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Question #19

Unit 1 plant conditions:

+

RPV water level is -150", steady

Core Spray is maintaining RPV water level

LPCI'A' Injection Valve is overridden CLOSED (P-T-L)
- RHR 'B' is operating in Drywell Spray

- Suppression Pool level is 30 feet

PRO is directed to lower Suppression Pool level using T-233 (RHR to Radwaste).

WHICH ONE of the following describes an action that the PRO performs in the MCR to complete this
task?

A OPEN the RHR 'A' HX Inlet (Outlet) Valves, FO47A (FOO3A)

B. START 'A’ or 'C' RHRSW Pump
C. Re-align Drywell Sprays to RHR ‘A’
D.

START 'B' or 'D' RHRSW Pump

Answer: B
Immediately following this Discussion is the Answer Explanation for Question #19 as it appeared on the
RO portion of the Approved Exam Key.
Discussion

Of the twelve (12) Applicants, seven (7) chose ‘B’, the correct answer, while four (4) chose distractor ‘A’
and one (1) chose distractor ‘C’. Distractor ‘A’ is written as follows:

“OPEN the RHR ‘A’ HX Inlet (Outlet) Valves, FO47A (FOO3A)”

The procedure which the question is based upon, T-233, “Dumping Suppression Pool Inventory to
Radwaste By Way of RHR Loop A”, provides direction on lowering Suppression Pool level by aligning ‘A’
RHR Pump discharge to the Equipment Drain Tank. The first step in the procedure, 4.1, is provided
below:

“OPEN the following valves to ensure flow path to Radioactive Waste Tap-Off Point at 10C601
(Main Control Room):

e HV-51-1F047A, “1A RHR Heat Exchanger Inlet” (INLET)
e HV-51-1F003A, “1A RHR Heat Exchanger Outlet” (OUTLET)
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The explanation for why distractor ‘A’ is incorrect is centered around both of these valves being
normally open and no information provided in the stem would indicate that the valves had been closed.
However, procedure T-233 requires the operator to perform the action “OPEN” in order to correctly
complete the procedure step and align RHR to the Equipment Drain Collection Tank. In order to
properly implement the procedure use and adherence standards for this step, an operator performing T-
233, is required to ensure that the valves have been opened and if not in the desired posmon then take
the appropriate actions to place the valves in the desired position.

Since the stem of the question indicates that the PRO was directed to lower Suppression Pool level using
T-233, then the PRO is required to utilize procedure use and adherence standards in accordance with
HU-AA-104-101, Procedure Use and Adherence. Other allowances to operate the plant from memory in
order to stabilize a plant transient and then follow up with a procedure would NOT be applicable as
described HU-AA-104-101 Section 4.8, “Transient Conditions” and OP-LG-103-102-1002, “Strategies for
Successful Transient Mitigation” Step 2.8.3.

The standard from HU-AA-104-101, Procedure Use and Adherence, step 4.4.4 covers the execution of
procedure steps where the condition of the plant is already in the desired configuration when the
procedure step is executed. Step 4.4.4 is written as follows:

“IF an action or condition is called for by a step is found to already exist, THEN perform the
following:

1. Evaluate any unexpected actions or conditions.

2. IF the condition is clearly understood and does not invalidate the intent or scope of the
procedure, THEN sign off the step as being completed (or mark N/A if directed by the
procedure being performed).

So, an operator working from T-233 would be expected to sign off step 4.1 as having been performed
after evaluating the conditions and determining that the valves are open. Therefore to the operator
executing this procedure there is no fundamental difference in the execution of the step whether a
physical manipulation of a component occurs or not. In both cases the “action” in the procedure is the
process of verifying the valves open and opening the valves if not already open.

Answer “B” to start the “A” or “C” RHRSW Pump per T-233 step 4.4 is equally correct as “an action that
the PRO performs in the MCR to complete this task”. The execution of Step 4.4 also requires
conformance to HU-AA-104-101 performance requirements and is an executable step of the procedure
as noted in the Answer Explanation attached.

Distractors C and D remain plausible but incorrect because both Answers imply the need to utilize “B”
RHR to execute T-233. This is not a true condition so both answers remain plausible and incorrect.

Applicant Comments:

Discussions with the applicants revealed that their answers to the question were based on (1) their
knowledge that the “A” RHR System was the only loop that could be used to let down the Suppression
Pool to Radwaste and (2) the understanding of procedure use requirements made both answer A and
answer B correct. Since answer A occurred earlier in T-233 than answer B the four applicants picked
answer A.
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Facility Recommendation

Based on (1) identifying that the governing Procedure Use and Adherence standards made the execution
of Step 4.1 (Answer A) and Step 4.4 (Answer B) equally correct answers and (2) the question stem did
not request the Applicants to select the first action to execute in the procedure (which would make
Answer A the only correct Answer) or to identify the first step where a component needed to be
repositioned (which would make Answer B the only correct answer), the facility agrees with the
applicants and recommends that both Answers A and B be taken as correct answers o this question.

References:
1. T-233, “Dumping Suppression Pool inventory to Radwaste by way of RHR Loop A”

2. HU-AA-104-101, “Procedure Use and Adherence”
3. OP-LG-103-102-1002, “Strategies for Successful Transient Mitigation”
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19 ID: 1098470 S Points: 1.00

| Answer Explanation

Refer to T-233 (its use being directed from T-102 (Primary Containment Control, Step SP/L-11)...0Only
RHR 'A’ is capable of being aligned to Radwaste in order to reduce Suppression Pool water level.
Reviewing the actions of Section 4.0, we discover the following (with respect only to the answer choices
for this question):

Step 4.1 is a MCR action but is not required because the RHR 'A' HX Inlet (Outlet) Valves are already
open (normally-open valves), and nothing in the stem conditions indicates any reason why operators
would have been directed to close them before the CRS directed this evolution.

Step 4.4 is a MCR action and will have to be performed. The RHRSW Pumps have no auto-start
features; therefore, they did not auto-start in response to the -129" LOCA signal. MCR operators will
have to place either the 'A' or 'C' RHRSW Pump in service.

Step 4.5 is a MCR action but is not required because the 'A' RHR Pump is already running...it auto-
started on the -129" LOCA signal. The fact that operators have overridden CLOSED (Pull-To-Lock) its
associated LPCI Injection Valve (FO17A) indicates that the RHR 'A' Pump is still running (on min flow).

‘B’ is correct: START 'A’ or 'C' RHRSW Pump. Correct for the reasons described above.

‘A’ is wrong: OPEN the RHR ‘A" HX Inlet {Outlet) Valves, F047A (FO03A). Plausible to the examine who
forgets that these are normally-open valves or who believes that one or both have auto-closed in
response to the LOCA signal.

'C' is wrong: Re-align Drywell Sprays to BRHR 'A’. Plausible to the examinee who cannot recall whether T-
233 uses RHR 'A’ exclusively (it does) or rather RHR 'B' exclusively (it doesn't). That examinee believes
it to be RHR 'B'. Recognizing that RHR 'B' is currently spraying the drywell, the operator would have to
swap drywell sprays over to RHR ‘A’

‘D' is wrong: START 'B' or 'D' RHRSW Pump. Plausible for reasons similar to those of choice 'C'. In this
case, however, the examinee also forgets that one of the 'B' Loop RHRSW pumps was already started
when RHR 'B' was placed in drywell sprays.
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Question 19 Info

Question Type: Multiple Choice
Status: Active

Always select on test? No

Authorized for practice? No

Points: 1.00

Time to Complete: 3

Difficulty: 2.00

System 1D: 1098470

User-Defined ID:

REV 00, 11/17/14

Cross Reterence Number:

LLOT0051.I1L10

Determine actions to lower Supp Pool level with LOCA signal

Topic: present using T-233

Num Field 1: 2.9

Num Field 2: 3.0

Text Field: 295029 EA1.03

Comments: Level RO
Tier 1
Group 2

KA # and Rating 295029 EA1.03 (2.9/3.0)

KA Statement 295029 High Suppression Pool Water
Level
Ability to operate and/or monitor the
following as they apply to HIGH
SUPPRESSION POOL WATER LEVEL:
EA1.03 RHR/LPCI

References T-102, Rev.24
T-225 U/1, Rev.22
T-233 U/1, Rev.14

Examinee None

References

Learning LLOTO0051.1L10

Objective

Question source New
Question history None
Cognitive level ~ Higher

10 CFR 55 41.7,41.10
Comments None




NRC Post Exam Comment Resolution
2015 Limerick Initial License Exam

Question #19

The licensee recommended two correct answers for Q#19; Choice B — the key answer and Choice A—a
2" correct answer. The NRC agrees that Choices A and B are both correct. Choice A and Choice B will
each be accepted as a correct answer for Q#19.

The question provides plant conditions, states that the balance of plant operator (the PRO} is directed to
lower suppression pool level using procedure T-233, and then asks the applicant to select the choice
which describes an action that the operator performs in the control room to complete the task. Itis
apparent the quest.ion author expected applicants to determine that the action described in Choice A
did not need to be “performed” since the component would already be in the stated alighment for the
given plant conditions. The word, “performed,” was intended to mean a required physical
manipulation. However, the station administrative guidance on procedure implementation explicitly
states that an operator is to sign off a step as being completed if an action or condition called for by a
procedure step is found to already exist. Since the question stem stated the task was being performed
using the procedure, it is appropriate for applicants to consider the requirements of the procedure use
and adherence standard.

Step 4.1 of T-233, “Dumping Suppression Pool Inventory to Radwaste by way of RHR Loop A” directs the
operator to open the RHR HX inlet and outlet valves. These valves should already be open for the
conditions given in the stem. It is correct for applicants to consider the action in Choice A (to open the
RHR HX valves) as “an action the [operator] performs ... to complete this task” in the sense described,
where the action should be considered performed and complete if the valve is open when implementing
the T-233 procedure step. Therefore Choice A is a correct answer to the question.

Step 4.4 of T-233, “Dumping Suppression Pool Inventory to Radwaste by way of RHR Loop A” directs the
operator to place ‘A’ or ‘C’ RHRSW pump in service. This action has not yet been performed and is
required. Therefore key answer Choice B (start A or C RHRSW pump) remains a correct answer to the
question.

Choices C and D remain wrong answers.
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Question #26

Unit 2 reactor startup is in progress, with the following:
- AllIRMs are on Range 4
- All SRMs are reading 600 CPS
- Rod withdrawals are in progress

An RPV instrument dry tube cracks and fills with water; as a resuit:

- Interior of SRM 'C' detector fills with water

WHICH ONE of the following identifies the SRM 'C' recorder and RMCS Rod Block response?

SBM 'C’ recorder RMCS Rod Block
A Fails UPSCALE Yes
B Fails UPSCALE No
C. Fails DOWNSCALE Yes
D Fails DOWNSCALE No
Answer A

Immediately following the Answer Explanation is for Question #26 as it appeared on the RO portion of
the Approved Exam Key.

Discussion

Of the twelve (12) Applicants, two (2) chose ‘A’, the correct answer, while nine (9) chose distractor ‘D’
and one (1) chose ‘B’. The question asks the impact of water leakage into the dry tube and subsequently
into the fission chamber of an SRM detector on (1) SRM recorder indication and (2) the associated RMCS
Rod Block response. The correct answer identified from the answer key is that the SRM recorder will fail
upscale and a rod block will occur. This is based upon the BWR Generic Fundamentals (GFE) lesson plan
for “Sensors/Detectors” wherein the lesson describes the “wetting” of a fission chamber causing a
detector to fail high. With the assumed failure upscale, the SRM recorder would indicate UPSCALE and
initiate a rod block due to the all of the IRM’s operating below range 8 as given in the question stem.

The information provided in the ‘failures of fission chambers’ section of the GFE lesson is as follows:
“Wetting — Short circuits due to leaking of water into detector causes detector to fail high”
However, within the same section of the lesson can be found the following:

“Loss of voltage — A loss of high voltage DC to the detector causes the detector to fail to low value”
AND

“Loss of detector gas pressure — The indication is dependent on the number of primary and secondary
jonizations that occur from the ionizing event. If the gas pressure decreases, there will be less gas atoms
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to undergo ionization, therefore less electrons collected. This means a smaller electrical current will
exist and the indication will fail downscale.”

Based on the information provided in the question stem, the instrument dry tube “cracks and fills with
water”. The dry tube and the area surrounding the SRM detector are open to the drywell and
maintained at drywell pressure which is normally just above atmospheric pressure. Similarly, the SRM
detector sits within the SRM shuttle tube which is also open to drywell pressure. In order for the SRM
detector to fill with water the SRM detector would have to develop a crack or flaw which allows water
to enter the SRM chamber as described in the question stem. This crack or flaw would then allow all of
the Argon Gas which is pressurized within the detector to leak out. As noted in both BWR Generic
Fundamentals (GFE) lesson plan for "Sensors & Detectors" and LGSOPS0074, FLGS Operations Initial
Lesson Plan Source Range Monitoring (SRM) and Intermediate Range Monitoring (IRM) Systems, the loss
of the Argon gas in the detector would cause a lack of ionization in the fission detector and would resuit
in a downscale condition from the SRM detector prior to and concurrent with water entering the fission
chamber. (Refer to LGSOPS0074 Page 9 for a description of the fission chamber operation and the
function of the Argon gas.)

As water enters and eventually fills the fission chamber the water would cause a short between the high
voltage center electrode and the grounded outer case of the SRM detector. Although the GFE materials
indicate that wetting of the inside of fission chamber would cause the detector to faif high it is a
simplistic approach to this particular failure mode. The GFE material does not take into account the
electrical protection for the high voltage power supply for the SRMs. The GFE material is written
assuming a constant power supply regardless of the condition of the detector. (Refer to LGSOPS0074
page 23 and 24 for a description of the voltage regulator and high voltage power supply and Reference 2
for a drawing of the fuse protection for each SRM power supply from 1AY-160).

The shorting of the center electrode to the case would induce a current which would pass through the
Pulse Height Discriminator and Pre-Amplifier assembly and directly impact the High Voltage Power
Supply causing it to fail. With the High Voltage Power Supply impacted by the water intrusion, the SRM
would continue to produce a downscale condition. This failure mode was reviewed with the LGS subject
matter expert as well as the Exelon Corporate SME for nuclear instrumentation who agreed that the
determination that a downscale condition would be produced under the conditions presented in the
stem of the question.

With the SRM in a downscale condition, the SRM would not produce a control rod block because as
noted in the following locations, Reference 1 on Page 13, Reference 1 Attachment 2 (Page 89) and
Reference 1 Attachment 6 (Page 93), the Control Rod Block due to SRM downscale is bypassed when the
IRMs are on Range 4 as noted in the question stem.

Therefore the correct response of the SRM to the question conditions is the SRM recorder will display
downscale condition and a Control Rod Block will NOT be generated.

Answer “A”, the original correct answer, is now incorrect but plausible due to the original reasoning that
supported this as the correct answer.

Distractor ‘B’ is plausible and incorrect since the upscale failure of the SRM detector is a plausible failure
mode given the information in the GFE materials. The plausibility of the Applicant not recalling that an
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Upscale SRM condition is bypassed with the IRMs on Range 4 remains intact from the original question
explanation.

Distractor ‘C’ is plausible and incorrect since it contains the correct failure mode of the SRM (downscale)
and contains a plausible distractor that a Rod Block would occur due to the downscale condition as
noted previously.

Answer ‘D’ is the new correct answer since it has the correct failure mode for the SRM detector and
recorder (downscale) and with IRM’s on Range 4, they are above the range (Range 2) at which the SRM
downscale rod block will be bypassed so a Control Rod block would NOT occur with the downscale
condition.

Applicant Response:

The nine applicants who got the question wrong believed that the SRM power supply would trip if the
detector was full of water as described in the stem of the question. They all recognized that without the
voltage difference in the fission chamber the SRM would fail downscale. Each of these applicants also
recognized that with the IRMs on Range 4 an SRM downscale condition would not result in control rod
block condition.

Facility Recommendation:

The facility agrees with the Applicants and recommends that the correct answer be changed to Answer
‘D’ from the original Answer ‘A’.

References:

1) LGSOPS0074, Rev. 3,“Source Range Monitoring (SRM) and Intermediate Range Monitoring (IRM)
Systems”

2) (€51-1070-E-001, Rev. 27, “Elem Diag — Startup Range Neutron Mon Sys Sht. 1“
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26 ' : ID: 1102330 : Points: 1.00

| Answer Explanation |

Per BWR Generic Fundamentals (GFE) lesson plan for "Sensors & Detectors”, learning objective #24, the
"wetting" of a fission chamber detector causes the detector to fail HIGH (recorder fails UPSCALE). The
SRM Upscale (>1 x 10° CPS) Rod Block is enabled so long as its associated IRMs are below Range 8.
block).

'A' is correct: Fails UPSCALE; Yes. Correct for the reasons described above. All IRMs are on Range
4, so the Upscale rod block function is enabled.

‘B' is wrong; Fails UPSCALE; No. Plausible to the examinee who fails to recall the SRM Upscale rod
block or who mistakenly believes the Upscale rod block is bypassed with IRMs on Range 4.

'C'is wrong: Fails DOWNSCALE; Yes. Plausible to the examinee who doesn't recall the GFE knowledge
regarding the failure modes for fission chamber detectors. That examinee believes the detector (and
therefore the recorder) fails downscale, and as such resuits in an SRM DOWNSCALE (<3 CPS) Rod
Block.

'D' is wrong: Fails DOWNSCALE; No. First part is plausible for the same reason as for choice 'C'. The
second part is plausible to the examinee who either confuses the SRM DOWNSCAL.E rod block function
(which is NOT dependent on the IRM Range) with the SRM NOT FULL INSERTED AND <100 CPS rod
block function (which IS bypassed when the IRMs are on Range 3 or higher), or who simply believes that
the SRM downscale rod block function is bypassed with the IRMs on Range 4.
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Question 26 Info

Question Type: Multiple Choice
Status: Active

Always select on test? No

Authorized for practice? No

Points: 1.00

Time to Complete: 4

Difficulty: 3.00

System ID: 1102330

User-Defined ID:

REV 00, 11/17/14

Cross Reference Number:

LGSOPS0074.IL6

Topic: Predict SRM and RMCS response to SBRM detector wetting
Num Field 1; 2.9
Num Field 2: 2.9
Text Field: 215004 K6.04
Comments: Level RO
Tier 2
Group 1
KA # and Rating 215004 K6.04 (2.9/2.9)
KA Statement 215004 SRMs
Knowledge of the effect that a loss or
malfunction of the following will have on the
SOURCE RANGE MONITOR (SRM)
SYSTEM: K6.04 Detectors
References ARC-MCR-107, G4, Rev.0
ARC-MCR-107, H4, Rev.1
BWR Fundamentals Chapter 7
(Components), Rev.4
Examinee None
References
Learning LGSOPS0074.iL6
Objective

Question source New

Question history None

Cognitive level ~ Higher*

10 CFR 55 41.7

Comments *Justification for HIGHER COGNITIVE
categorization: First part requires
comprehension of GFE "Components”
theory regarding fission chamber "wetting".




Additional Correspondence LGS Operations Training Manager to the Chief Examiner, Related to Post-
Exam Comments on Question #26

02/23/2015:
Peter
Attached is the clarification of the following paragraph:

“The shorting of the center electrode to the case would induce a current which would pass through
the Pulse Height Discriminator and Pre-Amplifier assembly and directly impact the High Voltage
Power Supply causing it to fail. With the High Voltage Power Supply impacted by the water intrusion,
the SRM would continue to produce a downscale condition. This failure mode was reviewed with the
LGS subject matter expert as well as the Exelon Corporate SME for nuclear instrumentation who
agreed that the determination that a downscale condition would be produced under the conditions
presented in the stem of the question.”

