Post Exam Comments on RO Question #61

Facility Comments

Upon review of the exam with the candidates, it was pomnted out that for question #61, choice "D is also
a correct answer. To validate the possibility of two, and only two, correct answers for question #61, we
ran a scenano on the simulator that effectively matches the condifions given in the stem of the question.
We used Plant Process Computer (PPC) trends to track several points applicable fo the parameters
described in each of the question choices and the b‘mults are attached.

To further clanify the link between various parameters mvolved in question #§1. we have mncluded
excerpts from the discussion section of normal operating procedure OP 2204, “Load Changes™.
Contained there is a detailed explanation of the relationship between steam generator pressure and Ty
during a power change in both directions (next to last paragraph, page 4 of 75) and the effects of not

keeping temperature on program during a power change (following page).

Upon evaluation of the question and the attached information, we believe that choices “B” and “D™ are
clearly both correct for question #61.

Included in this report:

Page 1 — Thus page

Page 2 — Question #61 Detail Answer Eey

Pages 3 & 4 — An explanation of the thermodynamic principals of question #61

Page 5 —Figure 1 Trends of #1 5( Pressure, Loop 1 Teorn, ROS Tavg

Page § —Figure 2: Trends of 15 Second Calorimetric, Loop 1 Delta-T, Reactor Power, MW Electric
Page 7 —Figure 3: RCS Trgrp Program Band

Page 8 — Figure 4: RCS Twaor. Tave and Toorp Training Drawing

Page O —Figure 5: AT vs. AT Power Traming Drawing

Pages 10, 11 & 12 — General Physics explanation of Moderator Temperature Coefficient (MTC)
Page 13 & 14— OP 2204, Rev. 24 Pages 4 & 5 (Discussion Section)
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RO and SRO Exam Questions (Wo "Parents” Or "Originals™)

Guestion# 81 Question I0: 1100028 [MRO [ 5SRO [ StudentHandout? [ Lowsr Order?
Rev. 0 [2] Sslectad for Exam Origin:  New [] Past NRC Exam?

Given the following conditions:

# The plantis at 25% power, starting up following a refueling cutage.

o Al systems are in a normal lineup to support 100% power operation.

» COMVEX orders an Emergency Generation Reduction fo SB0 MWe within the next 15 minutes.
# The crew initiates ADP 2557, "Emergency Generation Reduction”

While performing the Emergency Generation Reduction, Turbine load was lowered more quickly than the
Operator on the Steam Dumps could respond.  While attempling to stabilize the plant, the Operator on the
Steamn Dumps reported that 5/G pressures were at B70 psia and rising. Steam and Feed flows were
lowrerimg.

Which of the following describes the impact on the stated parameter or calculated value, as compared to its

I ior i the wrbine load reduction?
value prior e ine n e — —rare

O A Marrow Ramge Power will rise due to the lowsr density of the primary coolant. - dermn';h':?::l; mpﬂmm

, o | NOT rise; thesefore, choices "A”
[ B Reactor Power will lower due to the rise in Reactor Coalant terq::-erature_..___._..-- and "C" ane NOT comect.

Fo

O C Calorimetric powsr will rise dus to the rise in Steam Generator Enthalpy. | Chaice "D is ALSO comedt due to the following:
1) Rise in 5I5 pressure causes a rise in Teold.

M D Delta T Power will lower due to the rise in RCS Cold Leg temperature. %%ﬁ;‘;ﬂﬁf a drop - mmm

due to drog in R power and steam demand.

Queston Misc. Info: || MP2™LOIT 2557, MRC-2011 4} Teold rising faster than Thot results in bower
Justification | Dedia-T Power (See plots next page).

