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Iowa Electric Light and Pbwer Company 

December 21 1982 
NG-82-284 

LARRY D. ROOT 
ASSISTANT VICE PRESIDENT 
NUCLEAR GENERATION 

Mr. Harold Denton, Director 
Office of Nuclear Reactor Regulation 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555

Subject: Duane Arnold Energy Center 
Docket No: 50-331 
Op. License No: DPR-49 
NUREG-0313, Rev. 1, Request 
Information

for Additional

Dear Mr. Denton: 

This letter and attachments are submitted in response to the NRC's 
request for additional information dated November 8, 1982 regarding NUREG
0313, Rev. 1, IGSCC. In accordance with your request, a copy of this response 
is also being provided to EG&G Idaho, Inc.  

Most of the information requested in your letter has been provided 
to the NRC in the following three principal documents (1) the DAEC FSAR and 

UFSAR, (2) Iowa Electric letter NG-82-2653 dated December 1, 1982 submitted 
in response to IE Bulletin 82-03, and (3) Iowa Electric letter LDR-81-225 
dated June 30, 1981. Attachment 1 to this letter identifies the documentation 
applicable to your individual questions. Attachments 2 through 5 provide 
copies of this documentation.  

Ver truly yours, 

Larry D. Root 
Assistant Vice President 
Nuclear Generation

LOR/WJM/rh* 
Attachments: 1 
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cc: W. Miller 
D. Arnold 
L. Liu 
S. Tuthill 
F. Apicella (NRC) 
NRC Resident Office 
Commitment Control 
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ATTACHMENT 1 NG-82-2784 
Dec. 21, 1982 

Response to questions contained in 
November 8, 1982 NRC letter 

NRC Item 1 

1. Unidentified Leakage Monitoring. (IV.B.1 of NUREG-0313, Rev. 1) 

a. Identify the methods to detect and monitor unidentified leakage 
in the pressure boundary piping of your BWR. Some of these 
methods are enumerated in Regulatory Guide 1.45, Paragraph b.  

b. Please fill out the attached table of information regarding the 
systems identified in the above paragraph.  

Response to Item 1 

The requested information is contained in Attachment 2 which are excerpts 
from the DAEC UFSAR, Technical Specifications, and procedures.  

NRC Items 2a & b 

2. Augmented ISI of Partially Nonconforming Service Sensitive Pipe 

Attachment 1 of the L. D. Root to Harold Denton letter of June 30, 
1981 (LDR-81-225) states that "Augmented inservice inspection has 
been done on the above systems in accordance with the guidelines of 
NUREG-0313, Rev. 1." 

a. Please identify the methods for augmented ISI of the partially 
nonconforming service sensitive pipe (IV.B.3 of NUREG-0313 Rev.  

1).  

b. Provide a copy of specifications for the augmented ISI method or 

methods. (IV.B.3 of NUREG-0313 Rev. 1).  

Response to Items 2a & b 

DAEC utilizes ultrasonic testing for volumetric examination. If 

interpretation of ultrasonic results warrant, radiographic technique may 

also be applied. Further, to meet the ASME code, certain components and 

supports receive surface examinations utilizing Dye Penetrant 
or Magnetic 

Particle. All systems and components also receive visual examinations 

prior to other techniques being employed. Attachment 3 contains a copy 

of our procedure UT-27 which provides the DAEC ultrasonic testing 

procedures.



NRC Item 2c 

c. Identify each of the augmented ISI methods used and the training 
and certification levels the individuals using those methods 
received. (IV.B.3 of NUREG-0313 Rev. 1). Indicate if cracked 
specimens are used in your training.  

Response to Item 2c 

Examiners are certified in accordance with the guidelines of SNT-TC-1A.  
In addition, Attachment 4 contains information on the DAEC Level III 
inspector demonstration on Nine Mile Point samples in Columbus, Ohio.  

NRC Items 2d, e, & f 

d. Identify the proportion of the partially nonconforming service 
sensitive pipe that is being inspected. (IV.B.2.b of NUREG-0313 
Rev. 1).  

e. Identify the inspection interval of each system of the partially 
nonconforming service sensitive pipe. (IV.B.2.b of NUREG-0313 
Rev. 1).  

f. Identify the Stress Rule Index Numbers for the welded joints in 
the partially nonconforming service sensitive pipe. (IV.B.1.b 
(6) of NUREG-0313 Rev. 1).  

Response to Items 2d, e, & f 

As identified in Attachment 5, DAEC pipe and fittings that are classified 

as partial non-conforming and service sensitive are the following: 

(A) Recirculation System Bypass 

(B) Core Spray spools that connect carbon steel pipe to stainless 
steel safe-end extensions at the RPV nozzles 

(C) CRD Hydraulic return spool that connects carbon steel pipe to the 

RPV nozzle 

(0) Reactor water cleanup systems 

NUREG-0313, Revision 1 and Attachment 5, Augmented Inservice 
Inspection 

guidelines are being applied to all of the above piping. The SRI numbers 

and inspection plans for the upcoming DAEC refueling outage for (A) are 

identified in Attachment 4. The SRI numbers for (B) are provided in 

Attachment 6. The (B) piping is being inspected again this 
outage. The 

(C) piping has been inspected during outages in 1975, 1977, 1978, 1980 

and 1981. SRI numbers have not been calculated for this piping. The (D) 

piping has been inspected in 1978, 1980 and 1981 outages. SRI numbers 

have not been calculated for this piping.
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NRC Items 3a, b & c 

3. Augmented ISI of Partially Nonconforming Nonservice Sensitive Piping 

Attachment 1 of the L. D. Root to Harold Denton letter of June 30, 
1981 (LDR-81-225) gives some information on partially nonconforming 
nonservice sensitive piping (hereinafter piping).  

a. Please identify the methods for augmented ISI of the piping 
(IV.B.3 of NUREG-0313 Rev. 1).  

b. Please provide a copy of the specifications for the augmented ISI 
methods or methods (IV.B.3 of NUREG-0313 Rev. 1).  

c. Identify each of the augmented ISI methods used and the training 
and certification levels the individuals using those methods 
received. Indicate if cracked specimens are used in your 
training. (IV.B.3 of NUREG-0313 Rev. 1).  

Response to Items 3a & b 

See Response to items 2a, b and c above.  

NRC Items 3d, e & f 

d. Identify the proportion of the piping that is being inspected 
(IV.B.2.b of NUREG-0313 Rev. 1).  

e. Identify the Stress Rule Index Numbers for the welded joints in 

the partially piping. (IV.B.1.b (6) of NUREG-0313 Rev. 1).  

f. Identify the proposed inspection interval for each system of 

partially piping (IV.B.1.b of NUREG-0313 Rev. 1).  

Response to Items d, e & f 

As identified in Attachment 5, DAEC pipe and fittings that are classified 

as Partially Nonconforming Nonservice Sensitive Piping are the following: 

(A) Recirculation System except the bypass pipe 
(B) RHR stainless steel transition spools to the recirculation system 

(C) Liquid Level Control (Reactor Vessel) 
(D) Instrumentation piping (Reactor Vessel) 

NUREG-0313, Revision 1 and Attachment 5 Augmented 
Inservice Inspection 

guidelines are being applied to all the above piping. The SRI numbers 

and inspection plans for the upcoming DAEC refueling outage for (A) and 

(B) are identified in Attachment 4. Appropriate portions 
of (C) and (D) 

piping (including dissimilar metal "BF"1 welds) are scheduled for 

inspection during the upcoming 1983 DAEC refueling 
outage. SRI numbers 

have not been calculated for this piping.
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UFSAR/DAEC-1

5.2.5 DETECTION OF LEAKAGE THROUGH REACTOR COOLANT PRESSURE 
BOUNDARY 

Reliable means are provided to detect leakage from the 
nuclear system barrier inside the drywell. Nuclear system leakage 
rate limits are established so that appropriate action can be 
taken before the integrity of the nuclear system process barrier 
is unduly compromised.  

5.2.5.1 Safety Design Bases 

The nuclear system leakage rate limits are set such that 
corrective action can be taken before one of the following occurs: 

1. A threat of significant compromise to the nuclear system 
process barrier.  

2. A leakage rate in excess of the coolant makeup capability 
to the reactor vessel.  

3. A leakage rate in excess of the removal capability of the 
drywell sump pumps.  

The nuclear system leakage detection system employs diverse 
methods to indicate leakage within the drywell.  

5.2.5.2 Description 

5.2.5.2.1 General 

Reliable means are provided to detect leakage from the 
nuclear system barrier inside the drywell. Nuclear system leakage 
rate limits are established so that appropriate action can be 
taken before the integrity of the nuclear system process barrier 
is unduly compromised.  

The DAEC design includes a nuclear system leak detection, 
isolation, processing, and makeup system. This system (made up of 
many normal station operational subsystems) provides for leakage 
control capability. This capability includes the following: 

1.. Identifying the reactor building (or reactor primary 
system) leakage sources.  

2. Efficiently isolating and controlling the sources.  

3. Effectively removing the residual leakage water (before 
and after isolation).  

4. Conveniently replacing the leakage liquid and/or 
restoring the source system function.  

5.2-27
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UFSAR/DAEC-1

These functions are accomplished under normal operation or 
postaccident conditions in a manner in which normal (10 CFR 20) or 
accident (10 CFR 100) offsite dose limits do not exceed 
established values and in a manner in which the core and the 
containment cooling continuity is not imoaired or negated.  

The leakage considered here is limited to that water or steam 
released from the nuclear system process barrier inside the 
primary containment. Leakage inside the drywell is treated 
separately from leakage elsewhere in the plant because the drywell 
contains a high concentration of nuclear system piping and is 
totally inaccessible during reactor operation.  

If a leak occurs, the drywell will contain the released 
matter that will be present in the liquid, gaseous, and vapor 
phases. This will result in the collection of water in the sumps, 
a possible increase in drywell temperature, pressure, and relative 
humidity, an increase in the air-conditioning heat load, and an 
increase in the radioactivity of the drywell atmosphere. The 
closed limited volume of the drywell enhances the detection 
sensitivity.  

5.2.5.2.2 Leakage Sources 

Total leakage within the drywell is divided into two 
classifications--identified and unidentified--depending on whether 
the drywell equipment drain sump (identified) or the drywell floor 
drain sump (unidentified) receives the fluid: 

Identifiable Leakage (Equipment Drain Sump) 

Identifiable leakage into the equipment drain sump is 
composed of normal seal and valve packing leakage and does not 
represent a safety consideration so long as the leakage is small 
compared to the available reactor coolant makeup capacity.  

Most valves and pumps in the nuclear system inside the 
drywell are equipped with double seals; leakage through the 
primary seal is piped to the equipment drain sump.  

Leakage from the reactor vessel head flange gasket is piped 
to a collection chamber and then to the equipment drain sump. The 
chamber filling time is periodically timed during plant 
operation, and the flange gasket leakage rate is calculated.  
(Section 7.6.4 presents a more detailed discussion.) 

Leakage from the main steam relief and safety valves is 
identified by downstream temperature sensors that read out in the 
main control room. Relief valve discharge is directed to the 
suppression pool.  

Unidentifiable Leakage (Floor Drain) 

The unidentifiable leakage is composed of all leakage from 
the reactor primary system that is not defined as identifiable
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leakage. This unidentified leakage is collected in the drywell 
floor drain sump. Vapor that is condensed by the drywell 
ventilation system will drain to this sump.  

The sump systems and input sources are indicated on 
Figure 11.2-2.  

5.2.5.2.3 Leak Detection Methods 

The following seven methods are used to detect leakage in the 
primary containment: 

1. Equipment drain sump flow.  
2. Floor drain sump flow.  
3. Drywell ventilation system cooling water temperature.  
4. Drywell pressure.  
5. Orywell temperature.  
6. Drywell atmosphere radioactivity.  

Instrumentation is provided for the primary containment sumps 
having a capability to detect steam leakage of 0.5 gpm within a 
45-min period. The response time depends on the amount of 
background leakage but will not exceed the interval between 
pumping cycles. The higher the leak rate the shorter the response 
time. Alarms are provided to annunciate leakage. The alarm 
setpoints will be adjustable from 0 to 5 gpm for the floor drain 
sump (unidentified leakage) and 0 to 25 gpm for the equipment 
drain sump (identified leakage), thus giving the capability of 
having alarm annunciation set at or below the license limit and 
providing immediate response when the preselected rate is reached 
or exceeded.  

The unidentified leakage rate is the portion of the total 
leakage rate received in the drywell sumps that is not identified.  
A threat of significant compromise to the nuclear system process 
barrier exists if the barrier contains a crack that is large 
enough to propagate rapidly (i.e., critical crack). An allowance 
for leakage that does not compromise barrier integrity and is not 
identifiable is made for normal plant operation. The unidentified 
leakage rate limit for the DAEC is established at the 5-gpm rate 
to allow time for corrective action before the process barrier 
could be significantly compromised. This 5-gpm unidentified 
leakage rate is substantially lower than the calculated flow from 
a subcritical crack in a primary system pipe. The experimental as 
well as mathematical background is summarized below.  

Critical Crack Length 

Both the GE4 and the BMI5 test results indicate that formulas 
for theoretical fracture mechanics do not predict critical crack 
length, but that satisfactory empirical expressions may be 
developed to fit test results. A simple equation (for axially
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oriented through-wall cracks) that fits the data in the range of 
normal design stresses (for carbon steel pipe) is 

15,000 D 
c = h (see data correlation on Figure 5.2-14).  
c ach 

Zc = critical crack length, in.  

D= mean pipe diameter, in.  

4a = nominal hoop stress, psi 

Crack Opening Displacement 

The theory of elasticity predicts a crack-opening 
displacement of 

w = 21a 
E 

where 

. = crack length 
a = applied nominal stress 
E Young's modulus 

Measurements of crack-opening displacement made by BMI show 
that local yielding and bending greatly increases the crack 
opening displacement as the applied stress a approaches the 
failure stress af. A suitable correction factor for plasticity 
effects is 

C = sec [ we 
2 af 

The crack opening area is given by 

A = Cirw2./4 

or 

A sec [ ] 
2E 2 of 

For a given crack length X, af = 15,000 O/L.  

Leakage Flow Rate 

The maximum flow rate for the blowdown of saturated water at 
1000 psi is 55 lb/sec-in.2 , and for saturated steam the rate is 
14.6 lb/sec-in. 2 (Reference 6). Friction in the flow passage 
reduces this rate, but for cracks leaking at 5 gpm (0.7 lb/sec) 
the effect of friction is small. The required leak size for 5-gpm 
flow is 

A = 0.0126 in.2 (saturated water) 
A = 0.0475 in.2 (saturated steam) 
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Figure 5.2-15 shows general relationships between crack 
length, leak rate, stress, and line size using the mathematical 
model described above. The asterisks in the figure denote 
conditions at which the crack-opening displacement is 0.1 in., at 
which time instability is imminent. This provides a realistic 
estimate of the leak rate to be expected from a crack of critical 
size. In every case, the leak.rate from a crack of critical size 
is significantly greater than the 5-gpm criteria.  

From the mathematical model described above, the critical 
crack length and the 5-gpm crack length have been calculated for 
representative BWR pipe sizes and pressure (1050 psi). Results 
are tabulated as follows.  

The lengths of through-wall cracks that would leak at the 
rate of 5 g/min given as a function of wall thickness and nominal 
pipe size are 

Nominal Wall Crack Length . (in.) 
Pipe Size Thickness (in.) Steam Line Water Line 

4 in., Schedule 80 0.337 7.15 4.91 
12 in., Schedule 80 0.687 8.46 4.76 
20 in., main steam 0.758 7.39 -
22 in., recirculation 0.975 -- 4.39 

The ratios of crack length X to the critical crack length Xc 
as a function of nominal pipe size are 

Nominal Ratio t/hc 
Pipe Size Steam Line Water Line 

4 in., Schedule 80 0.745 0.510 
12 in., Schedule 80 0.432 0.243 
20 in., main steam 0.342 -
22 in., recirculation -- 0.158 

It is important to recognize that the failure of ductile 
piping with a long, through-wall crack is characterized by large 
crack-opening displacements that precede unstable'rupture.  
Judging from observed crack behavior in the GE and BMI 
experimental programs involving both circumferential and axial 
cracks, it is estimated that leak rates of hundreds of gpm will 
precede crack instability. Measured crack-opening displacements 
for the BMI experiments were in the range of 0.1 to 0.2 in. at the 
time of incipient rupture, corresponding to leaks of the order of 
1 in.2 in size for plain carbon steel piping. For austenitic 
stainless steel piping, even larger leaks are expected to precede 
crack instability, although there is insufficient data to permit 
quantitative prediction.  

The results given are for a longitudinally oriented flaw at 
normal operating hoop stress. A circumferentially oriented flaw 
could be subjected to stress as high as the 550*F yield stress, 

5.2-31



UFSAR/DAEC-1

assuming that high thermal expansion stresses exist. A good 
mathematical model that is well supported by test data is not 
available for the circumferential crack. Therefore, it is assumed 
that the longitudinal crack, subject to a stress as high as 
30,000 psi, constitutes a "worst case" with regard to leak rate 
versus critical size relationships. Given the same stress level, 
differences between the circumferential and longitudinal 
orientations are not expected to be significant in this 
comparison.  

5.2.5.2.3.1 Equipment Drain and Floor Drain Sumps. The 
equipment drain sump system-is actually composed of two sumps: 
the equipment drain sump is located beneath the reactor inside the 
reactor vessel pedestal and is directly joined to the equipment 
drain pump sump located inside the drywell but outside the 
pedestal. These two sumps will be generally referred to as the 
equipment drain sump.  

The equipment drain sump level is used to control the drain 
pumps and provide alarms to control room personnel.  

The pump control and alarm function is as follows.  

At the lowest of the high water level settings, the preferred 
pump is automatically started. If the water level continues to 
rise, a higher water level setting starts the standby pump and 
actuates an alarm in the control room. When the water level 
decreases to a low water level setting, the pumps are stopped and 
the automatic pump selector switch reverses the roles of the 
preferred and standby pumps.  

As the water that has collected in the sump is pumped out, 
the discharge flow is monitored. The flow rate is continually 
plotted on a recorder in the control room. The total volume 
pumped is indicated in the control room. The sump pump discharge 
flow duration, the frequency of pump operation, and the volume 
pumped can be used to provide a measure of the leakage rate.  

Excessive leak rates are indicated by a control room alarm.  
This alarm is actuated by either of two timed conditions: the 
pump starting at shorter intervals than would be required if the 
alarm setpoint leak rate existed, or the pump running longer than 
would be required to lower the level to the shutoff point.  

The drywell floor drain sump system is monitored and 
controlled in the same manner as the drywell equipment drain 
sump.  

5.2.5.2.3.2 Drywell Ventilation. The drywell ventilation 
system is a water-cooled, forced-air system, using well water as 
the cooling medium. In this system, the temperature of the gas 
entering and leaving the cooler and the outlet temperature of the 
well water are monitored. Once steady-state operation is 
established, variations of these parameters can indicate possible
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leaks. Since the inlet water has an essentially constant 
temperature, a rise in outlet temperature indicates additional 
heat load on the cooling coils and could be indicative of a leak.  
Either high air or water outlet temperature will actuate an 
alarm.  

5.2.5.2.3.3 Drywell Pressure and Temperature. The drywell 
temperature and pressure are monitored, indicated, and recorded in 
the control room. The sample points and instrumentation are 
indicated in Figure 6.2-44.  

The drywell atmosphere radioactivity detector provides a 
sensitive and rapid indication of increased nuclear system 
leakage. The drywell environment is continuously sampled from 
three locations that are chosen to provide both a representative 
gas mixture and an indication of the location of the leakage. The 
lines used for the oxygen sampling system are also used for the 
drywell atmosphere radioactivity detector in order to take 
advantage of existing piping, penetrations, and isolation 
capabilities. The piping runs to the detector are as short and as 
straight as possible to minimize the particulate deposition and 
are constructed of stainless steel to minimize chemical 
reactions.  

The drywell atmosphere radioactivity detector is designed so 
that steam leakage rates as low as 1 gpm can be detected.  

The sampled air undergoes three separate processes in which 
the radioactive noble gas, halogen, and particulate content is 
determined. This system is thus a three-channel monitoring 
system. The processed air is returned to the drywell.  

The readings for each channel are fed into a pen recorder so 
that a permanent record of the drywell atmosphere radioactivity is 
maintained. The system will alarm locally and in the control room 
to indicate system failure or alarm conditions. No automatic 
action is initiated by the system. Provisions have been made for 
"grab" sample bottles that can be quickly removed from the sample 
lines without disturbing the flow and analyzed for definitive 
isotopic content. For a discussion of primary system leak 
detection outside of primary containment, refer to Section 3.11.  

5.2.5.3 Safety Evaluation 

5.2.5.3.1 General 

The different drywell parameters that are discussed in 
Section 5.2.5 provide diverse methods for determining if an 
increased leak rate exists within the drywell. The allowable 
leakage rates have been based on the predicted and experimentally 
determined behavior of cracks in pipes, the ability to make up 
coolant system leakage, the normally expected background leakage 
due to equipment design, and the detection capability of the 
various drywell monitors.
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Based on the behavior of cracks, a 5-gpm leak rate limit has 
been assigned to unidentified leaks and a 25-gpm leak rate limit 
for identified leaks. Experience has shown that normal leak rate 
is 4 gpm into the equipment drain sump and 0 to 0.5 gpm into the 
floor drain sump.  

The sump working capacities and pump discharge capacities are 
large enough to accept the design leak rates. The sump working 
capacity is the amount of water between the low-level pump trip 
and the high-high-level alarm point. The equipment drain sump 
(approximate working capacity, 450 gal) and the floor drain sump 
(approximate working capacity, 225 gal) are drained by two 50-gpm 
pumps. This pump capacity permits one pump in each sump to remove 
the design total leakage because of the possibility that most of 
the leakage could flow into one sump.  

5.2.5.3.2 Behavior of Cracks 

The behavior of cracks in piping systems has been 
experimentally and analytically investigated as part of an NRC
sponsored Reactor Primary Coolant System Rupture Study (the Pipe 
Rupture Study). Analysis using the data obtained in this study 
has shown that there is a high probability that a leaking crack 
can be detected before it grows to a dangerous or critical size 
because of mechanically or thermally induced cyclic loading, or 
stress corrosion cracking, or some other mechanism characterized 
by gradual crack growth. Earthquake and normal vibration stresses 
are considered in the determination of the critical crack size.  
For the crack size that gives a water leakage of 15 gpm, the 
probability of rapid propagation was calculated to be 10- . The 
crack area corresponding to a 15-gpm leak is approximately 
1.8 x 10-4 ft 2.  

The Technical Specification unidentified leakage rate has 
been set at 5 gpm to provide further conservatism.  

5.2.5.3.3 Total Leakage Rate Limit 

The criterion for establishing the total leakage rate limit 
is based on the makeup capability of the CR0 and RCIC systems and 
is independent of the feedwater system, normal ac power, and the 
core standby cooling systems. The CRD system supplies 42 gpm into 
the reactor vessel; the RCIC system can supply 425 gpm through the 
feedwater sparger to the reactor vessel. The total leakage rate 
limit is set at less than 0.1 of this value or 30 gpm.  

5.2.5.3.4 Drywell Leak Detection 

The sump-fill timer and pump-out timer for both the equipment 
drain sump and floor drain sump are set to alarm at levels that 
provide adequate separation from expected leak rates to avoid 
spurious alarms but low enough to indicate significant leaks.  
Exact leak rates can be determined from the flow indications in
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the control room, and any increase beyond the normal leak rate 
will be apparent to control room personnel.  

The drywell ventilation system consists of several coolers, 
each with a separate heat load. The calculated well water 
differential temperature is 300 to 45F .depending on the cooler in 
question. It is therefore reasonable to assume that a 5*F rise in 
outlet temperature is detectable.  

If one assumes the following, one can determine that, for a 
given size break, steam and water are equally detectable although 
four times as much reactor water is lost through a water break.  

1. A 5*F rise in cooler outlet water temperature is 
detectable by control room personnel.  

2. Normal cooler heat load is 740,000 Btu/hr.  

3. A 1000-psig blowdown of saturated steam or water.7 

4. Fifty percent of the water and 100% of the steam become 
airborne.  

The alarms associated with the cooler air and water outlet 
provide additional indication should a sudden increase in leak 
rate occur.  

Drywell temperature and, to some extent, drywell pressure are 
controlled by the drywell ventilation system. As the heat load on 
the cooling coil is increased, the average drywell temperature 
will increase. If this temperature exceeds the setpoint, an alarm 
will occur. The combination of increased temperature and 
increased absolute humidity causes the drywell pressure to 
increase. A small increase in pressure above the setpoint-will 
actuate an alarm; a 2-psig increase indicates a larger leak and is 
used to initiate a scram and nuclear steam supply isolation. Low 
reactor water level will also indicate larger leaks and initiate a 
scram and isolation.  

If the drywell ventilation system is assumed to be saturated 
so that the steam or water from a leak does not condense, there 
will be an increase in drywell temperature, pressure, and relative 
humidity with respect to time, providing an indication of the 
sensitivity of these parameters.  

