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1.0 INTRODUCTION

HB The following report summarizes the results of an evaluation 
performed for the Northern States Power Company, on the 1973 
Monticello High Energy Line Break (HELB) Analysis. The 

g3 objective of the evaluation was to independently review the 
systems and conclusions identified in the 1973 HELB evalua
tion 'for accuracy, and to evaluate the effects of system 
configuration changes on the original conclusions for the 
components, equipment, and structures essential for safe 
shutdown of the plant.  

This report defines the high energy lines associated with the 
systems of interest, and for each, provides detailed informa
tion regarding the method of compliance and/or additional 
evaluations required to demonstrate compliance with the 
required HELB criteria. Each HELB system was evaluated indi
vidually, for the effects of pipe whip, jet impingement, 
flooding, equipment qualification, and safe shutdown paths.  

The remaining sections of this report provide background 
information, the evaluation approach and methodology, safe 
shutdown system requirements, the results of the evaluation, 
and conclusions and recommendations for additional activites 
based on the evaluation results.  

It should be noted that the conclusions contained in this 
report reflect the information available at the time of its 

a generation. Revisions to the results and conclusions may be 
required as additional information is received.  

I 
I 

I 
I 
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2.0 BACKGROUND

On December 18, 1972 a letter was transmitted to all operating 
plants by the Atomic Energy Commission (AEC) (Reference 7.1) 
requesting information relative to the effects of a post
ulated rupture of piping containing high energy fluid.  

In response to this request NSP performed a High E-nergy Line 
Break (HELB) analysis for the Monticello Plant and submitted 
the summary report in September 1973 (Reference 7.2). For 
this analysis, high energy lines were chosen as those lines 
whose service temperature exceeded 200 0F and whose design 
pressure was greater than 275 psig. The basis for selection 
of break locations were those places where the greatest 
impact on safe shutdown would be experienced. These locations 
were evaluated for pipe whip, jet impingement,. compartmental 
pressurization, and flooding.  

In 1980, IE Bulletin 80-11, Masonary Wall Design (Reference 
7.3), was issued to alert owners to the possible failure of 
block walls that could damage safety related equipment. The 
review performed for the Monticello Plant indicated that to 
protect the block walls in the Turbine Building pipe chase 
(IX/19C), installation of jet impingement shields would be 
required on the condensate piping, C4A-16-GB & C4B-16-GB.  
However, no shields were recommended for installation on the 
feedwater lines. In February 1986 it was noted by NSP that a 
compartmental pressurization of Fire Zone IX/19C could damage 
both Division (Div.) I cables and the essential Div. II 
motor control center (MCC 143). This information was 
reported to the NRC on April 4, 1986.  

In April 1986 NUTECH Engineers Inc. was contracted by NSP to 
perform a review of the scope and accuracy of the 1973 analy
sis to determine if additional problems, similar to those 
found in Fire Zone IX/19C exist. The review covered those 
systems previously identified in the original report as con
taining high energy fluid.  
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3.0 EVALUATION APPROACH AND METHODOLOGY

This report provides a thorough review of those systems iden
tified in the 1973 HELB analysis as having high energy lines.  

Individual high energy lines and the associated break loca
tions were identified, and the effects on Safe'Shutdown (SSD) 
systems, components, and structures from the postulated 
breaks were evaluated. The criteria identified in the Decem
ber 18, 1972 Giambusso letter as clarified by Standard Review 
Plan (SRP) 3.6.1 (Reference 7.4), were utilized as the basis 
for the determination of the high energy lines, break loca
tions, and the evaluation of effects on SSD equipment.  

This section describes the criteria, assumptions and metho
dology used to select the high energy lines, determine the 
break locations, and evaluate the effects of the high energy 
breaks on SSD capability.  

3.1 General Criteria 

The evaluation requirements for high energy line breaks 
outside of the containment are contained in Criteria No.  
4 of the General Design Criteria listed in Appendix A of 
10 CFR Part 50 and in the Giambusso letter (Reference 
7.1) . These criteria require that systems and compo
nents required to ensure a cold shutdown of the plant be 
capable of withstanding all of the expected conditions 
resulting from high energy line breaks outside of the 
containment including pipe whip, jet impingement and 
environmental effects. The application of these crite
ria is restricted to those systems, structures, and 
components required to bring the plant to, and maintain 

I a cold shutdown condition.  3.2 Assumptions The following assumptions were made during the HELB 
evaluation: 

3.2.1 A postulated break was assumed to occur during 
normal steady state operating conditions at 
100% of rated power (Criterion B.3.a -Refer
ence 7.4).  

3.2.2 Loss of offsite power concurrent with the line 
break was assumed, unless it was more conser
vative to assume the availability of offsite 
power, as would be the case for a break in a 
feedwater line (Criterion B.3.b.1 - Reference 
7.4).  
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3.2.3 No fires or other simultaneous line breaks or 
accidents were considered in the evaluation of 
the data (Criterion B.3.a - Reference 7.4).  

3.2.4 A single active component failure was assumed 
in systems used to mitigate consequences of 
the postulated piping failure and to shut down 
the reactor. The single active component 
failure is assumed to occur in addition to the 
postulated piping failure and any direct 
consequences of the piping failure, such as 
unit trip and loss of offsite power (Criterion 
11c Reference 7.1 and as clarified in Crite
rion B.3.b.2 of Reference 7.4) 

3.2.5 Circumferential breaks were assumed to result 
in complete pipe severence with full separa
tion of the two severed pipe ends (i.e., guil
lotine). The break was assumed to be perpen
dicular to the longitudinal axis of the pipe.  
Circumferential breaks postulated at fittings 
were assumed to be at the fitting-to-pipe 
weld(s) (Footnote 9 to Criterion 3 -Reference 
7.1).  

3.2.6 Longitudinal breaks were assumed to be 
oriented parallel to the longitudinal axis of 
the pipe. Longitudinal breaks postulated at 
fittings were assumed to be at the center of 
the fitting (Footnote 8 to Criterion 3 - Ref
erence 7.1).  

3.2.7 Seismic Category I Systems, for which stress 
data wa-s not available to determine break 
locations, was treated as a seismic Category 
II system (Criterion B.3.a.2 - Reference 7.5).  

3.3 Identification of High Energy Piping 

High energy (HE) piping was assumed to be all 8 iping 
with a normal operating temperature exceeding 200 F and 
the normal operating pressure exceeding 275 psig (Refer
ences 7.6). If the actual normal operating conditions 
were not known, the design conditions were conserva
tively substituted. These criteria were applied to the 
Primary Steam, RCIC (steam), HPCI (steam), RWCU, Conden
sate Feedwater, and high energy sampling and instrument 
sensing systems. The Piping and Instrumenta
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tion Diagrams and the Piping Line Designation Tables 
were utilized to generate the list of high energy lines.  

3.4 Selection of Break Locations 

Break locations were postulated for all HE Piping with a 
nominal diameter greater than 1 inch (Criterion 3 -Ref
erence 7.1), and a normal operation time exceeding 2% of 
the total unit operation time (Criterion B.2.e -Refer
ence 7.5) in accordance with the following criteria: 

3.4.1 Breaks were postulated for each Seismic Cate
gory I HE Line as follows: 

(1) At the terminal ends of the pressurized 
sections of the run (Criterion 2.b.1 
-Reference 7.1); 

(2) At any intermediate location where normal 
operating and seismic stresses exceeds 
0.8(Sh + S ) or .8(SA) (Criterion 2.b.2 
-Reference 7.1) ; 

(3) Not less than two (2) total intermediate 
locations were selected on the basis of 
highest relative stress if line stresses 
were below the criteria specified in Item 
(2). . When choosing postulated break 
location on this basis, if the stresses 
differed by less than ten percent at the 
two highest stressed locations and their 
locations were not separated by a change 
in the direction of the piping run, then 
additional points were selected until a 
minimum of two locations were identified 
which were separated by a change in 
direction of the piping run (Section 
5.2.c - Reference 7.7).  

(4) If the piping run had calculated stresses 
lower than the limits established by Item 
2 everywhere between its terminal ends 
and had only one change of direction, 
only one intermediate rupture location 
was postulated. Intermediate rupture 
locations were not postulated on short 
piping runs (less than 20 pipe diameters 
in length) with calculated.stresses lower 
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than the limit of Item 2 everywhere 
between terminal ends and only one change 
of direction (Section 5.2.C - Reference 
7.7).  

3.4.2 Break locations postulated for each Seismic 
Category II (i.e., non-seismic)high energy 
line were selected as follows (Criterion 
B.1.d.2 - Reference 7.5): 

(1) At the terminal ends of the pressurized 
sections of the run; 

(2) At each intermediate location of poten
tial high stress or fatigue such as pipe 
fittings, valves, flanges and welded on 
attachments.  

3.4.3 Critical cracks were postulated to occur in 
piping carrying high energy fluids routed in 
the vicinity of systems required for safe 
shutdown of the unit. The critical crack size 
was taken to be 1/2 the pipe diameter in 
length and 1/2 the wall thickness in width 
(Criterion 2 -Reference 7.1).  

3.5 Break Types 

Circumferential breaks were postulated and evaluated at 
terminal ends. In addition, circumferential breaks were 
postulated at intermediate break locations on HE piping 
with a diameter exceeding 1 inch. Longitudinal breaks 
were postulated at all intermediate locations on HE 
piping with a nominal diameter exceeding 4 inches 
(Criterion 3 - Reference 7.1).  

3.6 Site Survey Method and Approach 

Preparation for the site surveys included the generation 
of a HELB Table identifying, by system, all high energy 
lines. Piping drawing plans and sections were color 
coded to highlight the high energy lines. Fire area 
boundaries were then superimposed on these drawings 
using the Monticello Nuclear Generating Plant Updated 
Fire Hazards Analysis (Reference 7.8) to define site 
survey areas. Fire Area/Zones were used, so that a 
unique designation could be provided for each compart
ment inspected. The surveys were conducted by compart
ment or fire area for all systems with high energy 
lines. HELB Data was recorded by survey team members 
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for each HE line on Data Sheets and compiled into a 
survey book.  

3.7 Evaluation of High Energy Line Break Data 

The data obtained during the plant surveys was used to 
evaluate the hazards of pipe whip, compartment flooding, 
compartmental overpressurization, environmental condi
tions and jet impingement on those systems, components, 
and structures identified as required for safe shutdown.  
The evaluation techniques for each of the hazards iden
tified was performed by applying the following criteria: 

3.7.1 Pipe Whip Effects 

For each postulated break, the effects of pipe 
whip were evaluated. Pipe whip movement was 
assumed to occur about a plastic hinge located 
at a point or points selected using the fol
lowing guidelines (Reference 7.4): 

(1) The pipe run terminal point.  

(2) The nearest pipe fitting which will expe
rience high bending moment. Generally 
this will occur at the second elbow from 
the break point.  

(3) A pipe whip restraint.  

(4) Any structure or equipment which can 
reasonably be expected to restrain the 
movement of the pipe (e.g., concrete wall 
or pressure vessel).  

(5) Ordinary pipe supports were considered 
ineffective during whip.  

Circumferential breaks were assumed to cause 
pipe whip about the plastic hinge in a plane 
defined by the pipe geometry and in the direc
tion of jet reaction (Criterion B.3.a.5 -Ref
erence 7.5) . Longitudinal breaks were assumed 
to cause pipe whip movement in any direction 
normal to the longitudinal axis of the pipe at 
the point of the break (Footnote 8 to Crite
rion 3 - Reference 7.1) . Additionally, it was 
assumed that the geometry of the pipe segment 
between the selected hinges remained unchanged 
throughout the pipe whip path.  
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The area of influence of pipe whip was consid
ered to be the worst case area determined 
applying the criteria identified above. In 
general, circumferential breaks cause the 
worst case pipe whip conditions.  

In evaluating the effect of pipe whip on safe 
shutdown components and structures, the fol
lowing criteria was used: 

(1) The energy level in a whipping pipe was 
considered to be insufficient to rupture 
an impacted pipe of: A) Equal or greater 
nominal pipe size and B) Equal or heavier 
wall thickness (Footnote 1 to Criterion 
1.d -Reference 7.1).  

(2) Impacted pipe of lesser nominal pipe size 
or lighter wall thickness was assumed to 
rupture or require further evaluation 
(Footnote 1 to Criterion 1.d - Reference 
7.1).  

(3) All electrical cables in cable trays, 
conduit, or other raceways impacted by a 
whipping pipe were assumed to be severed 
or require further evaluation. Other 
electrical and I & C components were 
assumed to fail or require further evalu
ation (Reference 7.2).  

(4) Structural components impacted by a whip
ping pipe were assumed to fail or require 
further evaluation (Reference 7.2).  

3.7.2 Jet Impingement Effects 

For each postulated break, the effects of jet 
impingement were evaluated. The criteria used 
to evaluate these effects were as follows: 

(1) All jets were assumed to be influenced by 
gravity (Section 7.1 - Reference 7.7).  
However, because of the jet fluid veloci
ties and the relative proximity of the 
targets, jet travel in a straight line 
was assumed.  

I 
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(2) Jets from a circumferential break were 
assumed to sweep the arc traveled during 
the whip (Section 8.1 - Reference 7.7).  

(3) A .longitudinal break can occur at any 
azimuth location of the pipe circumfer
ence (Footnote 8 to Criterion 3 -Refer
ence 7.1).  

(4) A jet discharging saturated steam, satu
rated water, or subcooled water, with a 
fluid temperature greater than the satu
ration temperature at the surrounding 
environmental pressure was assumed to 
expand in a 100 half-angle cone. Sub
cooled water jets with a fluid tempera
ture less than the saturation temperature 
at the surrounding environmental pressure 
are characterized by a constant diameter 
jet (Section 7.2 -Reference 7.7) . The 
initial area of the jet for a circumfer
ential break was assumed equal to the 
effective flow area of the pipe at the 
break location (Section 7.2 - Reference 
7.7).  

(5) A postulated jet was considered effective 
until it strikes a solid barrier. All 
safe shutdown components, pipes, and 
structures impacted by the jet were con-
sidered incapable of performing their 
safe shutdown function or requiring fur
ther evaluation (Section 7.2 -Reference 
7.7).  

(6) Where the jet must travel a significant 
distance to impact safe shutdown compo
nents or structures, simplified calcula
tions may be used to demonstrate that the 
jet impingement forces are negligable.  

3.7.3 Flooding Effects 

In each area or compartment where breaks were 
postulated, the potential adverse effects from 
flooding were identified using the following 
criteria (Section 10 - Reference 7.7): 

(1) Vulnerability of safe shutdown equipment 
due to flooding because of location and 
configuration.  

NSP-30-102 - 3.7 
Revision 0 

nutech 
ENGINEERS



(2) Potential rupture sizes and the available 
quantity of water.  

(3) Presence of floor drains or doorways 
which could provide drainage.  

(4) Flooding protection in the form of dams 
or sumps with pumps.  

Environmental Effects and Compartment Pressur
ization 

A review was conducted to determine if the 
safe shutdown components in compartments or 
areas in which breaks have been postulated are 
qualified for worst case environmental condi
tions including the effects of compartment 
pressurization. Attention was focused on 
closed compartments which contained high 
energy lines. The bounding or largest avail
able energy line break for each compartment 
was compared with that assumed in the Monti
cello Nuclear Generating Plant Environmental 
Effects Report (Reference 7.9) to establish 
limiting condition for the compartment. If 
other lines appeared to produce a more severe 
condition, this information was noted. .
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4.0 SAFE SHUTDOWN SYSTEMS REQUIREMENTS 

I Safe shutdown was assumed to be achieved by meeting the spe
cific performance goals of the plant. These performance 
goals were used to establish the equipment required for safe 
shutdown. The goals include: 

Bringing the reactor core to a subcritical condition.  