Downstream of the fuses in the SRM Chassis which are seen on Reference 2 of the original submittal
there is a voltage regulator which supplies the 15 volit DC to the High Voltage (HV) power supply.

The HV power supply feeds voltage to the Pre-amp.
The pre-amp applies the High Voltage to the SRM detector.

Attached are 4 documents which demonstrate the power supply to the SRM detector. The original GE
power supply which feeds the entire SRM drawer was replaced with a Lambda 25705. The Lambda
25705 consists of a Lambda LRS-55 power supply with mounting modifications. The vendor manual for
the LRS-55 is attached. Lambda does not supply detailed internal electrical schematics with the vendor
manual. The manual does provide a description of the protection features associated with the SRM
drawer power supply.

The drawings show the connection of the voltage regulator, the high voltage power supply and SRM pre-
amp wiring.

The SRM Pre-amp drawing shows the two 24K resistors (Labelled R3 and R4 at C-2 on the attached
drawing). These resistors are in series on the HV input to limit current draw on the HV power supply.

With a normal set-up on the HV Power Supply of approximately 480vAC and the detector was shorted
to ground, the current would be limited to approximately 10 milliamps (480V /48000 ohm). Operating
voltage is routinely kept at approximately 400V.

So with a short circuit on the detector, the HV power supply input would produce a continuous
maximum current output. The 480 volt output of HV power supply would be dropped across the 48K
resistance resulting in the lowest possible voltage (approximately zero volts DC) supplied to the
detector.

With a low voltage supplied to the detector, the detector cannot produce any pulses (counts) because
the constant discharge and resultant low voltage does not produce an additional voltage change inside
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the detector due to ionization in the fission chamber. Without a means to create a pulse on the high
voltage pin in the detector the SRM would read downscale.

Additionally, the power-supply does have a short-circuit protection feature (page 5 of the LR-55 Manual
attachment under “Current Limit and Frequency Shift”} which limits the overall current into the SRM
chassis should a short circuit exist.

You also asked a question as to how this was different from an APRM where more fissions or more
current would result in a larger and potentially upscale condition. For an APRM (which is the section of
the GF Materials where the original discussion of a wetted fission chamber was located) because of the
power level and number of fissions in the chamber, the total current from the APRMS is measured since
individual pulses can no longer be discriminated. So whereas an APRM with a constant discharge would
result in a measure of power being high (upscale}, for an SRM the result is the exact opposite with a
constant current flow. This difference in the operating characteristics between and SRM and an APRM is
covered on Page 119 Item 4 for SRMs and Page 120 Item 7 for IRMs and APRMs of the Generic
Fundamentals Materials Chapter 7 which were provided previously.

These conclusions were verified by the Limerick Station, Exelon Corporate and General Electric (GEH)
SMEs and they all agreed that all 3 factors (p/s protection, pre-amp circuitry & dc signal with no pulses)
would occur if water were to enter a SRM detector resulting in a downscale condition.

If you need additional information please let me know and we will get it for you.

Dave Molteni

03/09/2015:
Peter
Here are the responses to your questions from Friday.

1. [Chief Examiner’s Question] Your previous comments do not appear to take coolant conductivity
into consideration. Please explain the effect of filling an SRM with reactor coolant, with respect
to its normally low conductivity. Would the detector voltage drop go to zero as previously
described due to short circuit current or would the low conductivity limit the current flow? If
current flow were limited by low conductivity, how would the detector behave when filled with
water?

[Response] Unit 1 and Unit 2 have a conductivity goal of <.15 uS/cm and an administrative limit
of .30 uS/cm. I have attached our latest Plan of the Day Meeting Info to show you where both
units are currently trending.

The Tech Spec Limit per TRM Section 4.4.4 is 1.0 umhos/cm. However an immediate action to
commence a required shutdown action is not required until conductivity reaches 10
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pmhos/cm. The two units are different however conductivity converts at 1 uS/cm to 1
pmhos/cm so the orders of magnitude are the same.

['m assuming you are asking this in order to confirm / refute the shorting of the SRM detector
using reactor water. The item that needs to be considered is if you put a hole in the dry tube
(reactor) and allow it to flow and flash to atmosphere any crud or particulate coated in the area
of the break would be entrained in the flow through the break. Obviously the quantity of
material has too many variables (size of the break, crud levels around the area of the break,
etc..) to specifically quantify that value but it would certainly contribute some amount of
contaminant into the fluid around the SRM detector in question.

More importantly however is the fact that the assumption / understanding that the water that
enters the fission detector is sufficiently conductive is an essential of the original Generic
Fundamentals write-up which provided the original basis for the response of the fission
detector. Without that condition a high current flow could not be established in the fission
chamber.

Therefore establishing that the water which enters the detector is sufficiently conductive to
allow current to rise and the voltage to drop across the 48K resistance prior to the high voltage
probe in the detector itself is reasonable based on the conditions through which the fluid must
pass prior to filling the detector and is consistent with the conditions assumed in the Generic
Fundamentals materials which describes the response of the fission chamber when it is filled
with water. |

2. [Chief Examiner’'s Question] The discussion in your correspondence dated 2/23/15 stated “the
480 volt output of HV power supply would be dropped across the 48K resistance resulting in the
lowest possible voltage (approximately zero volts DC) supplied to the detector.” Please explain
whether or not an INOP TRIP would actuate RCMS (as shown in LGSOPS0074, pages 88 and 89)
on the SRM loss of detector high voltage less than 90% and why or why not.

[Response] The “Loss of High Voltage” INOP Trip is generated within the SRM draw. A voltage
divider within the HV power supply is used to develop a small voltage which is compared to a
reference voltage within the INOP trip unit (see the attached block diagram and vendor manual
description, the location of the HV power supply is L-4 and the INOP trip unit is F-9). The 48K
resistor is located down at the pre-amp. Shorting the detector doesn’t cause an INOP trip since
the voltage on the HV power supply remains and the entire voltage is dropped across the 48K
resistor (current limiter) located at the Pre-amp.

Without a Loss of High Voltage determination there would NOT be an INOP trip and no RMCS
Rod Block would occur.

If the INOP trip were to occur for another reason, the RMCS Rod Block would occur since IRMs
need to be above range 7 to block the INOP trip.
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As we discussed, this failure mode of the power supply (supplying current and voltage at the
output of the power supply but with voltage dropped across the inline resistors) is the designed
failure mode of the power supply with a shorted condition inside the fission detector. This was
considered to be one of the primary means that the power supply / SRM would fail as initially
noted in our first write-up and this analysis was verified both internally and externally through
GE. There are other less likely ways for the power supply to fail but all would require some
additional component weakness or failure to become true which we did not assume not was
that condition built into the question stem.

1 apologize for not being able to turn these around sooner but please feel free to call me if you need
anything else to help close the review.

Dave Molteni
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Question #26

The licensee recommended changing the key answer for Q#26 from Choice A to Choice D. The NRC does
not agree. The correct answer cannot be determined from the information provided. Q#26 will be
deleted from the exam.

Q#26 was developed from BWR Generic Fundamentals Sensors and Detectors training material which
generally stated that failures in fission chambers includes wetting, where "short circuits due to leaking
of water into detector causes detector to fail high." This material was not specifically tied to local power
range monitor (LPRM) fission chambers, but appears to apply to LPRMs in that they operate in a current
mode where increased current flow across the detector chamber results in higher indicated power. In
contrast, source range monitor {(SRM) fission chambers, the type referenced in the question stem,
operate in a pulse counting mode where the fission fragments produced in the detector ionize a
relatively high pressure argon fill gas to produce a large pulse that can be counted by the detector
circuitry. A continuous high current in a SRM should not by itself result in the detector failing high. The
lesson material does not address differences in response of a SRM as compared to a LPRM to increased
current flow.

The licensee argues that wetting of the SRM as described in the question stem will result in the loss of
the high voltage drop across the detector. They explain the coolant that fills the detector will cause a
short circuit between the center electrode and the outer can, such that all voltage will be dropped
across two 24 kohm resistors in the circuitry powering the detector. With all the voltage dropped across
these two resistors, they explain that there will be no potential to develop any pulses in the detector.
This argument is based on an assumption that the reactor coolant filling the detector is a high
conductivity substance able to short out the detector. However, Limerick Technical Requirements
Manual Specification 3.4.4 requires coolant conductivity to be less than 2 pmhos per cm at 25°Cin the
Operational Conditions given in the question. Typically, the reactor coolant conductivity is at least a
factor of ten below this limit.

Conductivity is equal to 1 divided by resistance. Therefore typical coolant resistance is approximately 5
Megohms per cm, resulting in a very high value of resistance even when considering the small, 1/4 inch
diameter of the typical SRM detector.

Conductivity is sensitive to temperature variations, with conductivity of ultrapure water increasing
approximately 5.5% for every 1°C increase in temperature. The question stem does not provide coolant
temperature other than to state a startup is in progress with SRMs reading 600 cps and IRMs on range 4.
Boiling water reactors are generally heated up on reactor heat after attaining criticality so it is
reasonable to assume in this case that the reactor coolant is at a relatively low temperature.
Conservatively assuming a coolant temperature of 60°C (140°F) would yieid a maximum increase in
conductivity of 200%. Under these assumptions, the resistance could be reduced by as much as 50%, to
an approximate value of 2.5 Megohms per cm, still a substantial resistance to current flow. The
resistance provided by the coolant would therefore appear to make it unlikely at best that the high
voltage drop across the chamber would be lost.
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The licensee argues the coolant would become contaminated as it entered the detector, resulting in the
detector filling with a highly conductive fluid. This is purely supposition and would depend on a unique
set of conditions not specified in the stem. No data is provided to support this hypothesis.

If the detector high voltage remains, then one must question how the detector will behave in the
presence of a neutron flux with the fill gas either replaced by coolant or absorbed by coolant. Existing
lesson source material cannot be relied upon because, as previously described, it assumes the wetting is
the result of a highly conductive fluid.

It seems certain the detector would not fail upscale. It is not at all certain the detector would fail
downscale. The ionization behavior of the water will not be the same as that of the argon gas.
However, ionization will still occur.

The premise of the question appears flawed as stated by the licensee in their post exam comment.
SRMs and Intermediate Range Monitors (IRMs) travel in dry guide tubes, which are vented to the
primary containment building. The detectors are housed in shuttle tubes which allow the detectors to
be inserted and retracted from the core during operation. The SRMs in particular have a higher pressure
fill gas, pressurized to about 220 psi as opposed to IRMs, which are only pressurized to about 18 psi.
Given the location of the detectors, in a dry vented tube, and the higher pressure fill gas, it is highly
unlikely that the detector would ever become wetted internally with reactor coolant. A coolant leak
into the guide tube would leak to the containment atmosphere and the tube would likely remain at a
lower pressure than the gas space of the detector such that coolant would/could not leak into the
detector.

This question has little operational validity as the cause of detector failure cannot be diagnosed from its
response and the cause would have no immediate bearing on operational decisions.

The NRC thinks this question is deeply flawed for the reasons stated above, that 1) the reference source
material was not intended to apply to SRMs, 2) low conductivity coolant would not cause a short circuit
effect in a detector, 3) source materials do not accurately describe how the detector would behave if
filled with low conductivity coolant, 4) detector behavior in the presence of this different fill material
cannot be readily predicted, 5) physical construction and placement of SRMs make the described failure
mode improbable at best, and 6) the question has low operational validity. Accordingly, the question
will be removed from the exam.

References:

1) Limerick Lesson Plan LGSOPS0074, Rev. 3,“Source Range Monitoring (SRM) and Intermediate
Range Monitoring (IRM) Systems”

2) BWR Fundamentals Components Chapter 7 — Sensors and Detectors, Rev 4
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Question #28
Unit 1 LOCA is in progress, with the following:
- RPV level is -135", down slow

- RPV pressure is 490 psig, down slow
- 1B and 1D RHR Pumps are running

WHICH ONE of the foliowing will provide DEFINITIVE evidence that some amount of RHR Loop 'B' water
is actually injecting into the RPV?

A FI51-1R603B (LOOP B) reads 4,000 gpm

B. HV51-1F041D (INBOARD CHECK) "Disc Pos" indicates OPEN, "Stem Pos" indicates
CLOSED

C. DIV 2 LPCI INJECTION VALVE DP PERMISSIVE alarm

D. 1B RHR PUMP DISCH HI/LO PRESS alarm

Answer: B

Immediately following this Discussion is the Answer Explanation for Question #28 as it appeared on the
RO portion of the Approved Exam Key.

Discussion

Of the twelve (12) Applicants, nine (9) chose ‘B’, the correct answer, while three (3) chose distractor ‘A’.
The question provides a set of plant conditions following a LOCA signal with Reactor Pressure dropping
and asks the candidate to evaluate conditions that would provide definitive evidence that ‘B’ RHR is
injecting into the vessel. The correct answer identified on the answer key is the INBOARD CHECK valve
disc position indicates open, which would identify flow through the piping. Since the question stem
provides no indication of RHR operation in any other mode, it is logical to believe that the check valve
would actuate to indicate injection as Reactor Pressure lowers below RHR Pump shutoff head with the
LPCI valve open. The LPCI valve will open when differential pressure between the reactor and RHR Pump
discharge is less than 74 psid.

Distractor ‘A’ provides a flowrate of 4,000 gpm, indicated on FI51-1R603B (LOOP B), as evidence that ‘B’
RHR Loop is injecting. The answer key states that the position of the flow indicator is upstream of the
injection valve and is not definitive evidence of injection into the vessel. This is due to the fact that there
are multiple flowpaths in which flow would be indicated on FI51-1R603B, including Suppression Pool
Cooling, Suppression Pool Spray and Drywell Spray. However, the stem provides no indication that ‘B’
RHR has been manually aligned into any of those alternate alignments (i.e. Suppression Pool cooling,
Suppression Pool Spray or Drywell spray). Additionally, no additional failure modes of the RHR system
were provided or should have been assumed which would create a diversion of flow from the RHR
system which would cause flow to be indicated on the referenced flow indicator (i.e. pipe leak / break,
relief valve opening).

With RPV level at -135”, a LOCA signal would have been initiated which would start the ‘B’ and ‘D’ RHR
Pumps and close the suppression pool cooling and spray valves. The other flowpaths which could resuit
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in flow through the RHR System all require manual alignment (Drywell Spray, Suppression Pool Cooling,
Suppression Pool Spray) and as noted previously the question does not identify operator actions having
been taken to place any of those alternate alignments in service.

Without operator action, the pump flow path would be through the Min Flow Valve, HV-51-1F007B,
until pump discharge flow exceeded 1,300 gpm as determined by the same flow element that provides
for the flow indication on FIS1-1R603B. With flow greater than 1,300 gpm, the Min Flow Valve will
automatically close and provide water to the reactor vessel when reactor pressure has dropped low
enough to allow the LPCI Injection valve, HV-51-1F017B, to automatically open and allow injection into
the reactor vessel.

Additionally, the procedurally established flow rates for the aforementioned RHR modes (with identified
procedures) are as follows:

e Suppression Pool Cooling — 8,000 to 8,500 gpm (551.8.A)

e Suppression Pool Spray - 8,000 to 8,500 gpm prior to opening the spray valve (with spray valve
fully open flow will indicate approx. 9,000 gpm) (T-225)

e Drywell Spray — 9,250 to 10,500 gpm (T-225)

Since 4,000 gpm is well below any of the established flowrates for these modes, it reinforced to the
Applicants that RHR is not operating in any of these modes and can only be injecting to the vessel
through the LPCI Injection valve.

Operationally, verification of flow to the vessel with low pressure injection ECCS is performed by
licensed operators and the Applicants using both the discharge check valve indication (as a gross
indication of flow to the vessel) and the RHR loop flow indicator (as the available indicator to provide
numerical values of flow to the reactor vessel). Use of the flow indicator provides a redundant
indication of flow to the vessel under the conditions provided in the stem of the question and would be
the instrument used to monitor actual flow values for vessel injection. The use of the flow indicator in
this way is supported by UFSAR Tables 7.5-1 and 7.5-3 which list flow indicator FI5S1-1R603B (LOOP B) as
a credited instrument for LPCI Flow verification during accident mitigation.

Distractors C and D still remain plausible but incorrect for the reasons listed in the original Answer
Explanation. The basis for their plausibility or why they are still incorrect is not impacted by the
determination that the system aligns to the vessel to inject, injects automatically and the flow is
displayed on the loop flow indications as reactor pressure drops.

Applicant Response

The applicants provided input that the RHR Flow indication was an equivalent indication of flow to the
vessel as the position indication on the inboard check valve and was the instrument used to monitor
system flow once system flow has been established. Additionally, the applicants indicated that since no
other flowpaths appeared to be possible due to the question not indicating any manual alignment of the
“B” RHR Loop AND flow was higher than the value that the min flow valve would close then the only
place for the flow of water to go was into the vessel.
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Facility Recommendation:

Based on the question construction which has the RHR Loop responding automatically to the LOCA
signal and lowering reactor pressure there was only one flowpath aligned for the RHR loop to establish
system flow and either (1) the position indication on the discharge check valve or (2} the indications of
4000 gpm system flow provide equivalent evidence that the system is discharging into the reactor
vessel. Therefore the facility agrees with the Applicants and recommends that both answers A and B
should be accepted for Question #28.

References:

1) M-0051, Sheet 3, Rev. 68, “P&ID Residual Heat Removal”

2) S51.8.A, Rev. 45, “Suppression Pool Cooling Operation (Startup and Shutdown) and Level
Control

3) T-225, Rev. 22, “Start and Shutdown of Suppression Pool and Drywell Spray Operation

4) LGS UFSAR Section 7.5, “Information Systems Important to Safety”
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28 ' o ID:1102409 = __ Points: 1.00

| Answer Explanation

Refer to RHR P&ID M-0051, Sheet 3, Coordinates F/G-7, which shows the LPC! 'D' Inboard [Testable]
Check Valve HV-1F041D. On MCR panel 10C601, this valve has a remote-position indicator lamp with
two halves. The top half of the lamp is labeled "Disc Pos", the bottom half is labeled "Stem Pos". Only by
actual flow pushing against the check valve's disc will the "Disc Pos" half of the lamp indicate OPEN (i.e.,
Green light OFF, Red light ON). The "Stem Pos" half of the lamp will indicate OPEN only when operators
apply a TEST signal (TEST pushbutton) to surveill the check valve's operability; in that case, the "Stem
Pos" is indicative of the position of the pneumatic operator used to open the valve. The LPC! ‘D' injection
line flow indicator (FI-1R603D) is shown at P&ID Coordinate G-3. This instrument senses flow upstream
of the line's injection valve (1F017D); therefore, this indication is NOT definitive evidence of injection into
the RPV.

'B'is correct: HV51-1F041D (INBOARD CHECK) "Disc Pos" indicates OPEN, "Stem Pos" indicates
CLOSED. Correct for the reasons described above.

‘A’ is wrong: FI51-1R603B (LOOP B) reads 4,000 gpm. Plausible to the examinee for three primary
reasons: 1) at LGS, use of the INBOARD CHECK valve indication is given very little emphasis, if any,
during the course of the Simulator Phase; 2) students are accustomed to using the injection line flow
indicators to determine when RHR is injecting; and 3) many examinees have never given a thought to
exactly where in the system the flow element for FI51-1R603B is located.

'C'is wrong: DIV 2 LPCI INJECTION VALVE DP PERMISSIVE alarm. Refer to alarm resposne card
ARC-MCR-115, F4 (DIV 2 LPCI INJECTION VALVE DP PERMISSIVE). This alarm simply alerts
operators to the fact that all conditions are satisfied for the automatic opening of the LPC! 'B' injection
valve (FO17B). Under expected LOCA conditions, this alarm is expected at an RPV pressure well above
the RHR pump shutoff head pressure (~270 psig). Plausible to the examinee who confuses the opening
of the injection valve with conditions that would allow actual injection flow into the RPV.