The drywell atmosphere radioactivity detector serves as a 
sensitive, reliable backup to the other methods of leak detection.  
It is anticipated that the particulate detector will be the 
primary indication of leakage, with the halogen and noble gas 
detectors serving as indications of the drywell environment if 
drywell venting is required. These detectors, in conjunction with 
an isotopic analysis, can be used to indicate whether the detected 
leak is from a steam or water system.
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The detector units are shielded to minimize the effect of 
background activity and thereby increase the detection 
sensitivity. The individual units have the capability of being 
tested for reaction to a source and calibrated. Since the 
background contamination and deposition--chemical reaction 
effects--cannot be predetermined, and since it is an increase in 
detected values that indicates a leak, the alarm points will be 
determined by operator experience; the setpoints will be low 
enough to provide the quickest indication without receiving 
spurious alarms.  

It is expected that this system will provide at least an 
order of magnitude reduction in the leak size that can be detected 
and will also reduce the time delay in sensing the condition.  

5.2.5.4 Inspection and Testing 

The nuclear system leak detection system is an operational 
system in daily use and as such does not require periodic testing 
to ensure operability.
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The following list shows where reactor vessel pressure 
measuring instruments used for the automatic control of equipment 
or systems are discussed:

Pressure Instrumentation Section Where Discussed

Pressure switches used to 
initiate a scram 

Pressure switches used to bypass 
main steam line isolation 
valve closure scram 

Pressure switches used for 
HPCI, core spray, and LPCI 

Pressure transmitters and 
recorders used for feedwater 
control 

Differential-pressure switches 
measuring differential pressure 
between reactor vessel and jet 
pump riser pipes 

Differential-pressure switches 
measuring differential pressure 
between the inside of core spray 
sparger pipes and core inlet 
above the core support assembly.  

7.6.4.9 Reactor Vessel Top Head

Reactor Protection System 
(7.2) 

Reactor Protection System 
(7.2) 

Emergency Core Cooling 
System Control and 
Instrumentation (7.3.2) 

Feedwater Control System 
(7.7.1) 

Emergency Core Cooling 
System Control and 
Instrumentation 
(7.3.2) 

Emergency Core Cooling 
System Control and 
Instrumentation (7.3.2) 

Flange Leak Detection

A connection is provided on the reactor vessel flange into 
the annulus between the two metallic seal rings used to seal the 
reactor vessel and top head flanges. This connection permits the 
detection of leakage from the inside of the reactor vessel past 
the inner seal ring. The connection is piped to a collection 
chamber installed between two ac solenoid-operated valves. The 
arrangement is shown in Figure 5.1-1, Sheet 1. The upstream valve 
is normally open, the downstream valve normally closed. A level 
switch is provided to detect the accumulation of water in the 
collection chamber. This level switch actuates an alarm in the 
main control room. A pressure switch is also provided to actuate 
the alarm in the main control room as pressure in the leakage 
collection piping becomes abnormally high. A pressure indicator 
is provided to indicate the pressure inside the piping 
arrangement. The level switch is located inside the primary 
containment, and the pressure instruments are located outside the 
drywell but inside the reactor building. The specifications for 
the level and pressure instruments are given in Table 7.6-8. The 
two solenoid valves are controlled by a switch in the main control 
room. The positions of the valves are indicated by lights. If

7.6-44

j



UFSAR/DAEC

leakage past the inner seal ring is indicated, the upstream valve 
can be closed and the downstream valve can be opened by remote 
manual operation from the main control room. This action routes 
the accumulated leakage to the drywell equipment drain sump.  
After the collection chamber is drained, the solenoid-operated 
valves can be returned to their normal positions. The leakage 
rate can be determined by timing the period until the level alarm 
is reactivated (Section 5 .2.5).  

7.6.4.10 Safety Evaluation 

The reactor vessel instrumentation is designed to provide 
sufficient continuous indication of key reactor vessel operating 
parameters during planned operations such that the operator can 
efficiently monitor these parameters and anticipate any approach 
to operating conditions that could lead to any unacceptable safety 
results.  

The redundancy of all indicators provided ensures that the 
possibility that all instrumentation could be lost simultaneously 
is so remote as to be negligible. In addition, sensors providing 
safety signals to the RPS and engineered safeguards systems for 
scram and isolation functions are separate from these indicator 
sensors so that a loss of indication does not directly obviate 
protection against accidents and transients.  

7.6.4.11 Inspection and Testing 

Pressure, differential pressure, water level, and flow 
instruments are located in the reactor building and are piped so 
that calibration and test signals.can be applied during reactor 
operation.

7.6-45
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LIMTIG CNDTINS OROPEATONSURVEITLANCE PnrfjT"DMrNMr

C. Coolant Leakage 

1. Any time irradiated fuel is 
in the reactor vessel and 
reactor coolant temperature 
is above 212 0 F, reactor 
coolant.leakage into the 
primary containment from 
unidentified sources shall 
not exceed 5 gpm. In 
addition, the total reactor 
coolant system leakage into 
the primary containment 
shall not exceed 25 gpm.  

2. Both the sump and air samp
ling systems shall be oper
able during reactor power 
operation. From and after 
the date that one of these 
systems is made or found to 
be inoperable for any 
reason, reactor power oper
ation is permissible only 
during the succeeding seven 
days unless system is made 
operable sooner.

3. If the conditions in I or 
2 cannot be met, an orderly 
shutdown shall be initiated 
and the reactor shall be 
in a Cold Shutdown Condi
tion within 24 hours.  

0. Safety and Relief Valves D.1 

1. During reactor power oper- 1.  
ating conditions and prior 
to reactor startup from a 
Cold Condition, or whenever 
reactor coolant pressure is 
greater than atmospheric 
and temperature greater 
than 2120 F, both safety 
valves and the safety modes 
of all relief valves shall 
be operable, except as 
specified in 3.6.0.2.

C. Coolant Leakage 

1. Reactor coolant system 
leakage shall be checked by 
the sump and air sampling 
system and recorded at 
least once per day.

Safety and Relief Valves 

At least one safety valve 
and 3 relief valves shall 
be checked or replaced with 
bench checked valves once 
per operating cycle. All 
valves will be tested every ' 
two cycles.  

The setpoint of the safety 
valves shall be as speci
fied in Specification 2.2.

3.6-5

LIMITING CONDITIONS FOR OPERATION
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?rocet ure
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Function
Instrument 

Number
Penel 

Number

Acceptance 
Criteria

Date

Operators 
..9c Spent Fuel Pool NA NA > 36 feet Initial 

with spent fuel 
in Pool ft.  

4.2.e None SELC Heat Trac- NA Local Green light on 

ing Tem-erature 

Ccntroller _ __ 

4.2.f None xcess Flow Check NA 1C29 All open (red) 

Valve S_ V C tus lirhts C_ 

. None All Recorders NA NA Inking properly 

Checked for Ti
4 e & Date entered 

4.2.h 4.2E Reactor Coolant NA NA See Calculation Sheet 

4.6C Leakage Calcula- (Appendi B) 

tion Sheet Com

4.2.i 4.6E Jet Pupn Flow NA NA See Calculation Sheet 

4.6F Mismatch Calcula- (Appendix C) 

tion Sheet Com

plete 

_ 

4.2.j 4.6z Jet Pump Operabil- NA NA See Calculation Sheet 

ity Calculation tAppendix D) 

Sheet Conpiete_____________________________ a

0 
2 

m 
Cr 

P1 

0
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APPENDIX B 

Reactor Coolant Leakage

All readings are to be taken at Panel 1C19.  

1. Unidentified average leak rate calculation

a.  
b.  
c.  
d.  
e.

FQ 3707 present reading time of reading 

FQ 3707 previous reading time of reading 
Total gallons pumped (a-b)_ 
Time interval .(a-b) hours X 60 = min.  

Unidentified average leak rate = Total Callons Pumped

f. Maximum allowed: 5 gpm
Time Interval (minutes) - - Apm

2. Total average leak rate calculation

a.  
b.  
C.  
d.  
e.  

f.  

g.

FQ 3708 present reading time of reading 
FQ 3708 previous reading- time of reading 
Total gallons pumped (a-b) 

Time interval (a-b) hours X 60 = in.  
Identified average leak raLe = Total Callons Pomoed gpm 

Time Interval (minutes) 
Total average leak rate = I.e + 2.e .  
Maximum allowed 25 gpm.

Operators Initials 

NOTE: An IE agreement with the NRC requires that a reactor shut-down be 
initiated if unidentified leakage is observed to increase by 2 gpm 
in a 24 hr. period, or to double in a 4 hr. period.

STP 42A001
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APPENDIX B1I 

Unidentified Reactor Coolant Lealage

(Complete Once per Shift) 

All readings are to be taken at Panel 1C19.  

1. Unidentified average leak rate calculation

FQ 3707 present reading_ Time bf Rea 

FQ 3707 previous reading Time of Rea 
Total gallons pumped (a-b) 
Time interval (a-b) hours X 60 = min.  

Unidentified average leak rate = Total Gallons Pumped
Time Interval (minutes)

ding 

ding

gpm

Maximum allowed: 5 gpm 
Drywell Floor Drain Sump fill timer set to 1 gpm above the above 

base line.

Operator's Initials 

2. Unidentified average leak rate calculation

FQ 3707 present reading _ Tine of Reading 

FQ 3707 previous reading Time of Reading 

Total gallons pumped (a-b) 
Time interval (a-b) hours X 60 = min.  

Unidentified average leak rate = Total. Gallons rumped p 
Time Interval (minutes) 

Maximum allowed: 5 gpm 
Drywell Floor Drain Sump fill timer set to 1 gpm above the above 
base line.

Operator's Initials 

3. Unidentified average leak rate calculation 

a. FQ 3707 present reading Time of Reading 
b. FQ 3707 previous reading Time of Reading 

c. Total gallons pumped (a-b) 

d. Time interval (a-b) hours X 60 = min.  
e. Unidentified average leak rate Total Gallons Pumped 

Time Interval (minutes) = _____gpm 
f. Maximum allowed: 5gpm 
g. Drywell Floor Drain Sump fill timer set to I gpm above the above 

base line.  

Operator's Initials 

NOTE: An IE agrecment with the NRC rcquircs that a reactor shut-down be 
initiated if unidentifie.d leakage is observed to increase by 2 gpm in 
a 24 hour period, or doublcs in a 4 hour period.

a.  
b.  
c.  

d.  
e.  

f.  
g.

a.  
b.  
C.  

d.  
e.  

f.  
g.

Procedure Date April 11, 1979



ATTACHMENT 3



Lambert* MacGill* Thomas, Inc.  
Testing* Engineering Service * Training 

771 East Brokaw Road 
San Jose.Ca. 95112 

408-297-8768 

WNP-2 PROCEDURE COVER SHEET AND QUALIFICATION RECORD 

Procedure No. UT-27 Revision No. 0 

Procedure Title ULTRASONIC EXAMINATION OF NUCLEAR COOLANT SYSTEM 

PIPING FOR THE DUANE ARNOLD ENERGY CENTER 

LMT, Inc. QA Review and Approval 

(,duality Assurance Officer) 

Client Approval k.O. 3..9I 

Authorized Nuclear Inspector Approval 

Specific Qualification Record 

Component Examiners Date 

0 scWdo Aeemw~ce 71M Ltt



Testing Engineenng * Service * Troining 

771 East Brokaw Road 
San Jose.Ca. 95112 

408-297-8766 

wNP-2 PROCEDURE COVER SHEET AND QUALIFICATION RECORD 

Procedure No. UT-27 Revision No.  

Procedure Title ULTRASONIC EXNMINATIO^ NUCLEAR COOLANT SYSTEM 

PIPING FOR THE DUANE ARNOLD ENERGY CENTE? 

LMT, Inc. QA Review and Approval -/ 

(.6uality Assurance Officer) 

Client Approval <.1.0 a 3 -1 

Authorized Nuclear Inspector Approval.  

Specific Qualification Record 

Component Examiners Date 

1 0 
* 3l'Ot~~kea~.At



Lambert* MacGill* Thomas, Inc.  
Testing * Engineedng * SeMce * Training 

771 East Brokaw Road 
San Jose.Ca. 95112 

408-297-8766 

FIELD CHANGE RECORD 

Procedure No. UT-27 Field Change No.  

Procedure Title Ultrasonic Examination of. Nuclear Coolant System 

Piping for the Duane Arnold Energy Center

Revision No. 0 Date 6-25-79

LMT, Inc. Approval Date 

Client Approval ( Date 4 - 21 
Authorized Nuclear Inspector Approva Date -3 - P/ 
Procedure Change: 

Page 1, Qualification; Add Technical Manager, under T. G. Lamberts signature.

Page 2, Paragraph IV.A.; Delete words "The Cover Sheet", and add "Pace 1 of 

This Procedure".  

Page 3, Paragraph IV.B. change to read "The LIJT FieldSup-ervisor 

Shall Be Responsible for the Qualification of a Particular Examination".  

Page 3, Paragraph VI.A.; Add sentence to read "Examiners Must be Certified 

a Minimum Level II in Ultrasonic Testing to Evaluate Test Results.  

Page 6, Paragraph VII.E.; Add Item 3. LMT-Gel, Ultra-Gel, or Any Similiar 

Lightweight Couplant is Acceptable.
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LMT, Inc. Approval .Date 

Client Approval . Date 

Authorized Nuclear Inspector ApprovaT Date Y-.7 
Procedure Change: 

Pae Para ra h X A Change~ secondi entnc to~ 'ra "An' Chanre in the

Ultrasonic Instrument, Wedges, Transducer Cable or Transducer Requires 

Test Recalibration. Change third sentence to read " A Change in 

Qualified Personnel, Couplant, Recording Instrumentation, or Recorder 

Connection Cable Requires a Calibration Check, However, Instrument 

Alignment Verification Need Not Be Made With the Transducer Used for 

Testing".  

Page 12, Paragraph X.C.2.; Change first sentence to read "Calibration is 

Performed on a Complete System on an Appropriate Basic Calibration 

Block at the Beginning of Each Work Shifts Testing of That Material".
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Procedure Title Ultrasonic Examination of Nuclear Coolant System 

Piping for the Duane Arnold Enerqy Center

Revision No. 0 Date 6-25-79

LMT, Inc. Approval . Date -Li"iL 
Client Approval Date 4- Qi-Q 
Authorized Nuclear Inspector Approval Date i-3 
Procedure Change: 

Pagg 17. Paragraph XI.D.4.; Change- to read "Overlap Between Parallel Scans Shall

Be Nominally 15%, and In No Case Less Than 10% of the Transducer

Piezo-Electric Element.  

Page 18, Paragraph XII.A.; Add Item 3. "The Site Level III.Shall Review and 

Evaluate All Non Geometric Reflections in Accordance With TWA -1100 (h) 
of ASME XI (1974)".  

Page 20, Paragraph XIV.1.; Change to read "Examination Reports Will Be Reviewed 

By the Assigned LMT Level III Examiner for Conformity to the Requirements 

of This Procedure". Add rtem 2. "All Inspection Reports Shall Be 

Subject to Review by the Owner and Authorized Inspector", 

Change page numbering from Page 18 thru F, (Final) to run consecutively.
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TITLE: ULTRASONIC EXAMINATION OF NUCLEAR COOLANT SYSTEM PIPING 
FOR THE DUANE ARNOLD ENERGY CENTER 

I. PURPOSE AND SCOPE 

A. Purpose 

This procedure provides instructions for implementation 

of the requirements of the ASME Boiler and Pressure 

Vessel Code, Section XI, for the straight beam and angle 

beam contact ultrasonic examination of full penetration 

butt welds and adjacent base metal in wrought and cast 

piping made from ferritic steel in ASME Class 1 and Class 

2 systems. The procedure may also be applied to auste

nitic steels and dissimilar metal welds where successful 

qualification is acheived.  

B. Scope 

This procedure is limited to piping systems having 

nominal wall thicknesses of 0.20" to 6". The examinations 

may be performed from either inside or outside surfaces.  

QUALIFICATION: 

Approved for use
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II. REFERENCE DOCUMENTS 

A. Applicable Code Editions 

This procedure meets the re 

of ASME XI, Summer 1975 addE 

B. Supplemental References 

1. SNT-TC-lA (June 1975), 

Establishment of Personr 

cation Programs." 

2. LMT Procedure QA-6, "Qua 

of NDE Personnel.' 

3. LMT operating and Qualit 

III. DEFINITIONS 

None 

IV. RESPONSIBILITY 
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as, Inc. PROC. NO. UT-27 
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V. B. The responsible LMT Field Supervisor shall qualify the 

procedure for a particular examination.  

V. PROCEDURE QUALIFICATION 

The procedure may be qualified for specific examinations, 

personnel, and equipment by successful calibration.  

VI. PERSONNEL REQUIREMENTS 

A. Examiners using this procedure shall have levels of 

qualifications as per the Procedure Qualification.  

B. Personnel shall be qualified and certified according to 

the requirements of ASME XI, SNT-TC-LA, and LMT, Inc.  

Procedure QA-6, "Qualification and Certification of NDE 

Personnel." 

VII. EQUIPMENT AND MATERIAL REQUIREMENTS 

A. Ultrasonic testers shall be of the pulse echo type.  

Instruments shall have an amplitude display linear within 

5% of calibrated screen height over 80% of that height, 

and an attenuator accurate over the range of the test to 

01*20% of nominal value which is stepped in increments of 

2 dB or less. Instruments shall have had their internal
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I

3. Search units shall be selected according to Table 1.  

Additional search units may be used for evaluation or 

in unusual circumstances; however, such use shall be

Lambert* MacGill* PROC. NO. -27 
Thomas, I PAGE 4 

Testing * Engineerng * Service * Training FOLLOWING PAGE 5 
771 East Brokaw Road REVISION 0 

SanJose,Ca.95112 DATE: 6/25/79 
408-297-8766

VII. A. alignment and calibration verified within 90 days of 

any implementation of this procedure.  

1. A record of calibration shall be available at the 

jobsite for client audit.  

B. Connecting cables shall be coaxial, and their length 

limited to less than that at which significant signal 

degradation occurs, but shall not exceed 200 feet.  

C. Electronic recording equipment, when used, shall be 

electronically aligned within 180 days of use.  

D. Search units shall be certified by the manufacturer as to 

essential properties, including bandwidth, damping, center 

frequency, and relative gain.  

1. A record of search unit properties shall be available 

at the jobsite for client audit.  

2. Angle beam search unit wedges shall be within *30 of 

nominal value when checked on a standard reference 

block such as an I1W or Rompas.

-------------- -------



Lambert* MacGi 
Testing 

VII. D. 3. documented 

dure as p( 

L-Wa% 
Material Straic 
Thickness Size 

" or less " 

> 1 to 1" " to 

1" and 1"xl" 
above 

4. Search unj 

requiremer 

as shown j 

to half-n 

Beam Ar 

450 

600 
700

l1 * Thomas, Inc.  
Engineering * Service * Training 

14030 Etvira St.  
Saratoga, Ca. 95070 

408-867-4109

by an approved Field Change to the proce

er LMT, Inc. Quality Assurance Procedure QA-5.  

ve Angle and Shear Wave Angle 
ght Beam Exam Beam Exam 
(in.) Freq. Size Freq.  

5-10 ."xh" 5 MHz 
MBz 

1" 2-5' k"x4" 2 -5 MHz 
MHz to or 

"x " 1-24 MHz 
P/C 

1-24 h"x;" 24 MHz 
MHz to or 

"xl" 1-2h MHZ 
P/C

Table 1

it contact angle beam wedges shall meet the 

nts of Table 2 for coverage of the weld root 

in Figure 1, when the examination is limited 

ode (half-vee path).  

Required Index to Weld 
gle b Distance A 

.93T 
1.6 T 
2.47T

Table 2

PROC. NO. UT-27 

PACE 5 
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REVISION 0 
DATE: 6/25/79
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VII. E. Couplant materials shall be as low as practicable in 

sulfur and halogen content. Certification shall be 

provided on a generic basis for each brand of couplant.  

Analysis for halogens and sulfur shall be made according 

to ASTM D-129-64 and ASTM D-808-63.

1. Residual halogens and sulfur shall not exceed 1% 

by weight.  

2. Reactor coolant water is a satisfactory couplant.  

F. Calibration blocks shall be of the form of Figures 2 and 

3 with calibration notches as shown. Calibration blocks 

shall be of the same nominal size, thickness, material, 

and surface finish as the pipe to be examined.  

1. Calibration notches for Class 1 piping examination 

shall be one inch long, less than inch wide, and 

5% of the nominal pipe wall thickness in depth.  

2. Calibration notches for Class 2 piping shall be one 

inch .long, less than 4" wide and 10% of the nominal 

pipe wall thickness in depth.  

3. Calibration holes for use in half node examinations 

only shall be drilled perpendicular to the ends of

- ------ ---
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VII. F. 3. the block to the center line of the pipe, one and 

one-half inches deep. The hole diameters and loca

tion shall conform to those outlined in Table 3.  

Pipe Wall (T) Hole 0 Hole Location 

<2" to be de- hT and 3/4T 
termined 
empiri
cally 

>2" " hT, T, and 
- 3/4T 

Table 3 
4. Other reflectors may be included in block designs for 

informational purposes.  

VIII. PREPARATIONS 

A. Documentation 

1. The following documentation shall be submitted to the 

DAEC Supervisor for review before beginning any exami

nation: 

a) Procedure 

b) Calibration Sheets 

c) Inspection Reports 

d) Materials and Equipment Certifications
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VIII. A. 1. e) 

f) 

g)

Personnel Certifications 

NRC Form 4 

NRC Form 5

B. Physical 

1. The following physical preparation requirements shall 

be reviewed by the examiner with the DAEC Supervisor 

before specific examinations are performed:

a) 

b) 

c) 

d)

Insulation removal 

OSHA requirements (ladders, lighting, fresh air) 

Cleanup requirements 

Safety precautions

2. Surfaces shall be sufficiently smooth and clean that 

in the judgment of the examiner a meaningful examina

tion may be performed, before proceeding.  

3. Welds shall be identified and all required marking 

p8r a completed before performing any examina

tions.  

IX. LIMITATIONS 

This procedure is based on ASME Nuclear Requirements; it may
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IX. not be applicable to military, API, or AWS requirements with

out modification.  

X. CALIBRATION 

A. Test calibration is performed on a complete system. Any 

change in the ultrasonic instrument, transducer cable, or 

transducer requires test recalibration. A change in 

qualified personnel, recording instrumentation, or recorder 

connection cable requires a calibration check, however, 

instrument alignment verification need not be made with 

the transducer used for testing.  

B. Instrument alignment verification for screen height and 

amplitude control linearity shall be performed before the 

initial examination in any given series and repeated at 

intervals not exceeding 90 days.  

1. Instrument Linearity Verification 

a) Position the search unit on a calibration block 

to obtain two echoes with a 2:1 amplitude ratio.  

b) Set the larger echo to 80% of calibration screen 

height.



I 

I

Vary the amplitude of the larger echo from 100% 

to 20% of calibrated screen height in 10% incre

ments.

d) Note that at each increment the smaller echo 

remains 1/2 the larger within a tolerance band 

of ±5% of full screen height.  

e) Record successful performance of the verification 

on a Calibration Record form (Figure 4).  

2. Attenuator Linearity Verification 

a) Position the search unit to obtain an 80% of full 

scale echo on the calibrated screen.  

b) Adjust the sensitivity control to decrease the 

system gain by 6 and 12 dB. Compare the response 

with Table 4 and determine its acceptability.  

Estimate system response to ±1% of calibrated full 

scale.  

c) Position the search unit to obtain a 40% of full 

scale echo on the calibrated screen.  

d) Adjust the sensitivity control to increase the 

system gain by 6 dB. Compare the response with

X. B. 1. c)
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X. B. 2. d) Table 4 to determine its acceptability. Estimate 

system response to ±1% of calibrated full scale.  

e) Position the search unit to obtain a 20% of full 

scale echo on the calibrated screen.  

f) Adjust the sensitivity control to increase the 

system gain by 12 dB. Compare the response with 

Table 4 to determine its acceptability. Estimate 

system response to ±1% of dalibrated full scale.  

g) Record successful performance of the verificationr 

on a Calibration Record form (Figure 4).  

Indication Gain Indication Tolerance 
Set Change Limits 

80% -6 dB 32% to 48% 
80% -12 dB 16% to 24% 
40% +6 dB 64% to 96% 
20% +12 dB 64% to 96% 

Table 4 

C. Examination Calibration 

1. Straight beam examination scans shall be calibrated 

at the time of examination on a representative sample 

of the material examined by placing the first back
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X. C. 1. reflection at 80% amplitude and four .sweep divisions.  

2. Angle Beam Examination 

Calibration is performed on a complete system on an 

appropriate basic calibration block at the beginning 

of each day's testing of that material.  

a) Calibration shall be performed on a calibration 

block whose temperature is within t25 0F of the 

material to be examined.  

b) Set the sweep range on the calibrated tester 

screen according to Table 5.

Pipe Thickness Metal Path I.D./O.D.  
(T) Points 

Up to " 2 node 2,4,6,8,10 Div.  

- 1" 2 node 2.5,5,7.5,10 Div.  

>1" - 2" 1 node 3,6,9 Div.  

>2" 1 node 5,10 Div.  

Cast Stainless node 8 Div.  