Restoring and maintaining reactor vessel water level 
above the active fuel level precluding fuel cladding 
failure.  

Preventing overpressurization of the reactor vessel.  

Removal of decay heat generated in the core.  

A review of specific plant documents was conducted, to obtain 
information on the systems required for safe shutdown and the 
success paths to safe shutdown. This information was gathered 
from the Updated Safety Analysis Report (Reference 7.10), the 
1973 HELB Report (Reference 7.2), and Fire Protection Safe 
Shutdown Analysis Report (Reference 7.11). From these docu
ments a list of safe shutdown systems was generated for use 
in identifing potential targets of pipe whip and jet impinge
ment., equipment subject to flooding and environmental con
cerns, and for determining the safe shutdown path for each 
postulated break. A description of each system follows: 

4.1 Safe Shutdown Systems Summary 

The following list identifies those systems, for which 
credit can be used to bring the unit to safe shutdown: 

(1) Reactor Protection System (RPS), Control Rod Drive 
System, and Control Rods 

(2) High Pressure Coolant Injection (HPCI) 

(3) Safety/Relief Valves (S/RV's) 

(4) Reactor Core Isolation Cooling (RCIC) 

(5) Residual Heat Removal (RHR) including: 

- Low Pressure Coolant Injection (LPCI) Mode 
- Shutdown Cooling (SDC) Mode 
- Supression Pool Cooling (SPC) Mode 

I 
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(6) Core Spray (CS)

(7) RHR Service Water 

(8) Shutdown Instrumentation 

(9) Auxiliary Support 

- Onsite Power and Distribution System 
- Emergency Service Water 
- Diesel Generator Auxiliary Systems 
- D-C Power Systems 
- HVAC 

4.2 Reactor Protection System, Control Rod Drive System, and 
Control Rods 

The RPS, Control Rod Drive System and Control Rods con
stitute the Reactivity Control System. Shutdown of the 
fission chain reaction process is accomplished by inser
tion of the control rods into the reactor core. With 
the rods inserted, the reactor is in a subcritical con
dition. Control Rod insertion into the core is actuated 
by the RPS, and the Control Rod Drive System provides 
the motive force to insert the control rods. The Control 
Rod Drive Pumps can also be used to maintain the reactor 
vessel water level, while decay heat is removed by the 
SDC Mode of the RHR System. The Reactivity Control Sys
tem meets the requirements of the first performance 
goal.  

4.3 High Pressure Coolant Injection (HPCI) 

The HPCI system is the high pressure, low flow water 
injection system whose function is to restore and main
tain reactor vessel water and depressurize the reactor.  
The HPCI System is automatically initiated on reactor 
low-low water level, and the HPCI System can continue 
operation down to reactor vessel pressures lower than 
the shutoff heads of the CS and LPCI pumps. The HPCI 
pump is powered by means of a steam driven turbine with 
steam supplied from the reactor vessel and is controlled 
by Div. II 250V-DC power. The preferred source of water 
for the HPCI is the Condensate Storage Tank and the 
safety-related source is the suppression pool. The HPCI 
system meets the performance goals of both inventory 
control and depressurization.  
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4.4 Safety/Relief Valves (S/RV's) 

The S/RV's are designed to be capable of remote manual 
actuation to reduce reactor vessel pressure to enable 
the low pressure core cooling systems (LPCI and Core 
Spray) to function. The S/RV's include the valves, air 
accumulators and associated circuitry for manual oper
ation. For the safe shutdown system function, the 
valves are manually operated to depressurize the reactor 
vessel by transferring steam to the suppression pool.  
Depressurization of the reactor vessel enables these low 
pressure core cooling systems to effectively function.  
The S/RVs require only D-C power from the plant battery 
system for operation. The source of air for valve oper
ation is from the air accumulator on each valve. There 
are no required automatic system actuation signals for 
the safe shutdown system function.  

Once the reactor vessel is depressurized, the S/RVs can 
be used as a flow path to remove decay heat from the 
reactor vessel, if the shutdown cooling line is not 
available. A loop is established with a CS or RHR pump 
taking suction from the Suppression Pool and returning 
the water to the Suppression Pool through the S/RVs.  

4.5 Reactor Core Isolation Cooling 

The RCIC is designed to restore and maintain reactor 
vessel water level. Like the HPCI System, the RCIC Pump 
is powered by a steam driven pump with steam supplied 
from the reactor vessel, operates on D-C power, is actu
ated on reactor low-low water level, is capable of sup
plying water to the reactor vessel over the pressure 
range from S/RV setpoints to below the shutoff head of 
the CS and LPCI pumps, and can take pump suction from 
either the Condensate Storage Tank or the Suppression 
Pool. The RCIC meets the performance goal of restoring 
and maintaining reactor vessel level.  

4.6 Residual Heat Removal 

The RHR System is designed to maintain reactor vessel 
water level and remove decay heat, after the reactor 
vessel has been depressurized. The LPCI Mode is used to 
restore and maintain' reactor vessel water level. LPCI 
Pump suction is taken from the Suppression Pool, and the 
water is injected through the Recirculation System. The 
SDC Mode is used to remove decay heat from the reactor 
vessel. RHR Pump suction is taken from the recircula
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tion piping. The water is pumped through the RHR Heat 
Exchanger, and the water is returned to the reactor 
vessel via the recirculation piping. The isolation 
valves in the recirc loop used for SDC water return to 
the reactor vessel are closed prior to establishing SDC 
flow to the recirc loop. The SPC Mode is used to remove 
decay heat from the Suppression Pool. In this mode 
Reactor Vessel level is maintained by a CS pump. In the 
SPC mode, RHR Pump suction is taken from the Suppression 
Pool. The water is pumped through the RHR Heat 
Exchanger and returned to the Suppression Pool.  

4.7 Core Spray 

The Core Spray System is used to maintain reactor cool
ant inventory and remove decay heat, after vessel 
depressurization. Reactor vessel coolant inventory is 
maintained by taking suction from the Suppression Pool 
and pumping the water through a ring header above the 
core in the reactor vessel. By opening the SR/V's and 
operating a CS pump, a loop can be established to remove 
decay heat from the reactor vessel and transfer the heat 
to the Suppression Pool. The decay heat is then removed 
from the Suppression Pool by SPC Mode of RHR.  

4.8 RHR Service Water 

The RHR Service Water System is used to transfer the 
decay heat from the RHR System to the river (i.e., Ulti
mate Heat Sink). River water is pumped through the tube 
side of the -RHR Heat Exchanger and returned to the 
river. The RHR Service Water System meets the perfor
mance goal of decay heat removal.  

4.9 Shutdown Instrumentation 

The minimum required instrumentation to assure safe 
shutdown is as follows: 

(1) Reactor Vessel Level Indication.  

(2) Reactor Pressure lindication.  

(3) Suppression Pool Temperature Monitoring 

(4) Suppression Pool Level Indication.  
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4.10 Auxiliary Support Systems 

The following Auxiliary Support Systems are used to 
support -those required for safe shutdown: 

(1) The Onsite Power and Distribution System provides 
the necessary electrical power to run safe shutdown 
equipment.  

(2) The Emergency Service Water System provides cooling 
water for the Diesel Generators, the RHR and CS 
Pumps, the RHR/CS pump room coolers, and the HPCI 
pump room cooler.  

(3) The Diesel Generator Auxiliary Systems provide the 
necessary air for diesel start and the fuel oil for 
operation.  

(4) The D-C Power Systems provide the control power for 
the HPCI, RCIC,and Diesel Generator Systems and 
supply the power for the S/RV's electrical oper
ation.  

(5) The HVAC Systems are used for HPCI Room cooling and 
CS/RHR Room cooling.
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5.0 RESULTS OF EVALUATION 

5.1 General Results 

Table 5.1-1 provides a list of all high energy lines 
considered in the evaluation. In addition to identify
ing the high energy lines for each system considered, 
information is provided as to each line's location, 
terminal points, material, design conditions, and fire 
area(s) location(s). Also provided for each line is the 
compliance matrix, which identifies what further evalua
tion will be required to achieve compliance with the 
HELB requirements. Information for each HE line within a 
compartment was compiled by site inspection, and 
recorded in the survey book (Reference 7.12). The HE 
line list and compliance matrix reflects the information 
gathered from the site inspections in the compliance 
matrix. The systems identified as having high energy 
lines included: 

(1) Main Steam 

(2) Feedwater 

(3) Condensate 

(4) HPCI (steam) 

(5) RCIC (steam) 

(6) Reactor Water Clean-up (RWCU) 

(7) Instrument and Sample Lines 

All lines, which could be excluded based upon the 1" or 
less nominal pipe size or 2 % operating time exclusions, 
have been identified as excluded in the compliance mat
rix.  

5.2 Single Active Failure 

For each compartment containing HE lines, where safe 
shutdown equipment was adversely affected, a single 
active failure review was conducted to determine the 
single active failures that could inhibit safe shutdown 
of the unit. Determination of the component(s) subject 
to single active failure was based upon the definition 
provided in Appendix A to BTP ASB 3-1 (Reference 7.4) 
and Section 3.2 of Reference 7.6. The single failure 
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WI review was conducted using the criteria given in Section 
3.2.4 of this report. Those scenarios, for which a safe 
shutdown path could not be determined, are identified as 
items to be resolved in the conclusions.  

The determination of postulated targets and lost systems 
revealed that for all HELB's within the plant, the RPS 
and the S/RV's were not affected. Also, there are no 
single active failures within these systems coincident 
with loss of offsite power (Sections 6.2.5 and 7.6.1 
Reference 7.10) which could prevent these systems from 
performing their intended safe shutdown function. Hence, 
the reactivity control and Reactor Vessel depressuriza
tion function could always be achieved.  

The Reactor Vessel level control function is achieved by 
using either the HPCI or RCIC system before RPV depres
surization and by using the Core Spray or LPCI Mode of 
RHR after RPV depressurization. If neither HPCI nor RCIC 
is affected by a HELB, then either system can achieve 
the level control function, assuming a single active 
failure in either system. If both HPCI and RCIC are 
lost through a HELB or HELB and single active failure, 
the RPV can be depressurized with the S/RV's and either 
the LPCI mode or CS can be used to restore and maintain 
RPV level. The LPCI and CS are redundant to each other, 
and each essential division has a CS and LPCI System.  
There are no single active failures in the CS, HPCI, 
RCIC, and the LPCI Mode of RHR which prevents the reac
tor vessel level function from being achieved.  

The decay heat removal function is achieved by the HPCI 
System before RPV depressurization and by the SDC Mode 
of RHR or the CS, S/RV's, and SPC Mode of RHR after 
depressurization. If the HPCI System is not available 
as result of a HELB or a single active failure, the RPV 
can be depressurized using the S/RV's, and decay heat 
removal established by SDC Mode of RHR or the CS-S/RV's 
-SPC Mode of RHR. Each essential division contains a CS 
and RHR system. Hence, these systems provide redundancy 
for the decay heat removal SSD function on a systems 
basis. In addition, each RHR Loop is equipped with 2 
pumps (only 1 of which is required for SPC or SDC Mode) 
and locked open suction valves to the suppression pool.  
Therefore, in either loop of RHR with a single active 
failure either the SDC Mode or the SPC Mode is avail
able, and the decay heat removal function can be 
achieved. Therefore, no single active failure within 
these systems can prevent achievement of the decay heat 
removal SSD function.  
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U In addition to these systems, the RHR Service Water 
System is required to remove decay heat from the RHR 
System and transfer the heat to the river. Each RHR 
Service Water System loop is equipped with duel pumps, 
and hence a single active failure of either pump does 
not affect the ability of the identified loop to func
tion. The only non-redundant active component in either 
loop is the control valve which regulates RHR Service 
Water pressure. If this valve is the single active 
failure, sufficient time exists to manually open the 
valve or force the valve. This is because for the 
HELB's postulated either HPCI and RCIC are not affected 
or both essential power systems are not effected. In 
either case heat rejection to the river would not be 
required for several hours, which would be sufficient 
time to switch to the other essential division or open 
the affected valve.  

For the Emergency Service Water (ESW) System, redundancy 
within each division does not exist, and the ESW lines 
are subject to HELB's. Further analysis of this system 
is given for each compartment where ESW is affected,.and 
the non-acceptable results are identified in the conclu
sions.  

The remainder of the auxiliary systems (i.e., D/G Auxil
iary Systems, D-C Power Systems, and HVAC) can perform 
their function assuming a single active failure. The 
D/G Auxiliaries include the air start system, cooling 
system, the oil transfer system, and the electrical 
control system. Redundant air start valves exist, which 
are the only active components on the air start system.  
The cooling system has no active components except for 
the ESW pump, which was discussed previously. The oil 
day tank for the diesel generator contains enough fuel 
for the diesel to run for 8 hours (Section 8.4.1 - Ref
erence 7.10). For a failure of the essential fuel oil 
transfer pump a gasoline driven portable pump exists to 
transfer fuel oil from the oil storage tank to either 
day tank. The electrical control power for the diesel 
generators is taken from the D-C power system. The only 
active components on this system are the breakers at the 
Essential MCC's. A single failure of one of these 
breakers would not prevent the functioning of the D-C 
power system. Likewise, for the entire 250V and 125V 
D-C power system, the only active components are the 
breakers. No single active failure can prevent the 
system from functioning, and no components other than 
the 125V D-C breakers on MCC's 133 and 143 are subject 
to HELB's.  
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U The only instrumentation required for safe shutdown, 
which is affected by a HELB, are the Suppress Pool Tem
perature Monitoring (SPTMS) cables for Division II. No 
single active failure exists in the SPTMS by a HELB, any 
postulated single failure or loss of power to one of the 
essential divisions will not prevent the remaining 
instrumentation from performing their SSD function.  

The remaining system is the essential power system con
sisting of the two diesel generators, 4KV switchgear, U480V load centers and the essential 480V MCC's. The 

onyactive components in this system subject to single 
active failure are the diesel generators and their 'I 
respective DIG breaker to each 4KV bus. The other 
switchgear and breakers on the power distribution system 
do not change position and are not subject to an active Ifailure. Because of the criteria used to determine 
whether paths to safe shutdown exist, a HELB , coinci
dent with loss of of fsite power and loss of one D/G as 

the single active failure will result in an unacceptable 

fore, additional measures will be required to mitigate 5 this single failure.  

5.3 Evaluation By System 

5.3.1 Main Steam System 

The high energy lines for the Main Steam Sys
tem are located in 3 compartments, the Main 
Steam Chase (II/2F) in the Reactor Building , 
the Condenser Area (X/12C) and the Steam Jet j Air Ejector (SJAE) Room (X/12E) in the Turbine 

Building.  

The high energy lines on the Main Steam System 
include the four main steam lines from the 
drywell penetrations to the high pressure 
equalization lines, the turbine bypass lines to the condenser, primary steam to SJAE line, and primary steam to Steam Seal System.  