‘D' is wrong: 1B RHR PUMP DISCH HI/LO PRESS alarm. Refer to alarm response card ARC-MCR-115,
F3. This is NOT an expected alarm so long as the RHR pump has an unobstructed flowpath at its
discharge. Plausibie to the weaker examinee who believes the alarm to be indicative of sufficient pump
discharge pressure so as to cause sufficient injection flow into the RPV.
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Question 28 Info

Question Type: Multiple Choice
Status: Active

Always select on test? No

Authorized for practice? No

Points: 1.00

Time to Complete: 3

Difficulty: 2.00

System 1D: 1102409
User-Defined ID: REV 00, 11/17/14
Cross Reference Number: LGSOPS0051

Recognize definitive MCR indication of LPCI injection flow into

Topic: the RPV
Num Field 1: 2.7

Num Field 2; 2.9

Text Field: 203000 K5.01
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Question #28

The licensee recommended two correct answers for Q#28; Choice B — the key answer and Choice A—a
2" correct answer. The NRC agrees that Choices A and B are both correct. Choice A and Choice B will
each be accepted as a correct answer for Q#28.

The question stem describes a LOCA in progress and asks the applicant to select the choice which
provides definitive evidence that some RHR Loop “B” water is actually injecting into the RPV.

Key answer Choice B, open indication on the LPCl injection line inboard check valve, is a correct answer.
This check valve will indicate open only if there is forward flow in the line, from RHR Loop “B” into the
RPV.

Choice A, 4000 gpm flow indicated on the RHR Loop “B” flow instrument, was originally proposed by the
authors as a distractor under the assumption that this indication was not definitive indication of
injection flow. This was because the location of the flow sensing element in the system is such that this
device will also indicate flow associated with suppression pool cooling, suppression pool spray, and/or
drywell spray alignments. But the question stem does not state that the system is lined up for any of
these other purposes. Applicants are briefed in advance of taking the NRC initial license written exam
using NUREG 1021, Examiner’s Standard, Appendix E, “Policies and Guidelines for Taking NRC
Examinations. The Appendix states:

“When answering a question, do not make assumptions regarding conditions that
are not specified in the question unless they occur as a consequence of other
conditions that are stated in the question. For example, you should not assume
that any alarm has activated unless the question so states or the alarm is expected
to activate as a result of the conditions that are stated in the question. Similarly,
you should assume that no operator actions have been taken, unless the stem of
the question or the answer choices specifically state otherwise.”

if the described event actually occurred, operator actions would likely be directed in accordance with
emergency operating procedures to mitigate effects of the LOCA on the primary containment.

However, the stem does not provide any specifics on containment conditions and does not indicate that
any operator actions have been performed. With the lack of information provided and the instructions
in the Examiner’s Standard regarding assumptions, it is reasonable for the applicant to assume that
emergency core cooling systems were in a normal standby alignment prior to the event and that
systems are functioning as designed. As the event progresses, without operator action, low pressure
injection systems will inject as RPV pressure falls below shutoff head conditions for the injection pumps.
Any flow indicated on F151-1R603B, RHR Loop B Flow Instrument, will be the result of injection flow into
the RPV because the system will not be aligned for any of the other potential flowpaths.

Therefore, Choice A is a 2™ correct answer to the question. Choices C and D remain wrong answers for
the reasons given in the choice justifications as originally submitted.
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Question #81
SRO
Unit 2 is operating at 100% power.

The CRS reviews the latest "Daily Jet Pump Operability" surveillance (ST-6-043-320-2) which
reveals the following Conditions:

1. Indicated recirc loop flow differs by 11% from the established pump
speed-ioop flow characteristics

2. Indicated total core flow differs by 6% from the established total core
flow derived from recirc loop flow measurements

3. Indicated diffuser-to-lower plenum d/p of a single jet pump (#3) differs
from the established patterns by 14%

4. Indicated diffuser-to-lower plenum d/p for all other jet pumps differ from
the established patterns by 8%

WHICH ONE of the following identifies (from the above list) the test data that requires the plant must be in
HOT SHUTDOWN within 12 hours, per Tech Spec 3.4.1.2 (Jet Pumps)?
A. Condition 3, alone

Conditions 3 AND 4, combined

B
C. Conditions 1 AND 3, combined
D

Conditions 1, 2, AND 3, combined

Answer: C

Immediately following this discussion is the Answer Explanation to from Question #81 as it appeared on
the SRO portion of the Approved exam.

Discussion
Of the five (5) Applicants, three (3) chose ‘C’, the correct answer, while two (2) chose distractor ‘A’.

Question 81 is centered around the determination of LCO impact based on surveillance requirements
not being inside their allowable band. This question is an application of Tech Specs requiring the
evaluation of multiple surveillance requirements and making a determination which of the surveillance
requirements were out of specification and the correct combination which results in a Tech Spec LCO
entry.

To answer the question as written, the Applicant needs to have memorized either the surveillance
requirements of Tech Spec 3.4.1.2 or the acceptance criteria of surveillance test ST-6-043-320-2, “Daily
Jet Pump Operability Verification for Two Recirculation Loop Operation”, from memory in order to
answer the question. As noted in Reference 1 the goal of the examination process is not to memorize
Tech Specs but the operators are required to recognize Tech Spec entry conditions, immediate actions
and bases. Additionally Reference 2 identifies that Tech Specs with an action of one hour or less also
need to be known from memory.
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Since neither the surveillance requirements of Tech Spec 3.4.1.2 nor the acceptance criteria of the
aforementioned surveillance test do not fit in the generally accepted items that must be known from
memory, the question content must be evaluated to determine if a reference is required in to order to
answer the question. Reference 1 provides guidance that if a question involves application of Tech
Specs and requires a reference then a reference should be provided if it does not compromise the
integrity of the question.

The facility acknowledges that Question 81 was not presented as involving the application of Tech Spec
which may have impacted the decision to determine it was appropriate to administer without a
reference. Based on the fact that the question requires memorization of information which is beyond
the accepted norm and beyond the guidance provided for the portions of Tech Specs which must be
memorized by the applicants, this question presents an unreasonable set of conditions to answer the
question correctly.

Applicant Comments:

Discussions with the applicants revealed that their answers to the question were based on their memory
of the Jet Pump Surveillance test noted previously. Of the three applicants who chose the correct
answer all three indicated that they could not recall the exact values limitations for each of the
conditions on the stem and used deductive reasoning to come to the correct answer.

Facility Recommendation

Based on developing a question which involves the memorization of acceptance criteria in a surveillance
test or the surveillance requirements of a Tech Spec action and applying those items to determine a
required Tech Spec action, this question the facility believes that a reasonable opportunity was not
provided to the Applicants to answer the question correctly. Therefore the facility recommends that
guestion 81 be removed from the examination.

References:

1) Operator Licensing Program Feedback Summary Item 401.11
2) Operator Licensing Program Feedback Summary Item 401.52
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81 ' ID: 1104650 Points: 1.00

| Answer Explanation |

Refer to Tech Spec 3.4.1.2, SR 4.4.1.2.a, which shows only three distinct "conditions" (as they are called
in the SR language) that are used to determine the OPERABILITY of the jet pumps (i.e., to determine the
existence of any failed jet pump). Those “conditions” are the first three conditions given in the question
stem. The 4th "condition" in the stem doesn't exist in the SR as a stand-alone item. Per the SR, if any
two (never just one) of the three conditions exist, together, the presence of a failed jet pump is presumed
and the ACTION of Tech Spec 3.4.1.2 (12-hour HOT SHUTDOWN) must be taken.

'C' is correct: Conditions 1 AND 3, combined. Both Condition1 and Condition 3 exceed the 10% limit
of the SR.

‘A’ is wrong: Condition 3, alone. Plausibie to the examinee who recognizes that Condition 1 exceeds the
associated 10% limit, but who forgets that it takes at least two of the three Conditions to be UNSAT
before having to take the plant shutdown ACTION.

'‘B'is wrong: Conditions 3 AND 4, combined. Plausible to the examinee who "seems to recall" something
about "at least two" Conditions needing to be UNSAT in order to determine a failed jet pump, but who
doesn't recall exactly which two Conditions. That examinee is distracted by the fact that a single jet pump
(#3) is behaving significantly different from the other 19 jet pumps, in that its d/p differs by more than 5%.
To the uncertain examinee, the suggestion of 5% is plausible considering the 5% recirc loop flow
mismatch limit (of Tech Spec 3.4.1.3) that exists right now, with the plant operating at 100% power (i.e.,
well above 70% of rated Core Flow).

‘D' is wrong: Conditions 1, 2, AND 3, combined. Plausible to the examinee who forgets that it takes only

two UNSAT Conditions in order to have to take the plant shutdown ACTION. That examinee is distracted
by the fact that Condition 2 is greater than 5%, confusing that with the 5% recirc loop flow mismatch limit

(of Tech Spec 3.4.1.3) that exists right now, with the plant operating at 100% power (i.e., well above 70%
of rated Core Flow).
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Question 81 Info

Question Type: Multiple Choice
Status: Active

Always select on test? No

Authorized for practice? No

Points: 1.00

Time to Complete: 4

Difficulty: 3.00

System ID: 1104650
User-Defined ID: REV 00, 11/17/14
Cross Reference Number: NONE

(SRO) Recall Tech Spec 3.4.1.2 SR requirements for

Topic: indications of a failed jet pump
Num Field 1: 3.7
Num Field 2: 41
Text Field: 295001 2.2.12
Comments: Level SRO
Tier 1
Group 1

KA # and Rating 295001 2.2.12 (3.7/4.1)

KA Statement 295001 Partial or Complete Loss of Forced
Core Flow Circulation
2.2.12 Knowledge of surveillance
procedures.

References U/2 Tech Spec 3.4.1.2 (iatest)
U/2 Tech Spec 3.4.1.3 (latest)

Examinee None

References

Learning No specified objective

Objective

Question source New
Question history None
Cognitive level  Lower
10 CFR 55 43.2
Comments None
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Question #81

The licensee recommended removing Q#81 from the exam. The NRC does not agree. Q#81 will remain
on the exam. Choice D is a 2nd correct answer. Choices C and D will each be accepted as a correct
answer for Q#81.

The licensee argues that the question requires memorization of information beyond the accepted norm.
The NRC does not agree. TS 3.4.1.2 states that all jet pumps shall be OPERABLE in Operational
Conditions (OPCONs) 1 and 2. The LCO directs that the unit be placed in at least HOT SHUTDOWN within
12 hours if any jet pump is determined to be INOPERABLE. The surveillance requirement for
demonstrating jet pump OPERABILITY is listed immediately below the LCO, in the same format that the
related information was provided in the question stem. Per the licensee’s Surveillance Frequency
Control Program, this surveillance is performed daily in the applicable at-power Operational Conditions.

The surveillance requires that no two of the three listed conditions occur. Each of the three criterions in
the TS surveillance requirement has a stated acceptance threshold value of 10%.

This question listed values for the specific conditions stated in the jet pump surveillance in the same
format and language that is used in TS Surveillance Requirement 4.4.1.2. The applicants were required
to evaluate the values and apply understanding of the 10% threshold and the “no two of” requirements
to determine that Choice C met the conditions for declaring a jet pump INOPERABLE. As structured, this
question tests the ability of the applicant to apply technical specifications and does not require a
reference. It is reasonable to expect a SRO license applicant to be able to answer this question without
references, given that the LCO requires component operability, the LCO has a felatively short action
time (12 hours) and requires unit shutdown, the jet pump operability is determined by operators daily in
the applicable at-power OPCONSs, and the surveillance criterion were listed in the question.

While reviewing this licensee comment, the NRC noted that Choice D, a choice not selected by any
applicant, is a 2" correct answer to the question. Choice D lists two conditions that exceed the
surveillance criterion threshold along with a third condition that does not exceed the threshold. This
arrangement of conditions would also require a plant shutdown per the tech spec and is therefore a 2™
correct answer. Accepting Choice D as a second correct answer will not change the scores for any
applicant because none of the applicants selected Choice D.

Choices A and B remain wrong answers for the reasons given in the choice justifications as originally
submitted.
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Question #93
SRO

Unit 1 is operating at 100% power, with the following:
- Drywell cooling is maximized
- MCC D114-R-G is tagged out for repairs
- Drywell air temperature is 125°F

A loss of MCC D134-R-E occurs; as a result, drywell air temperature begins to rise.

Assume drywell air temperature rises at a constant rate of 5°F/hr for each drywell fan that is no longer
operating.

WHICH ONE of the following identifies:

(1) the approximate time it will take for drywell air temperature to exceed its Tech Spec limit, and
(2) the Tech Spec time allowed for restoring drywell air temperature to within its Tech Spec limit?

A. (1) 1 hour
(2) 8 hours

B. (1) 2 hours
(2) 8 hours

C. (1) 1 hour

(2) 24 hours

D. (1) 2 hours
(2) 24 hours

Answer: B

Immediately following this Discussion is the Answer Explanation for Question #93 as it appeared on the
SRO portion of the Approved Exam Key.

Discussion
All five (5) SRO Applicants chose distracter ‘A’ as the correct answer, based on a common interpretation
of the following stem condition statement:

“Assume drywell air temperature rises at a constant rate of 5°F/hr for each drywell fan that is
no longer operating.”

Each Applicant correctly understood the following aspects of the question:

1) Drywell unit cooler fans 1A1V212 and 1E1V212 were not running due to the D114-R-G MCC
outage. They also recognized that additional fans were not in operation but that aspect did not
impact their answer selection.

2) The Applicants also recognized that based on the information in the stem, the alternate fans in
each unit drywell unit cooler where one fan had tripped was operating. In this case the
1A2V212 and 1E2V212 fans were the ones which would be used in their answer selection.
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3) Each Applicant additionally recognized that the loss of MCC D134-R-E resulted in the trip of two
fans (specifically, 1A2V212 and 1E2V212) which resulted in the loss of both fans in two drywell
unit coolers.

4) Each Applicant understood that the four fans previously identified to be out of service rendered
two drywell unit coolers out of service.

5) Each Applicant recognized that the intent of question was to calculate a heat up rate only for
those unit coolers where both fans were out of service. This was not written in the stem but
was obvious to the students since the other drywell unit coolers where one fan was in operation
would still be providing cooling and would not be contributing to heat up of the drywell.

The question stem, however, did not use standardized terms in order to clearly identify what measure
the students were to use as the basis for their calculation of drywell air temperature heat up rate. The
guestion asks the student to calculate the heat up rate based on the number of fans out of service. As
noted above, the students recognized that there were a total of four fans out of service which rendered
the 1AV212 and 1EV212 drywell unit coolers non-operational.

The correct term to have used in this question stem, based on the original intent of the question, would
have been “drywell unit cooler” versus “drywell fan”. The term “drywell unit cooler” is the Tech Spec
description used in LGS Tech Spec 3.6.6.2. The Tech Spec also clearly establishes that each “drywell unit
cooler ... shall be OPERABLE with each subsystem consisting of one unit cooler fan”. The same
differentiation between a unit cooler and a fan is provided on P&ID M-0077 Sheet 1, “Drywell HVAC”
which has a tabulation of drywell unit coolers and the two associated fans per unit cooler. Therefore
the use of the term “fan” in the question stem led each of the applicants to determine the number of
individual fans out of service not the number of unit coolers out of service as was originally intended by
the question.

Since the terms “unit cooler(s)” or alternately “pair of fan(s)” was not used in the stem, the Applicants
performed their heat up calculations based four fans no longer operating in the 1AV212 and 1EV212
drywell unit coolers. Using four fans as the basis for the heat up rate resulted in a 20°F/hr heat-up rate
as a result of four (4) non-operating fans versus a 10°F/hr heat-up rate as a result of two (2) non-
operating unit coolers as originally intended by the question.

With a 20°F/hr drywell heat up rate each of the applicants recognized that it would take 1 hour to reach
the Tech Spec limit of 145°F in the drywell.

Additionally all of the applicants recognized that per the TS 3.6.1.7 ACTION, operators have 8 hours to
restore the temperature to within the limit.

It should be noted that none of the SRO Applicants had any question, or needed any clarification,
regarding Question #93 during the administration of this exam. It was quite clear in the mind of each
Applicant that the question calculation was to be based on individual fan losses and not a loss of unit
coolers or pair of fans.

Based on drywell temperature reaching the limit of 145°F in one hour and the LCO ACTION allowing 8
hours to restore drywell temperature all of the applicants selected Answer ‘A’ as the correct answer.

Answer ‘B’ remains a plausible distractor but incorrect since the Tech Spec action time is correct for
exceeding drywell temperature under Tech Spec 3.6.1.7 but the time to reach the temperature limit is
incorrect.
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Answers C and D are still plausible and incorrect. Both Answers have the incorrect Tech Spec action
time as noted in the original Answer Explanation when applying Tech Spec 3.6.1.7. Answer ‘C’ has the
correct heat-up rate per the new understanding of the term “fan” versus unit cooler and Answer ‘D’ has
the new incorrect time based on the discussion above.

Applicant Response

The applicants indicated that they believed they understood the failure mechanism of the unit coolers
and that the intent of the question was asking to calculate a heat up rate based for those unit coolers
where both fans were no longer in operation. They assumed that since the stem of the question stated
to calculate the heat-up rate based on the number of fans that were no longer operating, the total
number of non-operating fans was four and the heat up rate was 20F/hr.

Some of the candidates recognized that there were additional fans out of service as a result of the loss
of D114-R-G MCC. However they did not use those additional individual fan loses in their heat-up
calculations since (as noted previously) they correctly recognized that heat up would only occur in unit
coolers where both fans were out of service.

All of the applicants knew that the time to correct the high temperature condition was 8 hours once the
tech spec action limit was reached.

Therefore all five Applicants chose Answer “A”.

Facility Recommendation

Based on the term “fan” used in the question stem, the question stem directed the students to calculate
the heat-up rate of the drywell using a different methodology than the question originally intended.
The term “fan” in the question led all the students to determine a drywell heat-up rate that did not
match the original question design. Therefore the facility agrees with the Applicants that the question
provided guidance to calculate the heat-up rate based on the total number of out of service fans NOT
the total number of out of service drywell unit coolers which was the original intent of the question.
Therefore the new correct response is Answer ‘A’ which replaces Answer ‘B’ in the original key.

References:
1) LGS Tech Spec 3.6.6.2, “Drywell Hydrogen Mixing System”
2) P&ID M-0077 Sheet 1, “Drywell HVAC”
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93 ID: 1104389 , Points: 1.00

Answer Explanation

All operators and ILT Candidates understand that the phrase "drywell cooling is maximized" means only
the following: All 8 Unit Coolers are in service, with 1 fan operating in each of the Unit Coolers, with 1
Drywell Chilled Water (DWCW) Chiller operating and 2 DWCW Circ Pumps operating.

The following identifies the power supplies for the drywell unit cooler fans:

MCC D114-R-G feeds 1A1V212, 1C1V212, 1E1V212, 1G1V212 (a total of 4 fans)
MCC D124-R-G feeds 1B1V212, 1D1V212, 1F1V212, 1H1V212 (a total of 4 fans)
MCC D134-R-E feeds 1A2V212, 1E2V212 (a total of 2 fans)
MCC D134-R-H feeds 1C2V212, 1G2V212 (a total of 2 fans)
MCC D144-R-H feeds 1D2V212, 1F2V212 (a total of 2 fans)
MCC D144-R-E feeds 1B2V212, 1H2V212 (a total of 2 fans)

NOTE - all of these power supplies can be validated by reviewing 1577.1.A (COL), pages 1 - 6.

