains constant, which of the
'

following statements best describe why core flow will change if
power is reduced below 100% by control rod insertion. (1.0)

I
I a. Flow will increase because less 2 phase resistance

b. Flow will increase because of higher differential pressurei

| across the core and higher feedwater density.
I

c. Flow will decrease because the control rods are inserted
thus reducing the total flow area.-

d. Flow will decrease because more voids are formed thus less
volume available for water in the core.

'

3
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1.14 Explain the effects of iricreasing the following core parameters
on steady state critical power. -

a. Core flow (1.5)

b. Inlet subcooling (1.5)
.

c. Reactor pressure when above 800 psig. (1.5)

1.15 Boiling water reactors are designed to have "under moderated
cores". Which statement best describes under moderated? (1.0)

a. The ratio of moderator to fuel is such that the temperature
and void coefficient will both be the same (both positive or
both negative).

b. The ratio of moderator / fuel is such that increasing moderator
density increases K eff.

c. The ratio of moderator to fuel is such that the amount of under
moderation increases during core life.

,

d. The ratio of fuel to moderator is such that increasing moderator
density will decrease K eff.

1.16 Which of the following is NOT one of the four contributors or factors
that establish equilibrium xenon? (1.0)

'a. Direct production from fission.

b. Decay of Iodine.

c. Decay of Xenon to Sm.

d. Decay of Xenon to Cs.

| 1.17 The HPCI barometric condenser receives steam from gland seals,
drain pot and leak offs. Explain how this condenser works to

| condense this steam. (1.0)

|
|

| ~

|
|

|
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2. Plant Design Including Safety and Emergency Systems -

2.1 What are ten (10) different indications available to you in the
control room that could be used to determine that a reactor
coolant leak was occurring in the drywell? (2.5)

2.2 How does the CR0 system interface with the following systems?

a. Condensate system. (1.0)' -

b. Reactor recirculation system. (1.0)
c. Liquid radweste system (1.0)
d. Reactor building cooling water system ( .5)

2.3 In addition to the main turbine, the bypass, safety and safety
relief valves, what are six (6) other steam loads (systems) off
of the main steam system? Do not list two similar components
(i.e., such as "A' and "B") as separate loads. (2.0)

2.4 RHR is being used in the suppression pool cooling mode to cool
off the torus. "B" loop is lined up for cooling using the "B"
RHR pump and "B" + "D": RHR service water pumps. Explain what
will happen (if anything) to any of the equipment being used for,

suppression pool cooling flow and the flow path if a LPCI
initiation and injection signal were to occur. (3.5)

2.5 The standby gas treatment system can take a suction from all
of the following except: (1.0)

a. Condenser vacuum pump
b. Fuel pool exhaust
c. HPCI turbine vacuum pump
d. Radweste building evaporator vent

2.6 In the hydrogen seal oil system the main seal oil pump normally
supplies oil to the shaft seals. If the main seal oil pump were
to fail, what are the two backups that would supply oil to the
shaft seals? (1.0)

2.7 What automatic interlocks must be satisfied prior to using the
MSIV-LCS? Include setpoints if appropriate. (1.25)

What is the purpose of the heater in the system? ( .5)

2.8 Your primary containment has vacuum breakers that connect the
suppression chamber and the drywell. If these vacuum breakers
were to fail what would be the consequences under the following
conditions. Treat each condition as a separate occurrance,-

s. If a LOCA occurred with the torus drywell vacuum
breakers failed closed? (2.0)

b. If a LOCA occurred with any of the torus drywell
vacuum breakers failed open? (2.0)

5
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2.9 What will happen to the inlet and outlet flow paths for the shell
side of the IE-4A feedwater heater on an increasing level condition
in IE-4A heater? Assume level continues to increse to the trip
point. (2.5)

2.10 There are two pressure switches that tap off the discharge of
each core spray pump prior to the discharge check valves. These
switches are set to operate at 145 psig. What is the purpose
of these two switches? (1.25)- -

2.11 SBLC pumps have a common suction header and discharge to a
common discharge header. During system operation only one
pump is running at a time. What prevents backflow through
the non-running pump? (1.0)

2.12 Main turbine stop valve position less than 90% open is
utilized for two trip functions. What are those two trip
functions? (1.0)

4
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3. Instruments and Controls
-

3.1 When the handswitch is turned to " start" for the circulating
water pump (1P-4A or IP-48), what four (4) conditions must
be satisfied for the pump to start? Assume power is available
to the pump and control circuit. (2.0)

3.2 The main steam line flow restrictors are also used to determine
the steam flow in the main steam lines. What are three (3) uses
of this main steam line flow signal? (1.5)

3.3 What will cause the RWCU system differential flow high
annunciator to alarm? (Be specific as to inputs) (1.5)

What automatic actions occur when this alarm annunciates? (1.0)
e

3.4 Below are listed the five signals (A-E) that will cause the
recirc M-G set scoop tube to lock up. What of these signals
will also cause a drive motor trip? (1. )

a. Low lube oil pressure (less than 30 psig with 6 see time delay)

b. High lube oil temp (210*F)

,,
Speed control signal failurec.

d. Loss of power to scoop tube position

e. Manual

3.5 Pick the correct answer in regards to an auto initiation of SGTS. (1.0)

a. The train in auto will start on the first signal and the
standby train will then be in readiness to start on any
subsequent signal.

b. Both trains will start and the standby train will trip on
low flow.

c. The train in auto will start and after the low flow alarm
has cleared the standby train will start.

d. Both trains will start immediately and run until some
manual action is taken.

.

7
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{ 3.6 Pick the correct answer concerning the reactor feed pump circuity (1.0)
i '

a. A second feed pump can be started with only one condensate'

{ pump running as long as suction pressure remains greater
i than the low pressure trip point.
1

| b. With both feed pumps running, a trip of only one condensate
; pump will cause both feed pumps to trip.
4 - .

j c. The reactor feed pump low lube oil pressure trip is
i automoatically bypassed for 10 seconds on a pump start
; to allow the shaft driven oil pump to build up pressure.
I
i d. If the suction pressure of a running feed pump drops to less

than the low pressure trip point, the feed pump will trip
immediately.

,

| 3.7 The following levels (A-E) are setpoints at which alarms or
i trips occur. For each of the following actions that occur (1-8),

| match the action up with the level at which it occurs. (2.0)
.

j Level
A 195" high level alarm! -

i B 186" low level alarm
C 170" low level trip>

| D 119.5" low-loe level trip

| E. 46.5" low-low-low-level trip

' Action
'

1. LPCI loop select
2. HPCI initiation.

3. LPCI initiation
j 4. PCIS Group 3 isolate

5. PCIS Group 1 isolate
6. Recirculation pump runback if <2 RFP's in operation)

! 7. Recirculation pump ATWS trip
8. Start standby diesel generator

3.8 What are two (2) indications that you could use to determine which;

particular safety or safety / relief valve had opened? (1.5)

(<
3.9 Concerning the low low set feature of the safety / relief valves.

) A. How many valves are actuated by this system? ( .5)
| B. What signals are required to arm this system? (1.5)

C. How is opening / closing of the SRV's changed when LLS
is armed? (1.0)' -

i D. How is LLS reset after it is armed? ( .5).

3.10 Refer to the attached Figure 10, Reactor Recirculation System;

j Simplified Diagram. On this diagram some instrumentation is
i shown that feed into other systems. For the instrumentation
| A-D, state: (1) What system (s) the instrumentation feeds into,
| and (2) What the signal is used for in that system. (4.0)
|
:
'

8,.
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3.11 What conditions can cause an APRM channel to be either physically
inoperative or to be considered inoperative? (2.5)-

3.12 a. During movement of a control rod drive, what is the flow
path for the exhaust water flow? Be specific and include
flow path into the reactor vessel. (2 0)

For b. below, pick the correct answer:
.

. .

.

b. Which of the following flows is not indicated in the
control room? ( .5)

1. Hydraulic supply header flow
2. Charging header flow-

3. Drive header flow
4. Cooling header flow

_

9
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; 4. Procedures, Normal, Abnormal, Emergency and Radiological Control

4.1 Which of the following would not necessarily be a symptom of
unidentified leakage in the drywell of 5 GPM or higher? (1.0)

a. Excessively increasing drywell floor drain sump total

flow at F.Q. 3707 on Panel IC19.

b. DRYWELL HIGH TEMPERATURE alarm on Panel IC04-C
'

c. DRYWELL FLOOR DRAIN SUMP HI-HI-LEVEL on panel IC04-C

d. DRYWELL FLOOR DRAIN SUMP HI LFAK on panel IC04-C

4.2 The reactor is operating at 90% power when condenser vacuum
suddenly starts to decrease:

a. WHAT are FOUR (4) AUTOMATIC ACTIONS that occur on a LOSS of
CONDENSER VACUUM 7 Include any applicable setpoints. (2.0)

b. In accordance with IPOI 6-4.0, Loss of Condendser Vacuum,,

WHAT are FIVE (5) Immediate Operator actions, OTHER THAN-

acknowledgement of annunciators and announcement of the
condition? (2.5)

,

4.3 Under what conditions during a startup must rod pulls be continued
using notch withdrawal only? (1.0)

4.4 When in the hot standby condition and with the reactor
crictical, what are the 3 systems or sets of systems
that may be used to control reactor pressure? Which of
these is the perferred method? (2.0)

4.5 Chose the correct answer concerning when during a startup
the IRM detectors should be withdrawn? (1.0)

a. After switching the mode switch to the RUN mode.
b. After all of the APRM downscales have cleared.
c. After the proper overlap has been verified between

the IRM's and APRM's.
d. After the turbine roll is completed.

4.6 When in the shutdown cooling mode of RHR, your precautions
tell you to insure that RHR flow is equal to or greater
than 4000 gpm. What is the reason for requiring flow to
be this high? (1.0)

I 47 According to your shutdown procedure, prior to steam flow
dropping to the Rod Worth Minimizer Low Power Alarm Point
(LPAP 35% reactor power), the existing control rod pattern
must be checked. What three things must the control rod
pattern be checked for? (3.0)

10
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4.8 Wnat are the six systems that are considered to be alternate
injection subsystems by your emergency procedures? (3.0)-

4.9 What are the entry conditions for E0P-2, PRIMARY CONTAINMENT
'

CONTROL? Include setpoints. 5 Conditions Required. (5.0)

4.10 At the beginning of a shift, it may be your duty to fill out
the log. At the beginniqgof each shift what are the plant ~

(2.0)status items that must be' logged? 4 Items Required.