5.3.1.1 Main Steam Chase (II/2F) 

The Main Steam Chase contains the 
A Ee four main steam lines and the asso

ciated drain piping. Pipe whip from 
the main steam lines is not consid

e i ered a problem, since these lines 
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are restrained at several locations 
within the compartment. Jet impinge
ment from a break in a main steam 
line can affect the ceiling of the 
pipe chase, where the Div. II safty
related cables are located. Addi
tionally, a jet impingement from 
line P2-18-ED or PS3-18-ED could 
impinge upon the HPCI injection line 
(TW3-12"-ED), the HPCI Steam Line 
(PS18-8-ED), Emergency Service Water 
Line (SW30B-3-HF), the RCIC Steam 
Line (PS17-3"-ED) and the RCIC 
injection line (FW5-4-ED). Flooding 
from the Main Steam System is not 
considered credible, since very 
little water would be produced.  
Critical cracks were not postulated, 
because the effects on safe shutdown 
equipment in the area from pipe whip 
and jet impingement envelope the 
effects of the postulated critical 
cracks.  

The results of the evaluations con
cluded a safe shutdown of the unit 
can be accomplished for a break.  
impinging on the ceiling, because 
the cables required to power the 
other essential division or transfer 
diesel power to Div. I are not 
located in the ceiling. Hence, the 
unit can be safely shutdown even if 
these Div. II cables are adversely 
affected. Further analysis will be 
required to confirm that safe shut
down can be. achieved, if HPCI, RCIC, 
and one division of Emergency Ser
vice Water (Div. II) are damaged in 
this area, and loss of offsite power 
and a single active failure of the 
Div. I diesel generator is assumed.  

5.3.1.2 SJAE Room (X/12E) 

The main steam piping line 
(PS9-3-ED) is routed to the SJAE 
Room from the Condenser Area. No 
concern exists with respect to pipe 
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whip and jet impingement, since 
there is no SSD equipment in the 
area. Flooding is also not a con
cern, because this line carries 
steam. A break in the line would 
produce very little water. Safe 
shutdown would not be affected from 
pipe whip, jet impingement, or pos
sible flooding within this compart
ment. (See Section 5.4.8 for com
partment pressurization effects.) 

I 5.3.1.3 Condenser Area (X/12C) 

The bulk of Main Steam piping is .1within the condenser area. Pipe 
whip from each of the main steam 
lines can affect either of the Emer
gency Service Water (ESW) Lines I (SW3OA-3"-HF & SW3OB-3"-HF). A pipe 
whip of line PS4-18-ED could addi
tionally damage RUR Service Water 5line (5W9-18-GF). The most criti
cal break would be in the steam 
bypass line. (PS7-1O-ED). A whip I 
from this line could damage both of 
the Emergency Service Water lines, 

power cables to the HPCT System, and I cables of one division of the Sup
pression Pool Temperature Monitoring, 
System (SPTMS). The pipe whip 
effects of the other primary steam Ipiping within this compartment could 
not cause any damage to safe shut5 down equipment.  

For jet impingement, the worst case 
event would be a longitudinal break 
hin the bypass steam line 
(PS7-1-ED), which could impinge on 
both of the ESW lines (SW3sA-3-HF & 
SW3OB-3-HF) and whose pipe reaction 
would damage the HPCI and SPTMS 
cables on the other side of the 
line. All other postulated Main U Steam breaks could damage individual 
piping of safe shutdown systems;, but 
loss of any one line would not 

result in loss of the safe shutdown 
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capability because only one safety 
division would be affected, and safe 
shutdown can be achieved, assuming a 
single active failure (see Section 
5.2).  

Flooding is not a consideration 
since the high energy fluid is 
steam.  

With the exception of losing both 
divisions of Emergency Service Water 
in the Condenser Area, all other 
breaks would damage only one divi
sion of redundant SSD systems. Addi
tional review and possible modifica
tions to the unit will be required 
to mitigate the con-sequences of the 
break on the steam bypass line 
(PS7-10-ED), that damages both divi
sions of ESW.  

5.3.2 Condensate System 

The high energy Condensate System lines are 
located in the following compartments: 

(1) Condenser Area (X/12C) 

(2) Turbine Building Pipe Chase Area (IX/19C) 

(3) Reactor Feedwater Pump Area (IX/13B & 

IX/13C) 

The HE Condensate System piping includes the 
main condensate lines (C4A-16-GB and 
C4B-16-GB), the Feedwater Pump minimum flow 
lines (C4A-2-EB and C4B-2-EB), and the conden
sate cross-tie (C7-16-GB).  

Break locations were selected based upon a 
seismic analysis of the piping and break loca
tion criteria established for seismic Category 
I piping. The pipe runs extended from the 
terminal points on the third stage intermedi
ate heaters to the suction nozzles of Reactor 
Feedwater Pumps. The intermediate break loca
tions on line C4A-16-GB are in the Feedwater 
Pump Area (IX/13B), and the intermediate break 
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locations for C4B-16-GB are in the Condenser 
Area (X/12C). Also, because the condensate 
cross-tie line (C7-16-GB) and Feedwater Pump 
minimum flow lines (C4A-2-EB and C4B-2-EB) are 
routed totally within the IX/13B fire zone, 
all break locations for these lines are in 
fire zone IX/13B.  

5.3.2.1 Condenser Area (X/12C) 

The Condenser Area contains both of 
the Condensate Lines (C4A-16-GB and 
& C4B-16-GB). Each line terminates 
at the respective inlet and outlet 
of the Third Stage Intermediate 
Heaters E-13A & B and at the outlet 
from Second Stage Intermediate Heat
ers E-12A & B. These terminal 
points and - the two intermediate 
break locations on Line C4B-16-GB 
constitute all of the Condensate 
System break locations within this 
compartment.  

Of the postulated break locations, 
only two represent a concern for 
Safe Shutdown equipment. A longi
tudinal break at one of the interme
diate break locations on C4B-16-GB 
could impinge upon the Emergency 
Service Water Line (SW30B-3-HF).  
Also, a circumferential break at the 
inlet terminal point of line 
C4A-16-GB at Intermediate Heater 
E-13A could impinge on both Emer
gency Service Water Lines SW30A-3-HF 
and SW30B-3-HF. A loss of one of 
the Emergency Service Water lines 
would not impact Safe Shutdown. (See 
Section 5.3.1.3.) However, damage to 
both lines would result in an unac
ceptable condition and will require 
further analysis.  

Flooding is not a concern because of 
the size of the Condenser Area.  
Critical cracks were not postulated, 
because pipe breaks were already 
postulated at the points in proxim
ity to the SSD equipment.  
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5.3.2.2 Turbine Building Pipe Chase (IX/19C) 

There were no break locations deter
mined to be within this compartment.  

5.3.2.3 Reactor Feedwater Pump Area (IX/13B 
& 13C) 

All five of the HE condensate lines 
are present within this compartment.  
The break locations include the 
terminal end of each condensate line 
at the respective Feedwater Pump 
suction nozzle, the terminal ends of 
the cross-tie line (C7-16-GB) at the 
Condensate Lines, the terminal ends 
of the mini flow lines at the con
nections to the Feedwater Pumps, and 
the two intermediate break locations 
on Condensate Line C4A-16-GB.  

MCC 133 could be exposed to jet 
impingement from longitudinal breaks 
on C7-16-GB and the intermediate 
break locations on C4A-16-GB. More
over, the ceiling of this compart
ment (IX/13B) is subject to jet 
impingement from these break loca
tions, which could cause damage to 
MCC 143 on the floor above, by 
allowing a harsh environment to the 
room above through a breach in the 
ceiling or directly from a missile 
created by failure of the floor.  

Flooding is not a concern, since 
there is a flood cavity below MCC 
133. Even if MCC 133 were to flood, 
safe shutdown could still be accom
plished by pusing the Division I 
diesel power Div. II, assuming loss 
of MCC 133, loss of offsite power 
and. single failure of the Div. II 
diesel generator. The same scenario 
can be applied to the loss of MCC 
133 from jet impingement. Further 
analysis will be necessary to show 
that the ceiling to this compartment 
is not damaged by jet impingement 
from the condensate. piping.  

NSP-30-102 - 5.9 
Revision 0 

nutech 
ENGINEERS



Critical cracks were not postulated 
because the adverse affects, postI ulated from line breaks would enve
lope the effects produced by the 
critical cracks.  

5.3.3 Feedwater System 

The HE Feedwater system piping (FW2A-14-EB and 

I FB2B-14-EB) begins in Fire Area IX/13B at the discharge nozzle of feed pumps P-2A and P-2B.  The two main Feedwater lines, FW2A-14 and I FW2B-14, pass through IX/13C, up into IX/19C 
and then into the Condenser Area X1/12C.  
Before entering the Reactor Building Steam 
Chase II/2F, each Feedwater line is connected 
to its respective high pressure feedwater 
heaters (E-14 and E-15) in area X/30.  

I The two feedwater lines and Feedwater regulat
ing station piping were seismically analyzed.  
Break locations were selected based upon the I seismic analysis of the piping and the break 
location criteria established for seismic 
Category I piping. All four intermediate I break locations for the feedwater system were 
identified in fire area/zone IX/13B, the Reac
tor Feed Pump Area at Elevation 911?'. There 
were no break locations in the Turbine BuildI 
ing Pipe Chase (IX/19C). An additional break 
location was chosen in the Condenser Area 3(X/12C), as a res ult of the seismic analysis.  

5.3.3.1 Fire Areas IX/13B and IX/13C, Reac3 tor Feedwater Pump Area 

Three break locations for each Feed
water line have been evaluated as 3 follows: 

- FW2A-14 -Feedwater pump discharge 
nozzle, upstream weld on I 
control valve CV6-12A, and 
downstream weld on the 
horizontal plane elbow on Icenterline elevation 

924 '-4".  I 
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FW2B-14 - Downstream weld on control 
valve CV6-12B, upstream 
weld on the vertical plane 
elbow at centerline eleva
tion 922'-6", and Feed
water Pump P-2B discharge 
nozzle.  

FW2-6 - Downstream weld on control 
valve CV-613 and weld on 
U-bend upstream of valve 
CV-613.  

For the effects of pipe breaks in 
this location, refer to the previous 
discussion in Section 5.3.2.3, Con
densate System.  

5.3.3.2 Fire- Area IX/19C Turbine Building 
Pipe Chase 

There are no break locations deter
mined to be within this compartment.  

5.3.3.3 Fire Area X/12C - Condenser Area 

The break location for Feedwater 
Line FW2A-14 is located at an elbow 
between column lines 6 and 7 at a 
centerline elevation of 934'-10".  
The Division II Emergency Service 
Water line (SW30B-3-3HF) is a jet 
impingement target, and the effects 
of a loss of this line have been 
discussed previously in connection 
with Main Steam (see Section 5.3.1) 
and Condensate System (see Section 
5.3.2) line breaks. There are no 
pipe whip concerns in this are.  

5.3.3.4 Fire Area II/2F - Reactor Building 
Steam Chase 

Break locations in this area consist 
of the terminal ends at each primary 
containment penetration and one 
intermediate break loction on each 
feedwater line. For a break at the 
terminal point on line FW2A-14-ED 
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RCIC flow would be lost, because the 
RCIC injection line (FW5-4"-ED) 
connects upstream of the postulated 
break. Also, the intermediate break 
location for line FW2A-14-ED is at 
the weld to valve FW-94-1, which is 
also downstream of the RCIC injec
tion point. For Feedwater line 
FW2B-14-ED, a break at the terminal 
end would cause the loss of the HPCI 
System, because the injection point 
is upstream of the break. However, 
HPCI flow is not affected for the 
postulated break at the intermediate 
location, because the break location 
is upstream of the HPCI injection 
point and the check valve on the 
feedwater line (FW2B-14-ED). No 
safe shutdown equipment can be 
adversely affected by pipe whip or 
jet impingement from any pipe break 
of the Feedwater System in the Reac
tor Building Steam Chase.  

Flooding in the Reactor Building 
Steam Chase, as a result of a Feed
water line break, would cause the 
loss of both HPCI and RCIC, since 
the injection valves for these sys
tems (MO-2068 and MO-2107) would be 
submerged above the motor operators 
until the door to the compartment 
failed. Water exiting the steam 
chase would flow along the floor of 
the Reactor Building 935' elevation, 
and some of the water would flow 
down to the compartment containing 
the Control Rod Drive Pumps. Also, 
some water would flow down to the 
HPCI pump room. Additional safe 
shutdown equipment would not be 
affected by the water exiting the 
steam chase, because no SSD equip
ment is located in the affected 
area.  

Since the only SSD systems which 
would be adversely affected by Feed
water pipe breaks in the Reactor 
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Building Steam Chase are HPCI and 
RCIC, safe shutdown is not affected.  
Previous analysis has demonstrated 
that the unit can be safely shutdown 
with loss of both HPCI and RCIC 
(Reference 7.10).  

5.3.3.5 Fire Area X/30 - Turbine Operating 
Floor 

Feedwater lines FW2A and FW2B have 
break locations at the terminal ends 
of the inlets and outlets and the 
Feedwater heaters in this area.  
There are no safe shutdown compo
nents located in this area. Pipe 
whip or jet impingement targets are 
limited to the Turbine Building 
walls which would be postulated to 
fail.  

5.3.4 High Pressure Coolant Injection System 

The steam supply line (PS18-B-ED) to the HPCI 
Turbine begins at the drywell penetration 
located in the steam chase (Fire Zone II/2F).  
The steam supply line enters the torus area 
(IV/1F) and then the HPCI compartment area 
II/1E. This steam supply line is a high 
energy line from the drywell to the steam 
supply valve located on the HPCI turbine.  

5.3.4.1 Fire Area II/2F - Reactor Building 
Steam Chase 

Possible pipe whip targets include 
the Feedwater and Main Steam Lines 
which are assumed to be unaffected, 
because they are larger and thicker 
walled than the HPCI steam line.  

Jet impingement targets include the 
ceiling through which Division II 
embedded conduits are routed. The 
effects of jet impingement on the 
ceiling is discussed in Section 
5.3.1.1. Emergency Service Water 
Piping (SW30B-3-HF) and the RCIC 
Steam line (PS17-3-ED) can be 
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damaged by jet impingement from a 
longitudinal line break. This 
results in loss of HPCI, RCIC and 
the Div. II ESW. Further evaluation 
will be required to assure a path to 
safe shutdown. Critical cracks were 
not postulated, because pipe breaks 
are already postulated at the loca
tions in proximity to the SSD equip
ment.  

Compartment flooding is not a con
sideration in this area. The HPCI 
steam line will be isolated on high 
flow, so that only minor flooding 
can occur.  

5.3.4.2 Fire Area IV/1F - Torus Area 

No high stress intermediate break 
locations are located for the HPCI 
Steam Line in the Torus Area.  

5.3.4.3 Fire Area II/1E - HPCI Compartment 

Only HPCI components are located in 
this area. The adjacent compartment 
(II/10), where pull boxes for the 4 
KV power feeds to the Division II 
core spray and RHR pumps are 
located, have been qualified for the 
expected environmental conditions.  

5.3.5 Reactor Core Isolation Cooling System 

The identified high energy piping for RCIC 
System is the steam supply line (PS17-3-ED) to 
the RCIC turbine from the drywell penetration.  
This line begins in the steam chase (II/2F), 
runs down into the torus area (IV/iF) and into 
the RCIC compartment (III/1C).  