Table 5 

c) For examinations utilizing metal paths greater 

than one-half node, test sensitivity at any range 

is established by setting the amplitude of the



X. C. 2. c)

E d) For examinations utilizing a half-node metal path, 

a DAC curve shall be generated using the side 

drilled holes in a basic calibration block so that 

the maximum hole response is set to 80% calibrated 

screen height. This response shall be obtained 

with the transducer centerline aligned with the 

hole half length and the beam perpendicular to the 

SDH, to prevent possible erroneous corner re

sponses. The DAC shall be clearly marked on the 

tester face and smoothly extrapolated to cover the 

examination range 0 to T inches. The DAC shall 

also be recorded on the Calibration Record form 

(Figure 4). The DAC curve is the Primary Refer

ence Level.

nearest notch echo to 80% of full calibrated 

scale. The responses from the remaining notch 

echoes in the test region shall then be obtained 

at this sensitivity, joined .together in a smooth 

DAC curve on the tester face, and similarly 

recorded.on the Calibration Record form (Figure 

4). The DAC curve so generated is the Primary 

Reference Level.
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X. C. 2. e) After the Primary Reference Level has been estab

lished on the basic block a calibration reference 

response may be established on a Rompas or other 

standard reference block. The response should 

include both sweep and amplitude calibration points 

and should be recorded as a calibration check re

sponse on the Calibration'Record form. This re

sponse may be used for calibration check when an 

appropriate basic block is not available.

XI. PERFORMANCE 

A. Straight Beam Lamination Scan of Rolled Plate Piping 

1. The area to be examined by angle beam methods shall 

be examined for laminations which would interfere 

with these examinations.  

B. Calibration Check 

1. A calibration check is required before and after each 

examination, with any change in test personnel, and 

at least once every four hours.  

2. The calibration check shall as a minimum consist of
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XI. B. 2. verification of the DAC curve by a single point 

amplitude and range check using the basic calibration 

block or a portable block such as the Rompas whose 

response has been related to that of the basic block.  

a) The amplitude response of the reference reflector 

during the calibration check shall be within 

±2 dB, and its sweep location within ±10% of the 

calibration reference response value recorded on 

the calibration sheet to be acceptable.  

b) An unacceptable calibration check shall be cause 

for full examination of the test system to deter

mine the reason for the calibration change.  

Typical causes for calibration change are ambient 

temperature effects on transducers and electronics,! 

control settings inadvertently changed, and loss 

of couplant between the transducer and wedge. If, 

in the judgment of the examiner, the cause of the 

calibration change has been corrected or may be 

compensated for by a change in control settings, 

calibration may be restored using the calibration 

check response.
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XI. B. 2. c) Any examination that has been performed in a non

calibrated condition shall be repeated.  

C. Sensitivity 

Scanning sensitivity shall be 6 dB greater than that of 

the Primary Reference Response.  

D. Coverage of Butt Welds in Piping 

1. The entire examination volume comprising the weld and 

adjacent base metal, as shown in Figure 5, shall be 

examined with the beam.normal to the weld for at least 

a full V path on either side of the weld according 

to Table 6.  

Required Perpendicular Scan Required Parallel 
Coverage Measured from the Scan Coverage 
Weld b for Full V with Weld Measured from the 

Beam Width T Weld b 

450 The lesser of 3T or 2.5T+l T 

600 The lesser of 4.5T or 4T+l" T 
700 The lesser of 6.5T or 6T+l" T 

Table 6

PROC. NO. UT-27 
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XI. D. 2. The entire examination volume comprising the weld and 

adjacent base metal, as shown in Figure 5, shall be 

examined with the beam parallel to the weld for a full 

V path on either side of the weld in two directions 

according to Table 6.  

3. Any obstruction or other condition preventing full 

coverage of the examination shall be recorded on the 

examination report.  

4. Overlap between parallel scans shall be nominally 

15%, and in no case less than 10%.  

E. Coverage for Branch Welds in Piping 

Piping branch welds shall be examined from the larger pipe 

in both perpendicular and parallel directions to fulfill 

the coverage requirement of Table XI C. Examination vol

umes are shown in Figures 6, 7, and 8.  

F. Scanning Speed 

Scanning speed shall not exceed six inches per second.  

G. Limitations 

Physical or other limitations that prevent full compliance 

with the requirements of this procedure shall be recorded 

on the Examination Report form, Figure 6.
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XI. H. Automatic Alarms 

Automatic alarms or recording may be used as an aid to 

the examiner.  

XII. EVALUATION 

A. Reporting Criteria 

1. Any indication exceeding 100% of the primary reference 

distance amplitude curve shall be evaluated by the 

examiner to determine the extent, location and shape 

of the reflector.  

2. Reflector data shall be recorded and evaluated in 

terms of established acceptance criteria meeting 

paragraph IWA 3100 (b) of ASME XI (1974).  

XIII. RECORDS 

A. An Examination Report form shall be prepared for each item 

examined, and each Examination Report shall be related to 

an Ultrasonic Calibration Record. Typical forms are at

tached in Figures 4 and 9.
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XIII. A. 1. The Examination Report shall contain a sketch which 

clearly identifies the location reference system for 

the examination.

2. Where permanent reference marks are available, loca

tions shall be measured according to the direction of 

the reference mark.  

a) Should no permanent reference marks be available, 

the location reference system shall utilize clock 

coordinates with 12:00 o'clock reference to top 

dead center on horizontal piping and the outside 

radius of the nearest elbow on vertical piping.  

Branch piping welds are to be referenced according 

to the branch.  

B. Oscillograph chart records may be made of all examinations.  

1. Chart records used in indication analysis shall 

utilize two channels, one corresponding to vertical 

deflection of the tester signal and the other to 

horizontal.  

a) These channels shall be calibrated to match the 

oscilloscope display. That is, an indication 90% 

of vertical amplitude appearing at five divisions 

on the tester screen should have a nine division



Lambert* MacGill* Thomas, Inc. NO.  
PAGE 21 

Testing * Engineering * Service * Training FOLLOWING PAGE 22 
14030 Elviro St.  

REVISION 0 Saratoga, Co. 95070 DATE: 6/25/79 
408-867-4109 

XIII. B. 1. a) deflection on one chart channel and a five divi

sion deflection on the other.  

2. Chart records may include pre and post test calibra

tion checks made at the same scanning speed as the test.  

3. Location and other pertinent information shall be 

manually noted on each chart.  

a) Pertinent information includes, but is not limited 

to date, time, item,equipment, examiners, scans, 

recorder settings and speed.  

C. Recording Conventions 

1. Ultrasonic scans and the location of indications shall 

be recorded according to the convention established.  

D. Other types of recording, such as event or alarm monitoring 

may be used as an aid to the examiner where feasible.  

XIV. REVIEW 

Examination Reports are subject to review by the assigned LMT 

Level III Examiner for conformity to the requirements of this 

Ash procedure.
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XV. STORAGE AND DISTRIBUTION

A. Examination documentation shall become the property of 

IELP upon sign-off. Additional reports, which may in

clude examination documentation as reference material, 

shall be generated from copies.  

B. Field storage facilities shall provide a safe storage 

area, and access to files shall be limited to the LMT 

Field Supervisor and his designated representatives, 

the DAEC Supervisor, and the Authorized Nuclear Inspector.
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REP 0 RT 0 F ULTRAS 0 NIC CALIBRATION 

S 
I Examiner/Level Examiner/Level Review/Level 

G 
N Authorized Inspector Customer 

Instrument S/N Recorder S/N 
Recorder S/N Cable 

E 
Vertical Linearity Check Check Completed 

Signal 1 1100 1901 80 10 60 150 1401 30 12010 
Signal 2 1 

Signal 2 shall equal 50% of Signal 1 ±5% of full scale 

Attenuator Linearity Check Check Completed 

P I Tester Gain I Set 1 -6 -12 ISet 1 +12 set +6 1 
Signal Amp. 80% 32 to 48 16 to 24 201 64 to 96 40% 64 to 96 

MI Actual Value b$ 5A ; 
Signal amplitude must fall within listed values 

E Transducers 

N S/N Mfg. Type Size Freq. Index Angle 

T S/N_ . Mfg. Type Size Freq. Index Angle 

S/N Mfg. Type Size Freq. Index Angle 

S/N Mfg. Type Size Freq. Index Angle 

P 
R Procedure Rev._ Date 
0 
C 

Cal. Block Type S/N Ref. Refl. Temp.  

Verification/Ref. Blk. S/N Ref. Refl. Temp.  

A DAC Cal. Check 

L Instrument Settings Time 
10 

Gain 
8 

Sweep 

Delay 

T Reject 

4 

O 2 

N 

2 4 6 8 10
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Location 

Report No.  

Cal.No. Time 

Job No.  

Date 

Page of

REPORT OF VISUAL AND ULTRASONIC EXAMINATION

I 
T 
E 
Ma 

S 
I 
G 
N 

E 

U 

P 

E 

T 

PO

Description Size Material S/N(s) 

Location _Preparation Temp.  

Examiner/Level Examiner/Level Review/Level 

Authorized Inspector Custmr 

Tester 1 S/N 2 S/W 

Recorder 1 S/N 2 S/N 

Transducer 1 -2 

3 4 

Couplant Cable Marker Photo 

Calibration Procedure - Rev.  
Examination Procedure Rev.  
Record Procedure Rev.  

Calib. Blk. Temp. Ref. Amp. Swp.  
Ref. Gain Damp__ Reject__ Gate 
Alarm Maq. Tape Count Chart Cal. Check Time

Cal. Ref. Blk. Ref . Rf _ . Amp. _ Sweep Position 

Scan Gain Ref. Dwg. Reject Level Report Level

NAD = No apparent disc. L = Linear G = Geometry S - Spot M - Multiples 

Scan Type Disp. Scan Type Disp. Scan Type Disp.  

0 PT 
1 Visual 7 13 
2 Base Metal 8 14 
3 9 15 

4 10 16 

5 11 17 

6 12 1

Fiaure 9
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Iowa Electric Light and Pbwer Company 

December 1, 1982 
NG-82-2653 

LARRY D. ROOT 
ASSISTANT %1CE PRESIDENT 
NICLEAR GENEWATION 

Mr. James G. Keppler 
Regional Administrator 
Region III 
U.S. Nuclear Regulatory Commission 
799 Roosevelt Road 
Glen Ellyn, IL 60137 

Subject: Duane Arnold Energy Center 
Docket No: 50-331 
Op. License No: DPR-49 
Response to IE Bulletin 82-03, IGSCC 

Dear Mr. Keppler: 

This letter and attachments are submitted in response to your IE 
Bulletin 82-03, Revision 1, issued October 28, 1982. In accordance with your 
request, this letter provides response to those items in your Bulletin for which 
you requested information by December 1 1982. Additional information will be 
developed prior to and during the DAEC 6ycle 7 refueling outage which is 
currently scheduled to begin on February 11, 1983. This additional information 
will be forwarded to you as it is developed.

Attachment 1 responds on an item by item 
convenience we have also reproduced the questions 
of your Bulletin. Four additional attachments are 
detailed information.

basis to IEB-82-03. For 
and requests for information 
provided which contain

Prep aration and submittal of this letter and information to the NRC is 
estimated to have required approximately three man weeks of engineering effort.  
Estimates of resources that will be devoted to preparing future submittals will 
be provided in subsequent correspondence.  

In accordance with your request, this letter and attachments are 
submitted under oath and affirmation.  

IOWA ELECTRIC LIGHT AND P0 ER COMPANY 

B Larry U. Root

LDR/WJM/dmh* 
Attachments Subscribec 

this /c 
cc: W. Miller 

D. Arnold 
L. Liu 
S. Tuthill_____ 
F. Apicella Notary P 
NRC Resident Office 
Ref: Commitment Control No. 82-0434

dand sworn to Before Me on 
L day of .,1982.

julic in aedaTor the-state or 10wa 

MARY L B

'1882 - ACEE- COMMISSION EXPIRING -A CENTURY OF SERVICE SEPTEMBER 30, 1983

General Ofice * PO. Box 3,51 * Cedar Rapids. Iowa 52406 * 319/398-4411
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(1) 

ATTACHMENT 1 

IEB 82-03 Item 1 

Actions To Be Taken by Licensees of BWR Facilities Identified in Table 1: 

1. Before resuming power operations following the current refueling or 
extended outage, the licensee is to demonstrate the effectiveness of the 
detection capability of the ultrasonic methodology used or planned to be 
used to examine welds in recirculation system piping. This demonstration 
shall be made on representative service-induced cracked pipe samples.  
Arrangements should be made to allow NRC to witness this demonstration.  
This demonstration shall employ those procedures and standards, the same 
type of equipment (same transducer size, frequencies and calibration
standards), and representative UT personnel from the inservice inspection 
(ISI) organization utilized or to be utilized in the examinations at the 
plant site.* 

Response to Item 1 

The Level III Inspector that DAEC will utilize for the Cycle 7 DAEC 
refueling outage inspections is Mr. Elwin L. Thomas of the firm of 
Lambert, Macgill and Thomas. Mr. Thomas has previously demonstrated on 
behalf of Northeast Utilities the effectiveness of UT methodology that is 
functionally equivalent to that to be employed at DAEC. This 
demonstration wasconducted at the Battelle Memorial Institute in 
Columbus, Ohio and included samples of the Nine Mile Point Unit 1 Plant.  
It is our understanding that representatives of the NRC were present to 
witness this demonstration.  

It is our intent not to repeat the demonstration by Mr. Thomas. In the 
event the NRC believes a repeat of this demonstration is necessary, we 
request prompt notification to allow scheduling of a demonstration that 
will avoid impacting the DAEC refueling schedule.  

IEB 82-03 Item 2 

2. Before resuming power operations following the current refueling or 
extended outage, the licensee is to provide a listing of results of 
recirculation system piping inspections.  

Response to Item 2 

The requested information will be provided prior to resuming power 
operations following DAEC Cycle 7 refueling outage.  

*We understand that Electric Power Research Institute (EPRI) has arranged to 
have samples from the Nine Mile Point Unit 1 plant available for industry 
demonstrations of UT methodology. The samples have been taken to Battelle 
Memorial Institute in Columbus, Ohio for characterization and subsequent use.
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Attachment 1 

IEB 82-03, Item 3 

3. Before resuming power operations following the current refueling or 
extended outage, the licensee (if the inspections indicate the presence of 
cracks) is to describe the corrective actions taken and report these in 
accordance with the appropriate regulations.  

Response to Item 3: 

The requested information will be provided prior to resuming power 
operations following DAEC Cycle 7 refueling outage.  

IEB 82-03, Item 4a 

4. To assist NRC's further evaluation of this issue, the following shall be 
submitted by December 1, 1982: 

a. A description of the sampling plan used or to be used during this 
outage for UT examinations of recirculation system piping welds and 
the bases for the plan. The description should: 

(1) Provide an isometric drawing of the recirculation system piping 
showing all the welds, and the number of welds and their 
locations that have been examined or will be examined.  

(2) Identify criteria for weld sample selection (e.g., stress rule 
index, carbon content, high stress location, and their values for 
each weld examined).  

(3) Describe piping material(s), including material type, diameter, 
and wall thickness.  

(4) Estimate the occupational radiation exposure incurred or expected 
and briefly summarize measures taken to maintain individual and 
collective exposures as low as reasonably achievable.  

Response to Item 4a: 

(1) Attachment 2 contains isometric drawings of the DAEC recirculation 
system and a matrix of prior and scheduled weld inspections for the 
DAEC Cycle 7 refueling outage.  

(2) Criteria for weld sample selection for all recirculation system welds 
that have been examined since the 1980 refueling outage and those 
welds to be examined during the 1983 outage have been based upon 
stress rule index and carbon content. In addition to the above, all 
welds in these recirculation system bypass loops have been examined 
during each refueling outage since 1975. Also, all welds in the 
recirculation inlet risers will have been examined once and more than
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fifty percent of the riser welds will have been examined a second time 
with the 1983 outage examinations. The isometric drawings and IGSCC 
Susceptibility Matrix (Attachment 2) identifies all welds and the year 
of the latest examination. Also, the Stress Corrosion Cracking 
Evaluation Program Report - Duane Arnold Energy Center; dated April 
23, 1980 (Attachment 3) identifies the carbon content of material and 
the stress rule index for each weld.  

(3) Attachment 3 identifies each component in the recirculation system by 
size and material specification and type. The main loop piping is 22 
inch 0.0. Schedule 80 pipe and fittings.  

The ring headers are nominal 16" 0.0. with nominal thickness of 1 and 
1/8". The header cap is 16" 0.0. with a minimum wall thickness of 
0.708". The inlet risers are 10" schedule 80 nominal size pipe and 
the bypass loops are 4" Schedule 80 nominal pipe size.  

(4) The estimated occupational exposure for personnel involved in 
preparing for scheduled recirculation system inspections (insulation 
removal for example), conducting inspections, and restoring the piping 
systems to pre-inspection status is 37 man rems. This calculation 
does not include exposure that would be incurred in the event any 
repairs are warranted.  

The primary means that will be utilized to limit occupational dose is: 
(a) the installation of temporary shielding blankets and (b) limiting 
worker time in radiation fields. Based on past experience, 
installation of heavy shielding or internal systems decontamination 
are not judged to be cost effective or effective in dose reduction due 
to increased exposure to install heavy shielding or to decontaminate 
systems.  

IEB 82-03, Item 4b 

b. A summary description of the UT procedures and calibration standards 
used or to be employed in the examination at the licensee's plant 
site. This description should include the scanning sensitivity, the 
evaluation sensitivity and the recording criteria.  

Response to Item 4b: 

Iowa Electric plans to use Ultrasonic Procedure #UT-27 Revision 0 with field 
changes in our next refueling outage. This procedure has successfully 
detected cracks at Duane Arnold in 4" schedule 80 pipe which was verified by 
Dye Penetrant Test after pipe removal. A description of #UT-27 Revision 0 is 
as follows:

(1) The primary reflection is 5% notchs for Class 1 piping.
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(2) Evaluation sensitivity is established by setting the nearest notch 
echo to 80% of full calibrated scale.  

(3) Scanning sensitivity shall be 6 dbbeater than the primary response.  

(4) A calibration check is required before and after each examination.  

(5) Examiners must be certified at a minimum as Level II in Ultrasonic 
Testing to evaluate results and subsequent review and evaluation by 
Level III, will be provided.  

(6) Evaluation is in accordance with IWA 3100 (b) of ASME Section XI 
(1974) with addenda through Summer, 1975. Iowa Electric plans to 
continue its policy of recording any indication determined to be a 
crack regardless of amplitude or size.  

(7) Strip chart recordings are planned for recording shear wave results.  

(8) All recorded chart signals shall be identified.  

(9) Calibration blocks shall be of the same nominal size, thickness, 
material, and surface finish as the pipe to be examined in the 1983 
outage.  

IEB 82-03, Item 4c 

c. A summary of the results of any previous inspection of the 
recirculation system piping welds which used the validated examination 
methodology as discussed in Action Item 1 above.  

Response to Item 4c: 

Attachment 4 summarizes the results of 1981 and 1982 recirculation system 
inspections. These inspections were conducted with functionally 
equivalent UT examination techniques as is discussed in the response to 
items 1 and 4b, above.  

IEB 82-03, Item 4d 

d. An evaluation of the crack-detection capability of ultrasonic 
methodology used or planned to be used to examine recirculation system 
piping welds. This evaluation should result from conducting the 
demonstration required in Action Item 1 above, and should include a 

comparison of the service-induced pipe crack sample to those welds 

actually examined in the licensee's plant in terms of pipe wall 
thickness and diameter, weld geometry, and materials.
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Response to Item 4d: 

The requested information will be provided in a future submittal prior to 
DAEC resuming power operations following Cycle 7 refueling outage.
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ABSTRACT 

An intergranular stress corrosion cracking (IGSCC) survey of the 
austenitic stainless steel piping in the recirculation system and 

RHR system of the Duane Arnold Energy Center has been 
completed. The primary objective of the survey was to assist 
Iowa Electric Light & Power in its inservice inspection program 

by identifying the weld joints which are most susceptible to 
IGSCC. In the survey, material properties and fabrication data 
from the plant records were compiled for each joint. The Stress 
Rule Index (SRI), a method of evaluating the sustained stress 
level at the inside surface weld HAZ, was calculated for each 
joint. The materials data and SRI were then used to rank each 
weld joint according to its 'relative susceptibility to IGSCC. An 
IGSCC Susceptibility Matrix was developed as a means of ranking 
the. weld joints. Through this matrix each weld joint is 
categorized into one of three regions. Region I represents 
combinations of SRI and material chemistry which have thus far 
proven to be immune to IGSCC. Regions II and III represent 
combinations more susceptible to IGSCC.  

In addition to the ranking, all weld joints were categorized as 
conforming, nonconforming, or service-sensitive according to the 
guidelines given in NUREG-0313, Revision 0, the Nuclear 
Regulatory Commission document related to IGSCC of BWR piping.  

The following summary highlights the results of the survey.  

1. Of a total of 117 welds >10 inches in diameter, 19 
welds were found to meet the requirements for con
forming material as defined in NUREG-0313. Of the 
remaining 98 nonconforming welds, 4 were identified 
as having a high resistance to IGSCC because the base 
materials contained a carbon content between 0.035% 
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and 0.050% or because they are believed to have been 
fabricated using an inside surface water spray 

cooling technique.  

2. None of the large diameter pipes (>10 inches 

diameter) were in service-sensitive lines.  

3. All of the 26, 4 inch diameter welds were found to 
contain base material defined as nonconforming by 
NUREG-0313, and 18 of these were located in service
sensitive lines. Two of these 18 welds have high 
resistance to IGSCC because the carbon content of 
base material was between 0.035% and 0.050%.  

4. Forty-seven weld joints (33% of the total welds) were 

categorized in Region I of the IGSCC Susceptibility 
Matrix, representing the least susceptible welds.  
The remainder of the weld joints were evenly divided 

between Regions II and III.
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1.0 INTRODUCTION AND PROGRAM OBJECTIVE 

As a result of the stress corrosion cracking incidents in welded 
austenitic stainless steel primary coolant piping in Boiling 

Water Reactors (BWRs) in recent years, Iowa Electric Light and 
Power instituted a program with NUTECH to evaluate the stress 
corrosion cracking propensity of stainless steel welds in the 
recirculation and residual heat removal (RHR) systems at the 

Duane Arnold Energy Center (DAEC). The objective of the program 
is to perform a review of plant fabrication records, a metallur
gical review of these records to evaluate factors important to 
intergranular stress corrosion cracking (IGSCC) in the BWR 
environment, and a Stress Rule evaluation to assist in identi
fying those joints which are potentially susceptible to IGSCC.  
The ultimate program aim is to provide input to the DAEC 
Inservice Inspection Program so that the proper attention can be 
focused on those joints which are most susceptible to IGSCC. The 
identification of potentially susceptible pipe locations will 
also enable Iowa Electric to prepare for potential incidents by 
providing a repair or replacement plan to address the problem 
where it may exist. Additionally, this program will assist in 
addressing, in a more meaningful way, the concerns of the Nuclear 

Regulatory Commission published in NUREG-0313 and NUREG-0531 
regarding materials selection and processing guidelines for BWRs.  

The program is divided into the following four major tasks: 

Task 1. Review of Plant Records 

Task 2. Review of Metallurgical Variables 

Task 3. Stress Rule Evaluation 

Task 4. Identification of Low Failure Probability Joints 

The following sections provide a brief description of the work 
performed under each of the above mentioned tasks.  

IOW-20-004 1 
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2.0 REVIEW OF PLANT RECORDS 

The objective of this task activity was to obtain and review all 
plant records required to complete the detailed evaluations 

described in Tasks 2 and 3. These records included piping 

fabrication and isometric drawings, stress reports, material 

certifications, fabrication procedures, and records regarding 
repairs and replacements.  

An extremely complete and well-compiled set of fabrication 

records for the entire recirculation system were supplied to 

NUTECH by Mr. K. V. Harrington of Iowa Electric, greatly 
facilitating this task activity.

IOW-20-004
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3.0 REVIEW OF METALLURGICAL VARIABLES 

The objective of this task was to identify, for each stainless 
steel joint in the recirculation and RHR systems, the material 
chemistry, significant fabrication practices that may have an 
effect on the joint's susceptibility to IGSCC, and determine the 
NUREG-0313 status. A detailed compilation of this information is 
presented in the Stress Corrosion Cracking Evaluation Tables 
included as Appendix A to this report.  

3.1 Material Chemistry 

Certified material test reports were located for each component 
of the subject piping systems. The material specification and 
the associated carbon content are identified in SCC Evaluation 
Tables, Appendix A.  

Unstabilized wrought austenitic stainless steel with a carbon 
content less than 0.035% has been demonstrated to be highly 
resistant to stress corrosion cracking and is acceptable to the 
NRC for installation in BWR piping systems, as stated in 
NUREG-0313. Welds between materials with a carbon content in the 
0.035% to 0.050% range are identified in the SCC Evaluation 
Tables as having high resistance to IGSCC. While no NRC credit 
can be taken for these welds relative to NUREG-0313 guidelines, 
we feel it is appropriate, based on field failure data and the 
EPRI sponsored pipe test and laboratory test data, to identify 

r these joints as highly resistant to IGSCC. The General Electric 
test data presented in Figure 3-1 illustrates that at these 
carbon levels Type 304 stainless steel is highly resistant to 
IGSCC.  

Ferritic steels and cast stainless steels have also been demon
strated to be highly resistant to IGSCC and are acceptable 
materials for installation in BWR piping systems. Inconel (Alloy 
600), not addressed specifically in NUREG-0313, is considered as 
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a conforming material in this evaluation. In the uncreviced 

condition this material has provided satisfactory performance in 

the BWR environment.  