4.11 According to your Hold Off Procedure, what is the differences
in the purpose of a hold card and a warning tag? (1.0)

.
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f = ma y = s/t Cycle efficiency = (Network*
.

'

out)/(Energy in) --

w = mg s = V t + 1/2 at2,
o

2
E = mc

2
KE = 1/2 mv a = (Vf - V )/t A = AN A = Age" '
PE = agh

Vf = V,+ at w = e/t x = an2/t1/2 = 0.693/tijp

l/2'II*EI*l/2)I*b))NPSH = Pin - P ,7 t
3

[(t1/2) + (t ))b,

m a o AV

AE = 931 am

I=Ie*'

o,

Q = mCpat

Q = UAah I=Ie*g

I = 1,10-x/TVLPwr = W ah
f,

TVL = 1.3/u-

P = P,10 "#I }5
HVL = -0.693/u

P=Pe| '

.
o.

SUR = 26.06/T SCR = S/(1 - K,ff)
CR = S/(1 - K,ffx) ,x,

CR (1 - K,ffj) = CR (1 kdf2)SUR = 26p/t* + (s - o )T j 2

T = (t*/o) + [(e o)/[o] M = 1/(1 - K,ff) = CR /CRj o

T = 1/(o - 8) M = (1 - Keffo)/(I - Keffj)
' T = (s - o )/(to ) SDM = (1 - K ,ff)/Keff
a = (K ,ff-1)/K,ff = AK ,ff/K,ff t* = 10-5 seconds

a = 0.1 seconds-I

e=[(t*/(TK,ff)]+[s,ff(1+IT)]/

ldjj=1d22
P = (z,V)/(3 x 1010) Ij j =Id2

d g2
2Is'N R/hr = (0.5 CE)/d (meters) !o

R/hr = 6 CE/d2(feet).NPh = Static head - hg-Psat i

I
*

Water Parameters Miscellaneous Conversions

1 gal. = 8.345 lbm. I curie = 3.7 x 1010dps
I gal. = 3.78 liters 1 kg = 2.21 lbm
1 ft3 = 7.48 gal. I hp = 2.54 x 10 Btu /hr3

3Density = 62.4 lbqi/ft 1 mw = 3.41 x 106 Btu /hr
Density = 1 gm/cm3 lin = 2.54 cm
Heat of vaporization = 970 Btu /lbm 'F = 9/5'C + 32
Heat of fusion = 144 Btu /lbm *C = 5/9 (*F-32)
1 Atm = 14.7 psi = 29,9 im. Hg.

_ _ _ ___ _ . _._-_- _ _



- - _

.

' . ,
.- . ., ,

s '

'

15 -
- -

-

, .
.

=

. -. . ..

o

. i

- .

e

vanile t getuFeted sleem:Tempe7steste Talpes

ats pie:S 30eche m use gaines0, Em70 0,

fosse Le Ser Set Set Set Set $st. Set feet
fant 50 in. Laget Euet Wetor Let*0 Eseg Water LaGu.0 Eat 800er fahr

3 0 e, sea og he D es 83 s, sea ta f

m e- O mew 00i6c22 up7 nes 7 - 8 0i F1 ton s ISn s 800ac 2 1073 1sen ma-

we 8 08600 toimi 30si t mel t 1 996 1074 4 8076 4 0 0041 2 1762 218r2 as e

as $ 103M 00ict MMO 2tM O 4 000 ten: ten: 9 000i flut a lin Ese

as $ 13249 0 016019 mun a3s 2 s els 1972 1 mal 68122 28M3 tae na

es e 2163 0 016019 3 eat s 2sas s 8 027 IO7Is 3070 0 0 0162 t a432 # 190s as
at 0 0 13143 toilett 22n 4 22724 30 035 1969 s 1979 9 0 0702 2 32s 19u7 as a

es t S telW 0 016019 2112 8 2112 8 12 081 1064 7 1m07 0 0242 2 ,217 2 3410 aos

.
et e n314 0 0i6020 nut 15$7 p est 30676 Int 6 8 02:2 2 .ill fin 3 as
e4 eleis s016c2n 1430 0 1 300 lael im64 Isla tem 2 i0m 1 1:27 asa ..,

s"D.M, . .

m0 0 l7596 esilon Itts: 170s : 19 24 Insi les34 00Mi 2 000i tin 2 maO NN
tr e 0 19165 0 016024 H89 2 1989 2 20 057 30h42 2004J 0 0s00 2 0790 3 8197 St a

es 0 0 2062S 0 016026 14824 1442 4 22 Ob8 IE31 100S I O W39 2 Ett 23138 Os 0

Os 0 0221E3 00I6c28 13834 1383 6 28 abt Iml9 Imo0 0 0878 2 0503 2 9070 Osa

883 SJ3443 8814034 12922 1212J M MO teca 4569 0 0514 2 0s91 Elm Isa

es $25611 0 014033 1207 4 ' IM76 N 060 IBM 7 Im77 0 05 % 20M1 20ee6 ms

93 8 0 27494 8846034 IIM 2 IIM2 N 059 1858 5 8008 6 0 0$93 2 0291 250b Gra

es t 8 29497 0 016639 3056 % 10M S 32 068 1574 letS 9532 2 0192 2 m24 esa

50 0 31626 40160s3 590 etI as Ob4 Im6J 1000 4 0 # 70 2 ets 2 0768 m6

m.8 & 33000 8 816086 SES 826 5 Emo imi2 Im12 107m 13906 2A70s ma

Its 836?t2 0 014050 000 3 Ost e 3 052 1540 letf l 8 0745 1 9000 2m05 Ma

73 0 G asted 00160td 4:43 014 3 400st 1962 9 3003 0 0 0783 Isos 2207 933

ha 0 41WI 8 016050 76s 8 Mal 42 0s4 leta 30333 S m21 8 970B 2 m79 tas

We 0 44420 0 016063 7874 717 8 44 0s3 10bo F 1964 7 0 # 54 1 9614 2As72 24

R8 4 47461 4 016067 473 8 4739 46 080 lett3 1566 San 1820 10 ell na
'

WA 9 50503 0 014072 033 3 633 3 40037 leses 3005 4 0 0132 I tsM 2 ate as*

es G Mot 3 0 016077 $ 995 5 90 033 les7J let?J 0 00H ll3M 2 0103 as'

es e 0 57702 0 816082 3 900 3 W C29 30861 let02 6 1006 1 9242 2540 est

me 0 61518 001Hsf 75 127 $ N 026 19850 lett 0 8 1043 l elSI 2 3:53 ms ,

R8 0 66551 8816033 806 8 496 8 m 022 les39 lett 4 1079 Isee 2A13 na

m0 0 69011 0 016009 484 1 468I le 01B 1982 7 lie t 0 till IM'O tam 6 ma

tr e 0 74313 0 016405 4d13 delJ 00 014 19s1 6 1101 6 ells 2 1 0884 28033 Grs

es t 0 79062 0 016111 416 3 al63 62 010 10so n 1102 5 0 1188 18792 89m Os t

50 0 08072 0 046117 392 3 M29 W 8D6 10M 3 1803 3 0122a 1870s 18929 ga

30 0 m)% 0 016123 370 9 370 9 06 W3 18N2 llMJ tlMe 18617 1m76 E3

.

Im 0 0 ts924 0 016130 390 a 350 4 57 999 3037 I 1906 I O 1795 3 8538 8J95 tm8tel t I W799 8 016137 131 1 33| I m MS 30*1 9 lieb t 0 1331 lassa 18775 Ima
tes t l at65 0 016144 313 1 313 8 71 992 leM B 1806 8 SIM6 lam 8 33775 tess
IS 8 IBM 7 0 016151 29616 25 18 73 99 16336 11076 01402 14273 1 967S IS O
95 8 12630 0 016158 3028 200J0 71 98 1432 5 Ilm 5 83437 13108 kJ6M IES
tie t IJ750 0 014165 3537 NS M 77 98 1931 4 Im3 0 1472 laten Ian taas
112 3 IJSM 0 016171 25137 134 70 98 1830 2 1 10 2 0 50 7 1 8021 lah75 1133
tie s 1 4299 0 016180 234 21 0 22 Si t? 1929 1 I 11 0 0 W2 7938 19est 194 3 --

T W" . 198 0 1 5113 0 016188 22S 84 225 46 03 97 SWit I li t 0 577 78M 8 8833 tesa F '*''*
e* 184 3 I t009 0 036196 21420 21421 a t? 195 8 1 .12 7 & l618 IFD4 lass 9164,

in 0 Imit Stilres 3032s m3M 97 17 302s 6 III)6 0 se6 87003 last saa
822 8 1 7091 0 016213 192 M 192 95 W e6 1874 5 Ille s a 600 8 7613 lam 3 333
SM 8 1 0901 0 016224 84323 183 ?4 91 5 5023 3 tilla 0 .71 5 17hl) 12747 tasa
8N 0 8 99H 0 016229 174 0s 174 00 03 86 8022 2 til6 8 0 Fat 1 7453 1 3707 taa
SMS 2 4068 0 016234 Mlet 36547 5 06 1921J 1847 0 4. 753 . 1 7374 8J847 SR8

IS D 22230 0016N7 19732 35733 87 06 1019 8 1 .17 0 01017 I TFH 19112 tua
832 0 2M4 0 016M6 M9 W B49M NM 3018 7 I 58 6 010$1 8 7217 labe 3323
taas 2 4737 0016MS N2 40 84241 301 95 1917 5 8 19 5 01084 4 7140 8274 tasa
las t 2 0087 0 016274 IM SS IM 57 803 95 lett s IL70 3 8 3918 1753 lam la s
823 2 74M 0 016204 IM OS 12918 Sa m 19112 IL218 Elma 18906 1m87 333

Met f att2 0 016793 122 98 125 00 847 95 1914 0 1122 0 01905 telt Im Ost
SC O J esil 0016J03 18721 18722 199 96 1912 9 1 22 0 02018 6SM imLP ts23 .

