
William J. Cahill, Jr.  
Vice President n 

Consolidated Edison Company of New York, Inc.  
4 Irving Place, New York, N Y 10003 
Telephone (212) 460-3819 

December 14, 1979 

Re: Indian Point Unit No. 2 
Docket No. 50-247 

Director of Nuclear Reactor Regulation 
Attention: Mr. A. Schwencer, Chief 

Operating Reactors Branch No. 1 
Division of Operating Reactors 

U.S. Nuclear Regulatory Commission 
Washington, D.C. 20555 

Dear Mr. Schwencer: 

Your request for additional detailed information regarding our 
responses to Lessons Learned Recommendations 2.1.7a and 2.1.7b 
was received by Con Edison via telecopy on December 10, 1979.  
As requested, attached is our response to that request.  

Should you or your staff have any questions regarding the 
information provided, please contact us.  

Very truly yours, 

William J. Cahill, Jr.  
Vice President 
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Response to 
"LICENSEE INFORMATION REQUIRED FOR STAFF 

EVALUATION OF LICENSEE RESPONSE OF 
LESSONS LEARNED RECOMMENDATIONS 2.1.7a and bV 

(December 10, 1979) 

Consolidated Edison Company of New York., Inc.  

Indian Point Unit No. 2 

Docket No. 50-247

December, 1979



STAFF REQUEST NO. 1 

2.l.7a AFW System Automatic Initiation: 

We require that the licensee provide information that describes 

how the AFW automatic initiation system design meets each of the 

control grade functional criteria in NUREG 0578 (2.1.7a) and 

the clarifications to NUREG-0578 in the October 30 1979 NRC 

(HI. Denton) letter to all operating plants. The information 

should be sufficiently descriptive to permit independent tech

nical review of the information and a conclusion that each of 

the criteria are met.  

To demonstrate conformance with criteria 1, 2, 5 and 7,.specific 

descriptive information (reference to specific FSAR sections is 

acceptable) supported by electrical drawings, such as schematic 

or elementary wiring diagrams should be submitted.  

For power supply criteria 4 and 6, the licensee should submit-a

table or a detailed power distribution one-line diagram indi

cating power supply channels for each component.  

To demonstrate testability criterion 3, the licensee should sub

mit a summary description of the functional test procedures 

along with the existing or proposed test interval -(e.g., Stan

dard Technical Specification surveillance requirements for 

typical engineered safety feature systems).

-1-



GENERAL RESPONSE: 

As described in Con Edison's October 17, 1979 and November 20, 

1979 submittals, Indian Point Unit No. 2 meets the NRC control 

grade functional criteria 1 through 7 for Auxiliary Feedwater 

System (AFWS) automatic initiation. Additional detailed de

scriptive information is provided for each control grade func

tional criterion below. In addition, twenty-four (24) electrical 

and one-line drawings are being provided with this submittal to 

support the specific descriptive information. Attachment A con

tains a listing of those drawings being provided.  

STAFF CRITERION 1: 

The design shall provide for the automatic initiation of the 

auxiliary feedwater system.  

RESPONSE: 

The following conditions will automatically start the auxiliary 

pumps: 

A) Motor Driven Pumps (2-400 gpm) 

1. Auto trip of either of 2 main boiler feed pumps (low 

control oil pressure with main boiler feed pump control 

switch last operated to "reset" position).  

2. 2 out of 3 coincidence of low-low steam generator level 

in any one of 4 steam generators.  

3. Unit trip (1 out of 2 coincidence of main generator pri

mary and backup lockout relays) plus loss of offsite

- 2 -



power (2 out of 3 coincidence of undervoltage relays on 

both buses 5A & 6A) with no "Safety Injection" signal 

(2 out of 2 coincidence from both "SI" actuation trains).  

4. "Safety Injection" (independent signals from both "SI" 

trains to each pump in a final 1 out of 2 coincidence).  

B) Steam Driven Pump (1-800 gpm) 

1. 2 out of 3 coincidence of low-low steam generator level 

in any 2 of 4 steam generators.  

2. Unit trip (1 out of 2 coincidence of main generator pri

mary and backup lockout relays) plus loss of offsite 

power (2 out of 3 coincidence of undervoltage relays on 

both buses 5A & 6A) with no "Safety Injection" signal 

(2 out of 2 coincidence from both "SI" actuation trains).  

STAFF CRITERION 2: 

The automatic initiation signals and circuits shall be designed 

so that a single failure will not result in the loss of auxi

liary feedwater system function.  

RESPONSE: 

The actuation system power supply dependencies as described be

low do not follow more recently accepted trends toward complete 

unitization. Indian Point Unit No. 2 does provide considerable 

flexibility, however, with no loss of function from any of the 

three (3) auxiliary feedwater pumps for many single failures 

which can be postulated within the actuation system. This de

sign philosophy also permitted the minimization of physical
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crossovers within the cable raceway system, thus reducing the 

potential for physical hazards to effect more than one func

tional train. Another important design aspect is the common 

circuit dependency for the main actuation logic and the "fail 

safe" Auxiliary Boiler Feed Pump 22 Auto-Start valve. The auto

matic starting circuitry for all three (3) auxiliary feedwater 

pumps, excluding the completely independent and redundant 

"Safety Injection" signal actuation logic, has a common depen

dency on 125 volt D.C. Distribution Panel No. 22 circuit 18.  

However, any failure or loss of this circuit or for that matter 

the Battery No. 22 power train will de-energize the Auto-Start 

Solenoid and start Auxiliary Boiler Feed Pump No. 22. We believe 

that this improves the overall operational reliability of the 

AFW system by making many potential failures in the logic system 

a mode of auto-start for the steam driven Auxiliary Boiler Feed 

Pump.  