B - CORRECT, Even the core s at BOL condiions, at this power level MTC would sl be negative. Therefore, ising S'G pressurne
and lpwering Fead Now wil resul In Nsing RCS emparature, which will 30d negalive neagsiily causig power i iower.,

D - Also CORRECT, Ewven though the reacior Is at BOL conditions, at this power level, MTC would be negative. Themefore, as Teold rises

from the excessive Toad .MEIMHMIM.HNHEHTMEFHWEEEMM[ -DElE-THHEfﬂ.
Plausibis; Examines may leve that because the core |5 at BOL conditions 1T would have a positive MTC. (MTC s posiive at low pover
conditions BOL.)

A-WROME; Arse In RCS tamperature will cause primary coolant densky fo lowes; howsver, the negatve MTC will overshadow the
efects of changing density.

Plausibis; The sEmines may remember hat neng waler 2mperature causes densiy 1o lower. The kower denslty wil result In Increased
leakage to the nautron detectons.

C-WRONG, T 3G ternperature rises, then 556G enthalpy will aiso nee; however, f2ed Tiow ks the Diggest contributor to the calpimetnic.
Plausibie; IT SG temparature and pressure nise, hen S enthalpy will also nise.

atarences |
1. RE Cunve and Data Sook, Moderator Temperature Coeffclent Versus Goron Concentraton, RE-G-03

2. Reactivity Imbalances LP, RIB-01-C
3. Agmin Controis: Reaciivity Management, ADM-01-C

COmments and Gueation Modification History |

UINE; Reworded M question staiement In the Siem to ciarfy what was being asked, per comment from Sandy Dodoe.
OTRSN1; Per MRC comments: Changed queston stem to "TUrDing |cad” ve. "Genarator oulput, Reworded stem and question swoh mat 1
ciearly Indleates an operation resuiing a fise In RCS temperature. Reworded all the Choices 1o ensure plaushbilty. - FLIA
mp;;ap:mhlﬁ(n:cwents.m-:-drledsta'nmmthmwmmmwvimmmmmm“bang
com)| L~

USMS; per Exam Valdation, to eiminats conflssion 35 to whether cholces rfer to "aciual” values or “Indeaied” vaiues compared fo
m'FILEE,Eaﬂ'lMEIBEﬂ'l:ﬂm:_'ﬂtlmEmm1mE‘mmmlfwmmmﬂgn.-m
10MTI2011; During the axam raview, it was nobad that Cholos "07 Is ais0 a comect answer. Credt was givan for 2 comect answers.
Cusstion Jusitication was edlied for choice "D° baing commect. Minor fypographical emors were comected In the stam. - ric

NRC K/A System/E/A  Systém 035 Steam Gensraior System (SGS)
Humber K301 RO 34 BRD 33 CFR Link (CFR- 41.57257)

Knowiedge of operational Implicasions of the following concepis a5 the apply o the TGS Efact of secondary parametars, prassurs,
and temparature on reactivity

Page 87 of 116 Prnted on 1002062011 at 09:52
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An explanation of the thermodynamic principles of question 61

Tava iz the mathematical average of the Reactor Coolant System (RCS) hot

and cold legs; Taw=(Ts+ To02. Itis important to note, however, that See Figure 4
although RCS T, i an important parameter that is often monitored and
utilized, it is not what operators focus on controlling during a planned power
change. Instead, the operators closely monitor Teown when controlling the
plant during a transient condition. T.o o i procedurally required fo be
maintained at a specific value that varies with power because numerous
plant design criteria are based on Teow being at a specific value for a given
power level. RCS Tae remains proportional to Toq o as power level is
changed, and it iz because the two temperatures are so directly related that
they are often both refermed to as simply “RCS temperature”.
The following explanaton uses basic thermodynamics to describe how
Steam Generator (5G) pressure and RCS temperatures respond to
changes in Turbine Load, as it pertains to question #61.
Consider these formulas:
First Equaftion:
._é.u = titcp AT, Where:
QM = Energy transfer from the reactor to the RCS (directly
related to reactor power)
= RCS mass flow rate
(This is constant if reactor power is = 0%)
€ = Constant of Proportionality for water
(This iz constant for this purpose)
AT =T, —T. , Whers:

T, = T, or the RCS Hot Leg temperature

T,. = Touy, or the RCS Cold Leg temperature

RCS AT iz calculated and displayed by the Reactor

Protection System (RPS) as Delta-T Power.