5.3.5.1 Fire Area II/2F - Steam Chase 

A pipe break on the RCIC steam line 
could impact the HPCI steam line 
(PS18-8-ED) or the ESW "B" line 
(SW30B-3-HF). The HPCI steam line 
is not affected, because it is 
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larger and heavier schedule than the 
RCIC steam line. The effects of loss 
of the ESW line have been discussed 
in Section 5.3.1.3. Possible jet 
impingement targets include the 
ceiling which contains embedded 
Division II conduits and the ESW "B" 
line (SW30B-3-HF). The impact on 
safe shutdown from the loss of 
either of these systems is discussed 
in Section 5.3.1.3. The HPCI steam 
line is not affected because it is 
shielded by the RCIC injection line.  
Critical cracks were not postulated 
since the identified pipe break 
locations were those in proximity to 
the SSD equipment.  

Compartment flooding will not effect 
any safe shutdown components because 
the RCIC Steam Line will isolate on 
high flow, and any resultant flood
ing will be minor in nature.  

5.3.5.2 Fire Area IV/iF - Torus Area 

Pipe whip targets include the "B" 
Emergency Service Water loop 
(SW30B-3-HF). (See Section 5.3.1.3 
for discussion of loss of ESW.) 
There are no jet impingement targets 
in this compartment (Reference 
7.12).  

Compartment flooding is not a con
cern due to the small relative size 
of the RCIC steam supply line and 
the short duration before the break 
is isolated.  

5.3.5.3 Fire Area III/1C - RCIC Compartment 

Only RCIC components are located in 
this compartment are RCIC associated 
with the exception of a pull box for 
the core spray and RHR pumps 4 KV 
power feeds. An RCIC terminal end.  
exists at this location, making the 
pull box a jet impingement target.  
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Loss of cables would disable Div. I 
RHR and CS. However, safe shutdown 
could be achieved by using Div. II 
RHR and CS pumps with power supplied 
by the Div. II D/G. For the worst 
single active failure, the Div. I 
D/G can be cross-tied to Div. II to 
run the RHR and CS pumps. The 
cables in the pull box are qualified 
for the compartment environment 
following a RCIC steam supply line 
break.  

5.3.6 Reactor Water Cleanup - RWCU 

The Reactor Water Cleanup high energy line 
begins at the drywell penetration and outboard 
RWCU isolation valve. This line supplies 
reactor water to the RWCU heat exchanger or 
the RWCU pumps. All high energy lines are in 
the RWCU compartment, except the return line 
which connects to -RCIC and HPCI injection 
lines in the steam chase.  

5.3.6.1 Fire Area II/3D - RWCU Compartment 

Pipe whip targets consist of con
duits which supply motive power to 
the Division II reactor sample line, 
isolation valve, both Division II 
core spray outboard injection 
valves, an RHR containment spray 
valve and the Primary Containment 
Atmospheric Control isolation 
valves. Redundant Division I 
inboard containment isolation valves 
located inside of the primary con
tainment are available to isolate 
the CS, RHR containment spray and 
reactor sample lines for safe shut
down. Therefore, loss of the above 
valves is not a concern. Both Pri
mary Containment Atmospheric Control 
Isolation (PCAC) valves fail closed 
on loss of control cables.  

Jet impingement in the RWCU compart
ment can target any of the above 
conduits. Additional jet impinge
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ment targets include the outboard 
RWCU isolation valve, both Division 
II Core Spray injection valves, RHR 
containment spray valve, Reactor 
Sample line and isolation valve and 
the Primary Containment Atmospheric 
Control Isolation valves. Redundant 
valves inside the containment or 
located outside this compartment, 
mitigate any concerns on loss of the 
above components with one exception: 
the loss of air supply to the PCAC 
isolation valves A02386 and A02387.  
These valves have air inflated seals 
which are required for leak tight
ness and are each supplied by an air 
line, check valve, and receiver tank 
located in this compartment. Addi
tional jet impingement and system 
analysis will be required to confirm 
primary containment boundary integ
rity.  

Compartment flooding is not a con
cern as there are no safe shutdown 
components located below the level 
of the compartment doors.  

Sufficient leak detection instrumen
tation is available for isolation of 
the RWCU line by using the inboard 
isolation valve.  

Outside the RWCU compartment in Fire 
Area II/3D are two Division II cable 
trays which are jet impingement 
targets. These same cables have 
been analyzed as part of Main Steam 
pipe break analysis in the Reactor 
Building Steam Chase (see Section 
5.3.1.3). There are no pipe whip 
concerns in this area due to the 
distance to safe shutdown targets.  

5.3.6.2 Fire Area V/3A - MG Set Room 

Jet impingement targets are limited 
to the two power distribution panels 
for the RHR air compressors and the 
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two wall mounted Containment Atmo
spheric Monitoring panels, which are 
not required for safe shutdown. No 
pipe whip targets are located in 
this compartment because the closest 
SSD component is farther than the 
pipe whip moment arm (Reference 
7.11). Loss of both RHR air compres
sor power feeds is not a concern, 
since the air receivers are not 
affected by the jet, and even if 
compressed air was unavailable, the 
RHR valves could be opened manually.  
With the remainder of the SSD sys
tems operable, approximately 8 hours 
would be available to open the 
valve.  

5.3.6.3 Fire Area II/2C - Reactor Building 
Elev. 935 

Two cable trays located near this 
line are pipe whip and jet impinge
ment targets. These cable trays 
contain Division II cables for which 
redundant Division I cables are 
available in another location. A 
discussion of the effects on safe 
shutdown from the loss of these Div.  
II cables is given in Section 
5.3.1.3.  

5.3.6.4 Fire Area II/2F - Steam Chase 

There are no pipe whip targets in 
this area. Any other concerns in 
this area are bounded by other 
larger pipes discussed in Sections 
5.3.1, 5.3.3, and 5.3.4. Check 
valves at the RWCU injection points 
will prevent loss of both HPCI and 
RCIC flow from a break at either 
terminal end. Also, the check 
valves ensure the availability of 
both HPCI and RCIC for a break on 
the non-seismic portion of the RWCU 
line in the Steam Chase area.  

NSP-30-102 - 5.18 
Revision 0 nutech 

ENEINEENS



5.3.7 Instrument Sensing Lines 

if The Instrument Sensing Lines from the primary 
cooling system and reactor vessel to the 
instrumentation represent high energy lines 
for that portion of the routing outside of the 
Primary Containment. Since all of these lines 
are 1 inch or smaller in nominal size, neither 
circumferential breaks nor longitudinal are Irequired to be postulated. In addition, all 
lines are equiped with excess flow check 
valves, which would mitigate any break within I 
a few seconds of the break occuring.  

5.4 Evaluation B Compartment 

This section addresses the effects of high energy line 
breaks in the various Reactor Building and Turbine 
Building compartments previously discussed. The evalu
ated effects include compartment pressurization and 
possible environmental qualification effects. For each 

I compa thesrment Setan n s ig L nrg ines ro th pa ry 
evaluolin systerorem andetrmeatrveset thenig 
envionntruenetsaindrpen high energy lines eiul 

case conditions were used to identify the mitigating 
features of each compartment. A comparison of results 
with the Monticello Nuclear Generating Plant Environmen
tal Effects Due to Pipe Rupture report, Reference 7.9, 
was made to determine if additional analysis is required 
to support the environmental qualification process.  

55.4.1 Reactor building Steam Chase Area II/2F 

The high energy lines in this compartment 
consist of the following: 

(1) Main Steam Lines (PSo thru 4) 

(2) Feedwater lines (FW2A & FW2B) 

(3) HPCI Steam Supply (Line PS18) 

(4) RCIC Steam Supply (Line PS17) 

(5) RWCU Return Line (REW6) 

(6) Bypass to Condenser (D4-6) 
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The bounding conditions are determined by the 
Main Steam lines and Feedwater lines. Blowout 
panels located near the ceiling of the steam 
chase will fail as designed venting steam or 
flashed feedwater up to the turbine operating 
deck. The environment at the operating deck 
has not been calculated in Reference 7.9 for 
this break location. An instrument rack in 
this area provides interlocks to the Reactor 
Protection System. The door from the Reactor 
Building to the steam chase is expected to 
fail open and the 935 foot elevationof the 
Reactor Building to be affected. The environ
mental effects in the steam chase are not 
changed from those documented in Reference 
7.9. Hence, the HPCI and RCIC injection 
valves (MO-2068 and MO-2107, respectively), 
which are qualified for this environment, 
remain functional following a Main Steam, HPCI 
Steam or RCIC Steam line break in this com
partment.  

5.4.2 Open Area of Reactor Building 935' Elevation 
(II/2C) 

The Reactor Water Cleanup return line REW6 is 
the critical break in this area. Environmen
tal conditions for this area are based on, and 
bounded by a main steam line break in the 
steam chase. Therefore, no changes to the.  
environmental qualifications are required, and 
no compartmental pressurization results.  

5.4.3 Reactor Building 962' Elevation -Area (II/3D) 

The reactor water cleanup return line REW6 is 
the limiting environmental concern for line 
breakes in this area. No additional environ
mental or compartmental pressurization con
cerns relative to Reference 7.9 have been 
identified in this area.  

5.4.4 MG Jet Room Area (V/3A) 

The reactor water cleanup return line REW6 
continues into this compartment at the south 
west corner. There are no environmental con
ditions identified for this area or pipe 
breaks assumed for this area in Reference 7.9.  
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This compartment will not pressurize apprecia
bly due to the large volume relative to the 
break size and the louvers located on the east 
wall of the compartment.  

5.4.5 Torus Area (IV/1F) 

The HPCI and RCIC steam supply lines in this 
area are the only high energy lines present.  
The environmental conditions for this area 
were computed for the HPCI line in Reference 
7.9 as the limiting condition. However, no 
HELB break locations in the torus area are 
identified for the HPCI steam supply line.  
Using the HPCI line break as a bounding condi
tion for the environmental qualification is 
conservative, since RCIC is a smaller diameter 
line than HPCI.  

5.4.6 HPCI Compartment (II/lE) 

The environmental effects due to the HPCI 
steam supply line PS18 are documented in Ref
erence 7.9 and are not changed for this analy
sis.  

5.4.7 RCIC Compartment (III/IC) 

The environmental conditions were not specifi
cally calculated for this area but were con
sidered to be the same as the HPCI room. The 
RCIC compartment vents to the torus area 
(IV/iF), which is bounded by the HPCI steam 
line break, and TIP drive room area (III/2A) 
where no safe shutdown components are located.  

5.4.8 Turbine Building Condenser Area (X/12C) 

The bounding environmental conditions in the 
condenser area are the Main Steam line and 
Feedwater line breaks. This area has not been 
specifically evaluated in Reference 7.8. How
ever, the original HELB report (Reference 7.2) 
and NRC contact Docket No. 50-263 (Reference 
7.13) give a figure of 1.4 psig for the peak 
pressure due to a Main Steam line break. A 
break on a Main Steam pipe will pressurize the 
compartment, and the steam will vent through 
hatches and openings for equipment to the 
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turbine operating floor (Elevation 95'). The 
compartmental pressurization may also blowout 
the block walls provided for condenser tube 
removal. No safe shutdown components are 
located in the postulated path of the block 
wall. However, Division I cables are routed 
above this area in a cable vault separated by 
a catwalk and will be exposed to environmental 
conditions not yet computed. Environmental 
conditions for the turbine operating floor for 
a break in the condenser area have not been 
computed.  

5.4.9 SJAE Area (X/12E) 

The main steam line, PS9, in this compartment 
is the only high energy line to consider from 
the original HELB report. There are no safe 
shutdown components in this area and was not 
evaluated for environmental conditions in 
Reference 7.9. Compartment pressurization may 
cause the compartment door to fail and become 
a missile, which could target Load Center 103.  
Failure of this door could expose Load Center 
103 and Bus 15, both safe shutdown equipment, 
to adverse temperatures and humidity. The 
redundant division power distribution equip
ment will not be effected. A fire barrier 
between the SJAE compartment and the condenser 
area located in the pipe chase will most 
likely fail before the compartment door thus 
relieving the pressure. Further analysis will 
be required to resolve this question.  

5.4.10 Turbine Building Pipe Chase (IX/19C) 

There are no break locations located within 
this compartment.  

5.4.11 Reactor Feedwater Pump Area (IX/13B and 
IX/ 13C) 

A postulated break in a Feedwater line is the 
bounding condition for this area. Since the 
original Reference 7.9 report, changes in pipe 
support have resulted in break location 
changes. However, the original conclusions 
about compartment pressurization and tempera
ture are not changed.  
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U 5.4.12 Turbine Operating Floor (X/30) 

The Feedwater lines terminate at the inlets 
and outlets of the high pressure Feedwater 
heaters in this area. The report (Reference 
7.9) does not consider a break in this area.  
Therefore, no environmental conditions have 
been determined for breaks located in this 
area (X/30). An instrument rack located in 
the east end of the Turbine Operating floor 
provides interlocks to the Reactor Protection 
System for the first stage turbine pressure.  
The Reactor Protection System will still per
form its safety function based on Reactor 
Vessel Low Water Level.  

5.5 Table of System Effects 

Table 5.5-1 shows the effect of specific high energy 
line breaks by compartment and system. This table 
includes the required auxiliary systems which are con
sidered potential HELB targets. The meaning of the 
letter codes used in the table are as follows: 

F - primary failure as a direct result of a line break.  

A - system is unaffected by a line break and is avail
able.  

A- The system is unavailable due to the failure of a 
required function or component associated with 
another system.  

I 
I 
I 
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4I6H ENERGY LINE DESIGNATION IBECHTEL SISTEMS)

LINE DRANMIN TERMINAL Pt PIS
SYSTEM DESIGNATIO PM(D(S) ZO1 FROIN

PRIMARY STEI PSI-IS-ED 115/102 C-6 
PRIMARY STEAN PSI-20-1 102 0-5 
PRIMARY STEAM LT2-3/4-ED 115 C-5 
PRIMARY STEM Dtl1-I-D . 102 E-6 
PRIMARY STEA DI-) 1/2-D 102 E-4 
PRIlMARY STEAM PSil-6-E 102 E-6 
PRIMARY STERM PS7-10-ED 102 E-6 
PRIMARY STERN PS7-IO-ED 102 0-6 
PRIMARY STEM PSI-8-ED 102 0-6 
PRIMARY STEAM PSIO-5-9 1021103 8-6 
PRIMARY STEA PSlO-5-1 103 E-6 
PRIMARY STERM D4-2-ED 102 1-6 
PRIMARY STEAM PS15-3-El 115/102 8-6 
PRIMARY STEM 04-6-E8 102 8-5 
PRIMARY STEAI PS21-4-ED 102 0-6 
PRIMARY STEAM 023-I-ES 102 D-3 
PRIMARY STEM PS2-tS-ED 115/102 -S
PRIMARY STEM PS2-20-B 102 0-5 
PRIMARY STEAN LT3-3/4-ED 115 E-5 
PRIMARY STEM 0116-I-ED 102 E-6 
PRIMARY STEA D2-1 1/2-0 102 E-5 
PRIMARY STEAM PS12-6-ED 102 E-5 
PRIMARY STEAM PS6-B-ED 102 8-5 
PRIMARY STERM PS8-S-ED 102 B-5 
PRIMY STEM PS9-3-ED 102/104 E-5 
PRINARY STEAM 026-I-ED 102 8-5 
PRIMARY STER 023-I-ES 102 0-3 
PRIMARY STERN PS3-18-ED 115/102 D-2 
PRIMARY STEAM LT4-3/4-ED 115 0-2 
PRIMARY STEAM PS3-20-8 102 0-5 
PRIMARY STEAM DIll-I-ED 102 E-6 
PRIMARY STEAM D23-1-E8 102 0-3 
PRIMARY STEAI 023-2-ES 102/104 0-3 
PRIMARY STEAM RSI-3-68 104 E-4 
PRIMARY STERM 023-I-ES 102 0-3 
PRIMARY STERM PS4-I8-ED 115/102 C-2 
PRIMARY STEIM LT5-3/4-ED 115 C-2 
PRIMARY STEAM PS4-20-s 102 0-5 
PRIMARY STEAM 0118-1-ED 102 D-5 
PRIMARY STEAM PS12-6-ED 102 E-5 
PRIMARY STEAM PS13-6-ED 102 E-6 
PRIMARY STERM PS14-6-ED 102 E-6 
PRIMARY STEAM 33-1 (i2-ED 102 E-6 
PRIMARY STEAM 04-I I 2-C0 102 E-6 
PRIMARY STEAM 1119-1 I -EB0 102 0-5 
PRIPARY STEAM PS!0-18-ES: 102 E-5 