Stem conditions indicate that MCC D114-R-G is out of service, yet "drywell cooling is maximized." this
necessarily means that the fans fed from MCC's D134-R-E (2 fans) and D134-R-H (2 fans) are operating in
place of the 4 fans that are not operating because of the MCC outage.

When MCC D134-R-E is lost, two fans trip (they are 1A2V212 and 1E2V212). The stated "assumption"”
that drywell air temperature rises at a constant rate of 5°F/hr for each fan that has been lost (2 fans)

means that the air temperature is rising at a rate of 10°F/hr.

The Tech Spec 3.6.1.7 Drywell Average Air Temperature limit is 145°F. Therefore, starting at a
temperature of 125°F, it will take 2 hours to reach the Tech Spec limit.

Per the TS 3.6.1.7 ACTION, operators have 8 hours to restore the temperature to within the limit.

'‘B' is correct: (1) 2 hours; (2) 8 hours. Correct for the reasons described above.

'A' is wrong: (1) 1 hour; (2) 8 hours. Part (1) assumes a total of 4 fans are lost when MCC D134-R-E is
lost. This is plausible to the examinee who fails to recall that the Division 3 and Division 4 associated
MCCs (i.e., D134 and D144, respectively) each power only two fans, as opposed to the Div 1 and Div 2
MCCs (i.e., D114 and D124, respectively) that each power 4 fans.

'C'is wrong: (1} 1 hour; (2) 24 hours. Part (1) is plausible for the same reasons as that for choice 'A'.
Part (2) suggests the restoration time allowed by Tech Spec 3.6.2.1, ACTION 'b' when the 95°F
suppression pool temperature limit is exceeded; plausible for that reason.

'D'is wrong: (1) 2 hours; (2) 24 hours. Part (2) is plausible for the same reason as that for choice 'C'.
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Question 93 Info

Question Type: Multiple Choice
Status: Active

Always select on test? No

Authorized for practice? No

Points: 1.00

Time to Complete: 4

Difficulty: 3.00

System ID: 1104389
User-Defined ID: REV 00, 11/17/14
Cross Reference Number: NONE

(SRO) Predict DW air temperature rise time and recall Tech

Topic: Spec AOT to restore to within limits
Num Field 1: 3.6
Num Field 2: 3.8
Text Field: 223001 A2.10
Comments: Level SRO
Tier 2
Group 2

KA # and Rating 223001 A2.10 (3.6/3.8)

KA Statement 223001 Primary CTMT and Auxiliaries
Ability to (a) predict the impacts of the
following on
the PRIMARY CONTAINMENT SYSTEM AND
AUXILIARIES; and
(b) based on those predictions, use
procedures to correct, control, or mitigate
the consequences of those abnormal
conditions or operations: A2.10 High
drywell temperature

References 1577.1.A(COL), Rev.3
U/1 Tech Spec 3.6.1.7 (latest)

U/1 Tech Spec 3.6.2.1 (latest)

Examinee None

References

Learning No specified objective

Objective

Question source New
Question history None
Cognitive level  Higher
10 CFR 55 415, 43.2
Comments None




NRC Post Exam Comment Resolution
2015 Limerick Initial License Exam

Question #93

The licensee recommended changing the key answer for Q#93 from Choice B to Choice A. The NRC does
not agree. Multiple conflicting answers can be correct based on different interpretations of information
in the question step. Conflicting correct answers are not acceptable, per guidance in the Examiner's
Standard (NUREG-1021, ES-303, Section D.1.c). Q#93 will be deleted from the exam.

Limerick Unit 1 has 8 Drywell (DW) coolers. Each cooler has 2 fans. The stem has 1 fan in each of 4
coolers tagged for maintenance. Initial conditions indicate (with the phrase “DW cooling maximized”)
that 1 fan is running on each of the 8 coolers. One fan is not running on each of the 8 coolers, for a total
of 8 fans initially not running. Then, an event occurs, the loss of a MCC, which powers 1 of the
previously running fans on each of 2 coolers. The plant is left with 1 fan running on each of 6 coolers.
No fans are running on 2 of the coolers. After the event, a total of 4 fans are not running on the 2
coolers that are no longer functioning and a total of 10 of the 16 DW cooler fans are not running.

The licensee comment relates to how the applicants should interpret the question stem statement that
“air temperature rises at a constant rate of 5°F/hr for each drywell fan that is no longer operating.”
They contend the applicants appropriately discounted the possibility of any heatup effect from the 6
coolers that still had 1 fan each in service and correctly attributed the heatup to the loss of cooling from
the 2 coolers that had no fans operating. The licensee contends it is therefore reasonable for the
applicants to count a total of 4 fans no longer operating (2 fans on each of the 2 non-functioning
coolers) to determine a heatup of 20°F/hr such that the key answer should be changed to Choice A.

The confusion surrounds the meaning of the statement that “each drywell fan that is no longer
operating.” There are at least the 3 following possible interpretations of the statement:

1. 8fans were initially operating. 6 fans are now operating. Therefore one can conclude that 2
fans are no longer operating. Heatup rate is 10°F/hr. It will take 2 hours to hours to reach the

DW temp TS limit of 145°F, making Answer Choice B, the key answer, correct.

2. 8coolers were initially operating, now 6 coolers are operating. The two non-operating coolers
have a total of 4 fans. Therefore one can conclude that 4 fans are no longer operating. Heatup
rate is 20°F/hr. DW TS limit will be reached in 1 hour, making Choice A the correct answer.

3. 8 coolers have 16 fans. Only 6 fans are now running. Therefore one can conclude that 10 fans

are no longer operating. Heatup rate is 50°F/hr. DW TS limit will be reached in 24 minutes.

Under this interpretation, none of the choices is correct.

The stem wording is not clear. The question authors intended the statement to apply to each fan that
stops as a result of the MCC failure. However the stem does not provide context or a reference point for
the words “no longer operating.” The question will be removed from the exam since Choices A and B
can both be correct and since Choices A and B are in conflict with each other.
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LGSOPS0074

Source Range Monitoring (SRM) And
Intermediate Range Monitoring (IRM)
Systems

Please turn off all cell phones, pagers,
and other communications devices

Thank You




Lesson Objectives

EOL1. Determine the need for overlap between ranges of
Nuclear Instrumentation, and how overlap is
accomplished.

EO2. Identify statements which describe the operation of a

fission chamber.

EO3. Determine the function/purpose of any given Source
Range Monitoring (SRM) or Intermediate Range
Monitoring (IRM) System component.

Lesson Objectives

EO4. Identify the inputs from the Source Range Monitoring
(SRM) and Intermediate Range Monitoring (IRM)
Systems to:

a. Reactor Protection System (RPS)

b. Reactor Manual Control System (control rod
withdrawal blocks)

c. Auxiliary Equipment Room Alarm indicators




EOS5.

EO6.

EO7.

Lesson Objectives

Identify the control functions and protective actions
associated with the Source Range Monitoring (SRM) and
Intermediate Range Monitoring (IRM) Systems.

** Given applicable references and a set of plant
conditions, identify the appropriate EO actions (For
Continuing Training Only).

** Given applicable references and a set of plant
conditions, identify the system response (For
Continuing Training Only).

iL1.

iL2.

IL3.

Lesson Objectives

Identify the purpose of the Source Range Monitoring
(SRM) System.

Select the range of the Source Range Monitoring (SRM)
System in terms of % power.

Identify the physical arrangement of the Source Range
Monitoring (SRM) System detectors within the Reactor
Pressure Vessel (RPV).




IL4.

Lesson Objectives

Identify the function of the following Source Range
Monitoring (SRM) System components:

a.
b.

c.

Puise Preamplifier
Pulse Height Discriminator

Log Integrator
DC Amplifier

Period Circuit

IL5.

IL6.

IL7.

Lesson Objectives

Determine the power supply to the Source Range
Monitoring (SRM) System channels.

Identify the conditions, including setpoints, in the
Source Range Monitoring (SRM) System that will
generate control rod withdrawal blocks and reactor
scrams, and identify the bypasses for each.

Given a drawing of controls, indications, and/or alarms
located in the Main Control Room:

a.

b.

Determine the status of the Source Range
Monitoring (SRM) System

Predict the effect of manipulation of system
controls




Lesson Objectives

IL8. Predict the effect that a loss or malfunction of the
Source Range Monitoring (SRM) System will have on:

a. Reactor Protection System (RPS)
b. Reactor Manual Control System (RMCS)

c. Reactor Power Indication
IL9. Predict the effect that a loss or malfunction of the

Reactor Protection System (RPS) will have on the
Source Range Monitoring (SRM) System.

Lesson Objectives

IL10. Given a copy of Technical Specifications and various
plant conditions:

a. Identify any condition that does not comply with
applicable Limiting Conditions for Operation (LCOs)

b. Select the bases for applicable Limiting Conditions
for Operation (LCOs) which pertain to the Source
Range Monitoring (SRM) and Intermediate Range
Monitoring (IRM) Systems

c. (SRO ONLY) Determine the actions required for
each condition of non-compliance

10




L.

iL12.

IL13.

iL14.

IL15.

Lesson Objectives

(SRO Only) Given a copy of Emergency Action Levels
(EALs), recognize any condition which meets the criteria
to declare an event.

Identify the purpose of the Intermediate Range
Monitoring (IRM) System.

Select the range of Intermediate Range Monitoring (IRM)
sensitivity in terms of % power.

Identify the mechanism for gamma compensation in the
Intermediate Range Monitoring (IRM) System.

Identify the physical arrangement of the Intermediate
Range Monitoring (IRM) detectors within the Reactor
Pressure Vessel (RPV).

11

iL16.

IL17.

Lesson Objectives

Determine which Intermediate Range Monitoring (IRM)
channels provide inputs to Reactor Protection Trip
Systems “A” and “B”.

Identify the function of the following Intermediate Range
Monitoring (IRM) System components:

a. Voltage Preamplifier
b. Amplifier And Attenuator Unit

c. Inverter

Q

Mean Square Analog (MSA) Unit

o

Output (operational) Amplifier

12




Lesson Objectives

IL18. Identify the power supplies to each Intermediate Range
Monitoring (IRM) channel.

iL19. Identify the conditions, including setpoints, in the
Intermediate Range Monitoring (IRM) System that will
generate control rod withdrawal blocks and reactor
scrams, and identify the bypasses for each.

IL20. Given a drawing of controls, indications, and/or alarms
located in the Main Control Room:

a. Determine the status of the Intermediate Range
Monitoring (IRM) System

b. Predict the effect due to the manipulation of system
controls

13

Lesson Objectives

IL21. Predict the effect that a loss or malfunction of
Intermediate Range Monitoring (IRM) System will have
on:

a. Reactor Protection System (RPS)

b. Reactor Manual Control System (RMCS)
¢. Reactor Power Indication

IL22, Predict the effect that a loss or malfunction of the
following would have on the Intermediate Range
Monitoring (IRM) System:

a. Reactor Protection System (RPS) power supply
b. Detectors

c. Trip Units

14




Lesson Objectives

IL23. Identify the means of changing Intermediate Range
Monitoring (IRM) detector position and the reason for
doing so.

IL24. Given a copy of Technical Specifications and various

plant conditions:

a. Identify any condition that does not comply with the
applicable Limiting Conditions for Operation (LCOs)

b. Summarize the bases for those Limiting Conditions
for Operation (LCOs) which pertain to the
Intermediate Range Monitoring (IRM) System

¢. (SRO ONLY) Determine the actions required for any
condition of non-compliance

15

Lesson Objectives

IL25. (SRO Only) Given a copy of Emergency Action Levels
(EALs), recognize any condition which meets the criteria
to declare an event.

16




Nuclear
Instrumentation

Review And Overview
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ELASTIC SCATTERING INELASTIC SCATTERING
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RADIATIVE CAPTURE
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FISSION CHAMBER DETECTOR
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SRM System

24
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DETECTOR IN-CORE DETAIL
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DETECTOR DRIVE ASSEMBLY
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N DETECTOR DRIVE BLOCK DIAGRAM
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SRM CHANNEL “A”

CONTROL ROD BLOCK SIGNALS AND BYPASSES
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MAIN CONTROL ROOM PANEL 10C603

31

SRM RECORDERS (MCR PANEL 10C603)

32
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SRM REACTOR PERIOD METERS (MCR PANEL 10C603)

SRM BYPASS SWITCH (MCR PANEL 10C603)

34

17



SRM DETECTOR DRIVE CONTROLS AND INDICATING LAMPS
(MCR PANEL 10C603)

35

SRM ALARM LAMPS (MCR PANEL 10C603)

36
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SRM LIGHTS (AER)

38
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IRM System
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IRM RANGE AND REACTOR POWER RELATIONSHIP

APRM 10%
Po

Range 10

Range 9

R

125

Range 8

Range 7
Lyl 400 125

Range 6
Range 5

Range 4

Range 3

Range 2
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APRM 1 2/4 LOGIC MODULE INTERFACE WITH
SCRAM CONTACTS IN RPS TRIP CHANNEL "A1"
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IRM CHANNEL BYPASS SWITCH (MCR PANEL 10C603)

47

IRM DETECTOR DRIVE CONTROLS AND INDICATING LAMPS
(MCR PANEL 10C603)

48
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IRM ALARM LAMPS (MCR PANEL *0C603)

49

IRM METERS (AER)

50
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IRM LIGHTS (AER)

51

SRM System
Technical Specifications

3/4.3.6, Control Rod Block Instrumentation

3/4.3.7, Monitoring Instrumentation - Source
Range Monitors

3/4.9.2, Refueling Operations - Instrumentation

3/4.9.10, Refueling Operations - Control Rod
Removal

Table 4.3.1.1-1, Reactor Protection System
Instrumentation Surveillance Requirements

3/4.3.7.5, Accident Monitoring Instrumentation
(reference LER 2009-001-00)

52
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IRM System
Technical Specifications

2.2, Limiting Safety System Settings, Reactor Protection System
Instrumentation Setpoints

3/4.3.1, Reactor Protection System Instrumentation - Intermediate
Range Monitors

3/4.3.6, Control Rod Block Instrumentation - Intermediate Range
Monitors

3/4.3.7.5, Accident Monitoring Instrumentation

53

SRM System
EALs

e MU2/CU2
* CG6
» CS6

27



IRM System
EALs

* None

55

Lesson Objectives Review

EO1. Determine the need for overlap between ranges of
Nuclear Instrumentation, and how overlap is
accomplished.

EO2. Identify statements which describe the operation of a

fission chamber.
EO3. Determine the function/purpose of any given Source

Range Monitoring (SRM) or Intermediate Range
Monitoring (IRM) System component.

56
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Lesson Objectives Review

EO4. Identify the inputs from the Source Range Monitoring
(SRM) and Intermediate Range Monitoring (IRM)
Systems to:

a. Reactor Protection System (RPS)

b. Reactor Manual Control System (control rod
withdrawal blocks)

¢. Auxiliary Equipment Room Alarm indicators

57

Lesson Objectives Review

EO5. Identify the control functions and protective actions
associated with the Source Range Monitoring (SRM) and
Intermediate Range Monitoring (IRM) Systems.

EO6. ** Given applicable references and a set of plant
conditions, identify the appropriate EO actions (For
Continuing Training Only).

EO7. ** Given applicable references and a set of plant
conditions, identify the system response (For
Continuing Training Only).

58
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Lesson Objectives Review

IL1. Identify the purpose of the Source Range Monitoring
(SRM) System.
IL2. Select the range of the Source Range Monitoring (SRM)

System in terms of % power.

IL3. Identify the physical arrangement of the Source Range
Monitoring (SRM) System detectors within the Reactor
Pressure Vessel (RPV).

59

Lesson Objectives Review

IL4. Identify the function of the following Source Range
Monitoring (SRM) System components:

a.
b.

C.

Pulse Preamplifier
Pulse Height Discriminator

Log Integrator
DC Amplifier

Period Circuit

60
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Lesson Objectives Review

ILS. Determine the power supply to the Source Range
Monitoring (SRM) System channels.

IL6. Identify the conditions, including setpoints, in the
Source Range Monitoring (SRM) System that will
generate control rod withdrawal blocks and reactor
scrams, and identify the bypasses for each.

IL7. Given a drawing of controls, indications, and/or alarms
located in the Main Control Room:

a. Determine the status of the Source Range
Monitoring (SRM) System

b. Predict the effect of manipulation of system
controls

61

Lesson Objectives Review

IL8. Predict the effect that a loss or malfunction of the
Source Range Monitoring (SRM) System will have on:

a. Reactor Protection System (RPS)
b. Reactor Manual Control System (RMCS)

c¢. Reactor Power Indication

ILS. Predict the effect that a loss or malfunction of the
Reactor Protection System (RPS) will have on the
Source Range Monitoring (SRM) System.

62
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Lesson Objectives Review

IL10. Given a copy of Technical Specifications and various
plant conditions:

a. Identify any condition that does not comply with
applicable Limiting Conditions for Operation (LCOs)

b. Select the bases for applicable Limiting Conditions
for Operation (LCOs) which pertain to the Source
Range Monitoring (SRM) and Intermediate Range
Monitoring (IRM) Systems

c. (SRO ONLY) Determine the actions required for
each condition of non-compliance

63

Lesson Objectives Review

IL11. (SRO Only) Given a copy of Emergency Action Levels
(EALs), recognize any condition which meets the criteria
to declare an event.

IL12. Identify the purpose of the Intermediate Range
Monitoring (IRM) System.

IL13. Select the range of Intermediate Range Monitoring (IRM)
sensitivity in terms of % power.

IL14. Identify the mechanism for gamma compensation in the
Intermediate Range Monitoring (IRM) System.

IL15. Identify the physical arrangement of the Intermediate
Range Monitoring (IRM) detectors within the Reactor
Pressure Vessel (RPV).

32



IL16.

IL17.

Lesson Objectives Review

Determine which Intermediate Range Monitoring (IRM)
channels provide inputs to Reactor Protection Trip
Systems “A” and “B”.

Identify the function of the following Intermediate Range
Monitoring (IRM) System components:

a. Voltage Preamplifier
b. Amplifier And Attenuator Unit

c. Inverter
d. Mean Square Analog (MSA) Unit

e. Output (operational) Amplifier

65

IL18.

IL19.

IL20.

Lesson Objectives Review

Identify the power supplies to each Intermediate Range
Monitoring (IRM) channel.

Identify the conditions, including setpoints, in the
Intermediate Range Monitoring (IRM) System that will
generate control rod withdrawal blocks and reactor
scrams, and identify the bypasses for each.

Given a drawing of controls, indications, and/or alarms
located in the Main Control Room:

a. Determine the status of the Intermediate Range
Monitoring (IRM) System

b. Predict the effect due to the manipulation of system
controls

66
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IL21.

iL22,

Lesson Objectives Review

Predict the effect that a loss or malfunction of
Intermediate Range Monitoring (IRM) System will have
on:

a. Reactor Protection System (RPS)

b. Reactor Manual Control System (RMCS)
c. Reactor Power Indication

Predict the effect that a loss or malfunction of the
following would have on the Intermediate Range
Monitoring (IRM) System:

a. Reactor Protection System (RPS) power supply
b. Detectors

c. Trip Units

67

IL23.

IL24.

Lesson Objectives Review

Identify the means of changing Intermediate Range
Monitoring (IRM) detector position and the reason for
doing so.

Given a copy of Technical Specifications and various
plant conditions:

a. Identify any condition that does not comply with the
applicable Limiting Conditions for Operation (LCOs)

b. Summarize the bases for those Limiting Conditions
for Operation (LCOs) which pertain to the
Intermediate Range Monitoring (IRM) System

c. (SRO ONLY) Determine the actions required for any
condition of non-compliance

68
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Lesson Objectives Review

IL25. (SRO Only) Given a copy of Emergency Action Levels
(EALs), recognize any condition which meets the criteria
to declare an event.