The existing actuation system design is acceptable to meet con

trol grade requirements since: 

1) The single failure criteria for "SI" actuation of the 

motor driven Auxiliary Boiler Feed Pumps is met and any 

single failures which could be postulated for the "Unit 

Trip Plus Loss of Offsite" start signal should only de

feat one (1) pump train.  

2) For any single failures including those which could de

feat the "Main Boiler Feed Pump Trip" and "Steam Genera

tor Low-Low Level" auto-start signals to the Auxiliary
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Boiler Feed Pumps, manual initiation could not be pre

vented for more than one of three trains and the opera

tor has approximately 30 minutes to act to initiate AFW 

manually.  

STAFF CRITERION 3: 

Testability of the initiating signals and circuits shall be a 

feature of the design.  

RESPONSE: 

Testability of the AFWS initiating signals and circuits is a 

feature of the plant design. The automatic initiation of the 

two (2) motor driven AFW pumps upon receipt of an engineered 

safeguards (SI) signal is tested and verified at refueling 

(i.e., -eighteen (18) month) intervals.  

In addition, as committed to in Con Edison's October 17, 1979 

submittal, surveillance test procedures will be 

developed by January 1, 1980 to implement periodic testing of-.  

all automatic AFWS initiation signals. Such surveillance tests 

will also be performed at refueling intervals.  

The actual surveillance testing involves injecting a simulated 

actuation signal into the initiation circuitry being tested and 

verifying that all appropriate actions take place including 

starting of the auxiliary feedwater pump(s).
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STAFF CRITERION 4: 

The initiating signals and circuits shall be powered from the 

emergency buses.  

RESPONSE: 

The power supplies for the various actuation systems for each 

pump are as follows: 

A) Motor Driven Pump No. 21 

1) Required for Main Boiler Feed Pump Auto Trip Signal 

a) From Main Boiler Feed Pump 21: 

125 Volt D.C. Distribution Panel 21 - Aux. Relay

125 Volt D.C. Distribution Panel 22 

125 Volt D.C. Power Panel 21 or 

22 Via Auto Transfer Switch

("63 x l/BFPl") 

activated by 

pressure switch.  

Aux. Relay 

activated by 

"63 x 1/BFPl" 

&.main boiler 

feed pump No. 21 

Control Switch 

("I/BFPTI").  

Aux. Blr. Fd.  

Pump No. 21 Con

trol Circuit.
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b) From Main Boiler Feed Pump 22: 

125 Volt D.C. Distribution Panel 22 

125 Volt D.C. Distribution Panel 22 

125 Volt D.C. Power Panel 21 or 22 

Via Auto Transfer Switch

Aux. Relay 

("63 x l/BFP2") 

activated by 

pressure switch.  

Aux. Relay 

activated by 

"63 x 1/BFP2" & 

main blr. fd.  

pump No. 22 Con

trol Switch 

("l/BFPT2").  

Aux. Blr. Fd.  

Pump No. 21 

Control Circuit.

2) Required for Low-Low Steam Generator Level Signals

120 Volt A.C. Instrument Buses 21, 22, 

23, & 24 (only 3 out of 4 required and 

all instruments and logics are "fail 

safe" on loss of power)

- Individual in

strument loops 

and logic re

lays. 3 level 

channels on 

each steam gen

erator powered 

from 3 different 

instrument 

buses.
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125 Volt D.C. Distribution Panel 22 - Coincidence re

lays "71-lX" 

thru "71-4X" 

(2/3 low-low 

level at each 

S.G.) and "BFP" 

(1/4 S.G.'s).  

125 Volt D.C. Power Panel 21 or 22 - Aux. Blr. Fd.  

Via Auto Transfer Switch Pump 21 Con

trol Circuit 

3) Required for Unit Trip Plus Loss of Offsite 

With No "SI" Signals 

a) 125 Volt D.C. Distribution Panel 21 - Primary & back

("86P") or 22 ("86BU") up lockout 

relays in 1/2 

coincidence.  

b) 125 Volt D.C. Distribution Panel 21 - Undervoltage 

aux. relays 

("27-51/X2" thru 

"27-53/X2") from 

480 volt bus 5A.  

c) 125 Volt D.C. Distribution Panel 22 - Undervoltage 

aux. relays 

("27-61/X2" thru 

"27-63/X2") from 

480 volt bus 6A.
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d) 125 Volt D.C. Distribution Panel 21 

("SI-13X") or 22 ("SI-23X") 

e) 125 Volt D.C. Power Panel 21 or 22 

Via Auto Transfer Switch

Train "A" & 

Train "B' "SI" 

relays.  

Aux. Blr. Fd.  

Pump 21 Control 

Circuit.

4) Required for "Safety Injection" Signals

120 Volt A.C. Instrument Buses 21, 22, 

23 & 24 (only 3 out of 4 required and 

all instruments and logics are "fail 

safe" on loss of power.  

125 Volt D.C. Distribution Panel 21 

("SI-IiX" & "3-5") or 125 Volt D.C.  

Distribution Panel 22 ("SI-21X" & 

"3-15").  

125 Volt D.C. Power Panel 21 or 22 

Via Auto Transfer Switch

- Individual in

strument loops 

and logic relays 

for various "SI" 

initiation 

signals powered 

from different 

instrument 

buses.  

- "SI" initiation 

and "safeguards" 

logic relays re

spectively from 

each of two ac

tuation trains.  

Aux. Blr. Fd.  