3.2 Significant Fabrication Practices 

A review of the fabrication procedures revealed that the large 

diameter shop welds may have been fabricated using an inside 
surface water spray cooling technique. The pipe fabricator, 
Southwest. Fabricating and Welding Co., commonly uses the spray 
cool technique to maintain interpass temperature when welding 
stainless steel pipe having a wall thickness greater than 0.75 
in.(l) The main purpose for employing this technique was to 
control interpass temperature, however, the technique is similar 

to that currently being studied as a fabrication remedy for 
stress corrosion cracking mitigation.  

This technique, also called heat sink welding (HSW), is used to 
produce axial compressive residual stress on the inside pipe 
surface in the weld heat affected zone. The first two layers are 

deposited by the gas tungsten arc process in the normal manner.  
The remainder of the weld is made while the inside surface is 
being cooled by either a water spray or by filling the pipe with 
flowing water.  

It has been documented in General Electric Company's pipe tests 

on small diameter piping that as much as an order of magnitude 
performance improvement may be possible for heat sink welded 

joints.(2) A separate program, supported by the Electric Power 

(1) Robert Pearson, Southwest Fabricating and Welding Co., 
Private Communication 

(2) R. Hughes, Qualification of Solution Heat Treatment, 
Corrosion Resistant Cladding and Heat Sink Welding.  
Seminar on Countermeasures for BWR Pipe Cracking, 
January 22-24, 1980.  
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Research Institute, is currently underway to evaluate the 
residual stress benefit for large diameter piping fabricated 
using this process.  

Although no NRC credit can currently be taken for heat sink 
welded joints in relation to the augmented ISI requirements of 
NUREG-0313, these welds are specifically highlighted in the SCC 
Evaluation Tables because of their potentially high resistance to 
IGSCC. It should also be noted that, although the shop welding 
procedure used in fabricating the Duane Arnold spools requires 
interpass temperature control, and allows water spray cooling, 
specific documentation describing the detailed process and 
verifying its use on each of the shop welds has not been 
located. Follow-up discussions with the pipe fabricator will be 
necessary to provide adequate assurance that the water spray 
cooling technique was, in fact, employed for each shop weld.  

3.3 NUREG-0313 Evaluation 

An evaluation of the metallurgical data compiled for each joint 
was conducted with respect to the NRC technical positions 
established in NUREG-0313, "Technical Report on Material 
Selection and Processing Guidelines for BWR Coolant Pressure 
Boundary Piping," published in July 1977.  

The SCC Evaluation Tables identify the NUREG-0313 status of each 
joint based on the following criteria.  

Conforming - joints for which each of the adjoining parent 
materials are one of the following highly resistant materials; 
ferritic steels, "Nuclear Grade" or L-Grade Type 304 or 316 
austenitic stainless steel (<0.035% Carbon), or cast stainless 
steels. Regular grades of 304 or 316 stainless steel are not 
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considered conforming unless the as-installed piping, including 
the weld, is in the solution annealed condition.  

Nonconforming - all joints not meeting the above criteria. These 

joints are subject to augmented inservice inspection requirements 
as identified in NUREG-0313.  

Service Sensitive - nonconforming joints in lines designated by 
the NRC as having experienced cracking of a generic nature, or 
that are considered to be particularly susceptible to cracking 
because of a combination of high local stress material condition, 
and high oxygen content in lines which have relatively stagnant, 
intermittent, or low flow coolant. Included in this category of 
piping runs are: core spray lines, recirculation bypass lines, 
CRD hydraulic return lines, isolation condenser lines, and 
shutdown heat exchanger lines. A higher degree of augmented 
inspection is required for these lines.  

A revision of NUREG-0313, currently issued for review and 
comment, proposes to add recirculation riser piping and internal 

) attachment welds to the service sensitive category.  

3.4 Summary 

The overall metallurgical review consisted of an examination of 

136 joints in the recirculation system and 7 joints in the 
residual heat removal system. Of the 143 total joints, 19 were 
evaluated as conforming, 106 were nonconforming, and 18 were both 
nonconforming and in service sensitive lines.  

Of a total of 117 welds greater than or equal to 10 inches in 
diameter, 19 welds were found to meet the requirements for 

I conforming material as defined in NUREG-0313. Of the remaining 
98 nonconforming welds, 34 were identified as having a high 

;i resistance to IGSCC because the base materials contained a carbon 
content between 0.035% and 0.050% or because they are believed to 
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have been fabricated using an inside surface water cooling 
technique.  

All of the 26, 4-inch diameter welds were found to contain base 
material defined as nonconforming by NUREG-0313, and 18 of these 
were located in service sensitive lines. Two of these 18 welds 
were designated as having a high resistance to IGSCC because the 
carbon content of the base material was between 0.035% and 
0.050%.  

Table 3-2 provides a tabular summary of the metallurgical 
evaluation results.

IOW-20-004
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TABLE 3-2 

SUMMARY OF METALLURGICAL EVALUATION RESULTS 

NON-CONF. TOTAL NON
TOTAL WELDS SHOP NON-CONF. TOTAL NON- CONFORMING 

TOTAL CONFORMING WATER SPRAY WELDS WITH CONFORMING & SERVICE SYSTEM DIA WELDS WELDS COOLED* .035 <%C <.050 WELDS SENSITIVE 

RECIRCULATION 22 23 2 10 15 21 0 SUCTION 

RECIRCULATION 22 16 0 6 1 16 0 DISCHARGE 

RECIRCULATION 
RI~-EDR 16 8 0 8 0 8 0 RING HEADER 

RECIRCULATION 
RISERS 10 64 16 0 0 48 0 

RECIRCULATION 4 18 0 0 2 0 18 
BYPASS 

RECIRCULATION 
BRANCH 4 7 0 0 0 7 0 
CONNECTIONS 

RESIDUAL HEAT 20 4 0 0 0 4 0 REMOVAL 18 2 1 0 0 1 0 
4 1 0 0 0 1 0 

TOTAL 143 19 24** 18** 106 18

*The use of water spray cooling not yet fully verified.  

**Each column includes six joints that satisfy both criteria (i.e., .035 < 0C < .050 and 
shop water spray cooled.)D 
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4.0 STRESS RULE EVALUATION 

To provide a further means of determining a joint's suscept
ability to IGSCC, a Stress Rule Index (SRI) evaluation was per
formed for each joint being studied. The Stress Rule Index is 
determined in the following manner. The axial stress components 
resulting from sustained loading conditions (i.e. pressure, 
deadweight, and steady state thermal expansion) are derived from 
the elemental force and moment tables of the original Duane 
Arnold piping stress analysis. These are combined with residual 
stress estimates and input to the General Electric Company 
developed Stress Rule Index equation shown below.  

Pm +b + +F (Resid) 

S S + .002E 
y y 

Where Pm = Primary Membrane Stress 

Pb = Primary Bending Stress 

S= Code Yield Strength 

Q = Sustained Secondary Stress 

F = Sustained Peak Stress 

E = Elastic Modulus 

Resid = Weld Residual Stress 

For non-creviced welds, General Electric Company has determined 
that if the index is less than unity, susceptibility to stress 
corrosion cracking is mitigated; for crevices, a value somewhat 
lower than unity may be more suitable. To this date, IGSCC 
events have not been observed in joints exhibiting a SRI less 
than 1.2.  

The SRI evaluation was facilitated by the use of a NUTECH 
computer program (SCORE) which calculates the SRI given the 
appropriate forces and moments from the piping stress report.  
The SRI for each joint is given in the SCC Evaluation Tables.  
Detailed results of the SRI evaluation are included in 

Appendix B.  
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5.0 IDENTIFICATION OF LOW FAILURE PROBABILITY JOINTS 

Three main considerations must be taken into account in deter
mining the susceptibility of a joint to intergranular stress 

corrosion; material properties, stress, and environment. In this 

report, we have quantitatively addressed two of these three 

factors. For both material properties and stress, there exists 
sufficient analysis, laboratory data, and field experience to 
provide a basis for determining relative susceptibility. The 
environmental factor has only been addressed in that stagnant, 
low flow lines (service sensitive) are considered more 
susceptible to IGSCC. The degree to which one of these three 
ingredients must be present for IGSCC to occur is variable, 
making it extremely difficult to combine what is known about each 
of these factors to define an absolute scale of susceptibility.  
There are also other known variables that effect the suscepti
bility of sensitized austentic stainless steel to IGSCC. These 
other variables, which must be factored into a final determina
tion of susceptibility, include such effects as cold work, 

counterbore grinding crevices, temperature, pH, etc. EPRI is 
currently sponsoring research that may lead to more refined 
techniques for quantifying the susceptibility of various piping 
joints.  

To provide a rudimentary means of ranking each weld, the IGSCC 
Susceptibility Matrix was developed. It displays the relative 
susceptibility of each weld based on the information that has 
been compiled in this study regarding material properties and 
stress conditions. Figure 5-1 shows the placement of the 
recirculation and RHR system welds in the matrix based on the 
stress rule index calculated for that joint and the highest 
carbon content of the base material on either side of the weld.  

The IGSCC Susceptibility Matrix is divided into three regions 
labeled I, II, and III. Region I contains welds that are either 

IOW-20-004 11 
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conforming from a material standpoint (less than 0.035% carbon as 

defined in NUREG-0313) or have a stress rule index less than 
1.2. (IGSCC events have not been observed in weld joints with a 

SRI < 1.2.) Welds in this region are considered to be the least 

susceptible to IGSCC.  

Region II defines an intermediate zone encompassing welds which 
exhibit considerable margin to failure, relative to Region III 
welds, but are somewhat more susceptible than Region I welds.  
Finally, Region III represents the most susceptible welds, those 
having the smallest margin to failure.  

Other variables, as discussed earlier, can enter in to increase 
or decrease the susceptibility to IGSCC. Two of the more impor

tant factors to be considered for Duane Arnold are the effects of 

shop water spray cooling and whether specific welds are in 
service sensitive piping. Welds that are believed to have been 

shop water spray cooled are underlined in the matrix. These 

welds are potentially highly resistant to IGSCC because of 
favorable residual stress distribution. If this is verified and 

actual measurements determine the extent to which these stresses 

are reduced, the stress rule index may be significantly lowered, 
thus shifting the position of the underlined welds to the left.  
The other important factor to consider is whether welds are in 
service sensitive piping. Welds which are both nonconfoming and 

in service sensitive piping are identified in the matrix with an 
asterisk. These welds are potentially more susceptible to IGSCC 
than other welds of the same matrix position.  

IOW-20-004 12 
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STRESS RULE INDEX

0 - 1 20 1.21 - 1 50 l 1151 - 2.00

RRA-J7 RCA-J18 RMA-J4 RNA-JS 

RRD-J7 RMA-Jl RMA-J2 RMB-JS 

RRE-Ji RRG-J7 RMB-Jll RNB-J9 

RRF-J7 RCB-J21 R.M-J2 

RRH-J7 RRB-J7 
RRC-J7 

1 RCA-J27 RCA-J34 REB-Jl* RRA/H-JS (8 welds) 
RSA-J7* RBA-Jl* RBB-J7* RBA-J6* 
RCB-J30 RRE-J4 RBB-JlZ* RBA-JS* RBBJ6* 
RHC-F2 RRF-J4 RHC-Jl RRG-J4 RSB-JS* 
RHD-F2 RRC-J4 RHD-Jl RRH-J4 

RRD-J4 RRA-J4 
c CB-j37 RRE-J4 REGION III 

.(HIGH SUSCEPTIBILITY) 

RCA-J7 RCB-J27 RCA-JlZ RIMA-J5 RCB-J24 RBA-J9* 
7TS RCB-J31 IT =- - RBB-J9* 

RCA-J24 RCB-J41 RCA-J21 EX7Z' 
RCA-J28 RNB-J1 RCIIAT- RBA-J3* B -J89 
RCA-J38 17T2 RCA-J32 RCB*J6 RBBJ2* 
RMA-J1 I rv RCA=-J4 RCB-J7 RBB-J3* 
RMA-Jl1 RTTA-5 n =T3 
RRA/H-4A (8 welds) RMA-J6 RC3-J3S 

1000TR*J3 (T weIs) 

RCA-J3 RCA.J4 RCB-J24 RCA-J22 
RCA-J6 RCA-JS nEBTITZ RBA-JlO* 
RCB-J3 RBA-JlZ* RCB-J25 

C RCB-J9 RCB-J4 R3B-JlO* 
ST8 RCB-JS 

RCB-J1S 
RCB-J16.  

REGION II 
(MODERATE SUSCEPTIBILITY) 

RLHB - F3 
RCA-F2 

u RCB-FZ 
RRA/H-F2A (8 welds) 

0 
REGION I 

(LOW SUSCEPTIBILITY)

* IN SERVICE SENSITIVE LINES 
xxx SHOP WATEK SPRAY COOLED 

FIGURE 5-1 

IGSCC SUSCEPTIBILITY MATRIX

13 nutech
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?#$paued Imf 
IOWA ELECTRIC 
LIGHT 6 POWER 

COMPANY

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER

LUJ

nu
LINE NO. SYSTEM REVISION - DATE PAGE 

RCA RECIRCULATION SUCTION - LOOP A 1 0 4/11/80 Al 
NUREG 

SHOP 0313 
OMATERIAL TYPE HEAT NEAT CARBON STATUS STRESS 

WELD DIA. WELD OR COMPONENT SMECIATION TREAT- NER CONTENT 1 5 RULE COMMENTS 
NUMBER (IN) TYPE FIELD SPECIFICATION NUMBER EE 0 0 WELD MENT ( EN 0 N INDEX 

VS F F 

RECIRC. SUCTION FORCED SA-508 CL.2 - NS 
NOZZLE (NIA) 11) ALLOY STEEL 

RCA-F2 22 NOZ-SE SW X 1.01 

SAFE-END FORGED SA-336 GR F8 7 M57S 0.023 

RCA-J3 22 SE-P 1W 0- 1.03 OWER IS 
____________ _______ ___ 1161 RESISTANCE TO 165CC 

PIPE (S-1) R6W A3S8 CL.1 FROM 1 ZP2470-4A .045 
_ A240 T304 1 _P2704A0.4 

LOWER SC & SHOP WATER SPRAY COOLED 
RCA-J4 22 P-E SW _+ 1.30 1111 RESISTANCE TO IGSCC 

ELBOW(90.LR) R&W A403-WP304W 2 300223 0.049 FliU. A240 

RCA-JS 22 E-P SW 1.32 LOWER %C & SHOP WATER SPRAY COOLED 
_IfI RFRITAKFF TO TICYC 

R&W A358 CL.1 FROM PIPE (5-2) A240 T304 1 2P2470-4A .045 

RCA-J6 22 P-P FV 0.90 LOWER IC 
H1111 RESISTANCE TO IG5CC 

PIPE (6-1) RiaW A358 CL.1 FROM 1 2P2470-1A 0.045 
_________ ____ _____________A240 T304 

RCA-J7 22 P-P SW 0.87 SHROP WATER SPRAY COOLED 

PIPE (6-2) R&W A358 CL.1 FROM 1 300069-1B 3.050 A240 T304 

RCA-J12 Z2 P-E SW 1.30 SIHOP WATER SPRAY COOLED 

ELBOW(90 0.LR) RGW A403-WP304W 2 300223 ).049 
__________ ______FWNt A240___ 

LOWER %C TO CASING 
RCA-J B 22 E-V IF_ 

+ 1.33 11101 IUSISTANCE 10 IGSCC 

VALVE CAST A3S1-65 GR CF-8 7 40298 0.05 9t FERRITE 
(1-FU023A)

[-2)
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Prepared Isw 

IOWA ELECTRIC 
LIGHT f POWER 

COMPANY

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER nutech

LINE NO. R SYSTEM REVISION - DATE PAGE 
RCA RECIRCUATIM SUCTIN - LOOP A (CoN'T) NU4/1/8 A2 

NURE 
SHOP HE AT CARBON 03 S STRESS WEBD DIA. WELD O0 COMPONENT MATERIAL TYPE TREAT. HEAT CONTENT STT RULE COMMENTS NUMBER (IN) TYPE FIELD SPECIFICATION TREAT NUMBER 1%NTE S S 0 N C ICRUEXCMET 
WELD MENT (% EN N 0 INDEX 

I 
1 VS F F 

RCA-JlS 22 V-P FW X 0.96 

PIPE (4-1) I(RW A358 CL.1 FRfN 1 300069-IB 0.050 
A240 T304 

RCA-J21 22 P-E SW 3+ 1.43 SIoP WATER SPRAY COOLED 

ELBOW(90 0SR) R&W A43-WP304W-1967 3 KS1142-3 0.048 

LIDiER SC TO CASTING 
RCA-J22 2 E-Pp FW R+ 1.63 Ila!I PFSISTANrF TO IGScff 

PmP CAST A351 GR. CI8M 7 51510 or 0.06 141 FERRITE 
50448 0.05 

RQW A358 CL.1 FIbI4 
PIPE (5-2) A240 T304 , 2P2470-4A 0.045 SPOOL 5-2 ALSO SH1OWN ON PG. Al 

RCA-J5A 4 BPC SW 

WELDOLET FORGlD A182-F304 6 812680 0.060 
22" X 4" (4961) 

PIPE (4-1) R(fW A358 CL.1 FRZ4 T0 300069-1B 0.050 SPOOL ALSO SIIOWN ON PG. A2 ____________ ______ _____ A240 T304_________________________________ 

4 IC SW 1.32 

4" WN FIANGli FORGED A182-69 4 41167 0.07) WECO&IINATION FLANGE 
(900 I)N;) F-304 4 41167 0.070 _ EClfAMINATIONFLANCE 

ISLIND ILANGIE 0 .1i) Al812-69 4 41167 0.070

CD J.  

I.
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Pueallid fw 
IOWA ELECTRIC 
LIGHT b POWER 

COMPANY

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER

LINE NO. SYSTEM REVISION - DATE PAGE 

RCA RECIRCUTIM DISCHARE - LO)0P A 0 41/11/80 A3 
NUREG 

SHOP 0313 
WELD IAS WELD OH HEAT CARBON STATUS STRESS 

COMPONENT TYPE B TREAT- HEAT CONTENT S SN C C RULE COMMENTS 
NUMBER uIN) TYPE FIELD SPECIFICATION MENT NUMBER E E 0 

WELD _ N NV V 

PUtlP CAST A351 CF8M 7 51510 or 0.06 14% FERRITE 
50448 0.05 

RCA-J24 22 TP-P FW X 0.98 

PIPE (7-1) R&W A358 CL.1 I FROM 1 300075-1B 0.058 A240 T304 

RCA-J28 22 P-V FW X 0.97 

VLEO31A) CAST A351-65 GR. CF8 7 44266 0.04 18% FERRITE 

RCA-J30 22 V-E FW X 1.27 

ELBOW(90*LR) R&W A403-WP304W 2 600324-1A 0.055 
FR(14 A240 __________________ 

-RCA-J32 22 E-P SW 9+ 1.26 SHOP WATER SPRAY OOLED 

PIPE (9-1) R&W A358 CL.1 FROM 1 300075-1B 0.058 
A240 T304I 00SB0.5 

RCA-J38 22 P-P SW X 0.89 

PIPE (9-1) R&W A358 CL.1 FIM 1 300075-1B 0.058 FLOW RESTRICTER WELDED TO PIPE I.D.  
A240 T304 

RCA-J41 22 P-T SW _* 1.25 SHOP WATER SPRAY COOLED 

RIDUCING TEE R&W A403-WP304W 20" OILET EXTRUDED PRIOR TO 
22"X22"X20" FROM A240 2 6003241 0.055 IiEAT TREADIM 

RCA-J43 22 T-Cr FW X 1.33 

REDUCING CROSS R&W A403-WVP304W1 16" OUTLETS EXTRUDED PRIOR TO 
22X22XI6X16 FRM A240-69 2 582533-1 0.040 HEAT TREATDNT 

RItA-.16 22 Cr-Cp SW _+ 1.22 SIOP WATER SPRAY COOLED 

WELD CAP R&W A403-WP-304-67 3 600225-1A U.058 FR04( A240

Papared by 

nutech
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IOWA ELECTRIC 
LIGHT b POWER 

COMPANY

cu~ c~cz~ c cz-7 c-j u ui: j C .2 C 2: 'Cjj2 : L2U.

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER

Prepared by 

nutech
LINE NO. SYSTEM REVISION - DATE PAGE 

RMA RECIRCULATIMi RING IlEAER - LOOP A 0 4/11/80 A5 
NUREG 

SHOP 0313 
SHPHEAT CARBON STATUS STRESS WEt DIA. WELD OR COMPONENT MATERIAL TYPE b TE AT HEAT CONENT SSNC C RULE COMENTS 

NUMBER (tN) TYPE FIELD SPECIFICATION TREAT. NUMBER CN E E S N INEX 
WELD MENT M N N 1 00 NE 

WELD CAP R&W A403-WP304-67 3 KS1404-4D ).050 
FROM A240 

IHA-Jl 16 C -ikir SW 0.96 SHOP WATER SPRAY COOLED 
RISER OUTLETS EXTRUDED PRIOR TO RING HEADER R4W A358 CL.1 FROMY 1 600120-1B 3.059 HEAT TTEiA335NT 

(24-1) A240-67 T304 I 6010I _____________________ 

R.IA-J5 16 IkIr-Cr SW 0+ 1.42 SHOP WATER SPRAY COOLED 

REDUCING CROSS R&W A403 WP-304W ALSO SIHOWN ON PG. A3 
22X22X16X16 IRDM A240-69 2 S853- _._40 

RNIA-J7 16 Cr-lidr SW L+ 1.37 SHOP WATER SPRAY COOLED 

RISER OUTLETS EXTRUDED PRIOR TO 
RING IE2D4 R RtW A358 CL.1 FRON 1 600120-1B 3.059 IhAT TREATENT 

_________ ____ - (74-7) 4740A-67 TTI14 ________ _ 

1A-Jll 16 hkir-Cp SW 1+ 0.96 SIOP WATER SPRAY COOLED 

WEiLD CAP R1W A403-WP304-67 FRWELDMCA3 K51404-4D .050 

r -FROM A240
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Preparod fw 
IOWA ELECTRIC 
LIGHT 6 POWER 

COMPANY

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER

Prepared by 

nutech
LINE NO. SYSTEM REVI51ION - DATE PAGE 

RRE RECIRCLATION RISERS - LOP A (N2E) 0 4/ 11/80 A6 

NUREG 
SHOP 0313 

WELD OfA. WELD OR COMPONENT MATERIAL TYPE 6 HEAT HEAT CARBON STATUS STRESS COMMENTS 
NUMBER tIN) TYPE FIELD SPECIFICATION TREAT- NUMBER NTER SN N C C RUDEC WELD MENT I (1 00 0 INDEX 

VS 

16" RING R&W A358 CL.1 1 600120-1B 0.059 ALSO SHOWN ON PG.A5 
_HEADER (24-2) FROM A240 T304 

RMA-JIO 10 Ikdr-A SW x 1.40 

ADAVIER FORGED A182-F304 6 52624 0.070 

RRE-J7 10 A-P FWV X 1.11 

PIPE (12-2) SMLS A376-TP304 5 2P3687 0.051 

RRE-JS 10 P-E SW X 1.56 

ELBOW(90*LR) I&W A403-WP304W-67 3 37845-LA 0.061 
______________FRfIN A240 ______________________ 

RRE-J4 10 E-P SW x 1.39 

PIPE (12-1) 94LS A376-TP304 S 2P3399 0.055 

RRE-J4A 10 P-P FW X 0.98 

PORTION OF SPOOL 12-1 WAS CUT OUT 
PIPE (12-1) 94LS A376-TP304 5 2P3399 0.055 AND REIVELDED IN 1978 

RRE-J3 10 P-P FV x 1.23 

SAFE-END FORGED SA-336 GR. F8 7 M53S 0.030 
__________ ~~EXTENSION ____ __ ________________ 

RRE-F2A 10 P-SE FW X 1.02 

SAFE-END SMLS SB-166 IN00NEL 7 NX8927 0.07 SAFE-END REPLACED IN 1978 

PRE-F2 10 SE-NOZ FW X 1.03 

RECIRC INLET FORGED SA-508 CL.2 
NOZZ 1-W AI1Y ST-I
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Puspaged lot 
IOWA ELECTRIC 
LIGHT b POWER 

COMPANY

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER

c:_3

LINE NO. SYSTEM REVISION - DATE PAGE 

RRF FECIRCULATI]N RISERS - L00P A (N2F) 0 41/11/80 A7 
NUREG 

SHOP 0313 SHOPHEAT CARBON STATLS STRESS 
WELD DIA. WELD OR MATERIAL TYPE b NET HEAT CRO TTS SRS NUBER OA TE OL COMPONENT SAEIATIPE 6 REAT- HER CONTENT S S N C C RULE COMMENTS 

NUMBER W TYPE LDSPECIFICATION MENT NUMBER E E 0 INDEX 

16" RING R1&W A358 CL.l 16"ARN R24-) W A248 T1 1 600120-1B .059 ALSO SHOWN ON PG. AS IllADER (24-2) FIGI A240 T304 

RlIA-J8 10 Ikir-A SW X 2.05 

ADAPTER FORGED A182-F304 6 52624 3.070 

RRF-J7 10 A-P FW X 1.20 

PIPE (13-2) SMLS A376-TP304 5 2P3271 3.061 

RRF-JS 10 P-E SW X 1.70 

ELBOW(90-LR) R A40OWP304W-67 3 37845-LA 0.061 FROM~ A.240 

RRF-J4 10 E-P SW x 1.41 

PIPE (13-1) SMLS A376 TP304 5 2P3687 ).051 

RRF-J4A 10 P-P FW X 0.98 

PIPE (13-1) SMLS A376 TP304 5 2P3687 ).051 PORTION OF SPOOL 13-1 WAS CUT OUT 
AND REWELDED IN 1978 

RItF-J3 10. P-P FW x 1.23 

SAFI:-END FORGED SA-336 CR. F8 7 M53S 0.030 
____________ I~iXlTiNS ION__________________ 

Rif-F2A 10 P-SE fW x 1.02 

SAFlE-IfD 
4N SI.S SB-166 INCONF!L 7 NX8927 0.07 SAFE-END REPLACED IN 1978 

IRF-F:2 10 SEi-NOZ FW X 1.03 

RECIkC INIEfT FOGED1) SA-508 CL.2 
NOZZI.Ii 10W AID-fY SI1il.