69

What Questions Do You
Have?

70
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BCO07Ir4_Sensors May 2011

KEY POINTS, AIDS, | |[NSTRUCTOR GUIDE
QUESTIONSIANSWERS |

f. By selecting proper ratios of
Uranium-235 to Uranium-234, life of
detector is extended

The uranium coating makeup of typical
power range detector is 18%

Uranium-235, 78% Uranium-234, and 4%
Uranium-238 :

C. Failures in Fission Chambers

1. Fission chambers are periodically calibrated |
in core, with amplifier gain adjustments made
to offset decreased detector output over its
life, due to uranium depletion

0 Objective 24 | . Failures of fission chambers can include
following:

a. Spiking - Very short, high signal pulses
that occur infrequently, due to bridging of
electrode gap by hair like fibers of casing
lining
1) Newer Local Power Range Monitors

(LPRMs) have more stable linings,
and problem is not very common

2) LPRM spikes can cause trips of
neutron monitoring channels

Wetting - Short circuits due to leaking of
water into detector causes detector to fail
high

Loss of voltage - A loss of high voltage

DC to detector causes detector to fail to
low value

Loss of detector gas pressure - The
indication is dependent on the number of
primary and secondary ionizations that
occur from the ionizing event.

1) If the gas pressure decreases, there
will be less gas atoms to undergo
ionization, therefore less electrons
collected.

BWR / COMPONENTS / CHAPTER 7 122 of 147 © 2011 GENERAL PHYSICS CORPORATION
/ SENSORS & DETECTORS REV 4
GF@gpworldwide.com www.gpworldwide.com



BCO07Ir4_Sensors May 2011

| KEY POINTS, AIDS,
| QUESTIONS/ANSWERS

| Objective 23

INSTRUCTOR GUIDE

2)

This means a smaller electrical
current will exist and the indication
will fail downscale.

D. BWR Nuclear Instrumentation

1. Boiling Water Reactors designed by General
Electric use incore fission chambers for
Neutron Monitoring System

a. This system consists of following five
major portions:

Y
2)

3)

4

5)

Source Range Monitor (SRM) System

Intermediate Range Monitor (IRM)
System

Local Power Range Monitor (LPRM)
System

Average Power Range Monitor
(APRM) System

Traversing Incore Probe (TIP) System

The Neutron Monitoring System employs
following ranges and probe system to
monitor reactor power level:

1)

The SRM System, which provides
power indication while shutdown;
during startup and shutdown; and

refueling

The IRM System, which provides
power indication during startup and
shutdown

The LPRM System, which provides
power indication during power
operation and at specific locations in
core

The APRM System, which uses
outputs from LPRM detectors to
compute average core power

BWR / COMPONENTS / CHAPTER 7
/ SENSORS & DETECTORS
GF@gpworldwide.com

123 of 147

© 2011 GENERAL PHYSICS CORPORATION
REV 4
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Exelon.

Nuclear
Course/Program: | LGS Operations Initial Training Module/LP ID: LGSOPS0074
LEOT0074
LLOT0240
LLOT0250
Title: Source Range Monitoring (SRM) Course Code: | Per LMS Coding
And Intermediate Range Monitoring
(IRM) Systems ©
Author: Samuel M. Cohen Revision/Date: | 003/04-25-12
Prerequisites: NONE Revision By: smc
OPEX Included: Internal / Externa None Est. Duration: | 2/50 Minute Periods
(circle one)

TERMINAL COGNITIVE OBJECTIVES (LICENSED OPERATORS)

(671067/TCO-2000090401)

(671459/TC0O-2151050401)
(671449/TC0O-2150020101)
(671453/TCO-2150040401)
(672267/TCO-2950030101)
(672271/TC0O-2952020401)

(ON-109) Loss Of All Neutron Monitoring Instrumentation [B-15 A
nuclear instrumentation failure]

Bypass An IRM Channel

Perform startup checks and Monitor SRM Indication

Bypass SRM Channel

Withdraw SRM/IRM Detectors

Insert IRM SRM Detectors

TERMINAL COGNITIVE OBJECTIVES (EQUIPMENT OPERATORS)

(671452/TC0O-2150040104)
(671451/TC0O-2150030104)
(671940/TCO-2670120104)
(671454/TC0O-2150050104)

© Copyright 2012 by Exelon Nuclear, All Rights Reserved. Permission for reproduction and use is reserved for Exelon

Verify APRM Operability

Bypassing an LPRM

Perform APRM Gain Adjustment

Reset an APRM to Single Loop or Dual Loop Operation

Nuclear. (Any other use or reproduction is expressly prohibited without the express permission of Exelon Nuclear.)

LGSOPS0074 Rev003.doc




Exelon.

Nuclear

ENABLING OBJECTIVES

Upon successful completion of this lesson, the trainee shall perform the following using references
(as appropriate), and from memory in accordance with the lesson materials.

The trainee shall:

Objective # Objective Description Pg. #
EO1. | Determine the need for overlap between ranges of Nuclear 3
Instrumentation, and how overlap is accomplished.
EO2. Identify statements which describe the operation of a fission 5
chamber.
EO3. Determine the function/purpose of any given Source Range 11, 37

Monitoring (SRM) or Intermediate Range Monitoring (IRM)
System component.

EO4. Identify the inputs from the Source Range Monitoring (SRM) and
Intermediate Range Monitoring (IRM) Systems to:

a. Reactor Protection System (RPS) 15, 44
b. Reactor Manual Control System (control rod withdrawal 13, 46
blocks)
c. Auxiliary Equipment Room Alarm indicators 21,32
EOS. Identify the control functions and protective actions associated 13, 44

with the Source Range Monitoring (SRM) and Intermediate Range
Monitoring (IRM) Systems.

EO6. | ** Given applicable references and a set of plant conditions,
identify the appropriate EO actions (For Continuing Training
Only).

EO7. ** Given applicable references and a set of plant conditions,
identify the system response (For Continuing Training Only).

LGSOPS0074 Rev003.doc ii



Exelon.

Nuclear
Objective # Objective Description Pg. #
IL1. Identify the purpose of the Source Range Monitoring (SRM) 6
System.
IL2. | Select the range of the Source Range Monitoring (SRM) System 6
in terms of % power.
IL3. Identify the physical arrangement of the Source Range Monitoring 6
(SRM) System detectors within the Reactor Pressure Vessel
(RPV).
IL4. Identify the function of the following Source Range Monitoring
(SRM) System components:
a. Pulse Preamplifier 11
b. Pulse Height Discriminator 11
c. Log Integrator 12
d. DC Amplifier 12
e. Period Circuit 13
IL5. Determine the power supply to the Source Range Monitoring 23
(SRM) System channels.
IL6. Identify the conditions, including setpoints, in the Source Range 13, 15
Monitoring (SRM) System that will generate control rod withdrawal
blocks and reactor scrams, and identify the bypasses for each.
IL7. Given a drawing of controls, indications, and/or alarms located in
the Main Control Room:
a. Determine the status of the SRM System 15
b. Predict the effect of manipulation of system controls 15
IL8. Predict the effect that a loss or malfunction of the Source Range
Monitoring (SRM) System will have on:
a. Reactor Protection System (RPS) 31
b. Reactor Manual Control System (RMCS) 31
c. Reactor Power Indication 31
ILS. Predict the effect that a loss or malfunction of the Reactor 30
Protection System (RPS) will have on the Source Range
Monitoring (SRM) System.

LGSOPS0074 Rev003.doc lif



Exelon.

Nuclear

Objective # Objective Description Pg. #

iL10. Given a copy of Technical Specifications and various plant 72
conditions:

a. ldentify any condition that does not comply with applicable
Limiting Conditions for Operation (LCOs).

b. Select the bases for applicable Limiting Conditions for
Operation (LCOs) which pertain to the Source Range
Monitoring (SRM) System.

c. (SRO ONLY) Determine the actions required for each
condition of non-compliance.

IL11. (SRO Only) Given a copy of Emergency Action Levels (EALSs), 77
recognize any condition which meets the criteria to declare an
event.

IL12. Identify the purpose of the Intermediate Range Monitoring (IRM) 35
System.

IL13. | Select the range of Intermediate Range Monitoring (IRM) 35
sensitivity in terms of % power.

IL14. Identify the mechanism for gamma compensation in the 42
Intermediate Range Monitoring (IRM) System.

IL15. Identify the physical arrangement of the Intermediate Range 36
Monitoring (IRM) detectors within the Reactor Pressure Vessel
(RPV).

IL16. Determine which Intermediate Range Monitoring (IRM) channels 37, 44
provide inputs to Reactor Protection Trip Systems “A” and “B”.

IL17. Identify the function of the following Intermediate Range

Monitoring (IRM) System components:
a. Voltage Preamplifier 40
b. Amplifier And Attenuator Unit 41
c. Inverter 42
d. Mean Square Analog (MSA) Unit 42
e. Output (operational) Amplifier 44

IL18. Identify the power supplies to each Intermediate Range 54
Monitoring (IRM) channel.

IL19. Identify the conditions, including setpoints, in the Intermediate 44, 46,
Range Monitoring (IRM) System that will generate control rod 47
withdrawal blocks and reactor scrams, and identify the bypasses
for each.

LGSOPS0074 Rev003.doc iv



Exelon.

Nuclear
Objective # Objective Description Pg. #
IL20. Given a drawing of controls, indications, and/or alarms located in 47
the Main Control Room:
a. Determine the status of the Intermediate Range Monitoring
(IRM) System
b. Predict the effect due to the manipulation of system controls
IL21. Predict the effect that a loss or malfunction of Intermediate Range
Monitoring (IRM) System will have on:
a. Reactor Protection System (RPS) 67
b. Reactor Manual Control System (RMCS) 67
c. Reactor Power Indication 67
IL22. Predict the effect that a loss or malfunction of the following would
have on the Intermediate Range Monitoring (IRM) System:
a. Reactor Protection System (RPS) power supply 66
b. Detectors 66
c. Trip Units \ 66
IL23. Identify the means of changing Intermediate Range Monitoring 38
(IRM) detector position and the reason for doing so.
IL24. Given a copy of Technical Specifications and various plant 74
conditions:
a. Recognize any condition that does not comply with the
applicable Limiting Conditions for Operation (LCOs).
b. Summarize the bases for those Limiting Conditions for
Operation (LCOs) which pertain to the Intermediate Range
Monitoring (IRM) System.
c. (SRO ONLY) Determine the actions required for any
condition of non-compliance.
IL25. (SRO Only) Given a copy of Emergency Action Levels (EALs), 77
recognize any condition which meets the criteria to declare an
event.
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References:

1. LGS Updated Final Safety Analysis Report (UFSAR), Volume 9, Sections 7.1, 7.6, 7.7

2. LGS SRM Operation And Maintenance Instructions (GEK-7326A)

3. LGS Operation And Maintenance Instructions (GEK-75680, GEK-75760)

4, Elementary Diagrams, 8031-M-1-C51-1010, 1.E.D. Neutron Monitoring System

5. Elementary Diagrams, 8031-M-1-C51-1050-E, Start-Up Range Detector Drive Control System

6. Elementary Diagrams, 8031-M-1-C51-1070-E, Start-Up Range Neutron Monitoring System

7. LGS Schematic Diagrams E-0032, E-0108, E-0120, E-0126, E-0620

8. LGS Technical Specifications

9. E-*AY160, Loss Of *A RPS UPS Power

10. E-*BY160, Loss Of *B RPS UPS Power

11. GP-2, Normal Reactor Startup

12. GP-2 Appendix 1, Reactor Startup And Heatup

13. IC-11-00443, Operational Adjustment Of Source Range Monitors

14. ON-109, Total Loss Of The SRM, IRM Or APRM Systems

15. §74.0.G, Abnormal SRM/IRM Indications

16. ST-2-074-642-*, Source Range And Intermediate Range Neutron Monitor Pre-Shutdown
Functional Test

17. ST-6-107-882-*, IRM Operability Verification

18. ST-6-107-883-*, SRM Operability Verification

19. ST-6-107-884-*, Neutron Monitoring System Overlap Verification On Startup

20. ST-6-107-886-*, Neutron Monitoring System Overlap Verification On Shutdown

21. T-100, Scram/Scram Recovery

22. T-101, Reactor Pressure Vessel (RPV) Control

23. LGS PEP 10006614, Loss Of 2BY160

24, LGS PEP 10010989, SRM Channel “B: Fuses Incorrectly Installed On The “B” Channel IRM,
Due To Incorrect Clearance

25. LER 86-013-00, Clinton Power Station, Operator Error Resulting In RPS Actuation

26. LGS CR 150243, Event Investigation, Inability To Immediately Demonstrate Neutron
Monitoring System Overlap During Limerick-2 BOC-8 Startup

27. IR 00165221, Assignment 94

28. IR 00493128, Assignment 42

29. IR 00718791, TS Bases For 3.3.7.5 Requires Enhancement

LGSOPS0074 Rev003.doc Vi



Exelon.

Nuclear
30. SEN-185, Significant Event Notification: Recurring Event, Inappropriate Continuous Control
Rod Withdrawal From Subcritical Conditions
31. SEN-228, Recurring Event, Reactor Overpower Condition - Improper Adjustment Of Excore
Power Range Channels Due To A Personnel Error
32. OE 9121, Reactor Scram During Startup Due To IRM Upscale
33. LER 88-012-01, Reactor Protection System Actuation On Intermediate Range Monitor
Upscale Due To A Personal Error
34. IR 00493132, Assignment 70
35. LER 2009-001-00, Neutron Flux Accident Monitoring Instrumentation Inoperable
Materials:
A. Instructor:
1. Whiteboard, Markers, and Erasers
2. PowerPoint Presentation LGSOPS0074 and one gun projector
3.  Student Handout(s)
B. Student:
1.  Pen/Pencil
2. Notepad
3.  Student Handout(s)
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Content/Skills

Activities/Notes

___——_——___————-—-T—_—-_————-

INTRODUCTION

Suggested Instructional Methods
And Media

A. Instructor Introduction Classroom lecture with facilitated
] discussions, using appropriate
B. Instructional Method questioning techniques. Suggested
o o . . ) . media includes the associated
Lecture utilizing questioning, discussion, and visual aids PowerPoint presentation and visual
aids attached to this lesson plan
C. Read Objectives
. OVERVIEW
A. Purpose Of Nuclear Instrumentation
1. Provides continuous indication of: Instructor should emphasize that
Nuclear Instrumentation is the only
a. Reactor Power level indication for the status of the
controlled fission reaction occurring
b. Rate of change of Reactor Power inside the reactor core
2. Provides indication from:
a. COLD SHUTOWN conditions to INSTRUCTOR NOTE
LGSOPS0074 presentations for
b. Rated power Licensed and Equipment Operator
) ) candidates should focus on areas of
3. Provides inputs to: this Lesson Plan that are important to
the respective job position and
a. Reactor Protection System (RPS) Objectives, and need not address all
sections of this Lesson Plan
b. Reactor Manual Control System (RMCS)
c. Process Computer
. PRESENTATION
A. System Overview
1. Three ranges of Nuclear Instrumentation are required:
a. Source Range From ~ 10°°% to 10°% power
b. Intermediate Range From ~ 107“% to 40% power
c. Power Range From ~ 0% to 125% power
LGSOPS0074 Rev003.doc Page 1 of 93
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RANGES OF NEUTRON MONITORING SYSTEM
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2. Each system consists of:

po——v—

a. In-core detectors (fission chambers) which
develop a signal indicative of neutron flux
b. Signal conditioning circuitry which converts
the detector output to a usable signal
LGSOPS0074 Rev003.doc Page 2 of 93
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C. Provides outputs for:
1) Continuous indication of Reactor
Power level for Main Control Room
(MCR) Operators
2) Trip circuits to provide alarms and
protective functions
3) Process Computer for core
performance evaluation
3. Continuous indication is necessary to ensure that the Objective EO1
Operators are aware of Reactor Power level and that
protective features are available to back up the
Operator should an unsafe condition occur.
a. Continuous indication is verified by ST-6-107-884-", Neutron Monitoring
) . System Overlap Verification On
performing overlap Surveillance Test (ST) Startup, verifies proper overlap
Procedures. between the SRM and IRM Systems
b. These ST procedures ensure the next range
M . ST-6-107-886-*, Neutron Monitoring
of neutron flux monitoring is respondlng- System Overlap Verification On
before the currently used channels go either Shutdown, verifies proper overlap
upscale (during startup) or downscale (during between the IRM and APRM Systems
shutdown).
LGSOPS0074 Rev003.doc _Page 3 0f93
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H

IV. FISSION CHAMBER DETECTORS
FISSION CHAMBER DETECTOR

TITANIUM
ggﬁh'égrrgg TITANIUM TITANIUM
COLLECTOR HOUSING

l

FORSTERITE
SEAL AND PLATED FORSTERITE
COLLECTOR ENRICHED (90%) COLLECTOR
URANIUM OXIDE
SUPPORT LAYER (U,0,) SUPPORT

1. Dimensions

a. 1.0-inch long
b. 0.25 inches in diameter
2.  Outer Can
a. Forms the outer boundary of the detector
b. Constructed of Titanium
C. Inner surface coated with Uranium Oxide

1) Form of U30s
2) Enriched to > 90% U-235
3. Inner Electrode
a. Constructed of Titanium
b. Electrically insulated from Outer Can
4. Detector filled with Argon gas
5. Direct Current (DC) voltage applied to the detector

a. Voltage varied according to application

LGSOPS0074 Rev003.doc Page 4 of 93
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Activities/Notes

B. Fission Chamber Operation

1.

Neutron Pulse: generated by a thermal neutron
causing a fission within the U-235 lining

a. Resulting fission products have high mass,
kinetic energy (20 to 22 MeV) and charge

b. Cause ionization of the Argon gas

C. Free electrons are accelerated towards

positively charged Center Electrode,
generating an output pulse

d. Positive Argon ions accelerate towards Outer
Can, generating an output pulse

Gamma Pulse: gamma rays can enter the chamber
and directly ionize the Argon gas, thus creating an
output pulse

Gamma pulses have a smaller pulse height than
neutron pulses

C. Detector Utilization

Objective EO2

NOTE: due to the high applied
voltage differential, the electrons are
accelerated towards the Center
Electrode. Their high kinetic energy
will cause secondary ionization. This
is called "Gas Amplification" and
raises SRM detector sensitivity.

Gamma Sources:

1. Fission related capture gammas
2. Decay and background gammas
Fission Fragment Enerqy:

1. 160 to 170 MeV pulses

2. Results in large pulse

Gamma Energy:

1. 7.0108.0 MeV

2. Results in small pulse

1. Detector characteristics are varied according to
application
a. Weight and thickness of U3Og layer
b. Type and pressure of fill gas
C. Applied voltage: as applied voltage is raised,
the sensitivity of the detector goes up.
2.  SRM Detectors
a. Designed to operate in Proportional Region,
but are currently being operated in the
lonization Region
b. Gas amplification raises detector sensitivity
3. IRM And Local Power Range Monitor (LPRM)
Detectors
a. Designed to operate in lonization Region
b. Due to:
1) Reduced sensitivity requirements
2) More linear output characteristics
LGSOPS0074 Rev003.doc Page 5 of 93
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V. SRM SYSTEM
A. Purpose

1.  The SRM System provides neutron flux information Objective IL1
during reactor startup, refueling, and low neutron flux
level operations. The rate of change of neutron flux is
provided as Reactor Period indication.

2. SRM detectors provide neutron flux/reactor power Objective IL2
indication from COLD SHUTDOWN conditions to the
Intermediate Range, over a range equivalent to
10° % power to 10° % power.