Pump 21 Control 

Circuit.
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B) Turbine Driven Pump No. 22 

1) Required for Low-Low Steam Generator Level Signals 

120 Volt A.C. Instrument Buses 21, 22, - Individual in

23 & 24 (only 3 out of 4 required and strument loops 

all instruments and logics "fail safe" and logic re

.on loss of power. lays. 3 level 

channels on 

each steam gen

erator powered 

from 3 dif

ferent instru

ment buses.  

125 Volt D.C. Distribution Panel 22 - Coincidence re

lays "71-1X" 

thru "71-4X" 

(2/3 low-low 

level at each 

S.G.).  

125 Volt D.C. Distribution Panel 22* - Aux. Blr. Fd.  

Pump 22 Auto

Start solenoid 

valve control 

circuit.  

*Solenoid valve will open starting aux. blr. feed pump 

22 on loss of power.
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2) Required for Unit Trip Plus Loss of Offsite With No 

"SI" Signals 

Receives signals from both motor driven pump 21 and 23 

actuation logics as described in Section A)3) a) thru 

d) and C)3) a) thru d) via "BFPB" & "BFPB3" aux. relays 

respectively.  

125 Volt D.C. Distribution Panel 22* - Aux. Blr. Fd.  

Pump 22 Auto

Start Solenoid 

Valve Control 

Circuit.  

*Solenoid valve will open starting aux. blr. feed pump 

22 on loss of power.  

C) Motor Driven Pump No. 23 

1) Required for Main Blr. Fd. Pump Auto Trip Signals 

a) From Main Bir. Fd. Pump 21: 

125 Volt D.C. Distribution Panel 21 - Aux. Relay.  

("63 x l/BFPI") 

activated by 

pressure switch.  

b) 125 Volt D.C. Distribution Panel 22 - Aux. relay 

activated by 

"63XI/BFPI" and 

main blr. fd.  

pump No. 21 Con

trol Switch 

("l/BFPTI").
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125 Volt D.C. Power Panel 21 or 22 - Aux. Blr. Fd.  

Via Auto Transfer Switch Pump No. 23 

Control Circuit.  

c) From Main Boiler Feed Pump 22: 

125 Volt D.C. Distribution Panel 22 - Aux. relay 

("63Xl/BFP2") 

activated by 

pressure switch.  

125 Volt D.C. Distribution Panel 22 - Aux. relay 

activated by 

"63XI/BFP2" and 

main blr. fd.  

pump No. 22 

Control Switch 

("Il/BFPT2") 

125 Volt D.C. Power Panel 21 or 22 - Aux. Blr. Fd.  

Via Auto Transfer Switch Pump No. 23 

Control Circuit.  

2) Required for Low-Low Steam Generator Level Signals 

120 Volt A.C. Instrument Buses 21, 22, - Individual in

23 & 24 (only 3 out of 4 required and strument loops 

all instruments and logics "fail safe" and logic re

on loss of power). lays. 3 level 

channels on each 

steam generator 

powered from 3 

different in

strument buses.
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125 Volt D.C. Distribution Panel 22 - Coincidence re

lays "71-1X" 

thru "71-4X" 

(2/3 low-low 

level at each 

steam genera

tor) and "BFP" 

(1/4 S.G.'s).  

125 Volt D.C. Power Panels 21 or 22 - Aux. Blr. Fd.  

Via Auto Transfer Switch Pump 23 Con

trol Circuit.  

3) Required for Unit Trip Plus Loss of Offsite With No 

"SI" Signals 

a) 125 Volt D.C. Distribution Panel 21 - Primary & back

("86P") or 22 (86BU") up lockout

b) 125 Volt D.C. Distribution Panel 21 

c) 125 Volt D.C. Distribution Panel 22 -

relay in 1/2 

coincidence.  

Undervoltage 

aux. relays 

("27-51/X3" thru 

"27-53/X3") from 

480 volt bus 5A.  

Undervol tage 

aux. relays 

("27-61/X3" 

thru "27-63/X3") 

from 480 volt 

bus 6A.
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S.0I 
d) 125 Volt D.C. Distribution Panel 21 

("SI-13X") or 22 ("SI-23X") 

e) 125 Volt D.C. Power Panel 21 or 22 

Via Auto Transfer Switch 

4) Required for "Safety Injection" Signals 

120 Volt A.C. Instrument Buses 21, 22, 

23 & 24 (only 3 out of 4 required and 

all instruments and logics "fail safe" 

on loss of power).  

125 Volt D.C. Distribution Panel 21 

("SI-llX" & "3-4") or 125 Volt D.C.  

Distribution Panel 22 ("SI-21X" and 

"3-14").  

125 Volt D.C. Panel 21 or 22 Via Auto 

Transfer Switch

Train "A" and 

Train "B" "SI" 

relays.  

Aux. Blr. Fd.  

Pump 23 Control 

Circuit.  

Individual in

strument loops 

and logic re

lays for various 

"SI" initiation 

signals powered 

from different 

instrument 

buses.  

"SI" Initiation 

and "Safeguards" 

logic relays 

respectively 

from each of 

two actuation 

trains.  

Aux. Blr. Fd.  

Pump 23 Control 

Circuit.
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STAFF CRITERION 5: 

Manual capability to initiate the auxiliary feedwater system 

from the control room shall be retained and shall be implemented 

so that a single failure in the manual circuits will not result 

in the loss of system function.  

STAFF CRITERION 7: 

The automatic initiating signals and circuits shall be designed 

so that their failure will not result in the loss of manual 

capability to initiate the AFWS from the control room.  