Prepared by 

nutech
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Propared Iv 
IOWA ELECTRIC 
LIGHT 6 POWER 

COMPANY

Prepared by 

nutech
LINE NO. SYSTEM REVISION - DATE PAGE 

RR6 RECIGUINTION RISERS - LO0P A (N26) 0 41/11/80 A8 
NURE6 

SHOP 0313 

NMER (IN WE FtE0 COMPONENT MATERIAL TYPE 6 HHEAT TE COMMENTS NUBR IN YE FEDSPECIFICATION TREAT- NUMBER OITNSSNCC RUEOM NS WELD MENT % E E D0 0 INDEX 

16" RING RGW A358 CL.2 
_HEADER (24-1) FRCM A240 T304 1 600120-1B 0.059 ALSO SIWN ON AS 

PJ.IA-J4 10 Ikir-A SW X 1.51 

ADAPTER FORGED A182-F304 6 52624 0.070 

RIG-J7 10 A-P FW X 1.22 

PIPE (14-2) SMLS A376-TP304 5 2P3271 .061 

RRG-JS 10 P-E SW X 1.68 .  

ELBOW(90*LR) RtWA403-WP304W-67 3 3784S-IA 0.061 

RRG-J4 10 E-P SW X 1.53 

PIPE (14-1) SMLS A376-TP304 S 2P3687 0.051 

RRG-J4A 10 P-P Tw 0.98 

PIPE (14-1) SS A376-TP304 5 2P3687 .051 .PORTION OF SPOOL 14-1 WAS CLTE OUT 
AND REWELDED IN 1978 

RRG-J3 10 P-P FW 
1.23 

SAFE-END 
EXTENSION FORGED SA-336 GR. F8 7 MS3S 0.030 

RRG-F2A 0 P-SE FW 
X 1.02 

( END SMLS SB-166 INCONEL 7 NX9923 0.06 SAFE-END REPLACED IN 1978 

RRG-F2 0 SE-NOZ FW X 1.03 
RECIRC INLET FORGED SA-508 CL.2 N 1.03 NOZZLE IDW ALLOY STEEl --- NA ----

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER
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Pleparld lv 
IOWA ELECTRIC 
LIGHT 6 POWER 

COMPANY

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER

Prepared by 
nu tech

LINE NO. SYSTEM REVISION - DATE PAGE 
RRH RECIRCULATION RISERS -- LOOP A (N2H) 0 41/11/80 A9 

NUREG 
SHOP 0313 SHOP MATERIAL TYPE b HEAT NEAT CARBON STATUS STRESS 

NUELR (N TP FIL D COMPONENT SPECICATIO TREAT- N MER CONTENT S S NC C RULE COMMENTS 
WELD MENT () f E 00 0 INDEX 

vS FFI 

16" RING R&W A358 CL.1 
IIFADER (24-1) FRIG A240 T304 1 600120-1B 0.059 ASO SHOWN ON PG. AS 

nt4A-J2 10 Ikir-A SW X 1.90 

ADAPTER FORGEQ0 A182-F304 6 52624 0.070 

RRII-J7 10 A-P FW X 1.14 

PIPE (15-2) SMLS A376-TP304 5 2P3687 0.051 

RRiH-Js 10 P-E SW x 1.55 

ELWW A403-WP304W-67 3 37845-1A 0.061 FRLIN A240 

RIl-J4 10 E-P SW X 1.57 

PIPE (15-1) SMI.S A376-TP304 5 2P3687 0.051 

RJII-J4A 10 P-P uw x 0.98 

PORTION OF SPOOL. 15-1 WAS PIPE (is-1) SWLS A376-TP304 5 2P3687 0.051 NJTiJ AND R WELDED IN 1978 

RRI-J3 10 P-P Fw x 1.23 

SAFE-END FORGED SA-336 GR. F8 7 M53S 0.030 
liXIlNSION 

RJuI-F2A 10 P-SE fW X 1.02 

____(N21) SILS SlI-1b6 INCONIEL 7 NX9923 0.06 SAFI-fND REPLACED IN 1978 

RRII-0F2 10 SIi-NOZ FW X 1.03 

RIECIRC INUITr FORGED SA-508 CL.2 
NOZZI.E LOIW A.IDJY S111EI. --- NA ---
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plepated to 
IOWA ELECTRIC 
LIGHT 6 POWER 

COMPANY

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER

Pispufed by 

nutech
LINE NO. SYSTEM REVISION - DATE PAGE 

RECIRCULATION BYPASS LINE - LOOP A 0 ,u1ao A10 RBA I I/18 
NUREG 
0313 SHOP HEAT CARBON STATUS STRESS 

WELD OtA. WELD OR COMPONENT MATERIAL TYPE 6 HEAT CONTENT S S NC C RULE COMMENTS 
NUMBER (IN) TYPE FIELD SPECIFICATION TREAT NUMBER ( WEDMENT E EDO0 0 INDEX 

WELDOLET FORGED A182-F304 6 812680 0.060 ALSO SIKJW ON PG. A4 

RRA-Jl 4 WOL-P FW X X 1.22 

PIPE 94LS A376-TP304 5 2P3535 0.053 

RBA-J2 4 P-E SW X X 1.40 

ELBOW(90.LR) SMIS A403-WP304-67 3 20257 0.047 ELDO(90FROI A376 ___ ffiO 0.4 

RIIA-J3 4 E-P SW X X 1,50 

PIPE SMLS A376-TP304 5 2P3371 n.057 

RRA-J6 4 P-T FW X X 1.83 

SMLS A403-WP304W-67 37368 
TEE FRCi A312 CFRP .060 

REiA-.J7 4 T-. SW X X 1.16 

WN FLANGE 
(900 ILNG) FORGED Al82-F316 4 E1460 .060 

BLIND FLANGE FORGED A182-F316 4 E1460 ).060 

TEE SMLS A403-WP304W-67 3 37368 
IFRI A312 CFRP ).060 41.SO SHOWN ON PG. A4 

RBA-J8 4 T-P FW X X 1.94 

PIPE .941,S A376-TP304 5 2P3371 ).057 

RiRA-.J1 4 P-F sw X 11 7_ 1

1- 1 1 - . -
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Ploeard for 
IOWA ELECTRIC 
LIGHT b POWER 

COMPANY

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER

Prepared by 

nutech
LINE NO. SYSTEM REVISION - DATE PAGE 

RBA RECIRCULAT 10N BYPASS LINE -LO0P A (CoN'T) 0 4/11/80 All 
NUREG 

SHOP 0313 SHOP HEAT CARBON STATUS STRESS 
L I O COMPONENT MATER T I A TENT S N C C RULE COMMENTS 

WUMED IA WYEELD O OPNN SPECIFICATION TET NUMBER E 1 0 0 0 INDEX WELD MET Nv I 

ELBOW(90 0 LR) A03-WP34W-67 3 7 0.047 

LOVER SC T CASTING 
RBA-.JlO 4 E-V FW 8 X 1.52 111GI RESISTANCE 10 IGSCC 

VALVE CAST A351-65 GR. CF8 7 41706 0.08 8% FERRITE 
(MD-F032A) 

RRA-J12 4 V-WOL FW X X 1.31 

WELDOLET FORCED A182-F304 6 812680 0.060 ALSO S1WN ON PG. A4 
______ ______________ ______(876E)

~cz~
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IOWA ELECTRIC 
LIGHT 6 POWER 

COMPANY

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER

Prepared by 

nutech
LINE NO. SYSTEM REVISION - DATE PAGE 

RCB RECIRCULATION SUCTION - LOOP B 0 41/11/80 Al2 
NUREG 

0313 
SHOP HEAT H CARBON STATUS STRESS 

WELD OIA. WELD OR COMPONENT MATERIAL TYPE 6 TREAT- HEAT CONTENT S S N C C RULE COMMENTS 
NUMBER (IN) TYPE FIELD SPECIFICATION MEAT NUMBER ( EE 0 0 0 INDEX 

WELD N NN 

RECIRC. SICTION FORGED SA-508 CL.2 --- N -

NOZZLE (NIB) LiW ALLOY STEEL 

RCB-F2 22 NOZ-SE SW X 0.97 

SAFE-END FORGED SA-336 GR. F8 7 MS7S 0.023 
(N1B) 

LOWER SC 
RB-J3 22 SE-P FW + 1.01 IIlGII RESISTANCE TO IGSCC 

PIPE (1-1) DA CL.1 FRCM 1 2P2470-4A 0.045 
A240 T304 

LOWER IC & S1lP WATER SPRAY COOLED 
RCB-.14 22 P-E SW . * 1.35 IIICI RESISTANCE TO ICSCC 

ELBOW(90.LR) RfW A403-WP304W 2 300223 0.049 F'104N A240______ 
LOWER C 910P WATER SPRAY COOLED 

RICB-JS 22 E-P SW 4+ 1.24 IIII RESISTANCE TO IGSCC 

PIPE (1-2) R1W A358 CL.1 FR(M 1 2P2470-IA 0.045 A240 T304 

RCB-J6 22 P-T FW X .1.24 

RElJCING TEE R&W A403-WP304W 18" OUT.ET EXTRUDED PRIOR TO 
22"X22"X18" FIt( t A240-69 2 6003241 0.055 IIfEAT TREA1HENT 

RCB-J7 22 T-P Sw 1.32 SHOP WATER SPRAY COOLED 

PIPE (1-2) OA384CL.1 iCM 1 2P2470-IA 0.04S 

I0WER %C & 10P WATER SPRAY COOLED 
RCH__ 9 22 P-P SW_+ 0.89 III RESISTANCE TO IGSCC 

PIPE (2-1) 111, A3S8 CL. 1 FROM 1 2P2431-1A 0.040 
A240) T304 

LOWER %C 
Iil-JiS 22 P-E fv __1.31 1101 RESISTANCE TO IGSCC 

11W A403-Wi'304W 
Il.iOW (900I.R) 111 A240 2 300223 

I1C-.J16 22 I -V lW 1.32 IT 
_________________________________________________ _____________I 01 p:%U ZlAUCFIn IO __jI

Li



CS (5] CL] J E]cII L]C]C]LD D C iD- ~

PfPsMrd ST ESoR CK N Pvopered by 
IOWA ELECTRIC STRESS CORROSION CRACKING EVALUATION 
LIGHT 6 POWER nutech 

COMPANY DUANE ARNOLD ENERGY CENTER 

LINE NO. SYSTEM REVISION - DATE PAGE 

RCI RECIRCUUATION SUCTION - LOOP B (CoN 'T) 0 4/11/80 A13 
NUREG 

SHOP 0313 SHPHEAT CARBON ST0ATUtS STRESS WELD DIA. WELD OR MATERIAL TYPE 6 HEAT HEAT CONTENT S 1IC T RULE COMENTS NUMBER 1IN) TYPE FIELD COMPONENT SPECIFICATION TREAT- NUMBER E 0 S 0 
WELD MENT (% f 00 INDEX 

VALVE 
(MO-FO23B) CAST A351-65 GR. CF8 7 39839 0.06 11% FERRITE 

LOWER IC TO CASTING 
RCB-Jl8 22 V-P FW 0* 0.96 11101 RESISTANCE TO IGSCC 

PIPE (3-1) R&W A358 CL.1 FR( 1 2P2470-4A 0.045 A240 T304 

RCB-J24 22 P-E SW * 1.38 )LOWER SC 4 SHOP WATER SPRAY COO.ED 
IC 2 22 P1.38 i l IP '1'TANCF 'T I r rCC 

ELBOW(90*SR) RW A403-WP304W-67 3 KS1142-3 0.048 FROMy~ A240 T304 

LOWER tC TO CASTING RCB-J25 22 E-Pp FW 9_ 1.57 i.11101 RESISTANCE TO IGSCC 

PUP CAST A3I GR, CF8M 7 51510 or 0.06 14% FERRITE 

PIPE (3-1) RfW A358 CL.1 FROM 1 2P2470-4A 0.045 __________A240 T304 

RCB-.J21 4 BPC SW x 1.32 

FLANGE FORGED A182-69 4 41167 0.070 EONTAMINATION FLANGE 
(9000 LNW) F-304 

BLIND F-ANGE 11D A182-69 4 41167 0.070 BLINI)FLANGE F-304_________

(~7i fYi
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Plapared Is 
IOWA ELECTRIC 
LIGHT 6 POWER 

COMPANY

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER

Prepared by 

nutech
LINE NO. SYSTEM REVISION - DATE PAGE 

RCB RECIRCULATION DISCHARGE - LOOP 8 0 4/11/80 Al4 
NURE 

SHOP 0313 
WED DIA. WELD OR PMATERIAL TYPE b HEAT HEAT CARBON STATUS STRESS 

NUMBER IIN) TYPE FIELD COMPONENT SAEEFATO TREAT- NUMBER CONTENT S S N C C RULE COMMENTS 
WELD MENT (%) E EN0 0 INDEX 

CAST A351 CF8M 7 1510 or 0.06 14% FERRITE PUMP 7 S0448 0.05 1 1 

RCB-J27 22 Pp-P FW X 0.97 

PIPE(8-1) RW A358 CL.1 FROM 1 300075-IC 0.058 

RCB-J31 22 P-v FW X 0.96 
VALVE 
(bO-FO31B) CAST A351-65 GR. CF8 7 44691 0.04 15% FERRITE 

RCB-J33 22 V-E FW X 1.24 

ELBOW(900LR) R&W A403-WP304W 2 600324-1A 0.055 FWZT4 A240 

RCB-J3S 22 E-P SW 0+ 1.22 SIOP WATER SPRAY COOLED 

PIPE (10-1) RW A358 CL I04 1 300075-IC 0.058 

RCB-J41 2 P-P SW X 090 

PIPE (10-1) R&W A80C T304 1 300075-1C 0.058 FLOW RESTRICTER WELDED TO PIPE I.D.  

RCB-J44 22 P-T SW 0+ 1.43 SiOP WATER SPRAY COOLED 
RElIUCING TEE ItW A403-WP304W 20" OFfLET EXTRUDED PRIOR TO 
22X22X20 Floi A240-69 2 6825331 0.040 iEAT TiEAlnum 

LOWER IC CONTENT - 1111 RCB-.146 2 T-Cr fW 0- 1, 33 RESISTANCF TO 1GSCC 
RIillJCING CROSS R&W A403-WP304W 16" OlUTLETS EXTRUJDED PRIOR TO 
22X22X16XI6 FO4 A240-69 2 6825331 0.040 ilfAT TRAmIEVE 

lIfil-J7 2 Cr-Cp SW 0* 1.22 SIOP WATER SPRAY COOLED 

WI:LD('APRl,W A403-67 WELD CAP Rlu'i A240 T304 3 60022S-lA 0.058

V .1.12 ~1Z] L



Prepared IK 
IOWA ELECTRIC 
LIGHT 6 POWER 

COMPANY

El] ~ ~ ~ ~ ~ l El I]Li l CI CII] CL] LIZJ El] LI] LI] LJ~9

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER

P""pared by 

nutech
LINE NO. SYSTEM RGREVISION - DATE PAGE 

RCB RECIRCULATION DISCHARGE - LOOP B (Co'T) 0 4/11/80 A15 

NUREG 
SHOP 0313 SHOP HEAT CARBON efATLST RESS WELD DIA. WELD OR MATERIAL TYPE 6 HEAT HEAT CONTENT ST CA C RULE COMMENTS 

NUMBER (IN) TYPE FIELD COMPDNENT SPECIFICATION TREAT NUMBER TN EN N C RDEC WEDMENT F% f EDO 0 INDEX 

RF4W A358 CL.1 22" PIPE (8-1) FRO&1 A240 T304 1 300075-IC 0.058 ALSO SHOJWN ON PG. A14 

RCB-J30 4 BPC SW X 1.08 

WFLDOLET FORGED A182F304 6 812680 BRANCH CONNECTIOtN FOR 4" RECIRC.  
22"X4" (6 0.060 DISCHARGE VALVE BYPASS LINE 

22" PIPE (10-1) RM AS0CT304 1 300075-IC 0.058 MLS HWN ON PG. A14 

RCB-J37 4 BPC SW X 1.25 

WELDOLET FORGED A182-304 6 812680 BRANCH CONNECTION FOR 4" RECIRC.  
22"X4 812680 0.060 JISCIARGE VALVE BYPASS LINE
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Prepared for 
IOWA ELECTRIC 
LIGHT I POWER 

COMPANY

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER

Prepared 
by nutech

LINE NO. SYSTEM REVISION - DATE PAGE 

Wil8 RECIRCULATION RING HEADER -LO)P B 0 4/11/80A1 
NUREG 

WELD DIA. W SLD OR MATERIAL TYPE HEAT HEAT CARBON STATUS STRESS 
NUMER ) TPE FIED COMPONENT SPECICATION TREAT- NUMER CONTENT S S NC C RULE COMMENTS 

WELD MENT 1%) INDEX 

wEM CAP RfW A403-WP304W-67 3 K51404-4D 0.050 ______ _____________FROMA240 _________________________ 

RES-Jl 16 Cp-Ir SW 9+ 0.96 SHOP WATER SPRAY COOLED 
RING R6W A358 CL.1 RISER OUTLETS EXTRUDED PRIOR TO 
hEADER (11-1) IROM A240-67 T304 1 600120-1B 0.059 HEAT TREAl3IENT 

RM-J6 16 Hdr-Cr SW e 1.45 SIOP WATER SPRAY COOLED 

REDCING CROSS R&W A403-WP304W 2 6825331 0.040 ALSO SIMN ON PG. 814 
______ 22X22XI6X16 14"1t A240-69 ________ __ 

RMI-J8 16 Cr-Hdr SW 8+ 1.35 SIOP WATER SPRAY COO1FD 
RING RGW A3S8 CL.1 RISER OUTLETS EXTRJUDE PRIOR TO 
HEADER (11-2) F11 A240-67 T304 1 600120-1B 0.059 [EAT TREAIMINf 

ITMB-J12 16 IkIr-Cp SW a- 0.96 SIOP WATER SPRAY COOLED 

WELD CAP GW A403WP304W-67 3 K51404-4D 0.050

[i... .1 J LI]

............
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Prepared her 
IOWA ELECTRIC 
LIGHT I POWER 

COMPANY

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER

Prepar" by 

nutech
LINE NO. SYSTEM REVISION - 0ATE PAGE 

RRL RECIRCULATION RISERS - LOOP B (N2A) 0 4/11/80 A l 
NUREG 

SHOP 0313 
WED DIA. WELD OR PMATERIAL TYPE b HEAT CARBON STATUS STRESS 

NUMBER ON) TYP E FIELD COMPONENT SPECTREAT E CONTEN S N C C RULE COMMENTS 
WELD SECIFIATIONMENT NUBE , E 0 0 0 INDEX 

16" RING R&W A358 CL.1 
HEADER (11-2) FROM A240-67 T304 1 600120-1B 0.059 SPOOL 11-2 ALSO SHOWN ON PG. A6 

H.i-Jll 10 Ikir-A SW X 1.95 

ADAPTER FORGED A182-F304 6 52624 0.070 

RRA-J7 10 A-P FW X 1.16 

PIPE (16-2) SMLS A376 - TP304 5 2P3687 0.051 

RRA-J5 10 P-E SW X 1.57 

ELBOW(90.R) R&W A403-WP304W-67 3 3784S-A 0.061 FROM*~ A240 

ILRA-J4 10 E-P SW X 1.63 

PIPE (16-1) SMLS A376-TP304 5 2P3399 0.055 

RlA-J4A 10 P-P FW X 0.98 

PIPE (16-1) SMLS A376-TP304 S 2P3399 0.055 j PORTION OF SPOOL 16-1 WAS CUT OUT 
AND REPLACED IN 1978 

PRA-J3 10 P-P FW X 1.23 

SAFE- END 
.iEXTENSION FORGED SA-336 GR. F8 7 M53S 0.030 

RIdA-F2A to P-SE FW X 1.02 

SAFE-END 94LS SB-166 INCONEL 7 NX9923 0.06 SAFE-END REPLACED IN 1978 
___________ ______ (N2A) ___________ __ __ 

RRA-F2 10 SE-NOZ FW X 1.03 

RFCIRC. IN1Mf FORGED SA-508 CL.2 
NOZZLE lOW ALLOY STEL --- NA - - -

[12
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Pispated 1w, 
IOWA ELECTRIC 
LIGHT b POWER 

COMPANY

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER nutech

LINE NO. SYSTEM REVISION - DATE PAGE 

RRB RECIRCULATION RISERS - LOOP B (N2B) 0 4/11/80 A18 
NUREG 
0313 

SHOP HEAT CARBON STATUS STRESS 
WELD DIA. WELD OR COMPONENT MATERIAL TYPE 6 TEAT HEAT CAROENI SAlU RULE COMENTS 

NUMBER (IN) TYPE FIELD SPECIFICATION TREAT NUMBER AlI E S S 0 RUDEC 
WEDMINT 1) E f 00 0 INDEX WELD Rft N 

lEADRN11-2) G RW8 A580C7T304 1 600120-1B 0.059 SPOOL 11-2 ALSO SIOWN ON PG. A16 

1.RIB-J9 10 Iir-A SW X 2.19 

ADAPTER FORGED A182-F304 6 S2624 0.070 

RRB-J7 10 A-P FW x 1.25 

PIPE (17-2) 94LIS A376 - TP304 5 2P3687 0.051 

RRB-JS 10 P-E Sw X 1 7 

ELBOW(90 0LR) R&W A403-WP304W-67 3 37845-IA 0.061 FRalN A240I 

RRB-J4 10 E-P SW X 1.59 

PIPE (17-1) SMLS A376 - TP304 5 2P3399 0.055 

RRB-J4A 10 P-P FW x 0.98 

PIPE (17-1) SMS A376 - TP304 5 2P3399 0.055 PORTION OF SPOOL 17-1 WAS CUT OUT 
AND REPLACED IN 1978 

RRB-J3 10 P-P FW X 1.23 

SAFE-END FORGED SA-336 GR. F8 7 M53S 0.030 
. EXTENSION 

IUmB-FZA 10 P-SE FW X 1.02 

SAFE-END SILS SB-166 INCONEL 7 NK9923 0.06 SAFE-END REPLACED IN 1978 
___________ ~~(N211) ________ _ 

RRB-F2 0 SE-NOZ FW IX 1.03 

RF CIRC. INLET 1011G1:1 SA- 508 CL.N2 _ -- -
NOZZLE LOW ALLOY STEEL
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IOWA ELECTRIC 
LIGHT 6 POWER 

COMPANY

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER

Prepared by 

nutech
LINE NO. SYSTEM -REVISION - DATE PAGE 

:RC RECIRCULATION RISERS -LOOP B (N20)0 4118 Al9 
NUREG 

SHOP 0313 HEAP HEAT CARBON T0ATUS STRESS WELD DIA. WELD OR COMPONENT MATERIAL TYPE f TREAT HEAT CONTEN E S 0ATU RDEC NUMBER 1IN) TYPE FIELD SPECIFICATION NUMBER E 0 0 0 WELD CMENT () RN NN N INDEX 
SVS F F 

16" RING RGW A358 CL.1 
HEADER (11-1) FROM A240-67 T304 1 600120-1B 0.059 SPOOL 11-1 ALSO SHON ON PG. Al6 

I B-JS 10 IkIr-A SW X 2.10 

ADAPTER FORGED A182-F304 6 52624 0.070 

RRC-J7 10 A-P FW X 1.24 

PIPE (18-2) SMLS A376 TP304 5 2P3687 0.051 

IC-JS 10 P-E SW X 1.73 

ELBOW(90.LR) R&W A403-WP304W-67 3 3784S-lA 0.061 
______ _______________FlU4 A240______ 

RRC-J4 to E-P SW X 1.40 

PIPE (18-1) SM11S A376-TP304 S 2P3399 0.055 

RRC-J4A 10 P-P FW X 0.98 

PIPE (18-1) 9LS A376-TP304 5 2P3399 0.05 PORTION OF SPOOL 18-1 WAS CUT OUT 
AND REPLACED IN 1978 

RRC-J3 10 P-P FW X 1.23 

IEEN 1FORGED SA-336 GR. F8 7 MS3S 0.030 

RRC-F2A 10 P-SE FW X 1.02 

SAFE-END 
(N2C) SILS SB-166 INCONEL NX9923 0.06 FE-END REPLACED IN 1978 

RRC-F2 0 SE-NOZ FW X 1.03 

RECIRC. INLET FORGED SA-508 CL.2 --- N -
NOZZLE LOW ALIOY STEEL

1...



