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ABSTRACT 

This document describes the steam generator repair program which will be 
conducted at the Surry Power Station, Unit Nos. 1 and 2 during the periods of 
about January 1979 to Ju.tie· 1979 for Unit No. 2 and October 1979 to April 1980 
for Unit No. 1. The purpose of the program is to repair the degradation which 
has been caused by corrosion related phenomena and to restore the integrity 
of the generators to a level equivalent to new equipment. The repair program 
will incorporate a large number of design improvements which reflect the "state
of-the-art" technology which currently exists for steam generator design. · 

The repair program basically consists of the replacement of the existing 
steam generator lower assembly with a new one, with the upper assembly being 
refurbished, including new primary moisture separation·equipment, and being re
used. The repair program is scheduled to commence at the beginning of a normal 
refueling outage, with the reactors being completely defueled while the repairs 
are being made. The repair effort will require that the reactor coolant piping, 
feedwater piping and steam piping be cut, as well as the steam generator itself, 
to facilitate removal and installation. Access to the containment will be 
thro.ugh the currently installed equipment hatch; therefore, concrete parts of 
the containment pressure boundary will not be disturbed. 

6 

The safety implications and other potential effects of the repair program, 
both during the actual repair work and following the return of the unit to power, 
have been considered. It has been concluded that the repair program cari be com
pleted without any adverse affects on the health and safety of the general public 
or the personnel engaged in the repair work . 
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· 1. 0 GENERAL 

1.1 Purpose 

SSGP 1. 0-1 
REV. 0 

This document discusses the steam generator repair program which will 
be implemented to restore the integrity of the steam generators in
stalled in Unit Nos. 1 and 2 of the Surry Power Station to a "new" 
condition. The primary purpose of the document is to describe the 
steam generator repair program and the effect on unit operation in 
sufficient detail to enable an independent reviewer to determine 
whether the repair work and subsequent operation can be conducted 
without undue risk to the health and safety of the general public. 
and personnel actually engaged in the repair effort. 

The information contained herein is not intended to supplant the infor
mation in the Final Safety Analysis Report (FSAR), but is intended to 
supplement the discussion presented therein in the specific areas 
associated with the repair program and to identify significant changes 
that may result from the repair program. The information presented 
herein reflects the most current design information at the time of 
preparation. Since the detail design and engineering for the program 
are currently underway, it may not be possible to present detailed 
information for all phases of the project. For those cases where final 
engineering or design information is not available the basis and criteria 
will be presented. If there are alternatives under consideration, a 
summary of these is presented. It is intended that this document will 
be revised during the course of the project to provide missing infor
mation. Where appropriate, a schedule for submitting the missing 
information is provided. Duplication of information contained in other 
documents is avoided to the extent possible; therefore, other documents 
are referenced. This document provides a comprehensive description 
of the repair program; however, it is assumed that the reader under
stands pressurized water reactors and the FSAR. The FSAR for the Surry 
Power Station, Unit Nos. 1 and 2, should be consulted for specific 
details about referenced equipment, systems or components. 

1.2 Reason for the Action 

The repair program is intended to restore the steam generato'rs to· "new" 
condition. This is necessitated by the continuous degradation of the 
existing steam generator tubing. This degradation has been caused by 
"thinning" and "denting" of the steam generator tubing. These phenomena 
result in a reduction of tube wall thickness, reduction in tube diameter, 
cracking of steam generator tubes, degradation of tube support plate, 
and other related degradation. These phenomena, as well as their cause 
and consequences, have been well documented in the literature and sub
mittals of Vepco other utilities, and the nuclear steam supply system 
manufacturer, to the Nuclear Regulatory Commission. This document 
does not include a technical discussion of the phenomena that have caused 
steam generator degradation; however, the reader is referred to the 
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literature for a comprehensive review of the subject. 
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The degradation of the steam gneerator tubing has required that some 
tubes be plugged, thus removing them from service. Significant "pre
ventive" plugging of tubing has been performed to improve the reli-
ability and availability of the units. Again, this subject will not 
be discussed herein, although the reader is referred to the licensee's 
docket for a complete discussion of "preventive" plugging and the I 
status of current plugging. Slightly less than twenty-one (21) percent . 3 
of the tubes in each steam generator are currently plugged. The 
plugging of steam generator tubes affects the thermal and hydraulic 
performance of the steam generators, as well as the consequences of 
certain potential accidents should they occur. While the currently 
installed steam generators are still capable of maintaining their per
formance at 100% because of design margins and the safety implications 
of plugging have been identified, analyzed and determined to be accept
able, the reliability and availability of the units of which the steam 

. generators are a part have been adversely effected. In addition, cer
tain operating restrictions have been placed on the units as. a result 
of their current condition. Finally, the degredation of the steam gene
rator tubing has not been arrested. 

To assure continued reliable operation of the generating units at 100% 
of rated power in a reliable manner, the steam generators will be 
repaired. 

1.3 Scope of Work 

The basic approach to the repair of the steam generators will be to 
completely replace the lower shell assembly, i.e. that portion of the 
steam generator below the transition cone and part of the transition 
cone, and to replace and/or modify certain components in the upper 
shell. The steam generator will be cut on the transition cone, just 
below the upper girth weld as shown on Figure 3.1-1 and the inlet and 
outlet reactor coolant piping, the steam line piping and feedwater 
piping will be parted and sections removed. The steam generator upper 
shell assembly will lifted off and placed in a storage-work 
location in the containment since it can not be reoved from the con
tainment through the equipment hatch because its diameter exceeds that 
of the equipment hatch. The lower assembly will then be lifted from 
its support and transported out of the containment through the equip~ 
ment hatch. The replacement assembly will be transported and installed 
in a similar manner. The old upper and new lower assemblies will be 
welded together in the field, as well as the aforementioned piping. 
Section 3 describes the process in more detail. 

1. 4 Schedule 

The current schedule for shutting down· the units to commence steam 
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generator repairs is: 

Unit No. 1 October 1979 - April 1980 
Unit No. 2 January 1979 - Juri.e 1979 
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The planned shutdown date is tentative since the repair outage has 
been scheduled to coincide with a normal refueling outage ·in order 
to maximize unit availability. The actual· shutdown date will be deter
mined by fuel burnup and other operating factors. It is anticipated 
that the unit will be out of service for approximately six (6) months 
to complete the repairs to each unit. 

6 

In order to maximize the use of resources, it is planned to complete 
the repairs to Unit No. 2 and return it to service before the shut
down on Unit No. 1 to commence repairs. 

3 

1.5 Implementation of Repairs 

The repair of the steam generators will be completed in accordance 
with the provisions of the "Vepco Nuclear Power Station Quality 
Assurance Manual" as described in "Topical Report, Quality Assurance 
Program Operations Phase", VEP-l-3A. The aforementioned report has 
been revised and approved by the Nuclear Regulatory Commission in 
their letter of February 22, 1977. 

The repair program will also be completed in accordance with the 
provisions of Section XI of the American Society of Mechanical 
Engineers Boiler and Pressure Vessel Code (ASME Code), 1974 edition, 
including addenda through Winter 1976. 

The guidelines o'f Regulatory Guide 8.8, "Information Relevant to 
Ensuring That Occupational Radiation Exposure at Nuclear Power Stations 
Will Be As Low As Reasonably Achievable", Revision 2, will be 
considered in the preparation and implementation of the repair program. 

1.6 Project·organization 

A special Vepco project management organization has responsibility for 
the project and will provide assistance to the Station Manager as de
scribed in the Vepco Nuclear Power Station Quality Assurance Manual 
(NPSQAM). This organization shall have responsibility for the technical 
direction for design and engineering, as well as the repair efforts at 
the site. The basic project organization consists of a Project Manager, 
Project Engineer, Resident Engineer, and Resident Project Control Engineer. 

The steam generator project. team will serve in the same capacity as the 
Supervisor-Nuclear Engineering Services as described in Section 3 of the 
NPSQAM. 

The Project Engineer has overall responsibility for establishing 
the technical requirements for the repair effort and for preparing 

.... ·- ~ ~ ..... --- ---· -·--·· --· ... -
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"Engineering Reviews", "Safety Analysis", "Finai Analyses", "Final 
Designs" and·other items required by Section 3 of the NPSQAM. He 
is also responsible for the preparation and review of procedures 
drawings, calculations,- analyses, engineering evaluations, etc. 
Several consulting organizations have been retained to provide 
technical services for the project. At this time the following 
organizations will participate in the repair program: Westinghouse 
Electric Corporation, Stone and Webster Engineering Corporation, 
NUS Corporation, and Newport News Industrial Corporation. Other 
organizations may be utilized as required. 

The project Engineer will issue "Final Design Work Packages" to 
cover each basic work activity or phase of the repair effort. These 
packages will be reviewed in accordance with the NPSQAM and will 
govern all repair work. 

The Resident Construction Engineer will be responsible for imple
menting the "Final Design Work Packages" issued for the project and 
coordinating this activity with all other station activities. He 
will be assisted by personnel familiar with station operations and 
construction methods. Vepco health physics personnel will provide 
radiation protection and monitoring services. This will assure 
coordination of all repair activities with current health physics 
programs. Vepco will utilize an installer to complete the repair 
program. The installer will be the Daniel Construction Company. 

The Resident Project Control Engineer will be responsible for support 
activities associated with the project, including scheduling, purchas
ing, accounting, accountability and storage of materials, etc. 

Quality Assurance Program 

"The quality assurance program for the replacement of the steam 
generators shall be in accordance with "Topical Report, VEP-l-3A, 
Quality Assurance Program, Operation Phase" and is implemented by 
the "Vepco Nuclear Power Station Quality Assurance Manual" with 
specific supplement entitled "The Steam Generator Replacement and 
Select Maintenance Quality Assurance Program". 

The Vepco Quality Assurance Department shall be responsible for pro
viding quality assurance services in accordance with the Vepco NPSQAM. 
Vepco will perform vendor surveillance activities. Quality assurance 
personnel assigned to both the Richmond General Office and the Surry 
site will provide QA Services. These ·personnel shall have the re
sponsibility for assuring that the repair program is complete in 
accordance with the NPSQAM. 

Quality Control functions will be performed by the installer or. 
others. Vepco personnel will audit these Quality Control programs. 
The steam generator replacement lower shell assemblies and other 
components to be replaced will be designed and manufactured in 

3 
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accordance with the Quality Assurance Program of the Westinghouse 
Electric Corporation as described in WCAP-8370-Rev. 8A. 

Steam Generator Components 

The repair program will consist primarily of replacing the existing 
steam generator lower shell assembly, including the tubing, channel 
head, shell and all interior components, with new similar components. 
The Westinghouse Electric Corporation will supply the replacement 
steam generator lower assemblies and certain moisture separation 
equipment to be replaced in the upper shell. 
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The modified steam generators will incorporate a number of design im
provements to increase operating reliability, improve maintainability 
and inspection and to improve resistance to corrosion of the secondary 
side. As discussed in another section, the physical thermal and 
hydraulic characteristrics of the steam generators will be identical 
or similar to the original units. The emphasis of this section will be 
on the design improvements which will be incorporated in the modified 
steam generators. 

2.1 General Description 

The functional requirements of each steam generator will remain the 
same as those reported in the FSAR and as summarized below. 

Each loop of the Reactor Coolant System contains a vertically mounted 
U-tube steam generator. These generators consist of two integral sec
tions: an evaporator section and a steam drum section. The evaporator 
section consists of a U-tube heat exchanger while the steam drum sec
tion houses moisture-separating equipment. The steam drum section is 
located in the upper part of the steam generator. The generators are 
designed and manufactured in accordance with Sections II, III, and IX 
of the ASME Boiler and Pressure Vessel Code. 

High pressure and high temperature reactor coolant flows into the 
channel head, through the Inconel U-tubes, and back to the channel 
head. A partition plate divides the channel head into inlet and 
outlet sections. An access opening for inspection and maintenance is 
provided in each section of the channel head. Welding of the U-tubes 
to the tube support plate ensures zero leakage across the tube joints. 
The tubes are supported at intervals by horizontal support plates. 

Feedwater enters the unit through the nozzle located on the upper 
shell and is distributed by a feedwater ring into the 'downcomer' 
annulus formed by the tube wrapper and steam generator shell. The 
feedwater mixes with recirculation flow and enters the tube bundle 
near the tube sheet. Boiling occurs as the flow rises in the tube 
bundle. 

A set of centrifugal moisture-separators, located above the tube 
bundle, removes most of the entrained water from the steam. Steam 
dryers are employed to increase the steam quality to a minimum of 
99.75 percent (0.25 percent moisture). 

The steam drum has two bolted and gasketed access openings for 
inspection and maintenance of the dryers which can be disassembled 
and removed through the opening. 

All pressure-containing parts, with the exception of the Inconel 
tubes, are made of carbon or low alloy steel. All surfaces in contact 
with the reactor coolant are made of, or clad with, stainless steel 
or Inconel. 
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All Volatile Treatment (AVT) will be used as the method of second
dary system chemistry control. This method of treatment is the pre
ferred method based on operating experience at the Surry Power Station, 
as well as other operating stations. Inspections of steam generators 
using AVT have yielded data which demonstrates its effectiveness in 
eliminating tube cracking, thinning, and denting. 

2.2 All-Volatile Treatment Chemistry 

The purpose of this section is to briefly discuss the use of all
volatile treatment for secondary system chemistry control as related 
to the steam generator. Since the design of the steam generators is 
integrally related to the method of feedwater treatment, it is 
appropriate that AVT be briefly discussed. This presentation is 
not intended to be a complete technical discussion of AVT, but merely 
to indicate the rationale for using AVT following the modification and 
to provide the basis for evaluating the improvements discussed herein. 

2.2.1 AVT Operational Experience 

In the latter part of 1974, Westinghouse recommended a change
over from phosphate io all-volatile treatment secondary 
system chemistry control. Since that time, inspection re
sults from 17 units operating exclusively on AVT, or for a 
limited time on phosphate control, have shown no evidence of 
corrosion, tube leakage or tube denting. These inspection 
results indicate that the integrity of the steam generator 
is consistent with the objective of high reliability and 
longevity. ' 

Operational history for the 17 units indicates AVT is the 
preferred method of treatment. Nearly 40 months 0f suc-
cessful operation have been exnerienced on one unit and it has 
been nearly 30 months since th:i:s unit made the switch from 
P04 chemistry control to AVT.- A summary of the most recent 
inspection results for 12 units is listed in Table 2.2-1. These 
results indicate that there has been no steam generator tube 
corrosi'on such as occurred. at several other units during extended 
period of P04 control. Furthermore, there has been no evidence 
of the denting phenomenon in any of these units. As shown in 
Table 2.2-1, steam generator tube leakage at Tihange is considered 
a consequence of tube processing contamination first detected 
during hot functional testing. Findings of tube corrosion at 
Takhama 1 are understood to be unrelated to AVT exposure. Labor
atory examination of tube samples from this unit revealed that 
the thinned zones are inactive sites, and thus a result of prior 
phosphate exposure. The sites are covered with aged secondary
side deposits consisting largely of magnetite and minor makeup 
water contaminants. · 

None of the six units' that switched from P04 to AVT had accrued 
more than 3 months effective full-power operation on P04 . The 
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subsequent AVT operation had proceeded beyond the time when 
denting, cracking, or thinning had been experienced in units 
wi.th extended prior J?04. 

The AVT experience has been achieved at units which utilize 
fresh, brackish, or seawater condenser cooling, with condensate 
polishing used in only three of the 17 plants. 

In contrast to the voluminous, granular sludge accumulations 
associated with Po4 operation, the sludge in the all-AVT and the 
limited prior Po4 steam generators exists as fine particles of 
high density which pass through 10-micron filters which retain 
phosphated sludge. The range of elemental metal compositions of 
the AVT sludge, with the exception of the P04 contribution in 
switchover units, has diminished. Since the feedwater system 
chemistry control is unaffected by the switch to AVT, this result 
was anticipated. Sludge lancing operations have benefited from 
increased mobility of the sludge particles and improved operational 
procedures. __, 

With remarkable consistency, these units have operated free from 
steam generator problems, yielding eddy current inspection data 
that demonstrate the absence of either systematic or detectable 
tubewall degradation. Sludge accumulations have been small in 
magnitude, and the physical characteristics of the sludge particles 
including size, composition, and mobility, suggest tube-sheet deposits 
less likely to support aggressive environments. Problems encountered 
in units exposed to extended phosphate treatment are limited to a 
small group of units. Data from others in this class indicate that 
tube corrosion has been diminished approaching the vanishing point 
in several units. 

New steam generator designs have evolved, incorporating features 
which improve circulation ratio, increase corrosion resistance, 
and ensure more conservative operational conditions. These designs 
apply measures tested by field modifications of existing units and 
verified by model testing, predictive computer codes and laboratory 
studies. The steam generators described herein include these 
evolutionary features. 

The application of AVT to new steam generators has resulted in 
excellent long-term tube integrity. The design features and 
materials incorporated in the replacement units should result 
in the same long term integrity. 

AVT Chemistry Program 

Condenser leakage, makeup water flash evaporator carryover or 
demineralizer breakthrough, and condensate/feedwater systems 
corrosion products are the major sources of chemical agents that 
have the potential for accumulating as sludge on the steam 
generator tube sheet, producing deposits on steam generator 
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heat transfer surfaces and for the materials of which the steam 
generators are made. The feedwater is the means by which these 
chemical agents are transported to the steam generato:r .- All 
Volatile Treatment (AVT) chemistry provides no buffer against 
the effects of condenser leakage;· it is incapable of preventing 
the formation of scale should the chemical agents that have the 
propensity for scale formation be present, and the ammonium 
hydroxide or the amines added to the system for feedwater pH 
control have minimum effectiveness as stea1n generator pH control 
agents at the operating temperature in the steam generator. There-

. fore, to accomplish the goal of maintaining a steam generator 
side in an all volatile chemistry envirornnent which is innocuous 
to the steam generator materials,_ it is necessary to minimize 
the introduction of contaminants to the system and to minimize 
corrosion of the materials of construction of the condensate and 
feedwater systems. In addition to providing the proper environment 
for the steam generator, a well maintained AVT chemistry program 
will accomplish the following: ·· 

1. Maintain a high integrity of all systems components 

2. Avoid or minimize turbine deposits due to carryover 
and volatility from the steam generator. 

3. Minimize sludge at its point of concentration, the 
steam generator. 

4. Minimize scale deposits on the steam generator heat 
transfer surfaces. 

S; Minimize feedwater oxygen content prior to entry 
into the steam generator. 

6. Minimize corrosion of the condensate/feedwater 
systems materials. 

These objectives can be achieved by exercising chemistry con
trol over the systems, including sampling and analysis (in-
line and laboratory), chemical injection at selected points, 
continuous system blowdown from the steam generator, and effect
ive protection of the steam generator and feedwater train in
ternals during periods of inactivity. 

2.2.3 AVT Requirements 

The steam system All Volatile Treatment chemistry specifications 
are addressed to -

1. Minimizing metal corrosion. 

2. Limiting the accumulation of sludge in the steam 
generator. 
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Minimizing scale formation (Ca-Mg) on the heat 
transfer surfaces. 

4. Minimizing the potential for the formation of free 
caustic or acid. 

5. Maintaining "zero" dissolved oxygen level. 

The above objectives will be accomplished by meeting the three 
steam generator control parameters identified in Table 2.2-2 

.specifically, the blowdown pH, cation conductivity, and the 
free hydroxide. 

Protection of the steam generators during inactive periods due 
to maintenance and refueling requires placing the steam gen
erators in a layup condition. To insure the long-term per
formance of the steam system, the same degree of chemical control 
is exercised during these idle periods as that exercised during 
normal unit operation. 

Periods of hot shutdown and hot standby operation require that 
steam be released from the steam generators to release heat in 
the Reactor Coolant System due to heat input from reactor core 
decay heat and reactor coolant pump heat. Chemistry control is 
applied during such operations similar to that exercised during 
normal operating conditions. 

2.2.4 AVT Chemistry Specification 

2 .. 2. 4 .1 The AVT specification as shown in Table 2. 2-2 is based 
on: 

2.2.4.2 

1. The use of ammonium hydroxide or an amine for 
feeding water and steam pH control. Morpholine 
and cyclohexylamine are acceptable. 

2. The use of noncatalyed hydrazine for oxygen 
scavengi~g in the feedwater train. 

3. Continuous blowdown and continuous chemical 
addition. 

4. Limiting the concentrations of contaminants in 
the feedwater and in the steam generator. 

Feedwater Chemistry Control Parameters 

Dissolved Oxygen - For corrosion prevention, oxygen 
must be eliminated as far as possible from the feed
water entering the steam generator. There should be 
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no detectable oxygen(< 0.005 ppm) present in the blow
down under any operating or test condition. Oxygen is 
controlled by the addition of hydrazine at the discharge 
of the condensate pumps. The use of sulfite for this · 
purpose is prohibited. 

For hot functional testing and hot standby, the concen
tration of oxygen in the feedwater can be 0.1 ppm or 
less provided the concentration of hydrazine injection 
into the steam generator is 3 to 5 times the oxygen 
concentration in the feedwater source. 

Hydrazine - Hydrazine is added to the feedwater to con
trol oxygen as mentioned above. The concentration of 
hydrazine in the steam drum during hydro and wet layup 
must be in the range of 75 to 150 ppm. For hot function
al testing and hot standby the hydrazine concentration in 
the feedwater should be maintained at 3 to 5 times the 
oxygen concentration in the feedwater source. For power 
operation~ a hydrazine residual of< 0.005 ppm in excess 
of the feedwater oxygen is maintained downstream of the 
highest pressure feedwater heater. 

Steam Generator Chemistry Control Parameters 

Level of pH - When controlling steam generator chemistry 
on AVT chemistry it must be recognized that (1) AVT 
provides no buffering capacity for contaminants entering 
the steam generator and (2) the steam generator bulk 
water pH is at or slightly in excess of the neutral pH 
for water at the operating temperature of the steam gen
erator. The absence of alkalinity in the steam generator 
at its operating temperature is due to the low ionization 
of the feedwater pH control amines at these temperatures. 
Therefore, contaminants entering the steam generator that 
are more strongly ionized than the feedwater pH control 
amines have the potential for producing major perturbations 
to the bulk water either in the form of free hydroxide 
(from fresh waters) or acidity (sea water or treated 
circulating water - cooling towers). The objectives of 
the steam generator pH control parameters are to provide 
a means for controlling free hydroxide or free acidity 
in the steam generator bulk wa~er to minimize corrosion 
of the steam generator materials and turbine cycle and 
to provide a means whereby perturbations to the s·tea.m 
generator chemistry from sources such as condenser leak
age can be recognized. 

Measurement of pH - The pH measurement provides signifi
cant input concerning the chemistry conditions in the 
secondary system and the reactions occurring as a 
result of containment input. 

Cation Conductivity - In the recirculating steam gener-
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erator, the only bulk water losses from the steam gen
erator are the blowdown and the moisture that is entrain
ed in the steam. Therefore, any contaminant entering the 
steam generator will tend to concentrate until co.rrective 
action is taken. For this reason, blowdown cation con
ductivity is one of the more sensitive methods available 
for monitoring contaminant input to the steam generator. 

Free Hydroxide - It has been established in the lab
oratory and in operating units that Inconel 600 steam. 
generator tubing. is susceptible to caustic stress
assisted corrosion cracking, and because of this fact, 
every effort must be made to exclude free hydroxide 
from the steam generator enviromnent. 

2.3 Scope of Modified Design 

The modified steam generator will match the design performance of the 
originally installed steam generator; however, many design improve
ments are included that will improve the flow distribution, improve 
bundle access, reduce secondary side corrosion, facilitate maintenance 
and inservice inspection activ.ities and ultimately assure the integrity 
of the steam generators. The replacement lower assembly, shown sche
matically in Figure 2.3-1, includes the following features: 

1. A cast .channel head will be used to meet current In-Service 
Inspection (ISI) requirements. Improvements incorporated will 
affect the tube-to-tubesheet weld and the ends of the primary 
nozzles. 

2. Primary nozzle closure rings will be welded inside the channel 
head at the base of each primary nozzle so that closure plates 
can be installed during primary chamber maintenance. This de
sign allows the plates to be bolted to the rings for quick in
stallation and removal. 

3. A primary shell drain will be incorporated at the base of the 
channel head to improve drainage. 

4. The primary divider plate and primary manways will be identical 
to those of the previous designs. 

5. The channel head support pads will be identical to previous 
designs. 

6. The tubesheet will be of the same dimensions as the existing 
tubesheet, except for the weld prep lips, which will be slightly 
lengthened to enhance inservice inspection. Recessed tube-to
tubesheet welds will be used in conjunction with full depth tube 
roll for all tubes. See schematic in Figure 2.3-2. 

7. The secondary shell up to and including the transition cone will 
incorporate additional shell penetrations. 
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Four 6-inch handholes will be placed in the secondary shell just 
above the tubesheet-to-shell weld seam. These handholes are 
spaced 90 degrees apart, with two to be located on the tube lane. 

9. The primary manways and all handholes are designed to receive 
either welded diaphrams, gaskets, or both, without any modifications. 
In addition, bolt-on trunnions are provided for two handholes to 
facilitate installation. 

10. Two additional 6-inch handholes will be placed in the stub barrel 
just above the flow distribution baffle. These openings will be 
180 degrees apart and on the tubelane. 

11. The wrapper will be similar to the original wrapper except for 
modification at the bottom edge. This improved design will 
discourage flow in the tubelane yet will allow clear access 
from the handholes. 

12. A tube lane blocking device is installed to limit tube bundle 
bypass flow. Its design will be such that it does not hamper 
sludge lancing. 

13. 

14. 

A flow distribution baffle will be placed approximately 18 inches 
above the tubesheet. This baffle will be made of ferritic stain
less steel (as will all the tube support plates) and will have 
quatrefoil tube holes with a center cut-out. (See schematic in 
Figure 2.3-3) The purpose of this baffle will be to direct the 
water across the tubesheet to the center of the bundle. 
Sludge will be deposited in a limited region near the blowdown 
intake. 

The. tube support plates have a broached hole pattern using the 
quatrefoil design (See schematic in Figure 2.3-4). This design 
has a smaller pressure drop than circulation hole design. This 
low secondary pressure drop will cause a high circulation ratio 
which, combined with other improvements, translates into higher 
sweeping velocities and fewer tubes exposed to low steam quality 
at the tubesheet. The design also directs the flow to the tubes 
which will limit steam formation and chemical concentrations at 
the tube-to-tube support plate intersection. The tube support 
plate material will be ferritic stainless steel, which is more 
resistant to corrosion than carbon steel. 

15. The Inconel-600 tubes will be thermally treated. The tube dimen
sions are 7/8 inch O.D. with 0.05 inch wall thickness, which are 
identical to the dimensions of present tubing. 

16. The hinged support for the steam generator lower assembly manway 
cover is designed to facilitate its removal. 

17. Increased blowdown capacity will be provided to enhance secondary 
side chemistry. 

3 

3 

3 
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18. An addition of a wet layup nozzle to the upper shell, designed for 
a 2-inch pipe connection is included. This nozzle will be used 
in conjunction with the blowdown system to prevent localized 
chemical concentrations during periods of wet layup. These same 
connections may be used for chemical cleaning. A typical system 
similar to that to be installed is shown in Figure 2.3-7. 

19. Because of the design improvements in the lower shell assembly 
which yield a high recirculation ratio, it is necessary to 
replace the three large primary mositure separators with 16 smaller 
more efficient, primary separators. This modification will also 
add mositure separation margin at the base power level. This design 
change also requires replacement of the feedwater distribution ring 
and rerouting of the secondary moisture separator drains. These 
changes will insure that the 0.25 percent moisture carryover limit 
is not exceeded. 

20. The new feedwater ring will be supported in such a way as to allow 
a welded connection to the feedwater nozzle. This 
welded connection will eliminate feedring drainage when the water 
level is allowed to'_drop below the ring. 

21. The feedring will have J-tubes distributed so as to direct a larger 
amount of incoming feedwater to the hotleg side of the tube bundle. 
This distribution has the effect of suppressing hot leg boiling. 
The combination of J-tubes and welded feedwater nozzle connection 
will reduce the possibility of waterhammer. 

22. The tubesheet will be marked by stamping to allow quick identification 
of tube locations. 

23. The insulation of the steam generator will be redesigned to facili
tate removal for maintenance and inservice inspection activities. 

24. Because of the use of the quatrefoil tube support plate, the stay
rods will be relocated and additional ones added~ 

25. To facilitate relocation and addition of stayrods while keeping 
the steam generator volumes the same, the tubes will be about 
seven (7) inches longer. 

26. The modified ·steam generators will allow the use of an efficient 
sludge removal system, similar to that shown in Figure 2.3-6. 

27. 

It is not planned to install a permanent sludge removal system. 

Connections for an additional narrow range level channel will be 
provided on each upper shell. 

For the purpose of discussion, the design improvements have been 
categorized according to the major benefit of each change and are 
discussed below 

2.4 Design Improvements to Prevent and Inhibit Corrosion 

2.4.1 Increased Circulation Ratio 

3 
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Circulation ratio is defined as the total tube bundle flow d~vided 
by the feedwater flow and is directly proportional to the steam 
quality exiting the tube bundle. As the circulation ratio in
creases, certain parameters of the steam generator such as 
lateral velocity, steam quality, void fraction and number of 
tubes exposed to sludge, change in a favorable direction. Low 
steam quality in the bundle reduces tube exposure to local steam 
blanketing. This also reduces the number of potential areas of 
concentration for chemical impurities. In addition, higher 
circulation ratios increase the flow exiting the downcomer and 
sweeping across the tubesheet to the center of the bundle. 
The circulation ratio for the refurbished steam generators will 
be approximately 4.5. 

2.4.5 Flow Distribution Baffle 

A flow distribution baffle has been provided approximately 18 inches 
above the -tubesheet. This baffle has a cut out center section and 
quatrefoil tube holes. The increased circulation ratio provides a 
greater lateral flow across the tubesheet surface. The baffle 
plate will assist in redirecting the flow across the tubesheet 
then up the center of the bundle through the center cutout. The 
design is sized to minimize the number of tubes exposed to 
sludge. Consistent with this purpose the design causes the 
sludge to deposit in and near the center of the bundle at the 
blowdown intake. The flow distribution baffle plate material 
is ferritic stainless steel, Type 405. 

2.4.3 Improved Internal Blowdown Design 

Each steam generator will be designed to have two 2-inch, schedule 
40 Inconel internal blowdown pipes. The blowdown rate from the · 
steam generator is varied as required by chemistry conditions in 
the feedwater and as monitored in the blowdown. Maintenance of the 
steam side water chemistry is assisted through the use of the 
blowdown system. Therefore, a continuous blowdown is preferred to 
intermittent blowdown. Continuous blowdown of the steam generator 
provides a dynamic system which is constantly removing impurities 
from the steam generator. During hot standby and hot functional 
testing, blowdown is employed as needed to maintain the steam 
generator chemistry within specification. The blowdown intake 
location is coordinated with the baffle plate design so that the 
intake is located where the greatest amount of sludge deposition 
is expected to occur. 

2.4.4 Tube Expansion in Tubesheet 

Following insertion into the tubesheet hole, tack rolling, welding 
and gas leak testing, the tubes are expanded to the full depth 
of the tubesheet hole. Full depth expansion prevents crevice 
boiling. In addition, it prevents a buildup of impurities from 
forming in the crevice region. 

3 
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Extensive research has determined that significant improvement 
in the stress corrosion resistance of Inconel 600 tubing can 
be achieved by modification of the metallurgical structure 
through thermal treatment. The primary objective of this 
treatment is to develop an improved metallurgical structure, 
associated with the grain boundary precipitate morphology; which 
provides increased margin with respect to stress corrosion perfor-
mance. Several benefits result from this treatment such as: 
improved resistance to stress corrosion cracking in NaOH, resist
ance to intergranular attack in oxygenated environments, resist
ance to intergranular attack in sulphur-containing species and 
reduction of residual stress imparted by tube processing. 

Studies conducted have indicated that certain heat treatments 
can improve caustic stress corrosion resistance but result in 
a chromium depleted grain boundary layer (sensitization) which 
is not as resistant to off-chemistry environments should they 
be experienced. Analysis of available data also indicates that 
there is a broad band of temperature and time within the typical 
sensitization range for Inconel 600 which provides improved 
resistance to stress corrosion cracking in both caustic and pure 
water environments. The thermal treatment to be used will be 
wi.thin this time-temperature band. 

2.4.6 Offset Feedwater Distribution 

Feedwater flow within the steam generators will be divided such 
a larger percentage of the flow is directed to the hot leg side of 
the bundle than the percentage of the flow is directed to the cold 
leg side of the bundle. This reduces the steam quality in the 
hot leg side of the bundle and raises the steam quality in the 
cold leg side of the bundle. The effect of these changes in 
steam quality is to shift the point of highest steam quality at 
the tubesheet elevation toward the center of the bundle. The 
point of highest steam quality has the lowest density and is 
therefore a likely region for chemical concentration and sludge 
deposition. This location then is a prime place to locate the 
blowdown intake. 

2.4.7 Corrosion Resistant Support Plate Material 

Corrosion in the crevice between the tube and tube support plate 
has had a well documented deleterious effect on the tubing in 
that area and the steam generator performance in general. Al
ternative support plate materials have been evaluated and SA-
240 Type 405 ferritic stainless steel has been selected as the 
optimum material for this application. This material is ASME 
Code approved and is resistant to corrosion with the chemistry 
expected during the operation of the steam generator. In addi
tion, SA-240 has a low wear coefficient when paired with In-
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cone! and has a coefficient of .thermal expansion similar to carbon 
steel. Corrosion of SA-240 results in an oxide which has approxi
mately the same volume as the parent material whereas corrosion 
of carbon steel results in oxides which have a greater volume 
than the parent material. Type 405 also has material properties 
important to fabrication which are equivalent to carbon steel. 
In addition to the tube support plates, the baffle plate will be 
constructed of SA-240 Type 405. 

2.4.8 Quatrefoil Tube Support Plates 

The quatrefoil tube support plate design consists of four flow 
lobes and four support lands. The lands provide support to 
the tube during all operating conditions, while preventing 
wear or fretting. This design has a lower pressure drop than 
the most current circulation hole designs. This low secondary 
pressure drop will cause a high circulation ratio which, when 
combined with other improvements, translates into higher 
sweeping velocities and fewer tubes exposed to a low steam 
quality at the tubesheet. This design directs the flow along 
the tubes, which will limit steam formation and chemical con
centrations at the tube-to-tube support plate intersections. 

2.5 Design Refinements to Improve Performance 

In the course of evolution of the steam generator design, as extra
polated from operating experience and ongoing research and develop-
ment programs, certain improvements and refinements have been incor
porated in recent designs to improve performance of thermal hydraulic 
characteristics. Many of the design improvements specified herein have 
been field tested in operating units as a result of the "Mechanical 
Modification Program". The mechanical improvements listed below have 
been implemented at a number of units including Surry and have proven 
effective. Figure 2.5-1 shows the mechanical modifications which have 
been implemented. The modifications include (1) perforated plates on 
the secondary separator, reduced swirl vane outlet orifice diameter and 
deck plate relief to enhance moisture separation, (2) offset feedwater 
flow to suppress hot leg boiling, (3) removal of the downcomer resistance 
plates to maximize circulation ratio and prevent remixing of the offset 
fee~water (4) blockage of the tube lane to minimize bypass, and (5) 
blowdown redirection to maximize blowdown efficiency. Inspection has 
verified the sludge deposition aspects of the design concept. The 
improvement in thermal hydraulics and reduced vapor generation at the 
tube sheet can be attributed mainly to the feedwater offset and increased 
fluid velocity. Both of these improvements have been due largely to the 
increased circulation ratio. 

2.5.1 Recessed Tube to Tubesheet Weld 

The tubes on the refurbished lower assemblies will be recessed 
slightly into the tubesheet holes and then welded to the tubesheet 
cladding. Elimination of .the protruding tube stub in the present 
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design results in lower entry losses and therefore a lower 
pressure drop in the primary loop. In addition, a possible 
point of crud buildup is avoided with this design. 

2.5.2 Tube Lane Blocking Device 

Feedwater exiting from behind the wrapper in the vicinity of the 
tube lane will tend to preferentially channel to this path of 
less resistance and bypass part of the tube array. In order to 
prevent this flow channeling a series of plates are placed in the 
tube lane. These plates block the flow into the tube lane and 
prevent channeling. These plates are arrayed so that there will 
be no interference with the sludge lancing procedure. 

2.5.3 Moisture Separator Improvements 

Since the circulation ratio in the steam generator has increased, 
the duty for the moisture separator equipment will increase. To 
accomodate this increase, the present large separators will be 
replaced by 16 small swirl vane separators. These smaller 
separators have been tested and have demonstrated improved moisture 
separation capacity. 

The installed secondary demisters will be repaired as required 
and reused. 

2.6 Design Changes to Improve Maintenance and Reliability 

Operational experience, including necessary maintenance and repair has 
resulted in certain changes in design which are directed to improving 
the maintainability and ultimately the reliability of the units.. Other 
changes have been incorporated to prevent occurrences of operational 
problems which have been experienced. These changes are discussed 
below. 

2.6.1 Access Ports 

The lower assemblies will be constructed with four additional 
6-inch access ports and two 2-inch access ports in the area of 
the tubesheet. Four 6-inch access ports will be located slightly 
above the tubesheet 90 degrees apart with two being located on 
the tube lane. Two additional 6-inch access ports will be located 
on the tube lane, between the flow distribution baffle and the 
first support plate. At this same elevation, 90 degrees away 
are two 2-inch access ports. The addition of these access ports 
will improve and promote inspection of the tubesheet and flow 
distribution baffle and assist in the sludge lancing procedure. 
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·A 2-inch nozzle is being added to the upper shell to facilitate 
the wet layup of the steam generators during the periods of 
inactivity. The wet layup nozzle can be used for addition of 

· chemicals during these. periods to prevent any excursions of 
the water quality in the steam generator. The nozzle can also 
be used in conjunction with other systems to circulate water 
through the steam generator during periods of layup. 

Primary Shell Drain 

A primary shell drain is included in the channel head to improve 
drainage of the channel head, The improved drainage will lessen 
downtime and facilitate any maintenance or inspection to be con
ducted in the channel head. 

2.6.4 Primary Closure Rings 

Closure rings will be welded inside the channel head at the base 
of each primary nozzle so that closure plates can be installed 
during primary chamber maintenance. This design allows the plate 
to be bolted to the rings for quick installation and removal. 
Closure plates allow maintenance or inspection to be conducted 
in the channel head while other operations are conducted with the 
reactor cavity flooded. 

2.6.5 Feedwater Distribution Ring Modification 

The feedwater distribution ring on the refurbished steam generators 
will be welded to the feedwater nozzle. This welded connection 
eliminates feedring drainage should the water level drop below 
the feedring during operation. In addition, the feedring will be 
provided with J-tubes. The combination of the J-tubes and welded 
feedwater nozzle will significantly reduce the possibility of 
waterhammer. 

2.6.6 Marking Steam Generator Tubes 

The location of each tube will be marked in accordance with an 
established grid system, i.e. row and column number. It is 
presently planned to mark every other tube by using a metal 
punch. The marking of the tubes will facilitate identification 
of tubes for plugging or inspection; thereby, minimizing radiation 
exposure and time required for the activity. 

2.6.7 Steam Generator Insulation 

The existing insulation on the steam generators will be replaced. 
with stainless steel, reflective type insulation. Appropriate 
provisions for in-service inspection will be provided. 

2.7 Design Basis 

The design improvements incorporated herein are based primarily on 
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operating experience to date and the ongoing laboratory work. To 
provide a better understanding of the basis of improvements incor
porated into the modified steam generators the following discussion 
is presented. 

2. 7 .1 General . 

Care has been taken to·m1.n1m1.ze regions of low velocity through
out the steam generator, especially in the vicinity of the tubes. 
The flow distribution baffle included in this design has the 
purpose of directing the recirculating flow across the tubesheet 
so that the crossflow velocity remains sufficiently high to pre
vent sludge deposition. When the flow turns upward through the 
center cutout of the flow distribution baffle a majority of the 
sludge will be deposited in the vicinity of the blowdown pipe. 
The blowdown system operates continuously to maximize removal of 
this sludge. The tube holes are quatrefoil design and allow 
axial flow near the tubes. The axial flow velocity through the 
flow distribution baffle is in excess of the axial flow sludge 
deposition velocity. At each tube support plate elevation the 
axial flow is also in excess of the deposition velocity. 

Six 6-inch openings are placed in the lower shell to aid in sludge 
lancing and the bundle inspection. Four of the openings are at 
an elevation just above the tubesheet. They are spaced 90 degrees 
apart with two of the openings on the tubelane. Two additional 
ports are 180 degrees apart, on the tube lane, at an elevation 
just above the flow distribution baffle. 

The proposed steam generator design has a square tube pitch, 
identical to that of the existing steam generators. One of the 
significant advantages of the square pitch is enhancement of 
sludge removal. The clear line-of-sight paths perpendicular to 
the tube lane allows for excellent sludge removal. This advantage, 
coupled with effective sludge lancing methods and the highly 
mobil AVT sludge has resulted in high sludge removal efficiency 
in field units of similar design. 
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The replacement steam generator lower assemblies will be designed and 
manufactured in accordance with the 1974 Edition of the ASME Code, 
including addenda through Winter 1976. All components will be designed 
to meet Section XI. "Rules For Inservice Inspection of Nuclear Power 
Plant Components". The steam generator lower assemblies will bear the 
applicable ASME Code stamp. 
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SERIES 51 STEAM GENERATOR 
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Plant Name 

Prairie Island 1 

Zion 2 

Kewaunee 

Takahama 1 

Ringhals 2 

Dael 1 

Takahama 2 

Praire Island 2 

Genkai 1 

D. C. Cook 1 

Tihange 1 

Dael 2 

TABLE 2.2-1 
SUf'ilMARY OF MOST RECENT 

INSPECTION RESULTS 

Inspection Results 

No defects, no dents, minimal sludge 

accumulation 

No defects, no dents, minimal sludge 

accumulation 

No defects, no dents, significant sludge 
accumulation 

Prior thinning, no denting, minimal 
sludge accumulation 1 

No defects, no dents, minimal sludge 
accumulation 

No defects, no dents, minimal sludge 

accumulation 

No defects, no dents, minimal sludge 

accumulation 

No defects; no dents, minimal sludge 

accumulation 

No defects, no dents, minimal sludge 
accumulation 

No defects, no dents, minimal sludge 
accumulation 

Three defects reported, [a] no denting, 

minimal sludge accumulation 

No defects reported, E/C tapes not yet 
reviewed by Westinghouse, minimal 

sludge accumulation 

a. Leakage was first observed during preservice inspection. Tube analysis indicates manufacturing predated 
contamination of tubing. 
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FIGURE 2. 3-3 
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FIGURE 2. 3-6 
TYPICAL SLUDGE REMOVAL SYSTEM 
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FIGURE 2.5-1 
STEAM GENERATOR MECHANICAL MODIFICATION PROGRAM 
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3.0 REMOVAL AND INSTALLATION OF STEAM GENERATORS 

3.1 General 

This section contains a general description of the actual remoyal 
and installation of the lower steam generator assemblies and activ
ities associated therewith. The discussion is limited to the metho
dology to be used and the basic removal and installation criteria. 
Detailed engineering is currently in progress to establish the 
specific techniques, processes, equipment, material, etc. which is 
required. 

The basic technique which will be used to repair the steam generators 
will be to cut the currently installed steam generator on the trans
ition cone just below the upper grith weld as shown in Figure 3.1-1. 
The inlet and outlet reactor coolant piping the steam line piping 
and feedwater piping will be parted. The steam generator upper shell 
assembly will be lifted off and placed in a storage-work location 
in the containment. The lower assembly will then be lifted from its 
support and transported out of the containment through the equipment 
hatch. The replacement assembly wil1 go through the same steps in 
reverse. The upper and lower assemblies will be welded together in 
the field. A more detailed description of the process is given below. 

3.2 Guidelines and Criteria 

A number of guidelines and criteria are applicable to the overall 
repair process. They are summarized below: 

1. The reactor vessel will be completely defueled prior to the 
repair·work. The fuel will be stored in the spent fuel pool for 
the duration of the repair outage. The removal of the fuel 
assemblies will eliminate the possibility of potential incidents 
involving the fuel which could affect the health and safety of 
the workers or the general public. 

2. Access to the containment will be through the present equip
ment hatch; therefore, no structural changes will be required. 
to the containment structure which forms part of the contain
ment pressure boundary. Minor structural changes, e.g. chipping 
of concrete, may be required on internal walls; however, the 
effect on internal structures is expected to be insignificant. 

3. The entire repair process will be preplanned to assure that it 
can be completed in an efficient and safe manner. The guidelines 
contained in Regulatory Guide 8.8, "Information Relevant to 
Ensuring That Occupational .Radiation Exposure at Nuclear Power 
Stations Will Be As Low As Is Reasonably Achievable", will be 
followed where applicable. Jn keeping with these guidelines 
mockups and training will be used to minimize outage tillle and 
radiation exposure. Decontamination and other exposure limiting 
techniques will be used where they offer a significant savings 
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in exposure commensurate with overall program objectives. 
scaffolding and other components will be prefabricated to 
possible to minimize radiation exposure and outage time . 

Special 
the extent 

4. The reactor cavity will be covered by structural members to m1n1m1ze 
the possibility of damage to the reactor vessel and associated com
ponents during the repair program. 

5. The repair program will be completed in accordance with the Vepco 
Nuclear Power Station Quality Assurance Manual and Section XI of 
the ASME Code, including such items as interaction of reapir activi
ties with the unaffected part of the station, design reviews, 
radiation control procedures, document control, material acquisitions, 
etc. 

6. The actual repair process will be similar to the methods used during 
original construction of the units. Much of the experienced gained 
during original construction is applicable to the repair process 
and will be used as appropriate. 

