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8 ,,; UNITED STATES
NUCLEAR REGULATORY COMMISSION %o

7. ;j WASHINGTON, D. C. 20666

%,...../ February 10, 1983

Docket No. 50-29

Mr. Jeremiah J. Ray, Chairman
Advisory Committee on Reactor Safeguards
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Ray:

Enclosed are three sets of the Safety Evaluation Reports referenced in
Appendix E of NUREG-0825, the Integrated Plant Safety Assessment Report
for Yankee Nuclear Power Station. These references are presented for
the use of the ACRS and its staff in the review of NUREG-0825. Complete
sets of the Safety Evaluation Reports are also being placed in the NRC
Public Document Room and the Local Public Document Room for ease of
reference by the general public.

.
-

Sincerely,

Is utch iel Chief.

Operating Reactors Branch #5
Division of Licensing

,

Enclosure:
As stated
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.)UNITED STATES - ''

!
Ig NUCLEAR REGULATORY COMMISSION ,/o

{ E wasmNGTON D. C.20555

,V %, * * . ,o September 1,1982

Docket No. 50-29
LS05-82-09-006,

,

Mr. James A. Kay
Senior Engineer - Licensing
Yankee Atomic Electric Company
1671 Worcester Road<

Framingham, Massachusetts 01701,

| Dear Mr. Kay:

SUBJECT: SEP TOPIC III-7.B, DESIGN CODES, DESIGN CRITERIA AND
LOAD COMBINATIONS - YANKEE NUCLEAR POWER STATION

:

Enclosed is a copy of our draft evaluation of SEP Topic III-7.B. The
evaluation identifies areas of codes where changes have occurred to
decrease safety margins. It also identifies loads applicable to some or
all of the structures at Yankee which have increased in magnitude. After
reviewing structural drawings of your facility, we concluc'ed that some

,

code' changes of concern were not applicable to your facility because the-

structural elements to which these code changes are referring were not-

( found in the structural drawings of Yankee.which we reviewed. These
changes are identified in Appendix A of the enclosure. You are to review y
how these areas of the codes were applied in the design of Yankee and the
ability of structures to resist increased loads and assess the current

,

safety margins.<

You are requested to examine the facts upon which the staff has based its
evaluation and respond by confinning that the facts are correct or by

i. identifing errors and supplying the corrected information. We encourage
you to supply any other material that might affect the staff's evaluation

| of this topic or be significant in the Integrated Assessment of your
facility.

Sincerely.
A f0
|| \ t

% L.ht'&
Ralph ruso, Project Manager
Operat ng Reactors Branch No. 5
Division of Licensing

Enclosure:
As stated

cc w/ enclosure:
See next page
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Yankee

Mr. James A. Kay Docket No. 50-29
.

Revised 3/30/82
_ ,

.

CC.

Mr. James E. Tribble, President
Yankee Atomic Electric Company
25 Research Drive-

Westborough, Massachusetts 01581

Chairman -

- Board of Selectmen
Town of Rowe

i Rowe, Massachusetts 01367

Energy Facilities Siting Council
14th Floor
One Ashburton Place
Boston, Massachusetts 02108

U. S. Environmental Protection -

Agency.

'

Region I Office
ATTN: Regional Radiation Representative .

JFK Federal Building
Boston, Massachusetts 02203

O Resident Inspector
Yankee Rowe Nuclear Power Station

'

c/o U.S. NRC
Post Office Box 28+

Monroe Bridge," Massachusetts 01350
' .

' Ronald C. Haynes, Regional Administrator
Nuclear Regulatory Commission, Region I,

631 Park Avenue
King of Prussia, Pennsylvania 19406
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s SYSTEMATIC EVALUATION PROGRAM

TOPIC III-7.B
YANKEE NUCLEAR POWER STATION

Topic: III-7.B Design Codes, Desion Criteria and Loading Combinations

Is INTRODUCTION

SEP plants were generally designed and constructed during the time span
from the late 1950's to late 1960's. They were designed according to
criteria and codes which differ from those accepted by the NRC for new
plants.

The purpose of this topic is to assess the safety margins existing in
Category I structures as a result of changes in design codes and criteria.

II. REVIEW GUIDELINES

The current licensing criteria which governs the safety issue in this
topic is 10 CFR 50, Appendix A, GDC 1, 2, and 4 as. interpreted by Standard

| Review Plan 3.8.

III. RELATED SAFETY TOPICS

v The following SEP topics are related to III-7.B:

| 1. III-2, Wind and Tornado Loadings
2. III-3.A Effects of High Water and Level on Structures
3. III-4.A. Tornado Missiles

! 4. III-5.A, Effects of High Energy Pipe Breaks Inside Containment
5. III-5.B. Effects of High Energy Pipe Breaks Outside Containment
6. III-6, Seismic Design Considerattons
7. VI-2.0, Mass and Energy Release for Postulated Pipe Break

Inside Containment
8. VI-3, Containment Pressure and Heat Removal Capability

IV. EVALUATION

The evaluation is based on a Technical Evaluation Report (TER) prepared
by the Franklin Research Center (FRC) in conjunction with the NRC staff
through contract. The report is entitled, " Design Codes, Design Criterta
and Loading Combinations" and is attached to this Safety Evaluation Report
as Enclosure (1).

nv
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! We have compared structural design codes employed in the design of
Category I structures at Yankee to present codes. This was done
through generic code versus code comparison without investigating
specifically how the original code was applied to the Yankee design;
however, after reviewing drawings of structures at Yankee, we con-
cluded that certain portions of the codes were not applicable to
Yankee because the types of structures to which the codes are refer-
ring were non-existent at Yankee, We have compared the loads and
loading combinations employed in the design of. Yankee as described
in the Yankee FSAR to those required today.

A result of these comparisons is that a number of code changes could '

potentially impact significantly margins of safety (denoted by scale
A and Ax in Enclosure 1). This can be attributed to several factors
such as:

1) New codes have imposed stricter limitations than old,
,

2) New codes have included sections governing design of certain types
of structures which were not included in the older codes,

3) Design loads required today were not included in the plant design;
and

Os
4) Certain load combinations judged to be significant were not

included in plant design.

In Enclosure (1), some items have been judged to potentially impact
margins of safety regarding the containment as a result of comparing
ASME BPV Code Section VIII,1956 to ASME BPV Code Section III, Subsection
NE, 1980. These items are discussed in Section 11 of the report.

The code; changes of concern from Enclosure (1). are: (See next pagel.

4
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Structural Elements to be Code Change Affecting These Elements

Examined New Code Old Code-

Beams / Columns AISC 1980 ' AISC 1953

aollow circular sections 1.5.1.4.1 *

subject to bending Subpara 7
*

Composite Construction AISC 1980 AISC 1953

1. Shear connectors in 1.11.4 13
composite beams

i
2. Composite beams or 1.11.5 -

! girders with formed
steel deck.

|

3. Width of concrete 1.11.1 13 (a)
flange - limitations

!

i

Compression Elements AISC 1980 AISC 1953

1 1. With width-to-thickness 1.9.1.2 and 18 (b)
ratio higher than speci- Appendix C4

-i fied in 1.9.1.2

2. Hollow circular sections 1.9.2.3 and -

|
subject to axial compression Appendix C

| 3. Members where sideway is 1.8.3 16
not prevented

Tension Members AISC 1980 AISC 1953

1. When load is transmitted 1.14.2.2 -

by bolts or rivets

2. Built up members 1.18.3 28(b)

Connections AISC 1980 AISC 1953
!
| '

1. Beam ends with top flange 1.5.1.2.2 --

coped, if subject to
shear

| * Double dash (--) indicates that older code had no provisions.

! -

l
|

.
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Struct' ral Elements to be Code Change Af fectino These Elementsu
Examined New Code Old Code

2. Connections carrying moment 1.15.5.2 -

or restrained member 1.15.5.3
,

connection 1.15.5.4

Members Designed to Operate AISC 1980 AISC 1953
in an Inelastic Regime

Spacing of lateral bracing 2.9 .-

Rolled Sections and AISC 1980 AISC 1953-

15 (a) (3)Built up Members -

Partial length cover plates 1.10.4 26 (d)

Members Subject to Axid AISC 1980 AISC 1953
and Bending Stresses 1.6 12 (a)

Web Plate Girders AISC 1980 AISC 1953
s

1. Subject to shear and 1.10.7 -

tension stresses

2. Stiffeners 1.10.10.2 26

Partial Penetration Weld
Effective throat thickness 1.14.6.1 15 (f)

Short Brackets and Corbels ACI 349-76 ACI 318-56
having a shear span-to- 11.13 -

depth ratio of unity or less

Shear Walls used as a ACI 349-76 ACI 318-56
primary load-carrying 11.16 -

member

Precast Concrete Structural ACI 349-76 ACI 318-56
Elements, where shear is not 11.15 -

a measure of diagonal tension
,,

Concrete Regions Subiect to ACI 349-76 ACI 318-56
High Temperatures

Time-dependent and Appendix A --

position-dependent
temperature variations

. - . - - - . .- .-. - _ . - - . - - . . - - - - . . _ . . _ , - _ - . _ . _ . - - - _ _ - - . . -, - - - . . - - -
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,

Structural Elements to be Code Change Af fecting These Elements
Examined New code Old Code

:

All Structural Elements ACI 349-76 ACI 318-56

1. Ultimate bond strength Chapter 12 -

2. Allowable bond stress Table 305(a)-

Columns with Spliced ACI 349-76 ACI 318-56
Reinforcement
subject to stress reversals; 7.10.3 -

f in compression to
1/y2f in tensiony .

d

Steel Embedments used to ACI 349-76 ACI 318-56
transmit load to concrete Appendix B ~

Element Subiect to ACI 349-76 ACI 318-56
Impulsive and Impactive Ioads Appendix C -

whose failure must be precluded

Composite Construction ACI 349-76 ACI 318-56
C2: apter 17 -

,

Containment Vessels

1. Plates, if understrength ASME Sec. III, ASME Sec. VIII,
1980 1956
NE-3112.4 UG-5 (b)

2. Containment vessels of ASME Sec. III, ASME Sec. VIII,
I materials no longer 1980 1956
l listed as code NE-3112.4 UG-23

acceptable

3. Containment vessels ASME See. III, ASME Sec. VIII,i

designed by formula and 1980 1956
subject to substantial NE-3131 various paragraphs
thermal or mechanical loads

4. Stiffening rings for ASME Sec. III, hSME Sec. VIII,
'

cylindrical shells 1980
,

1956.

subject to buckling loads NE-313 3.5 (a) UG-29

\

.
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Structural Elements to be Code Change Af fecting These Elements,

Examined New Code Old Code

5. Stiffening rings ASME Sec. III, ASME Sec. VIII,
of material different 1980 1956

i than shell material NE-3133.5 (b) -

6. Vessels with Quick ASidE Sec. III, ASME Sec. VIII,
Actuating Closures 1980 1956

NS-3327.1 Footnote to UG-35

Shell Openings and Attachments

1. thstayed flat heads ASME Sec. III, ASME Sec. VIII,
and covers 1980 1956

NE-3325 UG-34(d)
Figs. (c) and Figs. (b) and (a)
(a)

2. Openings and reinforcements; ASME Sec. III, ASME Sec. VIII,
subject to cyclic loads 1980 1956

NE-3331(b) -

|( 3. Beinforcement for ASME Sec. III, ASME Sec. VIII,
openings 1980 1956

NE-3334.1, UG-40
NE-3334.2

4. Bellows and bellows ASME Sec. III, ASME Sec. VIII,
expansion joints 1980 1956

NE-3365 --

( Boofs - -

Extreme environmental snow loads are provided by SEP Topic II-2.A. NRC
Regulatory Guide 1.102 (Position 3) provides guidance to preclude adverse
consequences from ponding or parapet roofs. Failure of roofs not designed,.

i for such circumstances could generate impulsive loadings and water damage,
possibly extending to Seismic Category I components of all floor levels.

...

1. Not shown in tabular summary of ' code change impacts.

a

-. - ----------________.__--,-~_--_.w_,n,_m,-.,g,-.,. --,-w,_,,, rw-,,. - - _ . . _ _ . . . . , , , . -v_,, - - -- , , .7, r, -,- , , ,e ---ng
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Section 10 of Enclosure (1) addresses load and load combination
changes which ~ occurred as a result of code changes and identifies

. specific plant structures for which various load combinations may
be significant. Based upon a lack of detailed infomation on the '

stress results for loads and load combinations used during design
of structures at Yankee,-these loads and load combinations may be
potentially.significant.

After reviewing your submittals for SEP Topic III-6, the licensee,

should identify the maximum stresses at critical locations in the
vapor container and supports considering appropriate load combinations.

.

V. CONCLUSION
,

We conclude that after comparing design codes, criteria, loads
'

and load combinations, a number of changes have occurred which
could potentially impact margins of safety. These changes are
ddentified above. These differences between plant design and
current licensing criteria should be resolved as follows:

1) Review Seismic Category I Structures at Yankee to detemine,

! if any of the structural elements for which a concern exists
i are a part of the facility design of Yankee. For those that

are, assess the impact of the code changes on margins of safety,

j on a plant specific basis, and

2) Examine on a sampling basis the margins of safety of Seismic
Category I Structures for loads and load combinations not
covered by another SEP topic and denoted by Ax in Enclosure
(1). (The load tables should be reviewed to assure their4

technical accuracy concerning applicability of the loads for
each of the structures and their significance. The Category
I Structures considered should be reviewed to insure completeness.)

The licensee should review the vapor container's ability to withstand
accident and seismic loads when analyzed to current criteria loading
combinations.

O
.

. - - - . . - - - . - - . - . . - . . - - _ . . - _ . . - - - - - - . - - - , . . .--
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,

,
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FORENORD
1

This Technical Evaluation Report was prepared by Franklin Research Center

under a contract with the U.S. Nuclear Regulatory Commission (Office of

Nuclear Reactor Regulation, Division of Operating Reactors) for technical

assistance in support of NRC operating reactor licensing actions. The

technical evaluation was conducted in accordance with criteria established by
,

the NBC.

Principal contributors to the technical preparation of this report were

T. Stilwell, M. Darwish, W. A. Segraves, and S. J. Triolo of the Franklin

Research Center.

I

Dr. E. W. Wallo, Chairman of the Civil Engineering Department, Villanova

Iktiversity, and Dr. R. Koliner, Professor of Civil Engineering, Villanova

University, provided assistance both as contributing authors and in an advisory
capacity as consultants under subcontract with the Franklin Research Center.

The report also incorporates the suggestions, guidance, and supportive
efforts provided by Mr. D. Persinko, the NBC IAad Engineer for this task.

|

,

_nklin Rese_ arch _ Center.
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1. INTRODUCTION

For the Seismic Category I buildings and structures at the Yankee Bowe

Nuclear Power Station, this report provides a comparison of the structural

design codes and loading criteria used in the actual plant design against the

ccrresponding codes and criteria currently used for licensing of new plants.

The objective of th'e code comparison review is to identify deviations in
' design criteria from current criteria, and to assess the effect of these

deviations on margins of safety, as they were originally perceived and as they
would be perceived today.

The work was conducted as part of the Nuclear Regulatory Commission's

(NRC) Systematic Evaluation Program (SEP) and provides technical assistance

for Topic III-7.B, " Design Codes, Design Criteria, and Load Combinations."

The report was prepared at the Franklin Research Centar under NBC Contract No.

NBC-03-7 9-118.
' 'm

!
:

.
'

e

.

_nklin Res,e_ arch._ Center
. .
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2. BACKGROUND
.

With the development of nuclear power, provisicas addressing facilities
for nuclear applications were progressively introduced into the codes and
standards to which plant building and structures are designed. Because of
this evolutionary development, older nuclear power plants conform to a number
of different versions of these codes, some of which have since undergone
considerable revision.

' mere has likewise been a corresponding development of other licensing
criteria, resulting in similar non-uniformity in many of the requirements to
which plants have been licensed. With this in mind, the NRC undertook an

extensive program to evaluate the safety of 11 older plants (and eventually
all p.' ants) 'to a common set of criteria. The program, entitled the Systematic
Evaluation Program (SEP), employs current licensing criteria (as defined by
NRC's Standard Review Plan) as the common basis for these evaluations.

To make the necessary determinations, the NRC is investigating, under the
SEP,137 topics spanning a broad spectrum of safety-related issues. The work

reported herein constitutes the results of part* of the investigation of one

of these topics, Topic III-7.B, " Design Codes, Design Criteria, and Load

Combinations."

This topic is charged with the comparison of structural design criteria

in effect in the late 1950's to the late 1960's (when the SEP plants were

constructed) with those in effect today. Other SEP topics also address other

aspects of the integrity of plant structures. All these structurally oriented

tasks, taken together, will be used to assess the structural adequacy of the

SEP plants with regard to current requirements. The d*1 terminations with

respect to structural safety will then be integrated into an overall SEP

evaluation encompassing the entire spectrum of safety-related topics.

.

*The report addresses only the Yankea Rowe plant.

|
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3. REVIEW OBJECTIVES
'

.

The broad objective of the NBC's Systematic Evaluation Program (SEP) is
to reassess the safety of 11 older nuclear power plants in accordance with the

intent of the requirements governing the licensing of current plants, and to

provide assurance, possibly involving backfitting, that operation of these

plants conforms to the general level of safety required of modern plants.

Task III-7.B of the SEP effort seeks to compare actual and current

structural design criteria for the major civil engineering structures at each

SEP plant site, i.e., those important to shutdown, containment, or both, and

therefore designated Seismic Category I structures. The broad safety

objective of SEP Task III-7.B is (when integrated with several other
,

interfacing 'SEP topics) to assess the capability of all Seismic Category I
structures to withstand all design conditions stipulated by the NBC, at least

to a degree mufficient to assure that the nuclear power plant can be safely

i shut down under all circumstances.

The objective of the present effort under Task III-7.B is to provide,

through code comparisons, a rational basis for making the required technical

assessments, and a tool which will assist in the structural review.

Finally, the objective of this report is to present the results of Task

III-7.B as they relate to the Yankee Bowe Nuclear Power Station.

1

..
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4. SCOPz
.

In general, the scope of work requires comparison of the provisions of

the structural codes and standards used for the design of SEP plant Seismic

Category I civil engineering structures * against the corresponding provisions

governing current inensing practice. 'Ihe review includes the containment and

all Category I structures within and exterior to it. Explicit among the

criteria to be reviewed are loads and loading combinations postulated for

these structures.

The review scope consists of the following specific tasks:

1. Identify current design requirements, based on a review of NRC
Regulations; 10CFR50.55a, " Codes and Standards"; and the NRC Standard

Review Plan (SRP) .

2. Review the structural design codes, design criteria, design and
analysis procedures, and load combinations (including combinations
involving seismic loads) used in the design of all Seismic Category I
structures as defined in the Final Safety Analysis Report (FSAR) for
each SEP plartt.

3. Based upon the plant-specific design codes and standards identified
in Task 2 and current licensing codes and standards from Task 1,
identify plant-specific deviations from current licensing criteria

'

for design codes and criteria.

4. Assess the significance of the identified deviations, performing
(where necessary) comparative analyses to quantify significant
deviations. Such analyses may be made on typical elements (beams,
columns, frames, and the like) and should be explored over a range of
parameters representative of plant structures.

| S. Prepare a 'Itchnical Evaluation Report for each SEP plant including:
|

a. comparisons of plant design codes and criteria to those currently
accepted for licensing

b. assessment of the significance of the deviations

|
| *In general, these are the structures normally examined in licensing reviews

under Section 3.8 of the SRP (but note the list at the end of this section of
structures specifically excluded from the scope of this review) .

- -4-
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c. results of any comparative stress analyses performed in order to
assess the significance of the code changes on safety margins'

'

d. overall evaluation of the acceptability of structural codes used
. at each SEP plant.

,

A number of SEP topics examine aspects of the integrity of the structures

composing SEP facilities. Several of these interface with the Task III-7.B

effort as shown below .

1

Topic Designation
.

III-l Classification of Structures, components,
Equipment, and Systems (Seismic and
Quality)

III-2 Wind and Tornado Ioading

III-3.A Effects of High Water Level on Structures

III-4 Missile Generation and Protection

III-5 Evaluation of Pipe Breaks'

III-6 Seismic Design Considerations
i
'

III-7. D Structural Integrity Tests
I

VI-2 Mass and Energy Release for Postulated
Pipe Break.

Because they are covered either elsewhere within the SEP review or within
other NBC programs, the following matters are explicitly excluded from the

scope of this review:

Mark I torus shell, supports, vents, Reviewed in Generic Task A-7.
local region of drywell at vent
penetrations

Reactor pressure vessel supports, Reviewed in Generic Task A-2,
steam generator supports, pump A-12.
supports -

i

; Equipment supports in SRP 3.8.3- Reviewed generically in 'Ebpic
III-6, Generi>; Task A-12.

i
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Other component supports (steel Specific supports have been

and concrete) analyzed in detail in Topic
,

III-6. (Component supports may
be included later if items of
concern applicable to component
supports are found as a result of
reviewing the structural codes.)

Testing of containment Reviewed in Topic III-7.D.

Inservice inspections quality Should be considered in the review
control / assurance only to the extent that it

affects' design criteria and
design allowables. Aspects of
inservice inspection are being
reviewed in Tcpics III-7.A and
III-3.C

Determination of structures that Not within scope.
should be classified Seismic
Category I

Shield walls and subcompartments Reviewed in Generic Task A-2.
inside containment.

Masonry walls Reviewed generically in IE

| Bulletin 80-11.

Seismic analysis Being reviewed as an independent
SEP Topic.

|
!

| ...

O
-6-,, -
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5. MARGINS OF SAFETY
.

There are several bases upon which margins.of safety * may be defined and
discussed.

Se most of ten used is the margin of safety based on yield strength.

21s is a particularly useful concept when discussing the behavior of steels,

and became ingrained into' the engineering vocabulary at the time when steel
was the principal metal of engineering structures. In this usage, the margin

of safety reflects the reserve capacity of a structure to withstand extra

loading without experiencing an incipient permanent change of shape anywhere
throughout the structure. Simultaneously, it reflects the reserve load

carrying capacity existing before the structure is brought to the limit for

which an engineer could be certain the computations (based on elastic behavior
of the metal) applied.

Sis is the conventional use of the term and the meaning which engineers
take as intended, unless the term is further qualified to show'something else
is meant. Mus, if a structure is stated to have a margin of safety of 1.0

under a given set of loads, then it will be generally understood that every
load on the structure may be simultaneously doubled without encountering
(snywhere) inelastic stresses or deflections. On the other hand, if (under

load) a structure has no margin of safety, any increment to any load will
cause the structure to experience, in a least one (and possibly more than one)

location, some permanent distortion (however ismall) of its original shape. .

Because the yield strengths of common structural steels are generally
well below their ultimate strengths, the engineer knows that in most (but not
all) cases, the structure possesses substantial reserve capacity--beyond his
computed margin--to carry additional load.

Here are other useful ways, however, to speak of safety margins and
these (not the conventional one) are particularly relevant to the aims of the

systematic evaluation program.

* Factors of safety (FS) are related to margins of safety (MS) through the
relation, MS = FS - 1.
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One may speak of margins of safety with spect to code allowable limits.
*

This margin reflects the reserve capacity of a structure to withstand extra

loading while still conforming to all criteria governing its design.

One may also speak (if it is made clear in advance that this is the

intended meaning) of margins of safety against actual failure. Both steel and

concrete structures exhibit much higher " margins of safety" on this second
*

basis than is shown by computation of margins of safety based on code
allowables.

These latter concepts of " margin of safety" are very significant to the

SEP review. Indeed the basic review concept, at least as it relates to

structural integrity, cannot be easily defined in any quantitative manner
without considering both. The SEP review concept is predicated on the
assumption that it is unrealistic to expect that plants which were built to,

and were in compliance with, older codes will still conform to current

criteria in all respects. The SEP review seeks to assess whether or not

plants meet the " intent" of current licensing criteria as defined by the
Standard Review Plan (SRP) . The objective is not to require that older plants
be brought into conformance with all SRP requirements to the letter, but
rather to assess whether or not their design is sufficient to provide the

general level of safety that current licensing requirements assure.

With respect to aspects of the SEP program that involve the integrity of
i
I structures, the SEP review concept can be rephrased in a somewhat more

quantitative fashion in terms of these two " margins of safety." Thus, it is
not expected or demanded that all structures show positive margins of safety
based upon code allowables in meeting all current SRP requirements; but it is
demanded that margins of safety based upon ultimate strength are noc only
positive, but ample. In fact, the critical judgments to be made (for SEP

i plants) are:
1

1. to what extent may current code margins be infringed upon.

2. what minimum margin of safety based on ultimate strength must be
assured.

| The choice of method for 2opic III-7.B review can be discussed in terms
!

j of these two key considerations.

| -8-
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6. CHOICE OF REVIDF APPROACH
.

The approach taken in the review process depends on which key questions
(of Section 5) one chooses to emphasise and address first.

One could give primary consideration to the second. If this approach is

chosen, one first sets up a minimum margin of safety (based on failure) that
'

will be acceptable for SEP plants. 21s margin is to be computed in
accordance with current criteria. Then one investigates structures designed
in accordance with earlier code provisions, and to different loadinga

combinations, to see if they meet the chosen SEP margin when challenged by
current loading combinations and evaluated to current criteria. This approach

gives the appearance of being efficient. Se review proceeds from the general
(the chosen miniaws margin of safety) to the particular (the ability of a

previously designed structure to meet the chosen margin) . Moreover, issues
! are immediately resolved on a " gor no-go" basis. S e initial step in this

approach is not easy, nor are the necessary evaluations. One'is dealing with
highly loaded structures in regions where materials behave inelastically.
Rulemaking in such areas is sure to be difficult, and likely to be highly,

controversial.

| The alternative approach is taken in this review. It proceeds from the

particular to the general, and places initial emphasis upon seeking to answer
(for SEP plants) questions as to what, how many, and of what magnitude are the
infringements on current criteria. No new rulemaking is involved (at least at
the outset) . All initial assessments are based on existing criteria.

Current and older codes are compared paragraph-by-paragraph to see the
effects that code changes may have on the load carrying ability of individual

elements (beams, columns, frames, and the like) . It should be noted that this

process, although involving judgments, is basically fact-finding - not

decisionmaking. -

This kind of review is painstaking, and there is no assurance in advance

that it in itself will be decisive. It may turn out, af ter examination of the

I
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. facts, that designs predicated upon the older criteria infringe upon current
design allowables il many cases and to extensive depths. If so, such
information will certainly be of value to the final safety assessment, but
many unresolved questions will remain.

On the other hand, it may turn out that infringements upon current
criteria are infrequent and not of great magnitude. If this is the case, many
issues will have been re' solved, and questions of structural integrity will be
sharply focused upon a few remaining key issues.

O
|
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7. METHOD
| .

A brief description of the approach used to carry out SEP Tbpic III-7.B
,

follows. Fue discussion of the work, it is convenient to divide the approach

into six areas:

1. information retrieval and assembly
2. appraisal of information content

3. code comparison reviews
4. code change impact assessment
5. plant-specific review of the relevancy of code change impacts
6. summarizing plant status vis-a-vis design criteria changes.

7.1 INFORMATION RETRIEVAL

The initial step (and to a lesser extent an ongoing task of the review)

was to collect and organize necessary information. At the outset, NRC

forwarded files relevant to the work. These submittals included pertinent;

. sections of plant FSARs, Standard Review Plan (SRP) 3.8, responses to

\j questions on Tbpic III-7.5 previously requested of licensees by the NBC, and

other relevant data and reports.,

These submittals were organized into Tbpic III-7.B files on a plant-by-
plant basis. The files also contain subsequently received information, as

well as other documents developed for the plant review.

A number of channels were used to gather additional information. Thes e

| included information requests to NRC; letter requests for additional infor-
mation sent to licensees; plant site visits and retrieval of representative

structural drawings, design calculations, and design specifications.

In addition, a separate file was set up to maintain past and present

; structural codes, NBC Regulatory Guides, Staff Position Papers, and other

! relevant documents (including, where available, reports from SEP tasks
interfacing with the III-7.B effort) .

7.2 APPRAISAL OF INFORMATION CONTENT

| Most of the information sources were originally written for purposes
(

other than those of the Task III-7.B review. Consequently, much of the,

i nklin Research Center
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information sought was embedded piecemeal in the documents furnished. These

sources were searched for the relevant information that they did contain.

Generally, it was found that information gaps remained (i.e., some items were
not referenced at all or were not specific enough for Task III-7.B purposes) .

The information found was assembled and the gaps were filled through the

information retrieval efforts mentioned earlier.

|
-

7.3 CODE COMPARISON REVIENS
i

The codes and standards used to represent current licensing practice were

selected as described in Appendix I of this report. Briefly summarized, the

i criteria selection corresponds to NUREG-800 (NBC's Standard Review Plan) , the
l

( operative document providing guidance to NBC reviewers on licensing matters
! (see Referen'ce 1) .

Next, the Seismic Category I structures at the Yankee Bowe Nuclear Power

Station were. identified (see Section 8) . Fce these, the codes and standards

I which were used for actual design were likewise identified on a structure-by-

structure basis (see Section 9) . Each code was then paired with its counter- |

part which would govern design were the structure to be licensed today. )
1.

Workbooks were prepared for each code pair. The workbook format .

consisted of paragraph-by-corresponding-paragraph photocopies of the older and |

| the current versions laid out side-by-side on ll-by-17-inch pages. A central

column between the codes was left open to provide space for reviewer comments.

The code versions were initially screened to discover areas where the
.

~

text either remained identical in both versions or had been reedited without
changing technical content. Code paragraphs which were found to be essentially
the same in both versions were so marked in the comments column.

The review then focused on the remaining portions of the codes where

textual disparities existed. Pertinent comments were entered. Typical
_

comments address either the reason the change had been introduced, the intent

O
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of the change, its impact upon safety margins, or a combination of such
'

considerations.

As can be readily appreciated, many different circumstances arise in such

evaluations--some simple, some complex. A few examples are cited and briefly
discussed below.

Provisions were found where code changes liberalized requirements, i.e.,

less stringent criteria are in force today than were formerly required. Such

changes are introduced from time to time as new information becomes available

regarding the provision in question. Not infrequently, code cosanittees are

called upon to protect against failure modes where the effects are well known;

but too little is yet clear concerning the actual failure mechanism and the

relative importance of the contributing factors. The committee often cannot

defer action until a full investigation has been completed, but must act on

behalf of safety. Issues such as these are usually resolved with prudence and

caution--sometimes by the adoption of a rule (based upon experience and
judgment) known to be conservative enough to assure safety. Subsequent inves-
tigation may produce evidence showing the adopted rule to be overly cautious,
and provide grounds for its relaxation.

!

On the other hand, some changes which on. first view may appear to reflect

a relaxation of code requirements do not in fact actually do so. Structural

codes tend to be documents with interactive provisions. Sometimes apparent

liberalization of a code paragraph may really reflect a general tightening of

criteria, because the change is associated with stiffening of requirements
elsewhere.

To cite a simple example, a newly introduced code provision may be found
making it unnecessary to check thin flanged, box section beams of relatively
small depth-to-width ratio for buckling. This might appear to be a relaxation

of requirements; however, elsewhere the code has also introduced a require-
ment that the designer must space end supports closely enough to preclude
buckling. Thus, code requirements have been tightened, not relaxed.

i
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|

lesenever it was found that code requirements had truly been relaxed, this
was noted in the reviewer's comments in the code comparison review. Because

liberalization of code c;iteria clearly cannot give rise to safety issues
concerning structures built to more stringent requirements, such matters were
not considered further.

On the other hand, whenever it was clear that a code change introduced
more stringent criteria, 'the potential impact of the change on margins of
safety shown for the structure was assessed. When it was felt that the change
-(althoah more restrictive) would not significantly affect safety margins,
this judcteent was entered as a reviewer comment. When it was clear that the '

code changs had the potential to significantly affect the perceived margin of
safety, this was noted in the comments and the paragraph flagged for further
consideration.

Sometimes the effects of a code change are not apparent. Indeed,
depending upon a number of factors,* the change may reflect a tightening of
requirements for some structures and a liberalization for others. When
doubtful or ambiguous situations were encountered in the review, the effect of

,

j the code change was explored analytically using simple models.

| A variety of analytical techniques were used, depending on the situation |
!

I at hand. One general approach was to select a basic structural element (a
beam, a column, a frame, a slab, or the like) and analytically test it, under
both the older and the current criteria. For example, a typical structural
element and a simple loading were selected; the element was then designed to
the older code requirements. Next, the load carrying capacity of this
structure was reexamined using current code criteria. Finally, the load

j carrying capt. cities of the element, as shown by the older criteria and as
determined by the current criteria, were compared. Examples of investigations
performed to assess code change impacts are found in Appendix C.

...

* Geometry, material properties, magnitude or type of loading, type of supports-
to name a few.
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In making these studies, an attempt was made to use structural elements,
model dimensions, and load magnitudes that were representative of actual

structures. Per studies that were parametized, an attempt was made to span
the parametric range encountered in nuclear structures.

Although one must be cautious about claiming that results from simplified
models may be totally applicable to the more complex situations occurring in

'

real structures, it was felt that such examples provided reasonable guidance
for making rational judgments concerning the impact of changed code provisions
on perceived margins of safety.,

7.4 ASSESSMENT OF THE POTENTIAL IMPACT OF CODE CHANGES

As the . scope of the Task III-7.B assignment indicates, a limited

objective is sought in assessing the effects of code changes on Seismic
Category I structures.

The scope of this review is not set at the level of appraisal ofs

individual, as-built structures on plant cites. Consequently, the review does
not attempt to make quantitative assessments as to the structural adequacy

under current NBC criteria of specific structures at particular SEP plants.

To the contrary, the scope is confined to the comparison of former

structural codes and criteria with counterpart current requirements. Corres-

pondingly, the assessment of the impact of changes in codes and criteria is

confined to what can be deduced solely from the provisions of the codes and
criteria.

Although the review is therefore carried out with minimal reference to

actual structures in the field, the assessments of code change impacts that
can be made at the code comparison level hold considerable significance for
actual structures.

In this respect, two important points should be noted:

1. The review brings sharply into focus the changes in code provisions
that may give rise to concern with respect to structural margins of

\
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safety as perceived from the standpoint of the requirements that NRC
now imposes upon plants currently being licensed.

Se review simultaneously culls away a number of code changes that do
not give rise to such concerns, but which (because they are there)
would otherwise have to be addressed, on a structure-by-structure
basis.

2. Se effects of code changes that can be determined from the level of
code review are. confined to potential or possible impacts on actual
structures.

A review conducted at the code comparison level cannot determine
whether or not potentially adverse impacts are actually realized in a
given structure. We review may only warn that this may be the case.

For example, current criteria may require demonstration of structural
integrity under a loading combination that includes an additional
load not specified in the corresponding loading combination to which
the structure was designed. If the non-considered load is large

j (i.e., in the order of or larger than other major loads that were
'

included), then it is quite possible that some members in the
structure would appear overloaded as viewed by current criteria.
Thus a potential concern exists.

|

| However, no determination as to actual overstress in any member can
' be made by code review alone. Actual margins of safety in the

controlling member (and several others*) must certainly be examined
before even a tentative judgment of this kind may be attempted.

In order to carry out the code review objective of identifying criteria

changes that could potentially impair perceived margins of safety, the

following scheme classifying code change impacts was adopted.

7.4.1 Classification of Code Changes

Where code changes involve technical content (as opposed to those which
are editorial, organizational, administrative, and the like), the changes are

classified accc.rding to the following scheme.

*The addition of a new load can change the locatiorr of the point of highest
s tr ess.

O
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Each such code change is classified according to its potential to alter

perceived margins of safety * in structural elements to wnich it applies. Pour

categories are established:

Scale A Change - Se new criteria have the potential to substantially impair
margins of safety as perceived under the former criteria.

Scale A Change - The impact of the code change on margins of safety is notx
ime/zately apparent. Scale A code changes requirex
analytical studies of model structures to assess the
potential magnitude of their effect upon margins of safety.

Scale B Change - The new criteria operate to impair margins of safety but not
enough to cause engineering concern about the adequacy of
any structural element.

Scale C Change - The new criteria will give rise to larger margins of safety
than were exhibited under the former criteria.

,

.

7.4.1.1 General and Conditional Classifications of Code Change Impacts

Scale ratings of code changes are found in two different' forms in this
report. Fbr example, some are designated as " Scale A," and others as " Scale

C.* Others have dual designation, such as " Scale A if -- (a condition state-

ment] or Scale C if - (a second condition statement] ."

In assigning scale classifications, an efficient design to original

criteria is assumed. That is, it is postulated that (a) the provision in

question controls design, and (b) the structural member to which the code

provision applies was proportioned to be at (or close to) the allowable

limit. The impact scale rating is assigned accordingly.

If the code change is Scale A, and it applies (in a particular structure)

to a member which is not highly stressed, then this may afford excellent

grounds for asserting that this particular member is adequate; but it does not

thereby downgrade the ranking to, say, a Scale B change for that member. The

*That is, if (all other considerations remaining the same) safety margins as
computed by the older code rules were to be recomputed for an as-built
structure in accordance with current code provisions, would there be a
difference due only to the code change under consideration?

_Snklin Research _ Center_ .
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scale ranking is neither a function of member stress * nor a ranking of member

adequacy. The scale system tanks code change impact, not individual members.

However, a number of code provisions are framed so that the allowable

limit is made a function of member proportion. When this kind of a code

provision is changed, the change may affect members of certain proportions one
way and members of other proportions differently.;

l -

For example, assume a change in column design requirements is introduced

into the code and is framed in terms of the ratio of the effective column

length to its radius of gyration. The new rule acts to tighten design require-

ments for slender columns, but liberalizes former requirements for colu:ms that

are not slender. This change may be rated Scale A for slender columns, and

simultaneously, Scale C for non-slender ones. Although some columns now appear
to be Scale A columns while others appear to be Scale C columns, the distinc-

tion between them resides in the code, and is not a reflection of member

adequacy. Clearly, it is still the code changes that are ranked; but, in this

case, the code change does not happen to affect all columns in a unilateral

way.

7.4.1.2 Code Impact or Structural Margins

This classification of code changes identifies both (a) changes that have

the potential to significantly impair perceived margins of safety (Scale A) and

(b) changes that have the potential to enhance perceived margins of safety

(Scale C).

Emphasis is subsequently placed on Scale A changes, not on Scale C

changes. The purpose of the code comparison review is to narrow down and bring

into sharper focus the areas where structures shown adequate under former

criteria may not fully comply with current criteria. Once such criteria

changes have been identified, actual structures may be checked to see if the

potential concern is applicable to the structure. Depending upon a number of

structure-specific circumstances, it may or may not pertain.

*There are exceptions, but these are code-related, not adequacy-related.
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' The same thing is true of Scale C changes, i.e., those that may enhance

perceived structural margins. * Specific structures must be examined to see if

the potential benefit is actually applicable to the structure. If it is

applicable, credit may be taken for it. However, this step can only be taken

at the structural level, not at the code level.

A simple example may help clarify this point. Assume a steel beam exists

in a structure designed 'by AISC 1963 rules for the then-specified loading
combination. Current criteria require inclusion of an additional load in the

i

loading combination (Scale A change), but the current structural code permits
a higher allowable load if the beam design conforms to certain stipulated
proportions (Scale C change) . Several circumstances are possible for beams in
actual structures, as shown below.

New Icad Higher Stress Limit assults

Maximum stress in beam Applicability Beam adequate under
under original loading immaterial current criteria-

conditions was low with
ample margin for addi-
tional load

Maximum stress in beam Beam qualifies for Beam may be
under original loading higher stress limit adequate under current
condition was near former criteria
allowable limit

Maximum stress in bean Beam does not qualify Beam unlikely to be
under original loading for increased stress adequate under current
condition was near former limit criteria
allowable limit

It is clear from this example that the function of the code review is to

point out code changes which might impair perceived margins of safety, and
that assessment of their pertinence is best accomplished at the structure-

specific level.

. . .
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7.5 PLANT-SPECIFIC CODE CHANGES

There is substantial overlap among the SEP plants in the codes and stan-

dards used for structural design. Several plants, for example, followed the

provisions of ACI-318,1963 edition, in designing major concrete structures.

Thus, the initial work of comparing older and current criteria is not

plant-specific. However, when the reviewed codes are packaged in sets

containing only those code comparisons relevant to design of Seismic Category

I structures in a particular SEP plant, the results begin to take on plant-

specific character.
,

The code changes potentially applicable to particular structures at a

particular SEP plant have then been identified. However, this list is almost

surely overly long because the list has been prepared without reference to

actual plant structures. For example, the code change list might include an

item relating to recently introduced provisions for the design of slender

columns, while none actually exist in any structures in that particular plant.

In-depth examination of design drawings, audit of structural analyses,

and review of plant specifications were beyond the scope of the III-7.B task;

accordingly, such activities were not attampted. However, occasional

reference to such documents was necessary to the review work. Consequently,
it was possible to cull from the list some items that were obviously

inappropriate to the Yankee Rowe plant structures. Werever this was done,

the reason for removal was documented, but no attempt was made to remove every
such item.

Code changes that may be significant for structures in general but did

not appear applicable to any of the seismic Category I structures at the

Yankee Bowe plant were relegated to Appendix A. The Scale A or Scale A

changes that remained are listed on a code-by-code basis in Section 11.

'

.

O
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8. YANKEE ROWE SEISMIC CATEGORY I STRUCTURES !

|

|
SEP Tepic III-l has for its objectives the classification of components,

structures, and systems with respect to both quality group and seismic
designation. Based upon a review of the Yankee Rowe FSAR [5] and Reference 6,
the present report considers the following to be seismic Category I structures:

| o containment stru*cture (vapor container)
'

o fuel transfer vault
o diesel generator building
o control room (part of turbine building)
o battery rocas (located in auxiliary bay of turbine building)
o primary auxiliary building
o screen well house

| o spent fuel chute
!

o spent fuel pit
; o primary vent stack (steel) .

Although the primary vent stack is not mentioned in Reference 6, which
gives the seismic classification of Yankee Ibwe structures, it is appropriate

- to include the primary vent stack in the above list as a seismic Category I
structure because of its proximity to other Seismic Category I equipment and
s tructures.

|
|

|

.

O
-21-
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9. STRUCTURAL DESIGN CRITERIA
.

The structural codes governing design of the major Seismic Category I

structures for the Yankee Rowe Nuclear Power Station are detailed in the
'

following table.

Structure Design Criteria Current Criteria

1. Containment Structure ASME B&PV Code, Sect. ASME B&PV Code, Sect.
(vapor container) VIII, 1956, and Code III, Div. I, Subsect.

Cases 1177-2,1224-1, NE, Class MC
1226-3, and 1235 components, 1980

2. Fuel Transfer Vault ACI 318-56 ACI 349-76
AISC, 1956 AISC, 1980

3. Safety Injection ACI 318-56 ACI 349-76
Building AISC, 1956 AISC, 1980
(diesel generator rooms)

.

4. Control Room ACI 318-56 ACI 349-76
(part of turbine AISC, 1956 AISC, 1980
building)

5. Battery Rooms ACI 318-56 ACI 349-76
(located in auxiliary AISC, 1956 AISC, 1980
bay of turbine
building)

6. Primary Auxiliary ACI 318-56 ACI 349-76
Building AISC, 1956 AISC, 1980

7. Screen Well House ACI 318-56 ACI 349-76
AISC, 1956 AISC, 1980

8. Spent Fuel Chute ACI 318-56 ACI 349-76
AISC, 1956 AISC, 1980

i

9. Spent Fuel Pool ACI 318-56 ACI 349-76

10. Primary Vent Stack Design criteria *

(steel) * not stated
'"

|

| * Comparisons of the previous design code with current versions for the primary
vent stack are not carried out in this report since a complete reanalysis of
the stack to current criteria will be carried out within the SEP program.

.

| -22-
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References identifying major codes used for the original design are:

1. Yankee Atomic Electri'c Company letters to the NBC dated 9-6-79 and
1-31-79

2. Yankee Rowe Final Safety Analysis Report, Volume I, January 8,1974.

3. Stone and Webster's " Specification for Structural Steel for Yankee
Atomic Electric Plant" is dated August 7,1957; and invokes "The
Latest Revision, of the AISC Specification for the Design,
Fabrication, and Erection of Structural Steel for Buildings." The
fif th edition (in effect from 1946 to 1963) was then current, and the
1953 printing has been used as the reference in this report.

.

. . .
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10. ICADS AND LOAD COMBINATION CRITERIA
*

.

10.1 DESCRIPTION OF TABLES OF LOADS AND IDAD COMBINATIONS

The requirements governing loads and load combinations to be considered

in the design of civil engineering structures for nuclear service have been

revised since the older nuclear power plants were constructed and licensed.

Such changes constitute a major aspect of the general pattern of evolving

design requirements; consequently, they are singled out for special considera-

tion in this section of this report. -

The NBC Regulatory Guides and Standard Review Plans provide guidance as
to what loads and load combinations must be considered. In some cases, the

required loads and load combinations are also specified within the governing

structural design coder other structural codes have no such provisions and

take loads and load combinations as given a priori. In this report, loads and

load combinations are treated within the present section whether or not the
*

structural design codes also include them.

Later sections of this report address, paragraph by paragraph, changes in

text between design codes current at the time the plant was constructed and

those governing design today; however, to avoid repetition, code changes .

related to loads and load combinations will not be evaluated again although

they may appear as provisions of the structural design codes.

To provide a compact and systematic comparison of previous and present

requirements, two sets of tables are used:

1. load tables

2. load combination tables.

Both sets of tables are constructed in accordance with current require-

ments for Seismic Category I structurese i.e. , the load tables list all loads

I that must be considered in today's design of these structures (as enumerated

in NRC's Standard Review Plan) , and the load combination tables list all

combinations of these loadings for which current licensing procedures require

demonstration of structural integrity.

O
_nidin Resear_ch C_ enter.
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In general, the loads and load combinations to be considered are determined

by the structure under discussi'on. Se design loads for the structure housing
"the emergency power diesel generator, for example, are quite different than

,

those for the design of the containment vessel. Consequently, structures must.

be considered individually. Each structure usually requires a load table and
load combination table appropriate to its specific design requirements.

Se design requirements for the various civil engineering structures
within a nuclear power slant are echoed in applicable sections of NBC's

Standard Review Plan (SRP) 3.8. Se tables in the present report correspond

to, and summarize, these requirements for each structure. A note at the

bottom of each table provides the reference to the applicable section of the

Standard Review Plan. Section 10.2 of this report lists, for reference, the

load symbols 'used in the charts together with their definitions.

The loads actually used for design are considered, structure by structure,
and the load tables are filled in according to the following scheme:

1. He list of potentially applicable loads (according to current
requirements) is examined to eliminate loads which either do not

,

occur on, or are not significant for, the structure under
consideration.

2. Se loads included in the actual design basis are then checked
against the reduced list to see if all applicable loads (according to
current requirements) were actually considered during design.

3. Each load that was considered during design is next screened to see
if it appears to correspond to current requirements. Questions such
as the following are addressed: Were all the individual loads
encompassed by the load category definition represented in the
applied loading? Do all loads appear to match present requirements
(1) in magnitude? (2) in method of application?

4. An annotation is made as to whether deviations from present
requirements exist, either because of load omissions or because the

loads do not correspond in magnitude or in other particulars.

5. If a deviation is found, a judgment (in the' form of a scale ranking)
is made as to tne potential impa::t of the deviation on perceived
margins of safety.

6. Relevant notes or comments are recorded,

_nk!!n Res,e_ arch _ Center
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Of particular importance to the Topic III-7.B review are comments indicat-

ing that the effects of certain loadings (tornado and seismic loads, in

particular) are being examined under other SEP topics. In all such cases, the
I

findings of these special SEP topics (where revitw in depth of the indicated '

loading conditions will be undertaken) will be definitive for the overall SEP |

effort. Consequently, no licensee investigation of such issues is required

under Tbpic III-7.B nor is such effort within the scope of Tcpic III-7.B (see

Section 4) . Licensee participation in the resolution of such issues may,
'

however, be requested under the scope of other SEP topics devoted to such

issues.

Af ter the load tables have been filled out, the load combination tables ;

are compiled. Like the load tables, the load combination tables are drawn up

to current requirements and the load combinations actually used in the design

basis are matched against these requirements.

Current criteria require consideration during plant design of 13 load
combinations for most structures, as shown in the load combination tables.

These specific requirements were not in effect at the time when SEP plants

were designed. Consequently, other sets of load combinations were used. In

comparing actual and current criteria, an attempt was made to match each of the

load combinations actually considered to its nearest counterpart under present

requirements. For example, consider a plant where the safe shutdown earthquake

was addressed in combination with other loads, but not in combination with the

effects of a IDCA (load combination 13) . The load combination tables would
reflect this by showing that load case 9 was addressed, but that load case 13

.

was not. If six load cases were considered, only six (nearest counterpart)

load cases are indicated in the table--not partial fulfillment of all 13.

R)r ease of comparison, the load combinations actually used are super-

imposed on the load combinations currently required. This is accomplished in

two steps:

1. Currently specified load combinations include loads sufficient for
the most general cases. In particular applications, some of these
are either inappropriate or insignificant. Therefore, the first step

9
-26-4
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is to strike all loads that are not applicable to the structure under
consideration from all load combinations in which they appear.

2. Next, loads actually combined are indicated by encircling (in the -
appropriate load combinations) each load contributing to the
summation considered for design.

.

Sus, the comparison between what was actually done and what is required
today is readily apparent. If the load combinations used are in complete*

accord with current requirements, each load symbol on the sheet appears as
. either struck or encircled. Imad combinations not considered, and loads

omitted from the load combinations stand out as unencircled items.

A scale ranking is next assigned to the load combinations; however (unlike
the corresponding ranking of loads), a scale ranking is not necessarily

assigned to.each one. Itsen the load combinations used for design correspond
closely to current requirements, scale ratings may be assigned to all
combinations. However, when the number of load combinations considered in

design was substantially fewer than current criteria prescribe, it did not

appear to serve any engineering purpose to rank the structure ~for each

| currently required load combination. Instead, a limited number of loading

cases (usually two) were ranked.

S e following considerations guided the selection of these cases:

1. For purposes of the SEP review, it was not believed necessary to
require an extensive reanalysis of structures under all load
combinations currently specified.

2. SEP plants have t,een in full power operation for a number of years.
During this time, they have experienced a wide spectrum of operating
and upset conditions. Bere is no evidence that major Seismic
Category I structures lack integrity under these operating conditions.

3. Se most severe load combinations occur under emergency and accident
conditions. Mose are also the conditions associated with the
greatest consequences to public health and safety.

4. If demonstration of structural adequacy under the most severe load
combinations currently specified for emergency and accident
conditions is provided, a reasonable- inference can be drawn that the

structure is also adequate to sustain the less severe loadings
associated with less severe ccnsequences.

.
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The scale rankings assigned to loads and load combinations in tables are

intended as an appraisal of piant status, with respect to demonstration of
compliance with current design criteria, based on information available to the

NBC prior to the inception of the SEP review. A number of structurally

related SEP topics review some loads and load combinations in detail bared

upon current calculational methods. In order that a consistent basis far the

tables be maintained, they are based upon load combinations considered in the

original design of the facility or, in the case of facility modifications,

they are based upon the combinations used in the design of the modification.

Loads that were not included in the original design or that have increased in

magnitude and have not been specifically addressed in another SEP topic should
be addressed by the Licensee.

*

10.2 ICAD DEFINITIONS

D Dead loads or their related internal moments and forces (such as
permanent equipment loads) .

E or E Loads generated by the operating basis earthquake.n

E' or Ess Inads generated by the safe shutdown earthquake. *

F Ioads resulting from the application of pre-stress.

H Bydrostatic loads under operating conditions.

H Hydrostatic loads generated under accident conditions, such asa
post-accident internal flooding. (FL is sometimes used by others*
to designate post-LOCA internal flooding.)

L Live loads or their related internal moments and forces (such as
movable equipment loads) .

P Pressure load generated by accident conditions (such as thosea
generated by the postulated pipe break accident) .

P or P Ioads resulting from pressure due to normal operating conditions.o y

*See , for example, SRP 3.8.2.
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j Ps All pressure loads which are caused by the actuation of safety
relief valve discharge including pool swell and subsequent
hydrodynamic loads.

"
R OE B Pipe reactions under accident conditions (such as those generated bya r

thermal transients associated with an accident) .

Ro Pipe reactions during startup, normal operating, or shutdown
conditions, based on the critical transient or steady-state

j condition. .

; R All pipe reaction loads which are generated by the discharge ofs
safety relief valves.

,
Ta Thermal loads under accident conditions (such as those generated by

a postulated pipe break accident) .'

To Thermal effects and loads during startup, normal operating, or
shutdown conditions, based on the most critical transient or

i steady-state condition.

Ts All thermal loads which are generated by the discharge of safety
relief valves.

W Ioads generated by the design wind specified for the plant.

N' or W Ioads generated by the design tornado specified for the plant.t
I Tornado loads include loads due to tornado wind pressure, tornado-
'

created differential pressure, and tornado-generated missiles.

|

3 Equivalent static load on the structure generated by the impinge-Y

ment of the fluid jet from the broken pipe during the design basis
accident.

Y, Missile impact equivalent static load on the structure generated by
or during the design basis accident, such as pipe whipping.

Y Equivalent static load on the structure generated by the reactionr
on the broken pipe during the design basis accident.

The load combination charts correspond to loading cases and load defini-

tions as specified in the appropriate SRP. Each chart is associated with a

specific SRP as identified in the notes accompanying the chart. Guidance with
respect to the specific loads which must be considered in forming each load
combination is provided by the referenced SRP. All SRPs are prepared to a

standard format; consequently, subsection 3 of each plan always contains the
appropriate load definitions and load combination guidar.ce.

D~ -29- *
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10.3 DESIGN LOAD' TABLES

" COMPARISON OF DESIGN BASIS IDADS" .

O

|

|

_

.

i

i

i
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. STRUCTURE: CONTAINMENT STRUC1TFE
C0f94RISON OF DESIGN BASIS LOADS (VAPOR CONTAINER)

PLANT- TAEIEE EDWE

Current Is Load Is Load SEP Topic Does Load Does Code
Design ApplicableIncluded Reviewing Magnitude Deviation Impact
Basis To This In Plant This Load correspond Exist Scale Coimments
Loads Structure 1 Design To Present In Load Ranking

Basis? Critertaf Basist

>,

, y D Tes ,Tes Yes No- -

3 L Yes Yes Yes No 1.- -u

F No - - - - -

N Tes Yes III-$.A * * *
2
g P, Tes Tem No- - -

a

j P, Yes Yes VI-2.D, III-7.3 * * * 2.
* y No - - - - -,

T, Yes Yes Do- - -,

T, Tes Yes VI-2.D, III-7.3 * * *

e
Tg No - - - - -

% R, Yes No Yes- - -,

I 'gsj 1, Yes No Yes A- -

K Nog No- = = -

g E' Yes No III-6 * * A, 3. 5.
c E Tes No III-6 * * * 3.
I. W' Tes No III-2, III-4.A * * Aa
w x
7 W Yes Yes III-2, III-4.A * * * 4
3

T, Yes Mr. III-5.A * * *
e
y Y) Yes No III-5.A * * *

I
Y, Tes No III-5.A * * *-

Ref.; SRP(1981) Section 3.8.1 or 3.8.2

Conments

* To be determined per results of SEP topics. Scale ranking shown for SEP topic items are independenti judgments, based on information in the PSAR or other origins 1 design documents.
~ 1. Snow loads have increased per Topic II-2.A.

2. PSAR Sect. 6.2.1.2.1 statas that design pressure is 31.5 peig.
3. Attachment 3, specification for vapor container P.5 states

" Design of vapor container for earthquaka conditions is not
required."

4. Containment deeigud for IC3 MPB vind.
5. In " Seismic Analysis and Stress Report for steel vapor

container structure Yankee Nuclear Power Station" by
Earthquake Engineering Systems, Inc., dated March 2,
1979, analysis of the containment was performed for
safe shutdown earthquake.g
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STRUCTURE: PUEL TRANSFER VACLT
COMPARISON OF DESIGN BASIS LOADS (OUTSIDE CONTAINMENT)

PLNIT: TANEEz a0WE

Current Is Load Is Load SEP Topic Does Load Does Code
Design Applicable Included Reviewing Magnitude Deviation Impact
Basis To This In Plant This Load Correspond Exis t Scale Comments
Loada Structure' Design To Present In Load Ranking

Basis? Criterta? Basis?
(1)

m
3 D Tea Tes Yes No- -

- >
No Yes A I.* L Yes Yes -

3u

y ya - - - - -,

! H Tes Yes III-3.A * * *

g P, No 111-5.5 * * --

i

**
- - -T Tes

. | - -

o
III-5.5 * * *e T No -

d *

| , ; n, u - - - - -

$*h n ya
_

- - - -

a

* E' Tes Yes III-6 * * *
e

| *E Tes Tes III.6 * e

2 W' Tes No III-2. III-4.A * * *

e TJ Yes Yes III-2. III-4.A * * *
ma

Y, No III-5.5 * * --

,

y * 3.T Tes No III-5.5 * *
| 3s

3 Y Tes No * 3*JII-5.5 * *'

a

,z -
Ref. ; SRP(1981) Section 3.6

Cotesen ts

* To be determined per . A L. . . . . . >* topics. Scale rank.ing shown for SEP topic items are independent
J udgments , based on Q!ormation W the FSAR or other original design documents.

1. According to letter from Tankaa Rove CQ MRC with Attachments A to P. dated 9/6/79, all design
loads (except for cont =4-t) cowly with American Standard Building Code A58.1-1955.

2. Snov loads have increased per Topic II-2A and may increase per Topic II-35 for parapet roofs.
3. Main steam lines appear to be close enough for main steam line break to pessibly cause jet

impingement ana impact loads.

O
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STRUCTURE: SAFETT INJECTION
COMPARISON OF DESIGN BASIS LOADS atrii.DINc

(DIESE!. CINERATOR ROOMS)

PLMIT: Taurra 30vE

Current Is Load Is I4ad SEP Tcpic Does Load Does Code
Design Applicabli Included Reviewing Magnitude Deviation Impact
Basis To This In Plant This Load Correspond Exist Scale Comments
Loads Structure' Deeism To Present In I4ad Ranking

Basis? Criteria? Basist
(1)

m
O D Tes Tee Yes No- -

a
No Yes A 2.L Tee Yes -

Q x

F No - - - - -e

! E * Tee III-3.A * * * 3.
:
g P * No III-5. 3 * * *

a

T, Tes - - - - -
,

* No III-5.5 * * *j T,
e

, , j 1, h h - = = -

R, No No - - - -

E' ' Tes Tee III-6 * * - *

| *E Tes Yes II3 6 * *

j W' Tes No III-2, III-4.A * * *

j *W Tes Yes III-2. III-4.A * *

* No 'III-5.8 ^* *T, *

i Y)
** No III-3.8 * *

l' a

T, ** No III-5.3 * *a

Ref. ; SRP(1981) Sectica 3.8.4

Comments

* To be determined per results of SEP topics. Scale ranking shown for SEP topic items are independent
j udgments , based on information in the FSAR or ocher original design documents.

1. According to letter from Tankse Rows to NRC with Attachments A to F. dated 9/6/79. all design
loads (excepe for cone =4-t) comply with American Standard Building Code A38.1-1955.

2. Snow loads have increased per Topic II-7.A and may increase per Topic II-1B for parapet roofs.

3. According to letter referred to in Comment 1., no record of flood conditions used for initial
design input is available. However, a flood analysis was recently undertaken and included in
TAEC Report 1139 July 1977.

r .
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STRUCTURE: CONT 30L 300M
COMPARISON OF CESIGN BASIS LOADS (PART OF IURBINE BUILDINC)

PLRIT: TANExt. 30WE

Current Is Load Is Load SEP Topic Does Load Does Code
Desigs Applicable Included Reviewing Magnitude Deviation Ispect

Basis To This In Plant This Load Correspond Exist Scale Comments
Loads Structure' Design To Present In 14ad Ranking

Basist Criteriat Basis?
-(1)

m
Yes NoO D Tes Yes - -

=
No Yes A 2. 4.* L Yes Yes -

Eu

F No - - - - -
,

! H No III-3.A * * --

*

7 P Tes No III-5.5 * * *
a

T, Tes - - - - -

* T Tes No III-5.5 * * *

d *

e ; R. No No - - - -

N. .e $!
*

1, No Noe . . . .

* *E' 'Yes Yes III-6 * *

g *E fas Yes III.6 * *

2 W' Yes No III-2, III-4.A * * *

j *W Tea Tes III-I, III-4.A * *

* 3.*3*T Tes No III-5.3 * *
Te

y * 3. 5.T Tes No 'III-5.3 * *
3a.

* 3. ,5.*Y, Tes No III-5.s * *

.

Ref. ; SRP(1981) Section 3.8.4

comments

* To be determined per results of SEP topics. Scale ranking shown for SEP topic items are independent
judgments, based on information in the TSAR or other original design documents.

1. According to letter from Takee Rove to NRC with Attachments A to F dated 9/6/79, all design
loads (except for contain==nt) comply with American Stadard Building Code A58.1-1955.

2. Snov loads have increased per Topic II-1A ed may inermase per Topic II-15 for parapet roofs.

3. Some of main steam line support framing is mehored to shield vall outside control room.

4. According to Scene ad Webster Drawing 9699-FC-13A control room designed for floor livs load
of 50 psf.

3. Letter free TAEC to US-AEC dated July 2,1973 states that ef fects of piping system break was
investigated in 1973.
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. TER-C5257-316
|

STRUCTURE: BATTzxT acons
'

COMPARISON OF DESIQt BASIS LOADS (I,ocated in Auxiliary bay of
Turbine Building.)

PLNIT: TAuKEE acWE

Current Is Load Is Load SEP Topic Does Load Does Code
Design Applicable Included Reviewing Magnitude Deviation Impact
Basis To This In Plant This Load Correspond Exist Scale Comments
Loads Structure' Design To Present In Load Ranking

Basis? Criteria? Basist
(1)

m

g D Tea Tee Yes No-

e

j L Tes Yes Yes No- -

F No - - - - -,
s. .

i H No III-3.A * * --

:j' F * No III-5.5 * * *
a

j T, mg. - - - - -

* T * No III-$.5 * * *

4 *

, j R, No - - - - -

R, No - - - - -

-
" E' ~Tes Yes III-6 * * * *

a

|
* *E Tes Yes III.6 * *

j W' * No III-2, III-4.A * * * *

j III-2. III-4.A * * *W - -

Y, Yes No III-5.5 * * * 2.

I
g T)

Tes No III-5.5 * e * 2.

W * 2.Y, Tes No III-5.5 * *

Ref. i SRF(1981) Section 3.8.4
Comen ts

* To be determined per results of SEP topics. Scale rank.ing shown for SEP topic items are independent
judgments, based on information in the PSAR or other original design documents.

1. According to letter from Takee acwe to NRC with Attachments K to F dated 9/6/79, all design
loads (except for containment) comply with American Standard Building Code A38.1-1955.

2. Latter from TAEC to US-AEC dated July 2,1973 states that effects of piping system break was
investigated in 1973.

k
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TER-C5257-316

STRUCTURE: PRIMARI AUTTTTAWT
CCMPARISON OF DESIGN SASIS LOADS BUILDING

|
l
'

PL#IT: YANrTT ROWE

Current Is Load Is Load SEP Topic Does Load Does Code
*

Design Applicabla Included Reviewing Magnitude Deviation Impact
i Basis To This In Plant This Lead Correspond Exist Scale Comments

Loads Structure' Design To Present In Lead Ranking
Basis? Critertaf Basist

(1)
m

-

" D Tes Yes Tes No --

>
3 L Tes Yes No Yes A 2.-

u E

.F No - - - - -
i .
|

| ! H * Tes III-3.A * * * 3.

s P * No III-5.5 * * *
a

j T, pg. - - - - -

* T * No III-5.5 * * *

4 *

j 1, Tes No - , Tes -,

3e. e Uz g Tes No - - Yes -
a

j E' 'Yes Yes III-6 * * *

| *E Tes Yes III.6 * *

2 W* Tes No III-2, III-4.A * * *

j *W Tes Yes III-2, III-4.A * *

* 4.T Tes No III-5.5 * *
. ~'
1 e

y T Tes No III-5.5 e e * 4
y

s * 4.T, Tes No III-5.5 e *-

Ref.; SRP(1981) Section 3.8.4

Comments

* To be determined per results of SEP topics. Scale ranking shown for SEP topic items are independent
j udgments , based on information in the FSAR or other original design documents.

1. According to letter from Yankee Rawa to NRC with Attachments A to F, dated 9/6/79, all desi;;n
loads (exespt for conesin= ant) comply with American Standard Building Code A58.1-1955.

2. Snov loads have increased per Iopic II-2A and say increase per Topic II-1B for parapet roofs.

3. According to letter referred to in Comment 1., no record of flood conditions used for initial
dasign input is avail.ble. However, a flood analysis was recently undertaken and included
in T)ZC Rapo-t 1139, July 1977.

4. Letter from TAEC to US-AEC dated July 2,1973 states that effects of piping system break was
investigated in 1973.
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TER-C5257-316

STRUCTURE: ScazzN WELI. noUSE
COMPARISON OF DESIGN BASIS LCA05

PLAttT: YAlexE acws

Current Is Load Is toad SEP Topic Does Load Does Code

Design Applicable Included Reviewing Magnitude Deviation Impact
Basis To This In Plant This Load Correspond Exist Scale Comments

Loads Structure' Design To Present In toad paalring
Basis? Criteria? Basis?

(1)
m

Tes No% D Tes Yes --

No Tec A, 2.L Tes Yes -

P ,. . . . . .
.

! E * Yes III-3. A * * * 3.
*

g P * No III-$.5 * * *

- - - - -

T, Tes

e T * No III-5.5 * * *

N 1*. *

N g. - - - - -
.

!. 1 o

E*2 R No .- - - - -

a

*E' 'Yes Yes III-4 * *

*

| E' Yes Yes III-6 * *

*
j W' Yes No III-2. III-4.A * *

*
j W Tes Yes III-2, III-4,A * *

*No No III-3.5 * *Y,

i T)
*No No III-5.3 * *

i t *No No III-5.3 * *T,-

Ref. 3 SRP(1981) Section 3.8.4
Comments

* To be determined per results of SEP topics. Seas ranking shown for SEP topic items are independent
j udgments , based on information in the FSAR Jr other original design dccuments.

| 1. According to letter from Tankee Bowe ra NRC with Attarh= ants A tcr P. dated 9/6/79, all design loads
(except for containannt) comply with American Standard Building Code A38.1-1955.

(
t

2. Snov loads have increased per Topir: II-2A and may increaae per Topic II-23 for parapet roofs.

3. According to letter referred to in Comment 1., no record of flood conditions used for intial
design input is available. However, a flood analysis was recently undertaken and included in
TAEC Report 1139, July 1977.

s
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TER-C5257-316

STRUCTURE: SPENT ITEL CEUTE
CCMPARISON OF DESIGN BASIS LOADS

PLRIT:_ TAN _K_I_E ROWEI_

Current Is Load Is Load SEP Topic Does Load Does Code
Design Applicable Included Reviewing Magnitude Deviation Impact
Basis To This In Plant This Load Correspond Exist Scale Comments

I Loads Structure Design To Present In Load Ranking
Basist Criteria? Basis?

* (1)
n.
3 D Tes Yes Yes No --

>

kj 2.L Tes Tee
,

Tes No-

y ya . . - - -
,

! H No III-3.A * * *-

2 P * No III-5.8 * * *

a

T T Tes - - - - -

2 0
m T Tes No III-5.5 * * *

*E

. g so . - - - -

E. i 0

C*E g ya . . . - -

a

A, 3.E' Tes Yes III-6 * *

I E Tes . Tea III-6 * * *

A ''3 W' Tes No III-2. III-4.A * * g

E W Tes Yes III-2. III-4.A * * *

** No III-5.8 e eT,

y T * No 'III-5.5 * '** *
0a.

.! T * No III-5.8 * * * '-
a

Ref.; SRP(1981) Section 3.8.4

Comments

* To be determined per results of SEP copics. Scale raniting shown for SEP topic items are independent
j udgments, based on information in the FSAR or other original design documents.

1. According to letter from Tankee Rowe to NRC with Attachments A to F. dated 9/6/79, all design loads
(except those for conrainment) comply with American Standard Building Cada A58.1-1955.

2. Snow loads have increased per Topic II-2A.

3. Fuel transfer chute may be vulnerable to damage from dif ferential seismic movement betweer vapor
container and fuel transfer vaul .

4. Fuel transfer chute may be vulnerable to damage from tornado missiles, primary vent stack collapse,
or main steam line break (jet impingement or whipping pipe).

-38-
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p TER-C5257-316

V
STRUCTURE:

COMPARISON OF DESIGN BASIS LOADS

SPENT FUEL POOL (Concrete)

PLNIT: YANKEE ROWE

Current Is Load Is load SEP Topic Does Load Does Code '
Design Applicable Included Reviewing Magnitude Deviation Impact
Basis To This In Plant This Load Correspond Exist Scale Comments
Loads Structure' Design To Present In Load Ranking

Basis 7 Criteriaf Basist

b D Yes Yes Yes No

k L Yes Yes Yes No
o

i P No - - -

.

! H Tes Yes ggg.3,4 e .

2 P No III-5.3 * *-

a

~
T Nesl. - - -

o
! T Yes *

III-5.8 * *
*E -

) 1 No - - -
.

* q o4

' k*j R No - - -

a

1
"3 g* Tes No ggr.6 * e

I a

| | g Yes No III-6 * * *
a 2,

2 wa Yes No ggg.g, ggg.4,A e .
* 4.

j W No III-2 III-4.A * *-

* 3.Y, III-5.3 e e- -

i * 2-Y III-3.. e e- -

3n.
' * 3*

Y, III-5.8 * *- -

t

| Ref.; SRP(1981) Section 3.8.4

Commones

* To be determined per results of SEP topics. Scale ranking shown for SEP topic items are independent
j udgments , based on information in the FSAR or other original design documents.

1. The sai =4e capacity of the pool was evaluated in 1980 and found to provide adequate seismic resistance
to qualify the plant for continued operation during the time period of the SEP Program.

2. Applicable only if roof over spent pool is not tornado resistant.

3. Pipe break external to containmen*.; is evaluated in SEP Topic III-5.3.
4. SEP Topic III-2 vill determine whether or not pool exposure to possible tornado effects is an allowable

spent fuel pool load.

-3 9-
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STRUCTURE: PRIMART VEIT S* R
COMPAR_ISON OF OESIGN BASIS LOADS (SIZIL)

PLArtT: TANIZE acWE

Current Is Load Is Load SEP Topic Does Load Does Code

Design Applicable Included Reviewing Magnitude Deviation Impact
Basis To This In Plant This Load Correspond Exist Scale Comuments

Loads Structure Design To Present In Ioad Ranking
Basis? Criteria? Basis?

.

m.
No -

O D Yes Yes - -

=
No -* L Yes Yes - -

o

y u . . . . -

,

*
E R No - d

III-3.A + e

I
III-5.5 * * *g P, No -

~

- - - - *

T, Negl.

III-5.5 * * *
I = T Negl. -

1 6 *

f . j R, Tas . . _ (Duct)
, ,

R, so . . . . .z

} E' ~Ye s III-6 * * *

| E Tes III-6 * * *

*
j W' Yes III-2 III-4.A * *

*
j W Tes III-2. III-4.A * *

*
Y, No - III-5.3 * e

| I r
*

III-5.5 * *' g T No -

N *
III-5.3 * *Y, No -=

Ref.; SRP(1981) Section 3.8.4

Comments

* To be determined per results of SEP topics. Scale ranking shown'for SEP topic items are independent
judgments, based on information in the TSAR or other original design documents.

|

|
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10.4 LOAD COMBINATION TABLES

" COMPARISON OF LOADING COMBINATION CRITERIA"

.
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TER-C5257-316,-

COMPARIS0tl 0F LOADIliG COMBINATION CRITERIA ' STRUCTURE : GGNiMhMLNT

PLANT YANKEE ROWE STRUCTURE (VAPORCONTAINER)

Combined Gravity Natural Impulsive Scale
Loading Dead. Thermal Pressure Mechanical Phenomena Loading Ranking
cinen tive

4 1 D+L T P R
o o o-

| 2 D+L T P R
e e aa

3 D+L T F R3 a a a
>
g 4 D+L T +T F +P R +R

a e a e a a.
m

T, 1 D+L T P R E
a a a

e
d 2 D+L T P R go o o.

y 3 D&L T P R Ee a a.

5 4 D+L I, + I, P, + P, R, + R,

1 @+@ R, (2)

j 2 D + 1; T, P, R,' E'

,3 3 D+L T, + T, F, + P, R, + R, ge

?.

3

1 D+L T, P, R, L' T +T)+T,r

3*
[ T,+T +T, A,2 D+L T, + T, P, + P, R.,+ R, s' y
:.

"a

3
T
3 .

en i

m

1 D+L Y g A, 3.g

*=
0
=

28:c
es

|
|

Ref.: SRP Section 3.8/2 Steel Containment
1

Notes

| 1. Encircled loads are those actually considered in the design per FSAR.
When load factors different from those currently required were used.

| the factor used is also encircled.

2. This combination is stated in " Seismic Analysis & Stress Report for
the Steel vapor Container Structure Tankee Nuclear Power Station" by ;

Earthquake Engineering Systems, Inc., dated March 2, 1979. ;

| '

3. For purposes cf the SIP Review, demonstration that structural integrity )
is maintained for load cases indicated above (per current criteria) may '

be considered as providing reascuable assurance that this structure meets
the intent of current design cr.teria.
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l

COMPARISON OF LOADING CCMBINATION CRITERIA STRUCTURE: FUEL TRANSFER
VAULT (concrete portion),

,

CCNCRETE STRUCTURES (outsidecontainment)
( PLANT: YANKEE R0WE

Combined Natural Impulsive 8#*1*unding Gravity Dead. Live Thermal Pressure Mechanical Ph e na hadM
Cases Rankina

1 I 1.@+ 1.7L

| 1.4D + 1.7L 1.9E2
. . . _ . . . . . .

3 | 1.4D + 1.7L 1.7W

! .75 (1.4D + 1.7L) .75 x 1.7 T, .75 x 1.7 R,4
,

5 .75 (1.40 + 1.7L) .75 x 1.7 T, .75 x 1.7 R, .75 x 1.9E
,

6 .75 (1.40 + 1.7L) .75 x 1.7 T, .75 x 1.7 R, .75 x 1.7W'

1.2D 1.9E7 j ,

8 1.23 1. N

f D+L T, R, E'9

| W A,D+L T, R,10 g

|f 11 D+L T, 1.5 P, R,

12 D+L T, ,1.25 P, R, 1.25E Y , + Y) + T ,

( 13 D+L T, P, R, E' T , + T) + T, A

Ref.: SRP (1981) Sect. 3.8.4 Other Category I structures (con rete)

Notes 1. tTitimate strength method required by ACI-349 (1977).
consequently no load factors were used.

Methods used in design { ]r ing styees2.

.

3. loads deemed inapplicable or negligible struck from loading combinations.
|

1 4. Er. circled loads are those actually considered in the design. When load
( factors different from those currently required were used, the factor

used is also encircled.'

5. For purposes of the SEP Review, demonstration t structural integrity
is maintained for load cases 10 and 13 (per current criteria) may be
considered as providing reasonable assurance that this structure meets
the intent of current design criteria.

O-
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TER-CS257-316

COMPARISON OF LOADING COPSINATION CRITERIA STRUCTURE: FUEL TRANSFER VAULT

STEEL STRUCTURES (Elastic Analysis) (stesi portion) (outside
*

containment)' g; ygy g g

Combined' Gravity Natural Impulsive '*N*
*

loading Dead. . Thermal Pressure Machanical Pha-a Mading
Cases Live ,

i

1 D+L

E2 D+L

3 @+O 0
4 D+L T, R,

-| D+L T. E, E
5

W
6 D+L T, R, ,

E'
7 D+L T, R,

W
8 D+L T, * R, g g

X

9 D+L. T, F, E,
_

j+T + T,E T
10 0+L T, F, R, r

.

11 D+L 7, F, ' R, E' T) + Y , + T, A,

Bef; SRF (1981) SECT. 3.8.4 other Category I structures (steel)

Notes

bhanload1. Encircled loads are those actually considered in the design.
factors are different from those currently required were used, the factor
used is also encircled.

2. Ioads deemed inapplicable or negligible struck from loading combinations.

3. For purposes of the SEP Review, demonstration that structtral integrity is

! asintained for load cases 8 an.11 (per current criteria) any be considered
as providing reasonable assurance that this structure meets the intent of
current design criteria.
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_

COMPARISON OF LOADING CCISINATION CRITERIA STRUCTURE: SAFETY INJECTION
BUILDING (diesel / generator

CCNCRETE STRUCTURES roomshconcrete portion)
.

pgm YANKEE ROWE

I
Thermal Pressure Mechanical g,'* ScalLa in Gravity Dead Live i ,

1 i 1.4D + 1.7L i

| 1.4D + 1.7L 1.9E2

3 | 1. @ 1. (. . . . . . . . . . . . _ 16

4 | .75 (1.4D + 1.7L) .75 x 1.7 T, .75 x 1.7 1, ,

5 j .75 (1.4D + 1.7L) .75 x 1.7 T, .75 x 1.7 R, .75 x 1.9E

6 .75 (1.4D + 1.7L) .75 x 1.7 T, .75 x 1.7 R, .75 x 1.7W

1.2D 1.9Ej7

& 1.2D 1.N

D+L T, R, E'
|9

10 | D+L T, R, W Ag x

11 D+L T, 1.5 P, R,

12 D+L T, 1.25 P, R, 1.25E Y,+ Y) + Y,

13 D+L T, P, R, E' Y, + Y) + Y, A,

Ref.: SRP (1981) Sect. 3.8.4 Other Category I structures (concrete)

Notes 1. Ultimate strength method required by ACI-349 (1977) .
consequently no load factors were used.{yrpsstress2. Methods used in design

3. toads deemed inapplicable or negligible struck from loading combinations.

4. Encircled loads are those actually considered in the design. When load
factors different from those currently required were used, the factor
used is also encircled.

5. Por purposes of the SEP Review, dewstration that structural integrity
is maintained for load cases 10 and 13(per current criteria) may be considered
as providing reasonable assurance that this structure meets the intent of
current design criteria.

O
nklin Research Center

A Qusson of The Frarwen we

~~ . - . - . . . . ._

- -"
_ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ . _ _ _ _ . _ _



.- --. _

~
.

6
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COMPARISON OF LOADING COP 51 NATION C2ITERIA STRUCTURE: SAFETY INJECTION

STEEL STRUCTURES (Elastic Analysis) BUILDING (diesel generator
rooms) (steel framing)

m yggg g

Combined Gravity
*

y ,g,,,g g,,,1,g,,
Loading Dead, Thermal Pressure Hachemical * *

Phenomena Loading
Cases Live

1 D+L

2 D+L E

3 @+O 6
& D+L T, R,

$ | D+L T, R. E

W6 D+L T, R,

7 D+L T, R, E'

W A8 0+L T, 1, g g

9 D+L T, P, A,

j + T, + T,- 10 D4L T, P, R, E T

i

11 D+L T, P, R, E' Ty + Y, + T, A,

Ref: SRP (1981) SECT. 3.8.4 other Category I structures (steel)

Notes

1. Encircled loads are those actually considered in the design. When load
faccors are different from those currently required were used, the factor
used is also encircled.

2. Loads deemed inapplicable or negligible struck from loading combinations.

3. Por purposes of the SEP Review, demonstration that structural integrity is
maintained for load casee 8 and 11 (per current criteria) may be considered
as providing reasonable assurance that this structure meets the intent of
current design criteria.

- -47-
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COMPARISON OF LOADING COMBIMATION CRITERIA ~ STRUCTURE: CONTROL ROOM

CONCRETE STRUCTURES (Part of turbine building)

PLANT: YANKEE ROWE

g::=::1 zg 1eg;- Segg";' cra ity Dead, ti.e oer.a ,res.ure .cmmt ,, ,

1 1.4D + 1.7L

2 | 1.4D + 1.7L 1.9E

3 | 1.@+1.$. . . . . . . . . 1.$
4 | .75 (1.4D + 1.7L) .75 x 1.7 T, .75 x 1.7 R,

.

| .75 (1.4D + 1.7L) .75 x 1.7 T, .75 x 1.7 R, .75 x 1.9E5

6 .75 (1.4D + 1.7L) .75 x 1.7 T, .75 x 1.7 R, .75 x 1.7%'

1.2D 1.9E
|7

8 1.2D 1.7W

9 D+L T, R, E'

W10 D+L T, R, e x

11 D+L T, 1.5 P, R,

12 D+L T, 1.25 P, R, 1.25E Y , + Y) + Y,*

13 D+L T, P, R, E' T , + Y) + Y, Ag

Ref.: SRP (1981) Sect. 3.8.4 Other Category I structures (concrete)

%stes 1. Ultimate strength method required by ACI-349 (1977) .

2. Methods used in design { workint 8tre88 Cone *quently no load factors were used.

3. loads deemed inapplicable or negligible struck from loading combinations.

4. Encircled loads are those actually considered in the design. When load
factors different from those currently required were used, the factor
used is also encircled.

5. For purposes of the SIP Review, demonstration t t structural integrity is
maintained for load cases 10 and 13 (per current criteria) may be considered
as providing reasonable assurance that this structure meets the istent of
current design criteria.

9
-4 8-
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COMPARISON OF LOAOING COPSIMATION CRITERIA STRUCTURE: BATTERY ROOMS
(located in Auxiliary Bay of-

CONCRETE STRUCTURES Turbine Building)
PLANT: YANKEE R0WE

Combined *
Leading Gravity Dead, Live , Thermal Pressure Mechanical

, a ve Scale
,

RankingCases

1 1.4D + 1.7L

| '1.4D + 1.7L 1.9E2
. . . . . . . . . . . . . .

3 j 1.Q 1.$ 1.$
4 | .75 (1.4D + 1.7L) .75 x 1.7 T, 75 x 1.7 R,.

75 x 1.7 R, .75 x 1.9E5 | 75 (1.4D + 1.7L) .75 x 1.7 T, .

75 x 1.7 R, .75 x 1.7W'

6 .75 (1.4D + 1.7L) .75 x 1.7 T, .