688 8 3 1997 0 0163 4 lille 113 76 ill M 3011 7 1 23 6 02MI 6759 las10 tes e
les 0 $ MS3 0 016322 806 58 406 St 113 M 3010 5 3,24 5 0254 u teos IA49 DesJ
HSS 3 1381 0 046332 801a8 804 70 885 95 Im 3 8 253 82447 18610 14727 las

300 0 3 710s 0016M3 9705 9707 337 95 Im! SIM I 82150 lua6 I 4006 tela
str e 3900 0 016353 SP M W 68 lit M INFO IIM t 02183 Se63 88M6 193 3
10s 0 410?$ 0016M3 30 to IIS2 121 96 les 8 1827 7 0 2216 6300 8A001 tes 0
008 8 4 3068 0 016874 WM Wlf 323 M les6 IIM 6 SJ244 3 4318 1266 use.
mas 4 5197 0816304 # 82 2 43 125 96 ISB4 ilM e 42304 latel Imf6 Otta ,

15 0 4 7414 0 016306 7727 7729 177 M Isr2 lle ? 02313 lalM 130B7 1E8
187 0 4 9722 0 016406 73 90 7392 SM E 3001 0 ti3l e SJMS 34103 lasse 33ra
tes t $2124 0 016487 70 70 70 77 131 96 999 8 8831 0 8 2377 88032 lasse tes t
tes t la623 0 016429 4767 6768 133 97 900 6 1922 4 02e00 latti IA37I te s
Ms4 5 7223 041peo M 78 Ma0 13597 9974 1833 4 SJest 13002 SARS ISa

120 $ 9t?6 0016d51 62 08 52 M 53797 906 2 IIM 2 0 2473 Ilar? Im95 9153
1720 6 27M 0 016463 3943 10 at IM 90 9th 0 813S 0 0 ftM i 1753 14758 9723
134 0 kHM 0 0!6474 MM Mer lei te Sta s 1128 0 2S37 I Med 1 8221 lie s
140 6 0eto 00lH46 MH te 61 14399 902 6 IIM 6 02M8 I W16 1AIN 848
144 21M0 0 046498 52JS 42 M Ml99 991 4 !!37 4 SJG00 13648 84M7 l3ta

te. .w aana a= =see rase ad

|'

ea.
. s. .. . .. , g . .s .

-
. .

|
- __ - - _ - -- .. . _ _ - - _ _ - . - _ - _ -

.. . . _ . . - .... .



_ _ _ _ __ _

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

,... a.s- . - - _ . . . . . . . _ . *v.
.

t*
*

. .

. .*
.

-

N u, .
.

5 t,

'E E
Table 1. 80turated Stesen: Temperature Tot LM"-

(esee87tatteset

lose 60 See $41 Sat $st Set $4I Set featae6 hels 50sedet toewme

70er 30 m Latee lost Wates Latet (wat tater latee Esse Veter Iam

t t te een v8 he h eg he h tog la I

est 2Sile 9 016510 6021 90 22 let to 980 2 IL38 2 0 2631 ladID 1 8111 IS S

INS 750 0 016522 at i?? W 189 IN08 909 0 II39 0 02H2 83s13 1 8075 letA

tes 4 M3 0016SM e 232 e6 289 IS201 te? 8 3 39 8 0 260s l &346 880s0 tesi

ISS M4 0016W7 ed N) 44 400 lW C2 906 5 I:eO S 42725 43779 14004 DS O

IN8 00s7 001696 42 624 42 &M IW W 90$J Ia413 SJFM 14713 1 7969 tea .

958 9 M0 0 016572 4 981 # 957 H008 tes I 1142 1 02787 15140 179H 95 8

sWJ t MF 0 016645 39 137 m M4 840 06 982 8 1842 9 0 2018 I 1982 4 7900 902 0

tes t M ita 3 016608 37 008 17 U4 162 05 001 6 1143 2 02es8 IJe:7 1 7065 tes e

est le406 001Mit 5 388 35 3W M4 # 900 e lies 4 0 2879 8 ar,7 5 7831 906 9

IRA la 24 081M24 3s SW M 970 M6 08 979 1 1842 0J910 IJeg 1 2798 198A

- .-

W8 II SM Delun 33 U2 136M 168 0s t?? 9 IH60 02HO le74 1744 sti * M.
.

A';..pse !! S12 00ltua 31 135 31358 172 tl 975 4 n475 0 3001 t el' 1 7008 ase * '

p- sue 13 M8 00sut! N ur leve mu ens n490 0 3061 is73 17u2 m8 -

s" Q.
y

e

7 900 17 970 3 1150 5 0 3121 i esa7 IFM4 312 A s;
34 6 0 016719 3 78,8 M,FMu ,8 24 ts 3 20 wt nSu Smu la 1na w
n .06 emu 73138m

.. nm 00ims 23 ni i. En 2 iiu s Onei i .,01 i,-2 9

assa 30 % 6 0 016905 21 529 ts5 a 19227 ' tW 6 IlW 9 D H00 leest 17300 spe s

3R8 N OIS 3016&M 30% 3 073 196 31 tec o IIM 3 8 3359 IJul 1 7320 gle s

IBRA 21 W7 00164M 19 701 19 F18 30039> 0574 11$7 8 0 3417 8.30s2 IFM0 232 5

354 23216 00160H 87 4S4 17471 maa0 SW 8 IIM 2 0 3476 IJ7H 1.7201 INJ .

3sta 24 tH 0 016926 16 30d M 321 N045 9521 lie 6 0 3533 IJOR I 7142 3ese

ses 8 M 026 0 016958 IS 243 IlMe 212 M Set S als 0 03M1 1 3s94 I 7086 asa 8

astA N FM 0 016900 la Ms M 281 214 % Ss6 8 llu a e Msg 83379 87028 sese

383 8 3 083 0 017022 13 M8 13 375 22062 Sed a llW 2 0 3706 IJM4 IH72 528

3I88 3 051 0817055 12 S20 12 SN 34H tal e 1866 1 0343 BJIM 19917 350

300 3 427 001799 Il 745 Il 762 220 M 9386 1967 4 0 3819 IJ0st I 4052 m8 .

mas 37 004 0 087823 110?$ li ts? 232 33 SMS lies ? 03876 IJt33 14008 sea t*

St # $00 0 017157 19 3S8 80 375 236 91 9338 II70 0 03932 IJST3 1 6715 Ret -

272 9 43 289 0 017193 9 738 97S5 300 99 9303 1171 3 0 3987 12715 16702 272 8

22A 4 84F 0 017228 0 162 0 300 MS88 SDS 11223 0 4043 IJOO7 la650 2RA ,

350 80 300 0017Ma 0 627 1 644 38987 ONS || 733 Sept IJett 1 8999 30

pst $1414 00 F30 0 1203 0 3453 253 3 023 7 l' 75 0 0 4154 12395 16Sa8 met .

50 56 795 0017M # 66M 76007 257 4 918 8 1 76 2 S a208 IJPE 86898 3W 0

Sets SIMO 9 01734 F2301 FJ47S 261 5 915 9 1,77 4 04263 IJ106 least 307 8

24 68 054 0 0i744 642$8 64433 206 6 913 0 llF6 6 0 4317 IJS2 14400 MA

.

t.em iim m.s.i&Mi
I .0 mi Sen S 6.n,5 68 2007 tiO O nM7

ua iim i&M, .
. m t alt Sm9 . 09 6 31M ms 0 ii40 9
I MA 7S 433 0 01713 $ 7656 e 7830 278 3 9080 llN O s a479 1874 162% 38

952A M M3 0 01757 S4M6 $ 4742 282 3 901 0 1183 8 08133 11676 BA209 Sit e

f Sett Os tM 0 01761 5 1673 S lest 206 3 007.9 1108 1 0 4546 1 1576 14462 3:48

WB W W3 0017H 4 0861 allH 290 4 008 0 115 2 0 4680 1.1477 18116 308

Det ts N6 0 01770 4 6418 a6MS 20s 6 mig !!as ? Seet? 3 8370 8 4071 3pe 8

360 PW 245 0 01774 4a00 4 4208 298 7 WSS 11872 04785 IIJ00 la0"5 alta
N28 IN 907 0 81779 41704 4 8966 3029 005 3 185 2 04794 Illu ISWI atra ,

mA I!! 820 0017t3 3 9683 3 00St 307I 002 I liet 1 040$0 8186 8$6M 354

Suft 187 092 0 0!787 3 7999 3 7978 313 3 070 8 8191 04902 1 0500 1 5087 Isla "* !*

tes t IM U0 0 01797 3 Spa 3 W13 315 5 075 5 litl e 84%8 l eets 1 55s9 assa

anse 131 843 0 01797 3 4078 34758 Sit ? 0722 liti l S WO6 1 9788 1 5006 3ee t N4a
Bis INIM Salact 2 2423 32003 323 9 Met 1197 7 0 5058 19705 13763 Eia

**

364 leSG4 0 01006 3 0063 3 Besa 328 8 066 5 litil 0 5110 8518 43723 mes

50 153 010 0 01811 2 1392 2 9573 182 3 052 1 11984 0 5141 1 0617 13470 38
Ns3 140 903 0 01816 20E2 flip 3M S Ohf 6 I195 2 0 5212 l es24 ItHF 3Bs 4

l met Itt ill telui f ull 2MF3 3ao s OHI Ilm t SSM3 1 9332 13995 ats "

| 377 8 177 M4 0 01876 2 WSt 2 M33 3s10 054 6 195 7 0 5314 1 9780 ISSW 3720

| SILA Bell? 0 01633 2 4279 2 6462 3e9 3 084 8 11974 GAMS 8 0148 13513 34A

WS 195FM 0010M 2 3170 23M3 536 Osel 135 0 0 W16 less? I W73 300

380 30529s 0 01642 2 2120 2 230s 3S79 Oso s lim ? OMM 09e66 I W32 assa

28 215 220 0 91887 a llM 2 8311 3622 072 1390 3 G H16 S M76 1 5392 me
M4 32S 516 0 01863 2 0188 20Mt 366 5 4338 8198 9 S H67 0 9706 1 5352 378

WA 336803 0 01054 8 0791 1 9877 370 8 0297 17W 4 O M17 0 9606 5 5313 WJ

S9 1 87299 0 01068 10sas 1 8610 375 1 0?S t 12910 S H67 0 9057 1 5274 eBS

I 40s8 |t8 725 00i870 I ;nac 1 7827 3794 022 0 1701 5 0 5717 0 9118 I S2p aes t

| S4 ,10 MO 9 01875 1 6877 1 7064 N38 018 2 8201 9 O S7M 9 9479 3 5195 et

med eu mur Im2 luao mSt 0i42 12a7 4 G Hi6 09Mi Im? m:4

054 _ 617 0 01087 laau I MSI N25 0102 1702 4 0 5066 09253 13818 seta

50 W 700 0elets t 4008 I ste? 396 9 562 !?t3 I OHIS S9f65 Item 308
-

ese 322 391 0 01900 3 eles I a374 act 3 E22 8203 5 0 St64 0 9077 I tes2 es8

St 336 463 0 01906 I Mel 1 3787 405 ) 798 0 12c3 7 t ecia 00nD 8500s alt e

SS 3SI R 9 01913 IJ07e4 IJ2179 4103 7939 120s 0 tem 3 0953 l atu 4838

m N6 03 0 01919 3 24087 1 26006 414 6 209 7 120s 2 0 6112 0 8816 1 8025 m

esBf Ni ls 00leM 4 36761 IJ:687 elle 7054 120s 4 0 6161 0 8729 letto est e

eas t 307 M 0 01933 I ta874 I lug 6 423 5 783 8 120s 6 0 6710 006d3 , ass 3 ass e

GABA did el 90lta0 llul2 1 ;2112 428 0 776 7 12 0s ? OWH 0097 4815 des t

et 431 8s S elts? 10S7es 13773: 4325 FF22 120s 0 06J08 0 8878 .4778 at!A

# 68 esS 73 teleW 1 91518 10MF2 4378 Mia 120s 8 0 63M GlmS ,4781 assa

*
\

t i

|
-

. .. . .
* .**e' e .om) "'- e Se S * A f ee see .