B. Detectors And Detector Drives
1. Location and Construction Objective IL3

a. Each of the four SRM detectors is located
within a Dry Tube in the center of each core
quadrant, with one detector located in each
quadrant of the core.

b. The Dry Tube serves as a pressure
boundary.

. SRM DETECTOR /A
o +HHAHE+
s> + |+ F] ]|+ {+]+ B
05 +]+[ A+ ]+ ]+ E
s +|4+ |+ ]+ ]+ +|+
4143—+++++++++++++++
g o n i b nd bl bl dbd bbb R bk
BN ol bt o o d i Bl il il e
2931—+++++++++++++++
i n i m e b b R R R R B R
L B R
I b +|+i+| ]+ + +|+|+
)a%— +|+|+ |+ + |+ + ]+ ][] ] TR
Dog“ +|+|+| ]+ |+ ]+ ~C
s +|+]+]| 4]+ ]+
01 %2 +++++++|

02| 06| 10| 14| 18] 22| 26| 30| 34| 38| 42| 46| 50| 54| 58

00 04 08 12 16 20 24 28 32 36 40 44 48 52 56 60
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The axial position of each detector is variable
between 30 inches below the bottom of the
active core to 15 inches above core
mid-plane (based on 150 inch fuel length).

Activities/Notes

These positions are determined by
mechanical travel stops, electrical
travel stop controls "full in" at

15 inches above mid-plane and

"full out" at 30 inches below the core

DETECTOR IN-CORE DETAIL

*-f——-—i

g
Aasctor
e T 150 Active Fuet

L%

il
|

%‘n Preampiier

\\//

d. The detector itself is located within a Shuttle
Tube

1) The Shuttle Tube is enclosed by the
Dry Tube

2) The Shuttle Tube allows axial
positioning of the detector by means of
the drive assembly

LGSOPS0074 Rev003.doc
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2. Drive Assembly

a. Each SRM detector is driven by a separate
motor

1) Engages drilled detents in shuttle tube
by a gear drive assembly

2) Drive modules drive the SRM
detectors into/out of the core at a rate
of 3.0 feet per minute.

DETECTOR DRIVE ASSEMBLY

9 CORK IRSTAUIENT HOUSING
(PART OF vESSEL)

A
DETECTON

oy Tus

C. SRM Detectors
1. Purpose: detect neutron flux in the reactor core

2. Each SRM detector is a fission chamber type detector
operated in the lonization Region of the Gas
Amplification Curve.

a. The SRM detectors are approximately
1.0-inch long and 0.25 inches in diameter.

b. Case and collector are fabricated from
Titanium.

cC. Inner surface of the case is coated with

highly enriched Uranium Oxide to provide
neutron detection.

d. Inner volume is pressurized with Argon gas,
an inert noble gas.

Activities/Notes

Reference: C51-1050, Sheet 2

Powered from Lighting Panel
1L34(2L107) (208 VAC) through Fuse
Panel *0C008 located on the 253 foot
elevation of the Reactor Enclosure

Remote motor to:
1) Reduce undercore crowding

2) Reduce radiation aging of
components

Detector drive speed: 3.0 feet/minute

It takes ~ 3 minutes, 20 seconds to
drive a fully withdrawn SRM detector
fully into the core.

Gas space is ~ 0.020 inches

Forsterite is the insulating material

> 80% enriched with U-235

Pressurized to about 220 psia

LGSOPS0074 Rev003.doc
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Activities/Notes

N DETECTOR DRIVE BLOCK DIAGRAM

% NOTE: SWITCHES ARE ROTARY TYPE OFP OF MOTOR TURNS.
THEY MAY APPEAR TO WORK WHEN SHAFT, GEARBOX, ETC
RNACTOR FAILURES INHIBIT ACTUAL DETECTOR MOTION.

T [T

3. A high voltage (potential) is applied across the center
electrode (collector) and the case during normal
operating conditions.

a. When ionizing radiation enters the cylinder, a
finite number of ion pairs are formed in the
Argon gas as a result of high energy particles
stripping away electrons from the Argon
atoms.

b. Under the influence of the applied high
voltage, the positive ions will migrate toward
the case and the negative ions (primarily
electrons) will migrate towards the center
electrode.

C. The result is that the electrons and positive
ions will be collected and be evidenced in the
detector circuitry as a small pulse of electrical
charge.

4, Neutron Pulses: generated by thermal neutrons
causing fissions within the U-235 lining

Voltage is operationaily determined,
but typically about 400 VDC
(reference 1C-11-00443, Operational
Adjustment Of Source Range
Monitors). This potential causes the
center electrode to be positive with
respect to the case.

a. Resulting fission products have high mass,
kinetic energy (20 to 22 MeV), and charge
b. Cause ionization of the Argon gas
LGSOPS0074 Rev003.doc Page 9 of 93
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C. Free electrons are accelerated towards
positively charged center electrode,
generating an output pulse

d. Positive Argon ions are accelerated towards
the outer can, generating an output pulse

5. Gamma Pulses: gamma rays can enter the chamber
and cause direct ionization of the Argon gas, thus
creating output pulses

a. Gamma pulses have a smaller pulse height
than neutron pulses

b. This characteristic allows for detection of
neutron pulses alone.

D. Electronic components process and amplify detector
developed signals

1. Consist of:
a. Pulse Preamplifier
b. Pulse Height Discriminator
c. Log Integrator
d. DC Amplifier (Log Count Rate Amplifier)
e

Reactor Period Circuit

Activities/Notes

Gamma Sources:

e Fission related capture gammas
e Decay and background gammas
Gamma Interactions With Matter:
¢ Photo-electric effect

e Compton Scattering

e Pair Production

Pulse Herght Discsiminatos
Puise Height uare Weve
R ATTACHMENT 1
B N S T oooupa £OG COUNT sy
DN RATE AMPLIFIER EQUIPMENT ROOM
PULSE J——_—.i PULSE HEIGHT
PREAMPLIFER DISCRIMINATOR
DETECTOR
PULSE L
LG COUNT RATE AMPLIFIER
. N N - Ampifies cuerE signal I & aatis
GomCIon OUTPLE Sigred dmncton g "t
) | EERIST O SERRTRe BB s e -
becacme > .
DRYWELL POpOD 15 MeCtn POWS! . 10'mifcPe X
OUtpAd puites from detector 1Y¥Q2-PEN RECORDERS
T vyt > TtmPueeight Dncrimiorir " PEN1. BRM ChamelAC)
s mmicy oAt s
shor cabie ongm PERIOD + e SR Chaw D)
AMPUFIER
MOTOR DRIVE MECHANISM
Aflowa SRM detector to be out of the
core ares o expand range and s crarr
@xtend detector ifetime mm_ e bypaseed £
Drive apeed fs 3.0 feet per minute + The sssocuma SAM 9 e ERIOD ANPLFIER
channel Is bypessed Toa Provides & sgral trat s
Roector Mode Secomps _ AUKRARY prosortonal o e rel of
Sefzn o in the RUN- ECLPMENT RooM charge of Raactor Power
Poakien
REACTOR PENGD
MO PANEL Amount of tme required
DRIVE IN  DRIVE OUT “oce o chmnge Reector Power
by lachr o "e" (2718)
DETECTOR HV
LOW (< 80%)
50
DRAWER MODE MODULE SECONDS aces 100CPS 1x1°CPS 2x10°CPS
SWTCH ouT UNPLUGGED
OF "OPERATE"
A4 Y A 3 Yy
INOP TRIP ) sau e et e
ACARM DOWNSCALE DOWNSCALE ey TRIP
lmcs l lmcs lRMCS lRMcs 1 RPS
CONTROL ROD ALARM CONTROL ROD CONTROL ROD CONTROL ROD SCRAM * BOTE wateg o w
WITHDRAWAL WITHDRAWAL WITHDRAWAL WITHDRAWAL (with Shorting T
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E. Pulse Preamplifier

1.  Provides the initial amplification of SRM detector Objective EO3
output. Due to the small magnitude of the energy Objective IL4.a
pulses produced by the SRM detectors, a significant
stage of pulse amplification must be introduced in
order for the pulses to be useable.

2. The Pulse Preamplifier converts the pulse energy to a
current signal, and amplifies this signal.

3. The Pulse Preamplifier is located immediately outside
the Drywell

a. Asclose to the SRM detectors as possible, while
still remaining accessible during operation

b. Must be close to the SRM detectors since: NOTE: even with the Pulse

Preamplifier, arc welding in the

very small (signal must be amplified prior to of the Drywell can cause erroneous

transmission to the SRM Equipment signals

Drawer in the Auxiliary Equipment Room

(AER). Operations Fundamentals
SOLID UNDERSTANDING OF

2) Cable noise level would be excessive if the
ANT N AND SYST
pulses had to travel all the way to the AER RLTEmgiféﬁs AND SYSTEM

before being amplified. i
e Technical Human Performance
4. The output of the Pulse Preamplifier is connected to (Questioning Attitude)

the SRM Equipment Drawer in the AER through a
shielded cable.

F. Pulse Height Discriminator Objective IL4.b

1. At the low Reactor Power levels of operation found in
the Source Range, it is necessary to discriminate
against the pulses produced by gamma interactions,
since at these levels of neutron flux, decay or
background gamma signals can overshadow the
signals produced by neutrons.

2. The Pulse Height Discriminator provides the means to
eliminate detector pulses generated by gamma
interactions.

3. Discrimination Section

a. The Pulse Height Discriminator receives current
pulses from the output of the Pulse Preamplifier
and performs the discrimination function based
upon the amplitude (height) of the current
pulses.

LGSOPS0074 Rev003.doc Page 11 of 93
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Activities/Notes

is less than the discrimination level, they are
eliminated.

e. Neutron pulses, being greater than the

discrimination level, are sent forward.
The output of the Pulse Height Discriminator is a

voltage pulse signal proportional to the neutron count

rate. Itis sent to the Log Integrator for further
processing.

G. Log Integrator

1.

4.

The Log Integrator converts the linear input signal to

a DC output signal, which is proportional to the
common log (log 10) of the input signal.

Logarithmic scaling provides an indication with an
equal amount of deflection for each of the six
decades.

Displaying the required decades of the Source Range

on a linear meter would be highly impractical.

The output of the Log Integrator is sent to a final
stage of DC amplification.

H. DC Amplifier

e ——————————

b. Pulses generated by neutron events are much NOTE: the Pulse Preamplifier raises
higher in amplitude than those generated from the f‘gna‘slfmm ‘%Cr"?h QamITa, and
neutron puises. IS results In a
gamma events. larger difference between the two and
c. The Pulse Height Discriminator is set to pass aids the discrimination process.
only those pulses with a height greater than the
discrimination level.
d. Because the height of gamma generated pulses

Objective IL4.c

10"% to 10°% power

Objective IL4.d

1. The DC Amplifier converts the DC current signal from
the output of the Log Integrator to a value of
0 to 10 VDC, a value which can be used to drive
meters, recorders, and trip relays

2. The output of the DC Amplifier drives the following:
a. Local meters (AER)
b. Remote count rate indicators (MCR)
c. Trip units
d. Reactor Period circuit

LGSOPS0074 Rev003.doc - Page 12 of 93
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————————————-———r———_—_———

. Reactor Perio

d Circuit

1.  Converts the log input signal to a rate signal

2. Uses an Operational Amplifier connected as a

Different

iator

3. The Reactor Period meters indicate the amount of
time required to change Reactor Power by a factor of
"e," where "e" is the base of the natural logarithm,
and is equal to ~ 2.718.

4. Reactor Period indication allows the Reactor Operator
to monitor and control the rate of change of Reactor

Power.

J. Control Rod Withdrawal Blocks

SRM CHANNEL "A”
CONTROL ROD BLOCK SIGNALS AND BYPASSES

CLOSED IF
IRM"A" IS
ABOVE

RANGE 7

1

1

CLOSED IF
IRM“C" IS
ABOVE

RANGE 7

Q

CLOSEDIF 4y orensonsem
IRM "A" IS “A" UPSCALE
BYPASSED ﬂ = ALARM

| cLoseni {1 X 10 CPS)

o= SRM"A"IS

F BYPASSED

CLOSED IF
IRM "C" IS OPENS ON SRM
BYPASSED "A" INOPERATIVE

TRIP

CLOSED IF et d OPENS ON SRM "A"
IRMVE"IS == IRMUE"IS CLOSED IF DOWNSCALE TRIP
ABOVE [~ BYPASSED IRMs "A", "C", (3CPS)
RANGE 7 "E", AND “G"
ARE ABOVE
= RANGE 2
CLOSED IF CLOSED IF
IRM "G" IS -l |RM"G" IS CLOSED ON
T asove T~ BYPASSED RETRACT
RANGE 7 PERMIT
(100 CPS)
CLOSEDIF _| L \
REACTOR  «mm SRM "C"
MODE SWITCH (IDENTICAL TO OPENS IF SRM
1S IN "RUN" "A" ABOVE) DETECTOR “A”
IS NOT FULLY
INSERTED
CONTROL ROD WITHDRAWAL e ROD BLOCK RELAY
BLOCK OCCURS WHEN ROD
BLOCK RELAY DE-ENERGIZES
NOTE: all controi rod withdrawal block
functions are bypassed if:
SRM INOPERATIVE TRIP o The associated SRM channel is bypassed

- internal Module Unplugged

- Channel Mode Switch not in “OPERATE”

- Low detector voltage

[« Jd Al four IRM channeis (in the same RPS
trip system) are on Range 8 or above
* The Reactor Mode Switch is in the "RUN"
position

Objective IL4.e

This is the definition of Reactor Period

The factor for a one-half decade
rise/drop in Reactor Power is 3.16

Objective EO4.b
Objective EO5
Objective IL6

ATTACHMENT 2
AND ATTACHMENT 6

LGSOPS0074 Rev003.doc
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1. The SRM channels will generate control rod
withdrawal block signals under the following
conditions:

a. Upscale: channel output > 1 x 10° CPS

b. Inoperative (INOP): channel INOP caused by
any one of the following:

1) Low detector high voltage (< 90% of actual
high voltage value)

OR
2) Internal module unplugged; other hardware
failures
OR

3) Channel Mode Switch not in "OPERATE"
(on Instrument Drawer in AER)

Downscale: channel output <3 CPS

d. SRM Detector Not Fully Inserted and This prevents premature withdrawal
<100 CPS: bypassed if all four associated IRM | ©f the SRM detectors
channels (in the same trip system) are on Range
3 or higher (or are bypassed)

. . One SRM channel at a time can be
2. Al SRM channel control rod withdrawal block signals bypassed in the MCR

will be bypassed if:
a. The SRM channel is bypassed

b. All four associated IRM channels (in the same
trip system) are on Range 8 or higher (or are
bypassed)

c. The Reactor Mode Switch is in the "RUN"
position
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|
i

K. RPS Trip Signals (Scram Signals)

1. The SRM channels generate a scram signal and send | Reference: C71-1020-E-008, Sheet 1

it to the RPS on High-High count rate at Objective EO4.a
(=2 x 10° CPS) or on an INOP condition (loss of Objective IL6
power only)
2. This scram signal is only activated during initial fuel SRM channel RPS trips are active

load and startup, and during the performance of when the shorting links are removed

Shutdown Margin (SDM) demonstration following Removal of shorting links also places
refueling all SRM and IRM channel trips in the

non-coincident mode (i.e., any one

a. This trip is normally bypassed by installation of SRM or IRM channel trip causes a full

shorting links scram). Average Power Range
. . . Monitor (APRM) and Oscillation
b. Shorting links are removed as specified above Power Range Monitor (OPRM)
(during SDM demonstration) channel trips remain in an "any two
(or more) out of four" logic
1) The shorting links are physically located in configuration

Panels *0C609 and *0C611 (AER)

2) The SRM Upscale High-High Trip is
bypassed when the RPS shorting links are
installed

L. SRM System MCR Instrumentation And Alarms

Objective IL7.a
Objective IL7.b

— e v
—— — ——
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e ————————
e e ————————
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1.

SRM System Controls, Instrumentation, and Alarms
located on MCR Panel *0C603

a. Count Rate Indication

1)

Two Yokogawa DX1000N model paperiess

recorders
a) SRM Channels "A" and "C"
e XRX-M1-*R602A

¢ Red Display: SRM Channel "A"
e Green Display: SRM Channel "C"

b) SRM Channels "B" and "D"
e XRX-M1-*R602B

¢ Red Display: SRM Channel "B"
e Green Display: SRM Channel "D"

c) Each recorder has a range from
10" to 10°CPS

2) SRM count rate indications are also SRM Channel "A": E*108
provided on PMS Format 135 SRM Channel "B" E*133
SRM Channel "C": E*110
SRM Channel "D": E*134
LGSOPS0074 Rev003.doc Page 16 of 93
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b. Reactor Period Indication

1)
2)

3)

Four Reactor Period meters

Each has a range of +10 to -100 seconds,
with an electrical zero at infinity

Each channel also has a Reactor Period
meter on its associated instrument drawer
in the AER

c. SRM Channel Bypass Joystick

Activities/Notes

1)  5-position joystick: "SRM A," "SRM B,"
"SRM C," "SRM D," and neutral (no SRM
channel bypassed)

2) Only one SRM channel may be bypassed
at a time

3) Channel bypass defeats all control
functions, but does not affect channel
indications
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d. Detector Drive Controls and Indicating Lamps

Activities/Notes

1)  Four Detector Selector Switches, used for

selecting an SRM detector to be moved

a) "ON/OFF," maintained-contact
pushbutton for each detector

b) Backlight illuminates when associated
detector is selected

2)  One Drive-In Pushbutton, with two

indicating lamps

a) "ON/OFF," maintained-contact
pushbutton

b) If depressed again while the selected
detectors are not yet fully inserted,
detector motion will stop

c) If depressed again, detector motion
stops

d) Also used for inserting IRM detectors,
if selected

e) One "DRIVE IN" indicating lamp on The "DRIVE IN" indicating lamp
pushbutton, illuminated when selected remains illuminated after the selected
detectors have been selected for detectors have reached the fully
movement into the core. inserted position

f)  One "DRIVING IN" indicating lamp, on | The "DRIVING IN" indicating lamp
pushbutton. When illuminated, extinguishes when the selected
indicates selected detectors are in the detectors have reached the fully
process of being driven into the core. inserted position
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3) One Drive Out Pushbutton and indicating

lamp

a)

b)

"ON/OFF," momentary-contact
pushbutton

Push and HOLD: selected detectors
drive out of the core as long as the
pushbutton is depressed

Released: selected detectors stop
moving

Also used for withdrawing IRM
detectors, if selected

"DRIVE OUT" indicating lamp on
pushbutton, illuminated while selected
detectors are moving out of the core
(pushbutton depressed)

4) SRM Position Indicating Lamps, one set of
lamps for each SRM detector

a)
b)

c)

"IN": detector is full-in
"OQUT": detector is full-out

"RETRCT PERMIT": illuminated when
detector is not fully withdrawn AND
any one of the following exists.

(1) SRM channel is bypassed

(2) SRM channel indicating
> 100 CPS

(3) Allfour associated IRM channels
(in same trip system) are on
Range 3 or above (or bypassed).