7 1.2D 1.9 E
,

8 1.2D 1.JW

[

'

9 D+L T, R, E'

W A10 D+L T, R, g

11 D.+ L T, 1.5 P, R,

12 D+L T, 1.25 P, R, 1.25E Y, + Y) + Y,

13 D+L T, P, R, E' Y, + Y) + Y, A,

Raf.: SRP (1981) Sect. 3.5.4 Other Category I structures (concrete)

Notes 1. Ultimate strength method required by ACI-349 (1977) .
;

f workins stress / consequently no load factors were used.2. Methods used in design
L...______.....

3. Ioads deemed inapplicable or negligible struck from loading combinations.

4. Encircled loads are those actually considered in the design. When load
factors different from those currently required were used, the factor
used is also encircled.

5. To'r pur osee of the SEP Review, demonstration that structural integrityp
is maintained for load cases 10 and 13 (per current criteria) may be
considered as providing reasonable assurance that this structure meets
current design criteria.

b rank!!n Res,e_ arch C_ enter- . , .
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1

CCMPARISCN OF LOADING COMBINATION CRITERIA STRUCTURE: pgIMAgy

CONCRETE STRUCTURES
AUXILIARY BUILDING

PLANT: YANKEE ROE

***#* ' * * * ScaleGravity Dead. Live Thermal Pressure Mechanical ,,
Cases Ranking

1 1.4D + 1.7L

2 1.4D + 1.7L 1.9E
. . . . . . . . .

3 i 1.@+1.$ 1.$
4 | .75 (1.4D + 1.7L) .75 x 1.7 T, .75 x 1.7 R,.

5 i .75 (1.4D + 1.7L) 75 x 1.7 T, .75 x 1.7 1, .75 x 1.9E

6 .?3 (1.4D + 1.7L) .75 x 1.7 T, .75 x 1.7 R, .75 x 1.7W
'

7 j 1.2D 1.9E
|

8 1..D 1.7W

_

| D+L ' T, R, E'9

10 D+L T, R, W A,g

| D+L T, 1.5 P, R,11

12 D+L T, 1.25 P, R, 1.25E Y, + Ty + T,

13 D+L T, P, R, E' T , + T) + Y, A,

f

Ref.: SRP (1931) Sect. 3.8.4 Other Category I structures (concrste)

'8ates 1. Ultinate strength method required by ACI-349 (1977).
8* **' ** ""#*" *

{ "#2. Methods used in design

3. toads deemed inapplicable or negligible struck from loading combinations.
l 4. Encircled loads are those actually considered in the design. When load
( factors different from those currently required were used, the factor

used is also encircled.

3. For purposes of the SEP Review, demonstration that structural integrity
is maintained for load cases 10 and 13 (per current criteria) may be
considend as providing reasonable assurance that this structure meets
current design criteria.

-

O
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COMPARISON OF LOADING Cole! NATION CRITERIA STRUCTURE:

CONCRETE STRUCTURES SCREEN WELL HOUSE

PUUIT. YANKEE ROWE ,

"
Gravity Dead. Live Thermal Pressure Mechanical le

1 1.4D + 1.7L,

i 1.4r + 1.7L 1.9E2
| . . . . . . . .

3 ! 1.t@+1.$ 1.$
4 | .75 (1.40 + 1.7L) .75 $ 1.7 T, .75 x 1.7 1,

5 ; .75 (1.4D + 1.7L) .75 x 1.7 T, .75 x 1.7 1, .75 x 1.9E

6 ) .75 (1.4D + 1.7L) .75 x 1.7 T, .75 x 1.7 R, .75 x 1.7W
'

7 j 1.2D 1.9E

8 1.2D 1.7W

9 D+L T, R, E'
<

W A,10 D+L T, R, g

Ii
11 f D+L T, 1.5 P, R,

,

T, 1.25 P, R, 1.25E Y , + Y) + Y,12 D+Lj .

13 D+L T, F, R, E' Y, + Ty + Y, A,|

i
Ref.: SRP (1981) Sect. 3.8.4 other. Category I structures (concrete)

Notes 1. Ultimate strength method required by ACI-349 (1977).

Methods used in design { mms stress {mptly a load factors are M.2.

3. loads deemed inapplicable oYnes1161ble struck from loading combinations.

4. Encircled loads are those actually considered in the design. Wben load
factors different from those currently required were used, the factor

I used is also encircled.

5. For purposes of the SEP Review, demonstration that structural integrity
is maintained for load cases 10 and 13 (per current criteria) may bei

considered as providing reasonable aseurance that this structure meets
; current design criteria.

|

'
%

.
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CCMPARISON OF LOADING C0le! NATION CRITERIA STRUCTURE: SPENT FUEL
N

CONCRETE STRUCn'RES

PONT: YANKEE ROWE

Combined * '

8**I*Thermal Pressure MechanicalLoading Gravity Dead, Live , , d;

Ranking
Cases

1 1.4D + 1.7L

f 1.4D + 1.7L 1.9E2
. . . . . . . .

3 | 1.Q 1.$ 1.@

4 | .75 (1.4D + 1.7L) .75 x 1.7 T, .75 x 1.7 R,

j .75 (1.4D + 1.7L) .75 x 1.7 T, .75 x 1.7 R, .7 5 x 1.9 E5

6 .75 (1.4D + 1.7L) .75 x 1.7 T, .75 x 1.7 R, .75 x 1.7W

7 | 1.2D 1.9E

8 1.2D 1.7W

D+L T, R, t'
|9

v A10 D+L 7, R, g z

11 D+L T, 1.5 P, R,

12 , D+L T, 1.25 P, 2, 1.25E Y , + Y) + T,

13 D+L T, P, K, E' Y, + Ty + Y, Ag

.

I
Raf.: SRP (1981) Sect. 3.8.4 Other Category I structures (concrete)

Notes 1. Ultimate strength method required by ACI-349 (1977) .

{ ] king stress / consequently no load factors were used.| 2. Methods used in design

3. toads deemed inapplicable or negligible struck from loading combr ations.

4. Encircled loads are those actually considered in the design. When load
factors different from those currently required were used, the factor
used is also encircled.

~ '

5. For purposes of the SEP Review. demonstration that structural integrity
is maintained for load cases 10 and 13 (per current criteria) may be
considered as providing reasonable assurance that this structure meets

I
current design criteria. ,

-5;-
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COMPARISON OF LOADING COMINATION CRITERIA STRUCTURE:'

CONCRETE STRUCTURES SPENT FUEL. 800L CONCRETE

PLANT! YANKEE R0WE

ins Crevity Dead. Lipe . Thermal Pressure Mechanical
- * * Scale

Bankingggggg

i 1.4D + 1.7L

2 1.4D + 1.7L 1.9R
. . . . . . . . _ . . .

3 | 1.4D + 1.7L 1.7W

4 | .75 (1.4D + 1.7L) .75 x 1.7 T, .75 x 1.7 R,
.

5 | .75 (1.4D + 1.7L) .75 x 1.7 T, .75 x 1.7 R, .75 x 1.9E

6 .75 (1.4D + 1.7L) .75 x 1.7 T, .75 x 1.7 R, .75 x 1.7W'

7 1.2D 1.9E

1.N8 1.2D
.

9 D+L T, R. E'
,

W A,10 D+L T,, R, g,

.

11 D+L T, 1.5 F, R,

12 D+L T, 1.25 F, R, 1.25R Y, + Y + Y,

j*I13 D+L T, F, R, E' T *T A
m ge

.

Ref.: SRF (1981) Sect. 3.8.4 other Category I structures (concrete)

Moces 1. Ultimate strength method required by ACI-349 (1977).
c~nsequently no load factors were used.{u|r@gstrese2. Methods used*in design

3. toads deemed inapplicable or negligible struck from loading combinations.

4. Encircled loads are chose actually considered in the design. When load
factors different from those currently required were used, the factor
used is also encircled.

5. For purposes of the SEF Review, demonstration that structural integrity
is usintained for load case 10, 13 (per current criteria) any be considered
as providing reasonable assurance that this structure meets the intent of
current design criteria.

.

s
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COMPARISOM TER-C5257-316STEEL. STRUCTURES (LOADING
OF

PLANT:
YANKEE R0WEElastic Analysis)COMBIMATION OCRITERIALoadingCombinedj

Gravit
STRUCTURE:

Case i 7
Deads

: Liv ,

Thermal PRIMARY
ei

d

VENT STACK
1 Pr

essure,

0+L Mechanical2 :
Natur la

D+L Ph m Impulsiv

4
-

I,oading
e

I"*1*
D+L

.

5

|[D'+'[,' T, E
,.

6

f D+L T, R,
7

f D+L
T,

..

. . . .

R,
.

8

i| D+L 7, R, (E;'
'

9
W ''

D+L T,
R,

' ~~

3,
10

.

T, E' ''

R,D4 L P,
W

T, R, g

P,

|D+L
A

R,11 z
E

T + T, + Y
t

T, y
Raf;

P, ,

SRP (1981) SECT R,

22111 3.8.4 other Cate
E'

T
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11. REVIBf FINDINGS
'

.

The most important findings of the review are summarized in this section
*

in tabular form.

The major structural codes used for design of Seismic Category I buildings
'

.and structures for the Yankee Bowe Itaclear Power Station were:

i 1. AISC, " Specification for Design, Fabrication, and Erection of
Structural Steel for Buildings," 1956

2. ACI 318-56, " Building Code Requirements for Reinforced Concrete," 1956

3. ASME Boiler and Pressure Vessel Code, Section VIII,1956.

I Eads of these design codes has been compared with the corresponding
structural code governing current licensing criteria. Tables follow, in the

order listed above, summarizing important results of these comparisons for
each code.

.

These tables provi$es
,

1. identification by paragraph number (both of the original code and of
its current counterpart) of code provisions where Scale A or Scale
Ax deviations exist.

2. identification of structural elements to which each such provision
may apply.

Some listed provisions may apply only to elements that do not exist in
the Yankee Bowe structures. Itten it could be determined that this was the
case, such provisions were struck from the list. Any provisions that appeared
to be inapplicable for other reasons also were eliminated. Items so removed
are listed in Appendix A to this report.

Access to further information concerning code provision changes is.

provided by additional appendixes. Each pair of codes (the design and the
current ones) has a tabular susmary within the report (Appendix B) which lists
all code changes by scale ranking.

i
4

0

\'
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In addition, a separately bound appendix exists for each code pair. The
appendix provides:

'

1. full texts of each revised provision in both the former and current
versions

2. comments or conclusions, or both, relevant to the code change
'

3. the scale ranking of the change.

.

O
.
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11.1 MAJOR FINDINGS OF AISC-1953 VS. AISC-lS80 CODE COMPARISON

.

!
t
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MAJOR FINDINGS OF AISC 1953 VS. AISC 1980 CODE COMPARISON

(Summary of Code Changes with the Potential to Significantly;=3
E" Dagrade Perceived Margin of Safety)

" 'P

E3 Scale A '

: Fa'
h Referenced Subsection'

ggt

AISC AISC AISC Structural Elementsfp
. ?, 1980 1963 1953 Potentially Affected Comments

3
Beam end connection See case study 11.5.1.2.2 -- --

where the top flange for details. .

j is coped and subject-

I to shear, or failure by
shear along a plane
through fasteners or by: ,

E a combination of shear
' along a plane through

-

,

fasteners plus tension

I along a perpendicular
plane

,

1.5.1.4.1 1.5.1.4.1 15 (a) (3) Rolled sections, plate New requirements added in

|
girders and built up the 1963 Code limitir;g the

members, allowable stresses for
tension due to bending.

1.5.1.4.1 1. 5 .1. 4 .1 -- Hollow circular sections New requirement in the

Subpara. subject to bending 1980 Code
1'

! 1.6 1.6 12 (a) Members subject to axial and New requirement for u

bending stresses combined stresses added U
in the 1963 Code Y

'

U
*

l.8.3 1.8.3 16 Axially loaded compression New requirements for
'

members where sideway is slenderness ratio added
not prevented in the 1963 code

. .

.

.
.. _ _ ..

___
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MAJOR FINDINGS OF AISC 1953 VS.- AISC 1980 CODE COMPARISONm

i UL
>m (Summary of Code Changes with the Potential to Significantly[! Degrade Perceived Margin of Safety)
gE
E7

.gm
m3 Scale A (Cont.);

$
; { Referenced Subsection
I

*

,k'
AISC AISC AISC Structural Elements *

1980 1963 1953 Potentially Affected Comments.

I

1.9.1.2 1.9.1 18(b) Slender compression unstiff- New provisions added in " t

and ened elements subject to the 1963 and the 1980
i Appendix axial compression or Code, Appendix C.

C compression due to bending
ui when actual width-to-
I thickness ratio exceeds the

values specified in subsec- .

tion 1.9.1.2

1.9.2.3 -- . - - Circular tubular elements New requirements added
and subject to axial compression in the 1980 Code

'

Appendix
C

! 1.10.4 1.10.4 26(d) Partial length cover plates New requirements added in
; in plate girders and rolled the 1963 Code

beams
4

1.10.7 1.10.7 -- Plate girder web New requirements for combined'

shear and tension stress o,uadded to the 1963 Code y
i Y1.10.10.2 l.10.10.2 26 Stiffeners for web plate Change in the requirements ggirders of the 1953 Code m

1

!

.. -_. _-- --___-
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HAJOR FINDINGS OF AISC 1953 VS. AISC 1980 CODE COMPARISON

(Summary of Code Changes with the Potential to Significantly.=

IM Degrade Perceived Margin of Safety)

"f $[i
s 5- Scale A (Cont.)
O
y Referenced Subsection

[$
3

5 AISC AISC AISC Structural Elements

h 1980 1963 1953 Pote6tially Affected Comments
!!

1.11.1 1.11.1 13(a) Composite construction Limitation on effective
width of concrete flange
is introduced in the
1953 Code

'1.11.4 1.11.4 13 Shear connectors in New requirements added in
1 composite beams the 1963 Code and the 1980
7 Code .

1.11.5 Composite beams or girders New requirements added-- --

with formed steel deck in the 1980 Code

1.14.2.2 -- -- Axially loaded tension New requirement added
members where the load is in the 1980 Code
transmitted by bolts or
rivets through some but not
all of the cross-sectional
elements of the members

1.14.6.1 1.14.7 15(f) Effective throat thickness a
for partial penetration weld

.1.15.5.2 -- -- Restrained members when New requirement added y
1.15.5.3 flange or moment connection in the 1980 Code y
1.15.5.4 plates for end connections y

of beams and girders are on

welded to the flange of I -

or H shaped columns

9 O O -

-
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MAJOR FINDINGS OF AISC 1953 VS. AISC 1980 CDDE COMPARISON
in

KIg (Summary of code Changes with the Potential to Significantly
Degrade Perceived Margin of Safety)"

6 ,

,

j Scale A (Cont.) t

'

j
r

Referenced Subsection L

AISC AISC AISC Structural Elements
!i 1980 1963 1953 Pot _entially Affected Comments

,

e
:

-
;

1.18.3 1.18.3 28(b) Built up members under New requirement added ,

tension in the 1963 Code

Scale

2.9 2.8 Lateral bracing of members 0.0 < M/Mp < l.0 A
--

to resist lateral and 0.0 > M/Mp > -1.0 C
torsional displacement

See case study 7
for details.

=
5
1

.

--



- - - - - - - - - __ _ _ _

'
.

. .

TER-C5257-316

.

.

11.2 MAJOR FINDINGS OF ACI 318-56 vs. ACI 349-76 CODE COMPARISON

O
.

.

.
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MAJOR FINDINGS OF ACI 318-56 VS. ACI 349-76 CODE COMPARISON

$1 (Summary of Code Changes with the Potential to lignificantly

7f Degrade Perceived Margin of Safety)

fi
tu
g Scale A
'N

$ Referenced Subsection

5[ ACI ACI ACI Structural Elements
j 349-76 318-63 318-56 Potentially Affected Comments

,

it '

Columna designed for Splices of the main rein-7.10.3 805 --

stress reversals with forcement in such columna
variation of stress from must be reasonably limited
f in compression to to provide for adequatei

1/y2 fy in tension ductility under all loading
conditions.,

O
8 11.13 -- -- Short brackets and corbels As this provision

which are primary load- is new, any existing -

carrying members corbels or brackets may
not meet these criteria
and failure of such
elements could be non-
ductile type failure,.
Structural integrity
may be seriously '

endangered if the design
fails to fulfill these
requirements.

11.15 -- -- Applies to any elements Structural integrity
1caded in shear where it is may be seriously g
inappropriate to consider endangered if the design y
shear as a measure of fails to fulfill these y
diagonal tension and the requirements. p
loading could induce e

direct shear-type cracks

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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E'

. MAJOR FINDINGS OF ACI 318-56 VS. ACI 349-76 CODE COMPARISON
:
;E (Summary of Code Changes with the Potential to Significantly

2a$ Degrade Perceived Margin of Safety)
"

$

I'2n Scale A (Cont.)

F,h~

Referenced Subsection ,

ACI ACI ACI Structural Elements
349-76 318-63 318-56 Potentially Affected Comments

'I
| 11.16 -- -- All structural walls - Guidelines for these

those which are primary kinds of wall loads were
load carrying, e.g., shear not provided by older

1 walls and.those which codes; therefore, struc-

7 serve to provide protec- tural integrity may be
! tion from impacts of seriously endangered if *

] missile-type objects the design fails to
; fulfill these require-
'

ments.
~

Chap. 12 Chap. 18 -- All New chapter; old code did
not have ultimate strength

| criteria for bond. This
i chapter presents some

changes in bond stresses
allowed and a change in
philosophy. Allowable bond
values are higher on small 1

, bars, but lower on large
bars because of this shift un

in philosophy introduced by h
ultimate strength logic 4
here. g

.

9

9 O O -
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" MAJOR FINDINGS OF ACI 318-56 VS. ACI 349-76 ODDE COMPARISON

i
e,5' (Susanary of Ccde Changes with the Potential to Significantly ;

fy Degrade Perceived Margin of Safety)

i
i

hn
Scale A (Cont.)

I
'

k Referenced Subsection *

'

ACI ACI ACI Structural Elements
349-76 318-63 318-56 Potentially Affected Comments

, !

Chapter 12 Splice lengths in column i
'(cont.) steel are the same as the

, SG code and permissible
* bond stress for compression
' bars was set to match when

reduced to working stress. *

i -- 1301(c) Table All Allowable bond stresses are -

305(a) presented in the new code
: as a function of concrete

i strength and bar diameter. ;
'

values in the new code are :
I '

higher for small diameter
'

bars and lower for large
diameter bars as compared
to the old code. See case
study (14) . d

.

.

- Chap. 17 Chapter 25 Composite construction New chapter; ACI 318-56 did--

.
not contain specific M
sections on composite y'

concrete flexural members y
and composite construction. *

i

'
_ ._ ___ . _ _ _ _
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MAJOR FINDINGS OF ACI 318-56 VS. ACI 349-76 CODE COMPARISON
w

(Summary of Code Changes with the Potential to Significantly'"

Degrade Perceived Margin of Fafety)
,

I a 3 2E
I a 5''

N Scale A (Cont.)
'N
j o.
Eh Referenced Subsection
n ACI ACI ACI Structural Elements
S, 349-76 318-63 310-56 Potentially Affected Comments'

!! .

j Appendix A -- -- All elements subject to For structures subject to

time-dependent and position- effects of pipe break,
dependent temperature varia- especially jet impinge-
tions and which are ment, thermal stresses
restrained such that thermal may be significant.

strains will result in Scale A for areas of jet
i

$ thermal stresses impingement or where the
' conditions could develop

,

causing concrete temper-
ature to exceed limitations
of A.(.2.

For structures not subject
to effects of pipe break

i
accident, thermal stresses
are unlikely to be .

significant (Scale B).

Appendix B -- -- All steel embedments used New appendix 3 therefore,
to transmit loads from considerable review of g,

t=attachments into the rein- older designs is fforced concrete structures warranted.**
n
"

.

**Since stress analysis associated with these conditions is highly dependent on definition 1
of failure planes and allowable stress for these special conditions, past practice g

-

varied with designers' opinions. Stresses may vary significantly from those thought to .

exist under previous design procedures.

O e e-'
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>n[ MAJOR FINDINGS OF ACI 318-56 VS. ACI 349-76 CODE COMPARISON
$
j (Summary of Code changes with the Potential to Significantly
pm Degrade Perceived Margin of Safety),

k|

|'7f
R

5 Scale A (Cont.)
i p
) h

*

Referenced Subsection
"

I ACI ACI ACI Structural Elements
j 349-76 318-63 318-56 Potentially Af fected Pamments

! Appendix C All elements whose failure New appendix; therefore,-- --

under impulsive and considerations and
impactive loads must be review of older designs

A precluded is considered important.**
i

.

I

i

|

|
.

I
|

ui

**Since stress analysis associated with these conditions is highly dependent on definition D|
of failure planes and allowable stress for these special conditions, past practice y '

; varied with designers' opinions. Stresses may vary significantly from those thought to $exist under previous design procedures. *
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11.3 MAJOR FINDINGS OF ASME B&PV CODE COMPARISON,

SECTION VIII,1956 VS. SECTION III, SUBSECTION NE,1980

O
e

|

|

| -

|

9
nklin Research Center
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ASME B&PV CODE COMPARISON
SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980g,

c>
;

';g (Summary of Code Changes with the Potential to Significantly
Degrade Perceived Margin of Safety)'

; g
i 5'
& Scale A
?2

Referenced Subsection
(,' i Section III Section VIII Section VIII Striu: rural Elements

n3 1980 1962 1956 Potentially Affected Comments
-

4
NE-3112. 4 -- UG-5(b) Plates, if under- h e 1956 Code permits conditional ,

strength use of understrength plate, if t
-

1. He local allowable stress is
correspondingly reduced; and

2. %e UTS range is maintained.
,

his practice has been
,
* terminated and current codes
I are blind to such situations'

f in older structures. ,

,

I Scale A - if additional loads,
not originally designed for, are
required by current criteria.
No scale ranking applicable
otherwise.

NE-3112.4 UG-23 UG-23 Vessels of materials Eection III,1980 Code references

I no longer listed as some materials which are

| Code acc'eptable identical to those referenced in
Section VIII, 1956 Code, g
However, several materials which

,

were referenced in Section VIII,
are no longer listed in Section U
III, 1980. $
Justification of such use would 1
be necessary to show equivalence 5
to current requirements.

__
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ASME B&PV CODE COMPARISON
SECTION VIII, 1956 VS. SECTION III, SUBSECTION HE, 1980

Et,

,[[{ '(Summary of Code Changes with the Potential to Significantly

a Degrade Perceived Margin of Safety)
o
E
3 Scale A (Cont. )
0w

g@ Referenced Subsection
=9 Section III Section VIII Section VIII Structural Elements

Q 1980 1962 1956 Potentially Affected Comments

$ -

Various Containment shells Section VIII, 1956 Code calls for' -NE-3131 ---

Paragraphs designed by formula the design of vessels by formula,
while Section III, 1980 Code ,
requires that the rules of
Subsection NE-3200 (Design by
Analysis) be satisfied.

4 In the absence of substantial

y thermal or mechnical loads other
tha e ''~1re, the rules of -

" De 'ormula" may still be
use.
The - 'ing for containment
shell. ***antial thermal

*

or mec~ other than
pressure 'a Scale B;
otherwise A.

NE-3133.5 (a) UG-29 UG-29 Stiffening rings for The requirements . 1980 Code
cylindrical shells defining the minis *nt of
subject to buckling inertia for stiffenam s as
loads. compared to the requirm of @

the 1956 Code way result a. {lower margin of safety. v.

Scale M
Y

Is' > 1.28 I C Us
*Is' > 1.22 I Bs

Is' < l.22 Is A
'

,

O O O --
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ASME B&PV CODE COMPARISON

. SECTION VIII, 1956 VS. SECTION III, SUBSKCTION NE, 1980
{g
g 2r

]
(Summary of Code Changes with the Potential ~to Significantly13

f3
Degrade Perceived Margin of Safety)

is,9 Scale A (Cont.)
,
'

|y@
|

Referenced Subsection.
I

| Section III Section VIII Section VIII Structural Elements -

' |

' 1980 1962 1956 Potentially Affected Comments

I i Shell and stiffening This new inse;t in Section III
'

NE-313 3.5 (b)
------

rings of different of the 1980 Code requires using
materials. the material chart which gives

| the larger value of the factor
'

4 A. This may result in a larger
y stiffening ring section needed to

meet the requirements of the Code. ,

Scale A for ring-stiffened shells
| where (1) the ring and the shell

are of different materials and,
in addition, (2) the " factor A"

(as computed by the procedures of
NE-3133. 5) for the two materials
differs by more than 643
otherwise Scale B.

--- --- Containment Requirements for fatigue analysis
NE-3221.5 components subject of vessels or parts which

to cyclic loadings. experience cyclic loadings are
provided in Section III, U
Subsection NE, of the 1980 Code. $
No specific guidance was provided 1
by Section VIII, 1956. g

,

,

i

_ _.
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ASME B&PV CODE COMPARISON
|g; SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980
7f

g (Summary of Code Changes with the Potential to Significantly

gh Degrade Perceived Margin of Safety)

9xy Scale A (Cont.)
'

Referenced Subsection
g Section III Section VIII Section VIII Structural Elements
,{g 1980 1962 1956 Potentially Affected Comments

NE-3325 UG34(d) UG-34(d) Unstayed flat heads Present Code requires thicker
Figs. (c) Figs. (d) Figa. (b) and covers of the plates.
and (m) and (p) and (a) designs in the

referenced figures

4 NE-3327 UG-35 Footnote to Quick-acting Subsection NR, 1980 has expanded
7 UG-35 closursa requirements for safety devices

,

including:

o positive interlocks on
'

remotely operated doors

o warning devices on manually
' operated doors

o visibility of pressure
' indicators from operating

| floor.

i NE-3334.1 UG-4 0 (b) UG-40 Reinforcement for New requirements in the 1980 Code h' NE-3334.2 UG-40(c) vessel openings impose additional restrictions 6
| on metal that may be counted as U

reinforcement. $
1

NE-3365 --- -- Bellows and bellows The 1980 Code imposes new design $
expansion joints requirements. .

- - - _ _ _ _ _ _ _
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I

12. SUMMARY

The table that follows provides a summary of the sta tus of the findings
from the Task III-7.3 criteria comparison review of structural codes and

,

loading requirements for Seismic Category I structures at the Yankee aowe
Itaclear Power Stati9n.

The first and second columns of the table show the extent to which all |

Seismic Category I structures external to contaimeent comply with current
idesign criteria codes. The first column applies to the concrete portion of j

these structures; the second column applies to the portions which are of steel |

frame construction and the upper container supports. The third column applies
only to the vapor container.

The salient feature of this table is the limited number of code change
impacts requiring a Scale A ranking. Consequently, resolution, at the
structural level, of potential concerns with respect to changes in structural

) code requirements appears, at least for the Yankee Bowe plant, to be an effort
| of tractable size.

.

.

.

.

A -73-

00h ranklin Research Center
A Dramon of The Fransen m

.. .. . -._. _.

. . . - - , - - - . , , . . - _ _ . , . . - . - _ . . - - _ _ _ , . _ _ - _ _ _ - - . - - - ._ - _ - . . _ - -



1

~

.

,

. .

.

l
i

TER-C5257-316

SUMMARY

NUMBER OF CODE CHANGE LTACTS FOR
YANKEE ROWE CATEGORY I STRUCTURES

ACI 318-56 AISC 1953 ..ASNE B&PV.
-

,

SEC. VIII, 1956 _
SCALE RANEING VS. YS.

| ACI 349-76 AISC 1980 SEC. III SUBSECT..

?
| NE. Ct. ASS MC.1980

TOTAL CHANGES FotND 113 50 30

i or A nor
*o 3 + 4* 11 4 + 3*

3 g Applicable to
g, t Yankee Rcve

g B 84 13 10

ae: -

he >

SS5 C C 8 3

i

3 A 10 I8 10,,

5.E O

a A, 0 0 0

SCALE RATINGS:
.

Scale A Change - The new criteria have the potential to substantially
impair margins of safety as perceived under the former
criteria.

Scale A Change - The impact of the code change on margins of safety isx
not immediately apparent. Scale A code changesx
require analytical studies of model structures to
assess the potential magnitude of-their effect upon
margins of safety.

Scale B Change - The new criteria operate to impair margins of safety
but not enough to cause engineering concern about the
adequacy of any structural element.

Scale C Change - The new criteria will give rise to larger margins of
safety than were exhibited.under the former criteria.

( *These changes are related to loads and load combinations. Ioading criteria
are addressed in Section 10. Consequently, to avoid duplicaticn, such
items are not counted in the above tabulation of code changes to be
addressed under Section 11.

-71-M
U$U Franklin Research Center
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13. RECCIOEDIDATIONb
.

Potential concerns with resp (ct to the ability of Seismic Category I
buildings and structures in SEP plants to conform to current structural

criteria are raised by the review at the code comparison level. These must
ultimately be resolved by examination of individual as-built structures.

It is recommended that Yankee Atomic Electric Comagny be requested to'

take three actions:

1. Review individually all Seismic Category I structures at the Yankee
Rowe plant to ses if any of the structural elements listed in the
following table occur in their designs. These are the structur:1
elements for which a potential exists for margins of safety to be -

i less than originally computed, due to criteria changes since plant
i design and construction. Fue structures which do incorporate these

features, assess the actual impact of the associated code changes on
margins of safety.

2. Reexamine the margins of safety of Seismic Category I structures
i[ under loads and load combinations which correspond to current

\ criteria. Only those load combinations assigned a Scale A or Scale
A rating in Section 10 of this report need be considered in thisx
review. If the load combination includes individual loads which have
themselves been ranked A or A , indicating that they do not conformx
to current criteria, update such loads.

Full reanalysis of these structures is not necessarily required.
Simple hand computations or appropriate modifications of existing
results can qualify as acceptable means of demonstrating structural
adequacy.

3. Review Appendix A of this report to confirm that all items listed
there have no impact on safety margins at the Yankee aowe plant.

.

-75-
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LIST OF STRUCTURAL ELEMENTS TO BE EXAMINED
.

Structural Elements to be Code Change Af fecting These Elements
Examined New Code Old Code Scale

Beams / Columns AISC 1980 AISC 1953

Hollow circular sections 1. 5 .1. 4 .1 ~* A
subject to bending Subpara 7

*

Composite Construction AISC 1980 AISC 1953

1. Shear connectors in 1.11.4 13 A
composite beams

2. Composite beams or 1.11.5 A--

girders with formed
steel deck

3. Width of concrete 1.11.1 13 (a) A
flange - limitations

.

Compression Elements AISC 1980 AISC 1953

1. With width-to-thickness 1.9.1.2 and 13 (b) A
ratio higher than speci- Appendix C
fied in 1.9.1.2

2. Hollow circular sections 1.9.2.3 and A--

subject to axial compression Appendix C

3. Members where sideway is 1.8.3 16 A
not prevented

Tension Members AISC 1980 AISC 1953

1. When load is transmitted 1.14.2.2 A-

by bolts or rivets

2. Built up members 1.18.3 28(b) A

Connections AISC 1980 AISC 1953

1. Beam ends with top flange 1. 5 .1. 2. 2
'

A--

coped, if subject to
shear

* Double dash (--) indicates that older code had no provisions.

9
-76-

dddlJ Franklin Research Center
a w or rh. nwen m.ons.
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LIST OF STRUCTURAL ELEMENTS TO BE EXAMINED (Cont.)
.

Structural Elements to be Code Cnance Af fecting These Elements
Examined New Code Old Code Scale

2. Connections carrying moment 1.15.5.2 A-

or restrained member 1.15.5.3
connection 1.15.5.4

.

Members Designed to Operate AISC 1980 AISC 1953
.in an Inelastic Regime
.

Spacing of lateral bracing 2.9 A-

Rolled Sections and AISC 1980 AISC 1953
Built up Members 15 (a) (3) A-

Partial length cover plates 1.10.4 26 (d) A

Members Subiect to Axial AISC 1980 AISC 1953
and Bending Stresses 1.6 12 (a) A

.

Web Plate Girders AISC 1980 AISC 1953
<

l. Subject to shear and 1.10.7 A-

tension stresses

2. Stiffeners 1.10.10.2 26 A

Partial Penetration Weld
i Effective throat thickness 1.14.6.1 15 (f) A

Short Brackets and Corbels ACI 349-76 ACI 318-56
having a shear span-to- 11.13 A--

depth ratio of unity or less

Shear Walls used as a ACI 349-76 ACI 318-56
primary load-carrying 11.16 A-

member

j Precast Concrete Structural ACI 349-76 ACI 318-56
'

Elements, where shear is not 11.15 A--

a measure of diagonal tension

Cor. crete Regions Subiect to ACI 349-76 ACI 318-56
High Temperatures

Time-dependent and Appendix A A--

position-dependent

temperature variations

nklin Research Center
A Dnamon of The Frannha insende
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LIST OF STRUCTURAL ELD 4ENTS TO BE EXAMINED (Cont. )

Structural Elements to be Code Change Af fecting These Element'
Examined New Code Old Code Scale

.

All Structural Elements ACI 349-76 ACI 318-56

1. Ultimate bond strength Chapter 12 A-

2. Allowable bond stress Table 305(a) A-

Columns with Spliced ACI 349-76 ACI 318-56
Reinforcement
subject to stress reversals; 7.10.3 A-

f in compression to
1/y2f in tensiony .

Steel Embedments used to ACI 349-76 ACI 318-56 A
transmit load to concrete Appendix B -

Element Subject to ACI 349-76 ACI 318-56 A
Impulsive and Impactivo Ioads Appendix C -

whose failure must be precluded
1

Composite Construction ACI 349-76 ACI 318-56
Chapter 17 A--

Containment Vessels

1. Plates, if understrength ASME Sec. III, ASME Sec. VIII, A
1980 1956
NE-3112.4 UG-5 (b)

2. Containment vessels of ASME Sec. III, ASME Sec. VIII, A
materials no longer 1980 1956
listed ,.s code NE-3112.4 UG-23
acceptable

3. Containment vessels ASME Sec. III, ASME Sec. VIII, A
designed by formula and 1980 1956
subject to substantial NE-3131 various paragraphs
thermal or mechanical loads

4. Stiffening rings for ASME Sec. III, ' hSME Sec. VIII, A
cylindrical shells 1980 1956
subject to buckling loads NE-313 3.5 (a) UG-29

|
|

.

1 0-7 8-
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LIST OF STRUCTURAL ELEMENTS TO BE EXAMINED (Cont. )

Structural Elements to be Code Change Af fecting These Elements

Examined New Code Old Code Scale

5. Stiffening rings ASME Sec. III, ASME Sec. VIII, A
of material different 1980 1956
than shell material NE-3133.5 (b) -

AS' E Sec. III, ASME Sec. VIII, A6. Vessels with Quick M
Actuating Closures 1980 1956

NE-3327.1~ Fbotnote to UG-35

Shell Openings and Attachments

1. Unstayed flat heads ASME Sec. III, ASME Sec. VIII, A
and covers 1980 1956

NE-3325 UG-34(d)
Figs. (c) and Figs. (b) and (a)
(m)

'2. Openings and reinforcements; ASME Sec. III, ASME Sec. VIII, A

i[ subject to cyclic loads 1980 1956
( NE-3331(b) -

'
i

3. Beinforcement for ASME Sec. III, ASME Sec. VIII, A
openings 1980 1956

NE-3334.1, UG-40
NE-3334.2

i
4. Bellows and bellows ASME Sec. III, ASME Sec. VIII, A

expansion joints 1980 1956
NE-3365 --

Roofs A (1)- --

Extreme environmental snow loads are provided by SEP Topic II-2.A. NRC
Regulatory Guide 1.102 (Position 3) provides guidance to preclude adverse
consequences from ponding or parapet roofs. Failure of roofs not designed
for such circumstances could generate impulsive loadings and water damage,
possibly extending to Seismic Category I components of all floor levels.

.

1. Not shown in tabular summary of ' code change impacts.

O
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APPENDIX A

SCALE A AND SCALES A CHANGESx
DEEMED INAPPROPRIATE TO YANKEE ROWE PLANT
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| APPENDIX A-1
|

|

AISC 1953 VS. AISC 1980 CODE COMPARISON,

(SCALE A AND SCALE A, CHANGES DEBSD INAPPRCPRIATE TO YANEEE ROWE PLANT

OR CODE CHANGES RELATED TO LOADS OR LOAD COMBINATIONS

. AND THEREFORE TREATED ELSDGIERE)
?
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AISC 1953 VS. AISC 198b CODE COMPARISON

|L Scale A
c~

[9
Referenced Subsection

i
23 AISC AISC AISC Structural Elements

,1980 1963 1953 Potentially Affected Comments

|3
R

1. 5.1.1 1.5.1.1 -- Structural members under Structural steel used

fp tension, except for pin in Yankee Rowe
,

ay connected members Cat. I , structures
is A-7. Thus,'

,

Fy < 0.83 Fu,

Therefore, Scale C
for Yankee Rowe.

Limitations Scale

y Fy <_0.833 Fu C
t' O.833 Fu<Fy < 0.875 Fu 8
" Fy >_0.875 Fu A *

1.5.1.4.1 1.5.1.4.1 -- Box-shaped members (subject Box-shaped men-
Subpara. to bending) of rectangular bers not found
6 cross section whose depth is to be used in

not more than 6 times its Yankee Rowe
width and whose flange Cat. I structures 3

! thickness is not more than therefore, not
! 2 times the web thickness applic ale

New requirement in the
1980 Code H

E1.5.1.4.4 -- -- Lateral support requirements Box section a
for box sections whose depth members not U
is larger than 6 times their found to be used y
width in Yankee Rowe $

Cat. I structuress *

New requirement in the therefore; not '

1980 Code applicable

4 9 O -

-
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AISC 1953 VS. AISC 1980 CODE COMPARISON
!

'
V5'

-{ ,= Scale A (Cont.)
=>
'

. .

1 RE Referenced Subsection
s 5'
2",8 AISC AISC AISC Structural Elements ,

i a 1980 1963 1953 Potentially Affected An==ents !

, ,

: 2

5 Q 1.5.2.2 1.7 11(b) Rivets, bolts, and threaded Cat. I structures are
t

! I' $ parts subject to 20,000 not subject to such

cycles or more cyclic loadings' '

I therefore, not
applicable

s
a 1.7 1.7 11 Members and connections Cat. I structures are

i and subject to 20,000 cycles not subject to such

Y Appendix or more cyclic loadings'

therefore, not
{'' applicable'i *

i

\\
|' l.9.2.1 1.9.2 18 (c) Stiffened compression All structural

i and members steel is A-7,

|!
Appendix Fy < 40 kais there-

fore, Scale CC,

i

1.10.6 1.10.6 26 Hybrid girder - reduction All structural

in flange stress steel is A-7. No
hybrid girders found
in Yankee Rowe, there-
fore, not applicable.

H

1.13.3 -- -- Roof surface not provided h
6

- with sufficient slope _
towards points of free drain- y
age or adequate individual y
drains to prevent the g

maccumulation of rain water
(ponding)

. _ _ _
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AISC 1953 VS. AISC 1980 CODE COMPARISON

l !b Scale A (Cont.)
! -

! ES Referenced Subsection|E;|

au
fy AISC AISC AISC Structural Elements
sX 1980 1963 1953 Potentially Affected Comments

b

(*n 2.4 2.3 Slenderness ratio--

[g let lat for columns. Must satisfy:.
,

& Para. Para. -

1 < 232E
r Fy

Scale Scale C for Yankee Rowe.p

b F 40 kai C. See case study 4

4b '<I F[ kai< 44 kai B for details.*
*-

A
'

Fy>4
2.7 2.6 Flanges of rolled W, M, Scale C for Yankee Rowe.--

or S shapes and similar See case study 6
built-up single-web shapes for details.
subject to ccapression

Scale
Fy _<,, 36 kai C
3b<F < 38 kai By

Fy > 38 kai A
H

Appendix -- -- Web tapered members New requirements added
D in the 1980 Code o

U
Web tapered member are w
not found to be used in hYankee Rowe Cat. I e
structures, therefore, .

not applicable

O O O -

__ __
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ACI 318-56 vs. ACI 349-76 WDR COMPARISON
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ACI 318-56 VS. ACI 349-76 SUMMARY OF CODE COMPARISON

Ei

Scale Ar-

Fa )'
.

| > ri

Referenced Subsectiongg
ACI ACI ACI Structural Elementsas

@ 349-76 318-63 318-56 Potentially Affected Comments
'M
=

4 10.1 -- -- All primary load-carrying Design loads here refer

and members. to Chapter 9 loadn
i 10.10 combinations.* ,

! g -

All primary load-carrying Design loads here refer11.1 -- --

members. to Chapter 9 load

combinations.*
~

_

Prestressed concrete. New chapters ACI 318-56Chap. 18 Chapter 26 --

did not contain specificy

4 sections or criteria for'
,

prestressed concrete.*

u ,

No prestressed elements
outside primary containment 3
therefore, not applicable.

i

| '

.

18.1.4 -- -- Prestressed concrete New load combinations
and elements. here refer to Chapter 9'

18.4.2 load combinations.*'

No prestressed elements-

outside containment; H
therefore, not applicable.

Chap. 19 -- -- Shell structures with No concrete shell struc- U
thickness equal to or ture; therefore, not U
greater than 12 inches. applicable. h

m
e

*Special treatment of loads and loading combinations is addressed in other sections of the
report.
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e

m

g ACI 37D-56 VS. ACI 319-76 SIMMARY OF CODE COMPARISON
> ,1

f! ,

BE Scale A (Cont.)tu
I ym,) Referenced Subsection

g ACI ACI ACI Structural Elements

f|or
349-76 318-63 318-56 Potentially Affected Comments@
3.5 405 (e) , (f ) Prestressed elements. New insert lists ASTM speci---

,

fications for prestressing
wire and strands. 318-56
did not have sections '

dealing with prestressed

concrete. Controls other

T than ACI Codes or recommended
F practice would apply to this

type of construction prior to"
1963. *

No prestressed elements '

outside containments
therefore, not applicable..

Chap. 9 Chap. 15 A604 All primary load-carrying Definition of new loads9.1, 9.2, members or elements of the not normally used in -O 9.3 most structural system are design of traditional
specifi- potentially affected. buildings and redefini-
cally tion of load factors and H

capacity reduction factors fhas altered the traditional u,,
analysis requirements.*

*Special treatment of load and loading combinations is addressed in other sections of the
report.

:
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' ACI 318-56 VS. ACI 349-76 SLMMARY OF CODE COMPARISON

Scale A (Cont.)

Referenced Subsection
Y ACI ACI ACI 3tructural Elements
I' 349-76 318-63 318-56 Potentially Affected Comments
s .

Chap. 19 -- -- Shell Structures This chapter is completely

O' -t.) news therefore, shell
.

structures designed by the
general criteria of older

.| codes may not satisfy all
j aspects of this chapter.

i In addition, this chapter
'

refers to Chapter 9 provi-
sions.

* A

=
$
&
M.

: .

I
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APPENDIX A-3

ASME B&PV CODE COMPARISON

SECTION VIII,1956, VS. SECTION III, SUBSECTION NE,1980

j (SCALE A OR SCALE A, CHANGES DEDIED NOT APPLICABLE 'IO YANKEE ROWE PLANT

OR CODE CHANGES RELATED TO LOAD COMBINATIONS
i

AND THEREFORE TREATED ELSEWHERE)
i
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ASMB B&PV CODE COMPARISON
SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980

E
(Scale A Changes Deemed Hot Applicable or Changes Related to I4adings)

! l$ l

(" Scale Ay

,8@ Referenced Subsection
S Section III Section VIII Section VIII Structural Elements
EQ 1980 1962 1956 Potentially Affected Comments

En .

UG-25(d) UG-25(d) Vessels containing The 1956 Code required telltale$e

1
'

--

UW-15(b) telltale holes holes at reinforcing plates and*

saddles at nozzles to be left.
open. '1he 1962 Code permitted

i plugging.*
,

The removal of these provisions
Y from Section III,1962 Code, bans
." the use of telltale holes. .

"
Moreover, the more recent version
of Section VIII specifically
excludes using telltale holes for

lethal substances.
.

NE-3324.3 UG-27(c) UG-27 (c) Vesselcomponents The 1956 Code did not require'

I where welding computation of axial stress in
efficiency of circum- cylindrical shellte. The wide'

ferential joints is dispa.rity in welding efficiencies
less than half the is deemed improbable.

longitudinal joint
*i

| efficiency'

i NE-3325 UG-34(c)3 UG-34(c)3 Ileads, covers, or The 1956 Code did not distf q uish ui

blind flanges on non- between circular and non-circular M
| circular shape plates when specifying plate Y

"thickness. Tl.ese thicknesses are
f now regarded as inadequate for

'

*

,

most non-circular plates.

O O O -

.
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ASME B&PV CODE COMPARISON
SECTION VIII, 1956 VS. SECTION III, SUBSBCTION NE, 1980

,

'gi (Scale A Changes Deemed Not Applicable or Changes Related to Loadings)
, seg

| f[
j i [$ Scale A

tm

{2$
Referenced Subsection

Section III Section VIII Section VIII Structural Elements
| h 1980 1962 1956 Potentially Affected Comments

y

gQi

| g NE-2124(b) UG-16(c) UG-16(c) Pressure retaining The 1956 Code, granted a blanket-

j plates less than 0.010 in mill undertolerance'

j 0.167 in thick on all plate. The present Code
allows 64 or 0.010 in under ,

tolerance (whichever is least) .

HE-3111. UG-22 UG-22 Loading as applied to Section III,1980 Code,
! T load-carrying compo- specifies additional loads to

, 7 nents* be considered in designing the
' W vessel. These includes

o dynamic head of liquids
*

o snow loads and vibration
loads,

'

o reaction to steam and
water jet impingement

UG-20 Design temperature as The effects of internal heat; NE-3112.2 ---

applied to the vessel generation due to radiation
j and its components * (in addition to all external
{ sources) must be included in

establishing design temperature.:

1 H

--- --- Design mechanical Currently, the design loadNE-3112.3
loads as applied to combination includes mechanical vi

the vess'el and its loads. In 1956, the Code M
components * considered pressure at l'

I "temperature only.
m

* Treatment of loads and load combinations is addressed in Section 10

_ _ _ - _ _ _ _ _ _ _ _ _ . _ _ _ .
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APPENDIX B-1

|

AISC 1953 VS. AISC 1980

.

SIEGIARY OF CDDE COMPARISON

e

! (SYNTHESIS OF AISC 1953 VS. AISC 1963 VS. AISC 1980 CODE COMPAR!Soms)

I

1

.
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AISC 1953 VS. AISC 1980
SGIMARY OF CODE COMPARISON

$bs

Q Scale A

$
E Referenced Subsection

tu

F
7 AISC AISC AISC Structural Elements

g 1980 1963 1953 Potentially Affected Comments

f{ l.5.1.1 1.5.1.1 -- Structural members under Limita tions Scale,

g tension, except for pin -

connected members

CFy < 0.833 Fu
B0.833 Fu < Fy < 0.875 Fu
AFy > 0.875 Fu

Y 1.5.1.2.2 -- -- Beam end connection See case study 1
l' where the top flange for details."

is coped and subject *

to shear, failure by
shear along a plane
through fasteners, or
shear and tension along,

and perpendicular to a
plane through fasteners

1.5.1.4.1 1.5.1.4.1 15 (a) (3) Rolled sections, plate New requirements added in
girders and built up the 1963 Code limiting the
members. allowable stresses for

tension due to bending.

1.5.1.4.1 1.5.1.4.1 -- Box-shape-$ members (subject New requirement in the
Subpara. to bending) of rectangular 1980 Code
6 cross section whose depth

is not more than 6 times
their width and whose flange
uiickness is not more than

'

2 times the web thickness

O 9 9 -
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I $b
,k] AISC 1953 VS. AISC 1980!

Fg ' SIMMARY OF 000E COMPARISON
is,

$ Scale A (Cont.)
k'y,

Referenced Subsection'

w
@ AISC AISC AISC Structural Elements

| 1980 1963 1953 Potentially Affected Comments.
,

!

1.5.1.4.1 1.5.1.4.1 -- Hollow circular sections New requirement in the
Subpara, subject to' bending 1980 Code .

7

1.5.1.4.4 -- -- Lateral support requirements New requirement in the
y for box sections whose depth 1980 Code

7* is larger than 6 times their
'' width

,

1.5.2.2 1.7 llib) Rivets, bolts, and Change in the require-
threaded parts subject to ments,

20,000 cycles or'more

! 1.6 1.6 12(a) Members subject to axial and New requirement for I

; bending stresses combined stresses added
in the 1963 Code

1.7 1.7 11 Members and connections Change in the require-
and subject to 20,000 cycles ments
Appendix or more
B

i

; 1.8.3 1.8.3 16 Axially loaded compression New requirements for
'

members where sideway is slenderness ratio added in
not prevented the 1963 Code

,

I

|

|
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AISC 1953 VS. AISC 1980[jg
SUMMARY OF CODE COMPARISONQ

Eg Scale A (Cont.)
en
#m

3 Referenced Subsection

h AISC AISC AISC Structural Elements
Q 1980 1963 1953 Potentially Affected Commentsy

|k .*

1.9.1.2 1.9.1 18(b) Slender compression unstiff- New provisions added in'

and ened elements subject to the 1963 and the 1980
Appendix axial compression or Code, Appendix C.
C compression due to bending

when actual width-to-
thickness ratio exceeds the
values specified in subsec-m

b tion 1.9.1.2
'*

,.

1.9.2.1 1.9.2 18(c) Stif fened compression New requirements added in
and members the 1963 Code and the 1980

CodeAppendix
C

,

-- -- Circular tubular elements New requirements added1.9.2.3
and subject to axial compression in the 1980 Code

' Appendix
C

1.10.4 1.10.4 26(d) Partial length cover plates New requirements added in
in plate girders and rolled the 1963 Code
beams

1.10.6 1.10.6 26 Hybrid girder - reduction New requirement added

in flange stress in the 1980 Code.
Hybrid girders were not
covered in the 1963 Code.

*

See case study 9 for details.

O O O -
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AISC 1953 VS. AISC 1980
SUMMARY OF OODE COMPARISON|g

! ta

fy Scale A (Cont.)
Ab Referenced Subsection[g
In '

i

[j AISC AISC AISC Structural Elementsi

4 1980 1963 1953 Potentially Affected Comments,

.

.

1.10.7 1.10.7 -- Plate girder web New requirements for combined
shear and tension stress .

added to the 1963 Code

1.10.10.2 1.10.10.2 26 Stiffeners for web plate Change in the requirements of
,
a girders the 1953 Code
e

1.11.1 1.11.1 13 (a) Composite construction Limitation on effective width
! of concrete flange is intro-

,

duced in the 1953 Code
:

1.11.4 1.11.4 13 Shear connectors in New requirements added in

composite beams the 1963 Code and the 1980
Code

1.11.5 -- -- Composite beams or girders New requirements added
; with formed steel deck in the 1980 Code
|

( Roof surface not providedl.13.3 -- --

with sufficient slope
[

towards points of free drain-
age or adequate individual
drains to prevent the
accumulation of rain water
(ponding)

- - - - _ - _ _ _ _ _ - - - - - _ - - -
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AISC 1953 VS. AISC 1980j
E SUMMARY OF CODE COMPARISON

su

2|" Scale A 8"Ost.)

in Referenced Subsection7

5@

|h
,

AISC AISC AISC Structural Elements*

1980 1963 1953 Potentially Affected Comments

1.14.2.2 -- -- Axially loaded tension New requirement added
members where the load is in the 1980 Code
transmitted by bolts or
rivets through some but not ,

? all of the cross-sectional |

7' elements of the members
a

1.14.6.1 1.14.7 15(f) Effective throat thickness
,

for partial penetration weld

1.15.5.2 -- -- Restrained members when New requirement added

1.15.5.3 flange or moment connection in the 1980 Code
1.15.5.4 plates for end connections

of beams and girders are
welded to the flange of I
or H shaped columns

1.15.7 1.15.7 21(g) Connections of tension and
compression members in
trusses -

1.18.3 1.18.3 28(b) Built-up members under New requirement added

tension in the 1963 Code

.

G O 9~
.

.
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!h AISC 1953 VS. AISC '1980

SUMMAPY OF CDDE COMPARISON
' uh

Scale A (Cont.)
s*

Referenced Subsection
? -

'

AISC AIEC AISC Structural Elements
; 1980 1963 1953 Potentially Affected Comments

2.4 2.3 -- Columns, Slenderness ratio Sec case study 4 Scale
1st lat for columns. Must satisfy: for details.
Para. Para.

to 1 < 2 :2Ea

{
_ F < 40 kai C- y

r F 40 < Fy < 44 ksiy
3

Fy > 44 kai '

A,

i
; 2.7 2.6 -- Flanges of rolled W, M, See case study 6 Scale'
-

or S shapes and similar for details..

built-up single-web shapes
subject to compression

F 36 kaiy << F30 y < 38 kai B
Fy > 38 kai g

2.9 2.8 Lateral bracing of members See case study 7
--

to resist lateral and for details,
torsional displacement

Appendix -- -- Web tapered members New requirements added
D in the 1980 Code

.

__- __
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AISC 1953 VS AISC 1980
SUMMARY OF CODE ODMPARISON

,,_

153

A?h Scale B

f Referenced Subsection

tw
"2 AISC AISC AISC Structural Elements Comments

1980 1963 1953 Potentially Affected

h
Flanges of square and The 1980 Code limit onn 1.9.2.2 1.9.2 --

g rectangular box sections width-to-thickness ratio
4 of uniform thickness, of of flanges is slightly

stiffened elements, when more stringent than that
of the 1963 Code. .

subject to axial,compres-
sion or to uniform compres-
sion due to bending

Hyttid girders Hybrid girders were notm 1.10.1 -- --

covered in the 1963|,
, Code. Application of

the new requirement

could not be much
different from other
rational method.

1.10.5 1.10.5 26 (e) Intermediate stiffeners for Change of in the requirements
plate girders and rolled of the 1953 Code
beams

1.11.4 1.11.4 -- Flat soffit concrete slabs, Lightweight concrete is
using rotary kiln produced not permitted in nuclear
aggregates conforming to plants as structural

members (Ref. ACI-349) .ASTM C330

-- -- Beams and girders supporting Lightweight constructiont

1.13.2 large floor areas free of not applicable to nuclear
structures which arepartitions or other source

of damping, where transient designed for greater loads ~

vibration due to pedestrian
traf fic might not be

acceptabl

G
.
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AISC 1953 VS. AISC 1980
i SUMMARY OF OODE COMPARISONgg,

ma

Scale B (Cont.)
BE.

tE Referenced Subsection

Y$
?g AISC AISC AISC Structural Elementsj
hg 1980 1963 1953 Potentially Affected Comments

[n
R$ 1.14.2 1.14.3 19(g) Member with through hole The 1963 Code specifies

4 slightly more stringent
requirements

l
Flare type groove welds when1.14.6.1.3 -- --

:

{ flush to the surface of the
solid section of the bar

i

; a

| 4 1.15.5.5 -- -- Connections having high New insert in the 1980
shear in the column web Code*

| .
| -

Friction type joints.l.15.11 1.15.11 --

i

Fasteners, minimum spacing,; 1.16.4.2 1.16.4 --

requirements between fastenersf

I 1.16.5 1.16.5 -- Structural joints, edge
distances of holes for
bolts and rivets

2.3.1 -- -- Braced and unbraced multi- Instability effect on
2.3.2 story frame - instability short buildings will

effect have negligible effect.

Members subject to combined Procedure used in the2.4 2.3 --

axial and bending moments 1963 Code for the
interaction analysis is
replaced by a different
procedure. See case
study 8 for details.

'

I
J
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AISC 1953 V.I. AISC 1980 -

[Q
n

SUMMARY OF CODE COMPARISONg
l BE

_ Scale C
O
f Referenced Subsection
:r

@ AISC AISC AISC Structural Elements
1980 1963 1953 Potencially Affected Commentsy ,

1.3.3 1.3.3 -- Support girders and their
connectionti - pendant

operated traveling cranes

The 1963 Code r$ quires 25% The 1963 Code require-

Y increase in live loads to ment is more stringent,

7 allow for impact as applied and, therefore,

5 to traveling cranes, while conservative. -

the 1980 Code requires
10% increase.

;1.5.1.3.1 1.5.1. 3.1 15 (a) (2) Axially loaded members under New requirements added
compression the 1963 Code - See

Case Study 15 for
details

1.5.1.5.3 1.5.2.2 -- Bcelts and rivets - bearing New provisions added
stress on projected area - in the 1963 Code.
in bearing type connections

Fp = 1.5 Fu (1980 Code)
Fp = 1.35 Fy (1963 Code)

1.10.2 1.10.2 26(b) Web girders and rolled beams The requirements of the
1963 Code are more,
liberal

.

O O O-
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[T$s AISC 1953 VS. AISC 1980
ff SUMMARY OF 00DE ODNPARISON

|'On
sh Scale C (Cont.)
@

aR Referenced Subsection
o _ .g

AISC AISC AISC Structural Elements
1980 1963 1953 Potentially Affected Comments

,

Stiffenero in girders - New design concept1.10.5.3 1.10.5.3 --

added spacing between in 1980 Code giving

y stif feners at end panels, less stringent require-

7' at panels containing large ments. See case study

[ holes, and at panels 5 for details.
adjacent to panels '

containing large holes

Continuous composite beams, New requirement added1.11.4 1.11.4 --

'
where longitudinal reinforc- in the 1980 Code
ing steel is considered-

to act compositely with the

j steel beam in the negative
' moment regions

1.14.5 1.14.6 19 (g) Pin Connected Members

1.15.1 1.15.1 21(a) Connections More stringent

| requirements were
'

specified in the
1953 code.

_
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APPENDIX B-2

ACI 318-56 VS. ACI 349-76

| SIMMA10f OF CODE COMFMtISON
4

(SYNTHESIS OF ACI 318-56 VS. ACI 318-63 VS. ACI 349-76 CODE COMPARISONS)
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; ACI 318-56 VS. ACI 349-76
'

c, SUMMARY OP WDE COMPARISON,=

p
f' Scale A

[]5i,

g Referenced Subsectione

I fy ACI ACI ACI Structural Elements
N 349-76 318-63 318-56 Potentially Affected Comments

1'5
,

Q 3.5 405 (e),(f) Prestressed elements New insert lista ASTM--.

.f @ specifications for:

i 6 prestressing wire and
s trands. 318-56 did not
have sections dealing with.,

j prestressed concrete.

Controls other than ACI
Codes or recommended
practice would apply toa,

j h this type of construction
;'

; n prior to 1963. '

-

7.10.3 805 -- Columns designed for Splices of the main rein-,

stress reversals with forcement in such columns
variation of stress from must be reasonably limited
f in compression to to provide for adequate
1/y2 fy in tension ductility under all loading

conditions. I

Chap. 9 Chap. 15 A604 All primary load-carrying Definition of new loads
9.1, 9.2, members or' elements of the not normally used in
& 9.3 most structural system are design of traditional
specifi- potentially affected buildings and redefini-
cally

I, tion of load factors and
i capacity reduction factors

has altered the traditional
analysis requirements.*

,

*Special treatment of load and loading combinations is (Jdressed in other sections of the ',

| | report.
i

G G G ~
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! ACI 318-56 VS. ACI 349-76
| SCHMARY OF CODE COMPARISON

@
Scale A (Cont.)>

fs
5,E Re ferenced Subsection

ACI ACI ACI Structural Elements
p% 349-76 318-63 318-56 Potentially Affected Comments
,

i:n All primary load-carrying Design loads here referr 10.1 -- --

and members to Chapter 9 load'

; combinations.* .
' R 10.10 -

,

!

All primary load-carrying Design loads here refer11.1 -- --

members to Chapter 9 load,

;

combinations.*'

11.13 -- - Short brackets and corbels As this provasion

Y which are primary load- is new, any existing

carrying members corbels or brackets may"
.
" not meet these criteria

*

and failure of such
elements could be non-
ductile type failure.
Structural integrity
may be seriously
endangered if the design
fails to fulfill these
requirements.

4

Applies to any elements Structural integrity11.15 -- --

loaded in shear where it is may be seriously

inappropriate to consider endangered if the design

shear as a measure of fails to fulfill these
4

; diagonal tension and the requirements.
loading could induce
direct shear-type cracks

*Special treatment of load and loading combinations is addressed in other sections of the
repott. .
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'21

Scale A (Cont.)
h
g5 Referenced Subsection
M ACI ACI ACI Structural Elements

y, 349-76 318-63 318-56 Potentially Affected Comments
[;i

g'$ All structural walls - Guidelines for these11.16 -- --

3E those which are primary kinds of wall loads were
3 load carrying, e.g., shear not provided by older

walls and those which codest therefore, struc-

serve to provide protec- tural integrity may be
,

tion from impacts of seriously endangered if
missile-type objects the design fails to

fulfill these require-

to ments.

O I
*

Chapter 12 Chapter 18 -- All New chapters old code dida
not have ultimate strength ,|
criteria for bond. This -

chapter presents some
changes in bond stresses
allowed and a change in
philosophy. Allowable bond
values are higher on small
bars, but lower on large
bars because of this shif t
in philosophy introduced by
ultimate strength logic
here.

Splice lengths in column
steel are the same as the
56 code and permissible
bond stress for compression
bars was set to match when
reduced to working stress. -

G O G -
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ACI 318-56 VS. ACI 349-76*

SLD4 MARY OF CODE COMPARISON

th
E5' Scale A (Cont.)

um
E5gg Referenced Subsection
s5' ACI ACI ACI Structural Elements

{=r '
j 349-76 318-63 318-56 Potentially Affected Comments

l

h. -- )'
T 1301(c) Table All Allowable bond stresses are

{a
p 305 (a) presented in the new code

as a function of concrete.

4 strength and bar diameter.
Values in the new code are
higher for small diameter ,
bars and lower for large
diameter bars as compared
to the old code. See case

y study (14) .

Composite construction New chapter; ACI 318-56 didChap. 17 Chapter 25 --

not contain specific
sections on composite
concrete flexural members
and composite consruction.

.

Prestressed concrete New chapter; ACI 318-56 didChap. 18 Chapter 26 --

not contain specific
sections or criteria for
prestressed concrete.

Prestressed concrete New load combinations18.1.4 -- --

and elements here refer to Chapter 9
18.4.2 load combinations.*

.

Shell structures with This chapter is com-Chap. 19 -- --

thickness equal to or plately new; therefore,

greater than 12. inches shell structuces
designed by ths general

*Special treatment of loads and loading combinations is addressed in other sections of the
report.

________-____
,
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ACI 318-56 VS. ACI 349-76;
' g SUMMARY OF QDE COMPARISON

Scale A (Cont.)
I b

s5' Referenced Subsectioni

.7,T ACI ACI ACI Structural Elements
M 349-76 318-63 318-56 Potentially Affected Comments
N
:r

Chap. 19 . criteria of older codes .

I- il (Cont.) may not satia.fy all *

i 4 aspects of this chapter.

| Additionally, this chapter
*

; refers to Chapter 9 provi-
sions.

.

Appendix A -- -- All elements subject to New appendix; older
y time-dependent and position- did not give specific
y dependent temperature varia- guidelines on short-ters ,.
m tions and which are temperature limits for .

restrained such that thermal concrete. The possible
,

strains will result in effects of strength loss in
i thermal stresses concrete at high tempera-

tures should be assessed.

Scale A for any accident
temperature or other thermal
condition exceeding limits,

of paragraph A.4.2.

Appendix B -- -- All steel embedments used New appendix; therefore,
to transmit loads from considerable review cf
attachments into the rein- older designs is,

, forced concrete structures warranted.**

**Since stress analysis associated with these conditions is highly dependent on definition
of failure planes and allowable stress for these special conditions, past practice
varied with designers' opinions. Stresses may vary significantly from those thought to ~

exist under previous design procedures.

9 9 9-.
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! SUMMARY OF CODE COMPARISON-
' ME

no
pp Scale A (Cont.)
'M
f%

'

Refarenced Subsection

{{ ACI ACI ACI Structural Ele.aents
gg 349-76 318-63 318-56 Potentially Affected Comments

! 6 ,

Appendix C -- -- All elements whose failure New appendix; therefore,
under impulsive and considerations and

"

impactive loads must be review of older designs,

| precluded is considered important.**

|

Y
"

.
.

: ~a
! *

|

**Since stress analysis associated,with these conditions is highly dependent on definition
of failure planes and allewable stress for these special conditions, past practice
varied with designers' opinions. Stresses may vary significantly from those thought to
exist under previous design procedures.

!

|
|
|

|



_ _ _ _ _ _ _ - _ _ _ _ _ - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ . . -. _ - _ _ _ . _ _ _ _ _

>

' :s

$}'
"

ACI 318-56 VS. ACI 349-76
SUMMARY OF OODE COMPARISON

n
UE - -

E3 Scale B '

|, if
!! Referenced Subsection'

| I@Q
ACI ACI ACI Structural Elements

349-76 318-63 318-56 Potentially Affected Comments
la,

. ..
'

l.3.2 103 (b) -- Ambient temperature contro? Tighter control to i.

for concrete inspection - ensure adequate control
upper limit reduced 5* of curing environment

(from 100*F to 95'F) for cast-in place
applies to all structural concre te.

concrete

Y
I' l.5 -- -- Requirement of a " Quality Previous codes required
* Assurance Program" is new. inspection but not the

Applies to all structural establishment of a
concre te quality assurance

program.

Chap. 3 Chap. 4 Chap. 2 Any elements containing Use of lightweight con-

steel with fy > 60,000 crete in a nuclear pisnt
pai or lightweight not likely. Elements
concrete containing steel with

fy > 60,000 pai may
have inadequate ductility
or excessive deflections
at service loads.

-- 1208 -- Elements where light- Probably Joes not apply to
weight concrete was used. nuclear structures.

.

G G G-
_ _ _
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ACI 318-56 VS. ACI 349-76
SUMMARY OF CODE COMPARISON, .=

! EE!

* 71 Scale B (Cont.)!
h Referenced Subsection

pg ACI ACI ACI Structural Elements

($ 349-76 318-63 318-56 Potentially Affected Comments
! ($
j g{ 3.2 402 205 Cement This serves to clarify

*

tg intent of pr,evious code.'

,E'

; 3.3 403 206 Aggregate Eliminated reference to
lightweight aggregate.

3.3.1 403 206 Any structural concrete Controls of ASTM C567,i

covered by ACI 349-76 and " Standard Specifications
, expected to provide for for Aggregates for

;

j, radiation shielding in Radiation Shielding
6 addition to structural Concrete," closely

capacity parallel those for ASTM '

C33, " Standard Specifi-

cation for Concrete
Aggregate s. "

. .

3.3.3 403 206 Aggregate To ensure adequate control.

3.4.2 404 207 Water for concrete Improve quality control
measures.

3.5 405 208 Metal reinforcement Removed all reference
to steel with

fy > 60,000 psi.
3.5.1 405(a) Reinforcing bar welds Older code did not-- '

reference A.W.S. literature,
but specific jobs that-

allowed welding of
reinforcing bara normally
listed requirements in the
job specifications.
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;Ei, ACI 318-56 VS. ACI 349-76
'

SUMMARY OF CODE COMPARISON

! y)$
!

[ Scale B (Cont.)
i a 5'

h Referenced Subsection
M ACI ACI ACI Structural Elements

[ 349-76 318-63 318-56 Potentially Affected Commentsj

[9'

-$ 3.6 406, 407, -- Concrete admixtures Added requirements to'
& 408 improve quality control.

3.6.3 & 407 & 408 -- Concrete where admixtures Extensive use of these
i, 3.6.4 were used admixtures before 1963 was

not common.

[ 4.1 & 501 & 302 & Concrete proportioning Proportioning logic
4.2 502 303.

5 improved to account for i

!
statistical variation

'

'

and statistical quality
con trol.

4.2.5_& 501(c) & -- Concrete exposed to Past practice used other
4.2.7 501(d) freezing or chemically sources to guide designs

aggressive environments in che.nically aggressive
environments..

4.3 504 304 Evaluation and acceptance Added provision to
of concrete allow for design

specified strength at
age > 28 days to be
used. Not considered
to be a problem, since
large cross sections will
allow concrete in place
to continue to hydrate.

.

G 9 9~
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ACI 318-56 VS. ACI 349-76
pg SUMMARY OF CODE COMPARISON '

.a

Scale B (Cont.)
i

'

a 5' Re ferenced Subsection
M ACI ACI ACI Structural Elements
?U 349-76 318-63 318-56 Potentially Affected Comments

in
h 4.3.3 504(c) 304(c) Concrete quality control Changed to separate quality

t$ control on strength for
4 working stress *and ultimate

s treng th. Control for
working stress in new code

*

made somewhat more ;

.

conservative.
!

Lightweight concrete New section added fory -- 505 --

F lightweight aggregate
y concrete diagonal tension

,

control. Old code did not .

specify this parameter.

5.7 607 -- Curing of very large Attention to this is
concrete elements and required because of the*

control of hydration thicker elements
temperature encountered in nuclear-

related structures.

6.3.3 - -- kil structural e.lements Previous codes did not
with embedded piping address the problem of
containing high tempera- long periods of exposure
ture materials in excess to high temperature and
of 150*F, or 200*F in did not provide for
localized areas not reduction in design
insulated from the allowables to account for
concrete strength reduction at high,

(>l50*F) temperatures.



ACI 318-56 vs. ACI 349-76

EL, SUMMARY OF CODE COMPARISON
e=

Scale B (Cont.)
$

E3 Referenced Subsection
-ACI ACI ACI Structural Elements !

,} 349-76 318-63 318-56 Potentially Affected Comments
,

O *

fp 7.5.5.1 805(d) 1103 Welded splices Welded splice requirement

ag (c) (3) is more conservative as Lae -

;
56 Code only required !

'

splices in compression to
*

develop 100% of yield.
Design allowables were
reasonably below yield.
This is not considered

Y critical.
E'
U 7.5, 7.6, 805 506, Members with spliced Sections on splicing and tia .

& 7.8 1002(d), reinforcing steel requirements amplified to
1103 (c) better control strength at

splice locations and provide
ductility.

,

Elements which used welded This type of reinforcement7.8.1 & 805(f) --

7.8.2 wire fabric as main rein- not generally used in large
forcement structures and main

structural elements;
therefore, not considered a
problem.

7.9 805 -- Members containing baw sections to define
deformed wire fabric requirements for this new

material.

Connection of primary To ensure adequate7.10 & -- --

7.11 load-carrying members and ductility.
at splices in column steel -

G G e-
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ACI 318-56 VS. ACI 349-76
SUMMARY OF CODE COMPARISON. m_

I [b
mm Scale B (Cont.)

B |
3

gh Referenced Subsection i

pm ACI ACI ACI Structural Elements

?k 349-76 318-63 318-56 Potentially Affected Ph=mants i

hb \

{ 7.12.3 & -- -- Lateral ties in columns To provide for adequate duc- :
'

g 7.12.4 tility.

5
-

,

Reinforcement in exposed New requirements to conform7.13.1 -- --
;

; through concrete with the expected large
~

7.13.3 thicknesses in nuclear- -
<

related structures. i

Continuous nonprestressed Allowance for redistributiona 8.6 *-- --

'

E flexural members, of negative moments has
*

been redefined as a function.
,

' "
of the steel percentage. ,

) 9.2 1504 (b) All Concept of a capacity )
--

| reduction factor 6
j applied to the ultimate >

.

! strength equations is new.
This in a way replaces the

I old code use of different -

load factors for different +,

structural elements. !

:

9.3.1 & 1506 A604 All Load factors have changed -

| 9.3.2 also the use of different
load factors for different

Istructural elementa was ,

dropped. These changes !

have been offset by the {
introduction of the
capacity reduction factors ;

therefora, overall effect ;

not critical. ;

i

., . . . , . _ _ _ _ _ _
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ACI 318-56 VS. ACI 349-76
hj SUMMARY OF CODE COMPARIdON
E

Scale B (Cont.)
NE ,'

Referenced Subsection,

|y
ACI ACI ACI Structural Elements;

R 349-76 318-63 318-56 Potentially Affected Comments -

f:r9 9.4 UO5 A603(c) Reinforcing steel - 6.aign See comments in Chapter 3 ;

*h strength limitation summary. '
,

9.5.1.1 -- -- Reinforced concrete members Allows for more strine,ent
subject to bending - controls on deflection in
deflecticn limits special cases.

m 9.5.1.2 Slab and beams - minimum Minimum thickness generally-- --

A through thickns.ss requirements would not control this type
*

9.5.1.4 of structure.,
u ,

j 9.5.2.4 909 -- Beams and one-way New section on control of i

-

slaba deflections needed because
! of use of new high strength

steels and concrete. Will,
generally, not be a problem
in structures carrying
heavy loads as alnimum.

thickness would not control.

, 9.5.3 -- -- Nonprestressed two-way Immediate and long time
! construction deflections generally not,

j critical in structures,

i designed for very large live
loadingar however, design by

i ultimate strength requires
| more attention to deflection
; controls.

-
,

(

e G S-



_ _ _ _ _ _ _ _ _ _ . _______-_ ___ _ _ ______________________ - _____ -_ _ _

h O
g

ACI 318-56 VS. ACI 349-76
SUMMARY OF CODE COMPARISON

Ob Scale B (Cont.)
>

f9 Referenced Subsection
g'h ACI ACI ACI Structural Elements
om 349-76 318-63 318-56 Potentially Affected Comments.
bk
|% 9.5.4 & Prestresced concrete members Control of camber, both-- --

($ 9.5.5 initial and long time in,

gg addition to service load
$ deflection', requires more

attention for designs by
ultimate strength.

.

10.2.7 Flexural members - new limit Lower limit on B of 0.65-- --

on B factor would correspond to an
y f'c of 8,000 pai. No
y concrete of this strength
g likely to be found in a

nuclear structure. *

10.3.6 -- -- Compression members, with Limits on axial design load
spiral reinforcement or for these members given in

.

tied reinfoccement, non- terms of design equations.
-

prestressed and prestressed See case study 2

10.3.6 Chapter 19 A600 Columns The introduction of the
capacity reduction factor

4 viewed alone would
. significantly effect the

ultimate design code
results; however, the
introduction of lower load
factors at the same time
minimizes the effect.
Sample calculations r.how
reasonable parity between
safety margins with the
older code being generally
more conservative.

<
.



ACI 318-56 VS. ACI 349-76
SUMMARY OF CDDE COMPARISON

!Ni *

> Scale B (Cont.)
b '

BEi Referenced Subsection i

[x ACI ACI ACI Structural Elements

*3 349-76 318-63 318-56 Potentially Affected Comments,

2 10.6.1 1508 A604(a) Beams and one-way slabs Changes in distribution of
through reinfor:ement for crack

( 10.6.4 control. -

10.6.5 -- --

'
Beams New insert

.

10.7 910 -- Deep beams Older code did not address
" deep beams" as a specific

to case.
d
*

r 10.11 916 1107 Iong columns For long columns, h/t limit* ,

removed and a new strength
reduction logic, which
includes factors such as
resistance to lateral ,
displacement of the ends,

and mode of curvature in
the formulation, replaces
load reduction based on
h/t. The old code designs
were generally conservative

; and long slender columns
j were not allowed.
,

10.11.1 915 & 1107 Compression members, For slender columns, moment
j through 916 slenderness effects Pagnification concept

10.11.7 replaces the so-called
& 10.12 strength reduction concept,

but for the limits stated in,

,

* ACI 318-63 both methods .

yield equal accuracy and

' both are acceptable methods.

e G. O ~
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ACI 318-56 VS. ACI 349-76cm

EE$ SUMMARY OF OODE ODNPARISON

fpl*

s Scale B (Cont. )
BE
to
y2 Referenced Subsection

Sf ACI ACI ACI Structural Elements
;; 349-76 318-63 318-56 Potentially Affected Chaments
w
in >

1102(c) -- Flexural elements which New requirements defined for '

[3 --

( contain compression steel computing the compression
. steel contribution to the |

transformed area. This was
to account for stress
increase which results from ,

creep. Will not be
a significant where design
A dead inad is not a large
'

g part or the design load. i

10.15.1 1404 -- Composite compression New items - no way to com-
through through members pare ACI 318-63 contained-
10.15.6 1406 only working stress method

*

of design for these members.j -

|
10.17 -- -- Massive concrete members, New item - no comparison.'

more tnan 48 in thick

-- 1407 1109 Columns Both codes use interaction
logics however, new code -

'

working stress interaction
diagram is derived from the
ultimate strength diagram.
The definition of the
tension controlled region

ichanges since balanced
eccentricity is the new |

!limit as opposed to the old
" Kern" definition.

_,
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g, ACI 318-56 VS. ACI 349-76
*E * SUMMARY OF CODE COMPARISON

]f
Scale B (Cont.)

to

2[ Referenced Subsection
D ACI ACI ACI Structural Elements
y 349-76 318-63 318-56 Potentially Affected Comments

h2 - Comparison ip complex but.R
3 (Cont.) in general it is probable

that the old code is more
conservative.

11.2.1 & -- -- Concrete flexural members For nonprestressed members,
11.2.2 concept of minimum area of

Y shear reinforcement is new.
F For prestressed members,
5 Eqn. 11-2 is the same as .

in ACI 318-63. Requirement
of minimum shear reinforce-
ment provides for ductility
and restrains inclined
crack growth in the event

of unexpected loading.

11.3 Chapter 17 -- All This chapter is completely
news previous codes did not
contain ultimate strength
design criteria for shear
and diagonal tension.

11.7 -- -- Nonprestressed membero Detailed provisions for this
through load combination were not
11.8.6 part of ACI 318-63. These

new sections provide a con-
servative logic which-

. .

9 9 9 ~
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ACI 318-56 VS. ACI 349-76
,|

';h' SUMMARY OF CODE COMPARISON
1

kh Scale B (Cont.) -

fej
O Referenced Subsection5g3 ACI ACI ACI Structural Elements

f$ 349-76 318-63 318-56 Potentially Affected Comments
k$ ' '

4 11.7
.

requires that the steel
through needed for torsion be added
11.8.6 to that required for .

(Cont. ) transverse shear, which is
, consistent with the

logic of ACI 318-63.
? This is not considered to be
F critical, as ACI 318-63
L; required the designer to

,

consider torsional stressess
assuming that some rational,

method was used to account for
torsion, no problem is

*

expected to arise.

11.9 Deep beams Special provisions for shear
-- --

through stresses in deep bease are new.
11.9.6 The minimum steel requirements

are similar to the ACI 318-63
requirements of using the wall
steel limits.
Deep beams designed under
previous ACI 318-63 criterion

were reinforced as walls at
the minimum and therefore no
unreinforced section would
have resulted.

|

.

ah-
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ACI 318-56 VS. ACI 349-76
pg_, SUMMARY OF 00DE COMPARISON
c=.

"[ Scale B (Cont.) -

k
g5 Referenced Subsection
2r? ACI ACI ACI Structural Elements
?$ 349-76 318-63 318-56 Potentially Affected Comments3
2

{a
p 11.10 -- -- Slabs and footings New provision for shear

through reinforcement in slabs or.

4 11.10.7 footings for the two-way
action condition and new
controls where shearhead
reinforcement is used.
Logic consistent with ACI

318-63 for these conditions
? and change is not considered
F sajor.n
o ,

-- 1207 808-809 Slabs and footings Shear stress logic for
working stress design in ACI
318-63 was developed by
applying a factor of 2 to the

,

ultimate strength logic. In
slabs and footings, the
critical section for shear

was defined at a distance 4/2
(not d) from the face of the
support or column. Allowable
stresses in the new code are
largers however, overall
differences are not great in
the final design.

-- 2101(e) (2) -- Slabs New section added to give a
specific method of defining
the effect of a slab opening
on the critical section

_

around a column.

9 9 9 ~
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; ACI 318-56 VS. ACI 349-76
SUMMARY OF (DDE COMPARISON

$I, Scale B (Cont.)
>

fg Referenced Subsection
BE ACI ACI ACI Structural Elements
$ 349-76 318-63 318-56 Potentially Affected Commentsf,3!

f$
'

1604 Members with nonsymmetrical Old code did not address--- --

2
cross sections this problem. Old designs

h generally done by very
G conservative assumptions.

-

11.11.1 1707 Slabs and footings The change which deletes--

,

the old requirement that - '

steel be considered as only
50% effective and allows

m concrete to carry 1/2 the
0 allowable for two-way
*

action is new. Also deleted,

"
was the requirement that .

shear reinforcement not be
considered effective in
slabs less than 10 in thick.
Change is based on recent,

' research which indicates
i

that such reinforcement
works even in thin slabs.

11.11.2 -- -- Slabs Details for the design
through of shearhead is new. ACI
11.11.2.5 318-63 had no provisions for

shearhead design. The
requirements in this sec-

<

tien for slabs and footings
are not likely to have been
used in older plant designs.
If such devices were used,
it is assumed a rational
design method was used.4

._
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U51 ACI 318-56 VS. ACI 349-76
| ok]/ SUMMARY OF CODE ODMPARISDN
| !

IE Scale B (Cont.)l

no
2"yy Referenced Subsection

{g ACI ACI ACI Structural Elements
7 349-76 318-63 318-56 Potentially Affected Comments
Q

! k 11.12 -- -- Openings in slabs and Modification *for inclusion of
footings aheathead design. See above

! conclusion..

.

11.13.1 & -- -- Columns No problem anticipated since
11.13.2 previous code required

, , design consideration by some
; 4 analysis.

*' n
p Chap. 12 -- -- Reinforcement Development length concept

N replaces bond stress concept
in ACI 318-63.
The various Id lengths in
this chapter are based
entirely on ACI 318-63,

*

permissible bond stresses.
There is essentially no
difference in the final
design results in a design
under thd new code compared
to ACI 318-63.

12.1.6 918 (C) -- Reinforcement Hodified with minimum added
through to ACI 318-63, 918(C).
12.1.6.3

12.2.2 6 -- -- Reinforcement New insert in PCI 349-76.'

12.2.3 -

G G G ~
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gt SUMMARY OF 00DR 00HPARISONc=.

h[ Scale B (Cont.)
l$4

i as . Referenced Subsection *
| ff ACI ACI ACI Structural Elements

'! 349-76 318-63 318-56 Potentially Affected Comments
q
ga *

|wn 12.4
.h

-- -- Reinforcement of special New insert.
members Gives emphasis to special*

member consideration.

12.8.1 & -- -- Standard hooks Based on ACI 318-63 bond
12.8.2 stress allowables in

generals therefore, no
major change.