I9MARY STEAMt IDSTR.-12-" 10 05 
FRIEARY STEAM 1NSTR.-!'2-' (02 05 
PRIMARY STEAM !NSTR.-1 2-1 102 05 
PPIPAPY STEAM NSIR.-1 2-' 102 05 
'IF4RY STEAM YSC-?-ES 1(4 E-5

I-711 
CUI 

PSI-10 
PSI-10 
PSI-10 
PSI-IS 
PSit-6 
PS7-10 
P57-10 
PSI-5 
PS10-5 
HOR 
1-8 

PSIS-1 
PS7-10 
PSI-20 

1-7 
CV2 

PS2-IS 
PS2-10 
PS2-10 
PS2-10 
BCV 
SLy 

PS2-IB 
110-1739 
PS2-20 
I-7C 

PS3-18 
CV3 

PS3-10 
PSI-20 
NDR 

PS9-2 
023-2 

1-70 
PS4-lB 
CV4 

PS4-10 
P52-18 
PS3-IS 
PS4-18 
PS!-10 
PS4-10 

IS30-10 
PSI-18 
PSI-8 
P52-18 
PS3-18 
PS4-lB 
FS9-i3

To 

SW 

IIS-4 
115-12 
04-2 

PS7-10 
PS10-5 
CAP 

PS7-10 
SSR 

50-1044 
COND its) 

04-6 
El-A 

R0-161S 
023-2 
SV2 

I1S-4 
IS-12 
04-2 

PS7-101 
COND (4) 
COND (4) 
RSI-3 
026-10 
023-2 
SV3 
IIS-4 

, ITURA 
15-12 
023-2 

COD (38) 
E-2028 

PS4-20, 
SW 
IIS-4 
HPFURD 
*S-12 
057-10 

P57-10 
PS7-10 
04-2 
D4-2 
04-6 

PS4-18 
PAYSANO 

PAV6mAN 
FA61MI AN 
CVSMAN 

PSI-3

: ----- DESI6M OR WORm -- : -------- HELD COML!ANCE MATRIl -----------
MATERIAL 1----- CONDITIONS --- I APPENDIX S NO ANALYSIS SYSTEMS PIPE :- EICLUSIONIST -! 

STD TEMP (F) PRESS (PSI) DI I ---- BREAK LOCATIO(S) ---- FIRE AREA(S) REQUIRED ANALYSIS RIUTIE PRA SM DIA 21 LBS

106 1 8 582 
106 611 8 502 
(0460 R 582 
106 615 582 
106 61 502 
106 6A 1 502 
106 1R 3 582 
106 liR 582 
106 li 1 582 
I0460 5 582 
106 f81 582 
106 R 1 562 
106 6o SII2 
106 A 1 582 
106 60 8 562 

106 61 582 
106 G3 1 582 
106 6o 8 582 
106 6S 582 
10M B 502 
106 6l 502 
(046 8 582 
106 6R 502 
106 6o 582 
106 1R 1 502 
10 61 582 
106 fll 582 
106 6R 8 502 
106 6A 1 502 
106 6 8 502 
106 61 0 582 
106 05 582 
106 fR 1 582 
106 61 B 582 
106 3A 582 
106 GR 1 582 
106 fill 582 
106 GR B 5a2 
106 R 5B2 
106 R 5 582 
106 6R 8 582 
106 61 8 582 
106 ER S !82 
106 6F 8 82 
(0 SE 8 192 
:-6 R B 82 
106 6R 0 a2 

106 GR B 592 
106 6A 0 582 
1% GR e a2 
116 GF 5 92

1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
Ill* 
110 

1110 
1i10 
1ill 
1110 
1110 
110 
1110 
1110 
1110 
1110 
((0 
1110 
1110 
1110 
1110 
1110 
110 

(110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1Il.) 
:110

I SEE CLCULATION NS-30-101 
I SEE CALCULATION IISP-30-i0 
I SEE CALLILATION NS-30-10 
0 SEE LCILATION NSP-30-10 
I SEE CALCULATION IP-30-101 
I SEE CALCULATIM SP-30-0l 
0 SEE CLULATOi NSP--101
0 SEE CLCULATION NSP-30-I01 
0 SEE CALCULATION NSP-3-101 
0 SEE CALCULATION SP30-101 
O SEE CALCULATION ISP--101 
0 SEE CALCLATION ISP-30-10 
8 SEE CCLATIOl SP-30-101 
0 SEE CALCULATION N-STIW0
0 SEE CALICULATION NSP-30-101 
D SEE CACULATIM 1SP-3-lO 
0 SEE CALCULATION W-30-101 
0 SEE CALCULATION S-30-101 
I SEE CALCULATION MSP-30-101 
0 SEE CALCULATION NSP-30-II 
0 SEE CALCULATION NSP-30-10l 
0 SEE CLCILATION IS-30-11 
0 SEE CALCULATION 10-3-101 
0 SEE CLCULATION NSP-30-0I1 
O SEE CALCULATION NSP-30-101 
0 SEE CALCULATION SP-30-101 
0 SEE CALCULATION NSP-30-101 
I SEE CALCULATION NS5-30-1I 
0 SEE CALCULATION MSP-30-101 
0 SEE CALCULATION NSP-30-101 
0 SEE CALCULATION NSP-30-101 
0 SEE CALCULATION ISP-30-101 
0 SEE CALCULATION NS-30-101 
0 SEE CALCLIULATION NSP-30-101 
0 SEE CALCULATION NSP10--101 
0 SEE CALCULATION IISP-W101 
D SEE CALCULATION NSP-30-1A( 
0 SEE CALCULATION NP-0-101 
D SEE CALCULATION NSP-0-101 
0 SEE CALCULATION NSP-79-101 
0 SEE CALCULATION NSP-!4-101 
0 SEE CALCULATION NSP-IS-101 
D SEE CALCULATIO NSP-'C-101 
0 SEE CALCULATION NSF-:2-101( 
0 SEE CALCULATION NSP-:0-101 
0 SEE CALCULATION NSF-'-W11 
0 SEE CALCULATION NSP-7'-101 
0 SEE CALCULATION NF-Y-191 
0 SEE CALCULATION NSP-.-lot 
0 SEE CALCULATION A: -:3! 
0 SEE CALCULATION *-P-lOt
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HIGH ENERSY LINE DESIINATION IBECHTEL SSIEMS)

S DESIM OR NORMAL --- 1 ------------ ELI COMPLIANCE MTRIX -- -----
LINE DRANIs TERMINAL PL PTS MATERIAL ---- CONDITlNS ---- : APPENDII A 4N ANALYSIS SYSTEMS PIPE !- EICLUSI1NS) -: 

SYSTEM DESIGNATION Pilots) ZOE FROM To sTp TEMP (F) PRESS (PSIl 0/1 I ---- BREM LOCATIONIS) -- FIRE AREA(S) IEWIRED ANALYSIS RUPTURE PMA Sl DIA 21 LID

FEEDMATER VB4-I-DE 106 C-4 
FEEDATEN 0119--E 106 0-5 
FEEDNATER 0120--E 106 C-5 
FEEDATER D121--E 106 0-5 
FEEDNATER 0122--E 106 C-S 
FEEDtATER 974--K 104 E-6 
FEEDMTER V75+-I-0E 106 0-6 
FEEDNATER V76--E 106 E-6 
FEEDIATER V77-I-DE 106 C-6 
FEEDWArER 0123--0E 106 E-6 
FEEDNATER 0124--DE 106 8-6 
FEEDMATER LT6-3/4-El 115 A-3 
FEEDNATER LTS-3/4-E0 115 0-3 
FEEDMATER L17-3/4-El II1 4-4 
FEEDNATER LT9-3/4-ED Its A-4 
FEEDIATER RV30-1-E 106 C-6 
FEEDUATEN RV37-- 106 E-6 
FEEDIMIA V123--E 106 E-6 
FEEDNATER U125--K 106 E-6 
FEEDWATER 127-0-E 104 E-6 
FEEDIATER Y129-1-O 106 I-A 
FEEDMATER V124-1-E 106 B-6 
FEEMATER V126-1-BE 106 8-6 
FEEDIATER V128--E 104 8-6 
FEENATER V130-I-E 106 A-6 
FEEDNATER 0200--E 106 0-3 
FEEDATER 0201-1-E lob A-5 

CONDENSATE C44-2E 106 E-3 
CONDENSATE C49-2-EB 106 C-3 
CONDENSATE C4-16-68 1051106 0-3 
CONDENSATE C4B-16-68 105/106 C-3 
CONDENSATE C7-16-61 106 0-3 
CONDENSATE V131-3/4-0E 106 0-3 
CONDENSATE VBS0-I-E 106 0-3 
CONDENSATE 0202--E 106 D-2 
CONDENSATE VB6--DE 106 D-2 
CONDENSATE U132-I-+E 106 0-2 
CONDENSATE V134-1-DE 106 0-2 
CONDENSATE VI35-1-DE 106 0-2 
CONDENSATE D204-+-E 106 0-2 
CONDENSATE V138-3/4-DE 106 C-3 
CONDENSATE VB7--0E 106 C-3 
CONDENSATE D203-I-DE 106 C-3 
CONDENSATE V98-I-0E 106 C-2 
CONDENSATE V133-34-DE 106 C-2 
CONDENSATE V136-I-DE 106 C-2 
CONDENSATE v137-1-DE 106 C-2 
CONDENSATE 0205-1-0E 106 C-2 
CONDENSATE 1140-I-680 106 E-2 
CONDENSATE V141-+-6DB 106 C-2 
CONDENSATE V142-I-+6B 106 E-2

Fi121-14 
Fk2A-14 
FN2-14 
F124-14 
Fl2-141 
Fl24-14 
FM2B-14 
FU2A-14 
Ft28-14 
F2A-14 
Ft29-14 
Fi2A-14 
Fum-It 
FN28-141 
FM28-A1 
FM28-14 
Ftl2A-14 
F124-14 
FN2A-14 
FM2A-14 
Fl2A-14 
FW21-14 
FW28-14 
F028-14 
FM28-14 
F02A-14 
Fl20-14 

P-2A 
P-21 

E-12A 
E-128 
C4-16 
C4A-16 
C4A-16 
CWA-16 
C4-16 
C4A-16 
C4A-16 
C44-16 
CIA-16 
CI8-16 
C4B-16 
C41-16 
C41-16 
C48-16 
C48-16 
C48-16 
'48-16 
EI1-A 
EI-8 
El!-A

Fl-78-2 106 fR B 305 
F0-79-1 106 G 1 305 
F0-79-2 106 8 1 305 
Fl-81-1 106 MB 305 
F0-81-2 106 6R 305 
fi-84-1 106 Go 1 333 
Fi-84-2 106 6 1 333 
F-90-1 106 61 0 400 
F0-0-2 106 ND 0 400 
Ft1-86-1 106 6R B 333 
1-86-2 106 61 0 333 
FW-93-1 106 6 6 400 
F96- 106 60 8 400 
F0-93-2 106 68 B 400 
FM-96-2 106 R8 0 400 
891147 538 OI 1061 400 
891146 538 O 1061 400

Fif162-1I FMI62-1 

FM156-1 
Fil54-1 
F162-2 
Fi60-2 
FW156-2 
FMI54-2 
FM-165-1 
FM-165-2 

C4A 
C43 
P2.  
P28 

C48-16 
891128 
F-62-1 
FII-60-1 
FI-59-1 
FI-57-1 

-167-1 
FW- 166-1 
Fd-54-1 
RV119 

F4-62-2 
Fl-*o-2 
FM-57-2 
FW-57-2 
TN-! Z6-2 

Fi-34-2 
Fil-t 

F10-:48-1

106 GR 4 400 
106 6R 1 333 
106 3 333 
106 6 305 
106 M a 400 
106 6R 81 333 
106 R 333 
106 6R a 305 
106 GR 1 305 
106 R8o 305 
106 61 305 
106 R8o 305 
106 fR A 3021230 
106 68 0 302/230 
106 GR 8 302 
1%6 R 8 !02 
1% 66 a 302 
106 68 302 
106 GR 8 302 
106 SR 8 :02 
:,)t SRI 0 
! ; SR B :2 
58 Bl :,0 

106 688 a )2 
!:6 SR 8 Y0 106 SR8 02 

in 8 :32 !0 SR 0 :2 
lb SR I :2 

106 SE a : 

:: SR 8I 30 : p. I 8 -) 
: R 9 7A:

1550 
1550 
1550 
1550 
1550 
1550 
1550 
1550 
1550 
1550 
1550 
1250 
1250 
1250 
1250 
1550 
1550 
1550 
15 
1550 
1550 
1550 
1550 
1550 
1550 
1550 
1550 
1550 
1550 
434 
434 
434 
434 
434 
434 
434 
434 
434 
4:4 

434 
434 
434 
434 
434 
434 
434 
4:4 
4:4 
4:4 
34

I SEE CALCULATION NSP-3-10I 
D SEE CALCUTION NSP-30-101 
0 SEE CALCILATION MP-30-101 
8 SEE CALCILATION 1S-30-801 
I SEE CALCULATION MP-30-101 
0 SEE CALCILATION 1S-30-101 
0 SEE CALCULATIOI NSP-30101 
0 SEE CALCILATION NSP-3-101 
0 SEE CALCULATION NSP-30-101 
0 SEE CALCILATIN0 NSP-30-101 
0 SEE CALCULATION SP-30-101 
0 SEE CALCULATION NSP-30-I01 
I SEE CALCULATION NSP-30-101 
0 SEE CALCULATION ISP-30-to 
0 SEE CALCULATI0N NSP-30-101 
0 SEE CALCULATION NSP-30-0I 
I SEE CALCULATION IISP-O0II 
0 SEE CALCUIATION NSP-30-11 
I SEE CALCULATIOI NSP-30-10 
I SEE CALCILATION ISP-30-101 
0 SEE CALCULATION SP-30-101 
0 SEE CALCULATION MSP-30-101 

- 0 SEE CALCULATION 10-30-101 
0 SEE CALCULATION NSP-30-101 
0 SEE CALCULATION NSP-30-101 
D SEE CALCILATION NSP-30-101 
0 SEE CALCULATION NSP--101 
0 SEE CALCILATION NSP-3S-101 
I SEE CALCULATION NSP-30-101 
D SEE CALCULATION NSP-30-101 
0 SEE CALCIAATION NSP-!0-101 
D SEE CALCULATION NSP-30-10l 
0 SEE CALCULATION NSP-30-101 
D SEE CALCULATION NSP-30-10I 
D SEE CALCULATION NSP-30-101 
D SEE CALCULATION NSP-30-101 
0 SEE CALCULATION NSP-!0-101 
0 SEE CALCULATION NSP-7-!01 
D SEE CALCULATION NSP-C-0lo 
D SEE CALCULATION NSP -101 
D SEE CALCULATION NSP-'c-101 
D iEE CALCULATION NSP-7'--!01 
0 SEE CALCULATION NSP- :-101 
D 5EE CALCULATION NSP- :-141 
D SEE CALCULATION NSP- -:I 
O SEE CALCULATION NSF- -131 
O SEE CALCULATION NSP-:-:01 
D SEE CALCULATION NSF- -:21 
0 SEE CALCULATION 1P-! I 
D SEE :ALCILATIOtN F--11 
D ;EE CALCULMION 51-.-:'1