Activities/Notes

LGSOPS0074 Rev003.doc
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Activities/Notes

e. SRM Channel Alarm Lamps

1)  Five indications for each detector

a) "UPSC TRIP' (red): setpoint
>2x 10° CPS

b) "UPSC AL OR INOP" (amber):
setpoint > 1 x 10° CPS or channel
INOP

c) "PERIOD" (amber): setpoint
< 50 seconds

d) "DNSC" (white): setpoint <3 CPS

e) "BYPASS'" (white): Manual Channel
Bypass

2) Used in conjunction with annunciator to
determine which SRM detector is causing
the alarm

f. Annunciators on Panel *07 REACTOR

NOTE: These annunciators have the same
setpoints and bypasses as discussed previously
for the SRM Alarm Lamps

1) "SRM PERIOD" (< 50 seconds)
2) "SRM DOWNSCALE" (< 3 CPS)

3) "SRM UPSCALE/INOPERATIVE"
(= 1 x 10° CPS or channel INOP)

MCR Panel *0C603

Same setpoints as Alarms

Window F-4
Window G-4

Window H-4

LGSOPS0074 Rev003.doc
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4) "SRM RETRACTED WHEN NOT
PERMITTED"

a) SRM detector not fully inserted and
associated channel indicating
<100 CPS, except when bypassed as
previously discussed

Window |-4

b) This alarm is associated with a control
rod withdrawal block, it does not
restrict detector motion

M. SRM Channel AER Controls And Indications
1.  Meters Objective EO4.c

a. Count Rate Meter, supplies indications of counts
from 10 to 10° CPS.

b. Reactor Period Meter, indicates a Reactor
Period of -100 to +10 seconds, with an electrical
zero at infinity
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Activities/Notes
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2. Indicating Lamps, all lamps on the panel seal in, and
must be reset at the panel to clear them.

a.

“‘“DOWNSCALE” lamp, illuminates when count
rate drops to < 3 CPS.

‘RETR PERM DWNSCL" lamp, illuminates when
count rate is < 100 CPS.

“UPSCALE ALARM’ lamp, illuminates when
count rate is > 1 x 10° CPS.

“PERIOD” lamp, illuminates when Reactor
Period is < 50 seconds (getting shorter).

“INOP” lamp, turns on under any of the following
conditions:

1) Low detector high voltage (< 90% of actual
high voltage value)

2) Internal module unplugged; other hardware
failures

3) Channel Mode Switch not in "OPERATE"
position

“UPSCALE TRIP” lamp, illuminates when count
rate is > 2 x 10° CPS.

“BYPASS’” lamp (white): located above SRM
channel drawer; illuminates if SRM Channel
Bypass Joystick is positioned to bypass the
associated SRM channel

LGSOPS0074 Rev003.doc
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3.

Activities/Notes

Switches

a.

Channel Mode Switch, normally in “OPERATE”
position; other positions used for various testing
purposes.

Channel Ramp/Trip/Reset Switch

1)  The reset function is used to reset the lights
on the panel.

2) The ramp function is used to test the meter
functions of the system as well as the
Reactor Period function.

N. Power Supplies

1.

Power to the + 20 VDC power supplies required by
the SRM channels is supplied by 120 VAC RPS/UPS

Objective IL5

2. RPS Bus *AY160 (Circuit #2) supplies power to: NOTE: also supplies power to
.. N~ Nuclear Steam Supply Shutoff
a. SRM Channel "A" and Channel "C" circuits and System (NS*)
amplifiers
b. SRM Channel "A" and Channel "C" Main Control
Room (MCR) alarm lamps, including detector
drive “RETRCT PERMIT”
3. RPS Bus *BY160 supplies power to: NOTE: also supplies power to NS*
a. SRM Channels "A" through "D" MCR recorders NOTE: there are two separate SRM
(Circuit #5) recorders
b. SRM Channel "B" and Channel "D" circuits and
amplifiers (Circuit #2)
¢. SRM Channel "B" and Channel "D" MCR alarm
lamps, including detector drive “RETRCT
PERMIT” (Circuit #2)
4. Voltage Regulator
a. Converts + 20 VDC input power to a well
regulated + 15 VDC output
b. Output is provided for use by:
1)  SRM channel circuitry (including Pulse
Preamplifier)
2) High Voltage Power Supply
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Content/Skills .
5. High Voltage Power Supply

a. Receives + 15 VDC from the Voltage Regulator

b. Converts this to a high voltage output

c. This high voltage output, normally 400 VDC, is
supplied to the SRM detector, and provides the
necessary detector polarizing potential.

d. If the output of the High Voltage Power Supply

6.

lowers below a setpoint, an SRM channel INOP
trip will occur.

Miscellaneous Power Supplies

a.

120 VAC *0Y202 (Circuit #13) supplies power to:

1) All SRM detector drive relays

2) All SRM detector drive indicating lamps,
except detector drive “‘RETRCT PERMIT”
indicating lamp

Non-Safeguard Load Center *24B (Lighting
Panel 1L34, 2L107) powers SRM Channel "A"
through "D" detector drive motors.

O. System Operation

Reference: C51-1050, Sheet 2

Loss of this bus prevents SRM
detectors from being moved

Loss of this bus also prevents SRM
detectors from being moved

1. Reactor Startup
NOTE: Reactor Startups are performed in
accordance with GP-2, Normal Plant Startup
a. Initial Conditions
1) SRM detector drives are fully inserted and
all operational channels are indicating
> 3 CPS (NOTE: an indication of > 3 CPS
per channel ensures all channels are
functioning properly).
2) The "> 3 CPS” value may be reduced, Instructor should ensure that students
provided the associated SRM channel has can locate this curve in Technical
an observed count rate and the signal to Specifications
noise ratio is on or above Technical
Specification Figure 3.3.6-1, SRM Count
rate Versus Signal To Noise Ratio.
3) SRM and IRM channel “INOP” lamps are
extinguished (“OFF”).
4) IRM channel Range Switches are on
Range 1.
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5) APRM channel “DNSC” lamps are
illuminated (“ON”).

b. Record initial SRM channel count rates in
GP-2 Appendix 1, Reactor Startup And Heatup,
for determination of count rate after three
doublings.

c.  Withdraw control rods while monitoring count
rate and Reactor Period.

NOTE: control rods are withdrawn in
accordance with GP-2 Appendix 1, Reactor
Startup And Heatup

1)  When any SRM channel exceeds three
doublings, then single notch control rod
withdrawal between position 04 to 36

2) Reactor critical (positive Reactor Period Safety Emphasis
AND sustained rise on SRM channel Criticality should be expected at any
instrumentation with no control rod motion time. Close attention must be paid to
indicates the reactor is critical) all SRM channel indications when

pulling control rods.
3) Record Critical Count Rate Data

4) Do not permit Reactor Period to be Reference: GP-2 Appendix 1,
< 50 seconds during control rod withdrawal, Reactor Startup And Heatup
as indicated on SRM channel Reactor
Period meters

d. Withdraw additional control rods, as necessary, Safety Emphasis
to obtain a stable positive Reactor Period Maintain plant parameters within
(150 seconds to 50 seconds). operational limits

e. Continue monitoring SRM and IRM channel
response. When IRM channel response is
observed, record unbypassed SRM channel
count rate as required per ST-6-107-884-*,
Neutron Monitoring System Overlap Verification
On Startup.

f.  Verify proper overlap by completing
ST-6-107-884-*, Neutron Monitoring System
Overlap Verification On Startup

1) At least one-half decade during each
startup after entering OPERATIONAL
CONDITION (OPCON) 2

2) Technical Specification Table 4.3.1.1-1,
Footnote (b)
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2.

When SRM/IRM System overlap has been
verified, then withdraw SRM detectors to
maintain count rate 100 to 100,000 CPS

1) If SRM detectors are withdrawn too soon, a
control rod withdrawal block may occur
(< 100 CPS and detector not fully inserted)

2) If SRM detectors are withdrawn too late, a
control rod withdrawal block may occur
(= 1x 10° CPS)

Fully withdraw SRM detectors when the IRM
channels are indicating on Range 3 or above.
This protects the fission chamber from the high
neutron flux occurring in the core during power
operations, thus extending detector lifetime.

Event Investigation: Inability To Immediately
Demonstrate Neutron Monitoring System Overlap
during Limerick-2 BOC-8 Startup

a.

During the Limerick startup following 2R07, it
was not immediately possible to demonstrate
satisfactory overlap between SRM and IRM
channels

1) Required by Technical Specification Table
4.3.1.1-1, Footnote (b)

2) Required by ST-6-107-884-2, Neutron
Monitoring System Overlap Verification On
Startup

It became necessary to stop startup activities in
order to investigate and troubleshoot the
problem.

The consequences of this event were:

1)  No nuclear safety concern, however, it
clearly complicated reactor startup by
causing unplanned delays

a) Adelay in power ascension of
approximately 2 hours

b) Corresponding loss of production

c) Neutron flux asymmetries such as
were observed during this event can
give rise to high notch reactivity worths

Activities/Notes

LGS CR 150243

Instructor shouid emphasize that this
event demonstrates correct decision
making

March 21, 2003; 1330 hours, Cycle 8
BOC Startup

At least one-half decade during
startup following entry into OPCON 2
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d. Significance of this event is that it had a negative
impact on efficient reactivity management

e. Detailed Event Description

1)  During 2R07 reactor startup, reactor
declared critical (control rod 42-47)

2) SRM Channels “A” and “B” responded
normally, but SRM Channels “C” and “D”
were indicating approximately a factor of 10
in magnitude below SRM Channels “A” and
“B.”

a) The reactor went critical with control
rod 42-47, which is immediately
adjacent to SRM detector “B.”

b) The prior withdrawn control rod was
control rod 18-47, which is located
immediately adjacent to SRM detector
“A.l!

c) The first two control rods in Group 2
were bypassed in the RWM and left
fully inserted due to a channel bowing
issue.

d) Since Quadrants | and Il had adequate
reactivity insertions, a critical reaction
was sustained.

e) Quadrants Il and IV did not have
sufficient reactivity inserted for
subcritical multiplication to raise the
neutron population to the same level
as in Quadrants | and Il.

f) A similar response was noted on the
IRM channels in each respective core
quadrant

g) It was not possible to demonstrate
overlap for IRM Channel “G” and IRM
Channel “H”

Activities/Notes

Instructor should refer to detector
location map

All eight IRM channels must respond
on-scale to support performance of
ST-6-107-884-2, Neutron Monitoring
System Overlap Verification On
Startup

|
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3)
4)

5)

6)

h) It was not possible to withdraw control
rods to raise those IRM channel
readings because further control rod
withdrawal would result in reaching the
SRM Upscale setpoint (1 x 10° CPS)
on SRM Channels “A” and “B,” which
were located in the high flux area of
the core.

Control rod withdrawal was stopped.

The Operating Crew determined that the
reactor was stable in the observed
condition.

It was determined that all activities that
could result in a change in heat load on the
reactor would be suspended to avoid an
unplanned cooldown with resultant
reactivity change.

During a meeting convened in the OCC it
was decided to allow reactor coolant
temperature to go up enough to insert
enough negative reactivity to allow pulling
control rod 42-47 full out, and establish
criticality by pulling control rod 42-15 in
Quadrant 11l and control rod 18-15 in
Quadrant IV.

a) This resulted in a more symmetric
control rod pattern with a significantly
flatter neutron flux.

b) Overlap was easily demonstrated.

f. Causes Of This Event

1)

2)

The LGS method of clockwise control rod
withdrawal tended to allow these neutron
flux tilts to be observed at LGS as well as
other sites.

Newer, high energy cores tend to achieve
criticality in RWM Group 2. These control
rods are notched to the “FULL OUT"
position before moving on to the next
control rod.

Operations Fundamentals

PRECISELY CONTROLLING PLANT
EVOLUTIONS

¢ Human Error Prevention (Use
OOPS: if Qutside of Procedures,
Parameters or Process, then
STOP and contact your
supervisor)

CONSERVATIVE BIAS TO PLANT
CONDITIONS

e Reactivity Management
(Respond conservatively in the
face of prolonged uncertainty or
unusual reactor behavior to
include rod insertion or a reactor
scram)

Some sites, such as PBAPS, use a
“zigzag” method of control rod
withdrawal
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a) During the following control rod groups
(Group 3 and later), control rods are
banked out with core symmetry
established at intermediate positions
(04, 08, 12)

b) Banking mitigates the potential for
large cold neutron flux tilts

g. Corrective Actions

1)

2)

3)

Best practices for control rod withdrawal on
approach to criticality will be evaluated to
mitigate flux tilt.

Evaluated employment of “zigzag” control
rod withdrawal patterns

Evaluated banking of RWM Group 2 control
rods instead of full withdrawal to position
48.

h. Significance To The Reactor Operator

1)

2)

Be aware that these types of situations can
occur

Remember that large, cold neutron flux tilts
in the Source Range can result in high
control rod notch worths, which can result
in excessively short Reactor Period values

i.  Human Performance Successes during this
event

1)

Situation was evaluated and a good
decision implemented. Possible Error
Precursors that were evidently overcome:

a) Schedule pressure
b) Can-do attitude
¢) Changes/Departure from routine

d) Unexpected equipment conditions
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Activities/Notes

3. Power Operation: SRM detectors are fully withdrawn
from the core.

4. Reactor Shutdown (Scram)

a. PerT-100, Scram/Scram Recovery, fully insert
all SRM and IRM detectors

b. Per T-101, RPV Control, fully insert all SRM and
IRM detectors

¢c. Ensures decaying neutron flux is tracked on
instrumentation

5. Reactor Shutdown (Soft Shutdown)

a. ST-2-074-642-*, Source Range And
Intermediate Range Neutron Monitor
Pre-Shutdown Functional Test, is performed

b.  When the first IRM channel is on Range 8,
ST-6-107-883-*, SRM Operability, is performed
to verify functionality of the SRM detector “IN”
and “OUT” lamps, and to verify channel
operability by the performance of a CHANNEL
CHECK

P. System Malfunctions/Losses
1. Loss of RPS/UPS buses (*AY160/*BY160)

a. RPS/UPS buses provide power to the SRM
System

b. SRM channels are fail-safe, so that a loss of
power will cause a trip of the SRM channel
losing power.

1) If power is lost to any SRM channel, a
control rod withdrawal block will be
generated depending upon the operating
condition.

2) If the shorting links are removed, loss of
power to any SRM channel will generate a
full scram.

Reference; GP-3, Normal Piant
Shutdown

This Surveillance Test (ST) procedure
verifies the operability of the SRM and
IRM channels, with the exception of
required CHANNEL CHECKS and the
functionality of detector “IN” and
“OUT" lamps

When ST-6-107-883-*, SRM
Operability, has been completed
satisfactorily, the SRM channels are
verified OPERABLE

Objective IL9
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Loss of one of these buses also results in other
events:

1)  Drywell Chill Water (DWCW) System
isolation

2) Reactor Enclosure Cooling Water (RECW)
System isolation

3) Reactor Water Cleanup (RWCU) System
isolation

4) Reactor Enclosure Heating, Ventilation And
Air Conditioning (RE HVAC) System
isolation

5) Refuel Floor (RF) HVAC System isolation

A loss of the SRM System is of relatively low
concern during this scenario.

2. Loss of SRM System

Reference:

o [E-*AY160, Loss of *“A RPS UPS
Power

o E-*BY160, Loss of *B RPS UPS
Power

a. Loss of the SRM System will prevent monitoring Objective IL8a
Reactor Power when in the Source Range. Objective IL8b
Actions should be taken in accordance with Objective IL8¢c
ON-109, Total Loss Of The SRM, IRM Or APRM
Systems.
b. Failure of the SRM System to function properly
may also prevent/generate control rod
withdrawal blocks/scrams depending upon plant
operating conditions and system alignment.
¢. During Refueling Operations, in accordance with
Technical Specifications:
1) Immediately suspend all operations Technical Specification 3.9.2
involving CORE ALTERATIONS
2) Insert all insertable control rods
3) Suspend removal of individual control rods TechnicathPSe;i&cgtion 3-9.1?)
i i requires the ystem to be
::glgﬁ_\?s{?ted mechanisms from the core OPERABLE per Technical
: Specification 3.9.2 in order to remove
a control rod from the core
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Activities/Notes

3. Operating Experience: Loss Of 2BY160

a. On February 7, 1997, Unit 2 control rod blade Ref: LGS PEP 10006614
(CRB) and drive (CRD) maintenance was in
progress.

b. At0910, 2BY160 was de-energized for the
performance of ST-2-036-420-2 and
ST-2-036-422-2 (RPS - Electrical Power
Monitoring Channel Calibration/Functional
Tests). This caused the following:

1) SRM Channels "B" and "D" were rendered
inoperable due to loss of power
2) SRM recorders on MCR Panel 20C603
were de-energized
3) All SRM channel annunciators on Panel Panel 2 o REAC,,T OR Annunc'afors
207 REACTOR were in alarm *  Window F4, "SRM PERIOD
¢  Window G4, “SRM

c. Itwas not recognized that SRM Channels "A" DOWNSCALE’
and "C" were also inoperable, due to the loss of e  Window H4, “SRM
power to the recorders on MCR Panel 20C603. UPSCALE/INOPERTIVE”

] e  Window I4, “SRM RETRACTED

d. No CORE ALTERATIONS were ongoing and all WHEN NOT PERMITTED”
CRDs to be worked had been previously
withdrawn and uncoupled. Four of these CRDs
had been retorqued.

e. At approximately 1050, the Reactor Operator Operations Fundamentals
brought to the attention of Shift Supervision CLOSELY MONITORING PLANT
(SSV) that the SRM recorders were no longer CONDITIONS
energized. s Control Board Awareness

(Maintain continuous awareness

f.  Technical Specification 3.9.2 was reviewed and of major plant parameters)
it was determined that the action for Technical e Operator Rounds (Report
Specification 3.9.2, which requires two abnormal conditions to
OPERABLE SRM detectors, was complied with, Supervision in a timely manner)
because no CORE ALTERATIONS were in
progress and all insertable control rods were
inserted.

g. At approximately 1140, the Unit 2 SSV
questioned compliance with Technical
Specification 3.9.10.2, Item "b," which requires
“The SRM System to be OPERABLE per
Technical Specification 3.9.2.”
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At 1145, the SSV contacted NMD to suspend
removal of CRBs/CRDs from the core and/or
RPV.

NMD was given direction to finish CRD
retorques (one drive); CRB 46-47 was allowed to
be installed as work on cell restoration was in
progress.

During the period that the SRM System was
inoperable:

1) No CORE ALTERATIONS occurred
2) No CRDs were retorqued

3) Four CRDs, previously detorqued, were
replaced

4) Two CRBs associated with offloaded cells
were replaced

Upon recognition of a potential noncompliance
with Technical Specification 3.9.10.2, all
CRB/CRD work was suspended. Reactor
Engineers, NMD, the SOD, and the 2BY160
Coordinator were contacted to investigate the
issue and take action to return the SRM
recorders to service.

Significance Of The Event

1) CRBs were removed from the RPV and
CRDs were removed from the RPV while
the SRM System was not capable of
indicating in the MCR and while not
capable of alarming in the MCR.

2) This is contrary to the requirements of
Technical Specification 3.9.10.2.b.

3) Operation prohibited by Technical
Specifications occurred.

Corrective Actions

1) Revised E-*"BY 160 to note that electrical
power will be lost to SRM recorders.

2) Surveillance Test procedures were revised
to allow performance without de-energizing
the RPS buses.

The only indications available in the
MCR were SRM Channel “A” and
SRM Channel “C” count rate on PMS
Format 135

All SRM channel annunciators were
already in alarm; any subsequent
alarm condition would have been
masked
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n. An evaluation was made of the possibility for
making a Technical Specification change to
eliminate the need for SRM System operability
when removing multiple control rods in defueled
cells. However, this Technical Specification
change was not recommended.

1) Not desirable from a reactivity management
perspective. The SRM System is the only
mechanism available to monitor neutron flux
in a subcritical BWR core.

2) Having the SRM System unavailable during
CRB maintenance would remove a significant
barrier to a reactivity event (e.g., accidentally
withdrawing a CRB in a fueled cell.)

3) General Electric (GE) guidelines for reactivity
control during refueling specifically
recommend maintaining SRM System
operability during fuel shuffles and CRB
maintenance campaigns.
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IRM SYSTEM

Purpose

1.