..........

prepared Icr 
IOWA ELECTRIC 
LIGHT b POWER 

COMPANY

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER

Prepared by 

nutech
LINE NO. SYSTEM REVISION - DATE PAGE 

RRD RECIRCULATION RISERS - LOOP B (N42D)) 10 4/11/80 A29 
NUREG 

SHOP 0313 
SMATERIAL TYPE b HEAT HEAT CARBON STATUS STRESS 

NEL 80 DIA WEL FIOD COMPONENT MATE STYNE6 TREAT- N ATR CONTENT S SNC CO RLE COMMENTS 
NUMBER (IN) TYPE FIELD SPECIFICATION TET NUMBER QWEN S S 0 N UECMET 

WELD MENT M ON NY INDEX 

16" RING Rt4W A358 CL.1 
16DR(11G 1 FR1 A8 T 1 600120-1B 0.059 SPOOL 11-1 ALSO SIOWN ON PG. A16 11EADER (11-1) FROM A240-67 T304 

RMB-J2 10 IkIr-A SW X 1.83 

ADAPTER FORGED A182-F304 6 52624 0.070 

RRD-J7 10 A-P FW X 1.13 

PIPE (19-2) SMLS A376-TP304 5 2P3687 0.051 

RRD-iS 10 P-E SW X 1.58 

ELBOW(90*LR) R&W A403-WP304W-67 3 37845-LA 0.061 FR(~N A240 

RRD-J4 10 E-P SW X 1.44 

PIPE (19-1) SMLS A376-TP304 5 2P3399 0.055 

RRD-J4A 10 P-P FW X 0.98 

PIPE (19-1) SMLS A376 -TP304 5 2P3399 0.05 PORTION OF SPOOL 17-1 WAS CUr Off 
AND REWELDED IN 1978 

RRD-J3 0 P-P FW X 1.23 

XFEN INN FORGED SA-336 CR. F8 7 MS3S 0.030 

RR)-F2A 0 P-SE FW X 1.02 

SAFE- END 
(N2D) SMLS SI-166 INCONEL 7 NX9923 0.06 

1AE-END REPLACED IN 1978 

Rdu1- 1:2 0 ShI-NOZ FW X 1.03 

RECIRC. INL7f IOR1:10) SA-508 CL.2 
N)ZZIIf IA)W AI.LOY S[EEL1 -- - NA

Lii] 3 MII I= [lii "L [1:j "II E:
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Prosu'd Iw 
IOWA ELECTRIC 
LIGHT 6 POWER 

COMPANY

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER

Plepared by 

nutech
LINE NO. SYSTEM REVISION - DATE PAGE 

RBB RECIRCUtLATION BYPASS LINE -LO0P B 0 41/11/80 A21 
NURE6 

SHOP 0313 
WELD DIA. WELD OR MATERIAL TYPE b HEAT HEAT CARBON STATUS STRESS 

NUMBER IN TYPE FIELD COMPONENT SPECIFICATION TREAT- lCOMMENTS 
WELD MENT (N%) N C NDE 

22"X4,, FORGED A182-F304 6 812680 0.060 ALSO SIHON (N PG. AIS 22"X411 ________ (496E)I 

RBB-J1 4 OL-P FW 
X X 1.23 

PIPE SMLS A376-TP304 5 2P3371 0.057 

RBB-JZ 4 P-E SW X X 1.39 

ELBOW(90*LR) SLS A403-WP304W-67 3 20257 0.047 F1I A312 CFRO 

RBB-J3 4 E-P SW 
X L IoL 

PIPE SMLS A376-TP304 S 2P3371 0.057 

RBB-J6 4 P-T FW X X 1.86 

TEE SMLS A403-WP304W-67 37368 0.060 FIM A312 CFIU0 

IRBB-J7 4 T-FL SW 
x x 1.29 

WN FLANGE 
(9000-lONG) FORGED A182-F316 4 E1460 0.060 

BLIND FLANGE FORGED A182-F316 4 E1460 0.060 

TSI.S A403-WP304W-67 37368 TEE_SF A312 3 CFRP 0.060 WN ON PG. Al4 

RIII-J8 4 T-P IW X X 1.99 

PIPli SMLS A376-TP304 5 2P3371 0.0S7 

IllIn- .J9 4 P- I SW X X 1.73



Plopored 1w 
IOWA ELECTRIC 
LIGHT 6 POWER 

COMPANY

STRESS CORROSION 
DUANE ARNOLD

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

LINE NO. SYSTEM REVISION - DATE PAGE 

________RB RECIRCULATION BYPASS LINE - LOOP B (CON'T) 0 4/11/80 A22 
NUREG 

SHOP 0313 
OP MHEAT CARBON STATUS STRESS 

WIoD DIA. EID FOR COMPONENT MATE 0TREAT- NATR CONTENT T RULE COMMENTS NUMBER uIN) TYPE FIELD OMNETSPECIF ICATION TRA- NUMBER WNEI551CC RUEOMNS 
WELD MENT (%) E1 00 0 INDEX 

ELBOW(900LR) StLS A403-WP304W-67 20257 0.047 
FRtM A376 CFRO 

RBB-JlO 4 E-V FW 0+ X 1.52 LOWER IC TO CASTING 
IllGil RESISTANCE TO IGSCC 

VALVE CAST A351-6S GR. CF8 7 41706 0.08 81 FERRITE 
(MD-F032A) 

RBB-J12 .4 V-WOL FW X X 1.25 

WELDOL.ET 6 812680 22"X4"E FORGED A182-F304 6 9680 0.060 ALSO SIOWN ON PG. AJS 
__________22114-0 ___________________________ _______________________

3 L22 [13LZ2 L:0 L21 ' u L 

CRACKING EVALUATION pechd by 

ENERGY CENTER nHL1ch
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prepasi fmg 
IOWA ELECTRIC 
LIGHT 6 POWER 

COMPANY

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER

Piseada by 

nutech
LINE NO. SYSTEM REVISION - DATE PAGE 

RHB RESIDUAL HEAT REMOVAL - LOOP B 0 4/11/80 B1 
NURES 

SHOP 0313 
SHOP HEAT CARBON STATUS STRESS 

WEL DIA W OR COMPONENT MEALTI TREAT- CONTENTS N C RULE COMMENTS 

R4W 403 WP 04 WTEE ALSO SIDJVN ON PG. A12 
22"x22"x18" TEEi Flot A40-P30W 2 6003241 0.055 "B" RECIRC SUCTION LINE 

Ril1 18 T-P FW X 1.18 

NIPE (P1) RUIW A358 TP304 CL. 1 4 328258 0.033 

RIB-F3 18 P-P SW x 0.82 

ID ( SLS A333GR.6 )CAIKN STEEL 

PIPE (P1) R&IW A358 TP304 CL. 1 7 328258 0.033 

RHIB-J2 4 BPC SW x 

(P-WOL) WEIl)0LET 18"x4" FORGED A182 F304 7 110G 0.05 LEAN-iUP SUCTION L 4"

K.--.
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Prepared for 
IOWA ELECTRIC 
LIGHT b POWER 

COMPANY

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER

Prepared by 

nutech
LINE NO. SYSTEM REVISION - DATE PAGE 

RHe RESIDUAL HEAT REMOVAL - LOOP A (20A) 0 41/11/80 82 
NUREG 

SHOP 0313 HEAT CARBON STATUS STRESS 
WEN D DIA. WELD O COMPONENT MATERIAL TYPE 6 HEAT CONTENT SSNC C RULE COMMENTS 

NUMBER IINI TYPE FIELD SPECIFICATION TREAT- NUMBER QN E S S 0 N C ICRUEXCMET 
WELD MENT (%) N N 0N 0 INDEX 

22x22x20" TEE R&W A403-WP 304 W 2 6003241 0.05S TEE ALSO SI1N ON PG. A3 
Ffln A240 "A" RECIRC DISOIARGE LINE 

RlC-Jl 20 T-P FW. X 1.28 

PIPE (Pl) R&W A358 TP304 CL. 1 7 318435 0.060 

PIC-F2 20 P-P SW X 0.84 

PIPE (P2) SMLS A333 GR, 6 NA 
CARBON STEEL

I.

~1

U
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Prepared hr 
IOWA ELECTRIC 
LIGHT 6 POWER 

COMPANY

STRESS CORROSION CRACKING EVALUATION 
DUANE ARNOLD ENERGY CENTER

Prepared by 

nutech
LINE NO. SYSTEM REVISION - DATE PAGE 

RHD RESIDUAL HEAT REMOVAL - LOOP B (20B) 0 4/11/80 B3 
NUREG 

0313 SHOP HEAT CARBON STATUS STRESS 
WLD R IA. WELD OR COMPONENT MATERIAL TYPE 6 TREAT HEAT CONTENT S NC C RULE COMMENTS 

NUMBER (IN) TYPE FIELD SPECIFICATION MENT NUMBER 1% E E 0 0 0 INDEX 
WELO N NJ 

22"x22"x20" TEE EXTIUIDED A403 - WP304W TEE ALSO SIHOWN ON PG. A14 
I______ ___FROM A240 2 6825331 0.040 "B" RECIRC DISQIARGE LINE 

IUID-JI 20 T-P FW X 1.29 

PIPE (Pl) R&W A358 TP304 CL. 1 7 31843S 0.060 

UID-F2 20 P-P SW X 0.84 

IPE (P2) IS A333 GR. 6 CARBON STEEL



APPENDIX B 

STRESS RULE INDEX EVALUATION SUMMARY
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* .COM 
* -- VEIOAUN 1.0.0 -

* KEY FOR STRESS MULE INDEX EVALUATION - SUMMARY 
************************************************************************ 

151 ISI Weld Number 
wtLo 10 Pipe Fabricator's Wetd Number 

WLLO TYPE Components Adjoining Weld 

PIPE SIZE Pipe Diameter (in.) 

NODE NO NSc Stress Analysis Mode Number 

COMP TYPE Component Type Used in Determining NB-3600 Piping Stress Indices 

8182 

C1 / Cz NO-3600 Piping Stress Indices 

91 / K2 

S11PRESI Pressure Stress Intensity (psi) 

SI lD) Dead Weight Stress Intensity (psi) 

SIaImal4 Thermal Stress Intensity (psi) 

P" * Pa Primary Stress Intensity (psi) 

PM*Pd*O*F Primary plus Secondary plus Peak Stress Intensity (psi) 

0 * F Secondary plus Peak Stress Intensity (psi) 

RESS ST Weld Residual Stress (psi) 

YIELD ST Code Minimum Yield Strength of Piping Material at 5500F (psi) 

MOD. ELA. Young's Modulus of Piping Material (psi) 

SIPRI Stress Rute Index -Primary Stress Component 

SkIdEC Stress Rule Index - Secondary Stress Component

OveraLl Stress Rule IndexSRI IulAL
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5 CORE  
* NUTECH -- VERSION 1.0.0 -- PAGE 29 * 

DUANE ARNOLD RECIRCULATION PIPINGeLOOP A E 8 04/01/80 * 

STRESS RULE INOEX EVALUATION - SUMMARY 
**.**..*,**.******,...****************************************~*********************** **********e *** *****~e.e******

151 RCA-J3 
WELD ID At 

4ELD TYPE SE-P 

PIPE SIlE 22.00 

NODE NO 10A 

COMP TYPE TRANS

RCA-J4 
RS-N-AL-A 

P-E 

22.00 

1SA 

EL80 MLR

RCA-J5 
RS-N-AI-6 

E-P 

22.00 

20A 

ELBOWLR

RCA-J6 
AZ 

P-P 

22.00 

AZ 

PIPE

RCA-J7 
RS-N-A2-C 

P-P 

22*00 

SNA2C 

PIPE

------------------------------------------------ -

.50/1.00 

1.31/1.50 

1.20/1.80 

12388.70 

716.42 

i145.68 

6910.78 

25432.10 

18521*33 

28000.00 

18800.00 

25666000.00

1.00/3.52 

1.23/4.70 

1.20/1.80 

12388.70 

140.12 

1038.97 

12882. 15 

28324.31 

15442.16 

28000.00 

18800.00 

25666000.00

1.00/3.52 

1.23/4.70 

1.20/1.80 

12388.70 

344.64 

699.63 

13602.37 

27184.80 

13582.43 

28000.00 

10800.00 

25666000.00

.50/1.00 

1.10/1.00 

1.20/1.80 

12386.70 

215.10 

543.29 

6410.06 

17719.27 

11309.22 

28000.00 

18800.00 

25666000.00

.50/1.00 

1.10/1.00 

1.20/1.60 

12388.70 

0.00 

0.00 

6194.35 

16353.09 

10158.714 

28000.00 

18800.00 

25666000.00

-- - --------------------------------------------------------------

SRi.PRI .3676 .6852 .1235 .3410 .3295 

SkIISEC .6633 .6194 .5929 .5605 .5441 

--------------------------------------------------------------------------------------

S41 IOrAL 1.0309 1.3041 1.3164 .9015 .8736

81 / 82 

Cl / C2 

Kt / KZ 

SI0PRESJ 

51 lDw) 

SI(THER) 

PM * PB 

PM+PB+O*F 

0* F 

RESS ST 

YIELD ST 

MOD. ELA.
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NUTECH- VERSION 1.0.0 -- PAGE 30 * 

* DUANE ARNOLD RECIRCULATION PIPINGLOOP A L 8 04/01/80 * 

* STRESS RULE INDE EVALUATION - SUMMARY 

151 RCA-J12 RCA-J13 RCA-JIS RCA-JI8 RCA-J21 
WELD 10 RS-N-AZ-B A3 A4 RS-N-A3-A RS-N-A3-0 

OELD TYPE P-E E-V V-P 8PC P-E 

PIPE SIZE 22.00 22.00 22.00 22.00 22.00 

NODE NO ISA 40A SSA 60A 65A 

COMP TYPE ELBOWLR ELBOWLR TRANS BRANRUN ELBOWSR 

01 / 82 1.00/3.52 1.00/3.52 .50/1.00 1.00/1.00 1.00/4.62 

Cl / C2 1.23/4.70 1.23/4.70 1.37/1.50 2.00/t.00 1.46/6.15 

K1 / K2 1.20/1.80 1.2011.80 1.20/1.80 1.20/1.80 1.20/1.80 

SIPRES) 12388.70 12388.70 12388.70 12388.70 12388.70 

SI l0w 412.59 481.50 176.64 63.29 504.37 

SlITHERS 402.18 507.15 450.15 440.38 431.85 

PM * PB 13841.66 14084.37 6371.00 12452.00 14716.48 

PM*PB*0+F 25245.06 26714.77 22102.43 30639.51 32083.63 

0 * F 11403.39 12630.40 15731.44 18187.51 17367.16 

RESI ST 28000.00 28000.00 20000.00 28000.00 28000.00 

YIELD ST 18800.00 18800.00 18800.00 18800.00 18800.00 

MO. ELA. 25666000.00 25666000.00 25666000.00 25666000.00 25666000.00 

SRI9PRI .7363 .7492 .3389 .6623 .7828 

SkItSEC .561d .5793 .6236 .6586 .6469 

SRI TUTAL 1.2981 1.12865 .9624 1.3209 1.4297



S C 0 RE 
* NUTECH -- VRSION 1.0.0 -- PAGE 31 * 

DUANE ARNOLD RECIRCULATION PIPINGeLOOP A I th 04/01/S0 * 

STRESS RULE INDEX EVALUATION - SUMMARY 

151 RCA-J22 RCA-J24 RCA-J27 RCA-J28 RCA-J30 
WELD 10 AS A6 RO-A-AI-A A7 AB 

WELD TYPE E-PP PP-P BPC P-V V-E 

PIPE SIZE 22.00 22.00 6.00 22.00 22.00 

NODE NO 70A 90A 95A IOOA IISA 

COMP TYPE ELBOWSR TRANS TEE TRANS EL8OMLR 

------------------------------------------------------ 

81 / 82 1.00/4.62 .50/1.00 1.00/2.35 .50/1.00 1.00/3.18 

Cl / C2 1.46/6.15 1.36/1.48 1.50/3.13 1.36/1.48 1.23/4.24 

K1 / K2 1.20/1.80 1.20/1.80 1.20/1.80 1.20/1.80 1.20/1.80 

SiEPRESI 12388.70 12748.55 3987.40 12748.55 12748.55 

S low) 1061.17 294.64 179.63 94.27 227.62 

SITHERI 526.47 436.32 2766.79 365.14 505.85 

PM * PS 17286.24 6668.91 4409.40 6468.55 13472.78 

PM*PB*O*F 39299.10 22814.02 23790.24 22088.29 24459.25 

0 * F 22012.85 16145.10 19380.84 15619.74 10986.46 

RESI ST 28000.00 28000.00 39000.00 28000.00 28000.00 

YIELD ST 18800.00 18800.00 18800.00 18800.00 18800.00 

MOD. ELA. 25666000.00 25666000.00 25666000.00 25666000.00 25666000.00 

---------------------------------- ------------------ --------------------- --------------

SRIePRI .9195 .3547 .2345 .3441 .7166 

SRI9SEC .7131 .6295 .8324 .6220 .5559 

iO66269----------------------------------6 ------- 7-----------------------------------

SRI TOYAL 1.6326 .9042 1.0670 .9660 1.2725
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NUTECH -- VERSION 1.0.0 -- PAGE 32 * 

OUANF ARNOLD RECIRCULATION PIPINGLOOP A E d 04/01/80 * 

ST4ESS RULE INDEX EVALUATION - SUMMARY

IS' 
WELD ID 

aELD TYPE 

PIPE SIZE 

NODE NO 

COMP TYPE

RCA-J 32 
AO-N-AZ-A 

E-P 

22.00 

120A 

ELBOWLR

RCA-J34 
RO-N-A2-8 

OPC 

6.00 

125A 

TEE

RBA-Jt 

WOL-P 

4.00 

A18 

PIPE

RBA-JZ 
RO-N-AS-A 

P-E 

4.00 

130A 

ELBOWLR

RBA-J3 
RD-N-A6-8 

E-P 

4.00 

135A 

ELBOWLR

1.00/3.18 

1.23/4.24 

1.20/1.80 

12748.55 

208.79 

444.67 

1J412.87 

231849.85 

10436.99 

2000.00 

1d800.00 

15666000.00

1.00/2.35 

1.50/3.13 

1.20/1.00 

3987.40 

1115.00 

2860.50 

6606.90 

29593.06 

22986.19 

39000.00 

1800.00 

25666000.00

.50/1.00 

1.10/1.00 

1.20/1.00 

8031.90 

591.19 

9106.68 

4607.14 

28058.27 

23451.13 

45000.00 

18300.00 

25666000.00

1.00/2.43 

- 1.27/3.24 

1.20/1.80 

8031.90 

76.24 

3049.46 

8217.26 

30437.64 

22220.38 

45000.00 

18800.00 

25666000.00

1.00/2.43 

1.27/3.24 

1.20/1.80 

8031.90 

155.46 

4088.63 

8409.89 

36963.89 

Z8554.00 

45000.00 

18800.00 

25666000.00

SkI9PRI .7115 .3514 .2451 .4371 .4473 

S41 SFC .5'441 .11839 .9760 .9585 1.048 

--------------------------------------------------------------------------------------

',xI huJIAL I.i1 12% 1.1 139~5h 1.4961

81 / 82 

Cl / C.? 

KI / KZ? 

SItPRES1 

SI lOw) 

SITHERI 

P4 * PB 

PM*P0*+F 

3 * F 

RESI ST 

YIELD ST 

NOD. ELA.

--------------------------------------------------------------------------------------

LJ~ czz2 cIhzZ Li] LIZ] L.LJ LI] L12 L~ LIZ] LL~U] LI I
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S C 0 RE 
* NUTECH VERSION 1.0.0 -- PAGE 33 * 

DUANE ARNOLD RECIMCULATION PIPINGLOP A 1 8 oO/0/80 * 
STRESS *RU*E* **D** ***** **** **** **** **** 

* STRESS RULE INDEx EVALUATION - SUMMARY*

RBA-J6 
A19 

P-T 

4.000 

140A 

TEE

RBA-J8 
A20 

T-P 

4.00 

140A 

TEE

RRA-J? 
RD-N-A9-A 

T-FL 

4t.00 

140A 

TEE

R8A-J9 
RD-N-A 10-A 

P-E 

4.00 

150A 

ELBOWLR

R8A-J10 
A21 

E-V 

4.00 

15SA 

ELBOWLR

1.0011.69 

1.50/2.26 

1.20/1.80 

8031.90 

459.35 

10590.04 

8809.42 

59343.71 

505 34. 30 

45000.00 

18800.00 

25666000.00

.4686 

1.3622

t.00/1.69 

1.50/2.26 

1.20/1.80 

8031.90 

1446.17 

10406.92 

10479.74 

62608.56 

52128.83 

45000.00 

18800.00 

25666000.00

*574 

1.30849

1.00/1.69 

1.50/2.26 

1.20/1.80 

6031.90 

0.00 

0.00 

8031.90 

14 457. 42 

6425.52 

45000.00 

18800.00 

25666000.00

.4272 

.7333

1.00/2.43 

1.27/3.24 

1.20/1.80 

8031.90 

740.30 

5586.41 

9831.86 

49128.28 

39296.42 

45000.00 

16800.00 

25666000.00

1.00/2.43 

1.27/3.24 

1.20/1.80 

0031.90 

405.85 

3889.88 

9018.69 

37265.23 

28246.54 

45000.00 

18800.00 

25666000.00

.4797

1.2020

SRI TOTAL 1.8308 1.9424 1.1605 1.7249 1.5241

ISI 
WELD 10 

WELD TYPE 

PIPE SIZE 

NODE NO 

COMP TYPE

B1 / 62 

CL / Cz 

Kt I KZ 

SI tPRES) 

S IDSW 

SI(THER) 

PM * PB 

PM*P*QO*F 

0 * F 

RESI ST 

YIELD ST 

MOD. ELA.

SRI ,PRI 

SRI .SEC

- ------- ----- ---- --------------- ------- --- -- -- -- -- - ------------ -

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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S C 0 RE 
* NUTECH -- VERSION 1.0.0 -- PAGE 34 * 

DUANE ARNOLD RECIRCULATION PIPINGLOOP A 1 8 04/01/60 * 

STRESS RULE INDEX EVALUATION - SUMMARY *

IS 
WELD 10 

WELD TYPE 

PIPE SIZE 

NUDE NO 

COMP TYPE

RBA-J 12 
A22 

V-MOL 

4.00 

167A 

TRANS

RCA-J38 
RD-N-AZ-E 

P-P 

22.00 

173A 

PIPE

RCA-Ji 
RD-N-AZ-C 

P-T 

22.00 

17SA 

TEE

RCA-J43 
A9 

T-CR 

22.00 

180A 

TEE

RMA-J6 
RD-N-A3-E 

CR-CP 

22.00 

185A 

TEE

.50/1.00 

1.34/1.i5 

1.20/1.00 

8031.90 

1623.18 

5460.72 

5639.13 

31448.36 

25809.23 

45000.00 

18600.00 

25666000.00

.50/1.00 

L.10/1.00 

1.20/1.80 

.12748*55 

5.23 

195.91 

6379.51 

17190.16 

10010.65 

28000.00 

18800.00 

25666000.00

1.00/2.35 

1.50/3.13 

1.20/1.80 

12748.55 

98.48 

219.90 

12979.91.  

24742.49 

11762.59 

28000.00 

18800.00 

25666000.00

1.00/2.35 

1.50/3.13 

1.20/1.80 

12748.55 

398.75 

511.41 

13685.35 

20079.18 

14393.84 

28000.00 

18800.00 

25666000.00

1.00/2.35 

1.50/3.13 

1.20/1.80 

12748.55 

0.00 

0.00 

12748.55 

22947.40 

10198.84 

28000.00 

18800.00 

25666000.00

- -- -- - -- -- --- -- ---- --- ---- ---- --- ---- ---- --- ---- ------- ---- -- --- -- ---- ------- ---- ------- ---- - -

SRIPRI 

SRI 9SEC

. 3000 

1.0097

.3393 

.5534

.6904 

.5670

.7279 

.6045

.6781

2---------------------- -----------------

SRI TOTAL 1.3096 .8927 1. 2574, 1.3324% 1.2228

LI]

81 / B2 

CI / C2 

Kt/ K2 

SIPRESS 

SI ow) 

SlITHER) 

PM * Pe 

PM+PB*0+F 

0 F 

REST ST 

YIELD ST 

MOD. ELA.