. I 

u.I

5 

I

I 

I



0I 

Co I'j DATE i 10-Jun-t36 

H1GH ENERGY LIKE OES16RA0ION (BECHTEL SYSTEMS)

LINE 0008111 TERMNALW Pl.  
SYSTEN DES1G6ITIIE PS1831) ZONE FROM

V143-1-01 106 
11144-1-6111 106 
V143-I-G111 106 
V146-I-6ON 104 
V147-1-GAB 106 
V040-I-Gfl 104 
Y149-I-G0m lOG 

1100-4-0 128 
REVS-4-I/111D8 120 

REN3-4-08/ID 120 
REW0-4-ED/BAD11 328 
0ENS-4-DID 028 
REN3-4-8U 128 
ACN3-l-Ell 128 
AE16-3-01U1 128 

0(04-3-AC 121 
LTIO-3/4-OC 120 

RE16-3-18 121 
AC 06-3-ED 020 

1 E8-3-01 123 
03175-0-Al0 320 

LTI-3/4-EU 128 
RY67-3/4-088 109 
0068-3/4-088 128 
0113---H 123 

VI 39-3/4-880/E 028 
y330-1-060 320 
RE3-1-011 128 
REW4-1-00 320 

VI 10-314-00 128 
0206-1-OBD 120 

V1107-3/4-D8 128 
0207-3/4-DOD 128 
11009-1-11111 128 
0342-3-888 120 
0302-I-lB 328 
V103-I-08 120 

RV70-1 13/4 -DC 128 
VI 30-I-D9 128 
RV69-3/4-RA 128 
135-I-EO 328 
8139-I-ED 120

C-2 E13-1 
E-2 113-A 
C-2 E13-1 
E-2 E 13-4 
C-2 EI3-1 
E-2 ElI-A 
C-2 E13-1 
C-7 1-34 
C-6 M0-2398 
8-5 I E201C 
C-1 AT E2021 
C-4 NO-2390 
C-b AC-102 
8-4 RE03-408O 
D-3 ITT E2016 
1-4 W0-2399 
1-4 8016-3-DC 

8- A-6 
0-7 RC-7-1 

8-7/3-3 RC-7-2 
C-4 0013-4 
C-i 00N3-4 
C-5 E-201C 

-4 E-2014 
C-A 0013-4-IS8 
C-4 REN-4-0 
D-5 RE86-3008 
C-A E-20111 
C-S E-201C 
D-S RE116-3 
C-S 00W3-4 
8-4 AEN3-4 
C-4 REW3-4 
0-3 E-201A 
C-S E-201C 
0-4 E-202A 
0-4 E-202A 
8-3 E-202A 
0-3 E-202A 
C-4 E-2026 
C-4 E-2020 
C-4 E-2020

MISC TURBO PIP PSIO-5-LSTG 102/103 C-64E-6 
NISC TURBN PIP PSIOA-5-LSTG 303 E-6 
RISC TURIN PIP 1109-I-HO 304 C-6 
RISC TURIN PIP 0100---N 004 C-5 
NUCLEAR BOILER 0209-1-IC !15 E-2 
SENSING LINE 120F-1-DC 105 E-2 
SENS3NG LINE 13IA-I-11C 115 0-3 
SENSING LINE 1211-3-DC fill 0-3 
SENIS14G LINE ,3SF-I-IC 333 1-2

FST-10 
PS30-5 
PS9-2 
PS9-2 
120F-l 
1-28F 
1-13A 
1-3-ID 
1- 31F

CONDENSATE 
CONDEJISATE 

CONDENSTE 
£IND!NATE 
CONDENSATE 
I2301ENSATE 

RWiU 
Mao 
RACU 

RmCU 

ma 

maol 

ma 

AIDW 

mao 

RWCU 

F1wc 

m 

RACU 
FVCU 

R1WW 

RWCU

IN.  

-1

.------ ES16N ORNORMAL --- I HELD----- 1 COMPLIANE MARI -10-10----
PIS MATERlIAL ---- CODITIONS --- : APPENCII F NO ANALYSIS SYSTEMS PIPE :- EXCLUSIONIST -: 

TO STO TEMP 4F) PRESS (PSI) DIN I - ARMg LDCAIIIUOISI FIRE AREAIS) REQUIRED ANALYSIS RUPTURE PRA S CIA 2? LBO 

FN- 148-2 106 G1 1 302 434 D BEE CALCULATION N-O I 
RY1112 104 611 8 302 434 0 SEE CALCILATION NS-3-101 I 
AV0113 106 GA 8 302 434 0 ifE CALCUL.ATION msp-wio-l I 
FW-147-1 106 SIT 1 302 434 0 SEE CALCULATIN NSP-W0-3 II 
F-347-2 106 fiA 1 302 434 0 if! CALaILATION NEP-WO-lI I 

0-55-1 106 GA1 A 302 434 1 SEE CALCULAIN IQ-30-101 I 
1,1-55-2 106 fil 1 302 434 3 SEE CALCULATION NS-WOI0I I 
00-2398 106 SIT 8 570 1136 D SEE CALCLAION NS-W 0~ 1I 
ITT 1201A 106 GA1 1 510 1134 IT SE! CALCULATION NSP-30-101 II 
HT E202A 106 GA B 570 1134 0 SEE CALCULATION lISP- 30101 11 
RE03-3 106 GA 9 570 1134L I SEE CALCUL.ATION NSP-30I0I if 
RE83-3 106 GAT A 570 1317 0 SEE CALCULATION NS-WOl II1 
RC-l01 106 GA1 1 570 1317 1 SEE CALCULATION IISP-W 01 If 

P204 A/B 106 GAT A 570 1134 0 SE! CALCULATION NSP-10-IOI II 
00-2399 106 GAl a 570 1317 A SEE CALCILALTION EP-W 01 II.VI 
RC-6 312/376TP344 570 1317 0 SEE CALCUL.ATION OSP-w0-oi 11,0 

AC-34 312/376TP304 570 3317 I SE! CALCIALATION NS-WI-OI 1I 
RC-7-117-2 106 GA 8 570 1317 8 SE! CALCULATION NSP-W 0-1 I1 
T13-t?-ED 10 GA1 1 400 1250 1 SEE CALCULATION MSP-WOIGO II1 
Fkl-4 106 GA1 A 400 3250 0 SE! CALCULATION xS-30-101 II 
AC-fl 106 611 1 570 1317 D SEE CALCULATION NSP-30-101 iI 
RC-36 104 GA a 570 1136 0 SEE CALCILATION NS-WI-lI It 
RY/-67 106 GA1 1 570 1317 A SE! CALCUATION NSP-36-101 II 
RV-60 106 GAT A 570 1317 0 SEE CALCULATIN 1P-W 0-1 it 
AC-lI 106 GA B 150 1317 8 SEE CALCULATION NSP-30-101 II1 
AC-7B 104 G If 570 1317 8 SEE CALCULATION NP-30-101 II 
AC-IS 104 GAl a 570 1317 A SEE CALCLATION NSP-30-101 II 
E-201C 106 GAt A 570 1317 0 SEE CALCULATIN NS-3-WI03 11 
E-201A 106 fG 1 570 1317 0 SE! CALCULATION NSP-30-101 II 
Ac-40 106 GAl N 570 1317 IT SEE CALCULATION NsP-30-11 
RC-20 106 GA1 A 570 1317 A SEE CALCULATION 4-30-001 
RC-73 106 GA A 150 ? 1317 0 SEE CALCULATIONI NSP-30-11 
RC-26 106 fg S 570 1317 A SEE CALCULATION NS-30-101 I 
RC-20 106 GA 8 I50O 1317 8 SEE CALCULA710M 4SP-30-I0I I 
RE-30 106 GA1 a ISO ? 1317 1 SE! CAL.CULATION ISP-10-101 I 
V103-1 104 SA A 570 1317 8 SE! CALCULATION 45S-30-101 II 
AC-22 106 GA1 a 570 1317 A SEE CALCULATION NSP-10-101 11 
RVI 106 GO I 150 1 317 0 SEE CALCULATION 45P-10-101 I1 

POCC-49 106 GR 0 150 1317 6 SEE CALCULATIONi NS40-1-o1 It 
R03 10& GR A 170 1317 0 SEE CALCULATION NSP-30-iol 1I 

D159-I 106 69 8 150 1317 0 SEE CALCULATION NGP-3,0-I01 II 
RC-24 106 GR 0 150 ? 1317 D SEE CALCULATION N4i-WIOI~ If 
401045 106 &R IT 502 1110 0 SEE CALCULATION 45P0-30-101 
901046 136 Gh A 582 1110 0 SEE CALCULATION 4~~-~ 
iTt.'76 106 6R 0 582 1110 0 SEE CALCULATION 1--0 
1T12?5 :9 1 ~ BIII'11 0 SEE CALCULATION -lI I 
EDO-6 312176TP304 50? 1110 D SEE CALCULATION Nz;-:0-1O3 xI 

PS2-I02 31,!'0 16llP304 52 1110 0 SEE CALCULATION --3I I 
iT&-5lC 31i:-:7TP3O4 502 1110 I SEE CALCULATION i::~0 
"0 -tC !I2,:10TP30)4 t82 1"110 - SEE CALCbLATION tE--70-101 I 
'TS-'ID '12.'6IP!04 !8' 1110 D SEE CALCULATION 0.-- 1



(D En 

Ci) WA 

0I 

o: K)j DATE: slu-Jun-86 

H16H1 ENERGY LINE DES 1EMIlN (DEC/la SYSTEMS)

LINE DRAW9 
SYS1118 RSIGNAIIU P&ID(1) ZONE 

SENDING LINE 133E-I-DC 115 C-2 
SENSE116 LINE 1338-I-DC 13 1-3 
SEN61NG LINE I33C-I-OC 113 0-5 
SENSING LINE 1278-I-KC 114 C-3 
SENS1NG LINE 12BA-I-DC 114 C-5 
SENSING LINE 128A*-I-DC Ili C-5 
SENSING LINE 12kBI-DCK 116 C-5 
SENSIN LINE 12BAC-1-KC III, C-3 

586116 LINE 1298-1-DC 114 0-3 
SENSING LINE X28BAIDC 114 D-5 
SENSING LINE Il8-I-DC 116 D-3 
SENSING LINE 149E1-D 1I5 C-I 
SENS116 LINE 149P-1-9 115 C-3 
SENSING LINE 128D-I-DC 114 D-3 
SENSING LINE 1' 7E-I-DC It& 1-5 
SENSING LINE 12W*I-DC 114 9-4 
SENSING LINE 1-29AA--I-RC Ilk D-4 
SENSING LINE 1-29AB-1-RE Ilk 13 
SENSING LINE 1-29AC-1-OC 114 0-3 
SENS INS LINE 1298-I-KC 114 H
Sf1611 LINE 129C-I-DC Ili 1-4 
SENSING LINE 1290-1-DC 114 9-4 
SM1116 LINE 140AE-1-MC 116 C-5/0 
SENS1NG LINE 140AD-I-DC 114 C-5IR 
SENSING LINE 140AC-1-DC 114 C-511R 
SENSING LINE 140AD-1-KC 114 C-SIR 
SEN611G LINE X40AA-1-OC Ilk C-31/I 
SENSING LINE 140k-I-OE Ili C-S/D 

SM1116 LiNE 140W--DC 114 C-5/A
SENSING LINE I14DD-I-DC 114 C-S/h 
SENSING LINE 14ODC-I-KC 114 C-S/A 
SfNSING LINE 14OBD-I-DK I14 C-S/A1 
SEN11 LINE 140E-I-DC 114 C-S/A 
SENSING LINE 140AF-I-KC 114 C-S/A1 
SM611B LINE 140CA-I-RC 116 C-4/D8 

SENSING LINE 140081-R Ili C-/D 
SENSING LINE X40DO-l-DC 114 C-/D
SENSING LINE 144/I-I-DC 116 C-/IB 
SE/SINE LINE x1OIP-I-IC 114 C-/iD
SEN1SING LINE I/ODE-I-OC 114 C-4/I 
SE/SINE LINE 140DA-I-KC 116 C-4/A
SENSING LIKE 140C-I-KC 116 C-/A 
SENSING LI W X40CD-l-RC 116 C-/A
SE/SING LINE 14!2CC-I-DC 114 C-4/A
5E/SINE LINE X40CF-I-KC 116 C-41A
SE4SIN6 LINE (/iCE-I-IC 116 C-/A
SE/SINE LINE :274-I-DC 116/122 C-S/I
,E/SINE LINE RENISA-H--EF I17-I 8-2 
SE/SINEf LINE REWISA-3-I-fE 117-1 A-3 
SE/SIN LINE NWI1h-l-l-EF 117-1/120 C-S 
SE/SINE6 LINE PEWrI-3-I EP 117-11120 C-s

IN6 

-6 

-4 
-6 
-S 
-5 
-S

TERMINAL 

1-21 
1-28A 
12k-I 
12k-I 
12BA-1 
1-288 
I129 
1-28C 
1-49E 
1-49F 
1-20D 
1-28E 
1-29* 

129*-I-DC 
129*-I-DC 
1291-I-IC 

1-291 
1-29C 
1-299 

I-WIA-C 
1-4001-11 
1-40A-C 
1-40A-8l 
1-40A-4 
1-408-A 
1-4004 
1-4011-9 
1-408-C 
1-4OB-D 
1-4011-E 
I-40A4 
I-ONE-A 
1-40D-8 
1-400-8 
1-400-C 
1-400-P 
1-40D-E 
1-400-A 
1-40C-8 
1-/IC-o 
1-40C-C 
1-40E-F 
1-40 GE 
4-274 
1-314 
A-',10 
I-SIB 
X-5 IC

Pt. P45 
To

:-- -CES16M NORMAL -- I ;---- - ------- EL COMIPIANCE IATRII--- -- --------- 1 
MATERIAL : ---- CONDITION ---- 1 APEN4DIX a O PANALYSIS SYSTEMS PIPE :- EICLUSIONISI 

SID TEM/P (IFI PRESS (PSII DIN I -- 88CMK LOCATIONIS) - I FIRE WEfAISI REQUIE ANALYSIS RUI PRA SN DIA 21 LI

116-6011 312/376TP304 
P14-SIR W1/3741130 

P16-WI11 312/376TP304 
FT2-3-64*- 312/37611304 

1T6-53A 312/37411344 
P9-3-SON 312/376TP304 

LT2-3-113 31213761P304 
LT2-3-73A 3121376113,04 

L12-3-61 312/376T?304 
1112-3-63 312/376TP304 
0T2-3-9 3121376TP30 
DP-1140 312/376TP304 
OP-1140 3121376TP34 

P12-3-60A 312137611304 
LT2-3-61 31213761P104 
16-538 312/376TP304 

P62-3-El 312137411304 
L12-1-1124 312/376T1304 
LISZ-3-733 312/376TP30 
LT6-5281 312/37611304 

LT2-3-1909 312/376TP30 
P02-3-1781 312/376TP344 
FT2-3-63A 3121376TP364 

FT2-3-63A14/A 3121176110304 
P12-3-648 312/3764P30 
FT2-3-64C 312/376FP30 
P12-3-649 312/3761P304 
P42-3-64E 312/376TP304 
P42-3-639 3121376TP304 