J . . ,.- . '

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



_ _ _ _ _ _ _

*
. .. . . . . . . . . . . _ . . . . . - .- . .. . .

.

.,
*

. . ,.
.

*

17
*

3
.

*
Table 1. Satureled Sleem: Temperature Table-contanear

.

Aes Prell SprColit Vehrme tathalp, fatteep
Temp te per $at * $31 $41 Sal $at $at im,fahe le en Lines Esso vapor Liews taan tesee t.ece I,ee vapo, ten

t e se een se he h et e, s, s., s, e

ses a su 87 e 01M1 e 974u e sure aal 5 7s31 820s a e saat w tt i 47es as
as4 e ses u oclut e 93Saa e 95n7 ass I na6 I2os 7 eesla e s.13 Iauf maa
ass e Sas u e 0 t 76 esta S esin2 460 7 M40 120s 4 s ect e s.77 laut ass
arts 124 67 eeltaa sums e sa329 an? 74tJ 82es t sell s e0c2 t eSt2 s7:A
41ss $45 Il e 01:52 esans e satSo ett 74a S 12esJ euse e79% B 455 ena
ass e Su 15 0 07000 e 79716 es!717 esS 739 6 12es I eesas e 7s71 3 451s as
esa e ts? si e 82009 8 76613 e 7eln est i 7M 7 12c3 s e 6696 e net I assi esa e
aos e 61010 o Cxt ? e 7 mal e 7u54 473 s nt7 9035 e 67a5 e 7700 1asas semJ
es2 s 6u 03 e c2c26 e 70tw 0 ??s20 art S M46 1203 I e 67u e Mia laa07 432 s
aos a 6M 61 e82034 e 6a06S e 70100 an32 2133 32a2 7 e 6s42 e FS2s IA37e desA

tes e 600 a6 e 020a3 e 6948 e 674t2 as73 71s 3 per2 esetc e 7aa3 Ia3n mes
see a 705 1s e 02cS3 e 6n3s e 64991 st2 7 709 0 1701 7 eHM 0 73SF I 4296 tesa
Ses e 738 a0 0 c2062 e6ohn a62S 2 so?5 7037 1701 I e Ms7 enn 1425a tse e.. sta t 757 n 0 02072 e na21s e 6c2st 3023 ese2 12cC S e 70M e rlei tant sizJ-

t".7Q '%y%,ud. #by"*.. % - .. sis s Psa 76 0 02041 eSS997 essC79 te73 802 2 litts e70s5 e fatt 1 41s3 6 s4
i*

s79 9 812 53 c onti elasu entS6 Sue es7s !!99 0 enn e 7013 141st mes
324 3 eal ca 0 021C2 $ $1 14 e $7916 Sl6 9 6813 8198 2 0 7182 e 6926 t eles eFa t
523 e 87031 S C2112 e desa) 8 51955 S21 8 6755 IIt?J e 7231 0 6B39 1 4070 678 0
522 8 000 M 0 C2123 s orta? e MC 70 SM8 MI6 lieb e e 72e: e 6752 l ac32 e:28
834 8 e3117 e024M 4 44123 e44257 631J 663 6 81954 e2329 e6MS IJDt3 esa
las t e62 79 80?las sa4M7 e a6513 SM S 6675 llM3 e 737s elS77 3J964 eats
taa s 995 22 002 57 e426n e sasM pts elJ 1153 3 0 7427 e 6489 IJelS teaJ
Bas e 1C28 49 0 02169 edless 8 4t217 ta6 s 645 0 1191 9 0 7476 8 6a00 12 4 gags
$62 9 1062 M e 02182 eJW79 8 41440 M2A 634 5 119c 6 e 7525 8 6311 8217 es2s
StL8 199735 e021M eJ7M6 e40160 SS22 612A lleBJ e 7574 e4222 IJ7t? 363

384 8 1813 38 eon 07 e36507 eJ8734 e624 EPS3 til? 7 8 76M e 6132 lJ757 ma
taa s 1170 10 0 02221 e35099 CJn20 W74 613 5 lle61 S M74 e 60sl 33786 asas
tee t 1207 72 8 02235 e33741 8 35975 $72 9 Sil5 1184 5 enn 03960 l_I675 maJ,

572 4 12a6 M e Cnet eJ2429 e D678 S78 3 404 3 8182 7 8 77M e $359 IJus 571J .*
5764 1231 74 842264 eJil62 SJ34M 983 7 347J 11W 9 e7sn eS766 IJS42 SEA

tes 9 1326 17 0 02279 efet37 0 32216 tot I Set t 1179 0 e 7575 eS673 1250 mea
saa t IM77 0 02296 028753 CJ10a8 $94 6 $824 IIM 9 e 7927 elbec IJS07 assa ,

sea t 1410 0 e C2311 0240s 0 29919 600 5 574 7 1874 3 8 7973 esaal IJs64 tasa
es2s 14533 et2328 e26 ate 02s427 006 7 566 8 1172 6 0 8c30 0 5390 IJa20 seas
taas letPJ e C2MS eJW25 e2N70 &lla $684 18702 88G82 e3253 IJ376 seEJ

i

see s IS432 8 02364 e2Old 0 26747 5171 $506 8167 7 081M eS1H IJ33r ges ttes t 1589 7 0 C23t? e23374 0 25757 622 t Sa22 1165 3 0 81st OSM7 IJ'ta sea ssea e 1637J 0 024C2 e22JW 02479 628 8 133 6 alue 9 8?ac e 4997 IJ23e ess a512 3 16461 e 02422 e2&aa2 023sn U43 124 7 11M S e B'M e sf t6 1319C 512 4818 8 17359 e C2a44 070S16 022960 6s03 SIS 6 IIM 4 e&M8 047H IJ141 sits
$7s t 17969 e 024M O! MIS e220ts Ga6 9 S06 3 11532 8 84C3 e 4689 IJ032 370 ss24 8 18390 G C2an e ll?17 0712M 653 1 4% 6 1849 8 e nsSe Sabu 33 Del 478 3$788 let?e e C2Sla C l? tac 02CJW 659 5 486 7 !!46 3 0 8514 c as 74 IJ9st 873 s632 8 IW70 S C2539 O lfosa 01950 tilt 4764 1847 2 e 8571 04Ea 11tM a12J636 3 20C23 e 02%6 elW16 0 38712 672a e65 7 lust 8 8628 8 4251 IJeft sau
ass e 20599 eon 95 eISen eleC21 679 1 4546 I!D 7 eabat s'alu 11871saa e 2118 3 e C26n e tassa 0 17269 est t 443 I I129 0 e 87a6 e 40:S I 276I esa 3

6ase
. ess e 23781 e C2657 e l3s76 elHM H2t 431 l 1824 0 S taa6 0 3333 3 2nn taas w, ,g.w_ , c,,. . SUS 22392 0 C2691 el3124 0 85416 70C 0 418 7 tilB F S tau AJ767 ljus sus -

**-
as4J 23017 0 02728 0 12387 8 11315 1974 405 7 Ill3 8 a ftJ1 eJ637 1.2M7 en6 e
esel 2MS7 0 02768 0 11663 e14431 Fla t 392 1 !!O70 8 9996 e2Sc? IJets mese6s t 2431 3 0 0 nil 0 10647 0 13757 722 9 3777 11 06 s toba eJM1 3243 asseesa e 2498 I e 02858 0 18225 e 13087 731 5 362 1 1013 $ e 9137 eJ210 11M7 entis 72 8 2%66 0 029:1 0 09514 0 82424 Pac 2 3a5 7 1015 9 el217 CJOS4 INH $72s87tJ 2636 8 e 02970 e88795 01149 7432 328 S 10U4 e nts7 e2n? IJ179 spts
ses t 27086 003CJ7 e 88000 e 11117 758 5 310t le64 S eSMS 82720 l 20e6 ses3esa s 27821 0 03114 0 07M9 e 10a63 482 2902 8058 a s taa? e2537 I ltaa cassSee s 28574 0 0320s 800 % 0 0t799 778 3 2632 lea 7 e e 9576 e2n7 1 8872 seeses2s 29M S 8 03313 e 067t? e 00110 790 S Fall 8033 6 e t6M 32110 I I7es en2aessa 30138 00345S eastl6 0 e:373 00a 4 212J 8017J S t7at e ttel 1J591 assi isu e 30HJ e GNU e $3057 eOnit 8274 1727 9M2 eSHI e1890 3 1790 ses e382 s 3135 5 e C387a 0 031n 0 06997 &lSe lea ? 979 7 1 0006 0 046 Ilh? DeZA

.
poe t 38771 e0alos 0 02112 0 06330 enaf 302 0 9M2 t eIH 0 0876 I loa 6 anosseS e 31983 00a427 C ellos 80500 e730 614 9Me 1 0329 0 0627 Im6 setssel s7* 32042 SDSC78 e00000 00$078 to6e 80 Sobe 18612 83000 1512 leL47*

*CralsCat temperaturt

U

.

i^r. > . . . . . . . , ..... .z. ...



. .

*

DWyt AANote ?? O. - MAR n, ng3-.
.

|

..

: . -

1. Answers
-

1.1 The absorption microscopic cross section is the sum of the
capture microscopic cross section and the fission microscopic
cross section. (Any answer that explains the adequately is
acceptable) (1.0)

.