-------------------- ---------- 7 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
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S C 0 RE 
* NUTECH VERSION 1.0.0 -- PAGE 36 * 

DUANE ARNOLD RECIRCULATION PIPINGLOOP A 1 B 04/01/80 * 
***** * #***** ******* 9T*S R***E ************** EVLU*TI*S***********M**** ********** *** ********* ********** 
* STRESS RULE INDEX EVALUATION - SUMMARY*

IS' 

WELD 10 

WELD TYPE 

PIPE SIZE 

NODE NO 

COMP TYPE

RNA-J2 
RD-N-Al-B 

HOR-A 

10.00 

21SA 

TEE

RRH-J7 
All 

A-P 

10.00 

ADATR 

PIPE

RMA-J t 
RO-N-A3-A 

CP-HOR 

16.00 

22 OA 

TRANS

RRH-JS 
RO-N-A7-6 

P-E 

10.00 

225A 

EL8OWLR

RRH-J4 
RD-N-Al-C 

E-P 

10.00 

230A 

ELBOWLR

1.00/2.31 

1.50/3.09 

1.20/1.80 

11930.L2 

135.20 

8704.17 

12243.10 

65971.68 

53728.58 

33500.00 

18800.00 

25666000.00

*6512 

1.2410

.50/1.00 

1.10/1.00 

1.20/1.80 

11930.12 

133.65 

7874.17 

6098.71 

30161.83 

24063.12 

33500.00 

18800.00 

25666000.00

.3244 

.6206

.50/1,00 

1.36/1.48 

1.20/1.80 

12482.49 

0.00 

0.00 

6241.25 

20405.23 

14163.98 

30000.00 

18800.00 

25666000.00

.3320 

.6297

1.00/3.18 

1.26/4.24 

1.20/1.80 

11930.12 

158.63 

2840.50 

12434.55 

40896.90 

28462.35 

33500.00 

18800.00 

25666000.00

.6614

1.00/3.18 

1.2614.24 

1.20/1.60 

11930.12 

132.51 

3098.50 

12351*48 

42666.56 

30315.08 

33500.00 

18800*00 

25666000.00

.6570 

.9099

SRI TOTAL 1.8950 .1,452 .9617 1.5449 1.5669

c:II] LA CID c:I) Li] cLi cL- L

St / 82 

C1 I C2 

KI / K2 

SItPRESI 

SI low) 

SItTHERS 

PM * PS 

RESI ST 

YIELD ST 

MOD. ELA.

SRI9PRI 

SRI#SEC

--- - ------- - --------------------- - ---- - - ---- - -- ------------------ - -

------- - ------- - ----------------- - ---------- - - -------- - --------------------- --
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S C 0 RE 
* NUTECH -- VERSION 1.0.0 -- PAGE 37 * 

DUANE ARNOLD RECIRCULATION PIPING*LOOP A 1 8 04/01/60 * 

STRESS RULE INDEX EVALUATION - SUMMARY

151 
WELD 10 

WELD TYPE 

PIPE SIZE 

NODE NO 

COMP TYPE

ANA-J7 
RO-N-A3-F 

CR-HOR 

16.00 

237A 

TEE

RNA-J 8 
RD-N-A3-G 

HOR-A 

10.00 

240A 

TEE

RRF-J7 
All 

A-P 

10.00 

AOATR 

PIPE

RRF-J5 
RO-N-AS-n 

P-E 

10.00 

245A 

ELBOWLR

RRF-J4 
RD-N-AS-C 

E-P 

10.00 

250A 

ELOWLR

1.00/2.35 

1.50/3.13 

1.20/1.80 

12482.49 

145.50 

1380.76 

12824.32 

31074.07 

18249.16 

30000.00 

18800.00 

25666000.00

.6821, 

.6880

1.00/2.31 

1.50/3.09 

1.20/1.80 

11930.12 

882.20 

8263.53 

13972.29 

72284.89 

58312.60 

33500.00 

18800900 

25666000.00

.7432 

1.3091,

.50/1.00 

1.10/1.00 

1.20/1.80 

11930.12 

882.20 

8263.53 

6847.26 

32210.06 

25362.80 

33500.00 

18800.00 

25666000.00

.3642 

.8393

1.00/3.18 

1.2 6/4.24 

1.2011.80 

11930.12 

612.61 

3276.00 

13878.17 

47685.281 

33807.11 

33500.00 

18800.00 

25666000.00

.7382 

.959 1

1.00/3.10 

1.26/4.24 

1.20/1.80 

11930.12 

218.54 

1492.08 

126Z5.06 

31063.16 

18438.10 

33500.00 

18800.00 

25666000.00

.6715 

.7406

5R-I3-----------71----------------------------

SRI TOTAL 1.3701, Z.0523 1.2035 1.6919 1.4121

V L~

al 1 A2 

Cl / C2 

Kt / K2 

SItPRES) 

S fol 

SIfTHER) 

PM # PB 

PM#PB+*oF 

0 # F 

RESI ST 

YIELD ST 

MOD. ELA.

SRIPRI 

SRI#SEC

----------------- - ----- - -------------- - ------------- - ---- - ----------------

----------------------------------------------------------------------------------



... .. ... .. .. ... .. ... .. .. ... .. ... .. .. ... .. .. .... ...... I .. . .-. I..........-..** ** ** ** ** ** ** ** ** ** ** ** ** 

* SC 0 RE 

* NUTECH -- VERSION 1.0.0 -- PAGE 35 * 
* DUANE ARNOLD RECIRCULATION PIPINGLOOP A 1 8 04/01180 * 
*.*...e**..esse.,eassee ******9****************** **$ * **************************************************************** 
* STRESS RULE INDEX EVALUATION - SUMMARY 

**************************************************************************************************

1S 
WELD 10 

WELD TYPE 

PIPE SIZE 

NODE NO 

COMP TYPE

RNA-JS 
RO-N-A3-0 

HDR-CR 

16.00 

I.8A 

TEE

RMA-J4 
RD-N-A3-C 

HDR-A 

10.00 

190A 

TEE

RRG-J7 
A12 

A-P 

10.00 

ADATR 

PIPE

RRG-J5S 
RO-N-A6-8 

P-E 

10.00 

195A 

ELBOWLR

RRG-J4 
RD-N-A6-C 

E-P 

10.00 

200A 

ELBOWLR

1.00/2.35 

1.50/3.13 

1.20/1.30 

12482.49 

167.25 

1941.48 

12875.42 

34356.26 

21482.84 

30000.00 

18000.00 

25666000.00

1.00/2.31 

1.50/3.09 

1.20/1.60 

11930.12 

870.40 

9150.02 

13944.97 

77144.38 

63199.40 

33500.00 

18000.00 

25666000.00

.50/1.00 

1.10/1.00 

1.20/1.80 

11930.12 

870.40 

9150.02 

6835.46 

33784.50 

26949.04 

33500.00 

18800.00 

25666000.00

1.00/3.16 

1.26/4.24 

1.20/1.80 

11930.12 

567.81 

3204.63 

13735.73 

46796.68 

33062.95 

33500.00 

18800.00 

25666000.00

1.00/3.16 

1.26/4.24 

1.20/1.80 

11930.12 

227.12 

2603.61 

12652.34 

39611.68 

26959.33 

33500.00 

18800.00 

25666000.00

SRISPRI .6849 .7418 .3636 .7306 .6730 

SRI.SEC .7341 1.3188 .8619 .9491 .8621 

SRI TUTAL 1.4109 2.1206 1.2255 1.67'77 1.5351

Ba / 82 

Ct / CZ 

KL / KZ 

SIIPRES) 

SI low) 

SI(THER I 

PM * PB 

PM*PB+0*F 

0 + F 

RESI ST 

YIELD ST 

MOD. ELA.

-------------------- -------------- ------ ------ - ----------------------------- - ---
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* S CU0REF 

*NU1JCI- VERSION 1.0.0 -- PAGE 38 * 
*DUANf ANNULI) RECIR&CULATION PIPING9LOQP A L 4 04/01/80 0 

* STRESS kuLE INDEX EVALUATION - SUMMARY

IS' 
WELO 1D 

PdELU TYPE 

PIPE SIZE 

NODE NO 

cone TYPE

RIMA-J 10 
RD-N-A 3-Il 

IIOR-A 

10.00 

265SA 

TEE

kRlE-J7 
A10 

A-P 

10.00 

AD A TR 

PIPE

RMA-J1 
RD-N-A 3-i 

IlDR-C P 

18.00 

2 70A 

TRANS

RRlE-i's 
RD-N-A 4-8 

P -E 

10.00 

275SA 

ELBOWLR

RRE-J4s 
Il0-N-A4-C 

E -P 

10.00 

ZB0A 

ELS80WLR

1.20/1.80 

11930.12 

6357.0d 

12323.31 

51735.75 

45412z.44 

33500.00 

18800.00 

25 6tibO0000O

.5011000 

1.10/1.00 

1.2011.80 

11930.12 

169.86 

6357.08 

6134.91 

21 96.24 

2 136 1. 33 

33,500.00 

18800.00 

2 56 66000. 00

.50/1.00 

1.2011.80 

0.00 

0.00 

6241.25 

20405.23 

1163.98 

30000.00 

18600.00 

2566b000.00

L.00/3.18 

119 30. 12 

122.30 

3020.30 

12319.01.  

4t1991. 79 

29672.78 

33500.00 

18800.00 

25666000.00

1.00/3016 

1.20/1.80 

11930.12 

27.31 

1726.56 

120 16.96 

31393.27 

19376.30 

33500.00 

1800o. 00 

25666000.00

SA 1I0PR I .6555 .3263 .3320 .6553 .6392 

S.4I 9SfC 112,1 . II2) .6291 .14006 .7540 

-----------------------------------------------------------------------------------------------------

*iRd ITAL 1. 7dO/ I .1046 *9b17 1.5560 t.3932

8l / a? 

C1 / C2 

KtI / 12 

SI IPRfS1 

SI low) 

514 triER) 

PM .P8 

PM. Ps. * 

REST ST 

YIELD Sr 

MUO). ELA.

---------------------------------------------------------------------------------------



SC 0 R 
NUTECH -- Vf4SICN 1.0.0 -- PAGE 39 * 

OUANt ARNOILD RCCIRCULATION PIPINGLO0P A E ( 041/01/80 * 

STRESS MULE INDEX EVALUATION - SUMMARY 

151 RCB-J3 RC b-Jt kCB-J5 RC8-J6 RCB-J7 
WELD 10 dI RS-N-81-A RS-N-81-8 bz RS-N-82-A 

4ELD TYPE SE-P P-E E-P P-T T-P 

PIPE SUE ?2.00 22.00 22.00 22.00 22.00 

NODE NO 10 158 208 238 238 

COMP TYPE TRANS EL80WLA EL8OwLR TEE TEE 

HL / 82 .50/1.00 1.00/3.52 1.00/3.52 1.00/2.59 1.00/2.59 

C1 / C2 1.317/1.50 1.23/4.70 1.23/4.70 1.50/3.45 1.50/3.45 

KI / K2 1.20/1.80 1.20/1.80 1.20/1.80 1.20/1.80 1.20/1.80 

S11PRESI 12388.10 12388.70 12388.70 12388.70 12388.70 

51 l04$ 628.10 390.10 59.94 0.00 377.71 

SIITERI 043.00 066.06 680.35 400.09 577.96 

PM * pB 6822.45 13762.48 12599.78 12388.70 13366.67 

PM.Ph.Q*F 24318.11 28975.73 24615.61 241785.84 28238.21 

0 * F I 1555. 12 15213.25 12015.83 12391.14 14871.54 

RESI ST 28000.00 2000.00 20000.00 28000.00 28000.00 

YIELD ST 1800.00 18800.00 1o800.00 18800.00 18800.00 

100. ELA. 25666000.00 25666000.00 25666000.00 25666000.00 25666000.00 

-------------------------------------------------------------------------------------------------

SkIqPRI .3629 .7320 .6702 .6590 .7110 

SkiSEC .t4b *6162 *706 .5760 .6113 

--------------------------------------------------------------------------------------

SRI TOTAL IU2i 1.14S2 1. Z.08) . le150 1.3223



S C a k E* 
NUTECH -- VERSION 1.0.0 -- PAGE 40 * 

DUANE ARNOLD RECIRCULAION PIPINGLOOP A i d 04/01/80 * 

STAESS RULE INDEX EVALUATION - SUMMARY 
*********

'I 
WELD ID 

WELD TYPE 

PIPE S11E 

NODE NO 

COMP TYPE

I Cd- J t 
RS-N-12-A I 

22.00 

N82AL 

PIPE

RC 8-J115 
RS-N-B2-E 

P-E 

22.00 

35 

ELO0WLR

kC-416 
83 

E-V 

22.00 

40h1 

ELOOWLR

RC8-Ji8 
84 

V-P 

22.00 

558 

TRANS

RC8-J21 
RS-N-83-A 

BPC 

22.00 

608 

ORANRUN

.50/1.00 

1.10/1.00 

1.20/1.80 

123b8.70 

110.77 

6305.13 

17248.63 

10943.51 

28000.00 

18400.00 

25666000.00

1.00/3.52 

1.23/4.70 

1.20/1.80 

12388.70 

152.63 

610.02 

13630.52 

26495.02 

12864.50 

20000.00 

18600.00 

25666000.00

1.00/3.52 

1.23/4.70 

1.20/1.80 

12388.70 

465.27 

506.64 

14027*21 

26573.34 

12546.12 

28000.00 

18800000 

25666000.00

.50/1.00 

1.37/1.50 

1.20/1.80 

12388.70 

211.92 

379.84 

6406.27 

22001.99 

15601.72 

28000.00 

18800.00 

25666000.00

1.00/1.00 

2.00/1.00 

1.20/1.80 

12368.70 

103.13 

345.30 

12491.83 

30540.06 

18048.23 

28000.00 

18800.00 

25666000.00

SRiPRI .3354 .7250 .7461 .340 .6645 

SRI*SEC .5553 .5827 .5181 .62o7 .6566 

--------------------------------------------------------------------------------------

SRI TOTAL .00 11.o077 1.31243 .9625 1.3211

1 / 82 

CL I CZ 

KI / KZ 

S0PRES1 

S l0w$ 

SIOTHERI 

Pm * Pa 

PM+PB+Q*F 

0 * F 

kES1 ST 

YIELD ST 

MOD. ELA.

--------------------------------------------------------------------------------------



* SCORE* 
* NUTECI -- VERSION 1.0.0 -- PAGE 4t 

DUANL ARNOLD RECIRCULArION PIPINGLOOP A E h 04/01/80 

STRESS RULE INDEX EVALUATION - SUMMARY * 
****e*********************************w******************************

IS I 
WELD ID 

WELO TYPE 

PIPE SIZE 

NODE NO 

COMP TYPE

RCa-J?41 
kS-N-83-0 

P-E 

22.00 

658 

ELAtSk

kCB-J25 
as 

E-PP 

22.00 

70B 

ELBOWSR

RC8-J27 
86 

PP-P 

22.00 

908 

TRANS

RCO-J30 
RD-N-B1-A 

BPC 

6.00 

958 

TEE

RC8-J31 
87 

P-V 

22.00 

1008 

TRANS

1.00/4.62 

1 .46/6.15 

1.20/1.00 

12388.10 

445.10 

277.13 

14442.93 

29713.34 

15270.41 

2000.00 

18800.00 

25666000.00

1.00/4.62 

L. 46/6.15 

t . 20/1. 80 

12388.70 

975.82 

335.77 

16892.31 

3624 1. 40 

19349.09 

20000.00 

18400.00 

25666000.00

.50/1.00 

1.36/1.48 

1.20/1.80 

12748.55 

253.73 

226.75 

6628.00 

22144.58 

15516.58 

28000.00 

18800.00 

25666000.00

1.00/2.35 

1.50/3.13 

1.20/1.80 

3987.40 

199.77 

2873.99 

4406.73 

24508.27 

20051.54 

39000.00 

16800.00 

25666000.00

.50/1.00 

1.36/1.48 

1.20/1.80 

12748.55 

48.20 

231.29 

6422.48 

21607.42 

15164.95 

28000.00 

18800.00 

25666000.00

SRIPRI .76bt2 .6905 .3526 .2371 .3416 

10I.SIC .6170 .6751 .6205 .8420 .6158 

--------------------------------------------------------------------------------------

SAT TOTAL I.311i2 t.5j/37 .9110 1.0191 .9574

d / 62 

c / C2 

KI I K2 

534PRES I 

SI (ow 

SlITHERI 

PM + PB 

PM#PB+Q*F 

0 * F 

REST ST 

YIELD ST 

MOD. ELA.

------------------------------------------------- - ------------ - ----------------------
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************9,***********e********************************** 

SC O RE  
* NUTCH -- VERSION 1.0.0 -- PAGE 43 * 

041ANE ARNOLD RECIRCULATION PIPINGsLOOP A L 8 04101/80 * **************************************************************** 
STRESS RULE INDEX EVALUATION - SUMMARY 9 

1S1 RoB-J3 RuB-J6 RUB-JO RB8-J7 R88-J9 
MELO I0 RO-N-dd-B 819 820 RO-N-89-A RD-N-810-A 

MELD TYPE E-P P-T T-P T-FL P-E 

PIPE S1E 4.00 4.00 4.00 4.00 4.00 

NODE NO 135d 1400 1400 1450 1508 

COMP TYPE EL8OwLR TEE TEE TEE ELBOWLR 

----------------------------------------------------------------------------------------------------

at / 82 1.0012.43 1.00/1.69 1.00/1.69 1.00/1.69 1.00/2.43 

C1 / C2 1.27/3.24 1.50/2.26 1.50/2.26 1.50/2.26 1.27/3.24 

KI, / K2 1.20/1.80 1.20/1.80 1.2011.80 1020/1.80 1.20/1.80 

sI4PRE S 8031.90 8031.90 8031.90 8031.90 8031.90 

SI loW) 173.68 417.39 1562.36 1029.63 746.35 

SIItER) 4147.79 11066.86 10910.63 0.00 5674.30 

PM * PH 8454.18 8839.95 10676.40 9774.68 9846.56 

PM*PBQ*+F 37415.41 61353.99 65126.83 18640.10 49664.76 

0 * F 28961.22 52514.04 54450.43 8865.41 39818.20 

RES St 45000.00 45000.00 45000.00 45000.00 45000.00 

YIELD ST 18800.00 18800.00 18800.00 18800.00 18800.00 

MOD. ELA. 25666000.00 25666000.00 25666000.00 25666000.00 25666000.00 

-------------------------------------------- ------------------------------------

SRI*PkI .4497 .4702 .5679 .5199 .5238 

SRI.SEC 1.0546 1.3904 1.4180 .7681 1.2094 

-------------------------------------------------------------------------------------

SRl TOTAL 1. 501 1.8606 1.9859 1.28380 1.7332



5 C 0 k E 
* NUTECII -- VERSION 4.0.0 -- PAGE 42 * 
* DUANi AANOLD RECIRCULATION PIPINGLOOP A E 04/01/80 * 

* SRESS RULL INDEX EVALUATION - SUMMARY 

151 RCB-J33 RCB-J35 RCb-J37 R88-Jt R88-J2 
WELD 10 bd RD-N-d2-A RO-N-82-8 0B RO-N-118-A 

WELD TYPE V-E E-P BPC WOL-P P-E 

PIPE SIZE 22.00 22.00 6.00 4.00 4.00 

NODE NO 115d 1208 1258 818 1308 

COMP TYPE ELB0auL EL80WLR TEE PIPE ELBOWLR 

81 / 82 1.00/3.1d 1.00/3.18 1.00/2.35 .50/1.00 1.00/2.43 

C1 / C2 1.23/4.24 1.23/4.24 1.50/3.13 1.10/t.00 1.27/3.24 

Kt / K2 1.20/1.80 1.20/1.80 1.20/1.80 1.20/1.00 1.20/1.80 

SIIPRESI 12748.55 12748.55 3987.40 8031.90 8031.90 

SI IDw 223.04 172.81 1124.39 657.56 73.86 

SI(THER) 246.12 175.00 2993.71 9459.36 3011.41 

PM * PB 13458.21 13298.39 6628.94 4673.50 8211.47 

PM*PB*Q*F 22440.95 21514.32 30396.60 28812.56 30201.72 

0 * F 8982.74 8215.93 23767.66 24139.05 21990.24 

RESI ST 20000.00 20000.00 39000.00 45000.00 45000.00 

YIELD ST 18000.00 18800.00 18OO.00 18800.00 18800.00 

M00. ELA. 25666000.00 25666000.00 25666000.00 25666000.00 25666000.00 

------------------------------------------------------------------------------------------------

SkiPRI .7159 .1074 .3526 .2486 .4368 

SOieSEC .5?13 .5164 .b950 .9458 .9552 

------------------------------ ------------------ ------------------------------------

%.Ai IdrAL .2. 1.2230 1.241b 1.214#4 1.3920



u~ CZJ C2 (flI] L ~ cZII z] 11 LZJ {2J U2 2113 L13 cm VJ~2 LIT]

5 CORE * 
* NUTECH VERSION 1.0.0 -- PAGE 44 * 

DUANE ARNOLD kfCICULATION PIPINGLOOP A LS 04/01/80 * 

STRESS RULE INDEX EVALUATION - SUMMARY *

Is kb6-J10 Rd8-J12 RCa-J41 ACB-J44 RCB-J46 
WELD 10 821 B22 RD-N-82-E RD-N-82-C 89 

WELD TYPE E-V V-WOL P-P P-T T-CR 

PIPE SIZE 4.00 4.00 22.00 22.00 22.00 

NODE NO 158 1678 173 175 1808 

COMP TYPE ELBOwLM TRANS PIPE TEE TEE 

--------------------------------------------------------------------------------------------------

1.00/2.43 

1.27/3.24 

1.20/t.40 

8031.90 

413.40 

3193.97 

9037.03 

36749.58 

21712.55 

45000.00 

1d8 00.00 

25666000.00

.50/1.00 

1.34/1.45 

1.20/1.400 

8031.90 

1652.74 

3769.66 

5668.69 

27101.63 

21432.94 

45000.00 

18800.00 

25666000.00

.50/1.00 

1.10/1.00 

1.20/1.80 

12748.55 

57.24 

492.65 

6431.52 

17017.90 

11386.38 

24000.00 

1d000. 00 

25666000.00

1.00/2.35 

1.50/3.13 

1.20/1.80 

12748.55 

431.51 

1649.72 

L3762.30 

34682.07 

20919.77 

28000.00 

18000.00 

25666000.00

1.00/2.35 

1.50/3.13 

1.20/1.80 

12748.55 

381.12 

517.30 

13643.93 

28013.04 

14369.11 

28000.00 

18800.00 

25666000.00

SHIPRI .4801 .3015 .3421 .7320 .7257 

SkISSEC 1.368 .9473 *616 .6975 .6041 

-----------------------------------------------------------------------------------------------------

).XI TUTAL I.111.)I t.z4hta .9037 1.4z96 1. 3299

Ba / 82 

Ct / Cz 

K1 / K2 

SIIPRES1 

S1 low) 

SI0THER) 

PM * Pd 

PH*PB*Q*F 

a * F 

RESI ST 

YIELD Sf 

400. ELA.

I



NUTFC1 -- VERSION 1.0.0 -- PAGE 45 9 
*UAht AkNGLD RECIRCULATION PIPING.LOOP A E 04/01/80 * 

STRESS kULE INDEX EVALUATION - SUMMARY 
*********0*0**0**,************************************************************************************************************..  

151 Rmd-J? RMB-J6 RmB-JS RaC-J7 itRC-JS 
WELD ID RO-N-83-E RD-N-d3-D RD-N-B3-C 012 RO-N-86-6 

dALD TYPE CR-CP MDR-CR HDR-A A-P P-E 

PIPE SI1 22.00 16.00 10.00 10.00 10.00 

NODE NO 1858 1878 1908 ADAIR 1950 

COMP TYPE TEE TEE TEE PIPE ELBOWLR 

------- ---- -- --- --- -- -- --- -- --- -- --- --- -- ------------- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

t.00/2.59 

1.50/3.45 

1.20/1.80 

12748.55 

0.00 

0.00 

12748.1 'i 

2294#7.10 

10198.84 

2000.00 

18800.00 

25666000.00

1.00/2.59 

1.50/3.45 

1.20/1.80 

12482.49 

292.96 

1 175.68 

13241.01 

35323.04 

22082.03 

30000.00 

18800.00 

25666000.00

1.00/2.31 

1.50/3.09 

1.20/1.80 

11930.12 

886.40 

8875.73 

13982.00 

7!109.42 

61127.41 

33500.00 

18800.00 

256a6000.00

.50/1.00 

1.10/1.00 

1.20/1.80 

11930.12 

886.40 

91,79.33 

6851.4,5 

344,06.06 

27554.61 

33500.00 

18800.00 

25666000.00

1.00/3.18 

1.26/4.24 

1.20/1.80 

11930.12 

613.22 

3591.54 

13880.13 

50098.12 

36217.98 

33500.00 

18800.00 

25666000.00

SRIPR(I .67di .7043 .7437 .3641 .7383 

541,50 .5447 *7426 1.3578 .8706 .9941 

--------------------------------------------------------------------------------------

S-4 FdVAL 1.221 1.4,.t.9 1.10oth 1.2350 1.7324

81 / 82 

CL / C2 

KI. / K2 

S IIPRE S I 

SI 40mi 

SI0THEk 

PM * PB 

P 0'PI * F E 

RESS ST 

YIELD ST 

100. ELA.



c&~ c~ cz t'J Z C L U Di

S C 0 RE 
NUTfCri -- VERSION 1.0.0 -- PAGE 4b * 

OIJANI ARNOLD RECIRCULATION PIPING9LO0P At 8 04/01/80 * 

# STRESS RULE INDEX EVALUAION - SUMMARY 

151 RRC-J4 RMb-J2 kiO-j7 RMB-JiL RRO-JS 
wELO ID RD-N-b-C RD-N-d8 813 RO-N-83-A RO-N-B7-8 

WELD TYPE E-P HDR-A A-P CP-HOR P-E 

PIPE SIZE 10.00 10.00 10.00 16.00 10.00 

NODE NO 2000 2158 ADATI 2208 2258 

COMP TYPE ELdUaLk TEE PIPE TRANS ELBOLR 

---------------------------------------------------------------------------------------------------

di / 82 1.00/3.18 1.00/2.11 .50/1.00 .50/1.00 1.00/3.18 

C1 / CZ 1.26/4.24 1.50/3.09 1.10/1.00 1.36/1.48 1.26/4.24 

Kl / K2 1.20/1.80 1.20/1.80 1.20/1.80 1.20/1.80 1.20/1.80 

SI4PRES) 11930.12 11930.12 11930.12 12482019 11930.12 

SI (OW 296.90 338.07 338.07 0.00 232.12 

SIITHERI 1247.51 6603.35 6603.35 0.00 2974.12 

P" * PB 12874.25 12712.11 6303.13 6241.25 12668.26 

PM*PB*Q*F 29194.74 60038.48 28242.31 20405.23 42477.59 

Q F t6920.49 47325.71 21939.18 14163.98 29809.33 

REST ST 33500.00 33500.00 33500.00 30000.00 33500.00 

YIELD ST 18800.00 18800.00 18800.00 18800.00 18800.00

25666000.00 25666000.00 25666000.00 25666000.00 25666000.00

SRIPRI .6848 .6762 .3353 .3320 .6738 

57RdSEC .119 1.1525 .7905 .6297 .9027 

---------------------------------------------------------------------------------

SRI TOTAL 1.4031l 1.82a? 1.1.258 .9617 1.5766

Lila

MOD. ELA.