F12-3-638/64F 312/37611304 
FT2-3-646 312/37611304 
P12-3-44 312/3764130 
F42-3-641 312/3761F304 
P42-3-64K 312/376TP344 
P42-3-AlE 312/376TP304 
FTZ-3-64V 312/316T1304 
F12-3-640 312/376TP30 
F12-3-64T 312137441224 

P42-3-620,4 312/376TP24, 
P02-3-630 312/376T4P2 
F12-3-4R 312/3761?:34 
P42-3-64P 312/316TP304 
F42-3-64M :12/376i14 
P42-3-64M 721376442C/4 

FT2-3-62C,'64L 3I2/37bIF73 
1 12-3-o!C AI2/S?6!/:S/ 
DPSI/-4";l '12/376412I4 
0442-Il IA '121376TP'4 
01'152-12194 *012,374402241 
PS-2-1265 3I2/377r: 
PS-2-!22 I.Eb~

502 
582 
582 
582 
582 
so2 
582 
582 
582 
582 
582 
502 
592 
502 
582 
582 
582 
582 
S82 
502 
582 
502 
582 
502 
582 
S82 
582 
582 
582 
502 
582 
582 
582 
582 
582 
582 
302 
582 
f82 
512 
.82 
582 
582 
So., 
582 
58ll 
562 
562 
562 
562 
562

1110 
1110 
1110 
1110 
fits 
1110 
1110 
HID0 
1110 
1110 
1110 
1110 
HI10 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
]110 
1110 
1110 
HID0 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
1110 
]It0 
1111) 
101 

11/8 
1141 
114I 
1148 
! 148

I SEE CALCULIATION 161-34-101 I 
1 S5E CALCULATION WSP-30-101 I 
0 SEE CALCUTION NSI--01 I 
I E CALCULATION NS-W0IOI if 
I SE CALCLAATIOh 1-0-WIOI IT 
A SEE CALCULATION N-W0II II 
0 SEE CALOLATION MSP-30-10 1I 
IT SEE C..CIIL*T1U NS-30-OI- If 
I SEE CALCULATIOIN 161-30 II 
I SEE CALCULATION e-3-WI0 if 
IT SEE CALCULATION NS-W0I0I II 
0 SEE CALCULATION NG--IOI It 

I SEE CALCULATION NSP-30-10 II 
O SEE CALCULATION NS-30-I0I 11 
9 SEE CALCINAFIO11N -W0IGI II 
0 SEE CALCULATION 19-1-01 I 
a SEE CALCULATION NS-W0I0I I 

I SE CALCULATION NS-W0IOI I 
I SEE CALCULATION NS-WI-lI I 
1 SEE CALCULATION X-30-10I I 
I SEE CALCULATION N61-30-10 I 
I SEE ChACULATION NS-WI-lI I 

I SEE CAL.CULATION 11P30-101 II 
I SEE CALCUILATION NS-30-I01 1I 
I SEE CALCUL.ATION W6-30-101 1I 
0 SEE CALCULATION W6-30-101 if 
9 SEE CALCULATION W6-30-101 I1 

8 SEE CALCULATION WSP-30-101 II 
I SEE CALCULATIO 1 NSP6-30-101 It 

IT SEE CALCULATION NS-30-101 it 
I SEE CALCULATION NSP-30-101 II 
I SEE CALCULATION NSP-30I0I If 
9 SEE CALCUILATION 160-1IOI II 
I SEE CALCUJLATION NSP-W 01 I1 
9 SEE CALCULATION 19-30-101 1 
9 SEE CALCULATION W-30-101 I 
I SEE CALCUJLATION W5-30-101 I 
0 SEE CALCULATION .6SP-30-ioi I 

9 SEE CALCULATION /SP-10-101 I 
D SEE CALCULATION NSP-30-101I I 
D SEE CALCULATION NSP-30-101 I 
0. SEE CALCUILATIOIN NSP-30-101 I 

D SEE CALCULATION NSP-W0101 I 
D SEE CALCULATION NSPK-)01o I 
D SEE CALCULATION W5--0-101 I 

D SEE CALCULATION msi-0A-I0I I 
D SEE CALCULATION N.V-10-10I II 
D SEE CALCULATION 45F-70-101 II 
I SEE CALCUILATION HcP-20-101 !1 
IT SEE CALCULATION 0fSF-7C-')I I 
D SEE CALCJLAT!OmNF -O I

x 

x

UN 

20



m - m - mamn -am~m -a 
(D En) 
CD(13 
H- I 

OI 

0 
o L CATE: 10-Jun-86 

IEH ENERMY LINE DESISNAIIIM IaECHTEL SYSTESI

LINE 
SYSTEN DESISHATIN P1ilS) 

SENSI LIN REilW3-5--EF 117-1 
SENSIN LINE REUt3-21-1-F I1l-1 
SENSI 6 LINE RE1i3A-9-1-OC 117-1 
SEllSI LINE REN3A-l-1-C 117-1 
SENSIE5 LIN RE i315I-1-OC 117-1 
SENSIN6 LINE REN138-19-1-0C Il7-1 
SENSIM LINE RE1I4-1-1-K 117-1 
SERSI5 LINE REIS-1-1-C 117-1 
SENSIN6 LINE REti9-1-1-DC 117-1 
SEllSIN LINE REM20-1-K 117-1 
SENSINS LINE REi6--1-0C 117-1 
SEllSI0 LINE RE117-1-1-C 117-1 
SENSIN6 LINE REN-22-1-2-C 117-1 
SENSIE LINE REV-23-1-2-IC (17-1 
SENSIN LINE RE1i3B-23-I-C 117-2 
SENSIN5 LINE REVi38-14-1-OC 117-2 
SEN6 LINE RE138-5-1-0C 117-7 
SENSIN5 LINE RE138-7-1-C 11-2 
SMPLE LINE SL19-3/6-DC 102 
SAMPLE LINE SL20-3/8-DC (06 
SAMPLE LINE SL21-3/8-C 106 
SAMPE LINE SL22-3/8-C 106 
SAMPLE LINE SL23-3/B-K 106 
SAMPLE LINE REW32-1-3/4-0C 1l7-1 
SAMPLE LINE REN2-1-3/4-ED 120 
SAMPLE LINE RE1I38-5-C-K 117-1 
SAMPLE LINE R0EIiB-17-1-0C 117-1

:---- DES16I OR NORAL -- I -------------- HELD COPLIANCE HATRI 
CRAMIMS TERMINAL Pl. PIS IATERIA :----- CONDITIONS ---- APPENDII R NO ANAYSIS SYSTElS PIPE :- EICLUSIONIS) 
Z01E FROM TO iS TEMP (IF) PRESS (PSIl D/N I --- BRE LOCATION(S) - 1 FIRE AREAISI ME IRED ANALYSIS RlPTURE PRA SN DIA 21 LBS 

5-6 1-32A DPT2-IllB 312/376TP304 542 1148 0 SEE CALILATION NSP30-01 II 
A-6 1-320 WT2-13d 312/376TP304 562 1141 0 SEE CALCILATION NSP-3-101 II  
1-3 1-52E F12-IlIOC 312/376(304 562 1248 I SE CALCLATION $SP-3001 II I 
0-3 I-52 FT2-I10 312/376TP304 562 1248 A SEE CM.ILATICI NSP-30-11 11 I 
A-2 I-31 DPIS-l6A 312/3761P304 562 1248 I SEE CALULATION IS-3lOt II I 
8-6 1-323 OPIS-2-1398 312/376TP304 562 1240 0 SEE CLCILAHON NSP-3W-I0I II I 
E-3 1-51F C121 312/3761P304 562 1248 8 SEE CALCLATION NSP-30-101 I 
E-3 1-51A £122 312/3761304 562 1240 0 SEE CLaATION NSP-3-101 I I 
E-6 1-51E C121 312/376TP304 562 1248 0 SEE CALCATIOil NSP-30-10I I 
E-6 1-51D C122 312/376TP304 562 124 A SEE CALCILATION SP-30-101 I I 
E-3 1-520 C125 312/376TP304 562 1248 1 SE CALIU.ATION NSP-30-101 I I 
E-3 I-52£ C122 312/376TP304 562 1248 1 SEE CALCLAION NSP-30-101 II 
1-4 (-523 C212 312/376TP304 562 1248 SEE CALCULATIOII NS-30-10I I 
E-6 1-52A C122 312/376TP304 542 1248 1 SEE CACILATION NSP-D-101 It 
C-5 (-32E C57 312/376TP304 52 1240 1 SEE CALCLATISM NSP-30-101 II 
C-3 (-32F C57 312/376TP304 542 1248 1 SEE CALCILATION NSP-30-10 II 1 
C-5 1-31F C57 3121376TP304 542 1243 1 ME CALUATION NSP-30-101 11 I 
C-3 1-31E CS7 312/376TP304 562 1241 1 SEE CCLIATION ISP-30-101 II I 
E-6 PSI-1l S1302B 312/376TP344 540 975 SEE CALCUATION NSP-3-IOI I I 
0-2 C4A-lI 513029 106 68 302 434 1 SEE CAELATION NSP-36-tOe I 
C-2 C48-1 S1300 106 6 1 302 434 5 SEE CALCULATIII NSP-30-191 I I 
E-6 FM24-14 SII31 312/376TP304 540 975 SEE CALCILATION NSP-30-Ill I 
B-6 Fi23- t S13032 312/3761P304 540 975 0 SEE CMLCULATIM NS-30-101 I I 
0-6 (-41 CT-3013 312/376TP304 562 1248 0 SEE CALCILATION NSP-WIlI II I 
8-4 REN3-3-ED HISC-5 106 6R 570 1136 0 SEE CALCILATION NSP-30-1I0 II I 
0-5 -50£ £57 312/376tP304 562 1240 0 SEE CALCIAT1I NSP-O-IlG 11 
0-5 1-508 £57 3121376TP304 52 1248 3 EE CALCULATION NSP-3HI II I
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6.0 CONCLUSIONS & RECOMMENDATIONS 

A systematic review of the high energy piping at the Monti
cello Plant was performed for the Northern States Power Com

pany. It is concluded that paths to safe shutdown exist for 

each postulated break with coincident loss of offsite power 
and a single active failure (as described in Section 5.2) in 
all compartments with the following exceptions: 

1 6.1 A longitudinal break of the steam bypass line 

(PS7-10"-ED) could impinge on both divisions of the 
Emergency Service Water System (SW30A-3-HF and 
SW30B-3-HF). As an observation it should also be noted 
that the reaction of pipe in the opposite direction 
would damage the HPCI System power cabling and the 
cables to Div. II of SPTMS. A circumferential break on 
condensate line C4A-16-GB on the inlet to heater E-13A 
could also jet impinge on both divisions of the Emer
gency Service Water Lines referred to above.  

6.2 A jet impingement in the main steam chase from a break 
in either the Main Steam line (PS2-18-ED or PS3-18-ED) 
or the HPCI Steam line (PS18-8-ED) could damage the RCIC 
steam line (PS17-3-ED)and the Emergency Service Water 
line (SW30B-3-HF). Safe Shutdown without HPCI, RCIC, 
and one division of ESW, coincident loss of offsite 
power, and failure of the opposite division diesel gen
erator, as the single active failure, has not been 
investigated.  

6.3 A break on either Feedwater Line (FW2A-14-ED or 
FW2B-14-ED) within the Reactor Feedwater Pump Area 

(IX/13C and IX/13B) would subject MCC's 133 & 134 to 
adverse environmental effects. This break could also 
cause a breach in the ceiling to this area from a jet 
impingement or pipe whip. A breach in the ceiling to 
this area could also expose MCC's 142 and 143 to adverse 
environmental effects.  

6.4 Compartment pressurization within the SJAE Room from a 
break in line PS9-3-ED could open the door to the room 
and expose Load Center 103 and BUS 15 as well as the 
480V equipment to adverse environmental conditions. If 
the single active failure is the diesel generator (Gil) 
of Div. I, shutdown of the unit could not be accom

plished.  
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6.5 Jet impingement in the RWCU Area from line REW3-4"-DB 
could damage the copper tubing air lines to the seals on 
Primary Containment Atmospheric Control System isolation 
valves AO-2386 and AO-2387 and could result in loss of 
primary containment isolation function. (It should be 
noted that these valves are not required for safe shut
down. However, in order to meet the intent of Criterion 
21 of the Giambusso letter identification of this con
cern is required.) 

In order to mitigate each of the identified concerns, the 
following modifications and procedural changes are proposed: 

Items 1 6 & 6.3 

Manual isolation valves will be installed in the Intake 
Structure on the Emergency Service Water Lines immedi
ately downstream of the tees in each discharge pumping.  
The purpose of the tee is to separate cooling water flow 
to the D/G from the flow to the room coolers. By 
installing a manual isolation after the tee on the pipe 
transporting water to the roo.m coolers, any postulated 
break in the ESW lines as a result of a HELB can be 
isolated from cooling flow necessary for the D/G's.  
Also, manual isolation valve ESW 58-2 will be relocated 
in the Torus Area from the Main Steam Pipe Chase. The 
.relocation of the valve will allow isolation of any 
postulated break on line SW30B-3-HF. With the break 
isolated, cooling water for the Division II room coolers.  
can be provided by the Service Water System from a Ser-
vice Water Pump capable of being powered by the Diesel 
Generator. The new manual isolation valves on the ESW 
lines in the Intake Structure will be closed, so that 
cooling flow to the D/G's will not be lost due to HELB 
affecting SW30A-3-HF or SW30B-3-HF.  

Additionally, an emergency operating procedure will be 
generated, which details how an electrical realignment 
could be made such that one diesel generator could power 
the other essential division.  

With these modifications, concerns about HELB affecting 
the Emergency Service Lines with a single active failure 
of a Diesel Generator or Emergency Service Water Pump is 
mitigated.  

Item 6.3 

For Feedwater and Condensate line breaks in the Feed
water Pump area, calculations will be performed to show 
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that the ceiling to the room can withstand the force of 
a direct jet impingement without failure for the Conden
sate Line and the 6" Feedwater crosstie pipingbreaks.  
For the Main Feedwater Lines (14") jet impingement 
shields will be installed -to protect the ceiling.  
Therefore, no break that adversely affects MCC 133 will 
also affect MCC 143.  

Item 6.4 

For the SJAE Room , a compartmental pressurization ana
lysis will be performed to quantify the differential 
pressure across the door to the compartment. Based upon 
this pressure, the door will be redesigned or replaced 
to be able to accept the differential pressure without 
opening. All other possible vent paths from the SJAE 
Room to the 4KV switchgear area will be eliminated.  
Therefore, a HELB in the SJAE Room will not affect the 
switchgear area.  