REFERENCE: Reactor Theory Lesson Plan Page 3-4

1.2 c (1.0)

REFERENCE: Rector Theory Page 8-7

1.3 a. Pu-239 is builtup by a sequence of neutron absorption by

_

U-238 and two subsequent b- decays to Pu-239.
,-OR-

U-283 + ONI ---->U-239 ---(B-)--->Np-239 ---(B-)--->Pu-239 (0.75)

b. Pu-239 is a fissile material and buildsup to rather
significant levels so that it accounts for approximately

35% of the fissions at EOL (0.5). The delayed neutron
fraction for Pu-239 is 0.0021. This coupled with its

,

significant fission fraction causes the effective delayed
neutron fraction for the core to decrease substantially

over core life (0.5). As the fraction of delayed neutrons
drops the effective generation time tends toward the prompt
neutron lifetime so that the period resulting from a given
reactivity insertion is shorter near EOL. (0.75) (1.75)

REFERENCE: Reactor Theory Chapter 19

1.4 d

REFERENCE: Reactor Theory Chapter 17

1.5 The interlocks that prevent increasing recirculation pump speed
above minimum unless feedwater flow is greater than 20%, or the
discharge valve is not fully open.

I
|

REFERENCE: Lesson Plan A-2 Page 36
|

| 1.6 As steam flow increases, the DP losses due to friction increase
and so a larger DP is needed at higher flows (1.0)

REFERENCE: Figure 32-11 and standard thermodynamic principles.

i 1. 7 c

REFERENCE: Standard nuclear theory.

|
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1.8. a. Cycle efficiency would be increased by a decrease in subcooling
(0.5). As less heat is rejected to the condenser, the retyrning
condensate requires less reactor heat to produce steam (1.0).
Therefore cycle efficiency will increase.

b. By controlling the temp and flow of the cooling water to the
condenser, the operator can directly affect the overall cycle-

efficiency (0.5).
. .

REFERENCE: Standard thermodynamic principles.

1.9 a. Void coef. Decreased pressure caused by the SRV opening
causes an increase in voids and adds negative reactivity (1.0)

b. Fuel temp coef, The rapid addition of positive reactivity
due to the rod drop,(removal) causes power to increase,
therefore fuel temperature increases, adding negative
reactivity. (1.0)

c. Moderator temp coef. Removal of feed heating causes a
decrease in feed water temp, adding positive reactivity. (1.0)

REFERENCE: Reactor theory, chapters 23, 24, and 26.

1.10 b .

REFERENCE: Standard nuclear theory.

1.11 b
i
'

REFERENCE: Standard thermodynamic theory.

{ 1.12 d
i

l REFERENCE: Standard thermodynamic theory.

1.13 a.

REFERENCE: Standard thermodynamic theory.

1.14 a. As flow increases, critical power increases, at higher flow
rate cooling improves and thus a greater power input is
required to raise the coolant enthalpy to saturation conditions
and change water to steam. (1.5)

b. CP increases as inlet subcooling increases. Greater enthalpy

- rise is required to bring the coolant to saturation conditions
thus higher bundle powers are required before boiling begins. (1.5)

An increase in pressure will cause a decrease in CP. Thec.
enthalpy of saturated steam decreases as pressure increases.
e.g., enthalpy at 1000 psi = 1192.9; enthalpy at 1100 psi =

(1.5)1189.1

13
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The drop in enthalpy means a given pound of coolant must
acquire less energy in traveling through a bundle to reach'
transition boiling. Thus, CP decreases.

REFERENCE: Standard thermodynamic theory.

1.15 b

RERERENCE: Standard nuclear theory.
~

1.16 c

REFERENCE: Standard nuclear theory.

1.17 Cool water from the booster pump discharge is sprayed into the
barometric condenser through spray nozzles to condense the
steam. (1.0)

REFERENCE: Lesson plan C-3, page 4.

-

.

-
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2. Plant Design Including Safety and Emergency Systems ANSWERS
_

2.1 There are numerous indications that could be used and any
reasonable answer will be given credit. The list below may
not be all inclusive and reasonable indications or alarms may
be acceptable. (Any 10 at .25 each)

.

Drywell sump flow and tim,ers
,

Primary Containment pressure
Primary containment atmosphere temperature
Primary containment humidity
Primary containment radioactivity
Drywell vent coolers Delta T
Drywell level
Torus level
Reactor level e

Reactor pressure
Steam flow / feed flow mismatch
Steam line pressure decrease
Torus water temperature

|
REFERENCE: Lesson Plan B-3, page 4-10.

I 2.2 1. CRD pumps take suction from the condensate reject line to CST (1.0)
2. CRD system supplies seal purge water to recirc pumps (1.0)

: 3. Scram discharge and instrument volumes drain to radwaste. Also
vents from the drive water filters go to liquid radwaste. (1.0)'

4. CRD gear box, pump bearings and seals are cooled by RBCCW.
It is sufficient to say pump is cooled. ( .5)

REFERENCE: Lesson plan A-1, pages 55-57.

2.3 RCIC pump turbine
HPCI pump turbine
SJAE's
Mositure separator / reheaters
Gland seals
Turbine building sampling system
Off gas preheater (any 6 at .33 each)
oif,ea M C ~. e * > ~
REFERENCE: Lesson plan A-6, pages 9-10

2.4 "B" RHR pump will continue running ( .5)
"B" and "D" service water pumps will stop and heat exchanger
throttle valve close. (1.0)
RHR heat exchanger bypass valve (MO-1940) opens ( .5)
Suppression pool spray valve (1932) closes ( .5)-

3 LPCI to suppression pool test line valve (1934) closes. "B" RHR

pump will continue to take a suction from the suppression pool
but the discharge will now bypass the heat exchanger and go
through the injection valves rather than through the test valves
to the torus. ( .5)

REFERENCE: Lesson plan C-1 and F-6.

# 15
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2.5 a
-

REFERENCE: Lesson plan E-11, page 2

2.6 1. Emergency seal oil pump
2. Bearing oil header

.

REFERENCE: Lesson plan D-12, page 3. ,

2.7 a. Pressure in reactor vessel <35#. (.75)
The inboard MSIV in the associated line is closed. ( .5)

b. Boil off any condensate that collects in the line. ( .5)

REFERENCE: Lesson plan A-6, page 42.
,

2.8 a. As the steam condenses, pressure will decrease in the
drywell. With the vacuum breakers failed shut, pressure
cannot be equalized. The pressure in the drywell would
decrease and the negative pressure (vacuum) limit would
be exceeded and failure would probably result. (2.0)

,

b. Steam flows from the drywell to the torus through the
vacuum breaker equalizing the pressure. The steam is
not forced through the downcomers and up through the
water (which would condense the steam and limit pressure
rise), but instead is dumped on the surface of the water
in the torus. As a result of this both torus and drywell

pressure will probably exceed design pressure and fail. (2.0)

REFERENCE: Lesson plan E-6, page 11.

2.9 As level starts to increase in the IE-4A heater the drain valve

d'''
"J,.,4 /# (emergency spill) to the condenser will start to open and open

As level increases further the high- (1.0)
d'' h, , C @ fully as level increases.;;nd:n; r will ; :n, the drain from the IE-5A d p ( .5)-At thi. puini it.e extraction :t = %.. #* high trip will be reached./i F pr( /J ' ,r bypn: v:h; t:

A heater will close and the drain (emergency spill) from the 5A, 'e2/' ( .5)
j, f S g' heater to the condenser will open. ( .5)
,7. - .

REFERENCE: Lesson plan D-15, pages 2, 6, 16-17.
/,JD Af ~/ o f C4 '2.

2.10 These switches provide a verification signal to the ADS system that
a core spray pump has started. This is part of the ADS initiation
permissive. (1.25)

REFERENCE: Lesson plan C-2, page 10.-

2.11 Check valves located on the discharge side of the pump. (1.0)

REFERENCE: Lesson plan C-4, page 4.

.
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2.12 1. Reactor scram signal ( .5)
2. Recirculation pump trip signal ( .5)-

REFERENCE: Lesson plan D-9, page 29.

.

* e

8
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3. Instruments and Controls ARGWERS
_

3.1 1. Discharge valve 100% closed ( .5)
2. Vent valve 100% open / ( .5)

#3. Wet pit water level is normal (above 18 low level alarm) ( .5)
4. Condenser discharge valves (MO 4208-4209) are 100% open ( .5)

.

REFERENCE: Lesson plan D-3, page 7. ,

3.2 1. Inpute to PCIS (MSIV closure, group I)
2. Input to feedwater control system
3. Control room indication.
4 a w m obat
REFERENCE: Lesson plan A-6, page 48.

.5, d .~ O u.. .|.h :-, s n e

3.3 a. An imbalance of fidw (> setpoint) between inlet flow from the
reactor and the sum of blowdown flow and return flow to the
reactor. (1.5)

A(fifteensecond)timerstartsandifimbalancestillexistsb.
after timer times out, isolation valves isolate. (1.0)

i

REFERENCE: Lesson plan B-4, page 7.

3.4 A&B
'

(1.0)

REFERENCE: Lesson plan A-2, pages 39-40.

3.5 D (1.0)
.

REFERENCE: Lesson plan E-11, page 3.

~J (1.0)'~ ~ ~ ~ *
3.6 B 44.. .f M- c - ~ .X 4 u d - '>

i REFERENCE: Lesson plan D-15, page 14-15.
'% : / d -' o 1 c4 L

3.7 1-D
| 2-D
( 3-E

4-C (.25 each)
5-E
6-B
7-D
8-E,

REFERENCE: Lesson plan A-5, page 34.

35 8 Temperature elements monitoring the discharge piping temperature
pressure switches in discharge piping.

I Computer alarm (any 2 at .75 ea)

REFRENCE: Lesson plan A-6, page 26-46.

I
|

| 18
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3.9 A Two valves ( .5)
B A reactor high pressure scram signal and a safety / relief -

valve opened as sensed by tailpipe pressure switches. (1.5)
C. After arming the LLS opening setpoints are dropped to 1020

psig (PSV 4401) and 1025 psig (PSV 4407). The closing
setpoints are 120 PSI less (Other valves setpoints stay the
same). (1.0).

D. Reset button on ICO3. ( .5)
,

REFERENCE: Lesson plan A-6, pages 36-38.

3.10 A. 1. Neutron monitoring system. 2. Used in flow biased trip
units (Rod block and scram). (1.0)

B. 1. RHR system. 2. Used in LPCI loop selection logic to
determine if there is a broken loop. (1.0)

C. 1. RHR system. 2. Used to determine pressure for RHR
shutdown cooling permissive. (1.0)

D. 1. RHR system. 2. Used to determine if recire pumps are
running for LPCI loop selection logic. (1.0)

REFERENCE: Lesson plans A-2, page 24, C-1, pages 13-14, A-5, pages
32 and P&ID's 116, 119, and 120.