7. The potential environmental effects of the repair program are expected 
to be minimal. However, reasonable precautions will be exercised to 
further minimize any environmental impact. 

8. Presently installed station facilities will be augmented as required 
to accomodate the additional personnel who will participate in the 
repair program or to facilitate the actual repair work. The areas 
of special concern are facilities to prevent the spread of radio
active contamination, disposal of radioactive material, and security 
provisions. 

9. The major portion of the repair program will be performed by a 
commercial installer under the direction of Vepco personnel. It 
is presently anticipated that Vepco will utilize its own radiation 
control procedures and personnel. The installer will provide 
quality control personnel and procedures and Vepco will provide 
quality assurance personnel, As provided for in ASME Code Section XI,[ 

8 

the installer will comply with all the technical requirements of 
the ASME code short of acquiring the ASME "N" authorization. How-
ever, administrative controls necessary for such authorization will 
be in effect, 

10. The length of the steam generator repair outage is now estimated to 
be approximately 180 days. This schedule is predicted on working 
24 hrs/day. The schedule is divided into the following phases: 

a. Preshutdown activities 
b. Shutdown and preparatory activities 
c. Removal activities 
d. Installation activities 
e. Post Installation activities 
f. Startup activities 
g. Post Startup activities 
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Each of these
1 

phases is discuss·ed in the following paragraphs. 

3.3 Preshutdown Activities 

Prior to the first unit shutdown, the repair program will be pre
planned and appropriate provisions made for accomplishing each 
activity required in the repair process. Appropriate procedures, 
drawings, and instructions will be uti:).ized in the performance of 
repair activities. Engineering activities will be completed during 
this time, as well as establishing temporary installation facilities, 
material acquisition, training of personnel, prefabrication of 
certain components and completion of items which do not require 
a unit shutdown. 

The "work package" concept will be used for the repair program whereby 
individual tasks will be defined and a work package for each task, 
containing all pertinent information required to complete that task 
will be completed. 

3.4 Post Shutdown Activities 

Following the shutdown of the unit, certain preparatory activities 
will be completed prior to the actual removal process. The following 
activities are typical of those which will be performed; however, 
they are not necessa5ly_lj_st=ed--iff-order~h they will be performed. 

1. Establish appropriate valve lineups'consistent with the 
requirements of the repair efforts. 

2. Place systems in the appropriate condition for long term 
layup, i.e. approximately six (6) months. 

3. Open equipment hatch and establish access control to work 
area. 

4. Remove reactor pressure vessel head and upper internals and 
store. 

s. 

6. 

The movement of fuel will commence about 7-10 days following 
unit shutdown. The fuel movement will be completed in about 
3 days. The fuel will be stored in the spent fuel storage 
pool for the duration of the outage. The temperature of the 

·pool is normally maintained at about 95°F. The offloading 
of a full core could result in a calculated fuel pool temper~ 
ature of 153°F using 1 cooling pump and 1 cooler and 129°F 
using 2 pumps and 2 coolers. Based on operating experience 
the actual temperature is not expected to exceed 120°F. The 
fuel pool cooling system is designed to accomodate a full 
core discharge as discussed in the FSAR and in "Summary of 
Proposed Modifications to the Spent Fuel Pool Associated with 
Increasing Storage Capacity for Surry Power Station Unit Nos. 1 
and 2" submitted May 27, 1977, Serial No. 186. 

Replace reactor vessel head. 

7. Survey containment work areas and establish radiation 
zones. 

3 
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8. Perform local decontamination of work areas to the extent 
possible and shield areas which can not be d.econtaminated. 

9. Install cover over the reactox: cavity to provide protection 
to the reactor vessel and associated equipment and to pro
vide a contiguous work area. 

10. Assemble special prefabricated scaffolding to gain access to 
all work areas. 

11. Remove biological shield wall and transport debris from the 
containment. These walls are not/structural members, they 
are only required for shielding. 

12. Remove a section of the pressurizer cubicle wall to provide 
access space for the girth welding equipment. 

13. Remove insulation from steam generators, feedwater piping, 
steam line piping, reactor coolant piping, and other com
ponents and transport debris from the containment. 

14. Install local control structures, such as tents,ducting, 
temporary filters, etc. 

15. Install the steam generator transport system, (rails), 
inside the containment and on equipment hatch platform. 

16. Install temporary equipment hatch platform. 

17. Inspect and test containment polar crane. The polar crane 
will be used to make all major lifts. 

18. Install temporary containment ventilation system. 

3.5 Removal Activities 

Having established appropriate access requirements, radiological 
controls, installation of temporary facilities to provide access to 
the work areas and for removal of debris and components, and the 
removal of insulation from the equipment, the actual removal pro
cess can connnence. A description of the basic removal process is 
given below; however, the sequence of activities is not necessarily 
in order of implementation. 

The description given below is applicable to one steam generator; 
however, the other two (2) steam generators will be removed in a 
similar manner. The activities for all three generators will be 
performed roughly simultaneously; however, because of availability 
of the polar crane, the commencement of the activities for each 
steam generator will ·be staggered, e.g., the removal process may 
not begin for steam generator number 2 until about a week after 
it·begins for number 1. 

Cutting of the steam generator and large piping will be by flame 
cutting techniques, including plasma arc. 

3 
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1. Remove miscellaneous small piping, such as blowdown piping, 
and instruments and control~, such as level transmitters, to 
facilitate removal of the steam generator. 

2. Cut steam line piping at the steam nozzle on the upper shell 
and downstream to allow a section of the piping to be removed 
so that the upper and lower shells can be lifted. The 
removed section will be marked for identification and stored 
for reuse. (See Figure 3.4-1) 

3. Cut feedwater piping at its junction with the upper shell and 
upstream from the junction to allow a section of the piping 
to be removed so that the upper·and lower shell can be re
moved. (See Figure 3.4-1) 

4. Cut and remove reactor coolant inlet and outlet piping. A 
section of the hot leg (inlet) piping (an elbow) will be 
removed by cutting the pipe at the steam generator nozzle 
and on the outlet side of the reactor coolant system iso
lation valve. A larger section of cold leg (outlet) piping, 
consisting of two elbows and two straight sections, will be 
removed by cutting the pipe at the steam generator nozzle 
and upstream of the reactor coolant pump. Figure 3.4-2 
schematically shows the portions of the reactor coolant 
piping which will be removed. 

5. Cut steam generator wrapper, and internal blowdown piping 
to facilitate lifting of the upper shell. None of these 
components will be reused. 

6. Cut steam generator shell on the transition cone. The 
criteria for the cutting location is that the outer diameter 
of the lower shell must be is smaller than the size of the 
equipment hatch and that the inside diameter of the upper 
shell must be large enough to clear the steam generator 
internals. The method of cutting the steam generator is 
currently being evaluated. The lower shell will not be 
reused; however, the upper shell will. 

7. Lift off the upper shell of the steam·generator with the 
polar crane and store in the containment. The diameter of 
the upper shell prohibits it from being removed from the 
containment because its diameter exceeds that of the equipment 
hatch opening; therefore, refurbishment activities on the 
upper shell will be performed in the containment. 

SSGP 3.5-1 
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8. After the upper shell is removed, it will be placed on the oper
ating deck in the inverted position (steam nozzle down), where 3 
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the moisture separation equipment, feedring and other associated 
equipment will be removed. The secondary moisture separation 
equipment (demisters) will be reused. 

9. The steam generator supports will be disassembled and/or removed 
to allow the lower steam generator assembly to be lifted by the 
polar crane. In very simple terms, the steam generator support 
consists of a "cradle" lower support which is supported by 
structural members attached to the bottom of the operating floor. 
The weight of the steam generator is carried by this cradle. 
An upper-support ring which encompasses the generator is loc~ted 
at ·about the level of the operating floor and provides lateral 
support for seismic loads. 

10. The steam generator lower assembly will be lifted from its 
supports supports by the polar crane. The polar crane will be 
attached to the lower shell by means of cables or straps attached 
to the two lifting trunnions on either. s_ide of the steam generator. 
A special lifting rig will be used to attach these cables to 
the crane hook. As shown in Figure 3.4-3, the steam generator 
will be lifted straight up out of its supports, moved aside in 
the vertical position to a designated location on the operating 
floor, and lowered onto the transportation mechanism in the 
horizontal position. The lower shell assembly will be trans
ported out of the containment through the equipment hatch on a 
specially designed transport mechanism. The transport mechanism 
is currently being designed and will be a temporary system that 
will be able to transport the lower shell assemblies efficiently 
and safely. 

11. The steam generator lower shell assembly will be removed from 
the containment through the equipment hatch. By utilizing this 
access to the containment, it will not be necessary to violate 
the containment structure which services as a pressure boundary. 
The equipment hatch opening is nominally 14 feet 6 inches. A 
small amount of concrete around the periphey of the opening in 
the crane wall will have to be removed. This will not affect 
the structural integrity of the wall. 

12. Appropriate radiological controls will be in effect during the 
removal process. Since the lower steam generators themselves 
will be a major source of radioactive contamination following 
the cutting operations, special covering devices will be employed 
to allow the openings created as a result of cutting to be 
quickly sealed to minimize the spread of radioactive contamination 
and radiation exposure. These covering devices will be designed 
so that they can be quickly and easily installed and to provide 
the degree of shielding required. 

3 
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13. During removal and thereafter, the containment work areas will 
be cleaned and decontaminated to the extent practicable. 

14. Following. the transport of the steam generator lower assemblies 
through the equipment hatch, they will be removed from the equip
ment hatch platform by means of a mobile crane and transported to 
the steam generator storage facility. The disposition of the 
steam generator lower assemblies and associated equipment and 
debris is discussed in another section of this document. 

3.6 Installation Activities 

Following the removal of all three steam generator lower-assemblies, 
the major installation activities will commence! The major steps 
involved in the installation process are discussed below. The 
sequence in which the steps are presented is not necessarily that 
which will be implemented for the actual installation process. 

1. The replacement steam generator lower assemblies will be 
delivered by barge. The assemblies will be removed from the 
barge by conventional techniques and transferred to a rubber 
tired transporter. The loaded transporter will travel on the 
existing roadway from the dock to the equipment hatch platform, 
a distance of approximately 1.5 miles. While it is planned to 
install the steam generator lower assemblies at or near their 
time of delivery, it may be necessary to store the steam gen~ 
erators onsite for a short period of time. Provisions will 
be made for appropriate storage. 

2. The steam generator lower assemblies will be lifted from the 
transporter onto the equipment hatch platform by ,means of 
mobile cranes. They will be moved through the equipment 
hatch and into the containment using the containment trans~ 
port system. 

3. The ~ssembly will be transported to a designated location 
within the containment and will be upended using the polar 
crane. The assembly will then be liefted vertically and moved 
to a position over the steam generator supports. The assembly 
will be lowered into place in the supports. 

4. Reassemble and/or reinstall the steam generator support system. 

5. Install new moisture separation equipment, feedring,and other 
inter·nal components in the upper shell. Prepare mating 
surface of upper shell for welding to lower assembly. 

6. Lift upper steam generator shell into place and align with 
lower assembly. 

3 
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7. Weld the upper and lower assemblies together, stress relieve 
and inspect. 

8. Weld the steam generator wrapper to the upper internals and inspect. 

9. Reinstall the reactor coolant piping. The installation procedure 
for this piping is similar to that used during the original 
installation of the piping. 

10. Fitup, weld, and inspect the main steam piping._ 

11. Fitup, weld, and inspect the feedwater piping. 

12. Install miscellaneous piping (e.g. blowdown). 

13. Install instrumentation and controls which were removed. 

14. Construct biological shield wall. 

15. Repair crane wall and pressurizer cubicle wall and other concrete 
structures which were removed. 

3.7 Post Installation Activities 

Following the completion of the major installation activities, it 
will be necessary to restore the unit to a condition from which unit 
startup can commence, and to perform tests or inspections. The follow
ing are typical activities which will be performed: 

1. Perform hydrostatic tests. 

2. Clean affected syptems and work areas. 

3. Install insulation. 

4. Remove scaffolding. 

5. Remove cavity cover. 

6. Reassemble the manipulator crane. 

7. Perform baseline inservice inspection on piping, equipment 
or components. 

8. Remove all temporary structures and supports. 

9. Refuel the reactor. 

3.8 Startup Activities 

Upon completion of the repair work, a number of activities must 

3 
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be completed to return the unit to power. Among these are: 

1. Establish valve.lineups and system conditions in accordance 
wi..th established procedures. 

2. Perform startup test program on the systems that were affected 
by the repair effort or othetwi,se required to satisfy test 
program requirements and the Technical Specifications. 

3. Run performance tests and moisture carryover tests to verify 
performance of the steam generators. 



Fl·GURE 3.1-1 
STEAM GENERATOR CUT LOCATION 

Main Steam ----

Cut 

~ Transition Cone Cut 

"'----a.=-- ~·--· vpc1au11~ I IVUI 

Pump-

' 



FEEDWATER ( 1411 ) 

y X 

'CUT/' 

• 
. . 

FIGURE 3. 4-1 
FEEDWATER AND STEAM LINE PIPING 

STEAM 
( 30 11

) 

B 

CUT~ 



• 

Pump 

.aJ 

t 
E 

FIGURE 3. 4-2 
SCHEMATIC OF REACT0R COOLANT SYSTEM PIPING 

SURRY POWER STATION - UNIT NOS. 1 AND 2 

Valve 

\1 --' 

D--

f 
C 

r 



e 

Crane Wall,,.. 

Upending Device 

FIGURE 3. 4-3 
SCHEMATIC OF STEAM GENERATOR LOWER ASSEMBLY 

REMOVAL AND INSTALLATION 
SURRY POWER STATION - UNIT NOS. 1 AND 2 

Containment Wall 

Ground Level ) 

Hatch Platform 

REV. 3 



• 

··-

·~-/ 

SSGP 4,.0-1 
REV. 0 

4.0 SAFETY CONSIDERATIONS 

4.1 Introduction 

The purpose of this section.is to discuss the safety evaluations which 
have been performed to date. While it is not expected that the con
clusions stated herein will change, during preparation of detailed 
engineering for the repair effort an ongoing safety review is being 
performed. The result of· these ongoing evaluations should have a 
negligible effect upon the overall. conclusion, i.e. that the repair 
program can be completed and the units returned to power for con
tinued operation without any significant adverse consequences for 
the health and safety of the general public or the personnel perform
ing the repair work. 

The discussion below addresses the following topics: 

1. Comparison of the operating parameters for the currently 
installed steam generators as described in the FSAR and 
those for the refurbished steam generators. 

2. Review of the current safety analysis contained in Section 
14 in the FSAR and supplements thereto. 

3. The effects of steam generator repair activities on the 
operating unit. 

4.2 Comparison of Modified Steam Generators With Existing Design 

The modified steam generators will have physical, mechanical, 
hydraulic and thermal characteristics.compatible with the original 
design and safety analysis as contained in the FSAR. The steam 
generator lower shell assembly will be designed, fabricated and 
analyzed in accordance with the requirements of the ASME Boiler 
and Pressure Vessel Code, 1974 Edition, including all adenda through 
Winter 1976. 

Design data for both the installed steam generators and the re
furbished steam generators are presented in Table 4.2-1. As can 
he observed, the design parameters for the originally installed steam 
generators and the refurbished units are identical with the exception 
of the following: 

1. 

2. 

The number of handholes has been increased to provide improved 
access to the secondary side of the steam generators. The 
modified steam generators will have six (6) handholes which are 
six (6) inches in diameter and two (2) access ports at the top 
of the tube sheet which will be two (2) inches in diameter. 

The number of tubes in each modified steam generator will be 
3342 versus the 3388 tubes which are now installed. The 
reduction of 46 tubes is required to facilitate the design 
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of the quatrefoil tubesheet and the relocation of the stayrods. 
In order to maintain the volumes and heat transfer area the same 
in both the original and modified steam generators, the length 
of all tubes will be increased by about seven (7) inches. 

The shell thickness of the modified steam generators will be 
2.9 inches versus the original 2.813 inches. 

Table 4.2-2 summarizes the construction materials for both the 
originally installed steam generators and the replacement units. As 
can be seen, the materials used in the modified steam generators will 
be similar to those used in the originally installed steam generators 
except where specific 4esign improvements have been made or a fabrication 
practice has changed. The following material changes have been made: 

1. The plate material used in the secondary shell formation has been 
changed to SA-533, Grade A, Class 2 from SA-533, Grade B, Class 1 
as a result of fabrication practices. The use of higher grade 
material provides increased safety margin since it satisfies all 
requirements and has a higher yield strength. 

2. The support plate material has been changed to SA-240, Type 405 
(stainless) from SA-285, Grade C (carbon steel) as a result of 
design changes made to prevent corrosion (discussed elsewhere 
in this document). 

3. The tubing material of both the modified and originally installed 
steam generators is SB-163; however, the tubing in the modified 
steam generators will be thermally treated as discussed in 
Section 2.7.13. 

4.2.1 Physical Compatibility With Existing Steam Generators and 
Systems 

4.2.2 

The steam generator lower shell assemblies will be physically 
similar to the presently installed units, except for the de
sign im2rovements which have been previously discussed in Sec
tion 2. The overall size and dimensions of the steam genera
tor will remain essentially the same, however, minor and in
significant dimensional changes may exist because of normal 
manufacturing tolerances and final fitup of the upper and lower 
shells. The location of nozzles and support attachments will 
remain the same. The dry and wet weights of the steam genera
tors will be approximately the same, as well as the center of 
gravity. 

ASME Code Application 

The presently installed steam generators were designed and con
structed to the requirements of the 1965 Edition of the ASME 
Code, Section III Winter 1965 addenda. The refurbished 
assemblies will be fabricated to the requirements of the 1974 
Edition of the ASME Code including all addenda through Winter 
1976. Design of the steam generators will be consistent with 

I 3 
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the original design of .the :R,eactor·coolant System, as well as 
theupper shell assembly of the steam generators. None of the 
requirements imposed;on the replacement assemblies will 
inhibit the capabil:i.ty o;f .the steam generators.to meet the 
performance requirements and withstand any of the transients 
analyzed in the FSAR. 



• 
Table 4.2--1 

STEAM GENERATOR DESIGN DATA (PER STEAM GENERATOR) 

Design Pressure, Reactor Coolant/Steam, psig 
Reactor Coolant Hydrostat1c Test Pressure 

(tube side), psig 
Hydrostatic Test Pressure, Shell Side, psig 
Design Temperature, Reactor Coolant/Steam, 

degrees F 
Reactor Coolant Flow, lb per hr 
Total Heat Transfer Surface Area, ft.2 
Heat Transferred at 100% load, Btu per ht 
Steam Conditions at 100% load, Outlet Nozzle: 

Steam Flow, lb per hr 
Steam Temperature, degrees F 
Steam Pressure, psig 

Feedwater Temperature at -100% load, degrees F 
Overall Height, ft-in 

. Shell OD, upper/lower, in. 
Shell Thickness, inc. 
Number of U-tubes 
U-tube OD, in. 
Tube Wall Thickness (nominal) in. 
Number of Manways/ID, in •. 
Number of Manholes/ID, in. , 
Reactor Coolant Water Volume, ft3 
Primary Side Fluid.Heat Content, Btu 
Secondary Side Water Volume, ft3 
Secondary Side Steam Volume, ft3 
Secondary Side Fluid Heat Content, Btu 
Secondary Side Mass, lb (100% load) 
Secondary Side Mass, lb (0% Load). 

Original 

2485/1085 

3107 
1356 

650/600 
33.57 X 106 
51,500 
2778 X 106 

3.5 X 106 

516.1 
770 
430 
67-8 
178/135 
2.813 
3388 
0.875 
0.050 
6/16 
2/6 
1077 
27.5 X 106 
3581.8 
1976.7 
95.0 X 106 
109,000 
170,000 

Rev. 4 

Refurbished 

N.C.* 

N.C. 
N.C. 

N.C. 
N.C. 
N.C. 
N.C. 

N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
2.9 

3342 
N .C. 
N.C. 
N.C. 

6/6 + 2/2 
N.C. 
N.C. 
N.C. 
N.C. 
N.C. 
117,000 4 
170,000 
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Plate (shell courses) 
Forgings (tubesh~et) 
Channel Head Casting 
Support Plates 
Channel Head Cladding 

Tubesheet Cladding 
Tubes 

Table 4.2-2 

STEAM GENERATOR MATERIALS 

Original 

SA-533 Grade B Class 1 
SB-508 Class 2a 
SA-216 Grade wee 
SA-285 Grade C 
Stainless Steel, 
Type 304 or equiv. 
Inconel 
SB-163 

Refurbishment 

SA-533 Grade A Class 2 
SB-508 Class 2a· 
SA-216 Grade wee 
SA-240 Type 405 
Stainless Steel, 
Type 304 or equiv. 
Inconel 
SB-163 Thermally 
Treated 
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The purpose of this section.is to eyaluate the potential effects that 
the repair·activities could·have on the accident analyses which have 
been performed for the Surry Power Station, Unit Nos. 1 and 2. This 
section provides a qualitative discussion of the effect on the accident 
analysis of steam generator parameter changes resulting from steam 
generator repair. 

In evaluating the effects in.the accident analyses, the guidelines 
and criteria contained in the FSAR have been used. The evaluation 
has also considered supplemental analyses which have been performed 
since the issuance of the FSAR, e.g. reload analyses The relevant 
unit operating pa:ic:meters and steam generator design parameters 
have been compared iP Table 4.3-1 and Table 4.3-2 respectively, 
for the original and replacement steam generators. While incorporating 
design improvements that will improve the flow distribution, tube 
bundle accessibility and reduce secondary side corrosion, the replace
ment steam generators continue to match the design performance of the 
original steam generators. 

1
It may be noted from Table 4.3-1 that there 

is very little change in unit operating parameters in replacing the 
steam generators. It is therefore to be anticipated that the impact 
on the accident analyses will be insignificant. The results of the 
accident evaluation show that the replacement of steam generators by 
physically and functionally similar units has not resulted in any c 
adverse changes in the unit operating conditions used in the FSAR 
and therefore the analyses presented in the FSAR are still valid. 

4.3.1 Non-LOCA Accidents 

Section 14 of FSAR includes analyses of 13 non-LOCA accidents; 

1. Uncontrolled control rod assembly withdrawal from a sub-
critical condition 

2. Uncontrolled control rod assembly withdrawal at power 

3. Control rod assembly drop 

4. Control rod assembly ejection 

5. Loss. of reactor coolant flow 

6. Chemical and volume control system malfunction 

7. Startup of an inactive reactor coolant loop 

8. Excessive load increase incident 

9. Excessive heat removal due to feedwater system malfunctions 

10. Loss of external electrical load 
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12. Loss of all ac power to the station auxiliaries .(blackout) 

13 • . Rupture of a main steam pipe (steam break) 

The effect of the secondary system on the results of the first 
four transients is of no consequence. The main reason for this 
is that the nuclear and thermal time constants of the fuel are 
much smaller that the fluid mixing and transport time, the latter 
being mechanisms responsible for secondary to primary inter
action. The rod withdrawal·from subcritical and rod ejection 
accidents have terminated in less than 20 secc;mds, a time near 
the magnitude of the coolant loop transport time. On the rod 
withdrawal at power transients the minimum DNB ratio occurs 
at the largest insertion rate protected by the overtemperature I 3 ~T trip. This case is terminated in less than a loop transport 
time and therefore will not be affected by changes to the steam 
generators. At smaller insertion rates any changes in the 
transient thermal behavior of the coolant may affect the response 
of the overtemperature ~T trip circuitry. However, the functional I 3 
form of the DNB ratio versus insertion rate plot shown in the 
FSAR will be maintained. It can be concluded therefore that 
replacement of the steam generators by smaller units will not 
affect the conclusions in the FSAR regarding the minimum DNB 
ratio or effectiveness of the overtemperature ~T and nuclear 
flux trips. The limiting consideration for the rod drop accident 
is the neutron flux redistribution resulting from the control 
rod movement and is clearly not coupled to steam generator 
performance. Therefore, it can be validly concluded that the 
first four accident transients identified above are unaffected 
by the replacement of the steam generators. 

The loss of reactor flow transient can be discussed collect
ively as was the/case for the four reactivity insertion acci
dents discussed above. Included in this general category are the 
following: 

1. Total loss of reactor coolant flow 
2. Partial loss of reactor coolant flow 
3. Locked rotor 

If the reactor is at power, the immediate effect of loss of 
coolant flow is a rapid increase in coolant temperature which 
could result in departure from nucleate boiling (DNB). However, 
the reactor is tripped on low frequency, low voltage or low 
coolant flow trips such that a minimum DNB ratio well above 1.3 
occurs about 3 seconds after the initiation of the transient. 
The low flow protection system consisting of the low voltage 
low frequency and low flow trips rapidly detect and protect 
against loss of coolant flow events. Changes in coolant 
temperature due to secondary parameter changes would not be 
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detected in the core during the time·frame of interest for 
this transient. Therefore, it can be concl~ded that the 
replacement of the steam generator will not affect the loss 
of coolant flow transients. 

The Chemical and Volume Control System malfunction is a boron 
dilution in the Reactor Coolant System caused by adding unborated 
water to the reactor coolant via the makeup control system. 
'.Factors to be considered in the analysis of this transient a·re. 
that a the maximum dilution rate depends o,n the charging puml' 
characteristics and.(b) that the malfunction must be recognized 
and terminated by operator action. Rel)lacement of the steam 
generators with physically and functionally similar units will 
neither affect the initiating circumstances nor the corrective 
actions for the Chemical and Volume Control System malfunction. 

It is apparent that only those accidents in which the primary 
transient coolant conditions result from an interaction with 
the secondary system will be affected by steam generator re
placement. The remaining accidents on the above list are 
generally concerned with primary coolant heatup. or cooldown 
resulting from loss of secondary heat sink or excessive heat 
removal from the secondary side. Therefore, they would be 
affected by changes reulting from steam generator replace-
ment. These accidents are evaluated individually in the 
following section~. 

An excessive load increase incident is defined as a rapid 
increase in steam generator flow that causes a power mismatch 
between the reactor core power and the steam generator load 
demand. The accident. is analyzed in the FSAR to show that a 
10 percent increase in steam flow from full power can be 
accormnodated without reactor trip. If a 10 percent step 

. load Jncrease is.postulated, feed flow will increase to match 
steam flow and maintain steam generator level. ·Depending on 
whether or not automatic rod control is available, a new steady 
state condition is established at the initial coolant average 
temperature or at a lower coolant average temperature. More 
than 10 percent power margin in DNB is available. Replacement. 
of the steam generators with units of similar physical size 
and tube structure will not affect the excessive load increase 
accident. 

4.3.1.1 Startup of an Inactive Reactor Coolant Loop 

If the stop valves in an inactive coolant loop are 
open, the cold leg temperature in the inactive loop 
will be identical to the cold leg temperatures of the 
active loops and to the .reactor core inlet temperature. 
If the reactor is operated at·power, there is a temper
ature drop across the steam generator in the inactive 
loop and reverse flow would exist thro.ugh the inactive 
loo:{) thereby lowering the hot leg temperature of that 
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I.:f; the unit.is operated with the loop stop va,lves of 
one of its·.loops closed, .there is no flow from the 
reactor vessel and active loops to the inactive loop, 
and the unit operates much.as if it were a unit lack
ing one loop. In such a situation, the isolated section 
of the loop would be cooler than the temperature of the 
inactive loops. Additionally, the boron concentration 
of the isolated loop might not be equal to that of t;he 
active portion of the system. 

If the loop valves are open, administrative procedures 
require that the unit be brought to less than 25 percent 
load level and approximate temperature equilibrium 
between loops prior to starting the pump in the inactive 
loop. If the stop valves are closed, administrative 
procedures require that the unit be brought to zero 
load, the temperature of the isolated loop be brought 
to within 10 degrees F of the active loops, and the 
boron concentration of the isolated loop be verified 
prior to opening the loop stop valves and returning 
the loop to service. 

Interlocks are provided to insure that an accidental 
startup of an isolated loop which has a lower temperature 
or lower boron concentration than the core and active 
loops will be a relatively slow event. The inter-
locks insure that flow from the isolated loop to the 
the remainder of the Reactor Coolant System takes place 
through the relief line bypassing the cold leg stop 
valve for a period of approximately one hour before the 
cold leg stop valve can be opened. 

The flow through the relief line is made low (approxi
mately 400 gpm) so that the temperature and boron con
centration in the isolated loop are brought to equil
ibrium with the remainder of the system at a relatively 
slow rate should the administrative procedures be 
violated. 

Case 1 Loop Stop Valves Initially Open 

The startup of an inactive reactor coolant loop 
accident occurs when a coolant pump in a loop, which 
has been inactive for a period of time (has been turned 
off) and which conta;i.ns water at a lower temperature 
than that in the active loops (the hot leg temperature 
of the inactive loop ;is lower than the reactor core 
inlet temperature.) is suddenly turned 0n and causes 
a significant increase in water flow.into the core. 
The decrease in co~e temperature due to the increase 
in flow and the injection of colder water causes a 
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rapid core power increase due primarily to moderator 
reactivity feedback. Verification that safety criteria 
for this accident are not violated is accomplished by 
demonstrating that the DNB ratio is always greater than 
1.30. 

Protection is provided by the following protection 
system features. 

1. Reactor trip on high power range, high range 
nuclear flux. 

2. Reactor trip on low reactor coolant flow in any 
loop above the P-8 setpoint. 

The analysis presented in the FSAR assumes that flow in 
the inactive loop flow is reversed and accelerated to 
its nominal full flow value instantaneously. Therefore 
the nuclear power increases to the trip value (118 per
cent) in 0.5 seconds as a result of increase in core 
flow causing a decrease in core average temperature 
even before the core inlet temperature began to 
decrease. However, even if a more realistic time 
constant (on the order of 20 seconds) is assumed for 
the inactive pump, the transport delay times in the 
steam generator and cold leg are such that the cold 
water in the inactive loop would not reach the core 
prior to reactor trip on the startup of an inactive 
loop accident with stop valves open. Therefore, 
the nuclear power transient results solely from the 
increase in coolant flow and is not affected by any 
changes in the steam generator heat transfer character
istics. The heat transfer characteristrics have not 
changed as a result of replacing the steam generators. 

Case 2 Loop Stop Valves Initially Closed 

In the FSAR, the startup of an inactive loop with loop 
stop valves closed is analyzed in order to estimate 
the time available for operator action, i.e., boration, 
before a condition of zero shutdown margin is reached 
and to calculate the maximum reactivity insertion rate, 
if the idle pump in an isolated loop is unexpectedly 
started when the isolated loop contains zero boron. 
The analyses assumes an inactive loop reactor coolant 
pump startup resulting in loop stop valve bypass flow 
into the core at the maximum rate of 400 gpm. The 
reactivity insertion rate is dependent only on the 
active loop boron concentration and the reactivity 
coefficients. Therefore, the results and conclusions 
in the FSAR are valid for the replacement steam gener
ators. 

3 
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4.3.1.2 Excessive.Heat Removal Due to Feedwater System Mal
functions 

Reductions in the temperature or additions of large 
amounts of .feedwater to the steam generators results 
in excessive heat removal from the primary coolant 
system. The resultant decrease in the average 
temperature of the core causes an increase in core 
power due to moderator feedback. If the reactor is not 
tripped during this accident, core damage might occur 
from excessive heat flux in the fuel rods. Verification 
that the safety criteria are not v·iolated is demon
strated by verifying that the DNB ratio is greater 
than 1.30. 

Excessive heat removal from the primary system may 
result from: 

1. Failure of a feedwater flow control valve 
resulting in abnormally large feed flow
rates to one steam generator. 

2. Failure of the bypass valve that diverts flow 
around the low pressure feedwater heaters 
resulting in a large reduction in the feedwater 
temperature to one steam generator. 

Protection is provided by the following reactor trip 
signals: 

1. High neutron flux 
2. Overpower /':, T trip 
3. Overtemperature /':, T trip 

The function of the bypass valve is to maintain net 
positive suction head on the main feedwater pump in 
the event that the heater drain pump flow is lost. 
In the event of an accidental opening of the feedwater 
bypass valve, flow is diverted around the low pressure 
feedwater heaters. This causes a sudden reduction in 
inlet feedwater temperature to the steam generators. 
This. increased subcooling will create a greater load 
demand on the primary system. Two cases are analyzed 
to demonstrate the unit behavior in the event of a 
sudden feedwater temperature reduction resulting from 
accidental opening of the feedwater bypass valve. The 
first case is for a reactor in manual control with a 
zero moderator coefficient since this represents a 
condition where the unit has the least inherent 
transient capability. The second case is for a reactor 
in automatic control with a large negative moderator 
coefficient. Initial primary coolant temperature and 
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power conditions are assumed at extreme values con
sistent wi.thsteady state operation to .allow for 
calibration and instrument errors. This results in 
minimum m~rgin to core DNB limit at the start of the 
transient. 

During the accidental opening of a feedwater bypass 
valve transient, the secondary heat extraction is 
greater than the core power generation •. This causes 
the pressurizer pressure and coolant average temperature 
to.decrease.· Without automatic reactor'control and a 
zero moderator coefficient of reactivity, the core power 
level increases slowly and eventually comes to equili
brium at a slightly higher power level. With automatic 
reactor control and a large negative moderator coeffi
cient the negative coefficient causes the core power to 
increase rapidly. Steady state conditions are reached 
at a higher power level. 

The analysis presented in the FSAR for the accidental 
opening of a feedwater bypass valve without reactor 
control and zero moderator coefficient shows that an 
equilibrium condition is reached without generating 
a reactor trip and the DNB ratio does not decrease below 
the initial value. For the case with automatic rod 
control and negative moderator coeff.icient the FSAR 
analysis shows that no reactor trip signal is generated 
and the DNB ratio remains well above 1.30. The replace
ment steam generator design has a larger full load 
steam generator mass. The mass of secondary fluid in 
the modified steam generator during a full load condition 
is about 8% larger than that analyzed in the FSAR. 

This increase in mass is caused by a higher recirculation 
ratio ( 4.5). It should be noted that the currently 
installed steam generators were modified in the field, 
i.e., the mechanical modifications discussed elsewhere 
herein were installed, which increased the circulation 
ratio to about 4.S-. Therefore, the recirculation ratio 
of the replacement steam generators is about the same 
which currently exists for the unit. This increased 
secondary side heat capacity would result in a slightly 
slower cooldown rate than in the FSAR analysis. The 
steady state conditions of the FSAR analysis would be 
reached at a slower rate. The same margins to reactor 
trip wi.11 exist. Therefore, the accident criteria would 
still be met with the replacement steam generators. 
According to the ;FSAR an evaluation has shown that the 
consequences of the accidental full opening of a feed
water control valve at full power are no more severe 
than those resulting fr~ the opening of the .teedwater 
bypass valve. This conclusion will not be affected 
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by the replacement steam.generator design. 

In the FSAR the reactivity insertion rate at no load 
has been calculated for an excessive feedwater accident 
resulting from a feedwater flow control valye failure. 
A step increase in feedwater flow to one steam generator 
from zero to the nominal full load flow was assumed 
and the maximum reactivity insertion. rate was shown to 
be less than the maximum rate analyzed in the uncontrolled 
rod withdrawal from a subcritical condition. The re
placement steam generator conditions at no load, in
cluding the mass df fluid in the steam generator, are 
the same as ·those of original steam .generators. There-'
fore, the feedwater flow control valve failure at no 
load accident results will not be affected by replacing 
the steam generators. 

4.3.1.3 Loss of External Electrical Load 

A loss of external electrical load may result from: 

1. Abnormal variation in system frequency, or other 
adverse system operating conditions. 

2. Trip of the generator or opening of the main breaker 
from the generator with failure of turbine trip; 
in this case the action of the turbine control 
system causes a large Nuclear Steam Supply System 
load reduction. 

3. Trip of turbine. 

The unit is designed to accept a step loss of load 
from 100 percent to 50 percent load without actuating a 
reactor trip. The automatic steam bypass system, with 
40 percent steam dump capacity to the condenser, is 
able to accommodate this load rejection by reducing the 
severity of the transient imposed upon the Reactor Coolant 
System. The reactor power is reduced to the new equili
brium power level at a rate consistent with the capability 
of the Rod Control System. The pressurizer relief valves 
may be actuated, but the pressurizer safety valves and 
the. steam generator safety valves do not lift for the 
50 percent step loss of load with steam dump. 

In the event the steam bypass valves fail to open 
following a large load loss or in the event of a complete 
loss of load with steam dump operating, the steam generator 
safety valves may lift. rhe reactor coolant temperature 
will increase rapidly and the DNB limit will be approached., 
The reactor is tripped on the following signals: 



e 

SSGP 4.3-9 
REV. 0 

1. High pressurizer pressure signal. 
2. High pressurizer level signal. 
3. Overtemperature tT signal. 

The steam generator shell side pressure will increase 
rapidly •. The pressurizer safety valves and the steam 
generator Spfety valves are, however, sized to protect 
the Reactor Coolant System and the steam generator 
against overpressurization for all load losses without 
assuming the availability of the steam bypass system. 
The steam dump valves will not be 0pen for load 
reductions of 10 percent or less. For larger load 
reductions, they may be open. The most likely source 
of a complete loss of load on the Nuclear Steam Supply 
System is a trip of the turbine-generator. In this 
case, there is a direct reactor trip signal (unless 
below approximately 10 percent power) derived from 
either the turbine autostop oil pressure or a closure 
of the turbine stop valves. Reactor coolant temper
atures and pressure do not significantly increase 
if the steam bypass system and pressurizer pressure 
control system are functioning properly. However, in 
the FSAR the behavior of the unit is analyzed for a 
complete lpss of load from 102 percent of full power 
without a direct reactor trip due to a turbine trip 
primarily to show the adequacy of .the pressure relieving 
devices and also to show that no core damage occurs. 
The Reactor Coolant System and Main Steam System pressure 
relieving capacities are designed to ensure safety of 
the unit without requiring the automatic rod control, 
pressurizer pressure control and/or steam bypass con
trol systems. 

In the FSAR, the following cases are analyzed for the 
loss of external electrical load accident: 

1. Beginning-of-life with pressure control and auto
matic rod control. 

2. End-of-life with pressure control and automatic 
rod control. 

3. Beginning-of-life without reactor control and 
pressure control. 

4. End-of-life without reactor control and pressure 
control. 

It is shown that .the accident criteria on system pressure 
and DNB are not violated in any of the loss of load cases. 
Th~ increase in a full load mass of the replacement steam 
generators would provide additional. heat capacity and 
reduce the heatup rate. Therefore, there are no adverse 
effects on this accident, and the conclusions of the FSAR 
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A loss of normal feedwater (from a pipe break, pump 
failures, valve malfunctions, or loss of outside ac 
power) results in a loss in capability of the secondary 
system to.remove the heat generated in the reactor 
core. If the reactor were not tripped during this 
incident, reactor core dmnage could possibly occur 
from a sudden loss of heat sink. If an al.ternate supply 
of feedwater.were not supplied to the unit, residual and 
sensible heat .following reactor trip. would heat the 
Reactor Coola.nt System Water to the. point where water 
relief from the pressurizer relief valves occurs. Loss 
of significant water from the Reactor Coolant System 
could conceivably lead to core damage. Since the 
unit is tripped well before the s.team generator heat 
transfer capability is reduced, the primary system 
variables never approach a DNB condition. 

The following provides the necessary protection against 
a loss of normal feedwater: 

1, Reactor trip on low-low water level in any steam 
generator. 

2. Reactor trip on main steam flow-feedwater flow 
mismatch in coincidence with low water level in 
any steam generator. 

3. Two motor driven auxiliary feedwater pumps (350 
gpm each) which are started automatically on: 

a. Low-low level ~n any steam generator, or 
b. Opening of both feedwater ·pump circuit 

breakers, or 
c. Any safety injection signal, or 
d. Loss of all ac power, or 
e. Manually 

4. One turbine driven pump (700 gpm) which is started 
automatically on: 

a. Low-low, level in 2/3 steam generators, or 
b.. Loss of volt.age on all 4160 volt busses, or 
c. Manually 

On the loss qf the feedwater transient following 
the reactor and.turbine trip, the water level in the 
steam generators will fall due to the reduction of 
steam.generator void fraction and because steam flow 
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through the.safety valves continues to dissipate the 
stored and.generated heat. The ~SAR analY.sis.demon
strates the.adequacy of .the auxiliary feedwate:r; system 
to remove stored and residual heat without water relief 
from the primary system, making conservative assumptions 
on steam.generator water.level at time 0f trip, residual 
heat generation in core, number of auxiliary feedwater 
pumps available and reactor coolant flow· (natural 
circulation flow is assumed). 

The loss of normal feedwater is a less of heat sink 
accident. The increased steam generator mass at full 
load of the replacement steam generaters is a change 
in a favorable direction since more heat sink is 
available. The physical dimensions of the steam gen
erator have not changed. Therefore, the conclusion that 
the tubesheet in the steam generators receiving auxi
liary feedwater will always be covered and adequate 
heat transfer capability will ~e maintained remains valid. 

Loss of All AC Power to the Station Auxiliaries (Blackout) 

The loss of ac power to the station auxiliaries is 
analyzed to demonstrate long term heat removal capabi-
ity by auxiliarcY feedwater and natural circulation reactor 
coolant flow. 

In the event of a complete loss of offsite power and 
a turbine trip there will be a loss of power to the 
station auxiliaries, i.e., the reactor coolant pumps 
condensate pumps, etc. After a loss of ac power with 
turbine and reactor trip, the following events would 
occur: 

1. Reactor coolant flow would coast down to natural 
circulation flowrates. Main feedwater flow 
would stop and auxiliary feed pumps would 
automatically start. 

I 

2. The rise in steam system pressure following the 
trip would automatically open the. power operated 
steam relief valves. (If the condenser is not 
available, the relief valves will be vented to 
the atmosphere). If the steam flow rate through 
the power relief valves is not adequate, the steam 
generator self-actuated safety valves may lift to 
dissipate the sensible heat of the ,fuel .and coolant 
plus the residual heat produced in the reactor. 

3. As the no load temperature is approached, the steam 
system relief valves are used to dissipate the 
residual heat and to maintain the plant at the 
hot shutdown condition~ 
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Upon the loss of power to the reactor coolant pumps, 
coolant flow necessa~y for core cooling and the removal 
of residual heat is :maintained by natural circulation 
circulation'.in the reactor coolant .loops. Differences 
in the average tube height can produce a change in the 
steam generator component of the natural circulation 
buoyancy driving head, and changes in the tube structure 
can cause a difference. in the component of primary system 
pressure drop due to .the steam generator. In the replace
ment steam generator design, the average tube height has 
changed in a beneficial way. The average tube height has 
increased, thereby increasing the driving head for natural 
circulation flow. The nominal pressure drop in the steam 
generator has decreased reflecting a smaller frictional 
pressure drop which can be extended to all flows. This 
decrease is caused by lower pressure drop at the entrance 
of the tube because of the recessed design. Therefore, 
it can be concluded that the loss of ac analysis in the 
FSAR is conservative for the replacement steam generator. 

4.3.1.6 Rupture of a Main Steam Pipe (Steam Break) 

Any uncontrolled release of steam, from one or more 
steam generators, constitutes a steam break accident. 
An uncontrolled steam release, typically through a 
ruptured steam line or a defective valve, causes 
the secondary system temperature and pressure to fall 
and the heat transfer rate through the steam generator 
tubes to rise. Therefore, the heat removal rate from 
the Reactor Coolant System increases, and the core 
moderator temperature drops. As the core is cooled 
the negative moderator temperature coefficient causes 
the core reactivity level to rise. The positive 
reactivity excursion due to the core cooldown may 
be great enoug~ to exceed the negative reactivity 
insertion due to the control rods and cause the 
core to generate power. If a single rod cluster 
control assembly fails to drop into the core, any 
power generation that may result from the cooldown will 
be concentrated in the area of that missing control rod 
assembly and may damage that section of the core. 
Analyses of this accident are performed to ensure that 
the following steam break core protection criteria are 
met: 

1. Assuming a stuck control rod assembly with or without 
offsite power, and assuming a single failure in 
the engineered safety features, there is not con
sequential damage to·the primary system and the 
core remains in place and intact. 

2. There will be no return to criticality for any 
single active failure in the main steam system. 
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The s~ngle active failure is the open~ng, with 
failure to ·close, of the largest steam bypass 
relief~ or safety valve. 

In practice, the minimum DNB ratio greater than 1.3 
is deemed sufficient to show that Criterion 1 has 
be.en satisfied. 

The following systems provide the necessary protection 
against the steam break acc'ident: 

1. Safety injection system actuation on: 

a. Pressurizer low pressure 
b. Steam line differential pressure 
c. High steam flow coincident with low 

coolant temperature or low steam line 
pressure 

d. High containment pressure 

2. Reactor trip on: 

a. Overpower reactor trips 
b. Reactor trip on safety injection signal 

3. Feedwater isolation on safety injection signal. 

4. Steam line isolation on a) high steam line flow 
coincident with low temperature or low steam line 
pressure and/orb) high containment pressure. 

Major assumptions include use of end-of-life core 
kinetics parameters, assumption of a stuck rod cluster 
control assembly, and minimum safety injection capabi
lity due to a single failure in the system. 

The cases considered are the complete severance of a 
main steam pipe upstream and downstream ~f the flow 
restrictor in the steam pipe, with and without the 
simultaneous loss of outside power and steam release 
through a safety valve. All the cases assume initial 
hot shutdown condition. Should the reactor be just 
critical or at power at the time of the break the rods 
would be tripped in and the additional stored energy 
would be removed by the cooldown before the no load 
condition and shutdown margin assumed above is reached. 

However, the greater steam generator mass at no load 
increases the magnitude and duration of the cooldown. 
The core power and Reactor Coolant System transient 
will not be af:f;ected by the replacement steam gen
erators. The reasons for this conclusion include 
the following: 
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.1. The key parameters which strongly influence the 
transient are performance of the emergency shut
down system and core.reactivity coefficients. 
Changes to these parameters as they are used in 
the analysis are not affected due to replacement 
of the· steplll generators. 