T
[2 12.10.1 & -- -- Wire fabric New insert. *

y 12.10. 2 (b) Use of such reinforcement -

not likely in Category I
structures for nuclear
plants.

12.11.2 Wire fabric New insert.-- --

Mainly applies to precast
prestressed members.

12.11 918 Beans Tensile steel cut of f
--

conditions are new. Older
design practice did not
terminate bara in high .
tension zones and generally
bent up bars where not
needed.

12.13.1.4 -- -- Wire fabric New insert.
Use of this material
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ACI 318-56 VS. ACI 349-E
g SUMMARY OF CODE COMPARISON
.g

Scale B (Cont. )
5

s5' Referenced Subsection
fy ACI ACI ACI Structural Elements
N 349-76 318-63 318-56 Potentially Affected Comments

[n 12.13.1.4 for stirrups not likely

5"a (Cont.) in heavy members of a-

4 nuclear plant.

13.2.4 2102 (g) -- Slabs New section added to ensure
*

moment transfer between
supports and the slab.

m 13.5 -- -- Slab reinforcement New details on slab
b reinforcement intended
*

w to produce better crack*
control and maintain
ductility.
Past practice was not
inconsistent with this
in general.

14.2 -- -- Walls with loads in the Change of the order of the
Kern area of the thickness empirical equation (14-1)

makes the solution com-
patible with Chapter 10
for walls with loads in
the Kern area of the
thickness.

15.5 -- -- Footings - shear and devel- Changes here are intended to
opment of reinforcement be compatible with change in

concept of checking bar
development instead of
nominal bond stress con- -

sistent with Chapter 12.

O O O -
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SUMMARY OF 0008 OOMPARISONcm

5'1

>[ Scale B (Cont.)
f5
=h Referenced Subsection
ppp ACI ACI ACI Structural Elements -

sg 349-76 318-63 318-56 Potentially Affected Comments
.

g' 15.5 2305(d) 1205(e) Footings Removal of the 854 shear *

t,g used to compute tensile
! Q reinforcement bond in
j two-way reinforced footings;
; now 100% shear is required.

| 15.9 -- --

'

Minimum thickness of plain Reference to minimum
footing on piles thickness of plain foot-

, m ing on piles which was
' /, in ACI 318-63 was removed

*

entirely.w
.,

16.2 -- -- Design considerations for New but consistent with
; a structure behaving the intent of previous
!

monolithically or not, code.
as well as for joints.

; and bearings.
|

17.5.3 2505 -- Horizontal shear stress Use of Nominal Average
in any segment Shear Stress equation,

I (17-1) replaces the
theoretical elastic
equation (25-1) of ACI
318-63. It makes design
computations easier.

,

18.4.1 Concrete immediately af ter Change allows more-- --

prestress transfer tension, thus is less con-
servative but not
considered a problem.
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ACI 318-56 VS. ACI 349-7 6
SUMMARY OF CODE COMPARISON

A Scale B (Cont.)

,2r Referenced Subsection
ACI ACI ACI Structural Elements

J 349-76 318-63 318-56 Potentially Affected Comments
il

[ 18.5 2606 -- Tendons (steel) Augmented to include yield

gQ and ultimate in the

* {- jacking force requirement.

18.7.1 -- -- Bonded and unbonded members Egn. 18-4 is based
on more recent test data.-,

i

| 18.9.1 -- -- Two-way flat plates Intended primarily for
I 18.9.2 (solid slabs) control of cracking.

Y 18.9.3 having minimum bonded

{ reinforcement
'a

| 18.11.3 -- -- Bonded reinforcement at New to allow for
~ 18.11.4 supports consideration of the
| redistribution of

negative moments in the, ,

design.

18.13 -- -- Prestressed compression New to emphasize
18.14 members under combined details particular to

| 18.15 axial load and bending. prestressed members not
18.16.1 Unbonded tendons. previously addressed in

Post tensioning ducts. the codes in detail.
Grout for bonded tendons.

t

18.16.2 -- -- Proportions of grouting Expanded definition of
materials how grout properties may

be determined.

18.16.4 -- -- Grouting temperature Expanded definition of
,

temperature controls
when grouting.

O G G. -
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| ACI 318-56 VS. ACI 34 9-76u=

) 'm
SUMMARY OF CODE COMPARISON

! $3'
| ; g Scale C
j a 5'

.

i

fg3 Referenced Subsection
L[g ACI ACI ACI Structural Elements

'

[g 349-76 318-63 318-56 Potentially Affected Pa=mants
' [n

53 7.13.4i ,

-- -- Reinforcement in flexural !

4 slabs
,

4

|

'

Chapter 7 2408, 2409 -- Precast elements New sections identify,
,

,

and 2410 special conditions allowed
by new code as exceptions
to the general code

1 y provisions. Old code s

} y required precasa elements
j tj to meet all Code provisions.

,

10.3.6 1403 (a) 1104(a) Tied columns New code allows more load '

to be carried on tied
'

columns, i.e., 854 as
'

i compared to 804 factor in
old code. Also new code
allows a higher 4 of steel
to be used in tied

i columns. This is less
'

conservative than the old
code.

10.8.1 912 1101 Compression members, Minimum size limitations
10.8.2 limiting dimensions are deleted in newer code
10.8.3 giving the designer more

freedom in cross-sectional
dimensioning.

. .
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ACI 318-56 VS, ACI 349-76
; SUMMARY OF 00DE COMPARISON

hL ,

,E Scale C

1[8| Referenced Subsectica
EE ACI ACI ACI Structural Elements
25' 349-76 318-63 318-56 Potentially Affected CommentsDNsa
t @r 1502(d) Continuous beams New Code allows for moment

-- --

In
!$. redistribution where

3 sufficient ductility
exists. Old designs
produce steel 4 on the

order of 0.4 pbf *

therefore, ductility was
there.

T 10.14 2306 1206 Bearing - sections ACI 318-63 is moreF controlled by design conservative, allowing a$.

bearing stresses stress of '

l.9(0.25 f'c) "

0.475 f'c < 0.6 f'c,

11.2.5 1706 805 & Reinforcement concrete mem- Allowance of spirals as
806 bers without prestressing shear reinforcement is new.

I
Requirement of 2 lines of

.

I wen reinforement, where
shear stress exceeds
6pffi , was removed.c

t 13.0 Two-way slabs with Slabs designed by the
-- --

to end multiple square or rec- previous criteria of ACI
tangular panels 318-63 are generally the

.
same or more conservative.

13.4.1.5 -- -- Equivalent column flexi- Previous code did not
bility stiffness and coneider the effect of
attached torsional members stiffness of members .

normal to the plane of ti a
equivalent frame.

e 9 9 ~
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>f ACI 318-56 VS. ACI 349-76
[g SUMMARY OF 00DE COMPARISON,

3 2r
. (5'
j pm Scale C (Cont.)
; 3

fk Referenced Subsection
~

1

s* ACI ACI ACI Structural Elements
fgg 349-76 318-63 318-56 Potentially Affected Comments

a,

15.6 2306(b) 1206(b) Columns New code requires only
transfer of actual stress

*

carried by the column
longitudinal bars. Old
code required transfer of

us full working value. Older
a code more conservative.

5 *

w
*

17.5.4 -- -- Permissible horizontal Nominal increase in -

17.5.5 shear stress for any allowable shear stress
surface, ties provided under new code.
or not provided

i

!

:|

,

e

- - --- - --
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$ ASME B&PV CODE COMPARISON

/] SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980
F

y$

l[" Scale AF.
Re ferenced Subsection

7 Section III Section VIII Section VIII Structural Elements .

Q 1980 1962 1956 to'entially Affected Comments

b'
NE-2124(b) UG-16(c) UG-16 (c) Pressor,s retaining The 1956 Code granted a blanket

pMces less than 0.010 in mill undertolerance
0.367 in thick on all plate. The present code

allows 6% or 0.010 inch under-

tolerance (whichever is least) .

? NE-3111 UG-22 UG-22 Inad-carrying compo- Section III, 1980 Code,
7 nents specifies additional loads to
"

be considered in designing the -

vessel. These #ncludes
o dynamic head of liquids i

o snow loads and vibration -

loads e

o reaction to steam and
water jet impingement

.

NE-3112.2 --- UG-20 vessel and components The effects of internal heat
generation due to radiation

(in addition to all external
sources) must be included in
er:tablishing design temperature.

NS-3112.3 --- -- Vessel and components Currently, the design load
combination includes mechanical
loads. In 1956, the code
considered pressure at
temperature only.

,

9 O 9 -
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ASME B&PV CODE COMPARISONm

|5$ SECTION VIII,1956 VS. SECTION III, SUBSECTION NE,1980

[7 hs
j Scale A (Cont.)

| 2c7

] Referenced Subsection
;; Section III Section VIII Section VIII Structural Elements |

% 1980 1962 1956 Potentially Affected Comments
3

'

& N E-3112. 4 UG-5(b) Plates, if under- h e If;5 Code permits conditional--

s treng th use of understrength plate, if

1. He local allowable stress is
correspondingly redi/ced; and

2. The UTS range is maintained.
Y This practice has been >

! E terminated and current codes"
are blind to such situationsi

{ in older structures.

'

Scale A - if additional loads,
not originally dat".gned for, are
required by current criteria.
No scale ranking applicable ;

otherwise.

NE-3112.4 UG-23 UG-23 Vessels of materials Section III, 1980 code, references
no longer listed as some materials which are
Code acceptable identical to those referenced in

| Section VIII, 1956 Code.
| However, several materials which

were referenced in Section VIII, '

are no longer listed in Section .

| III, 1980.

Justification of such use would
be necessary to show equivalence '

to current requirements.

|

I

e
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ASME BEPV CODE COMPARISON-

SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980
|E!

Scale A (Cont.)
i . g;

:o Referenced Subsection
,g Section III Section VIII Section VIII Structural Elements

1980 1962 1956 Potentially Affected Comments
s

h(
NE-3131 --- Various containment shells Section VIII, 1962 Code, calls for

[
,

Paragraphs designed by formula the design of vessels by formula, i

while Section III, 1980 Code i
*

requires that the rules of
Subsection NE-3200 (Design by-
Analysis) be satisfied.
In the absence of substantial
thermal or mechnical loads other

7 than pressure, the rules of

{ " Design by Formula" may still be
used. *

The scale rating for containment
shells where substantial therrel
or mechnical loads other tnan
pressure are absent is Scale B;
otherwise it is Scale A.

-- UG-25 (d) UG-25 (d) Vessels containing The 1956 Code required telltale
UW-15(b) telltale holes holes at reinforcing plates and

saddles at nozzles to be lef t
open. The 1962 Code permitted
plugging.

The removal of these provisions
from Section III, 1962 Code, bans
the use of telltale holes.
Moreover, the more recent version

of Section VIII specifically
excludes using telltale holes for

.

lethal substances.

O O G ~
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! ASMB B&PV CODE COMPARISON i

) N SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980
'

,! >[/
pE Scale A (Cont.)
as

$|" Referenced Subsection
! It Section III Section VIII Section VIII Structural Elements
i S 1980 1962 1956 Potentially Affected Comments

0
h NE-313 3.5 (a) UG-29 UG-29 Stiffening rings for The requirements of the 1980 Code

'
-

,

'
cylindrical shells defining the minimum moment of
subject to buckling inertia for stiffening rings as

i loads. compared to the requirements of
the 1956 Code may result in a
lower margin of safety.

j Scale
Y
7 Is' > 1.28 I Cs

i ui
y,e > 1.22 Is B -

Is' < l.22 Is A

NE-313 3.5 (b) --- -- Shell and stiffening This new insert in Section III
I rings of different of the 1980 Code requires using

materials. the material chart which gives
j the larger value of the factor

A. % is may result in a larger
stiffening ring section needed to
meet the requirements of the Code.

Scale A for ring-stiffened shells
where (1) the ring and the. shell
are of different materials and,
in addition, (2) the " factor A"
(as computed by the procedures of .

NE-3133.5) for the two materials
differs by more than 64;
otherwise Scale B.
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.

te, ASME B&PV CODE COMPARISON

[ SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980

[$
'

R3 Scale A (Cont.)
F

Referenced Subsection
Section III Section VIII Section VIII Structural Elements

IQ 1980 1962 1956 Potentially Af fected Comments
I!i

-- -- Containment hequirements for fatigue analysisNE-3221.5
components subject of vessels or parts which
to cyclic loadings. experience cyclic loadings are

provided in Section III,
Subsection NE, of the 1980 Code.
No specific guidance was provided
by Section VIII, 1956.t,o

-

ia
*

NE-3324.3 UG-27 (c) UG-27 (c) Vessel components The 1956 Code did not require ,

where welding computation of axial stress in
efficiency of circum- cylindrical shells. The wide
ferential joints is disparity in welding efficiencies
less than half the is deemed improbable.

'

longitudinal joint
efficiency

N E-3325 UG-34(c)3 UG-34(c)3 Heads, covers, or The 1956 Code did not distinguish
blind flanges on non- between circular and non-circular
circular shape plates when specifying plate

thickness. These thicknesses are
now regarded as inadequate for

, most non-circular plates.

NE-3325 UG34 (d) UG-3 4 (d) Unstayed flat heada Present code requires thicker
Figs. (c) Figs. (d) Figa. (b) and covers of the plates.

and (m) and (p) and (a) designs in the
referenced figures

.

S 9 9 ~
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$A '
: 3 s\

) d ASME B&PV CODE COMPARISON
gg SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980
2#
[a

, Ja$
I Scale A (Cont.),

I c.

4 Referenced Subsection .

Section III Section VIII Section VIII Structural Elements ,
!1980 1962 1956 |)otentially Affected enaments

,

NE-3327 UG-35 Footnote to Quick-acting Subsection NE, 1980 has expanded
UG-35 closures requirements for safety devices

, including
de
*
y o positive interlocks on

remotely operated doors *

o warning devices on manually
operated doors

o visibility of pressure
indicators from operating
floot.

NE-3334.1 UG-40 (b) UG-40 Reinforcement for New requirements in the 1980 code
HE-3334.2 UG-40(c) vessel openings impose additional restrictions

on metal that may be counted as
reinforcement.

HE-3365 --- -- Bellows and bellows The 1980 Code imposes new design
expansion joints requirements.

. . _ _ _ _ 1
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ASME B&PV CODE COMPARISON
SECTION VIII,1956 VS. SECTION III, SUBSECTION NE,1980

tE
(Summary of Code Changes with the Potential to Significantly"

"g Degrade Perceived Margin of Safety)

Scale B

2G'P Referenced Subsection
hg Section III Section VIII Section VIII Structural Elements

b[
5 1980 1962 1956 Potentially Af fected Comments

O NE-3133.1 & UG-28 UG-28 & Components under The cu'rves associated
NE-3133.6 UG-29 external pressure with the buckling of

and axial compression short cylinders appear
to have been replotted
to slightly different
values.

NE-332 4. 8 (c) --- -- Torisphereical heads The allowable stress
*

. made of materials is restricted to values
having minimum tensile less than 22 kai at

'

strength exceeding room temperature by the
80 kai the 1980 Code.

Allowahle stresses for
some plate materials
specified in the 1956
Code are slightly
higher.

NE-3325 UG-3 4 (d) UG-34 (d) Unstayed flat heads Not a code-recommended
No figure Fig. (s) Fig. (m) and covers secured practice for Section

III vessels.
by spinning

HE-3328 --- -- Combinations units 'Ihis new insert gives
the design require-
ments for pressure
vessels consisting of
more than one -

independent pressure

G G S~
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ASME B&PV CODE COMPARISON
SECTION VIII,1956 VS. SECTION III, SUBSECTION NE, 1980

I g, (f>ammary of Code Changes with the Potential to Significantly
"*

Degrade Perceived Margin of Safety)
, hd

gg Scale B (Cont.)i

n. 5'

1 M Referenced Subsection
'

% Section III Section VIII Section VIII Structural Elements

|y
t 1980 1962 1956 Potentially Affected enmaants
n,

| ti NE-3328 chamber. These4; (cont.) requirements are
standard practice for
designing such vessels.

NE-3335 UG-40 UG-45 Reinforcement in These new provisions of
nozzles and vessel Section III, 1980 Code,

m walls
d detail specific

requirements which are*
w

usually considered in
good design practice.

NE-3336 UG-41(a) Reinforcement for The 1962 Code has--

openings where welding provision that weld
is counted as rein- strength be taken as

,

forcement that of the weaker of;

: the metal joined.

NE-3700 Electrical and Provisions usually-- --

mechanical penetration adopted in standard
assemblies engineering design of

such assemblies.
NE-4120 UG-ll(c) Welded pressure parts Documentation of code--

other than the vessel acceptability of
shell welding practices as

presently required by
1980 Code was not code
enforced in 1956 and
may not be available.
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N
g.

Q b'
ES ASME B&PV CODE COMPA0ESON

SECTION VIII, 1956 VS. SECTION III, SUBSECTION NE, 1980
te
N

f':5
(Summary of Code Changes with the Potential to Significantly

Degrade Perceived Margin of Safety)r

In
[$ Scale B (Cont. )

4
Referenced Subsection

Section III Section VIII Section VIII Structural Elements
.

1980 _ 1962 _ 1956 Potentially Affected Comments_

Nil-4 232.1 UG-36(d)5 -- Reducers Restriction on
tf alignment of joints
y in troduced. Incalg bending moments could

be laduced if offset
joints were controlled,

g

NA-3767. 4 (a) 2 UG-85 Heat-treated Requirements for--

,

components written documentation
of heat-treatment
process were not ;

provided by the 1956
Code.

NE-6000 UG-101 Vessel shell and other The code has expanded--

pressuro retaining the methods for, and
parts exerts greater control

over, the acceptable
methods of proof
testing.

.

46
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f 2[ ASME B&PV CODE COMPARISON#
j

la$
SECTION VIII,1956 VS. SECTION III, SUBSECTION NE, 1980

*

f0,

R Scale C:
-' 4

Referenced Subsection
Section III Section VIII Section VIII Structural Elements *,

j 1980 1962 1956 Potentially Affected Pnmmants
,

i

i NE-3332.2 UG-37(b) UG-37(b) Area of reinforcement The 1980 code includes a correc-
| - vessels urs ar inter- tion factor, F, in the equation
; g, nal pressure for required area for reinforce-

r. ment. This area is the same or .

less than the uncorrected
equation required.

.
NE-3325 UG-3 4 (d) UG-3 4 (d) Well-proportioned flat Thinner heads for these designs

! Figs. (a ) , Figs. (a), Figa. (d), heads or covers of are now code acceptable.
(b), & (f) (c) , & (g) (c), & (f) circular shape of the

configurations shown in
the referenced figures.

i

NE-3362(b) UG-43 UG-43 Studded connections These paragraphs (although,

!

eddressing different issues)
,

|.
provide rules for minimum depth of
studs in general. The minimum
engagement length can be less '

under the 1980 Code.

|
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BEEM EhD COMUECTIGP' kHERE TCP FLAtGE IS COPED, CASE STUDY ~1= ~

FY, PSI FU. PSI H . IP! C1 C2 ALLOWARLC LOAD,LR PCT.
1963 Cane 1480 cncr

36060 60000 12.00 1.00 0.74 172800 104400 40,
36000, 60000 12.00 1.50 0.74 172200 134400 22.
36000. 60000 24.00 1.00 0.74 345600 194400 70

36000 60000 24.00 1.00 2.48 345600 206P00. 40,
36000 60000 24.00 1.50 0.74 345600 13^400. 61.
36000. 60000 24.00 1.50 2.4E 345600 230e00, 31
36000 60000 24.00 2.25 0.74 345600 179400 4R.
36000. 60000 24.00 2.25 2.18 345600, 783800 14
36000. 60000 36.00 1.00 2.4a 51o400 20H400. 60
36000 60000 36.00 1.00 4.81- $18400 349600 33.
36000. 60000 36.00 1.50 2.00 516400 236900. 54
36000 60000 36.00 1.50 4.81 518400 378600. 27
36000 60000 36.00 2.25 2.43 516400 293800 45

! 3600n. 60600 36.00 2.25 4.81 51R4no. 423600 tR.

( 50000. 7v000 12.00 1.00 0.74 240000 121800 49
t 50000. 70000 12.00 1.50 0.74 240000 156800 35.

50000. 70000 12.00 2.25 0.74 240000 209300. 13.

50000. 70000 24.00 1.00 0.74 480000 121000. 75.
50000. 70000 24.00 1.00 2.48 480000 243600. 49.

i

; 50000, 70000 24.00 1.50 0.74 480000 156800 67
50000 70000 24.00 1.50 2.48 480000.- 270600 42. - { |
50000 70000 24.00 2.25 0.74 480000 209300 56
50000 70000 24.00 2.25 2.48 4R0000 331100 31.
50000. 70000, 36.00 1.00 2.48 720000 24Je00 es.,

| $0000 70000 36.00 1.00 4.41 720000 406700 44
50000 70000, 36.00 1.50 2.48 720000 278600. 61.

,

50000, 70000 36'.00 1.50 4.81* 720000 441700. 39'

l 50000. 70000, 36.00 2.25 2.48 720000 331100 54
50000 70600, 36.00 2.25 4. R 1' 720000 494200. 31.
650uo. Succo, 11.00 1.00 0.74 312000 139206 55.

| -65000. R0000 12.00 1.50 0.74 312000 179200 43.
' 65n00. 80000 12.00 2.75 0.74' 312nno. 23o206 23.

65000. 80000 24.00 1.00 0. 7.* 02i000 139200 72
65000, 80000 24.00 1.00 2.4R 624000 276400 55.
65000 80000 24.00 1.50 0.74 624000 179200 71.
65000 80000 24.00 1.50 2.48 624000 314400. 49.
65000. 80000 24.00 2.25 0.74 624000 239206 62.
65000 80000 24.0c 2.25 2.44 674000 370460. 39.

* 65000. .
90000 36.00 1.00 2.46 936000 275400 7065000..

80000 36.00 1.00 4.81 936000 464R00 Sn.
65000 80000 36.00 1.50 2.48 936000, 310500 66

| 65000 80000, 36.00 1.50 4.81 936000 504R00. 46

( 65000 80000 36.00 2.25 2.48 936000 378400 60
65000 R0000 36.00 2.25 4.91 936000, 564800 40

~

NOTES:

1- ALLDJASLE LOADS ARE CIVEM PER INCW OF MES THICW:ESS
2- PCT = PERCENT ' T THE REI.UCTIO.*. CT PERCEIVED F APGIN OF S AFETYJ

| h

!
!

l
- _ _ - - - . . __-
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CASE STUDY 2
,

AXIALLY LOADED COLUMNS -

-

Maximum allowable axial load on tied columns by working stress design criteria ~

is defined by --

P =.0.85 [Ag (O'.25 f' + f, p }]g

b and ahaMe f, = 0.M 1 %,m Mwhere p =
yS A --

g

that is, max f 5 75,000 psi
y

therefore, the maximum load could be expressed as: ._

g ( + 03 f A,t)P,71,y = (0.21 A y.

Maximum allowable axial load on tied columns by strength design criteria is defined-

by

P llow " $P = $0.8 [0.85 f (A -Ast) + A f]g g st y

for a tied column in axial compression $ = 0.7 and P = 1.4 D + 1.7 L

Reducing these equations to be cesparable to working stress limits and
considering all extremes of steel % and D. to L. load ratios, we get

if A,g = 0.01 A P = $P = $ (0.673 f A + 0.8 A f)g g g st y
.

u"#o=$(0.626(Aif A = 0.08 A P + 0.8 A f)st g g gt y _

and to bracket extremes, consider the following three cases.

(a) D=0
.

(b) L=D and p

f (c) L = 0 with P,1g
"

=

-( L.F. -

FORM CS-FIRL-81

. _ _
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:

(a) for L.F. = 1.7
.-

P = 0.28 f A + 0.33 f A #gy y st

P,17,y = 0.26 f A + 0.33 f A '

g y st

(b) for L.F. = 1.55
. --

_,

Pdlow = 0.30 f A + 0.36 f, A #
st

. _ _
g

e
-

P = 0.28 f A + 0.36 f A .allow c g y st
..

(c) for L.F. = 1.4

'gy = 0.34 f A + 0.40 f A # ~

y st

P = 0.31 f A + 0.40 f A,t __dlow c g y

Comparison of these resulting equations to the P by working stress '

gy
design criteria shows that the new code allows from 1.24 to 1.62 times more load

cn the concrete in a tied column and from 0.97 to 1.18 times more load on the
longitudinal steel in a tied column.

Therefore, Scale C

_

.

FOAM CS-FIRL-81

_ - - - - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _
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CASE STUDY 3
_

_

FLEXURAL MEMBERS

- Sections with Tension Reinforcing Only:

For purposes of code comparison.with emphasis on comparing safety margins of
designs conforming to oldAr codes and practices with corresponding margins provided
by current criteria,the following case studies were prepared.

For designs prepared by working stress criteria,a comparison with strength
design was nade by reducing the strength equation to an allowable moment by the
following definition.

M
6 u

M =
allow L.F.

|
To bracket extremes of load ratios, the following three cases were considered in

'( each working stress comparison.

(a) when L = 0 L.F. = 1.4
(b) when L = D L.F. = 1.55

(c) when D = 0 L.F. = 1.7

For designs prepared by yield-strength criteria,a comparison with strength
design was made directly with a load factor equal to 1.0. The yield-strength

|
definition used here was not a code endorsed practice; but was the method widely

j adopted by architect engineers, at the time, to design for the extreme loadings
| postulated for accident and faulted conditions. It possesses the practical advantage

of permitting an extended use of linearly elastic computer codes to provide design
guidance for extreme loading cases and is documented in Ref.1*

Since older codes did not contain any strict limitation on the percent of
reinforcement,the comparisons presented here used the defined balanced steel percent-
age and additionally steel percentages 60 percent lower and 50 percent higher than
balanced in order to show the effect of this parameter on the comparisons.

!O
| *Ref. 1
' ' et Study of the Design and Construction Practices of Prestressed Concrete and Rein-

forced concrete Contair:nent Vessets by C. P. Tan prepared by PIRL for the U. S.
Atomic D1ercy Codesion, Aua.1969 to: der contract to the ORND (TID 25176).

FORM CS-FRC41

- - - - _ _ _ , _ . _ ,
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For Working Stress Design

The definition of balanced design is that both concrete and steel reach their
theoretical working stress allowable limit simultaneously.

The strain diagram and neutral axis location for this condition are:

( 0.45ff**c Ee

, / k)d
/ /

/ /
/ / d

/ /
44. .. /

0.45f| f
y

c_ _ 2 E,
__E

- - ,

f' I |kd c Ii 0.45 k =

' c '
d ),

0.9
0.45 f' f

C 14 2E
E s
c

|

n=[E _,

f

[c
andlet r =

c

then for elastic balanced design:
I

ki=
1 + 1.11

|
and from equilibrium:

A
F A f s 1 =1 .

s s y =
Ud 0.45kG " (0.45 ff) b k d c

I l'

|
|

FORM CS-FAC-81

- - _ _ _ _ _ _ - _ _ _ - _ - - _ _ _
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a

~

A k

p) = d = 0.45
2

Mt " #s sA jd or M = 1/2 f bd j k
c e

For Yield-Limit Design
,

The Yield-Limit concept assumes that the system behaves in a linear fashion up
to the yield of the steel or to the ultimate strength of the concrete. For the

balanced condition again fs"f and fc"I simultaneously.y c

The strain diagram and neutral axis location for this condition are:

f'
c

Ce

jk d/ 2

N) ,'/ s'
d

/
/ / o

4 '

f' f
C 1

E~
s

- = . =

fc
rkd c

2 j
k *"

d f' f 2 f E

'* hf*hc s c s

then for balanced conditions and from equilibrium

1 F Af
k2= I *( " ) { * 1/2(ff) bkd. p2 k

s sy r=2 1

2

.

2

D2" 2r
2Mt " I A jd or M 1/2ffbdjk=-

ys c
-

FORM 207 SM4-80 CP

-
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For Strength Design

Ultimate strength capacity is defined as:

[f-M = A #yd 1-0.59 p
s

C.;
\.

Example 1.

for Yield-Limit design at balanced design

2
Mt " #y sA jd M = 1/2 f bd jk = 1/ (A #y )dc c s

k2" E P
$

1/2 k "* "=
2j,

--
2c jfy c

f' E c
c s

for f' = 4,000 psi f = 40,000 psi n=8y

2 1+ 0(1/8) p2 1/2 (0.444) 4/40 = 0.022= 0.444k =*

i
|

| j = 0.852

M = 0.852 f A d
t ys

|

M = A #yd [1-0.59(0.022)l0] = 0.869 A # du s sy
|

M

R- " 0.869 = 1.02
u

0.852
t

Also:

if a < p2 (say 60% p2 )

p = 0.6 (0.022) = 0.0132

| |-

FORM CS FRC 41

__
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e = c :.cz e .v w Ma; c)h RTc.a&

_

a = 2pn = 2 (0.0132)(8) = 0.211

U
k= 0.211 + (0.211) ,0.211 = 0.366

j = 0.878
,

M = 0.878 f A d
t ys

M = A #yd [1-0.59 (0.0132)10] = 0.922 A f du s sy

M
= 1.05

and; similarly,

1.5 (0.022) = 0.033if a > p2 o = 1.5 p2 =

One finds M controls, and:
c

)- M
= 1.26

For working stress design at balanced design

I 0

k) = 1 + I.ll (10/8) = 0.419 p) = 0.45 = 0.0188

j = 0.86
f

y A d = 0.43 A #yM = 0.86 f A d = 0.86 d
t ss s s

M = A f d [1-0.59(0.0188)10] = 0.889 A f du sy 3y

M
l= 2.07
N
t

'

0.9
M L.F. M 1.33 if L = 0*

n o* #
i.20 if t = 0<= =

. .

t ,t 1.09 if D = 0

Oe $

FORM 207 5M4 84CP
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Also:

p) (say 60% p2)if p <

p = 0.6 (0.0188) = 0.0.0113 a = 2 pn = 0.180

k = (0.18 +(0.189)1/2 , 0.18 = 0.344
4 2

j = 0.885

M = 0.885A d = 0.885 A
t ss s d = 0.443 A f d

2 sy

M = A #yd [1-0.59(0.0113)10] = 0.933 A # du s sy

[M = 2.11
t

.'. Nallow 1.36 if L = 0
1.22 if L = DM = <

t 1.12 if D = 0
s

and:

if p > p) (say 1.5 p)j

One finds concrete controls, and:

[M = 2.43'

C

.'. Mallow 1.56 if L = 0
< 1.41 i f L = 0M =

c 1.79 if D = 0
s

.

O
FORM 207 SM480 CP

-
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In sumary,

for yield limit design comparisons:

M
u

k = 1.02 to 1.26

for working stress design comparisons:

M
allow = 1.09 to 1.56g
t

.

Strength design allows beams to operate at a higher stress level. For
..

these beams the older code is more conservative

Scale C

N
Example 2.

For Yield-Limit design at balanced design

for f' = 3000 psi f = 36,000 psi. y
I

k2= 1 + U 2) (1/9) = 0.429
2 = 1/2 (0.429) 1/12 = 0.0179A

j = 0.857

1 M = 0.857 A I d
t sy

M = A f d[1-0.59(0.0179)12] = 0.873 Afdsy sy

[M
'

= 1.02
t

Also:

if a < p2 (say 60%)

[M = 1.05
t

FORM 207-SM480 CP
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'

And:

if p > p2 (say p = 1.5 p2 = 0.0268)

[M = 1.26;
c

For Working Stress Design at balanced design

[ff' = 3 ksi f 36 ksi n=9 = 12=
y

c

k) 0.403 p) = 0.0151=

M
l = 2.06

,

1.32 if L = 0.

Mallow 1.20 if L = D=. . ,

M 1.09 if D = 0
t

Also:

if p < p (say 60%)j

[M = 2.1 -

t

M
*

allow 1.35 if L = 0
" 1.22 if L = D* *

M <

t 1.11 if D = 0
|

'

I

FC RM 207 581-4-80-CP
.

_ _ _ _ _ _ _ _-
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And:

if p > p (say 1.5 p )j j

I

[M| = 2.58
| c

-
.

M 1.66 if.L = 0a low 1.50 if L = D. . =
,

c 1.36 if D = 0
,

In summary,

for yield limit design comparisons:
,

[M 1.02 to 1.26=

'

C') for working stress design comparisons:%

N
| allow = 1.09 to 1.66

M
t

. '. Strength design allows beams to operate at a higher stress level. For
these beams the older code is more conservative.

! Scale C

In general, for designs controlled by flexure, beams designed by strength design
methods will have higher stresses at service load levels than beams designed for

; the same service loads by working stress design methods.
l

70mu 207 5M480 CP
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CASE STUDT -4 -

St A1Sc ~ 1980 cooe

Subsectron 29 Columms

I WbICbb +he p dLwe, of bt" 'Q of Col UtanS
would devebp plas4rc h'rnge at ultrwa-tea

lo admg , 6e slemderness ratio .[ _skff-wt
txceed C e , -- "

Where Ce= 2,r 's

FtO .

2f: = 2 9 x to ksi

Fy = yield Sfress
Therefore .1- _4 7s.6

b
Ref AISC I46 3 Code

Subsectran 2. 5 Columns

,
L Ae pkne of bending. of colum,s whS"

plastic hinge at ulHwte'aould develop a

leadmg , de alenderness ratto skil not--

"txeed f lo, -

A ' | 2.or
_

e

-

- -- . - - - -
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| A DMsion of The Frankhn Institute
The eenienna Fraaen Pem A Ps istos M C) SEPT. 'd: [ftg g/f/

-

whic.h of tbc Go codes i t the. move. ccdv icLe

m (4 ecL Ape %ds m tkr )ie(d stve-p of
% ster t w s,.A -{e % . co l . m s.

1) Both codes cfve h == Ilo when

" ' 'cc = ==
J Fy

'

-then,

Fg= 40 kSI | }

2) rge nao rode. is 52 *** use."A chen

d = | 14 ::, N ' S
-r a

ksi
.

+he.n, v3 = + 9

concRo sion: ScMe

@Fg 6 40 kSI

.

_

' < i
P

.
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case svuoy -5-

Pef Alsh 1930 Code

Subsectrow 1. I o 5'. 3
'L girders desTgned on +be bas 7s of

4 ens 7en fTetd achon , 4e spacing. behem
strffevers at evd pa n els , a.t feels

,

conhintog large holes , avd at panels
adyacent +o pawels canstning large
holes shall be such % + fv cloes mot
s ceed -ne Vaive SIVe" " belouJ

-)
N cv 4 e.9 FFv =

2 89
p

.

Where
" *0 E

Cv = w % Cv ( o.s
. Fg(%)'

.:

4 = 4 + (53*"/h 7
tches a[h 4 1.o

|
| .

|
' '

= 5 34 W$in Yh '/ l 0
'
,

,

.

i

|

-.

|

s

|
t
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Ref Alst. [963 code

$vbsectron 1 10 6 3
'

'

The spetq between Stif6eners at
"

Tod pqweIS and Panth CowYhM g

'

lage holes shatt be such that
-

the smaller pnel dimens7, a or h
shall Tot exceed

#
11000t -

@
s

I
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RW AISC Sub sec+ ion | iC 5 3 yg g;g,
mets

"nk= w ,
/

v .ns~ - '
' ce

Aw = (s x-} = 25 5 rn' /,
1/

V = a+o Krrs -

10' d[u. = = q.06 Kg[ / 2,.gg

'

f,.om i.io. s. 3 in4a coa.

'ta t i m a ^ 3/sa or b $ - = '+3 m' -

49 /9.c@teco'

i

l
i -

Which Ts ne cliraw {com tkc e-d o }-tkc y<d.c
t; th. first tva.mweiese, stqfe.%,.<. .

7 cons (deJ~} tk U*2h d'd " M8

spcifW Ty1 (980 Cocle sabseM l IC T 3 -as
'

19 1 % E = U "-@8h. = .'3 7S =-[v- = q. o6 kSt
h 68t

s.3+$ = 4.+ s.2+
(,4/h/ 6 6t87 , g 7, g g99,

' 5 "* +s:= *t7 98Cv = .6e6= -

% C4/=P 36 Cis o'
|

| Fv = %c G . + 6'u ds si

/~ from ble io. ac t.Lc=3' x . 62 6 = e. s't KsI
.2 fi

,

A b e,to A ,, 5 6 ;.# sbc.n * '2. G <d (ched.5 hpded 4dc)

| Houx W , Aowe< 2%o,m { oj 9.o G Il s '
' '%

* 8 coa 3 -(rv t h i s t.K o,-

;
. - . . ._ . . _ _ _ _ . _ . . _ _ _ _ _ . _ _ _ . _ , . . . - . _ . _ _ _ . . _ .



1

-

.

. ,

| . -

| sb Ni''' N'

C.5-4
l l Franklin Research Center

CS257 ~ ~~

By Osa QW Date R w. DateA DMsion of The Franklin Institute
Theamanen Franean Paniosy,Phns Pt 19IQ3 MQ SIP *T, #8| [#

|
. . .

!

'N
.

.

!

follow'mg bo frgures sbW & VC- h/TThe

fr various valves of A/H ad Fr.
t

j 6 7 bowing +he shear s+ress W o- Fv'
%e h[r value can be abtMn ed Awd

| conpared withibe design A/r. -rhus
'

should be. enmined on a case
_

:

ce,ngr7 son
by case. basis.

.

S.
.

.

.

,

.

.

1

|

|
.
J

|

.

[

~
,

1 .

' |

_ , , --



-- . -
|

,
.

*
.

4 Preiset Pese,
C5257 c.5-5-

O l , l Franklin Research Center | ~

, o,,, . . , o,,, , , , , o,,,
A Division of The Franklin insatute
The Segamme frarmen Parhamy. Phea., Ps 19103 %D M T. d,[ ,[/M, s;

-
.

d'W

e

6

O

O Y
d n

$' N
2<
f 's

id
i

.

-

, -
NZ 3 y

t* k $O

k $Z N * k
9, " &^ 'z g '

'

I gu. -

5<
*

5
- r -

T<2
2 g-i

I f u.

.k8

.

! #4
'1

-

i
|
'

!
.

S S o
~

-

o
d

O
.

A

___..y..., - . , _ _ _ _-.-__ . - . . . , _ m., m- . _ __._ _ . . . , _-. - _ _._ _ _ _ _ _ _ _ _ __



- -

. ,

"' '

CS257 c.5-6
.~l Franklin Research Center g;, !,, o,,, . . , . , o,,, %,A DMsion of The Franklin Institute e ,

w n , re r== A Pa isics MQ SEPT g [pf fjj7j ( }

.

e6

m N

O
o 4..

-

4
O

1 i. .

- -3
L b

k.2|

.

.8.
e

x so -

I
'

.

a se , o -

N e. Q e. la

d '- a a. :S t wo
kh k

, "% ,< y a1 -
: .

d | h
,

. B

W

<
l 'e. ..8~
i ..

2

I
'

# '
. e , .
,

6 - -

I
e

k k 9 0

'l oC-

-~ 1
5w
tu

#CmM 207 e%

.

-- -



. . . .

.

db * c.6-1C5257
fi l .-l Franklin Research Center

su$''~ss hb.$' i$i$
"~ '"'J ^W?2? 3"L"M??? o,.

. . . .

CASE STupy - 6-
-

-

Ref AISC (980 Code

$echTon 2.9

"The width - thickmess ra% -for flange op

rolled We M or 6 Shapes ad S7mtiorj

buttt- up single- web shapes ht would be.

Subjected i:o comp ressTon 'rnvolv?"g hing6
rotation under ultimate. loaclyng shall not

sv.ceed +he -following values : "

Fy.ci W/2e
a r.r
42. 2.o

4-5 '7 4
70 '7' O

bi5 b' S

- 6o S* 3

6r C.o

" The wid+h - thickness ratio of synthcly ccmpressed

-flange plates tw box sec+ rows and c.over plates
shall mot exceed (90 d p #

j g

5%mple <u
6 /t |-

1 J.39.
N BI'7

t YF
[ 3 so 24 9|

MT 3. 2.

IOC| 19

Om,
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L*? "L*?.fi'"RATSP5' Mo sept. 's gyu fo/a
-

.

YC depb-%IEveSS ratio of webs of
wembers suQeded -4o plasfTc bendPng

'

sk\\ mot exceed -
"

d/t = "Wy C l -3.q E ) when 1
'* 60.27

P2 %
Fg. d/s
36 62 7

Fw f. c o.a 50 gg.3
*

75 476
l00 9 i.i |

.

%=g f > o.27when
.

.

Fy. d/s
36 423
5t 26 3

.

7F 3o
(M 25 7g

e.

i

i
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Ref AISC (963 Code

Sec+ ion 2.6

"

Preec4Tng e6ent, w would be sobrec4ea
46 compress?.n Tnvolvt ig plas+7c hinge rotatlan
under ultimate foodrog shall have width - -

+hickness estro no greder than 4he
hilouthg '

#

b f,/ m f 8 5 Polled Shapes

kg 6 3 z Box Sectrons

%

rbe depth -thtekvess ratio of bearnj a d girder webs sutgeefed -b plac+rc,
bendTng# 75 given by the follow'mg
-Forwwla

P
93 6 d[W S 70 ~ (00%

'

Remarks

'The 1963 Code Yake ?nto accouni water?a];

-9m A36 of Q =36 Ksl less ( note + hat; or,

!

-the 4wo codes
are 4he same for Q= 36 ).'

If -+he s-hucture w s desTgned using tratertal
>

hav'rrg htqher yield , the eles,3n wjht wt
be ac.udu/, u.,cter presc4t wp= et3,

| 1;, 4 56 K:' @
N < Fg ( 3 g ksi @-

Fg 2 32 Kst O

.

r- -
_ _ _ _ _ _ _
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CASE StoDT -T-

Ref hlsc |980 Code

Sectron A9 Late ral Beac'mg

*
h 6s shall be adequately braced %
resist lateral a M torshr,al cireplacemmts - .

'The 'areedly unsupported dis %ce , Qcr , -

ShAll not eXCeec! Oc. VAlt(e determNed
-%, "

I 0 > -h-- > - C r _
A . 1375 + 2g whm

s ry g
MOr _f.cr , 1375 Men -05 2 Mr>'IOf} Pgt ,

!

-ewnple'

b/rg Fuj=3G Kst 50 75 /w

I } he )~ 5 63 2. 52 T 4S S 38 75

.r),h>-io 3F 2 M. r- \2. S I3 7F

O
-

..
. - . . . . _ __. ..
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Ref AISC (963 Code

Sec%n 2.e |-atera\ BrscTng
When the. vovntmt defintbn it
Cernpat61e with 4he tq ro Code,

the -focynvla -f-or Scr/rg becemes .

2s < A ' = Go + 40 hj

\''P t m Ace

*P h
( '(00
0 60

1 l, 5- 4o '

'C*o u ci. u sie u S

. we fikvre Which -Follows ( l'"/ryvs. "/Me )
..,s. cons a [a A 3G, SG d @ ''

o<Y 41 @
7

.

o > N 2 -l bg
i

based on rnalertalNo+e : The sumwrg ts
wTi-b g=36, ohr wtertal shovid
be enmined en A. case by case basts .

| |

-
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|

.
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.

4
w - ,- . - -
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*

Li,4+ Vrmy
1943 coas-

~
-

/,,

F1 = 24 rti
-

..

.. .. - -

i 35 -

7, * ::
.

T, , ,,- ---..y

^-

===
.

*
m

-3 . ,ir o .r I
'
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-

.

O

3
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Chse sTupy -s-

Comparison of Sec+ron 2.3 s Celuwms ( Alst ,196 s)
wiA Sectron 24,, Co lumns CAISCe liSo)

AISC 1963 AlSC 1980

1. 51enderness ratto -for colv=ns I. Slenderness redio for
7n con +rnvous- -fracmes where Columns in conhnvous
sideway Ts woT preventeel e Ts -f'rames where Erdesway te
limited c7 Formula. ( 2o) not prevenied, vo+ limited .

'

| +o only ~70 . Gut limited
'

2. P , _d. 6 t.o 'y Formulas Q.9 - La ) ando
Py 7o r

6 9 t 6) given below and
not Yo <Yeeed Ce,

7 bis limits slenderness as cjiven beloW
Rairo h 4 ~70 and avIAI

- toad mot -te exceed o.s Py

Or h=0 AISO limited

by $rmul0* (s.6) given below.

2. For colurnns 7n bro ced 2. . The oxcal load tw

-frames the m a xi m u m Columns in bracecl -frames
6\yIAl load P sbail nd no+ +o ex ceed o. sf Py
exceed 06 Py-

-.

O

_. . _ - - --- - - . -- -.
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L*,".L"?"1.h"?J."5'u' ,'RA sa n 'e.* B77.6 p/n
o,,,

I >
o,,, c,,,,.. o,,, %,

.

3 a) Slenderners ratto 34. a Slendeemess r airo

f not du exceed 12o h 'wo+ +0 EFC4ed Oc

w here. Cc = 3'E
cb) The oJlowaWe '7

.

iederaity vnsupporTed
disfance and for F'y = 36 Ksi,

f.e, = (to -4o [g)r , Cc-126 1y

Gemula ( 2.6) But der (35r7
3 b. The laterally unsuPPo-ted

C) k S. wo-| g exceed dTStanCE 3.cr woi -b e8cew|
r* % -sitcwrng .

MO I" 0"7 #ase ,fe3, , 3 gr, ,7,9 { 7,,q ,1 )
-

,

r7 Fy

When + 10 > > -0 7

And

du = _l.32f (19 -ib)-

ry Fy

when - 0 5 3 "M 7 -10'

I.

3c. d w o+ to exceed 2o0 in
Twin

-

ony case.

I l

|

_._ _-
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.

4 @) Interat'}" Ion $rMulas -[cr 4. Ini'eraciton hemules 4rd
Shgle curV440ff. AfR.

Formula (2.0 . Formula C 2 + -1)
'

h 6~Gr( P ) $ I O + CmH_ eM 7 pu g (,f_ )P --

PeM G Me
and Formula C 2.3) and Formulo. C 2..'f -a)

h 6 t.o - H(fp7 )-N7py) hy + i. g 6 i 0 J M'MP
p

values e-f % fr> H and I where Per = (.7 A F
(~S lisied Tn tubles as a. p, , 2 5 g pfU -functren of denderness egh ' ' -

and Fy , & gNen by (l.s - t ) and

$ en in secRen I. 6.1F4 N
(.b) Interaction -fennulas -for

Mm= MP ( braced N the"" U#V "f*
weak drrectron )

rormula. (21)
6 c.15' ( l.0'I - ry )J Fy { M 6qM S Mg .fer P[gy p p

31SO
" A i. a-i.is ( P/g7 ) s I. o-

"P
( unbraced in weak dreech)

-for P/gy 2 o,ig-
and Fcemu la. (2.2.) os) rec skje curydure

p C b h Cm 61 0M .

Py)b 13 ) foc clevble corva+.vre
~

'M g
''

ggy c.4 t= Cm E o S

O'

_- . . - . _ - . .- -
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.

For comparison of ibese spectftcdrons , cjcaphs of
P/g vs M/g, are dravrn -for- slenderness rattoy

of 20,70 and 100. Ty ptcal Column 14 bF 15'o
wnh Fy - 36 ksi has been -Ween as an example
-for cue purposes Sepamte graphs are drawn -fee
57ngle curvaivre (0,6 i C,n & (.o) and dou ble..

Corvo:ture ( o.4 4 cm 6 o. 6 ) cases.
F' r frames with sidesway ( C,n = o.as9 anowed.,

- '
o

Qcaphs of P/p Vs H|m are dravin forg p

%o +fpes of columns t+ vF t 5 o o.ncl I 2.f 4 5~,
.

W r+ h Q = 3 (:; ks 7, - Colums assumed +o be braced
Tw % weak duech , fe *M pa.yks

It can he infc. fred. -from %e graphs thed- | |

7n all cases s ibe 'maJer cha.nge Ts the Irrnrt
of allowable axia.1 (cod, whrch Ts 7ncrea. sed fnrn

j o.s- Py no ans- Py -for wn braced columns ( srdesasy
ci.t t owed ) and o.6 Py 4e o.a's- Py fer bmced

- c.otuwns. Sur & acc.ep+able dest n regten3

'm both Codes 's o.(mo st Same. fee STngle
curvdure we notree fee kl go fg p;;c,|

,

(3..q.-2.) I rne -for Cm =- l . o is beim +he
', -fecuvic (.3.3) line. , but' for [ = 7o, -they over 19

u
.

anci -for p = ico., rhe femula.(2 9 2) -p,- c>n = 1. o
rs c(icove % Ermula. (.2 9 Irne . rhus fc

J<S. = 30 tno cede be7na more conserva9/e.,

dhtte -fer % = i co ., i g(>3, c.cde seems % be. were_
-

ccw see vcd-rve . Thts change cavi thus be. classifrel
best as a- .},, chany.

4 g

.
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*
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i
-

F = 34 kai U = 30 1&n* 50 SDCLE C:TtA1"JR1
Asswma , b a ssJ *% tJtAIL dM
r. M, a My

I 1980 cade

Formula (12) 154(P/Py) i 1.0

h' + II * T M
i 1.0',I(2. M ) ,

*8NiMy p
0.6 i C, g 1.0e

Forunnla (23) i 1.0 = 5(P/Py) * J(F/Py)2 (2. b3) *J, i 1.0. M i Ny
.

. 'E McE E E
TTPTCAL EXAMPt!3 ""i *

,

, 1
~ ~

..L y y f a*

m a E M<x
,

.

?-
*

so
Py

*
e+- .

amam umr g= o.t. , r,a (2.4.2)
s- -

* g.) .. . .

, .,

I 1961 coco wiv\
' 4 .-

M e %
,

'd
''.y r..-- ,

--

i . . .

4.0-

e.t <- -

\

~
,,, at M P* J. 5 s. . e.1 p.6 Af he

e

.

_

..y- - , .- . -7y- . - * - . - - w ~- .__,,y .- ,-y - . - - - - - - - -, -
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A DMsion of Th,e Franidin,insatute y ypgi J,w% r- %% ueim

.

.

r = 36 ut il - 30 tw 130 cont.z cer/A%E
F # Assms, kw .*3 wedJiM'

4, N . M ... p
i

[ 1941 Code 1990 Code
|

.

Forum!a (21) x = N, vues r/ty 1 0.13 (2.42)
[ + (1 y,-).*7 *

110"

ery
711.le - 1.1s(P/Py) 11.0 e a.43 c, 3 o.6

P

rormula(22)[g5-C(P/Py)31.0 (2.43) +tt - g 1.0, M g x,
P

8iMy

*

x M<x
? O

mica tumrs f f .
,

a.

h4 5
x EM. n.

I.E i.e
' '

7
* . . . .

em cece C m =s.6, roa m u ( u .af

e.s -- -

6
e.1 -- 'Jj "

isss coo + WT.

,

o.5-. "

*

G,,.
*

0.t

D,J
, a.3 -

>

.

as

e, l .

88at .i as as at er 84 . 89 o8 o.1

I
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RA $GP1 (| $) /J/f/M w vm *m k rs am

.

.

3. ut n . -Q 1 - 150 saaz caums
,F A,$- w t, wa J.- A.r

:.M ,.M,-

.

*'** 1,.0 es..
,

Formula (22) [13-G(F/Py) i 1.0 h+ i I*O*(2.42)

MiMF 0.6 i C ,1 1.0

Formula (23) 1 1.0 - 3(P/Py) = J(F/Py)2 + g, gg,,p 11.0,N1%(2. M

._f ."/" y'- prmm mmt,
,

,,

f'%,-A .k y
s =...

.

-
#

f. ,e - u -,.

M -

a

e., .

~

r,' 9 .yemb 3r
- ami \

e.g. . *a .

J*

e.s

c% s, '* h (4
'

t

'f, gas-- '~s
,

is

u. -

Al- -

0 66 0.L e.1 ewt e.K C.6 &7 4 09 I'O

k

-.
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.

F = 36 kal U * *O 14 e 130 00LTJ CRYAft1t1
1 Y .

A55=me. bem4.s.J Q tJeak alMsLei
2. M%s %

n(3 ca. Mt
cM

' **

Formula (21) M = M, when r/ry 1 0.13 gg , *

,

e 0.4 e e < e 6
fa 1.18 - 1.18(r/ry) i 1.0 *~

P

(2 * '"3) * g,g i 1.0 M i M,
r.=t. (12) scr/tr> 1.0

P
*

" 1 "P ,

5 MeK
? Of fmeen mmts

I,f2<4 .. .
.

. . ,
2, Le

4 _

rene rece u .*rr .

M

q.. O4

w. '9
| . ,, ,. n e,. .
,

' unsT r,4

&$*. (f-

t
| \q'

.

| 4-~ q gf
4J * T'

5Jss.,

3

L'

O.l . .

*O g4 g,3 S,) 0.t 8.C 80, 47 &f e# *
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_ . ,..a r., w #%~6

1963bde 19eo e,q

Y : t.=r.-. m> F >-cme,> 11.. <2. 23 /_ . (1. ;,-)M'P cr
MiMy O.6 1 c, i 1.0, .

N'
Forums 1. (23) l'1.0 - E(F/Py) J(?/Py)2 ," * 1.1Lst 11.0 M i gp

.

. ... . .

,4.@ J < 1 | .!
MM rh

.1 ~
m. . . .-.

.

1.4g
U

.5
M1e not O=t ..

e.t .

- w
'* 43 coet ' := 7g4 _

01-=

' s. g
,

J.9

s M- , ,4
1o

**0.1' Jj *g

3. | '
-

o| e.a as o.h 8.t 84 a.C e> 7 *f e.1 ao-.

P

-- - _ .
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. -. .-.

.

.

r . a ut n . tc0 t- 130 mmeemim
A55 % % h weaA.Jinh.1 f

~.%sR .g

1,.3 e.,, 19,o e.<.

E" 1.0P z *
(2.M *

Formula (21) M - M, whos P/Py * 0.L$ (1 - }Ny
0.4 i C , i o.6e

fi1.18-1.18(P/Py)1IM ' ~ -

P

(2.b3) + g,ggn i 1* 0. M 1 %
p

rormula (22) g- 15-c(P/Py) i 1.0
-P

,

MiMy

. M. *M<-
TTPtCAL ETR?'.23 _ f

. ... . , ,

.

M

1 *A '
.

iete cese u-

es -

.

<b

g . ia63 caos Ll"*'T

f%.,,

' ' .

44-- * s. 6
%.

4.3)-
'

n- u,i

| $e% ''

!

!

O 1- =

_ i

, , , ., s .a 4.4 a.c .4 en o.e 't 8**ei
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Ua 30 12. # 45 SIDEEAT AL10wtpF 36 kai ASW Was,a,J k M d *MM,F "

*M%. %.

.

. a

1947. Code 1980 Code

Formula (21) N = M, when F/Fy * g.13
'

' ** * 1.18 - 1.18(F/Fy) * 1.0 (g . )

c. * s' .

Formula (22)f'Pe 3.G(F/F7) * 1.0 F w(2.e=3) * * 1.0. M < N, .
,

.

Forumla (23) , i1.0-d(F/Fy)-J(F/Fy)2

M < M.

1O )-
. .

14
"

7 1963 Code Also Imposes the Following Limit
. 2F * 1

, Hr$9 (eSt%earf 7" 7% i 1.0 Formu*a (20)
F

p.1 <-

%
as - %,

.

4
* 94 'I.

OA''o
s

,,g . t e 65 ceot L4MtT -

')
.. . .

,

., .
"

33 -

-
9 f ',

es g.2, s.} H V 04 M ** E M $* eQ*
M y

|.o..-.

~
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.

F = 36 's 1 U = 30 14 vt 130 S CZ3ftAT ALIN D
Allw locataJ 9 Wdbh'# # ,

:.%*%
1943 Code h

Formula (21) M=M when F/Fy 1 3.13
P

f i 1.18 = 1.13(F/Fy) i 1.0 C,Mg# g, g .

# E(1 # )M,cr
e C ssg1

Formula (22) [13-G(F/Fy) i1.0 *

P
MiMy (2.4 3) "

+ g, gg i 1.0, M i M,

T'ormula(23)fi1.0-E(F/Fy)-JfFf,Py1
7 .mex e

.A
'

TY?fCAL EIU *.t3 :

y -6
4 4

.

Leg
U

.
'

1963 code Also imposes the Followtag Limit

**I'"

* h11.037 Formula (20)
,

I p.'l--

4

as- %
#
4
7 ,,g. .

,

f.t..

; # se e .:ce s ..e N -

| %
!
, SL fafs.

,-3.

._
|' .

| f
, .

. .

| e ,, ,, a s+ e.r ss *.7 st *-1 I* ,

_
'

| M|Mp !

.

| I
,

|
|
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CASG SrvDT -9 -

Coweanson of AISC - 198 S**ran I Io G w'+h-

,

Aisc -Iq b Sec+ron I. to. 6,., ReducFren in Flany
_

neess, HY betel 4trders only.

- The only change beiween the two codes
is 4he Inh oduc4 Tom of Fo<, ula. C 1 'o -6)
-fer case of -hybetd gTeder, i.n +he ictso cod e..

*

| i or >nulo. C 1. to -s) of Iq $o Cocle with Fb in ksi

ts iden4rca.1 -fo Ermula. Cl 2.) of -(q63 wr+h F6
| tn Psi. Sy brid gTeder destjned in (4s3 iwuld
| be destped 7n acc.ordance wr+h Formale. C (L.)

w hich rs rdentico.1 to ( (. lo-s) in Iqso code..
'

hybrid girder clestped in Accordance.Gut a

Wi+h (45o -Aas +o canpem -to beh Fonnvle
i

'

(, l .10 -S') And Cl.10-6). Er Fb =A5' k'.si and
i

50 ksi , We draw geaphs of reduction

%4cr (*%' )(Aw/A9) >
\fs. Aces. of web .k bres. g F\ age

ratro vsing Foe malas C|Io-sh
omd C 1-co -6) -fBr. pen 4 . o . S., o b ., e M o q ad

-
,

4cc given 4/t mtios ( I67. , n 1 2 ID_ , 4< Fb- 25h/
Omd il7s (27 & |37 _{e Ksi)- We findr 7:b =50

!

in att srx ca:es dependr$ M/q m%on
fe< o(, = o. 45 j formula- C | Lo 4) Tn the (q so cadt.
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: rs gvt+e c.cnser vattve. .
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oc bmulo, C l 10-@ could be cmservatwe. as
compred to, each o h r depeMrng on h/t edo

i -[cc $ven T-b . But -fc d y o.75 , - ogm

| case, Formula. C I l o -5.) Ts ,nore cowservatwe . -

Thus we can make. the -follow?9 godgmeny
6w %em.

|
.

i

OLD -Eemulas d se.h.
|
.

a) i ormulo. (12.) , a q 63 Code _ l

S o +5F f & F 6 ( I. o - c . o co g A L (. h M oa b ) ~'
Af * * r> - 14 A

wi+h Fu rn Psi . 4ew

Yfb) &mula C 1 10-5) 19 8o code

Ff S Fb ( | 0 - 0.ocos bo-(h. 26* f >M 1 m-
Wi% Fb Tn ksi

OA5 ko
'

New bwula. 0.'75'

'ruewula.C1.to-6) ta go code

)) onT C
g 4 p3 - u. + ($) ( x -#.) --

n. + 2 C ^f )-
- - .

1

G
~

|

|

l
'

-
,
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-

Comparison ef sectron C 1 9 .2.) and AffeadTr C (Alse
1980) Wie Se'dron I 9 1 (Alsc,1963) } wid4b-ik7cktess

ro+To of unS4Gened elemen+5 Subjec{ +o Oxta \ '-

@PMSOM ahd % rtsS7071 C(Ve "tO bey! $Ing .
.

.In both sections Oe, |Pmit of WIdYh -
-thickmess ratio Ts gWen -$r %e -fellewtwg

various cases.

CASG .T.: s7p - Angle Struts j deoble -angle stMs
uist se pratoes

CAS6 1* Nruts CompriSTg doubl6 ang|65 |h Codd j
amC.les ce plates projecting -frern 37eders,
Co ,umns, oc o+Her c.cmpressten yembers j,

Compression ;Clanges o-f be w ; 7t;hners
on plo.te girdars

Case E : stems cf +<es
& h\SC , (980 , a.czach % % spectficaGs Y3

Oe aboVC CASES , When Covnpre ssi'on
% embers txceed Oe o.ll o W A.bli' W IM '
trekness ratto , %e cullowa.ble stresses
ace reduced by a. M r bsed on
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which dependt. yteld siress CFg ) omdon_

4he wtdih - +hickmess rctio.
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But according -le blSC, 1%3 Spect-frcations,
uhan compressron wembers exceed h etawabk
v't4% - 4bideness rdio ; -the_ inember Ls

''

acceptoMe. if' It satisfies the o.tloWabk. steess

rejuIrfWh taIN . A PortIan of WTdih id,

effecitde_ width >neets stress rejuTecments .

Gr -the cae slvd7 ., -fwo vo3ues of Fj
E ksi and 50 kSi are chosen- fce the
YWo volues -for %picod angle secfIen And

T sections given in A I S c , M o n w a.R.

ggraphs A ue. beey p}otted forReductkn Fac4cr y_s

Width-thickness mtio.
Reductt<n F-acter -for Aisc., sqso cede rs fused
on forwulas g7ven rn c9pendtx C and -fer
Alse ., R6 3, .reduciron factor Ts ihe. ratto
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of e$ectree. wid+h +o ac+ val width of
% sec+7ay1

Based on +he graphs , the chap .

-Per case I aul Co.se.rt at highee
, widi.h / thickness mtio would be a. & cho.gc,

as Seecif tca+. Tons Were. w ee con serattvt. Ih

l96a cede - Lt -Ge Case T_.l. +he chage rn.

Spectfrcoten is 1 Chap ce tt 6 mere _

kt3 er -censer vo.ttve. Tr (4 50 code _, a.F h-

width - thickwss ratto .
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CASE STvoY -II-

Comparison of klSC 1980 Section l 11 4 Wih
AlsC 1943 Sectirn 1 114 ; Shear Conectors for

Composite b e am s ., Where. (ongib>d?nal reinforcing sfeel

6\cis with beam - -

.

M ccor57wg te AISC l980,, FEr mula ( l II -5)

% = Ase F r/2. ( l. ii -s-)y

is given -for con +1nvous com tesne 6eam where
| longi +vdinal reivv{ orc.ing sfee,{ Ts (071sidered to

act compositely with +be sfeel beam in the mega+ive_
p' %owent regrows, 4o calculate +be 4dal ho rtyn+od
V shear fo be. resiM4A by shear connectors beta en

an Inkerior support and eack adjacenk point
af cor,+rafIeyure .

. Whereas in AISC M63 spectfreatrows ,
-the +o+al hor 7pntal shear -to be resisted between
-the point cf wavimum positivt vnowent and

'

fach end or cL point of con +rafle8vre in

Con +inuous beams Ts given as the smaller,

value of l'ormula. (18) and (19)

Va = o.ss- Q^' ge)
_

2.

-

- - - - .
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'There is no separate -forwolo. -{oe rega+Ne mome rd-

re3 Ton ih AISc, 1463 rhe above -formulas
are 4he same ' T-n Alse., I970 ; FBrmulo. C l. Il-3)
and C t.11 -4) -for 'the positive moment region.
Moreover- TS AISc , 19 63 , %ere Ts no consideration
of reiwforcing steel Th concrete acf7ng compositely
wi+h +be steel beam tw. negative >noment regions.

iThrs imp res that Th compofing +he
sectron modulus at the points of nega+tve

bending, re'mforcement parallel +o 4he s+ eel

beam; a.nd lying wi+hin +he effective ,wid+h
of slab may be included accord 7ng +o
A IS C., 19 8 o . But it is not o.n ewed +o

include rern-forcing steel rn ecmputing 4he
. section wodu lus -For +he above case as

|
Per the speetfications of Alse . Iq 63, Thus

being liberalized Tndesign crMeria. rs

AIS C (980 . Since 4he quantifica+ian of 4his
\ihera\ cetteria Ts unkn sn. -thTs chanse.

Can best be. classifred asg. Any

Coynposite beam designed as Per A1SC i963
Speci{{co.tions Will Show/ more woment

Ca.pcity when co.lculated accordrng +o AIsc,
--

Ici80 SpecT4'r cations.

O
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CASE STUDY - 12 -

The allowable peripheral Shear 5+ress

( punching Shear S+ress ) 0.5 5+ated In +he
8 5 Pv AsMe code sec+ron .Ig. Div. 2. ,
Mgo C Act asq -so ) Para. cc-a+u.c Ts
[rmited fo tr, where 71 1 shall be calculatede

as +he wetghted average of Itch awd trem

Tck = 4 ) k } \+ ( S"'/4jfr )

U~cm = %) f | \ +( NI4W )
~

*

The AC,I Sig-63 C_ ode sec+ren (7 07 s+q+,s -thh
the ul4rmate Shear Strength UL shall mot
o ceed U~c = 4 f-fe .

_

.

Comparing +he above YWo cases 4he

-fellowing Ts concluded ;

i When : S *"k
I. Membrane stresses are compressrve

Ste- 63 Ts vnere conservarrve CC-)

2 Membrane stresses are 4enstle
-

sie -63 Ts less conser va+t ve (A )

O '

-- . - - - - - - - -
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.

s emt

3 Membrane stresses are dero| .

'

sig - 43 Ts & ntica.1 No mtIng

4 Membrane stresses are opposT4e
Th sip
3 tr - 63 coulci be tess conserva+Ne (A)
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Case sTuor - 13 -

the 3a PV AsME Code Seetron JIr
Division 2., M SO (ACI 359 -So) Para. cc-3+2.i . 7
s+ates 4 hat 4he. shear- s+ress +al<en by
the concrete resul+7ng -from pure +orsten s%Il-

wat exceed U'et where

#f" *
U~ct = $/-f*' l+

'T+(4/f|)*-\

While 4he AcI air-63 Code Sec+ren 17o7
limi+s +he ultimate Shear St. ength LG Fo

tre - +](
Fi om 4h<. o.bove -hao cases 4he

-fellew?g Ts concluded ;
1

Ldhen *. Sea
Mem' rane s+resses are compressive| 1. o

318 - 6 3 Ts w ere conservoilve (C. ),

2 Membrane s+resses are +en stle
3\E - 6 3 Ts ies s cinservct. ive (A )

e
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^Wr*2INWr$%I"a? ,,|24U h/r/ an/mo eofsun.

ses
3 Membrane. s+resses are tero

3t?-63 Ts more conservatNe (C)
.

4. Membrane siresses are opecsiie In
s?g7)

'317 -53 Could be |6S5 ConservaWve (A)
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CASE STUDY -14-

- Section 1301(c) - Allowable bond stresses -
working stress design.

!
Allowable bond stresses for working stress

1 design in the 318-63 code were newly described as
functions of both the square root of concrete
compressive strength and reinforcing bar diameter.
The 318-56 code defined allowable bond stress as a

| linear function of concrete compressive strength only.
A

Plots for three commonly used concrete compressive
strengths showing bond stress allowed by each code for
deformed bars conforming to ASTM-A-305 pictted against
bar diameter show that for small diameter bars the old
code is more conservative and for large diameter bars

I
the new code is more conservative. For bars No.10,11,

( 14 and 18 the new code is considerably more conservative..

| Bared on the plots shown, a reasonable interpretation
of 2.he code changes as regards scale rating is that for
deformed bars conforming to ASTM-A-305:

1. For reinforcing bars with diameter less
than or eiual to 0.875 in. (No. 7 bar) - Scale Ct

2. For reinforcing bars with diameter greater
,

than 0.875 in. (No. 7 bar) - Scale A'

3. For deformed bars conforming to ASTM-A-408
for all diameters - Scale A

.

O
,

l

FORM CS-FRC41

L__--._- _ - , - . _ . ~ . - - . - . . . -



'

.

d b[J[ .Franklin Research Center
! * i*

C5257 "* c .14-2
!

| L*Mr21.[2''MTNi? $LP ApartT2. }sy. & ~~ ~
g

! '

TO P B AR$

ornERS---

y _gSD.coOE McRS - . _ NGN C006 MORE.
CONSERYAnvE

~ '

CONSER VAft VE
l

i
i

Soo ,

'
'

\
l^

E h |C-v i
\ i. I

( D 4oo \

\ li -
t|

| E D
i i \

| W

E ! \iw 3=
'\ | |k _

(= 3.oco pi'

g$ ( ; (ala-St.
,

!

I tQ ,

! 1 { N !
'

2to-

U bo! * '

| % | % *

I 'si
3 . ~

i 'b'

(4- 7 ,3,ce@i'goo %y -

(JIS I.5
'

j |
-r

i i :
: I

I'

O
0.15 ask o.rs 1. o I27 IAI 1. t.1 2.2S1

0.016

bAR D IAMETER , D b h.)

G
FCRM CS-FRC-81

. . . - .-.

.



. -

|

| ] O * i"'

b b Franklin Research Center
C5257 c.14-3

, c,, .,., o,,, , , , , o,,,

A Division of.The Franklin insatute g, o,,, egg
[///fj .f/rsr, - r. e.a % r. isias

( .,

i

| Top SARS

OTHER$
---

.

o@ cocs MoRL - NEW coas MoRE* * * ConsanvArtvs ~ ConssA VArwt,

,

|

i
.

! !
'

.
soo

~

,',\
.

i ,

.

: ;\ i
'

j.

i3
-

' **
; .\ ! ; ,

s : ,! l c .a e.,
-

u. , ,.

'\ '
\ ,

; 3/ 8 5 G,
% i !G i

h \
~

V 28 0

d f !
'

\- .

|s ~ t.
,,,

I
! | N! 6

i N
~

i f ||s4.nop'
,

f {fl6-6B
' '

100j
,

' '
t ;
!

!. .

| |
-i '

.
.

,

0,26 4 61 8 76 1. 0 17.1 1.41 1.bi 2.247

D Gn.)

O
FCRM CS-FRC 81

.

- - - _ _ . _ _ . - , - , . - _ - - - - . - . _ , , - - - - - - - . - - . . , , . - . . . - - - - - , - . - , . - , . - - - . - - , - . , . .-



.

. . _ . . _ . . ,

O[ .] Franklin Research Center
C5257 c.14 b* i'** *

0
8# Date M.d Date R w. DateA Dmsion of The Franklin Insutute

n.em v mem. men asses Mt.P APMsB2 ()*,73,/ ggz,, |-

|

1

1

Top BARS

OTHERS---

4,, _CLD CODE MoRE,_D L NEW code MoRE I
CousERVATnVE J

'

CcNSER VATIVE,

!|
|

i I

,50o
.

I i !!'

\! |'
V ! -

;
' \ee .__ .j. . - g._. _ . . _ . _ . _p____ _ . _ . . ._

{ }
-

C | \ i
'

-

3 uo - -y 7 - ; - - - - - - - - - - - - -
.

i s jc.* b N'
.

.

3p, . . _ . . ._ \ !

\ / 3I8 56
i i Ni f'
4

.pg
i % !

|' ''N' ' ' |' '
200 ' - ' --- -

! l ! I %
i 'l ! ' 's' '

I %i ,

f jf ad.000[; _ . -g,' ,

loo
, I l

t 316- 63i

, ,

| II
''

I
- |
i

|
8 ', e

! |r i
;

! ,'
o

025 069 MS A so 121 I.41 s.69 2251
[0.97

BAa DiAMcTEa , D 6n.')

l<

|

FCRM CS-FRC-81

___ . . ...___

__ _ _ _ _ _ _



. -

s%[ I Franidin Research Center
"*i"' ""*c.15-1C5257 ~ ~ ~ '

. ..

L*A'" rC'.[!*"W2EM' #NW h)b'2.$1Y. Sf5.
. ~

CASs- STUDY -IS~
.

@ Sub.w.c.kon i.y.i.s.ip65 coa. 8 i"pom.. sec+ ion 13(ay4,1953 code.

A ti- o ws es.a C ournes.sion on Maru Menazas

A /SC /963(Nm) & 1953 (oLD)
1.00.1-

NEW
OLDo ---

.75e s.Asrae * E'usras'y
.=-

.(,

|3
.TunAsrac I wi Eusrse

I
-

,

i i
u ..

i
I

focusta |
asz. ,,~ L , foRMU!A L b . f*oRMULA S. -,

%
,

c.49 -.--- % ,_ APPL Es I / ppt.Iis -
N I

-
i

|fa o.% < --._____g
7 l\ | |

# \
I i I

| Ii
*

g i
! |

1

J---- - -.c.3o .-___

Common
o.ze .----_-_|_,_-___.'

I
I

I
'

I,

l I

'

I Ni
I N

, *%:: .- d - -- - - - d l- - - - - ~ % Fo*em usa 2, - -
'

I I I i

; i 1
- '

!i
'

! t
.

(o O /20 O 200g
,

$ C At.E R A m e c.,

FORM CS-FRC-41

1

, - - - _ _ - . _ , - . - - - - - . - - , - - - - - . - . , - - _ . - - - - . - . - - - . , - . - - - - - - - - - . - - - - - - - - -- -



.

d %[[] C5257 c.15 2 |.
**i"'

_7[ Franklin Research Center 8 *" " " ' '"A Division of The Franklin Insutute gg '{ _

=

-

-

| @ Sub3edien i. 5 i.s 3, i*a code & 2"" paragraph
occ+ ton 13 (oV2h 1953 code..

For c%icii1 leade.d brac. sng and secondor3
rnembers uJhe.n Alr exceeds 12o both the, new
(Forrnolo 5) and o\d citowable. 44ress eguchons
are 6hi44ed ver+1cally up on the above ype
plot by the Sarne func+ ion

t new al\owobles remain above. 4 tie old
t. Scale Rohg c,

l

O
,

I

!

9.
i -

i
FCRM CS FRC-81



_.

l

. .

.

.

APPENDIX D

ACI CODE PHILCSOPHIES
.

.

1
i

|

!

!

|

| A

.. 0. Franklin Research Center
; A Division of The Franklin Institute
| The Bensmn FranMn Partn ey. Phila.. Ps. 19103 (215)448 1000

, . _ _ _ . _ , . _ . . _ _ _ ._. . - _ . . _ - _ . . . . _ _ _ _ _ - . _ _ _ _ ____1



- - -

|
i

, ..

4

1

r

ACI CODE PHIIOSOPHI2S
l

.

i

The American Concrete Institute (ACI) Building Code Requirements for
Reinforced Conctate delineate 'two philosophies of design which have long been
in uses the so-called working stress method, which was in general acceptance
and predominant use from early in this century to the early 1960's, and the
ultimate strength method, which has been rapidly replacing working stress
since about 1963.

.

Workino Stress Method

The working stress method of design is referred to as the " alternate

design method" by the most recent ACI code. By this method, the designer
proportions structural elements so that internal stresses, which result from

'

the action of service loads * and are computed by the principles of elastic
mechanics, do not exceed allowable stress values prescribed by the code.

The allowable stresses as prescribed by the ACI code are set such that the

stresses under service load conditions will be within the elastic range of
behavior for the materials involved. As a result of this, the aasumption of
straight line stress-strain behavior applies reasonably for properly designed
structural members. The member forces used in design by this method are those
which result from an elastic analysis of the structure under the action of the

| service loads.

Ultimate Strenoth Desion

The ultimate strength method is referred to as the " strength method" in
the most recent ACI code. By this method, the proportioning of the members is
based on the total theoretical strength of the member, satisfying equilibrium
and compatibility of stress and strain, at failure. This theoretical strength

'

is modified by capacity reduction factors which attempt to assess the
variations to be encountered in material, construction tolerances, and
calculation approximation.

i

| * Service loads are defined as those loads which are assumed to occur during the
service life of the structure.

"
ta:~ ..m._
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Strength Reduction 7 actor

In the present code, the capacity reduction factor (4) varies for the |

type of member and is considered to account for the relative seriousness of

I the member failure as regards the overall integrity of the structure.

Icad Factors

Also, by this method, the designer increases the service loads by applying

appropriate load factors, to obtain the ultimate design loads in an attempt to
assess the possibility that the service loads may be exceeded in the life of

the structure. The member forces used to proportion members by this method

| are based on an elastic analysis of the structure under the action of the

ultimate design loads.
!

1

Importance of Ductility

A critical factor involved in the logic of ultimate strength design is the

need to control the mode of failure. The present ACI code, where possible, |
|

has inccrporated a philosophy of achieving ductility in reinforced ' concrete

designs. Ductility in a structural member is the ability to maintain load

carrying capacity while significant, large deformations occur. Ductility in

members is a desired quality in structures. It permits significant <

redistribution of internal loads allowing the structure to readjust its load

resistance pattern as critical secticas or members approach their limiting

capacity. This deformation results in cracking and deflections which provide

a means of warning in advance of catastrophic collapse. Under conditions of

! loading where energy must be absorbed by the structure, member ductility

l becomes very important.

I
This concern for preserving &ctility appears in the present code in many

ways and has guided the changes in code requirements over the recent decades.

Where research results have confirmed analysis and intuition, the code has

provided for limiting steel percentages, reinforcing details, and controls-

all directed at guaranteeing ductility. In those aspects of design where

ductility cannot be achieved or insured, the code has required added strength

to insure potential failure at the more ductile sections of structures.

O
Ubranklin Research Centeri
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Examples of this are evident in the more conservative capacity reduction

factors for columns and in the special provisions required for seismic design.

Strenoth and Serviceability in' Desian

There are many reasons for the recent trend in reinforced concrete codes i

toward ultimate strength rather than working stress concepts. Research in
2

reinforced concrete has indicated that the strain distributions predicted by

working stress computations in general do not exist in the members under

load. There are many reasons for this lack of agreement. Concrete is a

-brittle, non-linear material in ite stress-strain behavior, exhibiting a down

trend beyond its ultimate stress and characterized by a tensile stress-strain

curve which in all its features is approximately on the order of one tenth

smaller than its compressive stress-strain curve.

Time-dependent shrinkage and creep strains are often of significant

magnitude at service load levels and are difficult to assess by working stress

methods. While ultimate strength methods do not eliminate these factors, they
become less significant at ultimate load levels. In addition, ultimate

se.rength methods allow for more reasonable approximations to 'he non-lineart

concrete stress-strain behavior.

In the analyses of structures, the designer must, by necessity, make

! certain assumptions which serve to idealize the structures. The primary
assumptions are that the structure behaves in a linearly elastic manner, and

that the idealized member stiffness is constant throughout each member and
constant in time.

Working stress logie does not land itself well to accounting for
!

variations in stiffness caused by crack'ing and variations in materialI

properties with time. Although the ultimate strength methcd in the present

code requires an elastic structural analysis to determine member forces for
design, it recognizes these limitations and, in concept, anticipates the

redistribution resulting from ductile deformation at the most critically

stressed sections and in fact proportions members so that redistribution will

occur.

_nklin Research_ Center
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In addition to strength, a design must satisfy serviceability-

requirements. In some designs, serviceability factors (such as excessive

deflection, cracking, or vibration at service load) may prove to be more
important than strength. Computations of the various serviceability factors

are generally at service load levels; therefore, the present code ,uses elastic
concepts in its controls of serviceability.

Factors of Safet'-

Factors of safety * are subjects of serious concern in this review. Pbr

working stress, the definition of the factor of safety is often considered to

be the ratio of yield stress to service load stress. mis definition becomes *

suspect or even incorrect where nonlinear response is involved. For ultimate

strength,'one definition of f. actors of safety is the ratio of the load that
would cause collapse to the service or working load. As presented in the
present code, a factor of safety is included for a variety of reasons, each of

which is important but has no direct interrelation with the other.

Ttse p esent ACI code has divided the provisions for safety into two
factors; the overload factors and the capacity reduction factors (considered
separately by the code) are both provisions to insure adequate safety but for

, distinct.I.y different reasons. The code provisions imply that the total
theoretical strength to be designed for is the ratio of the overload factor

I (U) over the capacity reduction factor ($) . The present ACI code has
assigned values to the above factors such that the ratio U/$ ranges from
about 1.5 to 2.4 for reinforced concrete structural elements.

!

|

.

* Factors of safety (FS) are related to margins of safety (MS) through the
relation MS = FS - 1.

.

|
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NUCLEAR REGULATORY COMMISSION,

[ j ,- ,.; j WASHINGTON, D. C. 20555 ,

\ ...../ March 18, 1982 -I

'
O,,

Docket No. 50- 29 /
p D.LS05-82-03-083

<g % tic 9WED

!@y".=.=. 7 o n:
3: 2* L

.Mr. James A. Kay'

.1 s : pr:,r, y c
. Senior Engineer ' Licensing ~sA nii w.T u y
Yankee Atomic Electric Company \'S.h d.g#' '

1671 Worcester Road N /hv P
Framingham, Massachusetts 01701 M (M

.

Dear Mr.'Kay:

" SUBJECT: SEP TOPIC III-7.D - CONTAINMENT STRUCTURAL INTEGRITY TESTING
YANKEE NUCLEAR POWER STATION

1

Enclosed is our final evaluation of SEP Topic III-7.D. This evaluation
comoares your facility, as described in your Safety Analysis Report
dated November 18, 1981, and other information available on Docket 50-29,
with criteria used in licensing new facilities.

O The evaluation concludes that the structural integrity test performed at --

k Yankee is satisfactory when compared to current criteria.

This evaluation will be a basic input to the integrateil safety assessment
for your facility and may be changed' in the future if your facility design
is changed or if NRC criteria relating to this topic are modified before
the integrated assessment is ccmpleted.

Sincerely,

A i )
[

#
<.t.

Ralph Caruso, Project Manager
Operating Reactors Branch No. 5
Division of Licensing

Enclosure:
As stated

cc w/ enclosure: . _ . -

see next page
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YANKEE.

; , Docket No. 50-29,

. Mr. James A. Kay

|CC
|Mr. James E. Tribble, President

Yankee Atomic Electric Company
25 Research Drive
Westborough, Massachusetts 01581

Greenfield Comnunity College
-

1 College Drive
Greenfield, Massachusetts 01301

Chai'rman
Board of Selectmen
Town of Rowe
Rowe, Massachusetts 01367

Energy Facilities Siting Council.

14th Floor
One Ashburton Place
Boston, Massachusetts 02108

'
.

U. S. Environmental Protection
Agency

Region I Office
ATTN: EIS COORDINATOR
JFK Federal Building .

Boston, Massachusetts 02203

Resident Inspector
Yankee Rowe Nuclear Power Station

'

c/o U.S. NRC
Post Office Sex 23
Mcnrce Bridge, Massacausetts 01350

1
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SYSTEMATIC EVALUATION' PROGRAM

TORIC III-7.0
G

YANKEE NUCLEAR POWER STATION

TOPIC: III-7.0, Assessment of Containment Structural Integrity Test

I. INTRODUCTION

The structural integrity test procedure and test results for the Yankee
containment were evaluated against current criteria for such tests.
The purpose of the evaluation was to verify that the containment struc-
tural integrity test was in compliance with the current requirements of
10 CFR 50 and thus provide _ assurance that the structure would perform
its intended safety function.