3.11 APRM channel mode switch not in operate. ( .5)
APRM module (circuit card) removed. ( .5)
LPRM input count circuit indicates too few LPRMs are
being averaged. ( .5)
Less than two inputs are available from any LPRM level
in the core. (1.0)

REFERENCE: Lesson plan I&C 3, 4, page 21-22.

! 3.12 a. Water flows through the exhaust valve (insert or withdraw)
into the exhaust header. Then into the other HCU's

i through the insert exhaust valves (SV-1854) and into the
reactor through the CRD mechanism (drive withdraw line). (2.0)

i

b. JB l_ ( .5)

REFERENCE: Lesson plan A-1, pages 32-33, and 45-46.

_

| 19
|

i



.-

~

.

.

*
..

.

.

- 4. Procedures - Normal, Abnormal. Emergency and Radiological ~ Control ANSWERS

4.1 8 (1.0)

REFERENCE: IPOI volume C-20, page II.B.2.

4.2 a. 1. Turbine Trip 9 19"
2. MSIV closures 9 10" .

3. BPV's shut 9 7"
4. Reactor scram
5. Low vacuum alarm f 24" J 1r.t "

(4 required at .5 each)

b. Verify automatic actions have occurred.
If turbine trip has occurred, carryout turbine trip actions.
If reactor scram odcurred, carryout scram actions.
If reactor has not scrammed, rapidly reduce reactor power

using recirc pumps.
Place standby SJAE unit in service.
Place Mechanical Vacuum Pump in service.

(5 required at .5 each)
,

i REFERENCE: IPOI C-40, Section 0, Page 0-2-3.
S&- ~ so . s e -4 4- .,e , ,, i s., i)'

4.3. When any SRM has i'ncreased by a factor of ten or after group 2. (1.0(

REFERENCE: IPOI Section II.C, page II 8A.

4.4 itCIC system perferred (1.0)
HPCI system ( .5)

( .5)RHR/RCIC system
j CA O M w j*1 * j , p 4 ,,, q

,

ca.A-.! t.Js
REFERENCE: IPOI Section II.C.20, page II 17.

:traz v1 of n or
S i a' ' ' (1.0)4.5 A

REFERENCE: IPOI, Section II.C.3, page II-20.

4.6 To insure proper mixing of reactor vessel water (Prevent stagnation) (1.0)

REFERENCE: Section V.B, Page V-2.

4.7 Check that the existing control rod pattern:

1. Is in accordance with the RWM sequence latched. (1.0)
2. Has all rods in each group within one notch position

- of each other. (1.0)
3. Corresponds to required rod sequence control system group. (1.0)

REFERENCE: Section V.C., page V-3.
.

20
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4.8 1. RHR service water crcsstie.
,

,

2. Fire system -

3. SBLC 1,

4. Well water /GSW
5. ESW f,

6. Condensate /0emin service water
(.5 each)-

REFERENCE: E0P 1, RC/L, Page 9 -

4.9 Torus water temperature above 95*F (1.0)
Drywell temperature above 150*F (1.0)
Drywell pressure above 2.0 psig (1.0)
Torus water level above 60% (1.u)
Torus water level below the minimum level allowed by DP (1.0)

REFERENCE: E0P-2, PCC, page 1.

4.10 Plant mode ( .5)
Power level (MW and MW ( .5)
Electrical 4160hlineup') ( .5)
Major components out of service including limiting
conditions of operation. ( .5)

REFERENCE: 1410.3, page 4.

4.11 The hold card is used to safeguard human life and the warning
tag is used to safeguard equipment, service or other
operational reasons. (1.0)

REFERENCE: 1410.5, page 1.

_

|
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; Section 5 - Theory of Nuclear Power Plant Operation, Fluids and Thermodynamics

5.1 a. Explain the term " Prompt Critical." (1.0)
<

b. Explain why the amount of reactivity required to achieve (1.0)
prompt criticality varies with core life.

; 5.2 In the main condenser, circulating water flow rate is approxi- (1.5)
mately 20 times that of the steam flow rate. Why are these
flow rates different? (Primary heat transfer rate equals
circulating water heat transfer rate.) (Consider thermodynamic

i principles in your answer.)

5.3 HOW and WHY does the MAGNITUDE (reactivity added per change
in degree F) of the FUEL TEMPERATURE COEFFICIENT (DOPPLER)
change, given the following changes in core conditions:

a. Core age (BOL to EOL). (1.0)

b. A significant increase in fuel temperature. (1.0),

c. A significant increase in core void fraction. (1.0)
'

5.4 a. After making a rod notch withdrawal with the reactor (1.0)
critical, you notice a 100 second period. How much
reactivity was added by the rod notch? (assume BOL)

b. After a reactor scram from power the shortest stable (1.0)
i period possible is -80 seconds. Explain this statement.

} c. Is the initial period immediately following the scram (1.0)
'

shorter than -80 seconds? Explain your answer.

5.5 a. What is " pump runout" and why is it an undesirable (1.0)
condition?

: b. Consider a real plant system (Non-IDEAL) with two (1.5)
| identical pumps in parallel, one of which is running.

| The second pump is started. (Choose the correct
' answer and explain your choice. Both pumps are

operating at 1800 RPM.) The new flow rate will be:

(1) Double the original flow!

| (2) Less than double the original flow
(3) Greater than double the original flow
(4) Same as original flow, only discharge head changes

L

I
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5.6 APLHGR limits have been set to assure that peak cladding temperature
of 2200*F are not exceeded following a postulated LOCA. ~

a. following a LOCA, which rods (center, edge, corner) (2.0)
would be more likely to exceed this 2200*F limit.
Explain your answer.

b. Are these the same rods with the highest local peaking , (1.5)
factors during normal operation? Explain.

5.7 Following an auto initiation of HPCI at a reactor pressure of
800 psig, reactor pressure decreases to 400 psig. How are the
following parameters affected (increases, decreases, remains
constant) by the change in reactor pressure? Briefly explain
your choice. Assume HPCI system is operating as designed.

.

a. HPCI flow to the reactor (1.0)

b. HPCI pump discharge head (assuming NPSH remains constant) (1.0)

c. HPCI turbine RPM (1.0)

5.8 For each of the events listed below, state which reactivity

{ coefficient will respond first, why it responds first and
'

whether it adds positive or negative reactivity.

a. SRV opening at 100% power. (1.0)

b. Rod drop from 100% power. (1.0)
,

5.9 Assume the reactor is at 100% power and flow. Explain what (1.0)
happens to core flow and why, with a reduction in power by

! driving rods. Assume recirculation pump speed remains constant.

5.10 a. What is decay heat and how it is produced? (1.0)

; b. After a reactor trip, thermal output of the reactor is (1.0)
a significant percentage for over two hours. Why isn't
this power visible on the nuclear instrumentation?

5.11 Give three (3) reasons why samarium is not considered a (1.5)
problem during reactor operations.

.

2
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Section 6 - Plant Systems Design, Control, and Instrumentatign

6.1 When fuel is placed in the reactor, it is very important (2.0)
that fuel bundle orientation is correct. What are two
reasons why the orientation must be correct?

6.2 Concerning the feedwater control system in three element control:

a. What signals feed into the system? (1.0)

b. How many detectors are there for each signal? (1.0)

c. Where are these detectors located in their respective (1.0)
systems (if applicable)? (i.e., where in their flow
path?)

,

6.3 The MSIV-LCS is designed to take leakage from the MSIV's (3.0)
following a LOCA and discharge to the standby gas treatment
system. What automatic features of this system will prevent
continuously discharging excessive amounts of fission products
to the SGTS if the MSIV's don't seal properly? (Include
setpoints if appropriate).

6.4 On certain recirculation system trips the generator field (2.0)
breaker will trip open immediately. On other trips the
generator field breaker will remain closed until it trips
due to exciter undervoltage. Why doesn't the field breaker
just trip open on all recirc system trips?

6.5 a. When a select error occurs on the RWM, can the operator (0.5)
still move the rod? (RWM is NOT bypassed and no rod
blocks existed prior to selecting the rod.)
ANSWER YES OR NO.

b. If so, how far, and why? If not, why not? Explain (2.5)
your answer fully. Consider both an attempted insert

| and withdraw action.
t

c. List the inputs supplied to the RWM from other plant (1.0)
systems.

NOTE: Limit answers in "a" and "b" to RWM ONLY.

|
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6.6 For EACH of the lollowing conditions, STATE whether a SCRAM, (2.5)
HALF-SCRAM, ROD 3 LOCK, OR NO ACTION, is directly generated. ~

For conditions tnat could produce more than one action, STATE
the more limiting action (e.g. half-scram is more limiting
than a rod block.)

a. Loss of one RPS MG set

b. Turbine trip at 20% power
~

c. APRM B downscale, Mode switch in RUN

d. Scram discharge volume level is at 50 gallons

e. IRM A fails upscale, Mode switch in RUN
,

6.7 It may be necessary, under certain conditions, to vent the (3.0)
drywell when an isolation condition exists. What are 3 of
the 4 signals or interlocks that must be bypassed or reset
in order to vent the drywell under an isolation condition?

6.8 RHR is being used in the suppression pool cooling mode to (3.5)
cool off the torus. "B" loop is lined up for cooling using
the "B" RHR pump and the "B" + "0" RHR service water pumps.
Explain what will happen (if anything) to any of the equip-
ment being used for suppression pool cooling flow and the
flow path if a LPCI initiation and injection signal were
to occur.

6.9 During movement of a control rod drive, what is the flow (2.0)
path for the exhaust water flow? Be specific and include
flow path into the reactor vessel.

g

0

|

t

2



.

'

.

.

.

.

Section 7 - Procedures - Normal, Abnormal, Emergency, and Radiological Control

7.1 What does the term ALARA stand for and what is the purpose (2.0)
of this concept?

7.2 What three people (by title) can authorize entry into the (1.5)
Drywell when reactor pressure is greater than 400 psig?

~

7.3 The vacuum pump should not be run at power levels >10%. (1.0)
What are the two reasons for this?

7.4 E0P-2 states that torus water level must be below 13 ft. (2.5)
prior to initiating drywell sprays and torus level must
be below 23.4 ft before initiating torus sprays. What
are the reasons for requiring those levels prior to
actuating sprays? '

7.5 The plant is at 80% of rated power. An explosion of unknown
sources forces an evacuation of all personnel from the control
room before any operator actions can take place.

a. In accordance with IPOI-H " Shutdown from Outside the (2.0)-

Control Room", BRIEFLY EXPLAIN the PRIMARY AND BACKUP
means of scramming the reactor.

t
b. IDENTIFY TWO (2) visual observations that should be (2.0)

made by the operator to verify that the reactor has
scrammed. (Include locations)

7.6 According to your shutdown procedure, prior to steam flow (3.0)
dropping to the Rod Worth Minimizer Low Power Alarm Point
(LPAP 35% reactor power), the existing control rod pattern
must be checked. With three things must the control rod
pattern be checked for?