2. The flow area of the main steam line is an important 
factor in determining the amount and rate of heat 
extracted from the reactor coolant. This flow area 
remains unchanged for the proposed 1nodifications. 

3. No changes are experienced due to differences in 
initial conditions (zero load steam temperature 
and pressure·are identical for the unit with replace
ment steam generators). The no load steam generator 
mass is unchanged. 

Therefore, the steam line break analysis presented in the 
FSAR is valid for the replacement stea1n generators. 

4.3.2 Loss-Of-Coolant Accidents 

A loss-of-coolant accident (LOCA) can result fr01n a rupture of the 
Reactor Coolant System or of any line connected to that system 
up to the first closed valve. Ruptures of very small cross 
section, i.e., equivalent to 0.75 inch diameter hole or less, 
can cause expulsion of coolant at a rate which can be accommo
dated by the high head charging p1Ililps, as discussed in Chapter 
6 of .the FSAR. Should such an accident occur, these pt.nnps can 
maintain an operational le~el of water in the pressurizer, per
mitting the operator to shutdown the unit in an orderly manner. 
A moderate quantity of coolant, containing such radioactive im
purities as would normally be present in the coolant, would be 
released to the contaimnent. 

Should a larger break occur, resultant loss of system pressure 
and pressurizer level ultimately causes reactor trip and actuates 
the Safety Injection System. These countermeasures li1nit the 
consequences of the accident in two ways: 

1. Reactor trip and borated water injection supplement void 
formation in the core and cause rapid reduction of nuclear 
power to a residual level corresponding to delayed fissions 
and fission product decay. 

2. Injection of borated water assures sufficient flooding of 
the core to prevent excessive fuel temperatures. 

Operation of the Safety Injection System prevents melting and/or 
rupture of fuel cladding, limits the metal-water reaction and 
prevents gross core.geome~ry distortion for reactor coolant 
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piping ruptures up to and including the diameter of the largest 
pipe connected to the reactor vessel. 

A rupture in the Reactor Coolant System results in the discha~ge 
to the containment of reactor coolant and associated heat. The 
result of this discharge is a decrease in coolant pressure in the 
Reactor Coolant System and an increase in containment temper
ature and pressure. Engineered safeguards then operate, if 
required, to protect the core and return the containment to sub
atmospheric pressure. 

An evaluation was performed to determine the effects on Emergency 
Core Cooling System performance of the replacement steam generator 
parameters. The evaluation basis was a comparison with the current 
large break analysis for Surry which incorporates 20 percent steam 
generator tube plugging with an Fq of 2.0. 

Comparing the parameters of the replacement steam generator with 
the original steam generators (Tables 4.1-1 and 4.1-2), the 
following effects are noted: 

1. The decrease in the number of tubes while keeping the 
heat transfer area constant causes an increase in equiva
lent length and a higher mass flow through the tubes. 
This results in a 0.9 psi increase in the steady pressure 
drop across the steam generator tubes. 

Offsetting this, however, is a redesign of the weld between 
the tubes and the tubesheet which results in a 1 psi decrease 
in the pressure drop across the steam generators. The net 
effect is a decrease of 0.1 psi in the pressure drop across 
the steam generator. Due to the slightly lower resistance, 
a small decrease in peak clad temperatures will result. 

2. The reduction in steam generator flow area will affect the 
reflood portion of the transient of an increased resistance 
to steam venting from the core, thus lowering the reflooding 
water inlet velocity. This change in flow area can be expressed 
as being equivalent to 1.5 percent steam generator tube plugging. 
Based on a conservative estimate of a 10 degree F increase in 
peak clad temperature for each percent tubes plugged, the cal
culated peak clad temperature will increase by 15 degtees F 
over an analysis performed with no tube plugging. 

3. The increase in secondary side mass is negligible with repect 
to LOCA. 

It is concluded from this evaluation that the new steam generator 
parameters have an effect on the LOCA analysis equivalent to 
approximately 1.5 percent tube plugging. Since the latest large 
break Surry FSAR analysis was performed at 20 percent tube plugg
ing with an Fq of 2.0, this current analysis is conservative for the 
unit with replacement steam generators. 
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None of the parameters in the.replacement steam generator have a 
significant effect on small break LOCA. Thus the effect on the 
small break analyses is negligible and the small break analyses 
in the FSAR are applicable to the unit with replacement steam 
generators. 

The containment mass and energy release analysis for a LOCA is 
sensitive to reactor power and primary system volume. Since 
both of these parameters are unchanged the containment.'mass and 
energy release would be unchanged and therefore, the containment 
transient analysi.s for the LOCA is , unchanged. 

A new LOCA analysis will be performed and submitted in support 
of certain technical specification changes which will be sub
mitted to remove certain operating restrictions which have been 
imposed as a result of steam generator tube plugging. 

4.3.3 Steam Generator Tube Rupture 

The accident examined is the complete severance of a single 
steam generator tube adjacent to the tubesheet. It is assumed 
that the accident takes place at power and while the reactor 
coolant is contaminated with fission products corresponding to 
con.tinuous operation with one percent of fuel rods defective. 
The accident leads to contamination of the secondary system due 
to leakage of radioactive coolant from the Reactor Coolant System 
and in the event of a coincident loss of outside power there will 
be, in addition, a discharge of activity to the atmosphere through 
the steam generator safety and/or power operated relief valves. 
The ~team generator tube material is Inconel 600 and as the 
material is highly ductile it is considered that the assumption 
of a complete severance is extremely conservative. The more 
probable mode of tube failure would be one or more minor leaks 
of undetermined origin. Activity in the Steam and Power Con
version System is subject to continual surveillance, and an 
accumulation of minor leaks which approachs the equivalent of 
one complete tube rupture is not permitted during unit opera
tion. 

The main objective of the operator is to determine that a steam 
generator tube rupture has occurred and to identify and isolate 
the faulty steam generator as soon as possible in order to 
minimize contamination of the secondary system and ensure 
termination of activity discharged to the atmosphere. 

The recovery procedure can be carried out in such a time scale 
as to ensure that break flow to the secondary system is termi
nated before water level in the affected steam generator can 
rise into the main steam pipe. Sufficient indications and 
controls are provided to enable the operator to carry out these 
functions satisfactorily. A description of the accident, method of 
analysis, results and.recovery procedure· is given in the Surry 
FSAR, Section 14.3.1. 
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Significant parameters in the steam generator tube rupture analysis 
are given below: 

1. Steam generator tube diameter 
2. Steam generator pressure 
3. Steam generator volume 
4. Reactor coolant pressure 
5. Reactor coolant volume 
6. Reactor power 
7. Safety injection flow 
8. Normal and auxiliary feedwater flow 
9. Safety injection and reactor trip setpoints 

10. Steam generator iodine partition factor 

No unit parameters will change as a result of the steam generator 
replacement and, as shown in Tables 4.1-1 and 4.1-2, no steam 
generator parameters will be changed which would affect the tube 
rupture analysis. Thus, the tube rupture analysis in the Surry 
FSAR would be unchanged with the steam generator replacement. 
'rherefore, it can be concluded that the steam generator replace
ment will not affect the tube ruptur~ accident. 

Conclusions 

The following changes in steam generator or unit operating 
parameters are expected to occur as a result of the steam 
generator repair effort: 

1. The nominal secondary side water of each steam generator 
will increase by approximately 8% at full power to the 
increase in recirculation ratio over that presented in the 
FSAR. The no-load mass will not change. 

2. The number of steam generator tubes will decrease by 46 
as a result of redesign necessitated by the quatrefoil 
tubesheet and relocation of stay rods. The primary and 
secondary side volumes, as well as the heat transfer area, 
will be kept the same by increasing the nominal length of 
the steam generator tubing. 

3. The primary pressure drop will decrease by about 0.1 psi 
because of the effects of increasing the tubing length and 
the recessing of the tubing within the tubesheet. 

4. The reactor coolant flow area will be reduced by approxi
mately 1.5% because of the decrease in the number of steam 
generator tubes (3342 versus 3388). 

5. The equivalent length of the steam generator tubing will 
be increased by approximately 1.5% to account for the re
duction in the number of tubes. 

3 
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Each of the above changes has been evaluated to determine the 
potential effect that they could have on the safety analyses 
which have been performed to date for the Surry Power Station, 
Unit Nos. 1 and 2. · . It has been concluded that the modi,f;i.ed steam 
generators will not have any significant adverse effect on the 
accident analyses.which have been performed and that the analyses 
remain valid. 
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Table 4.3-1 

COMPARISON-OF OPERATING PARAMETERS FOR EXISTING AND 
REPLACEMENT STEAM GENERATORS ON SURRY UNITS 1·AND 2 

Nominal power/SG Unchanged 
Nominal primary flow/SG Unchanged 
Nominal hot leg temperature, OF Unchanged 
Nominal cold leg temperature, OF Unchanged 
Feedwater temperature, OF Unchanged 
Reactor Coolant System pressure, psia Unchanged 
Nominal steam pressure, psia Unchanged 
Nominal fluid mass/SG, lbm (100% Load) Increased 
No load fluid mass/SG, lbm Unchanged 
No load temperature, OF Unchanged 
Steam Flow Unchanged 

1\,8%* 

*This increase is based on the inventory of the originally installed 
steam generators and the refurbished steam generators. The originally 
installed steam generators were modified on Unit No. 1 in October 1975 
and Unit No. 2 in May 1975. These changes resulted in an increase in 
circulation ratio approximately equal to that in the refurbished steam 
generators. Therefore, the inventory for the "as-installed" steam 
generators and the refurbished steam generators is approximately equal. 

14 
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Table 4.3-2 

COMPARISON OF DESIGN PARAMETERS FOR EXISTING AND 
REPLACEMENT STEAM GENERATORS ON SURRY UNITS 1 AND 2 

Primary Side Volume 
Secondary Side Volume 
Number of Tubes 
Tube O.D. 
Wall Thickness 
Primary Pressure Drop 
Fouling Factor 
Heat Transfer Area 
Flow Area 
Equivalent Length 

Unchanged 
Unchanged 
Decreased by 46 
Unchanged 
Unchanged 
Decreased by 0.1 psi 
Unchanged 
Unchanged 
Decreased by ~1.5% 
Increased by ~1.5% 

3 
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As outlined in previous sections, the repair activity will be completed 
one unit whi.le the other is in the operating mode. An evaluation has 
been performed to identify and address interfaces of the unit that is 
being repaired with the. operating unit. In addition, the safety pre
cautions which will be implemented during the repair program on the unit 
undergoing :repair will also be addressed. 

4.4.1 Station Systems Design Analysis 

A preliminary analysis of all station systems has been performed 
to identify potential interface concerns that may arise as a 
result of the repair act;i.vity, especially in relation to the 
operating unit. For purposes of discussion, the unit which is 
not being repaired will be: identified as the "operating" unit, 
although it may be in the cold or hot shutdown condition. 
There are a number of systems which are shared by both units, 
including: 

1. Chemical and Volume Control System 
2. Boron Recovery System 
3. Component Cooling Water System 
4. Fuel Pool Cooling System 
5. Sampling System 
6. Auxiliary Ventilitation 
7. Drain System 
8. Lube Oil System 
9. Radwaste Systems 

10. Emergency Service Water System 
11~ Main Control Room 

These systems are described in the FSAR. 

The shared systems listed above may be powered from the unit that 
is being repaired, but may be required by the operating unit. 
During the repair program, the s.tation service busses of the 
repaired unit will be supplied from the reserve station service 
transformers. This is are the normal practice followed during 
normal refueling and other major outages. The limiting conditions 
of operation contained in the technical specification applicable 
to the operating unit will be satisfied. In order to minimize 
the electrical load on the station electrical systems, consideration 
is being given to supplying major loads associated with the re-
pair program from an offsite power source, i.e. a local distribution 
line, however, this may not be necessary because the electrical 
systems a:re designed for operating loads which are much higher. 

The emergency service water system i~ shared by both units, but, 
its operation is unaffected by the repair program since its elect
rical supply is independent of the station and it has its own 
emergency diesel drive system. 
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Three Reserve Station Service transformers are shared 
by both units. The 4,160 v emergency busses for both 
units are normally powered from these transformers during 
operation. All 4,160 v buses, normal and emergency, are 
powered from the transformers during start-up, shutdown, 
or hot standby. During the replacement of the steam 
generators, it is planned that all the 4,160 v busses of 
the unit which is out of service be powered from 
the reserve station service transformers. This will 
ensure adequate power for all station auxiliaries that 
will be required during the outage (e.g., lighting, 
heating, ventilating, turbing gear, and sump pumps) 
and for loads of those systems shared by both units 
which are powered from busses of the unit which is out 
of service. Power to the operating unit's 4,160 v 
emergency buses will be powered as usual from the 
reserve station service transformers. Major loads 
attributable to the repair effort will be reviewed to 
determine the effect on the station electrical systems 
and offsite power services may be used. 

4.4.1.2 Emergency Diesel Generators 

Unit Nos. 1 and 2 share a swing diesel generator. 
Safety injection signal (SIS) on either unit closes 
the breaker connecting the generator to the emergency 
bus of the unit in which the s_ignal occurs and· blocks 
closure of the breaker which would connect the gen
erator to the other unit's emergency bus. It can be 
postualted tpat an actual SIS in one unit and a 
spurious SIS signal in the other unit occurs and causes 
the closure of both breakers to be blocked. For this 
reason, Surry has a manual override that allows an 
operator to close the generatqr breaker on the unit 
which has had an actual SIS. During the replacement 
of steam generators, the swing diesel generator can be· 
dedicated to the unit which is operating and the inter
locks with the other unit can be disconnected from the 
circuit. This ensures that no signal from the unit 
which is out of service will have any effect on the 
ability of the swing diesel generator to perform its 
safety function for the operating unit. The diesels 
are mechanically independent. 

The emergency diesel generators have an eight (8) hour 
oil supply in their day tanks to assure that fuel oil 
is available to power the diesels during postulated 5 
accidents. The main fuel oil storage tank and associ
ated piping to the day tank are not required to be 
operable under accident conditions. The fuel oil 
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line itself is encased in concrete and is buried about 
4~ feet below the ground surface. The transport of 
heavy loads should not affect its integrity. However, 
following the replacement activities, its integrity will 

. be verified by appropriate tests and/or checks. 

4.4.2 Fire Hazards Analysis 

The "Fire Protection Systems Review" for the Surry .Power Station, 
Unit Nos. 1 and 2, dated July 1, 1977 and submitted to the NRC 
on July 1, 1977 is applicable to the steam generator repair effort. 
Although the results nf the review will not be repeated herein, 
sections of the review which may be especially applicable to the 
construction period are identified and described below: 

Section A.9 of the Response to Appendix A of BTP 9.5-1 identified 
those systems and structures which are shared by both units. Each 
is reviewed for the potential effects on the safest shutdown 
of either reactor in the event of fire. These analyses remain 
as valid when one unit is out of service for maintenance or con
struction as when both units are operating. 

Section F.l.b of the Responses to Appendix A delineates fire 
protection guidelines for the containment during refueling and 
maintenance. In accordance ,vi.th these· guidelines, additional 
fire protection will be provided in ~reas of the containment 
where maintenance introduces a fire hazard. Also, in accord-

-· ance· with these guidelines, the quantity and type of combustibles 
brought into the containment for maintenance purposes will 
be controlled by procedure. 

Section G.l of the Responses to Appendix A delineates special 
protection guidelines for welding and cutting. In accordance 
with these guidelines, such activity will be governed by pro
cedures which conform to NPPA Standards No. 51 and No. 51.3. 

4.4.3 Construction Hazards Analysis 

Installation activities related to steam generator repair do not 
differ significantly in type from maintenance activities accomp
lished during previous outages. Existing administrative pro
cedures will be augmented by additional procedures as necessary 
to assure that the repair work is carried out safely and that 
the repair effort does not interfere with the operating ur,it. 
Existing station procedures, as supplemented by procedures appli
cable to the repair program, will be followed. These procedures 
are fully documented and discussed in the Nuclear Power Station 
Quality Assurance Manual, the Security Program Manual, the Health 
Physics Manual, etc. Where appropriate, these manuals may be 
revised in accordance with established procedures. 

Appropriate precautions will be exercised to assure that radiation 
exposure will be maintained as low as reasonably achievable, in
cluding consideration of the guidelines contained in Regulatory 
Guide 8.8. 

5 
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4.4.4.1 The major accident of concern is the possibility of either 
dropping of the steam generator outside·of the containment 
or while placing it in the onsite storage vault. The 

. steam generato"r section to be disposed of is about 43 feet 
long and a maximum of 14 feet in diameter. Lifting out
side of containment will be accomplished by means of mo
bile cranes. The steam generator will be moved from con
tainment to the onsite storage vault on the transporter 
used to move the new steam generators from the bar to con
tainment. It is estimated that the maximum lift would be 
on the order of 20 feet in order to clear the side walls of 
the storage vault. 

The major source of potential contamination is the interior 
of the steam generator tubes and the primary side plenum at 
the bottom of the steam generator. The primary system in
let and outlet nozzles will be fitted with plugs welded in 
place. Because of the location of the inlet and outlet on 
the bottom of the steam generator, it is estimated that the 
long axis of the steam generator would have to hit the ground 
at an angle of less than 300 from the vertical in order for 
the inlet or outlet nozzle to receive the maximum impact. 

The worst case for the purpose of analyses assumed would 
be for the steam generator to fall during the lift into 

,, the storage vault, such that the lower end hits the-vault· 
wall, shearing off one of the primary nozzles. The wall 
coulc possibly collapse and the steam generator could end 
up part in and part out of the vault, perhaps buckled over 
part of the wall, but with the sheared nozzle on the ground. 

It has been conservatively assumed that about 20% of the 
activity in the steam generator is non-adherent. This non
adherent crud could also be dislodged by impact. For the 
purpose of analysis, it is also assumed that the impact 
would shear the nozzle plug so as to release a portion of 
the loose activity equivalent to the ratio of one nozzle 
opening to the cross-sectional area of the lower shell 
diameter of the steam generator. The majority of this 
would end up under the steam generator because of the posi
tion of fall. It has been assumed that O .1% of the crud 
released (see Table 5.4-1) would be airborne and in the 
respirable range. If the crud in the steam generator is 
still wet or at least damp because of the humid conditions, 
it is not expected to be readily airborne.. Conversely, if 
steam generator dries out because of residual heat the 
loose crud is expected to adhere more tightly to the piping 
and again not be readily airborne. 

The accident is assumed to result in a puff release under 
very stable conditions and a 1 m/sec wind. Calms at Surry 
occur about 5.1% of the time while wind speeds between 0.5 
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and 3.5 m/sec occur about 33% of the time. The assumed re
lease conditions are representative of the site meteorology. 
The dispersion was based upon equation 3.158, page 115 of 
"Meteorology and Atomic Energy" and data presented on page 
406 of the same reference. · The storage facility will be lo
cated about 500 feet from the site boundary. Further dis
persal of the spill would be prevented by cleanup procedures 
implemented as soon as feasible. Dose conversion factors 
were based upon inhalation of insoluble particulates ·as pre
sented in USNRC Reg. Guide 1.109. The estimated dose re
ceived by an individual at the site boundary is 24 mrem and 
is presented in Table 5.4-1. Doses further offsite would 
be proportionally smaller as a result of dispersion and de
position. 

4.4.4.2 Steam Generator Drop Inside Containment 

A steam generator drop inside containment would result in 
the release similar to the drop outside containment. How
ever, any airborne material would be removed by deposition 
in containment or by the containment ventilation filtration 
system. Offsite exposures as a result of this accident 
would be le3s thGn those estimated above as a result of the 
smaller source term and potentially greater dispersion 
afforded since the releas~ would probably occur over some 
period of time and not as a true puff release. 

4.4.4.3 Steam Generator Transportation On-Site 

An evaluation of the haul route to be utilized for the trans
port of the steam generators was made to determine any 
possible damage to subsurface piping, tunnels and electri
c.al ducts. The route was inspected for degradation and was 
found to be in good condition. The route was also checked 
for overhead obstructions. None were found. The only 
safety-related piping or electrical conduits passing under 
a section of this route are the fuel oil lines from the 
service building and the conduit containing power cables 
and control wiring to the fuel oil pumps. These are en
closed in concrete and are at a depth such that the load 
from the movement of steam generators will be dissipated 
and will not cause damage to them. 

The dropping of a steam generator on either radwaste faci
lities or the fuel building is not within the range of the 
lifting devices to be used to lift the steam generators 
from the equipment hatch platform to the transporter vehicle. 

Conclusions 

Based on the analyses performed to date, it is not anticipated that 
the steam generator repair program will have any significant effect 
on the operating unit and that the repair activities can be completed 
in a safe manner. Ongoing evaluations which are being conducted while 
completing detailed engineering are not expected to alter this basic 
conclusions. 
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A fire prevention and protection program is currently in effect 
at the Surry Power Station, Unit Nos. 1 and 2. A complete fire 
analysis has been conducted for the station and is sunnnarized in 
the report "Fire Protection Systems Review" dated July 1, 1977. 
This report was submitted to the Nuclear Regulatory Commission on 
July 14, 1977, Serial No. 277C, and -is currently under review. This 
section address those areas of fire protection and detection which are 
unique to the steam generator replacement activities. 

The majority of the work associated with the steam generator replacement 
activities will be performed in the containment. Therefore, the discus
sion below will be limited to that area. The steam generator replace
ment activities which do not occur inside the containment are similar 
to those which have been previously addressed in the aforementioned 
report, or are sufficiently remote from safety related equipment that 
the consequences of a fire will not affect their operation, eg. con
struction buildings. 

4.5.1 Fire Loading Analysis 

The fire loading analysis for the containments is presented 
on pages III-89 through III-102 of the referenced report and 
considers those combustibles normally located in the containment 
during normal operation. During the replacement activities, 
other combustible materials will be present in the containment 
to facilitate certain activities. The fire hazards analysis 
for these materials are summarized in Table 4.5-1. 

4.5.2 Installed Fire Protection Systems 

Section IV of the referenced report describes the fire protec
tion systems installed at the station. The equipment and 
facilities described, therein will continue to be available 
during the replacement outage. While it is anticipated that 
postulated fires that might occur during construction activi
ties can be controlled and extinguished with portable extin
guishers, a fire protective water supply system is available. 
This system is described in Section IV.E.2 of the referenced 
report. As stated in the report fire hydrants are located 
approximately every 200 feet in the yard loop and each station 
is equipped with appropriate equipment as described in Table E-2. 
Hydrants are located on the north leg of the fire loop across 
from the containment equipment hatch. The hose harness will be 
equipped as shown in Table E-2. 

Portable fire extinguishers are located throughout the site. 
At the present time, six (6) CO2 extinguishers are located at 
the personnel entrance to Unit No. 1 and No. 2 containments. 
These extinguishers are installed and maintained in accordance 
with NEPA 10 and lOA. 

3 
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It is presently planned to install a dry stand pipe in 
each containment to provide a water source within the con
tainment. This modification is scheduled to be completed 
prior to the steam generator replacement outage and would 
provide additional water sources. 

Fixed emergency lighting is provided in the containment at 
the personnel hatch by incandesecent lamps in industrial type 
fixtures. Emergency lighting is powered by the station 125 V 
d-c system. 

The station is equipped with a page type communication sys
tem as well as a voice powered system for emergency communi
cation. Portable radios are also available. 

4.5.3 Temporary Fire Protection Measures 

The permanent installed fire protection and related emergency 
systems will be augmented during the replacement activities 
to provide additional protection. The specific temporary 
measures to be taken are summarized below: 

1. Additional hoses, couplings and related.equipment will 
be maintained at the two (2) hose stations opposite the 
containments and/or at the entrance to the containments 
(exterior). Both 2~ and 1~ inch hoses.and nozzles will 
be available. 

2. Additional fire extinguishers, both dry chemical and co2 , 
will be placed in the containment. The exact number and 
location of these extinguishers will be determined at a 

. later date when engineering has been completed. Extin
guishers will be located in areas where flame cutting and 
welding activities are performed and other selected 
locations throughout the containment. · 

3. Additional emergency lighting will be available at the 
equipment hatch and steam generator cubicles. 

4. Portable "bull horns" will be available at or near the 
equipment hatch. 

4.5.4 Administrative Controls Related To Fire Protection 

Administrative controls related to fire protection are pre
sently in effect at the station and are applicable during the 
steam generator replacement outage. These controls are dis
cussed in Section IV.B. of the referenced report. Specific 
limiting conditions of operation are included in Technical 
Specification (TS) 3.21 and surveillance requirements are con
tained in TS 4.18. Technical Specification 6.1 discusses or
ganizational aspects of the fire protection program. 

3 
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During the steam generator out:age, additional fire protection· 
personnel will be assigned to the replacement activities in the 
containment. As a minimum there will be an assistant fire mar
shall appointed for the outage activities and fire leaders ap
pointed for each shift. A fire team of at least five (5) men, with 
appropriate fire training, will be maintained during the con
struction activities. These individuals will be in addition to 
those established by the Technical Specifications. The station 
Fire Marshall will direct these additional personnel in fire re
lated-duties. 

Written procedures will govern the steam generator replacement 
activities and will identify potential fire hazards. 

The use of combustibles in the containment will be minimized 
to the extent practicable. Metal scaffolding will be used 
where possible. Fire retardent lumber will be used for scaf
folding where metal is not. Good housekeeping will assure 
that wood crates and other combustible trash is removed from 
the containment in a timely manner. 

Local contamination control techniques will be used to Illl.n1-
mize the spread of contamination. Plastic type sheeting will 
be used to fabricate tents and filters (HEPA and charcoal) will 
be used as appropriate. To the extent practibable, these tents 
will be constructed of fire resistant or retardent materials. 
Because of the limited size and use of charcoal and HEPA filters, 
no fire detection devices will be installed. Any fires in these 
areas would be easily detected because of the.continuous manning 
of the job. Portable extinguishers will be located at charcoal 
filter locations. The temporary containment filters will be lo
cated external to the containment and will be equipped with fire 
protection devices similar to those installed in permanent systems. 

A fire plan for the replacement activities will be formulated 
and coordinated with the station fire plan. 

Inspections of temporary fire protection systems and equipment 
will be performed at the same frequency specified in TS 4.18. 

4.5.5 Conclusion 

The fire protection measures presently in effect at the station, 
augmented by the special temporary measures discussed above, 
provide reasonable assurance that potential fires can be 
readily detected and extinguished should they occur without 
significant damage to the facility or affecting the safe oper
ation of the operating unit. While the replacement activities 
provide an inc_remental additional amount of combustible and 
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ignition sources, the fire protection systems review previously 
perfumed remains valid. 

4.6 Security 

Appropriate security measures will be implemented to assure that 
the Security Program in effect at the station is not degraded. Pur
suant to Section 2.790, lOCFRSO, the security measures to be imple
mented are not subject to public disclosure and are not included herein. 

4.7 Replacement Activities During Time That Reactor Is Fueled 

Prior to the commencement of the major steam generator replacement 
activities and immediately following the completion of these activi
ties fuel assemblies will be in the reactor vessel and/or will be in 
the process of being removed from or installed in the vessel. It is 
estimated that it will require approximately twelve (12) days to per
form the normal defueling activities associates with a refueling out
age, including fuel movement. These activities include purging the 
containment, checkout of fuel handling and transfer equipment, re
moving the reactor vessel head and other related items. Following 
the completion of major replacement activities and prior to unit 
startup, the reactor will be refueled. The normal refueling activi
ties are estimated to require about 13 days. A brief description 
of the steam generator replacement activities that will be performed 
during the period that the reactor is fueled and not normally performed 
during a refueling outage are summarized below. 

4.7.1 Activities During Defueling 

In the period of time from unit shutdown until all fuel assem
blies are stored in the spent fuel storage pool, several pre
liminary activities will be performed. These activities will 
be performed in a manner consistent with the requirements of 
the Technical Specifications. The following listing summarizes 
the activities that are scheduled during this period; however, 
pendi_ng the finalization of scheduling activities it is subject 
to change. 

a. The equipment hatch may be opened for a short period of· 
time prior to defueling to move in equipment that will 
be required during the outage. This equipment may in
clude such items as scaffolding, temporary electrical 
panels, pneumatic equipment, tool boxes, etc. 

I 

b. Dimensional checks of installed systems and structures may 
be performed. 

c. Insulation from various piping and equipment will be re
moved, primarily on levels below the operating floor. 

d. Outside of the containment the missile shield and existing 
platform will be removed. Another platform des_igned to 
facilitate the transport of the steam generators will be 
installed. 

4 
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TABLE 4.5-1 
FIRE HAZARDS ANALYSIS 

Station Area 

Unit No. 1 or Unit No. 2 containment during the steam generator re
placement outage. 

Major Equipment 

See page III-89 of 11 Fire Protection Systems Review 11 dated July 1, 1977. 
During most of the replacement outage the safety related components will not 
be required to prevent or mitigate the consequences of an accident since the 
fuel will be removed from the reactor vessel. 

Listed below are the combustible materials that will be present in the 
containment in addition to those listed in the above mentioned document. 

Combustible Maximum Heat Fire 
Ma teri a 1 Quantit,l'. Released Loading 

eL -27'7" 

Plastic 250 lbs. 2x106 BTU 2.4xlo2 BTU/ft2 
Cloth PC's 
and Rags 200 lbs. 1. 44x106 BTU 1.7xlo2 BTU/ft2 

3. 44x1Q6 BTU 4. lx1Q2:BTU/ft2 

R.C.P. tubicle 

Cable Insulation 870 1 bs. 9.57x1Q6 BTU 9.57xlo3 BTU/ft2 
Plastic 2,500 1 bs. 20. Ox,06 BTU 20.0xlQ3 BTU/ft2 
Cloth PC's 
and Rags 400 lbs. 2.88xlo6 BTU 2.88xl03 BTU/ft2 

Hydraulic and Lube 
3.75xlo3 BTU/ft2 Oil 25 gal. 3.75xl06 BTU 

36. 2xl06 BTU 34.2xlo6 BTU/ft2 

Oeerating·Floor 

Cleanfog Fluid 250. gal. 24.2xlo6 BTU 2.85xlo3 BTU/ft2 
Wood 27,000 lbs. 40.5x1Q6 BTU 4.8xlo3 BTU/ft2 
Cable Insulation 5,200 lbs. 57.2xl06 BTU 6.73xl03 BTU/ft2 
Plastic 8,500 lbs. 60xl06 BTU 7.06xlo3 BTU/ft2 
Cloth PC's 
and Rags · 400 lbs. 2.88xl06 BTU 0.34xlo3 BTU/ft2 

Hydraulic and Lube 
3.75xl06 BTU 0.44xlo3 BTU/ft2 Oil 25 gal. 

188 .53xl06 BTU 22.22xl03 BTU/ft2 

4 
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RCP Cubicle 
Operating Floor 

Radioactive Material 

Table 4.5~1 (Continued) 

«5 minutes 
25 minutes 
20,minutes 
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During the steam generator replacement outage a temporary exhaust 
system will be used to draw a slightly negative pressure on the contain
ment. This system includes a HEPA filter to ensure removal of any radio
active material before discharge to the atmosphere. The point of discharge 
is monitored for gaseous and particulate activity and an alarm is provided 
in the control room. Therefore, should a fire in the containment cause air
borne radioactive contamination, there will be no release to the atmosphere. 

Postulated.Fire 

The postulated fire would involve the ignition of a small amount of the 
temporary construction materials. 

Fire Detection and Suppression 

There is no automatic fire detection or suppression equipment presently 
installed in the containment. During the replacement outage, the. contain
ment will be manned on an essentially continuous basis; therefore, fire 
detection wi 11 be performed by human senses of s_i ght or sme 11. 

Fire suppression will be provided by portable extinguishers and water 
hoses. 

Fire Barriers 

The combustibles associated with the replacement outage will be lo
cated throughout the containment; therefore, the fires would be localized. 
The intern.al walls within the containment, e.g. steam generator cubicles, 
would serve as barriers for certain postulated fires. 

Conseguences·of·Fire Without·Active·Protection 

The consequences of a fire without active protection would not affect 
the safe operation of the unit if the fire was limited within the containment. 
Since the unit will be defueled during the majority of the outage, there 
would be no affect on the operating ·unit. The only pathway which exists 
that would allow contact with the operating unit would be through the con
tain~ent cable penetrations. Due to the separation of the units' cables 
and the fire-resistant construction of the cables, a fire would propagate 
slowly with a limited sphere of influence.· Because of the continuous man
ning of the work in the containment, it would be difficult for a fire to go 
unnoticed in this area. 
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Consequences of Fire with Active Protection 

Because of the continuous presence of personnel in the containment, 
any fires would be easily detected and extinguished using the portable 
equipment available. Manual fire fighting would effectively respond to 
extinguish a fire and mitigate the damage.· 

Accessibility 

All areas of the containment will be accessible during the replace
ment activities since the area will be continuously manned. Entrance to 
the containment is through the equipment hatch which will be opened during 
most of the outage and the personnel hatch. 
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e. Radiation surveys and posting of radiation areas will 
be performed. 

f. Preliminary cleaning and decontamination may be per
formed. 

g. The installation of temporary equipment, such as light
ing, temporary, electrical equipment, fire protection 
equipment, etc. may be performed. 

h. Some scaffolding may be installed. 

Activities that involve the lifting of heavy loads, removal of 
equipment required for unit shutdovm or refueling, or breaching 
of major systems, e.g. reactor coolant will not be performed. 
The activities listed above are not intended to be inclusive, 
but provides a representat~ve listing of the type of activities 
that may be performed. All activities conducted during the 
time that fuel is in the reactor or js being moved will be re
viewed and monitored by operating personnel. 

4.7.2 Refueling Activities 

Upon the completion of major replacemen& activities, the unit 
will be refueled in preparation for returning the unit to ser
vice. It is estimated that refueling will commence about 13 
days prior to unit startup.. During this period the_ following 
typical activities will be performed. 

a. Functional testing of equipment 
b. Cleanup 
c. Removal of temporary equipment, e.g. scaffolding, tools, 

etc. 

4.7.3 Residual Heat Removal Capability 

Based on current estimates, the reactors will contain fuel for 
about twenty-five (25) days during the steam generator replace
ment outage. The residual heat removal (RHR) system is used 
to remove decay heat when fuel is in the reactor vessel. An 
evaluation of the effects of steam generator replacement acti
vities on the RHR system has been performed. This evaluation 
considered the unique aspects of the replacement activiti~s. 
Of primary concern during the replacement activities is to 
assure that there is no mechanical damage to RHR components, 
including the potential consequences of fire. Because of the 
limited work activities that will be performed with fuel in the 
reactor, heavy loads will not be lifted over RH.R components; 
therefore, the consequences of damage is negligible. 

As related to potential fire damage to the RH.R, the fire pro
tection measures discussed provide the capabilities to extinguish 
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any potential fires before the capability of the RHR system is 
affected. During the pe::::-iod that the reactor is fueled, a "fire 5 
watch" will be implemented for the RHR cable area to provide fur
there assurance that any fire would not go undetected. 
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This section is a presentation of information relating to the environmental 
impact of the planned steam generator replacement. It addresses the reasons 
and justification for this action as well as the estimated environmental im
pact, and the disposal of the removed steam generator lower assemblies. 

A cost benefit analysis has been performed to determine the economic incentive 
for replacement of steam generators. The cost of steam generator replacement 
was compared to the additional operating expenditures which would be necessary 
to operate the Surry units with the existing steam generators until the end 
of station life. The additional operating costs are due to predicted deratings 
(a highly optimistic scenario was used) and a semiannual three to four week 
shutdown for each unit for steam generator tube inspection and plugging. The 
cost of continued operation exceeds the cost of replacement by $125,000,000 in 
1977 dollars. This does not include unit shutdowns due to steam generator tube 
leaks, which are difficult to predict, thus affecting the reliability and 
availability of the Surry Units. As an example, in 1976 Surry Unit 1 was off
line for 36 days .and Unit 2 for 139 days as a result of steam generator related 
problems and maintenance. This rack of reliability and availability substan
tially adds to the incentive to replace the steam generators at Surry Power 
Station. 

The total man-rem exposure for the steam-generator replacement will be about 
4200 man-rem for both units or about 2070 man-rem/unit. In 1975 steam genera- 3 
tor maintenance accounted for 638 man-rem and in 1976 it accounted for 1287 
man-rem, Based on these numbers, it can be predicted that in the next 4 to 8 
years exposure resulting from the maintenance necessary to continue the operation 
of the present steam generators would exceed the anticipated exposure that would 
result from replacing the steam generators. The replacement of steam generators 
will also likely result in a significant reduction of the total exposure that 
might otherwise occur over the remaining station life. 

The environmental impacts of the replacement activities are expected to be 
negligible. 

It is planned to store the removed steam generator lower shells on site in an 
engineered storage facility until the end of station life. Residual radio
activity due to contamination will be reduced to about 2 percent (between 2 and 
20 curies/steam generator) of the activity when first removed. At this time 
the ultimate disposal will be greatly simplified due to the much lower radia-
tion levels. · 

As a result of this evaluation it is concluded that: 

1. The proposed action is justified on economic as well as man-rem 
consideration. 

2. The proposed action will not affect the health and safety of the 
general public • 

3. The proposed action will not significantly affect the quality of 
the environment. 
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Justification for the Project 

The steam generators at Surry Power Station Unit Nos. 1 and 2 have experienced 
corrosion related phenomena which currently require a semiannual shutdown 
for 3-4 weeks for inspection and plugging of steam generator tubes. To date 
no derating of the Surry Units has been necessary as a result of tube plug
ging. Analyses have shown that if more than 19-20% of the tubes in either of 
the Surry Units are plugged that derating will eventually be necessary. De
rating would be required to maintain the hot rod power density below technical 
specification limits. Any derating would be a maximum immediately following a 
refueling. The derating would then decrease as the core power flattens out. 
As the number of tubes plugged continue to increase the amount of derating 
would also increase. 

The action described in this report is justified on economic and man-rem expo
sure considerations. The cost of purchasing and installing the replacement 
steam generator lower assemblies and associated activities is about $66,000,000. 
The cost of.removal and disposal of the lower assemblies is not expected to 
exceed $10,000,000. The cost of replacement power during this action will be 
about $66,000,000 resulting in a total project cost of $142,000,000. This cost 
has been compared to the cost of replacement power during the 3-4 week semi
annual inspection outages and replacement power to account for predicted derat
ings over the remaining 30 years of the station life. An optimistic tube plug
ging scenario was used for the purpose of this evaluation. As a result of this 
evaluation it was found that the present value of the cost of continued oper
ation with the existing steam generators exceeds the cost of steam generator 
replacement by $125,000,000. 

Therefore, over the remaining 30 years of station life there is an obvious eco
nomic benefit to be gained from replacing the steam generators rather than per
formaning one of the alternatives discussed in section 5.6. The above comparison 
does not take into consideration the costs of tube inspection and plugging ser
vices, past and possible future modifications and maintenance that would have 
to be performed on the existing steam generators to control the corrosion pheno
mena. It also does not consider the current lack of reliability and availability. 
In 1976 Surry Unit 1 was offline for 36 days and Unit 2 for 139 days as a result 
of steam generator related problems and maintenance. There will also be a 
large man-rem savings which is discussed in section 5.3.2. These considerations 
only add to the large economic benefit of replacing the steam generators. 

Environmental Impact 

5.3.1 Description of the Project 

A description of the corrosion related phenomena which have taken 
place in the steam generators is presented in section 1.0 of this 
report. The design modifications for the replacement steam gene
rators to prevent recurrence of these phenomena have been presented 
in section 2.0. The details of the removal of the existing steam 
generators and the installation of new steam generators are con
tained in section 3.0. 

After removal the six (6) steam generators will be transported to 
an on-site engineered storage facility especially constructed for 
them. Only the six (6) steam generators will be stored in this 
building. 
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The engineered storage facility is conceptually shown in figure 
5.3-1. It will be an above ground concrete structure on a poured 
structural slab. The base will be about 105' x 50' and the build
ing will have a height of about 19' above the top of the slab. The 
internal space will be divided into two cells (3 steam generators 
per cell) with a 2 foot thick separation wall between the cells. 
The e~terior walls will be nominally 3 feet thick or as thick as 
necessary to meet the requirements of 40CFR190. 

A sealing system will be used to prevent water intrusion and to pro
mote runoff. Also, an interal sump will be provided to collect any 
water inside the building. Ventilation to allow for expansion and 
contraction will be provided through HEPA filters. Several 2 inch 
plugs will be provided to permit surveys to be taken without remov
ing the cell lids. There will be no electrical connections needed 
for this facility. It is not anticipated that this facility will be 
opened during the remaining life of the station. 

The facility will be located approximately 300 feet northeast of the 
end of the discharge canal and about 500 feet from the site boundary 
as shown in figure 5.3-2. 

The radionuclide inventory of a steam generator as it is removed 
from the containment has been estimated at about 1400 curies. This 
will decay to between 2 and 20 curfes in 30 years. At the end of 
station life, it can be conservatively assumed that the 12-120 curies 
of primarily Cobalt-60 will represent less than 0.1 percent of the 
total activity on-site, exclusive of fuel and control rods. There
fore, ultimate disposal of the steam generators should be able to 
be handled much more easily at that time and with much less radi
ation exposure than if it were attempted now. 

Radiological Impact 

5.3.2.1 In-Station Doses 

The removal of the existing steam generators will in
volve cutting along the transition cone just below the 
upper girth weld. The inlet and outlet reactor coolant 
piping, the steam line piping, and the feedwater piping, 
and other miscellaneous piping will be cut to facilitate 
the removal of the lower shell. The upper shell of the 
steam generator assembly will be lifted off and placed 
in a storage/work location in the containment. The 
lower assembly will then be lifted from its supports and 
transported out of the containment through the equipment 
hatch. The replacement steam generator will then be in
stalled in the same manner, only with the procedures re
versed. The upper and lower assemblies will be welded 
together in the field. A more detailed description of 
these procedures is provided in Section 3.0 of this re
port. 
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.. performance of the above tas~will result in doses 
to individuals possessing craft skills. Table 5.3-1 pre
sents a breakdown of the estimated man-rem dose from 
direct radiation exposure for the removal of the old 
steam generators and the installation of the new steam 
generators. The total exposure predicted for this job 
is about 2070 man-rem/unit or 4140 man-rem total. 

Table 5.3-2 shows a history of in-station exposure for 
Surry Unit Nos. 1 and 2 for all operations and for steam 
generator maintenance. In 1975 the total exposure for 
Surry Power Station was 1549 man-rem total and 638 man-rem 
for steam generator maintenance. In 1976 the total ex
posure was 3164 man-rem total and 1287 for steam. generator 
maintenance. In 1975 and 1976, steam generator maintenance 
accounted for about 40 percent of the station exposure 
annually. A comparison of the total estimated exposure 
for the steam generator replacement with the exposure for 
steam.generator maintenance in 1975 and 1976 shows that 
the exposure for replacement of steam generators will be 
recovered in between 4 and 8 years. In the remaining years 
of station life there is a potential savings of between 
16,500 and 28,000 man-rem as a result of minimizing the 
amount of steam generator maintenance which has been ex
perienced to date. It has been estimated that the maxi
mum exposure which will result from the normal regulatory 
guide 1.83 steam generator tube inspection program will be 
approximately 25 Rem/year. 

Doses to the Public 

Due to the nature of the ,cutting and welding which will 
take place during the steam generator replacement there 
is the possibility of airborne particulates being generated. 
Steps will be taken to minimize or prevent this occurence 
(i.e. glove boxes, tents, etc.) However, since the venti
lation flow in the containment will be maintained so that. 
there will be an inward flow of air through any openings, 
with the exhaust through the auxiliary building filter 
banks, the possibility of releases of radioactive parti
culates is expected to be very small. It is also expected 
that there may be contaminated liquids generated during 
these operations associated with local decontamination, 
laundry, etc. These liquids will be monitored for radio
activity; any releases will be controlled by treatment 
prior to discharge. Total off-site radiological dose due 
to replacement activities for each unit is expected to be 
less than that which would result if the unit were oper
ating. 

Following replacement of the steam generators and re
sumption of operation, it is expected that there will be 
an over-all reduction in unit operational radiological 
impact due to improved steam generator performance . 

6 

6 
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Effluent Releases 

5.3.2.3.1 

5.3.2.3.2 

Steam Generator Blowdown 

The presently installed steam generator 
blowdown system has a capability to handle 
approximately 1 percent of the normal feed
water flow or about 270 gpm per generating 
unit. Although the steam generator inter
nal blowdown system is designed to handle 
a larger quantity of blowdown, it is not anti
cipated that the capacity of the existing 
blowdown system will be increased. 

The presently installed blowdown system con
sists of coolers which use condensate flow 
as the cooling medium. The cooled blowdown 
water·is discharged to the James River. The 
effluent releases from this system, includ
ing resultant radiation exposures from this 
source are presented in the "Appendix I 
Analyses" dated June 1977 which was submitted 
to the NRC on June 17, 1977, Serial No. 247. 
The replacement activities described herein 
are intended to restore the integrity of the 
steam generators, thus reducing the primary 
to secondary leakage which now exists. The 
net effect of the installation of the new 
steam generator lower assemblies is to re
duce the ·radiation dose attributable to 
steam generator blowdown. Therefore the 
requirements of Appendix I, 10CFR50 will 
continue to be maintained. 

Full Flow Demineralizers 

A full-flow condensate polishing deminera
lizer system consisting of an independent 
train of mixed bed demineralizers per unit 
will be installed. Each unit will have an 
independent chemical regeneration system 
consisting of .a cation regeneration tank, 
an anion regeneration tank, a resin mix and 
storage tank and an acid and caustic re
covery system. An in-place annnoniation 
system will also be installed on each sys- 3 
tem to extend resin operation. The exist
ing condensate system will be modified to 
include the necessary piping and valves 
to place the polishing system in series 
with the condensate system. Treatment 
systems to process regenerants and waste 
effluent for reuse or disposal, as appro
priate, will be added. A building to 
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house the condensate polishing systems, 
auxiliary systems, motor control centers, 
and controls panel will be constructed 
adjacent to the east end of the Unit No. 2 
turbine building. 