COMBINED RESPONSE (5 & 7): 

Single failures in the manual circuits will not result in the 

loss of AFW system function. Failure of any of the manual cir

cuitry identified below will only affect one of the three AFW 

pumps. Furthermore, failure of the automatic initiating signals 

and circuits will not result in the loss of manual capability 

to initiate the AFWS from the control room.  

In fact, should the automatic actuation system fail, the follow

ing manual actuation mechanisms are available to the operator: 

(1) Auxiliary boiler feed pump 22 is provided with manual con

trol switches in the Central Control Panel on supervisory 

panel "SC" ("l-l/ABFP2") and locally at the pump ("1-2/ 

ABFP2"). Either of these control switches can directly 

de-energize the auto-start solenoid valve (steam supply) to 

start auxiliary boiler feed pump 22.

- 15 -



In the extremely unlikely event that the "fail safe" de

signed pneumatic operator does not open the valve, it could 

be "jacked open" mechanically at the pump room.  

(2) Both motor driven auxiliary boiler feed pumps are provided 

with capability for manual control from two separate loca

tions. Each pump is provided with a control switch in the 

Central Control Room on supervisory panel "SC". A set of 

"stop-start" push buttons is provided locally at each pump.  

A "local/remote" switch which must be operated to arm the 

local push buttons also disconnects all automatic cir

cuitry from the pump control circuit when it is operated 

to the "local" position.  

STAFF CRITERION 6: 

The a-c motor-driven pumps and valves in the auxiliary feedwater 

system shall be included in the automatic actuation (simultaneous 

and/or sequential) of the loads onto the emergency buses.  

RESPONSE: 

The a-c motor-driven pumps are included in the automatic actua

tion sequence of loads to the emergency buses (as described 

below). System valves are presently supplied from a single 

non-safety grade bus. In accordance with the short-term plant 

specific recommendation contained in NRC's (Mr. A. Schwencer) 

November 7, 1979 letter to Con Edison (Mr. W. J. Cahill, Jr.), 

suitable emergency procedures will be established by January 1, 

1980 to assure AFWS function should the valves lose electrical 

power or instrument air. Furthermore, the power supplies for
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these valves will be reconnected to separate safety grade buses 

by January 1, 1981 as required by the long-term plant specific 

recommendation also contained in the November 7, 1979 letter.  

Table 1 provides a tabulated summary of the power supplies and 

functions of the AFWS pumps and valves.
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.TABLE 1 (1 of 4)

Steam Supply Train

Component 

PCV-1139 (20-1/ABFP2) 

PCV-1139 (20-2/ABFP2) 

PCV-1310A (SOV-1310) 

c PCV-1310B (SOV-1311)

Power Supply 

125 Volt DC Pnl, 22 

125 Volt DC Pnl. 22 

125 Volt DC Pnl. 21 

125 Volt DC Pnl. 22

Diesel or 
Battery Backup 

Battery 22* 

Battery 22** 

.Battery 21*** 

Battery 22***

Function 

Stm. Supply to Aux. Blr.  
Fd. Pump 22 Turbine. 4 
Stm. Supply to Aux. Blr.  
Fd. Pump 22 Turbine.  

Stm. Supply Isolation 
Valve to Aux. BFP 22 Tur
bine.  

Stm. Supply Isolation 
Valve to Aux. BFP 22 
Turbine.

Turbine Pump 22 Train

Aux. Blr. Fd. Pump 22

CT-30

Steam Driven 

Hand Operated

Residual Heat 
Generated Steam

Valve on Pump 22 Suction 
Header from Condensate 
Storage Tank.

* Valve Fails Open on Loss of Air or Electric Power 
**Valve Fails Open on Loss of Air and Can Not Be Closed Without Electric Power 

***Valve Fails Closed on Loss of Air or Electric Power



TABLE 1 (2 of 4)

Turbine Pump 22 Train (Cont'd)

Component Power Supply

Diesel or 
Backup Battery Function

PCV-1188 (SOV-1288) 120 Volt AC Dist.  
Panel 21.

None*** Valve on alt. path from 
City Wtr. Sys. for Aux.  
Fd Wtr. Pump 22 Suction.@

FCV-405A

FCV-405B

120 Volt AC 
Panel 21.  

120 Volt AC 
Panel 21.  

120 Volt AC 
Panel 21.  

120 Volt AC 
Panel 21.

FCV-405C

FCV-405D

Motor Driven Pump

Dist.

Dist.

Dist.

Dist.

None*

None*

None*

None*

Aux. Blr. Fd. Pump 
22 Discharge to Stm.  
Gen. 21.  

Aux. Blr. Fd. Pump 
22 Discharge to Stm.  
Gen. 22.  

Aux. Blr. Fd. Pump 
22 Discharge to Stm.  
Gen. 23.  

Aux. Blr. Fd. Pump 
22 Discharge to Stm.  
Gen. 24.

21 Train

Aux. Blr. Fd. Pump 21

CT-27

480 Volt Bus 3A 

Hand Operated

Diesel 22

Valve on Pump 21 
Suction Header from 
Condensate Storage 
Tank.

* Valve Fails Open on Loss of Air or Electric Power 

*** Valve Fails Closed on Loss of Air or Electric Power



TABLE 1 (3 of 4)

Motor Driven Pump 21 Train (Cont'd)

Component Power Supply
Diesel or 
Battery Backup Function

PCV-1187 (SOV-1287)

FCV-406A

FCV-407B

120 Volt AC Dist.  
Panel 21.  

120 Volt AC Dist.  
Panel 21.  

120 Volt AC Dist.  
Panel 21

None*** 

None* 

None*

Valve on Alt. Path from 
City Wtr. Sys. for Aux.  
Fd. Pump 21 Suction. w 

Aux. Blr. Fd. Pump 21 
Discharge to Stm. Gen.  
21.  