7.7 What are the six systems that are considered to be alternate (3.0)
injection subsystems by your emergency procedures?

7.8 Which of the following would NOT necessarily be a symptom of (1.0)
unidentifiable leakage in the drywell of 5 GPM or higher?

1

l a. Excessively increasing drywell floor drain sump total
flow at FQ 3707 on Panel IC19.

b. DRYWELL HIGH TEMPERATURE alarm on Panel IC04-C.

c. DRYWELL FLOOR DRAIN SUMP HI-HI LEVEL on Panel IC04-C.

d. DRYWELL FLOOR DRAIN SUMP HI LEVEL on Panel IC04-C.

.- ._ __- -- - . _ _ _ . . _ . .. ... . - - _ - _ - . - - -
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7.9 When in the hot standby condition and with the reactor- - (2.0)
~critical, what are the 3 systems or sets of system that may

be used to control reactor pressure? Which of these is the
preferred method?

7.10 What operator actions are required if the " ROD OVERTRAVEL" (3.0)
annunicator alarms?

7.11 During refueling, a functional and subcritical check of every (2.0)
control rod shall be made before the final shutdown margin test
can be started. How is a " functional and subcritical check"
performed and what is checked?

.

.
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Section 8 - Administrative Procedures, Conditions, and Limitations

8.1 Prestart Master Checklist need not be prepared for restarts (1.5)
following reactor critical operation that is terminated by
an intentional non-mandatory shutdown of what two types?

8.2 a. Prior to startup, independent manual valve position (2.0)
verification is required. Who must complete this

,

verification and how is it completed?

b. If a system lineup is to remain in an abnormal lineup (1.0)
(due to Hold Off Clearance, etc), how is this situation
taken care of?

8.3 How must changes to the control rod withdrawal sequence be (2.0)
documented and who must approve them?

8.4 Prior to starting up the main turbine, there is a caution (1.0)
that says significant bypass steam flow has to have existed
for at least 10 minutes before turbine startup. What is the

,

purpose for this caution?
.

8.5 According to Technical Specifications, what are the only five (2.5)
scrams that need to be operable when subcritical and water
temperature <212*?'

8.6 Below are Technical Specification definitions for some of your
thermal parameters. For each definition, give the correct
thermal parameter.

a. The ratio of the linear heat generation rate (LHGR) (0.5)
existing at a given location to the design LHGR for
that bundle type.-

b. The heat output per unit length of fuel pin. (0.5)
(
, c. The ratio of local LHGR for any specific location on a (0.5)

fuel rod divided by the core average LHGR associated with
the fuel bundles of the same type operating at the core
average bundle power.

d. The ratio of that fuel bundle power which would produce (0.5)
boiling transition to the actual fuel bundle power.

8.7 Who can approve the following RWP's? (2.0)

a. Jobs with a collective dose estimate of less than one man-rem.

b. Jobs with a collective dose estimate of more than one man-rem.

c. Extended RWP's.

d. Standing RWP's.
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8.8 According to EPIP-1.1, Determination of the Emergency - (3.0)
Action Level, what are the responsibilities of the ~

operations shift supervisor?

8.9 Per your Technical Specifications, in order for the fire (3.0)
suppression system to be considered operable three (3)
conditions must be met. What are these conditions?

8.10 The Technical Specificati5ns talk about operating with " Limiting
Control Rod Patterns."

a. What is a limiting control rod pattern? (0.5)

b. What three (3) conditions must be met when operating (3.0)
with a limiting control rod pattern?

.

8.11 Your Technical Specifications have limits of 5 gpm (1.5)
unidentified leakage and total leakage of 25 gpm in
the primary containment. When are these limits in
effect?

.

m
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'. EQUATION SHEET
*
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~

f = ma v = s/t Cycle efficiency = (Network.

'

out)/(Energy in) --

w = mg s = V t + 1/2 at2o
2

E = mc
2

KE = 1/2 mv a = (Vf - V )/t A = AN A=Aoe"*o
PE = mgh

' '

Vf = V,+ at w = e/t A = an2/t1/2 = 0.693/t1/2
NP5H = Pin - Psat l/2t eff = [(t1/2)(t ))b

[(tjjp) + (t ))b,

m a p AV

AE = 931 am
' -ExI=Ieo'

Q = nCpat

Q = UAah I = I e~"*
n

Pwr = W ah I=I 10-x/TVL
f g

TVL = 1.3/u
P = P l0'"#I )

. HVL = -0.693/uo
P = P e /Tt

o

SUR = 26.06/T SCR = 5/(1 - K,ff)
CR = S/(1 - K,ffx)x

CR (1 - K,ffj) = CR (1 - kdf2)SUR = 26p/t* + (s - p)T j 2

T = (t*/p ) + [(s o )/xo] M = 1/(1 - K,ff) = CR /CRj o
T = 1/(o - a) M = (1 - K,ffo)/(1 - K,ffj)
T = (a - o)/(ao) SDM = (1 - K,ff)/Keff
a = (K,ff-1)/Keff = AK,ff/K t* = 10 seconds

eff

1 = 0.1 seconds-I

o = [(t*/(T K,f f)] + [s,ff (1 + AT)]/

Idjj=Idp2
P = (z,V)/(3 x 1010) Ij j =Id2

d p2
2I = oN R/hr = (0.5 CE)/d (meters)

R/hr = 6 CE/d2(feet).NPh = Static head - ht-Psat
$

*

Water Parameters Miscellaneous Conversions

1 gal. = 8.345 lbm. 1 curie = 3.7 x 1010dps
1 gal. = 3.78 liters 1 kg = 2.21 lbm
1 ft3 = 7.48 gal. I hp = 2.54 x 103 Btu /hr

3 6Density = 62.4 lbg/ft 1 mw = 3.41 x 10 Btu /hr
Density = 1 gm/cne lin = 2.54 cm
Heat of vaporization = 970 Btu /lbm *F = 9/5'C.+ 32
Heat of fusion = 144 Btu /lbm 'C = 5/9 (*F-32)
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Section 5 Answers.

5.1 s. RX is said to be prompt critical when the reactivity
t addition exceeds the delayed neutron fraction Beta

; and is thus critical on prompt neutrons alone.

I

j b. Beta decreases with the buildup of Pu-239.

Ref.: Standard nuclear theory
"

5.2 Circulating water is maintained subcooled while the steam (1.5)
undergoes a cnange in phase. The heat removal required to
condense the steam (i.e., latent heat of condensation);

.' accounts for the large difference in flow rates.

Ref.: Standard thermodynamics

5.3 a. INCREASES or becomes more negative (0.25) due to the (1.0)
buildup of resonance absorption materials, such as
Pu-240 and fission products not present at BOL (0.75).

b. DECREASES or becomes less negative (0.25) due to a (1.0)
smaller fractional change in the neutrons being
resonantly captured (0.75).

c. INCREASES or becomes more negative (0.25) due to an (1.0)
increase in neutron slowing down length, causing
neutrons to spend more time in the resonance energy
spectrum (0.75).

Ref.: Standard nuclear theory

i 5.4 a. T=B p/Ap so p=B/AT + 1 A = Lambda (1.0)
assume B = .0072 (BOL) and A = .1
p = .0072/(100)(0.1) + 1 = 6.545 x 10E-4 delta k/k

i

b. After the initial prompt drop, power cannot decrease (1.0)
faster than the longest lived delayed neutron appears.

c. Yes. The initial drop in power will only be due to (1.0)
the prompt neutrons.

5.5 a. Increase in flow due to loss of backpressure (0.5). The
increased flow causes the motor to draw more current and
possibly damage the motor windings (0.5). e_$_ e+ A / 4 '*- M *k
s J...i m e ~ r ,..~~,. h ~ 9 r. .

b. 2 (0.5) When delivering water into a piping system that
offers frictional resistance two pumps operating in parallel
will encounter greater resistance to flow. The resistance
lowers the total flow to less than twice the original flow

(1.0).

Ref. : Standard fluid flow

. . - . . - _ - . _ - - - _ _ - - _ _ - _
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5.6 a. The central rods are more likely to exceed the 2200'F (0.5)
limit.

-
-

In the event of a LOCA, the fuel would dry out rather (1.5)
quickly and the primary heat transfer mechanism prior

c to rewetting would be thermal radiation. The edge rods. t
'

can radiate heat away from the bundle, while the central

rods radiate much of,their heat to other central rods.
,

b. No. The edge rods, and the corner rods in particular, (1.5)
have higher local peaking factors. This is due to the
water gaps.

Ref.: Heat transfer and fluid flow page 15-2 and standard nuclear theory,

5.7 a. Remains constant (0.25). Flow is controlled by flow
controller which will attempt to maintain a constant
output flow regardless of reactor pressure (0.75).

b. Decreases (0.25). The flow controller functions to
maintain a constant flow, thus pump discharge pressure
is decreased along with the decreasing reactor pressure,

to maintain constant flow; or since flow controller
maintains a constant flow to the reactor, as reactor
pressure decreases, the pump discharge head must decrease
to maintain a constant flow (constant NPSH) (0.75).

j c. Decreases (0.25). Since pump discharge head is decreasing
to maintain a constant flow, turbine RPM must also decrease

(0.75).

5.8 a. The decrease in pressure will cause increased voids (0.5).
Void coefficient (0.25) would add negative reactivity

first (0.25).

b. The addition of positive reactivity by the rod removal causes
power to increase and thus fuel temperature increases (0.5).
The fuel temperature coefficient (0.25) would respond first
by adding negative reactivity (0.25).

'x -
g
' Ref. : BWR technology

5.9 Core flow would increase (0.5) due to reduction in two phase flow

;; conditions (0.5). (Less resistance)

Ref.: Standard thermodynamic theory

5.10 a. Decay heat is the heat produced from that part of the (1.0)
fission energy released at some time after the fission
event by radioactive decay of the fission products.

l

i
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b. The thermal output after a reactor trip is from Decay of (1.0)
Fission fragments and activated vessel structures by Beta ~
and Gamma decay.

The IRM and SRM are compensated to discriminate for gammas. l

Ref.: Standard reactor theory

5.11 1. Relatively low cross-section for absorption
~

(0.5)

2. Low fission yield (0.5)

(0 5)3. Long haif-11fe
4 O. a . J J, .y J-.y .n J a, . J' ,i g .:1:s-..- v,4. .