Item 6.5 

Tests will be conducted on valves AO-2386 and AO-2387 to 
establish whether allowable leak rates can be maintained 
with the seals deflated. If the results of the tests 
are unacceptable, relocation of the accumulators, check 
valves, and tubing will be considered, or consideration 
will be given to providing jet impingement shields to 
protect the equipment.  
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A.0 HIGH ENERGY LINE BREAK LOCATIONS 

The postulated break locations for each high energy line was 
based on the criteria established in the Giambusso letter 
(Reference A.7-1). The systems evaluated were the Primary 
Steam, HPCI, RCIC, Feedwater, Condensate, RWCU, and miscella
neous Sensing and Sample Lines. Calculations were performed 
in accordance with the "HELB" Evaluation Criteria document 
(NSP730.0020-001) to determine where the break locations 
would be postulated for all seismic category I piping (Refer
ence A.7-2). For each system, the calculation results are as 
follows.  

A.1 Primary Steam 

The following break locations are postulated for the 
four Main Steam Lines. The break locations are iden
tified on Figure A-1.

PSITE-1: Terminal End at penetration X-7A in the Reac
tor Building Steam Chase Area.

PS1B-1: Approximately 14'-3" north of column line K 
and 9'-0" west of column line 6 at El. 942'-6" 
in the Turbine Condenser Area (TBCA).  

PS1B-2: Approximately 19'-3" north of column line K.  
and east of support PS5 on the end of the 
elbow at El.942'-6" in the Turbine Building: 
Condenser Area.

PS1TE-2: 

PS2TE-1: 

PS2B-1: 

PS2B-2: 

PS2TE-2: 

PS3TE-1:

Terminal end at stop valve SV1 in the TBCA.  

Terminal end at penetration X-7B in the Reac
tor Building Steam Chase.  

Approximately 14'-3" north of column line K 
and 15'-6" east of column line 6 at El.  
942'-6" in the TBCA.  

Approximately 16'-3" north of column line K 
and east of PS10 on the end of the elbow at 
EL. 942'-6" in the TBCA.  

Terminal end at stop valve SV2 in the TBCA.  

Terminal end at penetration X-7C in the Reac
tor Building Steam Chase Area.
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PS3B-1: Approximately at 8'-3" north of column line K 
and 3'-0" east of column line 6 at El. 942'-6" 
in the TBCA.  

PS3B-2: At first elbow end south of stop valve SV3 at 
El. 938'-0" in the TBCA.  

PS3TE-2: Terminal end at stop valve SV3 in the TBCA.  

PS4TE-1: Terminal end at penetration X-7D in the Reac
tor Building Steam Chase.  

PS4B-1: Approximately 9'-0" east of column line 6 next 
to PS30, El. 942'-6" in the TBCA.  

PS4B-2: At first elbow end south of stop valve SV4, 
El. 938'-0" in the TBCA.  

PS4TE-2: Terminal end at stop valve SV4 in the TBCA.  

PS1TE-3: Terminal end at control valve CV1 in the TBCA.  

PS1B-3: At the first bend north of control valve CV1, 
El. 923'-0" in the TBCA.  

PS1B-4: At the first elbow south of turbine, El.  
961'--11" in the Turbine Building.  

PS1TE-4: Terminal end at turbine, El. 961'-11" in the 
Turbine Building.  

PS2TE-3: Terminal end at control valve CV2 in the TBCA.  

PS2B-3: At the first bend north of control valve CV2, 
El. 923'-0" in the TBCA.  

PS2B-4 Approximately 6'-2" north of column line Gh on 
last bend before turbine, at El 920'-0" in 
the TBCA.  

PS2TE-4: Terminal end at turbine, El. 951'-7 1/2" in 
the Turbine Building.  

PS3TE-3: Terminal end at control valve CV3 in the TBCA.  

PS3B-3 At the first bend north of control valve CV3, 
El. 923'-0" in the TBCA.  

PS3B-4: Approximately 10'-2" north of column line Gh 
on last bend before turbine, at El. 920'-0" in 
the TBCA.  
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PS3TE-4: Terminal end at turbine, El. 951'-7 1/2" in 
the Turbine Building.  

PS4TE-3: Terminal end at control valve CV4 in the TBCA.  

PS4B-3: At the first bend north of control valve CV4, 
El. 923'-0" in the TBCA.  

PS4B-4: At the first elbow north of turbine, El.  
961'-11" in the Turbine Building.  

PS4TE-4: Terminal end at turbine, El. 961'-11" in the 
Turbine Building.  

PS30B-1: At the first elbow down from PS4-18"-ED, El.  
940'-1 3/8" in the TBCA.  

PS30B-2: At the first elbow down from PS1-18"-ED, El.  
940'-1 3/8" in the TBCA.
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The following break locations are for Primary Steam pip
ing connecting to the four mainsteam lines. All break 
locations ar within the Turbine Building Condenser Area 
and are identified on Figure A-2 (NX-13142-15).

PS11TE-1: 

PS12TE-1: 

PS12B-1: 

PS13TE-1: 

PS14TE-1: 

PS7B-1:

Terminal end at PS1-18"-ED, El. 941'-6" in the 
Turbine Building.  

Terminal end at PS2-18"-ED, El. 941'-6" in the 
Turbine Building.  

Approximatly 14'-3" north of column line K and 
2'-9" west of column line 8, El. 940'-8" in 
the Turbine Building.  

Terminal end at PS3-18"-ED, El. 941'-6" in the 
Turbine Building 

Terminal end at PS4-18"-ED, El. 941'-6" in the 
Turbine Building.  

Approximately 4'-3" south of column line Jc 
and 7'-5 3/4" east of column line 9, El.  
940'-3" in Turbine Building.

PS7B-2: Approximately 23'-0" north of column line Jc 
and 7'-5 3/4" east of column line 9, El.  
939'-11 9/16" in the Turbine Building.

PS7TE-1: 

PS7TE-2: 

PS7TE-3: 

PS8TE-1:

Approximately 59'-0" north of column line Jc 
and 2'-10 1/2" east of column line 9, El.  
939'-11 5/8" in the Turbine Building.  

Terminal end on north side of bypass control 
valve, El. 940'-3/8" in the Turbine Building.  

Terminal end on south side of bypass control 
valve, El. 940'-3/8" in the Turbine Building.  

Terminal end on west side of bypass control 
valve, El. 940'-3/8" in the Turbine Building.

PS8B-1: Approximately 40'-6" north of column line Jc 
and 1'-5 1/4" west of column line 9, El.  
940'-8 11/16" in the Turbine Building.  

PS8B-2: Approximately 4'-6" south of turbine center 
line and 1'-5 1/4" west of column line 9, El.  
912'-11" in the Turbine Building.,
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PS8TE-2: 

PS6TE-1:

Terminal end at 16 x 8 flow nozzle at penetra
tion 4, 4'-6" south of Turbine center line, 
El. 912'-11" in the Turbine Building.  

Terminal end west side of bypass control 
valve, El. 940'-3/8" in the Turbine Building.

PS6B-1: Approximately 43'-6" north of column line Jc 
and 1'-5 1/4" west of column line 9, El.  

940'-8 11/16" in the Turbine Building.  

PS6B-2: Approximately 44'-6" north of column line Jc 
and 1'-5 1/4" west of column line 9, El.  
940'-8 11/16" in the Turbine Building.  

PS6B-3: At support PS-51 and 3'-11 1/2" north of tur
bine center line, El. 912'-11" in the Turbine 
Building.

PS6TE-2: 

PS21TE-1: 

NSP-30-102 
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Terminal end at 16 x 8 flow nozzle at penetra
tion 4, 3'-11 1/2" north of turbine center 
line, El. 912'-11" in the Turbine Building.  

Terminal end at orifice RO-1618 on line 
PS21-4"-ED.  
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The following break locations are for the Primary Steam 
Drain Line in the Steam Chase Area.

PS15TE-1: 

PS15B-1: 

PS15B-2: 

PS15TE-2:

Terminal end at penetration X-8 in the Reactor 
Building Steam Chase Area.  

Approximately 23'-3" south of column line L 
and at valve MO-2374, El. 933'-0" in Reactor 
Building Steam Chase Area.  

Approximately 23'-3 south of column line L and 
10'-9" west of valve MO-2374, El. 933'-0" in 
Reactor Building Steam Chase Area.  

At support SR 140 which has been removed and 
replaced by a new support SR 721. The new 
support SR 721 is not shown in Figure A-3A, so 
we will use SR 140 as a reference point, El.  
933'-0" in the Reactor Building Steam Chase 
Area.

These postulated break locations are identified on Fig
ure A-3A.  

All other high energy lines, forming part of the primary 
steam system, are identified as non-seismic lines.  
Hence, break locations were postulated at all fittings 
(e.g., elbows, tees, valves, brach lines, etc.) as def
ined by the break location criteria.
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A.2 High Pressure Coolant Injection Break Locations 

The following break locations are postulated for the 
HPCI steam line, PS18-8. These postulated break loca
tions are identified on Figure A-3B (NX-13142-42).  

PS18TE-1: Terminal end at penetration X-11, El. 949'-0" 
in the Reactor Building Steam Chase Area.

PS18B-1: Approximately 24'-6" south of column line L 
and 9'-0" west of column line 6 at valve 
MO-2035, El. 949'-0" in the Reactor Building 
Steam Chase Area.

PS18B-2: Approximately 3'-8" south of column line L and 
0'-2 1/4" west of column line 6 at support SR
85, El.931'-O" in the Reactor Building Steam 
Chase Area.  

PS18TE-2: Terminal end at HPCI pump S-201 nozzle, El.  
905'-6" in HPCI Room.  

All other high energy lines, of the High Pressure Cool
ant Injection System (steam side), are identified as 
non-seismic lines. Hence, break locations were post
ulated at all fittings (e.g., elbows, tees, valves, 
branch lines, etc.) as defined by the break location 
criteria.
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A.3 Reactor Core Isolation Cooling System Break Loacations 

The following break locations are postulated for the 

RCIC steam line, PS17-3. These postulated break loca
tions are identified on Figure A-4 (NX-13142-43).  

PS17TE-1: Terminal end at penetration X-10, El. 948'-6" 
in the Reactor Building Steam Chase Area.

PS17B-1:

PS17B-2:

Approximately 3'-10" south of column line L 
and 7'-4 5/8" east of column line 6, E1.  

936'-6" in the Reactor Building Steam Chase 
Area.  

Approximately 3'-10" south of column line L 
and 2'-3 3/4" east of column line 6, El.  

937'-6" in the Reactor Building Steam Chase 
Area.

PS17TE-2: At support PSH 112, 3'-10" south of column 
line L and '-1 3/4" east of column line 6 in 
the Reactor Building Torus Area.
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A.4 Feedwater Break Locations 

The following break locations are postulated for the 
Feedwater piping. These postulated break locations are 
identified on Figure A-5 (NX-13142-52) and A-6 
(NX-13142-53).

FW2ATE-1: 

FW2AB-1: 

FW2AB-2: 

FW2ATE-2: 

FW2ATE-3: 

FW2AB-3:

Terminal end at penetration X-9B, El. 940'-6" 
in the Reactor Building Steam Chase Area.  

Approximately 1'-7 1/2" north of penetration 
X-9B, El. 940'-6" in the Reactor Building 
Steam Chase Area.  

Approximately 17'-9" south of column line Jc 
and 6'-0" east of column line 6, El. 960'-4 
5/8" on the turbine operating floor.  

Terminal end at heater E15-A nozzle, 12'-6" 
south of column line Jc and 9'-0" east of 
column line 6, El. 960'-4 5/8" on the turbine 
operating floor.  

Terminal end at heater E14-A nozzle, 2'-6" 
south of column line Jc and 9'-0" east of 
column line 6, El. 951'-7 5/8" on the turbine 
operating floor.  

Approximately 15'-7 1/2" south of column line 
Hj and 7'-8" west of column line 10, El.  
924'-4" in the Feedwater Pump Area.

FW2B-1: Approximately on column line 10 south end of 
valve CV-613, El. 919'-5" in the Feedwater 
Pump Area.

FW2ATE-4: 

FW2BTE-1: 

FW2BB-1: 

FW2BB-2: 

NSP-30-102 
Revision 0

Terminal end of Feedwater Pump P-2A, El.  
918'-4 1/2" in the Feedwater Pump Area.  

Terminal e&nd at penetration X-9A, El. 940'-6" 
in the Reactor Building Steam Chase Area.  

Approximately 6'-0" west of column line 6 
where TW3-12"-ED taps into FW2B-14"-ED, 
El.940'-6" in the Reactor Building Steam Chase 
Area.  

Approximately 17'-9" south of column line Jc 
and 9'-0" west of column line 6, El. 960'-4 
5/8" on the turbine operating floor.  

- A.9 
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FW2BTE-2: 

FW2BTE-3: 

FW2BB-3: 

FW2BTE-4:

Terminal end at heater E15-B nozzle, 12'-6" 
south of column line Jc and 9'-0" west of 
column line 6, El. 960'-4 5/8" on the turbine 
operating floor.  

Terminal end at heater E14-B nozzle, 2'-6" 
south of column line Jc and 9'-0" west of 
column line 6, El. 951'-7 5/8" on the turbine 
operating floor.  

Approximately 21'-0" south of column line Hj 
and 7'-8" west of column line 10, El. 922'-6" 
in Feedwater Pump Area.  

Terminal end at feedwater pump P-2B, El.  
918'-4 1/2" in Feedwater Pump Area.

FW2B-2: Approximately 0'-10" south of FW2-14"-DE on 
column line 10, El. 919'-5" in Feedwater Pump 
Area.

FW2B-3: Approximately 2'-5" south of FW2-14"-DE and 
6'-6" west of column line 10, El. 919'-5" in 
Feedwater Pump Area.

NSP-30-102 
Revision 0
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A.5 Condensate System Break Locations 

The following break locations are postulated for the 
Condensate System. These postulated break locations 
are identified on Figure A-7 (NX-13142-1) and A-8 
(NX-13142-2).

C4ATE-1: Terminal end at heater E-13A nozzle, El.  
937'-0" in TBCA.

C4AB-1: Approximately 1'-2" south of column line Jc 
and 7'-0" west of column line 10, El. 928'-4" 
in Feedwater Pump Area.  

C4AB-2: Approximately 1'-2" south of column line Jc and 
2'-5" east of column line 10, El. 926'-4" in 
the Feedwater Pump Area.

C4ATE-2: 

C4BTE-1:

Terminal end at feedwater pump, P-2A, El.  
915'-5" in the Feedwater Pump Area.  

Terminal end at heater E-13B nozzle, El.  
937'-0" in the TBCA.

C4BB-1: Approximately 6'-9" south of E-13B center line 
and 10'-5" west of column line 5, El. 937'-0" 
in the TBCA.

C4BB-2: 

C4BTE-2:

Approximately 5'-0" north of C2B-16"-GB and 
4'-6" east of column line 6, El.936'-11" in 
TBCA.  

Terminal end at feedwater pump P-2B, El.  
915'-5" in Feedwater Pump Area.

All other high energy lines of the Condensate System, 
are identified as non-seismic lines. Hence, break loca
tions were postulated at all fittings (e.g., elbows, 
tees, valves, branch lines, etc.) as defined by the break 
location criteria.
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A.6 Reactor Water Cleanup Break Locations 

All portions of the RWCU System, identified as having 
high energy piping, are classified as non-seismic lines.  
Hence, break locations were postulated at all fittings 
(e.g., elbows, tees, valves, branch lines, etc.) as 
defined by the break location criteria.
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A.7 References

Letter, from A. Giambusso, Deputy Director for 
Reactor Projects, to Northern States Power 
Company, Subject: High Energy Breaks Outside 
of the Containment, December 18, 1972 (File 
# NSP730.0009).  

NUTECH file, "Determination of high energy 
pipe locations for the systems, Bechtel looked 
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