The following waste products can be ex
pected to be discharged per regeneration 
of a vessel. Each unit can be expected to 
have 125-200 regenerations per year de
pending on the pH that the condensate sys
tem is run at and the amount of condenser 
inleakage. (Total of 250-400 regenerations 
for the station per year.) 

Total waste volume is approximately 25,600 
gallons per regeneration. 

1) During normal Polisher Operation 
(H-OH operation, to the ammonia break), 
the waste volume consists of: 

pH= 6.0 to 9.0 
(NH4)2S04 = 1800 ppm 
Na2S04 = 2540 ppm 
30 ppm average 100 ppm max of 

Total Suspended Solids (TSS) 

2) During condenser inleakage operation, 
the waste volume consists of: 

pH= 6.0 - 9.0 
(NH4)2S04 = 900 ppm 
Na2so4 = 2530 ppm 
NaCl= 800 ppm 
30 ppm avg - 100 ppm max of TSS 

3) In addition to items 1 & 2, the fol
lowing chemicals may be evident: 

10 ppm HCOr 
75 ppm S04-
<l ppm NOr 
2 ppm Br-
<l ppm F
<10 ppm ca+ 
40 ppm Mg+ 
15 ppm re+ 

3 
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Non-Radiological Impacts 

5.3.3.1 

5~3.3.2 

5.3.3.3 

On-Site Impacts 

Most of the work associated with the replacement of 
Units Nos. 1 and 2 steam generators, excluding disposal, 
will occur within the containment building of each unit. 
Most of the preparatory work prior to removal of the 
steam generators will be such that the environment around 
the units will be similar to that during an outage for 
refueling. Following shutdown the only significant acti
vity that will occur on site which will be unusual will 
be the removal of the steam generators through the equip
ment hatch and the transportation of the new steam gene
rators from the barge offloading facilities, located 1.5 
miles from the containment structure. There will essenti
ally be no impact resulting from this operation. 

The noise generated by this operation will be of low volume. 
Since new construction will be limited to the onsite steam 
generator storage facility, erosion and groundwater level 
modifications are not expected to occur. Additional air 
pollutants will occur.as a result of the operation of 
mobile cranes and air compressors, but they will be mini
mal in nature. Very little dust will be raised by the 
transport of the steam generators from the barge offloading 
facility because of the low speed of the transporter vehicle 
and the few times it will be used. 

The estimated 125 workers per shift will use temporary 
sanitary facilities. No release to the James River is 
anticipated. 

The construction of the building to house the old steam 
generators will·require some excavation work for level
ing. The extent of disturbance will be small and the 
impact is not expected to be great. 

Off-Site Impacts 

The primary off-site impact is expected to be the local 
increase in automobile traffic of the workers involved 
in the project. However, this is expected to be substan
tially less than the traffic during the construction of 
Surry Unit Nos. 1 and 2. 

No other off-site impacts are anticipated. 

Other Modifications 

In addition to the direct replacement of the steam gene
rator lower assemblies and associated equipment, other 3 
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modifications will be made during and/or before the 
replacement outage. The modifications which can be 
related to the integrity of the steam generator and 
their estimated cost are: 

Description 

Condensate Polishing System 

Makeup Water Treatment Modifi
cations 

Condenser Refurbishment and Re
tubing 

Total Estimated Cost 
For both units 

$15,000,000 

2,000,000 

10,000,000 

$27,000,000 

The cost of these modifications has not been included 
in the cost benefit analysis since they will be imple
mented independently of the steam generator replace
ment activities. 

5.4 Environmental Monitoring Programs 

5.4.1 Radiological Monitoring 

5.4.1.1 Airborne Effluents 

Prior to removing a steam generator from the contain~ 
ment, all openings in the old steam generator will be 
sealed to prevent spread of internal contamination. The 
building ventilation circulation is such as to preclude 
the release of particulates to the ambient air via the 
open equipment hatch since the air pressure will be 
slightly negative resulting in an inward flow and the 
containment ventilation exhaust is filtered prior to 
release to the atmosphere. 

The steam generator replacement operation will not gen
erate any additional radioactive gases or result in any 
emissions of radioactive gases in excess of those normal
ly associated with steam generator inspection and tube 
plugging and reactor refueling operation. Therefore, no 
additional monitoring for gaseous effluents is planned. 

Particulates may be generated or released from components 
as a result of mechanical operations in the steam genera
tor removal and replacement process and as a result of de
contamination. Some of these operations will be con
ducted in tents or similarly controlled and vented areas 
for personnel protection in order to reduce the potential 

3 
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for spreading such particulates. Existing radiological 
control procedures will·be maintained during the replace
ment work of the steam generators. 

Ventilation monitoring will be conducted using normal pro
cedures and frequencies unless a change in conditions 
indicates increased monitoring is necessary because of 
a release of particulates to the ventilation system in ex
cess of expected levels. Air sampling will be performed 
daily. 

Particulate sampling in work areas will be based upon 
existing procedures in effect at Surry. 

Liquid Effluents 

Radioactive liquids at Surry are monitored prior to and 
during discharge to the environment. Existing procedures 
will be employed to monitor effluents. Some additional 
monitoring may be required because of the additional 
volumes which may be required to be processed as a result 
of cleaning operations. However, these are within exist
ing procedures. No change in the existing environmental 
radiological monitoring program is anticipated as a result 
of the steam generator replacement activities. 

Non-Radiological Monitoring 

The only non-radiological emissions anticipated will be minor exhaust 
emissions from hauling and lifting equipment, trucks and worker auto 
traffic. Some dust may also be dispersed as a result of auto and 
truck traffic and equipment lay down and movement. The effects 
are anticipated to be minor and of no significant environmental 
impact either on or off site. 

3 



SSGP 5 .4-2 
REV. 3 

5.5 Consideration of Alternatives 

5.5.1 Alterna.tives to Replacement of the Steam Generators 

The alternatives to the replacement of steam generator are: 

1. Continue to operate Unit Nos. 1 and 2 with the existing 
steam generators. 

2. Retube the existing steam generators. 

3. Shutdown and decommission Unit Nos. 1 and 2 and build replace
ment units. 

These alternatives are discussed below. 

5.5.1.1 

5.5.1.2 

Continued Operation with the Installed Steam Generators 

Degradation of the steam generators at Surry has been 
occurring since early 1975. As a result of preventive 
and corrective plugging about 19-20 percent of the tubes 
are currently plugged. It appears likely that continued 
plugging will be required. Continued operation involves 
the risk that at some undetermined time in the future the 
replacement may have to be undertaken in any case. A 
planned and orderly replacement now is preferable to a 
future unpropitious shutdown and replacement, especially 
if that were to happen during a period such as the 1973 
oil embargo when replacement power might be difficult to 
obtain. 

Continued operation may also result in deratings due to 
additional tube plugging. It will also require semiannual 
or more frequent and unscheduled shutdowns for inspection 
and tube plugging. Over the remaining 30 years of station 
life this will result in large economic expenditures· for 
replacement power. It also results in a loss of avail
ability and reliability which need to be maintained to 
meet the needs of the public. 

Retubing Existing Steam Generators 

The retubing of the existing steam generators would consist 
of removing only the tube bundles and replacing them with 
new tubes. It has been estimated that this operation be 
at least as costly as the total replacement of steam gene
rators. It will also result in at least as much personnel 
exposure as the total replacement of steam generators 
lower assemblies. 
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The physical arrangement of the containment structure 
affects the alternate chosen. Retubing may be a viable 
alternative in a containment where the equipment hatch 
location makes the removal and reinstallation of a.steam 
generator difficult or impossible without·large scale re
moval of structural components. In the case of Surry, 
the equipment hatch is located on the operating level of 
the containment which makes the removal and reinstallation 
of steam generators a fairly straight forward operation. 
The acceptability of the refurbished steam generator is 
assured by replacement rather than retubing since the work 
is performed in a manufacturing facility under controlled 
conditions rather than in the field. The use of new ma
terial used in the replacement lower assemblies provides 
positive assurance that the refurbished steam generators 
are "like new". 

For Surry Power Station, replacement of steam generators 
is a more logical alternative than the retubing of steam 
generators alternative when the above factors are con
sidered. 

Shutdown and Deconnnission Unit Nos. 1 and 2 and Construct 
Replacement Units 

The time to construct new 819:MW units is estimated at this 
time to be approximately 12~ years for anuclear unit and 
8 years for a fossil unit. The time periods stated in 
the previous sentences related to a start date in 1978. 
The capital cost for these units, without the effect of 
future regulatory guide changes, would be about $2.7 bil
lion and $1.2 billion respectively. The final cost of 
the 819MW replacement units could be as much as $3.4 bil- 3 
lion for nuclear and $1.4 billion for fossil when the in
creased costs associated with these regulatory guide 
changes are considered. The present worth (1978) of these 
expenditures, calculated using a 10% discount rate would 
be $750 million and $410 million for nuclear and fossil 
without the effect of future regulatory guide changes; and 
$930 million and $470 million considering the increased 
costs of these regulatory guide changes. 

The construction of two new units would involve a great
er impact with regards to noise, air and water quality, 
aquatic and terrestrial biota that would th~ replacement 
of the existing steam generators. The construction of 
two new units would involve the normal disturbances 
associated with such activities •. A large amount of 
earth-moving and excavation work would be required. New 
intake and discharge structures would be required. Noise 
levels would increase resulting from the operation of 
heavy equipment. Additional land would be disturbed in 
the construction of these facilities. 

If the units were replaced by two coal-burning units, 
gaseous releases would be approximately 1,482 lbs of 
particulate per hour. The S02 emissions from these two 
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units could range from 2,500 - 8~900 lbs per hour. The 
two coal-fired units would product approximately 28 mil
lion tons of fly ash and S02 removal sludge. The cost 
for disposing of this sludge would be $5.6 million for 
land and improvements and $36.3 million for transporta
tion of the waste. 

If the new replacement units were nuclear, radioactive 
.releases from replacement nuclear units would be approxi
mately the same as those associated with Unit Nos. 1 and 
2 with the steam generators replaced. Solid wastes, both 
in volume and activity, would also be of the same magni
tude as the existing units with the steam generators re-
placed. · 

The cotmnitment of resources such as man-power, material, 
and energy would be significantly greater for this op
tion than for replacement of the steam generators. 

Alternatives Within the Project 

Assuming that steam generator replacement will be undertaken, there 
are a few alternatives which were considered as part of the project. 
They are: 

1. Decontamination Alternatives. 

2. Steam Generator disposition alternatives. 

A discussion of each follows. 

5.5.2.1 

5.5.2.2 

Decontamination Alternatives 

In order to reduce occupational doses, several decon
tamination alternatives have been studied. These alter
natives include: 

1. Chemical Decontamination of the entire NSSS. 

2. Chemical Decontamination of the individual loops. 

3. Mechanical decontamination of the steam generator 
only, while part of the NSSS. 

4. Mechanical decontamination of the steam generator 
after being cut from the NSSS, but not removed 
from containment. 

Based upon these evaluations it has been concluded that 
none of the decontamination alternatives can be justified 
by a cost-benefit analysis, Table 5.5-1 shows the basis 
data from which this conclusion is drawn. 

Steam Generator Disposition Alternatives 

Three basic options were considered for the disposition 
of the steam generator lower shells after they are removed. 



Phase No. 

I 

II 

I II 

IV 

V 

TABLE 5.3-1 
PERSONNEL RADIATION" EXPOSURE SUMMARY 

STEAM GENERATOR REPLACEMENT ACTIVITIES 
SURRY POWER STATION - UNIT NOS. 1 AND 2 

Estimated 
Task Labor 

Description (manhours/unit*) 

Shutdown and Preparatory 39,173 
Activities 

Removal Activities 57,422 

Installation Activities 74, 195 

Post Installation and 63,123 
Startup Activities 

Steam Generator Storage 300 
Activities 

234,213 

Rev. 3 

Personnel 
Exposure 

(manrem/unit} 

598.82 

559.6 

448.23 

429. 11 

35.0 

2070.76 
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TABLE 5.3-1 
PERSONNEL RADIATION EXPOSURE SUMMARY 

PHASE I - SHUTDOWN AND PREPARATORY ACITIVITIES 
SURRY POWER STATION~ UNIT NOS. l AND 2 

Estimated Average Radiation 
Task Labor Level 

Description (rnanhours/unit} ' (Rem/hour} 

Erect Equipment 264 0.0015 
Hatch Temporary 
Enclosure 

Prepare and Load 210 0.005 
Test Polar Crane 

Open Equipment 156 0.0015 
Hatch 

Defueling and Fuel 585 0.020 
Storage 

Install Reactor Vessel 130 0.010 
Cavity Cover 

Cutting of Pressuri- 102 0.025 
zer Cubicle Wall 

Installation of Jib 1838 0.005 
Cranes 

Disassemble Manipu- 58 0.030 
lator Crane 

Install Stearn Gene- 572 0.005 
rator Transport System 

Removal of Biologi- 1296 0.015 
cal Shield Wall 

Disassemble Shroud 150 0.020 
Cooling System 

Cutting of Crane 432 0.005 
Wall at Hatch Opening 

Installation of Tern- 50 - 0.001 
porary Ventilation 
System 

Rev. 3 

Personnel 
Exposure 

(rnanrern/unit) 

0.4 

1.05 

0.23 

11. 7 

1.3 

2.55 

9.19 

1. 74 

2.86 

19.44 

3.0 

2. 16 

0.05 
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TABLE 5,3-1 
PERSONNEL RADIATION EXPOSURE SUMMARY 

PHASE I - SHUTDOWN AND PREPARATORY ACITIVITIES 
SURRY POWER STATION - UNIT NOS. l AND 2 

Estimated Average Radiation 
Task Labor Level 

Descri~tion (manhours/unit) (Rem/hour) 

Temporary Scaffold- 7500 0.010 
ing 

Temporary Lighting 5200 0.005 
and Power 

Cleanup and Decon 9000 0.015 

Polar Crane Operator 1500 0.003 

Shielding 3600 0.075 

H.P., Q.A. 6480 0.005 

Subtotal Phase I 39,173 

Rev. 3 

Personnel 
Exposure 

(manrem/unit) 

75 

26.25 

135 

4.5 

270 

32.4 

598.82 
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· TABLE 5. 3-1· 
PERSONNEL RADIATION EXPOSURE SUMMARY 

PHASE.II~ REMOVAL ACTIVITIES 
SURRY POWER STATION ~·UNIT.NOS~ ·1 AND 2 

Estimated Average Radiation 
Task Labor Level 

Description (manhours/unit) (Rem/hour) 

Removal of Insu- 720 0.040 
lation (lower shell, 
RC piping) 

Removal of Insula- 864 0.015 
tion (upper shell, 
mainsteam and rad-
water piping) 

Removal of Miscel- 72 0.025 
·1aneous Piping 

Set Up Steam Gene- 1152 0.025 
rater Girth Cut 
Equipment 

Cut and Remove Steam 330 0.025 
Generator Upper 
Shell 

Cutting of Reactor 2982 0.050 
Coolant Piping 

Cutting of Mainsteam · 1428 0.005 
and Feedwater Piping 

Disassembly of Steam 792 0.020 
Generator Supports 

Removal of Moisture 396 0.005 
Separation Equipment 

Refurbish Steam Gene- 9246 0.005 
rater Upper Shell 

Removal of Steam Gene- 135 0.030 
rater Level Instru-
ments and Blowdown 
Piping 

Rev. 3 

Personnel 
Exposure 

(manrem/unit) 

28.8 

12.96 

1.8 

28.8 

8.25 

149. l 

7. 14 

15.84 

1.98 

46.23 

4.05 



Task 
Descrietion 

Removal of Steam 
Generator Lower 
Shell 

TABLE 5.3-1 
PERSONNEL RADIATION EXPOSURE SUMMARY 

PHASE II~ REMOVAL ACTIVITIES 
SURRY POWER. STATION ~. UNIT NOS. l AND 2 

Estimated Average Radiation 
Labor Lev.el 

(manhours/unit) (Rem/hour) 

1575 0.020 

Temporary Scaffold- 7500 0.010 
ing 

Temporary Lighting 5250 o. 005 . 
and Power 

Cleanup and Decon 17,000 0.005 

Polar Crane Oper- 1500 0.003 
ator 

H.P., Q.A. 6480 0.005 

Subtotal Phase II 57,422 

Rev. 3 

Personnel 
Exposure 

(manrem/unit) 

31.5 

75.0 

26.25 

85.0 

4.5 

32.4 

559.6 
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TABLE 5.3-1 
PERSONNEL RADIATION EXPOSURE SUMMARY 

PHASE III - INSTALLATION ACTIVITIES 
SURRY POWER STATION~ UNIT.NOS. 1 AND 2 

Estimated Average Radiation 
Task Labor Level 

Descrietion (manhours/unit) (Rem/hour) 

Steam Generator 1926 0.005 
Lower She 11 
Ins ta 11 at ion 

Installation of 6768 0.010 
Reactor Coolant 
Piping 

Steam Generator 5400 0.005 
Girth Weld 

Installation of 3735 0.005 
Main Steam Piping 

Installation of 2700 0.005 
Feedwater Piping 

Installation of Blow- 1782 0.010 
down and Misc. 
Piping 

Install Steam Gene- 2592 0.005 
rator Level Instru-
ments 

Installation of In- 11,562 0.005 
sulation 

Temporary Scaffold- 7500 0.010 
fog 

Temporary Lighting 5250 0.005 
and Power 

Cleanup and Decon 17,000 0.005 

Polar Crane Operator 1500 0.003 

H.P., Q.A. 6460 

Subtotal Phase III 74,195 

Rev. 3 

Personnel 
Exposure 

(manrem/unit) 

9.63 

67.68 

27.0 

18.68 

13. 5 

17.82 

12.96 

57.81 

75.0 

26.25 

85.0 

4.5 

32.4 

448.23 



TABLE 5.3-1 
PERSONNEL RADIATION EXPOSURE SUMMARY 

PHASE IV - POST INSTALLATION AND STARTUP ACTIVITIES 
SURRY POWER STATION - UNIT NOS. l AND 2 

Estimated Average Radiation 
Task Labor Level 

Descrietion {manhours/unit) {Rem/hour} 

Install Biologi- 3240 0.005 
cal Shield Wall 

Repair Crane Wall 473 0.005 
Opening 

Repair Pressurizer 473 0.005 
Cubicle Wall 

Install Steam Gene- 9000 0.010 
rator Recirculation 
and Transfer System 

Remove Reactor Cavity 130 0.005 
Cover 

Install Reactor Cavity 240 0.005 
Coaming 

Reassemble Manipula- 1176 0.020 
tor Crane 

Remove Steam Genera- 425 0.005 
tor Transport System 

Reassemble Shroud 576 0.020 
Cooling System 

Hydrostatic Tests 75 0.005 

Refueling 585 0.020 

Temporary Scaffold- 7500- 0.010 
ing 

Temporary Light and 5250 0.005 
Power 

Cleanup and Decon 17,000 0.005 

Rev. 3 · 

Personnel 
Exposure 

{manrem/unit} 

16.2 

2.37 

2.37 

90.0 

0.60 

0.4 

23.25 

2. 12 

11 .52 

0.38 

11. 7 

75 

26.25 

85.0 , 

I 
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Task 
Descrietion 

Polar Crane 

Painting 

H.P., Q.A. 

TABLE 5,3-1 
PERSONNEL RADIATION EXPOSURE SUMMARY 

PHASE IV - POST.INSTALLATION.AND STARTUP ACTIVITIES 
SURRY POWER STATION - UNIT NOS. 1 AND 2 

Estimated Average Radiation 
Labor Level 

(manhours/unit) . {Rem/hour} 

1500 0.003 

9000 0.005 

6480 0.005 

Subtotal Phase IV 63,123 

Rev. 3 

Personnel 
Exposure 

(manrem/unit} 

4.5 

45.0 

32.4 

429. 11 
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Year 

1974 

1975 

1976 

Year 

1974 

1975 

1976 

Total 
Individuals 

1715 

1948 

2753 

TABLE 5.3-2 

SURRY IN-PLANT DOSES 

ALL OPERATIONS 

Exposed Doses (man-rem) 

844 

1649 

3164 

STEAM GENERATOR MAINTENANCE 

Total 
Individuals Exposed Doses (man-rem) 

26 

393 

711 

54 

638 

1287 

Average Rem/Ip.dividual · 

0.5 

0.8 

.1. 2 

Average Rem/Individual 

2.1 

1. 6 

1.8 
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Nuclide 

Co 60 

Co 58 

Mn 54 

Mn 56 

Fe 59 

e 

TABLE 5.4-1 

Site boundary Individual Dose As A Result 

of Steam Generator Drop 

T11 (days) Curies Released 

1.9 X 103 3.64 X 
10...;.4-· 

72 5. 72 X 10-4 

300 2.08 X 10-4 

0.11 1. 72 X 10-4 

45.11 1.57 X 10-4 

Dose (mrem) 

24 
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TABLE 5.5-1 

COMPARISON OF VARIOUS DECONTAMINATION ALTERNATIVES 

1. 

2. 

3. 

4. 

Man-rem impact 

Chemical Decontamina
tion of NSSS 

(a) reduction in personnel 
exposure 888 

(b) man-rem exposure re-
sulting from decon-
tamination 500 

(d) net reduction in 
man-rem exposure 388 

Wastes Generated 232,000 gal. 

Impact on Schedule 1. 5 
(months) 

Cost
6
of Decontamination 

($10 ) 11.0 

T=Considerably less than laternative 3 
*=An increase over the base case of up to 103 man rem. 

Notes: 1. All valves are for one unit. 

(Alternatives) 

Chemical Decontamina
tion of Individual 
Loops 

824 

555 

269 

116,000 gal. 

1.5 

11.0 

2. Decontamination costs include materials, labor, and replacement 3 power based on schedular delays shown in item 3. 

Mechanical Decontamina
tion of SG Before 
Cutting from NSSS 

107 

105-210 

549-4442-(103) * 

295;000 lbs. 

0.06-0.11 

0.59-1.05 

Mechanical Decontam
ination of SG 
Following Cutting 
from NSSS 

T 

T 

T 

29,550 lbs. 

0.06-0.11 

0. 59-1. 05 

REV. 3 
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TABLE 5.5-2 
· COMPARISON OF, STEAM GENERATOR 

DISPOSAL ALTERNATIVES· . 

Option 1: On-Site Stprage 

Option 2:- Intact Barge_. 
· Shipment 

Option 3: On-Sit~ Section
ing For Disposal 

. Cost 

$1,000 ,000· 

$1,224,000 - l,508,000 

$1,736,000 

Man-Rem 

80 

1000 - 2000 
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,New insulation will be used on the steam generators and associ
a.ted piping with an estimated 8 tons/steam generator requ~red. 
Consequently. a total of 48 tons of stainless steel insul.ation 
will be used. 

The onsite facility for storage of the old steam generators is 
estimated to require about 3000 cubic yards of concrete an.a' asso
ciated rebar material. 

Energy Costs 

The electrical load of energy expended in this project .will be less. 
than the normal station 1:oad of.about 40 MW of pow:er per.unit. 
Assuming the workers drive 50 miles per day round trip at an aver-. 
age of 16 miles per gallon, a maximum.of about 37,000 gallons of 
gasoline would be required per unit based upon 100 autos per day. 
usage. Transporation energy expenditures may be reduced by use 
of car pooling. 

5.7 Sunnnary Cost-Benefit 

5.7.1 

'. \ 

Adverse Impacts Which Cannot Be Avoided 

5.7.1.1 

5.7.1.2 

Economic Costs 

The economic costs of the steam generator repiacement 
will include material, labor, replacement power, etc. 
The two major costs are replacement power for six months 
per unit and the capital cost of replacement steam gene
rators and associated installation labor.. The c.ost Qf 
steam generator disposal in an on-site facility has been 
estimated at $700,000 for capital costs. Labor costs · 
for transport to the facility are part of the 620,000 
labor hours estimated to be required for change.out. The· 
long term costs of Health Physics and security surveil-. 
lance have not beem estimated but.should be a .minor por
tion of that required for the station as a whole. 

The total manpower required is about 700,000 man-hour~ 
for labor, licensing, management, etc., 'and about 4400 
man-rem from radiation exposure to workers for the two 
units during replacement, including placement of the 
steam generators in the storage facility. Material 
costs will include about 1350 tons of carbon steel, 48 
tons of stainless steel insulation and 3000 yd3 of con..: 
crete as weii ~s some 74,000 gallons of gasoline for' 
worker transportation. · 

Environmental Costs 

The environmental costs of the steam generator replace
ment are negligible. The existing barge landing and 
channel and onsite roads will be utilized. The only 
impact to terrestrial biota will be that due to.clear
ing the small area (1 acre) for the storage facility 
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and the noise generated by cranes and worker .transpor
tation activities. There are no anticipated aquatic im
pacts associated with the project other than minor dis
turbances resulting from barge movements. 

There will be some noise generated by onsite equipment 
and worker transportation, but the impact of such noise 
and worker traffic will be small compared to similar 
effects during construction of Unit Nos. 1 and 2 at 
Surry. 

The workers employed for the project will use tempo
rary sanitary facilities. There will be no discharges 
to the James River. 

Benefit From the Project 

The major benefits associated with the replacement of steam gene-. 
rators at Surry Power Station are as follows: 

1. The steam generators at Surry will be restored to a "new" 
condition. 

2. There is an economic benefit to Vepco and its customers. 

3. Increased availability and reliability of the Surry Units 
which will allow Vepco to better meet the needs of its 
.customers. 

4. A net decrease in radioactive effluents over the remaining 
life of Surry Power Station. 

5. A large net savings in personnel exposure over the remaining 
life of the station. 

As a result of this action the steam generators at Surry Power Sta
tion will be restored to a "new" condition. The need for this re
storation is explained in section 1.2 of this report. 

There is an obvious economic incentive for this action which will 
provide a benefit to both Vepco and its customers. Over the re
maining 30 years of station life, this action may save Vepco and 
its customers, approximately $125,000,000. The basis for this 
economic incentive is explained in section 5.2 of this report. 

Replacing the steam generators at Surry will result in an increase 
of availability and reliability of Surry Power Station since the 
cause of prior unit outages will be reduced. This will allow 
Vepco to better meet the requirements of its customers for electri
cal power. This is also discussed in section 5.2 of this report. 

As a result of design improvements incorporated into the new steam 
generators (see section 2.4 of this report) primary to secondary 
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. leakage should be virtually eliminated. This will have the effect 
of reducing the radioactive- effluents released from Surry. This 
is discussed in section 5.3.2.3. 

In 1975 and 1976, steam generator repair and maintenance accounted 
for 40 percent of the personnel exposure received at Surry. This 
exposure is attributable to problems caused by the corrosion pheno
mena discussed in section 1.2 of this report. This phenomena should 
be eliminated by the design improvements discussed in section 2·. 4 
of this report .. Replacement of steam generators will therefore re-. 
sult in a savings of personnel exposure at Surry. Over the re
maining 30 years of station life as much as 16,500 to 28,000 man-rem 
of exposure may be avoided. This is discussed in se.ction 5. 2. 3. · 

Relationship Between Local Short.:....Term Uses of the Environment and 
Long~Term Productivity 

The local short-term uses of the environment and the long-term pro
ductivity have been previously discussed in the Final Environmental 
Statement, FES, prepared:bY the NRC for Surry Unit Nos. 1 and 2. 
The replacement of the steam generators will not affect the conclu
sion of·the FES assessment except for the small perturbation re
sulting from steam generator disposal onsite. 

Conclusions 

Based upon data presented here and in supporting documents. it is. 
concluded that the proposed project ii the most cost effective 
approach that will satisfy company objectives and will have minimal 
environmental impact. All of the other alternatives will result in 
greater man-rem exposures, economic costs or potential environm~nt~l 
impacts. . .. 
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6.0 AI.ARA CONSIDERATIONS 

6.1 Alara Objectives 

SSGP 6.0-1 
Rev. 2 

The steam generator replacement activities.described herein will be 
implemented at a nuclear power station which has operated for 
approximately five (5) years. As a result of irradiation and con
tamination, many of the tasks- associated with the replacement 
activitieswill expose personnel to radiation. Radiation exposure 
to personnel will be maintained.at levels that comply with 10 CFR 
20, "Standards for Protection Against Radiation"·. In addition, 
every reasonable effort will be made to maintain exposures to 

·. radiation as far below the limits specified in 10 CFR 20 as is 
r'easonable .achievable. Accordingly, this section provides infor
mation relevant to attaining goals and objectives for planning, 
designing, engineering, and implementing ·the steall,l generator replace
ment activities to assure that exposures of personnel will be "as 
low as is reasonably achievable" (AI.ARA). The guidance and recommen
dations contained in Regulatory Guide 8.8, "Information Relevant to 
Ensuring That Occupational Radiation Exposures at Nuclear Power 
Stations Will Be As Low·As Is Reasonably Achievable", Revision 2, 
March 1977 have been considered in formulating the ALARA Program 
for the project. 

The overall goal of. t:he_ALARAeffort for the·replacement activities 
are (1) to maintain the annual dose to individual personnel as low 
as reasonably achievable and (2) .to .keep the annual collective dose 
to personnel, i.e. total man-rem exposure, as low as reasonably · 
achievable. In satisfying these objectives, both current technology 
and good work practices. will be used. The means available to 
-implement ALARA· objectives ·.are varied and must be applied on a 
case-by-case basis. _In ev,aluating ·AI.ARA considerations, some de
decisions are obvious without a detailed study, whereas cost benefit 
analyses are used in some cases. For purposes of these evaluations 
a value of $1',.000 per man-rem is used. 

The specific objectives·whch have been established for the replacement 
activites tomaintain occupational radiation·exposures ALARA are: 

1. Establish that the AI.ARA philosophy shall apply to the 
program 

. 2. E_ngineer facilities, systems and. components, and select 
equipment, ~hat satisfy ALARA objectives 

3. Establishment of a radiation control Frogram, plans and 
procedures 

4. Make supporting equipment, instrumentation and facilities 
·available 
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5. Preplan and schedule all activities to minimize duration, 
exposure and number of people 

6. Assign trained personnel to perform replacement activities 

6.2 Steam Generator ALARA Program 

For purposes of discussion, the information presented herein will be 
in the context of the steam generator replacement activities, although 
many of the principles and practices identified may be applicable 
for normal station.operation, and have been applied to those activities. 
Some of the items identified are unique to the replacement program. 
The.ALARA Program has not been included as an independent document, 
but is included as part of this submittal, other station procedures 
and documents, and other special instructions or procedures issued 
for the steam generator project. 

As stated herein, there is a management policy for, and connnitment 
to, ensuring that the exposure of personnel to radiation is ALARA. 
This policy and connnitment is implemented by existing procedures 
and instructions and by special procedures applicable to the replace
ment activities. The activities involved with the overall replacement 
are identified as discrete "work packages". These detailed work 
packages include appropriate procedures, instructions, drawings, 
etc. to assure that the work can be completed with a minimum of 
radiation exposure. These work packages include any special 
provisions that are necessary in performing the work, e.g. temporary 
shielding. Special emphasis has been placed on the engineering and 
planning prior to issuing "work packages" to assure that ALARA objectives 
are incorporated. At the outset of the project, specific instruction 
on this subject were issued to the various consultants and engineers 
that are assisting the Company. 

The steam generator project organization reflects the Company's 
connnitment to ALARA objectives. A full time individual knowledgeable 
with health physics practices is assigned to the project team to 
assist in the planning phase and will supervise the health physics 
program during the actual replacement activities. During the 
engineering and planning phase, he is assisting in establishing 
basic criteria for implementing· ALARA objectives, as well as working 
with the engineers and planners in establishing specific requirements. 
During the actual work activites he will maintain responsibility 
for all health physics activities, as well as general housekeeping, 
during the course of the project. This individual will coordinate 
his activities on the steam generator project with those of the 
operating unit. This individual will continue to have line responsi
bility through the Supervisor of Health Physics to the Station 
Manager. All HP personnel ass.igned to the steam generator activities 
will report to the individual indentified above. 
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A healths physics manual written for the steam.generator replacement 
will be utilized for this project. Thi.s nianU:al establishes criteria 

_for measuring and posting radioactive areas, and provides·instructions 
for HP related items. Applicable station health physics procedures 
shall be utilized and implemented as necessary. The Health Physics 
Coordinator will be responsible for assuring that an effective 
measurement system is·established, that results are r~viewed, and 
that corrective actions are taken when attainment of the specific 
objectives appear to be compromised~ The appropriate resources 
needed.to achieve ALARA goals and objectives will be provided 
through current station resources or· through .. special purchases 
associated with the replacement activities. 

In addition to Company personnel, outside assistance is being used 
in the planning phase to assure that additional expertise is applied 
to all phases of the project. 

The basic responsibilities o:t::. the Health Physics Coordinator for 
the replacement activities includes: 

(a) Participating in design reviews for facilities and 
equipment that can affect potential radiation exposures; 

(b) Identifying. locations, operations, and conditions that 
have the potential for causing s_ignificant exposures to 
radiation; 

(c) Initiating-and implementing an exposure control·program; 

(d) Developing plans, procedures,. and methods for keeping 
radiation exposures of station·personnel ALARA; 

(e) Reviewing, commenting on, and recommending changes in job 
procedures to maintain exposures ALARA; 

(f) Developing and participating in training programs related 
to work in radiation· areas or involving :radi·oactive 
material; 

(g) Supervising the radiation surveillance program to maintain 
data on exposures of and doses to station personnel, by 
specific job functions and·type of work; 

(h) · Supervis~ng the collection, analysis, and evaluation of· 
data and information attained from radiological surveys 
and monitoring activities; · 

(i) Ensuring that adequate radiation protection coverage is 
provided for station personnel during all working hours. 

The Heal th Physics Coordinator will·· continue to report to the 
Supervisor of Health Physics and will be able to call upon staff 
support at the ma.in office, as well as. consultants. 

.. 
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6.3 Training and Instruction 
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A health physics training program currently is in operation and 
will be applied to the steam generator replacement activities. 
Personnel working .on the steam generator project will receive 
instructions and training in exposure control and emergency proce-

·dures. All.personnel involved in steam genera.tor·replacement· 
activites whose duties require (1) working with radioactive materials, 
(2) entering· ·radiation areas, or (3) directing the activities of 
others who work with radioactive·materiais or enter radiation areas 
will receive·training. The training program includes sufficient 
instruction in the biological effects of exposure to radiation to 
permit the individuals receiving·the instruction to understand and 
evaluate the significance of radiation doses in terms of the 
potential risks. The training program,also includes instruction on 
radiation protection rules for the station and the applicable 
federal regulations. 

,As a part of the overall philosophy, instruction of·personnel 
assigned to the projectwill stress,the importance of exposure 
radiation effects· by individuals. Of particular importance because 
of the requirement to perform repetitive operations,· i.e. six (6) 
steam generators, emphasis will be placed on the need for feedback 
information. It is planned to hold formal "debriefing" sessions to 
further implement this objective. 

It is planned to utilize experienced. and trained personnel to 
implement the· replacement program. The use of highly skilled craft ·. 
labor should permit tasks to be performed .reliably and more effi
ciently. Specific training sessions will be held for tasks unique 
to the replacement activities. 

6.4· Engineering and Design Reviews 

The overall-steam.generator replacement program will be implemented 
by the use of- "work packages" that are amenable to efficient and 
timely review. These packages contain all the information required 
to implement a specific task associated with the project, e.g. 
cutting the steam generator. Each of these packages is subject to 
intensive review, including operation, maintenance, cons·truction, 
quality assurance,"health physics, and engineering personnel. The 
coordination in the various groups is the responsibility of the 
Project Engineer. This coordinated effort by these individuals 
ensures that the objectives of the ALARA Program are achieved. It 
should be noted that the Company has the lead responsibility for 
the replacement activities and is using outside consultants to 
augment its staff. 

To the extent possible,· the replacement activities reflect considera
tion of the activities of station personnel that might be anticipated 
and that might lead to personnel exposure to substantial sources of 
radiation. Specifications for replacement ·equipment are intended 
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to reflect the objectives of ALARA. Although the.replacement 
· : program includes the purchase· of only· limited equipment·, the 

purchase· specifications· have r.ef'lected ALARA. conside~ation as 
· shown by these examples below: 

1. The stealll; generator lower assemblies constitute · the. 
major purchase. Although·the overall·replacement itself 
is expected to reduce future occupational expasur.e, a 
number of specific items were·specificcally addressed in 
the specification. In addition to those specific improve
ments identified in Section· 2'. 0 to assure the· integrity 
of the replacement assemblies, there are·a number of 
specific design improvements which were ineluded as 

·implementation of ALARAobjectives, such as, a) marking. 
of tubing to al:low quick identification during-plugging 
and inspection activities;.b) the requirement to have a 
special device for removing primary manway . covers, c) · 
the provisions for removal insulation. 

2. The reactor coolant pipe will be equipped with special 
lifting lugs to facilitate handling and installation, 
thus minimizing exposure times. 

•3. The replacement insulation will be of the reflective type 
(stainless steel) · an4· will be des.igned to -facilitate in
service inspection requirements. The quick and easy removal 
of this type of insulation will minimize exposure times. 

6.5 Design Features 

The steam generator·replacement activities involve the repair of 
an existing facility; therefore,. the flexibility to provide features 
to satisfy ALARA objectives is limited. However, to the extent 
possible, special provisions are being considered that will meet 
ALARA objectives during installation and after the unit is returned 
to service. Although the. major source of personnel exposure will be 
from external sources, there is ·a potential for doses from internal 

·exposure. In establishing work procedures and preparing engineering 
designs, the fac.tors which determine the doses from internal and 
external sources are considered. 

For external exposures the primary concern in establishing work pro
cedures and designs is the need to limit the time personnel remain in 
the radiation field arid the intensity of the radiation field. In 
or~er to limit the exposure t~me, efforts are being made to thoroughly 
preplan the work·activity prior to its actual accomplishment, using 
mock-ups, use of highly qualified individuals, use of training aids, 
etc. In simple t~rms, the goal is to minimize the amount of time 
required to complete the job. In addition to minimizing man~rem 
exposure,· it also results in significant economic benefits. 
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The intensity of thia.radiation field.is determined by ·(1) the 
quantity of radioactive material, (2) the nature of the emitted 
radiation, (3) the nature of.shielding between the radiation source 
and the worker~ and (4) geometry. While it is rather straight 
forward in limiting the length of.the stay time, it is somewhat 
subject;i.ve· to determine how much reduction in the radiation field 
is cost beneficial. Each circumstance must be treated on.a case~ 
by-case ·basis •. Methods for reducing the radiation fields for the 
steam generator replacement activities are discussed in a later 
section of this section. 

Internal radiation exposure is· an important consideration for the 
activities associated with replacement because of the potential for 
·airborne contamination·attributable·to cutting,. welding, movement, 
disassembly, etc. The parameters important in determining ·. doses 
from internal exposures are 1) the quantity of-radioactive material 
taken into the body, 2) the nature of the material and 3) the time 
retained' in the body. Consequently, the basic variables that can 
be controlled during the repair activities to limit doses from 
internal e:xposures are .those that linri.t 1) the·amount of contami
nation, 2) the disposal of the contamination, and 3) the·length of 
time that personnel must spend in con_taminated areas. Each situation 
must be treated on a case-by-case basis. Methods for eliminating 
or minimizing internal doses are discussed in later sections of 
this report. 

Radiation sources within a nuclear power station differ appreciably 
with respect to location, intensity and characteristics. Unlike a 
new power station, where the parameters affecting radiation· exposure· 
must be estimated using standards or experience, the radiation en
vironment for the steam generator replacement activities exists and 
can be quantified. Therefore, the environmental conditions can be 
determined more exactly for each location within the station. As an 
integral part of the planning activitiesfor the project, existing 
survey data, as well as new data, is being reviewed to establish ex~ 
posure levels. Once these levels are established, techniques can be 
applied-to reduce them commensurate with their cost-benefit. 

To ill~strate.some of the specific measures that are being·implemerited 
arid considered, each of the items in ·Section C.2 is- addressed .herein · 
below and is numbered accordingly. For ease of reference and compara
tive purposes, each of the RG 8.8 recommendations· is presented in tab-

. ular form·. in· Table 6-1, with a general discussion of those measures 
which are tentatively planned for the steam generator replacement 
activities. 
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TABLE 6-1 

ALARA PROVISIONS 

R.G. 8.8 COMMENT STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

Access Control of Radiation Areas 

To avoid unnecessary and inadvertent ex
posures of personnel to radiation, the 
magnitude of the potential dose rates at 
all locations within the station should 
be measured periodically during operation 
to determine curr~nt exposure potentials. 
Zones associated with the higher dose rates 
should be kept as small as reasonably. 
achievable consistent with accessibility 
for accomplishing the services that must be 
performed in those zones, including equip~ 
ment laydown requirements. Radiation zones 
where station personnel spend substantial 
time should be designed to the lowest practi
cable dose rates. 

A system should be established to permit 
effective control over personnel access to 
the radiation areas and control over the 
movement of sources of radiation within 
the station. Where high radiation areas 
( 100 mrem/hr) exist, 10 CFR Part 20, 

a. Potential dose rates are being estimated 
using actual survey data, both historical 
and new. At the beginning of the outage 
a complete detailed survey will_ be taken 
in accordance with a preplanned standard 
format. This survey will be periodically 
updated. 

Zones will be established in the contain
ment work areas identifying the exposure 
level in each work zone. This data will be 
periodically updated_. Zones with high dose 
rates will be kept·as small as possible 
considering the work requirements. 

A detailed laydown study is now in pro
gress and·a laydown map will be issued for 
the actual work. 

Specific low radiation zones will be 
established in the containment work area 
which will allow personnel to take "rest 
breaks" without leaving the general work 
area. This "rest area" will have a back
ground radiation exposure of 5 mR per hour 
or less. 
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20.203 requires that station design features 
and administrative controls provide effec
tive ingress control, ease of egress, and 
appropriate warning devices and notices. 
Access control of radiation areas also should 
reflect the following considerations: 

(1) Extraordinary design features are warranted 
to avoid any potential dose tp personnel 
that is large eno~gh to cause acute biological 
effects and that could be received in a short 
period ol· time. Positive control of ingress 
to such areas, permanent shielding, source 
removal, or combinations of these alternative~ 
can reduce.the dose potential. 

(2) Administrative controls such as standard 
operating procedures can be effective in pre
venting inadvertent exposures of personnel and 
the spread of contamination when radioactive 

1. 

2. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

An access control point will be established· 
for the containment area at the equipment 
hatch. Access to the containment by 
steam generator replacement personnel will 
be through this point. Access through the 
the existing personnel hatch·will be 
minimized. Access through the personnel 
hatch will be controlled at the current 
control point location. 

Part 20 requirements will be satisfied by 
appropriate devices, barriers, etc. Prior 
to the commencement of work, high radiation 
areas will be identified. The use of 
shielding and removal of source material 
will be implemented. As a goal, high 
radiation areas will be reduced to a field 
of less than 50 mR/hr. Where not practi
cable to do, appropriate measures will be 
taken to control access to the area. 

Current station procedures will be 
augmented by special procedures covering 
steam generator replacement activities. 
Appropr::(.ate "frisking" stations will be 



e 
TABLE 6-1 (CONTINUED) 

R.G. 8.8 COMMENT 

material or contaminated equipment must be 
transported from one station location to 
another and when the route of transport 
through lower radiation zones or "clean" 
areas cannot be avoided. 

(3) Station features such as platforms or walk
ways, stairs, or ladders that permit prompt 
accessibility for servicing or inspection of 
components located in higher radiation zones 
can reduce exposure of personnel who must 
perform these services. 

b. Radiation Shields and Geometry 

Radiation shields should be designed using 
conservative assumptions for radioactive 
source quantities and geometries, Calcula
tional methods selected to determine shield 
thicknesses should be known to provide re
liable and accurate results. Shield design 
features should reflect the following ALARA 
considerations: 

(1) Exposure of personnel servicing a specific 
component (such as. a pump, filter, or valve) 
to radiation from other components contain
ing radioactive material can be reduced by 

3. 

1. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

used to minimize the potential spread of 
contamination. 

As part of the engineering and planning 
effort, scaffolding, hoisting and trans
portation requirements are being identi
fied. Provisions will be made for the 
installation of temporary scaffolding, 
hoisting equipment and transportation 
equipment to facilitate steam generator 
removal activities; 

Radiation shielding material will be used 
where possible to minimize radiation ex
posure, This temporary shielding may con
sist of standard components such as lead 
blankets, etc., or, in some cases special 
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providing shielding between the individual 
components that constitute substantial 
radiation sources and the receptor. 

(2) Where it is impra~ticable to provide perma
nent shielding for individual components 
that constitute substantial radiation sources, 
the exposure of personnel maintaining such 
components can be reduced (a) by providing 
as much distance as practicable between the 
serviceable components and the substantial 
radiation sources in the area and (b) by 
providing temporary shields around components 
that contribute substantially to the dose 
rate. 

(3) Potential exposure of station personnel to 
radiation from certain systems containing 
radiation sources can be reduced by means of 
a station layout that permits the use of dis
tance and shielding between the sources and 
work locations. These systems include (but 
are not limited to) the NSSS and the reactor 
water cleanup, offgas treatment, solid waste 
treatment, and storage systems, as well as 
systems infrequently containing radiation 
sources, such as the standby gas treatment and 
residual heat removal systems. 

. 2. 

3. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

shields will be fabricated, For example, 
special shielded plugs will be installed 
in all openings in the steam generator 
lower shell assemblies prior to movement 
out of the containment, 

The work described herein involves the 
repair of an existing facility, therefore, 
there is limited opportunity to change the 
basic station design or layout. Temporary 
shielding will be provided while working 
on components. For example, the exposed 
piping in the reactor coolant system fol
lowing cutting will be fitted with plugs 
and other shielding material. 