Aux. Blr. Fd. Pump 21 
Discharge to Stm. Gen.  
22.

Motor Driven Pump 23 Train

Aux. Blr. Fd. Pump 23

CT-33

PCV-1189 (SOV-1289)

FCV-406C

480 Volt Bus 6A 

Hand Operated

120 Volt AC Dist.  
Panel 21.  

120 Volt AC Dist.  
Panel 21.

Diesel 23

None***

None*

Valve on Pump 23 
Suction Header from 
Condensate Storage Tank.  

Valve on Alt. Path from 
City Water Sys. for Aux.  
Fd. Pump 23 Suction.  

Aux. Blr. Fd. Pump 23 
Discharge to Stm. Gen.  
23.

* Valve Fails Open on Loss of Air or Electric Power 
***Valve Fails Closed on Loss of Air or Electric Power



TABLE 1 (4 of 4)

Motor Driven Pump 23 Train (Cont'd)

Component Power Supply
Diesel or 
Battery Backup Function

FCV-406D 120 Volt AC Dist.  
Panel 21.

None* Aux. Blr. Fd. Pump 
23 Discharge to 
Stm. Gen. 23.

Miscellaneous

LCV-1l58 (SOV-1258)

CT-6 

CT-64

125 Volt DC Pnl. 21 Battery 21***

Hand Operated 

Hand Operated

Condensate Storage 
Tank Low Level Shut
Off Valve 

Condensate Storage Tank 
Discharge Valve.  

Condensate Storage Tank 
Discharge Valve.

* Valve Fails Open on Loss of Air or Electric Power 
***Valve Fails Closed on Loss of Air or Electric Power



STAFF REQUEST NO. 2

2.1.7b AFW System Flow Indication to Steam Generators: 

We require information of a similar nature to that described in 

2.1.7a above to demonstrate conformance with the 2.1.7b criteria 

and clarifications to NUREG-0578 in the October 30, 1979 NRC 

(H. Denton) letter to all operating plants; namely, single 

failure, testability, power supply and indication accuracy.  

GENERAL RESPONSE: 

As described in Con Edison's December 7, 1979 submittal, the 

Indian Point Unit No. 2 auxiliary feedwater (AFW) flow indica

tion satisfies the NRC's control grade functional criteria.  

Each criterion is addressed individually below. The drawings 

and specifications provided with this submittal (see Attachments 

B & C) can be referenced to support the descriptive information 

provided here.  

STAFF CRITERION 1: 

Auxiliary feedwater flow indication to each steam generator 

shall satisfy the single failure criterion. The flow indica

tion channels should by themselves satisfy the single failure 

criterion for each steam generator. As a fall-back position, 

one auxiliary feed water flow channel may be backed up by a 

steam generator level channel.  

RESPONSE: 

Indian Point 2 AFW flow indication currently satisfies the sin

gle failure criterion by having individual AFW flow indicators

- 22 -



for each of the four steam generators as well as steam generator 

level indication.  

STAFF CRITERION 2: 

Testability of the auxiliary feedwater flow indication channels 

shall be a feature of the design.  

RESPONSE: 

Testability of the AFW flow indication channels is a feature of 

the design. Simulated flow signals can be injected into the 

flow transmitters and verification of flow indication made at 

the particular indicator being tested. The steam generator level 

channels are already "safety grade" and also have the capability 

for being tested by use of simulated level signals. The AFW 

flow indication surveillance tests will be performed at re

fueling intervals.  

STAFF CRITERION 3: 

Auxiliary feedwater flow instrument channels shall be powered 

from the vital instrument buses. For those designs where in

strument air is needed for operation, the electric power supply 

requirment should be capable of being manually connected to 

emergency power sources.  

RESPONSE: 

Since the AFW flow indication system is pneumatic, this criterion 

is met in that the electric power supplies for instrument air are 

capable of being manually connected to emergency power sources.
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STAFF CRITERION 4:

Each auxiliary feedwater channel should provide an indication 

of feed flow with an accuracy on the order of + 10%.  

RESPONSE: 

As described in document No. 1 of Attachment C, the existing AFW 

flow indicators are capable of providing flow indication within 

the required + 10% accuracy.
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ATTACHMENT A 

LIST OF AUXILIARY FEEDWATER SYSTEM 

AUTOMATIC INITIATION ELECTRICAL 
DRAWINGS 

Single Line Diagrams, 480V Motor Control 

Centers and Instrument Buses.

Single Line Diagram, D.C. System.  

Lighting Panels and Circuit 
Diagrams (Sheet No. 1).

Schematic Diagram 480V.  
Switchgear 21 (Sheet No.  

Schematic Diagram 480V.  
Switchgear 21 (Sheet No.  

Schematic Diagram 480V.  
Switchgear 21 (Sheet No.  

Schematic Diagram 480V.  
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LIST OF AUXILIARY FEEDWATER 
FLOW INDICATION SYSTEM DRAWINGS
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Revision 2.  
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Revision 1' 
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Revision 4 

9321-F-7030 
Revision 8 

F.P. 9321-7058 
Revision 0 

F.P. 9321-7230 
Revision 0 

F.P. 9321-7230 
Revision 0 

F.P. 9321-7231 
Revision 0

Flow Diagram, Boiler 
Feedwater

Transmitter Racks Piping 
Arrangement - Sheet No. 2, 
Instrumentation 

Instrument Piping Schematics
Sheet No. 3, Instrumentation 

Cabled Tubing Schematic, 
Instrumentation 

Outline Drawing, Edge Type 
Receiver & Press. Gauge 

Installation Drawing For 
Differential Pressure Transmitter 
Model 6E608MA 

Anderson, Greenwood Manifolds 
Type M2 

Overall Dimensions for Differ
ential Pressure Transmitter
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ATTACHMENT C 

.LIST OF AUXILIARY FEEDWATER FLOW 
..INDICATION SYSTEM SPECIFICATIONS 

1. ACCO, Bristol Division 

Product Data Sheet No. A13.5-2.  
"Pneumatic Differential Pressure 
Transmitters".  