The PPC does not calcwlate or monitor Delta-T Power.

Because m, ¢, are both constant, the first equation becomes:
Q.w.r = i":"-ﬁl:'.'r or Qﬁ.l’ « IH - I:

Second Eguation

Q.'ﬂ'i =UAAT, .. .., Where:

Qm = Rate of enengy transfer from the RCS to the 5G (related
to rate of energy entering the RCS and leaving the SG)

Ll4= S tube heat transfer coefficient and SG heat transfer
area (these quantities are constant)
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ﬂ"Tjtn:.'.'.'—.'.zr. =-'!:' _I;.m Where:

I, = T, o the RCS Cold Leq temperature

Tine = Temperature of the steam in the 5G

Because L' and 4 are both constant, the second equation becomes:
Q.m o AT O Q.':Ir' el T

For the plant to remain stable at a specific power leval, The rate and quantity of
enengy transfer from the reactor to the turkine must be equal. Therefore, QM
and Q'm must be equal.

CGuestion #51 began with the operators shifting turbine load to the Steam
Dump Valves, by slowly opening the steam dumips while simultansously
closing the turbine control valves. If done comectly, there would be no
change in the energy coming into or leaving the SG. However, the question
went on to state that turbine load (energy from the 56 to the turkine) was
reduced faster than the steam dumps were opened. Effectively, energy
leaving the 5G was reduced too fast, resulting in more energy entering the
S from the RCS than iz now leaving. This would cause an energy “build-
up” in the 3G and the RCS and result in a rise in RCS temperature.
However, because of the manner in which the energy build-up occurred,
RCS Teows will rise faster than RCS Tuor, causing an overall drop in RCS AT,

The energy contained in water and steam is often refered to as enthalpy. As
the SG is a saturated system, a rise in the enthalpy of the 5G water and steam
wolld require a rise in 5G temperature (Tmy) and, therefore, a rise in 3G
pressure, lxasad on the generally accepted properties of steam and water.

See Figure 1

Although the rize in 56 enthalpy would tend to cause a rize in the secondary
Calorimetric, the drop in turbine load would result in a proporticnal drop in SG
feed flow. Because SG feed flow has a mathematically higher affect on the
secondary Calonmetric calculation, this drop would lower the calorimelic value.

Ses Figure 2

Calorimetric lowers
{Chegice “C* s wrong)

Assuming the rate of energy entering the RCS has not yet changed, a rising
Ty would have the following effect in the second equation:

Q.':Ir' =TI, T T t [With wa constant, if T, T then I, T]

Again, assuming the rate of energy transfer has not yet changed, the initial
rize in T would have the following effect in the first equation:

Qur =T, T-T. T Mith Oxy constant, if T, T, then T, T

Rising RCS temperature (I-) would result in a negative reactivity addition to
the reactor due to the presence of a negative Moderator Temperature
Coefficient (MTC) *. This would quickly cause power produced by the reactor
to begin lowering, which would limit the rise in T,

See Figure 2

Reactor Power lowers
{Choice “B” iz comect)

Thiz drop in reactor power production would be seen as a drop in nuclear
power on the RPS Narmow Range (Safety) Channels.

MHarrow Range lowers
{Choice “A" is wrong)

Using the first equation again, T:- rising faster than Ty causes AT _to drop.
T, T-T.M=AT,. 4
Which means, by definition, AT Power goes down.

Siee Figure 2

AT Power lowers
{Choice D" is comect)

Note 1: An explanation of MT'C follows.
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MODERATOR
TEMPERATURE
COEFFICIENT (o)

The moderator temperature coefficient (MTC)
predicts changes In reactivity resulting from
changes m moderator temperature. MIC 1s
defined as the change I reactivity per umit
change m the temperature (°F) of the moderator.