Not applicable to repair work. 
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Radiation from an operating BWR turbine can 
constitute a substantial source of exposure 
for construction personnel or others who 
have access to the site for extended periods 
of time if. insufficient shielding is pro
vided. 

(4) Streaming or scattering of radiation from 
locally shielded components (such as 
cubicles) can be reduced by.providing laby
rinths for access. However, such labyrinths 
or other design features of the cubicle 
should permit the components to be removed 
readily from the cubicle for repair or re
placement. Single-scatter labyrinths may 
be inadequate if the cubicle contains a 
substantial radiation source. 

(5) Str~aming of radiation into accessible areas 
through penetrations for pipes, ducts, and 
other shield discontinuities.can be reduced 
(a) by means of layouts that prevent sub
stantial radiation sources within the 
shield from being aligned with the penetra
tions or (b) by using "shadow" shields such 
as shields of limited size that attenuate 
the direct radiation component. Streaming 
also can occur through roofs or floors un
less adequate shielding encloses the source 
from all directions. 

4. 

5. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

Streaming of radiation will be minimized 
by installing shielding, such as plugs in 
open ended pipe lines following cutting. 
The steam generator primary side manways 
will remain in place during the repair pro
cess to eliminate streaming. 

Streaming of radiation will be minimized 
by installing shielding, such as plugs in 
open ended pipe lines following cutting. 
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(6) The exposure of station personnel to radiation 
from pipes carrying radioactive material can 
be reduced by means of shielded chases. 

(7) Design features that permit the rapid removal 
and reassembly of shielding,· insulation, and 
other material from equipment that must be 
inspected or serviced periodically can reduce 
the exposure of station per~onnel performing 
these activities. 

(8) Space within cubicles and other shielding to 
provide laydown space for special tools and 
ease of servicing activities can reduce 
potential doses by permitting the services 
to be accomplished expeditiously, thus re
ducing exposure time. 

(9) The exposure of personnel who service com
ponents that constitute substantial radiation 
sources or are located in high radiation 
fields can be minimized by removing the com
ponents and transporting them to low radia
tion zones where shielding and special tools 
are available. Design features that permit 
the prompt removal and installation of these 
components can reduce the exposure time. 

(lO)·Floor and equipment drains, piping, and 
sumps that are provided to collect and route 
any contaminated liquids that might leak or 

6, 

7. 

8. 

9. 

10. 

STEAM GENEMTOR REPLACEMENT PROGRAM PROVJSIONS 

Not specifically applicable to repair 
program. 

The insulation presently installed on the 
steam generator and certain portions of 
the piping connected thereto will not be 
be reused. New reflective type insula
tion will be designed to provide quick 
and easy access to areas subject to in~ 
service inspection. 

Not specifically applicable to repair 
program. 

While this provision is intended to apply 
to permanently installed equipment, the 
general philosophy will be followed in 
the repair activities. For example, the 
steam generator upper shell will be 
refurbished in a lower radiation area that 
will be equiped with special jib cranes 
to facilitate the change out of the 
moisture separation equipment. 

Not specifically applicable to repair 
program. 
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be spilled from process equipment or sampling 
stations can become substantial radiation 
sources. The drain lines can be located in 
concrete floors, concrete ducts, columns, or 
radwaste pipe chases to provide shielding. 
These systems can also become a source of 
airborne contamination because of the poten
tial for gases to form in, and be released 
by, such systems (see Section 2.d(6)). 

c., Process Instrumentation and Controls 

Appropriate station layout and design features 
should be provided to reduce the potential 
doses to personnel who must operate service, 
or inspect station instrumentation and 
controls. The following considerations 
should be reflected in selecting the sta
tion features. 

(1) The exposure of personnel who must manually 
operate valves or controls can be reduced 
through the use of "reach rods" or remotely' 
operated valves or controls. However, 
these devices can require lubrication and 
maintenance that can be the source of 
additional exposures, and these factors 
should be taken into consideration. 

(2) The exposure of personnel who must view or 
operate instrumentation, monitors, and con
trols can be reduced by locating the read-

1. 

2. 

STEAM GENERATOR REPLACEMENJ PROGRAM PROVISIONS 

Not specifically applicable to the repair 
program. 

While this provision is intended to apply 
to permanently installed equipment, the 
welding of the steam generator will 
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outs or control points in low radiation zones. 

(3) Instrumentation must satisfy functional re
quirements, but the exposure of personnel 
can be reduced if the instruments are de
signed, selected, specified, and located 
with consideration for long service-life, 
ease and low frequency of maintenance and 
calibration, and low crud accumulation. 
Operating experience should be recorded, 
evaluated, and reflected in the selection 
of replacement instrumentation. 

(4) The use of instrumentation that contains 
minimal quantities of contaminated working 
fluid, (for example, pressure transducers 
rather than bellows-typ~ pressure gauges) 
can reduce the potential for exposure at 
the readout locations. 

d. Control of Airborne Contaminants and Gaseous 
Radiation Sources 

Station design features should be provided in 
all station work areas to limit the average 
concentrations of radioactive material in air 
to levels well below the values listed in 
Appendix B, Table 1, Column 1 of 10 CFR Part 
20. Effective design features can minimize 
the occurrence of occasional increases in 

3. 

4 .. 

STEAM GENERA.TOR REPLACEMENT PROGRAM PROVISIONS 

utilize a remote control center for moni
toring weld parameters, 

The currently installed steam generator 
level transmitters will be replaced with 
equipment supplied by a different manu
facturer. Functionally the transmitters 
will remain the same. Based on operating 
experience with similar transmitters, the 
new transmitters should be more reliable 
and require less maintenance. 

Not specifically applicable to th~ repair 
program. 

During the steam generator replacement 
activities, the potential for airborne 
contamination is increased because of the 
work tasks required in the removal process, 
e.g. cutting into radioactively contaminated 
piping systems. Special measures will be 
implemented to minimize and control such 
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air contamination and the concentrations and 
amounts of contaminants associated with any 
such occasional increases. Designs that permit 
repeated, identified releases of large 
amounts of radioactive materials into the air 
spaces occupied by personnel are contrary to 
an ALARA program, 

Station design features should provide for 
protection against airborne radioactive 
material by means of engineering controls 
such as process, containment, and ventila
tion equipment. The routine provision of 
respiratory protection by use of individual
ly worn respirators rather than engineered 
design features is generally unacceptable. 
The use of respirators houtver, might be 
appropriate in certain nonroutine or emer
gency operations when the application of 
engineering controls is not feasible or 
while such controls are being installed. 

The approved use of respirators is subject to 
the requirements of 10 CFR Part 20, S 20.103, 
"Exposure of Indiyiduals to Concentration of 
Radioactive Materials in Air in Restricted 
Areas1', and to regulatory- guidance on accept,.. 
able use, (See Regulatory Guide 8.15, 
"Acceptable Programs for Respiratory Pro
tection1', and NUREG-004;1., ."Manual of Res-

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

airborne and gaseous contamination, such as 
the use of temporary enclosures and filter
ing systems. Respiratory protection equip
ment will be used as required to further 
assure personnel safety. · 

Respirators will satisfy the requirements 
of 10 CFR 20, as well as R.G. 8.15 and 
NUREG-0041, 
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piratory Protection Against Airborne Radio
active Materials". Design features of the 
station ventilation system and gaseous 
radwaste processing systems should reflect 
the following considerations. 

(1) The spread of airborne contamination within 
the station can be limited by maintaining 
air pressure gradients and air flows from· 
areas of low potential airborne contamination 
to areas of higher potential contamination. 
Periodic checks would ensure that the design 
pressure differentials are being maintained. 

(2) Effectively designed ventilation systems and 
gaseous radwaste treatment systems will 
contain radioactive material that has been 
deposit.ed, collected, storeq., or transported 
within or by the systems. Exposures of 
station personnel to radiation and to con
tamination from ventilation or gaseous rad
waste treatment components occur as a result 
of the need to service, test, inspect, decon
·taminate, and replace components of the sys
tems or perform other duties near these 
systems. Potential doses from these systems 
can be minimized by providing ready access to 
the systems, by providing space to permit the 
activities to be accomplished expeditiously, 

1. 

2. 

.. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

During the steam generator replacement 
activities when the equipment hatch is 
open, the containment ventilation system 
will be operated to assure that air flow 
is from the outside into the containment, 
i.e. there will be no outleakage from the 
containment. 

Not specifically applicable to the repair 
program. 
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by separating filter banks and components to 
reduce exposures to radiation from adjacent 
banks and components, and by providing suf
ficient space to accommodate auxiliary 
ventilation or shielding of components. 

Auxiliary ventilation systems that augment 
the permanent system can provide local con
trol of airborne contaminants when equip
ment containing potential airborne sources 
is opened to the atmosphere. Two types of 
auxiliary ventilation systems have proven 
to be effective. In areas where contaminated 
equipment must be opened frequently, dampers 
and fittings can be provided in ventilation 
ducts to permit the attachment o.f flexible 
tub'ing or "elephant trunks" without imbalanc
ing the ventilation system. In areas where 
contaminated equipment must be opened infre
quently, portable auxiliary ventilation systems 
featuring blowers, HEPA filters, and activated 
charcoal filters (where radioiodine might be 
anticipated) on carts can be used effectively. 
Portable auxiliary ventilation systems should 
be tested frequently to verify the efficiency 
of the filter elements in their mountings. 
When the efficiency has been verified, the sys
tem may be exhausted to the room or the venti
lation exhaust duct without further treatment 
and thus imbalance of the permanent ventilation 
system can be avoided. 

3. 

.. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

Auxiliary ventilation systems will be 
utilized during the steam generator re
placement activities to provide local 
control of airborne contaminants when 
equipment containing potential airborne 
sources is opert to the atmosphere. When 
contaminated piping systems are cut they 
will be surrounded by appropriate "tents" 
or gloveboxes with portable blower and 
filtration equipment. Portable ventila
tion and filtering equipment will be used 
to process the atmosphere within the tent 
which will cover the lower reactor vessel 
internals while they are in storage. 
A temporary containment ventilation system 
will be used to maintain the containment 
at a slightly negative pressure to assure 
no degradation of the installed system. 
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(4) Machining of contaminated surfaces (e.g., 
welding, grinding, sanding, or scaling) or 
"plugging" of leaking steam generator or 
condenser tubes can be substantial sources 
of airborne contamination. These sources 
can be controlled by using auxiliary venti
lation systems. 

(5) Sampling stations for primary coolant or 
other fluids containing high levels of 
radioactive material can constitute sub
stantial sources of airborne contamination. 
Such sources can be controlled by using 
auxiliary ventilation systems. 

(6) Wet transfer or storage of potentially con
taminated components will minimize air 
contamination. This can be accomplished 
by keeping contaminated surfaces wet, by 
spraying, or, preferably, by keeping such 
surfaces under water. 

e. Crud Control 

Design features of the primary coolant sys
tem, the selection·of construction materials 
that will be in contact with the primary 
coolant, and features of equipment that 
treat primary coolant should reflect consi
derations that will reduce the production 

.. 

4. 

5. 

6. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

Machining operations will be controlled 
to assure that potential airborne contami
nation is contained. 

Not specifically applicable to the repair 
program. 

Not specifically applicable to the repair 
program •. 
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and accumulation of crud in stations where 
it can cause high exposure levels. The 
following items should be considered in the 
crud control effort. 

(1) Production of Co-58 and Co-60, which con
stitute substantial radiation sources in crud, 
can be reduced by specifying, to the extent 
practicable, low nickel and low cobalt bear
ing materials for primary coolant pipe, 
tubing, vessel internal surfaces, heat 
exchangers, wear materials, and other com
ponents that are in contact with primary 
coolant. Colmonoys and Hastelloys can 
frequently be substituted for stellite for 
hard facings or wear material, and Alloy-800 
can frequently be substituted for Alloy-600 
in heat exchangers. 

(2) Loss of material by erosion of load-bearing 
hard facings can be reduced by using 
favorable geometrics and lubricants, where 
practicable, and by using controlled leak
age purge across journal sleeves to avoid 
entry of particles into the primary coolant. 

(3) Loss of material by corrosion can be reduced 
by continuously monitoring and adjusting 
oxygen concentration and pH in primary 
coolant above 250oF and by using bright 
hydrogen-annealed tubing and piping in the 
primary coolant and feedwater systems. 

1. 

2. 

3. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

The materials of construction of the reactor 
coolant system will essentially remain the 
same~ Stainless steel support plates will be 
used instead of carbon steel. 

Not specifically applicable to the repair 
program. 

The AVT chemistry program will be used in the
secondary side of the steam generators and 
technical specifications maintained for the 
primary coolant chemistry. 
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(4) Crud can be removed from primary coolant 
by high-temperature filtration (graphite or 
magnetic filters) by reactor water cleanup 
systems, by isolation and chemical decon
tamination of major serviceable components 
of the system, and by draining and flushing 
of the system. 

(5) Leakage of contaminated coolant from the 
primary system can be reduced by using 
live-loaded valve packings and bellow seals, 

(6) Deposition of crud within the primary 
coolant system can be reduced by providing 
laminar flow and smooth surfaces for coolant 
and by minimizing crud traps in the system 
to the extent practicable. 

f. Isolation and Decontamination 

Potential doses to station personnel who must 
service equipment containing radioactive 
sources can be reduced by removing such 

4. 

5. 

6. 

STEAM GtNERATOR REPLACEMENT PROGRAM PROVISIONS 

No changes to the reactor water cleanup 
systems are planned. Based on the results 
of studies conducted for the repair pro
gram, it is not planned to perform any 
chemical decontamination. Also, as a result 
of these studies, flushing of the systems 
will provide no significant benefit in re
ducing radioactive exposure. 

If valves are replaced or added as part 
of the repair activities appropriate 
design features will be incorporated 
to minimize leakage. 

The new lower assemblies will have recessed 
tubes welded in the tube sheet. The tube 
ends presently project below the bottom of 
the tube sheet. This change effectively 
reduces entrance losses and eliminates a 
potential crud trap. The replacement 
lower assemblies will be equipped with an 
improved blowdown system to minimize 
crud deposition. The overall design of 
the replacement steam generators has as 
a design objective to minimize crud 
deposition. See Section 2.0 of this report 
for more details. 
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sources from the equipment (decontamination), 
to the extent practicable, prior to servic-

. ing. Serviceable systems and components 
that constitute a substantial radiation 
source should be designed, to the extent 
practicable, with features that permit iso
lation and decontamination. Station design 
·features should consider; to the extent 
practicable, the ultimate decommissioning 
of the facility and the following concerns: 

(1) The necessity for decontamination can be 
reduced by limiting, to the extent practica
ble, the deposition of radioactive material 
within the processing equipment--particularly 
in the 11dead spaces11 or 11traps11 in components 
where substantial accumulations can occur. 
The deposition of radioactive material in 
piping can be reduced and decontamination 
efforts enhanced by avoiding stagnant legs, 
by locating connections above.the pipe center
line, by using sloping rather than horizontal 
runs, and by providing drains at low points 
in the system. 

(2) The need t;:o decontaminate equipment and 
station areas can be reduced by taking 
measures that will reduce the probability 
of release, reduce.the amount released, and 
reduce the spread of the contaminant from 
the source (e.g., from syst:ems or com
ponents that must· be opened for service or 

1. 

2. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

Drains will be provided in the steam 
generator channel heads to allow all 
water to be removed before entrance for 
maintenance and or inspection. 

The replacement of the steam generators 
will reduce the probability of radio
active releases, as well as the amount 
released. 
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. TABLE 6-1 (CONTJNUED) 

R.G. 8.8 COMMENT 

replacement). Such measures can include 
auxiliary ventilation systems (see 4.b), 
treatment of the exhaust from vents and 
overflows (see 2.h(8)), drainage control 
such as curbing and floors sloping to 
·local drains, ·or sumps to limit the 
spread of contamination from leakage of 
liquid systems. 

(3) Accumulations of crud or other radioactive 
material that cannot be avioded within com
ponents or systems can be reduced by pro
viding features that will permit the recir
culation or flushing of fluids with the 
capacity to remove the radioactive material 
through chemical or physical action. The 
fluids containing the contaminants will 
require treatment and this source should be 
considered in sizing station radwaste treat
ment systems. 

(4) Continuity in the functioning of processing 
or ventilation systems that are ;important 
for controlling potential doses to station 
personnel can be provided during servicing 
of the systems if redundant components or 
systems are available so that the component 
(with associated piping) being serviced can 
be isolated. 

(5) The potential for contamination of 1'clean 
services'' (such as station service air, 
nitrogen, or water supply) from leakage from 

3. 

4. 

5. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVlSlONS 

The steam generator blowdown system 
provides the capability to remove con
taminants from the steam generators. 
A recent modification of the blowdown 
system allows 1% of feedwater flow to 
be blown down. The steam generator itself 
is designed for an even larger blowdown 
rate should it become necessary to in
crease the current blowdown rate. 

Not specifically applicable to the repair 
program.· 

Not specifically applicable to the repair 
program. 
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TABLE 6-;J.. (CONTINUED) 

R.G. 8.8 COMMENT 

adjacent systems containing contaminants 
can be reduced by separating piping for 
these services from piping that contains 
radioactive sources. Piping that carries 
radioactive sources can be designed for the 
lifetime of the station, thus avoiding the 
necessity for replacement (and attendant 
exposures) and lessening.t~e potential 
for contamination of clear services if it 
is impracticable to provide insolation 
through separate chases. 

(_6) Surfaces can be decontaminated more expe
ditiously if they are smooth, nonporous, 
and free of cracks, crevices, and sharp 
corners. These desirable features can 
be realized by specifying appropriate 
design instructions, by giving attention 
to finishing work during construction or 
manufacture, and by using sealers (such 
as special paints) on surfaces where 
contamination can be anticipated. (ANSI 
N-101.2 provides helpful guidance on this 
matter) 

(7) Where successful decontamination of impor
tant systems could be prevented by an anti
cipated failure-of a critical component or 
feature, additional features that permit 
alternative decontamination actions can be 
provided. 

6. 

7. 

STEAM GENERATOR REPLACEMENT PROGRAM PROViSIONS 

Not specifically applicable to the repair 
program. 

Not specifically applicable to the repair 
program. 
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TABLE 6-1 (CONTINUED) 

R.G. 8.8 COMMENT STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

(8) Contaminated water and deposited residues 
in spent fuel storage pools contribute 
to the exposure at accessible locations 
in the area. Treatment systems that 
remove contaminants from the water can 
perform more efficiently (a) if intake 
and discharge points for the treatment 
systems are located to provide enhanced 
mixing and to avoid stagnation areas in 
the pool and (b) if pool water overflows 
and skimmer tanks are provided. Fluid 
jet or vacuum cleaner type agitators can 
help reduce the settling of crud on 
surfaces of the pool system. 

g. Radiation Monitoring Systems 

Central or ubuilt-in" monitoring systems 
that give information on the dose rate 
and concentration of airborne radioactive 
material in selected station· areas can 
reduce the exposure of station personnel 
who would be required to enter the areas 
to obtain the data if such systems were 
not provided. These systems also can 
provide timely information regarding 
changes in the dose rate or concentrations 
of airborne radioactive material in the 
areas. (The installation of a central 
monitoring system is easier and less 
expensive i.f it is a part of the original 
station design.) The selection or design 
and installation of a central monitoring 
system should include consideration of 
the following desirable features: 

8. 

g. 

Not specifically applicable to the repair 
program. 

Not specifically applicable to the repair 
program. 
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TABLE 6-1 {CQNTJNUED} 

R.G. 8.8 C0}1f1ENT STEAM GENERATOR REPLACEMENT PROGRAM PROVJSIONS 

(1) Readout capability at the main radiation 
protection access control point; 

(2) Placement of detectors for optimum coverage 
of areas; 

(3) Circuitry that indicates component failure; 

(4) Local alarm and readout; 

(5) Clear and unambtguous readout; 

(6) Ranges adequate to ensure readout of the 
highest anticipated radiation levels and 
to ensure positive readout at the lowest 
anticipated levels; and 

(7) Capability to record the readout of all 
systems. 

h. Resin and Sludge Treatment Systems 

Systems used to transport, store, or 
process resins or slurries of filter 
sludge present a special hazard because 
of the concentrated nature of the 
radioactive materiql. Design features 
for resin and sludge-handling systems 
should reflect this concern and the 
following specific constderations: 

h. Not specifically applicable to the repair 
program. 
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TABLE 6-1 (CONTINUED) 

R.G. 8.8 COMMENT STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

(1) The accumulation of radioactive material 
in components of systems used to process 
resin and sludges can be reduced by 

(a) Reducing the length of piping runs; 

(b) Using larger diameter piping; 

(c) Reducing the number of pipe fittings; 

(d) Avoiding low points and dead legs in 
piping; 

(e) Using gravitational flow to the extent 
practicable; and 

(f) Minimizing flow restrictions of processed 
material. 

(2) The need for maintenance and the presence 
of intense local radiation sources can be 
reduced by 

(a) Using full ported valves constructed such 
that the slurry will not interfere with 
the opening or closing of the valve and 

(b) Avoiding cavities in valves. 

(3) The deposition of resin and sludge that 
would occur if elbow fittings were used 
can be reduced by using pipe bends of at 
least five pipe diameters in radius. 
Where pipe bends cannot be used, long 
radius elbows are preferred. 
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TABLE 6-1 (CONTINUED) 

R.G. 8.8 COMMENT_ STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

(4) Smoother interior pipe surfaces at 
connection (with attendant reductions 
in friction losses, deposition of 
material, and tendencies to "plug") can 
be achieved by using butt welds rather 
than backing rings. 

(5) Where the use of tees cannot be avoided, 
line losses can be reduced if the flow 
is through the run (straight section) of 
the tee, and accumulations of material 
in the branch of the tee can be reduced 
by orienting the branch horizontally or 
(preferably) above the run. 

(6) Slurry piping is subject to plugging that 
may require backflushing from the tank and 
equipment isolation valves and pressurizing 
with water, nitrogen, or a:_i.r to "blow out'' 
plugged lines. However, the use of 
pressurized gas for blowing out lines can 
present a potential contamination source 
and may not be effective in relieving 
plugged lines. 

(7) Water, air, or nitrogen for sparging can 
be used to fluidize resins or sludges 
in storage .tanks. The use of gases, 
however, presents a potential source of 
airborne contamination and tank rupture 
from overpressures. 

4. 

5. 

6. 

7. 

Not specifically applicable to the repair 
program. 

Not specifically applicable to the repair 
program. 

Not specifically applicable to the repair 
program. 

Not specifically applicable to the repair 
program. 
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TABLE 6~1 (CONTINUED) 

R.G. 8.8 COMMENT STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

(8) The spread of contamination by the loss of 
resin or sludge through overflows and 
vents can be reduced by using screens, 
filters, or other features that will 
collect and retain solids. However, such 
features generally require cleaning by_ 
remote flushing, b.y rapid replacement, or 
by other means to reduce exposures during 
servicing. 

i. Other Features 

Station layout and station tasks should be 
reviewed to identify and provide special 
features that complement the ALARA Program. 
Station design should reflect consideration 
of the following concerns: 

(1) The selection of radiat~on-damage-resistant 
m&terials for use in high radiation areas 
can reduce the need for frequent replacement 
and can reduce the probability of 
contamination from leakage. 

(2) The use of stainless steel for constructing 
or lining components, where it is compatible 
with the process, can reduce corrosion and 
can provide options for decontamination 
methods. 

1. Materials used satisfy this criteria 

2. Not specifically applicable to the repair 
program. 
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TABLE 6-1 (CONTINUED) 

R.G. 8.8 COMMENT STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

(3) Field-run piping that carries radioactive 
material can cause unnecessary exposures 
unless due consideration is given to the 
routing. Such unnecessary exposures can 
be avoided if the routing is accomplished 
under the cognizance of an engineer 
familiar with the principles of radiation 
protection or if a detailed piping layout 
is provided, i.e., if the piping is not 
field-run. 

(4) Where filters or other serviceable components 
can constitute substantial radiation sources, 
exposures can be reduced by providing 
features that permit operators to avoid 
the direct radiation beam and that provide 
remote removal, installation, or servicing. 
Standardization of filters should be 
considered. 

(5) The servicing of valves can be a substantial 
source of doses to station personnel. These 
doses can be reduced by providing adequate 
working space for easy accessibility and by 
locating the valves in areas that are not 
in high radiation fields. 

3. 

4. 

5. 

Detailed piping layout will be provided for 
the steam generator replacement activities. 

Not specifically applicable to the repair 
program. 

Not specifically applicable to the repair 
program. 
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TABLE 6-1 (CONTINUED) 

R.G. 8.8 COMMENT STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

(6) Potential doses from servicing valves and 
from leakage can be reduced by specifying 
and installing the "best available" valves 
for the required service, by using 
radiation-damage-resistant seals and 
gaskets, and by using valve back seats. The 
use of straight-through valve configurations 
can avoid the buildup of accumulations in 
internal crevices and the di$continuities 
that exist in valves of other configurations. 
In most cases, valves can be installed in the 
"stem-up" orientation to facilitate mainte
nance and to minimize crud traps. 

(7) Leaks from pumps can be reduced by using 
canned pumps where they are compatible 
with the service needs. If mechanical 
seals are used on a pump in a slurry 
service, features that permit the use of 
flush water to clean pump seals can reduce 
the accumulation of radioactive material 
in the $eals. Drains on pump housings can 
reduce the radiation field from this source 
during servicing. Provision for the 
collection of such leakage or disposal to 
a drain sump is appropriate. 

(8) The sources of radiation such as ::;edimentation 
that occurs in tanks used to process liquids 
containing radioactive material and residual 
liquids can be reduced when servicing by 
draining the tanks. The design can include 
sloping the tank bottoms toward outlets leading 
to other reprocessing equipment and, where 
practicable, providing built-in spray or surge 
features. 

6. Not specifically applicable to the repair 
program. 

7. Not specifically applicable to the repair 
program. 

8. Not specifically applicable to the repair 
program. ~ C/) 
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TABLE 6-1 (CONTINUED) 

R.G. 8.8 COMMENT STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

(9) Spare cpnriections on tanks or other components 
located in higher radiation zones may be 
desirable to provide flexibility in operations. 
Exposures of personnel can be avoided if these 
connections are provided as a part of the 
original equipment rather than by subsequent 
modification of the equipment in the presence 
of radiation. 

(10) Inspections to satisfy the ASME Code and 
. regulatory requirements can result 
in exposures of station personnel to 
radiation •. Many of the objectives 
presented above will aid in reducing 
potential exposures to personnel who 
perform the required inspections. Station 
features and design should, to the extent 
practicable, permit inspections to be 
acGomplished expeditiously and with 
minimal exposure of personnel. The ALARA 
effort can·also be aided by prompt 
accessibility, shielding and insulation 
that can be quickly removed ·and reinstalled, 
and special tools and instruments that reduce 
exposure time or permit remote inspection of 
components or equipment containing potential 
radiation sources. · 

9. Not specifically applicable to the repair 
program. 

10. Appropriate provi~ions will be implemented to 
minimize exposure of station personnel in 
performing Code inspections, such as removable 
insulation, smooth welds, et~. 
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TABLE 6-1 (CONTINUED) 

R.G. 8.8 COMMENT STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

(11) Components can be removed from processing 
systems more expeditiously if adequate 
space is provided in the layout of the 
system and if the interconnections permit 
prompt disconnects. 

(12) Station features that provide a favorable 
working environment, such as adequate 
lighting, ventilation, working space, and 
accessibility (via such means as working 
platforms, cat walks, and fixed ladders), 
can promote work efficiency. 

(13) The exposure of station personnel who must 
replace lamps in high radiation areas can 
be reduced by using extended service lamps 
and by providing design features that permit 
the servicing of the lamps from lower radiation 
ar·eas. 

(14) An adequate emergency lighting system can 
reduce potential exposures of station 
personnel by permitting prompt egress from 
high radiation areas if the station lighting 
system fails. 

11. Not specifically applicable to the repair 
program. 

12. Temporary lighting and scaffolding will be 
installed to provide a favorable work 
environment. 

13. Not specifically applicable to the repair 
program. 

14, An emergency lighting system is available for 
the steam generator replacement activities. 
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TABLE 6-1 (CONTINUED) 

R.G. 8.8 COMMENT 

3. Radiation Protection Program 

a, 

A substantial portion of the radiation dose 
to station personnel is received while they 
are performing services such as maintenance, 
refueling, and inspection in high radiation 
areas. The objectives that were previously 
presented in Section 2(RG 8.8) can provide 
station design features conducive to an effec
tive ALARA Program. However, an effective 
ALARA Program also requires station opera
tional considerations in terms of procedures, 
job planning, record keeping, special 
equ:;tpment, operating ph:;tlosophy, and other 
support. This section deals with the manner 
in which the station administrative efforts 
can influence the variable of (1) the number 
of persons who must enter high radiation 
areas or contaminated areas, (2) the period 
of time the persons must remain in these 
areas, and (3) the magnitude of the poten
tial dose. 

Preparation and flanning 

Before enter:;tng rad:;tation areas where 
significant doses could be received, station 
personnel should have the benefit of prepara
tions and plans that can ensure that ex
posures are ALARA while the personnel are 
performing the services. Preparations and 
plans should reflect the following considera
tions: 

a. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

This section of the ALARA guidelines is 
directly applicable to the steam genera
tor replacement activities and the philo
sophy identified will be carried out. 
Many efforts are being implemented to 
assure that the number of persons who 
must enter high radiation areas or con
taminated areas are held to a minimum; 
that the period of time the persons must 
remain in these areas is minimized; and 
that the magnitude of the potential dose 
is maintained to the lowest levels 
connnensurate with other considerations. 

Each task will be identified as a "work 
package" which will contain specific pro
cedures, drawings, instructions, shelters 
and other pertinent information necessary 
to perform the task. These plans will 
be available prior to the actual com
mencement of the work and will have 
undergone extensive review by engineering, 
operations, health physics and construc
tion personnel. 
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R.G. 8.8 COMMENT 

(1) A staff member who is a specialist in 
radiation protection can be assigned the 
responsibility for contributing to and 
coordinating ALARA efforts in support of 
operations that could result in substantial 
individual and collective dose levels. 

(2) To provide the bases for planning the acti
vity, surveys can be performed to ascertain 
information with respect to radiation, con
tamination, airborne radioactive material, 
and mechanical difficulties that might be 
encountered while performing services. 

1. 

2. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

A staff member qualified and experienced 
in radiation protection has been as-
signed full time to assist in preparing 
the "work packages". During the actual 
replacement activities, he will be responsible 
for all radiation protection activities, 
including dose control and-monitoring, 
issuance of radiation work permits, etc. 
The specific responsibilities are identified 
elsewhere herein. An outside consultant 
has also been retained to assist in this 
area. 

As part of the preplanning activities 
historic survey data and experience has 
been reviewed. Supplemental surveys have 
also been performed. At the beginning of 
the outage it is planned to make compre
hensive surveys prior to the connnencement 
of work and to conduct them periodically 
thereafter. Previous operating experience 
has been reviewed regarding mechanical 
difficulties and this information is 
being incorporated into the work pack-
ages. Since the original installation of 
the steam generators is very similar to that 
planned for replacement, this knowledge 
has been utilized, such as interviews with 
individuals originally involved in the 
installation, utilization of some of the 
original people, use of photographs taken 
during construction, review of records, 
etc. 
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R.G. 8.8 COMMENT 

(3) Radiation surveys provided in conjunction 
with inspections or other activities can 
define the nature of the radiation fields 
and identify favorable locations where 
personnel may take advantage of available 
shielding, distance, geometry,and other 
factors that affect the magnitude of the 
does rate or the portions of the body 
exposed to the radiation. 

(4) Photographi;; of uas installed" equipment or 
components can be valuable for planning 
purposes and can be augmented by additional 
photos taken during the surveys. The use 
of portable TV cameras with taping features 
has considerable merit as both an opera
tional aid and a teaching aid. 

(5) The existing radiation levels frequently 
can be reduced by draining, flushing, or 
other decontamination methods or by 
removing and transporting the component 
to a lower radiation zone. An estimate of 
the potential doses to station personnel 
expected to result from these procedures 
is germane in selecting among alternative 
actions, 

3. 

4. 

5. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

Radiation surveys will be taken at the 
commencement of the outage and periodi
cally thereafter, as well as special 
surveys for specific tasks, The work 
areas, temporary shielding, etc; are 
being planned considering expected ex
posure levels, 

Photographs have been taken for planning 
purposes. In addition, photographs have 
been utilized in the engineering and plan
ning effort. It is planned to maintain a 
photographic record of work in the first 
unit wh;i.ch should aid in planning the 
second outage. Video tapeing is being 
considered for recording certain tasks. 

An extensive evaluation of possible de
contamination techniques has been per
formed and is discussed in Section 5 of 
this report. 
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(6) A pre-operational briefing for personnel 
who will perform services in a high radia
tion.area can ensure that service personnel 

· understand the tasks about to be performed, 
the information to be disseminated, and the 
special instructions to be presented. 

(7) A program can be implemented to provide 
access control and to limit exposures to 
those persons needed to perform the 
required services in the radiation areas. 
Such a program would address conditions 
that require a special work permit .. or other 
special procedures. 

(8) A work permit form with an appropriate format 
. ·can be useful for· recording pertinent 
information concerning tasks to be performed 
in high radiation areas so that the informa
tion is amenable to cross-referencing and 
statistical analysis. Information of interest 

·would include the following items: 

6. 

7. 

8 • 

STEAM GENERATOR REPLACEMENT.PROGRAM PROVISIONS 

Preoperation briefings will be performed 
to instruct personnel on the requirements 
of specific work packages. As a minimum, 
each "work package" will be reviewed by 
the personnel performing the work. The 
work packages provided are se~f explana~ 
tory and provide sufficient information 
to perform the work. 

An access control program will be in 
effect during the replacement activities. 
Specifically an access control point will 
be established at the entrance to the 
work area~ i.e. equipment hatch 
and will be manned by a radiation pro~ 
tection staff member~ Additional radia~ 
tion protection personnel will be avail
able to monitor such assignments as 
required. The "Radiation Work Permit" · 
(RWP) system presently in use at the 
station will be used. 

A "Radiation Work Permit" System is pre
sently being used at the station. This 
system is presently being reviewed for 
use on the steam generator replacement 
activities, primarily as a result·of the 
desirability to make the data obtained 
amenable to statistical analysis. The 
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(a) Designation of services to be performed 
on specific components, equipment or 
systems; 

(b) Number and identification of personnel 
working on the tasks; 

(c) Anticipated radiation, airborne radio
active material, and contamination 
levels, based on current surveys of the 
work areas, and date of survey; 

(d) Monitoring requirements, such as con
tinuous air monitoring or sampling 
equipment; 

(e) Estimated exl?osure time required to com
plete the tasks and the estimated doses 
anticipated from the exposure; 

(f) Special instructions and equipment to 
minimize the exposures of personnel to 
radiation and contamination; 

(g) Protective clothing and equipment re-
quirements; 

(h) Personnel dosimetry requirements; 
(i) Authorization to perform the tasks; and 
(j) Actual exposure time, doses, and other 

information obtained during the opera
tion. 

(9) Consideration of potential accident situations 
or unusual occurrences (such as gross conta
mination leakage, pressure surges, fires, cuts, 
punctures, or wounds) and contingency planning 

9. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

information listed in items (a) through 
(j) will be recorded for the work 
activities. 

Where appropriate "work packages" will 
address potential accident situations 
or unusual. occurrences and will include 
appropriate contingency planning. 
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R.G. 8.8 COMMENT STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

can reduce the potential for such occurrences 
and enhance the capability for coping with the 
situations expeditiously if they occur. 

(10)° Portable or temporary shielding can reduce 
dose rate levels near "hot spots" and in 
the general area where the work is to be 
performed. 

(11) Portable or temporary ventilation systems 
or contamination enclosures and expendable 
floor coverings can control the spread of 
contamination and limit the intake by 
workers through inhalation. 

(12) "Dry runs" on mock-up equipment can be 
useful for training personnel, identifying 
problems that can be encountered in the 
actual task situation, and selecting and 
qualifying special tools and procedures 
to reduce potential exposures of station 
personnel. 

10. Temporary shielding, e.g. lead blankets 
will be used to minimize dose rate levels. 
'For instance, in the cutting and reweld
ing of the reactor coolant piping, shield
ing will be used to isolate those portions 
of the system which are contaminated. 

11. Temporary ventilation systems will be 
used for certain work tasks, e.g. cutting 
of reactor coolant piping. Where appro~ 
priate coverings will be used to minimize 
spread of contamination. 

12. Dry runs and mock-up equipment will be 
used for training personnel and testing 
equipment. For example, a full scale 
mock-up will be used to simulate the 
welding of the generator. The actual 
equipment to be used at the site will be 
used for this demonstration. Welding 
technicians will also be trained on 
the mock-up. Special handling tools and 
equipment will be used extensively. 
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R.G. 8.8 COMMENT 

(13) Adequate auxiliary lighting and a comfortable 
environment (for example, vortex tube coolers 
for supply air suits) can increase the effi
ciency of the work and thus reduce the time 
spent in the higher radiation zones. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

For instance, a special handling and trans
port system will be installed for handling 
the steam generator lower assemblies 
during removal and installation. Temporary 
jib cranes will be installed in the con
tainment to facilitate the handling of the 
moisture separation equipment and other 
equipment. Trash compactors will be in
stalled in the containment to minimize 
waste volume and to reduce handling. 
Automatic welding equipment will be used 
for welding the reactor coolant piping and 
will be used to train personnel prior to 
the actual work. Many other similar pro
visions will be implemented to reduce 
exposure times. 

13. Auxiliary lighting will be provided as 
required. The specific requirements have 
not yet been established. The containment 
environment should be comfortable without 
any significant changes since the reactor 
will be defueled thus eliminating the 
major heat source. Because the contain
ment is fully enclosed by concrete walls, 
the ambient working conditions in winter 
and summer are expected to be comfortable. 
Operation of the temporary containment 
ventilation system will assure that there 
is adequate air flow in the containment. 
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(14) Radiation monitoring instruments selected 
and made available in adequate quantities 
can permit accurate measurements and 
rapid evaluations of the radiation and 
contamination levels and changes in levels 
when they occur. Routine calibration of 
instruments with appropriate sources and 
testing can ensure operability and accuracy 
of measurements. 

(15) Performing work on some components inside 
disposable tents or, for less complicated 
jobs, inside connnercially available dis
posable clear plastic glove bags can limit 
the spread of contamination. Such measures 
can also avoid unnecessary doses resulting 
from the need to decontaminate areas to 
permit personnel access or to allow for 
entry with less restrictive protective 
clothing and equipment requirements, 

(16) Careful scheduling of inspections and other 
tasks in high radiation areas can reduce ex
posures by permitting decay of radiation 
sources during the reactor shutdown period 
and by eliminating some repetitive surveys. 
Data from surveys and experience attained in 
previous operations and current survey data 
can be factored into the scheduling of 
speci:l;;i.c·tasks. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

14. Radiation monitoring equipment of the 
type and quantity required to monitor 
radiation and contamination levels will 
be available. Calibration of the monitor
ing equipment will be in accordance with 
the Nuclear Power Station Quality 
Assurance Manual. 

15. Temporary tents and glove boxes will be 
used where appropriate, e.g. cutting of 
the reactor coolant piping. 

16. The entire outage will be scheduled in 
detail, connnensurate with other require
ments, to take advantage of radioactive 
decay considerations, Data from 
historical surveys and experience is being 
utilized in the planning effort. 
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b. Operations 

During operations in radiation areas, adequate 
supervision and radiation protection surveil
lance should be provided to ensure that the 
appropriate procedures are followed, that 
planned precautions are observed, and that 
all potential radiation hazards that might 
develop or that might be recognized during 
the operation are addressed in a timely and 
appropriate manner. 

(1) Assigning a health physics (i.e., radiation 
safety or radiation protection) technician 
the responsibility for providing radiation 
protection surveillance for each shift 
operating crew can help ensure adequate 
radiation protection surveillance, 

(2) Personnel monitoring equipment such as 
direct-reading dosimeters, alarming dosi
meters, and personal dose rate meters can 
be used to provide early evaluation of 
doses to individuals and the assignment 
of those doses to specific operations 
(see Reguhto;r.-y Guides 1.16, "Rep9;i;-t;i.ng 
of Operating Information--Appendix A 
Technical Specifications", and 8.4, "Direct
Reqding Pocket Dosimete:i;s"), 

1. 

2. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

There will be a minimum of six (6) health 
physics personnel assigned to each shift. 
The duties of these individuals will be 
related to the steam generator replacement 
activities. Other members of the health 
physics staff who are assigned to the 
operating unit would be available in 
unusual situations. 

Direct reading dosimeters and TLD's will 
be used to determine doses to individuals. 
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(3) Communication systems between personnel 
in high radiation zones and personnel who 
are monitoring the operation in other loca
tions·can permit timely exchanges of informa
tion and avoid unnecessary exposures to 
monitoring personnel. 

c. Postoperations 

Observations, experience, and data obtained 
during nonroutine operations in high radia
tion zones should- be ascertained, recorded, 
and analyzed to identify deficiencies in the 
program and to provide the.bases for revising 
procedures, modifying feature~, or making 
other adjustments that may reduce exposures 
during subsequent similar operations. 

(1) Formal or informal postoperation debriefings 
of station personnel performing the services 
can provide valuable information concerning 
shortcomings in pre-operational briefings, 
planning procedures, special tools, and other 
factors that contributed to the cause of 
doses received during the operation. 

(2) Dose data obtained during or subsequent to 
an operation can be recorded in a preselected 
manner as part of a "Radiation Work Permit" or 
similar.program (see 3.a(8), RG 8.8) so that 
the data are amenable to statistical analyses. 

3. 

1. 

2. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

The station page system will be available 
for use during the outage activities. 

Since similar replacement activities will 
be performed in both units, it will be 
most advantageous to utilize the experience 
gained in the first unit in planning and. 
performing the second unit activities. All 
changes to the work · packages will·· be docu-

· mented, reviewed and incorporated into 
the procedures for the remaining unit if 
appropriate and applicable •. 

Postoperational debriefings will be used 
to obtain information regarding the 
requirements of the work packages. 

The data listed in 3.a.8 (RG 8.8) will be 
recorded and analyzed~ 
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(3) Information concerning the cause of compo
nent failures that resulted in the need for 
servicing in high radiation areas can 
provide a basis for revising specifications 
that can improve the component reliability. 
Such improvements can reduce the frequency 
of servicing and thus reduce attendant 
exposures. 

(4) -Information gained in operations can provide 
a basis for modifying equipment selection 
and design features of new facilities. 

(5) Summaries· of doses received by each category 
of maintenance activity can be reviewed 
periodically by upper management to compare 
the incremental reduction of doses with the 
cost. of station modifications that could be 
made. 

4. Radiation Protection Facitilites, Instru
mentation, and Equipment 

A radiation protection staff with facilities, 
instrumentation, and protective equipment 
adequate to permit the staff to function 
efficiently is an important element in 
achieving an effective ALARA program. The 
selection of instrumentation and other 
equipment and the quantities of such equip
ment provided for normal station operations 
would be adequate to meet the anticipated 

3. 

4. 

5. 

.. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

The purpose of the replacement is to 
accomplish this objective. 

To the extent practicable, information 
gained from the replacement operation will 
be considered in future designs. 

The exposure data obtained will be com
pared with the estimated exposures and 
will be used in planning the activities of 
the other unit. 

Additional radiation monitoring equipment, 
· protective clothing and related items will 

be furnished for the steam generator replace
·ment activities • 
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needs of the station during normal operations 
and during major outages that may require 
supplemental workers and extensive work in 
high radiation areas. (Accident situations 
are not considered in this guide.) Station 
design features and provisions should reflect 
the following considerations. 

a. Counting Room 

A low-radiation background counting room is 
needed to perform routine analyses on 
station samples containing radioactive 
material collected from air, water, surfaces, 
and other sources. An adequately equipped 
counting room would include 

(1) Multichannel gamma pulse height analyzer 
(Eegulatory Guide 5. 9, 11 Specifications for 
Ge(Li) Spectroscopy Systems for Material 
Protection Measurements--Part 1: Data 
Acquisition Systems", proy;ides guidance 
for selecting Ge(Li) spectroscopy systems); 

(2) Low-background alpha-beta radiation pro
port;l.onal counter(s) or scintillation coun
ter(s); 

(3) End-window Geige;r-~uller (G-M} counter(s); 
and 

• 

1. 

2. 

3. 

STEAM GENERATOR REPLACEMENT PROGRAli PROVISIONS 

The existing count room is equipped with a 
Nuclear Data 6600 multichannel analyzer 
which will be utilized. 

These counters are available, 

These counters are available, 
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A liquid scintillation counter for tritium 
analyses. Analyses of bioassay and environ
mental samples and whole body counting 
(see Regulatory Guide 8.9 "Acceptable 
Concepts, Models, Equations, and Assumptions 
for a Bioassay Program") call for additional 
equipment and laboratory space if the analyses 
are performed by station personnel rather 
than by other specialists through contractual 
arrangements. 

Portable Instruments 

Portable instruments needed for measuring 
dose rates and radiation characteristics 
would include 

(1) Low-range (nominally Oto 5 R per hour) 
ion chanbers or G-M rate meters; 

(2) High-range (o.l to at least 500 R per 
hour) ion chanbers; 

(3) Alpha scintillation or proportional 
count rate meters; 

(4) Neutron dose equivalent rate meters; 
(5) Air samplers for short-term use with 

particulate filters and iodine collec
tion devices (such as activated 
charcoal cartridges); and 

(6) Air monitor;; with continuous :readout 
features. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

4. Equipment available. 

• 

b. 