2. United Engineers & Constructors, Inc.  

Specification No. 9321-01-252-23.  
"Specification For Flow Transmitters" 

3. United Engineers & Constructors, Inc.  

Specification No. 9321-01-252-11.  
"Specification for Indicators-Panel 
Mounted".
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i~v/& 0 1cdel - c/ 9~ cL~ REV. 3 

PNEUMATIC DIFFERENTIAL PRESSURE TRANSMITTERS 

FORCE-BALANCE TYPE

j
1
'

Figure 1. (Photo 6674) Process Con
nection Adaptor Blocks may be Mount
ed on Either End of Transmitter Body.

D, r'IW 

Figure 2. (Photo 6675) Model GE608MA 
with the Cover Removed. All Adjust

ments are Readily Accessible.

Figure 3. (Photo 6671) Model GE608M2A 
with the Square Root Extractor. Zero 
Adjustment at the Top.

FOR FLOW AND LIQUID LEVEL. Bristol Model 
GE608 Transmitters measure differential pressure, 
and transmit the measurement as a proportional 3-15 
psi air signal which may be used with any 3-15 psi, 
pneumatic receiver to indicate,: record, or control the 
measured variable.  

These are direct-acting transmitters, i.e., an increase 
in the measured variable causes an increase in out
put pressure.  

Three models are offered with range spans adjustable 
between the limits shown.  

G1E608MA 0-10 to 0-125 in.water.  
GE608MA 0-20 to 0-250 in. water.  
GE608M2A 0-20 to 0-250 in.water.  

Models GlE608MA and GE608MA transmit a 3-15 psi 
air signal which is proportional to differential pres
sure. (See Tables No. 1 and No. 2.) 

Model GE608M2A transmits a 3-15 psi air signal 
which is proportional to the square root of the differ
ential, therefore linearly proportional to flow rate.  
(See Tables No. 3 and 4.) 

()AMERICAN CHAIN & CABLE COMPANY. INC., (1969)

Liquid level measurements can be made in open or 
closed vessels through the use of a biasing attach
ment. See Figures 9 & 10.) A simple adjustment to the 
coil spring assembly will bias the measurement range 
in a positive direction or in a negative direction, de
pending upon how the attachment has been mounted 
on the transmitter.  

OPERATION. (Refer to Figure 4.) An increase in 
differential pressure pivots the primary beam in a 
clockwise direction. Simultaneously, a flapper mount
ed on the beam is moved closer to the nozzle, increas
ing the back pressure to the pilot valve. Here the 
back pressure is amplified to a 3-15 psi output signal.  

Pilot valve output pressure to the feedback bellows 
increaseg the force applied to the secondary beam.  
As a result, the secondary beam pivots counterclock
wise until a position is reached where the feedback 
force on the secondary beam balances the differential 
pressure force on the primary beam. At this point, the 
output signal from the pilot valve is proportional to 
the differential pressure.  

An important design feature is the mounting of the 
balancing beam structure directly on the high pressure 
housing, independent of the base plate. This eliminates 
any possible calibration shift due to distortion of the 
base plate or misalignment of the cover.

XIZ~I~iIZI~i L"~ WATERBURY, CONNECTICUT 00720 
A M E ZIC AN CHFiA IN el C A13LE COMPANY, I NC
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The differential range of the transmitter is changed by 
adjusting the fulcrum of the secondary beam. The ful
crum piece is locked to the stainless steel range ad
justment screw by a nylon-tipped setscrew, eliminat
ing the calibration shift which often occurs when 
locknuts are used on the range screw.  

When the transmitter is calibrated at the factory, a 
range marker is locked on the secondary beam for the 
range specified. A graduated scale is fastened to the 
permanent upright support, and serves as an approxi
mate indication of the range setting.  

External Damping Adjustment. This is a screwdriver 
adjustment located at the bottom of the measuring 
element. The adjustment is accessible with no inter
ference from the process connections or mounting 
bracket. The damping valve cannot be shut off com
pletely, nor can it be opened bi ,ond the sealed stop.  
The 90% response time can be increased from 1.2 
seconds to a maximum of 6.0 seconds.  

Pilot Valve Assembly. The pilot valve is convenient
ly accessible for routine servicing, and can be easily

removed and replaced if necessary. Stainless steel 
mesh screens are provided in the air supply and out
let ports to exclude foreign matter from the valve in
terior. All air connections are sealed by means of 
"0" rings and finger-tight knurled jam nuts to insure 
positive leakproof connections.  

GE608M2A Low Limit Cut-off Pilot. Transmitters 
equipped with a square root extractor are furnished 
with a special pilot valve which prevents the output 
signal from going below 3 psi at zero differential 
(zero to 20% flowrate) the output signal will be be
tween 3 psi and 5.4 psi, but is not a reliable flowrate 
signal Above 4% differential, the output signal is 
within ±0.'09 psi at any point.  