S C 0 RE k 
* NUTECt -- VERSION 1.0.0 -- PAGE 47 * 

0UANL ARNOLD RECIRCULAtION PIPINGsLOOP A E 8 04/01/80 * 

SfikSS RULE INDEX EVALUATION - SUMMARY 

151 k0-J% R1(M-JO RM6-J9 kRB-J7 RR8-JS 
hELD ID RO-N-87-C U0-N-83-F RD-N-63-G BL RO-N-85-8 

WELD TYPE E-P CR-HOR HOk-A A-P P-E 

PIPE SIZE 10.00 16.00 10.00 10.00 10.00 

NODE NO 2)0" 2)70 2408 ADATR 2458 

COMP TYPE ELBddLR TEE TEE PIPE ELBOWLR 

81 / 82 1.0013.18 1.0012.35 1.00/2.31 .50/1.00 1.00/3.18 

Cl / C2 1.26/4.14 1.50/3.13 1.50/3.09 1.10/1.00 L.26/4.24 

ML / K2 1.20/1.80 1.20/1.80 1.20/t.00 1.20/1.80 1.20/1.80 

SIPMES) 11930.12 12482.49 11930.12 11930.12 11930.12 

S (0W 82.51 52.84 827.30 827.28 659.58 

SillHERI 2013.67 1314.65 10130.23 10130.23 3617.92 

PM * P8 12192.50 12606.63 13845.21 6792.34 14027.54 

PM+PB#Q+F 34005.74 30178.88 82350.72 35471.28 50653.21 

0 * F 21813.24 17572.25 68505.51 28678.94 36625.67 

MESS ST 33500.00 30000.00 33500.00 33500.00 33500.00 

YIELD ST 18800.00 18800.00 18800.00 18800.00 18800000 

4110. kLA. 25666000.00 25666000.00 25666000.00 25666000.00 25666000.00 

------------------------------------------------ -------------------------------------------------------

SR41PRI .64865 .6706 .1364 .3613 .7461 

5I1.SLC .78d7 .6til t.4545 .86b6 .9999 

--------------------------------------------------------------------------------------

SRI1 TOTAL 1.4312 L.34*9 2.1909 1..-19 1.74#61
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* NUTFC~I 
9 

'99*9994999*99 

9 

.9 09 99 9 99 99 *99

c- QII 7 LD LZZ -7-- c Z:2 3I2 C::- LLZZJ C 7 

-- VERSION 1.0.0 -- PAGE 48 * 
JUANt AgNOLD RECIkCULAIIIN PIPING,LOUP A E h 04/01/80 * 

STRESS RULE INDEX EVALUAFIUN - SUMMARY * 

1S1 R a-J4 RMa-Jtt RRA-J1 RMB-Jt2 RRA-JS 
WELD 10 D-t4-85-c RD-N-83-h io RD-N-03-J RO-N-84-8 

WELD TYPE E-P HOR-A A-P HOR-CP P-E 

PIPE SIZE 10.00 10.00 10.00 16.00 10.00 

NODE NO 2503 2658 ADAIR 2708 2758 

COMP TYPE ELBUwLR TEE PI p TRANS ELBOWLR

1.00/3.18 

1.26/4.24 

1.20/1.40 

11930.12 

474.77 

605.35 

13439.87 

41515.03 

28075.17 

3300.00 

18800.00 

25666000.00

1.00/2.31 

1.50/3.09 

1.20/1.80 

11930.12 

41.87 

6729.46 

12073.34 

70315.97 

58242.63 

33500.00 

18600.00 

25666000.00

.50/1.00 

1.10/L.00 

1.20/1.90 

11930.12 

61.87 

8729.46 

6026.93 

31572.15 

25545.22 

33500.00 

18800.00 

25666000.00

.50/1.00 

1.36/1.48 

1.20/1.80 

12482.49 

0.00 

0.00 

6241.25 

20405.23 

14163.98 

30000.00 

18800.00 

25666000.00

1.00/3.18 

1.26/4.24 

1.20/1.60 

11930.12 

163.19 

3099.86 

12449.07 

42911.14 

30462.07 

33500.00 

18800.00 

25666000.00

- - -------------------------------------------------------- -----

SRIPRI .7149 .6422 .3206 .3320 .6622 

SRiSEC .8760 1.3081 .8419 .6297 .9120 

--------------------------------------------------------------------------------------

SRI TOTAL 1.5929 1.9503 1.1625 .9617 1.5742

81 / 82 

Cl / C2 

K1 / K2 

SifPRESJ 

SI Dwl) 

SIdThERS 

PM * Pd 

PM*Pb*G)*F 

0 F 

tESI ST 

YIELD ST 

MOD. ELA.



9 S C 0i k t 9 
* ~r Th--VgAsI)N I.O.U -- PAGE 19 

* J'.NI A4 NOLI kc C RC UL A I (.' PIPINGsLOOP A I. It 041OL/do 

* ~~1iSffS RULE~ INOIX EVALUATION -SUMMPAR4Y 

6 444 0 0 0# 0 4. 0 04 04*0 #0 0* 00# 00 f 06**# fo *0*04 6000 Of 0 go** 0*00#0#*....#.*..  

I iI kRA-J' 
hLO D 10 -Nb4-c 

f'tLU TYPE 1:-P 

P~IPE SIZE 10.00 

NUDE~ -Nil b~ 

lit 112t 1.00/3.1d 

ct C2 1.26/A.24 

Kt IF K2 t.20/1.ti0 

SEIPRfI 11930.12 

SI 1l1dI 19a. Id 

PMi # PR1 It 62.2) 

PM*PS*.J*F 't3.0 

U * F 3) 110.d0 

R&EST ST 31500.0 

YIELD ST 1146O.00 

"100D. ELA. 1sbbhtGOO.OO 

Skl,SEC 

SKI TOTAL
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5 CORE * 
* NUTECH -- VERSION 1.0.0 -- PAGE 10 * 

DUANE ARNOLD RECIRCULATION INLET I OUTLET NOZZLE 04/01/80 

STRESS RULE INDEX EVALUATION - SUMMARY 
**e00090400000000040.99040.9090009,........ 0#0***** 0Oe0000000090090000000000009000

I M 
WELD 10 

WELD TYPE 

PIPE SIZE 

NODE NO 

COMP TYPE

RRA/H-J4A 

P-P 

10.00 

WELDS 

PIPE

RRAIH-J3 

P-SEX 

10.00 

WELO6 

PIPE

RRA/H-FZA 

P-SE 

10.00 

WELD4 

TRANS

RRA/H-F2A 

P-SE 

10.00 

WELD4 

TRANS

RRA/H-F2 

SE-NZ 

12.00 

WELO2 

TRANS

.50/1.00 

1.10/1.00 

1.20/1.80 

9916.97 

673.30 

1283.68 

5631.79 

20213.34 

14581.55 

33500.00 

18800.00 

25778000.00

.50/1.00 

1.10/1.00 

1.20/1.80 

9916.97 

3014.93 

7026.02 

1973.41 

31164.11 

23190.69 

33500.00 

18800.00 

25778000.00

.50/1.00 

1.36/1.46 

1.20/1.80 

9916.97 

3251.25 

7442.46 

6209.74 

44653.84 

36444.10 

33500.00 

18600.00 

25778000.00

.50/1.00 

1.35/1.46 

1.20/1.60 

7757.14 

2574.37 

5893.48 

6452.94 

34819.26 

28366.32 

40000.00 

28130.00 

29416000.00

.50/1.00 

1.34/1.45 

1.20/1.60 

6833.33 

5185.24 

3431.22 

8601.91 

33557.56 

Z4955.65 

38000.00 

28130.00 

29416000.00

SRI.PRI .2996 .4241 .4367 .2294 .3058 

SRI.SEC .6834 .8058 .9941 .7862 .7239

.9830 1.2299 1.4300 1.0156

Bt / 82 

CI / CZ 

K1 / K2 

SIPRESI 

SI lDW) 

SlITHER) 

PM * PB 

PIq+PB.0*F 

0 * F 

RESI ST 

VIELO ST 

MOD. ELA.

----------------------------------- ----- - - ---- - ---------- - - ------ - -- - - ----

SR1 TOTAL 190297
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* NUTECH -- VERSION 1.0.0 -- PAGE 11 * 

*UANE ARNOLO RECIRCULATION INLET I OUTLET NOZZLE 04/01/80 * 

STRESS RULE INDEX EVALUATION - SUMMARY 

ISI RCA-F2 RC8-F2 
WELD 10 

WELD TYPE SE-NZ SE-NZ 

PIPE SIZE 12.00 12.00 

NODE NO NIA Ni 

COMP TYPE TRANS TRANS 

------------------------------------------------

61 / 82 .50/1.00 .50/1.00 

C1 / C2 1.34/1.45 1.34/1.45 

KI / K2 1.20/1.80 1.20/1.80 

SItPRESI 6833.33 6833.33 

SI lo) 2085.38 1632.14 

SitTHERS 2996.39 2292.12 

PM * PR 5502.OS 5248.81 

PH*PB*Q*F 24302.30 21795.16 

0 * F 18800.25 16546.35 

RESI ST 32000.00 32000.00 

YIELD ST 18800.00 18800.00 

MOO. ELA. 25778000.00 Z511800.00 

-------------------------------------------- -----

SRIPRI .2927 .2792 

SRI9SEC .7220 .6900 

----------------------------------------

SRI TOTAL 1.0147 .9692
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5 C 0 RE o 
NUTECH -- VERSION 1.0.0 -- PAGE 9 * 

OUANE ARNOLD RESIDUAL "EAT REMOVAL PIPING 04/01/80 * 

STRESS RULE INDEX EVALUATION - SUMMARY 

151 RiC-J1 RHC-F2 RHO-JI RH8-JZ RH8-F3 
WELD 10 

WELD TYPE T-P P-P T-P SPIP-WOL) P-P 

PIPE SIZE 20.00 20.00 18.00 18.00 18.00 

NODE NO 175A 290A 238 41B 4156 

COMP TYPE TEE PIPE TEE BRANRUN PIPE 

-- -------------------------------------------------------------------------------

1.00/2.59 

1.50/3.4.5 

1.20/1.80 

9699.32 

854.61 

1004.44 

11912.05 

29010.94 

17098.09 

28500.00 

18800.00 

25946000.00

.6336 

.6450

.50/1.00 

1.10/1.00 

1.20/1.80 

9699.32 

546.02 

1064.68 

5195.68 

15702.35 

10306.67 

28500.00 

18800.00 

25946000.00

.2870 

.5490

1.00/2.59 

1.50/3.45 

1.20/1.80 

9605.12 

431.29 

769.18 

10721.80 

24148.92 

14027.13 

29000.00 

18800. 00 

25946000.00

.5703 

.6087

L.00/1.00 

2.00/1.00 

1.20/1.80 

9605.12 

230.50 

517.63 

9835.62 

24398.92 

14563.30 

29000.00 

18800.00 

25946000.00

.5232 

.6162

.50/1.00 

1.10/1.00 

1.20/1.80 

9605.12 

441.72 

461.25 

5244.28 

14304.11 

9059.83 

29000.00 

18800.00 

25946000.00

.2790

---------------------- 9 1----7------------7 

SRI TOTAL 1.zltil .8360 1.1790 1. e1394 .8173

81 / 82 

CI / Cl 

K1 / K2 

516PRESS 

SI Ilw) 

511THERS 

PM * PB 

PM*P8 .0+F 

RESI ST 

YIELD ST 

MOD. ELA.

SRI.PRI 

SRI*SEC

------------------------------------------------------------------------------
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* NUTECH -- VERSION 1.0.0 -- PAGE 10 * 
* DUANE ARNOLD RESIDUAL HEAT REMOVAL PIPING 04/01/80 * 

STRESS RULE INDEX EVALUATION - SUMMARY 

ISI RHO-Jt RHO-FZ 
WELD 10 

WELD TYPE T-P P-P 

PIPE ShIE 20.00 20.00 

NODE NO 175 2908 

COMP TYPE TEE PIPE 

81 / 82 1.00/2.59 .50/1.00 

Cl / Cz 1.50/3.45 1.10/1.00 

Kt / KZ 1020/1.80 1.20/1.80 

SIPRES1 9699.32 9699.32 

SI IDW; 882.60 538.56 

SITHERI 1017.82 1128.25 

PM + PS 11984.12 5388.22 

PM+PB* F 29641.28 15603.35 

0 * F 17656.57 10415.14 

RES! ST 28500.00 28500.00 

YIELD ST 18800.00 16800.00 

MOD. ELA* 25946000.00 25946000.00 

--------------------------------------------------

SRIPRI .6375 .2866 

SRIPSEC .6529 .5505 

-----------------------------------------

SRI TOTAL 1.2904 .6371
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NG-82-2653 
December 1, 1982 

ATTACHMENT 4 

Summary of Recirculation System UT Results, 1981-1982 

1981 - A total of 48 welds were examined with the following results: 

A) 17 welds - no indications 
B) 21 welds - geometry < 50% DAC 
C) 5 welds - geometry 50% to 75% DAC 
D) 4 welds - geometry > 75% DAC 
E) *1 weld - Linear Indication 

*Weld RRC-BJ4 had a linear indication - 3 1/4" long = 50% DAC. A decision was 
made to periodically monitor this weld.  

1982 - A Total of 21 Welds Were Examined With The Following Results: 

A) 8 Welds - Geometry < 50% DAC 
B) 3 Welds - Geometry 50% to 75% DAC 
C) 9 Welds - Geometry > 75% DAC 
D) *1 Weld - Linear Indication 

*Weld RRC-8J4 was examined with identical results in 1981 and 1982.
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lowa Electric Light and Power Company 

June 30,__181 

LD 1 -225 

JUL 2 019 

Mr. Harold Denton, Director Ae .  
Office of Nuclear Reactor Regulati nEnUiCneOr 
U. S. Nuclear Regulatory Commission 

Washington, D. C. 20555 

Dear Mr. Denton: 

Enclosed herewith is Iowa Electric Light and Power Companyls 
response to the requirements set-forth in NUREG-0315, "Technical Report on 
Material Selection and Processing Guidelines for BWR Coolant Pressure 
Boundary Piping".  

This submittal Is in response to the February 26, 1981 letter from 
Mr. Darrell Elsenhut concerning Implementation of HUREG--3-13, Rev 1. The 
proposed augmented inservice Inspection and technical specification 
amendments to be accomplished on the schedule set forth in the enclosed 
response are deemed adequate to comply with the requirements of the NUREG, 

Very truly yours, 

Larry oRoot 

Assistant Vice President 

Nuclear Generation 

LDR/RFS/mb 
Attach.  
cC: R. Salmon 

0. Arnold 

L. L Uose uue 
.. L~* 1 .13020 *T.p4j. 0 

S. Tuth i 1 1 4.lry 1*** (AA. *n-eiAitt;n *VC* ot 
D *Mc a uh y~.6ioseth *.Mick 

0. McGaugby ** * Sloesier *Neh ui.c 

K. Meyer:- O AMyer *Dye *ptif* *Yett 
*.js *E11h aPitner OYOURI 

D. MIneck *e" *Ellis eSio 

J. VanSicket sain (GE) *Man*** *s 

Comm Cont * 
K. EccIeston (NRC) _,_c r Fi .. .  
NRC Resident Off Ice ofi___)___ 

File A-107a, LC810226 

I WfI'C) ...- I C et Vla a '.I ''z.5 .Ji *: 's.-~ ji



DUANE ARNOLD ENERGY CENTER 
* PROPOSED IMPLEMENTATION OF THE 

REQUIREMENTS SET FORTH IN 
NUREG-0313 REV I 

"TECHNICAL REPORT ON MATERIAL SELECTION 
AND PROCESSING GUIDELINES FOR BWR 
COOLANT PRESSURE BOUNDARY PIPING" 

Presented below Is a delineation of the requests set forth In the 
Implementation letter for NUREG-0313, Rev 1, and a description of the 
proposed method to be employed by the Iowa Electric Light and Power Company 
to meet the requests.  

.Requirement: 

Review all of the ASME Class I and 2 Pressure boundary piping, safe 
ends, and fitting material, Including weld metal, at your facility to 
determine if It meets the material selection, testing and processing 
guidelines set forth In the enclosed report.  

Response: 

Our review of the RCS pressure boundary piping was completed in 1978.  
We refer to our submittals of December 30, 1977 (IE-77-2342) and March 
15, 1978 (IE-78-386).  

Requirement: 

Identify to us any materials that do not meet rhese guidelines and 
propose appropriate changes to your Technical Specifications to 
Incorporate the augmented Inservica Inspection requirements specified 
In Section IV of the enclosed report.  

Response: 

Attachment 1 Identifies the material which does nor meet the guidelines 
and defines our proposed augmented inservice inspection.  

Requirement: 

In the case of "servica sensitive" lines you should also provide your 
plans and schedule for the replacement, to the extent practicable, of 
nonconforming materials with those that conform to the staff's guide
lines.  

Response: 

Iowa Electric presently does not have any plans to replace the "service 
sensitive" lines. Contingency plans to cap or replace lines have been 
developed but will be implemented only if warranted by the results of 
'The inservice Inspections.



Requ I rement: 

We request that It It Is needed, you propose appropriate changes 16 

your Technical Specifications to bring them Into conformance with the 

enclosed report.  

Response: 

The model Technical Specifications have been reviewed and appropriate 

changes Identified. A copy of the changes which Iowa Electric will 

propose is enclosed as Attachment 2. This proposed change will be 

submitted in a format consistent with the DAEC Technical Specifications 

on a schedule Identified below.  

Requirement: 

You should propose a schedule to accomplish the above requested actions, 

or a description, schedule and justification for alternative actions to 

accomplish the objectives of this program.  

Response: 

Iowa Electric proposes that the augmented inservice inspection program 

be implemented with the beginning of the next 40 month period of the 

current 120 month cycle. This period will begin at the end of the 

present cycle. The Technical Specification amendment proposed above, 

and included as Attachment 2, will be submitted In a manner which will 

support the proposed schedule.



Attachment 1 

Identification of ASME Code Class 1 and 2 pressure boundary piping, safe ends, 
fitting material a'nd weld material, and proposed alternate actions to accomplish 
the objectives of NUREG 0313 Rev. 1.  

1. Conforming Material 

All stainless steel safe ends and stainless steel safe end extensions .are.  

conforming material. All contain less than .035% carbon and were solution 
annealed. Inconel welds join the stainless steel safe ends to the nozzles.  
Class 1 pressure boundary piping except that identified in 2 and 3 are 
conforming, and all Class 2 piping is conforming.  

2. Partial Non-Conformance but not Service Sensitive 

The following systems are non conforming - non service sensitive in 

accordance with guidelines of NUREG 0313 Rev. 1.  

a. Recirculation system except the bypass pipe.  

b. RHR stainless steel transition spools to the recirculation system.  

c. Liquid level control (Reactor Vessel).  

d. Instrumentation piping (Reactor Vessel)..  

Stainless steel pipe and fittings in the above systems contain greater than 
0.035" carbon, and the welds have not been solution annealed, therefore are .  
non-conforming. All pipe and fittings have been solution annealed. Selection of 

welds for augmented in-service inspection on item "a" and "b" systems will be 
those most susceptible for IGSCC based on the stress rule index number.  
in-service inspection will be accelerated to an roE n th period. Because pipe in 
items "c" and "d" are small diameter, we propose to continue inspection in 
accordance with AS1ME Section XI but the inspection cycle will be completed in 
80 months.  

3. Partial Non-Conformance and Service Sensitive 

The following do not conform to the criteria as stated in NUREG 0313 Rev.. 1 
and are considered to be service sensitive: 

a. Recirculation system bypass.  

b. Core spray spools that connect carbon steel pipe to stainless steel 
safe-end extensions at the RPV nozzles.  

c. CRO Hydraulic return spool that connects carbon steel pipe to the 
RPV nozzle.  

d. Reactor water cleanup systems.  

The stainless steel pipe and fittings in the above systems contain greater 
than 0.035' carbon, and the welds have not been solution annealed. All pipe and 
fittings have been solution annealed. Augmented inservice inspection has been 
done on the above systems in accordance with the guidelines of NUREG 0313 Rev. 1.



Attachment 2.

9MODEL TECHNICAL SPECIFICATIONS - Licensee 

* A??LICABILITY

SURVEILLANCE REOUIREMENTS 

4.0.1 Surveillance Requirements shall be met during the OPERATIONAL 
CONDIT7ONS or other conditions specified for individual Limiting Conditions I 
cr 0eration unless otherwise stated in an individual Surveillance Requirements.  

4.0.2 *Each Surveillance Requirement shall be performed within the specified 
tie interval with: 

a. A maximum allowable extension not to exceed 25% of the surveillance 
in'erval, but 

b. The ccmbined time interval for any 3 consecutive,surveillance intervals 
shall not exceed 3.25 times the specified surveillance interval.  

4.0.3 Failure to perform a Surveillance Requirement wthint 
interval shall constituta a failure to meet the GPERAILITY re-uirernnts for a 

,siting Condition for Operation. Exceptions to these requirement5 are st p 
a indiviuai Specificatoas. Surveillance requirements do not have t0 be per

Wrm.ed on inoperable equipment.  

4.0.4 Entry into an OPERATIONAL CONDITION or cther specified applicable condi
tion shall not be made unless the Surveillance Requirment(s) associated with 
the Liitina Condition for Operation have been performed within the applicable 
sarveiilance interval or as other4ise specified.  

4.0.5 Survei.lIance Requirements for inservice inspection and testing-f ASc E 
Code Class 1, 2, & 3 components shall be applicatle as follows: 

a. Inservi1c ins:ecticn of A.SME Code Class 1 2C d z c -an 
inservica testing of ASME Code Class 1, 2, and 3 pumps and vaives 
shall be performned in accordance with Section XI of the ASME Boiler 
and Pressure Vessel Code and applicable Addenda as required by 10 
CFR 50, Section 50.55a(c), except where specific written relief has 
been granted by the Commission pursuant to 10 CFR 50, Secticn 50.55a() 
(6) (i).  

b. Surveillance intervals specified in Section XI of the ASME Boiler 
and Pressure Vessel Code and applicable Ad4end7 for the inservice 
inspection and testing activities required by the ASME Boiler and 
Pressure. Vessel Code and acolicable AddendE shall be applicable as 
follows in these Technical Specifications: 

ASME Boiler and Pressure Vessel Recuired frequences 
Code and 2plicable Addenda a- performing inservica 
terminolccy for inservice in.-oection and testing 
inscecticn and testine activities aC:_vi-ies 

Weekly At ier.st once per 7 days 
.orhly 1z east once pero nth 

Quarterly or ever.' 3 months teast onc per £2 daS 
serziannually cr E At leas- once per 74 d=aVs 

Every 3 A' leas onc pEr 275 cars



APPLICABILITY 

SURVEILLANCE REQUIREMENTS (Continued) 

c. The provisions of Specification 4.0.2 are a;plicable to the above 
required frequencies for performing inservice inspection and testing 
activities.  

d. Performance of the above. inservica inspec-ion and testing activities 
. shall be in addition to other specified Surveilance Requirements.  

e. Nothing in the ASME Boiler and Pressure Vessel Code shall be construed 
to supersede the requirements of any Technical Specification.  

4.G.6 All ASNME Code Class 1, and 2 lines shall conform to the guidelinesstated 
in the NUREG7 0313, Rev. 1, "Technical Report on Material Selection and 
Processing Guidelines for B.R Coolant Pressure Boundary Piping," July 
1980, except for the following alternative actions: 

a. Selection of welds for augmented in-service inspection in non-conforming 
non-service sensitive pipe in the recirculation system will be based on 
the stress rule index number and carbon content. Twenty-five percent 
of all welds that are most susceptible to IGSCC will be inspected in an 
80 month cycle.  

b. The recirculation system riser pipe will be classified non-conforming 
but not service sensitive and selection of welds for augmented in-service 
inspection will be as designated in "a" above.  

c. Selection of welds for augmented in-service inspection in non-conforming 
non-service sensitive small instrumentation and liquid level control 
pipe will be in accordance with ASME Section XI but the inspection cycle 
will be completed in 80 months.



ATTACHMENT 6 

DAEC Core Spray Safe Ends 
and 

Adjacent Piping Stress Rule Index Numbers

NG-82-2784 
Dec. 21, 1982
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