Appropriate equipment is available. 
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R,G .. 8.8 COMM;ENT STEAM GENERATOR REPLACEMENT PROGRAM .PROVISIONS 

C, Personnel Monitoring Instrumentation 

Personnel monitoring instrumentation selection 
should include consideration of 

(l,) GrM "Friskers" for detecting low levels 
of radioactive material; 

(2) Direct-reading low-range (O to 200 mR) 
and intermediate-range (0 to 1000 mR) 
pocket dosimeters (see Regulatory 
Guide 8, 4); 

(3) Ala;rm dosimeters; 
(~) FilII! badges and/or themoluminescent 

dosimeters (TLD); 
(_5) Hand a.nd foot lllOnitors; and 
(6) Portal monitors, 

d,· Protective Equipment 

Utility-supplied protective equipment selec
tion should include consideration of 

(1) Anti-contamination clothing and equipment 
thqt meet the requirenients of ANSI Z-88.2, 
1969 for ~se in atmospheres containing 
radioactive materials~ or the Na.t;tonal 
Ip.st;ttute of Occupational, Safety and 
Hea.1.th' s (JUOSH) "Cert;ified Personal 
Protective Equipment L;tst", July 1974, and 
current suppl,enients from DHEW/PHS (Refs. 9 
ijnd 10), 

c. 

Appropriate equipment is available. 

1. Anti-contamination clothing will be used. 
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(2) Respiratory protective equipment including 
a respirator fitting program that satisfies 
the guidance of Regulatory Guide 8.15 and 
NUREG-0041 (Ref. 6). 

e. Support Facilities 

Design features of radiation protection support 
facilities should include consideration of 

(1) A portable-instrument calibration area 
designed and located such that radiation in 
the calibration area will not interfere with 
low level monitoring or counting systems; 

(2) Personnel decontamination area (this facility 
should be located and designed to expedite 
rapid cleanup of personnel and should not be 
used as a multiple-purpose area or share 
ventilation with food-handling areas) with 
showers, basins, and installed "frister" 
equipment; 

(3) Facilities and equipment to clean, repair, 
and qecontaminate personnel protective equip
ment, monitoring instruments, hand tools, 
electromechanical parts, or other material 
(highly contaminated tools or other equipment 
should not be decontaminated in the area 
used to clean respiratory equipment) 

2. 

1. 

2. 

3. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

Respiratory protective equipment is 
available. Also, a respirator fitting 
program that satisfies the guidance of 
Regulatory Guide 8.15 and NUREG-0041 is 
available and shall be utilized as 
applicable. 

Calibration area suitable for calibration 
is used. 

A special decontamination facility is being 
provided for the use of personnel assigned 
to the steam generator replacement project, 
and will be equipped with the appropriate 
facilities. The existing station facili
ties will also be used if required. 

The existing station decontamination 
facility will be used to clean, repair 
and decontaminate personnel, protective 
clothing, hand tools, etc. The need to 
augment cleaning of protective clothing 
is being pursued, 
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(4) Change rooms that (preferably) connect with 
the personnel decontamination area and a 
control station area equipped with sufficient 
lockers to accommodate permanent and contract 
maintenance workers who may be required 
during major outages; 

(5) Control stations for entrance or exit of 
personnel into radiation and contamination 
controlled access areas of the station, such 
as the personnel entrance to the containment 
buildings and the main entrance to the 
radwaste processing areas; these control 
stations also may be used as the control 
point for radioactive material movements 
throughout the station and for the 
stprage of portable radiation survey equip
ment, signs, ropes, and respiratory protec
tive equipment; 

(6) Equipment to facilitate communication 
between all areas throughout the stations; 
and 

(7} Sufficient office space to accommodate the 
temporary and permqnent radiation protection 
staff, permanent records, and technical 
literature, 

4. 

5. 

6. 

STEAM GENERATOR REPLACEMENT PROGRAM PROVISIONS 

As noted in item 2, a special personnel 
change facility will be provided for 
steam generator replacement unit and will 
be equipped with the appropriate facili
ties such as locke~s. 

A control station will be established at 
the containment personnel hatch. Ingress 
and egress for the containment work area 
will be through this station, 

The installed station communications 
systems will be used, 

7,. The new facility identified in items 2 and 
4, as well as the temporary construction, 
will contain building office space to 
accommodate the steam generator project 
staff. 
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•• A. 1. 

RESPONSE: 

SSGP A.1-2 
Rev. 2 

Section 2.3.17 states "Increased blowdown will be provided to 
enhance secondary s·ide chemistry." Section 5.3.2.3. l states 
11 
••• it is not anticipated that the capacity of the existing 

· blowdown system will be increased." Explain this apparent dis
crepancy. Estimate the increase· in radioactive effluents and 
the resulting environmental impact anticipated from increased 
blowdown in the future operation of the plant. 

Superfically, the two reference sections appear to be inconsistent; how

ever, the. difference is more semanti'c than real. It should be noted that the 

reference cited above, 2.3. 17 has been misquoted. It should read, "Increased 

blowdown capacity will be provided to enhance secondary side chemistry" (under- · 

lines have been added for emphasis). As can be seen, the key word that was 

omitted is. "capaci.tyi•. The purpose of Section 2 is to describe the design 

features that will be-incorporated into the refurbished steam generators, es

pecially those features.that constitute-a design improvement over the existing· 

e. design. The section discusses the steam generators as a simple component, not 
. ,· 

• 

as an integrated. component with station systems. The real intent of the state

ment in 2.3.17 is to emphasize that the blowdown capacity, i.e. flowrate, of each 

steam generator has been increased·, notwi thstandi,ng the fact that 'the currently 

installed blowdown system is not· designed to transport or·handle the·steam gene

rator design flowrate. Th~refurbished steam generators will allow blowdown 

rates up to 7.4% of feedwater flow rate. The existing steam generators have 

a capacity of O. 7 percent of feedwater flow. Thus the "capacity" has increased, 

although iii actuality it is unused capacity. 

The increased blowdown capacity is significant only in the fact that it 

offers the flexibility to go to a higher blowdown rate if the external con

necting blowdown systems allows .this rate to be achieved. Since steam 
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generator blowdown provides th·e primary means of control l i:ng feedwater 

quality with all volatile treatments, the increased capacity provides a 

design margin that could be utilized if future conditions dictate, As 

noted in Section 5.3.2.3.l it is not planned to increase the capacity of 

the blowdown system external to· the steam generator. The present external 

blowdown system has a capacity of about 1% of feedwater flowrate. Based 

on a review of op.erating experience of the industry, this rate should pro

vide the necessary chemistry control, especially considering the concur

rent installation of full flow demineralizers and refurbishment of the main 

condensers. 

Since the maximum blowdown rate will remain the same, there should be 

no increase in radioactive effluents; therefore, no adverse environmental im

pact will occur. In fact, there will probably be a beneficial effect be-· 

cause of the refurbishment of the condensers and installation of full flow 

demineralizers. It is expected that most of the radioactive discharges 

through the blowdown will be eliminated because of the improved integrity of 

the replacement steam generator tub~s • 
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RESPONSE: 
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Section 5.3.2.3.2 states that full flow condensate polishers 
will be installed, however, no infonnation has been·provided to 
quantify the effluent releases resulting from the installation 
of the units. This information should be supplied before the 
.polishers are installed. · · 

At the time that the "Steam Generator Program11 was submitted, details 

regard.ing effluent releases· resulting .from the installation of the full 

flow condensate demineralizers were not available. The design and engi

neering of the system is currently in progress·. It is expected that actual 

construction of the building to house the system will commence in April 1978 

and the the unit would be operational no later than the date that the steam 

. generator replacement outage on Unit No. 2 is completed, approximately May 

1979. 

. 
A full-flow condensate polishing demineralizer system·consisting of an 

independent train of mixed bed demineralizers per unit will be installed. 

Each unit will have an independent chemical ·regeneration system consisting 

of a cation regeneration tank, an anion regeneration tank, a resin mix and 
., 

storage tank·and a~ acid and caustic recovery system .. An in-place ammbnia-

tion system:will also be installed on each system to extend resin operation. 

The existi_ng condensate system will be modified·to include the necessary 

piping and valves to place the polishing system in series with the conden-
. . 

sate system. Treatment systems to process regenerants and waste effluent 

for reuse or disposal, as appropriate, will be added. A building to house 

the condensate polishing systems, auxiliary systems, motor control centers

and controls panels will be constructed adjacent to the east end of the 

Unit No. 2 turbine building •. 
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The following waste products can be expected to be discharged per . . 

regeneration of a vessel. Each unit can be expected to have 125-200 re

generations per year depending on the pH that the condensate system is run 

at and the amount of condenser inleakage. (Total of 250-400 regenerations 

for the station per year.) 

Total waste volume is approximately 25,600 gallons per regeneration. 

1) During normal Polisher Operation (H-OH operation, to the 

ammonia break), the waste volume consists of: 

pH= 6.0 to 9.0 

(NH4)2S04 = 1800 ppm 

Na2S04 = 2540 ppm 

. -e 30 ppm average 1-00 ppm max of Total ·suspended Solids (TSS) 

2) Duri_ng condenser inleakage operation, the waste volume consists 

of: 

pH= 6.0 - 9.0 

(NH4)2S04 = 900 ppm 

Na2so4 = 2530 ppm 

NaCl = 800 ppm 

30 ppm a_vg - 100 ppm max of TSS 
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3) In addition to items 1 & 2, the followi_ng chemicals may be 

evident: 

10 ppm HC03-

75 ppm S04-

<l ppm No3-

2 ppm Br-

<l ppm F

<10 ppm ca+ 

40 ppm Mg+ 

15 ppm K+ 
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A.3. Details of radiation surveys taken to date near the steam genera
tors should be presented·with clear reference to the water level 
on the secondary ~ide in the steam generator (i.e. was the system 
drained?) If the survey was made without both primary and second
ary sides drained, an estimate of the increased dose·rate without 
the water should be made. 

RESPONSE: 

Because of the extensive work which has been performed on the currently 

installed steam generators, a large quantity of survey data is available for 

various conditions. Although the data varies between Unit No. 1 and Unit 

No. 2, as well as the individual steam generators, typical values are shown 

in Figures A.3-1 through A.3-2. The water levels in the primary and secondary 

sides a~e shown on the sketches. 

It should.,be noted that detailed surveys will be taken prior to and 

• during the replacement activities. A preliminary filling and draining se

quence has been established to utilize the shielding properties of the water 

within the steam generators. The work is· being planned to maximize the avail

abi 1 i ty of systems that will a 11 ow the water inventory in the steam genera tor 

to be controlled. This includes such provisions as cutting and removing drain 

and fill lines just prior to lower shell remova-1 and the maintenance of level 

indication. The implementation of preplanned actions will reduce personnel 

radiation exposure. 
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WITH PRIMARY SIDE DRAINED AND SECONDARY SIDE AT 

72% LEVEL 
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Estimate the quantity of laundry and general decontamination v-mstes 
that will be generated during the repair program. Describe the 
sampling program for this waste and identify which isotopes wi 11 be 
specifically assayed. If beta emitters such as Fe-55 and Ni-63 are 
not measured, provide justification for not analyzing for these and 
other beta emitters which could be present. 

An estimate of the quantity of 1 aundry waste \IJater and other potenti a 1 

sources of contaminated liquid waste is provided in the response to question 

A.5. 

The sampling program for this waste will be that which is required to 

implement the requirements of the Technical Specifications and 10 CFR 20. 

Regulatory Guide 1.21, 11 Measuring, Evaluating, and Reporting Radioactivity 

in Solid Wastes and Releases of ~adioactive Materials in Liquid and Gaseous 

Effluents from Light Water Cooled Nuclear Power Plants'' serves as a ~asic 

guide for establishing specific isotopes to be reported. The sampling pro

gram will be the same as that which is presently in use at the stations. 

This program and identification of the specific isotopes reported has been 

submitted in the Annual Reports. 

Monthly composite samples shall be analyzed for Fe-55 and Ni-63 and shall 

be reported as required by the Technical Specifications . 
7 
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Identify potential sources of radioactive liquid wastes. De
scribe the liquid radwaste system 1 s ability to store and process 
these wastes. Estimate·the quantity and radioactivity of each 
identified waste component. Describe the criteria which will be 
used to determine if the wastes wi 11 be processed thru ( 1) fi 1-
ters, (2) evaporators and/or (3) demineralizers prior to release 
to the environment. For each potential source of radioactive 
liquid evaluate the environmental impact. Identify the equip
ment, including both permanently installed or mobile units, which 
will be available to process the wastes. Evaluate the possibi
lity of the local decontamination solution(s) having deleterious. 
effect(s) on the equipment employed to process it. 

RESPONSE: 

There are four major potential sources of radioactive liquid wastes dur-

ing the steam generator replacement activities. 

1 • Reactor Coolant 

2. Laundry Wastes 

3. Steam Generator Secondary Side Water 

4 •. Decontamination solutions 

( 

The reactor coolant will be stored in the boron recovery tanks for re-

use after steam generator replacement. Therefore, there will be no signifi

cant liquid effluent releases from this source. 

The laundry wastes have been estimated at 12,240 gallons/day. This is 

based on·three (3), 170 gallon/load washing machines running one wash load 

each per hour for six (6) months. The specific activities and total releases 

anticipated are listed.in table A.5-1. The laundry waste water will be moni

tored and discharged without processing. 

The water in the secondary side of the steam generator is normally not 

contaminated unless there is a steam generator tube leak. Therefore, the 
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secondary side water would normally be discha_rged without processing. Should 

processing be necessary it would be done usi_ng the installed processing sys

tems. Table A.5-2 shows typical specific activities present in a steam gene'." 

rater with an approximately 0.25 gpm primary to secondary leak rate. 

The final major potential source of liquid waste is decontamination solu

tions. The reactor coolant piping will be decontaminated after it is removed 

from the reactor coolant system. This work will be contracted to a c~nsulting 

organization and it is anticipated that according to the process used this 

consultant may or may not utilize mobile facilities to process the waste from 

this operation. It is not planned to employ in situ chemical decontamination 

of installed system or components; therefore, there will be no necessity to 

process chemicals which' are potentially deleterious to the Surry liquid 

waste processing equipment. For local decontamination, solutions which have 

been proven by experience to be compatible with the process medium will be 

used. It is anticipated that this activity will produce approximately 100 gal

lons/day for the six month outage with specific activities similar to that of 

the laundry waste water. 

The total anticipated liquid effluents to be released are tabulated in 

Table A.5-3. The environmental impacts of these liquid releases are expected 

to be small as the total releases for the steam generator replacement are 

much less than the releases during normal operation as can be seen in 

Table A.5-3. 
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Isotope 

Co-58 

Co-60 

Cs-137 

Cs-134-

Mn-54 

I-131 

Cr--51 

e 
TABLE A.5--P 

SSGP 9.A.5-3 
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ESTIMATED QU!\[HITIES AND SP_\:_~)FIC ACTIVITIES 
OF LAUNDRY WASTE WATER 

Specific Activ·it/1) 
--~i/ccL __ _ 

3.2 X 10-6 

2.5 X 10-6 

7.79 X 10-7 

3.65 X 10-7 

2.28 X 10-7 

2.2 X 10-] 

l. 4 X 10-6 

Total (2) 
Activity (Ci) 

2.66 X 10-2 

2.085 X 10-2 

6.65 X 10-3 

3.04 X 10-·3 

l. 9 X 10-3 

1.84 X 10-3 

1. 16 X l 0-2 

TOTAL 7.25 x 10-Z 

Based on Surry Power Station data 

(2) 2,203s200 gallons of laundry water based on 12,240 gallons/day 
for 6 months 

(3) All numbers are 11 per unit 11 

6 

*Changes to table made in revision 6 to reflect a.more representative 
averaged sample rather than the one particular sample used in the ori- 7 
ginal table A.5-1 . 
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TABLE A.5-2 

SPECIFIC ACTIVITY IN STEAM GENERATOR 
SECONDARY.S1DE'WITH 0:25.GPM 

PRIMARY TO SECONDARY LEAK RATE 

Specific Activity(l) 
Isotope (uCi/cc) 

I-131 1. 79 X ,o-6 

I-132 2. 72 X ,o-S 

I-133 2.228 X ,o-5 

I-134 1.76 X ,o-S 

I-135 3. 92 X ,a-5 

Na-24 2.91 X ,o-4 

H-3 3.2 X ,o-4 

Cs-134 l.88xlo-5 

TOTAL 

(1) Activities given would be present at shutdown of unit. 

(2) Total activities are for one (1) steam generator .. 

SSGP 9.A.5-4 
Rev. 2 

Total(l) 
Activity (Ci) 

1.81 X ,o-4 

2.75 X ,o-3 

2.26 X ,o-3 

1. 78 X 10 -3 

3.97 X ,o-3 

2.95 X ,o-2 

'3.24 X ,o-2 

1.9 X ,o-3 

7.47 X 10-2 Ci 
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TOTAL ESTIMATED LIQUID EFFLUENTS 

Total Volume 
Source (Gallons)_ 

Laundry \fastes 2,203,200 

Steam Generat)r Secondary 
side water(l 80,400 

Local Decontamination 
Solutions 18,000 

TOTAL 2.3 X ,06 gallons 

Total 1977 liquid 1-vastes 1.4 X 108 gallons 

SSGP 9.A.5-5 
REV. 7 

Total Activity 
( Ci ) 

.073 7 

0.22 

0. 051 

0.344 Ci 7 

67.67 Ci 
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A.6. 

RESPONSE: 
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In addition to the steam generator lower assemblies, is there any 
other contaminated piping which is to be disposed of? If so, identi~ 
fy each major item and its associated radiation level and content 
and its final disposition. For any portion of the steam generators 
or other contaminated piping which will be decontaminated and released 
for unrestricted use, identify the item(s), the procedures used for 
decontamination and the criteria used for final dispostion. 

The steam generator lower ass·embl ies constitute the major components that 

must be disposed of. The other significant items are the moisture separation 

equipment and feedring which will be removed from the upper shell, insulation 

and miscellaneous piping and tubing that will not be reused. The piping and 

tubing will be small in size and can be disposed of by usual methods. There 

are no plans to release any components or materials removed as part of the re

pair effort for unrestricted use. If components were to be released for unre-

·stricted use the acceptance criteria would be less than 220 dJ)m/100 cm2 . 
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A.7. Provide the curie quantities of transuranic and long lived fission 
product (e.g., 1-129) contamination in the steam. generators. De
scribe the criteria, methods of measurement and disposal of materials 
which have transurani~ contamination. 

RESPONSE: 

In order to provide this data, a sampling program has been conducted to 

assure that there are no ~ignificant amounts of transuranics present in the 

Surry steam generators. This program consisted of the following:· 

a. Samples were taken by sandblasti_hg the diaphragm plate on 

the inside of the manway. This was done on both the hot 

and cold leg side of a stea~ generator. 

:b. Samples were removed from the steam generators in Unit l during 

the last refue 1 i_ng out.age. 

.c. The samples were analyzed usi_ng the methodol_ogy described in 

January 1978 Interim Report of EPRI Project 613,. 11 Study Of Trans

uranium Concentration Levels In Solid Radioactive Waste From 

Commercial Power Reactors 11 by the same contractor who performed 

those analyses for EPRI. 

This check program and its results have only confirmed the data contained 

in the January 1978 Interim Report of EPRI Project 613, "Study of Transuranium 

Concentration Levels in Solid Radioactive Wastes From Commercial Power Reactors 11
• 

The largest crincentration of any of the traniuranium isotopes found in the 

check pr_ogram had a concentration of only 5 percent of the proposed federal 

~egulation limit. 

Based on this pr_ogram it is not expected that there wi 11 be any wastes con

taining significant amounts of transuranic isotopes. Therefore these wastes 

6 
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will be disposed 6f at licensed burial facilities. The steam generator lower 

assemblies will be stored onsite and will be ultimately dispositioned at the 

time of station decommissioning. 

Since it has been shown that transuranic contamination is insignificant 

no specific plans or criteria have been made for transuranic contamination. 

Because of the lack of specific policy or regulation on the disposal of trans

uranic material it would be presumptous at this time to formulate such plans. 

6 
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Estimate the quantity of airborne radioactivity caused by the 
steam generator replacement including cutting and welding. Your 
response should consider cutting operations and contamination 
cleanup of surface contamination and address the following items: 

a) Airborne lev-els inside local contamination boundaries, 
e.g. tents. 

b) Airborne levels in occupied areas. 

c) Total effluents from the facility by isotope with pro
jections of the maximum individual doses in unrestricted 
areas and a projected population dose over a 50 mile 
radius from the facility. 

d) Discuss how the particulates will enter the contain-
ment ventilation ducts and your calculated concentra
tions or quantities which will be reduced by filtra- . 
tion prior to release to the environment, together with 
an upper bound calculation of the total activity released 
in the entire operation. 

e). The 14 ft. hatch opening which will exist during transport 
of the steam generator components prepsents a potential 
for release of particulates to the environment. Calcu
late the air flow. velocity into this hatch opening and dis
cuss how the inflowing air will prevent the release of 
particulate contamination under adverse wind conditions . 

f) You state that the ventilation monitoring will be conducted 
using normal procedures and frequencies unless changing 
conditions indicate otherwise. Describe in detail your 
criteria for "a change in conditions•• (stated in section 
5.4.1.1) which will dictate increased monitoring. For 
significant changes in the airborne effluent which are 
likely to be encountered during various operations weekly 
monitoring is considered inadequate. Detail the frequency 
of monitoring for different changes in conditions. 

RESPONSE: 

a. The airborne radiation levels inside local contamination barriers, 

e.g. tents is difficult to estimate; however, the following provides 

a rational estimate of the maximum levels which can be expected. 

The only operation which may·result in a release of any significant 

amounts of airborne radioactive material will be the cutting of the 
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reactor coolant piping. The contamination level in this piping 

· is anticipated to be about 70 uCi/cm2, The other piping to be 

cut and the transition cone cut are not expected to result in any 

significant releases as they are part of the secondary systems 

.which will have only a small amount of contamination present. 

It is planned that the inside of the upper she1·1 of the steam gene

rator will be decontaminated using a hydrolaser to remove loose 

particulates if surveys at the time of shutdown show it to be 

necessary. 

Using the calculations and assumptions below, the amount of radio

active material to be released by the reactor coolant pipe cutting 

operation can be calculated . 

The cut to be made will have a kerf of approximately 3/8 (0.95 cm) 

inch and an ID of 31 (79 cm) inches. The surface area inside the 

pipe which is vaporized is then 

(79) {rr) (0.95) = 236 cm2 

There will ·be five (5) cuts per coolant loop which will result in 

approximately 3540 cm2 of vaporized material per electrical gene

rating unit (3 steam generators). The int~rior of the reactor 

coolant pipe has a contamination level of about 70 uCi/cm2. 

Therefore, the cutting could cause 2.5xlo5 uCi to be released. The 

efficiency of the filter on the contamination barrier will be con

servatively assumed to be at least 95% and the efficiency on the 
) 

temporary containment filter system will be conservatively assumed 

to be 95%. The release to the atmosphere will therefore be about 

625 uCi. 
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The contanri nation levels for the secondary system components should 

• be less than 1 uCi/cm2 and would result in insignificant releases. 

• 

' ' e 

b. The airborne levels in occupied areas of the containment during 

the replacement activities are expected to be similar to those 

normally experienced during a refueling outage. Following the 

movement of the fuel, airborne levels are expected to decrease 

significantly. Typical specific airborne activities for a refuel

ing outage are listed in Table A.8-1. 

c. The total effluents from a unit during the replacement activities 

are shown in table A.8-2. These effluents will be much less than 

d. 

. that normally experienced during routine operation as can be seen 

in Table A.8-2. Thereiore, the maximum individual doses are popu

lation doses will be much .less than those during routine operation. 

The doses for routine operation have been.~resented in ''Appendix I 

analysis, Surry Power Station Unit Nos. 1 and 211
, dated June 1977, 

submitted June 17, 1977. 

It is presently planned to i nsta 11 a temporary containment venti-

1 ation system that will be equipped with a HEPA filter. The 

capacity of the vent"ilation system will be 30,000 CFM. The effi

ciency of the filter has been conservatively assumed to be at least 

95 percent for the purpose of these evaluations, although they will 

be purchased to a specification which requires them to be 99.97 

percent efficient. 

7 
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e. The equipment hatch will be used for all ingress and egress from 

the containment~· The norma 1 hatch cover wi 11 be removed from 

the opening during the replacement activities; however, it is 

planned to have a temporary enclosure, e.g .. plastic with zippers, 

during most of the outage. This temporary enclosure will be re

moved during major equipment transfer through the hatch. 

The temporary ventilation system will maintain a slightly negative. 

pressure in the containment, thus preventing any major outleakage. 

The effects of advers.e wind conditions is not significant since 

the temporary enclosure will provide protection. Although it will 

not be able to withstand tornadic winds, the temporary enclosure 

will be substantial enough to withstand normal weather conditions. 

Even if the temporary enclosure was not in place or failed, there 

would not be significant consequences since the airborne levels 

in the containment will be at acceptable low levels. 

f. As part of the overall program to maintain contamination levels 

at reasonable levels, air sampling will b~ performed daily. Con~ 

· tin~ous monitoring will be provided to indicate 11 a change in con

ditions11 from the norm. These area monitors will be set to alarm 

at setpoints to be established at the commencement of the outage. 

These alarms, if activated will be evaluated to determine the source· 

of increased activity and appropriate corrective action will be ini

tiated to correct the condition. If the contamination levels con

tinue to increase to a specified level, the area will be evacuated 
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until the levels are reduced. The specific 11 alarm 11 and 11 action 11 

setpoints cannot be specified at this time. During the outage 

the normal environmental monitoring requirements contained 

in the Technical Specifications will also be followed. 
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TABLE A.8-1 
TYPICAL AIRBORNE ACTIVITY 

LEVELS DURING REFUELING 
SURRY POWER STATION UNIT NOS~· 1. AND 2 

Isotope uCi/ml. 

H-3 3.86x10-8 

I-131 l.03xlo-9 

Co-58 ~12x10-l0 

Co-60 1. 54x10- l0 

SSGP 9.A.8-6 
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Isotope 

Noble Gases 

Iodines 

Particulates 

Tritium 
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COMPARISON OF.GASEOUS EFFLUENT RELEASES 

Estimated Release/Unit 
Average Six Month During Steam Generator 
1977 Release/Unit Repair Effort 

(Ci}. (Ci) 

7400 Negligible 

0.24 4.53xlo-3 

1. 4. x10-4 3. 12x10-3 

120 8.49 
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A.9. 

RESPONSE: 
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For the entire steam generator replacement program, estimate the 
total volume and curies of solid wastes which are to be disposed 
including transuranics, iodine 129, iron 55 and nickel 63. Include 
scaffolding, concrete rubble, dry waste, temporary enclosures with 
HEPA filters and HEPA filters. Clearly describe the crtteria that 
wi 11 be used for di sposa 1 of the concrete ( as we 11 as other waste 
.materials) including unrestricted release or bu~ial·at a licensed 
burial site. 

The estimated total volume and curies of solid waste which will be dis

posed of are :shown in Table A.9-1. 

The di.sposal"of materials will be accomplished by packaging in appro

priate containers, eg, 55 gallon drums, shielded casks for disposal at an 

authorized burial site. The criteria specifted in 10 CFR 49 shall apply. 
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Description 

Feedwater pipe 
Main Steam Pipe 
Primary Moisture 
Separator 

Feedwater Ring 
Thermal Sleeve 
Telescoping Deck Plate 
Downcomer Guard Assem-
bly 

Feedwater Nozzle 
55 ga 1. drums (com-
pacted waste)(l) 

Steam Generator In-
sulation (2) 

Concrete Blocks 
Rebarred Concrete 
Upper Steam Gene-
rator Support ri n_gs 

Support Ring Keys 

TOTAL 

e 
TABLE A.9-1 

SOU D l·JASTE 'ESTIMATE 
Tall va 1 ues per unit) 

Wei~t Volume 
ms- TFA-

540 37.71 
2,400 63.81 

66,000 3,520.5 
6,300 94.5 

600 8. 4. 
9,000 652.2 

102,000 7,182 
2,100 19.2 

416,000 7,644 

14,900 966 
193,050 1,350 
14,125 94.5 

29,400 60 
3,400 7.0 

878,165 26,236 

SSGP 9.A.9.:.2 
REV. 7 

Estimated Activity 
( C-i ) 

<0.03 
<0.03 

<0.03 
<0.03 
<0.03 
<0.03 

<0.03 
<0.03 

18.5 17 

<0.03 
<0.03 
<0.01 

<0.03 
<0.03 

18.9 17 

(1) 1040 drums of compacted waste, includes solid \'Jaste from decontamination l
7 of reactor coolant pipe, trash, disposable protective equipment, rags, etc. 

(2) Biological shield wall 
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Describe the program which will be implemented after the steam 
generator repla·cement, if approved, is complete which will re-

. qualify the ESF filters. Describe the program which will assure 
that the activated carbon in the ESE filter Onits will still 
have the capability to adsorb radioactive iodine. 

During the ·replacement outage it is planned to use a temporary venti

lation system, including HEPA filters~ · The presently installed system will 

not be routinely used. Prior to returning the installed.filters to service, 

qualification tests specified in Technical Specification 4.12 will be con

ducted. These tests will assure that the filter units will satisfy the appli

cable criteria. 
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A.11. Describe the procedures and methods which will be followed in paint
ing or repainting those surfaces which, due.to the replacement pro
gram, have had their surface coatings removed. Provide justification· 

· that these coatings will not have ·an adverse effect on safety related 
equipment and systems. 

RESPONSE: 

. Procedures are bei_ng developed as part of the overall planning effort that 

will specify the method for painting surfaces that require it. These procedures 

will specify the method of preparing the surface, the method of paint applica

tion and the type of coating to be used. The type of surface to be painted 

will dictate the above. 

The coatings to be applied will conform to or exceed original equipment 

speci fi cati ans. 
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Describe the procedures and methods which wi 11 be foll owed and 
post-repair testing which will be performed to assure that drain 
systems which are necessary for opera ti on of the Engineered Safety 
Feature (ESF) liquid systems do not become clogged with construc-
tion debris. · 

The safety related systems that could be affected by construction debris 

are the low ~ead safety injection system and the recirculation spray system 

since they take suction from the containment sump. During the replacement 

activities these sumps will be covered to prevent debris from collecting in 

them. Following the completion of major installation activities the sumps 

will be cleaned and inspected to assure there is no debris prior to unit start-. 

up. 
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A.13. Section 1.6 states that Vepco health physics personnel will pro
vide radiation protection and monitoring services. Describe in 
detail the degree to which outside contractors will be obligated 
to foll ow Vepco direction. 

RESPONSE: 

All personnel working on the site are required to follow all Vepco's di

rectives. In the radiation protection area, .radiation work permits (RWP) 

will be issued for specific work assignments. The RWP specifies the expected 

contamination levels, the protective clothing required, the monitoring, re

quirements, etc. ·All. contractor personnel will receive indoctrination training 

on. radiation protection, as well as other general employee training. 

The cohtractor personnel will be contractually required to attend train~ 

ing sessions and pass specific tests to demonstrate their knowledge. Failure 

to pass these tests and failure to follow Vepco directives is cause for dis

missal from the site. 
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Provide an estimated man rem assessment for each of the tasks 
identified in section 3.3, 3.4 (1 thru 19), 3.5 (1 thru 14), 3.6 
(1 thru 15), 3.7 (1 thru 9) and 3.8 (1 thru 3). Each estimate 
should include the time to complete each task, the number of 
personnel involved and the estimated radiation field. For the 
highest exposure task and another representative task provide 
details of how the estimate was made. This should include: 

a) A description of how the task would be performed, 

b) The time and personnel involved in the job, 

c) Actual dose rate measurements taken in the area 
where the job will be performed, and 

d) Specific procedures and techniques used to reduce 
the radiation exposure during the job. 

A detailed estimate of the personnel radiation exposure for steam gene

rator replacement is provided in Table 5.3-1. 

The highest exposure task is the removal of the reactor coolant piping. 

The other task to be described will be the removal of insulation from the 

steam generator and primary piping. 

Removal of Reactor Coolant Piping 

a. The cutting of the reactor coolant pipe will be performed using 

plasma arc cutting equipment. 

b. This task is estimated to take 9 days and 2982 man-hours to cut and 

remove the reactor coolant piping working 3 shifts per day and an 

eight hour shift. 
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c. The dose rate measurements in the area of the cut locations are pro

vided in figures A.3-1 and A.3-2. However, these dose rates will 

be reduced to 50 mR/hour or less by the use of temporary shielding, 

eg. lead.wool blankets, sheet lead, etc. 

d. Shielding will be placed on the reactor coolant piping in the form 

of sheet lead and lead wool blankets to reduce the dose rates in these 

areas to 50 mR/hour or less. Also a tent will be erected around the 

cut locatfons which will be provided with a ventilation filter which 

will prevent the spread of airborne contamination during the cutting 

operations. All work will be performed by use of written procedures. 

The reactor coolant piping will be mocked up before the repair outage 

for both the cutting and the welding operations. Also the use of cut

ting equipment such as a plasma arc torch will greatly speed up the cut

ting effort in order to reduce personnel exposure. 

Using the above data and assumptions the dose for thi5 operation i~ cal

culated as indicated in response A.19. 

Therefore, for cutting the reactor coolant piping for one unit (3 coolant 

loops). 

Where: 

Therefore: 

Or: 

ERCP = DRCP x MRCP 

Drcp = 50 mR/hour 

MRCP = 2982 man-hours 

ERcP = 50 x 2982 mR 

ERcP = 149,100 mR 

ERcP = 149.5 Rem 
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Removal of Insulation From Steam·Generator and Reactor Coolant Piping 

a.. The· insulation wi 11 be removed from the steam generator and reactor 

coolant piping by simply removing the corrugated metal cover and metal 

bands which hold the insulatiDn in place and putting the insulation 

in boxes for offsite disposal. 

b. This task is estimated to take 4.5 days and 720. manhours to remove the 

insulation from the lower shell and reactor coolant piping and 6 days 

and 864 manhours to remove the insulation from the upper shell and feed

water and main steam piping. This work will be performed on a 3 shift 

per day and 8 hour per shift basis. 

c. The dose rates around the steam generator are provided in figures A.3-1 

and A.3-2. The dose rates used in table 5.3-1 for the two parts of 

this task were arrived at by a weighted averaging of the dose rates ob

tained by surveys on different parts of the steam generators and associ

ated piping. 

d. During· the removal of the insulation the water level in the steam gene

rator secondary side will be kept as high as possible to utilize the 

shielding qualities of the water. This shielding effect can be seen by 

compari_ng the dose rates shown on figures A.3-1 and A.3-2. All work 

wil 1 be performed by use of written procedures. 

Using the above data and. assumptions the dose is calculated as indicated 

in response A.19. 
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Therefore, for the removal of insulation from the steam generator lower 

shell and reactor coolant piping. 

Where: 

Therefore: 

Els= DLs X MLs 

DLS = 40 mR/hour 

. MLs = 720 man-hours 

ELS= 40 x 720 mR 

Els= 28,800 mR 

Or: ELS= 28.8 Rem 

For the removal of the insulation from the upper shell and feedwater 

and main steam piping. 

Eus = Dus x Mus 

Where: Dus = ·15 mR/hour 

Mus = 864 man-hours 

Therefore: Eus = 15 X 864 mR 

Eus = 12,960 mR 

Or: Eus = 12.96 Rem 

These total exposures for this task are indicated in Table 5.3-1. 
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Section 4.4.4 11 Steam Generator Transport 11 should address the pro
visions taken to prevent a steam generator from Unit 1 being trans
ported past and beyond operating Unit 2 (consider the hill beyond 
the gate) from rolling onto or back into Unit 2. 

The transport route for both the old and new steam generators is shown 

in Figure A.15-1. These routes minimize the possibility of a 11 runaway steam 

generator11 having any adverse safety implication. 

It is common practice in transporting heavy equipment of this nature 

to have a 11 guard 11 vehicle. Where necessary.a guard vehicle will qe available 

to prevent a 11 runaway 11
• 
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Details and criteria used in the selections of the filtration unit 
and sump system of the Engineered Storage Facility shown in Figure 
5.3-1 should be provided. Include estimated radiation levels on 
the outside surface of the facility, at the nearest unrestricted 
area, and the site boundary. Also provide justification that the 
facility will not flood under a plant design basis flood or describe 
the flood size and probability for which the facility would be pro
tected. 

The basic design criteria for both the filtration unit and sump system 

of the engineered storage facility is that they be simple, maintenance free and 

require no outside electrical power. The filtration system is a penetration 

in the building wall which will contain a HEPA filter. This will provide vent

ing to accomodate air expansion/contraction. No forced or induced ventilation 

is provided. It is anticipated that this filter will be changed on a periodic 

basis. The sump system will be a passive system that will merely consist of 

f provisions for any liquid to drain to a sump. This sump will be checked period

ically by use of a dip stick and pumped out if necessary. No significant water 

accumulation in the sump is anticipated. The building will be sealed against· 

rainwater intrusion. Condensation may contribute a slight amount. 

• 

The surveillance program proposed for the storage facility for the 

first year is to check the sump level, check residual radioactivity levels 

inside the building, and change the HEPA filters on a monthly basis. At the 

end of one year the data collected will be reviewed and if warranted the 

surveillance period may be increased from monthly to quarterly. This infor

mation will be reported in the station semi-annual operation report. 

Provisions in the building.design have been made to allow the above sur

veillance activities to be performed from outside the building. It is not an

ticipated that entry to the storage facility will be necessary. 

8 
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The steam generator storage facility will be fabricated of reinforced 

concrete. Except for one end wall, the walls and roof of the facility will 

- be cast in pl ace. The structure wi 11 be constructed with one open end through 

which the steam generator lower assemblies will enter the facility. The sto

rage area of the buildi_ng will be divided in half by an interior wall. Each 

half of the building will house three steam generator sections. The interior 

wall will be erected after·the first three steam generator lower assemblies 

have been placed in storage. Once all six steam_ generators lower assemblies 

have been placed in storage, the open end of the building will be sealed using 

precast concrete planks which will slide into slots made in the side walls. 

After the building is sealed, the only access to the building will be through 

a 3 foot square concrete plug in each half of the building. The weight of the 

plug will be about two tons and will require a mobile crane for removal. 

• 

e 

Section 2.3.l of the Surry land 2 FSAR discusses in detail the maximum 

projected flood conditions at the Surry site. The maximum still water level 

due to hurricane floodi_ng is el.· +21.0 MSL. A water height of 7. 7 feet was 

calculated to result from 125 mph hurricane winds blowing across the James 

River. This produces a total flood level of el. +28.7 MSL. The average nat

urallgrade foundation mat will be approximately el. +30.5 MSL. Since .the maxi

mum flood level is at el. +28.7 MSL which is below the elevation of the founda

tion of the building, it is concluded that flood protection of the storage 

structure is not required. 

The estimated radiation levels outside the building are tabulated in 

Table.A.16.1. 

6 
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. . RADIATION, LEVELS. OUTSIDE. THE 
STEAM'GENERATOR'ENGINEERED.STORAGE'FACILITY 

Location 

Outside Facility Wall 

Site Boundary(l) 

Radiation Level 
(mR/hour) 

0.50 mR/hour 

<O.OOOlmr/hour 

(l) Site boundary and nearest unrestricted area are the same. 
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The objectives of Regulatory Guide 8.8? Rev. 2, for assurfog 
that occupational exposures at nuclear power plants will be kept 
as low as is reasonably achievable (ALARA) are applicable to· 
steam generator replacement programs. Consequently, the regula
tory positions in Paragraph C ·of Regulatory Guide 8.8, Rev. 2~ 
should be in effect in all areas p·ertinent to the steam genera
tor replacement program. We consider the following sections of 
Paragraph C to be pertinent fo.r steam generator replacement 
activities: · 

C.l. Program for Maintaining Station Personnel Radiation 
doses ALARA. 

All sections of a thru d. 

C.2. Facility and Equipment Design Features sections 

a. All subsections 
b. (1), (2), (5b), (7) 
c. (2) 
d. (1), (3), (4) 
i. (10), (12) 

C.3 Radiation Protection Program 

All sections a thru c 

C.4 Radiation Protection Facilities, Instrumentation, 
and Equipment 

All sections b thru e (sic) 

You should commit to implementing the above and provide a brief 
summary of how you plan to implement each of the above sections. 

At the outset of the design and engineering phase of the project, the princi

ples of ALARA as discussed in RG 8.8 were adopted and have been considered in all 

phases of the replacement activ,ties. All major consultants retained by Vepco 

to assist in the replacement effort have been instructed to follow RG. 8.8 to 

the extent practical. Section 6 of the Surry Steam Generator Repair Program, 

which has been submitted as part of Revision 2 to this report, describes the 

specific measures that are planned to implement the intent of R.G. 8.8. 
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During steam generator-- replacement it is anticipated that parti
culate effluents will be significant. Therefore, describe the 
provisions (and acceptanc~ criteria) to DOP pre test the effi
ciency of all HEPA filter systems which will be used to reduce 
particulate radioactive effluents during the steam generator 
replacement program. 

RESPONSE: 

It is not anticipated that particulate effluents will be significant 

duri_ng steam generator replacement activities because of the specific pre

cautionary measures which are planned .. These measures include: 

l. A general cleanup of areas prior to commencement of major 

replacement activities. 

2. Utilization of special controls to minimize spread of contami

nation, e.g. tent enclosures with local filters, will signifi

cantly reduce particulate effluents released to the contain

ment atmosphere. 

3. Containment of potential particulate airborne contamination by 

protective coatings or coverings, e.g. use of strippable paint 

or permanent paint and polyethylene coverings. 

4. Maintenance of negative pressure on certain components during 

cutting and welding operations~ e.g. maintain vacuum on steam 

generator during cutting and welding operations. 

5. Immediate closure of all openings on steam generators and pipe 

lines as they are cut. 

Not withstandi_ng the above, a temporary ventilation system will be 

in~talled, with a HEPA filter. These filters will be purchased to appli-

cable design specifications which should assure their efficiency. Monitoring 
J! 
! 
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. ~ effluents will assure that acceptable levels are maintained. The temporary 

system capacity will be 30,000 CFM as in the permanently installed system 

and the exhaust from this system will be monitored. 
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Pick one bf the tasks listed in Table 5.3-1 and explain in detail 
how the collective dose for that task was estimated. An. example 
of one task is cottirtg of:R~attot·coo1artt Pipirtg~1os~·~a~~tem/ 
g~~etator. The detailed explanation should provide dose rates, 
exposure time, and numbers of workers involved in the task. The 
explanation should also demonstrate how dose rates, etc. are used 
to estimate the collective doses presented in Table 5.3-1. 

The technique for estimating the collective dose associated with each task 

is simple and is discussed below. The total dose for a given task is dependent 

on three factors: 

1. Dose rate (rem/hr) 

2. Duration of tasks (hrs) 

3. Manhours required to complete the task. 

The entire replacement program has been divided into discrete major tasks. Since 

the tasks are applicable to a given generating unit, i.e. Unit No. 1 or Unit No. 2, 

and some are applicable to one steam generator per unit, the estimated exposure 

for the total job is obtained by summing the exposure for three (3) S.G. and 

the minor tasks. 

where: 

Ei = Di(~~m) x Mi (manhours) 

Ei = total personnel exposure for task i (man-rem) 

Di= average _dose rate for task i (rem/hr) 

Mi= manhours to complete task (man hours) 

i = task number 

The total exposure for the entire job is merely a summation of the exposures for 

all tasks, considering the multiplicity of tas.ks associated with one (1) steam 
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generator. Therefore, 

Er = I: Ei 

where: 

Er= total exposure for one (1) unit (man-rem) 

SSGP 9.A.19-2 
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The accuracy of the estimated total exposure is a direct function of the 

accuracy each of the parameters cited, dose rate, manhours required, .and defi

nition of tasks. In making the estimate the best available data was used to 

es tab 1 i sh the va 1 ue. of each parameter. Basically, the fo 11 owing steps were 

taken: 

1. A listing of all tasks required was prepared based on the scope 

of work. 

2. Dose rate data was obtained from actual survey data. These rates 

were modified based on the expected reduction that could be re

asonably be expected by decontaminated and shielding. 

3. The manhour estimate was made based on practical knowledge of the 

individual tasks that must be performed. 

Items 1 and 2 are now well established. The validity of item 3 is being con

firmed as final engineering and preparation of procedures progresses. 

For a sample calculation see the response to question A.14. 
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Entry number 5 ~ Support Craftsmen (semi-skilled) in Table 
5. 3-1 shows a collective dose of l 038 man-rem/Unit Entry 
number~- - H~alth, Physits~:Q/A,/Q/C~ and Ad~iMf~trative 
Personnel in Table 6.3-1 shows a collective dose -of 177 man
rem/Unit. These two entries are too broad. Explain what tasks 
the workers in these categories will-be performing and provide 
collect-ive dose estimates for those tasks. Also explain the 
relationship of-those-tasks to the tasks already listed in the 
rest of Table 5.3-1. (Aren't the semi-skilled workers included 
in the other estimates?) 

The estimates presented in Table 5.3-1 are preliminary-and are based 

on data avai.lable at-the time the estimate was made.- At the time the esti

mate was made, only ski'lledcraftmen were considered since they were the 

limiting factor in establishing potential services-of labor to·implement 

the repair program. Semi-skilled personnel were 11 lumped 11 together for pur

poses of the estimate. 

The workers in the semi-skilled category consist of laborers used to 

erect scaffolding, and clean up, and helpers, etc. The semi-skilled esti

mate is not included in the specific tasks listed in Table 5.3-1. 

The e_ngineeri_ng procedure and planning effort has progressed· to a stage 

where a more detailed estimate can be made. Table 5.3-1 will be revised 

when this estimate is complete. 
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A.21. Explain what costs such as replacement power are included in the 
cost estimates of Table 5.5~1. 