The non-bleed design provides low air consumption 
(less than 0.15) scfm) and has high capacity (3 to 4 
scfm) for fast response to changes in the measured 
variable. To minimize the effects of supply pressure 
changes, air to the nozzle is fed, through a restric
tion in the output air chamber, rather than directly 
from the 20 psi air supply.

,PRIMARy/ SECONDARY COdICTINi MIP

Figure 4. (Dwg. 022416) Construction Arrangement of the Model GE608MA & G1E608MA.



PRODUCT DATA A 113.5-2 
Page 3 of 7

SQUARE ROOT EXTRACTOR. (Figures 3 & 5) The 
Model GE608M2A transmitter extracts the square 
rootE of the differential pressure, and produces a 
3-15 psi output signal that is linearly proportional 
to the flow rate. The transmitter contains a feedback 
bellows which is continuously positioned so that 
the balancing force on the secondary beam is a 
square root function of the differential pressure.  

A unique air-cushion bearing eliminates sliding 
friction in the feedback bellows carriage assembly.  
The unit is calibrated to produce a linear signal 
within ±3/4% , between 41% and 100% differential 
pressure input for ranges up to 100 inches H 2 0, 
and within ±1% for higher ranges.  

RANGE BIASING ATTACHMENT Z47. The trans
mitter may be obtained with this attachment for 
applications such as liquid level, bi-directional 
flow, reversed output signal, etc. where it is nec
essary to bias the range in a positive or a nega
tive direction. Attachment Z47 consists of an ad
justable coil spring assembly designed to mount 
at the top of the transmitter. See Figure 7. The 
assembly connects to the primary beam when posi
tive bias is required, and to the secondary beam

when negative bias is needed. Figure 6 shows the 
effects of bias on the output signal.  

Attachment Z47P - Positive bias (elevated zero) 
3 psi output signal at specified negative differential.  

Attachment Z47N - Negative bias (suppressed zero) 
3 psi output signal at specified positive differential.  

Maximum bias is 250 inches water.  

RANGE MARKER ATTACHMENT Z60. A positive 
preset range marker is furnished as a standard fea
ture. The marker is factory-set for the exact range 
specified, but can be conveniently reset for a range 
change and locked in the new position. When speci
fied, Model GE6O8M2A can be furnished with Attach
ment Z60 for any range between 50 and 250 inches 
of water.  

For applications which require periodic range chang
es, several range markers can be furnished, factory
set for specific ranges. An alignment pin is used to 
accurately position the fulcrum for the ranges speci
fied, without removal of the transmitter or need for 
calibrating equipment.

POSITIONING ELEMENT 
AIR CONNECTION

INS SCREWS

FEEDBACK TUBE AIR BEARING 
TO POSIT ION ZELEMENT) RESTRICTION 

AIR BEARING 
SUPPLY TUBE 

O0®O 
[OUT NOZZLE TUBE 

PILOT VALVE

BEAM

Figure 5. (Dwg. 022418) Detail Drawing of Square Root Extractor Model GE6O8M2A.
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Figure 6. (S.P.D. 6808) Effects of Biasing.  

For corrosion protection in alkaline or acid atmos
phere applications, the aluminum cover can be fur
nished, with a special epoxy finish. For such appli
cations, specify Attachment Z66.  

FLOW APPLICATIONS. When flow rate is to be 
measured, the Bristol differential pressure trans
mitter is connected across a primary device such as 
an orifice plate, flow nozzle, or Venturi tube. As the 
flow through the primary device increases, the dif
ferential pressure increases proportionally to the 
square of the flowrate. ''he pneumatic signal from 
the transmitter increases proportionally with the in
crease in differential pressure, and is therefore a 
squared function of flow rate. Figure 8 illustrates 
this point.

POSITIVE BIAS 
(elevated zero)

SCREW

0
CALIBRATION DA'TA GE608MA (Po Z"S P)

INPUT OUTPUT 

% A P Po psi % Q 

zero 3.00 zero 

10 4.20 31.62 

20 5.40 44.72 

30 6.60 54.77 

40 7.80 63.25 

50 9.00 70.71 

60 10.20 77.46 

70 11.40 83.67 

80 12.60 89.44 

90 13.80 94.87 

100 15.00 100.00 

Table No. I 

INPUT OUTPUT 

%A P Po psi Q 

zero 3.00 zero 

1.00 3.12 10.00 

4.00 3.48 20.00 

9.00 4.08 30.00 

16.00 4.56 40.00 

25.00 6.00 50.00 

36.00 7.32 60.00 

49.00 8.88 70.00 

64.00 10.68 80.00 

81.00 12.72 90.00 

100.00 15.00 100.00 

Table No. 2

NEGATIVE BIAS 
(suppressed zero) 

SP NG RETAINING SCREW 

Secondary 
Beam

Primary 
Beam

Figure 7. (Dwg. 022420) Biasing Attachment Z47.

@



0
Where the 3-15 psi output signal must be linearly 
proportional to the flow rate, the Model GE608M2A 
transmitter is used.  

CALIBRATION DATA GE608M2A (Po "T" 

INPUT OUTPUT 

%AP Po psi % Q 

zero 3.00 zero 

4 5.40 20.00 

9 6.60 30.00 

16 7.80 40.00 

25 9.00 50.00 

36 10.20 60.00 

49 11.40 70.00 

64 12.60 80.00 

81 13.80 90.00 

100 15.00 100.00 

Table No. 3 

INPUT OUTPUT 

%Ap Po psi Q 

zero 3.00 zero 

4 5.40 20.00 

10 6.79 31.62 

20 8.37 44.72 

30 9.54 54.77 

40 10.59 63.25 

50 11.49 70.71 

60 12.30 77.46 

70 13.04 83.67 

80 13.73 89.44 

90 14.38 94.87 

100 15.00 100.00 

Table No. 4 

LIQUID-LEVEL APPLICATIONS. Figures 9 and 10 
show typical methods for measuring liquid-level. In 
both instances, it is necessary to bias the range 
using Attachment Z47. The designations that apply 
to these illustrations are as follows:

Hx max.  