Ref.: Standard reactor theory A ''r d' ' "3 e * *
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Section 6 Answers - -

-

6.1 1. If the fuel assemblies are not orientated properly, (1.0)
the control rod blade could bind and not operate
smoothly, if at all.

2. The fuel enrichment is based on the water gaps and (1.0)
misorientated fuel would cause undesirable flux

J faaJI,;,,;+ej..I v u e.* >geo g g f, ,,, y,j, ., , c ", i j . . ./ .,,
.W ~ o - -distribution nd urnup.

,

.'

Ref. :"lYUI[ plan 4,Ya#ge' k 21,''22 and fig. 9
y du. ,, , L,,, s . f f.~ h i- , h a.' <a./%

6.2 a. Feed flow, steam flow, and reactor level (1.0)

b. 2-feed flow, 4-steam flow and 2-reactor level (1.0)
(only 1 reactor level is in circuit at a time)

c. Feed flow is sensed downstream of H.P. heaters. (1.0)
Steam flow is sensed at steamline flow restrictors.

Ref.: Lesson plans D-16, page 37-2, A-5, page 38, A-6, page 48
'

and P&ID M-107

6.3 1. If the main steamline pressure is not below 5 psig (1.5)
after one and'a half minutes (1 min.) of blowdown,
the valves will close.

2. During the bleed off mode of operation, if inboard (1.5)
MSIV leakage is greater than 90 SCFH after 1 min. of
bleed off operation (3 min. total from system initi-
ation), the valves will close.

n /s ., a e .,, + .u sai,,. . ,i,;, . < 7 7,a :s d' r '"'~ '~_f ,;~ j ,,j y3 gg , , j

g
- Ref.: Lesson plan A-6, page 42 & 43

6.4 The inertia of the M-G set components will help provide a (2.0)
|

|
slow coastdown following a loss of power to the drive motor.
This allows for a cooling flow to the core to be maintained
for a short period of time during the loss of flow transient.
The generator field breaker only needs to be tripped if a
possibility of generator or pump motor damage exists.

Ref.: Lesson plan A-2, page 31

6.5 a. Yes (0.5)

b. It can be moved out one notch (0.5) before a withdraw (2.5)
error will block further movement (0.5). If the rod was
inserted, it will move as far as the operator wants (0.5)
as long as it is not the third insert error (0.5). If it
were the third insert error, it would only go one notch

(0.5).

- - - - . .. . .. .
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c. 1. Steam flow for LPAP and steam flow and feed flow (1.0)

for LPSP (0.25)
-

2. Rod position from RPIS (0.25)

3. Rod select from RMCS (0.25)

4. Rod sequence from process computer (0.25)
,

Ref.: Lesson plan I&C-10-RWM, pages 7 & 8

6.6 a. Half-scram (0.5 ea)

b. No action

c. Rod block *

d. Rod block

e. No action

Ref.: DAEC lesson plans I&C-2, IRM, pg. 25; I&C-3, APRM, pg. 30;-

I&C-7, RPS

6.7 Any 3 at 1.0 each '.,

1. Atmosphere control key locked hand switch (Torus, Normal,
Drywell) must be placed to Drywell.

2. The isolation signal (s) present must be bypassed using the
key locked switch (es). (A-H)

i 3. Isolation valve reset pushbuttons must be pressed.

4. The valve to be opened must be placed in OVERRIDE to open.

Ref. : Lesson plan E-13, page 15 and E0P-2, page 19

6.8 "B" RHR pump will continue running. (0.5)

"B" and "D" RHR service water pumps will stop and heat (1.0)
exchanger throttle valve close.

RHR heat exchanger bypass valve (MO-1940) opens. (0.5)

Suppression pool spray valve (1932) closes. (0.5)

LPC1 to suppression pool test line valve (1934) closes. (0.5)

i

|

2
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"B" RHR pump will continue to take a suction from the - - (0.5) ,

suppression pool but the discharge will now bypass the '
-

heat exchanger and go through the injection valves rather
than through the test valves to the torus.

Ref.: Lesson plan C-1 & F-6

6.9 Water flows through the exhaust valve (insert or (2.0)
withdraw) into the exhaust header. Then into the -

other HCU's, through the insert exhaust valves
(SV-1854) and into the reactor through the CRD
mechanism (drive withdraw line).

Ref.: Lesson plan A-1, pages 32 & 33, and 45 & 46

1 e
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Section 7 Answers
,

7.1 ALARA - as low as reasonably achievable. (0.5)

ALARA is a program to maintain the radiation exposure and (.75)
the release of radioactive materials to unrestricted areas (.75)
as low as reasonable achievable.

7.2 1. Chief Engineer = Pl*3 5 r* Y-'0*'# '

(0.5)

Assistant Chief Engineer A u f FI' I # *r*'''I'~ ~#'
(0.5)2.

.

3. Operations Supervisor (0.5)

Ref. : IPOI, Section II.C.2, page II.16

7.3 1. Possibility of hydrogen explosion (0.5)

2. Untreated release of activity (0.5)

Ref.: IPOI, Section II.C.2, page II.16,
,

7.4 13 ft. is the level of the drywell to torus vacuum breakers (1.5)
and spraying the drywell could cause the negative internal
pressure of the driwell to exceed limits.

23.4 ft. is the level of the torus sprays. They would be (1.0)
ineffective if they were under water.

Ref.: E0P-2, pages 12 & 14

7.5 a. Primary - Trip the Power Range Neutron Monitor System (1.0)
' Bus A and Bus B at the RPS Distribution panel

in the Essential Switchgear Room.

Backup - Place the Main Turbine Trip Switch in the (1.0)
' Trip' position at the Main Turbine Front
Standard.

b. 1. Accumulator low pressure /High level red lights are (1.0)
on at CRD Accumulator Local Panels 1C54 and IC72.

2. Check position of scram valves in control rod drive (1.0)
area on first floor (757'6").

Ref.: IPOI-H, Shutdown Outside Control Room, Rev. 9, page 6 & 7

7.6 Check that the existing control rod pattern:

1. is in accordance with the RWM sequence latched (1.0)

2. has all rods in each group within one notch position (1.0)
of each other

.
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3. corresponds to required Rod Sequence Control System (1.0)
,

groups

Ref.: V.C., Page V-3

7.7 1. RHR service water crosstie (0.5 ea)

2. Fire system
.

3. SBLC

4. Well water /GSW

5. ESW

6. Condensate /Cesia. service water
y. g& c. D- .a w&~-

Ref.: E0P-1, RC/L, page 9

7.8 B

Ref.: IPOI, Volume C-2.0, page II.B.2-

7.9 RCIC system preferred

HPIC system

RHR/RCIC system
C. J *l r s Jo , a- C 'e o " ' I' ~.s ~$~ f|~ * SE * *
Ref.: IPOI, Section II.C.2.a page 11.17

sror 3ZI o.1 r,at ,0.' n n
7.10 1. Observe full core display and identify rod by red drift (1.0)

light.

2. Normal corrective action is to attempt to recouple the (1.0)
rod.

3. If cannot be recoupled, insert to 0 and disarm. (1.0)

Ref.: Annunciator procedure IC05-B

7.11 A functional and subcritical check consists of notching (2.0)
the control rod to the fully withdrawn position, verifying
subcriticality, verifying coupling of the CRD by attempting
to dive to the overtravel position, and then measuring the
time required for the rod to drive to the fully inserted
position.

Ref. : FRCHP #5, page 9

4
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Section 8 Answers -

8.1 1. The reactor is driven subcritical, without rods being (.75)
fully inserted, to bring the steam plant from power
operation to hot standby.

2. All rods have been fully inserted for less than four (.75)
hours. - .

Ref.: IPOI, Section II.C, page II.5

8.2 a. A second qualified person (s), other than the person (s) (2.0)
performing initial lineup, will record the "as-found"
position on the appropriate system Prestartup Manually
Operated Valve Lineup Verification List by attempting
to turn the appropriate valve in the " CLOSED" direction

turn. (This verification list is a separate list from
the lineup list.)

ou
b. The SSE will initial the CLEARED blank and explain on (1.0)

the backside of the system checklist.

Ref.: IPOI, Section II.C, page II.6 & 7
'

8.3 Concurrence of the Reactor Engineer and the Operations Shift (2.0)
Supervisor. Must be legibly recorded on form II.C.I.2 (Control
Rod Withdrawal Sequence form) at the time of the change.

Ref.: IPOI, Section II.C, page II.9

8.4 Provide reasonable assurance that no water will enter the (1.0)
turbine.

Ref.: IPOI, Section II.C.3, page II.20

8.5 1. Mode switch in shutdown (0.5)

2. Manual scram (0.5)

3. High flux IRM (0.5)

4. Scram discharge volume high level (0.5)

5. APRM 15% flux (0.5)

Ref.: DAEC Technical Specification

8.6 a. Fraction of Limiting Power Density (FLPD) (0.5)

b. Linear Heat generation rate (LHGR) (0.5)

-- . . - - . _ _ . . - . .
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c. Total Peaking Factor (TPF) - - (0.5)
_

d. Critical Power Ratio (CPR) (0.5)

8.7 a. Any Health Physics technician previously approved by (0.5)
Health Physics supervisor

b. Health Physics foreman or designated alternate
, (0.5)

c. Health Physics Supervisor or foreman (0.5)

d. Radiation Protection Supervisor (0.5)

8.8 1. Evaluate plant condition to determine if an EAL has (1.0)
been reached.

.

2. Initiate the notification requirements and initiate (1.0)
evacuation of the plant for events classified as an
Alert or greater.

3. Function as the Emergency Coordinator until relieved. (1.0)
.

Re f. : EPIP-1.1, page 1

8.9 1. The river water supply system operable. (1.0)

2. Two (2) fire pumps operable and aligned to the fire (1.0)
suppression yard header.

3. Automatic initiation logic for each fire pump. (1.0)

Ref.: Tech Specs, page 3.13-3

8.10 a. A pattern which results in the core being on a thermal (0.5)
hydraulic limit.

b. 1. Both RBM channels shall be operable. (1.0)

2. Control rod withdrawal shall be blocked. (1.0)

3. The operating power level shall be limited so (1.0)
that the MCPR will remain above safety limit
assuming a single error that results in complete
withdrawal of any single operable control rod.

Ref.: Tech Specs, pages 3.3-5 & 17

8.11 Any time irradiated fuel is in the vessel and reactor (1.5)
coolant temperature is above 212*F.

Ref.: Tech Specs, page 3.6-5

2