VL.

A

The IRM System generates trip signals to prevent fuel
damage (while operating in the Intermediate Range) from:

1.
2.

The IRM System detects and indicates neutron flux
level in the range between the capabilities of the:

a. Source Range
b. Power Range

The IRM System provides the Operator with neutron
flux level information from criticality, through the point
of adding heat (POAH), and into the Power Range
(from ~10* to 40% Reactor Power).

The IRM System generates control rod withdrawal
blocks via the Reactor Manual Control System
(RMCS) if a prescribed neutron flux level is exceeded
or a system malfunction occurs.

The IRM System is also capable of producing a
reactor scram via the Reactor Protection System
(RPS).

Single Operator error

Single equipment malfunction

Activities/Notes

Objective IL12

IRM Sensitivity:

e 1x10% n/cm¥sec to
1.5 x 10° nfcm?/sec

Equivalent To:
e 10™to 40% power

Objective IL13
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C. Eight Identical Neutron Detectors
1.  Two detectors in each core quadrant Objective IL15
a. One towards the center
b. One towards the outer edge
@ rwvpeTECTOR A C b B
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2. Axial position of each detector is variable: Positions enforced by mechanical and
a. From 15 inches above core mid-plane, to electrical travel stops
Same as SRM detectors
b. 30 inches below the bottom of the active core
(based on 150 inch fuel length)
D. A drive assembly moves each detector into and out of the
core
1.  Driven by a rack and pinion arrangement
2. Connection made via a flexible drive cable
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E. Electronic components process and amplify detector
developed signals

1. Consist of:
a. Voltage Preamplifier

o

Amplifier and Attenuator

Inverter

Mean Square Analog (MSA) Unit
Output Amplifier

~ o o o

Power Supplies

Rangs Swich
WCR Panel ‘00803

OPERATIONAL
AMPLIFIER
AMPUFERAND
MEAN SQUARE
PREAAER H ATTENLATOR PVERTER ARALCS e
DETECTOR UNIT
o e,
IMVERTER MODULE BA UNTT AMPLIFER polde
- n v ot mm.wn . r
Acses i g iy B ueatin
. n.v ..m-m,.n. R caatbamedon Frtirlpitite ool e, s, 00 1o
oRYWE) eciad Range 160° oLk-okphase Gamma sigra aigncant,.
. 01RM . Gemma signais are 1110008
ol 1 Range Swich postion 5 3 doccns o e EQUE RECORDERS

*  Digeal Recorders

Ranges 1 trough & e - Oy w0 125 scad
HIGH RANGE: o0 15 e iragnicart
Rangeo AhD a o of
e 7 trough 10 s

E MOTOR DANVE MECHAN(OM
Diive spwed 18 3.0 foat g miruts

IT

DRIVE N DRIVE OUT e n

Activities/Notes

Objective EO3

ATTACHMENT 3

OOM ne! s bypasesa
DETECTOR HV - T o mow RN
Low (<90 V) posion
DETECTOR NOT REACTOR
ORAWER MODE MODULE FULLY INSERTED T 5128 85128 1201128
SWiTeH ouT UNPLUGGED et
OF "OPERATE"
4 4 Y
OETECTOR NOT LY
UPSCALE UPBCALE
INOP TRIP INSERTED DowNSCALE esoa Bl
lﬂm lRPS 1’“"‘*’ 1”9 laucs lauc.s lnn
CONTROL ROD  RPS CHANNEL TRIP CONTROL ROD RPS CHANNEL TRIP
CONTROL ROD CONTROL ROD RPS CHANNEL TRIP
WITHDRAWAL (12 SCRAM) T R AL (172 SCRAM) THORAWAL WITHDRAWAL (172 SCRAM)
BLOCK BLOCK

F. IRM Channels

1. Each detector and associated circuitry comprise one
channel, designated as Channels "A" through "H"

2. IRM Channels "A", "C", "E", and "G" provide inputs to
RPS Trip System "A"

3. IRM Channels "B", "D", "F", and "H" provide inputs to
RPS Trip System "B"

Objective IL16
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G. Detector Assembly

1. Consist of:
a. Detector

b. Shuttle Tube
c. Dry Tube
d. Detector drive

2. Detector
a. Eight fission chamber detectors

1) Operated in lonization Region of the Gas
Amplification Curve

2) Outer chamber lined with:
a) 2.7 mg U-235
b) Enriched to > 90% U-235
3) Pressurized with 18 psi Argon gas
4) Operated with a 100 VDC potential
b. Neutron pulse

1) Thermal neutron causes fission within
U-235 lining

2) Results in fission fragments of:
a) High kinetic energy
b) Large charge
3) Produces large degree of ionization
c. Gamma pulse
1) Gammas also cause ionization

2) Pulses created by non-fission gammas are
removed as a side effect of the
"Campbelling" process

3.  Shuttle Tube
a. Movable portion of the detector assembly

b. Detector fixed within the Shuttle Tube

Activities/Notes

Objective 1L23

Characteristics Differ From SRM
Detectors:

1. Lower U;0g loading

2. Lower Argon fill pressure

3. Lower operational voltage
Combination Of Above Results In:
1. Detector being less sensitive

2. More suitable for high neutron flux
levels

20 t0 22 MeV
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Activities/Notes

—

4. Dry Tube
a. Serves as pressure boundary of assembly
b. Connected and sealed to detector drive
c. Shuttle Tube moves inside Dry Tube
5. Detector Drive
a. Each detector is positioned by individual drive Powered from 208 VAC Lighting
units Panel 1134 (2L.107)
b. Moves detector through rack and pinion
arrangement
c. Motor moves detectors in and out at a rate of Remote motor reduces:
3.0 feet per minute 1. Undercore crowding
. Radiati ing of
d. Motors are located in the Drywell 2. Radiation aging of components
e. Connection between motor and drive assembly
via flexible cable
f.  MCR Panel *0C603 Detector Drive Controls and
Indicating Lamps
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Activities/Notes

H. Voltage Preamplifier

1.

The method of observing individual neutron pulses,
used by the SRM System, becomes impractical in the
high neutron flux regions where the IRM detectors

operate.

a. Pulses are still produced at the detector output,
but are not observable as discrete events.

b. High neutron flux causes a “pile-up” of pulses at
the detector output (i.e., “later” ionizing events
occur within the detector before previous pulses
have decayed).

c. The rapid succession of pulses results in a

changing AC signal superimposed on the DC
voltage level at the detector output. This
changing voltage is a result of the effect of both
gammas and neutrons.

The Voltage Preamplifier amplifiers the output of the
IRM detector

a.
b.

This overcomes cable noise, AND

Blocks the DC component of the detector signal
from the IRM Instrument Drawer by converting
the superimposed current pulses from the
detector into voltage pulses of varying frequency

The Voltage Preamplifier also passes one of two
frequencies depending upon the position of the
IRM Range Switch

1) Lower Band (8 to 16 KHz)
a) IRM Ranges 1 through 6
b) Provides higher sensitivity
¢) Used for the lower ranges
2) Higher Band (300 to 600 KHz)
a) IRM Ranges 7 through 10

b) Provides greater immunity to cable
noise

¢c) Used for the higher ranges where
sensitivity is less important

Objective IL17.a

Located just outside Drywell

8to 16 KHz
300 to 600 KHz

Range 1 through 6:
Range 7 through 10:
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I.  Amplifier and Attenuator Unit

1. The Amplifier and Attenuator Unit receives the AC
signal from the Voltage Preamplifier and, along with
the IRM Range Switch, establishes the range of
indication for the IRM channel

a. 12-position Range Switch

b. Although each Range Switch is provided with
positions for IRM Ranges "11" and "12", these
two positions can not be physically selected

IRM RANGE AND REACTOR POWER RELATIONSHIP

APRM 10%
Power
1

Range 10

Range 9

L
1
1
i
1

40 100 125

Range 8

Range 7

Range 8

Range 5§

Range 4

Range 3

| Range 2

0 100 125

)
i
1
0 | 40 100 125
1
|
|
|
i

2. The Amplifier and Attenuator Unit provides six
discrete gain ranges by switching different amounts of
attenuation into the signal path

a. Range Switch positions "1" through "6" insert a
low frequency amplifier stage in service

b. Range Switch positions "7" through "10" route
the signal through a high frequency ampilifier

3. Every other (alternate) position on the Range Switch
is a factor of one decade (x 10) of power different. As
a result, the IRM System provides five decades of
Reactor Power coverage.

4. Gain of 3.16 (the square root of 10) between each
range

5. Ratio of 10:1 between alternate ranges

Activities/Notes

Objective IL17.b

Webster. Attenuate = to lessen the
amount, magnitude or value of
something

Combination of six attenuation ratios
and two preamplification stages
allows for 12 ranges of signal
measurement

IRM Range Switch positions "11" and
"12" can not be physically selected
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J. Inverter Module

1. The Inverter Module acts as a signal conditioning unit Objective IL17.c
to prepare the IRM detector signal for input into the
Mean Square Analog (MSA) Unit

2. The Inverter Module receives a single input from the
Amplifier and Attenuator Unit

3. Produces two outputs, each being: This is necessary for the MSA unit
a. Equal in magnitude

b. 180° out-of-phase

4. This allows the MSA Unit to respond to AC variations
above and below the DC average

K. Mean Square Analog (MSA) Unit

1.  The MSA Unit can be considered the “heart” of the Objective i1L14
IRM System. Objective IL17.d

2. Here the composite detector signal is processed to
remove the gamma signal

a. Utilizes a discrimination method known as EYI: for Norman Campbell who, in
"Campbelling". 1910, proposed this statistical theory

b. Campbell's Theorem

1) The average value of a statistical event is
proportional to the size of the individual
event

2) The average value of an event is
proportional to the average frequency of the
event

3) The variation from the average is
proportional to the square root of the
average frequency

4) Therefore, if the size of the deviation from
the average is squared, the result is fairly
representative of the level of the events
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Input
Signa

Portion
of Typical

MEAN SQUARE ANALOG OPERATION

n
Al A1 o Vol Squared Mean of
I 1 lul LV 1 Signal Squared Signal
N\ VA
AN 1 1 WA
b — —\{ i— [ Aptinpn
o] samion
| (arter l Choutt (Al Ray Vol

Inverted Al
Signal \_l' \‘ ‘f\ oven .
Al
c. The MSA Unit receives the two outputs from the

Inverter Module.

The MSA Unit then squares the amplitude of
each output.

An Integrator circuit within the MSA Unit then
sums both signals.

The output of the MSA Unit is a DC voltage
proportional to the average (mean of the square)
of the inputs.

The ratio that existed between neutron and
gamma currents is also squared

1) Gamma levels in the Intermediate Range
are about 1/1000 that of neutrons

This process is called "Campbelling".

The objective of a discrimination process is to
either remove the gamma contribution or
significantly reduce its effect.

Activities/Notes
———

By squaring the difference in currents,
the value of the gamma current is
made insignificant. In effect, gamma
discrimination has been performed
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L. Output (Operational) Amplifier

1. The Output (Operational) Amplifier receives the DC
output signal from the MSA Unit.

2. The Output (Operational) Amplifier then amplifies the
output to drive:

a. IRM Instrument front panel meters in the AER
b. MCR recorders
c. Trip units

M. Protective Functions

1. RPS Trips (scram signals)

APRM “1” 2/4 LOGIC MODULE INTERFACE WITH
SCRAM CONTACTS IN RPS TRIP CHANNEL "A1"

REACTOR MODE
I SWITCH IN "RUN"

REACTOR MODE

l SWITCH IN "RUN"

UPSCALE UPSCALE
—r—

— wpo —1 IRM
CBvPass T IRM "A Sveass — g
inoP INOP

RPS BUS
*AY160

0. o o o o 0 0 0 o o - -

K1Y e s K% 1

WHEN TWO (OR MORE) APRM HLHUiNOP )

(APRM HHIINOP) I\ PCTES ARE SENERATLD T T4 e K I (APRM HLHunNoPY
KaY KaX

MODULE ASSOCIATED WITH ARRM “1%
WILL OPEN THESE TWO CONTACTS {THE
OTHER THREE APRM CHANNELS OPEN
(OPRM) . THEIR TWO RESPECTIVE CONTAGTS} T {OPRM)

2/4 LOGIC MODULE

$ K12E
y

AR K124
a. IRM Channels "A", "C", "E", and "G" provide
inputs to RPS Trip System "A"

b. IRM Channels "B", "D", "F", and "H" provide
inputs to RPS Trip System "B"

c. A RPS trip (scram) signal is generated upon:
1) IRM Upscale (= 120/125 of scale)
2) IRMINOP

Lioaaas

Activities/Notes

Objective IL17.e

Objective EO4.a
Objective EO5
Objective IL16
Objective IL19

ATTACHMENT 4
AND ATTACHMENT 6

IRM Channels "A" and "E":
RPS Trip Channel "A1"

IRM Channels "C" and "G":
RPS Trip Channel "A2"
IRM Channels "B" and "F":
RPS Trip Channel "B1"

IRM Channels "D" and "H":
RPS Trip Channel "B2"

————
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d. Inorder for a full RPS trip to occur (reactor
scram):

1) One IRM channel in RPS Trip System "A"
must be tripped ("A", "C", "E", or "G"), AND

2) One IRM channel in RPS Trip System "B"
must be tripped ("B", "D", "F", or "H")

e. IRM System Trip Bypass Conditions

1)  Two Manual Joysticks located on MCR
Panel *0C603 allow manually bypassing of
one IRM channel per RPS Trip System at a
time.

2) Al IRM channel Control Rod Withdrawal
Block and Scram signals are bypassed
when the Reactor Mode Switch is in "RUN"

3) IRM channel Downscale Control Rod
Withdrawal Block signals are bypassed
when the associated IRM channel Range
Switch is on Range 1. This allows initial
control rod withdrawals when in the Source
Range.

4) |RM channel alarm lamps and annunciators
are also bypassed when the associated
IRM channel is bypassed.

Activities/Notes
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2. Control Rod Withdrawal Blocks
o Objective EO4.b
IRM CHANNEL "A Objective IL19
CONTROL ROD BLOCK SIGNALS AND BYPASSES
T ATTACHMENT §
AND ATTACHMENT 6
CLOSES IF
REACTOR
QPENS IF IRM A" MODE SWITCH
DETECTOR IS NOT IS IN "RUN" _J_
FULLY INSERTED pu—
il
M
-I l:lnttl:nal MF:)AduIe UI::Iugged (85125) CLOSES IF
- Channel Mode Switch not in “OPERATE” OPENS ON IRM "A" i: IRM "A" IS
- Low detector voltage INOPERATIVE TRIP BYPASSED
CLOSES WITH IRM OPENS ON IRM "A"
"A" RANGE SWITCH = DOWNSCALE TRIP
IN RANGE 1 -I- (5/1125)
CONTROL ROD WITHDRAWAL
BLOCK OCCURS WHEN ROD I ROD BLOCK RELAY
BLOCK RELAY DE-ENERGIZES
3. Control Rod Withdrawal Blocks, through interface to A control rod withdrawal block will
RMCS. The IRM channels produce a control rod occur if any of the indicated
withdrawal block under the following conditions: conditions is met for one (or more)
IRM channel(s)
a. |IRM Upscale: channel output > 85/125 of scale
b. INOP
1) Low detector voltage (< 90% of rated) <90V
2) Internal module unplugged; other hardware
failures
3) Channel Mode Switch notin "OPERATE"
(on Instrument Drawer in AER)
c. IRM Downscale: channel output < 5/125 of
scale
d. IRM Detector Not Fully Inserted
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N. IRM System MCR Instrumentation And Alarms
1.  MCR Panel *0C603
a. Percent Indication

1)  Four Yokogawa DX1000N model paperless
recorders

a) XRX-M1-*R603A

¢ Red Display: IRM Channel "A" or
APRM Channel "1"

e Green Display: IRM Channel "C"
b) XRX-M1-*R603B

¢ Red Display: IRM Channel "B" or
APRM Channel "2"

e Green Display: IRM Channel "D"
c) XRX-M1-*R603C

e Red Display: IRM Channel "E" or
APRM Channel "3"

e Green Display: IRM Channel "G"
or RBM Channel "A"

d) XRX-M1-*R603D

¢ Red Display: IRM Channel "F" or
APRM Channel "4"

e Green Display: IRM Channel "H"
or RBM Channel "B"

Activities/Notes

Objective IL19
Objective IL20
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2)

Each IRM/APRM recorder has two scales:

NOTE: the digital readout for each recorder
selected to indicate an IRM channel reading
provides indication of 0 to 125 (percent of

scale)

a) Red bargraph has a scale of
0 to 125 (percent of scale)

b) Green bargraph has a scale of 0 to 40
(percent of scale); however, use the
0 to 125 (percent of scale) scale when
reading IRM channels in the MCR

c) When selected to "APRM", the
recorders read out in 0 to 125% of
Reactor Power

d) When selected to "IRM", the recorders

read out in 0 to 125 (percent of scale)
units. These units have no absolute
meaning. An IRM channel reading is
simply referred to as "percent of scale"
(e.g., a reading of 54/125 means an
indication of 54 units on a scale of

0 to 125)

b. IRM Channel Bypass Joysticks (MCR Panel

*0C603)

Activities/Notes

Operations Fundamentals

PRECISELY CONTROLLING PLANT
EVOLUTIONS

e Human Error Prevention
(Use self check for component
identification and equipment
manipulation. Self-Check
Technique is STAR: Stop, Think,
Act, Review))
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1)

2)

3)

Activities/Notes

Two separate joysticks with 5-positions
a) Center "OFF", no channel bypass

b) Left joystick, select one channel for
bypass from IRM Channels "A", "C",
"E", or "G" (associated with RPS Trip
System "A")

c) Rightjoystick, select one channel for
bypass from IRM Channels "B", "D",
"F", or "H", (associated with RPS Trip
System "B")

Only one IRM channel per RPS Trip
System may be bypassed at a time

Channel bypass condition defeats all
control functions (including alarm lamps
and annunciation), but does not affect
channel power indication on meters and
recorders.

c. Detector Drive Controls and Indicating Lamps

1)

Eight detector Selector Switches, used for
selecting the IRM detector to be moved

a) "ON/OFF," maintained-contact
pushbutton for each detector

b) Backlightilluminates when associated
detector is selected
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Activities/Notes

2)  One Drive-In Pushbutton, with two
indicating lamps
a) "ON/OFF," maintained-contact
pushbutton
b) Once depressed, selected detectors
drive in to the core until fully inserted
c) If depressed again while the selected
detectors are not yet fully inserted,
detector motion will stop
d) Also used for inserting SRM detectors,
if selected
e) One "DRIVE IN" indicating lamp on The "DRIVE IN" indicating lamp
pushbutton, illuminated when selected remains illrt:minated after the selected
; detectors have reached the fully
detectors have been selected for . 0
rted posit
movement into the core. mserted postion
D pushbutton, When flumnated. | ShroRnG Iy st amp
. , exinguisnes wnen ine selecie
indicates selected detectors are in the detectors have reached the fully
process of being driven into the core. inserted position
3) One Drive Out Pushbutton and indicating
lamp
a) "ON/OFF," momentary-contact
pushbutton
b) Push and HOLD: selected detectors
drive out of the core as long as the
pushbutton is depressed
c) Released: selected detectors stop
moving
d) Also used for withdrawing SRM
detectors, if selected
e) "DRIVE OUT" indicating lamp on
pushbutton, illuminated while selected
detectors are moving out of the core
(pushbutton depressed)
4) IRM Position Indicating Lamps, one set of
lamps for each IRM detector
a) "IN": detectoris full-in
b) "OUT": detector is full-out
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