RESPONSE: 

Item 4 of Table 5.5-1 specifies the cost of decontamination for the several 

alternatives. Included in this cost is: 

1. The actual cost of labor and materials required to perform the 

decontamination. 

2. The replacement power costs based on the schedular effects shown in 

item 3 of table 5.5-1. 
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A.22. Explain what steps you plan to,take to help maintain doses As 
Low As Reasonably Achievable (ALARA) in this projeGt. Indicate 

RESPONSE: 

,what use will be made of remote cutting and welding equipment, 
temporary shielding and ventilation systems~.contamination tents, 
and glove boxes.·· Also, indicate what equipment will· be mocked-up for trai ni_ng purposes. 

The ALARA policy has been adapted for this project and is described in 

Section 6 of the report. The specific questions presented above are addressed 

in the referenced section. This information is also contained in the response 

to question number A.17. 

L ______ _ 
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8.1. Table 4.2-1 of your submittal lists two values of secondary side 
water Volume. Please clarify. Also, please include in this table 
the values of secondary side mass at no load and at 100% power 
conditions for both the original and the repaired steam generator. 

RESPONSE: 

The listing of two values of secondary side water volume is a typographic 

error. The table should read: 

secondary side water volume, ft.3 

secondary side steam volume, ft.3 

3581.8 

1976.7 

A revision to Table 4.2-1 will be issued to correct this mistak~. 

The additional information requested below is presented below and will 

be incorporated into the revision to Table 4.2-1. 

ORIGINAL SG* REFURBISHED SG 
Zero Power 100% Zero Power 100% 

Secondary side water 3581.8 2153.8 3581.8 2153.8 
Volume, ft.3 • · 

Secondary sige steam 1976.7 3572.4 1976.7 3572.4 
Volume, ft. 

Total Secondary Volume, ft3 5560 5730 5560 5730 

Secondary Side Mass, lb 170,000 109,000 170,000 117,000 

*Mechanical. modifications, similar to those summarized in Figure 2.5-1 were made· 
to the originally installed· steam generators in Unit No. l in October 1975 and 
Unit No. 2 in May 1975. ·· These changes resulted in an increase in circulation 
ratio and increased the 100% power inventory by about 8%. The 11 original 11 

values reported above are for the originally installed steam generators prior 
to the mechanical modifications. The 11modified 11 and 11 refurbished 11 steam gene
rators have about,the same circulation ratios, therefore, the secondary mass 
is about the same. · 

4 
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In your discussion of Case l of a Startup of an Inactive Reactor 
Coolant Loop, you list two protection system features on page 
4.3-5. Please clarify item 2 with additional discussion.· 

RESPONSE: 

As discussed in Case l of a Startup of an Inactive Reactor Coolant Loop, 

two protection system features were listed that would protect the reactor 

core during startup of an i~active loop with the loop stop valves open~ 

These features were listed as follows: 

1. Reactor trip on high source range nuclear flux. 

2. Reactor trip on low reactor coolant flow in any loop above the 

P-8 setpoint. 

Item 1 was stated incorrectly for the accident conditions under analysis. 

This protection feature should have been 11 React'or trip on power range, high 

range nuclear flux 11 rather than high source range nuclear flux •. The analy

sis presented is correct and assumes a conservative value for the power range, 

high range nuclear flux trip of 118% of full power. 

The actual transient.effects as discussed in the analysis will be less 

severe due to a reactor trip on low reactor coolant flow in any loop when 

reactor power is above the P-8 setpoint. The reactor coolant low flow trip 

setpoint is set at approximately 90% of full flow. The P-8 setpoint is set 

at 60% for two loop operation with the loop stops open. Therefore, when the 

pump in the idle loop is starte~, reactor power will increase to above the 

P-8 setpoint (60%) coincident with low flow in that loop (<90%) causing a 

reactor trip at a power level considerably lower than the 118% used in the 

analysis. 
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In item 4 of.the ConclusionsOn page.4.3-17 you state that the 
reactor coolant flow will be redu·ced. This is in contrast to the 
information provided in Table 4.2-1 and 4.3-1. Please clarify 
this discrepancy. 

The statement on page 4.3-17, item 4, is not accurate because the word 
11 area 11 was inadvertently omitted. The statement should read, "The reactor 

coolant flow area wi-11 be reduced by· approximately 1.5% because of the de

crease in the number of steam generator tubes (3342 versus 3388) 11 The nomi

nal reactor coolant flow will be unchanged. Page 4.3-17 will be revised. 
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C.l. The new steam generator lower assembly will have two 2-inch sche
dule 40 Inconel. internal blowdown pipes and a 3/8-inch primary 
shell drain. Also. a 2-inch nozzle is being added to the upper 

RESPONSE: 

shell to facilitiate wet layup conditions. Because of these changes, 
indicate Whether there will be any additional piping, valves or other 
components external to the steam generator or modifications to exist
ing components. If so, describe the interface with existing systems, 
provide quality group classifications, and discuss any stress analy
ses that must be performed. 

Some of the improvements made to the new steam generators will require 

that additional piping, valves and other components be added external to the 

steam generator and that modifications to existing systems be made. The 

specific changes are: 

1) The addition of a channel head drain system 

2) The addition of a steam generator recirculation and transfer 

system 

3) The addition of a nitrogen connection on the new steam generator 

4) Modification of the blowdown piping 

Each of these changes is discussed below. 

·channel ·Head·orain·system / 

The replacement steam generators will be equipped with a channel head 

drain which will allow the steam generator to be completely drained before 

performing inspection and maintenance activities. The channel head drain is 

a 3/8 inch nozzle on:the bottom of the channel head. There is a hole in the 

divider plate which allows both the hot and cold leg side to drain to a com

mon connection. The 3/8 inch line expands to a 3/4 inch line and then goes 

thru two (2) 3/4 inch manual isolation valves. The piping up to and includ

i.ng the second isolation valve will be quality group A and piping beyond the 
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second isolation valve will be quality group D. The drain line will be con

nected to the existing hot leg loop stop valve packing leak-off line. Stress 

analysis will be performed up to and including the second isolation valve to 

assure that they are within design allowables established for existing piping. 

Steam Generator Recirculation And Transfer Sy~tem 

The steam generator recirculation and transfer system is being pro-

vided to protect the steam generator internals from potential corrosive attack 

during inactive periods by enabling the water chemistry to be controlled during 

these periods. This system will work in conjunction with the steani genera-

tor nitrogen system to ensure the exclusion of oxygen from the steam gene

rator internals during wet layup conditions. 

Each steam generator will be provided with an independent external re

circulation loop. The pump capacity is 150 gpm which provides a complete 

volume turnover approximately every four (4) hours. 

The recirculation and transfer pump takes suction from the steam gene

rator upper shell through a wet layup connection which will be added during 

the upper shell refurbishment activities. The pump will discharge to the 

steam generator through the blowdown pipe via a connection to the existing 

steam generatorblowdown system. Each circulation loop also has a cross 

connect to facilitate the transfer of a steam generator contents to either 

of the other steam generators, the contaminated drain system, or the cir

culating water discharge. 
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During normal plant operation the system will be isolated from the 

steam generator by double isolation valves. From the steam generators 

up to and including the isolation valves this system will be quality group 

B. The rest of the system will be quality group Das it will only be used 

during periods when the unit is shutdown. 

Steam Generator N,itrogen System 

The steam generator nitrogen system will work in conjunction with the 

steam generator recirculation and transfer system to protect the steam gene

rators during long layup periods from corrosive attack.by ensuring the exclusion 

of oxygen from the secondary side of the steam generators. The system consists 

of a vaccum pump to enable the air to be evacuated from the steam generator 

before nitrogen is introduced from a nitrogen supply. Connection to the 

secondary side of the steam generator will be made by a one (1) inch line con

nected to the six (6) inch main steam trip valve bypass valve in the mainsteam 

valve house. An isolation valve will be provided to isolated this sytem from 

the steam system during unit operation. The vacuum pump and nitrogen supply 

will be connected to the one (1) inch line downstream of the isolation valve. 

This system will be a quality group B system from the bypass line up to and 

includi_ng the isolation valve. The rest of the system will be quality group E. 

Modification Of The Blowdown Piping 

The blowdown nozzle on the new steam generator lower assemblies will 

be a 2~ inch connection. The existing blowdown piping is a two (2_) inch line. 

The existing. blowdown piping will be disassembled to facilitate removal of the 

old steam generator lower assemblies. This pipe will be replaced with 2~ inch 

pipe. No other significant cha_nges will .be made to this system. 
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C.2. Item B -in Section 3.5 states that the upper shells will be placed 
in the basement or other convenient location. Specify the exact 
locations and indicate that the selected locations have the abil
ity to support the shells and any related construction loads. 

RESPONSE: 
\ 

The upper-shells will not be placed in the basement, but will be lo-

cated in the operati_ng floor (47' elevation). Figure C.2-1 shows the lay

down location currently proposed. The selected locations have been analyzed 

and can support the shells and related construction loads. Some areas will 

require temporary braci_ng to assure that loads are adequately supported 

without degradation to the permanent structures • 
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If decontanri nation is necessary, demonstrate that the methods and 
the decontamination solution will not dfgrade or adversely affect 
the reactor coolant piping or components which are part of the 
primary system pressure boundary. Further show that the decontami
nation solutions will not have deleterious latent effects in subse
quent plant operations. 

At the present time it is only planned to decontaminate the removed por

tions of reactor coolant pipe for reuse. The method of decontamination to be 

used will be electropolishing. 

E'lectropo'!ishing has been widely used in the chemical industry to clean 

and prefinish chemical piping and process systems and is described in the "Metal 

Finishing Guidebook 11
, 46th edition, pages 496-506. This method is used routinely 

on stainless steel with no adverse effects. The techniques for electropolishing 

are over 30 years old and have been tried and proven to be technically sound. 

The application of electropolishing to decontamination of nuclear components 

has been shown ti be a viable decontamination process by a study performed 

by the Battelle Nortlw.Jest Laboratory. The results of this program are summarized 

in PNL-SA:..6858, Apri"I 1978, "Electropolishing As a Decontamination Process 11
•· 

The decontamination solutions will not degrade or adversely affect the reactor 

·coolant piping and vrill not have any deleterious latent effects on the p'ipe as 

the corrosion rate of the decontamination solution (phosphoric acid) on 304 or 

316 stainless steel is less then 0.020 inches per year. After decontamination 

the pipe pieces will be thoroughly flushed to remove all traces of the decon

tamination solution. The wastes created by this process will consist of two (2) 

55 gallon drums of solid waste with a curie content of approximately 12 Ci 

and 300 gallons of water for each unit 1 s reactor coolant piping. After the 

rlecontamination of the first unit's reactor coolant pipe, the decontamination 

solution will be stored onsite for reuse in the decontamination of the second 

unit's piping. 

7 
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Following the completion of the decontamination of the second units piping, the 

solution will be returned to the supplier (off-site) for processing and reuse . 
7 
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Provide additional infonnation on the repair and inspection 
procedures you intend to use, especially regarding the welding, 
-post-weld heat treatment, and examination procedures for the 
upper to lower assembly shell weld. · 

The repair and inspection procedures which will govern the welding, 

post weld heat treatment and examination of the girth weld will conform 

to the requirements of Section XI of the ASME Code~ 
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For those portions -of the primary reactor coolant system affected 
by the steam generator repair, indicate the degree of compliance 
for the fabrication and quality assurance procedures with the 
recommendations contained in the appropriate following Regulatory 
Gui des :l 

1.31 Control of Stainless Steel Welding (Rev. 2, May, 1977) 
1.34 Control of Electroslag Weltl Properties (Dec., 1972) 
1.37 Quality Assurance Requirements for Cleaning of Fluid 

Systems and Associated Components of Water-Cooled Nuclear 
Power Plants (March, 1973) 

1.44' Control of the Use of Sensitized Stainless Steel.(May, 1973) 
1.50 Control of Preheat Temperature for Welding of Low-Alloy 

Steel (May, 1973) 
1.71 Welder Qualification for Areas of Limited Accessibility 

(December, 1973) 

RESPONSE: 

The replacement program will require that portions of th~ reactor coolant 
I 

I 

piping be cut and welded in the field. The steam generator/lower assembly 
/ 

which wi 11 be fabricated in the shop al so. forms part of the reactor cool ant 
I 

system. Because of the differences in shop and field wdrk, the applicability 
/ 

/ of specific regulatory guides will be addressed for each category. 
I 

I 
I 

Steam Generator Fabrication In Shop 

The discussion below summarizes the degree/of compliance with the regulatory 
I 

I 

guides noted. 
/ 

l. RG 1.31 - Control of Stainless Steel _VJelding (Rev. 2, May 1977) 

/ 

/ 

The Westinghouse production,~eld verification program, as described 

in WCAP-8324-A, was approved 9:1 the NRC as a satisfactory substitu_te for 

following the recommendations of the NRC 11 Interim Position on Regulatory 

Guide 1.31 (4/74). The results of the verification program have been 

summarized and documented'in WCAP-8693 which has been submitted to the 

NRC • 

4 
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2~ R.G. 1.34 - Control of Electroslag Weld Properties (Dec. 1972) · 

Where electroslag welding is used, Westinghouse and its suppliers 

follow the recommendations of this guide. 

3. R.G. 1.37 - Quality Assurance Requirements for Cleaning of Fluid Sys

tems and Associated .Components of Water Cooled Nuclear 

Power Plants (March 1973) · 

This guide endorses ANSI N45.2.l-1973, which applies to cleaning 

procedures used in the field and is not directly applicable to shop 

fabrication. For activities which occurred during the period from 

January 1, 1975 to September 30, 1977 the position -i·s presented in -

WCAP-8370, Revision 7A. For activities occurring on or after October 1, 

1977, the position is presented in WCAP-8370, Revision 8A. Westinghouse 

process specifications and procurement documents provide cleaning require- 4 
ments to assure that the steam generator lower assemblies and other 

components are delivered in a clean condition. 

4. R~G. 1.44 - Control of the Use of Sensitized Stainless Steel (May 1973) 

All of the unstabilized austenitic stainless steels used for com

ponent parts of the reactor coolant pressure boundary are utilized in 

the final heat treated condition required by the respective ASME Code 

Section II material specification for the particular type or grade or 

alloy. Pr.ocessi_ng and fabrication are performed us.ing established 

methods and techniques to avoid sensitization.· Westinghouse has veri

fied that these practices will prevent sensitization by performing 
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corrosion tests on as-received wrought material, as well as on pro

duction and qualification weldments . .In addition,· the water chemistry 

in the reactor coolant system is rigorously controlled t6 prevent 

intergranular attack of unstabilized stainless steels; the effective

ness of these controls has been demonstrated by both laboratory tests 

and operating experience. 

Although the Westinghouse practices differ in some respects from 

the guide's recolTD'Tiendations, the intent of Regulatory Guide 1.44 is. met. 

5. R.G. 1.50 - Control of Preheat Temperature for Welding of Low-Alloy 

. Steel (May 1973) 

Westinghouse practices are in agreement with Regulatory Guide 1_.50 

positions l.a, 3 and .4. For position 1.b, Westinghouse qualifies weld

ing procedures within the pre-heat temperature ranges required by Sec

tion IX of the ASME Code. For position 2, Westinghouse utilizes the 

methods documented in WCAP-8577 which has been accepted by the NRC. 

6. R.G. 1.71 - Welder Qualifications for Areas of Limited Accessibility 

(December 1973) 

Because of the controlled conditions in the shops, Westinghouse 

does not require qualification of welders for areas of limited accessi

bility. Shop welds are repetitive and adhere to the requirements of 

Section III and IX of the ASME Code. 

4 
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·. ~ R.G. 1.31 - Control of Stainless Steel Welding (Rev. 3, June 1978) 

l 

Provisions of R.G. 1.37, Rev. 3; June 1978 will. be followed. 

R.G. 1.34 - Control of Electroslag Weld Properties (Dec. 1972) 

Provisions of R.G. 1.34, Rev. 0, Dec. 1972 will be followed. 

R.G.. 1.37 - Quality Assurance Requirements for Cleaning of Fluid Systems 

·and Associated Components of Water-Cooled Nuclear Power Plants 

(March 1973) 

Topical report VEP-l-3A, "Quality Assurance Program Opera

tions Phase, 11 adopts R.G. 1.37 which incorporates ANSI N45.21 -

1973 for cleaning of fluid systems and associated components dur

ing unit operation. The intent of this RG will be implemented. 

R.G. 1.44 - Control of the Use of Sensitized Stainless Steel (May 1973) 

The provisions of R.G. 1.44, May 1973, will be followed with the 

following clarifications: 

Reference: Paragraph C.3 of the Regulatory Guide. All austenitic 

stainless steels are furnished in the solution heat-treated con

dition in accordance with material specification. For material 

solution heat treated by the material manufacturer, testing to 

determine susceptabi l i ty to i nte.rgranul ar corrosion is performed 

4 
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only when required by the material specification. During repair 

welding, auste~itic stainless steels are not permitted to be ex

'posed to temperatures in the range of 800°F to 1500°F except 

for welding. Welding practices are controlled to avoid severe 

sensitization, as described in 6 below. Unless otherwise re

quired by the material specification, the maximum length of 

time for cooling from the solution heat treat temperature to 

below 800°F is specified in the equipment specification. Cor

rosion testing in accordance with ASTM A 262-70, Practice A or 

E, or ASTM A 393 may be required if the maximum length of time 

for cooling below 800°F is exceeded or the solution heat treat 

condition is in doubt. 

Reference: Par_agraph C.4 of the Regulatory Gu.ide. Use of low 

carbon (0.03% maximum) unstabilized austenitic stainless steel 

is not required ·since the reactor coolant meets acceptable water 

chemistry requirements over 250°F. 

Reference: Par_agraph C.5 of the Regulatory Guide. Heat treating 

aust~nitic stainless steel in the temperature range from 800°F to 

1500°F is not permitted. Since sensitization is avoided, testing 

to determine susceptability to intergranular attack is not per

formed. 

Reference: Paf".agraph C.6 of the Regulatory Guide: Welding prac

tices are controlled to avoid severe sensitization in the heat 

. affected zone of unstabiTized austenitic stainless steel. Inter-· 

granular corrosion tests shall be performed in conjunction with 

4 
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stainless steel welding procedure qualifications to assure that 

specified welding parameters to not produce heat inputs which . 

would cause excessive sensitization of base metal heat affected 

zones. All stainless steel welding procedures shall specify 

a maximum interpass temperature of 350°F. 

R.G. 1.50 - Control of Preheat Temperature for Welding Low-Alloy Steel 

(May 1973) 

The provisions -of R.G. 1.50, May 1973, will be followed. 

R.G. 1.71 - Welder Qualification for Areas of Limited Accessibility (Decem

ber 1973) 

Reference Paragraph C. 1: Where accessibility to welds in 

Class 1, 2 and 3 piping systems is restricted to less than 12 

inches clearance, the following applies. 

1. Butt welds will be subjected to volumetric exami

nation. 

2. Socket and bar fillet welds will be subject to liquid 

penetrant or magnetic particle examination. 

Reference Paragraph C.2: Requalification is required when any of 

the essential variable of ASME Section IX are changes, or when 

any authorized inspection questions the- ability of the welder 

to_perform satisfactorily the requirements of the Code. 

4 
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Water chemistry.specifications are discussed in Section 2.2 
and shown in Table 2.2-2. Your discu~~ion on AVT im~lies 
that starting up new steam generators with·AVT should prevent 
denting rea·cti9ns. However, this assumption is not correct 
as evidenced by units that· have only used AVT and still ex
perienced denting •. Regarding. the water chemistry specifica
tions you intend to use, control parameters in thefeedwater 
chemistry stiould include cation conductivity as this is the 
first warning of condenser leakage. Similarly; chloride ion 
concentration should be included as a control parameter in· 
the steam generator chemistry.- Therefore, Table 2.2-2 should 
be revised accordingly. 

The startup of the unit following replacement of the steam generators 

using AVT chemistry control provides reasonable assurance that denting will 

not be significant and that the units may be operated reliably for their · 

remaining life. The replacement steam generators are the 11 state-of.;.the-art 11 

and provide the best alternative available to assure the continued operation 

of the unit. While "denting chemical reactions" may still be possible, the 

design improvements should mitigate the.consequences of the reactions. For 

example, the volumetric increase in corrosion products with carbon steel 

support plates is the major contributor to the effect of denting. The cor

rosion of 405 stainless steel, even if it should occur, is not accompanied 

by the volumetric increase_experienced·with carbon steel. The other improve

ments, such as the quatrefo·il · tube hole design, and others addressed in Sec-.. 

tion 2 provide similar mitigation of "denting reactions 11 even if they occur. 

The water chemistry specifications presented in Table 2.2-2 are those 

of the nuclear.steam supply system manufacturer and represent a proposed 
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chemistry. control program. At the outset of the pr_ogram we conducted an 

independent assessment of the Westinghouse recommendations to provide addi

tional assurance of their validity. The conclusions of this evaluation are 

_basically the same as that stated in the above comment •. This item is dis

cussed in more detail below. 

The cation conductivity limit addresses the control of acid·forming 

species. Based on the type of steam generator degradation that has been 

observed at seawater and brackish water· cooled PWR's~ emphasis should be 

placed on the control of chlorides.· In the absence of reliable continuous 

chloride monitors that have been field demonstrated, implementation of 

cation conductivity control techniques·for chloride has been used by most 

of the industry. The relation between cation conductivity and chloride in 

a pure chloride envJronment ·is easily established. At Surry, as at other 

stations on morphol ine control, the cation conductivity is generally signi

ficantly higher than that predicted based on measured chloride levels. 

This results from carbon dioxide holdup in the system which occurs preferen

tially with morpholine compared to ammonia. To minimize this effect, the 

reliance on a stripped acid conductivity is under review. Conceptually, 

the stream is stripped of carbo~ dioxide wtth purified nitrogen or air 

after being acidi.fied by passage through a cation resin column. The con

ductivity downstream of the stripper should accurately reflect the con

centrations of chl~ride on a seawater or· brackish wat~r cooled site. 

The need to establish chloride ion concentratior:i_as a control para

meter is acknowle_dged. This will probably be implemented by measuring 
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stripped cation conductivity. The establishment of specific limits is 

under review; therefore, Table 2.2-2 will not be revised at this time. 
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C.7. Specify the actions to be taken if and when the secondary water 
chemistry specifications are violated. Specifically, describe 
operator action followtng the discovery of condenser leakage. 

RESPONSE: 

The proposed.secondary water chemistry specifications are not intended 

to be inviolate, but represent prudent guidelines to be followed in unit 

operation. In general, operator action that is inititatedfollowing the 

discovery of condenser leakage consists of identifying the source of leakage, 

· e.g. water box, determining the magnitude or the leakage and initiating cor

rective action based on the leakage rate. At the present time there are no 

quantitative guidelines for initiating specific actions. These actions are 

determined by station operating and ·supervisory personnel· on a case-by-case 

basis. 

As part of the overa11 · evaluation of the overall AVT program, conside

ration has been. given to establishing action levels for out of spec condi

tions of the three major chemistry control parameters, stripped cation con

ductivity, pH and free hydroxi'de. The possible courses of action, or com

binations thereof; are to l) identify and.eliminate the problem source, 

2) in.crease steam generator blowdown, 3) reduce power' and 4) shutdown:the 

unit. This p~ogram is.currently under review, including the establishment . . 

of specific "action values" and specific "actions". This matter will be 

dispositioned prior to unit startup. 
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The combination ~f high pH and high NzH4 levels could produce 
ammonia during·lay-up and perhaps excessive copper intake by 
the coolant, if copper components are not removed~ Is there 
any danger to the copper components from this, or possibly to 
the steam generator.components, as a result of the introduction 
of the copper into the steam generator? 

The question is not clear as·to what "layup" is of concern. However, 

it is assumed that lllayup" following the return of the unit is of concern 

since during the outage the secondary systems will be in the cold condition 

and partially drained. The specific chemical reaction reference, Le. the 

breakdown of hydrazine octurs at temperatures of about 195°F and above. 

During the replacement activities, the condensate and feedwater that is in 

the system will be at ambient conditions, well below. the temperature at 

which decomposition may occur. 

The chemical reaction of interest does occur during unit op~~ation. 

The use of AVT chemistry control does not have any significant effect on 

ammonia concentration. Hydrazine (N2H4) is used to scavenge oxygen in the 

system and morpholine is used to control pH. The thermal breakdown of hydra

zine forms .ammonia~ 

Ammonia solutions are known to have a deleterious effect on copper 

alloys. However, sufficient quantitative data is·not available to accurately 

determine the thresho·ld level of ammonia that is unacceptable for specific 

copper alloys. Qualitative data for condenser tubing is contained in the 

literature. The evidence in the literature indicates that potential cor

rosion problems.with. copper.alloys occur in the presence of several hun-

dred ppm ammonia. The_ general .order of increased resistance for the commonly 
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Admiralty metal 

Aluminum bradd 

Aluminum bronze 

90-10 copper·nickel 

70-30' copper nickel 
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In the presence of oxygen and ammonia the copper alloys are susceptible addi

tionally to stress corrosion cracking in about the same order of· resistance. 

An ·engineering evaluation was conducted·several years ago to assess the per

formance of the Surry systems as related to ammonia concentrations. The area 

of most concern is the steam side of low pressure feedwater heaters which con

tain arsenic admiralty tubing. As the steam condenses, the ammonia content 

in the remaining steam can reach high values. This buildup can be partially 

controlled by increasing the venting, allowing more steam to go to ·the con

denser with the noncondensibles. The condensate on the feedwater side of the 

tubing contains less than one (1) ppm ammonia which should cause no concern. 

Generally speaking, the steam side of the feedwater- heaters should be free of 

oxygen so that this stress corrosion enhancing· constituent will not be pre

sent with the ammonia~ The other components in the system., including coolers 

and condensers, pumps, air ejectors; etc. are of no concern. 

There are several methods for minimizing the ammonia in the system and 

potential corrosion.associated therewith, as summarized below: 

1. Use of a volatile amine such as morpholine .instead of ammonia 

for .pH contra l : 
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2. Minimize the amount of hydrazine, the breakdown of which causes 

arrunonia. 

3. Maximize venting where condensing steam allows buildup of ammonia. 

4. Minimize access of oxygen during periods of operation, shutdown 

and layup. 

5. Minimize the amount of copper in the feedwater and condensate 

systems. 

6. Process water through condensate demineralizers. 

7. Maintain the pH of the system at the lower end of the specifi

cations (8.8 in feedwater, 8.5 in steam generator.) If the lower 

end of the specification is used only about one-third of the 

ammonia content required at the upper limit is required. 

Some of these techniques ~re presently being used to minimize corrosion 

of copper bearing alloys. Others will be implemented following the replace

ment activities. Refer to C.16 for additional comments on copper transport 

and effects in the steam generators. 
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C.9. There is evidence 6f tube denting in some tube-to-tube-sheet 
crevices. How does this development affect the projected per-· 
formance of the new design as described in item 6 of section 2.3? 
Although these new steam generators will have the tube expanded 

RESPONSE: 

to the full depth of the tube sheet, there is still a potential 
for crevice corrosion of the carbon steel tube sheet at this lo
cation. Thermal ratchetting could serve to open up these crevices. 
Provide experiemental results that show that full depth expansion 
of the tubing into the tube sheet eliminates crevice corrosion of 
carbon st~el in the presence of an acid chloride environment. 

The potential for corrosion cracking in the tube-to-tube sheet crevices 

would exist if both the geometry and the available superheat permit the con

centration of aggressive contaminants. The replacement lower assemblies have 

been designed to minimize these conditions by permitting no more than a 1/16-

inch-deep crevice to remain at the top of the secondary side of the tube sheet. 

This configuration has been evaluated by model boiler tests in caustic en

vironments at steam generator operating temperature and pressure. These 

tests consisted of several simulated tube-to-tubesheet assemblies in which 

the Inconel 600 tubes were mechanically rolled into the carbon steel tubesheets 

with a 1/8 inch crevice or un.~erroll. The crevice was increased over the nomi

nal crevice of 1/16 inch obtained during production for test purposes. Speci

mens with a two (2) to three (3) inch deep crevice were also simulated. The 

results of these tests were that 1) there was no caustic attack of the tubes 

with the 1/8 inch crevice,and 2) caustic attack and occasional cracking 

occurred in crevices 2 - 3 inches deep. Additional tests are in progress 

to determine the interaction of crevice geometry, thermal and hydraulic con

ditions, sludge morphology and applied stress levels on the ability to corrode 

either the tube or the tube sheet. 
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The aforementioned results have been basically confirmed by operating 

experience as summarized below: 

1. The bulk of the data consist of units with only partially expanded 

tube-to-tube sheet joints and which have operated for extensive 

periods with phosphate chemistry and rather high chloride levels. 

A number of these units have reported small eddy current signals 

at or near the top surface of the tubesheets, suggestive of some 

tube deformation. There has not been any significant tube restric

tion or any through wall defects at these locations, even in the 

case of units with severe tube support plate denting. 

2. For those units with partially expanded tubes, but under AVT con

trol during startup, several have reported a limited number of 

dent-like eddy current indications at the tubesheet surface . 

. 3. Units utl izfog AVT chemistry control with fully expanded tube-to

tubesheet joints have observed no tube deformation at the tube 

,"\sheet. 

Based on test results and operating experience obtained to date, it is 

concluded that the probability of denti.ng at the tubesheet is low in an AVT 

environment and with fully expanded tubes with a crevice of less than 1/16 inch. 

The possibility of thermal ratcheting has been evaluated by analyses which 

considered system pressure; thermal expansion of the tube and tube hole, 

tube sheet bendfog, and thermal gradients in the tube wall. The following 

results were obtained for the bounding cases studied: 
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a. Norma1 operating transients did not cause crevices to open. 

b. A feedwater transient which injected 32 F water into the 

secondary side did not cause the crevices to open. 

The resu1ts of these analyses indicate that the design acceptably accomodates 

the thermal ratcheting potentia1. 
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Item 13 of section 2.3 states that the flow distr.ibution baffle 
will be made of ferritic stainless steel.· How does ferritic 
stainless steel cope with c1- regarding stress corrosion crack
ing or Fe304 formation? 

Tests have been performed on Type 405 Stainless Steel to determine the 

potential for stress corrosion cracking. Stressed U-bends of Type 405 plate 

were exposed for 12 weeks in an extremely, aggressive environment of 100,000 

ppm cl at 550°F. Stress corrosion cracks were found only in the heat affected 

zone of certain welded specimens which were not stress relieved after weld

ing. No cracking occurred in the unwelded areas or in specimens which were 

stress relieved at 1330°F after welding. As a result of these tests, any 

limited welding which may be performed on the tube support or baffle plates 

will be followed by the appropriate stress relief. 

The formation of Fe304 with Type 405 Stainless Steel is not of signifi

cant concern based on test results. In the large number of corrosion tests 

which were performed in acid chlorides at the temperatures of interest, 540° 

and 550°F, the oxide corrosion product formed on the Type 405 was less than 

that of the carbon steel by factors of 3 to 40, depending on the specific 

environment and specimen configuration. In addition, the oxide formed.on 

the Type 405 specimens was generally characterized as tight and adherent as 

compared to the loose, flaky, voluminous oxide on the carbon steel . 
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Item 15, of section 2.3 states that the Inconel-600 tubes will 
be thermally treated. When and how is the Inconel thermally 
treated to relieve and/or to give resistance to primary side 
stress corrosion cracking? How will this heat treatment affect 
secondary side behavior? 

The thermal treatment was designed to improve the corrosion resistance 

against secondary side attack, specifically caustic stress corrosion. The 

treatment also results in resistance to primary side stress corrosion crack

ing. The thermal treatment is performed as a final operation on the straight 

length tubing, after the straightening and pol.ishing. It consists of heat 

treating the tubing in a vacuum at a nominal temperature of 1300°F for 

about 15 hours. This treatment results in amicrostructure which consists 

of semi-continuous grain boundary precipitates but with little or no chro

mium depletion adjacent to the boundaries. In addition, the eight (8) 

inner rows (smallest diameter) of tubes are stress relieved following bending 

at a temperature of about 1300°F for several hours. The microstructure 

change in conjunction with the relief of most residual stresses provides the 

corrosion resistance to both primary and secondary side environments. 

! 
I 

'I 
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C.12. Section 2.4.5 discusses the benefits resulting from therinal treat-

RESPONSE: 

. ment of the Inconel. Provide the test results relative. to inter
granular attack in environment containing 02 and/or sulphur. 

Intergranular attack in environments containing 02 and/or Sulphur has 

been evaluated. The special thermal heat treatment has been established 

to assure that the grain boundary morphology is not condusive to inter

granular attack. It is known that grain boundary carbide precipitation, 

while beneficial in caustic and other species, may be detrimental in certain 

oxygenated and sulfur bearing environments if the material is 11 sensitized 11
, 

i.e. there is a chromium depleted region adjacent to the boundaries. The 

time and temperature of the special heat treatment have been established to 

assure that the microstructure is 11 de-sensitized 11 toward intergranular attack 

in environments containing 02 and sulphur. 

Test results obtained during the development of the special heat treat

ing process validate. the above. Desensitization of the material is routinely 

monitored during production. 
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Provide the corrosion test data for SA-240 Type 405 stainless 
steel and the alternative support .plate materials that were 
evaluated as discussed in section 2.4.7. 

RESPONSE: 

In reviewing alternative support plate materials to replace carbon 

steel an evaluation of the material behaviour over a range of expected con

ditions was performed. Since an improved corrosion resistance was desirable, 

stainless steel grades with at least 12% chromium were evaluated. Twenty 

one candidate materials were grouped into the following three categories: 

1) austenitic, 2) ferritic (non-hardenable) and 3) martensitic (hardenable). 

Table C.13-1 lists the materials considered. These materials were compared 

based on the following parameters: 

a. Resistance to general corrosion 

b. Resistance to localized corrosion 

c. Effect on tube surface contamination 

d. Wear and fretting of the tube 

e. Strength properties 

f. Physical properties 

. g. Machineability 

h. Weldabil ity 

i. Material availability 

Table C. 13-2 contains a comparison of these parameters for each candidate 

material. 

The following is a brief summary of the types of corrosion that were 

considered and how the candidate materials compare in each category. 



SSGP 9.C.13-2 
. REV. 3 

1. General Corrosion - As the name implies, this is the uniform 

dissolution of the metal over its entire exposed surface. This 

type of corrosion is generally expressed as a corrosion rate on 

the basis of penetration. All of the stainless steel grades 

perform satisfactorily in this regard. 

2. Intergranular Corrosion - This type of attack is rarely a concern 

if the stainless steel is used in the mill annealed condition. 

The austenitic grades become susceptible to intergranular cor

rosion in some environments, if they are heated for short times 

to temperatures in the 900-1500°F range by welding, for example. 

This concern can be minimized by solution annealing the weld or 
-

by using a low carbon grade, such as 304L. The ferritic grades 

(e.g., 430) become susceptible to this type attack if heated 

above 1700°F (the austenitizing temperature) during welding. 

This concern can be minimized by reannealing at 1300-1500°F or 

by using the more weldable grades 405, 430 Ti, XMB or XM30. 

3. Crevice Corrosion - The relative resistance of austenitic stain

less steels to crevice-concentrated caustic would likely increase 

with increasing nickel content. The 300 grades should, therefore, 

.be better than.the 200 grades. The ferritic and martensitic 

. grades should be very resistant to caustic ~ffects except at high 

concentrations. Crevice concentrated chlorides could cause sec 

of the austenitics following a condenser in-leakage incident, 

particularly for a seaside location. 
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4. Galvanic Corrosion~ This type of corrosion attack occurs if 

two metals of significantly differing anodic potential are 

coupled in a conductive media. The metal acting as the anode 

is preferentially attacked while the cathode is protected. No 

problem is anticipated regarding preferential attack of the 

Inconel tubing due to support plates made from these alloys. 

5. Stress Corrosion Cracking - This form of attack requires the 

combined effects of environment and stress level. The stress 

can be either applied stress or residual stresses resulting 

from welding, machining, cold working, or heat treatment. 

Halide salts are the most well known contaminants which cause 

stress corrosion cracking of stainless steel, particularly the 

.austenitic grades •. The low yield strength stainless steel 

are resistant to chloride stress corrosion cracking if they 

contain either no nickel (e.g., Types 405 and 430) or greater 

than about 45% nickel. The 430 Ti and 430 Cb grades, however 

are susceptible to attack in heat affected zones. The higher 

strength martensitic (Types 410 and 416) are susceptible even 

though they contain no nickel. The martensitics are less sus

ceptible if tempered at 80 ksi or less yield stength. 

Based on a comparison of these twenty-one candidate materials 

the type 405 material was selected as having the best combina

tion of desirable qualities. Consequently, an intensive test 

program was initiated to evaluate in detail the behaviour of 
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405 stainless steel .. The test matrix for the corrosion tests 

is tabulated in Table C.13-3. This .table summarizes the cor

rosion tests for the qualification of 405 stainless steel under 

acid chloride or AVT conditions. The majority.of the tests· 

shown are continuing and interim examinations have provided 

the bulk of the corrosion data generated to date. 

Figure C.13-1 shows the de~caled weight loss versus test time 

for carbon steel, type 405, type 409, and type 410S exposed in 

a static autoclave to a solution of seawater/FeC1 2/NiC1 2 (6000 

ppm Cl-) at 550°F (288°C). Results indicate an approximate fac

tor of forty higher corrosion rate for carbon steel as compared 

to type 405. 

With this very conservative test media, the oxide of the carbon 

steel appeared to be flaky and voluminous whereas the type 405 

stainless steel exhibited a tight adherent oxide highlighted by 

local pitting (See Figure C.13-2). This result is significant 

in light of the current understanding of the denting phenomenon. 

The carbon steel oxide occupies a large volume where the type 

405 oxide does not. Table C.13-4 shows some of the results from 

a test capsule designed to produce denting. This table shows the 

extent of attack for carbon steel and type 405 test specimens 

exposed to vapor and liquid NiC1 2 (5800 ppm Cl-) at 550°F in a 

static autoclave. The corrosion was based on metal removal as 

determined by micrometer measurements before and after exposure. 
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ID.mea~urements indicated ~1.5-3 mils of denting occured in 

the carbon steel/inconel 600 sample when exposed to the liquid 

phase. No other indications of denting were seen. 

In general, the wear coefficients determined from the tests show 

an equal amount of wear on the Inconel 600 for both carbon steel 

and type 405 stainless steel. However, the results indicate that 

the carbon steel wears down two to six times faster than the 

stainless steel dependtng on the environment. 

As can be seen, the ASME SA-240 type 405 ferrite stainless steel 

has been tested extensively and has undergone a rigorous technical 

review by Westinghouse. ,Jhe following statements summarize the 

test results. 

The corrosion performance of type 405 is superior to carbon 

steel. 

· Corrosion rate of carbon steel exhibits a temperature depen

dency and from limited test results type 405 stainless steel 

does not. 

· The carbon steel oxide is flaky and voluminous whereas the 

type 405 stainless steel exhibits a tight adherent oxide with 

no apparent increase in volume. 

Comparative wear tests conducted on specimens of 405 stain

ress steel and carbon steel indicate that type 405 stainless 
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steel offers better wear properties than carbon steel. 

· The type 405 stainless steel has been found to be both 

machineable and weldable.· 



Austenitic Grades 

302 - Basic Alloy 

TABLE C.13-1 A~Y SUMMARY 

202 - Mn+N replaces Ni to conserve Ni usage 
201 - 202 with lower Cr, Ni, and Mn for higher work hardening 
XM17 - 202 with higher Cr for oxidation resistance 
(216) High Mn 316 
XM18 - XM17 with lower C for improved corrosion resistance 
(216L) of welds. High MN 316L. 
304 - Lower C for welding 
304L - Low C for improved corrosion resistance 
303 - S for improved machinability 
303Se - Se for improved machinability 

303MA - Al+Mo for improved machinability 

Martensitic Hardenable Grades 

410 - Basic Alloy 

410S - Lower Carbon 
XM30 - Cb for improved weldability 
416 - S for improved machinability 
416Se - Se for improved machinability 

Ferritic Nonhardneable Grades 

430 - Basic Alloy 

405 - 410 with Al addition for welding without heat treat. 
XM8 - 430 with low C and Ti addition for weld ductility 
430Ti - Ti addition for weld ductility 
430F - S addition for machinability 
430Se - Se addition for machinability 

PLATE 

SA-240 

A-666 

SA-240 

SA-240 
SA-240 
SA-240 

SA-240 

SA-240 

SA-240 

SA-240 
SA-240 

SPECIFICATIONS 

BAR 

SA-479 

SA-479 

SA-479 
SA-276 
A-276 
A-582 
A-582 

A-276 

A-479 
SA-582 
SA-582 

SA-479 
SA-479 

OTHER 

A-176, A-177, A-264 

A-314, Wire, A-581 
Nuts & Bolts A-194, A-320 
Wire, A-581 
AMS 5638 

A-176 

Wire A-581 
Wire A-581 

A-276 

ASTM F-256 
Wire, A-581 
Wire, A-581 
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TABLE -3-2 e 
SUMMARY TABLE FOR TUBE SUPPORT PLATE MATERIAL SELECTION 

CORROSION TUBE DAMAGE FABRICATION PROPERTIES GENERAL 

WEAR & 
ALLOY GEN 1 L LOCAL sec CONTAM. FRETTING WELDING MACH. STRENGTH * COST AVAIL. MAJOR UNCERTAINTIES 

High-Mn Austenitics Available plate grades 
expected to be poor 

201 p p regarding wear and 
202 G p G u G p G p p p fretting. Machining 
XM 17 F F costs excessive for all 
XM 18 G F except 303 grades. No 

data available on cor-
Austenitics rosion performance of 

303 grades and their 
302 p F weldability is poor. 
304 p G (P) G p G sec susceptibility may 
304L G G F p p G be problem considering 
303 u F p high machining stresses 
303 Se u u u p G p and condenser in-leak-
303 MA G p age. 

Ferritic Nonhardenable 

405 F G G ( F) G F G The 430 grades are sus-
430 G G G ( F) p F G ceptible to HAZ and 
430F G u u u u p G F G F u weldability problems. 
430 Se u u u u p G u Type 405 susceptible 
430 Ti (G) u (G) ( F) G ( F) u to pitting, etc. Spec-
XM 8 (G) (G) (G) ( F) G ( F) F ific wear data lacking 

May tend to be brittle. 
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TABLE C.13-2 (Continued) 

SUMMARY TABLE FOR TUBE SUPPORT PLATE MATERIAL SELECTION 

CORROSION TUBE DAMAGE FABRICATION PROPERTIES GENERAL 

WEAR & 
ALLOY GEN'L LOCAL sec CONTAM. FRETTING WELDING MACH. STRENGTH * COST AVAIL. MAJOR UNCERTAINTIES 

Martensitic Hardenable 

410 F F G (G) p F G Necessary to heat treat 
410S G F F G (G) p F G G F G after welding. Speci-
416 ( F) ( F) u u p G u fie wear data lacking. 
416 Se (F) ( F) u u p G u 
XM 30 ( F). (F) G (G) G ( F) F 

C. Steel p p G G G G F F G G G Corrosion 

G - Good,. F - Fair, P - Poor, U - Unknown 
( ) Approximation based on alloy's similarity to a known alloy's behaviour or data from similar tests. 

*Thermal Expansion Coefficient 



TABLE C .• 3 
SUMMARY OF CORROSION PROGRAM FOR THE QUALIFICATION 

OF ALTERNATE TSP MATERIALS UNDER ACID OR AVT CONDITIONS 

Testing 
Technigue Solution c1- (eem) Temeerature 

Static Seawater 100,000 540°F (282°C) . Provide relative corrosion data for 
Autoclave alternate tube support plate materials 

in a chloride environment. 

Seawater 6,000 550°F (288°C) As above 
FeCl2 
NiCl2 

AVT None 600°F (316°C) Provide a long-term performance data for 
alternate TSP material under AVT chemistry 
conditions. 

NaCl2 4,332 518° (270°c) frovide relative corrosion data at lower 
MgCl2 temperature. 

NiCl2 5,800 475°F (246°C) As above 
515°F (288°C) 

Heat NiCl2 5,800 550°F (288°C) Provide corrosion & denting data fof al-
Capsules ternate TSP materials under laboratory con-

tions known to produce denting. 

Heated Seawater 2,000 540°F (288°C) Evaluate alternate TSP materials under 
Crevices heat transfer conditions whereby superheat 

is generated in a crevice area resulting 
in concentration of chlorides. 

Electro- NaCl 3,540 RT - 600° Determine corrosion potential of 405, CS 
chemical (316°C) and Inconel 600 as a function of tempera-

ture. 



e TABLE C.13-4 
CORROSION RESULTS FOR TSP - INCONEL 600 COUPLES 

TESTS: STATIC AUTOCLAVE 
ENVIRONMENT: NiCl~ (5800 ppm c1-) 
TEMPERATURE: 550° (288°C) 

pH: 3.5-4.5 (HOT) 
DURATION: 13 WEEKS (91 DAYS) 

AUTOCLAVE CORROSION CORROSION RATE 
SPECIMEN LOCATION (MILS) (MILS/YEAR) 

405 LIQUID <l <4 

CARBON LIQUID 80 320 
STEEL 

405 VAPOR <l <4 

CARBON VAPOR 143 572 
STEEL 
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C.14. Regarding section 2.7.13 on tubing material, does the thermal 
treatment at 700°C for 15 hours affect the pitting resistance of 
Inconel in c1- media (with AVT)? 

RESPONSE: 

The thermal treatment should have no effect on the pitting resistance 

of Inconel in c1- media with AVT. Based on test conducted to date, no pit

ting attack has been observed in thermally treated material after seven (7) 

months of exposure to an a'cid chloride environment in heated capsule tests. 
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indicate what ~ctiohs you plan to take to minimize condenser 
leakage or to improve the performance of your condenser. 