.

II. REVIEW CRITERIA

References:
~

A. 10 CFR 50, Appendix A
B. NRC Standard Review Plan Section 3.8.2
C. ASME Boiler and Pressure Vessel Code, Section III, Division 1,

Article NE-6000,1980 Edition
D. Yankee SAR for SEP Topic III-7.0

(b/ References A, B, and C outline current criteria for conducting and eval-
uating containment structural integrity tests. Reference D describes
the containment tests actually conducted at the Yankee Nuclear Power Station.

III. RELATED TOPICS AND INTERFACES

SEP Topic VI-3, "Cantainment Pressure and Heat Removal Capability" will
provide an assessment of the adecuacy of the original design pressure
for the :entainment. The evaluation described herein is based en the
original design and test pressure loading of the containment as presented
in reference D.

IV. REVIEW GUIDELINES'
.

The test procedure and results were compared with current NRC criteria for
such tests in order to determine if any significant deviations existed.
An available portion of the Yankee Final Hazards Summary Report (FHSR) was
also studied for background information.

.
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V. EVALUATION

The Yankee containment is a column-supported steel sphere (125 feet diame-
ter) which was designed, fabricated, tested, and code stamped in accordance
with the rules of the ASME Boiler and PPessure Vessel Code. The test pres--

sure was 40 psig, which is 1.25 times design pressure, according to the
infomation contained in reference D.

Current requirements indicate that the test pressure would be 1.1 times
design (35.2 psig), thus the test pressure was quite conservative'by today's
standards.

According to the Yankee FHSR, the pressure was slowly raised to 20 psig
and then raised by 4 psig increments to 40 psig. This pressure was held for
a minimum of one hour and then reduced to 31.5 psig and bubble tested.
Current criteria requires gradually applying the pressure to not more than
one half of test pressure and then increased in steps of anproximately
one tenth of test pressure until test pressure is reached. Current. criteria
then requires holding the test pressure for a minimum of 10 minutes and then
reducing it to the greater of the design pressure or .75 times test pressure
and examining. the vessel. The test procedure used at Yankee is conservative
when compared to current criteria. The vessel is code stamp'd and thus ite
can be inferred that a qualified ASME inspector was present during the test-

U -

VI. CONCLUSION-

.

Based on the review of the original structural integrity test in comparison
to current test requirements, it is considered that the test was satisfactory
and thus demonstrated that the structure is capable of perfcraing its inten-
ded safety function.

:
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o UNITED STATES
8 NUCLEAR REGULATORY COMMISSION
; .. a wasmNGTON, D. C. 20555

/ e, ,/ December 29, 1981

( ]/ %, ' p,s

( .....

Docket No. 50-029 m/g
,

LS05-81- 12-098 4
4

E NECgnD
: Ecg j

Mr. James A. Kay j 788/g LSenior Engineer - Licensing 3-
Yankee Atomic Electric Company g,9,

41671 Worcester Road y

Framingham, Massachusetts 01701 b
N ::

Dear Mr. Kay:

SUBJECT: SYSTEMATIC EVALUATION PROGRAM TOPIC III-8,A, LOOSE PARTS
MONITORING AND CORE BARREL VIBRATION PROGRAM - YANKEE R0WE

Enclosed is a copy of our evaluation of Systematic Evaluation Program
Topic III-8. A.

You are requested to examine the facts upon which the staff has based
its evaluation and respond either by confirming that the facts are
correct, or by identifying errors and supplying the corrected informa-
ti on. We encourage you to supply any other material that might affect
the staff's evaluation of this topic or be signi.ficant in the integrated,

V assessment of your facility.

The need to actually implement a loose Parts Monitoring Program will be
determined during the integrated safety assessment.

Your response is requested as scon as possible. If no resconse is received
by the time the next phase of the integrated assessment of your facility
begins, we will assume that you have no ccmr.ents or corrections.

Sincerely,

h Y-
Dennis M. Crutchfield, Chief
Operating Reactors Branch No. 5
Division of Licensing

Enclosure:
As stated

cc w/ enclosure: ,

| See next page i
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SYSTEMATIC EVALUATION PROGRAMp TOPIC III-8.A

YANKEE ROWE

TOPIC: III-8.A, LOOSE PARTS MONITORING AND CORE BARREL VIBRATION PROGRAM

I. INTRODUCTION ,

The purpose of this topic is to review the inservice surveillance
program to detect loose parts and excessive motion of the main core
support structure. The objective is to detect loose parts or
excessive vibration before they can cause flow blockage or mechanical
damage to the fuel or other safety related components.

II. REVIEW CRITERIA

Standard Review Plan (SRP) Section 4.4, Regulatory Guide (R.G.)
1.133.

III. RELATED SAFETY TOPICS AND INTERFACES

V-1 Compliance with codes and standards (10 CFR 50.55a).

IV. REVIEW GUIDELINES

( See Evaluation.
'

V. Evaluation
''

1. LOOSE PARTS MONITORING:

R.G.1.133, "Leose-Part Cetection Program for the Primary
System of Lignt-Water-Cooled Reactors," Revision 1, describes
features for nenitoring loose parts within the reactor coolant
pressure boundary (RCPS). These features include sensors
strategically located on the exterior surface of the RCPB cacable
of detecting acoustic disturbances, specifications for system
sensitivity, alert levels, data acquistion modes and other systen
and procedural requirements. Yankee Rowe does not have a loose
parts monitoring program that meet the criteria of this guide.

2. CORE BARREL VIBRATION:

This issue is only a problem for Combustion Engineering built
plants.

.

J
'
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VI. CONCLUSION

1. A Loose Parts Monitoring Program, (i.e., detection system and
procedures as specified in Section C.2 and C.3 of R.G.1.133,
Rev.1) as currently required for new facilities does not exist
at the Yankee Rowe facility. The need to actually implement
a Loose Parts Monitoring Program will be determined during the
integrated assessment.

2. This issue has been deleted for Yankee Rowe.

.~

O

!

.o

.

|

|

| *

l
'

r

--.

I

.-_ - . _. . .. .--_ . _ - _ _- _ _ _ _ _ _



.
. ..

b
.

/
.v.q "\h NUCLEAR REGULATORY COMMISSION

~

UNITED STATES

|(O !
g g g wasmuoron o.c.2 ossa

%,- ,/ ' November 15, 1979
*.... ,

Docket No. 50-29

Mr. Robert H. Groce -

Licensing Engineer
Yankee Atomic Electric Company
20 Ternpike Road
Westboro, Massachusetts 01581

Dear Mr. Groce:

RE: SEP TOPIC III-8.C - IRRADIATION DAMAGE, USE OF SENSITIZED STAINLESS
STEEL AMD FATIGUE RESISTAtlCE

Enclosed is a copy of our draft evaluation of Systematic Evaluation Program
Topic III-8.C. You are requested to examine the facts upon which the staff
has based its evaluation and respond either by confirming that the facts are

C correct, or by identifying any errors. If in error, please supply corrected
| information for the docket. We encourage you to supply for the docket any
| other material related to these topics that might affect the staff's evaluation.
,

Your response within 30 days of the date you receive this letter is requested.
If no response is received within that time, we will assume that you have no
coments or corrections.

Sincerely,

f Yh' M ~7C<-
'

Dennis L. Ziemann, Chief
Operating Reactors Branch #2
Division of Operating Reactors

Enclosure:
Topic III-8.C

cc w/ enclosure:
See next page

s
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Mr. Robert H. Groce 2- November 15, 1979-

.

cc w/ enclosure.
Mr. Lawrence E. Minnick, President
Yankee Atomic Electric Company
20 Turnpike Road
Westboro, Massachusetts 01581

Greenfield Community College
1 College Drive
Greenfield, Massachusetts 01301

.

X M C, Inc.
ATTN: Richard Schaffstall

,

1747 Pennsylvania Avenue, N. W.
Suite 1050
Washington, D. C. 20006

.
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|/] SYSTEMATIC EVALUATION PROGRAM-

) PLANT SYSTEM 5/MAiEnIAL5
YANKEE R0wE PLANT

.

Topic III-8.C - Irradiation Damage, Use of Sensitized Stainless Steel
and Fatigue Resistance

.

The safety objectiva of this review is to determine whether the integrity
,

of the internal structures of operating reactors has been degraded through
! the use of sensitized stainless steel.

The effect of neutron irradiation and fatigue resistance on material of
the internal structures was eliminated from the safety objective of Topic
III-8.C in memorantum to D. G. Eisenhut from 0.. K. Davis and V. S. Noonan
dated December 8, 1978. The memorandum concluded that operating experience:

indicated that no significant degradation of the materials of the reactor
internal structures had occurred as a result of either irradiation damage or
fatigue resistance. Furthermore, the Standard Review Plan does not
address neutron irradiation nor faticue resistance of the materials of
the resctor internal structures.

Information for this assessment was obtained from the Final Safety Analysis
Report, Hazards Analysis Reports, Safety Evaluation Reports to tne ACRS,

,

Licensee Event Reports and PWR Nuclear Power Excerience for the Yankee Rowe
plant. Our assessment is based on information in topical reports on the

p b'ehavior of sensitized stainless steel in PWR nuclear steam supply
g systems, WAPD-SC-541 "PWR Hazards Sumary Report for the Shippingport Reactor,"

WAPD-PWR-971, " Selection and Application of Materials for the PWR Reactor
Plant," and conversations with materials engineers at Combustion Engineering,
Westinghouse and General Electric Company.

The regulatory position is addressed in Section 4.5.2, " Reactor Internals
Materials" of the Standard Review Plan. The areas currently reviewed in the
applicants' SAR are materials specification and the controls imposed on the
reactor ccclant chemistry, f abrication practices and examination and protection
procedures. The materials specification should ccmply with Section III of the
ASME Soiler and Pressure Vessel Code and the fabrication procedures for the
components should satisfy the recorr.endations of Regulatory Guide 1.31, " Control
of Ferrite Content in Stainless Steel Weld Metal" and Regulatory Guide 1.44,
" Control of the Use of Sensitized Stainless Steel."

The Yankee Rowe reactor is generally similar to the Shippingport reactor.
The control rods and core support structure are described in Sections 1
and 2 of the Final Safety Analysis Report. The functions of the core support
structure are to support and orientate the fuel assemblies, maintain orient -
ation and position of the control rods, and to provide passageway for the4

reactor coolant. The structure consists of an upper and lower support plate,
an upper and lower core support barrel, core barrel, radial support and
baffle structure. The internals are supported from the reactor flange.

OG
,

I
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% Components of the reactor coolant pressure boundary were designed, fabricatedj and inspected to the requirements of Section VIII of the ASME Boiler and
Pressure Vessel Code, 1956 Edition. Stress and deflection analyses were made,

by the licensee (YAEC-77 and YAEC-105).

The materials used for constructing the reactor internals were identified
in the FSAR as Type 304 stainless steel with minor quantities of special
purpose alloys, such as Inconel X, type 410 stainless steel, Armco 17-4 PH,
and cobalt-base alloys. The type of materials used was specified in the
Westinghouse Equipment Specification, which, in some cases, upgraded or
modified the ASME Code requirements. Justification for the use and selection
of these materials is presented in WAPD-PWR-971, " Selection and Application
of Materials for the PWR Reactor Plant."

Insufficient information was included in the FSAR to ascertain compliance
with the recommendations of Regulatory Guice 1.31, " Control of Ferrite
Content in Stainless Steel Weld Metal," Regulatory Guide 1.3 , " Control of
the Use of Sensitized Stainless Steel," and to assure proper control of
welding materials and procedures. Therefore, we assume for this assessment
that the reactor internal structures contained sensitized stainless steel,

Justification for the use of sensitized stainless steel in PWR quality
coolant water was presentec in a topical report, WCAP-7477-L, " Sensitized
Stainless Steel in Westinghouse PWR Nuclear Steam Supply Systems," written .

by M. A. Gclik, March,197C. The report reviewed the nature of sensitized
Types 304 and 316 stainless steel and the significant factors in the applica-
tion of sensitized stainless steel in present and future nuclear steam sucplyj systems. In reviewing the PWR operating experience with the Shippingport.
BR-3, Saxton, Yar;kee Rowe, Selni, Connecticut Yankee, San Onofre and
Zorita reactors the conclusion was reached that no general problems of
intergranular or stress corrosion related to sensitized stainless steel
have been encountered in PWR operating reactors. This conclusion was
discussed with :ersonnel at Westinghcuse and Combustion Engineering who
confirmed the conclusion in the report and updated to curren: PWR ocerating
experience.

The operatier,al experience of the Yankee Rowe Plant was reviewed in the
Licensee Event Reports, the PWR Nuclear Power Excerience, and the Hazards
and Safety Evaluation Reports. The review revealed a number of minor
problems with the reactor internals. These problems are described in the App-
endix to this report. None of the events described were directly traceable

: to the use of sensitized stainless steel in the fabrication of the reactor
internal structures.

The inservice inspection program for the reactor internal structure for the
current inspection interval for the Yankee Rowe plant will be conducted
to the requirements of Section XI, ASME Boiler and Pressure Code,1974
Edition, including Summer 1975 Addendum. The program is in accordance with
paragraph (g), Section 50.55a,10 CFR Part 50.

We conclude from our review of the information submitted by the licensee
and the opersting information in the Licensee Event Re:crts together with
the PWR Nuclear Power Ex erience that the integrity of the reactor internal

C structures for the Yankee Rowe Plant has not been degraded through the use
of sensitized stainless steel. Furthermore, we conclude that the integrity
of the internal structures will be assured by an inservice inspection crogram
in accordance with the requirements of paragraph (g), Section 50.55a,10 CFR
Part 50.

. _ _ _ _ _ _ _ ._ _ __ __ . _ _ _ . _ - _ _ _ _ _ _ _ - _ _ _
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APPENDIX]
j

Topic III-8.C Review of Service Experience Yankee Rowe Reactor

The abnormal occurrences described for the Yankee Rowe plant related to.the oper-
ating experience for the reactor internals are summarized in this Appendix.'

1) The Hazards Analysis dated August 31, 1962, described two problem's
observed during inspection at the first refueling outage.

(a) Wear occurred on certain parts of the control rod
assemblies, and

(b) Deterioriation of the nickel coating on the Ag-In-Cd
contrei rod absorber section.

,

The analysis concluded that these problems have not resulted in an
unsafe operation of the reactor.

2) A defective thermal shield was eva'euated in a Safety Evaluation
dated Sctober 28, 1965.

"The thermal shield for the Yankee Rowe reactor consists -

of a hollow cylinder that is larger in diameter than the.

upper neck of the pressure vessel. It 'was installed in.

four sections that were fastened together at four half-lap
. joints by thirteen bolts. The structure is located in%

the primary roolant flow annulus between the core barrel
and the vessel wall, and is supported by eight support
lugs. Recent inspection of the thermal shield.has revealed
that some of the bolts have failed, and that two joints
had separated radially at the upcer end and three
at the lower end. The maximum measured secaratien was
3/3-inch. Based on inspection of some of the failed
bolts, it is believed that the bolts failed as a result

| of shear forces."
!

" Yankee Rowe proposed to reinforce the bolted joints by
the installation of four Joint Clamp Assemblies. Each
assembly consists of two vertical clamps that grasp
the upper and lower edges of adjacent thermal shield
sections. The two sections of each clamp are joined
at the top and bottom by bars which span the half-lap
joints. The clamp assemblies have been designed to
preclude vibration, and to withstand any anticipated
static or dynamic stresses."

(

i
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"Since the thermal shield is located in the primary coolant
flow annulus, fM1ure of this structure could cause a
potential flow reduction. However, even if one or more
joints should become completely separated, there is
insufficient clearance between the support lugs and the
core support barrel to pennit any significant displacement.
The maximum possible motion for a thermal shield section .

would be for it to tilt either against the core barrel or the
vessel wall, and 'would present a flow restriction in only
one-quarter of the available flow annulus. This condition
would be detected by existing flow and temperature instru-
mentation, and would not result in any reactor damage.
Therefore, we believe that installation of the Joint Clamp
Assemblies will improve the integrity of the thermal shield
joints and that the safety of reactor operations will not be,
adversely affected."

It was cencluded that the proposed change does not present significant
hazards considerations not described or implicit in the hazards sumary
report, and that there is reasonable assurance that the health and
safety of the public will not be endangered.

3) The Mazards Analysis dated March 26, 1962, evaluated the request to -

install in the reactor up to twelve special tube assemblies containing
encapsulated specimens of reactor vessel material. The assemblies.g were to be placed in eight holes provided in the upper flange of the(-) core baffle and in four guide channels attached to the outer surface

,e

of the thermal shield.

One "of the surveillance capsules became loose in the reactor and lodged
between the core support and vessel cladding. The cladding was perforated
as a result of the event. The event was attributed to fatigue of the
fastener. Inis capsule as well as the re :aining attached capsules
were rer:oved fremthe reactor during inscection at the first refueling
operation.

4) The Safety Evaluation dated October 25, 1965, evaluated a proposed
design change authorizing the installation of four Secondary Core
Supports to ifmit movement of the reactor core in the unlikely
event that the primary core support structure should fail.

"The Yankee Rowe core consists of 76 fuel elements, which
weigh about 26 tons, and is contained within the core
barrel. The core barrel is suspended by a flange from
the top of the pressure vessel, and primary support for
this structure is provided by a full penetration weld
between the core barrel and the top support flange.
This weld has adequate strength to support this structure,
but is reinforced by twelve one-inch thick gusset plates
spaced radially around the core barrel. The support
welds were recently inspected by dye penetrant and ultra-
sonic tespng techniques and found to be in sound condition."

(
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\ " Yankee Rowe believes that failure of the primary core

support .is extremely unlikely, but has proposed to
install four Secondary Core Supports to limit the down-
wird motion of the core if a failure should occur. The
secondary support consists of four stainless steel straps
(3/4" x 7 3/4" in cross section) that are firmly attached
to the top and bottom of the thermal shield. These-straps
provide four points of support under the lower core support *
plate and would limit the downward motion to 5/8 inch.
The secondary supports have been designed to preclude vibration,
and to absorb the impact of the core structure. The weight

i of the core structure would ultimately be supported by the
'

thermal shield support lugs which are an integral part of
the pressure vessel wall. We believe that the Secondary Core
Supports have been adequately designed, and that their instal-
lation would provide a desirable additional safety factor for
the Yankee Rowe reactor."

"Since the control rods are inserted from the top of the core,
downward movement of the core would result in a reactivity
addition. However, the Yankee Rowe reactor is operated as
a chemical shim plant with only one group of control rods
normally inserted. With this mode of operation, the reacti- .

vity addition would be negligible if the core should fall.
The maximum potential reactivity addition (control rods

,

at maximum worth) that could occur for this postulated accident,
with the Secondary Core Supports in place, would be during shut-, s

down or low power operation. This reactivity addition would be
less than 0.005. Yankee Rowe has analyzed this reactivity
addition, and we agree that the resulting transient would not
result in any damage to the reactor.",

,

It was concluded that the Proposed Change does not present significant
hazards censiderations not described or implicit in the ha:ards summary,

report, and that there is reasonable assurance that the health and safety
of the public will not be endangered.

5) The Safety Evaluation dated September 29, 1966, evaluated the proposed
j change in design to authorize the installation of twenty-four inconel-

clad silver-indium-cadmium control rods with zircaloy follower sections
that are welded to the control rods. This change was requested to provide
a control rod design that would preclude inadvertent disassembly of the
follower section under certain reactor shutdown conditions.

: "The Yankee Rowe control system contains 24 control rods that
| are cruciform in shape and contain zircaloy follower sections.

The current complement of control rods consists of 20 hafnium
rods, two Inconel-clad Ag-In-Cd rods, and two stainless steel
clad Ag-In-Cd rods. Yankee Rowe has proposed to replace these
rods with 2a new Inconel-clad Ag-In-Cd control rods. The physical
dimensions and reactivity worth of these control rods are essentially

k
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%/ identical to those currently in service. Two Inconel-clad
. Ag-In-Cd control rods have been in service during Cores i

III, IV, and V and inspections during refueling shutdowns
have indicated no problems with respect to mechanical wear
and corrosion."

"The replacement control rods will have follower sections
.

that are welded to the absorber sections. The current design
contains a snap joint that connects the absorber to the follower
section by rotation about the vertical axis. Yankee Rowe has
reported that inspection cf the two control rods removed during
the 1955 refueling indicated that some wear of the snap joint
has occurred. This wear could allow the follower section to
rotate and fall from the absorber during refueling operations
when the upper core support plate is removed. However, such
separation could not occur during reactor operation since
relative rotation sufficient to permit separation of the two
sections is precluded by the internal core structure. The use
of follower sections that are welded to the absorber sections
will prevent inadvertent disassembly of the control rods even
during the refueling uperation. In this respect we believe that
the safety of re' actor operations will be improved by the use of
the proposed control rods."

The staff concluded that the proposed change does not present significant

O hazards considerations not described or implicit in the haz .rds sunnary
report, and that there is reasonable assurance that the health and safety
of the public will not be endangered.

6) A Regulatory Operations inquiry report was filed on November 14, 1972,
reporting a loose bolt lying on top of the lower core support plate.
The event was described as follows:

"While performing the control rod interchange during the
present scheduled outage, it was observed that a bolt was
lying on top of the lower core support plate. Observations
made with a T.V. camera through 40 feet of water indicated
that there were two additional bolts lying loose. An
examination of the bolts indicate that they are control rod
shroud tie down bolts."

" Preliminary determination identifies two shroud tubes
displaced. There are a total of 32 shroud tubes, 8 for
shim rods and 24 for' moveable control rods. All T.V.
monitoring has been recorded on tape."

| The licensee summarized the scope and results of the inspection
| program conducted on the reactor internals following the
I above described event which occurred after twelve years

of reactor operation. The results of the inspection program
were as follows:

|

l
_ _ _ _ _
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() " Complete visual inspections by the use of binoculars, I

underwater TV cameras, and boroscopes included the lower in-
ternals, significant areas of the upper internals, and areas
inside the reactor vessel . Measurements performed by the use
of specially designed tools and gaging devices included torque
checks on every other lower core support plate to core barrel
connecting bolt. These measurements conf'rmed that these
important load carrying bolted connections remained tight. -

; We conclude that this inspection program has identified the
extent of the bolting failures in the lower shroud tube as-
sembly and it has confirmed that the other internals compo-
nents have not experienced significant structural degradation.
In addition, during this inspection program-an impression was
made of the existing cladding defect inside the reactor vessel.
A check of measurements of this impression does nat indicate
measureable changes from measurements made in 1965 and 1968
inspections. All dropped out bolts and locking devices were
retrieved from the core support plate and the reactor vessel
bottom, except for one bolt. Efforts will be continued to recover
this missing bolt. A large foreign object, identified as
part of an original low flux specimen holder was also re-
trieved from the underside of the lower core support plate."

The Hazards Analysis dated March 30, 1973, evaluated the proposed shroud
tube design change of the lower interr.als and the supplemental information

O presented in support of the change. The event was attributed in part to
Q flow induced vibration acting on the shroud tubes that had .oose connecting

flange bolts. The Hazards Analysis contained the following:

"We have reviewed your Proposed Change No. 106 and the supp-
lemental items of information, including the results of your
inspection program perfor ed on the original shroud tube assembly
and ocner internals; your evaluation of the bolting failures
in the original shroud tube assembly; the summary of your
rechanical, thermal, and hydraulic evaluatien; the guides,
codes, standards, and the quality assurance and audit program
used in the design and fabrication of the replacement shroud
tube assembly; and the preoperational and post-operational

,

i inspection and surveillance programs. We have concluded that:
(a) the bolting failures were limited to a local area in the,

' original shroud tube assembly and the other internals compo-
nents have not experienced significant degradation during
the period of 12 years of reactor operation, (b) significant
design improvements have been incorporated into the new shroud
tube assembly, (c) necessary modifications to facilitate instal-
lation of the new assembly will not significantly change impor-
tant performance characteristics, and (d) the specified surveil-
lance program for monitoring the integrity of the new shroud
tube assembly is acceptable."

"We have concluded that there are no hazards considerations not
| described or implicit in the Safety Analysis Re; ort. There is

'

|Q reasonable assurance that the health and safety of the public
; will not be endangered. Accordingly, cursuant to 50.59 of
; 10 CFP. Part 50, Change No.106 is hereby authorized as proposed."

.

~ - - - . , , . - - - - - , - - - . . , - - - - , . - . -
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Docket No. 50-29 !

LS05-81-09-058

Mr. James A. Kay
Senior Engineer-Licensing
Yankee Atomic Electric Company
1671 Worcester Road i
Framingham, Massachusetts 01701

Dear Mr. Kay:

SUBJECT: SEP TOPIC III-10. A, THERfML-0VERLOAD . PROTECTION FOR MOTORS
OF MOTOR-0PERATED VALVES, SAFETY EVALUATION REPORT FOR
YANKEE R0WE

The enclosed staff safety evaluation supplements our contractor's evaluation
that has been made available to you previously. This evaluation supports
the findings of the enclosed staff safety evaluation on Topic III-10. A that
proposes modifications to the valve protective trips.

The need to actually implement these changes will be detennined during the
integrated plant safety assessment. This topic assessment may be revised in,

'- the future if your facility design is changed or if NRC criteria relating to
this topic are modified before the integrated assessment is completed.

Sincerely, -

y
Dennis M. Crutchfield, ChTef
Operating Reactors Branch No. 5
Division of Licensing

Enclosure:
As stated

cc w/ enclosure:
See next page

.
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Mr. James A. Kay

O
cc
Mr. James E. Tribble, President
Yankee Atomic Electric Company
25 Research Drive
Westborough, Massachusetts 01581

"Greenfield Community College
1 College Drive
Greenfield, Massachusetts 01301 ,

Chairman
Board of Selectmen
Town of Rowe
Rowe, Massachusetts 01367

Energy Facilities Siting Council
14th Floor
One Ashburton Place
~ Boston, Massachusetts 02108

U. S. Environmental Protection
Agency

Region 1 Office
ATTN: Regional Radiation Representative

) JFK Federal Building
_,/ Boston, Massachusetts 02203

Resident Inspector
Yankee Rowe Nuclear Power Station
c/o U.S. NRC
Post Office Box 28 .

Monroe Bridge, Massachusetts 01350

.
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SYSTEMATIC EVALUATION PROGRAM
TOPIC III-10.A

V YANKEE R0WE

TOPIC: III-10.A, THERMAL-0VERLOAD PROTECTION FOR MOTORS OF MOTOR-
OPERATED VALVES

I. I'lTRODUCTI'ON
I

The primary objective of thermal overload relays is to protect motor
windings of motor-operated valves (MOV) against excessive heating.
This feature of thermal overload relays could, however, interfere
with the successful functioning of a safety related system. In nuc-
lear plant safety system application, the ultimate criterion should -
be to drive the valve to its proper position to mitigate the conse-
qucnces of an accidents, rather than to be concerned with degradation
or failure of the motor due to excessive heating.

.

II. REVIEW CRITERIA

The primary review criteria are:

(
-

1. IEEE Std. 279-1971, and
2. Regulatory Guide 1.106.q
As a result of numerous operating plant events resulting from torque
switch problems the following supplemental criterion was used:

"(3) In MOV designs that use a torque switch to limit the opening or
closing of the valve, the autcmatic cpening or closing signal *
should be used in conjunction with a corresponding limit switch."

III. RELATED SAFETY TOPICS AND INTERFACES

There are no safety areas related to the scope of this review that are
addressed by other SEP Topics nor are any other topics dependent on
the results of ttjis review.

IV. REVIEW GUIDELINES

The review should assure that: (1) thermal overload protection, if
provided, for MOV's should have the trip setpoint at a value hight

enough to prevent spurious trips due to design inaccuracies, trip set-
point drift, or variation in the ambient temperature at the installed
location; (2) the circuits that bypass the thermal overload protection,

under accident conditions are designed to IEEE Std. 279-1971 criteria,
as appropriate for the rest of the safety related system; and (3) in

i\ MOV designs that use a torque switch instead of a limit switch to
f limit the opening or closing of the valve, the automatic opening or
l closing signal should be used in conjunction with a corresponding

limit switch and thermal ove-load should remain as backup protection
over the first 10% of valve travel.

, _ _ _ __ _ _ ___ . _- - _ ___ -.__ .___.9____ _ _ _ _ _ . _ _ _ _
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V. EVALUATION4

The design provisions for motor-operated valve protection are described
in EG&G Reprt 1662F, " Thermal-0verload Protection for Motors of Motor-
Operated Valves." Thermal-overload protection for motor-operated valves
at Yankee Rowe does not comply with current licensing criteria. Thermal-
overload devices are not bypassed, no information is available to support
adequacy of trip setpoints, and torque switches rather than limit switches
are used to terminate valve travel. t

VI. CONCLUSIONS

The Yankee Rowe design does not satisfy the current licensing criteria for
safety related valve functions. Because poor valve reliability may lead
to the failure of more than one valve during emergency conditions, and
multiple valve failures have not been analyzed for their affect upon system
perfomance and plant safety, the staff recommends that action should
be taken to improve valve reliability (i.e., bypassing torque switches
with a limit switch during automatic actuation of the valve and bypassing
themal overloads with an ECCS signal).

\
-
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Mr. Robert H. Groce
Licensing Engineer
Yankee Atomic Electric Company
20 Turnpike Road
Westboro, Massachusetts 01581

Dear Mr. Groce:

RE: COMPLETION OF SEP TCPIC IV-1.A - YANKEE R0WE

A craft of the subject topic assessment was sent to you oy letter dated
April 18, 1979. We have been infomed oy representatives of your staff
oy telephone on Octooer 23, 1979, that the facts upon which the NRC staff
casea its evaluation are correct. Accordingly, our review of SEP Topic
IV-l.A is complete anc :nis evaluation will be a basic input to the
integrateo safety assessment for your facility.

U The subject assessment compares your facility design with the criteria
currently used by the staff in licensing new facilities. This assessment
may need to be. re-examinea if you modify your facility of if the criteria
are changed before we complete our integrated assessment.

Sincerely,

7' 19-

U Lwas X ')GN
Dennis L. Ziemann,)C ief
Operating Reactors dranch #2
Division of Opyating Reactors

cc: See next page
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Mr. Robert H. Groce. -2- November 5, 1979

'

,

cc w/ enclosure:
Mr. Lawrence E. Minnick, President
Yankee Atomic Electric Company
20 Turnpike Road
Westboro, Massachusetts 01581 -

Greenfield Community College -

1 College Drive
Greenfield, Massachusetts 01301'

K M C, Inc.
ATTN: Richard Schaffstall
1747 Pennsylvania Avenue, N. W.
Suite 1050
Washington, D. C. 20006,

;
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April 18,1979:

.....
Docket No. 50-29 '

.

Mr. Robert H. Groce -
.

Licensing Engineer
Yankee Atomic Electric Companyi

'

20 Turnpike Road
Westboro, Massachusetts 01581

Dear Mr. Groce:

RE: TOPIC IV-1.A OPERATION WITH LESS THAN ALL LOOPS IN SERVICE

Enclosed is a copy of our revised safety assessment of Topic IV-1.A,
Operation With Less Than All Loops In Service. This revision includes
consideration of the comments' received on the assessment issued by our
letter dated February 1, 1979. Your letter dated March 7,1979, provided
comments on this assessment.

O This revision completes our assessment of Topic IV-1.A which will
be used as input to the integrated review of the Yankee Rowe Station.

] If there are any errors in the facts of this revised assessment,
please supply corrected information within 30 days of the date you
receive this letter. If no response is received within that time,
we will assume that you have no further comments or corrections.

Sincerely,
_

,.

, , ;i q w.a * ' vs - n <O LW
,

,*

Dennis L. Ziemann, Chief
Operating Reactors Branch #2
Division of Operating Reactors

'

Enclosure:.

Revised Assessment for
Topic IV-l.A

cc w/ enclosure:
See next page

e L*L40 m
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Mr. Rcbert H. Grec'e -2- Acril 18,1979

cc w/ enclosure:
Mr. Lawrence E. Minnick, President
Yankee Atomic Electric Company
20 Turnpike Road
Westboro, Mass.achusetts 01581

Greenfield Community College
1 College Drive
Greenfield, Massachusetts 01301;

K M C, Inc. .,

; ATTN: Jack McEwen
: 1747 Pennsylvania Avenue, N. W.

Suite 1050
i Washington, D. C. 20006
:
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SYSTEMATIC EVALUATION PROGRAM

a
Topic IV-1.A Operation with less Than All Loops In Service

Plant: Yankee Rowe

'

Discussion

The majority of the presently operating BWRs and.PWRs are designed

to permit operation with less than full reactor coolant flow. That is,

if a PWR reactor coolant pump or a BWR recirculation pump becomes

inoperative, the flow provided by the remaining loop or loops is

sufficient for steady state operation at some definable power level,
'

usually less than full power.

Plants authorized for long term operation with one reactor coolant loop

out of service have submitted, and the staff has approved, the necessar'y
'

ECCS, steady state and transient analysis. The remaining PWR and BWR .

licensees have Technical Specifications which require a reactor shut-

down within 24 hours if one of the operating loops becomes inopera.ble

and cannot be returned to operation within the time period.

Evaluation

The docketed material for Yankee Rowe has been reviewed with respect

to operation with less than all loops in service. The search of our

docketed material revealed that on January 29, 1976, the licensee

submitted an application for operation of the Yankee Rowe facility in'

the N-1 loop configuration. The application transmitted Appendix C,

an analysis, entitled " Idle Loop Operation" dated January 2::,1976.

The licensee recuested that Appendix C be reviewed in conjun: tion wi;h

:ne inf:rmaticn and ongoing review of preposed change number 125 en: W e:

4 <ee W: lear ::<;er Station Core XII Performance Analysis", date:

Acril 18.1979-

- _ - - -_- - -- -_. -- __ .-- --, - _ - . .-
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July 14, 1975. However, to date, documented findings of the staff's

review can not be found.
.

The licensees' application for authorization to operate in the N-1

loop mcde was the result of a loss of flow incident that occurred on

January 13, 1976. The cause of the incident was determined to be an
4

electrical fault in the motor of one of the four main ecolant pumps.

Repair or replacement of the pump was expected to involve significant

effort and time requiring a reactor shutdown until the problem could be

resolved. Therefore, the licensee submitted the N-1 loop analysis in

an effort to obtain approval for 3 loop operation for an interim period

s with a further commitment to perform a more detailed analysis if re-
.

sumption of 4 loop operation were not possible because of their inability'-

to restore the inoperable pump. Yankee Rowe obtained a replacement

pumo from the Indian Point Unit 1 plant and resumed full flow oper.ation

within a two week period. At this time, the NRC was verbally requested

by the licensee to discontinue the review of their N-1 loop submittal.

In a telephone conversation with the licensee (telecon P. A. DiBenedetto,

NRC, R. Groce, YAEC, January 17, 1979), the fact that the aoplication

was verbally withdrawn was confirmed. Additionally, it was recognized,

because of the hardware and logic modifications performed on the ECCS.
3 since tendering the N-1 loop analysis, that the submittal was no longer

valid and that authorization for N-1 loop coeration would have to te

supported by a new analysis,
i
)

:

,
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The Yankee Rowe facility is presently restricted (Technical Specifications

3.2.1 and 3.0.3) to operate with no less than all loops in service.,

Under Section 3/4.2, Power Distribution Limits of the Technical Spect-

fications, if a Linear Heat Generation Rate (LHGR) limit is exceeded,
'

several action statements permit the licensee to operate the facility

at reduced pcwer ther'eby reducing the LHGR to within the appropriate

limits; however, the limiting condition for operation (LCO, Technical

Specification 3.2.1) is footnoted. The footnote states that operation
'

in the 3 loop mode is not permitted until appropriate LOCA analyses

for this mode have been approved by the NRC. This prohibits the licensee
>

from satisfying the action statements and reducing power to maintain '

the LHGR conducive to that of 3 loop operation. When an action state- '
-

ment cannot be satisfied, Technical Specification 3.0.3 requires that

the licensee place the facility in at least hot standby within one ,

hour and within 30 hours be in cold shutdown unless corrective measures,

are ccmpleted.

The restriction of Technical Specification 3.2.1 renders Technical

Specifications 3.4.1.1, 3.4.1.2 and 3.4.1.3 (issued with Amendment No. 49

May 30, 1978) ineffective. These Technical Specifications provide the
!

!
LCO's for reduced loop operation. Although not authorized to operate

in this mode, the Technical Specifications were issued to facilitate the

ease of future amendments'by minimizing the number of changes to the

4:hnical Soecifications. Therefore, if an analysis for N-1 locc oceratic,

\

,

________ _ _._
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is performed by the licensee and approved by the NRC, only the footnote

of Technical Specification 3.2.1 has to be removed.

Based on our review, we find that the restrictions presenteo in

Technical Specification 3.2.1 and the requirements of 3.0.3, which

prohibited extended operation with N-1 loops in lieu of approved

analytical support for N-1 loop operation, are consistent with our

criteria. Therefore, we conclude that Topic IV-1.A is completed

and acceptably resolved for Yankee Rowe. .

.

'(
.

.

8



-.

*4:.aKeay . # Y I [ , ,'.~-

s.,'

,:- 4 UNITED STATES
[ /t NUCLEAR REGULATORY COMM!sSION '
{,.h_h WASHINGTON D. C. 20555

, April 18,1979'

% ..

Docket No. 50-29

Mr. Robert H. Groce -
.

Licensing Engineer
Yankee Atomic Electric Company
20 Turnpike Road
Westboro, Massachusetts 01581

Dear Mr. Groce:

RE: TOPIC IV-1.A OPERATION WITH LESS THAN ALL LOOPS IN SERVICE

Enclosed is a copy of our revised safety assessment of Topic IV-1.A,
Operation With less Than All Loops In Service. This revision includes
consideration of the comments received on the assessment issued by our
letter dated February 1, 1979. Your letter dated March 7,1979, provided
comments on this assessment.

This revision completes our assessment of Topic IV-1.A which will
be used as input to the integrated revieve of the Yankee Rowe Station.

'

If there are any errors in the facts of this revised assessment,
please supply corrected information within 30 days of the date you
receive this letter. If no response is received within that time,
we will assume that you have no further comments or corrections.

Jincerely,

,.

, } q y,g * 'v2 Yrdd "
,

Dennis L. Ziemann, Chief
Operating Reactors Branch d2
Division of Operating Reactors

Enclosure:
Revised Assessment for

Topic IV-1.A

cc w/ enclosure:
See next page

O
emet-
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Mr. P.ccert H. Grec'e -2- Acrii 18,1979
i

|cc w/ enclosure.
Mr. Lawrence E. Minnick, President
Yankee Atomic Electric Company !20 Turnpike Road '

Westboro, Mass.achusetts 01581

Greenfield Community College
1 College Drive
Greenfield, Massachusetts 01301

K M C, Inc.
.

ATTN: Jack McEwen
1747 Pennsylvania Avenue, N. W. ~

tSuite 1050 '

| Washington, D. C. 20006
!

|
|
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SYSTEMATIC EVALUATION PROGRAM

,

Topic IV-1.A Operation with Less Than All Lcops In Service

Plant: Yankee Rowe

'

Discussion

The majority of the presently operating BWRs and:PWRs are designed

to permit operation with less than full reactor coolant flow. That is,

if a PWR reactor coolant pump or a BWR recirculation pump becomes

inoperative, the flow provided by the remaining loop or loops is

sufficient for steady state operation at some definaole pcwer leva',

usually less than full ~ power.
.

Plants authorized for long term operation with one reactor coolant loop -

out of service have submitted, and the staff has approved, the necessar'y

\s_ ECCS, steady state and transient analysis. The remaining WR and BWR -

licensees have Technical Specifications which require a reactor shut-

down within 24 hours if one of the operating loops becomes inopera,ble

and cannot be returned to operation within the time period.
:

Evaluation

The docketed material for Yankee Rowe has been reviewed with respect

to operation with less than all loops in service. The search.of our

docketed material revealed that on January 29, 1976, the licensee

submitted an application for operation of the Yankee Rowe facility in'
!

the N-1 loop configuration. The apolication transmitted Appendix C,

an analysis, entitled " Idle Loop Operatien" dated January 28, 1975.

The licensee recuested that Appendix C be reviewed in conjunction v;ith

.the inf:rmaticr and engcing review of proposed change number 125 er,titie:_-

":r:ee Nuclear Power Station Core XII Performance Analysis", date:

April 18.19791 -
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/ o UNITED STATES
g, NUCLEAR REGULATORY COMMISSIONy

h ='%[V /E W ASHtNGTON. O. C. 20555/.

Mi December 23, 1981%,V@v/ !g ..... f
Cocket No. 50-029

X(. m/'; s. .D,.
LS05-81- 12-078

-,v.- m;\

Mr. James A. Kay /U d,., ",, . Dv\
/p
/s/ e,

~1
DC

-

b'Senior Engineer - Licensing -

~~. % p'2 ',4 7 'l~
' - -- ..

Yankee Atomic Electric Company
1671 Worcester Road E.~ N"M.* y''le %
Framingham, Massachusetts 01701 6 .',D

Dear Mr. Kay: ' ' 7 '~'
SUBJECT: SEP TOPIC IV-2, REACTIVITY CONTROL SYSTEMS

DRAFT SAFETY EVALUATION - YANKEE ROWE NUCLEAR
POWER PLANT

Enclosed is a copy of our draft safety evaluation of SEP Topic IV-2,
Reactivity Control Systems for Yankee Rowe. This assessment compares
your facility, as described in Docket No, 50-029, with the criteria-

w currently used by the regulatory staff for licensing new facilities.

) Please inform us if your as-built facility differs from the licensing
basis assu:ned in our assessment. .v

Your response within 30 days of the date you receive this letter is re-
quested. If no response is received within that time, we will assume
that you have no ccaments or corrections. This evaluation should be a
basic incut to the evaluation of Topic XV-8 and the integrated safety
assessment for ycur facility unless you identify changes needed to reflect
the as-built conditions at your facility. This assessment may be revised
in the future if your facility design is changed or, if NRC criteria re-
lating to this subject are modified before the integrated assessment is
completed.

Sincerely,

Yt/

Dennis M. Crutchfield, Chief
Operating Reactors Branch No, 5
Division of Licensing

Enclosure:
As stated

p cc w/ enclosure:
See next page .
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,

Mr. James A. Kay

.

CC
Mr. James E. Tribble, President
Yankee Atomic Electric Company'

,

25 Research Drive
Westnorough, Massachusetts 01581

''Greenfield Community College
1 College Drive
Greenfield, Massachusetts 01301

.

Chairman
Board of Selectmen
Town of Rowe .

Rowe, Massachusetts 01367

Energy Facilities Siting Council
14th Floor
One Ashburton Place
' Boston, Massachusetts 02108

U. S. Envirorimental Protection
Agency,

| Region 1 Office
( ATTN: Regional Radiation Representative

JFK Federal Building
90ston, Massachusetts 02203

Resident Inspector
Yankee Rowe Nuclear Power Station
c/o U.S. NRC
Pos: Office Sox 23
'tonroe 3r:dge, Mas:achusetts 01350

.

M*

%

e

o

-



. .

*
*

. .-

\

! !
\. /

SAFETY EVALUATION REPORT

SEP TOPIC IV-2r REACTIVITY CONTROL SYSTEMS

INCLUDING FUNCTIONAL DESIGN AND

PROTECTION AGAINST SINGLE FAILURES

YANKEE ROWE NUCLEAR POW"ER PLANT,

DOCKET NO. 50-029 -

.

'

I. INTRODUCTION

The purpose of this evaluation is to insure that the design

basis for the Yankee Rowe reactivity control systems is con-

sistent with analyses perf ormed t o verif y that the protection

system meets General Design Criterion 25. General Design

{ Criterion 25 requires th.at the reactor protection sys. tem beo
designed to assure that specified acceptable fuel design limits

are not exceeded for any single malfuncticn of the reactivity

control systemse such as accidental withdrawal of control rods.

Reactivity control systens need r.ct be sin;te failure ;rccf.

Howevere the protecticn system nust be capable of assuring

that acceptable fuel design limits are not exceeded in the
,

,
event of a single failure in the reactivity control systems.

The review criterioni covered in this evaluationi is address-

ed in Section II. Review areas that are not coverede but are

related and essential to the completion of.this topic are cover-
e

. -

.

*
e

.

e
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( j ed by other SEP topics addressed in Section III. The stspe of

the SEP topics is defined in the " Report on the Systematic

Evaluation of Operating Facilities" dated November 25, 1977.

t

This report is limited to the identification of inadvertent con-

trol ro3 withdrawals and malpositioning of. controls rods which
|

may occur i. a result of single failures in the control rod
'

drive system. *

II. REVIEW CRITERION

The review criterion for this topic is based upon Section 7.7e

Part II of the NRC Standard Review Plan. In the specific * case
,

of the reactivity control systems a single failure shaLL not
.

cause plant conditions more severe than those for which the

reactor protection system is designed.
s

III. RELATED SAFETY 70FICS

The fotLowing listed review areas are not covered in this repcete
.

but are relatec and essentisL to the completion of this topic.
These review areas are covered by other SEP topics as indicated
below.

<

1. Analys9s of the consequences of. control rod withdrawals'and

,

--

.
&

)

.

O
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rods which may occur as athe malpositioning ,of control

result of single failures in the electrical circuits of

the reactivity control systems are covered by'3EF Topic

XV-8s " Control Rod Misoperation (System Malfunction or-

'

,

Operator Error").

2. Analyses of reactivity insertions occurring as a result of

inadvertent boren citutions are covered in,SEP Topic XV-10e
" Chemical and Volume Control System Malfunction that Re-

sults in a Decrease in Boron Concentration in the Reactor

Coolant.",

- .

IV. REVIEW GUIDELINES
'

The purpose of this evaluation is to i dentify i n a d v e r't e n t con-

trol rod withdrawals and malpositioning of control rods which

l say occur as a result of single failure in the centrcl red

drive system for the Yankee Rowe Nuclear Power Plant.

V. EVALUATION

Information was provided in Yankee Atomic Electric Company letter
~

d a t ed S e pt emb e r -17, 19 81, describing single failures within the -

control rod drive system which can cause control rod withdrawals

and malpositioning of control rods at the Yankee Rowe Nuclear

Power Plant. Also included was a description of design features

.

*
.

e

e
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b
which limit reactivity insertion rates and rod malposition-

ings resulting frem single failures. Based upon an audit

review of the in f ormation provided by the licensee we con-

clude that the folLowing may occur as a result of single

failures:

.

1. A single rod may drop into the core.

2. A single rod may not move when movement is c'o m m a n d e d .

3. A single rod may be inadvertently moved or malpositioned.

4. An entire group may drop into the core.

S. An entire group may not move when movement is commanded.
.

This includes both automatic in (based on T,y,% and
) manual commands.

u./
6. An entire group may be inadvertently moved or malposittened.

This in:Ludes the simultaneous movement .of two groups when

Only one group is ::nmanded and the inward ,:venent of a

group when the cutwarc movement is selected.

7. AlL cods may drop into the core.

8. AlL rods may not move.in when movement commanded. This
|

includes any number of groups failing to move in when atL

rods are commanded to move.

9. ALL rods may be inadvertently m o ve d in or malpositioned.

10. An entire group of rods may be withdrawn beyond the 485 MWT

Limit.

1

-

l,
.

.

e

e
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The conclusion is based.upon the design of the control rod

drive system. The analysis performed by the licensee found

many of the a ::u t :s and the remaining i tems uere noted du.-ing~
.

the audit.
.

.

,

VI. CONCLUSION * '

The licensee should revise the evaluation of SEP Topic XV-8 to

include the ten items above or should show why these types of

failures cannot occur at Yankee Rowe.

. .

{ . e

-

.
.

p

e

O
**

O

.

P

e

y- m w mmw-m ,+qw.--m-eve-e-mn r yv ,- - , r 4 ,>-,y,,www-,w,=..---r-,-- _mv---o.----mwe---nmy e-.w -w.~m--- - - , . + - , - - , -- ---w--- - - - - - - - - - - - - - - - -



. _ - , . . . . - _ - -

< .

/ %,, UNITED STATESf- ' 7, NUCLEAR REGULATORY COMMISSIONj ',_i I # E ,8 j ' WASHINGTON, D. C. 20555
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J July 13,1982.
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Docket No. 50-29
LS05-82- 07-019

: Mr. James A. Lay
Senior Engineer - Licensing
Yankee Atomic Electric Company
1671 Worcester Road
Framingham, Massachusetts 01701

Dear Mr. Kay:

SUBJECT: SEP TOPIC V-5, REACTOR COOLANT PRESSURE BOUNDARY

LEAXAGE DETECTION - YANKEE NUCLEAR POWER STATION

Enclosed is a copy of our final evaluation of SEP Topic V-5 for the
Yankee Nuclear Power Station. This assessment was based on a comparison
of the facility, as described in Docket No. 50-29, with the criteria
currently used by the regulatory staff for licensing new facilities.

g This evaluation factors in the information contained in the Yankee .

Technical Specifications and information in SEP Topic V-10.A, and your
June 15, 1982 comments on our draft evaluation. We now consider this
topic to be complete.

This evaluation will be a basic input to the integrated safety assessment
for your facility unless you identify changes needed to reflect the as-
built conditions at your facility. This assessment may be revised in the
future if your facility design is changed or if NRC criteria relating to
this subject are modified before the integrated assessment is completed.

Sincerely,
_

J-

j ... w _ ; ;.. - ~ - .
-

,m ,

Dennis M. Crutchfield, Chief
Operating Reactors Branch #5
Division of Licensirig

Enclosure:
As stated

cc w/ enclosure:
See next page
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Mr. James A. Kay.s

9

.

CC,

Mr. James E. Tribble, President
Yankee Atomic Electric Ccmpany

,25 Research Drive-

Westborough, Massachusetts 01531

Chairman ~ \
'

-

- Board of Selectmen
Town of Rowe
Rowe, Massachusetts 01367

Energy Facilities Siting Council
14th Floor
One Ashburton Place
Boston, Massachusetts 02108

U. S. Environmental Protection
Agency

Region I Office
ATTN: Regional Radiation Representative
JFK Federal Building
Boston, Massachusetts 02203

Resident Inspector
Yankee Rcwe Nuclear Power Station

,

c/o U.S. NRC
Post Office Box 28
Monrce Bridge," Massachusetts 01350

' .

Ronald C. Haynes, Regional Administrator
Nuclear Regulatory Commission, Region I
631 Park Avenue
King of Prussia, Pennsylvania 19406

,
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ENCLOSURE
~

,[] SYSTEMATIC EVALUATION PROGRAM

Q TOPIC V-5

YANKEE NUCLEAR POWER STATION

TOPIC: V-5, Reactor Coolant Pressure Boundary (RCPB) Leakage Detection

I. INTRODUCTION

The safety objective of Topic V-5 is to determine the reliability and
sensitivity of the leak detection systems which monitor the reactor
coolant pressure boundary to identify primary system leaks at an
early stage before failures occur.

II. REVI EW CRITERI A
. .

The acceptance criteria for the detection of leakage from the reactor
coolant pressure boundary is stated in the General Design Criteria
of Appendix A,10 CFR Part 50. Criterion 30, " Quality of Reactor
Coolant Pressure Boundary," requires that means shall be provided
for detecting and, to the extent practical, identifying the location
of the sources of leakage in the reactor coolant pressure boundary.O

III. REVIEW GUIDELINES

The acceptance criteria are described in the Nuclear Regulatory
Commission Standard Review Plan Section 5.2.5, " Reactor Coolant
Pressure Boundary Leakage Detection." The areas of the Safe'y
Analysis Report and Technical Specifications are reviewed to estab-
lish that information sucmitted by the licensee is in compliance
with Regulatory Guide 1.45, " Reactor Coolant Pressure Boundary
Leakage Detection Systems."

I V. EVALUATION

Safety Topic V-5 was evaluated in this review for compliance of the
information submitted by the licensee with Regulatory Guide 1.45,
" Reactor Coolant Pressure Boundary Leakage Detection Systems." The
information in the Final Hazards Summary Report, the Final Safety
Analysis Report, the Technical Specifications and SEP Topic V-10.A
was reviewed.

Regulatory Guide 1.45 recommends that at least three separate detec-
tion systems be installed in a nuclear power plant to detect unidentified
leakage from the reactor coolant pressure boundary to the primary
containment of one gallon pGe minute within one hour. Leakage from
identified sources must be isolated so that the flow rates may be
monitored separately from unidentified leakage. The detection system

e should be capable of performing its function following certain seismic
events and capable of being checked in the control room. Of the

.
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three separate leak detection methods recommended, two of the
methods should he (1) sump level and flow monitoring, and (2)
airborne particulate radioactivity monitoring. The third method
may be either monitoring of condensate flow rate from air coolers
or monitoring of airborne gaseous radioactivity. Other detection
methods, such as humidity, temperature and pressure, should be
considered to be alarms of indirect indication of leakage to the
containment. In addition, provisions should be made to monitor
systems interfacing with the reactor coolant pressure boundary
for signs of intersystem leakage through methods such as radio-
activity and water level or flow monitors. Plant incorporated
systems and their corresponding features are tabulated and attached
to this evaluation. Detailed guidance for the leakage detection
systs is contained in Regulatory Guide 1.45.

Based upon our review of the referenced documents and the summaries
presented in the tables, we have determined that:

'(1 ) the leakage detection systems employed to detect leakage
from the reactor coolant pressure boundary to the vapor
container do not meet all of the recommendations of
Regulatory Guide 1.45 (refer to table 1). Specifically,
only two of the three recommended detection systems are

(Q present. There is no system to directly monitor
/ airborne gaseous radioactivity or the flow rate of'd condensate from the air coolers. However, the low

pressure surge tank level is monitored hourly for the
amount of makeup to the reactor coolant pressure boundary.
None of the systems employed is seismically qualified.
It is our judgement that a one gallon per minute primary
system leak can be detected, but in a time of greater than
one hour from the time of initiation of the leak.

(2) adequate provisions have been made to monitor reactor
coolant leakage to the secondary system and to the compo-
nent cooling system.

(3) a primary system water balance is performed once every 24
hours, with the data collected once per shift. The water
balance is performed in accordance with Operating Procedure
No. OP-4220. This technique is capable of detecting small
unidentified leaks.

(4) the vapor container is also equipped with atmosphere
pressure, temperature' and humidity monitoring systems.
Although the leak detection sensitivity of these
systems is poor, they do serve as a means of indirect
leakage detection and can serve as an alert to the
operators that a potential problem exists.

(G
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V. CONCLUSIONS

Our review indicated that the systems enployed at Yankee to measure
reactor coolant pressure boundary leakage do not meet all of the
recanmendations of Regulatory Guide 1.45. Specifically, the systems
are not seismically qualified and, while the systems can detect a-

! one gallon per minute leak, the time required to detect most leaks
is greater than one hour. All of the other recommendations of the
Guide have been met or equivalent alternatives have been.provided.

The necessity for any leakage detection system modification will be
considered during the integrated safety assessment.

I
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Table 3:,

I -

HCS Inventory Balance
i

i 1) Leak Rate Sensitivity: I 9Pu
)

'

2) Time Required to Achieve 24 hours,

Sensittvity:
!

! 3) Documentation Reference: Yankee Technical Specification 3/4.4.5 ''
t

| 4) Description of Inventory
j Balance Procedure: See Yankee Operating Procedure No. OP-4220
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|, , " -

-

Mr. James A. Kay
Senior Engineer-Licensing
Yankee Atomic Electric Co@any
25 Research Drive
Westborough, Massachusetts 01581

Dear Mr. Kay:

RE: COMPLETION OF SEP TOPIC V-6, REACTOR VESSEL INTEGRITY
YANKEE R0WE ATOMIC POWER STATION

Enclosed herewith is a report entitled, " Evaluation of the Integrity of SEP
Reactor Vessels," (NUREG-0569) for your information. This report documents
our review of the design specifications and quality assurance programs used
in reactor vessel construction. It also provides the status of material
surveillance programs, pressure-temperature operating limits, inservice

' (]//' inspection programs and other vessel related issues for plants in the
Systematic Evaluation Program (SEP).,

This evaluation completed our review of SEP Topic V-6 and will be used as
input to the integrated review of Yankee Rowe Atomic Power Station.

Sincerely,

t/ 'M) h' /Y%' ,m v
| p( Dennis L. Ziemann, Chief
| Operating Reactors Branch #2
| Division of Operating Reactors
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} ABSTRACT!

i-
-This report includes a documented review of the integrity of the 11 reactor pressure vessels

. covered in the Systematic Ev'luation Program. This review deals primarily with the design |
a*

specifications and quality assurance programs used in the vessel construction and the status of~

material surveillance programs, pressure-temperature operating limits, and inservice inspection
. programs of the appilcable plants. Several generic' items such as PWR overpressurization protection
and SWR nozzle and safe-end cracking also are evaluated. The 11 vessels evaluated include Dresden'

Units 1 and 2, Big Rock Point, Haddam Neck, Yankee Rowe, Oyster Creek, San Onofre 1. Lacrosse,
, Ginna, Millstone 1, and Palisades.
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EVALUATION OF THE INTEGRITY OF SEP REACTOR VESSELS
*

! 1.0 INTRODUCTION

i
8

In March 1977, the Of fice of Nuclear Reactor Regulation, U.S. Nuclear Regulatory Commission,
; established a Systematic Evaluation Program (SEP) Review Group. During Phase I of the SEP, this

group developed a list of topics to be used as the basis for performing systentic evaluations of
operating reactors (Ref 1).

!

The group recommended that during Phase II of the SEP those plants for which operating ifcenses had
*

been issued prior to 1969 should be reviewed. Indian Point Unit 1 and Humboldt Bay Unit 3 were
omitted from this list because of the uncertainty associated with their future operation. There
are six plants in this category. Subsequently, five facilities operating under Provisional Operating

i Licenses (POLS) were added to the program since the SEP review would efficiently accomplish conversion
| from POL to Full-Term Operating License. The plants under SEP review are:
A

Plant Name Docket No./ License No.

"Dresden Unit 1 50-10/DPR-2
* Yankee Rowe 50-29/DPR-3
* Big Rock Point 50-155/DPR-6

( " San Onofre 1 5,0-206/DPR-13C *Haddam Neck 50-213/DPR-61
*0yster Creek 50-219/DPR-16
Dresden Unit 2 50-237/0PR-19

j Ginna 50-244/CPR-18
Millstone Unit 1 50-245/CPR-21

i

: Palisades 50-255/CPR-20t

*la Crosse 50-409/CPR-45

, As a part of the SEP review, the NRC staff investigated the topic of reactor vessel integrity. Thej-
staf f assessment included compliance with appecpriate sections of 10 CFR Part 50 including fracture
toughness, neutron irradiation, surveillance programs, pressure-temperature operating limits,
inservice inspection programs, transient analysis, and vessel nozzle and safe-end flaws.

NUREG-0081, issued by the NRC in June 1976, documented a review of the integrity of reactor vessels,

| that were not designed to ASME Code, Section III (Ref. 2). Seven reactor vessels 'ow in SEP weren
i

evaluated in this earlier review and are indfrated by an asterisk in the preceding list. This, studyI

?

,

" Denotes vessels designed to ASME Boiler and Pressure vessel Code, Sections I and/or VIII, and reviewedin NUREG-0081.
Section VIII, and Section x1.These Codes are hereinafter referred to as the ASME Code, Section I, Section III,,

9
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( I

( was used as part of the basis for tre present dEP review. The information contained in that report
=as expanded to include all the SEP vessels and several items not incluced in NUREG-0081 and was

upoated to January 1,1979.

>

The NRC document NUREG-0081 was published in response to concerns expressed by tne Advisory

Committee on Reactor Safeguards on the integrity of reactor vessels not constructed of SA 533 and
SA-508 steels, designed to ASME Boiler and Pressure vessel Code, sections I and/or v!!!, and where
only limited conformance to ASME Code 5ectior x! is practical (Ref. 3). From this review it was
concluded that all the pre-Section III reactor vessels, except Indian Point 1, have approximately.
the same degree of reliability as the vessels designed to meet Section !!! discussed in WASH-1318

(Ref. 4).

2. 0 DESIGN

The quality level initially built into a nuclear reactor pressure vessel is a very important factor
affecting the integrity of the vessel throughout its service life. This quality level is directly

related to the materials and construction practices used in the manufacture uf the vessel. The
current requirements governing these practices are given in the ASME Code, Section III. The minimum
initial quality of nuclear pressure vessels built to this section i: .igher than that of vessels

designed solely to Sections I or VIII. The main reasons for this are summarized below.

1. For nuclear service (Section III design), the properties of materials are more strictly defined
and much more attention is paid to make certain that the proper environmental conditions are
considered.

.

2. Design practices are much more highly refined and more emphasis is placed on the careful
analysis of design details in preference to reliance only on the nominal memDrane stresses and
gross factor of safety. Cercarison between the requirements of Section III and those of
Section I and Section VI!! shcws that the nennuclear sections gain all of tnele ccaservatism
by increased wall thickness requirements, evaluates solely for memorane loads and with a safety
f actor of f our t>etween design and ultimate strenqtn values. In contrast, althcugn Section !!!
requires a nominal factor of only three, this section of the Code provides rules for treating ;

design features af fected by f atigue loads and other secondary loading conditions known to be
major contributors to failure of vessels.

3. Section III specifies that the vessel function, oesign conditions, and environmental loads be
carefully defined in the Owner's Design Spect'ication so that designers can account for all
anticipated Conditions that the vessel may experience over its service lifetime. honnuCItar
sections do not have such a requirement, and the majority of nonnuclear vessel failures
reported were associated with conditions not considered during design.

4$ Fabrication and installation methods are much more carefully controlled under Section III than
for most nonnuclear service applications, because of the extensive quality assurance require-
ments of Section !!!.

fg Only four SEP. reactor vessels were designed to Section !!!: Oresden 2. Palisades, Ginna and

( ) Millstone 1. The other seven vessels were designed to Sections I and/or VI!!. However, the
%/
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[ ,i{
quality of these pre-Section Ill reactor vessels is much better than tnat of nonnuclear vessels
designed to tnese sections since their esign procedures were si.pplemented Dy requirements of

; various nuclear code cases, tre Navy Coce, and supplementary requirements tsf the vessel f atritator
or vendor. The varicus iucieser code :ase* sad the Navy Coite t. sed in tne ocsign of these seven;

I nuclear vessels are discussed in appen.1in N.
I-

; Comparing the seven SEP nuclear vessets psigneo to Sections I and/or VIII witn the vessels oesigned
h to Section III with ecsper.t to the four design aspects expressed above, we conc!ude that the Initial

quality of these vessels is very close to that of Section 111 eessels. A summary of this comparisen
follows:

|

4 1. All of the pre-Section !!! reactor vessels were made of SA-202. Grade B, plate. $A-202 is very
similar to the SA-523 Grade B. Class 1. i'aterial used for modern reactor vessels and has
approximately the same tensi'e anc tcugbness properties. Also, these vessels have thicker walls
and therefore have lower primary str(s>es tnan a 3ection !!1 designed webses. These 'ower
stresses reduce the prcbability of a 3rittle failure. Finally, 5A-302 is an acceptable material
for Code Class ! vessels according to 3ection III.

!

2. All of these pre-Section III vessels except Dresden 1 ana Yanzee Rowe used the Navy Code in.

their design. Se Navy Code reGuires the stress analysis to include fatique and thermal
transient effects iimilar to that erv. ired by Section !!!. One vessel .iaddam Neck was

| reevaluatec to tne ASME Code secti n !!! rules. It was Jetermined that 7.ne vessel met the
; Code rules and in some areas eve. exceeded them (Ref. 5;.

m

3. All the '.EP pre-Section Ilf vessets .ere designed to meet conditions they might be expected to,

7 encounter during their lifetimes. *och as Diant heatuo and cooldown, step load transients, loss
of load, and turbine trip with SC4AM

4. The supplementary receircments Cf t% nssel manuf acturers r,r ,endors and the varicus code cases
'

utilized reacired qualits su ur mi.$ v eng ren<- ve*y similar te thuse 4,pecified in >ection 11!.
The inspections performej are C Arare) t3 Settien !!! require 1:ents foi each of tr.ese vesseis
in teular form in the Ji cssi..i if the sucject plants. ISeeiaperdices.)i

Appendices A through K discuss the S.i a i m topict toe -fesign criteria and .riaterials used in
.

vessel ccnstruction; tne etatin cf ut. - s s.rve leance crograms, pres,ure- moerature averating
j limits, inservice inspect wn cecorams- wi ne resolution of vae cus generic safety items affecting
{ vessel integrity.
.

? Appendix i. Jummarizes it e tiesign saa aiater t al data for these vessets. Aopendia M discusses the
i

design criteria in ASMF Code 'ev ien. . d vill. Acpendia N Jiscusses the Navy Code and the code+
.t

I cases useo in design of these plants.
:
*

ine initial auality of T.;rescen ?. Nii.nes, innaa, anc Millstone 1 is considered acceptable since
these ve nets were 1esigned te eMt .* rection ili (199 rdition). Class i vessels, including

. reactor vessels, destyned to the .?f5 ;?i u,n of Section III, are essentially the se.e as vessels
| designed to later editiens of this coce. 'he nasic pniloscohy in Section III has not enanged from

/y 1965 to the present daf. The must m ir: ct : nances in Section !!! " ave oeen to evoano it tof-
\

_
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( include design criteria for components other than the reactor vessel such as supports, valves,
pumps, etc. The design criteria in the 1965 Edition were primarily concerned with the reactor
vessel design. However, there have been some changes in the Code that affect the reactor vessel
design that should be mentioned. The most important change is the additional requirements for
fracture toughness testing and the prevention of brittle fracture introduced into the Code in 1972.
Vessels designed before this criteria became effective did not perform all the tests required by
it. However, because fracture toughness is so important, the staff has developed procedures for
analyzing the fracture toughness of these older vessels to provide the same margin of safety as for;

newer vessels (Ref. 8). Another important change is the requirement to leave access to permit
Section x! inservice inspections (discussed in more deta11 in Section 6.0 of this report). Other
changes that will affect the reactor vessel to a lesser extent are the inclusion of more detailed
procedures for perfoiining quality assurance examinations, more detailed administrative requirements
for quality assurance programs, and the addition of requirements for performing an analysis for
faulted and emergency operating conditions.

The design criteria utilized for all the reactor vessels in SEP are considered acceptable. The
design criteria used provide assurance that the initial integrity of these vessels is acceptable,

e

3.0 MATERIALS

Reactor vessels being built today are constructed from SA-533, Grade B, Class 1, plate material and
SA-SC8, Class 2, forging material. ASME Code Section 11 contains the specifications for these
materials. The specifications include requirements for chemical composition, mechanical properties,s

and methods for steelmaning, plate preparation, and the forging process. Additional requirements
V for the materials in the beltline region, including weld metal, are contained in Appendix G of ASME

Code, Section III. The selection of these materials is based on their adequate strength, high
resistance to unstable crack extension under load (" toughness"), and their availability in the

I
required sizes and thicknesses. In addition, the materials must allow the production of high quality
welaments and be compatible with the stainless steel cladding.

All of the 11 SEP reactor vessels except Ginna were made of SA-302 2 plate material. Ginna was made

from SA-508, Class 2, forgirg material. Both of these materials are acceptable by today's ASPE Code
Section III standaras. Five of these early vessels (Yankee Rowe,* Palisades, Millstone 1, Oyster
Creek, and Dresden 2) were made from SA-302 8 material modified by the addition of 0.4% to 0.7% nickel.
The modified SA-302 6 metal is identical to SA-533, Grade 8. Class 1, material. The nickel is added
to increase hardenability; i.e., to produce higher fracture toughness properties through the thickness
of plates in the quenched and tempered condition.

The most significant difference between present day vessel materials and materials used for older
vessels is the control of residual elements. It has been shown conclusively that residual copper
and phosphorus impurities are highly detrimental to nuclear radiation embrittlement resistance
(Ref. 6). In vessels constructed in the 1960s and early 1970s, copper content in base and weld

metal of ten exceeded 0.30% and the phosphorus content was higher than 0.02%. For vessels being
constructed today, copper and phosphorus contents are required to be maintained below specified

"The nickel content in,several of the Yankee Rowe plates was only about 0.2%.

f 1

\j
<
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{ ) levels (generally about 0.12% for copper and 0.017% for phosphorus). The effect of this control on
\d the material chemistry can be seen from the predicted radiation damage curves in USNRC Regulatory

Guide 1.99, Revision 1. These prediction curves show that the degree of radiation damage (in terms

of the drop in upper shelf Charpy energy or the increase in RTNDT ) is reduced by about 50% when*

copper and phosphorus are reduced from 0.30% and 0.02% to 0.15% and 0.017%.

The materials used in the construction of these 11 reactor vessels are considered acceptable. They
are acceptable by the current ASHE CODE Section III standards.

>

4.0 MATERIAL SURVEILLANCE PROGRAM

f Irradiation causes a decrease in upper shelf toughness values and an increase in the ductile to

| brittle transition temperature of reactor vessel materials. The amount of degradation is difficult
to predict since it is influenced to a large degree by the chemical composition of the material and
its environment. Therefore, a material surveillance program is required to monitor the effects of
irradiation on the mechar.ical properties of the reactor vessel materials. NRC regulations,
Appendix H to 10 CFR Part 50, require that surveillance programs contain tensile and Charpy specimens
frw vessel beltline plate, heat-affected zone and weld material. These specimens are to be removed
periodically from the vessel and tested in accordance with ASTM Specification E 185-73, " Standard

Recommended Practice for Surveillance Tests for Nuclear Reactor Vessels." The base and weld metal
to be included in the program should represent the material that limits the operation of the reactor
during its lifetime (limiting eaterial). The bases for selecting the limiting material are initial
transition temperature, and the predicted amount of radiation damage considering chemical composition,- m

/ \ (particularly copper and phosphorus) and neutron fluence. The material surveillance progrses of
f(p nuclear plants applying for a construction permit today are carefully reviewed to make certain these

programs comply with Appendix H, 10 CFR Part 50. However, for older plants, such as all of the SEP
plants, the surveillance programs were initiated prior to the issuance of Appendix H. Therefore,
we can not expect the surveillance programs of these older vessels to completely meet all the

f recuirements of ADpendix H. The method of compliance with specific provisions of Appendix H are
reviewed and determined on a case-by-case basis (Refs. 7, 8).

The most common deficiencies, or aress of necconformance, found in the programs of older vessels
are (a) Charpy specimens oriented in the strong direction (b) insufficient number of Charpy
specimens, (c) lead factors higher than three, (d) no weld material specimens, and (e) surveillance
materials not including the limiting vessel material. With proper care in planning tests and
analyzing the results, most of these nonconformances will not affect the validity and usefulness of
the surveillance program to a great extent. For example, test results from longitudinally oriented
(strong direction) specimens reduced to 65% of their value provide'a conservative estimate of values
expected from transversely oriented (weak direction) specimens (Ref. 8). Futhermore, weld metal,

which is isotropic, is generally the limiting vessel material. Paragraph II.B of Appendix H. requires
that surveillance programs comply with ASTM E 185-73. This Standard Recommended Practice requires
12 Charpy V-notch specimens each from the limiting base, weld and heat affected zone (HAZ) materials.
Some of the early vessels have programs with only 8 or 10 Charpy specimens. In such cases, we

"The reference nil-ductility temperature, RT is the highest of the nil-ductility temperatures
established from drop weight tests or 60*F Ms, than the temperature at which the material exhibitse

N at least 35 mils lateral expansion and 50 ft-lbs absorbed energy in Charpy V-notch tests.

V
! !
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\(y) recommend that tests be conducted first at relatively high temperatures to estaolisn the ut,per-

shelf energy * with a minimum of three data points before proceeding to lower temperature tests in
the transition region. When tests are started at low temperatures with only eight specimens, ,,cpar
shelf values may never be reached (Ref. 9). Appendix Si requires that lead f acturs (the ratio of
neutron flux received by specimens to the maximum flux received by the vessel inner surface) be no
greater than three. The reason for this provision was the concern over the rate ef fect on damage.
However, recent research work has indicated that varying the rate over several orders of magnitude
will have little effect on the amount of radiation damage incurred (Hef. 10). Therefore, lead
factors up to at least 10 appear satisfactory.

Regarding the lead factor, it should be pointed o.it that paragraph !!.C.2 of Appendix H states that
accelerated capsules are acceptable provided tnat the surveillance program contains the minimum
numoer of wall capsules as specified in paragrapn II.C.3. The required numoer of .all capsules,
three to five, depends on the value of the adjusted reference terrperature at end of life. In the
preceding discussion, a wall capsule is defined as one with a lead factor of three or less. Since
many of these older vessels had more than the required number of capsules (some as many as 20),
their programs usually contained the required numoer of capsules with a lead factor of three or
less even though some of their capsules exceeded the required lead f actor of three.

The most significant deficiency found in some of the older surveillance programs is that they do
not contain any weld metal or that thsy do not include the limiting vessel material. Programs with
these nonconformances must be carefully evaluated to determine their effectiveness to prer etd

( ])
[ radiation damage. In some cases it is possible to supplement the data from the deficient program

with data from other surveillance programs or from research programs (Ref.10). When data on a
U

particular material are not available, the staf f uses NRC Regulatory Guide 1.99, Revision 1, to
obtain conservative predictions of radiation damage.

Although all of the SEP reactor vessels were designed and built prior to the issuance of Appenoix H,
10 CFR Part 50, they all have ongoing material surveillance programs that generally conform to
Appenoix H with the exceptien of Yankee Rowe. Yankee Rowe had a survei1 4nce pregram that .as
terminated due to a structural failure of the capsule holder fixtures. However, prior to termina-
tion, five capsules had been remosed from the vessel and teste1 These results are considered to
be sufficient to monitor the effects of radiation on the vessel materials throughout service life.
Since all of the dEP surveillance programs were established prior to the issuance of Appendia H,
they all have some areas where they do not completely conform to Appendix H requirements. The .

areas of noncor.formance for eact plant are discussed in detail in Appendices A through K. From our
review of these programs, we conclude that they all provide a satisfactory means of monitoring
radiation damage on vessel materials throughout service lifetime.

The preceding discussion has pointed out some of the major deficiencies found in the surveillance
programs of older plants. It snould also be pointed out that these older programs often have areas
that exceed Appendix H requirements. Many of the surveillance programs of older plants contain
specimen types and materials not presently required by Appendix H. Examples of additional specimens

" Upper-shelf energy is defined as tht energy to fracture Charpy specimens at temperatures in which
- % the fracture mode is f00% shear.

V)4
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are WOL (wedge opening loading) and compact tension specimens. These types of specimens are used
to obtain fracture toughness properties such as K Older surveillance programs also often contain"

gg.
specimens from a correlation monitor material. The object of performing tests on a correlation
material is to correlate the test results of one program with the surveillance results of other
programs, including those f rom test reactors. Also, many of these older programs contain more capsules
(hence more total specimens) than required by Appendix H.

5.0 PRESSURE-TEMPERATURE OPERATING LIMITS

Pressure-temperature limits for reactor vessel operation provide a means of assuring vessel integrity
throughout its operating life. Operation in accordance with NRC regulations will ensure that, in
the normal operating range, the vessel will operate in the upper-shelf region of its material
toughness. The required operating limits also provide assurance that the fracture toughness of
vessel materials during heatup and cooldown transients will be adequate to prevent rapid crack
propagation (brittle fracture).

Pressure-temperature limits for inservice testing, heatup and cooldown, and core operation are
required to be in compliance with the rules of Appendix G to 10 CFR Part 50, " Fracture Toughness
Requirements." When first published in 1971, Appendix G used a transition temperature approach to
estaolish safe operating limits. Appendix G was revised in 1973 to require a fracture mechanics
approach. The fracture mechanics approach usually gives more conservative operating limits. The
fracture mechanics approach relies on a fracture mechanics characterization of the material and its

g'"
,)

Using this characterization, the stress in any portion of the vessel, in con-stress environment.
'

junction with any assumed flaw, can be compared with the stressed-flaw tolerance of the material, a
> material parameter such as K Using this parameter, the stress in the vessel can be limited suchIC.

that, in the presence of an assumed flaw size so large as to ensure detection, no rapid crack
propagation can occur. Above NOT, the fracture toughness of the materials used in nuclear reactor

/essels increases greatly. Thus, the crack tolerance of the material at the normal operating
temperatures is high. Und e this system of fracture control, prevention of rapid fracture is
assured by the control of stresses and flaw sizes. For nuclear vessel materials of normal shelf
fracture toughness (according to Appendix G,10 CFR 50, a Cnarpy upper-shelf energy of 50 f t-lb is
required), very large cracks would be required to cause the onset of rapid crack propagation at
operating temperature and pressure. In regions of high local stresses, such as nozzle corners,
ductile tearing could commence at smaller cracks or lower pressure but, as the tear extended into a
region of lower nominal stress such as the vessel wall, rapid fracture would again require very
large cracts. Appendix G also states that a smaller postulated defect may be used provided that it
can be justified. For example, Appendix G states that a quantitative evaluation of the fracture
toughness requirements for nozzles is not feasible at this time, but preliminary data indicate that
the oesign defect size for nozzles ';onsidering the ccmbined effects of internal pressure, external <

loading and thermal stresses) may be a fraction of that postulated for the vessel shell.
Nondestructive examination methods shall be sufficiently reliable and sensitive to detect these
smaller defects.

!

|

|

"K is the plane strain fracture toughness of a material.IC

1
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The specific methods to calculate the pressure-temperature operating limits are contained in
Appendix G to ASME Code Section_III.

For regions remote from discontinuities (the beltline region),
the stress intensity factors calculated in the development of these operating Ilmits are based on a
postulated sharp, surface flaw penetrating to a depth of 1/4 of the vessel wall thickness and having
a length 1 times the section thickness.

Since the maximum size flaw that might escape detection
in a preservice ' r inservice inspection is much smaller than this assumed flaw size, the combina-o

tion of inspections and conservative pressure-temperature limits provides a high degree of assurance
for vessel integrity throughout service life. For nozzles, flanges, and shell regions near discon-
tinuities, a smaller defect size may be used. The smaller defect size must be justified and
nondestructive examination methods must be sufficiently reliable and sensitive to detect these
smaller defects.

The procedures to calculate the stress intensity factors for these regions provide
margins of safety comparable to those required for the beltline region. Appendix G provides methods
to calculate stress intensities for membrane tension stress, bending stress, and stresses resulting

,

I

from thermal gradients, and lists the safety factors to be applied to these stress intensities.
i

Irradiation degrades material toughness causing its RT to increase. Since the pressure-temperatureNOTlimits are based on a temperature above RT
NOT, these limits must be revised periodically to reflect

the changes in toughness.
Since the postulated flaw penetrates to 1/4 the wall thickness, the

increase in RT
NDT is based on the fluence at the 1/4 thickness location. Increases in RTNDT '''usually cbtaired from the results of the vessel's material surveillance program. If these results

are for some reason not considered applicaDie or valid, the staff uses Regulatory Guide 1.99,g Revision 1, to obtain conservative radiation damage values.
t
\
'

As of January 1,1979, all of the SEP plants have pressure-temperature operating ifmits that are in
conformance with Appendix G, 10 CFR Part 50.

The NRC staff will continue to review the results of
material surveillance programs of the SEP reactor vessels as well as those of later vintage vessels.
These results .111 be used to update the operating limits of these plants. As a minimum, the staff
will require that these limits meet the requirements of Appendix G,10 CFR Part 50. In general,
the same criteria will be used to evaluate the coerating limits of these older reactor vessels as
will be used for later vintage vessels.

In the review of the pressure-temperature operating limits, Regulatory Guide 1.99, Revision 1, was
used to evaluate the amount of radiation damage, change in RTNDT, on vessd mat M als. Ns gu6
has been approved by NRC's Regulatory Requirements Review Committee as a backfit item.The guide
was used to conservatively predict radiation damage on materials that are not included in the .
vessel's material surveillance program. The guide was also used to check the validity of test
results from the various SEP material surveillance programs by comparing them to the predic6fons in
the guide.

No major or unexpected deviations from the Regulatory Guide predictions were noted inj these reviews.

6. 0 INSERVICE INSPECTION PROGRAM

Following the completion of fabrication, testing, examination, and certification in accordance with
the construction rules of ASME Code Section III, and as part of the requirements of ASME Code1

;

Section XI, modern reactor vessels are required to be further examined nondestructively prior to,
N

and as a condition for, placement into nuclear power plant service. These examinations are totally
unlike those generally applied to the inspection of fossil-fueled power plant boiler drums. Inservice

-8-
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(U) inspection programs for steam boiler drums (fossil vessels), which have been formalf red by the
National Board Inspection Code, have evolved as a result of specific requir,ements imposed by state
jurisdictional authorities. Visual examinations and hydrostatic tests are, in general, the extent
of inspection performed in sue eases. The preservice examinations required by Section XI require
volumetric examination of of the vessel that are subject to periodic inservice inspections.+

These examinations cover e m .. Jy 100% of the pressure-retaining welds. These preservice examina-
tions provide a record of any indications, such as extremely small flaws, within the limits permitted
by the allowable indication standards of Section XI. Also, the mapping of small flaws provides a
basis for future comparison with the results of subsequent periodic inservice examinations to determine
the flaw growth during service. Evaluation and analysis of the influence on the structural integrity
of any detected change in size of flaws provide, in turn, a means to assess the safety of the vessel
for continued service.

Section XI identifies the principal vessel areas and the extent of those areas that are periodically
! examined during the entire service lifetime of the reactor vessel. The principal areas of the vessel

selected for examination are (a) those that are more highly stressed (e.g. , no221e-shell junction),
(b) those components for which a representative examination sampling provides an assessment of the
overall structural co..dition of the component materials (e.g., shell weld joints), and (c) those
portions of the vessel where environmental effects and irradiation could influence the properties
of the vessel materials (e.g., reactor beltline re2 on). The inspections required by Section XIi

have resulted in many changes in vessel design to facilitate inspection and to provide access for
the conduct of examinations. The examinations required by Section XI are required to be completed

) during each 10 year interval of service (inspection interval). Each inspection interval is divided[
( ) into three 40-month inspection periods. A specified percentage of the total required inspections
\

'
%./ l on each component is required to be performed during each inspection interval.