II x 
h 1 

h 2 

G x 
GI & G2

= Upper Range Limit 

= Measured Level 

= High Pressure Leg 

= Low Pressure Leg 

= Specific Gravity Tank Liquid 

= Specific Gravity in h1 & h 2

6 9 12 

PNEUMATIC OUTPUT SIGNAL- PSI

'Figure 8. (S.P.D. 4791) Flow vs Pneumatic Output Signal.

Figure 9. (S.P.D. 4786) Measuring Liquid Level in an 
Open Tank. Negative 13ias Required.  

CONDENSATE 

VAPOR ,.- CHAMBER 

LIUID 

ZERO 
DATUM 

(2) 

DRIP 
LEGS 

Figure 10. (S.P.D. 4788) Liquid Level Measurement in a 
Closed Tank. Positive Bias Required.  

Figure 9 depicts an open tank application requiring 
a negative bias. The tank is connected to the high 
pressure side of the transmitter, and the bias spring 
is adjusted to balance the liquid head h1 .  

Negative Bias = h1 G1 

Range = H. max. G.
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The effect of negative bias on the output signal is 
given in the following example. Referring to Fig
ures 6 and 9, assume: 

H = Tank level 
X 

h, = Transmitter position 5 feet (60 inches) 
below tank 

hB  = Negative bias spring setting of 60 inches 

With 60 inches of head on the high pressure side of 
the transmitter, the differential is zero, and the out
put signal is 3 psi.'

AP =H + (hl- hB )

where hB =hl 

nP=H X

Figure 10 illustrates a closed tank application which 
requires a positive bias attachment on the transmit
ter. The lower tank connection is made to the high 
pressure side of the transmitter, with the upper tank 
connection being made to the low pressure side of 
the transniitter. Outside leg h2 is filled with tank 
liquid, and the spring assembly of the bias attach
ment is adjusted to balance the liquid head h 2 - h 1.

Positive Bias = h 2 G 2 - h 1 G1

Range = H max. G

Output signal at zero level is 3-psi.  
Output signal at Hx max. is 15 psi.  

An example of reverse differential may be given as 
follows: (See Figure 6.) 

Range = 100" - 0 - 100" 1 2 0 

Measured Span = 200" H 2 0 

50% Positive Bias = 100" H 2 0 

when:

AP =0 

/AP = +100" 

AP =-100"

Output. Signal = 9 psi 

Output Signal = 15 psi 

Output Signal = 3 psi

SPECIFICATIONS 

Differential Range 
0-10" to 0-125" HpO (continuously adjustable) 
0-20" to 0-250" 20 

Supply Air Pressure 
20 psi, +2 psi 

Output Signal 
3 - 15 psi 

Supply and Output Pressure Connections 
1/4" NPT. Stainless steel filter screens pro
vided.

0 
Process Connections 

1/2" NPT (2-1/8" centers). Stainless steel filter 
screens provided.  

Vent and Drain 
1/4" NPT 

Range Marker 
Factory set. Also Attachment Z60.  

Transmitter Body Materials 
Carbon steel cadmium-plated, or type 316 SS 

Measuring Element 
Type 316 SS capsule 

Filling Fluid 
Silicone oil 

Seals 
Teflon, neoprene, or viton 

Adjustable Damping 
5:1 ratio, 1.2 to 6.0 sec. for 90% response.  

Zero Adjustment 
External 

Process Presstre 
1500 psi maximum 

Process Temperature 

-40 0 to +250 0 F 

Ambient Temperature 
-200to +180 0 F 

Over-15ressure Protection 
1500 psi either side

Calibration Tolerance 
GE608MA 

Range span GIE608MA 
IGE608M2A

±1/2% 
+1% 
±+3/4%

Ambient Temperature Effect 
1/2% of D.P. range for 500change in ranges of 50" 
and higher. 1% of D.P. range for 50°change in rang
es below 50".  

Static Pressure Effect 
1/2% of differential pressure range for 500 psi (zero 
shift) 

Supply Pressure Effect 
Less than 1/4% of range per psi 

Volumetric Capacity 
8.97 cu. in. "Hi" side 
3.11 cu. in."Lo" side 

Volumetric Displacement 
0.11 cu. in for 250" H 2 0 

Air Consumption 
0.15 scfm 

Air Capacity 
3.0 scfm 

Air Pilot Valve 
Non-bleed 

Zero Suppression (Negative Bias) 
0-230" adjustable.



0
SPECIFICATIONS (cont'd.) 

Zero Elevation (Positive Bias) 
Elevation + Range Span < 250" 

Overall Dimensions (See Figure 11) 
12" high x 7-1/2" wide x 6-5/8" deep 

Net Weight 
. Approximately 27 pounds

ATTACHMENTS 

Range Biasing 
Attachment Z47P - Positive 

Z47N - Negative 

Range.Marker (Multiple Ranges) 
Attachment Z60 

Stainless Steel Body Bolts 
Attachment Z61

Epoxy Coated Cover 
Attachment Z66

6j CLEARANCE 

TO REMOVE

NPT

NOTE: ' 
MAY BE ADJUSTED 

TO 2 OR 2+

Figure 11. (Dwg. 010855) Overall Dimensions.

PRINTED IN U.S.A.
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