Duri_ng the steam generator replacement outage, the main condenser will 

be refurbished to improve its leak tightness against intrusion 6f the cooling 

medium into the. condensate. This refurbishment will c.onsist of l) rep-1 acing 

the 90-10 Cu-Ni tubes with titanium tubes, 2) installing of aluminum-bronze 

tube sheets to replace the existing Muntz tubesheet, and 3) replacing the 

existing tube support plates-with new ones with closer spacing to minimize 

vibration induced tube failures. 



e 

e 

C.16. 

RESPONSE: 
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Indicate your plans, if any, to make any modifications to reduce 
the amount of copper (or other metal ions) in the condensers and 
heaters in the feedwater and condensate systems in view of the 
Westinghouse findings on the role of cu++ (or other metal ions) 
on denti_ng. · · 

Although its role has not been defined clearly, the presence of copper 

or copper·oxide has been found suspect in the mechanism of denting of Inconel 

600 tubing in PWR steam generators. Specifically, of the 43 Westinghouse 

PWRs in operation, 13 have had some d_egree of denting. A 11 13 of the p 1 ants 

use copper alloys in their secondary systems. In support plate samples that 

have been removed from two, (2) units, islands of copper·metal were found in 

the crevice deposits. Those plants with both extensive and moderate denting 

all have brackish or seawater cooling and have had records of significant 

chloride levels in their secondary water. None of the operati_ng PWRs located 

on brackish or seawater sites have been built with copper free systems Labo

ratory- programs to simulate denti_ng have confirmed the participation of acid 

chlorides in the denting process. In such tests, copper has been shown to 

accelerate corrosion of the carbon steel support plate material. The removal 

of copper·subsequently slowed the denting rate. Other research has identified 

nickel chloride as an accelerant with essentially the same type effect as 

. carbon steel as copper chloride. 

Current evidence s_u_ggests that the exclusion of copper is beneficial in 

-delayi_ng but not eliminati_ng denti_ng. To avoid dentfog, strong anions such 

as chloride must be eliminated. The best control for denti_ng is to maintain 

clean feedwater to the steam_ generators, that is, prevent the inleak_age of 



L 

SSGP 9.C.16-2 
Rev. 2 

chemicals from outside sources such as condenser leaks, makeup water, etc. 

To this end several major modifications will be implemented concurrent with 

the steam generator replacement program. In addition to the condenser 

refurbishment discussed in Comment C.15, modifications will be made to the 

makeup water treatment system to improve water quality and reliability. 

As discuss!=d elsewhere, full flow demineralizers will also be installed to 

improve water quality. As part of each of these modifications, improvements 

to monitoring and control equipment will be included. 

The condensate and feedwater systems contain significant amounts of 

copper as summarized below: 

1. 1st point heater - 80-20 Cu Ni 

2. 2nd point heater - 90 - 10 Cu Ni 

3. 3 through 6 point heater - arsenic admiralty 

4. Main condenser 

a. Tubing - 90-10 Cu Ni 

b. Tube Sheet - Muntz metal (60% Cu - 40% zinc) 

c. Support plates - carbon steel 

5. Moisture separater reheaters 

a. Tubing - 90-10 Cu Ni 

b. Other - Carbon Steel 

6. Steam air ejectors - tubes 304 SS 

.7~ Turbine - various steels 

8 Piping - carbon and low alloy steels 

9. Heat exchanger and condenser shells - carbon steel 

10. Coolers and condensers 



e a. Chilled water - 90-10 Cu Ni tubes. 

b. Drain cooler - 304 SS tubes 

c. . Gland st.earn condenser 90-10 Cu Ni tubes 

d. Chilled component cooler:- arsenical admiralty 
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.Studies conducted at Surry indicate that approximately 50% of the cop

per corrosion products are transported by the condensate. Sources of this 

copper are the 90-10 Cu Ni eondenser tubing, as Well as the steam side 

drains of the admiralty tubed fifth.and sixth point feedwater heaters which 

· are cascaded to the condenser •. A- comparison of copper transport in the 

high pressure drains and· the feedwater·indicates approximately 30% of the 

copper in the feedwater ··is introduced with the high pressure drains. The 

high pressure drains transport corrosion products from the moisture ·separa

ter reheater (90-10 Cu Ni),. the drains from the 1st point heater (80-20 Cu Ni)' 

and 2nd point heater (90;..lQ Cu Ni). The remaining portion of the copper 

corrosion products, approximately 25% of the total steam generator input, 

· originates from the copper al lay tubing on the water side of the six -feed

water heaters, as well as the forward pumped dra-ins from the third and fourth 

point admiralty tubed feedwater ·heaters. The profile presented below sum

marizes the.relative contribution of copper from'various components. 

Component 

Condenser 

Moisture Separator reheaters 

Drains (1st & 2nd ot. htrs.) 

Feedwater·Heaters (water side) 

Approximate% Input 

- 50% 

- 5-10% 

- 20-25% 

- 30% 

For comparison purposes, the fo 11 owi_ng copper reduction profile can be deve-

1 oped: 
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Currently Install Systems 

Titanium Condenser Replacement 

Feedwater Heater Replacement 

SSGP 9.C.16-4 
Rev. 2 

Estimated Copper Input to SG 
Relative Input% 

100% 

50% 

7% 

As can be seen, the retubi ng of the condensers, which will be performed as 

discussed in C.15, results in a significant reduction in copper input to 

the steam generator. Although retubing of the feedwater heaters would re

sult in a similar reduction in copper input, this will not be performed. 
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C.17. Operating experience suggests that some erosion/cavitation type 
degradations may be occurring downstream of clover leaf type 
support plate holes. How will this erosion problem be avoided 
in the new steam generators with the quartrefoil tube support 
plates? 

RESPONSE: 

This phenomenon is associated with once-through steam generators which 

produce superheated steam. The area of the tube bundle specifically impacted 

by this attack is in the superheat region. The attack experienced is more 

clearly described as erosion-corrosion of the tubes due to impingement of 

contaminants in the high-velocity steam. This problem was not experienced 

in all liquid or two-phase regions of the steam generators. Since the re

circulating type steam generator operates with liquid or two-phase fluid, this 

type of degradation is not anticipated and has not been observed in recircu

lating type steam generators. 
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RESPONSE: 
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Discuss the possible affect-the new support plate des_ign and/or 
material could have on the ability to perform eddy current inspec
tion· and to interpret the results at the tube/tube support plate 
intersections. Also, how will full depth expansion of ·the tubes 
in the tubesheet affect inspection in this area? 

The affect that the new support pl ate des_ign and/or material, as well 

as the full depth expansion of the tubes in the tubesheet will have on eddy 

current inspections is not expected to be significant. Based on the exten

sive research and development work performed during the 11 denting 11 investiga

tions, the cha_nge to a quatrefoi 1 design and full depth roll can be accomo

dated using current techniques or adaptations thereto. 
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C.19. Describe your plans, if any, for periodic chemical cleaning 
in the future on the secondary side of the new steam gene·rators. 
Indicate current research efforts to qualify sol vent's for use 
in the future. 

RESPONSE: 

There are no current plans to periodically chemically clean the second

ary side of the new steam generators. Vepco is not conducting any research 

efforts to qualify solvents for use in the future. In order to obtain speci

fic information concerning research efforts, it is suggested that you contact 

directly those agencies or companies that may be involved with such research 

efforts, such as ERDA, EPRI, private consul tan ts, and others. 



e 

1. 

e 

C.20. 

RESPONSE: 
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Indicate whether the load capacUy_of the existing polar crane 
trolley is .sufficient. for replacement of the .ste.am generator 
lower assembly. · 

The capacity of the polar crane will be increased by 10 tons, 5 tons 

per trolley for a net capacity of 260 tons. Each trolley is presently rated 

at 125 tons; therefore the combined capacity of the two trolleys presently 

has a capacity of 250 tons. 
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You have stated that the quality assurance program ·for the replace
ment of the steam generators will be in accordance with the provi
sions of 11 VEPCO Nuclear Power Station Quality Assurance Manual, 11 

which is a portion of the approved "Topical Report, Quality Assu
rance Pr_ogram Opera ti ans Phase, 11 VEP- l-3A. However, the Corporate 
Quality Assurance Manual, which is the balance of the Topical Report, 
specifies the means of transfer of QA activities from vendors to 

· VEPCO, ·outlines approva 1 of vendor QA programs and provides for 
VEPCO surveillance and audit of vendors to verify their compliance 
with and effectiveness of their respective QA programs. Confirm 
that the entire Topical Report, VEP-l-3A, is being applied to the 
replacement program. · 

The entire Topical Report, VEP-l-3A, is being applied to the replacement 

program. 
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D.2. Describe the spedal measures to be taken to protect safety-related 
systems ·(including fuel storage facilities, offsite power, onsite 
power, cooling water systems and the ultimate heat sink) from the 
drop of a steam generator or other construction hazards. 

RESPONSE: 

A complete evaluation has been made to assess the potential effects that 

the steam generator replacement activities on one unit may have on the oper

ating unit. The scope of this evaluation addressed the potential interaction 

of electrical and mechanical systems, loading analysis, drop analyses, radio

logical affects and specific construction activities. The conclusions of 

this study are summarized below: 

1. Systems interaction - No significant effects were identified. 

Except for the cutting and removing of portions of certain 

piping systems and the transport of numerous components, the 

replacement outage will not. be significantly different from a 

routine refueling outage. The mechanical systems which will . 

be worked on are not interconnected with those of the other 

unit, e.g. reactor coolant, feedwater, and steam piping, there

fore there will be no interaction. 

2. The maximum anticipated electrical load that will be present 

during the outage will be about 6 MW which is about 20 percent 

of the normal unit operating load. No special precautions are 

necessary. 

3. The handling of heavy equipment inside the containment introduces 

the potential for damage if loads are dropped. During the con

struction activities not normally associated with defueling and 
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refueli_ng, the reactor vessel will not contain any fuel, thus 

eliminating the source of any major accidents. In the event 

that loads were to be dropped, especially the upper shell and 

lower assembly, significant damage could result to the contain

ment equipment and structures. While such a drop could result 

in economic and schedular·loses, there would be no significant 

safety implications. 

In order to minimize the potential for dropping of components the fol

lowing precautions are taken: 

a. Special handling fixtures and equipment are.being designed and 

fabricated to facilitate removal. 

b. Detailed pr_ocedures covering the movement of all major compo

nents are being prepared,- including riggJng sketches. 

c. Load tests will be performed on major lifting equipment. 

d. A thorough inspection and refurbishment pr_ogram will be performed 

on the polar crane. 

e. Appropriate communi_cations wi Tl be established between polar 

crane operator and floor leaders. 

f. Personnel experienced in rigging and heavy lifts will be used. 

g. Transport of major items will be performed in accordance with 

a predetermined route. 

h. Lift capacities of major lifting equipment will be clearly 

identified on the equipment. 

i. Accepted industry practices will be followed. 
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4. The transport and handling of major components outside of the 

containment will be governed b~ the same precautions listed in 

item 3 above. In addition, the route for transporting the major 

components has been reviewed to assure that no damage to buried 

or overhead safety related ;-terns will occur. Booms of cranes 

will be lowered·when not in use if there is a potential for 

falling on station structures. 

5. The circulating water system and the emergency service water 

system are shared by both units. The cooling water in the intake 

canal serves as the ultimate heat sink. The operation of these 

systems is unaffected by the replacement of steam generators in 

either unit. 

The steam generator lower assemblies and moisture separation equip

ment will be delivered by barge. The barges will be unloaded at 

the dock located southeast of the station. The dock area is de

signed for handli_ng heavy loads and was used during initial con

struction of the units to receive major components, e.g. reactor 

vessel, steam generators. This dock will be inspected and re

paired, as necessary, prior·to use for handling steam generator 

components. The unloading at the dock will not affect station 

systems; As shown in Figure 5.J-2 the steam generator components 

wil.l be transported on the road adjacent to the intake canal. Due 

to the road elevations~ low speed of transport vehicle and admini-

.. strative procedures,. there is no _significant probability that the 

intake canal could be adversely affected. 
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6. Offsite power supply systems will not be· affected since the trans

port route and handling locations of the steam generators do not 

provide an opportunity for interaction. 

7. The spent fuel storage facilities are not subject to interaction 

with the steam generator transport route or handling locations . 
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On a site plan, provide the routes to be used for the transport 
of heavy loads and cranes and. their proximity to safety-related 
equipment. 

RESPONSE: 

Figure A. 15-1 shows the haul route .which wi 11 be used for th.e movement 

of heavy loads, including the steam generator lower assemblies, and cranes 

between the containment and the barge dock. 

Haul Route Evaluation 

Transport of Steam Generator Lower Assemblies 

For the purpose of evaluating the haul route, the transport of the 

heaviest piece of equipment, the steam generator lower assemblies; has been 

considered. The activities involved in the movement of the steam generator 

lower assemblies include transportation of the old steam generator lower 

assemblies, transportation of the new steam generator lower assemblies, and 

handling of the aforementioned assemblies at the containment equipment hatch. 4 

After a lower assembly has been positioned properly on the equipment 

hatch platform, it will be lifted free of the platform and placed on a multi

wheel dolly system using a trailer mounted derrick. 

A review has been performed of components that can be postulated to be 

impacted by a postulated dropped lower assembly during the rigging and lifting 

of the stea~ generator lower shells. 

A. Containment Building 

A postulated drop of a steam generator lower assembly 

would not impact directly on the containment but on the 
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ground area outside the containment building. The unit 

untjer repair will be inactive and defueled during steam 

generator replacement. 

B. Under-road Services 

There are no underground services in the area where rigging 

and lifting activities will -take place. 

C. Fuel Oil Storage Structure 

The trailer mounted derrick will be positioned for the Unit 2 

replacement activities such that the cab will be adjacent to 

the fuel oil storage structure. Even if this structure were 

to be damaged there are day tanks in the diesel generator 

building which hold sufficient fuel to allow generator opera

tion for 8 hours which is sufficient time to bring on site 

other temporary fuel storage facilities (tank trucks). 

Following the loading of the old lower shell onto the multi-wheel dolly system 

it will be transported to the steam generator storage facility. Several pos

tulated incidents have been considered and evaluated. 

A. Transporter Structure Failure 

The multi-wheel dolly system will be transporting a load signi

ficantly below its rated capacity. Becaus.e of this high fac

tor of safety, any structural failure would tend to be minor 

in nature and is of low probability. 

4 
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The tipping of the transporter and additional road loading 

due to failure of one or multiple tires was considered and 

it was found that tipping will not occur. 

C. Transporter Overturn 

The probability of a transporter overturn due to-excess 

side to side road slope or excess tra~sporter speed on 

a turn has been reviewed and the side to side slope needed 

to overturn the multi-wheel dolly system is far in excess 

of the haul road slope. Proper administrative controls 

will be used to place limits on the turning radius and 

speed of the transporter which will properly preclude a 

transporter overturn due to excess speed on a turn. 

D. Road Failure 

The haul road and underground facilities beneath the road 

have been reviewed and the expected tire loading is below 

the capability of the road. 

D. Runaway Transport~r 

A runaway transporter will be precluded by the use of a 

guard vehicle behind the steam generator transporter. In 

· order to have this incident occur the prime haul vehicle 

would have to experience both transmission and brake failure 

or break the connection between the transporter and prime 

haul vehicle. 

4 
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The new steam generator lower assemblies will be transported on a semi-trailer 

from the barge offloadin~ area to the containments. Several postulated inci

dents have been considered and evaluated. 

A. Runaway Transporter 

A postulated brake and transmission failure of the prime 

hauling vehicle upon leaving the dock area where the haul 

road takes a 2 - 3% grade could cause the trailer to im

pact the intake structure. This will be prevented by the 

use of a guard vehicle .. 

B. Intake Canal Incident 

A review of the intake canals susceptability to a steam 

generator transport incident showed that the transportation 

device would have to go over a 5 foot berm and travel la

terally 70 feet before encountering the intake canal. 

C. Road Fa i 1 ure 

The haul road and underground facilities beneath the road 

have been reviewed and the expected tire loading is 

below the capacity of the road. 

D. Transporter Overturn 

The probab1lity of overturning the semi-trailer due to ex

cess side-to-side road slope has been reviewed and the side-

. to-side slope needed to overturn the semi-trailer is far in 

excess of the haul road slope. Proper administrative controls 

4 
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will be used to place limits on the turning radius and 

speed of the transporter to preclude a transporter overturn 

due to excess speed on a turn. 

E. Semi-trailer Tire Failure 

The tipping of the trailer and additional road loading due 

to the failure of one or multiple tires was considered and 

found to be of no concern as it would not result in the tip

ping of the trailer. 

F. Semi-trailer Structure Failure 

The semi-trailer to be used will be transporting a load signi

ficantly below its rated capacity. Because of this high safety 

factor, any structural failure would tend to be minor in nature 

and is of low probability. 

Overhead Obstructions 

The only overhead structures which exist along the haul route is the 125 

ton spent fuel building crane rails located adjacent to the decontamination 

building. The crane rails are 50 feet above the ground which allow suffi

cient clearance for the movement of-heavy loads and cranes with the boom in 

the lowered position. Administrative controls will be impiemented to assure 

that the boom is in a lowered position 

tions. 

Crane Movement 

when passing under overhead obstruc-

Mobile cranes may be used in other areas than the haul route, as indicated 

4 
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in the response to question 0.4, during the replacement activities. The wheel 

loadings for the unloaded mobile cranes available on site are below the load 

bearing capacity of areas in _which cranes might be utilized. It is standard 

construction practice to build timber mats under the crane pads when lifting 

loads to ensure crane stability and properly distribute the crane loads if 

locally soft soil conditions exist. Therefore, the underground facilities in 

the areas will not be affected by these activities. The possibility of safety 

related equipment being affected by a postulated crane boom drop is discussed 

in the response to question D.4. 

4 
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D.4. Indicate the safety-related components, including the spent fuel 

storage facility and power lines, that might be affected by a pos
tulated toppling of a crane. If safety-related equipment can be 
affected by the postulated toppling of a crane, give the criteria 
that will be applied to cranes iricluding seismic events and high 
winds. 

RESPONSE: 

Duri_ng the steam generator replacement activities, cranes may be located 

anywhere on the site. Therefore, postulated incidents invo 1 ving. cranes have 

been evaluated with respect to the impact they may have on the ability to 

safely shutdown and safely maintain a shutdown condition in the unit not 

under repair. Also, the ability to maintain the spent fuel pit cooling has 

been evaluated in light of these postulated incidents. 

Therefore, the following areas were considered for the potential un

loaded crane boom drop. 

drop. 

1. Fuel Building Walls and Roof 

2. Low Level Intake Structure 

3. Auxiliary Building Walls and Roof 

.4. Primary Grade Water Storage Tanks 

5. Refuel fog Water Stor_age Tanks 

6. Main Steam Valve House 

·7. Cooling Water Discharge Tunnel 

8. Hi Level Intake Structure 

9. Control Room 

10. Containment 

11. Offsite Power Supply Lines 

12. Servici Water Pumps in the Service Building 

The following assumptions were made for the postulated unloaded boom 

6 
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a. The plane of boom motion is oriented at 90° to the struc

ture. 

b. The crane boom is initially in the vertical position. 

c. The 160 foot long unloaded crane boom with a 30 foot 

jib extension weighing 20,000 lbs falls through a verti

cal plane prior to impact (friction is neglected). 

The fuel bUilding, the low level and high level intake structures, the 

cooli_ng water discharge tunnel, the auxiliary building, the containment, the 

control room, and the service water pumps in the service building were deter

mined able to withstand the boom impact without.penetration that would result 

in damage to equipment necessary for the safe shutdown of the operating unit, 

or in the case of the fuel building the maintaining of the spent fuel pit cool

i_ng system. 

The crane boom drop on either or both primary water storage tanks would 

not affect the safe shutdown of the operating unit as the refueling water 

star.age tanks are available as an alternate source of borated water. The 

crane boom drop on either of the refueling water storage tanks would not 

affect the safe shutdown of the operating unit as the refueling water storage 

tanks are cross connected and the primary water.storage tanks are available 

as an alternate source of borated water. 

The crane boom drop on either the main steam valve house, disabling the 

auxiliary feed pumps and/or the main steam atmospheric dump valves would 

not affect the safe shutdown of the operating unit as the capability exists 

to cross connect the auxiliary feedpumps and the atmospheric dump valves are 

backed up by the main steam safety valves. 

6 
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It was determined that the crane boom drop on the offsite power supply 

lines could not affect all of the lines at once. Therefore, all offsite 

power could not be interrupted by a postulated crane boom drop. Therefore, 

it can be concluded that the postulated crane boom drop will not impact the 

ability to shutdown and maintain in a shutdown condition the unit not under 

repair. 

6 
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Descrfbe how safety-related electrical power sources, including 
offsite power, will be protected from construction loads and elec
trical faults. 

Based on a review of the installed electrical and the electrical require

ments of the steam generator replacement activities, it has been concluded 

that the outage will not differ significantly from a normal refueling outage. 

The design features of the installed electrical systems and existing admini

stative controls established by the "Nuclear Power Station Quality Assurance 

Manual" are adequate to assure that the activities on the unit being repaired 

do not adversely affect the safe operation of the other unit. 'The following 

brief summary supports this conclusion. 

As described in Section 8 of the FSAR, during unit operation electiical 

power to station auxiliaries is supplied by the station service transformers 

(SST). The 4160 volt emergency buses are powered from the reserve station 

service (RSST) during normal operation. During startup and shutdown condi-, 

tions, all station electrical loads, both normal and emergency, are supplied 

by the RSST. During the replacement outage, it is planned.that all the 4160 

volt buses of the unit out of service be powered from the RSST. This will 

assure adequate power for all station auxiliaries that will be required 

during the outage, including the construction loads, and for loads of those 

systems shared by both units which are powered from buses of the unit which 

is out of service. Power to the operating units 4160 volt eme_rgency buses 

will be powered as usual from the reserve station service transformers. 
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The ~lecirical loads which are unique to the replacement activities 

will be significantly less than those that normally exist during unit opera

tion. During unit shutdown, major components, e.g. reactor coolant pumps, 
·-

are not operated, ·therefore, this excess capacity is available for construc-

tion loads without any special changes. Temporary electrical construction 

loads will be protected by appropriate breakers, including fault and over

current protection. As far as the offsite power system is concerned there 

is no differentiation between temporary construction loads or normal loads. 

Duri~g the steam generator replacement outage, electrical power must be 

provided to eq.-uipment, machines and other electrical components required 

duri_ng the replacement activities. Since these loads are relatively small 

(-5 Mw) compared to normal station service load (-35 Mw), presently installed 

station electrical sources will be used. Table 9.D.5-1 summarizes the major 

temporary electrical loads that are presently planned. 

The source of electrical power for temporary loads is from existing 

electrical systems. Figure 9.D.5-1 shows a schematic of a typical tempo

rary electrical circuit. As can be seen, in addition to the protection 

devices presently installed, temporary protection devices are also used. 

These devices provide overcurrent and voltage protection, and fault pro

tection. Disconnects are also provided to isolate the loads. 

The series protective devices installed in the electrical system pro

vides isolation from the other installed electrical systems of the units. 

Postulated electrical faults in the containment will not affect the oper

ati_ng unit. 

4 
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The total estimated load, five (5) megawatts, is based on all equip

ment being supplied simultaneously. This condition is conservative con

sidering .the actual u~age pattern expected during the outage. The listing 

of temporary'loads is preliminary and is subject to change. However, the 

supply of any additional electrical service will be consistent with the 

philosophy presented herein. 

The use of the presently installed electrical systems with no major per

turbution provides the simplest and safest means of supplying electrical power 

during the replacement outage. The same administrative controls presently 

in- use will remain in effect to identify and monitor the status of temporary 

connections, including appropriate tagging, and logging. 

The use of the swing emergency diesel is discussed in the response of 

Comment 0.6. 

There are a number of shared systems which may be powered from the unit 
f 

that is out of service yet required for the reliable operation of the unit. 

These systems include the chemical and volume control system, boron recovery 

system, component cooling water system, fuel· pool cooling system, sampling 

system, auxiliary and fuel buildi_ng sumps, auxiliary ventilation, lube oil 

systems, and radwaste systems. By powering buses of the down unit from the 

RSST these loads will. be available to the operating unit~ The Limiting 

Conditions of Operation contained in the Technical Specifications dedicate 

to the operati_ng unit those portion of shared systems which fulfill a safety. 

function. This condition is similar to that which exists from a normal re

fuel i_ng outage. 

4 
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FIGURE 9.D.5-1 
TYPICAL TEMPORARY ELECTRICAL SUPPLY 
STEAM GENERATOR REPLACEMENT OUTAGE 

SURRY POWER STATION - UNIT NOS. 1 AND 2 
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TABLE 9.D.5-1 
/ 

TEMPORARY ELECTRICAL LOADS 
STEAM GENERATOR REPLACEMENT OUTAGE 

SURRY POWER STATION - UNIT NOS. 1 AND 2 

I 
Temporary Maximum Load. Requirements Maximum Equipment Temporary 

Item Equipment No. of Load Normally Distribution 
No. To Be Sueelied Machines (KW/mach.) (VoHs) (Am2s) (KW) Su22lied Panel 

' 1 Post Weld Heat Treatment 3 936 ,480 650/.p 2808. Reactor Coolant Pump A 
Equipment Motors 

2 Plasma Arc Cutting Equip- 2 14 480 30 28 Reactor Coolant Pump A 
ment Motors 

Subtotal A 
2836 

3 Lights, Misc. (Machine Area) NA 5 460 10 5 Reactor Control Rod B 
Cooling Fan F 

4 Welding Equip. (Machine Area) 3. 14 460 30 42 Reactor Control Rod B 
Cooling Fan F. 

5 Milling Mach. (Machine Area) 3 14 460 30 42 Reactor Control Rod B 
Cooling Fan F 

6 Cooling Fans NA 460 30 14 Reactor Control Rod B 
Cooling Fan F 

Subtotal A 
103 

7 Lights, Misc. (Welding Area) NA 460 10 5 Reactor Control Rod C 
Cooling Fan A 

8. Welding (TIG) 3 14 460 30 42 Reactor Control Rod C 
Cooling Fan ~ 

9. Arc Welding Equip. 3 9 460 20 ·27 Reactor Control Rod C 
Cooling Fan A 

I ··~-.. --. ... ·~~ ----
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Item 
No. 

10 

11 

12 

13 

14 

15 

16 · 

17 

18 

':• T 

... i--··-·-

Temporary 
Equipment 

To Be Sueelied 

Pipe Prep Equipment 

Auto Pipe Welding 
Machines 

Auto Welding Equipment 

Welding Machines 

Blowers 

Welding Machines · 

Blowers 

Welding Machines 

Blowers 

e 

Maximum · Load Requirements 
No. of 
Machines (KWLmach.} (Volts) (Ames) 

2 14 460 30 

3 9 460 20 

2 28 460 60 

6 14 480 30 

2 5 480 10 

6 14 480 30 

2 5 480 .30 

. 6. 14 480 30 

2 5 480 30 

.. 

Maximum Equipment Temporary 
Load Normally Distribution 
(KW) Sueel:ied Panel 

28 Reactor Control Rod C 
Coo 1 ing Fan A 

Subtotal C ,· 
102 

27 Reactor Control Rod D 
Cooling Fan D 

56 Reactor Control Rod D 
Cooling Fan D 

Subtotal D 
83 

84 ·Reactor Control Rod E 
Cooling Fan C 

10 Reactor Cotrol Rod E 
Cool_ing Fan C 

Subtotal E ! 
94 

84 Reactor Control Rod F 
Cooling Fan E 

10 Reactor Control Rod F 
Cooling Fan E 

Subtotal F 
94 

84 Reactor Control Rod G 
Cooling Fan B 

10 Reactor Control Rod G 
Cooling Fan B 

----·--
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' Temporary Maximum Load Requirements Maximum Equipment Temporary . ' 

Item i Equipment No. of Load Normally Distribution 
No. '· To Be Sueel ied Machines (KWfmach.} (Volts} (Ames) (KW} Sueelied Panel 

Subtotal G 
94 

'1 

19 Preheat Equipment 3 386 460 280/<f, 1159 Recirc. Spray Motor H 
Cont,· Recirc. Fan 

Subtotal H 
1159 

20 Welding Control Trailer; 1 ; 184 460 400 184 RHR Motor I 

Subtotal I 
184 

TOTAL 4749 
. l 
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Indicate whether the swing emergency diesel will be dedicated to 
the operating unit so that si~nals ftom the unit that is shutdown 
cannot inte.rfere with the swi_ng diesel commitment to the operati_ng 
unit. 

Unit Nos. 1 and 2 share a swing diesel generator. A safety injection 

signal (SIS) on either unit closes the breaker connecting the generator to 

·.the emergency bus of the unit in which the signal occurs and blocks closure 

of the breaker which .would connect the generator to the other unit's emer

gency bus. It could be postulated that an actual SIS in one unit and a spur

ious SIS signal in the othe~ unit occurs and causes the closure of both breakers 

to be blocked. For this reason, S4.rry has a manual override that allows an 

. operator to close the generator breaker on the unit which has had an actual 

SIS. · During the replacement of steam generators, the swing diesel generator 

can be.dedicated to the unit which is operating and the interlocks with the 

· other unit can be disconnected from the circuit. this ensures that no signal 

from the unit which is out of service will have any effect on the ability of 

the swing diesel generator to perform its safety function for the operating 

unit. The diesels are mechanically independent. 

Although the system as presently installed is adequate to assure that 

the swing diesel is appropriately assigned, it is planned to assign the swing 

diesel to the operati,ng unit during the portion of the refueling outage that 

there is no fuel in the reactor. This assignment will be performed by mak

ing temporary changes to the interlock circuitry. These temporary changes 

will be governed by written procedures and the administrative controls pre

sently in use at the station. 
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D.7. Provide your preoperational testing program and your startup 
testing program for placing a unft back in service with the modi
fied steam generators. Please include all safety systems and 

. instrumentation to be tested or recalibrated. 

RESPONSE; 

The startup and preoperational testing programs to be implemented fol

lowing completion of steam generator repairs has not been formulated; there

fore the specific safety systems and instrumentation to be tested or recali

brated have not been· identified. However, the basic criteria that will be 

used to establish systems, equipment or components to be tested is: 

1. Piping systems which will be breached will be cleaned and tested 

as required by the ASME Code. 

2. Electrical or instrumentation systems which are disassembled, 

. e wi 11 be checked, tested, or calibrated as required to assure 

their oprability. 

3. Visual inspections will be performed to assure that no debris 

remains which could effect the operation of equipment. 

4. Surveillance requirements and limitfog conditions of operation 

established by the Technical Specificati.ons will be satisfied. 

5. Valve lineups will be checked using normal station startup 

procedures. 

6. Station jumper l.og wilJ be reviewed to assure that the temporary 

e· jumpers associated with the out.age have been cleared. 
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D.8. Describe how the changes in the steam generator design affect.the 
accuracy and reliability of water level measurement·and control. 
If recalibration is necessary, list the instruments that will be 
recalibrated. 

RESPONSE: 

The two major changes in design which could affect steam generator level 

measurement and control are the increase in circulation ratio and the increase 

in tube length. However, neither of the charges are·expected to significantly 

affect the accuracy and. reliability of water level measurement and controls. 

While the programmed steam generator·levels may be changed slightly, they can 

be accomodated with no difficulty. To verify the response of the level in

strumentation to the increased circulation ratio, a level stability test will 

be performed as part.of the startup test program. 

As part of the overall repair program all steam generator level trans

mitters, i.e. three (3) narrow range and one (1) wide range per steam·gene

rator, will be replaced with different models. The reason for this change 

is to improve the performance of the transmitters from a maintenance view

point. Our operating experience with both the currently installed and re

placement models indicates that significant.improvement in maintainability 

can be realized by the replacement. The replacement transmitters will be 

equivalent to,· or bett~r than, the installed transmitters. The install

ation of all new transmitters will require that all level channels be re

calibrated. This recalibration will be performed by Vepco technicians uti

lizing existing calibration procedure, incorporating any requirements speci

fic to the replacement transmitters. 
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Describe the layup and startup procedures used to preclude or 
minimize the introduction of corrosion products into the steam 
generators; this material may·have accumulated in the steamlines 
and balance of plant piping during the extended layup. 

RESPONSE: 

An engineeri_ng evaluation has been performed relative to the layup of 

the primary and ·secondary systems, as well as the startup, to minimize the 

introduction of corrosion products into the steam generators. While the 

procedures .for these activities ·have not been finali,zed, the following dis

cussion describes the basic philosophy of the program. 

Subsequent to the unit shutdown, the refueling cavity will be flooded 

and defuel i_ng begun. During this time the reactor primary system water will 

gradually become air saturated. The control of oxygen concentration in the 

primary system during this time is not feasible.·. Allowing the primary system 

to be exposed to the higly borated air saturated wate.r at cold conditions 

during a refueli_ng or extended maintenance shutdown has been common prac

tice at all PWRs. No problems have been attributed to exposure of the reac

tor coolant system·stainless steel, Inconel·600 and zircaloy-components to 

such environments. No special provisions will be made to control oxygen in 

the primary system during the outage. 

The following chemistry controls will be implemented on the primary 

system during the steam generator replacement outage: 

1. Boric acid concentrations will be controlled as specified in 

the Technical Specifications for reactivity control . 

. 2. Chloride concentrations will be maintained at less than 0.1 ppm . 
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3. Fluoride concentration will be maintained at less than.0.1 ppm. 

Control of the latter two (2) variables will minimize the probability of 

stress corrosion crackfog of stainless steel alloys in the system. 

Duri_ng the startup of the unit following steam generator replacement, 

conformance with recommended controls on primary system variables such as 

lithium, pH, oxygen, hydrogen, etc. will be maintained. 

In the secondary system, the shell and tube sides of feedwater heaters, 

drain coolers and the gland steam and air ejector condensers will be main

tained full of water under chemistry control whenever possible. This con

tro1 will not be possible in certain portions of the system during the 

condenser retubing. Hydrazine concentration will be maintained in the range 

e of 100 to 200 ppm with pH control led in the range of 95 to 10.5 with ammonia 

or morpholine throughout the outage. A nitrogen overpressure will be main

tained wherever possible. Routine sampling of the system will be performed 

to verify that appropriate layup chemistry is being maintained. The basis of 

such control is to minimize the corrosion of carbon and low ~llow steels 

throughout the system that will ha~e to be removed. 

During unit startup the system will be flushed and drained prior to 

initiation of feedwater flow, i.e. introduction of water into the steam 

generator. Assumi_ng that the condensate demineralizer system is available 

as scheduled, recirculation for a period of time from the feedpump discharge 

through the demineralizers. for cleanup prior to cleanup prior to starting 

will be performed. 
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The shutdown procedures recommended by the turbine manufacturer for 

drying out the turbine and reheater will be followed. 

During the replacement activities. cleanliness control measures will 

be implemented to assure that all piping systems are maintained in a clean 

condition. 
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In the op1n1on of our consultant, the tubes in the repaired 
. steam generator may be subject to damage due to cross-flow vibra
tion. This damage may take the form of a. circumferential rupture 
of the tube at the tube sheet (where the tube is fixed)due to 
movement of the tube within the clearance space between the tube and 
the support plates. This effect may be increased over time if the 
clearance space (and the amplitude of the tube's movement therein) 
increases due to wear of the support plate material. In the event 
of a loss of coolant accident the fatigued tubes might fail causing 
secondary water and steam to enter the primary system with potential 
adverse effects on the injection of emergency core cooling water. 
Alternating stress conditions in the tube. in. the vicinity of the 
tube sheet, should be calculated for the amplitudes expected through
out the steam generator lifetime in addition to those calculated 
for the new, unworn tube support plate clearance to assure that the 
alternating stresses will be within the allowable stress fatigue 
limits of the Inconel 600 material for the lifetime of the steam 

. generator. 

We understand that other steam generators of a broached quatrefoil 
design similar to the design proposed by Westinghouse have experi
enced such damage. Furthermore, we are informed by telephone con
sultation with Westinghouse that this phenomenon has been investi
gated by Westinghouse, at least with respect to its occurrence 
assuming the initial clearances prior to any wearing of the tubes 
or the tube support plates. In view of the foregoing, the Common
wealth requests that you resolve two questions arising out of this 
issue, and specifically confirm in your Staff Safety Evaluation 
that: 

1. The alternating stresses described above are within the 
fatigure life limit of the steam generator tube material, 
for the predicted life of the steam generator. 

2. The alternating stresses will remain satisfactory during 
the life of the steam generator in view of the probability 
of wear and increased clearance between tube and tube 
support plate during the steam generator lifetime. 

The design criteria used in the design of the replacement lower assem

blies require that tube vibration, tube fatigue, and tube support plate hole 

enlargement be within aceptable limits. The following discussion will demon

strate that (1) tube vibration in the tubesheet region causes only negligible 

stresses and is not a fatigue concern; and (2) the as-manufactured tube sup

port condition does not change significantly during the life time of the 

steam generators. 
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(1) Alternating stresses due to tube vibration at the tubesheet. 

Flow induced tube vibration caused by turbulence, fluidelastic excita

tion, and vortex shedding has been evaluated. These analyses have 

revealed that the maximum alternating bending stress in the tube is 

less than 1.2 ksi. The calculations included assumptions for unsupported 

spans and the alternating bending stresses do not exceed 1.2 ksi. The 

code allowable number of cycles at these stress levels is infinite and 

the fatigue usage factor is zero. 

(2) Tube support condition during the life of the steam generator. 

The wear coefficient of SA-240,type 405 stainless steel at normal opera

ting conditions when paired with inconel tubing is many times lower than 

that of carbon steel as summarized below. 

Average Values of Wear Coefficient, K 

Environment 

Water (AVT), 550°F 

Steam (AVT), 550°F 

Carbon Steel 

11 

2.4 

405 Stainless 

l 

0.8 

This means that initial tube clearance will be maintained more effectively 

than with the previous carbon ·steel tube supports. 

Although tests and calculations show that the tube support conditions will 

not change noticeably during the 40 year vessel life, analyses have been 

4 
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performed assuming loss of support at various elevations and the maxi

mum alternating tube bending stress did not exceed 1.2 ksi. 
4 
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E.2. The heat treatment of the_ steam generator tubes should be justi
fied with regard to whether those tubes in which residual stress 
would be significant after bending would be stress relieved. 
(Application Section 2.3.15, 2.4.5). 

RESPONSE: 

Section 2.7. 13 discusses the heat treatment of the tubing in detail. 

On page 2.7-14, the U-bend thermal treatment is discussed and Figure 2.7-8 

shows the residual stresses as a function of U-bend size. Section 2.7.13 

has been revised to indicate that the tubes in the first eight (8) rows 

will be stress relieved after bending. 
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E.3. Due to the increase in length of the tube bundle, the top of the 
bundle will be closer to the steam separators. We believe that 
you sho~ld attempt to confirm that no deleterious _effect on steam 
separation will result from this change. (Application Section 
2.5.3, 2.3.25). 

RESPONSE: 

During the steam generator repair, a new primary separator package will 

~be installed. This new configuration is compatible with the lower assembly 

tube bundle height. The use of 20 11 diameter primary separators allows them 

to be shorter than th~ original 56 11 diameter separators. The minimum clear

ance between the top of the tube bundle and the bottom of the lower deck plate 

has actually increased from 12 11 to 1311
• 

The reason for replacing the primary seperators is to increase the steam 

. generator moisture seperation capability and the design accomplishes this 

objective. 
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E.4. So-called 11 J-tubes 11 are welded to the feedwater distribution 

RESPONSE: 

ring in place of the usual orifices. We believe that you should 
confirm that these tubes will not be subject to fatigue failure or 
other flow induced phenomena. (Application Section 2.6.5). 

The J-tube design has been installed in several operating steam genera

tors for several years. No fatigue failures of J-tubes have been encountered. 

The flow conditions to which the J-tubes are subjected are not severe and 

the J-tube stiffness is very high. The J-tube design meets the ASME Code 

Section III requirements for fatigue. 

Another flow induced phenomena is errosion. Based on field experience 

and experimental results, the ·J-tubes will not be subject to erosion to a 

4lt measurable degree. 

Section III of the·ASME Code requires consideration of corrosion and 

wear allowances and also places limits on fatigue. The replacement steam 

generator design has been analyzed in detail to ensure that it meets all code 

requirements. 
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Vepco intends to cut certain components of the primary system by· 
flame cutting. We believe the safety.evaluation should describe 
measures to prevent the entry of debris from flame q.1tting into 
the primary system. 

RESPONSE: 

The reactor coolant piping will be cut by flame cutting methods. The 

general arrangement of the reactor coolant piping to be cut is shown in 

Figure E. 5-1.. Measures to prevent the entry of debris from flame cutting 

into the primary system have been taken in consideration in selecting the 

methodology of cutting the pipe. The major factors which have been considered 

are: 

1. Cut locations 

2. Cutting process. 

3. Speed of cutting 

4. Cleanliness of cutting operations 

5. Technical acceptability 

6. Availability of equipment 

5. Preventative measures to prevent the spread of contamination 

and debris 

6. Safety of operation 

Plasma-arc cutting has been selected to cut the reactor coolant piping. 

This method is widely used in industry for cutting metals. Plasma-arc cutting 

employs equipment to optimize the basic demand for a hot, thin jet capable of 

rapidly meltfog a narrow kerf in any metal and of flushing away the melt. 

The narrow kerf (-3/8 inch) minimizes the potential amount of debris. The 

cutting operation is fast, efficient, technically acceptable and readily 

available. 
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The cut locations selected minimizes the entrance of debris into 

the reactor coolant piping that is not removed. As shown in Figure E.5-1 

cut locations C and E interface with the unremoved portion of the reactor 

coolant piping. Debris from cuts A, Band D will accumulate in the area 

of cuts C and E. Since those portions of pipe arid steam generator between 

C and E will be replaced, collection of debris in these components is of 

. no concern. Piping and components outside of locations of C and E are im

portant. 

Outside of locations C and E, there is no vertical piping into which 

debris could fall, only horizontal piping and components. On the cold 

leg side, the looping of the pipe provides an effective means of preventing 

debris from entering the reactor coolant pump. Following the cutting at 

locatiqn E, which will allow pipe section B - E to be removed, the remain

ing pipe will be cleaned and decontaminated. A rubber dam will be installed 

to facilitate rewelding. 

On the hot leg, the reactor coolant isolation valve will be closed prior 

to the cutting operation. Following removal of pipe A - C, the valve will 

be opened and cleaned again and will remain shut during the welding oper

ation. A rubber dam will also be installed for welding operations. 

Appropriate ventilation wil1 be provided to collect cutting and weld

ing fumes and airborne contamination. 

The cutting and weldi_ng processes will be performed using detailed 

written procedures using qualified personnel with appropriate supervision. 
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After completion of the replacement activities, a complete inspection 

will be made to assure that there is no foreign materials or debris in 

the piping systems. 

The measures outlined above will provide reasonable assurance that 

debris does not get into the reactor coolant system. 
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Depressions caused by metal stamping.the tube numbers on the tube 
sheet may collect radioactive crud and potentially increase radia
tion exposure to personnel working in the area of the tube sheet. 

Low stress stamps are used to identify specific tubes. in accordance with 

an established grid system •. The· alphanumeric tube designation is stamped in 

the tube sheet for every other tube, i.e. 50%.of the tubes are marked. The 

markings are 5/16 inch in height and approximately 10 mils deep. The purpose 

of the tube markings is to provide positive identification for inspection 

of steam generator tubing ~s required by regulatory and Code requirements. 

Plugging is necessary in the event there is significant tube degradation or 

leaks. 

The depressions caused.by the stamps are not expected to collect any 

significant amounts of "crud". According to Ayres, 11 Crud 11 is a rather ill

defined descriptive word used widely in the nuclear industry to designate 

the corrosion products (principally oxides of iron, chromium, and nickel) cir

culating in the primary system or loosely depos.ited on the surface of the 

primary system. Normally it does not refer to the dense adherent films that 

are radioactive. Based on observations at operating facilities, the radio

active deposits in the channel head and on the surface of the tube sheet is 

predominantly an oxide film .formed by chemisorption or similar mechanism. 

The presence of small depressions, considering the turbulent flow in the 

channel head should not significantly increase the oxide film. Loose 11 crud 11 

is not normally found in the channel head area, because of the normal flow 

of reactor coolant and draining. 
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The factors affecti_ng the exposure of personnel working in the area 

of the tube sheet must be considered collectively in evaluating the benefit 

of a specific item, such as marking of the tube sheet. Among these factors 

are 1) reduction in exposure source, 2) reduction of exposure time to per

form specified tasks, 3) reduction in maintenance requirements, 4) reduction 

in inspection requirements and 5) reduction in exposure during a speci.fied 

task. The potential creation of 11 crud traps" as a result of the depressions 

of the stamps would be considered in item 5, although it is not expected 

that the depressions will become a 11 crud trap 11
• However, the positive identi

fication of tubes for inspection or plugging, significantly reduces the time 

required to perform specific tasks (item 2). For instance, during plugging 

operations, the tube to be plugged must be identified by referring to a grid 

system, marking the tube and inserting and/or blowing through the tube to 

identify the other end of the tube in the other side of the channel head and · 

marki_ng the other end. The identification process -itself becomes the major 

contributor to radiation exposure. Having the tubes premarked facilitates 

quick identification on both the hot and cold leg sides. The savings in time 

for eddy current inspections is also significant. 

Based on experience to date, the radiation levels in steam generator 

channel heads do not cha_nge significantly with. time after two (2) to three (3) 

years of operation. The mark"ing of the tube sheet is not expected to change 

this conclusion. 

As noted in Section 2, the replacement lower assemblies will have re

cessed tubes in the tube sheet. The existi_ng lower assemblies have tubes 
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that project slightly above the surface of the tube sheet and are welded. 
' 

The elimination of this condition more than offsets any affect that the 

shallow depression may have. 

In conclusion, the marking of the tube sheet should have a beneficial 

effect in reducing personnel radiation exposure when all factors affecting 

radiation exposure are considered. 