ASME Code Section XI requires nondestructive inservice examinations utilizing volumetric, surface,
and visual examitlition methods. As the name implies, a visual examination is a visual observation
of a ccmponent for signs of leakage, corrosion, or deterioration. Inf ace examinations, such as
dye penetrant and nagnetic particle, are used to reveal flaws at or near the surface inspected.!

I
Generally, the most ef fective method of detecting flaws is by volumetric nethods such as ultrasonic,
radiography, and eddy current ,, amination techniques. A volumetric examination examines the entire
volume of a material for flaws. Rules governing the examination procedures for the three preceding
volumetric examination techniques are given in Section XI. However, Section XI does not preclude
the use of cther examination techniques provided they can be justified (Article IwA-2240). The most
effective alternative volumetric examination method (a method not specifically described in Section XI)
appears to be acoustic emission. One of the important advantages of acoustic emission is that it
can be used to detect flaws in regions where lack of accessibility prevents the use of other techniques.
The main disadvantages of acuustic emission are (a) that it has not been tested sufficiently to prove
its effectiveness, and (b) there are no codes approved by NRC to govern its use.

Many operating plants have reactor vessels that were designed prior to the initial issuance of
Section XI. lhe design of these vessels does not provide access to permit the conduct of all
examinations now required by Section XI. Furthermore, prior to Sertember 1, 1976, there was noI

requirement in NRC regulations (10 CFR Part 50) governing the inse vice inspection program for
plants that received a construction permit prior to January 1, 1971. Thus, the inspection programs
formulated by older plants were generally nonuniform. However, on September 1, 1976, a change to

%n
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paragracn SS.5ss*1) t,ecame ef fective whict. reautre. tr.at, throughout the service life of a nuclea-
f acility, the reactor vessel be inspected in accordance witti editions of 1,5M2 Coce Section XI ano

adaanoa that become ef tertive to tne extent pr act icae witrin tn, limitations of design, geometry
and material of constraction of the vessel. Thur,, tr.e inservice inspection programs for older
plants will oe, as far as practical . the same as for riewee plants.

Under the reviseo reoutrements of paragraph 50.55atgi, inservice examinations conducted during
successive 40-month periods throughout service life will cumply to the extent practical with the
requirements in editions of 5ection 21 and adoenat in of fect no more tnan o months prior to the
start of each 40-month period. For older plants the initial period will be that period starting
af ter September 1,1970, based nn successive periods commencing at the start of facility commercial
operation. The cate of tne first inspection persoo for tne SEP plants under tnis provision follows:

Ginna 9/1//6-

Paltsades 10/31/76
Dresden 1 - 3/4/77
Millstone 1 8/28/77-

Haddam Neck - 1/1/78
San Gnofre 1 - 1/1/78
vankee Eowe - 3/1/78
Eig Rock Point - 9/1/78

m Dresden 2 2/9/79-

) Lacrosse - 11/1/79
\d Oyster Creek 12/79-

An updated inservice inspection program in accordance with 10 CFR 50.55alg) nas been submitted for
all plants in SEF. The program for Big Rock o int wn:, originally due by mid-1976. However, NRCo

grantec, by *memotion, the licensee a 7-month celay Tre progma for Biq God wes submitted in
Decemoer 1976 and is currently under review. ina NRC staf f has completed its review of updated
inservice insocction programs fur Ginna, Palisades, Dresden 1 Millstone 1, and $an Onofre 1.
Safety Evaluations, including grants for relief from performing inspections on certain components
in accordance with Section XI requirements where we have determined that Code requirements are

imoractical, for these plants have Deen issued. Tne review of the inservice inspection programs
for the other SEP plants is expected tn be completed oy early 1980.

Since the reactor vessels in SEP were designed prior to the initial issuance of Section XI, some
inspections nuw reouired by Section XI cannot be performec because of the design geometry of the
plant. The most important category where relief is requested is the Category 6-A' welds in the
vessel core region. The only plants in SEP tnat can inspect these welds are San Onofre, Haddam
Neck, Ginna, and Palisades. Dresden 1 management ha, committed to attempt an inspection of these
beltline welds. In view of the importance of th.ese welds and the fact that many older plants
cannot inspect them, it is recomtrended that alternattw inspection techniques be investigated by
hRC. The technique that appears to be most promising is acoustic emission. NRC is currently
funding research programs to develop acoustic emission examination methods (Ref. 11),

p} -

; " Examination Category is that used in Table IWB-2600 of Section XI.%)
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Commercial companies are also conducting research on acoustic emission. Exxon Nuclear Company has
~ performed an acoustic emission examination of the German KR8 plant nuclear steam supply system

/

(Ref. 12). This inspection detected three significant acoustic sources and nine minor sources.
The areas of significant sources were reexamined by ultrasonic techniques and flaws were found that

closely resembled those predicted by acoustic emission. Electric Power Research Institute recently
initiated an acoustic emission examination of the LaSalle reactor vessel during a shop hydro test.
The results of this examination were compared to those obtained during the preservice ultrasonic
examination. The comparison of results indicates that ace,ustic emission examination methods are
feasible.

Dunnigan/Endevco reviewed the progress that has been made in acoustic emission monitoring
of nuclear plants (Ref.13). This report also conclude * that acoustic emission examination
techniques are feasible for monitoring reactor vesseis. Reference 13 also lists acoustic emission
examinations that have been performed on commercial nuclear power plants. The examinations performed
to date on nuclear plants gives credence to the acoustic emission method. It is recommended that
the NRC staff formulate a set of rules to govern acoustic emissien examinations so that utilities
would receive credit for examinations conducted by this method.

By the end of 1979, all reactor vessels in SEP will have updated inservice inspection programs in
| accordance with the provisions of 10 CFR 50.55a(g). These programs will require that the examina-I

tion of all vessel components be performed in accordance with updated wditions of Section XI to the
maximum extent possible. These inspection programs will centinue to be updated throughout service
life. Examinaticns in accordance with these inspection programs will provide assurance that the
integrity of the reactor vessels in SEP will be maintained at acceptable levels throughout service
life.

7.0 GENERIC SATETY ITEMS

The status of several generic safety items that affect the integrity of the reactor vessel are
discussed in this report. These items include low upper-Shelf Charpy energy, PWR overpressurization

protection system, BWR feedwater nozzle cracking, EWR control rod drive return line nozzle cracking,
and sensitized stainless steel safe end cracking.

7.1 Lo= Upper-Shelf Charpy Enemy

The MC staff has determined that some operating plants may have reacter vessels with material that
will have marginal toughness af ter several years of operation. PWR vessels are mcre likely to have
a low upper shelf problem than EWR vessels because their materials are exposed to mucn higher fluence
levels. However, since some of the pre-Section III EWR vessels are small and will'see relatively
high fluences, the upper-shelf energy status of all SEP vessels is being reviewed as part of the
SEP review.

The technical aspect of the problem is that Appendix G, 10 CFR Part 50, specifies minimum toughness
requiremerts for operation that are based on the assumption that the upper-shelf toughness is at
least 50 ft-lbs, as measured by Charpy impact tests. Recent surveillance data indicate that the
toughness of materials in some plants may fall below 50 ft-1bs af ter comparatively short periods of
operation.

- 11 -
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Although the 50 ft lb minimum was derived by empirical methods, it is not considered overly
conservative by most experts in the field. This lavwl was very carefully reviewed at the time
Appendix G was formulated, and is supported by the best empirical correlations available. At this
time, we have only limited data that justify operation with lower toughness than is indicated by
the 50 f t-lb Charpy level and, except for the smallest vessels, 45 f t-lbs is about as low as we
expect to be justified with current technology. However, some justification to permit operation

',

with Chirpy upper shelf as low as 33 f t-Ibs is contained in Reference 14. This justification is
based on an Appendix G . type of analysis and on the fact that the stress levels in some vessels are
lower than those permitted in ASME Code Section III.

Appendix G 10 CFR Part 50, describes the steps that must be taken to justify continued cDeration
in cases of low toughness (i.e., under 50 ft-lbs). It specifies that all the following must be
done:

1. Augmented inservice inspection of the reactor vessel beltline.

2. Additional fracture toughness information from different types of tests, such as KID determina-

tions using special specimens. K is the fracture toughness valse similar to K except thatID gg

it is determined from a dynamic test.

3. A fractbre mechanics analysis proving that sufficient safety margins are provided.

]t

(/ Category A Technical Activity No. A-11 will develop criteria to evaluate low upper shelf vessels
(Ref. 15). At present it appears that only two SEP vessels (Ginna and Yankee Rowe) may have an
upper-shelf Charpy energy that falls below 50 ft-lbs. For Ginna, this will not occur until at
least 11 EFPY (Effective Full Po er Years) of operation. By this time. Activity A-11 will be
completed and Ginna will be reevaluated in accordance with the resulting criteria. It is estimated
that the upper-shelf energy of plate materials m the Yankee Rowe vessel will fall to about 42 f t-1bs
at end of life. However, because of the low :trestes in the vessel, this value of upper shelf energy

may be shown to be acceptatie. This item will be revie.ed again folic. wing the completion of
Activity A-11, when the licensee provides submittals in accordance with Appendix G.

7.2 Overpressurization Protection System

As of January 1,1979 PWR licensees have reported 33 incidents of reactor coolant system pressure
transients in excess of the Technical Specification or Appendix G pressure-temperature limits
(Ref. 16). The majority of cases have occurred during reactor startup or shutdown when the reactor
coolant system was in a water solid condition. Of the 30 events,10 reached a pressure of 1000 psig
or more, 4 reached a pressure of 1500 psig or more, 3 reached a pressure of 2000 psig or more, and
1 exceeded 3000 psig. However, half of these incidents Gccurred prior to initial Criticality of
the reactor. Since there was no core decay heat or fission products, these events did not pose a
potential hazard to the public health and safety. All of the pressure transients were such that
fracture mechanics and fatigue calculations indicate that the reactor vessels were not damaged and
that continued cperation of these vessels was acceptable.

D.

(' )
/ The pressure transient events reported to date have affected only pressurized water reactors (PWRs).

%d
Boiling water reactors (BWRs) never operate in a water solid condition except daring some hydrostatic
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' - tests. During cold shutdown conditions for BWRs, a letdown path is maintained through the reactor
water cleanup system to remove the water added to the reactor through control rod drive seals.
This flow is controlled to maintain reactor water levels within a narrow range. Thus, the upper
region of the reactor vessel always contains vapor (steam) or gas (afr). This provides a significant
capability to accept volume surges with only small pressure changes. Also, the BWR reactor is
pressurized for normal cperation by heatup of the coolant and follows a water saturation pressure
line. Thus, high pressures are not produced unless the vessel temperature is sufficient to satisfy

'Appendix G pressure-temperature limits.

Because of the relatively high frequency of these pressure transients, the NRC staff has concluded
that administrative procedures and overpressure protection devices should be upgraded in an
appropriate time frame to reduce the likelihood of future pressure transient events. As of January 1,

|
1979, all SEP PWRs have upgraded their overpressurization prctection systems and submitted proposed

g Technical Speci*ication changes to minimize the possibility of inadvertent pressure transients.
Licensing action, including the Safety Evaluation and required Technical Specification changes, has
been completed for Haddam Neck, Ginna, Palisades, and Yankee Rowe. Licensing action is expected to
be completed on San Onofre by the end of 1979. Mcwever, the licensee is administratively complying
with their proposed Technical Specifications that contain testing and administrative procedures to
protect against an overpressurization incident.

Criteria used for the review of overpressurization protection systems in operating PWRs is outlined
j in NRC Report NUREG-0224 (Ref. 16). These criteria differ slightly from those used to evaluate

.
plants undergoing a construction permit or operating license review. Offferences are mainly in the
areas of administrative controls, and electrical and seismic design requirements of the systems.
These differences are nct considered to be significant in terms of the degree of protection that
will be provided.

7. 3 BWR Feedwater Nozzle Cracking

The feedwater nozzles of essentially all cperating EWRs inspected to date have been found to have
bler.d radius cracks, some of which propagated through the Cladding into the base metal (Refs. 17, Ic).
In several reactors, similar cracks were found in the nozzle bore.

The deecest cracks found to date were in the nozzle bore and were of a total depth of about 1\ inches.
Analyses performed by the NRC staff, which are in agreement with those done by GE and field data
from operating BWRs, indicate that the initial crack growth rate is high up to crack depths of about
1/4 to 1/2 inch. Further grcwth is slow but would accelerate with increasing depth. Eventually,
the cracks will present a repair problem if, in removing them by grinding, the ASME Code limits on
nozzle reinforcenient should be exceeded. The crack depth equated with the reinforcement limit will
depend on the details of nozzle dimensioni (see NB-3330 in Section III, ASME Code).

Feedwater nozzle cracks are of concern to the NRC staff because (a) reactor pressure vessel integrity
is extremely important to safety, (b) there are uncertainties about the rate at which the cracks
might grow, (c) current nozzle repair procedures require that cracks be removed, thus removing metal
from a relatively high stressed region of the reactor vessel, and (d) considerable radiation exposure
is received by personnel performing inspections of the nozzle region and repairing cracks in the

G nozzles.
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\d The NRC staff is in general agreement with GE as to the mechanisms responsible for crack initiation

and growth. Crack initiation is believed to he the result of high cycle thermal fatigue caused by
rapid fluctuations in water temperature within the vessel in the sparger-nczzle region during periods
of low feedwater temperature when tne flow may also be unsteady and perhaps intermittent. Once

initiated, the cracks are believed to be driven deeper by the larger, relatively low frequency
startup/ shutdown pressure and thermal cycles. The latter result f rom significant changes in feedwater
temperature during flood up of the reactor vessel and when feedwater heaters are put into, or taken

'

out of, service. During normal power operation, the plant feedwater heaters maintain the feedwater
temperature tr. about 180*F below the reactor water temperature. At low power, when the fendwater
heaters are not in serv' ice, the temperature differential can be 400'F or more. We believe that the
basic cause of the thermal fatigue cracking problem is this relatively large temperature differential
between cold incoming feedwater and the hot reactor vessel water during low power / flow and flood up
operations.

Because of the current incomplete status of studies and design efforts to resolve the nozzle cracking
issue, and because hardware changes and other long-term remedial measures will require considerable

time to implement at operating facilities, certain interim revisions in operational practice are
desirable.

In general, the NRC staff has concluded that BkR facility operators should monitor feedwater

-temperature and flow during low power operation (Ref. 18). In addition, operating procedures
should be revised to minimize rapid changes in feedwater flow and/or temperature, to minimize the

[ duration of cold feedwater injection, to avoid conditions that may lead to inadvertent or
( unnecessary high pressure coolant injection (HPCI) system actuation, and to avoid the introduction

of cold water from the reactor cleanup system. Reactor operators should attempt to limit the
temperature differential between water entering the feedwater nozzles and the reactor vessel water
to no greater than tne normal differential at full power. They should also avoid feedwater
temperature transients to the entent practicaDle. It has been demonstrated that by carefully
bringing feedwater heaters into service, the magnitude of feed.ater temperature transients can be
significantly reduced. While these staps are not espected to eliminate the nozzle cracking problem,
we believe that they should help to minimize the extent of cracking until permanent changes are mace.

Inspection of SEP vessel nozzles has revealed crack depths ranging from 1/4 to 1/2 inch at Millstone 1,
Dresden 2, and Oyster Creek. Because of their design, the other SEP BWRs Dresden 1. Lacrosse and
Big Rock Point vessel nozzles are not subject to this type of nozzle flaw. To date, all of the SEP
plants having this nozzle cracking prcblem have taken steps to alleviate it. All affected SEP plants
have completed at least one dye penetrant examination and have removed all cracks detected in the

feedwater nozzles. Oyster Creek has replaced the sparger/ sleeve with an advanced design component
and has removed the nozzle cladding. Millstone 1 and Dresden 2 have installed interference-fit
sleeves as an interim solution and are currently planning their future long-term resolution of tnis
problem. This interim action by the licensees is considered satisfactory. Final resolution of
this item will be made upon comple'.fon of NRC Technical Activity A-10 (Ref. 14).

7. 4 Control Rod Drlwe Return Line Nozzle Cracking

g3 There is vsually one control rod drive (CRO) return line nozzle in BWR reacter vessels, generally
{ located from 68 inches to 100 inches above the top of the active fuel. The return line is typically
i
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f }^ 4 inches in diameter. As early as 1974, a General Electric task force on austenitic stainless\j

steel piping noted the large measured thermal gradient in CRD return line (CR0 RL) nozzles. Based
' on the unexpectedly high top to bottom thermal gradients in the nozzle,'particularly at low flows,
;

crack initiation susceptibility was cited and rerouting the return line was considered. In addition,
recent experience with BWR feedwater nozzles has demonstrated the occurrence of crack initiation in
nozzles from thermal cycling and further suggested the need to examine CRD return line nozzles.
Flaws approximately 1 inch deep (including the cladding) have been reported in the return line

i - nozzles.
GE issued Service Information Letter (SIL) No. 200 in October 1976 recommending inspection

; of the nozzle and rerouting of the return line (Ref. 19). This SIL was amended in March 1977 to~

provide for valving out the return line as an interim fix.
!

Dye penetrant (PT) inspections of the CRD return line nozzles to date at SWR plants have revealed',

cracks in the majority of plants inspected. Cracking has been observed in both the blend radius
and bore regions of the CRD RL nozzle. Even though most plants have a thermal sleeve in the CRD RL
nozzle, which would be expected to reduce the amount or extent of cracking, cracks have been found
at plants both with and without sleeves.

>

The cause of crack initiatf an appears to be thermal fatigue, similar to that experienced with BWR
, feedwater nozzles. The thermal cycling results from the low temperature (50*F to 100*F) condensate'

.

water that enters the rea: tor vessel through the CRD RL nozzle during normal operation. Although
crack initiation mechanisms for the feedwater and CRD RL nozzles apear to I,e the same, there is a
substantial difference in the steady-state stresses that ultimately affect crack growth rates. CR0

RL nozzle crack growth appears to be enhanced by the existence of a continuous large thermal gradient
] from the top to the bottom of the nozzle (550*F at the top, 50*F at the bottom), that yleids highi | thermal stresses.

Q /|
f

Effective long-term solutions to this problem require that the thermal cycling in the CRD'RL nozzle
be eliminated. Accordingly, the General Electric Company has made recommendations, both interim
and final, involving system modifications to accomplish this goal.

The initial recommended General Electric fix involved (a) valving off the CRD return Ifne to the
reacter vessel, (b) reducing CRD RL system flow, (c) raising the exhaust water pressure to a level

suf ficient to permit the return water to enter the reactor vessel via leakage past the sealing ringsP

in the control rod drives rather than via the return If ne, (d) adding enhaust water filters, and
(e) testing the modified system to verify that the control rod drives would operate properly.

*

The interim General Electric system modification proposed rerouting the CRD return line in con-'

junction with the repair and capping of the nozzle. For BhR/2 plants, GE recommended that the
return line be rerouted to the feedwater system outside the primary containment and downstream of;

all motor operated isolation valves. For BWR/3, 4 and 5 plants, the return line could be directed
to the reactor water cleanup system downstream of the last motor-operated isolation valve. ' A final
solution involving only cutting and capping the nozzle without reroute is still under NRC review,
Although in agreement witn the GE proposed interim solution for return line rerouting, the NRC
staff also recommended an auynented inspection of these nozzles and the reactor vessel wall below
these noz21es (Ref. 18).

!
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\j' Dresden 1, Big Rock Point, and Lacrosse do not have a CR0 R' nozzle. Therefore, this item is not

applicable to these plants. Each of the appitcable SEP facilities (Millstone 1, Dresden 2, and

Oyster Creek) has taken action to inspect the CR0 RL nozzle. Dresden 2 is currently operating with
the return line valved out. Millstone 1 is operating with the return line rerouted to the feedwater
system. Oyster Creek, after inspecting and finding no crack indications, is operating with the
original design configuration (thermal sleeve welded to the nozzle safe end). The above interim
action is presently considered to be satisfactory. However, some further modifications may be

, required after completion of NRC Technical Activity A-10 (Ref. 14).

7. 5 Sensitized Stainless Steel Safe Ends

Stainless steel safe ends can become sensitized during welding operations or stress relieving heat
treatments. Sensitization occurs when a nonstabilized stainless steel containing over about 0.02%
carbon is held for a period of time at a temperature ranging from 800*F to 1600*F. The maximum
allowable carbon content in 304 stainless steel is 0.08%. For 304L stainless steel tne carbon is
intentionally kept low, to a maximum of 0.035%, and its resistance to stress corrosion cracking is
relatively good. It should be pointed out that since no minimum carbon values are required, a
304 stainless steel can have less carbon than a 304L material. Sensitization is generally attriouted
to the precipitation of a complex carbide in the grain boundaries. In supplying chro. alum for the
carbide precipitate, the chromium content in the immediate vicinity of these carbides drops below a
critical limit and, therefore, the material becomes subject to severe attack by corrosive media.
Chlorides and fluorides are the most important contaminants, although oxygen, low pH, and elevated

f temperature generally must also be present for cracking to occur. When a sensitized stainless steel

( ) is subjected to corrosive environments, cracking usually occurs in the grain boundaries
b' (intergranular). The rate of this corrosion cracking in sensitized stainless steels increases as

the applied stress is increased. In safe ends, the stresses are generally low except for regions
near welds where the residual stresses may be high. Thus, the major cracking is usually found in
the areas around welds.

Cracking in sensitized stainless steel material resulting from stress corrosion generally occurs
only in SWRs. In PWRs, controls on the water chemistry of the primary coolant provide a noncorrosive
atmosphere (Refs. 20, 21). Not only are halides monitored and controlled to low levels, but oxygen
concentration is also automatically held to practically zero during plant operation by the use of
hydrogen overpressure. Even witn the use of boric acid, the effective pH is high. No stress
corrosion cracking of either sensitized or nonsensitl2ed stainless steel is expected under these
conditions. Extensive te} ting experiences under operating conditions have borne this fact out.
Therefore, only the BWR vessels in SEP have been reviewed in this area.

All the BWRs in SEP except Big Rock Point have taken steps to resolve the sensitized stainless
steel cracking problem. The Big Rock Point primary safe em are sensitized but the carbon content
of the 304 stainless steel used was held to low values. As pointed aut above, this increases its
resistance to stress corrosion cracking. To date, no cracks have been detected in these safe ends.
Lacrosse and Millstone 1 have replaced all their sensitized stainless steel safe ends with
nonsensitized material. Oresden 2 originally had 27 sensitized stainless steel safe ends. Five of
these havi been replaced with nonsensitized material. The remaining 22 safe ends are inspected at

each refueling * outage. All the safe ends in Oyster Creek are cladded with weld overlay on their
f%
; } inside diameter. The sensitized safe ends on Dresden 1 are made of 304L stainless steel. Since
x ,

%J
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) 304L has low carbon, it has a good resistance against stress corrosion cracking. So far no cracks
have been reported in the Dresden 1 safe ends. During the forthcoming decontamit.ation outage, a

! complete examination of these safe ends will be performed. If any large flaws are detected in this
; examination, the staff will require the licensee to take other steps to resolve this issue. The

above inspection and repair procedures are in accordance with the recommendations of the NRC Pipe,

! Crack Study Group (Ref. 22).
i
b

i 8.0 (ONCLUSIONS AND RECOMMENDATIONS

From this review, including SEP Topics V-3 (0verpressurization Protection) and V-6 (Reactor Vessel,

I Integrity), it is concluded that the integrity of all 11 reactor vessels in SEP is currently
acceptable. Safety Eval _uations on the overpressurization protection systems for Haddam Neck,
Ginna, Palisades, and Yankee Rowe have been issued. The review of the San Onofre system is

i expected to be completed by the end of 1979. The integrity of these 11 vessels was evaluated by
the same criteria that are used to evaluate the latest operating reactor vessels. Acceptable
inservice inspection and material surveillance programs, conservative pressure-temperature
operating limits, and the use of materials having acceptable fracture toughness properties provide
assurance that the integrity of such vessels will be atintained at acceptable levels throughout the '

L remainder of their service life. Based on the test results of the Ginna and Yankee Rowe surveillance
programs, we cor.clude that some of the beltline materials of these two reactor vessels will fall
below current fracture toughness requirements prior to end of If fe. The Ginna vessel materials are
expected to fall below curren* standards at aDout 11 to 13 EFPY. Prior to this time, the NRC staff

i will have completea NRC Technical Activity A-11. Based on the criteria developed from this activity.

-[ } the Ginna reactor vessel will be reevaluated before its materials decp below current standards.

() The hRC performed a fracture analysis on the Yantee Rowe reactor vessel in accordance with

paragraph V.C.3 of Appendix G,10 CFR Part 50. Because of the low stresses in this vessel, the
analysis showed that the levels of upper-shelf toughness of the Yankee Rowe vessel materials
throughout service life are acceptable. This topic will be reviewed again in accordance with the
criteria to be developed from Technical Activity A-11. The extent of inservice examinations on
Crescen 1 have been limited by high radiation levels in the primary system. However, Dresden 1 is
currently shut co n for an extended period during which time the primary system is being decontami-
rated. Upon completion of this decontamination, an extensive examination will be performed on
nessel components. The integrity of the Dresden 1 reactor vessel will be established by the results
of this post-decontamination inspection. The integrity of the remaining eight reactor vessels is
projected to te acceptable throughout service Iffe. This conclusion is based on the assumption that
NRC reviews of safety related topics, such as updated inservice inspection programs, are completed,
including implementation, expeditiously and properly (Ref. 23).

,

Finally, it is noted that many of these reactor vessels in SEP, as well as many other older operating
velsels, do not have the required access to permit the conduct of all examinations required by ASME

i
Coce section XI. For such vessels, it is recommended that acoustic emission methods be considered
as e alternative examination method. Rules governing the performance of acoustic emission examina-
ticas and acceptance standards should be formulated.

Ma.ted conclusions and recommendations for each reactor vessel are presented in the appendises.

v).
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APPENDIX B

YANKEE R0WE ATOMIC POWER PLANT

| REACTOR VESSEL

Drsian,

The nuclear steam supply system, consisting of four loops, was designed by Westinghouse. The
reactor vessel was designed and fabricated by Babcock and Wilcox in accordance with ASME Cooe

Stction VIII and Westinghouse specifications (Refs. 1, 2, 3). In addition to the minimum Code

rsquirements, the following quality enhancing factors were employed:

1. The vessel stress analysis included the following:
,

+

A discontinuity analysis was performed on the vessel closure head.a.

b. Calculations were performed to account for nozzle stresses due to piping forces andg
moments on the reacMr vessel primary coolant inlet and outlet nozzles.

g

3 ' \v ,

c. A stress analysis of the reInctor vessel support lugs was performed.'

d. A stress analysis was performed to establish the allowable heatup and cooldown rates for

the vessel.

2. The vessel was constructed of tne folicwing materials:

|

| a. SA-302, Grade B, modified slightly in chemistry for improved toughness. This material
was Charpy V-notch impact tested and is essentially equivalent to the SA-533, Grade B,;

Class 1, material being used today. It was used for the vessel heads and the cylindrical
region ooposite the core. ;

b. The primary coolant nozzles are SA-182 forgings modified to meet the mechanical and
chemical properties of SA-302,- Grade B. The material was Charpy V-notch impact tested

and is very similar to the SA-503, Class 3 . material being used in some vessels today.

The vessel flanges are SA-105, Geade II, material and were Charpy V-notch impact tested.c.

! This material is similar to SA-508. Class 1, material. Itisslightlylower$inalloy
content anJ lower in strength than the SA-508. Class 2 material being used for most
reactor vessel flanges today and accordingly must be used in greater thicknesses than
SA-508, Class 2, for equivalent service.

[
'f iV -
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Nj 3. All plate forging material forming the pressure boundary of the. vessel was ultrasonically

inspected.

4. All weld preps of ferritic materials were magnetic particle inspected prior to deposition of
weld metal.

.

' 5. The surface's of all completed ferritic welds were magnetic particle inspected.

A tabulation of fabrication quality control inspections performed for the Yankee Rowe reactor
vessel, as compared t'o those required by ASME Section v!!! and Section III, is included in Table 9-1.

In the beltline region the vessel ID is 109 inches and the thickness is 7-7/8 inches. The operating
pressure is 2000 psig and the design pressure is 2500 psig. The maximum estimated end-of-life

19 2fluence 'n the vessel wall 10 is 2.5 x 10 n/cm The date of commercial operation is Ju'y 1961.
As of January 1,1979, Yankee Rowe has operated for about 13 EFPY.

Materials

The hemispherical bottom head of the reactor vessel is formed of carbon steel plate clad on the
inside with a sheet of 304 stainless steel. The cylindrical shell section of the reactor vessel,
except for the upper shell, is made up of two rolled courses of carbon steel plate and is clad on
the inside with sheets of 304 stainless steel. Each rolled course has a longitudinal weld seam and

gG the two courses are joined together by a circumferential weld seam. Twenty equally spaced brackets

( ) for supporting the thermal insulation are welded to the outside of the lower shell section. The
# cylindrical upper shell section of the reactor vessel is made up of three formed segments of carbon

steel plate clad on the inside with weld deposited 308L stainless steel. The three formed sepents
are joined together by three longitudinal weld seams. The stainless steel sneet cladding is
0.109 inch thick and was attacted to the base material by spot welding. The weld deposited cladding
is 1/4-inch thica.

The plates used to construct the vessel are made of SA-3028 steel roodified by the addition of about

0.2% nickel (Ref. 4). This is slightly less than the 0.3% to 0.7% amount required for SA-533
material. However, it is expected that this nicnel additive will increase the hardenability of the

material. The copper and phosphorus content of these plates varies from U.18% to 0.20% and 0.012%
to 0.02%, respectively. These values are not excessively high, and therefore these materials are
expected to provide adecuate resistance to radiation damage. Welds were made by the submerged arc
process. The type of weld wire and flux used is unknown. No chemical analysis was made on weld
material.

4

For both plate and weld material, RT is estimated to be 10*F by the procedures outlined in
NDT

Standard Review Plan, Section 5.3.2. Charpy tests were performed on all vessel plate and weld
materials at a test temperature of 10*F. fhe Charpy energy varied from 36 to 41 ft-Ibs for the
beltline weld metals and were about 32 ft-Ibs for plate materials (strong direction).

'

, ,
%./ |
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TABLE D-1

INSPFCIION AND ACCEPTANCE STANDARDS FOR YANKEE R0WE

ASMI Section III Yankee Rowe ASME Section VIIIMaterials Exam.' Extent Exam.* Extent Exam.* ExtentPlates U. T. 100% volume U.T. 100% Volume N. S. -forgings U. T. 1001 Vulume U. T. 100% Volume N. S. -

Fabrication

Weld Grooves H.T. or P.T. 100% Surface M. T. 100% Surface Visual N.S.Weld Joints M.T. or P.T. 100% Surfact M.T. 100% Surface - -

-
Shell and Nead R. T. 100% volume R.T. 100% Volume R. T. 100% VolumeNozzle Welds R. T. 100% Volume R.I. 100% Volume R. T. 100% VolumeM.T. or P.T. 100% Surface M. T. 100% Surface N.S. -

Partial Penetration Welds

Progressive H.T. or P.I. 100% surface M. T. or P. T. 100% Surface * Visual N.S.{ F inal Surf are M.T. or P.T. 10(rt Surface M.T. or P.1.
100% Surface Visual N. S.

w
.

" Examination hotations
R.I. - Radiography
U.T. - Ultrasonic Examination
H.T. - Magnetic Particle Examination
P.I. - tiquid Penetrant Examination
N.A.

- Not Available; performance of this examination could not be substantiated from review of documentation available at NRC.N.S. - Not Specified

.
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Material Surveillance program

The Yankee Rowe reactor pressure-vessel material surveillance program consists of two elongated
specimen capsules, designated as " vessel-wall capsules," located between the thermal shield and
pressure-vessel wall, and eight additional and physically similar capsules, designated "acceleratec
capsules," located'inside the thermal shield ano adjacent to the snroud surrounding the fuel core

(Ref. 5). The surveillance capsules were installed in the vessel during the loading of the secondr

core. Each surveillance capsule contains Charpy V-notch and tensile specimens from an A302-8 steel
fabrication test plate made from the runout of one plate for the upper vessel shell course. Charpy
V-notch specimens from a 6-inch A302-8 plate of a reference heat were also included in each capsule.
Specimens were machined from 1/4 T material and were oriented in the longitudinal direction. No
weld or bAZ specimens were included in the Yankee Rowe program. The program is based on the require-
ments of ASTM E 185 and also generally conforms to the requirements of Appendix H to 10 CFR part 50.
The main areas where this program does not conform to Appendix H requirements are:

1. Capsules contained only 7 Charpy specimens instead of the presently required 12.

2. The program did not contain any weld or HAZ material specimens.

3. Charpy specime% were oriented in the strong direction.

/% 4 The program has been terminated.
( \
t i

Since data from capsules removed from the vessel and tested provide sufficient data to obtain
transition temperature shifts and upper-shelf energy at fluences the vessel materials will be
exposed to throughout service life, the low number of Charpy specimens does not detract from the
program. Thus, the program has generated sufficient data to monitor the effect of radiation on
vessel plate materisi throughout service life. Since the program did not contain samples from weld
metal, the irraciated properties of the vessel weld metal will be conservatively estimated from
Regulatory Guide 1.99, Revision 1.

The Yankee Rowe material surveillance program was terminated in 1965 due to structural failure of
the capsule holding fixtures (Ref. 6). All capsules have been removed from the vessel. Five

capsules have been tested and the remaining capsules are in storage. Because of the quality and
quantity of data generated, the termination of the program is not unacceptable. From the data
already obtained from the tested capsules along with the use of Regulatory Guide 1.99, the NRC
staff feels that there is an adequate basis to predict the irradiated properties of the Yankee Rowe
reactor vessel throughout its service life.

At the end of the second core cycle four accelerated capsules were removed from the vessel and
tested (Ref. 5). At the end of the fourth core cycle one wall capsule was removed and tested
(Ref 7). All tests were conducted at the Naval Research Laboratory. The materials in these
capsules were exposed to neutron fluences of 2.2 x 1018, 5.0 x 100 , 7.0 x 1019 19 2and 9.0 x 10 n/cm ,

Based on the results of these tests, we calculate that the plate material at end-of-Ilfe will have
i

an RT OI'280*F and an upper shelf energy (strong direction) of 52 f t-lbs at the 1/4 T location.
NDTp

| /
NRL also conducted experiments on these samples to determine the effects of post-irradiation

\v| annealing on the mechanical properties. Annealing temperatures studied were 640*F, 750*F and 850*F.
*

|
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Pressure-Temperature Operating Limits

.

In a letter dated March 15, 19T3, Yankee Atomic Electric Company submitted a proposed amendment to

the Yankee Rowe Technical Specifications regarding pressure-temperature operating lisits (Ref. 8).
Additional information on the methods used to calculate these proposed limits was supplied in letter
dated June 11, 1976 (Ref. 9). Data from the material surveillance program was used to obtain
irradiated values of RT f r plate materials. Regulatory Guide 1.99 was used to estimate RTNOT

NDT
for weld materials. The vessel weld metal was determined to be the limiting material. Operating
limit curves for inservice hydrostatic tests, heatup and cooldown, and critical core operation were
calculated for the fluence estimated at the end-of-core cycle 12. The proposed Technical Specifica-
tions require that, at each refueling outage following core cycle 12, these operating limits be
updated to account for further radiation damage (increase in RTNOT). To predict this radiation
damage, a curve is included in the specifications that plots changes in RTgy as a function of
cperating time. The staff approved these operating limits and incorporated them into the Technical
Specifications as License Amendment No. 27 (Ref. 10). These limits were reviewed again as part of
this present review and were determined to be in accordance with Appenoix G, 10 CFR Part 50.

Inservice Inspection Program

An inservice inspection program in accordance with ASME Code Section x1 was initiated in 1970. A
preservice examination on the Yankee Rowe primary coolant system was conducted by Southwest Research

Institute in accordance witr the rules of the 1965 Edition of Section III. The data obtained from

G this inspection will be used as a baseline to which inservice examination results will be compared.
Inservice inspections have been performed on the reactor vessel in 1970, 1972, 1974 and 1977
(Refs. 11, 12). These examinations generally conformed to the requirements of the 1971 Edition of
Section XI. There were many welds that could not be examined because of lack of accessibility,
sucn as Category 8-A and B-B vessel welds, Category 8-D nozzle to vessel welds, and Category B-F
safe end welds. Items inspected include the closure head, closure head cladding, flange to vessel
= eld, head to flange weld, lignments, ard closure studs and nuts. The caly reportable indications
were several small flaws in the closure head cladding.* No inspecticn has been performed, or is
conte 4 1ated or. Category B-A vessel welds.

Seseral inspections were performed in the 1960s that were not in accordance with Section XI. For
example, during the 1965 refueling outage, all fuel was unloaded and the core barrel and core suoport
were removed to permit a general inspection of the vessel interior. This examination revealed that
one material surveillance capsule holtiing fixture had broken loose from the vessel. The capsule
itself was also broken and surveillance specimens were released. This debris settled in the lower
head region of the vessel. The debris caused several small worn' areas in the northwest quadrant of
the lower head (Ref. 13). Although there were numerous scratches and gouges in the Cladding, the
carbon steel was exposed only in two small adjacent areas. The total area of carbon steel exposed
was about 2 square incnes. The defect penetrated into the base metal about 1/8 inch. The defect
in the area of penetration was smooth, i.e., no sharp cracks or scratches were detected in this area.

" Components of the reactor vessel were examined during the 1978 refueling outage (October to December).
Particular attention was paid to the known clad defect. The defect was esamined and photographed, and no,

C

change in the size of the defect was found. (Reference YAEC letter, R. Groce, to NRC dated March 15, 1979.)x

_.
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It thus appears that the defect grew by a wear' type of mechanism. In the flaw region, the m .4
original thickness of the base material was more than 0.3 inch greater than required by asyg p 3
Section.III. Thus, there is still a safety margin on thickness requirements. Casts of the =ce,,

areas were made from a silicone rubber compound. These casts were used in subsequent inspeett;3
to determine if any flaw growth was occurring. So far, . inspections have revealed no flaw grc.ts

West'inghouse evaluated these flaws and concluded that they do not present a safety er(Ref. 14).

operational problem (Ref. 15). The staff currently agrees that these flaws present no safety .
<

hazard. However, we do recommend that the cladding in the area of these flaws be inspected for 49
signs of further dete'rioration during each inspection interval.

By letter dated December 19, 1977, Yankee Atcaic Electric Company submitted a revised 1nservice ;

inspection program for Yankee Rowe in accordance with the requirements of 10 CFR 50.55a(g) (Ref. H) l
inis revised program is for the second 40-month inspection period of the second 10 year inspection
interval (March 1, 1978 to June 30, 1981). - The oroposed program is based on the 1974 Edition of

ASME Code, Section XI and Addenda througn Summer 1975. Relief from the Code examination require?ents

was requested for the following welds: Category B-A welds in the beltline region, some Category B-B
vessel welds, some Category B-0 nozzle to vessel welds, some Category B-F nozzle to safe end welds,
Category B-H vessel supports, and Category B-I closure head cladding. The Category B-A and B-B

welds are inaccessible due to the neutron shield tank outside the vessel and a nonremovable thermal
shield inside the vessel, For the other welds that relief was requested, the licensee stated that
examinations would be performed on a best effort basis. This prcposed inspection program is

N currently being reviewed by the staff. From this SEP review, it is recommended that acoustic

;v emission be used to examine the ve*sel welds that cannot be examined by ultrasonic methods.

Generic Safety items

The generic safety items applicable to Yankee Rowe are low upper-shelf toughness and overpressuriza-
t%n Scotection. From our resiew of the vessel materials it is concluded that the upper-shelf
energy of plate materials in the vessel beltline region is currently below 50 ft-Ibs.- Appendis G,
10 CFR Part 50, requires that vessel materials have an upper-shelf energy of at least 50 ft-Ibs for
material in the transverse (weak) orientation throughout service itfe. Since the vessel materials
in the beltilne region are subjected to high fluences, the upper-shelf energy values are espected
to further degrade with operating time. Therefore, the vessel integrity, as far as low upper-shelf
energy applies, will be analyzed for conditions at end-of-life. The maximum fluence on the vessel
wall at the 1/4 T location is calculated to be 1.5 x 1019 2n/cm at the end-of-life. Based on the
results of the Yantee powe material surveillance program, the upper-shelf energy of plate material
at this fluence will be about 52 ft-1bs for material oriented in the longitudinal direction. Using
the procedures outilned in NRC Standard Review Plan, Section 5.3.2, this corresponds to a value of
about 35 f t-1bs for material oriented in tne transverse direction.

Several abnormalities were found in this review that should be considered in the evaluation.
First, the irradiated value of upper shelf energy is based primarily on data from accelerated
capsules removed from the vessel early in life. The results from accelerated capsules may give
lower energy values than would be obtained on materials irradiated at slower rates. This is due to '

{
possible annealing effects that may increase toughness properties with increased exposure time.
5econd, during the early operation of Yankee Rowe, the operating temperature was generally below
the normal temperature often falling below 500*F (Ref. 7). Research programs have shown thatf
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f rradiation at temperatures from 450*F to 500*F produces more damage (a greater decrease in upper-
shelf energy) than radiation at normal operating temperatures of about 550*f (Ref.17). Thus, it
is concluded that the amount of radiation damage on the Yankee Rowe surveillance specimens may have
been augmented by these abnormalities.

Test results from research programs have also shown that the decrease in upper-shelf energy from

irradiation is less for material oriented in the transverse direction than for material oriented in
the longitudinal direction. This is especially true at relatively high fluence levels and when the
upper-shelf energy falls below 50 f t-lbs (Ref.18). This behavior may be due to the fact that there
is a low-shelf value that the upper shelf energy will not go below regardless of the amount of
radiation.

Because of the above abnormalities and test data, an attempt was made to obtain the irradiated upper-
shelf energy of Yankee Rowe vessel plate material from the test results on the correlation material
coc ained in the Yankee Rowe material surveillance pragram. This enrrelation material is SA-302,
Grade B, steel. Its chemical composition is almost identical to that of tre Yankee Rowe vessel plate
material. Also, its mechanical properties, both irradiated and unirradiated, are very similar to
the vessel materials. Thest properties are compared in Table B-2. The advantage to using the cor-
relation material is that this material was tested not only in the Yankee Rowe vessel but also in a
test reactor at the Naval Research Laboratory (NRL). In the NRL test program, material was irradiated
and tested in both the longitudinal and transverse orientation directions. The NRL test results
show that the upper-shelf energy (transverse orientation) of this correlation material drops from
about 50 ft-lbs (unfrradiated) to aoout 42 ft-lbs at a fluence of 1.5 x 1019 n/cm2 (Ref.19). The

| ) above data were obtained for irradiation at 550*F. Since this value of upper shelf energy is still
below the 50 ft-lbs required by Appendix G, an evaluation of the minimum acceptable energy level
for the Yankee Rowe vessel materials was made. The minimum acceptable energy for Yankee Rowe may
be less than 50 f t-lts because of the low stresses in the vessel beltline region.

Tnis evaluation casically consisted of calculating the fracture toughress, KIC, f rom the Charpy
upper shelf energy and performing an Appendia G, ASME Code Section III, analysis to cbtain the

.

minimum requireo fracture toughness (Ref. 20). The Rolfe-Novah egaation aas used to calculate the
f racture tcughrets from the Charpy energy (Ref. 21). This equation is an empirical expression
based on test results on many hests and types of steels. The Rot fe-Novak equation can be written:

$ h

Kge = [ 5 Sy(C,-p)]

l where: S is the yield strength in ksij

C is the Charpy impact energy in ft-lbsy

For a f eld strength of 90 ksi, the following results are calculated:i
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F TABtE 8-2
/
! SimMARY Of TEST RfsutiS ON THE YANKEE R0WE MATERIAL

SURVE lt t ANCE SPECIMENS (LONGITUDINAL ORIENIAll0N)

-

1 Irradiation Neutron Upper Shelf Energy Change in Rigy
Capsule Material fluente (ft-lb) (*f)

.

Preirradiation Yankee 0.0 76
'--

Condition ASIM 0.0 71-87
-- i

18
Vessel Yankee 2.2 x 10 62 110

38
Wall ASIM 2.2 x 10 62 85

Accelerated Yankee 5 x 10 46 320
*

Capsule 8 ASIM 5 x 10 46 225
',

I9
Accelerated Yankee 7 x 10 45 360-

*{ Capsule 6 ASIM 7 x 10 44 260 ,II9
! !

,

iI9

{!'
Accelerated Yankee .9 x 10 45 380

fI9
j Capsule 2 ASIM 9 x 10 42 310*

.j
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C, K
IC *

50 143
45 135
40 126
35 117

The Appendix G analysis was made using the vessel design pressure and assuming a heatup/cooldown
rate of 100*F per hour. This calculation showed that a value of 113 ksi/in is required for K

IC'
This value is low compared to that required for more e Vern vestels because of the low stresses in
the Yankee Rowe vessel. From the end-of-life Charpy upper shelf energy (42 ft-lbs) and the
Rolfe-Novak correlation, it is estimated that the fracture toughness of vessel plate material at
end-of-life will be approximately 130 ksi/in. Since the fracture toughness of the Yankee Rowe
vessel plate material at end-of-life is well above that required by an Appendix G analysis, it is
concluded that the plate material has acceptable fracture toughness properties.

Appendix G,10 CFR Part 50, requires that all vessel materials, including welds, have an upper shelf
energy of at least 50 ft-lbs. Since the Yankee Rome surveillmce program contained no weld metal
specimens, the properties of weld metal (irradiated) must be estimated from test results on
unfrradiated weld material. Charpy energy was obtained on vessel weld metal at one temperature,
10*F. Values varied from 36 to 41 ft-lbs. Based on test data from other surveillance programs
having weld metal samples with similar unirradiated Charpy energy, it is concluded that the Yankee

Rowe vessel beltline weld metal will not fall below 45 ft-Ibs at a fluence of 1.5 x 1019 2n/cm By

the samt. analysis used for the vessel plate material, it is concluded that this value of upper
{ ) shelf energy is acceptable. Therefore, it is concluded that t*;e Yankee Rowe reactor vessel materials

will have acceptable toughness properties throughout service life.

Although no low temperature overpressurization incidents have been experienced on Yankee Rowe

(Ref. 22), NRC requested that Yachee Atomic Electric Company take steps, including design mcdifica-
tions, necessary to preclude exceeding the limits of Appendix G,10 CFR Part 50, during inadvertent
pressure transients (Ref. 23). By letters dated December 1,1976, May 27,1977, and April 28, 1978,
the licensee su0mitted to NRC plant-specific analyses in support of their proposed reactor vessel
low-temperature overpressurization protection system (Ref. 24). Low-temperature overpressure
protection is provided by the pressurizer solenoid operated relief valve (50RV), the pressurizer
air, steam or nitrogen bubble, and the two SCS safety valves (SVS). The licensee has modified the
actuation circuitry of the 50RV to provide a low pressure setpoint of 500 psig. Whenever the RCS
temperature is below 324*F, the SCRV setpoint is manually switched to the low value (500 psig), and
whenever the RSC temperature is below about 300*F, the SCS is placed in service with the acccmpanying
two SCS SVS, A pressure transient caused by mass addition (HPSIP, LPSIP or charging pump) or heat
addition (decay heat, pressurizer heaters or starting a reactor coolant pump with a hot steam
generator) is terminated below the Appendix G limits by automatic operation of these valves or filling
the pressurizer steam or air space. However, the mass addition from the inadvertent operation of a
train of ECCS equipment (one HPSIP and one LPSIP) when the RCS temperature is between 300*F and 324*F,
and the mass addition from a single LPSIP when the RCS temperature is below 200'F, results in the
RCS pressure exceeding allowable limits. The licensee has proposed an equipment modification to
make these events less likely (Ref. 25). The staff has completed its review of the Yankee Rowe OPS

and has found it acceptable. The Technical Scecifications have been revised to include testing and
administrative procedures recomirended by the staff. These specifications, including the related
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\vt Safety Evaluations, were incorporated into the Tecnnical Specifications by Amencment 53 cat .
September 14, 1979.

Conclusions and Recomrrendations

The Yankee Rowe reactor vessel was designed to ASME Code Section vill. However, the require eats
of this Code were supplemented by additional quality control measures that are essentially in
accordance with those required by ASME Code Section III. The design and quality control meas <es
utilized in the fabrication of this vessel provide assurance that the initial integrity of the
vessel is acceptable. This conclusion is borne out by the fact that the vessel has operated fer
approximately 13 EFPY without a major malfunction or flaw indication. The primary stresses in tre
vessel beltline region are low; about 70*. of those permitted by Section III. However, in this
review it was determined that the upper-shelf energy of plate materials in the vessel beltline
region is below that required by Appendix G 10 CFR Part 50. From the results of the Yankee Re.e
material surveillance program and the results obtained on similar materials in research programs,
it is estimated that the vessel plate material will have a Charpy upper-shelf energy of about
42 ft-lbs at end-of-life. A value of 50 ft-Ibs is required by Appendix G,'10 CFR Part 50. Becaase
of the low stresses in the vessel beltline region, it is concluded that a value of 42 ft-lbs for
upper-shelf energy is acceptable. This conclusion is based on present-day technology and should te
revie.ed in the early 1980s as recommended below. The Yankee Ro.e surveillance program was
terminated in 1965 due to a structural failure. Prior to termination, five capsules were removed
from the vessel and tested. Some of these capsules were subjected to fluences higher than those

j
expecteo on the vessel wall 10 at end-of-life. Therefore, the program is considered to have[\ j} accomplished its purpose. Since the surveillance program did not contain any weld metal samples,
the staf f wiil use Regulatory Guide 1.99 to predict'the irradiated properties of the vessel weld
materials. Inservice inspections have been performed on components of the reactor vessel, except
where limited by lack of accessibility, in accordance with ASME Code Section XI rules since 1970.
We will reouire that future inservice e<aminations be performed en vessel components in accordance
witn Section XI rules to the maximum entent pert!tted by the vessel design. The reactor vessel is
currently operating with pressure-temperature operating limits that are in accordance with
Apoendia G, 10 CFR Part 50. The staff will continue to review and update these operating Ilmits to
account for further radiation damage on the vessel beltline materials. The amount of radiation
damage will be predicted from the results of tests on the Yankee Rowe surveillance specimens and
the damage predictions otitained from Regulatory Guide 1.99. The combination of inservice inspections,

conservative pressure-temperature operating limits, low vessel stresses, and the use of materials
having adequate fracture toughness provide assurance that the vessel integrity will be maintained
at acceptable levels throughout service life. The generic safety items applicable to Yankee Rowe
(low upper-shelf energy and overpressurization protection) have been successfully resolved. However,
since the conclusions regarding low upper-shelf energy are based on present-day technology and
involve the use of empirical equations, this item should be rereviewed in the early 1980s.

The following recommendations are made: ,

1. Samples from several wsel welds made by the same technique as the vessel beltline welds
should be taken and a chemical analysis performed on them. If possible, these samples should

be t% ken from welds made from the same batch of weld wire and flux as the vessel beltline[]!( welds. Particular attention should be devoted to getting the copper and phosphorus content of
w/
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these samples.

from Regulatory Guide 1.99.This data will allow the staff to more accurately predict radi ti
a on damage

2.
Since many of the vessel welds cannot be examined in accorda
recommended that the use of acoustic emission be considered asnce with Section XI rules, it isintegrity of such welds. a means of verifying the

upper-shelf energy of some of the vessel materials are below thThis is considered especially important for this vessel since the
10 CFR Part 50. e requirements of Appendix G,

3.

The adequacy of an upper shelf energy value of 42 f t-lbs is t
This item should be rereviewed upon the completion of NRC C ased on present-day technology.
and fracture toughness tests in the HSST program. ategory A Technical Activity A-11

the staff to more accurately predict values of fracturThe results of these programs should enable
Following coipletion of Activity A-11, the licensee sh

e tosghness, KIC, from Charpy test data.

items required by Appendix G,10 CFR Part 50, for vessels havingould setmit a report to NRC covering the
materials under 50 ft-lbs.
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( 7 7 e, 3 g NUCLEAR REGULATORY COMMISSION

;g ,. . p WASHWGTON. O. C. 20555x
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\$ .W. . . . #

Novenber 5,1979

Docket No. 50-29

Mr. Robert H. Groce
Licensing Engineer
Yankee Atomic Electric Company
20 Turnpike Road

,/[yWestboro, Massachusetts 01581
.

Dear rir. Groce: ,/
RE: COMPLETIONOUSIPTOPICV-10.A-YANKEER0WE

A draft of th bject topic assessment was sent to you by letter dated
March 21,1977. We have been infomed oy representatives of your staff
oy telephone on.0ctober 23, 1979, that tne facts upon which the NRC staff
casec its evaluatica are correct. Accorcingly, our review of SEP Topic
V-10. A is complete and this evaluation will De a basic input to the(q integrated safety assessment for your facility.

\j
The subject assessment compares your facility design with the criteria
currently used by tne staff in licensing new facilities. This assessment
may need to De re-examined if you modify your facility of if the criteria
are changed before we complete our integrated assessment.

Sincerely,

'

'. . ,

wCww:iemann,/Cpief,4 "
,. m

Dennis L. Z
Operating Reactors 1 ranch p2
Division of Operating Reactors

cc: See next page

,
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e UNITED STATES

E ')c(h NUCLEAR REGULATORY COMMISSION !
, ;; . E WASHINGTON D. C. 20555 '

%, b. . . . . #'V February 1,1982

Docket No. 50-29
LS05-02-008

4

Mr. James A. Kay
- Senior Engineer - Licensing

Yankee Atomic Electric Company
1 671 Worcester Road
Framingham, Massachusetts 01701

Dear Mr. Kay:

SUBJECT: YANKEE R0WE - SEP TOPICS V-10.B RHR SYSTEM RELIABILITY,
Y-il.B RHR INTERLOCK REQUIREMENTS AND VII-3 SYSTEMS
REQUIRED FOR SAFE SHUTDOWN (SAFE SHUTC0WN SYSTEMS REPORT)

Enclosed is the revised evaluation of Safe Shutdown Systems incorporating
comments from your letter dated November 24, 1981. Changes from the pre-
vious issue are marked by a line in the margin.

pg We now consider the safe shutdown systems topic evaluation to be complete.

V) This evaluation will be a basic input to the integrated safety assessments

for your facility. This assessment may be revised in the future if youri

facility design is changed or if NRC criteria relating to this subject are
modified before the integrated assessment is completed.

Also enclosed are the staff conclusions concerning items for consideration
in the integrated assessment.

Sincerely,

4i
Dennis M. Crutchfield, dief '
Operating Reactors Branch No. 5
Division of Licensing

Enclosures:
As stated

cc wfenc$iisures:
See nex h age

r' ZM

Y
-

- _ . - -. .. - - -. - .
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' Mr. James A. Kay
.. .

cc
i Mr. James E. Tribble, President
: Yankee Atomic Electric Company

25 Research Drive
Westborough, Massachusetts 01581>

Greenfield Community College -

.
1 College Drive

| Greenfield, Massachusetts 01301
.

Chairman>

Board of Selectmen
Town of Rowe<

| Rowe, Massachusetts 01367'

| Energy Facilities Siting Council
14th Floor,

! One Ashburten Place
' Boston, Massachusetts 02108

I U. S. Environmental Protection
Agency

Region I Office
ATTN: EIS COORDINATOR
JFK Federal Building
Boston, Massachusetts 02203

Resident Inspector
Yankee Rowe Nuclear Pcwer Station-
c/o U.S. NRC
Post Office Box 28
Monroe Bridge, Massachusetts 01350

,
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INTRCCCCT::N..

,

The Systemati: Ivaluati:n ?::g:ss (SIP) review Of ne ' safe shutdewn"

sus ect ence: passed all :: pa::s of the f=11cwing SI? :: pics, wnien are ameng
these identified in the Seve:ce: 25,.19*7 NRC Office =f Nuclea _ React : Re gu- '

latica docu=ent entitled "Reper en the systematic Evaluation of Operating '

rac ilities ":

1. Residual Heat Re=cval System Reliability (T:pic 7-13.3)

2. 7equirements f== :sciation of Eigh and L:w pressure Systems-

(T:pic V-11.A)

3. Eesidual Hea: Ee:cval Inte:iccx Kequirements (T:pic 7-11.3)

4. Syste=s 3 equi:ed f:: Saf e Shutfevn (?:pic */::-3)

5. 5:stien Service and Occling Wate: Systa=s (T:pic X-3)

6. Auxiliary Teedwa:e: Syste= (T pic X).

The :eview .as primarily perf ::ed furing an :nsite visit by a team of SIP

persennel. This ensite effert, which was perf:rmed f::= June 13 :: June 15,
1978, af f::ded the team the Opper: unity :: :::ain ::::ent inf ::a:ica and :

N examine the applica:Le equip =ent and procedures, and is also gave ::e Licensee
(Yanxet A::=ic Ilec::i C: pany) One oppe:: unity := p:: vide input in:: :he
review.

The review in:1 ded s:ecific system and e ::pren: requirements f::
:emaining in a h:: standby ::ndi:ica (defined as :ne :ea ::: suscritical w::n

,

i T greater than or equal to 330 F) and for proceeding to a coldAVE
r

shutdown condition (defined as reactor coolant temperature less than or

i equal to 200 F). The review for transition from reactor operation to-

hot standby considered the requirement for the capability to perfor= this

operation from outside the control room. The review was augmented as
4

necessary to assure resolution of the applicable topics, except as noted

below:

Topic V-ll.A (Requirements for Isolation of High and Low Pressure

f''' Systems) was examined only for application to the residual heat removal (RHR),

I \
| \' system. Other high pressure / low pressure intarfaces were not investigated in

this review.

B-1
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00pic */ :-3 (Syste=s 747: ired f : Safe Shutd=wn) was : _pleted except for
dete =inatica =f design adegaacy Of :te syste=.

repic IX-3 (Station Se:vice and Cocling Wate: '5yste=s) was only reviewed
te censider redundancy and seismic and 7 ality classificatica of c: cling wate:
syst e=s -la: a:e vital to the perf::=ance cf saf e shutdewn syste= ::=penents.

.

?:pic X was :eviewed only := address design adevaacy f:: hea: :e=cval.
Cther aspects are censidered as par- Of .he design : asis event :eview :: und er
i=ple=en ati:n of :ne Ot: Action Plan.

.

* The criteria applied := ce saf e shutdcwn syste=s and c =penents in :nis
review are ta<en f::= the Standa:d 74siew Plan (SRP) 3. 4.7, *?asidual He a:,

74=cval (7.52) Syste=": 5:anen Tecnnical ? sitien K53 5-1, Favisien 1, * esign
747 i:e=ents =f de 74sidual Eea: Ea=cval syste=*; and Kagulat::y cuide 1.19,
'Ouida..ce f:: 74sidual Hea: 74=cval.* These decu=ents represent ::::en staff

:iteria a .d are used in de :eview Of f acilities being p:: cessed f :

3 epe:ating licenses. his ::=parisen of ce existing systa=s with ::::ent
- I,

\s/ licensing :iteria led naturally to a: least a partial :=nsideration of design
criteria that will be pertinent to SI? :pic :::-1, 'Classifi' atien ofe

5:::ctures, C:=penents and Systa=s (seis=i a.d *uality).* This reper will
. -3. ~. . , =.viewa.d .'.. '..a- a ...a...-. .: . a. -a.s..'..*... .' *e.- . r..s.

.
. . . .

As noted a:cve, : .e six : pi:s .ere exa= .ed '. nile pessitie intera :1:ns

v . ::n e ::pi:s , sv. s t ems , and ::=penents ac: di:ee iv. : elated := safe

stutd wn were .eglected. ?:: example, 7: pics ::-3.3 (71 cding ?c.ential and

?:::ecti:n 7471:ecents) , ::-3.0 (Saf ety-Rela:ed Wa:e: Sapply), :: -4 . 0

(:nternally ,enerated .w.issiles), :::-5.A (Iffects Of Pipe 5: east :n 5:::::::es,

Syste=s and 00: penents Inside ental.;nent) , :: -6 gSeismi: Cesign
-

w i.s .< > e a . a..,. s ) ,- ... . A r, .s.e a . .ie ,.ad ?..... . a ........... . . u . .s .a.... s. .- . ,. . .. - . .. ..

. ster-Ope:a:ed laive s ) , :::-il ( := pent. *nseg:::y), :::-1 (Invi:enmental

qualifica:ica of Saf ety-Rela:ed Igaipment) , and ~/-l (C piiance wi:h :: des and
S tandards ) ::uld :e af fected by de :esu*:s of the saf e snutdewn :eview ::

::ald affec: the saf s v. of ce sv. stems . hat we:e :eviewed. These effects will
ce :eviewed later. . ::ner, .his :eview did n : ::ver in any signif t:an:*

,

.

A- ... - .
.... . mun , es es. : . ss :er ,.'

.:, Ns,

o

_ - _ _ , _ , _ , - , _ , , _ - . - . _ _ _ . , , - _ . . , _ _ _ , . _ _ _ _ - - , , m__. - _ _ . . _ , . _ - . - , - . ,
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detail eit.e: .he reae::: p:: ecti:n systes :: the electrical pcwer

dist:ibutien, bee. cf wnich will aise te :eviewed later.

The stafd c:nsiders tha: the ultimate decisien ::ncerning the saf ety of

any of the SIP facilities is based upon e.e acility of de f acility t:

withstand the SIP design basis events (OSIs). The SIP : pics ;; vide a =aje:
'

input :: e.e OSI review, f:::: e.e star.d;cin: Of assessing bcth the ;::tacility

and the cense m1ences Of the event. As examples, the saf e shundevn ::pi:s

;<::sinir.g t=,tt.e, listed OSIs are ;::vided in Table 3.1 (the exten: ef

applicability will te deter =ined du:ing :he plan -specif t: review).

0:==.letien =f the safe shutdewn :: i :eview (li=ited in se:pe as .cted.

abcve), as dec.:=ented in he attacned repert, significantly centributes := an

assess =ent cf -J.e existi .? saf ety =argins.

C

.P

1

I

G

-

3-3
d..; haNe, tenearc.a.w.Cemer

,

G= %Gs

s

]

- . , . _ . - - . - _., , . , _ , ~ ~ , , , - ,,_,,_-,.,,n _ , - . . , , , , , , ,_ ,.,,.,,n,. , - -_ - - , . , - , - - - , - , .-,
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a:la 3.1

IMPAC'|' OPCN Ph.*2A3:LT YCP!C OBE GRCCP OR CONSICCINCIS CT OSI

V-10.3 'C (Spectrum of Mss- f- Consequences
Cocian: Accidents)

.

7-11.A 'C: (Oefined ateve) P:::acility
.,

7-11.3 v!: . ( efined aucve) 7::babili:7.

7 -3 A11 (refined as a generi: ::pi:) C nsegences

IX-3 ::: (Steam *.ine 3: ear 2 side Conses ences
Centai. tent)

(Steam *.ine 3:eak Outside
Centain=ent)

; ri (2ss of AC,? cue :: 5:stica censegences~

Auxiliary)

(2ss of all AC 7cwer)
V (2ss of Tc: ed Coolan: 71:w) ? c: ability

(7:imary Pump .cto: 5ei:ure)
,

(?:i=arv. Pump Shaf: 3:eax)

"C: (Oefi..ed accve) 00. sequences

X :: (2ss of Ix a: .a1 Mad) 0:nsegences
(,.... ..e . .). . - . . . .

(2ss Of Condense: Vacuu=)
(3:ea= 7: essure 2egula:::
(chsed])

i (M as of Teedwate: I':v)
|

.

(Teedwate: Syste= Pipe 3:eak)i

1

::: (:efined a:cve) Consegences

TI ( efined accve) C nsegences

V (Oefined abcve) Consequences

'C: (Oefined aseve) 0:nsesences,

)
,

I

!
i

l O

!.
... .- am:n ,esesren senter . 2-k.

. m e .

s:,.N%- '

I
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?irine Svstem 7tss:ve Failures

The NRC staff nc::ial*y postulates piping system passive failures as (1)
accident-initiating events in accordance with staff positiens en piping
failu:es inside and cu: side contai.. ment, (:) system leaks during icng-:ers
ceciant recircula ica f=11cwing a MCA, and (3) failures :esulting f::s
ha:ards such as ear.hquakes and :::: ado missiles. :n his evaluation, certain .

piping system passive failares have been assu=ed beycad ecse ner= ally
pesculated by me staff, e.g. , ce catast::;nic f ailure cf :nederate energy

-

systems. These assu_=:icns were made to de cnst:ste safe shutdcwn system
.

:edundancy in the event :f ::= piece failures f e.ese syste=s and :o
f acilitate future SIP :eviews of 03Is and ethe: : pics dat will use e.e safe
shu:devn evalua:1:n as a scurce of data fn: e.e SI? facilities. 327 5.4.7 and
3' 7 ?.53 5 '. de nce :egaire ce asse..pei:ns of piping syste passive failures. .

,

.

:: edit f:: Crerati-c ? :cedure s
.

ic: 2e safe shu dewn evaluati:n, : e staff =ay give :: edit f: facility,

Operating ;::cedures as alternate means of =eeting :equias=:y. guidelines.
..cse pe cedural :egaire=ents identified as essential f:: acceptance :f an SI?

::p;: On 03Is will te carried =::ugn =e review p:: cess a..d :enside:ed in the
i .tegrated assessmen: :f me fae:11:7 A: ca: :: e, =e staf f vt'.1 decidei

! sni:n ;::cedu:es a:e so i ;c:: ant : .a: an admi .ist::: ire =eced mus: te
esta: Listed :: ensure =as, in ce fu:::e, cese :pe:ssing ;::cedu:ss are n::
:nanged v;:heu: a;;;:p::.a:e ::nsideratien Of O.eir impc::ance :: the SIP ::pi:
evaluati:n.

.

i

1 *

O_
. me 3-5- -

... - anen. m. sear = seter..w --
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2.1 Nor tal Piar.: the:devn ar.d C:cidew s

A nc::a1 shu:dewn f: m full ;cwer := het standhy is acec=plished with the;

use of cperating ;;:cedure 07-2134, " Scheduled Plan Shutdewn :: Ic
Standhy.' It.e shutdevn f::s pcwer is ac ceplished by reducing the generate:

.

.' . ad u s .i .. g . e . . .. .' .. e - r. ~- . '. sys.em a...d .'..'.'.aw.'..~, v.' '. . n -..' - .d .' .. s e .- . .' . ... . .

.: .n.. ,.. e .ad .,a... .4. . . . . .,e a :..ed a. a .a. . a. . . 3 .s.e.e ,.e e. .,. . ... .. . . .c .m_ . .

minutes, and enanges in main ::clant average :e:pera:::e a:e cent::11ed at a-

". a .e . .-". , e - 5 *.i ..u . e s . . '. e . =. ac ... .- ' s tc : a . .= > . s '.. . , '. e ...a.- , .' . g ,-" , s . =. . .
. .

the ascun: necessary :: saintain the :ent: 1 : d bank accve the 1:w inse:-icn
limit and ensure tha: :he axial flux dif*e:ence will :emain within its :arge
hand.

,

, ,

j ..e firs: sain feedwa:e: pump and ::ndensate pe=p are :::cved f::m
se: rice when the gene:at:: 1:ad has been reduced := '.ess than 140 .We. 4 hen

i

g the genera::: 1:ad has been reduced :: less than 50 We, the sec nd =ain
,

feedwa:e: pu:'y and : ndensate pump are temcved f::s service. . The power
:sduction is centinued : sing tne re=aining :perating bcile: f eed pc=p ::
;: vide f eed := ne s:t .1 ge.e:a:::3. W.en he 1:ad :n the gene:2::: has

.a .,.. . a s e .4 .ss .... .. v.n , s . a. 4 n e ..i .. . . a s a .. .. . . s , a . 2 . _ .. . . . . .. . . . . .. . .. 4 a . .. ... . . .. .. ..

auxilia:7 ::a .sf:::ers f ed f:: -he Of fs::e ;cwe: supply a.d ::. densa:e
. 4 ...,a.... 4 . s . . 3 4 s.w.e ,. .a r. .., ..e ,. .a.....e.se s. .

. ..e . ,, ,..s ua. .......... . . . . . . . . . . . . .. . .. . . .. . . . . . . . . .

Of the tu::ine typass is taxen when t..e generate: 1:ad is reduced := less than
.

e. .w: , . . ....4, 43 . 4.,..a. 4e3 w ,.,.., .., ., .. a. : '.. ad . sac..e s * .We .... ..... -. , . . . .. . .

'.c ::a.' .' v. , '.e ..' a.. . ,. a.. .*e . a.i .. .a .' ..e .' .' .1 a '.c. s.a..d."v. . .d .' . 3 .s '. .a i.. :c .' a.. ..
. . . . . . .

i

| a v e 2 g , . .... , , a .".- . a . .* * * ' v. , *. O s*,) .v. .s '. ..~, =a .' .1 . .c .' .= . . . ,- , S..e a . ,.. . . .. , . .,

decay heat, and fisena:ging steam := .e main s:sa= header.
i

3 4 g .s.e .ir * A*. .* * 3 *w*.. . a .W"I .. s..
--- 3. g.a w y # 1 -'***-----d...t.,,, e g.4 3....... ... .. - -a--='- - ** - -. 2. . .

4

v . .'.d. a wn. .. a .". e .' ... . s . .". ' .' e .' . . . = - - v .' ' e a . e ac . .' v . .v. wc: *. c' 't .".--,. . .. .

; emergency snutdevn : spa:ility. If f:: any :easen a :ent:01 : d g::t p :annet
i

( :e withdrawn := p::v de a :eactivity wer th of 14, : en :ne :ain :: clan system
I

.' s :c : a . e . . - * \ .'. k,' k s..~. ~. ' ~.- . .~.1.- , '... . .o . ' . . . ,..c=.*.^.'...,, . '.c. s.'.".'.u..
; *
, .. .. . . .. .

-

.... # tra.in Resett:. "a :er 3 -4,

{ * dae.e= w *%e 8 an a no.a.ie

|

I

. - - - - - - . - - -
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.

and : ld shu:dewn, the main c:clant system is herated to the 3 4 Ak/% shutdevn
[ ] =4: gin. The main coclant system is bc:sted using the ena:ging and velu=e\ /

N/ cent:ci cystem. The cha:ving pu=ps take suction f::s .he cri acid =ixing
and s::: age tank. If an;r main :: clan: 1: cps are isciated, they too are
terated :: the shutdcwn sa: gin.

The plant cocidewn is li=1:ed to 30'T pt: heu:, and cocling is .

ac::=plisned by censinuing the bypass of steam to the main cendenser. At
is,as: two nain : clan: 1 cps a:s tied to the react:: vessel en:11'the shut-
dcwn :ocling system is in cperatien. 7:essu:1:e: level is new manually
:=nt::11ed using the :harging pu=ps to ;: vide makeup f:: c:ntra=:icn caused
by :ne cocidewn Of main :ociant systes wate:. 7:essuri:e: ta=pe:ature and
pressure a:e cent::11ed := =aintain : e reac::: vesse* w: nin nil ductili:y
::anh:i n tempera:::e :ange.

When the cooldown from hot standby is initiated, all main coolant
pumps may be in operation. At 370 F, main coolant pump operation is
limited to two pumps. When main coolant temperature is between 300 F
and 330*F and pressure is less than 300 psig shutdown co' ling is initi-o

ated. If the main ecolant system is to be depressurized, then the
/m

'

( remaining main coolant pumps are secured. Pressurizer temperature and\'
and pressurc reduction is performed by charging pump flow through the
auxiliary spray line to the pressurizer spray, while simultaneously
draining to the low pressure surge tank. When the main coolant system

Utemperature reaches 200 F, the charging rate is increased tc the main
coolant system in order to fill the pressurizer. When pressuri:er tem-
perature reaches 200 F, the pressurizer vent is opened to depressurize
the main coolant system. Shutdown cooling continues until the main
coolant system reaches about 140 F, where it is maintained by the shut-
down cooling system, which is cooled by the service water system. The

service water system takes cold water from the river, circulates it
through the component cooling system heat exchangers and returns the
warmer water to the river. Thus, heat is transferred from the main
coolant system to the river to accomplish cooldown and decay heat removal.

.

Iv
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k
s.
1. :.2 Ihe:dewn a-d 0:oldew, with 2ss of tf fsite 7 wee

.

perating 7: cedure *2ss Of A.C. fep;1y* defines ce acti:n : te taken.

foll: wing a :: 21 1:ss Of a: pcwer := ;: vide eme:gency electrical ;cwer ::
vital eTaipment.

F11: wing a 1:ss cf offsite pcwer and turnice ::ip, the =ain endense:
.

Oirculating water pu=ps cannet he pcwered frem ensite scurees. With the 1:ss*

Of ci: ulating va:e: pu=ps, main ::ndenser vacuum canne be :aintained and the

mai.n :endense: bec =es unavailahle f e: hea: removal. Wi h the 1:ss of normal.

f
heat sinx, the main steam saf ety valves will lif t : ren steam :=

a:=cspee:e. The Operate: is d :ected :: ve:ify 1: sing of the stea= du ;
.

valve en 1:s Of tendenser vacuum and aut::aci sta::ing Of =e three
<=e:gency ;cwer fiesel generate:s. :n additice, ce Opera::: is directed ::

per f::= the necessa:y electrical swi::hing :: re:cve :ennecti:ns t: ce.

offsite power lines and to start the emergency boiler feed pump and commence ;

feeding the steam generators. The steam supply valve to the large hcgger is

opened and set to maintain an inlet steam pressure of 300 psig. Electrical

N power is restored to the 480-V buses, and pressurizer heaters Nos. 5 through

8 are energized to restore main coolant system pressure control. The oper-

ator establishes a minimum of 200 psig overpressure on the main coolant sys-

tem. A service water pump and component cooling water pump are th n started

to supply plant equipment cooling requirements.
.

Ope:a .ing ?::cedure *2 ss Of ::ndense: *'acuum* delinea:es ce acta:n ::,

ce ta<en if a 1:ss of :endense: vacuu: occurs shile the plan: is :perating a-
pcwe:. One of =e 1 =ediate acticas is :: in:.:iate :axi=um feed a-d hieed and
:= ine:aase *.:w ;: essure surge ta.x ::cli .g, if :egai ed. Se:sercen: :pe:::::

actice is :: *ine up ce f:ll: wing egai;:e.: :: p::v de .a: . :: clan: hea:.

:e=cval :: :en::01 :n..= era:::e as necessary:

4. at:CSyneri s t e a."1 dump
i

*
2. hegger air e* ecti:Es

. 30 eam f ai*.s = at:4 spher e
T

f. 2::::' e line steam drains :: ce auxilia:7 =ctie: ::.:wdevn :ans.Os
V.
.
.

^.

I
__._.
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A: .his point, :ne plant's essentisi egaip=ent is being supplied e.: ugh
the cpe:ati:n Of the e=e:gency diesel generate:. 7aac::: decay hea is
::ansf erred to the steam generators and dissipated by lif ting of c.e main
steam saf ety valves and Ope:ati:n of va:icus :her vent paths.'

Operati..g Procedure '71an: Coc M cvn *::s Ect Standhy" deli $eates e.e
steps :egai:ed f:: a plant cocidevn wie. :: wie. cut he =ain :endenser in

sa:ri:e. The :yerate: is direc ed to dc the f=11: wing vnen e.e main cendense:

is net available:
.

.

: ::c:ste the =ain cciant system :: e.e shu:dewn margin

o initia:e maxi =um feed with supplemental 1:w pressure su:ge tank
:: cling ,

o ad;us: e.e assespne:i: stesa dc=p va*ve := acnieve the desired
::cid:sn ra:e :ut not g:ea: : than 3C'?/h

t

c rencve e.e e=e:gency :::e eccling system *::s se:vice wnen the :ain
ecciant system pressu:e is less than 1000 ;sig

o initiate de shutdevn =ccling water system when the .ain :: clan
system pressure is less e.an 3*C psig and ta=peraturs is :etween IOC
a .d 3 23 * ?.

::cli .; di : :ne shutd wn :: cling system is nen ac : p*.isted :.a :.e same

. . anne as was discussed i . Sect :n 2.1.

.

1'
t'e

e
i 3

I

e -

3*I*
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1 e.e.t.y. p.yyq.?. 'g . =.=.t|r 1. m= . $.+w.ar e. v.e.n.*.M..o * ang g a= *. *. * *.N..a .'. . . . C '." *. ' N. a' .*. . .?.s" C *..R.?.u_?.'.i .3
' * * * '. . .. . w

The functi nal :equire ents stated in 3:anen Tecnnical 70sitien (3TP) 5-1
f:: e.e safe shu dewn systems are

.

'. 1. The design shall be suca that e.e react:: can te :aken f::s ..c: mal
cpe:ating ::nditions :: ::Ad shutdown * using only saf eb -g:sde/
systems. '"hese systa=s shall sa 3 sfy Generai :esign criteria i .

e. ugn 5.,

I. 2e syste= (s) snail have sui:a:Le :edundancy in ::rr;cnents and
features, and suita:Le inte::ennections, leas detecti:n, and
isciati:n capa:ilities := assu:e e.a fe: : . site elecuical pcwer.

system cperation (assuming effsite ;cwer is .. : avaiia:1e) and f::
Of fsite ele ::ical pcwer systes Ope:ati:n (assum .g nsi:e pcwer is
not avalla:1e) : e systes functi:n can te ac : plished assuming a
single failure.

3. ne syste= (s) shall te :apa=le cf being Operated !::s =e ::::::1 .

::cm wie. eie.e: caly ensi e :: :nly Offsi:e pcwer avaih:le wi. an,

' assumed single failure. In dezcast:a:ing tha: the system can ;er f:::
its functicn assuming a single f ailure, limited Operater acti:n

g cu side cf :te :ent::1 ::cm wculd be censidered accepts:le if
N- suitahiy justified.

4. he syste=(s) shall be capa=le f b:inging =e ::act:: := a ::1d
snu:devn ::ndi:i:n,* wie. Only ef fsite :: :nsite pcwe: 'avalia:1e,
within a rease..a:Le peri:d -d ' e f=11:w=g snu:d:wn, assuming :te
==s: limiting s:..gie f ailu:e.

0:=pliance Of e.e Yanxes ?cwe safe snu dew. systems wi= nese ::ite :a
is discussed tel:w.

3.1 3ac< ::u-d .

.

The 3' ? 5-1 :evairements a:e s:a:ed wie. :espec: : plant shu dewn and
::cidew . wie. Only Of fsite :: :nly : . site ;cwer avsih:*.e. The staff

.

evaluat'ed me plan:'s 2:llity :: ::ndue: a snu-devn v = caly Offsite ;cwer
avatia:1e and determined :ta: ce *:nly casite pcwer availa:1e' :sse is c:e

; '7:: cesses involved in ::cidevn are hea: :emeval, de; essuri:ssten,
t flew :::ula:icn, and :eactivity cen:::1. The ::1d snutdown :endi:icn, as

described in e.e Standa:d Tecnntesi specifications, ref t:s := a sa:c:itica*
. :e ae. ::: wie. a :eact:: : clan: :e = era:::e nc grea:e: =an ::C' ?.,

m

t
N
1

e
O
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'

List:ing. The pla.: elect:ical system is sufficiently versatile := all w
i4

p energi:ing Of all necessa:y egaipment frem nly :*fsi:e ;cwer. herefore, :ne
''

staf" cencent:sted its evaluation of the Yankee Tcwe safe shutdevn systems ::
'

shutdevn f=11cwing a i=ss of effsi e pcwer.a

:
>

,' A "saf ety-g:ade ' system is defi..ed, in e.e 5 :7.EG-0123 (11 discussi:n cfe
.

G issue :;c. 1, as ene waien is designed := seis=i: Categcry : (7egula:::y Ga de
h 1.09) Ouality 3:=up C :: 'etter (7.equia ::y Guide 1.25) and is pe:ated :y:

ai
:3 . e .. s 1 s.s...,,.s.a... .......s ..a..e.. ..s.a..... ... ... ... .. a. ,<...a, aa ~. . - . . ... .. .. . . . . .

.s
. . - . ..

,. e.,,,.. 3.4 3 v .,4 .. 3 . 4....d.a .'.: Nu. .* e s .- ? .w =. ~. 7 .' a .. . : - .t e. . .' .a. .'.v s . e .s
. . . . . . . . . . . . .. ... . .. .

.f-

j ( U.I 3:d 279-1371|. Yankee ?cwe :eceived i:s 7211 Ta:= Operating icense
|i en June .3c 1961 ;:ic: := he issuance of Tsegulatery "uides 1.25 and 1.29 (as

. ..
1 Saf e:y Ocides 25 a..d 29 en v.a::= :2 and June 7,13 72, :espectively) . Alsc,
) :he ;::pesed IIII 3:d 279, datad Augus- 3C, 1968, was net used in the design3 ,

:' of 2.e fa ili:v.. Theref::e, f:: :nis -evaluati:n, sv. s:e s whi:n s culd he.,
'

N
''

*saf ety-grade * are the shutd:wn systems classified in Tacle 3.1 and these
taculated in tne minimum lis: Of saf e shu-dewn syste.s : hat follews. N

*

"re .e:a1 Ce sign "riteria (C C) i e.: ugn 4 (2] :egair e .%at syste=s,
s ..- ". c ."- =. s , .a . .d - . .. r - .e . . s ' r ~. . . an . . . a s .' *. .v. ( .' ) %. . .- . . .s - ". c . e ^. . ,. a.' . .v.'. . .. . . .

s.a a.a a.s, .a (, , .....,.,>. ........ .a..m .s.e e.c.a .s .a
. a. .. . a .... e a.,. .. ... .. ... .. ,. ... . . . . . . . .

4
t

. 1' *.1.- '. , a s .= s , =. ~..~ . \ '...-.e...-..'..'~~.s .. =.s, ,.r*. .. .- =. a s a , *....). , ~ . , . ~ .*.' ''' -'
, .. .l

,,...., .. ,. sy s. ...s '

..r.- ..' .. ~ . ~ . s a.' =. .v. .. . - . '.s.'.a.-=.^..*.c..g~.~~.*..-."..'=.=.-.=
. .

3.... . . . . . . .. . . ..

.,ye ...a.,.. . . . . . . . . s s . . ..' . s ..s . .' . . , . e s ..- . s .' , . . .' .' .' . a . . . .' t .:. ra .' .- .e re. .'... s ..=.
"- 'r. . . . . . .

.

~' s u. s . = s s .* =. ~.;~ .* .* .- . .' . .s . .= . . .n . < e e .=~ w e a t s . =. .s n...'. a c.~. .' r~ e . . . , ~ '. e.. .
~..