" AT

s

o =|'J Ap ‘]= Pt~ Pisitial
m .x.-j_T I T

madl rrmed {rmal _Tnlr.'i:ilill

Where:

Om = moderator temperature

coefficient (MIC) AL F)

Ap = change m reactivity
associated with change in
moderator temnperature
(akk)

ATmea = change m moderator
temperature (°F)
Equation 44
The symbol o, or oy 15 also used to represent

the moderator temperature coefficient (MTC).
The symbol o will be used in this text.

A reactor operating at 330°F has a
kez=1.000. The moderator temperature iz
mereased to 340°F and k.z decreases to
0.909. What is the value of the moderator
temperaturs cosfficient?

Solution:

Example 4-1

A good approximation for the average value of
O is -1x107AKk"F for the normal range of
moderator temperature at power.

PWE./ FEEACTOR THEQRY / CHAPTER 4
{ REACTIVITY COEFFICIENTS
GF @ gpworldwide com

i 2007 GEMNERAL PHYSICS COPPORATION
BEV 4
waw_gpworldwide com
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Click 1o go o the next page in the document

For the moderator (water), an increase in
temperature results in a decrease in density. As
shown in Figure 41, the magnitnde of the
density change for a given temperature change
gets larger with imereasing temperatures.

WATER MOLECULAR DENSITY (M
|
|
|
|
[
L

AT AT

Eigure 4-1 Moderater Temperature and
Density Changes jar Power)

This can be more acourately seem with
mumerical values from the steam tables.

Table 4-1 Density Change for 49F
Temperamure Change

This results in the magnitude of the moderator
temperature coefficient bemg larger (more
negative) at higher temperatures. The

moderator temperature coefficient for a ome

degree change at a high temperature (499 fo
300°F) is more negative than the moderator
temperature coefficient at a low temperature (99

to 100°F).

Since reactivity is defined in terms of the
effective mmltiplication factor, kg ot s
necessary  to examime how  moderator
temperature  changes affect the effective
mmiltiplication factor or, more specifically, the
six factors. Recall:

kz=cslL;plLyfn

Eguation 4-3

We have shown that an increase in moderator
temperatire Tesults in a decrease in water
density. This causes an accompanying increase
m slowing down and thermal diffusion lengths.
Thas 1s expected since the moderator atoms are
farther apart, requiring neutrons to fravel farther
between collisions.

Increasing the slowing down length increases
the probabality that a neutron may reach the fuel
while still at resomance energy. Since the
slowing down length increases, the slowing
down time also increases. This means that the
neutrons spend more time at Tesonance energy
levels. The probability of a neutron escaping
resonance caphure is reduced; therefore the
Tesonance escape probability (p) decreases.
This effect 15 shown on the plot for p
Figime 4-2.

From Steam Tables

Temperature Densiy

*FJ MamfiZ)
az E200252
95 F2 4E2 0

47F temperature Change in density] 0045231
13z E0 29545
1585 EO20107

4°F temperature Changein density) 0094376
e 575374
256 O 43625

4°F temperature Change in density) -0.0221 45
5P 53195654
x5 53821

4o tamperaiure Change in density -0 145225
Ll=r 19.35834
pie s 4915424

A°F famperalure Change in density) -0.194133
5z 4205533
e 42 B4302

4°F temperature Change in density) -0.371403

Tt ek
PWE./ REACTOR THEQORY | CHAPTER 4 4of 55

{ BEACTIVITY COEFFICIENTS
GFjagpworl dwide com

i 2007 GENEFAL PHYSICS CORPORATION
BEV 4
wrw_gpworldaide com
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LracEn 1 ovER
MOOERATED == MODEMATED

HOOERATOR-TOF UEL FATHD (Mo | Myd
Figure 4-2 kggevs. Moderator-te-Fuel Rafio

A decrease in the moderator density alse causes
the thermal neutron absorption in the moderator
te decrease due to fewer moderator atoms in the
core area. [hus mcreases the probability of
thermal neutron absorption in the fuel, and
thermal uhlization factor (f) mereases slightly
(Figure 4-2).
Eecall from Chapter 2 the equation:
|
e

EC+EM+E]

Equation 4-6
This can be rewritten as:

Tl

f= %
o + Mo I::r:”‘:l+—}1'**= (o=
Tusl (]
Equation 4-7

As the temperature increases, the concentration
of moderator atoms (MNmed) decreases, so the
thermal utilization factor increases.

Decreasing moderator density increases the
migration length of the nenfrons, which leads to
an merease in the fraction of neutrons that leak
out of the core, therefore decreasing the non-
leakage factors (L; and Lg) For large
commercial power reactors neutron leakage is
msignificant.

The fast fission factor () ncreases slightly due
to increased slowing down length, but the effect
is very small.

The reproduction factor {n) 1s not dependent on
moderator density, so the reproduction factor
does not change significantly as moderator

temperature changes.

As Figure 4-2 shows, moderator temperature
changes result in essentially two 1
processes, the resonance escape probability (p)
and the themmal whhzation factor (f). The
resonance escape probability has the dommant
effect, causing ki and reactor power to
decrease as moderator temperature meTeases.
Since increasmg moderator  temperature
(decreasing the moderator to fuel matic)
decreases k.z the moderator temperature
coefficient 13 negative.

The region to the left of the maxinmm effective
neutron multiplication factor is called the under-
moderated region.  Note that in this region, an
mcrease in temperature results i a reduction of
the effective nentron nmltiplication factor. This
results in a negative moderator temperature
coefficient. Operating m the under-moderated
region 1s very mmportant m terms of reactor
control.  If reactor power suddenly mcreases,
the moderator temperature will nse, nserting
negative Teactivity into the system and thus
Lmiting the power excursion Commercial
reactors are desigmed with a moderator-to-fisel
rafioc such that the moderator temperature
coefficient 13 negative.

PWE./ BEACTOR THEQRY / CHAPTER. 4 Seof55

{ BEACTIVITY COEFFICIEMTS
GF @ zpworldwide com

2 2007 GEMEFAL PHYSICS CORPORATION
REV 4
www_spworldaide com
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Steam Generator Feed Pump speed is adjusted to minimize the vibration
on both SGFP's when in service. This is accomplished through the
changing of a constant to the Woodward controller computer. The speed
differenrial is adjusted to between zero and 200 rpm. The differendal is
established by the System Engineer with advice from the CBM and
manual operation of the SGFF speeds. When the constant is determined,
the speed of one of the SGFPs is greater than the determined setpoint
and the other is less. The setpoint displayed on C—05 is the final setpoint
including the bias.

The SGFF discharge check valves (2—FW 1A and 1B) have had the disc
Tetaining pins disen, ]giiged during operation more than omce
(CR—02—-08189). caused pla.ur transients including plant trip. The
procedure uses the discharge MOV to minimize the effect of the failure
but does not eliminate it. If during the startup or shotdown of a SGFE, a
5 level wansient occurs, closing the associated MOV should stop the
mansient.

When operating at steady state 1009% power for extended periods, FRV
position can be expected to exceed 80% open, which will generate a PPC
alarm. This condition is expecred during an operating cycle due to
changes in SGFF suction pressure, 5G pressure, Condenser vacuum, and
Condensate System remperature. The sucton pressure of the SGFF can
change as much as five psig from summer to winter. This causes a change
in SGFP speed and can result in FRV DPs going outside of their optimal
operating parameters. Due to the line losses in the Feed and Steam
systems, the #2 FRV is more susceptible to exceeding limirs. When this
occurs, the SGEP control system constants (3G pressure constant, SGEP
speed offset, or both) must be adjusted to maintain FRV optimal criteria
and system parameters stable. An assessment is performed to determine
which constant needs to be adjusted. Prior to making changes in SGFP
constants, the reason for a need to make an adjustnent must be
understood and verified by Engineering. Adjustments are made by I&C.