.

". a . .' -". s .= s , e . .s . .' ~ C '. ..-.~.~... . , .... .'".....c. * ' e s~ s =. =. .. s .= =. "." .' .- =. ^ .* . s a .' e. ' ' ''
. . .

'

I shu d:vn, will he evaluated elsewhere under several SI7 := pics.
. ;

'

| .. ..a.e . . . . . : . . a .. .' a .. . s . ." . .' .- '.- * - ' c ' ' . w . .'......w...- a .' ss .'.**....r...... . . . . .. . , .i
Of fs :e pcwer , :ertain 'tasss' mus: =e perf::=ed, suen as :cre decay hea:
:e=cval, steam generate =aseup, and ::=penent coling. The staff and

* icer.see devel:;ed a ' mini =um * ist * cf syste=s necessa:7 :: perf :s inese
!

. .

. a s < s , .~ ~. ~. . s .' .' *. . .' . . a .' .~ s .- '. . . .s . . e a c , v =. .-' ' ' *'
. . e . s . .' im .' . .' ..~, ...,.e

'

' *. ,

'
failu:e. .C:ncugn :: .e: systems may he ased := perf::s snu:dewn and ::cidev.

.

.._._..
=-

-....' . :sedn =esest:n C.e: :e
3 '.L

.Ns .

9?

.
n
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82nctions, te fell: wing list is t.e minimum numme: ef systems : equi ed ::
...,,4., .*e s..> P.53 .i.., 4..e 4 as
,
~.. - .. . . .

.

1. steam :elieving paths invclving =ain steam, auxilia:y steam, and heating
s:eam sys a=s

1. auxiliarv. feedvater system i.

.

3. water sources (demine:sli:ed water s:::sge tank, ; i=ary makeup :anx, and
safety in:ecti:n tan 4)

4 ,. shu:devn :: cling system .

5. ::. penent ::c'ing system

5. service wa e: sv. stem

7. ;:sssu:e :ent::1 and :elief sys:e=

3. :nemical and vele=e cen ::1 systes
.

.

9. cent::1 air system

10. eme:gency pcwer system -

,. a s .....e .. a. 4 .n . .. s.u... 2.vn a.d cc a.vn . .a..... .. ... ... .... .. . ..

* e s . s* .* ' s a. a.' . a . .' . . .' =. .= .... .- ' . e se sv. s a s w '. . .- a. s re. . . . e . ..2... . . . . -

.e . . .a........,.. .,c........., .s ..., <. . .<.. . . . . ,c ,,. ... ...,s a a... . . . . . . . . . 1 ... ... . . . . . . . .... . . . . ..... ... . . . . . . . .

' c . . . . n . .' ..~ , ,. . a .' =. . . .u . ' w . . .- .. , c . e .. . s a .- =. a .' .+ .- . . - t '. .d. e d. ... . . .. . . .

:

I

|

... a a.s. .a saae s ... a wn .s s.... e.. a. a .n ,, , s,.,. ,....n . .w.... ....... . .. ..... . ... ... ..

s
-,

.

A
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TAllI.E 3.1 Cl.ASSIFICATI / SilDTDOWN SYSTEMS - YANKEE ROWE
'

,

4

* Quality Group Seismic
j . i' <

Plant '

Components / Subsystems R.C. 1.26 Design R .C.1. 29 ' Design Remarks-

Emergency Feedwater System

i ;
' **

Pumps ASME III Note 2 Category I Note 2
3 5.7 Class 3

:s
Ii <

L t.i
Piping from PWST/DWST ASME III Note 2 Category I Note 2

* :*
,

| f::,, to pump suction Clas.; 1
7. ::4

Discharge piping ASME III Note 2 Category 1 Note 2
]yn Class 3

3 et.i ln tje ca.m Syutem
!!

'
tia in :.t com licoiles u ASiti: 1II ASA B31.1 Category I liol e 1

lasan ute.us genes.itosu Clabu 2,

| up t o asial inclataling tlie
'

; non-return valves,
; steam supply to the *

EF11P and
ig' ..unsicca asig piping ings toi

[,' ..s u l incliallny a lie i is ut
*

valve tisa t lu seusmally '

| cloucal or capalate ul
'

niel senat le clobus e 1,
-

i *

| Inneq.p na:y Iteelles tecest l'anags ASitt: Ill Htt . lital . Categuay 1 18ta t e 1,

Class 3|
' i:llt'P le i p ing 1 s e sia il l u- Abitt lil ASA 1131.1 Categos y I taute 1,

; a:lias uu of pamap to main C l a ttu .1
| t ecil l isieu l eiclinf lug . .

! tall'P a c t ici
!
I es ?
| tl.s in lecil piping l a e dia ASitt lli ASA 1531.1 Category I ikst e 1 lj
j anal leicIinting vaIvens C1a; u ! l *

ss
| twav luut tis s uingle l u u t, , 'd

's.V- l onu A, CV--I l uu A, d
| CV-12nuA, anel CviluuA, up . ' . ,

| tes valve 6 CV- l outi , 1800, I$
1200, osial 1300

|

j -
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tip to and including time
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3.1 P.: etienal seuire en:

5:"IAM RI .:1*/*NG PA.is

Task: Pascval. cf e :e decay heat and ain c clant system sensible. hea: ty
venting steam f::s the main steam system directly := at=csphere.

<.
*Oiscussien

Immedia:ely af te: the 1:ss of offsite ac pcwe:, ::::ine ::ip, and :eact :
s e':am, the main steam saf ety valves aut:matically actuate :: ::nt::1 steam
syste ;: essure and main :: clan: system temperature. Ecwever, he main steam
safe / valves a:e act no:= ally used a ;:essu:es below their lif ;: essure,
altneugn a lif ting lever is 'u:nished en eacn valve f : :.enual ;erati:n.. he

::cidewn Of ne Yansee ?cwe =ain ::clant system f=11: wing a 1:ss Of Offsite ac"
.

pcwe: wculd ':e ac ==;11shed using O.e a:mes;ne:ic dump valve (A n*) and several
:ne: steam "lew pat..s. The fellowing ;aragraphs will triefly describe esca

vent pa:h .

The air-c:nt:=lled A.:#' ven:s steam f::m any of .he f:ur 14-inen (cu: side
diamete: * 01) main steam lines te: ween O.e vapc: contai..en: and O.e :::::.ne.

:uildi.g. The A V vents steam f::m a stea.m heade: ;:essu:i:ed by .s.ually
0;e:a:ed 1-i.:. is 14:icn valves '::s a.y :: all Of ce f:ur =ain staam

Lines. The pipi .; system is a::anged suen ca: ce A V =an remove energ/ f::::
any :: all steam genera:::s.

The *.icensee calculated :ne :apacity cf me A V based en 775 psig
satu:ated steam a.d critical *1:w. The mass '1:w ra:e ec: the A V is a::ce:
"9,30C 1:=/h :: ancut 9100 2tu/sec (based :n 1139 St;/ihm hg and 38 Stu/*tm.

-

n ., . . ...

. y. ' s s r g.? .' e d. . . e ~' - J ". . .* r.*. - a e. m. ' . '" ' - -. ...-- e. .e.- .e '...s . e.. s.. sys.a- .:*. . .. .
.

f::m a neviv. installed (dediested) Na to::le..

"The s:sf f ne:es taa: :nes: et n e *eedwate: i. side ne s: cam ge.e:at:: is at
Tsa., and me:sf::e an h, Of a: cut 200 3:u/*:n '.culd have :een :::e.

a;;;;;:iate ini:ial'.y . 5: wever , even use =f c:s en=a'.;y f:es . : a:: en:

( f:: te diff e:ence te: vee . =e :al:ula:ed and easured e e:gy rem: val :ste.

a ..e.. e.. %es . .

-

-* ~ O,.
. .... =*teniin Researen 7t ter

4 h a N * enen eeumme
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Actual =easurements, h wever, indicated that e.e capacity of e.e A V is
conside: ably less. n e tests were c:ndue:ed by calculating the :cidewn rate
with the ADV fully ;en, kn wing the heatup rate wie. the A::V shut. *he tests

shewed the A::V amie :: :e=cve eniy abcus 3100 3tu/sec.

Based en actual =essu:e=ents Of these tests, e.e Licensee censidered it

*cessary se ;; vide a..c her flew path f:: ene:Sy re=cval. Oe flew pac. *

::eated 411:ws steam := pass f :s e.e ;:essuri:ed steam heade:, as wie. the
|cv, th: ugn :-c =anually 0;e:ated valves (A3-7-7:0 and AS-V-7:1) and 2.en := '

at'osphere through a 1-inch pipe. Both valves are normally closed.=

1The Licensee's calculated energy removal rate using this path is
about 9661 Btu /sec. This value was calculated by assuming a steam
pressure at 775 psig, critical flow from a 1-inch pipe, and a feed-
wa;er inlet of 120 F.

8

f The plan 0;e ating p::cedure f:: a ** :ss =f A.C. Supply, * CP 3'51
(discussed in Section *1, directs ce 0;erate := sta:: e.e e=e:gency teile:a

feed pu=p (I277) and line up steam := ce ia:ge "hegger." Se large and s=all

hogge:s a: Yankee ?cwe a:e single-stage venturi- ype air ejects:s whi:n frav
f::= e.e :ndense: a.d e.c aus: direc.ly := a:9espne:s (unlike ce =ain at:

e:ee:::s .ni:n e.caus: :: =e snell site :f a ::ndense: ::cied :y :endensa:e).

he neggers a:e ..0:: ally used f:: :e=:ving large assunts =f air and gasses
f::= ne ::ndenser duri..g startups. (:uring startu;s, steam f:: ce h:ggers

::=es f: m me main stea: *ines.).

ne h:ggers :an :, used :: :e=cve energy f::s e.e steam gene:at::s by
:leeding staa: f::s e.e main stem system :: e.e heggers via =e auxilia:7
steam system. In mis =cde Of perati:n, O.e sue:1:n valves :: =e main

: ndenser are snut. ..ain steas is :h:::: led 2: ce . ::le inless := =aintainw

accu: 300 psi; en e.e ia:ge hegge: and 50 psig :n =e small hegger. Since
e.e:e is ne au :=ati: ;: essure :equia:::, as =ain steas ;: essure d: ps du:ing
e.e :eact:: :: clan: system (p.cs) ::cidewn, me e.::::le valve se::ing =us: te
anually ad usted.

; ne 2T; is 2:ill:ed := ;:: vide f eed-ate: :: ce steam ge..e:ste:s du:ing
i ne *.:ss f Offsite a: ; cue: and is desert:ed 1. =e f:'1:w =g se== n. The.

.

I

4 _.'
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I2TP can be used :: receve energy f: m the steam genera:::s, since the 377
uses steam f: m tie main steam system via the auxiliary steam and heating
steam systems. Steam ;;essu s is aut:=atically =aintained at 100 psi by
pressure cent::1 valve PC7-305.

he earlies: ti.te f=11cwing a 1:'ss of of fsite ac pcwer and : sac:::
,

shu-dewn when eaca 00. penent's energy :elease :sta equais :he :::e decay heat
genera:i:n :ste :.s ; :vided 54*:w.

Ine:gy Femeval 3.a:e
.

cc eccen: t3:u/h) cime rheurs)

6EV 13.5 x *0 syg.

1-in ven: 42.3 x 13 4.0
6*arge hegge: 5.50 x 13 >36
0

; 3:all hegger 1.12 x 10 >36

OT? 2.27 x * 0 >36.

s -

.

St' ff sceping calcula: ices assu=ed that steam genera::: ;: essure re=aineda

a 935 psig (1 wes: .ain steam safety valve se pcin ) until :h.e ::=penen:
energy :emcval rate equais -he fecay hea genera:ica ra:e. The time
:22.: '.2:ed re;:esents :.e ap;::xtra e :ize --hen (* ) plan: ::cidewn ::=ences.

if -.e 00 ; nen is used and :1 interm:::e.: main steam safety va*ves *ifti.g. .

<uld st:p.

F.edundanev

j : estahiish the deg:ee cf :edundancy ;; vided by the varicus ::=penents
discussed arcre, the staff and *.icensee cal:ulated _*.e :ai.. :: clan: sys:sm

coc * dew . times usi.9 varteus ::==ina:1:ns Of the ::=penents. The staff's*

.

calcula:icas are su=ari:ed tel:w:

c:= enentfs1 Fesults

EV 494*? in 30 hcurs
... .. .. .t e .,,.,. 3 . a. . , 4..,. .c .a .:...s. . ..

% , ~ .,... . . . . . .. . . . . ,c...... . r.- .s. . . . ss. . . . ,
.. . ..

(s 320*T in 35 neu:s;
.a,.~.
..<..t...... . . m... . . Q e ,. .s . a ...s,

. .. ~
-. ... . .

- 3.,
....' : snMn Researen Can:er
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Osing these results := esta lish the :edundancy, it is apparen: that,
even if all steam vent ;atts are censidered, the =ain ecolant system cannce he
cooled dcwn within a :easona:le pe: icd =f ti=e (defined as 36 hours in
Standa:d Eaview plan 5.4.7) . A single failu:e within the vent paths cf the
Acv er 1-inch vent wculd extend the time :equired.

.

The staff also pe:f::=ed sceping calculattens te determine the dependence '

of RCS cocidewn ti=e en ::e initiati:n ti=e. It was f:end that, if :ne

cocidewn were felayed 4 hours, the ti=e := reacn 33C'T wculd he the same as if
. the cocid:vn begin i==ediately (as scen as pcssible af te: the scra=1. Since

'the :: e decay heat is less at 4 heu:s and the energy :e=cval ra:e ia :ne
same, the cocifewn rate is higher initially, :ut then dec: eases as the energy
:e=cval rate (determined =ainly by steam pressure) decreases.

A1:heugh :ne assu=ptiens a..d calculating =etheds varied :etween the
1

icensee and staff analysis, the Licensee's results supper the staff
s'

'conclusien tha: the steam vent paths do act have sufficient capaci:y c
s

:edundancy :=- satisfy the functicnal :equirements of 3:7 RS3 5-1. In a March

25, '381 lette: [31, the L1:ensee ; :pesed changes := p:: vide _ aute=atic quicx
clescre Of :ne f u =ain stea= Line acn-retu:n va'ves. This =cdificatien

necessi:a:ed sne ins::112:icn Of a new stea= supply line :: the ste a=-d::ven
e=ergency f eedwater pu=p and installati:n :f add::icnal steam du=p :apacity.
Curing a Mar:n 17, 139; discussi n |41, :ne Licensee indicated :na: an

addit nal =anually Ope:ated fu=p valve wculd he installed :n eacs s => ' 8 e

upst:ea Of the nen-:e eurn valve. Iacn of :nese valves is :o have the a:ili:y
to re=cve app :xi=ately 50,000 ihm/h. The Licensee sta:ed tha: : e new du=p
valves are in: ended := he the =ain =e:ned Of decay hea: re=cval f=11: wing the
1:ss =f Of fsi:e ac pcwer .

The staff performed scoping calculations to assess the plant cooldown
!

capability based on the proposed modification. A single failure was !

postulated to one manually operated' dump valve and a decay time of 4
hours prior to commencing cooldown was assumed. Based on these as-

0sumptions, a main coolant system te=perature of 330 F, was attained in
f ''g approxi=ately 3.5 hours. .The results demonstrate that the proposede

k modifications as described would afford sufficient capacity and redun-
dancy to satisfy the functional requirements of BTP RSS 5-1.

---==a
.... F arm;in Resesren Ce.ater 3~..'-
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- . _ _ - - - - - - -_ - , . - - - , - - - - -



-

.. . _-. _.
-

. .....

: -

.

m.

TER-C5257-310

Based on the above discussion, the staff concluded that the steam reliev-

ing paths did not conform to Criterion 4 and that the proposed modifica-

tions (as described above) would provide sufficient capacity and redun-
dancy to satisfy the functional requirements of BTP RSB 5-1. These

modifications were installe' during the su=mer 1981 outage.
,

;

Locati:n a:.d 0:eratien

O.e staf f evaluated the eg.:ipment discussed aseve with :espect := its

1:catien a .d :yerability during a 1 ss =f effsite ac pcwer. Ta:1e 3. -i shews

e.e etaip=ent's *: cati:n, .ne points f::= wni= i: =ay te Operated, and i:s.

p'cwer supply. The fesign =f the elec::i:a1 inst::=en a icn and cent::is fe:
O

this and ::her saf e shu:dewn egi;=ent will be evaluated in .he elect:ical

pc icn cf the staff's review cf T pic V!:-3.

A'J.:* ;..Y TII WAm 5YS-iM

Tas4: 7:: vide stea= genera::: rae:p invent::y wee .ever e.e ma:n ::c'an;

systen terpe:ature is ;:eace: -J.an 3 30* ? and :. .e f eedwate: system is

i.. pera:1e.

Oiscussi:n

While e.e main :: clan: system tempera:::e is a:cve 330*T, the cre decay

heat is :e==ved y bleeding steam f::= the steam genera:::s using the vari:us
'

i fi:wpa=s fiscussed in previcus secti ns. The :endensate and feed pu=ps a:e

pcwered f::= :ne :GC-V tus wnich is .c:: ally supplied f::m effsite pcwer.

7:11cwing a icss Of effsi.:e ac ;cwer these pu=ps wi'i net be availamle.

|

|
|

i

I

i .

N

M-
.2armi.m resese:- Cs.~ter 2~....

% ., N - -
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as Table 3.2-1
,

I /4'

f]::
-

I 44

[ [t,in g t rit.trr I n :K riota currisol. L'oltri;i I;t.n z: Tit ic
j gn

53 I.an ge asiil um a l l To 1.ine 1.in t l el ing , n.l j a - I Aled k Widlilld k ope t'dl loli ol If |h) eleCtf leak gMiWe( IG |see led.% laseq9e a u cent tan cessielenses liotwell (Open/silstat aat eani inlet valves.
; elanet 'ill it laann leed-

; wales sc9: stating v.alveu.
i an 1 enie t i t glit ut a t a l s a.
. leelow cont a o1 e anna.,

i

!

At uinagelier e disap t ha t u late , in tlie vicinity Cont rol g(xan operat iosi anit R&n electricial power 1:4 needed.
,

, , ,

, ,6, valve of t ime flSSVu , acec: s.llele law:al opes at iosi utilsig silt roijesi
| 4-
~

Bey catwalk alunit to it luet t le pres:sua e in time Is>wer
aineve e,rousial level. level of time Lu Isine Iist iding.

1-in veut pig e Valves to lineup tse con- Incal opet atlos. only using Llic th> electrical power la neceled,
tool tintu laatii as e suanisal control valves.
local cil in time licat Ing

1.o l l e s auten; t iie 1 - i si
vesit golpe gocu t o aa n u-
1. plier e just outniste a lie

Inst tale: a o< ne .

t ilFp See f ollowlsig ucet tien. See following : cctions. See f ollowlsig section. .:

N
New atomospheric Manual No electrical power needed. I
dump valves ..

a a,
'

.i
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The auxiliary f eedwater system is designed := supply wate: :: the steam
genera:ces fe: =ain c clant sys:em decay hea: :e=cval when the sc::a1

feedwater system is ac available. The auxiliary feedwater system is ac:
ncesally used f:: c hor plant Ope:ati:ns such as startup :: shutdown. he

auxiliary feedwa:e: system is initiated by s:a: ing the eme:gency teiler f sed
,

pu=p (UT?) locally and by :pening f ur ner= ally closed =anual valves in -

parallel discharge lines to eac staas genera:::. The valve Ope:ati:n is also
a :: plished 1:cally.

.

_ _ _ _

The EBFP is a turbine-driven reciprocating pump that provides a minimum
of 80 gpm directly into the four feedwater lines i==ediately upstream of the
air-operated feedwater regulating valves (FRVs). Steam for the turbine is

supplied from either main steam header via an automatic reducing valve or

/n from auxiliary boilers. Turbine exhaust is directed to atmosphere. The EBFP
i

d i

(d is lined up to receive water from the demineralized water storage tank and can
also :eceive water directly f::s ce pri=a:y wa:e: sterage tank. The 3T7

~

disenarges :: ce =ain f eed sys:es via a 1-inch (00) teader. he header

divides in:: f:ur 1.5-inea ;00) lines, ea:n Of wcica .ressuri:es One Of -he

f: : .:::a1 f eed Li .es f:c.str ea: :f =e :::::-cpe:ated is:La:in valves

(r/s ) . Iacn 1.5-in= (t0) 11.e .as a aanual is lati:n valve _ha: is Opened

:: g:essu:i:e =e f:c: f eed lines. 5:aa= ge.e:2 :: level :en:::1 is ;e:f:::ed

using =e i..dividual T77/s * f::= ce locsi s:sti:n af ter the f: : ris a:e shut.

Redundancv

The auxiliary feedwater syste:- consisting of a single EBFP and piping
*

train is susceptible to single failures. A backup method of supplying feed-
water to the steam generators in the event of failure in the auxiliary
feedwater system is the charging pumps with a total capacity of approximately

"The . tis a:e ac::al'.y ai: epe:2 d '- - - e manually :perated (during a 1:ss
~ f inst::=en 11:) asi.g a nandwneel.(x

\v

A
:- . ,. _-,....: .- ser.::n ,, esest: . senter --.

4 w . N v .a-
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'

100 7pm. We of eese pu=ps have variable-speed =cters. The charging and
ielume cen::01 system (c/CS) is connected pe:manen:*.y by a spool piece : the
feedwater system. The cperatien of ten valves (two drains and eight isolation
valves including =anual valves C2-V-692, CZ-V-751, C2-V-442, C2-V-641,'and
C2-7-ia9) is required to initiate !!cw f: m this scurce. The C/C3 is also
cer..ected : the 2:eam generate: blewdewn pipi.g. ..anual epe:ati:n :: Openw *.

va ves ..
.,4.,, ... .. ,.93, .

.I ,94, . .. .,a.,, a.. aa v- s -v .. . ., .< v 2.. v
. , a. . .

v . 9e. .s :acu :e ::

esta:11sh a feed pa.: : the steam gners:::s. -c .h cf these pa.:s use

. n=n-n'uclear system (NNS) citing. The water sur.lv. : the cha:3ing .tu==. is theO. ..

1.35,000-gallen p:imary water s::: age tanx :: the 20,*00-tal*:n feminera*.1:ed
water s::: age tanx.

he high ; essure saf ety injection -(275:1 and icw p: essure safety
.a ..a.. . a g . .g ...,.g.,, ,. . . v '. .' e .vc .= ^. .' . . .~ ~. . a .' . =. ~ ~.cd s . .' s ". - .' v .' .~. g .* e =. ^. w a . =. .-
_ ,, ' '. . . . a , .. ,, .

: .:he stea= genera:::s. "he 'i:s: path is f::s -he saf ety inj ecti:n
discharge header :*.:: ugh nc== ally 01: sed =c.0:-:perated valves 3:-mv-514 and

v./. -51.5 and =anu 1 =::::le valve 5:-V-445 :: :ne =a:ging header . '"her ef e ,
s

s a' e ~. r .' . .' e*.- . .' -.t w a ~. e .- . an '.~. e '. ' .* =.*.- . e '. ..- ~ ~. e ...a.- , .' . . g *.~.e ad e _ a nd ' * s .~ ' '-" . ed
. . .. . . ...

:= steam gene:st::s by ce C7C3 :ennecti:ns :: =e feedwa:e: Of 1:wdewn

...<.q. .a.3 ..... a ..a ... . . g a ..e.
.. .- . < _ . .g ,, .,. g .. _ e .a .s . .a. . _ . . . ~ . . ,. .. .,.r... . ....:. . . . . w .... ...:.

,..3 ..a.'.=.s...~..*.,'.-V.***.',.."v.*.84, * . "v * ,*. c. 8 , a . ~' *.* "v .* .* *. e~. .s .
.... . . ..

=.s..~..~.'.'...a.*=.=.^.,a....=.s..=.n. e..=...=~..s~.~..--"....=...'.-.d..w.. sv. s . e. .
. , . . :

.......'.w a . a .' .' .= .- .' = .'.- ..s ~. e _5 5 . .= . . ' _* < s . sc " .- . .a s .' s .- a. 3 ,".a , e .- a . . . '. ..~. - =. =.
'

-- '
.

. . .

:: sins avai' a:1e) .

pewer f:: .he ::arging pu=ps a..d =ce: -cperated valves is supplied f::s
separate nensaf ety 430-V ac cuses, wcich are capa:1e Of being fed by te
. e .,e ev. 4.a.y .-".ses '..v. .- =.. . = =a .c a .' . , e . a . .' . r. . .' - . . ...' . e a < e s . ..*. e.. -

. . . . . .. .. ..

E75: and *25: purps a:s connected :: the 480-V emergency : ses. 7:11:wi.g a

less of ef fsite ac pcue and a single failure in .he auxiliary f eedwater
the chari ng Ou=c.s wculd nce he availa:Le unless ::erate: acti:ni

.
sv. st em,

.

Oc ."..- s . .' . . .' . .' a . e . a .t. a .' . , e . a . .' r. .- ' w- ' .- .". . . . .- =. .=.4 a . s : s " , , .' y e =. .- , e ~-v.
. . . . . ..

;cwer. In a :eces:e: 21, 1979 le::e: [5] , ce *.icensee : ncluded that there

is act suffi=ien: e=erc.ency. fiesel car.ac.:v. :: ::: vite ne::a1.:cwer :: =e.

. ..a.- - . . c. .. , s a ..' s .~" .* .a..e .u s .* v. s ". , ,.' v _.e. ex .' s . .' .. , .- =. .- , e nev. ...-=..:c.".'..,,. . .
. .

%

A. .,___,,
..'.J . ann.in eseere . Center 3 -25

s :o ., ? ma
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requi: e=ents . Since the ena:ging punps are not supplied f: s eme:gency huses,
the saf ety injecticn system may he required t: fulfill functicns nc:mally
assigned : the charging pu=ps (i.e., berati:n and primary plant makeup) . In

additien, the safety inj ection tank functions as a scurce of berated water

similar to a refueling water s::: age tank in c he: Westinghouse ~ eacte
facilities. If :he saf ety inf ecticn tank is used as an alternate scurce of .

water, the disscived ec::n will he :encent:ated in the steam gene:1:::s :y the
:elease of steam. The vclume of water in the saf e:y inj ecti:n tank cannet te
::Insidered as an alternate seu::e of va: : f:: the steam generat::s except
under very ext:e=e ::ndi:icns. C::siderati:n f severe conditions wa:: anting
suct use cf the saf e y inj ecti:n tanx is cutside the inten: Of the saf e

shutdcwn :eview.

Since the charging Pumps cannet he :ensidered available as a hackup
,

methed to f eed : e steam generat::s f=11: wing a 1:ss cf effsite ac pcwer and
the saf ety inj ectica system does not have a suitable seu:ce cf wate f:: steam

(, i genera::: f eed, the auxiliary f eedwate: system as cu::ently designed does act
satisfy the functicnal :iteria =f 3:7 RS3 5-1.

However, in Reference 5, the Licensee described proposed auxiliary feed-
water system design changes to provide redundancy to the system. As proposed,
the revised system consists of two 100-percent, safety-class electric pumps
driven frem redundant power sources. The preferred flow path is to the exist-

ing auxiliary feedwater header. An alternate flow path is proposed utilizing

the containment penetrations provided by the steam generator blowdown pipes.
,

i

Check valves in the blowdown lines direct auxiliary feed to the feed nozzle

and prevent flow from entering the steam generator at the blowdown connection.

The motor-driven pumps can take a suction on either the DWST or the PWST.

The new pumps, located in the primary auxiliary building, are capable of being

started either locally or from the control rocm.

The Licensee has indicated that the existing steam-operated EBFP will be

restrained but its intended emergency function will be modified to mitigation

of station blackout only. In addition, the new auxiliary feedwater pumps are

capable of being powered by the existing emergency diesel generators by re=cte

[i} =anual operation of circuit breakers,

A-
3 Ctatt?

, * . .....'?*2f S M 5234tf: **
% . 3. %-
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.

Based on the above discussion, the staff concludes that the current * '

[sT I

,

k ,,/ auxiliary feedwater system does not meet the functional requirements of BTPs

RSB 5-1 but that the recently installed modifications satisfy the function-

al requirements of BTP RSE 5-1, except that the components are not connected
i
:

to diesel-backed buses, although the capability exists for manual connection.
|
!The reliability of the auxiliary feedwater system is being further evaluated
t

by the staff under TMI Action Plan Item II.E.1.1. j

Location and Operation

The staff evaluated the equipment discussed above with respect to its

location and operability during a loss of offsite ac power. Table 3.2.2 shows

the equipment location, the points from which it may be operated, and its

power supply.

.

WATER SOURCES (DEMINERALIZED WATER STORAGE TANK, PRIMARY MAKEUP TAhT, AND
SAFETY INJECTION TANK)

\_,,/ Task: Provide a source of auxiliary feedwater, primary makeup, and

borated water.

Discussion

The EBFP takes a suction from the demineralized water storage tank (DWST)

via a 10-inch (OD) line which also serves as the hotwell =akeup and rejection

line. This line leaves the bottom of the DWST and from there branches into

the following:

1. a 10-inch hotwell rej ection line (i.e. , flow from hotwell using
condensate pu=ps and a level control valve)

2. a 10-inch hotwell makeup line

3. a 3-inch EBFP suction line
f

4. a 4-inch LPST makeup and charging pu=p suction line

s 5. a 4-inch auxiliary boiler makeup line.

G
,

* Pre core-XV configuration
A
... 5nda Researca Ca. :er 3-IS

*--.N%-

- - _- - . -. . . - . - , - - - -
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Talile 3.2-2
| |

b]M.
aa

g usttiEttr as u!Artors CotorHol. 81)ltrrS t I.le'llt :C|

,

|tl! a).ergesicy inaller tM corsier of licat !wj I4 cal salacr at ioni easily. Oince at ski electrical lu)wer 1:s niceded.

! O leed Inimp I. oiler r ooin llour , wlite li tir oper rlaa, guves nor malsitaisia
i

{*
lu o partitloneet pari of olieed .

i
t lic t un tilne laulIdleig.

Cl.iggisig to feed til=>ol pieceis amt pipim.) lancal saastinal oeily. R&s electrical liower is needed. .

sy st um u t = >ol flangen (atul lusits.) ai e

piece les a.liag ging tumnp cuisle:le. ,

I

Valveu cucinectisig ten leed

systun muut lie ogiencil ist *

]
sa
e', lower level ut tusliine

lail ld l mj , in vicinitty ut |
|-

* i ,

,

BFPs (6 ft north of IlFP
motars).

i cliag ging inkapp l'inups die loedl ed in PiBHp3 8)perated f rist contr ol Ct'l l - HCC 4, Duas 1 (480)

an.1 valves t.cpag at e culalcleu in so<an or locally at Llic ir Cl>|2 - HCC 2, thsa 1 (480)

L'All . Valves are under cassitr ol le ras (open ak>or and use CP f 3 - HCC 4, theas 2 (480)
l>an flous, witti scacti jumperu). Valves are lex:a!
i .al a . manual only. ,

Motor-driven PAB Control room or local. 2400 V Bus 2 ,,

2400 V Bus 3 l)Auxiliary Feed- l
as

" water pumps aa
esa

EIC See emergency power See emergency power See emergency power " " .

system diccussion system discussion system discussion h
below. below. below. o

<

.

. _ _ __ ______.
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, 1 =densate and de=inerali:ed water are ste:ed in ce WS! and e.e ; imaryI

wate storage tank (7WST) . Se :WST is an al=inu= 30,CCC-gallen tank ca: is
ner: ally filled f::= the wate treat =ent plant. The CWST is si:ed := candle

i

all expected ::ansients in ce c ndensate/feedwater syste=. *his is
I a====plished by p :viding makeup to and accepting : ejected wate: I::= the.

I c ndenser h: well..
. .

*he 22F? can also take a sucti:n f := ce FWST via a 4-inch (CT) line
'

whiet also serves cs an alternate supply =f wa:e: : the charging pu=ps. The

j . 7WST p::vides de=inerali:ed water f:: ce primary plant as well as f:: va:1 cs
'de= ands in the pri=a:7 auxiliary building, e.e radwaste building, and the
spen fuel s::: age a:ea. :t is the supply f= e.e 1:w pressure su:ge tanx

| =akeup pu=ps and, as suen, serves ce a==ve areas. The 7WST is :enst:uc ed Of
alu= nu= and has a capaci:y of 12f ,000 gallens. ,b inner ficating ::cf

prevents aeratien Of he :ank centants. The tant receives ..akeup water
diree:17 f::= ce wate: ::ea:=ent plant.

x
h

Tecnnical Specificati n 3.7.1.3 regaires there : he a mini =u= ce= tinede

\'
voic=e =f !!,0CC gallens available f::= the FWS! and ce CWST. Se se:vice

syste= (discussed later) , whi== :eceives fresh water f::= Sherman Pend,wa:e:

supplies ce -ate: :: eating (WT plant f:: ?WST and OWST =axeup. Ce "C

plant' is si:ed :: p:: vide 40 7p= cf de=ineral;:ed wata: On a 0:ntinuous : asis
and 20 rp= :sx =us, :ased en :.e average :ne=ical analysi.t of Sher an 7:nd
wa:e: ::ained ever a 1-year peri d.

Se safety injecti:n tank (5:3 is si:ed := p:: vide a seur e =f =c:ated
wa e: :: e.e safe:y injecti:n pu=ps f=11: wing a 1:ss cf ::clant accid ent.

!
I

Anc ee: functi:n Of .he S:7 is := p : vide a s urce cf wate: f:: fi:= ding the
snie'.d tanx cavity during :sfueling Operati:ns.,

The 5:7 also p::vides a seu:ce of scrated water f:: the reactivi:7
==nt::1 syste=. Technical Specificati:n 3.1.1.11 (li=iting C:nditien f::
Operati n Of Scrated Wate: Scurces) requires that the S T be Ope:able with:

,

1

' n e 'C pla.: is .ct included in he lis: ef *=ini=u= syst e=s ' u: wculd
A p:::a ly :4 availa:1e since it is essentially a .:assive syste= wn;:. is

ij pressu:i:ed using :ne se:v e wa:e: sy st em,w/
A_
.... . enen m eset :n .-e: ter u3,- .. -

--
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!

| e a =ini=um centained bc:sted wate voi;=e cf 117,000 gallens of wate:,
e,aivalent := a tank level of .>. 25.5 feet

1

i e a mini =um bc:en concentratien of 2200 ppm
4

-

a =inimum sciutien te=peratu:e of 40*T.. e
e
.

,

I
- .tedundancy .

| The staf f calculated ce maxi =us leng= cf time the plant can stay at h:
' shutdevn fell wing the 1:ss of effsite ac ;cwer, using de initial steam

generate: water inventery and a maxi =um ::WST level cf 30,000 ga*1:ns. The,

i calcula:icas shew dat appr xi=ately 20.2 hcurs water supply are available fe:'

I
=ain ::clant system te=perature c:nt: 1; af ter cat, e.e E F7 suctien =ust be

a
'

shifted :: the PWST. The staff also calculated ca: ce tc:al water inven ::.r
'

- :equired by Technical 5;ecifi:2:ic. s (35,000 gallens ) is enougn :: keep ce
i

-lian; at het shu:dewn f:: abcut 73 hcurs. :n Appendix 3 Par 2, Saf e Shutdcwn

/,m\ Wate: 74quize=ents, ce staff deter =ined the time :equired := c = piece a
s <

\ /

';d shutscwn :: the ;cin: of shutdcwn :: cling system =pera:ien. Assuming (1) no
.

8

credit f: ce initial steam generate invent::y, (2) r.c conciensate in de

hceve11, (3) ne single failu:e, and (4) use of .he a:=cspheric fc=p valve, the
1-inen vent, ne large and ::all heg;s:s, and the Orp (all s:eam ven: pa:ns),
=e staff deters:ned ca a wa:e: i . vent::7 ef 7:,000 gallens is suff kien: ::

::ndu:: .he ::cidewn in 2 3 hec:s. Tur ce: :21:ulati:ns sh=w =at, if ne

plan: stayed at het shu:dewn f : 4 hec:s and e.en ;1 ant ::cidevn was
.

I ini:iated, ce ::cidewn :stes wculd be higner , but ce ti=e :: ::ci O.e =ain,

f
''

=colan: sys t em := 3 30 * ? wculd r emain tne sa e .
>

lj Since the cendensate pu=p ct:: is muen s= aller than e.e =cile: feed pu=p
:

} =ct : (250 np ve: sus 700 hp) , a single ::ndensa:a pu=p can te started :: pu_p
+
' the center.:s cf O.e :endense: he:vell tack :: the :WST for DTP usage. Se

Dr? wculd not have to be stepped during this eperatica since its secti n

veuid just be aug=ented by the cenden:a e pu=p (the cendensate pu=p rejecti:n
li .e wculd ;:essuri:e .he ETP sucti:n and fill the :WST) . The he: veli has at

!

capacity Of 15,000 gallens and a ac:=al cpe: sting level of atect 13,000

gallens. Hewever, e.e betwell :entants f:ll: wing a isss cf Offsita ac pcwer

| and su:sequen f eed znd cendensate pu=p ::ips ca .nce :a ;;ede:e:=ined since

I A
- . a., . .. . . . .. . .. . nemn esear:n ,weer -

. : a . s. rw
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event and ce=penent coast dcwn times cannot be
Therefere, ne credit can be given ::: accurately .::edicted.

that there wculd he a significant qua this invente:yr hewever, it is likely

*he basis of the technical specifica:intity of condensate available and usable.
| ces fe:

states that the maxi =c:s beratica capability requi reactivity cent:ci systems
core lifs f:cm full pcwer equilit ium xenon c nditi ^

the end ofrement occurs at

galices of 2:00 ppm berated wa:e: ons and :egi:es 9,192

gallens of 2:30 ;;m be:ated water isf::s the saf ety in3ectica tank.
11,7,000

Since

c ncludes that sufficient terated water espacity iavailable in the 5::,:ne staff
RS3 5-1 functi nal :equire=ents. s pr:vided to satisfy 3R;

he a= cunt of :nain cociant

f :s $39*F to 330*y 'was esiculated by the st ffsystem ::akeup during the cecidewn (and *illing
of the ;:essuri:er)
aucut 6,000 gallens.

$ sed 72,000 caliens and since 35,000 gallens is availa=le pSince the coc."dewn to shu:dewn c cling sy
a :o be

stem ini:12:icn
specificatien,

the staff cencludes that sufficient ;:im er tecnnical

available to satisfy 3 P E53 5-1 functional requia:y makeup water isU
rements.

'g: cation and 0:erati n.

__

The s:sff evaluated :ne equipme :

1:catien and cpe: ability during a 1:ss of Offsitdiscussed a:cve vi:a respect:= 1:s

the egipment's *,:ca:icn, the ;cints f: e ac pcwer. Ta:1e 3.:-3 shews
;cwer supply. :n vnien 1: may be Operated, and its

SECOCW COC1:NG SYS Di

M: Re=cval Of ecre decay hea:
and main c: clan:to coci the system f::m 330*7 to 140*Fi . system sensible hea:

Ei scus s i en__

The shu dewn : cling systes is placed in servi;

temperature has been : educed := ap;:cxim the =ain : clan:ce afto:

a:ely 330*? and :ne ;:essu:e to less
t

(

\
%
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, e.an 3C0 psig. The shutdewn ecoling syste den : educes e.e =ain cecian:
temperature = 14C'? c: less and operates centinucusly to maintain this,

,

1 tempe:ature as long as is required by =aintenance ce :sfueling cpe:ations.
a
*

'"he shutdcwn cecling system censists of a heat ex= hanger , circula-ingh
*

. pu=p, piping, valves, and instru=ents a :anged in a icw pressure auxilia:y1

5 i=cp parallel with Se main Occiant iceps. he shutdevn cooling pu=p taxes '

k
suctien f::= ce he: ' eg of tne =ain eccian: piping en e.e :eac:c: side Of :ne

,- icep st=p valves and :ecirculates =ain ceclan wa:e: e.:: ugh the tute side cf,

', .

e.e shu:devn eccle: and hacx int: the celd leg cf tae main ceclant piping,-

. .

j weien is alse en the reac :: side cf the icep step valves. The main :: clan:
, is centained in a closed systa=, and :eact:: decay hea: 1:ad is ::ansfer:ed,

2:= ugh the shutdewn c cler c 2e ec=penent eccling sys:cm which in tu:n is.

.

c cled by river water. Th:,s at:ange=ent of ;::viding the inte==ediate ::cli..g ..

..edium cf :ne c:=petent c: cling system was selected in c:de:f to assu:e ::a:

any pessible leakage of radi: active main cociant would cc: enter the rivers

water,__

s

! The shu:dewn coeling syste= is designed to re=cve the :eae :: decay heat
a: cut 5 hcurs af ter shutdewn !:11: wing 10,000 full ;cwe: heu:s of Ope:ati:n.
Acc ding :O O.e *. ice .see 's e s".i= ate s , a ccu t .'5.1 x *O 3tu/h are generated.

:y :ne react: ' - =-sfe::ed :: e.e =ain ::clant systee.'
.

4 7ede.danev

Althcugh ce stu:dewn :: cling ' system censists Of a single eccle: and
i

eccling pu=p, a ec=piese hackup cf this system is ;::vided by e.e 1:w ;:essu:e
I surge ank pu p and ccier. he occiers and pu=ps are identical. te 1:w

. ;: assure surge tanx ::cle and pu=p are c nnected in para *.lel wit: the
, ,

I sautdewn eccle and pu=p. 3y e=picying deuhle valving in the inlet and Outle:l

'ines of the main ecciant piping, any ===:ination cf pu=p ce cocle: can be.

used to =aintain decay hea: :e=cval. Nc:: ally e.e shutdewn eccle; and
r
I

*:: af: ANS 5 .1 d ec av. hea: :::ve ::edi :s a 7/?c . 3.003 a: : =.S.3 x103*
.

sec, c: accu: 15 . 2 4 x ' 00 3:u/h.
,

\ '
1
I
'

A_ - n.mesest:n ,e ter 3-34_

..... t s e,w..

4:- . % s - -

j _
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e''N ,

, (a.l pu=p are aligned to the main coolant system and the low pressure surge tank
,

cooler.and pump are aligned to cool the low pressure surge tank. By manual

valve operation, a failed component in the shutdown cooling system (SCS) can

be replaced by a similar component in the low pressure surge tank cooling

subsystem; therefore, the SCS has redundancy of components. Because of the

sharing of co= mon suction and discharge piping, the SCS is susceptible to
passive piping failures, as well as failure of .one of the motor-operated valves.

Failure to open of either a suction or discharge valve would result in,

loc: of shutdown cooling system operation. As discussed in Section 5.1, alter- j
native methods of cooling exist, therefore, this deviation from the review I

lcriteria is considered acceptable. j

Based on the above discussion, the staff concludes that the SCS satisfies f
t

the functional requirements of BTP RSB 5-1 except that the SCS and LPST cooling ;4
-

pumps are not normally powered from diesel-supplied electrical buses. The
;

staff will evaluate the significance of this in the SEP integrated assessment
,- s of Yankee Rowe.
/ ' !

\v]'

; Location and Operation-

The staff evaluated the equipment discussed above with respect to its
location and operability during a loss of offsite ac power. Table 3.2.4 shows
the equipment's location, the points from which it may be operated, and its
power supply.

COMPONENT COOLING WATER SYSTDi

Task: Provide cooling water to the SCS and/or LPST coolers and to other
essential equipment.

.

Discussion

The component cooling system is necessary to remove reactor decay heat
from the shutdown cooling system heat exchanger (or the low pressure surge
tank cooler) and to provide cooling to equipment necessary for plant cooldown.

The component cooling system consists of two coolers, two circulating
pu=ps, a surge tank, a chemical addition tank and associated piping, system
and instrumentation piping, valves, fittings, and instruments. This equipment

''

is connected to two main piping headers. One supplies vapor container

4_
. ... =,. ,c.m,we.- c,-a 2-25

* w. N --
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In p,,ss i s nl:grr I A N:Ariott Cottritol. Iolltr:i 1;I.ix'1H ICi.

Ii!
) SC:i anal I.L'ST Cuis t c t en in Ilie l'All, Tlac SC:8 anal I.PfiT cooling piumpu SCS piump Ilieu 5-2 (400 v)
I ciust ing gnunpu lowes level, ase operated fie=a time contaol I.P:iT cooling pusaps !!uu 6-3

| anel ca alea u < wen anal can teu operat eil (400 V)
; tam:al by iltaa ing an onergency
1 lay jaunping time cell siwltcle

i

anel using time test control

ia hwitcIn at Blie uwllcligear

s' culilc l e . Tlie coolers re- i
'''

.p I n c law:al, naasuial valve

opesation uncts tinal <>per at ioni
} I s s en Llie contaol s an sa lu stol
| |masu ! lit c .

'
Sr:i valven See Sectiona 4.1 anil :see Sections 4.1 and 4.2. See Sections 4.1 and 4.2. L
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::=penents, the ether supplies equipment cutside the contain=ent. Independent
lines, 7: vided with isolation valves 10cated cutside the vapor centaine:, a:e
cennected f: m the vaper containe: supply header to the varicus c mpenents
inside the vapc container.

A su:ge tank (4,000 gallons) is used in the component cecling system to
p:: vide =akeup water f : he system, to ac ==edate the expansien and
centracti n of the wate in the system as :a=perature changes, and :o act as a
:eceive: f:: the saf e:7 valves in the ce=penent cocling lines. The wa:e:
, level in the tank is maintained at app: xi=a ely 2,500 gallens. The surge

is equipped vita a vent to the primary ven: stack and a safety valvetank

which discharges in:= the vapcr centaine: drain tank.

Level controls and alarms are provided on the surge tank. A low pressure
alarm and control switch is located on the common pump discharge header and

pressure indicators are provided in the outlet of the component cooling pumps.
A pressure switch starts the standby pump on low pressure.

.

f
-

,\' ,) The common cooler inlet and outlet pipes are previded with local and remote
.

temperature indicators. The inlet pipe has a high te=perature alarm, and the
outlet has a flow meter, and a low flow alarm. Controls for the component cool-
ing pumps are located on the nuclear auxiliary panel in the main control rocm.

Two motor-driven centrifugal circulating pumps are provided. The capacity
of each pump is approximately 2,000 gps, with a total dynamic head of 190 feet
of water and a design discha:ge shutoff pressure of 110 psig. The switches may
be set in "Close", " Auto", or " Trip" position with provision for " Pull-out" in
the trip position.

The two component coolers are of the shell and tube design and are provided
to transfer heat from the component cooling water (CCW) to the service cooling

The tubes are made of admiralty metal.water.

During a cooldown of the main coolant system following a loss of offsite ac
power, the SCS is used to circulate the hot main coolant through the SCS cooler
(tube side). The shell side of the cooler is furnished with CCW, and

(Ov/ g_
:

.... 3Nn.m:eseuen ce :n 3 -37*: .w-

I
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cc:penent :cli..g shculd ace. 004 pumps he inc;erahle : if a :uptu:e in de
system has cccu::ed. he ;::cedure (CP3113 * css cf C:spenen: C cling)
directs the cperate to attempt fi:s: to heck up to de pertacle fire hose
f:cm he fixe system to the 004 system, cen, id u..ahle to use de fi.:e
system, to use de service wate: system. Thus, the:s are redundant and

diverse means := ; cvide c =penent eccling. .

Based en tae a:cve discussien, ne s:sif :encludes e.a: de 004 system
satisiies :te fune icnal regaire=ents Of 3 ? RS3 5-1, exce; da: :ne
electrical Ocepenents are act powered f::s diesel supplied electrical huses.
he s af f will evaluate :.e significance f e.is in de SIP i.. eg:a:ed

assess =en: =f Yankee 7 we.

*ccatien a.d 0:erstien
s
'

he staff evalua -d -"e egaip=ent discussed aseve wie :espect to its

1:catien and cpers ility during a less cf of fsite ac pcwer. *ahle 3.:-5 shcws-

k ce egai;=ent's 1 catien, e.e pelats f::s wni:n i: =ay be-cpe:ated, and itsA

pcwer supply.

.-=.=.=u..=|.. . %= a. .2 .:v. a . .. 99 * am

7ss<r 7:: vide :: cling wa e: :: :ne :::penent : clin; . ate ::clers and

. . e 5 a- . . . _.-2.,.. a .e. . ..- .

:c. .. ,..._ .cc .s.-. ... .. , . . . , . ..

Ciseussien

The service water system ::nsis:s of e.:ee ;,500 pm vertical deep welli

type pu=ps whi::. :::ain their sucti:n f::= a ::==cn 1.take well in the

citeulating wa e: pu=p hcuse. he pu=ps dise .arge :: . a ::= men 12-inen heade:

wnich ::anches int: two 12-inen supply headers. The supply headers : n
parallel :: .he scu .ern vail cf de ::: hine ::en hasement. te :ve '.2-inch

supply headers fu:nish the varicus :=penents wie. service water via separate

ta:s f::= :ne :: =c .: ef cese :ve .ain sur:'v. headers. he heade:s :an :e. ..

(=anually! :::ss-:en..ectad sc :na: a.y ::::ina:icn of pu.ps supplies ne
necessa:7 L:als.

A_'

...a .= unin ~ eses en Cse:er 3-19
*: .N<w. -

1
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The g:sa:es: heat 1:ad en =e system occurs when the SCS is first placed
in cperatien. A :::21 cf 2500 gym cf 60*? =coling wa:e is :equired at :na:
tim e . This sue flew is required at any time when de main c clant rysten
wate: enemistry : equi:es operating the purificatien systen at its maximum
capacity cf 100 gym. The:e is adequate capacity in de service wa e: pu=ps ==
mee: these special Operating cenditions. .

.

4

edundancf

. Nc:mally, two p=ps will be in operati:n, wi n ene p=p en standhy. If
.

=e pressu:e in ce discha:ge heade: falls hel:v a p:ese value, the standby
p=p will start and shnultanecusly an alars will be given at the :ain cent::1

ca:d. The p: esse:e swi::h f:: ini:iating eis standby cperati:n is 1 cated

in the tu: tine ::cz: and is set a app :ximately 53 psig.
I
' The 2400-v pcwer supplies :: se: vies wate: pu=ps ti, 2, and 3 are sus #3,
Sus ti, and 3us 12, :espectively. "'hese huses can be separated se a fault in

,

One wuid net disable any' =cre can ene service water pu=p.

Shcuid all pe=ps fai; due := electrical p:::lems,1 cali:ed damage in the
screen heuse, :: *:ss cf sue:icn f::c She==an 7 nd :: if a 5:eak aff ecti .g

:e::2:n pceti:ns of =e se:v :e wa:e: heade sa:uld :ccur, selected se:vice

wa:e: * cads :an he pt:v ded wi.a :: cling water f::: ce fi:e systs=. The f1:e.

system : uld :e sue. r. lied .v. e: ..e: :he ins: ailed fire :==. s :: f::s pc::a:Le. .

!i:e pumps : nnected in se:ies taxing a suctica f::: se river :: f::n She=an-

Pend. Also, ce ,c a:Le wa e: syst e: can supply selected se:vice wate: 1: ads
j wita c cling water. The plant p::cedu:e (:?-3009, * css Of service Water).

!

| desc:ites whien eaupenents may receive fire wate :: pc:2:le wate: and de
:
I

1: cati:ns Of =e .e:assary :ennecticas,'

.

l
3ased en .he a:cve discussi:n, the staf f concludes . hat the service water

system satisfies =e functi:nal : equi:s:ents of 3:? RS3 5-1, except ca: tae

i
,

electrical ::mpenents are . : pcwered f::= diesel-supplied else::i:a1 zuses.
|

| The staff will evaluate ce significance f dis in -J.e SI? integ:ated

asse ssten: Of rankee 7:we.

(
I O

.--
2.4-.... .- a n cin .esente 4mer.

..> . % % -
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The staff evaluated the equipment discussed accve wi:h :espec to its.

locatics and pera ility during a 10ss of of' site ;cwer. able 3.1-4 shows
the equipment's 1:catien, the peines f:cm whien 1: =ay be Operated, and i:s
power supply.

.

.

..,ea . . . . . , , . ......... .Ui.,
._.. a.y ,.a..e.. .- .

Tas<: = saintain a syste: cve:p:essu:e during het standby and/::' - *
. ,,

. a=. ". = s .' . .' . .-". .' a . .* .n :c .' .' . .g a. ..^ .o .' e , . = s s ". . .' =. e . e . a.' a . c .' a .. . . f s . m . :. . . . . .,
.

.... 4.. ... s 4.'a.3.7. .e s..". . ' cwt.. .- c .' .' .. , sv, s . c. .* ...' ... - oc '. '. w.. _" e
'

, .. . . . . . .. . . . .

., . e s s . . . a. e ., .. ..

isenssi:n -

! 7te ;: esse:e ::nt: 1 and :elief syste ;:imarily func:i: .s :: aintain
O
( the : equi:ed main :ccian: ;:essu:e at the :eac :: cu:'.e: during steady-state

% cperati:n, : * is i: to an a11:wa:Le :ange the ;:essu:e changes caused by nain.

eccian: ce=al ex; ansi:n and con::a::ica furing ac=al 1:ad ::ansients, and

' *. . . . . . ._. e ~. e s s". .- =. ... . e .a ' .. .c .a .. . sv. s . s . .- .- =.x s e d. ' . . , .e .' e s ' ... , . . .
'

. . .,
.. .,..y..... -

- - =. s s ". . e . . . ' . = .,-=.c.-"..e-.....-.' . = . . . . ' . .=. .' . e .' s~; s . .~. .~. s '. s . s . .' 1 - - * s s ". .- ' . e .-,. . . . ,.. .

ve sse.' -. . . a .' . ..' . . . a . : .. a a e . .' x .". .- =. . ' s . e .. a. ..d -a.t.. .' . e s ' . . . ..e a . a. . s ,. . , . . .

saf e:v. a.d :elief vsives, s::av. system, i..ter: nne:: : : ri.~s, valves, a.d
. . .

4 s.....e..a. .n.. .. ... ...

.e .,. . e s s". . * . s . .' . . .- ' * ~ . e . a .' .. .~. ~ .' a. . . sv. s em ' . . . e s s". . '. . e d wa . e.- - =. .* . .- s- . . . . - . . , . ..

is gene:a'.ly achieved by te pressuri:e: in cen;uncti:n wi u :ne :: =cca :'
'

. . e . . . . y 4. ,. . g3 . e .a.4 . ..ess.....e s. 1y, . m.e a. .x .4 4. 3 ., ..ess.. 4 e...
. ..... . , . -. .. c. .... r. .. . ,. ... .. .

. .

..- * * ' ,s , . av. , .e f.ess. ' e.- - =. .' 3 e ' ". a.* v e . . .. e ,- . e s s ". .* . =. . s - . a v. ... . . . .* e ' s-
.. ... . .. . r .

* cated i . =e manway a: :. e ::p =f e ;:e ssu:1:er. T..e s;:ay pipe is.

::nnec:ed :: ue main :: clan: s/ stem inle: pipe :n ce :eae::: sife :" 1:cy

num:e 1 isciati:n valve. This connecti:n is in =e f::a =f a seccp insif e

ce :: clan piping, sc =a: =e vel:ci:y head phs ce stati: ;: esse:e,

.

1 ><=a
. . . . . . . . .. . . . , ... . . e . . e e . .,, . . . . s .- . ..e . . .' n and ~ .e s" e ~ '. , e ~~. ~.~. e ~ ~. .' .- .t ,~. . v '. '. e . e4

.ax.a .- pc,s. . , a . ,e. , .s..., a.s
s,. 19 .'...w. a' . - . . ~. , e .- n . e '. va.* ". e .- . . . e

"
. .- .. .. . ... . . .. .

j s - . a v. 1.. .e ~.~, e .1. e'. .-v. a su. . .. ~ ~ . _.e - s ... .-. ...~ ~~.. . a '.., . . .. . . .,V

A- . ... ..... 1? %n .9tst3 Pin .t**tt. p - *

*:~== = N ' ~ ~**
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|IO3n
y M I PHI-:14T line * AT Iota til' fit ATI(24 ITMicit SUPPL.Y

,

Sut* s (J) Cir culatisig water ga me p Oper etale f raen tino casentrol SWP $ 1 - Isus 83 (2400v),

| Iususe a nt en s can l>e opes at eil SWP d 2 - thsas $ 1 (2400v) >

j loc.sily in est unergency ley SWP |] - tsus 12 (2400v) {
. .

j jumping the cell switch *

and using the test control,,,

i switch at the 2400v breaker i,,

,

llose connections . Inlet and outlet to the Local-manual No electrical power is needed j
to SW system CCW coolers
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rell= wing a 1:ss cf effsite a pcwe:, the sain :: clan: pumps are ne:

available := sustain ;;isa:y :ociant fi=w; the:ef= e, ac=al pressuri:e: spray
fi=w is not available *:: main cociant syste dep:essuri:atien. As a
c=nsequence, depressuri:ation of the =ain ceciant syscus sust be achieved with.

either ce auxiliary pressuri:e spray :: the ;:essuri:e: sciencid-cperated
relief valve, PR-5C'T-90. ~he scler 2id-cperated :elief valve can be cperated

.
.

::anual!.y by a swit:n in the cent::1 ::c=. A sc. :-epera ed valve placed en
ne sciencid valve i.le: piping is provided f:: isciaci:n of de sciencid
ralve. The steam and/ : wate:

.
discha:ged f::n ne sciencid-eperated relief

valve will discharge directly to the containment atmosphere via a rupture
disc in the line. For this reason, this method would be used as a last
resort.

The auxilia:y spray line is 1:cated in the :nemical and vel =e ::n ::1
vf s:m. It is connected :: the f eed li .e dew- s::aas :: the feed and bleed! - .

heat exchangers. This ,a::angment per=its :na:gir.g Of wa:e by the high
pressure charging pu=ps into the ,tep cf the pressuri:er.

T=11 wing a 1:ss =f ef' site ac pcwer, main ::clant syste: p sssure
cen:::1 is .ecessary :: maintain an adegaa:e sutecciing margin and assure ne
u.,............,.3...3. ... . .,....,,.4............ .. ,. .....a...s.*.'.-...'.=..'...i-

,.. .. .
. . . . . . . . . a

acn:.aved, system ;; essure :: .:::1 wculd :e ace =plished :y mai .:aini .7 a
sys:e: Over; esse:s vit.. :he p:essuri:e: c::ug. : e f me One ical and

vel =e ==nt::1 sys:n :: ;:essu:1:e: hea:s:s. There a:e 43 ;:escuri:e:
..,,.,. s .. <.,g . . .,. ......,,. ..., .,. ....,, .. ~.. s ,s. .a .. .s,...<

. - . . . . . . . . . . . . 2... .. . . . . .. .. . . .
.

2-; nase g:: cps f 27.5 W 2 pac ity.
.

ed:-d ane f
.

In an April 9, '93C letter (61, :t.e *icensee ind::a:ed ca: Op era:ir.g.

experience at 'f an.<ee ?cwe .as f ecast:a ed .na ce perati:n =f :ne ;;:up f

pressuri:e: heaters (37.5 W) is required := meet ce hea: 1:ss f::m the
;:essuri:e: with nc=al s;:ay fi:w th::ugn ce ;:sssuri:e a: het standby
c nditices . *he a ility := maintair. .atu:a1 cir:ulati:n under mergency
::ndi:1:ns wculd : equi:n less apacity na . f:: ..c =a *. Oper ati:ns. The
*icensee 21sc indicated ca: ues:; .gncese had perf:ced a study := fete =:ne

A
-

.... ? 2nicin itseeren Center 3-44
+ :mii. . % aw.a c
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mini =u:n heate: : equi: ments withcut effsite power and that ext:s;ciatien of
the results of this study := the Yankee ?cwe ;:essuri:e: : nfir:ed e.e
required heater capacity.

, -

The Westinghcuse study also determined tha: the capability := supply
mergency power := ce heaters vicin 4 hours sculd p: event icss of sube cling
in =e ; imary syste f=11: wing a icss of effsite pcwer. he Yankee ?:we

.

facility has feu: g: cups of pressuri:e: heate:s c nne :ed :: 430-7 Eus 6-3 and
feu: g::ups ::nnected :: 4SC-V Eus 5-2. Iach of these :uses is connected :

~

an me:gency bus via two circui: breakers in series, and e.ese sie breakers-

are opera:ed f::m O.e main cent:01 ::cm. :: supply tse :equired hea:s:
espacity f:=2 the mergency mus, aus 5-3 and sus 5-2 a:e cleared and de tuses-

are :e-energi:ed by 01: sing the tie b:eake:s t c.e ee:gency buses. he

:,1:ensee indiestes that ec time :equired := ac=c:plish this, giving due
, ::. siderati:n := al*. regairements Of plan: eperating ;::cedures, is 13 =inu:es

f:= =e ec :::ence of the 1:ss cf ef fsite pcwer.N

In a l'.aren 19, 1981 lette (7] , the *.icensee described design features of,x
.

a p::pesed alternative saf ety snu.dewn system (AS33) . The licenses indicated
that ce A555 is designed in ace:: dance vie. : equi:e=ents f Appendix R :
100 ?f3 as fu: =e: :la:ified in the nc Oene:i: * e:: e: 31-12, dated.

pe:::ary 10,13 81. he p :pesed design has one g::cp Of ; essuri:e: hease:s
,

being powered by ii3 diesel generator through a new 480-V ASSS == tor control
j

center such that =ain coolant system pressure can be maintained. One group
of heaters is capable of maintaining a hot shutdown condition. *

As described, the ; essure cent::1 and :elief sfs:n has two =eceds Of
de;:essuri:sti:n. A single failu:e cf =e sciencid-cperated relief valve ::
its :1:enng valve wculd ==: ; e: Lade =e capa:ili:, := fepressu:ize, ; :v ded.

auxilia:y p:sssuri:e: spray fi:w is avaiiatie f:=s ne caemi=al and veh:ne
cent:01 syste. *he availa ility of this flew pa n is assessed in ce

' discussien of the chemical and veh:ne cent::1 system.

34 sed :n =e a:cve discussi:n, =e staff fefers evaluation Of we
: adequacy Of the p sssure cen:: 1 and relief syste := satisfy 3 7 RS3 5-L

pe..di .g resciuti:n :f ::::en: staf f reviews f applica:Le 2'.:-2 ac:::n i:es

b
a_

4
_ . . , 3

.... .- see.n -esea.:n se: :et:- e. -, m

.- _ _ _ , - -_--
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!

!

and fire p: tection :equiresents. The staff will de ensine the eff ect that
i

ce ::=pletien Of cese reviews will have en the safe shutdown :=pic during
i the integrated assesssent.
4

.t
1
! :.ocatien and 0:eration
-

I
| The staff evaluated the equipment discussed a:cve wi2 respect t: its *

iccation a.-d perability during a 1:ss of effsite ac pcwer. Tahle 3.0-7 sacws
'

the ecuip=ent's 1 cation, the points f:::s which it =ay be cperated, and its
. .

t pcwe: supply.
1
$

1
: cs m ::A:. Asc ver.2 : cenne:. sys m

t* Task: 7:: vide =ain ::clant systes =akeup (due :: he cent:ac-icn of de
coolant during the cooldown), to provide a flow path for borating the =ain .

|
c clant systes : the necessary shu:dewn margin, and := p:: vide a =eans f::

/em depressuri:ati n Of ce sain ecciant system.
\
s
J

%J
,- biscussien

::.e enemical and v=1=e cent::1 systes : . sis:s Of 2:ee pcsitive
displa:esen: chargi .g pumps , f eed and :leed he a exenangers, pressure reducing
orifices, LPST, LPST cooling pu=p, LPST cooler, LPST =akeup pu=ps, and associ-

I

ated piping, valves, fittings and instruments.

Ouring n ::a1 Operati:n, hieed fi:v passes f:::s Sc. 1 icep T, line,
:h:=ugn the :uce side Of the feed and bleed heat exchange:s, : :5cgh the

I

vari-c:ific e , and finally in:= the *.257 th: ugh an edue:::. Charging flew
|
1 - passes f:=s :he purification pu:sp discharge 2::cgh the charging pu=ps,.

|! e.: ugn the steli side of e.e feed and hieed heat ex: angers , and inte No. 4
'

1 cp T ine. In a dition, cha:;ing flew can he lined up := :he individualh
iceps via the saf etv. ind ec ti n sv. st es ..

Iach enarging ;t:sp is a pcsitive displacesent :ecip::cating pt::p rated at
33 gym, 2500 psig and driven :y a 3C-hp seter. No. i and 3 pu=ps have
variatie speed drives. so. pu=p is directly ::upied := 1:s =c::: and its

ut
.

-

.... F tn6n "esesr n Center 3-45
.w^.<.,-
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j l'It-tiOV- 90 Voguar Cuataines Cositrol lu u sin fla t t er y $ 1
| :solenulal Ogies al.cil

,

l'a cait.us i zer Itel l e t ' '

,

'

Valve

1

' l'It - fluV-512 Vagans Cosit oluca Comit rol Ikasa 480V heergency
is3
: l's essina i zes itellet HCC 1 I

a-
; -s lil ock i n*J Valwe !.
I

l's es.nien t zer V.a g u ir Constalper Cosal s'ol lhana thou 5-2 (4 grouges)
'

] lie.il ea n liinu 6-3 (4 groupa)
i

'

j ,

j l'It - Huv- 191 Valmor Cosit al uca Control ihnsa IME! Ilus 2 i

j ILaisi l'a essur t zer s

j :ig> ay Flow tho- .

I 1allon Vaive
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c nstant speed. Sc. 2 pump c:uld put cut a variatie flew by th:::: ling
C2-7-490 tetween the discharge and suctica =f the pi:sp.,

,

Charging pump suction can be fra: the f=11cwing scurces:

1. 17 5 (gravity flow)
2. Pu:ifica ica system ( X-gravity)
3. Purification syste: (pu=ps ) *

4. Scric acid six tanx (gravity)
5. Saf ety in;ecti:n tanx (gravity)
5. WT syste= (via :.757 maxeup pc=ps)
7. 7W57 (gravity ce *.75 makeup pe=p).

3. :WST (gravity).
-

.-cration of the RCS is ace =splished by in;ecting bc:ated water f::s
either the beric acid mix tank (1500 gal at 12.3 : 11.54 by weign:-cin) c:
ce saf ety injecticn tank (117,000 gal at 2000 pp -sin) . The 5: tank is
nc:= ally used since it p::vides fine: :eactivi:y cent::1 because =f its 1:wer
,

tc'ren concent:stien; hcwever, the be:ic acid six tank is also availatie.

{ } A means for depressuri:sti:n of the main c clant system is p: vided by
the auxilia:y spray line. :t is connected to the feed line dcwnstream cf the
feed and bleed heat exenang ers. T initiate auxiliary spesy flew,

*

set:r-cperated valves OH+.Cv-5 24 >-d := wCV-131 are elesed and manual valves

~2-7-413 is : ened and =:::: led. 02-TV-524 and PR-TV-131 are cperated,
s -

h

| : enc:e manus 11y f::= the :en:::1 ::c:.; hewever, a :ess :: :he vape ::ntaine:
is : equi:ed :: 1:cally cpe: ate C2-V-413.

I
' Fadu. dan:v
i
t

; : ensure that the p:essuri:e: level can be cen:::11ed during the mes:

|
rap:d ::cidewn (i.e., ensure suffi=ient cha: Ting pu=p discharge) the staff
used =e cal:ulatiens =f :he main :: clan syste: c=cidewn wi.a =e 1-inch venti

adte: a wai: time of 4 hcurs. This cecidewn :ste was initially (i.e. , at
T.Ca, = 540*?) slightly g:aate: taan 50*F/h. he staf f calculated :ha: the..

liquid cent:acti:n este due := the ::cidewn at ateu: 50*?/h is less can =e
input :2:e availatie f:=s eacn ::arging pc=p. Theref :e, ce pressuri:e:

level can te :aised :y Only One enarging pu=p furing =:s :cidewn, and ce
,
'
/m resai..i .c. :. c= s :::v:f e fur .ner r edundan:v. .. .

I
t

b

a
. -- .. - . 3-4a.... . anen ,eseer:n ,senter .

w-sw.m
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Scratien cf the main coolant system cannot he ac ==plished at Yankee Fewe
withcut the charging pu=;s unless primary system pressure is reduced :c all:w
use of tae 1:w ;: essure and high pressure safety injection pu=ps. The shu cff |

head of the high ;: essure saf ety injecti n pe=ps is 1350 feet, while tha: cf '
1

the icw p: essure pu=;s is 1530 f eet. Assuming that the 1:w ; essure saf ety
g injection pu=p is used as a becster pu=p f : the high p: essure saf ety -

j inj ection pu=p, the shu cff head cf the safety inj ection system cer:esponds to
I appecximately 1470 psi. In c:de: 20: the saf ety inj ectica system to be a
.

| viable path for berated wa:e: additien, depressuri:ation of the =ain cociant
,

I rysten would he : equi:ed. As discussed in the previcus sectica, two =eans a:e
*

availacle to dep:essurize. If a single failure is postulated in the ;: essure
f cent::1 and relief system 'i.e. , scienoid-cperated :elief valve d:es nc: even

n demand) , the auxilia:y s;:ay ficw f::s the chemical and vel =se cen::01
i
t system is :equired. In cede: to ensu:e the availability of this depressuri-
{ =a:icn =ethed, the cha:ging pu=;s must he avaiiaele.
- |
| A backup path for charging flow is from the charging pump discharge

via CTT-MOV-522 to the loop fill headers. Motor-operated valves in one
of the safety injection lines would be opened to direct the charging
flow into a cold leg. These valves are remote-manually operated fromi

/'~ 'N the control room.

Primary coolant can be letdown via sample and drain lines. Allx__

valves are operable from the control room or at the sample sink.
The charging pw:ps are not powered frem the 480-V emergency buses.

The Yankee Rowe facility has three charging pumps powered from three
different 480-V buses. Each of these buses is connected to an emergency
bus via two circuit breakers in series, and these tie breakers are oper-
ated from the main control room. To supply the charging pumps from an
e=ergency bus, the non-emergency buses are cleared and then re-energized
byclosing the tie breakers to the emergency buses. In Reference 7, the

Licensee proposed that a charging pump and associated motor-operated valves
be powered by #3 diesel generator through a new 480-V ASSS motor control .

i

center.

| Based on the above discussion, the staff concludes that the chesical
,

I volume and control system does not meet the functional requirements of
BTP RSB 5-1 in that the charging pumps and other electrical components are
not powered from diesel-supplied electrical buses. The staff will evaluate

''
the significance of these deviations during the SEp integrated assessment |

\ _,/ of Yankee Rcwe. '

,

i B-49

i
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_ Location and Operation
.

'

C) The staff evaluated the equipment discussed above with(

''''{ location and operability during a loss of offsite powerespect to its

' the equipment's location, the points from whi h i Table 3.2-8 showsr.

cpower supply. t may be operated, and its

.-

CONTROL AIR SYSTEM

: _ Tank:
,

Provide compressed air for instrumentation and the c,

air-operated valves in other safe shutdown systemsi ontrol of
.

4

.

I Discussion

The No. 3 control air compressor is a two stage rotaI

I_ rated at 435 scfm. at 100 psig. ry screw compressor

1800 rps, 100 hp, 480-V motor. - This compressor is directly driven by a
ment air and service air requirements.This compressor normally supplies both instru-' '

Two 125 scfm, 600 rpm control air compressors with V b l
=otors provide backup air at 100 psig to the instrument and co t- e t drive and 25 hp
Each compressor can operate in one of two modes n rol air system.

"Off-Hand-Auto" positions actuates the starter for ea hA local control switch with
.

\
position, the compressor runs continuously with the compress

c compressor. In " Hand"
'~ >

unloading automatically to maintain receiver pressure or loading and

the compressor motor is started and stopped auto In " Auto" position,.

matically to maintain rgceiverpressure.
Each compressor is sized to provide 100% of the statised air requirements. on's compres-

water-cooled compressors are of the non-lubricated carbThe vertical, single stage, double acting, reciprocating,

and are installed with aftercoolers, air receivers on or teflon ring type
and intake filters.

The discharge from each control air receiver supplies
,

double header piping system that runs throughout the st tione header of a

air. headers are cross-connected at the receivers in the tu bi
a on. The two control

the primary auxiliary building. r ne area and in

reducing valves, as required, to each instrument or control airAir from each header is supplied through
in the turbine area and primary auxiliary building supply manifold

within the main control board has a low pressure alarm at 25The reduced air station .
.

1

air header low pressure alnrm is set at 75 psig.
psig. The control

valve that opens at 65 psig connects receiver and header dirA solenoid-operated bypass
ectly.

O A
. 5 n,c.in. s.ez w = c e:eri

e.a 3-50<w.

-- W W- *-eme===--
. - =

% e = = eee eem. m.
. w p ,y%_m,,

. ,,, ,_

__-e== e same. e % e
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f j*, [grHn4T Incarlora orlat AT!ota Pwl:st Sin >Pl.Y

u
In
in
G clean ging Piunic iSee tinte discussion) ISee 111tr diticussion) ISee laitP discussion)

Ill

i Itos Ic Acid Hlit Igipe r level of Pall in le2 cal sis.snisal olerat ion only lit:cliastical agitator lei lowered
Tank gener al v icinity of t ime (!!!!!ng, etc.) trons flCC4 Ikss 1, trace

cosnisinent coollug water licaters f rom HCC4 lius 2, and*
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Redundanev

( ,,/ Following a loss of offsite ac power, the control air compressors would
not be available, since they are powered from non-e=ergency 480-V buses.
Loss of the air compressors event 6 ally results in a complete loss of control
air to safe shutdown equipment. Operating Procedure 3002, " Loss of Control
Air Supply", defines the immediate operator actions required to place the
plant in a hot shutdown condition.

Upon loss of offsite ac power and control air supply, safe shutdown
components are affected as follows:

'PCV-451 (steam supply to emergency boiler feed pump) will close ifo
open. This valve supplies steam to the turbine driven emergency feed
pump.

TV-405 (auxiliary steam trip valve) will close. This valve supplieso
steam to the large and small hoggers.

TCV-200 (cooling water return CCW system) will open. This valveo
controls component cooling water flow through the LPST cooler and the
SDC cooler,

o TCV-205 (cooling water return CCW system) will close. (VC)

o LCV-222 (letdown line level control valve to LPST) will close. This
valve controls letdown flow rate to LPST.

,

,-_

f ) o TV-411 (atmospheric du=p valve) will close. This valve provides a
'N ' path for sensible and decay heat removal.

o CV-1100A, B, C, D (bypass valves around feedwater blocking valves)
will lock in position. These valves provide a bypass path around
motor-operated feedwater blocking valves.

o CV-Il00, CV-1200, CV-1300, and CV-1400 (feedwater regulating valves)
will lock in position. These valves control feedwater to the steam
generators.

o Wide and narrow range steam generator water level transmitters will
indicate low steam generator level.

o Variable speed charging pu=ps will not control from the main control
board. (One charging pump controller is locked in the full speed
position.)

o Indications fro = pneumatic level instruments will be erratic, including
pressurizer pressure.

Following a loss of control air, the operator can valve in emergency

nitrogen supply to the atmospheric dump valve and the auxiliary steam trip

G''
4 ,_,-
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valve. In addition, ce cperate: wculd cent:01 stea:s generate: levels my
using =anual typass valve s. With e::stic pnet:sacic steam generate: levels,
the cperater mus: rely en the electrically t:anssisted stee:s generate: level
signals in the switchgea: ::as, c: ce electri: level indica:icn en c:-

inside the main ==nt::1 beard can te used.

he service air systes is another scur e =f pressuri:ed air. Service ai: '

is p::vided by ne 514 scf:s se:vice at: ::=p essc: wi-a V-cel: drive and
100-hp =ct :. *he vertiesi, single-stage, double-acting, :ecip::cating,
wa:e:-::cled : mpresse: is cf the lue:ica:ed type and is instal'.ed vita intaxe
fil:e: and af.: receive:. "'he 130-hp, 440-V ::::: is pcwered fr:m
ncn-energency bus 4-1 and cent: lled by ar. air cir:ui: b:eaxer with 115-7 de

.

cent :1 in the 440-V switchgear. Cperati n cf de ci:cuit b:eaker is

cent:011ed f:=s a locally =cunted 3-pesi:icn swit:n. The type of au =sati:.

een:::1 f:: this c=spresse: dupliested ca: p: vided f : the cent: 1 at:
.

caspresse:s.

I k The discharge f := ce service ai: receivers supplies a single header
piping systen which : ns th:7ughcut the s:stion. This sfsta= is
inte::ennected witn the cent::1 air system. The se:vice air systes can
fune-icn as a bacxup :: :ne cent:01 air systes during nc= sal cperati n.
7:1*.:w;ng a 1:ss of ffsite ;cwe: and/:: a single failure, ne sys:es : anne:.

g :e :elied upcn :: fune:icn and ine:sfe:e is .c: :enside:ed : ce a safe

snu d w-. sy s t es .
.

| 7te cent: '. air systen p::vides pressuri:ed air f : .ecessary valve
::n::01 functi:ns within safe shu:dewn systems and pnet:natic signals in
essential inst:.:sentati:n. *:ss Of the c=spressed air systes will n=: :even:e

reacning safe shu devn condi:icn, but it is detri= ental f:=s .ae standpoint
of caus: ng .u=ercus :anual valve :perati:ns and e:::cecus indicati:n :: .no

opera:::s. These additional actions are teyend the limited :yera::: acti:ns
that =ay :esui I::= a single fai';:e.

Based : . the a:cve discussi:n, ne staf f ::ncludes ina: .e ::n:::1 air

systes f ees ne satisfy : .e fu..ctional :equirements cf 3"7 ?.53 3-1 in that a

| I

a_
...J F a. r.in Wesear:.- Te :tr 3-33
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reliahle scur:e of cent::1 air is net available and significant Opera:::
actica cu: side the centroi ::cm is :egai:ed to ef fect a saf e shu:dewn. The

staff will evaluate the significance of this in the SIP integrated assesssent

of Yankee Fewe. .

*ceatien and Ceeration,

.
. ,

he staf f evaluated the equipnen: discussed abc re with :espect to its
location and Operability during a less of cf fsite ac pcser. ""able 3.:-9 shews
the eeuipment's 10catien, the points f::s which i: =ay te Operated, and its
pcwe: supply.

D'.I2GI CY ?CWIR SYSTiM

Task: Supply a reliatie scur:e cf ac pcwer to :nn .he necessary
equi;ce ns. .

!

DiscussiCn

\
'

he these mergency die.sel generate:s '(I::cs) a:e each rated !==

centinucus Ope:ation at !CCK7A, 4807, 0.3 pf, and ISCC rpm. 'The engines a:e
fast-s:2::ing, 7-15 (=yli.-d e:s ) , :,c-cycle, water-cceled engines : .a: are
di:ec:*.y. ::cpled := an air-:ccied synen::n=us gener at::.

Ia:n eng me has a 01: sed, self-centained wa:e: ::cli.g :yele and is

s:a::ed witn a 115-7 de ::anking net:: =a: is supplied wi h powe: f:=: an

ind ependen =attery.

Air f:: cpe:atien cf the engine and f:: eccling tne genera::: and engi.e

radia :: is obtained f:=n ::cf intake vents. The eccling air exhausts to the

cu:sife a=csphere, and the engine exnaus: is via a =cffler.

Zac: I::G has a 173-gallen fuel cil supply tank wnien :entains encugn fuel
f:: 11.5 hou:s at full load. A 30,300-galien fuel Oil s::: age tank can supply
any supply tank via g:avity fi:w. The sterage tank Technical Specifica:icn
minimus (8,000 gallons) can supply enough fuel for all EDGs at required load
fe: nere taan 7 fays. E:-U:W invel in :ne =:ee supply :anks is annunciated

in the cent::1 ::cm.

A----
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.
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Redundancy.

/'''T Zach of the th'ree EDG's are rated at about 536 hp (400 kw), which is
t f
\- / sufficient to supply the necessary electrical loads during shutdown and cool-

down of the plant. However, since the emergency buses, powered by the EDG's,
are normally connected to safety injection loads, manual operator action is
required to disconnect these loads and feed the shutdown loads.

The EDG's are further evaluated in the resolution of SEP Topics VII-3
(electrical portion) and VIII-2.

Location and Operation

The staff evaluated the$ equipment discussed above with respect to its
location and operability during a loss of offsite ac power. Table 3.2-10
shows the equipment's location, the points from which it =ay be operated, and
its power supply.

3.3 Safe Shutdown Instrumentation

Table: 3.3-1 lists the instruments required to conduct a safe shutdown.
The list includes those instruments which provide.information to the control
room operator from which the proper operation of all safe shutdown systems

( "'N
,

v |7 can be inferred. These instruments are the RCS pressure and temperatures,g

pressurizer level, and steam generator level. I= proper trending of these

parameters would lead the operator to investigate the potential causes. Other
instru=ents listed in the table provide the operator with (1) a direct check

on safe shutdown system perfor:ance and (2) an indication of actual or

impending degradation of syste= performance. The list of instruments satis-

fies the requirement of BTP RSS 5-1 for safe shutdown. The D3E evaluations,
which in many cases are not based on the same assu=ptions as this review,
may determine that additional instrumentation is required to achieve and
maintain a safe shutdown following a DBE. The design of the instrumentation

and controls used for safe shutdown will be evaluated later in the electrical
portion of the resolution of SEP Topic VII-3.

,
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4. SPE*T:C RISIOCA* !!IAT RImVAL AND C" SIR RIqc:PD2;NTS CF 3PA%3.

TICENICA:. PCS '" CN 5-1

' 3:anch. Technical Pesitica 5-1 contains the 'functienal requi:ements
discussed in Secti:n 3 and de detailed :equirements applied to specidic
systes c: a:eas =f c;eratien. Each :equire:nen: is ;:esented telew al:ng with

a descriptien cf the Yankee Pcwe systen c: cc=penent applicable to de
.

requ1:e:nent.

4.1 ?JER !sciation Pacuirements ' * a.
. ,,

Pacuireien:

"'he f=11: wing shall be ;::vided in ce suction side cf :ne ?S systen to
isolate it f:=n de RCS.

1. :sciatien shall be ;::vided by at least tse pcwe:-cpe:ated valves in
f series. The valve pcsitions shall be indi sted in the ::nt:01 ::x: n.

2. te valves shall have independent diverse inte:lecks to ;: event the
valves f:an being Opened unless ce RCS ;:essu:e is tel:w 2e RZR
systen design ;:e sse:e. Failure Of a ;cwer supply shall not cause
any valve to enange pcsitien.