The optimum value of the 5G pressure comstant is 2— 10 psi above the
average pressure in the 3G with the highest pressure. During steady state
operations, acmal 5G pressure is dependent on steam load and RCS
temperature. With steady state Reactor power, raising T, by 0.2 °F will
raize acmal 5G pressure by abour three psi. Conversely, lowering T, 14 by
0.2 °F will lower SG pressure by about three psi, as long as Reactor Power
is mainrained stable.

Every psi change in Steam Generator pressure equates to about one psi
change in Feed Regulating Valve differential pressure.

OF 2204
L;:igﬂ'f; STOP  THINK ACT  REVIEW Rey 024
40f75
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Raising or lowering RCS temperature at a faster or slower rate than the
optimum dictated by the Temperature v. Power Program, while
maintaining their relationship within the allowable band, can buffer or
exacerbate the effects of 5G pressure changes due to a power change.

Becanse FEVs are much further closed ar low power (less than 209%) and
the umir is not operated there for exvended periods of time, high
differential pressures are not as much of a concem during this time
{control band 40 — 150) and the SGFF constanes do mot require
adjustment.

This procedure is written assuming initial conditions of either 20 or 100%
power and final conditions of 100 or 20% power. If the initial or final
condirions are met as stated, the 5M or 775 musr initial and date those
steps that apply and “N/A” those steps that do nor apply, as well as
document reasons in Section 5.

Steps in this procedure may be performed in parallel, provided the SM or
U5 reviews the applicable steps and determines that me plant conditions
or system alisnments established by any preceding steps are required,
prior to commencing these steps.

Items specified on Artachment 1, “Load Change Parameters,” and
Artachment 2, “Load Change Conditional Actions,” apply to this
procedure and should be referred to as necessary during load changes.

As a guide in determining boric acid addition, Amachment for, “Reactivity
Thumb Fules,” of OF 2208, “Reactivity Caleulations™ may be used

The SGFF Control System utilizes Main Steam flow and SGFF sucton
pressure to determine the appropriate SGET speed. When SGFF suction
pressure is less than 325 PSIG, SGFP suction pressure can oscillate.
These oscillations occur due to inferactions berween the Condensate and
Heater Drains systems. These are in twm magnified by the SGFP Conirol
System. The oscillations can be eliminated by starting an additional
Condensate pump or placing the SGFF Control System in Manual.

A difference in temperature between Pressurizer steam space, TL02, and
Pressurizer water space, T101, may indicate a non—condensible gas
bubble has formed in the top of the Pressurizer. The non—condensible gas
bubble will insulate Pressurizer steam space, TL09. When the gas bubble
is removed, Pressurizer steam space, T109, may indicare Pressurizer
heatup limits have been exceeded. A non—condensible gas bubble may
also prevent steam from entering the Pressurizer level reference leg
condensing pot. This causes a higher than actual Pressurizer level to be
indicated. [*=Ref. 6.12]

Level of Use
Reference

OF 2204
STOP THINK ACT REVIEW Rev 024

S5of 75
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NRC Response

The NRC agrees with the proposed change. RO Question #61 has TWO correct
answers. Both Answers B and D will be accepted as correct.

A pressurized water reactor operating in its power range responds via temperature
feedback mechanisms to a change in steam demand on the secondary plant. When
operating with a negative moderator temperature coefficient, the feedback causes reactor
power changes that trend toward restoring equilibrium between heat added to the reactor
coolant system and heat removed from the reactor coolant system. Question #61
describes a situation where secondary steam demand is reduced. The reduced steam
demand will raise SG pressure. RCS cold leg temperature and average coolant
temperature will both increase. The higher temperature water passing through the reactor
vessel will add negative reactivity, lowering reactor power generation, as indicated on
nuclear instruments and also on delta-T power instruments, where delta-T power is
proportional to the difference between hot and cold leg temperatures.
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