,

3. "'he va'ves shall have independent diverse interi:cxs to ;::tect
against ene :: ac.h valves teing cpen during an RCS ine: ease abcve+

\ :ne design ;; essure of ce F2R systet.
.

.

Ivaluatien
P

1. he Ya .xee 7 e shutd:wn : cling syste: (ICS) su :i:n line has twc
;cwer-cpe:ated isoisti:n va*.ves ...i:n de n:- have ;csiti:n 1.. dica:icn

in =e ::n.:01 ::c=. ,

1. Sei ne: cf =e twc 503 sue:1:n valves are ;::vided with *: pen
pe:=issise " inte:lects. The :pening :f these valves is
admi .istratively cent:011ed. The :=nt: is f:: =e va*.ves a:e *:cated.

in the ;;i=a:y auxiliary tui' ding (7 A3) . Key *ccx switches ===::01
each .m V, and the key is in the custody of the shif t supervise:.

The twc sue icn valves, mv 55: and mv !!4, are pcwered f:an MC 1,
3cs 61. A failure =f pcwer supply will .ct effs.-: -he pcsitien of.

snese valves (either epen~::-01:se c: 1cse-: -epen).

3. Neither of the two SCS sucticn valves are ;;cvided with 'au clesure"
intericcxs. The SCS ; essure is cont:clied by the RCS ; essure and

*The SCS functions at the residual heat removal (RHR) system at Yankee Rowe.

'
B-60

- ----. - --
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SCS (LPST) ;==p perf:::ance when the twc systems a:e connected. To
ensu:e that :ne SOS is not eve: pressured, the RCS cverpressure ;::tection
system, which includes the SCS :elief valves, is p: vided. This is
discussed fu:ther in Secti:n 4.2.

The staff has cor.cluded that the deviations rega: ding the independen:
,

diverse inte: locks 'for the SCS isclation valves that prevent cpe.ning until'

i .

| p: essure has deeressed belew SCS design shculd he ::::ected. The staff's
t
,

' position en these deviatier.s is given in Sectica 3.2. '

The deviatien f m the ETF rega: ding lack cf au:==atic closure f:: SCS

isciatien valve.s is acceptable because cf the ===:inatica of ad= inst:stive
cent::1s and ala==s p:ceided en the SCS system. These sla==s ;;cvide
additi nal assu:ance that the cperate: acti:n requi:ed by ;:ccedu:e will be

:sken to shut the isolatien valves when RCS ; essure is increasing ::wa:d SCS
design ;: essure.

_The stadf has cencluded that the deviati:r.s :ega: ding SCS iscia:1:n talve
-

t
-- positien indica:ica in the cent:cl ::c: should he ::::e::ed. The staff's '

,s

( ) position en these deviati:ns is given in Secti:n 5.2.
%./

Recu ir em e nt -

One Of the f=11: wing shall te ;: vided en :ne discharge side :f sne KER

- system := i: late it f:== :ne EC3:
i -

1. The valves, ; cst i:n indica:::s, and interi c<s desc:::ed in See:1:n
.

i 4 . _. .
I

i 2. One :: mere ene:x valve s in series with a r.cn: ally :10 sed
'

pcwer-cpe:ated valve. The pcwe -eperated valve pesi:1:n shall te
indicated in the cent::1 ::cm. If the RE? system discha:ge line is

j used f : an ECOS functi n, the pc e:-epera:ed valve is to te opened
upcn receipt Of a saf ety inj ection signal Or.ce the :eact:: :: clani

~

;; essure has dec: eased bel:w :ne IO 3 design ;:essu:e.

l
3. Th:ee eneck valves in series, ::

4. Twc check valves in series, ;;cvided tha: :here are design previsiens,

1
:o permi: peri odi: testing Of sne :heex valves f:: leaktightness ar.d

| the testing is perf ::ed at least annually.

,

1
1

1

._. ,

| .... = 1 <. n = es n.-:n :smer 3-61
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tra batien

The Yankee ?cwe SCS has two meter-cpe:ated isciatien valves in series en

the systen discha:ge. The positica of these valves is not indicated in the

CCnt ci : c2. .
.

'

Like the two SCS suction MVs d.iscussed in Sectica 4.1, neither SCS

discharge NCV ::nt::1 ci: uitry is"; vided with an * yen pe==issive" c: *

"su -clesu:e * interi:ck. ne 0;ening/01: sing f e.ese valves is
t

ad inis :atively cont: 11ed. The cont:01: fe: these valves are adj acent to

- .he cent: is f:: the sucti n valves. Like 1.he SCS suc-1:n M V cent::1
'switenes, =ese a:e key 1 cx switches with e.e key under tae cent::1 cf e.e
shift supe:viser.

The two SCS discha:ge valve s, McV-!!! and $53, are pcwe:ed *:::s .w.C0 1 Sus

ti. A failure of this pcwe: su;;1y will not affect the pest:ica Of e.ese -

valve s (eithe: cpen-::-close :: elese-:=-c;en).
\
\

, 4. 2 Pressure 7411ef Facaire ents - Over aressure ?retection

Feeat:ement -

O ;;::ect ce ?.ER syst es aga...s: accidental Ove:;: essa:|:s-i:n w en it -
is in 0;e:ati:n !..c 12:*2 ed *::= :ne ?.05), ;;essu:e :elief in ce 7.ER syste=.

sns;* te ;::vided vi.: :e'.ieving :spacity in ac::: dance w :h . .e A3.vI cile:
and 7: essure vesse; 0 de. The nes h=i-ing ;:essu:e ::ansient du:1.g e.e

plan: 0;e:2:1.9 ::nditien wnen e.e ?.ER sysses is not is= lated f::= e.e 7.0.5
shall := conside:ed wnen selecting tae ;:essu:e :elieving capaci:y Of na REk

systes. pe: exanple, during shutdown c cling in a ;WR with nc steam huttle in
the ;:essuri:er, inadvertent ;e:stien of an addi:icnal cha:ging pu=p c

i.adve::en- cpening cf an I::S ace.:nula-:: valve shculd :e ::nside:ed in*

selection cf the design hases.

? siuatien

All Operati.g 7%?.s have been :evaired : =cdify plan: Operating ;::cedu:es
and insta11 e.e necessary ha:dwa:e : ensu:e that ne RCS vnen in a :01d and
stu:dev: .ar di-icn is . : cve:;:essu:i:ed. Oe RO:: 1:w empe:sture

I O_
'
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Ove:;: essure ;:::ection syst e (* =75) must be capa:Le f sitigating the ::s
.

li:niting = ass and energy input events. The *;075 vill also afford ;;ctection

f: the shutdown cocling system (SCS) , which at Yankee 3cwe is the e*gaivalent
of the ?.ER systes.

The RCS and SCS can he c nnected wheneve RCS t m peratu:e is telev' 330*?

and the RCS ;; essure is below about 300 psig. There a:e no inte:10cks
*

associated with the tuc sucti:n :: two discha:ge .tvs, and their pcsitien is

unde: ad=ints::stive c:nt::1. The SCS design p sssure is 4:5 ;sig, and ce
~

. ..

syste has twe spring-1:aded saf ety valves se :: 0;en at 425 ;sig.* **

.

The RCS 1:w te pe:atu:e eve:p:sssure ;:::ection syste is designed to,

; event exceeding the 1 C77.50 A;;endix G (ise he: mal =urve) limit during de

design basis = ass and energy in;us events. The *=7S utili:es ne svo SCS
'

saf ety va* ves and the ;:essuri:e: solencid-c;erated relief valve (5077) with a

manually enahied les 7:sssure se:;cin: ef 5C0 psig. 3y ;::cedure, ce SCRV is
i

,' svis:ned : the icw :et;cin wnen the ?f.S ;;essu:e has dec:aasad := telew 450
,

psig..

\

he *.=75, while being specifically designed t: =aintain the RCS ; essure

visnin the A;;endix 3 li=its, is available f:: Over;: essa:e ;:ctec: :n of :ne
'

SC3. Eaca ::editie .. ass and ene:gy inpu: event is listed in a:Le 4.*-L al:n;

wita ne ;eak ROS (hence 303) ;:sssu:n. :n a Septe:e: 14, 19?? (!] safe:7

e.*aluati:n ne s:sff reviewed ce Yan<ee .u.e 1-*:75. :..f : =.1:1:n ::.cerning

. ass a..d ene:gy 1.;ut events as well as additi: .a!. dis.:ussi:n Of ce *.Z?S

egai;=ent, its ephyment, testi..q, and ass:ciated :ecnnical specifi:sti:ns

a:e fur eer discussed in ce staff's evaluation.

The SCS design limi: ef 440 ;sia is based en ce ; essure 161: fe: 2e

tellows seals empi:yed in ce: ain syste va*.ves. : ce teilows failed. the

valve sem packing wculd be schject := sys s: ;: essure, and even if :.e'

,

pacxing itself failed, the SCS wculd act experience :::a1 hss of function.,
,

he geverning standa:d fe: :he all:wa:Le ;:essu:e en ce pipes and other mater.
i

| ce=penents f ne SOS is A=e ican Standa:d ASA 33 * .1. 1955. This standard.

all:ws ce :..;: sed st:ess Of 113 ;ercen :f design during 10 pe::ent of =e

.pe:ating pe:i:4 and 1*0 percent of design du:1..g i pe::en: =f :he :;erating
n' \

.~

l A_,
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TAlli.E 4. 2-1 (Con t . )

h,[ h
I L: -

tla:in

([ H.s sa input. Peak
e :2 Isipu t laa t e Single Presuure

i /d' :;ous ce {ejpuQ lacs Tewpes at us e f.ines of ikstenue railure jpulg)_he'

j 'I4

> !) Hause AelillLloss Evesitu3

f4i|
'

s '.1 1 CCP 10 200*F<T400*F 2 SVu * SoltV 1 SV 425
*

?..

1

; i cce so T<200 r 2 Svu e Sony 1 SV 42s

!!j j 1 iieSiP 22o 200 r<Tooo r 2 Svu e Souv t Sv 450
'

) IIPSIP 220 T(200*Y 2 SVu e SfM4V 1 SV 450
'

7 1 1.PSIP 1500 200 * r <T < 10 0 * F 2 SVu e SoltV 1 SV 700o,
vi

! I.PSIP4*5 1 Iud T(200*r 2 SVu e SoitV 1 SV 700
s

1 Ts ais,6 1Ino 200*F<TOUQ'Y 2 SVu e SOHV 1 SV 700 (

'

! 4. ' test.c 4 s Only tlac sa.it.s aal.llt ion trase osie I.PSIP la leutulateal in lists t
,

I t timperat ni c leanin ulnce all llPSIPu and I.PSIPs are ele-esiergized,
!; Inu t an opesatos er ror durleig testisig of tlic I.PSIP could result- 1

i - In snaus aatell tlost.I .

,

5. nite 5: Tlie l(ak ItcS lis cur.ur e Isa title event is alsove Ilie Appendix G . en-

|J
l ( l unt lie s in eil ) I lia l t u . f,,

' am
,

i u :

6. nste 6: An I'CCS isala la reenpoucal of osse I.PSIP anel osie llPSIP operatin43 - *a
'

in s.esleu. ilie snaus aalditlosi trana a ulng;e Le also of trCS &'

espil pinen t la g=sutistated ulnce ostly one troisi la eneaglzed in '

*y
tlain t einpes at us e lea sid .

!

l !
| t ,

.

n. ,-- . + - -
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I
i

pe: icd.' The licensee states that St:ne and de ster (AI fe Yankee ?cwe)
specificatiens fe: e.e SC3 are based en these ASA 331.1 : equi:enents. These

i

! ' specifications a:e given below.
i
.

Systers Temeerature A11ewable 7: essure ** .

300*F 580 ;sig,

200*F 700 psig .

100*F 720 psig

since uese itsits are not exceeded during any of the pcstulated

transients given a:cve, the s:aff cencludes that ce SCS piping and ma;ce -

,

.

cupenents a:e adegately p::: acted f:: the L OPS design base ::ansients. O.e

:elief ;:::ecticn used, however, is act in ace : dance with the ASMI ==de since

an actise c:r:penent ( SCR't) is utili:ed. The staff does nc: censide: this a

significant deriati n and cen 1; des that e.e everall SCS ;: essure :elief

:egi:esents of 3-'? 5-1 are =et.

{ This evaluatien of SC3 cverycessure ;:: tecti:n also applies s the icw

';: esse:e su:ge tank (L?ST) cooling leep since the LPST icep design is
identical : the SC3.

1
-

?ne:irman:

Tiuid fisena:ged ::::c;n e 72?. :y::cr. pressu:e :e iaf valres : :: :e

::11e::ed and ::n:sined Juen nc.: 2 2 ::4-:;en :elief valve v.11 n: :
i
|

1. :esult in ficeding cf any saf ety-reia ed epi;=e .:

2. reduce ne capability of .ne ECO3 tel:w :.at needed to mi:! gate .he
censequences Of a rcstulated *."CA

f 3. :esult in a .cnisciable situati:n in whi:h e.e wate: ;: vided in e.e
T(.S to maintain e.e :::e in a safe condi:ica is disena:ged cu side of-

the centai= ent.

ASA S31.1, .155, parag:apa 1:3 (b) .*

" It snculd be -eted that these ;;essu:es are a:cve the 211:wa=le ;:sssures
:a: :: pars:le :e:;ers ::es) :egized :y A;;endix G (ise:ne=al :urve } f::
:ne ?. 5.(

\
%

_
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Ivalua:ien

1. Se SCS relief valves ( ) can discha:ge to elder the low ;; essure2

surge tanx (LPST) or to the ;;imary drain ecliecting tanx (PDCT) .
'Du:ing SCS operation, the SCS relief valve discharge is valved
di:ectly to the LPST. A cannon 6-inch (CD) header directs relief
discharge f:ca several sources to two eductors under water. Se GST,

has a capacity of 750 f t3,.ard a level cent:el systua keeps e.e
tank abcut half full. The tank and wate level = cat:ci is designed .

to take th:ee ;;essuri:e stern vol=es =ef::e tanx ;; essure reaches
75 psig. ne L75T has six saiety valves whi:n :elieve :o a ::c=en

! header. Se header has a ruptu:e disc which c; ens at 25 ;sig and
relieves di:ectly to contaiment.

.

:: ene of the SCS telief valves stucs cpen, then a;; :ximately 131-

g;m* would be less out the RCS (and SCS) system. In accut 19
minutes, the L7ST wccid everficw cut e.e cpen rupture disc." In
uis situation, the fol'. wing ala=s wculd ale:: the cperat::: :.75T
level and ;:essu:e dcwns :ers cf :JST saf t:y valves. St..ce .here is
no saf ety-rela:ed equi;=ent in ce ::ntaiment sum; :: :n the

. ::ntaim ent fi.:c waere the *.257 saf eties and :uptu:e fisc wculd
* relieve, no flooding cf ICOS-related equipetent wcuid occur.

2. Se SCS is not used du:ing either the injection :: the recirculatien
N phase's ! 11cwing 'a /:CA. Theref::e, a stuck-c;en SCS relief valve

does no reduce the capability of :ne Z:CS equipment.

3. The SCS :elief valves are Outside centaimen: hu relieve to =e
".JST, w .1:n reliave s :a:x ins f e ne va; : ::nt ai..e: '70:; ne:sf::e,
:n a ::::.v.p e.. 3 :3 r e '.:. e f , = e r s a s n: .e: 1:53 :f 203 :: 2003 fi.:if.

.b cu t e e . :

: interi:cxs a:e ;;cvided to au:=a i: ally ;:se =e iscla:ien valves

when e.e RCS ;tessure exceeds the AER syste: design ;:sssure, adequa:e relief

espacity shall he ;:cvided during e.e si=e period while the valves a:e :1: sing.
,

I

t

*

Ivaluati:n

As discussed in Sectices 4.1 and 4.2, the SCS isciati:n valves (two

| suctica valves and two discharge valves) a:e act fu:nished wie. au: 1 sure
f eature s. Theref: e, this requi:ement is n=: a;;lica:le.

*L01 gym at 465 psig (1104 Of se:pci.: ; essure)..

" he saf ety valves a .d :upture fis: wcuid :pe . in a:cc: 15 nin.
3

-
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4.3 7': e 7:: ee:ien 74cuire ents *

Recuirement

The design and cperating ;;ccedu:ss of an RER systen shall have
.

.

p cvisions to ; event damage to the RER system pumps due to over, heating,,

cavitati n, c: icss of adegaate pump nuctica fluid.
.

Ivsluatien

The:s a:e nc au ==atic t:1p c: c:her featu:es asscciated with the SCS c:
*

LPST =celing pumps that are designed ec ;:::ect these pu=ps f::xn overheating,
cavitatien, c 1:ss of adevaate ;=p suction !!uid. ~he 480-V breakers
supplying power to the SCS and LPST =ccling pumps a:e egai;;ed with the
f=11: wing ;:::ective devices:

; i. inverse time =agnetic evercu::en: ::i; (ad!ustable f::n 50-150% f
100 a=;s ceil :ating),

,

w
2. instantanecus trip (5-12 ti=es :he overcur:ent coil rating cf 100

amps).x
.

*hese features are designed :c p:::ect the pcwer supplies f::s an
egai;r.e .: f aul:, but u .de: :e::2:n :i::= stances (e.;, eve: heating) , the ::ips
may ;:::ect ce :=; .::::s. The *.1:e..s e e nas .:: evaluated =ese fea:::ss
wim :e:pe:: :: : avita i:n, Ove:he ating, :: *:ss Of sucti:n fluid..

The f:11: wing i..di:sti:ns ::cid sier: ce :;e:2:::(s) := a. a:n ::a;

situa:icn in :. e SCS:

1. .uCV-5 5 4 , -552, positien Indica ica

.TI-551, -553, icsitica :ndicati:n*
.

3. *JST level.

4. *JST ; essu:e.

5. SCS inle : espe:ature

6. SCS c: LPST pu=p discharge ;; essure
7. SCS c: "JST ::cle: tempe:ature (discharge )

8. SCS disenarie (to RCS) flow
7. SCS c: "JST ::cle: cent:ci valve ( ~'* :~/ 200) ;csiti:n.

,

O_
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4.4 Test ?a cu i r ea.e a.t s

Recuire tent

The isolation valve cperability and inte:1cck ci:cuits must be designed
so as to pe:mit en-line testing when cperating in ce RER sode. Te sta bilitf
shall meet the :equirements of IIII Standa:d 338 and Fagulate:y Guide 1.22.

.

The preeperati nal and initial sta: up test p: gra= shall be in

cenf:= nance wi n 7equiatery Gaide 1.G. he p:cq:a s f : PWRs shall inchde

tes:s with suppe::ing analysis := (a) eendi:= that adequate mixing ei tc:ated

wa:e: added pric: t: : during cecid=wn can he achieved under natural

cir:ulati:n ::..ditices and pe:=it esti=ati:n of the times required := achieve

suen =txing, and (t) c nfi = that the cocidevn under natu:a1 ci: ulatica

conditiens =an he acnieved within the i!=its s ecified in the ene: encv..

::e:a ting .:::c ec'.. .s. C:=parisen with re:f:=2ance cf ::evicusiv :ssted .:la.. s. . .

Of si=ils: design may be suts:i:u ed f:: these tas:s.

"N

, 1%is ha:ien
t

i

1 .

'

"he p::cedu:e used :: tes: the cperacility of SCS isciatice valves

r/-551 -ar: ugh -554 requires the s::pping Of the 5CS pump pris: :: Cycling

-,e .a'.ves. C:er .ately, the :pe:a:i'i:y :f =ese vsives ::cif te :ne:<ed :y

::an:f s::ing 3:3 ::cli .g : equi:e.ents :: :he 1:w ;:essu:e su:ge :2.4 :: cling
|

sy s : :- . '. feed and :leed',. 3;.. e ..e:e a:e .: *: pen pe:=iss;ve' :nte:.:c4s

ass:ciated ;= any of _ e f:a: ris (:-: sucti:n valves and :-e fiscnarge

valve s) o it is . : necessa:v. :: Ov.r. ass inte:lecks ,

Yankee ?:we has conducted plant ::cidewns using RCS natural cir:ulati:n,,

t

.erf =ned anv. :es:s rec.arding flow measu:ement, ==oidewn :a:es, ::tu: has ac: :

Octen =ixing. E= wever , e.e staf f believes -2at, wi.h the =cri: acid

cencentratices used for shu:devn, adequate accen sixing will Occu: unde:

natural ci:=ulatica fiev.

\
U -
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,

| 4.5 cee:atienal 7::cedures
t
.

Recuiresent

The operatienal ;:ccedu:es f : bringing 2.e plant f:cm nc::nal cperating
power to e id shutdewn shall be in confermance wid Regulatory Guide 1.33.

f ic pressuri:ed wate: react :s, the *:perational precedu:es shall include
.

specific p:ccedures and inf:=atien required f:: ::cidevn under natural
:i:=ula:i n : ndisier.s.

t

i
l

'

i Evaluatien
:

t
:

1 The *.icensee has p::cedures to pe:f:::s safe shu devn eye:aticas including
shutd:wn := het standby, cperation at het standby, het shutdcwn, Operati:n a:

,

het snu d:w., ar.d c ld shutdcwn including leng-:e= decay hea: re=cval. ~e.e

| Licensee has aise p :vided its cpe:ating staff with p::cedures f : shutting
a

; dcwn te react : and fe: decay hea: remeval under aan==al and ee:gency
conditions. These p ccedu:es dese:ibe cperater acti:n in the event of less of

s

[ systen c: pa:ts of .systen. functiens nc= ally needed fer shu dewn and ecoling
the cere. p::cedu:es f : the perati n cf individual systens used in safely,

shutti.g down e.e :eact:: are aise i..cluded in e.e plant cpe: sting
p::c odu: e s . These p:xadu:es e:s rav ewed a .:i are i.. :: .I:=ance wit.

. . . . . , a . . . ., . ; a , ...~. . . , a. .a .a . > . , .w. . . . . : , . , . . . a. . . . . s . . a. ._. e
,

.

i :.. .... ... .. . . . . . . . . . . . . . . . . . . . . . . . . .

* 1:ensee 's Tecnnical Spe ; fica:*.:ns assures e sta:Lis.te .: Of w:i::an.

p::cedu:es 1.. ace : dance vt h W.O standards and Regula ::y Gaides (i .cluding
Regulate:y Guide 1.33) .

4.5 Aux ilia:*r Teed a t e: Screlv

* -

Recui:=~en:

The seissic catege:71 water supply f : the auxiliary feedwa:e: systers
fe: a ph'R shall have sufficient invente:y to pe:: sit cperatien at het shutdewn
for at leas 4 hcurs , f=11:ved by ::cidevn :: 9.e cenditions pe=i::ing
Opera:::n cf .he RER syste=. The inventory .eeded != ::cidewn shall be based
en the 1:n,est ::cidewn ti:ne with ai:he :niv. :nsi:e == cniv. ef fsi:e e.cwer
avai'.a:Le with an ass =ed single f ailu:e.

O
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1

Ivsluation - -

O.e :nain c.:olant systes c oldewn rates and auxiliary feedwa:e: supply
inventories under varying cceditiens are discussed in Section 3.2 and Appendix
3, Pa:: 2.
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5. RISCLTT:CN CF SI? TP:C3
.

The SI? : pics associated with safe shutdcwn have been identified in the

int:: duction to this assessment. The fellowing discussions evaluate the
degree to which the safety objectives of these : pics are fulfilled at the

Yankee Pcwe plant. .

5.1 ::eie V-10.3 - R.=R svst es 2411acility
.

The safety cetective of this t pi: is : ensure reliable plant shutdcwn
capahility using saf ety-g:ade equipment su:j ect := the guidelines of 572 5.4.7
and 3 7 RS3 5-1. The Yankee ?cwe ?WR systens have been compared with the

::iteria of 3T7 5-1, and the :esults of dese ::=pariscns are discussed in

j Secti:ns 3 and 4 cf :nis asses =:ent. See:icn 3 discusses :ne way the
,
'

functional requi:e:ents are =e: and Secti:n 4 discusses the shu:d=wn : cling
L] systen (SCS) , whien perf::=s the functi:n identified in 3T2 R53 5-1 as

residual hea: :encval,,w
-

I
- Padundancy to the SC3 is p: vided by the low p: essure surge tank (:J ST)
i

system. The L7ST syste is physical *y a::anged in parallel with the SC3. The

== pene nt s (p = 9 and heat ex:.a .ger: Of c:a =e *JST sys:c: and 503 1:a.

identical and snare a ::==en sue:i:n and dis::a:ge line i.. =e snu:dewn
*

::c .ing n:d e. Ic. . =e sue: :n and dis:narge li es are isciated :y :-o :::::-

:re: :ed talves in se:ies. The stafd finds =is dec.:ee Of :edundanev..

acceptacle; heweve:, ce f:*.1: wing deviati:ns exis: waien ::uld impai: :he
:elia:ili:y cf the system

1. The SCS section and discha:ge =cto:-eperated isciati n valves do nc
.. ave pcsitten 1.. dica:icn in the cent:01 ::cm. The valves are
:erated f::m tne primary auxilia:y hui*. ding . (?A3) and c nne: he

Operated f::m the cent::1 ::crs.

2. -'here a:e no p::visiens := prevent damage : the SC3 pc:p ce *.2ST .
systen eccling pu=p due :: Overheating, cavitation, c: icss cf
adequate sucti:n fluid.

! 3. In ::da: :: :ci the :eac::: :: clan: systes := the SCS i..i:iatien,

| pein: and to initiate SCS operation, significant operator action. .,

! must be performed from outside the control room.s

\
,

'

!

h

| A_
a.xin :eseare Center E-72....
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The fi:s: deviatica as it relates := the ;ctential everpressu:i:ation of

the SCS c: ?.CS is addressed unde: 7:pic V-11.A.

The firs: two deviations als: relate to interrupting de cperation of the,

| SCS while the plant is shut dcwn and heing maintained at a teperature equal
,i

to c: less e.an 330*? and at a p: essure less -lan 300 psig. The censequences
a

of an inadverten: valve elesure : pcap failu:e are cat de :cidewn wculd

ta=inate and e.e plant wculd sta:: := hea: up. :nstallation cf valve

;csi:icn indica:::s and ;=; ; ::ective ::ips wcuid ale:: the 0; erat: ef the

abnc=al c ndi:icn eut would not ;:eclude 1: f:=s cccu::ing. Other plan:
paramete:s O.a are =cni:::ed centi.cusly in e.e cent:01 ::cs a:e available t=

indicate e.e sta::s cf de Occidewn : the cperater. :n the event tha: the

::cidewn has been ta =inated due := a ;=p failu:e, the red =da .: pe=p a..d
heat ex:.. anger f:=s ce 1757 syste= =an be put in : servic e.

| ?.c medes Of plant status must be censidered when evaluating te eve:all
eff e :s of a 1:ss cf the SCS fune-icn and the accepatility Of ce

| I deviatiens: (1) plant shutdcwn wi= the te perature teing maintained a: less
than 3 30 * ? and at s=se pressure g:ea e: e.an a=cspheric but less can 300

I

a. psig: (:) .he plan: shu: dew. and : cled d wn := less -lan :i:*?, ce rea= ==
'

vessei .ead :t. ved, and .e sv.ste :: essure 1: 1= sphe:i:..

i :n =e firs: :sse, if =e 303 -e:s d;sa:1ed due := a ;c; failu:e, a

see:nd pus;, f:= re 1757 sy::em, -culd :e avn 12:le f:: : .n nued : Lf:v..
i

If me d;srup n :n : 503 were due :: valve ;:::13.=s, an alterna:e se =ed :f

t maintainine. ne :ec'.d wn w=uld have :: =e em:1 v. ed. Cne su= ce-led wculd :e.a .

: let the pian heat up and := remcve de heat genera:ed 2: ugh the stems
genera:::s (f eed := -le steam genera:::s :an te :::sined f:=3 a variety cf
scur:es). ' ..is ;; vides an accepta=le se==d in wnich : reste:e =e hea:

receval f:=s ce ::=arv. sy s t e.s . In -as secend case, as defi.e4 ateve, if. .,

shutdcwn :: cling we:e inter:upted due := valving failu:es, adequate :: cling of
the react:: ==uld be ace:mplished by keeping de :::e : vered with water.

3ased ec =e discussi:ns aceve, -le sta.ff :encludes -lat, alecugn
devist:.cas f:=s cur:en: Licensing p:actice exist, ne Yan.<ee ?cwe SC5 can

reli a:iv. t. er f:=s its ::cidewn f=cti:n: in ce =like '.y even: ef a :==. ::.

Mw-1 *2MN 32223r 0 C3-terB~73....
* 0* amen e %e *w.ma =een,e

r
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I

valve f ailu:e, acce; a:Le alternatives exist := maintain ce plant in a

conditica which will not endanger the public heald and saf ety.
,

,

i The ci d deviation relates := the a= cunt of cperate: action :egaired -o
.

i. establish shutdown c cling. 5:anch Technical pcsitien 5-1 states , cat a
=

.

j limited a=cun Of c; erat:: acticn f:=s cuiside the cont:01 =cen is
*

pe:missible. In the case of Yankee ?cwe, suustantial effer is :egai ed cf
4

3, -
dec: nase main c: clan:the c:erators f:== cc: side the : nt::1 ::ca ::

.i te:perature and ;:essu:e t: a ;cin: whe:e the 303 =an be placed in Ope:ati:n..,.
,,

j - Mcs: ef de eTaignent tha: :egai:ss manipulatien f : cocidewn is 10cated and.

::nt: lled f::m cuiside the Yankee 7:ve c:nt::1 ::cm. The s:sff evaluatica
shows ce time availa:1e befcre any c=. era = acti:n is necessarv. : be en ce.

! c:dar cf i hou: c: =cre, i.e. , wiccus any cperater acti n, f::c inside :

cuts de ce cent::1 ::cm, ce f acilit.r :an sustain itseld wi .: the wate:
'

. invent::v. a: hand.
. The a= cunt of 0;e: ster acticn :egaired is net c=npatible wie de intent
7,

( ) cf ce : pic ::ite:ia. The staff will censider ce need f:: increased cent:01
v

~ ::cm 0;eracility cf cocidewn systens during the integ:sted assess =ent.

5.. T~:i: */-li.A Tecut-__e :s f:: :seim:::. Of ri:r. and :w 7: essure
Ie; e : 2-d :::: 1-;_.3 :r :.u :::e< ::+ : r -- s.

The saf t:.r ::.ae::ve Of .ese :::i:s is :: assu:e =2: ade::ste .easure s
. .

. :e ssu:e sv. s:a s ::..nected :: :ne ::imarv. ryst e: f::nare ta<en :: ::::ec: 1:w : ..

teing su: e::ed : excessive ;:essu:n, wni:n ::uld :ause f ailures and in ::me
;

! .
;1 ants : uld cause a *.,0CA Outside centain:ent. The cur:ent criteria fe: ?S.R

| 1

i ! isolati:n and ; essure :elief are discussed in Sectiens 4.1 and 4.2.
)

'

g The Yankee 7:we SC3 suction and discharge (isclatien) valves do net have} .

I

!, any c;en ;*::lissive inte:1 cks == aut=satic clesu:e f eatures, and valve

| positien indicati:n is nct p::vided in the cont: 1 ::cm. This deviatica
involves viciating a ; essure tcunda:y te: ween a high ;:essu:e systes (?r.3)
and a 1:w pressure syste: (SCS :: ".2 50) . The intericcx and ac:=:atic closu:e.

features are :egaired -he.. eve: ce E03 is at a ;:sssu:e grease: than the
!

desi,n ;;essu:e Of the SOS :: L?ST '300 psig) . The ecs: limi:i.g case is whenI

j (] :ne EC3 is a: 0;e:ating :emperature a .d ;:essu:e. The SCS/ .257 is iscla:ed
Ir l' \| %/
- I .D- 7 ",,

| .... . ancin :teses. . Centerl

s w a. ~ m

|
'

|
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*:=2 2e RCS at bee. e.e sucti:n and disena:ge sides by two key-iccked =c ::-'

.

eperated valves in series. An inadve::ent opening of e.e pair of sucticn c

discharge valves c=uld cause eve:p:essuri:atica of the 1:w p:essu:e systeen,

f which ceuid cause a pipe c: systen failure, the:eby c: eating a icss of ,cocian:
*

.

accident (LCCA) outside contaiment. Cur:ent crite:ia requi:e open pe==issive
1

9 interlocks, which ;; event opening ele valves when a specific ;: essure
.

difderential exists ac: ss de valves. In lieu cf the cpen pe==issive
> ,

3 interi:ck, Yankee 7:we has key-epe:ated valves, Operated 1:cally in de

;:i=ary auxiliary building, with 2e keys main-ained under ad=inist:stive
,

.
'

.

cent:ci. Oue to the pctential seve:ity Of SC3 cve:; essuri:stien, ce

Licenses will be : equi:ed := ;:: vide (1) inte:lecks := ;:even: cpening of 3CS*

isola:icn valves until tte sain ceciant system ;: essure is be'.=w 3CS design
,

p:essu:e and (*) valve position indicati:n fe: e.e isciatica valves in ce

.. .. . .. . . . .. . . . crs .
.

t .

K. '"he 505 isciatien valves do net have aute:sa:ic ci=sure inte:10cas to,m

[ } clese e.e valves during slev ine: eases in RCS ;: essure. "'his is to p:even:.

, /

V RCS ; essu:1.atien wi2 any SCS iscia ien valves in the = pen pesi:icn. Rapid
t

!,
ine: eases in RCS pressure are discussed in =e Section 4.1 evaluatien cf de

! 1:w tenpe:atu:s 0+ :: pre ssu:= ;:::ecti:n (*. C?) sy st e:. Sc=e =f e.e se :apid

,,,.....,......_,4... ... ..... ........ ........,. . . . . . . . . . . . ,4............. 3. . 3 n. . . . . . . . . . . ...a.. . . . . . . . . .. . . . . ............ .... . . .:.. ..

. .c"........~=.s.-.'. ....~~...,--=.v=.... ~.~.~=..~~~=.ss'.'.'.'..'....-*'.e=w~~. =^ w e v =. .~ ,*'
. .

' '
. .. . - ...

... ..a .. ..
......,..,.,..,.,.....a.,.a. ..,.~. . ...,.a,, , . ... . .. , : . . , ..a . . e. . ..s...

.

..,.
.. . e .. ..... - . . . . . . . . . .

'.:cp p:essu:e :elie' f:: cese rapid ::ansients. Tne s aff .as de::: mined'

I =a: ce i..stalia-icn cf au:=ati: :lesu:e in:e:le:xs wculd .c te desira:Le

since t'-c of the three . C? :elief valves a:e en ce 3C3, a..d au:=ati:

isciatica cf the SCS f:::2 de RCS wculd :ende: :te -'C? sys:ca ineperable.
1
' .

dewever, in =e SI? integrated assess:ent ce staff will evaluate de.

pctential need f:: additienal seasu:es, such as cent:ci ::c:n valve

indications , :: ;;even: ?r.S sta: tup and ;:essu:i:stien with any 503 isciation

valves in de cr.en ecsitien..

I

I

|
|

|

' O_
.... = smin :esesten Cemer S-75

. % o. % -
|
| t
I -



.
-

4

. .

.
.

. .

.

.-
m

M

i s
u 4

%s. . k.. . . . ., . 3 ., 0. . . ..

|
.

t

5.3 cei v::.3 - systes cecuired 'er safe shutdewn

The sa'ety cbj ectives of this ::;ic are*

.

1. to assure the design adegaacy of the safe shutdcwn sytem to (a).,

initiate act=natically the cperation of ap; priate systens,

.'] including the :eactivity cent:ci systess, suca that specified
4 acceptable fuel design li: sits are .cc exceeded as a :esult of

,'

anticipated c;erati:nal occur:ences c: ;cstulated accidents, and (b )

i' initiate the c;eratica cf systens and :=penents regired to bring
. , , w.e .a . . a sa.,. s.....a.wn.w

a .. .. . . . .

fi
'

* c assu:e ea: the required systes and egipment, including.

necessary inst:=entatien a..d cen:: ls :: :sintain tne uni: in a sa's
c..a. 4 . 4 n .a.. . 4 .,. s .. 2. x-, n . '..c a. .e. a. a -...,.4.a.. ..ca. ..s..
... .. . . . . .. . . . . . .. . r.. . .. .. . . . .

cc: side the cent: 1 ::ca and have a ;::ential capatility f::
j schse@ ent cold shutdevn cf the :eacts: :::cugh ce use cf suitahle

p:ccedures

3. .. ass".*. *'.a. ...'y sa.' e .v, - 1.'.e =. ~3.' , e .. .'s ==. ~,...e^. .".. a , n,,
2 . . . .

'' '
. . .

i plant s 3:ing :ne : tact:: :: clan: system f:m a nign ;:sssure
,- . ..a .' . .' ~ n .o a ' w , . e s s ". .- =. c oc .' .* . ., .- . .d .* *. i . n .. . .. ., . _

r y
/ \

( ) Saf ety etjective 1(a) will be resclved in SIP De sign 54 sis Iven:

I reviews. '"hese :eviews will detemine the need f:: au:=sati: initiatien =f
I *

! safe shutdewn systes := mitiga:e the : nsegences cf accidents and ::ansients.
6,

..4..... .. . s ...a.es . _._. .... .. . . . .. . . s . . .4 . . . .. ., .2 ... ...............a...;. .., ... . . . . . . . .. ...

.. . s . .- _ e . .1. . ~ .~. sys.s=.=.=..'=.'...'...'..'.'.*.~~.=..-=..-1.'... ~ . ' sa.'=...."...'.-.-.. .
.

. . . . .

....3 ,2 3.,.,..... . . , . . . . . . ...-.......2
:4....... ,

.- . .. .. ..................3 .. ...,
. . . - ..;.- . . . . .... - . . . . .

.-. ..-. .' -. ~.. 1.- * . . ~ ~ . . ~ . . ' = . ~ ' . ' . . ' . ' . - . ' . . . , ~ '. e . ' a . . . s .'~. ~. ~ ' u . . .' .- 2 ' .s '...' ..' 1 .'.- ., . . . . . . .. . . . ..

.

i .s --.........n a. . a s.w.. . . a. .cw . .. a. 4 . . .s ,. . 4 s 2., e s .. a , , y . ya <ee. .. ...
.... . .. . . . . . . . . . . .. . . . . .. .. . ..

.cwe, since de entire c;eratien of shu:dewn c: cling is ;'e:f:c=ed ec: side ce

. . . . , ,. . ..cm.. .

k
Safety : 4.e :ive 1 :ec.uires the capa:ility := shut dcwn := "cch het5 .

shutdewn and cid shutdcwn cenditicas usi .g systes, inst:.:sentasien and

cent:cis 1 cated cc: side the c=nt:cl ::cm. Yanxee ?cwe has 7::cedures which
<

L identify several netheds cf ::ipping de plant and ne heds : =ce'd=wn,

-- v '. d.e a'e,.a.e ' ..s ..-".c . d . 7. .' . . ' e *. e . . . .. ..g . . = .- . e . '. .' .' .v. .' .-..^..'.'.7. . . . '' ' ** *.. . .. .. - . .

the essential plan: equ:;me nt , and i .dicate the surveillance i .s::=e .:atica

3a. .- . s . . . . c . . . . s .=. =. . e'. ' .- '...e.~~.=..'..~,..=.'...'.-~..'..'-..< '. .
^

. . . . .. . r . . ..

B-76. . . . . - - .. . -
. ?~3 E n .2343f0*. st ttf

a *s===a er N 3 w,en wumane

f

i

'
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| The :eview tem visited eacs designated cperate: statica and assessed the

capability,0f the plant staf f to perf::s the necessa:7 cpe:atices. "he stadf
|
i concludes that ce plant can pe:fers :tese shutdcwn cperations.
e

'
.

; C:nfecsance to sa'ety cajective 3 was net evaluated hut will be ==pleted

.j . in pa:t under sip Tepic I::-1, '01assi'ication cf Structu:es, C:mponents, and
.

Systes (seissic and r.uality) ," and in part unde: Cesign Basis Ivent reviews.* .

.

a
~

5.4 . :e.1: x - Auxilia r e reed svste . ' A rs)~

I S.e sa'ety : j ective *:: :his ::pic is := assure tha: the ATS can ;:: vide

! adegaate :: cling wa:e: f:: d ec ay he a: :meval in the event c' 1:ss Of all main
1

**edwater using the guidelines =f 5?J 13.4.3 and ST? A53 1,-1.
,

.

_
The r3r? syste and :acxup me.ned were ::= pared wi .h !?J 10.4.3 and 3 7

. ,c..3 ., .. y..wa. . . e . . . . y 4. g . . .. . " s ' c . .s .. .... . . . . . . . .

D

1. The Yankee ?cwe Nuclea: Plant including the ATS will be :eevalua:ed

/N during the SI? wi:t :ega:d := internally and exte:nally generated

( ) sissiles, pipe whip and jet i.=pingemen , gaality and seissic f esigni -

\.,_,/ requirements, and ea:thquaxes, scenad es, and fi:cds.

.s.e A.S ..a.. s .: ,w.e e a .a s .4 ,,.. . 4 . e 4.a ( w,.) , . . (... - ee.4.. .,. .
.. . . . . . . . . .... . ....r . . . . . ....

0:cli .g Wate: Syst e s ") and C 46 (" Testing of 0: cling Wate:
.,s.,s,,. ..c z e..e.,...s ., a. a.........,,. .,.. ,, 3 2 ..r.......,. ..a.. ......a ,. . . . . - . ........ .. ., .. .

.. .... ....r.,....,.. . . .
.....

. . .,, < . .... . - :. ... .... ....,, ., . . 4.,..e.. The need t:.
. . . . . . . . . .. . . .. .a .... ...-..... ... .... .... .

....,.2... ,.. .... a.... a'.?a- .......'.. .. . .= .-- ' . . w -- * e e s ..s... ... ..- . .. . . . . . . .

J a .. .as< .r........ .. ...a. ......... ....... .. ..a..... ... .. s.... ......w.
-

. . . . . .. .... .....
I
i

.
4. The Yan<ee 7:we AFS d:es.nct nave ca a:ili:V. :: aut:m atica111.

! t e r= ..a a 'aadwa a- '' w := a depressuri:ed steam generate; and
j p: vide "1:w o .te in:act stea:n genera::: . This is ac::mplished :y

5 iceal, =anual valve Operati n. e.e ef'ect Of :nis fevia:icn wi".1 :e

I assessed in :te main stem *1.e h:eax evalaa::en f:: :te plant..

5. In i?67, :ne .1:ensee =ade modifica:icns to the Yanxee ?cwe plan: s
prevent the ec ur:ence of 'eed syste:2 w at er na:= er . The staff is,

continuing its evaluation Of 'eed syste waterhamme: en a generi:
,

hasis. II? :pi: .*-13, "Waterta::ner , * applie s..

6. One technical specifica:icns *:: te ATS w:11 te :eevaluated agai..s:
....e.... . , q i e . s ...g e .n - . , a g. ......z.a.- .e . : a z 1. a .s . *... . .. .. . .. . .. . . . . . . . r. . . . .. .

A. ___
S-77.... = anun Res est:n Cs-ter

. : a . '.. ev.
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APPENO:X 3, P AR'" 2

SATI SEU: :ChN WATIR REQUIRI2EN*S

Int:cdcetion ,

Sundard 74 view Plan (SAP) 5.4.7, "Pasidual Eea: Fameval (75R) Systen,'
. .

and 3:anch Technical P:siti:n (3T2) PS3 5-1, Pav. 1, " resign 74 qui: cents of .

ce 74sidual Hea: 7ameval Syste," a:e the cur:ent ::ite:ia used in the

syst matic Ivahatica 7::g:=s (SI?) evalua:ica ci systess : equi:ed f:: sade

. shu dewn. 3 ? RS3 5-1 Secti:n A.4 sta es sna the saf e shu:dewn syste shall

be capable cf b:inging the :eacter := a : ld snutdcwn :=nditien, wi.h only

offsite c: ensite pcwe: avilla=le, wi::in a :eascnable peri:d Of time

f=11: wing shutd=wn, ass:.: sing ce mes: ilmiting single *ailure. 3-'? RS3 5-1

Secti n C, wnich applies speci'ically := the acun: ef auxilia:y feed systes

|Ar3) wate: Of a p:essuri:ed wate :eac :: available f:: ste m generat::
f eeding , requires de seisni Cat egcry water supply fe: the A.S := have

su'ficient invent::y := pe==it Operatien at het shutdewn f:: a: least four

hcurs, f:lkwed by ::cidewn := de conditions pe==itting cperatica of the RER

|
sys =s. The invent =:v. needed f : ::cidewn sha*.1 be based en 'the icnges:.

!. ::cidew. ise needed wita either enly :nsite :: en'.y ef fsite pcwer available

.,, . . . , . 3 a. 3. ,2 ,4.... . . ... ... . .-..' .. . ~. .. .=....... .-..'...4 . ..,,
. n . . . >. . . a .' a ' '' ' '.

. . . . . . - . . .

,...2........ .. .. 24.a 3, 3 a. .....e. 4 :: ..,. , .e...... ....,.3 ,5...3.:a.... . . ... . . . . . . . . . . . . . . . . . . . . . . .
,

3 . , ... .. ...... . . . . 3c 2.
.

-.. .,,.3.. 4 . . , . ,s. i - a.. ..,.3a.....a.. .,... . ... . -.. .. .- ... . . . . . . . . ....

, e.
. . . . ... .c. ., .ea.. ._..va. .. . .a .4 . .,. .... ...

..
4 ..

s
. .. ..... ,. ... .. ....... . . .r . ... .. . . . . .. .. . . ..

44 3. . . ' e .' . v . ' ". a. s -. e . s e . ' - =. .=.c . - - , ' .= . . . .. =. = . . . =c . .' w a . =. a . .d. a.. .. . . . . .. . .
'

.
" *

v e . . .' .., . .' . e .- . s" .* . ' . .g s . =. m . - .e a s r..e . e . .'..e .a.e .3 .- '. .' s r . . c =. s .-
'

. . - . . .
m

' s .v. , * . a.' .* y d =.:' .. e : a .' .' ed *,t..-=." w a *. =. - s . . e d . a. s ' . e .= .. d , *. e . e .' - - a. , 's. . . . . . . . . .. .

Li= :ed i . :.: anti v. . The sv.ste:s desi,ned :: use ::is :de f hea: :emeval.

(bcal=ff) are the sten genera:::s f : a p:essu:i:ed wate: react:: (?WR) and

t. e mergency (isciatien) cendenser f:: a =ciling .a e: eac::: (Eh2) . "'h e

secend hea: :meval mede (hl: .dow . ) invcives .he use cf pcwer-cperated relief

v a .' ". a. s .- - _- .". =. '. e a . ' .. . e .' .- ~- .- '. s . e m . . . e . 3 .v.'.'.-=....'v, .'-.. ..=..=c..-... . . . ..

:: clan sv. st es . Since i- is nc: acceptat;2 := ven: -he :eact:: :: clan: sv. st es

2.4...., . . e a . .e s r..e .- =. , - . e s . a. - .' s . . , .. a .' .' "; . . . . . . > ...e.....='..e.....
. . . . .. .. . . - . .
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building, f:=s which centai :nent :: cling water systems ::ansf e ce hea := an

ultimate heat sink - usually a river, lake, c: Ocean. When de bicwdewn sede

is used, :eacto: c clant syste makeup water must be c=ntinuously supplied to
keep the :eact== cure covered with coolant to coupensate fe the loss'ef

coolant invent =:y. Systes empicying the blowdcwn heat recval mode have been

designed int: c: backfitted onto scst 3WRs. *he efficacy cf de bicwdcwn mode -

f== PWRs has :eceived ine: eased staff attenti n since :ne h:ee F.ile Island
Cni- 2 acciden in Ma :a 1979. Additi:nal-studies a:e ;1a..ned :: in ;: g ess.

.

This evaluation cf c cling wa e: regairments f:: saf e shu dewn and

:cidewn is based en the use of -le sys:em identified in -de SIP Review Of

Safe Shutdewn Systes whien has been ::=pleted f:: eacn SI? f acility in

ace : dance with SRP 5.4.7 and 3 P RS3 5-1 criteria. It should be ncted that
ce SIP *.esign Easis Ivents (CEE) :eviews, n w in preg:ess, may :egai:e ce

ise of systes c:.her can c.cse evaluated in this :sper: I:: re ac t=: plant
shutdewn and :cidewn. In those cases, the water :egai:ements f== saf e

[% shutdewn will have t= be evaluated using the assu:nytions of the OSI review.
.

\ .

v .

.

*i scu s si:n

I The :egairemen in 2*? RS3 5-1 and 57.2 5.4.7 ca: a plan: achieve 01d

i shutd:c. ::ndi:i:ns .itnin app::ximately 2 5 heurs is :ased mainly :n =e

desire :: te a:Le := a::ivste the ?ZR sys:es and =ans'a- - e plan: hea: := an*

| ul .= ate hea: sin < .::10: :: :ne exnausti:n Of te 1:.=i ed a= cunt Of
ensite-s:::ed pu:e water availa:Le f : the ATS of a ?WR. A sus:sined he:.

shu:dewn :enditi:n, wi e :sact:: :: clan: systes tempe:ature and p:essu:e in,

+

excess cf RER initiatien limits, :egaires centinued boiling cf f cf pure wa e:
,

:= remcve react:: :::e decay he at. A EWR relying en the ce:gency cendense:j

syste f:: :cidewn under si=ila: ::ndi: ices would also pctentially exhaus:

ensite-s:::ed pure wate:.

:: wate: s ::ed ensite is depleted, raw wa:e:, f : example frem a river,

lake, : Ocean, :an usually be tapped := supply .he bcil:ff systess. Ecwever,

:aw wa:e: can accelera:e the cc:: sien of =cilef f systers sacerials in the

steam gene:ater and energency :=ndense: :::es even if e.e wate: is fresn. Fav

m

f'

s

B-80
-: anen :leseare Ce~er *
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f:esh wa:e: can cause causti: s::sss :::::sien cra xing of hoth stainless.

steel and incenal tutes in less than 72 hcurs th: cgh NaCE cencontrati n.

Seawater can cause chieride st:sss cc:: sien c:acking of the tubes well with

one wees. Plant cocidewn and de;:essurizatien would help : educe the : ate cf

tube cracking by : educing the st: esses in the tube materials and would also
,

t
'

reduce the leakage :ste of :eacter c clant th: ugh c:acks that do occur.
~

>

f The original design criteria for the SIP f acilities did nc: regai:e the

a ility := achieve cold she:dewn ::ndi:icns. I:: these plants, and f:: =e

i ; majcrity cf cpe:ating plants, saf e shutdcwn was defined as het shutdcwn.

The:ef=re, the design cf :ne systems used to acnieve a 0:1d snutdewn :: ditien-

.

was dete: mined by he :eac::: plant vender and was net necessarily hased en

saf ety cencerns. Safe shu:dewn reviews have peinted cut a dif ference in

vender app::aca := syste design :: :Old shutdown :eflected in the Standa:d
,

';'e:nnical Specificati::. defini:icn cf :Old snutd wn: f:: a 3h'R, ccid snutdcun
'

regai:es :eact:: ::clant te=pe:sture : be $ 1;*T; f:: a Ph2, the te=perature
'

is .< 0 0 * F. *his diff erence in Ocid shutdewn temc.e:atures :e,aires additienal,.

systems f : PWR c cling act needed f : a 3WR. Tc: exa=ple, a 3WR c uld use%

'

isolati n cendense alone :: ::ach 212*F (al:heugh the app:cach : the final

te=pera:::e wculd he asy p:::ic); but a Phi, in addition : the steam

genera:::s , .ust use 7.9 and suppern..g systems :: ::ci :: 200*T.

:1 *. : 1 - L : ~.

Ta:1e i p::vides plan:-specifi da:a and assumpti:ns used i . =e s:sf f

* * .he Yankee R:we nuclea::a*.: '.a:i:n =f safe s.utdewn wa:e: :ecui cen:s f :

plan:. Ta:Le 2 presents =e results Of de calcula:icn.
,..

'ste is 1.774 x 10
,

7:ur hours af ter the : acter ::17, the decay hea: :

the 4-hcur peried is 1.149 x 10' 3tu.3:u/h, and .he integrated hea Ove:

| maintain a censtan :tacte: c clan: tempe:a:::e of 538*? for the 4 heu:s,

the staff calculated that 12,270 gallens of auxiliary feedwa e: are refaired

remcve the integra:ed heat. Tel'.: wing a 4-heur delay period, steam is

:eleased th:cugn five steam vent pa.hs:' '

,

i -
f ....Enm:n R esearen ' -:er 3-81

% ., s. % -
t <

$
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4

1. acesphe:i: d=p valve (A v)
|

*

;

1. 1-in vent
3. large hogge: .

4. small hogge:
,

5. energency boiler f eed pump (IsrP) .
|

3
'

Asst.: sing that the cocidewn :ste does not exceed the administ:ative li: sit
,, .
* |cf 50'?/h and ca: no single failure event cccurs, cecidevn to 330*F requi:es )-

t

an addi icnal 44 heurs and censuses an additienal 59,700 gallens cf makeup
I j

Final cocidewn := 200*F is ac==plished by =anually actuating de )water.<

-
. ..

s. shutdown :coling syste:n. * **
,

.

.
3ased en e.e s:adf calcula:ica, Yankee ?cwe's existing stea:s vent paths I

'

f
- de act hava sufficient hea re cval capact:y to achieve cold shutd=wn

conditiens wicin e.e Standard Review Plan 5.4.7 :egai:e:sent cf 36 Ocu:s
assusing 1:ss Of effsite pcwe: and a single failure. E weve , sufficient
water invente:7 is availab'.e to conduc tne plant ::cidewn.

In a March 15, 1931 le e: (3}, the li=ensee pe=pesed changes :s p:cvide-

%

) au:=atic qui X clesure of the four =ain stea:s line non-retu:n valves. S.i s
V. :sedificati n necessitated ce installati:n of a new staa:s supply line to the

stem:s .:iven ese:gency f eedwa e ;=p and installati:n of additional stes:ss

d=p =apacity. Ou ng a .va := 7,1321 discussi:n |4] , ce *.icenses indicated

=a: an additi=21 =anually :pers ed f=p valve .culd := installed = eacn

s:e m line ups::ez: Of ue non-re:um va'.ve. Iacn Of :hese valves :,s :: have

'' y :: :e= ve app::ximat ely 50,0 00 i=/h. The stad! :epea:ed =e saie-a --

snu:dem a:e requir e:en: calculati:n f:: cese new stem = ven: paths ass ==g
,
4

a sin:le failu:n Of :ne acest.he:i: d = =. valve. Ta:Le 3 ::esents .ne :esui:s.

cf ce calcula:ica.'

I
1

) As in :te previcus case, ce decay heat :ste 4 h=urs folieving de.

,
.

I re ac t:: ::ip is 1.774 x 10 ' Stu/h and me integra:ed nea eve the 4-hcur
3peried is 1.149 x 10 3:u. A :::al Of 12,270 gallens cf auxiliary f eedvate:

is expended to :eseve ce integra:ed heat. Stea:s is e.en vented th: ugh ce,

t
'

c:ee at=cspnerie d=p valves. Asse: sing ca: ce c:cidewn ra:e d:es nc:
i

j exceed te ad=inis::stive limit cf 50*T/h, : cid:wn := 230*? :eTaires an
|

| additi nal 4.25 t=urs and censu=es an additi:nal 7,310 gallens =f axeup

I O
-

B- 8 ''~l .... = sene :-senr:n Csme:
a w ., v- -
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} water. Based en the accve calculations, Yankee 3cwe's ;:cposed stems vent
,

i. paths have sufficient capacity to cenduct a plant cocidewn in accordance with '
i

e

i
. ti

t

1
6

sa asa 5-1.
i
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UNITED STATES
!'; i NUCLEAR REGULATORY COMMISSIONe

;. . j WASHINGTON, D. C. 20555'

_

July 27, 1982p * . ., ,5O ,s. .....-
Docket No. 50-029
LS05-82 -07-070

Mr. James A. Kay
Senior Engineer - Licensing
Yankee Atomic Electric Company
1671 Worcester Road
Framingham, Massachusetts 01701

Dear Mr. Kay:

SUBJECT: SEP TOPIC V-11.A, REQUIREMENTS FOR ISOLATION OF HIGH AND
LOW PRESSURE SYSTEMS AND V-11.B. RHR INTERLOCK REQUIREMENTS
FINAL SAFETY EVALUATION REPORT FOR YANKEE

The enclosed staff final safety evaluation report has been revised to
reflect the comments provided by your letter of June 18, 1982. This
evaluation is consistent with the findings in our contractor's evalua-
tion of Topics V-11.A and V-11.B. As a result of our safety evaluation

p of Topics V-ll. A and V-ll.8, we propose modifications to the RHR isola-t

tion valve control circuitry.

The need to actually implement these changes will be determined during
the integrated plant safety assessment. This topic assessment may be
revised in the future if your facility design is changed or if NRC
criteria relating to this topic are modified before the integrated
assessment is completed.

|
Sincerely,

!

/. .

+wN L
1 Ralph Caruso, Projec ' nager,

Operating Reactors anch No. 5
Division of Licensing

Enclosure:
As stated

cc w/ enclosure:
See next page

.

U|
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. Mr. James A. Kay
,

O CC

_

''

Mr. James E. Tribble, President.

i. Yankee Atcmic Electric Company
25 Research Drive-

Westborough, Massachusetts 01581
.

Chair.-=n -

Board of Selectmen
Town of Rowe
Rowe, Massachusetts 01367

Energy Facilities Siting Council
14th Floor
One Ashburton Place
Boston, Massachusetts 02108

'

U. S. Environmental Protection
'

Agency
Region I Office !

ATTN: Regional Radiation Representative .

JFK Federal Building
Boston, Massachusetts 02203

Resident Inspector
[ Yankee Rowe Nuclear Power Station
\ss) c/o U.S. NRC

Post Office Box 28
Monroe Bridge," Massachusetts 013502

.

Ronald C. Haynes, Regional Administrator
Nuclear Regulatory Commission, Region I
631 Park Avenue;

{ Xing of Prussia, Pennsylvania 19405

.

.
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SYSTEMATIC EVALUATION PROGRAM
,

YANKEE R0WE l

\

TOPICS:

V-ll.B. RHR INTERLOCK REQUIREMENTSV-11. A REQUIREMENTS FOR ISOLATION OF HIGH AND LOW PRESSURE SYSTEMS
'

I. INTRODUCTION

ed to the reactor coolant pressure boundarySeveral systems that have a relatively low design pressure are connect-
interface between the high and low pressure. The valves that form the

not subjected to coolant pressures that exceed design limitsredundancy and interlocks to assure that the low pressure systems asystems must have sufficient
shutdown cooling and ECCS injection) these valves must open toproblem is complicated since under certain operating modes (e g

re
; The.

,

assure adequate reactor safety.
. . ,

II. REVIEW CRITERIA

" Electrical Instrumentation and Control Features for Isolation ofThe review criteria are presented in Section 2 of EG4G Report 1350FHigh and Low Pressure Systems." ,

t

III.

RELATED SAFETY TOPICS AND INTERFACES
_

The scope of review for this topic was limited to avoid dupli
of effort since some aspects of the review were performed undercationO related topics.

The related topics and the subject matter are iden-tified below.
Each of the related topic reports contain the criteriaand review guidance for its subject matter.

V-3 ,

Overpressurization ProtectionV-10. B RHR ReliabilityVI-A
Containment IsolationTV-19
Less of Coelant Accidents

IV.
REVIEW GUIDELINES

The review guidelines are presented in Section 7.3 of the Standa dReview Plan.
r

V. EVALUATION

As noted in TG&G Report 1350F, Yankee Rowe has two systems with alower design pressure rating than the RCS that arirdirectly connectedto the RCS.
These are the Reactor Heat Removal (RHR) and theChemical Volume Control (CYCS) Systems.

The RHR system and CVCS are not in compliance with current lice
requirements for isolation of high and low pressure systems as notednsingbelow.

O

.

,--r--- - - . . - . . _ , , . _ . _ --m.. . . . _ _ ._ , - , . - , - . , - - - - - . _ , - - - - - - - , , - _m _
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%
(1) The RHR system isolation valves do not have any interlocks to

prevent opening when RCS pressure exceeds RHR system design
pressure as required by BTP RSB 5-1;

(2) No interlocks are provided to automatically close any RHR
system isolation valves if RCS pressure increased above RHR
system design pressure during RHR system operation as requiredby BTP RSB 5-1; and

(3) The isolation valves for the CYCS do not have interlocks to
prevent CVCS overpressurization as required by BTP EICSB-3.

The CVCS letdown is isolated by two remote, motor operated, manually
controlled valves in series inside of containment and an air operated
automatic valve outside of containment. The air operated valve auto-matically closes on low pressorizer level.

The positive displacement charging pumps and the charging pump dis-
charge line are designed for reactor system pressure. The discharge
line is isolated by two remote, motor operated, manually controlled
valves, one valve is inside of containment. The other is outside ofcontainment.

The design of the CVCS letdown and charging system is similar to Palisades
and Ginna. The radiological consequences of a break in the CVCS system
was . evaluated under Topic XV-19 for these plants and found to be acceptable,'

The valving arrangements in these plants was also found to be acceptable.,

VI. CONCLUSIONS

The RHR system isolation valve control circuitry should be modified to
prevent c:ening when RCS pressure exceeds RHR system design pressure as
required by ETP RSS 5-1.

Interlocks to close these valves if RCS pressure increases above RHR
systen desien pressure during RHR system operation are not necessary
because of the overpressure protection system.

Pending a detailed review under SEP Tcpics VI-4 and XV-19, the isola-
tion of the CVCS system is acceptable based on previous reviews of
similar systems.

l

.

-
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8 UNITED STATES h (32 V
,,[ ' % y j NUCLEAR REGULATORY COMMISSION

E WASHINGTO N. D. C. 20555*

August 3, 1981 .
,

_[ }%e<? .....

'~~ Docket No. 5b-29 -

LS05-81-08-002
'

; .

Mr. James A. Kay
Senior Engineer - Licensing
Yankee Atomic Electric Company
25 Research Drive ,

Westborough, Massachusetts 01581

Dear Mr. Kay:

SUBJECT: YANKEE R0WE - SEP TOPIC II-2.A, SEVERE WEATHER PHENOMENA

By letter dated December 17, 1980, we forwarded to you our draft evaluation
of SEP Topic II-2.A, " Severe Weather Phenomena". Your response dated
February 10, 1981, stated that you concurred with our assessment except
for the evaluation of snow and tornado loadings.

Regarding the snow loadings you state'd that the local terrain effects would
result in values much icwer than those provided in our evaluation andn

]v) requested tha't we re-evaluate the snow loadings accordingly.

The snow load value for the site region has been recently studied as part
of a NOAA Study, " Estimating Water Equivalent Snow Depth from Related
Meteorologicil Variables," (NUREG/CR-1389, May 1950)2which shows the 100
year snow load in that area to be from 50 to E0 lb/ft . Cautions are
advised in the use of interpolation of the isop.le:hs, in this mountainous
area, since local topographic influences can affect snowfall totals.
Sir.ilarly, structural effects on drifting snow can result in higher or
lower loads than shown for ground level snow loads in this NOAA report.

Additional research on snow loading is being com;'eted through use of
actual field studies on power plant structures in the northeast and the
Great Lakes areas. Thus, subject to additional information resulting from
these studies, the snow loads defined in our December 17, 1980 evaluation,
i.e. , normal of 40 lbs/ft2 and snow load combined with probable maximum

2winter precipitation of 125 lbs/ft , should be used for structural response
analysis.

/

Your comments regarding the design basis tornado are similar, indicating
that terrain effects will significantly effect the tornado wind loadings
and frequency.

The tornado analysis by Mcdonald (Enclosure 2 of our December 17, 1980
(O letterl considered 224 tornadoes, during the period from 1950-1978, that

X. ,) occurred in the 3x3 degree square area roughly centered about the Yankee

.

.



-. . . - .- _. . ,

,

-

.
,

-2- I
.

,

*
.

# *

- ~' ' '

Rowe site.. . This analy
wind speed, with a 10 gis suggests an upper bound 95 percentile tornado' probability ' level of approximately 300 mph is ,

appropriate. This value is the suggested wind speed at the site, for '

the analysis of structural design capability. Inherent in the Mcdonald
tornado analysis are weighting factors for population density, storm
intensity and topographic features that could effect the observation of

,

any tornado. Selection of a 300 mph upper 95 percentile wind speed '

provides a conservapism beyond the expected value of approximately250 mph for the 10- probability level. In addition, the outbreak of
tornadoes in Kentucky and Tennessee during April 3 and 4,1974 indicates
that tornadoes can occur in mountainous terrain.-

Based on the studies mentioned above, we do not feel that you have .
provided sufficient justification for us to change our earlier evaluation
provided on December 17, 1980. Therefore, we consider that evaluation
to be f.inal and Topic II-2.A to be completed. -

q' The evaluation will be a basic input td'the integrated safety assessment
.

for your facility. The assessment may be revised in the future if your
facility design is changed or if the NRC criteria relating to this,

subject is modified before the integrated assessment is complete.
(

O Si erely,

.

Dennis M. Crutchfield,khief
Operating Reactors Branch =5
Division of Licensing

cc: See next page -

,
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E NUCLEAR REGULATORY COMMISSION.' o

^U WASMNGTON, D. C. 20555
['' , 8 September 4,1981
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Docket No. 50-029 # @/
'

L505-81-09-013 ,, fW VJg

(7 ftL3S
ge 991981*Qd29

Mr. James A. Kay "I~ se g b
Senior Engineer-Licensing g 4/Yankee Atomic Electric Company %
1671 Worcester Street 4 (*
Framingham, Massachusetts 01701 jW

Dear Mr. Kay:

SUBJECT: SEP TOPIC II-2.C ATMOSPHERIC TRANSPORT AND DIFFUSION
CHARACTERISTICS FOR ACCIDENT ANALYSIS - YANKEE R0WE

,

Enclosed is the staff's final evaluation of SEP Topic II-2.C " Atmospheric
Transport and Diffusion Characteristics for Accident Analysis" for Yankee
Rowe. The staff has concluded that the values provided in your safety
analysis dated June 30, 1981 are appropriate. Therefore, the values provided
in the enclosed evaluation are to be used for all accident radiological, g)j consequence calculations.

,

v
This evaluation will be a basic input to the integrated safety assessment

,

for your facility unless you identify changes needed to reflect the as- -

built conditions at your facility. This assessment may be revised in the
future if your facility design is changed or if NRC criteria relating to -

this subject are modified before the integrated assessment is completed.

Sincerely.

/-

C)enn(4flfY-Y{ I
'

is M. Crutchfield, C ef
Operating Reactors Branch No. 5
Division of Licensing

Enclosure:
As stated

cc w/ enclosure:
See next page

v
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O SEP TOPIC II-2.C
ATMOSPHERIC TRANSPORT AND DIFFUSION CHARACTERISTICS

'

FOR ACCIDENT ANALYSIS

YANKEE R0WE

'

.

I. INTRODUCTION

The safety objective of this review is _to determine the appropriate on-
site and near-site atmospheric transport and diffusion characteristics
necessary to establish conformance with the 10 CFR Part 100 guidelines. -
In particular, the short-term relative ground-level air concentrations
(x/Q) are determined for use in estimating offsite exposures resulting
from postulated accidents.

-

II. DEVIEW CRITERIA
,

t

Section 100.10 of 10 CFR Part 100, " Reactor Site Criteria," states that
meteorological conditions at the site and surrounding area should be

; considered in determining the acceptability of a site for a power
reactor.

III. _RELATED SAFETY TOPICS

!r Topic II-1.A, " Exclusion Area Authority and Control" provides the proper
) exclusion boundary distance over which the licensee has. control. Various
- section XV topics utilize the atmosphere dispersion coefficients to deter-

mine the offsite radfological consequences of postulated accidents.
_

IV. REVIEW GUIDELINES.

Th,e atmospheric dispersion factors were calculated using a modified
Gaussian dispersion model as; outlined below. In order to account for the
valley terrain at the site, dilution f setors were calculated using a 10-
sector downwind wind rose for both the EAB and LPZ. For all winds from
the S clockwise through WSW cardinal wind direction sectors, it was assumed' -

that effluents would remain in the valley. As such, winds from these four -
cardinal direction sectors were assumed to affect one " upstream' downwind
sector. Likewise, winds from the N clockwise through ENE cardinal wind
direction sectors were also assumed to remain in the valley and affect one
' downstream' downwind sector. Winds from the other eight cardinal wind
direction sectors, W clockwise through NNW and E through SSE, were assumed4

! to be cross-valley flows which affected the E through SSE and W through
NNW downwind sectors, respectively.

| The procedure for determining the dilution factors for the design basis
accident evaluation reflects variations in atmospheric dispersion that
occur as a function of wind direction frequencies and downwind receptor

|

distances. Dilution factors were computed for each sequential hour ofi

measured meteorological data and for receptors positioned in each of the ten-
| downwind sectors. These hourly x/Q values were calculated using a mod-

\(- , ification of the Gaussian dispersion model outlined in Regulatory Guide 1.145.
Plume centerline values were used to determine the short-term dilution factors

!
.~ , -. _ . , . _ _ . _ , _ _ _ _ _ - _ _ _ _ . _ _
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(up through eight hours) and sector avarage values were used for the longer
term dilution factors. The dispersion model for the plume centerline x/Q
values considered the following effects: .

1) Plume horizontal and vertical standard deviations were adjusted
to account for building wake effects. ..

2) Lateral plume meander was allowed during periods of low wind speed
and neutral and stable atmospheric conditions.

3) Lateral dispersion in the upstream and downstream downwind sectors
was limited by the valley walls and included an increase in con-
centration due to multiple eddy reflections from the valley walls.

In addition, the sector width used to determine the hourly sector average
x/Q values for the upstream and downstream downwind sectors was adjusted
to account for the limited lateral dispersion potential due to the valley-

walls.

V. EVALDATION

[-
The staff has reviewed and evaluated the Yankee Atomic Electric Company's
(licensee) assessment dated June 30, 1981. Meteorological data collected
at the Yankee Aowe site from January 1,1980 through Decerr.ber 31, 1980 were
used to determine the atmospheric transport and diffusion characteristics. --

' Short-term x/Q values for a ground-level release have been computed for
-

various time intervals at the exclusion area boundary (EAB), a circle with a
radius of 3,100 feet, and the outer boundary of the low population zone (LPZ),
an approximately S-shaped boundary reflecting the fact that releases from the
plant under certain meteorological conditions will' remain within the Deerfield
River valley.

Estimates of effluent plume dispersion and transport are complicated by the,-

plant's location in the Deerfield River Valley whose sides rise over 800 feet
above plant grade. There is evidence that the 32-foot wind sensors are .

often affected by localized nocturnal drainage winds flowing down the east
slope of the river valley, thus biasing the lower level wind rose frequencies
toward the east. As such, the 196-foot wind direction values were used to
determine whether the wind flow for any given hour followed the valley or was
cross-valley. The 32-foot wind speed values wers used in the analysis.
Vertical atmospheric stability was determined from the vertical temperature
gradient between the 32-foot and 196 foot levels. Horizontal atmospheric
stability was defined by fluctuations of the 196-foot horizontal wind
direction (sigma theta) when winds were greater than 1.5 meters per second
(mps) and by the vertical temperature gradient between the 32-foot and 196-
foot levels when the wind speed was less than 1.5 mps. '

Using the hourly x/Q values calculated as described above, average x/Q
values for each downwind sector were then detennined for successive overlappings s
time intervals of 1, 2, 8, 24, 96, and 720 hours corresponding to time periods

.

4
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of zero to one hour, one to two hours, zero to eight hours, eight to 24 hours,
one to four days and four to 30 days, respectively. For each selected down-
wind sector and interval size, the averaging process began with the.first
hourly dilution value on record and was then repeated for the same interval
size starting with each subsequent hour of dispersion data. In the averaging
process, the only non-zero values within a given time interval which were
considered in evaluating the average dilution factor Tor the interval were
those hours during which the wind was blowing into the downwind sector of
interest. The averaged x/Q values were then classified into groups as a
function of interval size and downwind sector, and corresponding cumulative
frequency distributions of non-zero values for each group were prepared. The
x/Q value which was exceeded 0.5% of the total time was then determined from
each group, and the maximum 0.5% downwind sector value from each time interval
was chosen as the design-basis x/Q value for that time interval.

The follwing x/Q values were determined using the above model for an assumed
ground level release for the various accident time intervals at the EAB and
LPZ:'

3Time Period Distance & Direction CHI /O(sec/my

![,
0- 1 hours EAB 3100 feet upstream) 2.8 x 10-4
1- 2 hours EAB 3100 feet downstream) 2.3 x 10-4
0- 8 hours LPZ 2 miles upstream) 2.8 x 10-5

'

1.9 x 10-5. 8- 24 hours LPZ 6 miles downstream) '

5'

24 - 96 hours LPZ 6 miles downstream) 1.6 x 10 5 -96 - 720 hours LPZ (6 miles downstream) 1.0 x 10-

The staff has carried out an independent analysis of the dispersion charac-
teristics of the site. This analysis has verified the adequacy of the
applicant's relative concentraticns for the exclusion area boundary. For
the non-circular LPZ however, the staff has not attempted to utilize the

,
more sophisticated techniques used by the applicant.

i
-

~

The staff was only able to calculate the relative atmosphere dispersion '

i factors at the LPZ assuming. a straightline trajectory. The shortest straight-.

line LPZ in the upwind sector is 1551 meters; the corresponding shortest-4

straightline distance in the downwind sector is also 1551 meters.

Following the guidance in Regulatory Guide 1.145, tihe staff has calculated,

: generally equivalent concentrations compared with those presented by the
applicant, but at the smaller distances.

.

VI. CONCLUSION

The staff concludes that the X/Q valves presented in Section V are appro-:

; priate for estimating exposures from postulated accidents and should be
'

used in all accident calculations. This conforms to current licensing -

practice, no additional SEP is required.
s-

e

4
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NUCLEAR REGULATORY COMMISSION .
,

pp /j WASHINGTON, D. C. 20555 * '

.

'Q( ,/ July 13,1982 '

*....
,

Docket No. 50-29
LS05-82- 07-021

,
-

4

Mr. James A. Kay
Senior Engineer - Licensing
Yankee Atomic Electric Company
1671 Worcester Road
Framingham, Massachusetts 01701 -

Dear Mr. Kay:
.

SUBJECT: SEP TOPICS II-1.A, EXCLUSION AREA AUTHORITY AND CONTROL;
'II-1.B. POPULATION DISTRIBUTION; II-1.C, POTENTIAL HAZARDS

DUE TO HEARBY TRANSPORTATION, INSTITUTIONAL, INDUSTRIAL AND
MILITARY FACILITIES; AND III-4.D, SITE PROXIMITY MISSILES -
YANKEE NUCLEAR POWER STATION

Enclosed are the staff's final evaluations of SEP Topics II-1.A. II-1.B.
II-1.C and III-4.D for the Yankee Nuclear Power Station. These evaluations -

are based on the safety analyses provided by your letters of March 18, 1982,
May 1,1981, April 9,1981, and June 30, 1981, respectively. These evalua- -

tions compare your facility as described in Docket No. 50-29 with the
criteria currently used for licensing new facilities. ,

The staff has concluded that the Yankee plant meets .the acceptance criteria .
for the four topics. -

- -

These evaluations will be a basic input to the integrated safety assessment
for your facility unless you identify cha.nges needed to reflect the
as-built conditions at your facility. The assessments may be revised in
the future if your facility design is changed or if NRC criteria relating,

j to these subjects are modified before the integrated assessment is completed.

j Sin rely,

i h
Ralph .aruso, Project Mana
Operating Reactors Branch' ger#5
Division of Licensing

'

Enclosure: c ,

As stated
,

cc w/ enclosure:
See page 2

,
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Mr. James A. Kay
~

.

-m. .
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cc
Mr. James E. Tribble, President
Yankee Atomic Electric Company
25 Research Drive '-

Westborough, Massachusetts 01581 ;

' ~
'

Chairman - -

Board of Selectmen
Town of Rowe

^

Rowe, Massachusetts 01367

Energy Facilities Siting Council .

14th Floor
One Ashburton Place
Boston, Massachusetts 02)08 ' .

.

U. S. Environmental Protection -
.

Agency
Region I Office .

.

ATTN: Regional Radiation Representative ..

JFK Federal Building
Boston, Massachusetts 02203

Resident Inspector
Yankee Rowe Nuclear Power Station *

c/o U.S. NRC
-

Post Office Box 28
M2nroe Bridge,* Massachusetts 01350

' '
~~

Ronald C. Haynes, Regional Administrator -

1

Nuclear Regulatory Commission, Region I
631 Park Avenue -

| King' of Prussia, Pennsylvania 19406
:

. ,

| .
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.
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[ SYSTTMATIC EVALUATION PROGRAM

]TOPIC II-1.A

YANKEE NUCLEAR POWER STATION
.

TOPIC: II-l.A. Exclusion Area Authority and Control

I. INTRODUCTION

The safety objective of this topic is to assure that appropriate
exclusion area authority and control are maintained by the , licensee..
as required by 10 CFR Part 100.

II. REVIEW CRITERIA'

Section 100.3(a) of 10 CFR Part 100 requires that a reactor licensee'

have the authority to determine all activities within the designated .

area,. including the exlusion and removal of personnel and property.

III. RELATED SAFETY TOPICS
. . . - - . -

, _ _ _ _. . . _ _ . . . . . .- -v

Topic XIII-1, " Conduct of Operations" will assure that the licensee,

can adequately specify proper operation in routine, accident and>

emergency conditions. The topic is .being covered as part of the
NRC TMI Task Action Plan. _

- - - -
.

. .. ...- - . . . . . - - . . . ...=

IV. REVIEW GUIDELINES
,

The ' eview was conducted in' accordance with the guidance given inr

SRP 2.1.2. The capability of the plant to meet the dose criteria _ ,

of 10 CFR Part 100 at the exclusion area boundary will be evaluated
in the Design Basis Event phase of the S:P review.

V. EVALUATION

The Yankee Nuclear Power Station is located in a valley in the town
of Rowe, Massachusetts on the east bank of the Deerfield River, three-
quarter of a mile south of the Vermont-Massachusetts border. The site
consists of approximately 2,000 acres straddling -the Deerfield River
in the towns of Rowe and Monroe, Massachusetts and is owned, in fee,_
by Yankee Atomic Electric Company (YAEC), or an affiliate, the New
England Power Canpany. YAEC is a subsidiary of New England Power
Company. The site is shown in Figure 1.

The exclusion area boundary is defined by a 3,100 ft. radius centered
on the reactor vapor container, with the exception of a small segment

#in the southern sector where the minimum distance is approximately '

2,700 ft. This indentation into the 3,100 ft. exclusion radius is

'O formed by an undeveloped corner of the Monroe State Forest and is
| situated behind an 1,800 ft. (MSL) ridge line with respect to the .

--' plant. Plant grade is 1,127 ft. (MSL). Figure 1 shows the exclusion
area boundary.

i

,

w, - - ,. - . - - - . ,--.p... --.m- - - - - - . , , . . , - - - , , . . - ,, n.a - - - - - - , - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - - -
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All the land in the exclusion area is owned, including mineral rights,
by Yankee Atomic Electric Company or New England Power Company, with EU

-

the exception of a small parcel situated across the river and south- g
west of the plant which is owned by the Deerfield Specialty Paper g

All the area within the exclusion boundary is under the
Written permission has been obtained from the @M

Company.
control of YAEC.
paper mill in Monroe Bridge to have that portion of their land, 'b
which is within the 3,100 ft. radius, under Yankee control in the p

This piece of land is used as a disposal area.

event of an incident. b
by the paper mill and contains no permanent buildings or residents,

The closestTwo public secondary roads traverse the exclusion area. /cis across the river from the plant and is approximately 1,500 ft. ??
away at its closest point. This road runs north-south along the h!
river between Monroe Bridge and Readsboro, Vermont. The second road, $which connects to the main access to the plant, is approximately 9
2,500 ft. away at its nearest point and runs between Monroe Bridge - [QProvisions have been made in theand Rowe, south of the plant. @station's Emergency Plan to protect the public along these roadways g
should it become necessary in an emergency. a

One house is located wi, thin the exclusion area. It is across the h
. .i

pond NNW from the plant, approximately 1,500 ft. away, on the river |'j
It is owned by the New England Power Company and occupiedk road.

Provisions have been made in the station's H
by one of.its employees. QEmergency Plan to evacuate this residence if necessary in the event W

I]I
of an emergency.

VI. CONCLUSION r
d

Based on the above evaluation, we conclude that YA'EC has the proper ji
authority to determine all activities within the exclusion area, as !,i'

required by 10 CFR Part 100.
b..

'

This completes th'e evaluation of this topic. N

I
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SYSTEMATIC EVALUATION PROGRAM M..~

: TOPIC 11-1.8 - - <

'

YANKEE NUCLEAR POWER STATION ij

h
J
b

TOPIC: II-1.B. Population Distribution h
'

hg
N

I. INTRODUCTION
U

The safety objective of this topic is to' ensure that the previously- [p:established low population zone and population center distance specified
for the site are compatible with the current population distribution, E

and are in accordance with the guidelines of 10 CFR Part 100. h
il

'

II. REVIEW CRITERI A 3
4

Sections 100.10 and 100.11 of 10 CFR Part 100, " Reactor Site Criteria" -d
| provides the site evaluation factors which should be considered when

k
t

evaluating sites for nuclear power reactors. These sections include
guidelines for detennining the exclusion area, low population zone . |t

d
; and population center distance.

II. RELATED SAFETY TOPICS

Topic II-1.A reviews the licensee's control over the exclusion area. |
Various other topics will evaluate the capability of the plant to ;

meet the dose criteria of 10 CFR Part 100 at the exclusion area :
'

boundary and low population zone. The adequacy of emergency prepared- :

ness planning for the area surrounding the plant including the low
-

population zone is being assessed by the Commission-in a separate ;

review effort. '

,

! IV. REVIEW GUIDELINES

The review has been conducted in accordance with Standard Review Plan
(SRP) Sectio ~n 2.1.3, " Population Distribution".

V. EVALUATI ON_

The population distribution in the vicinity of vankee has been reviewed
several times since the construction permit was issued. The safety ,

'

objective of these reviews is to assure that the low population zone c
(LPZ) and population center distance specified for Yankee continue

_to_ be compatible with the current population distribution, and are in
~

conformance with the guidance of 10 CFR Fart 100.
,

c

.

'
- . . - - _ _ . - _ , . _ . . - _ _ . . . - _ _ _ _ . _ _ _ _ _ . . . . . . _ _ _ _ . _ . . . . _ _ - . . _ _ _ . _ _ . . . _ . . _ _ _ _. . - _ . . _ . - .
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The low population zone for Yankee has been defined as an S-shape
,.

p

area approximately 2 miles wide and centered on the Deerfield River,
,,

EThis
extending 2 miles upstream and 6 miles downstream from the plant.

',. g
t

area was originally selected based on the terrain and meteorology aThe total 1980 population within the low population zone is
: Gi

i lly [.$
estimated to be approximately 260 persons, and has remained essent argjthe site.

a,r p
unchanged over the last decade, >'' M
The nearest population center, as defined in 10 CFR Part 100, has

s;
Tha city of g",jremained unchanged over the operating life of the plant. d

Pittsfield, Massachusetts, with a 1980 population of 51,942 and locateq..

The population center distance of 21 miles is greater than one and21 miles southwest of the site remains the nearest population center.
!".
E

one-third times the LPZ distance as required by 10 CFR Part 100.1960,1970 and 1980 populations for all major
%ht
I. dL

cities and large towns within 50 miles, and shows growth has onlyTable 1 presents the

been minor in nature or negative over recent history. [f.4e *!4

The rural nature of the towns in the immediate vicinity of the siteTable .I

has remained basically unchanged over the last two decades.2 indicates the change in resident population from 1960 through 198
0

The current (

for those towns totally or partially 5 miles of the site.
W;

6 persons E)E
population density for the 5-mile radius is approximately 2There has been no significant additions of.either

. i}/p

per square mile.new housing or commercial, militz cy or institutional installationsin the immediate vicinity of the plant since the initial population
[g

.

g
tu

review. d p
Within a 50-mile radius of the site, the' total population has increases!iThis

1,397,666 in 1970 to 1,444,489 in.1980. G.l
represents a growth of only 3.4 percent over this ten-year interva

fyfrom an estimate of in the
and reflects the stable nature of the population distribution !p

Table 3 shows both the 1970 and-1980 population distributions$,

Current estimates of the population 8l region.
within 50 miles by radial rings.
by sector out to 50 miles are contained in the Yankee Nuclear PowerStation. Emergency Plan", Section 4.2, Yankee Atomic Electric Company,

yc

( b
| h
/

April 1,1981.;

'
"

[iCONCLUSIONS
~

VI.
The LPZ and population center distance are in conformance with theTherefore, the Yankee

q
y

criteria of 10 CFR 100 and SRP Section 2.1.3. Plant meets current licensir.g criteria and the review for this top cy
'

i

4is complete,
M
Ji
n
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TABLE 1
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WITHIN 50 MILES OF YM .
il

.~ APopulation
1980(b)

,

1970(a)
_960(a) | ~~ . ,iandDistance

Direction from Sit' py M;'

p. .gi)Cg -

7}u: a.'fj.! 5].}26,281
21,717 33,210 g . : grf

(Massachusetts) 5'718 26,331 55,048
, -;46 miles SSE 13,718 66,676 44,819

,.

.s
30 miles SE 61'553 50,112

29.128 i

.

Agavam
40 miles SSE 689 29,664 51,942 1Amherst

~

ChicoP** 33 miles SSE 30'058 57,020 152,212 i; y.;
,

Holyoke 28 miles SSE g '879 163,905 36,356
.

'. .6
Northampton 21 miles SW 163,905 31,433 26,960 [ g

-

Pittsfield 48 miles SSE 32 28,461 - Si
Springfis1d 38 miles 5 24,924 o-

Westfield 42 miles SSE
y f.;

West Springfield I+ ~~;Iij.s
21,385 0; T

20,467 - I-

(New Hampshire)
7,562 f.; sk

I

l'. j"~ ~ ~ 3r miles ENE q 43%

i . |.{
Eeene '

* .i

115,781' 101.770 g
..,301 3 ,rg129,726 23,427 74,534 f(Hey York)

45 miles W 1 *936 69,147 56,614 j
$j

44 miles W 52'760 62,918Alban7
3ethlehc2 44 miles W 67'492 ..?

'

Colonia 38 miles W ~ H. yf
'

Troy n.
.

W*

. .y_ ..

r. -.

.-

Characteristics of the Popuistion;
..

*.-

1973
t of Commerce, Vol. 1, i:

1970 census of Population:of the Census, U.S. DepartmenPreliminary Reports; Sureau
[.!
['(a)

' Sureau Housing: j; '
1980 Census of Population andf Commerce, 1980. ,.

-
:.

of Census, U.S. Department o
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TABLE 2_ ~. .
.:.. ..

.
-

.

.,
.a-

.
' ~ 3

4;

POPULATION OF TOWNS - .. i
..-

'. ..:
'

WITHIN 5 MILES OF YANKEE i .

. .

1.-
'

Population iF i
1960(a) 197o(a) 1980 @ k '-?5*

r. :4Town
['

,%

Y' ' .s
c:L: . .y
I :,g

(Massachusetts) is

231 277 325 '
+-

gewe 210 216 173 ^

Monroe 569 672 731 .' ,

Florida 897 897 1,141 '.' !, s
Charlemont 304 383 482

. ::
Heath i. :

L. 's
D.W

.

.. s

(Vermont) .D ~ $

783 638 638 d
.

Readsboro 838 1,011 1,043
'

; -;RU;.
-wwWhitinghma
f. ,a3

. .. ;

M.g:
, .

,

i. !.

:4f
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''':Characteristics of the
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,
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1970 Census of Population:
Population; Bureau of the Census, U.S. Depart:nent ,' . . . i..(a) -

of Commerce, Vol. 1, 1973 _ . P.1..,
.

Preliminary
1980 Census of Population and Housing: y. ,

Reports; Bureau of Census, U.S. Department of 63(b),
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.

-d
; ..m,

+s
.

.:?
,r..
' ..

l - $*

<

(!
. . ..:

' .,. :t- ;;
:s
Y,1

v.s.,

7G

[t... e
D
?.

.

..

f8

: !,.

. ,$;

*

. _ .

_



. . . . ..
-

- -

' ' ..n _ .
. _ . . . . . . _ . . . . . . . . . . _ . -.

~
-.

9
. _ - -

. . .

,

.. __ . .

. .
.

.~

-
,--

-.

TABLE 3_ E
'

.4

sb

POPULATION DISTRIBUTION _ , . A
' , e :...

,w a
WITHIN 50 MTTIS OF YANKEE _

.

s ;,.72
'

- .,. a s'

REM
[ij

Cumulative Population j:g:;|,,;jgg
1970(*) 1980(b) . ., 3

. r.-c.(Miles)_ t.

.} r'
**

116
, ,_

98 7,-
0-1 , , z ,.;;

'

295 ..,229
O-2 5. 8

744558 t~|;i1

0-3 [7;;;-
1,070 1,445 I.N0-4 g.j
1,618 2,058

- p o'!
0-5 g.7}

17,654 24,431 na
O - 10 G.;p

100,485 122,689 ~g

0 - 20 -
.

EW.h
. T'

260,899 287,663
.

h0 - 30
666,734 655,622 T4

O 40 '.!!.?!.

1,397,666 1,444,489
N']0 - 50 ' -

b.ag.

?.S**
n.1

b;
r,,a,
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Census, U.S. Department of Commerce,
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1980 Census of Population and Housing: 5j
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SYSTEMATIC EVALUATION PROGRAM -m
TOPIC II-1.C

'

YANKEE NUCLEAR POWER STATION

TOPIC: II-1.C, Potential Hazards Due to Nearby Transportation
Institutional Industrial and Military Facilities

I. INTRODUCTION

The safety objective of this topic is to ensure that the integrity
of the safety-related structures, systems and components would not
be jeopardized due to the potential for hazards originating at
hearby facilities.

II. REVIEW CRITERIA
..

General Design Cr_i_terion 4, " Environmental and Missile Design Basis,"
of Appendix A. " General Design Criteria for Nuclear Power Plants," to
10 CFR Part 50, " Licensing of Production and Utilization Facilities,"
requires that nuclear power plant structures, systems and components
important to safety be appropria'.ely protected against events and

O conditions that may occur outside the nuclear power plant.

III. RELATED SAFETY TOPICS

Topic III-4.D " Site Proximity Missiles" reviews the extent to which
the facility is protected against missiles originating from offsite .

'
facilities.

~

IV. REVIEW GUIDELINES

The review was conducted in accordance with the guidance given in
Standard Review Plan (SRP) Section 2.2.1-2.2.2, " Identification of
Potential Hazards in Site Vicinity."

V. EVALUATION

(~ ~ I6dustri~al activity ~in'the~ vicinity of the Yankee station is minimal. Thi~
only manufacturing'or storage facility within five miles'is the D'eerfield

~ ~- ~ ~

Paper Company. They do not store or use any hazardous chemicals that
could result in toxic fumes upon release into the atmosphere. The
closest industrial gas supplier is H.A. George, located approximately
10 miles southwest of Yankee. They have two large LPG storage tanks
having maximum capacities of 12,000 and 20,000 gallons and three LPG
delivery trucks having maximum capacities of 1,200, 2,400 and 2,600 :
gallons. The maximum quantity of fuel oil is 75,000 gallons located
in above ground storage tanks. The separation distance between the

( H. A. George gas storage location and the nuclear plant is considered
adequate to preclude accidents affecting the safe operation of Yankee.

- . _ . - - _ _ _ _ . ._ - - - .
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No mining or quarry operations have been identified as being within
:

10 miles of the station. For this reason possible truck-size ship ' p,
i+.

ments of explosives on nearby roadways were not considered as potential F,g
hazards to safe plant operation. .

The closest military facility is Westover Air Force Base located n@3N
outside of Springfield, approximately 50 miles southeast of Yankee. MA discussion of the effects of an on-site aircraft impact can be S
found in SEP Topic Section III-4.0, " Site Proximity Missiles." i|

p
Hazardous chemicals have been identified as being shipped on an east- i,;
west rail line of the Boston and Maine Railroad, located at its closestThe f
point approximately four miles from the south side of the site. p,
evaluation of possible control room infiltration of toxic fumes from [g
potentially hazardous chemicals was done according to methodology in (f
Reference (1) and criteria established in Reference (2). it

-- E
An analysis was done for all shipments defined by Reference (2) as 6
being frequent, i.e., 30 per year for rail traffic, and was based on $
the maximum concentration accident, in which the quantity of the

-

b
hazardous chemical considered was the instantaneous release of the OThis is the worst casetotal contents of the largest tank car. Qcompared with partial ruptures in which the contents leak out in aThe concentration buildup on the. control r;
continuous steady flow. 81

room was the sum of the concentration due to the immediate, highly [j
''

concentrated puff for low boiling point chemicals and the continual !i
. vaporization of any remaining fluid.
Results indicate that hazardous chemical shipments via the rail line
do not present a significant threat to the safe operation of Yankee.

The only major highway by Yankee is Route 2, an east-west road located
,

There is not dataat its closest point six miles from the station.
,

presently available that indicates frequencies, quantities and types g;,

of hazardous material that are shipped via tank trucks using this :

To determine the possible consequence of a truck accidentroadway.
involving hazardous material, an analysis was done assuming a sixteen '

;

Chlorine was used because of itston chlorine tank truck rupture.

high toxicity when compared to other chemicals and its production (6th among all chemicals in 1972 ) exceeds other highly toxic, volatile3i

sydrogen cyanide and phosgene by nearly two orders-chemicals such as
Results indicate that a chemical truck accident onof magnitude.

the highway would not affect the safe operation of the plant.
!

There are presently no pipelines, gas or oil production fields, under-
ground storage facilities, refineries or major waterways in the town -

of Rowe or in the surroundinc area towns.
'

VI. CONCt.USION S

We have concluded that Yankee is adequately protected and can be
-

operated with an acceptable degree of safety with regard to industrial,
_

|

transportation and military activities in the vicinity of the plant.!
'

!

|

|
_ . _ . _ _ _ _ _. , _ _ . _ _ _ _ . , _ . _ . _ . . _ _ _ _ _ . _ _ _ . _ _ _ . _ _ _ . _ _ _
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This completes the evaluation of this topic.
,
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SYSTEMATIC EVALUATION PROGRAM -

TOPIC III-4.0
,

YANKEE NUCLEAR POWER STATION

TOPIC: III-4.D, Site Proximity Missiles (Including Aircraft) '

I. INTRODUCTION
,

The safety objective of this topic is to ensure that the integrity
of the safety-related structures, systems and components would not -

be jeopardized due to the potential for a site proximity missile.
'

II. REVIEW CRITERIA

General Design Criterion 4, " Environmental and Missile Design Basis," -

of Appendix A. " General Design Criteria for Nuclear Power Plants,"
,

to 10 CFR Part 50, " Licensing of Production and Utilization Facilities,"'

requires that nuclear _. power p.lant structures, systems and components
important to safety be appropriately protected against events and
conditions that may occur outside the nuclear power plant.

'

III. RELATED SAFETY TOPICS
'

Topic II-1.C. " Potential Hazards or Changes in Potential Hazards Due
to Transportation, Institutional, Industrial and Military Facilities"
provides a description of the potential missile hazards.

IV. REVIEW GUIDELINES ' -
_

i The review was conducted in accordance with the guidance given in
|

Standard Review Plan (SRP) Section 2.2.3, " Evaluation of Potential
Accidents," 3.5.1.5, " Site Proximity Missiles (except Aircraft),"-

I and 3.5.1.6, " Aircraft Hazards."

V. EVALUATION

The scope of possible hazardous activities on the vicinity of the
Yankee plant has been discussed in SEP Topic II-1.C, " Potential Hazards
Due to Nearby Industrial, Transportation, Institutional and Military

| Facilities." As indicated, there is minimal industrial activity in ,
the plant vicinity. The separation distance and valley terrain
between the plant and any industrial facilities, highways, railroads,
gas pipelines, or military facilities is such that the risk associated
with potential missiles from these concerns are well within the SRP

_

2.2.3 guidelines. ~

'
.

,
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4|In addition to the review of fixed facilities and ground transporta-'

U;tion routes in the site area, the potential of aircraft accidentThe methodology T
generated missiles has also been evaluated in det. ail.
employed in this analysis is the same as that outlined in SRP 3.5.1.6. h

'

There are four airports within thirty miles of Yankee: (1) Harriman- !

and West (North Adams), (2) Bennington State, (3) Pittsfield, and |q i
(4) Turners Falls. Each can be described in general as being small R-
airports typically handling light, single-engine, private aircraft.

p
.

Table i sumarizes each airport's annual operations. As shown, none g_

| ;;
cf the airports are within ten miles of Yankee, and all of the airport !

Nreported annual operations are well within the 1,000 times distance [q
!

'

squared criteria of SRP 3.5.1.6 which, if exceeded, would indicate 3the possible need for further analysis of aircraft from these airports ;$
4

effecting plant operations. d
N
$' :Table 1

>

Distance (d) Annual Number
2 of Operations y

Statute Miles 1000 x d
A

North Adams 12.0 144000 32500 if
a
!?

Bennington 19.0 361000 10950 (a)~ }

Pittsfield 28.0 784000 50000 4
>

Turners Falls 22.0 484000
-

34873 g
^

;

|
(a) Annual operation inforsation obtained directly from Bennington

Airport Manager, April 1,1981.'

In addition to the abcve noted airports, there are two federal airways,
V2-14V2-14 and J16-94, which could bring aircraft near the plant site.

is used by aircraft below 18,000 feet, whereas J16-94 is used by aircraftBoth airways have a total width,

at altitudes of 18,000 feet and above.
| of 8 nr.utical miles (9.2 statute miles); i.e., 4 nautical miles each-
!

side of centerline. Yankee is located approximately 2.5 nautical
miles north of the V2-16 centerline, and 5 nautical miles north of the
J16-94 centerline. In estimating the annual number.of aircraft that:

! may pass near the site due to these airways, a count was made of ~the
| IFR traffic on both these airways for the " peak traffic day" of 1980

(August 22). Federal Aviation Administration radar records associated
_.
~

with these corridors indicate a total of 155 aircraft could have flown! near the plant site diaring the peak day. Based upon the peak day
! traffic, an annual estimate of 56,575 aircraft passing near the site
i

! - was calculated. Employing the analytical model given in SRP 3.5.1.6,
1

l

:

!

,_- _ _- . _ - _ , - . . _ - - . _ - - __- . _ _ - . _ _ . - _ _ _ . _ - . - . _ _ . _ _-
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it is calculated on a conservative basis that the overall probability-
.

of an aircraft associated with these air corridors striking the plant
'

is approximately 1.4 x 10-7 per year. This is an acceptable level of
risk in accordance with the acceptance criteria of SRP 2.2.3.

In calculating the risk probability, an effective plant area of 0.0075
square miles was used. This was determined by assuming an aircraft7

crash angle of 30 degrees relative to the principal plant structures,
-

including non-safety related buildings attached to the plant. . Since
Yankee is located in a valley, the crash angle was based on the kinds
of aircraft identified within the V2-14 and J16-94 airways, and the

~, width of the valley and height of the mountains surrounding the
pl a nt. An inflight crash rate of 3 x 10-9 per aircraft mile was
used in the calculation (SRP 3.5.1.6). No information was identi-
fled from the FAA on future growth of traffic in these corridors.
However, since the calculated probability of 1.4 x 10-7 conservatively
assumes that a single day peak traffic load in the corridors is

~~

maintained throughout the year, any future real growth in aircraft .*

activities in these corridors over the remainder of plant life would
not be expected to change significantly the calculated risk factor.

VI . CONCLUSIONS

's- Based on our review, we conclude that operation of the Yankee plant-'

does not present an undue risk to the health and safety of the public
4as a result of aircraft and site proximity missile hazards.

-
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8' UNITED STATES

$ :N NUCLEAR REGULATORY COMMISSION.
o

L

WASHINGTON D. C. 20555
.

*****
3' September 30, 1982

Docket No. 50-29 .

LS05-82-09-093
, , , _

,

Mr. James A. Kay
Senior Engineer - Licensing *

Yankee Atomic Electric Conipany
1671 Worcester Road *

Framingham, Massachusetts 01701
,

Dear Mr. Kay:
,. -

SUBJECT:
SEP TOPICS II-3.A, HiCROLOGIC DESCRIPTION, II-3.B. FLOODING
POTENTIAL AND PROTECTION REQUIREMENTS, II-3.B.1, CAPABILITY
OF OPERATING PLANT TO COPE WITH DESIGN BASIS FLOODING
CONDITIONS, II-3.C, SAFETY-RELATED WATER SUPPLY (ULTIMATE
HEAT SINK) - YANKEE NUCLEAR POWER STATION

Enclosed is the staff's final evaluation of SEP Topics II-3. A II-3.B.II-3.B.1,. and II-3.C.
The evaluation is based upon the safety analysisreport which you supplied on June 16, 1982, technical reports supplied

by you and our consultant, Franklin _ Research_ Center, and other. informa-
tion avail'able on Docket No. 50-29..

Appendix A to the evaluation is
our consultants technical evaluation report on the hydrologic considera-

.. 'm .
-

tions at Yankee and Appendix B is a copy of our draft flood study forYankee.

The safety evaluation concludes that Yankee does not meet current NRC
acceptance criteria for the hydrology topics. Specifically, the major
due to a probable maximum flood (PMF). area of deviation from current criteria is that of the effects of flooding*

The NRC and YAEC evaluations of
flooding potential were in disagreement because of the differences in the
estimates of probable maximun precipitation (PMP) and Harriman Damspillway capacity.

These estimates led the NRC and YAEC to differentsafety conclusions on the flooding potential due to a PMF. Appendix C
to the ev.aluation is a discussion of the conservatisms involved in
estimating a PMP and a discussion of the differences between the NRC
and YAEC PMF estimations.

-
-

The deviations from the hydrologic topics acceptance criteria will be
resolved during the Integrated Safety Assessment for Yankee. This
resolution will be integrated into the findings for SEP Topics II-4.E,
" Dam Integrity," and III-3.A, " Effects of High Water Level .on Structures."

The need for any further analysis or plant modifications w'ill be made
curing the Integrated Safety Assessment. The evaluation may be revised ~

O
ptoffo945
9

|
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Mr. James A. Kay

O
cc - - -

Mr. Jarres E. Tribble, President a *
.

Yankee Atomic Electric Company
1671 Worcester Road .

Framingham, Massachusetts 01701

Chairman
Board of Selectmen 1

Town of Rowe ?
,

Rowe, Massachusetts 01367

Energy Facilities Siting Council
14th Floor -

One Ashburton Place -

Boston, Massachusetts 02108

U. S. Environmental Protection
Agency

Region I Office
ATTN: Regional Radiation Representative
JFK Federal Building
Boston, Massachusetts 02203,

D'

'

Jesident Inspector
Yankee Rowe Nuclear Power Station

.

c/o U.S. NRC
Post Office Box 28
M:nroe Bridge, Massachusetts 01350 '

Ronald C. Haynes, Regional Administrator
Nuclear Regulatory Commission, Region I ,

631 Park Avenue,

| King of Prussia, Pennsylvania 19406

.
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HYDROLOGIC ENGItlEERING SAFETY EVALUATION
FOR SYSTBtATIC EVALUATION PROGRAM --

Topic II-3.A Hydrologic Description
Topic II-3.3, Flooding Potential and Protection

Requirements
Topic II-3.B.1,. Capability of Operating Plants to

Cope with Design Basis Flood Conditions .
.

Topic II-3.C Safety-Related Water Supply (Ultimate
Heat' Sink),. ,. ,,

'

Plant Name: ' Yankee Rowe Nuclear Power StationLicensing Stage: Operating
Docket Numbers: 50- 029
Prepared by: Gary B. Staley, Hydrologist, HGEB

I. INTRODUCTION

The Systematic Evaluation Program (SEP) was established by the Nuclear---

Regulatory Commission (NRC) to evaluate the safety of 10 older nuclear

power plants. The p.r, gram evaluates .the plants against current licensing

criteria with respect to 137 selected topics.

The hydrologic topics provide:.

.eabriefdescriptionofthehydrologicfeaturesofthesiteand
~

surrounding area, plant facilities and the design bases used for
-

construction. Additionally both surface-and groundwater and their

interfaces with plant safety-related buildings and systems are
.

described.-

e Design bases floods for the plant are developed, using current criteria,

and compared to the design bases events used when the plant was built.

Deviations and their safety significance are discussed. Acceptability

of current features are noted where applicable.
~

.

.

- _ _ _
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e Where physical protection is used to prevent plant flooding, the
._

design and design bases are reviewed and compared to current criteria.

The variations, if any, and their safety significance with respect to

structural and equipment distress are discussed.

*
.

e The design basis groundwater level for hydrostatic loading is determined -

.

in accordance with current criteria and compared to the value used

for design.

e Existing emergency plans or procedures and technical specifications

related to flooding or safety-related water supply are reviewed and

compared to current criteria. Deficiencies are noted and, where

possible, acceptable fixes are recommended. Where emergency plans or

technical specifications do not .ex.ist but are a potential solution

to a problem, they are discussed and recommendations made, if

appropriate. '

s As reviewed here, the Ultimate Heat Sink (UHS) consists of water sources

for the cooling water system, necessary retaining structures (e.g.,

a pond with its dam or a cooling tower supply basin), and the canals

or conduits connecting the sources with (but not including) the

cooling water system intake structures. The existing UHS is compared
.

-to current criteria with respect to available supply and maximum

temperature, and if deficiencies exist, they are discussed and

acceptable solutions recommended, if possible.
.

~
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The infomation used to perfonn the reviews was gathered from the

licensee's files, NRC files, other agencies, and the site visit. In - - -

some cases, detailed information was not available. In such cases. .

the staff and .its consultants conservatively estimated these parameters
'

required for analysis. For this evaluation the staff consultant was!
the Franklin Research Center.

II. REVIEW CRI"TERIA

Current licens'ing criteria for nuclear power plants, related to the SEP

topics addressed in this report, were developed from the Code of Federal
Regulations: 10 CFR Part 50, " Licensing of Production and Utilization

Facilities," and General Design Criterion 2, 4, 5 and 44 of Appendix. A,
_. "Gineral Design Criteria"; 10 CFR Part 100, " Reactor Site Criteria" and

Appendix .A, " Seismic and Geologic S'iting Criteria for Nuclear Power -
s-

Plants."

The criteria which are applicable are (1) Standard Review Plans 2.4.1,

2.4.2, 2.4.3, 2.4.4, 2.4.5, 2.4.6, 2.4.7, 2.4.8, 2.4.9, 2.4.10, 2.4.11,.

2.4.12, 2.4.14, 3.4.1, and 9.2.5 (Ref. l } ; (2) Regulatory Guides 1.27,

1.53, 1.70, i.102, and 1.127 (.Ref. 2}; and (3) Amertcan National
,

Standards Institute (ANSIl Standard N170-1976 (Ref. 3}.
.
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III. RELATED SAFETY TOPICS AND INTERFACES

The effects of high surface water and ground water (pertaining to
. _ _

structural strength of building walls, loss of important equipment and

its effect on the plants' ability to safely shutdown, etc) are outside

the scope of the hydrologic evaluation. However, the levels of flood
\ .

! and ground water are determined in this evaluation and given to the

structural and system reviewers for their use.
.

.

SEP interface topics are:

. '

II-4.0 - Stability of Slopes

II-4.E - Dam Integrity
,

II-4.F - Settlement of Foundations and Buried Equipment | h
III-1 - Classification of Structures, Components and Systems -

! III-3.A - Effects of High Water Level on Structures

III-3.8 - Structural and.Other Consequences of Failure of Underdrain Systems.

III-3.C - Inservice Inspection of Water Control Structures

III-6 - Seismic Design Considerations

VII-3 - Systems Required for Safe Shutdown

VIII-2 - On-Site Emergency Power Systems - Diesel Generator

IX-3 - Station Service and Cooling Water Systems
.

XVI - Technical Specifications

.

o

O
,

.
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IV. REVIEW GUIDELINES

- -

The hydrologic issues identified in the Introduction are developed from
'

.

design infonnation for the nuclear power plant and from many sources

containing hydrologic information for the site. Design bases (elevation
2

of floods, depths of precipitation flooding, elevation of ground water

and amounts of available cooling water) are determined and their

conformance with or degree of departure from the current criteria is

assessed. The Standard Review Plans and Regulatory Guides identified in '

Section II direct a complete evaluation of all issues and suggest or

reference appropriate technical evaluation methods.

.

O Regulatory Guides 1.27,1.59 and 1.102 have been specifically identified

as needing consideration for backfit on operating reactors. These guides -

are used in determining whether the facility design complies with current '

criteria or has some equivalent alternatives acceptable to the staff.

The acceptability or nonacceptability of any deviations identified in this

evaluation and the need for further action will be judged during the

integrated assessment for this facility.

.

.
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completed a Dra.ft Flood Study for the Upper Deerfield River Basin in

January 1981.(') The licensee submitted a final. Design Basis Flood

analysis in March 1981 and dated October 1980.I )
s

.

In June 1981, the stat *f contracted with Franklin Research Center to complete

the SEP hydrologic engineering topics (II-3.A. 8, B.1 and c) and the

evaluations are contained in their Technical Evaluation Report of

August 6, 1981.I4) '

.

The most significant flood potential' for the Yankee Rowe Nuclear Power
'

Plant is the Harriman Dam which is situated on the Deerfield River about

six miles upstream of the plant site. The dam and hydroelectric plant

are owned and operated by the New England Power Co. and'l'icensed by th~e {
,

Federal Energy Regulatory Commission (FERC). Since FERC has regulatory

authority for Harriman Dam, the staff has maintained a liaison with that

agency and especially with regard to evaluations or conclusions that

involve Harriman Dam. .

I

Topic II-3.A Hydrologic Description *

' This topic provides a brief description of hydrologic features, related

plant facilities and design bases used for plant construction..

,

| The Yankee Rowe Nuclear Power Station is situated on the Deerfield River

in ncethwestern Massachusetts near the town of Rowe, in Franklin County.

The plant is on the left (so'uth) bank of Sherman reservoir just upstreamO| of Sheman dam and about six miles downstream of Harriman Dam.

*

_ _ _ . _ _ . . _ . . _
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The site is potentially subject to firading from large floods (including

dam failure floods) on the Deerfield 3fver and from local intense
'~*

precipitation on the site area and small tributaries south of the site.
.

Yard grade in the vicinity of the plant proper is 1127.7 feet ms1 and

1119.7 feet ms1 at the screenhouse. Entrance' floor elevation for the

service, Primary Auxiliary and turbine buildings is 1128.3 ft ms1, and

for the screenhouse is 1124.7.
.

Information pertaining to the groundwater regime at the site is insufficientt

to extrapolate design Basis levels.
L

j The Deerfield R1ver Basin' upstream of the site is heavily wooded with
_

fairly steep slopes, both along the central channel and the valley side
! slopes. Both Harriman (upstream) and Sheman (downstream) dams are

important basin features with respect to site flooding potential and

safety related water supply. Bo,th dams are semi-hydraulic fill.
'

Harriman Dam is about 200 feet high with a morning glory type spillwayN

and Sheman Dam is about 100 ft high with a weir overflow spillway.E

.

E ertical circular crest narrowing to throut section, then 90* bendV

to horizontal exit conduit. Design allows fairly constant discharge
vier wide range of heads.

U orizontal ogee crest' narrowing to chute spillway. Design typifiedH

by wide range in discharge for small range in heads.
.

"M

.
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Local tributaries in the vicinity of the site include Wheeler Brook and.
i

two unnamed tributaries which drain the steep hillsides south and east
--

of the plant. Wheeler Brook drains to Sherman Pond just northeast of

the plant and the two unnamed tributaries drain partially across the

site and partially eas* and west of the site. These drainage sub-basins,

'

have very steep slopes and are heavily wooded. There would be virtually

no warning time for potential floods from these sources.

Some areas of the plant yard are between 1 and 2 feet below the top of

Sherman Dam, while near the screenhouse it is much lower at elevation

1119.7 ft ms1. The average slope across the plant site is 1.2%. Two

independent stonn drain networks exist on the site: one drains from the

northeast area of the site into Sherman Pond and the 6ther drains from

the southwest area into the valley below Shennan Dam. There are two
_

flood protection dikes, with top elevations about 2 feet above the crest

of Shennan Dam, to protect the plant from some intemediate Deerfield
:

River floods. The dikes run from Sheman Dam to the turbine building

and from the service building to the bluff.

The design bases used for' plant construction are listed below.

-

e The design basis groundwater elevations are unknown. Where

specific groundwater levels and fluctuations are unavai.lable, it

is the staff's position that ground surface elevation be used for
.

structural evaluations..

e The original, design basis for flooding (local and Dee'rfield River)

is unknown.

, , - - .: c_- - ~ ~ - - m --
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e Building roofs are designed for 40 pounds per square foot which-

is equivalent to 7.7 inches of ponded water. ~

e The flood wall and building walls that serves as part of the

floodwall were not designed for any floodwater loading. Since this,

feature does not provide an acceptable level of flood protection

under the current NRC criteria, its hydrostatic and hydrodynamic
'

design basis may be a moot point. However, if this feature did

provide an acceptable level of protection, the required hydrostatic

and hydrodynamic design basis would be the most severe combination

of static and dynamic conditions; i.e., maximum stillwater level

with wind waves superimposed.

e The design low water level for the UHS is reservoir elevation 1090.7
.

ft ms1 in Sherman Pond which is the icwest elevation at which the

service water pumps can draw water.00)

~

e The licensee uses operating procedure OP-3006 as an " active" flood

protection measure to protect the screenhouse from Deerfield River

flooding.

| Tooic II-3.8 Flooding Potential and Protection Recuirements
.

The purpose of this topic is to identify the plant and site design basis

flood levels resulting from all potential flood sources external to the

plant and site, using current NRC licensing criteria. This topic also

includes the identification of the design bases groundwater levels for

use in structural analyses.

|
'

.
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; Groundwater
~

The licensee has submitted some fragmented infonnation on groundwater (8)
;

that indicates a noraal level of about.1110 ft ms1 (less than 10 feet '

below ground surface) around the screenwell; levels of 1110 to 1125

near the service b' fiding and levels of 1124 to 1130 near containment.u

Fluctuations would appear to be from 2 to 15 feet. Based on the partial

~ groundwater infomation submitted, it appears that if the available
.

infonnation were properly organized and documented by the licensee, it

might be possible for the staff to determine upper ifmit groundwater

levels for use in structural evaluations. However, based on information

currently availalle, we conclude that current flRC criteria would require

that groundwater must be assumed at grade elevation for all structural

evaluations.
~

.

Deerfield River Flooding *

s

There are several *possible scenarios with potential to flood the Yankee ;

Rowe site. Excessive rainfall in the upper basin could overtop and fail

Harriman Dam and the resulting flood wave could inundate the site. Excessive

rainfall below Harriman Dam could exceed the capacity of Sheman Reservoir

and if the dam does not fail when overtopped, the plant could be flooded.

,

A non-hydrologic failure (seismic, founct' ion, piping, etc.) of Harrimani.

Dam when the reservoir is near the spillway crest, could flood the Yankee

Rowe site.
.

o

.
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all' Induced Floods see(7) have developed detai e |
l ate the

th2 staff (5) and the licenDeerfield River Uasin to eva uagreement on

eff models of the UpperThe staff and licenseefor the spillway capacity for
are in close

od potential. itation (PMP)
features .of the model, exceptof probable Maximum Precip

rriman Dam and the value
.

.

field River Basin.
Jr the Upper Deer limited the

calculation, the staff hasi al capacity
ity. In

n Dam to 75% of the theoret cat reservoir levels
our

t

jpillway_aoaca
o

spillway capacity of Harrimaand flow reduction ion for

dua to possible debris bloc aThe details of the justificat
k ge -

,
,

value.

grtater than the designare discussed in Appendix
B.

h spillwayreduction
. of' analytical studies for t e

this
was

' t 6% less thanmade a number

existing cipacity is abouHe also concludes that debrTha licensee has is

and concludes that thetudies. Although the

predicted by early model s apacity.

any reduction in spillway cinteresting and pertinent discu
ssion to

will not cause a

convinced that there islicensee has provided somehe staff isduring runoff from

support their position, tof reduced spillway flow
-

! .

'

reasona51y good chance

extreme flood events. o

-

/
9

, OI

_

|

1 -

~ ~ ~ " * * ~ ~ ~

_ . _ . . . -
_ G



-
- - -

.. , . . ,
- -

\
\.

-.

~
-

-13- -

'

The 25% reduction in spillway capacity is about 8,500 cfs when the --

pool level approaches the dam crest elevation. This reduced
i discharge amounts to a storage volume of'about 4,300 ac ft in a

6 hour period. Six hours is the approximate time the reservoir

capacity flood (13 inch rainfall) stays near the dam crest. In

terms of re'servoir stage it would be about two feet of stage tihen
'

the pool level is at the dam crest 'levation.e
.

Probable Maximum Precipitation - Various estimates of PMP have

been made for the Upper Deerfield River Basin. The following

table shows a comparison of the estimates.

.---
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Table 1
, ,.

PflP Estimates-

<

'
!

.

#
-

Source NRC Staff Licensee FRC L.
Method)3

IIRf 51 IIRE 33 TransE Hersh- TransU Gumbel Transposition f.'[posttion field position - 10~7

Area (sq mi) 236 236 236 Point 200 Point .236Duration (hrs) 24 24 24 24 24 24 24 '.
Depth (inches) 21.9 18.9 16.5 17.9 14.3 15.6 14.7 / O

/ '

O

. c,.

. .

~

;.

V%

N ower Limit Site SpecificL

.

2/- Based on transposition of many stunas
'

. *

3_/
.

IIRf 51 and 33 refers to generalized PflP estimates from fl0AA publications.
Transposition refers to one or more storms maximized and moved to the
Deerfield Basin. liershfield and Gumbel are statistical methods. |

,

i

e
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The National Oceanic and Atmospheric Administration (NOAA) Hydrometeoro- ---

logical Report (HR) Numbers 33(I2) and 51(13) provide generalized PMP

estimates east of the 105th Meridian. HR #51 identifies appalachian

mountain areas, which include the Deerfield River Basin, where the

generalized estima'tes may be either too high or too low due to

orographic and/or terrain effects. Since NOAA is recognized by the

technical connunity as expert in the field, there is no reason to use

estimates other than HR #51 or 33 unless the estimates consider
orographic effects. None of the estimates in table' 1 include compre-

hensive analyses of the appalachian region orographic effects. It is

the staff's conclusion that the 236 square mile, 24 hour PMP of 18.9

inches from HR #33M is the current design basis PMP for the Upper

Deerfield River Basin to be used in evaluating the flood potential -

at the Yankee Rowe Nuclear Plant Site.

Comparison of Staff and Licensee Study Results - The details of the

staff's flood study for the Upper Deerfield River Basih and Yankee Rowe

site are contained in reference 5. Essentially the result's of our-

studies showed that for basin rainfall in excess of about 13 inches in

24 hours, Harriman Dam will be overtopped and assumed to fail. The
~

resultant flood wave would also overtop and fail Sheman Dam. Since our

estimate of.PMP is 18.9 inches in 24 hours, we conclude that Harriman Dam

would fail as a result of this event. We estimate that the maximum flood

level at the Yankee Rowe Site would be about elevation 1175 ft. msl or
about 45 feet over plant grade.

: E5ince Hydrometeorological Report No. 51 was not fully reviewed by major
federal agencies, .uch as NRC, when staff studies were initiated, it was
not adopted for the study.

--- _ _ _ _ _ _ __ _ - - . . _ _ . _ . -. - _ - . _ .
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The licensee's most recent flood study for the Yankee Rowe site (7)
._

develops what they tenn a " Design Maximum Rainfall I' .)"of14.3
inches in 24 hours for a ~200 square mile area. .cerpret their

discussion to imply that this value was s Je to basin shape,'

to13inchesin24!hoursfora2C;so- area. The licensee

states that this rainfall will ' / ciman pool level of -

1520.9 or 0.3 feet below the e Runup from wind waves would

be 1 to 2 feet for several hou .. The licensee concludes the dam will

not breach. The licensee further states that this DMR will produce a

Sharman Reservoir level that will exceed the dam crest by 2.0 feet.

The dam is assumed to fail with two feet of overtopping flow. Thus

the stillwater level at the site would be 1131.7 ft ms1 and maximum

wave runup would be to elevation 1136.6. ft msl. The plant flood dike .

is constructed to a crest elevation of 1132.0 ft ms1. The licensee states

that they can and will protect the plant against these maximum failures.

Although the licensee's study does not specifically conclude that the.

site meets current NRC criteria with respect to flooding, it does infer

that the site should be acceptable with respect to flooding.

-

Listed below are what we consider to be the significant differences

| between the two studies.

"

I e The most significant difference is the value for PMP or design

basis rainfall.' The staff contends that the current criteriai

design basis rainfall is 18.9 inches in 24 hours for a 236 square

1

. _ _ ____a_
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' mile area. The li'ensee has calculated a Design Maximum Rainfallc
, _

(DMR)E of 14.3 inches in 24 hours for a 200 square mile area.

We conclude that this was further mduced to 13 inches (91.2%)

based on basin shape. The staff made this same calculation for

a storin centdred-over the basin and only calculated a 1% reduction.

The licensee /7) perfomed a storm transposition study and an
*

orographic effects study. The staff has reviewed these studies

and concludes that the stom transposition studies did not

include some major storms and in fact is probably considerably
"

less comprehensive than what was done by NOAA for the Generalized

PMP studies (12) (.13). We also conclude that the orographic

effects study (7) does not st.oport the licensee's conclusions.

It shows a general decrease in rainfall toward the nohh or'
.

, northwest or away from the cuest in New England. The generalized

PMP studies show the same pattern. Consequently the staff has
'

concluded that no infomation has been provided to support either

an increase or decrease from the generalized PMP for the Deerfield

River Basin.
__

t

| e Of somewhat less significance is the assumptions for Harriman
\ -

( - Dam spillway capacity. The staff assumed a 25% reduction for

possible debris blockage and/or undesirable flow characteristics

at high heads. The licensee assumed a 6% reduction based on

analytical studies of flow characteristics. The 19% difference
.

*

.
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in flow reduction is about 6500 cfs. We estimate that this
,

~~

would amount to about 2 or 3 feet of reservoir stage during the

full stom period.

|

e There is a difference in staff and licensee approach regarding
|.

the' assumed breaching of earth dams when they are overtopped by
'

flood flows.
1

Our assumption of whether or not a dam fails and hcw fast a

breach enlarges is based to a large extent upon which scenario
i

produces the most conservative result. The licensee's dam failure

assumptions do not, however, always lead to conservative results.

| For example, the licen'sa: {7) assumed that Sheman Dam would
' ~

fail when overtopping flows reach a depth of two feet. While

this is a reasonable assumption, it has'not b'een shown that the
- s

dam would fail when overtopped by 2 feet. It might survive even

greater overtopping. The longer this dam is assumed to remain

unfailed and the slower the breach rate wnen finally failed, the

| higher the calculated water level at the site will.be. In such
,

situations, the staff will assume that the dam does not fail or it

fails at a very slow rate, unless evidence to the contrary,

is provided.

O

-
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Non-orecipitation Induced Dam Failure Floods
. _ _

.

In addition to failure by overtopping, dams can fail for other
~

reasons such as seismic, piping or founda?.fon failures. These

types of failure generally result in an timost instantaneous

release. Theif!censeehasanalyzedthisfailurescenario(9)for

liarriman and Sherman Dams. The staff has discussed both the
'

unsteady flow model (DAMBRK) and t.ssumptions made in its use

: with the licensee and we generally concur in the results. We have

minor reservations with the assumption of a full width breach of

Sheman Dam in 5 minutes wHch is somewhat non-conservative but -

probably reasonable, given the other assumptions in the study.

The results of this study show the potential flood levels at the, s
,

' 'Tankee Rowe site to vary from 1153.1 to 1173.8 feet MSL or' 23 to
.

44 feet above. plant grade.

Local Flooding

Local flood evaluations were based on the PMP from Hydrometeorological

Report No. 33. Figure 1 of Appendix A shows the location and extent

of the three tributaries that drain through or near the site. Wheeler

Brook (trib #3) enters Sherman Pond north of the site and is separated
~

by a natural divide and will not flood the site. Tributary #2 flows
- to Wheeler Brook and also will not flood the site. Tributary #1 does

flow through the site and would have a peak discharge of 1329 cfs for

the PMP. This flow will produce a f1ced depth of about 3 feet at the.

Diesel Generator and turbine buildings. Due to lack of information

.

- - - - - - -- , _ _
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pertaining.to the limiting flood elevation of safety-related equipment

within these buildings, it is not known what the effects of this ~-

flood level would be.

'

The turbine building roof is the only roof for safety-related
,

structures which is not protected against the PMP. The roofs are

designed for 40 psf (7.7 inches of ponded water). The parapets

around the roof of the turbine building are 21 inches high. If

roof drains were blocked during the PMP, water could pond to 21 inches

or 173 percent of the design basis live load. .

Topic II-3.B.1 - Capability of Ooeratina Plants to Cooe With
Desian Basis Flood Conditions

Protection against floods can be accomplished by implementing emergency
~

procedures and technical specifications. This topic focuses on the

adequacy of the Yankee Rowe Plant emergency procedures to provide for

safe shutdown and cooldown of the reactor during and after a severe
.

river flood. Further, this topic addresses the need for other emergency
! plans and technical specifications to limit conditions of operation.

.
The licensee has a procedure designed to protect the intake structure

from flood levels that are about 2.0 feet over the crest of Shennan Dam.

Appendix A provides a critique of this procedure, however since this procedure

| will not protect the plant from a PMF or seismic dam failure flood on

the Deerfield River, it does not meet current flRC criteria. Furthermore

-

~

__ ___ _ _.
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emergency procedures are not an acceptable alternative to hardened
. __

flood protection if sufficient warning time is not available, which

is the case for seismic dam failure floods and local floods.

.

The Yankee Rowe Plant-|also needs an emergency plan and technical

specifications to cover the loss of Ultimate Heat Sink (UHS) (Sherman

Pond).
.

The feasibility of emergency plans and technical specifications will

have to be determined during the integrated assessment. If feasible,

the staff will work with the licensee to develop acceptable plans and
,

Technical Specifications.

Topic II-3.C Safety Related Water Suoply
.

This topic reviews the acceptability (supply and temperature) of water

sources with respect to providing safety-related water during energency

shutdown and maintenance of safe shutdown.
.

Description

.

Sherman Pond (Deerfield River) is the normal source of emergency cooling
'

water for the Yankee Rowe Plant. The licensee states (8) that in the

event of a loss of this source, makeup water is available via the

emergency feedwater system from the demineralized water system (85,000

gallons) and from the 350,000 gallon fire tanks.

-

.
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| Circulating and service water suction is from the bottom of Sherman
._

Pond at elevation 1030.7 ft msl through a vortex-eliminating intake
,

located about 180 feet from shore and rises through a 120 inch

internal diameter corrugated steel pipe to the entrance of the screen-

well house at elevation 1082.3 ft msl. Discharge from the circulating

and service water systems is directed to the discharge seal pit from

which the water is discharged over a weir, with an ad,justable crest
i

and minimum elevation of 1107.7 ft msl. The' discharge is returned to

| Sherman Pond near the hydroelectric plant intake to ensure that warmed

discharge water passes at once downstream.

Loss of Sucoly

The nomal supply of emergency, cooling wate.a (Sheman Pond) can Be -

lost through failure of Sherman Dam. Presently, the licensee is not
.

prepared to cope with this situation except- through use of the

demineralized water system or the fire tank which can provide a limited

water supply. We understand that the licensee has committed to provide

a seismically qualified tank supply and dedicated fire truck. The review-

of supplies other than the Deerfield River (Sherman Pond) are not. covered|

under this topic. Additional discussion can be found in topics III-6,
- VII-3 and IX-3.

,

|
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Since the Daarfield River supply can be lost during several scenarios
--

evaluated under current NRC criteria, the licensee will need an

emergency plan.and technical specifications' to address these situations.

Details of the emergency plan and technical specifications will be

resolvedduringtheibtegratedassessment.

Limitina Temperature of Normal Supolv
.

Regulatory Guide 1.27 requires that the UHS provide water at an

acceptable temperature. This is generally not a problem for once
.

through cooling plants except where the supply is a pond where

recirculation may occur. Sherman Pond is in this category but only
during drought conditions. Our consultant, FRC, has provided an

evaluation of this scen'rfo in Appendix A and they conclude that thisa
-

will not be a problem at the Yankee Rowe site. We concur with our

consultants conclusions. We have evaluated larger plants with smaller
.

cooling ponds and it is our judgement that because of stratification and

surface evaporation, intake water temperatures will not exceed design
limits. In addition, if intake water temperature should exceed design.

limits, the heat sink function can be maintained by venting steam to

the atmosphere from the steam generators as discussed in Safe Shutdown

Systems Report (Topic V-108).
-

.
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VI. CONCLUSIONS |

--|
.

,

Topic II-3.A i

| Although the. licensee has submitted some infonnation on the groundwater l

| required, the data on groundwater levels is incomplete and not sufficiently
*

documented and organfzed for the staff to extrapolate design basis
,

| levels. We therefore had to use conservative estimates. The design
i

bases for construction was not available for some features.
,

Tooic II-3.B
.

'

Groundwater

The NRC current criteria design basis groundwater level is ground

surface. -

.

.

Deerfield River Floodino
1

: Harriman Dam will be overtopped and thus fail if basin rainfall exceeds
i

I about 13 inches in 24 hours. Our estimate of the PMP, the current NRC

design basis rainfall', is 18.9 inches in 24 hours. The dam could also

| fail for other reasons, such as: seismic, piping or foundation failure.

The failure of Harriman Dam for any reason would result in a flood

,
water elevation at the Yankee Rowe site of at least 1174 feet ms1 or

more than 40 feet over plant grade. In addition, a PMP centered over

| the drainage area between Sherman and Harriman Dams would overtop

(elevation if33.3 ft ms1) and presumably breach Sherman Dam. If

Sherman Dam does not breach, these flood levels could also inundate

the Yankee Rowe Site.
.

. . . .

.
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Local Site Flooding
_ _

A PMP centered'over tributary number 1 south of the Yankee Rowe Plant

could result in runoff across the plant area that would be up to three

feet deep.

!

|
Roof Flooding

,

Only the turbine butiding roof is susceptible to rainfall accumulations

that could exceed the design capacity. With roof drains blocked, the

PMP could pond to the top of the parapets (21 inches) which would

exceed the design basis by 173%.

. Topic-II-3.8.1

~

-

The licensee has an operating procedure to protect 'the intake structure .

from intemediate flood levels, but it does not meet current NRC
.

criteria since it does not protect the plant for the PMF.

.

Emergency plans and technical specifications may be required for the

ultimate heat sink, but that determination will be made during the

integrated assessment. -

| '

The resolution of the potential river flooding problem will be made

during the integrated assessment. The feasibility of emergency plans
1

or technical specifications will Be made at that time.
.
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Topic II-3.C
. _

.

The nomal UHS water supply (Sheman Pond) does not meet current -

NRC criteria. The acceptability of other sources is reviewed under

other topics.
j.
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' 1. INTRODUCTION

__

1.1 PURPOSE OF REVIEW

The purpose of this review is to evaluate the assumptions, conclusions,
.

and completeness of _ documentation in submittals by the Yankee Atomic El,ectric
Sny (YAEC) on systemati'c evaluation program (SEP) Topics II-3.A (HydrologicF

Description), II-3.B (Flooding Potential and Protection Requirements), II-3.B.1
(Capability of Operating Plants to Cope.with Design Basis Flooding Conditions),
and II-3.C (Safety-Balated Water Supply - Ultimate Heat Sink) for the Yankee
Bowe Nuclear Power Generating Station. It includes independent analyses by the
Franklin Research Center (FRC) needed to clarify and resolve several issues.
The Nuclear Regulatory Commission (NRC) is reviewing other safety topics within

the SEP and intends to coordinate an integrated assessment of plant safety
after completion of the review of all applicable safety topics and design basis
events (DBEs) .

1.2 GENERIC BACKGROUND .

The SEP was estaclished to evaluate the safety of 11 of the older nuclear *

Power plants. An important element of the evaluation is to judge the plants
by current licensing criteria with respect to 137 selected tcpics, several of
which relate to hydrologic assessments of the site.

-

In a letter dated January 14, 1981 [1], the NRC agreed to the SEP Own'ers

Group's proposed redirection of the SEP whereby each licensee would select any
60% of the SEP topics and submit evaluations of these in time for a review by
the NRC staff to be completed by June 1981. Evaluations of topics not

selected by a licensee were the NRC's responsibility.-

1.3 PLANT-SPECIFIC BACKGROUND

The present evaluation of the hydrologic influences at the Yankee Rowe

plant site compares the provisions of the Yankee Rowe plant agains,t the
current NRC criteria for licensing new facilities. The Licensee, Yankee

'

Atonic Power Company, will be instructed to inform the NRC whether the

.
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as-built facility differs from the information provided in this assessment.
This report organizes all previously submitted Licensee-developed information --

under appropriate SEP Topics. Where the NRC has provided previous background
information pertaining to hydrologic influences at the site, this information
has been incorporated to define the sequence of information transfer between
the Licensee and the NRC.
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2. REVIEN CRITERIA
._

The criteria used for the hydrology topics were based on the Code of
Federal Regulations, Volume 10, Section 50 (10CFR50) , Appendix A, General

>

Design Criteria, overall Requirements, Criterion 2, entitled " Design Bases for
Protection Against Natural Ehenomena." Specific criteria were taken from.the-

>

f:llowing documents:

Standard Review Plan (SRP) [2]
.

2.4.1 Hydrologic Description

2.4.2 Floods

2.4.3 Probable Maximum Flood (PMF) on Streams and Rivers,

2.4.4 Potential Dam Failures
2.4.5 Probable Maximum Surge and Seiche Flooding
2.4.6 Probacle Maximum Tsunami Flooding

s 2.4.7 Ice Effects
. - - - - - - -

,

2.4.8 Cooling Water Canals and Reservoirs - - - - - - - - -

,

2.4.9 Channel Diversions
2.4.10 Flooding Protection Requirements
2.4.11 Coolong Water Supply
2.4.12 Groundwater

'

2.4.14 Technical Specifications and Emergency Operation Requirements

Regulatory Guides

1.27 Ultimats Heat Sink for Nuclear Power Plants [3]
1.59 Design Basis Floods for Nuclear Power Plants [4]

1.102 Flood Protection for Nuclear Power Plants [5]
1.127 Inspection of Water Control Structures Associated with

-

Nuclear Power Plants [6]
1.135 Normal Water Level and Discharge at Nuclear Pcwer Plants (7].

|

| American National Standards Institute
.

N170-lS76 [8]
.

|
; _-

_
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j 3. TECHNICAL EVALUATION
i

._

3.1 HYDROLOGIC DESCRIPTION (SEP TOPIC II-3.A)
|

3.1.1 Tooic Background

,

This report is a review of Systematic Evaluation Program (SEP) Topic
II-3.A, Hydrologic Descniption, for the Yankee Rowe Nuclear Power Station.
The purpose of this review is to adequately describe the site hydrologic
environment and identify plant hydrologic design bases where available.

The conclusions presented in 'this section were derived from several
sources, including NRC docketed information, NRC staff files, the Licensee's
responses (9,10], and a plant site visit.

.

3.1.2 Tooic Review Criteria

The review criteria used for this section are identified in American
National Standards Institute N170-1976 [8] and Standard Review Plan Section
2.4.1, Hydrologic' Description (4].

.

3.1.3 Evaluation

3.1.3.1 Site

Yankte Rowe Nuclear Power Station is situated on the Deerfield River in
north- western Massachusetts in the town of Rowe, in Franklin County. The

site is between a reservoir, called Sherman Pond, and a steep hill adjacent to
the river.

.

3.1.3.2 The Deerfield River Basin
.

The Deerfield River flows from southern Vermont south into Massachusetts,
where it turns eastward to join the Connecticut River in northwest Massachu-
setts. The Deerfield River has a watershed of 644 sq mi, and a fall of 2014
ft in 66 miles. The river valley has fairly steep slopes, forming a V-shaped
cross-section (11].

h .. _ x _ -'-
.
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The upper Deerfield River basin is divided into four sub-basins, each a --

tributary to a hydroelectric reservoir or pond on the river.

Somerset Reservoir is the uppermost of the hydroelectric projects on the
Deerfield River-basin. Its drainage area is 30 sq mi, its length approximately..

5.6 miles, and its surface prea is about 1623 acres at elevation 2133.6 ft mal
;. [9]. |

Somerset Dam is a curved. structure made of semi-hydraulic fi n . Its

upstream slope is protected.by rip-rap. The spinway, at the west end of the

dam, consists of a trapezoidal concrete section divided into eight bays, each

24 ft wide with crest at 2133.6 ft asl and two sections 10 ft wide with crest
at 2130.6 ft asl and stop logs to elevation 2136.6 ft mal (13]. In 1964, new

i'1=hMard stanchions were instaned. to carry 3 f t of flashboards [9] .

Searsburg Dam impounds only 283 acre-f t of water. Its drainage area is
'

about 90 sq mi. The pond is approximately 1 mile long and has a surface area
of approximately 28 acres at elevation d54.7 ft mal [9] ' Siisco 1967, this.-
Ctation has been operated by remote control from Harriman Dam (13] .-

.

The spinway at Searsburg Dam consists of a concrete' ogee weir 137 f t
long cnd with crest elevation 1749.7 f t asi. It is equipped with pin-type
flashboards 5 ft high. A vertical concrete wall with a deck, situated at the

north end of the spinway, blocks off the bypass channel used during
construction (91.

.
-

Harriman Reservoir is approximately 9 miles long and has a surface area
of 2050 acres and a storage volume of 103,375 acre-f t at 1492.7 f t asl, which
in spillway crest elevation. Tne drainage area for the reservoir is 184 sq mi

*

[91

Han aan Dam is made of semi-hydraulic fill. Its original height was,

about 200 ft, to elevation 1506.7 f t mal. In 1939, the dam was raised 5 ft,
to elevation 1511.7 ft mal, to inc'rease flood storage (21]. In 1964, an

addition of rolled earth fill increased top elevation 9.5 f t to 1521.2 f t mal
'[9]. The normal freeboard above the spillway crest is 29.5 ft (21] .

-.
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i The upstream surface of the dam is protected with riprap to elevatica
1480.7 ft mal, sloping up to 1495.7 ft at the north end of the dam. The - - -,

] downstream slope of the dam has a grass surface (9]. In 1981, a compacted
1

i filter drain was instan ed and covered with an impervious blanket, raising thej
; downstream face about 5 ft [21].
i
f Harriman Reservoir is equipped with a morning glory spinway situated
1' adjacent to the south end of the dam. The spillway is connected by a vertical

*

g . shaft with a 90* bend to the concrete conduit used during construction for
i diversion. The spiHway has a crest elevation of 1491.7 ft as1. It consists'

i of 16 equan y spaced piers and can accommodate 7 ft of flashboards [9].
|

Yankee Rowe Nuclear Power Station, situated on the south edge of Sherman
'

Pond, is the fourth of a series of artificial lakes built for hydroelectric
generation on the Deerfield River. The southeast end of Sherman Dam (top

|- elevation 1129.66 ft msl) borders the Yankee Rowe plant site on the west.
.

Sherman Dam is an earthfill dam with a riprap surface on its upstream face to
elevation 1095.7 ft asl, and grass cover on its downstream face [9'].
Construction of Sherman Dam was completed in 1927 [12]. The dam, owned by New ~

England Power Company, lies 41.2 miles from the mouth of the Connecticut River

and has a drainage area of approxim'ately 236 square miles.
t

! Sherman Pond is 2.2 miles long. Its surface area is approximately 194

acres when the water level is 1103.7 f t mal [9] . When Sherman Pond is full,

| f ts water level is 'approximately MO8 ft mal. At its deepest point, which is

near the dam, bottom elevation is 1025 f t mal [12] .

At the north end of the dam, the embankment is supported by a concrete
: retaining wall. The spinway is at the same end of the dam.

.

.

3.1.3.3 Flood History

There is no water level gage at the Yankee Rowe site. The maximum

recorded volume of flow on the De.erfield River at Charlemont, 9 mi5es
| downstream, is 56,300 cfs, recorded in September 1938. At that time, Sherman

Dam ahd all upstream dams had been completed. Floods have occurred in all

|

| -6-
'
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seasons, from snowmelt and rainfall in winter and spring, and from tropical
|,_

ctorms in summer and fall. Historical floods include October 1869; November
|

1927; March 1936; January 1949; August 1955; October 1955; September 1960; and
August 1976.

.

.-

'Sipce 1920, the USGS has operated a flow gaging station at Charlemont,
n====r*usetts, 9 miles dowr stream from Sherman Dam.__ Water level has been:.

====wed at Harriman Das since 1911, at which time construction bequ on the-
hydroelectric power project.

-
.

..
e

3.1.3.4 Local Drainage

The Yankee Rowe site is 2000 acres on both sides of the Deerfield River.
It lies in a valley at elevation 1127.66 ft mil (9]. Most of the surrounding
land is heavily forested. The ground rises to 2000 ft asl at distances of
less than 4000 ft east of the plant structures and 4000 ft west of Sherman Dam
[III. There are two small, unnamed drainage basins in the hills southeast of
tae. plant from which runoff flows through the site toward Sherman Reservoir. -

Mtteeler- Brook, withf an 806-acre watershed northeast of the plant, passes
adjacent to the site as it discharges into the reservoir (9] .

.

Some areas of the plant yard are between 1 and 2 f t below the top of
Sherman Dam, and the screenhouse is much lower, at 1119.66 ft asi (9]. The
cverage grade'across the plant site is 1.24. Two independent storm drain

networks exist on the site: one drains from the nertheast area of the site
into Sherman Pond, and the other drains from the southwest area into the
valley below Sherman Dam (13] .

, Two flood protection dikes were constructed to prevent flooding of the
plant site caused by flooding on the Deerfield River. Their impact on site

drainage is unknown. - One dike (labeled A on Figure 2) extends frcm the

southeast corner of the service area 40 f t south into the hillside. The other
'

dike (labeled B on Figure 2) extends north from the northeast corner of the
turbine building and then turns northwest, a total length of 175 f t. The

turbine building and service building. walls fo 7 the central part of the
N

A -7-,
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j continuous flood wall. The top elevation of both dikes is 1132 f t as1. The

:| structural loading design basis of these ficod walls and building walls is ._

j unknown.
ij

;

|j Roof Drainage'
'?'j The roofs of safety,-related structures have a design basis live loading
i ~

of 40 psf, with the exception of the vapor container, which is designed for an
; unspecified higher live load [13). The equivalent of 40 psf is 7.7 inches of

,,

j. ponded water.
-|) .

| Parapet height is 21 inches on the turbine building, 6 inches on the
'

.} primary auxiliary building, and 4 inches or less on all other safety-related|<
l' structures. The vapor container is spherical in shape ar.d drained by direct

1
i runoff. All other structures are equipped with interior roof drains, and roof

surfaces slope toward the drain inlets. The turbine building has four 3-inch
4

; drains and four 4-inch drains. Ot'her safety-related structures have 3-inch
!| roof drains [13]..
!j.

.

A' table of design basis elevations is presented in Table 1. These design
j basis flood elevations were identified from various Licensee submittals.

,,

|!
3.1.4 Conclusion

.
Information pertaining to the groundwater regime at the site is not

available. This i'2 formation is necessary to determine a suitably conservative
.

maximum groundwater elevation and normal high groundwater elevation for use in
SEP Tcpics II-3.B (Flood Potential and Protection Requirements) III-3.A
(Effects of High Water Level on Structures), and III-6 (Seismic Design

i . Considerations).
.i

'{ A Licensee response to a NRC request for additional information
pertaining to these topics has not been received. Information relating to

-

;

flood design basis and limiting flood elevations of safety-related equipment
.

is not available.

O
.

4 -8-
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Table'1. Design Basis Elevations
._

Elevation (ft asl)
.

.

*

Event Original (1959) Present (1982) NRC Criteria (1982)
2

* 'Flooding -

.

Deerfield River (PMF) Unknown 1132 ft mal 1167.16 ft mal
Local flooding. (PMF) Unknown 1127.66 f t mal 1131 ft mal

Grtundwater

Maximum level unknown Unknown Ground elevation
Normal high level Unknown Unknown Ground elevation

infall loading -

~

On roofs
~

40 psf 40 psf PMP** ~

(7.7 3 of (7.7 in of (Variable depth
ponded water) ponded water) on each safety-

related building

Floodwater loading Not considered Ibp of floodwall Top of floodwall
cn the flood wall and Stillwatt elev. Stillwater elev.walls of buildings which of 1132 f t mal of 1132 mal
are part of the flood wall

1

Icv Water
; Sherman Pond 988 ft ms1 988 ft ms1 Sherman Dam

failure (water
confined to

. original stream

channel)
Plant Grade 1127.66 ft msl 1127.66 ft mal 1127.66 ft msl i

'Procable maximum flood. .

.

0$ Probable maximum precipitation.

p ..

.

.

_3_
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3.2 FLOODING POTENTIAL AND PROTECTION REQUIREMENTS (Tbpic II-3.B)

3.2.1 Topic Background --

The purposa of this topic is to identify the design basis flood level for
the plant and site, under curr'ent licensing criteria, resulting from all
potential flood sources external to the plant and site. Significant
differences between the J.evels or values used for design and construction of
the plant and those derived under current licensing criteria are evaluated.
This evaluation includes the flood effects on safety-related structures,
systems, and equipment and the effects of changed hydrostatic and hydrodynamic

, loads on safety-related structures, systems, and equipment where information
is available. Features of existing or proposed flood protection measures such
as revetments, flood walls or doors, and emergency or administrative procedures
are discussed.

3.2.2 Tooic Review Criteria

This topic wa's reviewed against the following criteria's
_

Regulatory Guide 1.59, Design Basis Floods for Nuclear Power Plantso

o MSI N170-1976

o Standard Review Plan

2.4.2 Floods

2.4.3 Probable Maximum Floods on Streams and Rivers

2.4.4 Potential Das Failures

2.4.11 Low water considerations
- 2.4.10 Flooding Protection Requirements

2.4,.12 Groundwater

3.2.3 Evaluation

3.2.3.1 Introduction

!

Figure 1 depicts the placement of the Yankee Rowe site in the hydrologic
i

environment. Pertinent flooding mechanisms appropriate to the site include
A -10-
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i flooding from the Upper Deerfield River, flooding due to failure of upstream
! dams, local runoff'from small tributaries adjacent to t.he site, local flooding

,_

on-site from intense precipitation, and ' probable maximum precipitation (PMP),

loading on roofs of safety-related structures. Hydrologic causal mechanisms
not pertaining to ttie site are hurricane surge, tsunami, and lake seiche.

3.2.3.2 FloodHistory{

History of flooding at the site has been identified by the Licensee as
confined to the security guard house during occurrences of intense rainfall
and local flooding conditions. No other flooding experiences have been.
identified.

3.2.3.3 Local Flooding

Probable Maximum Precipitation

At the NEC's request, a PMP for the Deerfield River basin has been
developed for the purpose of defining the probable maximum ' flood .(PMF) of the
Deerfield River. Appendix A presents this independent ' evaluation of the '

magnitude and duration of a PMP event in the Deerfield River Easin. The PMP
! magnitude and duration presented in Appendix A was not used in the evaluation

of .ocal flooding potential presented below.
.

Iocal Plant Flooding

Introduction

This study consists of an independent evaluation of the depth of flooding
ad]acent to the turbine and ancillary buildings at the Yankee Rowe site. The

flooding rest its from site runoff during rainfall equivalent to the PMP.-

.

Drainage Location

-

Tne Yankee Rowe plant is situated at the confluence of three watersheds;
two watersheds are unnamed and the third is drained by Wheeler Brook. Figure

4 -12-
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I contains a contour map of the region surrounding, the power plant with the
three drainage area boundaries delineated individually. The area within

._

watersheds 1, 2, and 3 are 73 acres', 197 acres, and 806 acres, respectively;
. Wheeler Brook is represented by watershed 3. The' watershed divide separatinga

the three drainage basins are in part controlled by the location of powerline
rights-of-way and acccas roads. Verification of the watershed divide

?

locations was made ~ during a ' site visit on June 1,1982.

The watercourse for drainage area 1 originally passed through the power
plant site until it was diverted at.the time of plant construction. This

watershed is the primary source of local runoff and is the dominant scu ce for
local planc flooding.

Runoff from drainage area 2 has been diverted 'due to the construction of

a powarline and its right-of-way, seen in Figure 1- 'This right-of-way conveys
runoff away from the original mid-watershed mainstream to a stream channal
located adjacent to the western edge of the watershed. Evidence of. erosion,

channel headcutting were observed during the site visit in the right-of-
.

way in drainage area 1. Continued erosion will ultimately result in ther

diversion of runvif frca above or south of the powerline from drainage area 2
l into that runoff of drainage area 1.

Wheeler Brook is tne principal stream channel for draining watershed 3.
At the mouth of Wheeler Brook is a 60-inch-diameter, corrugated pipe culvert
passing through the embankment of an abandoned railroad grade. This culvert

has an inlet invert elevation of 1109 ft mal (YAEC Drawing YR-D-10-013) and is
! located about 680 feet east of the containment sphere. Presently, runoff from
|

dramage areas 1 and 2 is tributary to Wheeler Brook at its mouth.
.

, A schematic drawing of the nuclear power plant along with flowlines can
1

ba seen in Figure 2. These flowlines represent the relative position of the
atream channels draining watersheds 1, 2, and 3 as identified in Figure 1.

Typical vegetation covering the watersheds consists of coniferous and
deciduous trees. The crown density of the natural vegetation is estimated to

I

1.[h-2
-13-
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be approaching 90% except in the powerline right-of-way where the larger trees
have been systematically removed.

._

Vegetation clearing for tw*o powerline rights-of-way (seen in Figure 1)
transect both watersheds 1 and 2. This reduce" " retarding effect of heavy
vegetation, resulting in an increase in runoff compared t.o the undisturbed
areas of the watersheds, as'.well.as providing a path or channel for the
collection and conveyance of the runoff.

A critical assumption.mr. te during the site. drainage analysis was that the
watershed divide separating drainages areas 1 and 2 was intact and that no :

runoff from the larger eastern watershed entered watershed 1. However,

continued erosion of the powerline right-of-way will render this assumption
incorrect. The Licensee should develop a means to stop head cutting, or as an
alternative, design the local flood protection structure with consideration to
runoff from both drainage areas 1 and 2.

*

Probable Maximum Precipitations
-

The most severe hydrometeorological condition with respect to site
drainage is the PMF resulting from rainfall equivalent to the PMP. The SEC-1

flood hydrograph program (261, in conjunction wich the rainfall ischyetals in
Hydrometeorological Report No. 33, was utilized in estimating the maximum
discharge from the three watersheds identified in Figure 1 during the PMP.
The PMP was distributed temporarily according to the U.S. Corps of Engineers
manual, " Standard Project Flood Determinations," TA-1102-2-1411 (1952) [23].

The PMP used in the site drainage study was 26.0 inches in 24 hours [22,
23] with che maximum intensity of 7.63 inches per hour. Figure 3 contains the,

5-hour segment of the 24-hoar PMP having the greatest cumulative rainfall.|
.

,

t

Probable Maximum Flood Hydrocrachs
.

The PMF for the three forested watersheds was simulated by the EEC-1
flood hydrograph program. Runoff calculations were based on assumed ra'infall' |

;

watershed response functions.. The watershed response function was
|
|
:

! i
A -15- I
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independently determined based on background information provided by the

. . _ _

Licensee [21], a site visit, and analytical methods present:ed by the Soil
Conservation Service [24].

.

The watershed response function contains a lumped parameter called a
' curve number" that is dependent upon soil t' pe, vegetative cover, andy

.
antecedentsoilmoisturecobditions. The soil type found in watershed 1 is

~

classified as the Berkshire' Series [25], and the vegetative cover is a

coniferous and deciduous forest. The antecedent moisture conditic.. selected
'

for use during this study was AMC III. A value of 78 was assigned to,the
curve number representing the runoff characteristics of the watershed adjusted
for clearing of the right-of-way.

Peak discharge during the PMF from the 73-acre drainage basin 1 will be
1,329 cfs. This discharge does not include the base flow, estimated to be

~

less than 50 cfs. The shape of the PMF'hydrograph, seen in Figure 3, is
p g:nerally sharp and is characteristic of a small, steep watershed with an

intense localized rainfall centered over the basin. .
1

The PMF for watersheds 2 and 3 was also calculated for the purpose of
1

comparison. Their PMF values were 3,750 cfs and 11,900 cfs, respectively.
However, because Wheeler Brook and watershed 2 presently do not discharge-
t1 tougn the plant site, onlY the PMF from the unnamed drainage area 1 was used

to determine the depth of flooding adjacent to the nuclear facility.

Runoff from watershed 1 is presently the only source of water that will
flood the plant site during the probable maximum event, and an evaluation of
the depth of flooding from this event is presented in the next section.
Runoff from watershed 2 is presently isolated from the neighboring watershed 1

.

by a natural divider however, continued erosion over an indefinite period of
time will ultimately redirect floodwater from drainage area 2 to drainage area
1. Once the divide is eroded, the onsite PMF will increase significantly.
Wheeler Brook (drainage area 3) poses no flood hazard to the site.

.

I
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Site Drainage and Depth of Fl W ing

The analysis of site flooding by runoff from the three watersheds located '-

above the nuclear power plant was restricted in its precision due to a lack of
adequate topographic maps of the plant site. The most inadequate data were
the location, size, and slope of the flood channels passing through or around-
the nuclear power facilipf. However, during the site visit, estimates were
made of the general location, dimension, and slope of the principal drainage
paths in the plant vicinity. This ir. formation was subsequently used in the
site flooding analysis.

The first step in the site flooding analysis was to investigata the
conveyance capabilities of Wheeler Brook and the low flow channel for drainage
area 1, described in detail below. Normal depth calculations indicated that
the bankfull discharge or maximum ficod capacity of Wheeler Brook is about
34,000 cfs, whica is greater than the combined PMF from drainage areas 1 and
2.

The crest of the railroad embankment at the mouth of Wheeler Brook is
lower than plant grade and is separated from the plant site by a n.stural steam

~ divide. An assessment of site ficoding potential indicated that the influence -

of the Wheeler Brook railroad embankment was insignificant.

The natural watercourse for drainage basin 1 was altered during the
construction of the nuclear power plant such that the runoff is presently
being diverted eastward around the plant by a small unlined, ditch tnat joins
Wheeler Brook at its mouth. This alternate route is shown graphically on
Figure 2. A new drainage channel starts at the southwest edge of the plant

,

sita and drains in a northwesterly direction parallel to the outer security
fence. The left-hand or northwest edge of this channel is composed of a um11

. levee having a height of approximately 4 ft'above the invert. The outer
security fence is set on top of and parallel to this levee.

The shape of the existing hillside runoff drainage channel is highly
irregular; however, the general shape can be described as trapezoidal with a
base' width of about 5 f t, a top width of aBout 15 f t, and a depth of about 4
ft. The channel slope and "n" value.were estimated to be about 21 and 0.10,
respectively. This channel is sufficient for low discharges, but for flows

.

_ _ _ .
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exceeding 150 cfs, the channel side will breach, resulting'in a change in
direction of the flow path back to the original stream channel that passes . __

through the plant.

'

Once the channel levee is breached, the runoff will enter the plant site
.

and flow along an asphalt roadbed located between the diesel generator
building and a low retaining' wall west of the containment sphere. The-

: .

narrowest width of this roadbed, marked cross-section A-A in Figure 2, is 45
ft.

The depth of flooding adjacent to the diesel generating building was
calculated based on 100% diversion of the peak flood discharge of 1,329 cfs
and using a rectangular channel having a base width of 45 ft. It was assumed
that the flow was at a hydraulic critical depth due to the severe roadbed
clope of 34 measured from tne Licensee's 2-f t contour map of the plant site
(YAEC Drawing YR-D-10-013) . A flood depth of 3.0 f t at the diesel generator
building will result frcm runoff during a rainfall event equivalent to the

This corresponds to a local elevai: ion of 1131 f t mal, 3 'f t above grade
.

.

ct the diesel generator building and turbine building.

The depth of flooding will be considerably greater if watershed 2, as
Cien in Figure 1, is allowed to spill over into the unnamed wat3rshed 1 as a
emult of concinued erosion of the powerline right-of-way.

Due tc lack of information pertaining to the limiting flood elevation of
safety-related equipment within these buildings, it is not known what effect '

floodwater 3 f t above grade would havs on safety-related equipment.-

Roof Flooding
|

'

The roofs of safety-related structures at the Yankee Rowe plant were
docigned to withstand a live loading of 40 psf, with the exception of the
vrpor container, which is designed for an unspecified higher live load (13].
Tho equivalent of 40 psf is 7.7 inches of ponded water.

Current NRC criteria require that the roofs of all safety-related
;tructures be able to withstand the loading caused by the PMP if all roof

. . _ ,a
decins are fully blocked and non-functional.

g -19-
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i The vapor container is spherical in shape, and rain runs directly off of
f it. For this reason, the vapor container iF not affected by tAe PMP. ~~

!

| The parapets around the roof of the turbine building are 21 inches high ;

| [13]. If roof drains were blocked during PMP, the heaviest single hour "fo

precipitation would cause ponding that would exceed the design basis live
!

loadinig by 45 percent. . Continued precipitation would result in ponding up to
21 inches, exceeding the desigt, basis live loading by 173 percent. For thase!

reasons, the turbine building roof does not fulfill current NRC criteria.-

The primary auxiliary building roof has parapets 6 inches high, and all
other safety-related structures have parapets 4 inches high or lower [13].
These buildings could not pond water high enough to meet the design basis live
leading on the rooftops, and therefore they fulfill NRC criteria for rooftop
ponding.

In summary, the turbine building roof is the only roof on a safety-
related structure which is not protected against PMP.

.

,3.2.3.4 Flooding of Rivers

.

PMF Without Dam Failure
s

Information under this topic to be supplied by the NRC.

PMF With Dam Failure

Information under this topic to be supplied by the NRC.

! 3.2.3.5 Failure of Dams
-

The Licensee has presented an evaluation of the integrity of Harriman Dam
under SEP Topic II-4.E [21]. The Licensee has concluded that the prosability
of f ailure of Harri:nn Dam is extremely remote; however, should the dam fail
completely, stream flow would rise to a depth of between 25 and 45 f t above
the turbine floor of the Yankee Rowe plant.

O
'

-20-
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No evaluation of the integrity of the Sherman Dam has been presented in
the Licensee's submittal of SEP Topic II-4.E (21], Dam Integrity. This '-

information is necessary for review of SEP Tcpic II-3.C, Ultimate Heat Sink.
.

'

3.2.3.6 Groundwater

No information was ava3.lable. for review under this topic at the. time of.

writing.. Further.informatibn- from the Licensee, in response.to an NRC request,

I
'

for additional information, should be available in the near future.

*3.2.4 Conclusion .

Local Flooding

Local flooding of the plant site is shown to occur during a PMP falling
in basins tributary to the site. . woding to 3 ft above grade occurs in the

area of the diesel generator building .ind the turbine building. Flooding

Ooffectsonsafety-relatedequipmentisunknownduetoalack,ofsufficient
-information.

.

Roof Flooding

The turbine building roof is the only roof on a safety-related structure

which is not protected against the PMP.
"

.

Flooding of Rivers

Further study of this issue will be undertaken by the NRC. No final

crnclusions are presented in this evaluation.

. -

Failure of Dams
|

Further study of this issue will be undertaken by the NRC. No final |

conclusions are presented in this evaluation.
'

~

O -

;
,
i
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3.3 CAPABILITY OF OPERATING PLANTS TO COPE WITH DESIGN BASIS FLOOD CONDITIONS
(SEP TOPIC II-3.B.1).

. _ _

3.3.1 Topic Background

Protection against postulated floods can. sometimes be accomplished by
implementing emergency procedures and technical specifications. The purpose
of this evaluation is to focus on the adequacy and efficacy of the Yankee Rowe
plant emergency procedufes to preclude flooding of safety-related equiement
necessary for maintaining the safe operation and cooldown of the reactor
system. Further, this evaluation addresses the existence of technical
specifications for flood control systems and procedures.

The following evaluation used information obtained during a Yankee Rowe

plant site visit (20], Docket No. 50-29, the PMF hydrograph developed in
Section 3.2 of this report, and Yankee Rowe's OP-3006, " Environmental Flooding
Conditions" [26].

__

3.3.2 Topic Review Criteria

| The following references were used as review criteria:
|

| o ANSI'N170-1976
|
,

o NRC Regulatory Guides 1.59 and 1.102

o Standard Review Plan, Sections 2.4.10 and 2.4.14.
.

3.3.3 Evaluation .

|

Background

The PMF and certain other floods of higher frequency have been deter: tined
to reach elevations whica jeopardize equipment used in the normal operation of-

the Yankee Rowe plant. Consequently, the Licensee has adopted flood emergency
' procedures which provide guidance for operating personnel in the event of the

forecast of a flood elevation reaching the screenhouse.

'This evaluation focuses on the acceptability and efficacy of the
Licensee's procedures as sechanisms to protect the equipment needed for
reactor cooldown and control. '

l
|
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The NRC's criteria for protection against flooding are as follows:
1. The conditions resulting from the worst site-related flood probable at '-

a nuclear power plant (e.g, PMF, seismically induced flood, hurricane,
seiche, surge, heavy local precipitation) with attendant wind-generated
wave activity constitute the design basis flood conditions according to
which safety-related structures, systems, and components identified in-

*

Regulatory Guide 1.29 must be designed to withstand and retain
capability for co14 shutdown and maintenance thereof.

| 2. As an alternative to designing hardened protection [ hardened protection
means structural provisions incorporated in the plant design that will
protect safety-related structures, systems, and components from the
static and dynhaic effects'of floods. In addition, each component of
the protection must be passive and in place, as it is to be used for
flood protection, during normal plant operation. Examples of the types
of flood protection,to be provided for nuclear power plants are
contained in Regulatory Guide 1.102] for all safety-related structures,
systems, and components as specified in Regulatory Position 1 above, it
is permissible not to provide hardened protection for some of these
features if

Sufficient warning time is shown to be available to shut the planta.
down and implement adequate emergency procedures;,

'

b. All safety-rslated structures,-systems, and components identified ~
'

in Regulatory Guide 1.29 are designed to withstand the floods

I conditions resulting from a Standard Project event with attendant
wind-generated wave activity that may be produced by the worst
winds of record and remain functional;

In addition to paragraph 2.b above, at least those structures,c.

systems, and components necessary for cold shutdown and maintenance '

thereof are designed with hardened protective features to remain
functional while withstanding the entire range cif flood conditions
up to and including the worst site-related flood probable (e.g. ,
PMF, seismically induced flood, hurricane, surge, seiche, heavy
local precipitation) with coincident wind-generated wave action as
discussed in Regulatory Positien 1 above [4].

.

Temporary flood barriers, such as sandbags, plastic sheeting,
i portable panels, etc., which must be installed prior to the advent

of the DBFL, are not acceptable for issuance of a construction
permit. However, unusual circumstances cr.,uld arise after
construction that would warrant consideration of such barriers.
One example of unusual circumstances that might justify use of
temporary barriers is a post-construction change in the
flood-producing characteristics of the drainage area, as discussed

O in Regulatory Position 3 of Regulatory Guide 1.59 " Design Basis
Floods for Nuclear Power Plants." In such circumstances, and with
strong justification, the staff may accept temporary barriers [5] .

-23-
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It is the position of this review that, to fulfill NRC guidelines, the;

j Licensee's procedures must protect against all PMF events with a high degree
. _ _

. of assurance that safety-related equipment will be able to maintain a safet

shutdown condition throughout the flood event. . To provide this assurance, alli

i
1

methods of communication should be reliable and all methods of flooding should
, be considered. Adequate time to complete the emergency actions must be

available between receipt of the instructions to initiate the procedure and
i . flood waters reaching equipment to be protected. Actions to be performed!

should be as simple as possible, and described clearly. Finally, assurance, '

snould be provided that the proposed protective measures are . adequate to
protect equipment necessary to maintain safe shutdown against the PMF.

. Emergency Procedures

Ir., cal Flooding

No emergency procedures exist to protect safety-related structures and
equipment from flooding resulting from ~ a local PMP. In general, it can be

assumed that the time-dependent cliaracteristics of the PMP that induce the PMF
.

are such that all prescribed emergency actions would need to be completed
| within a short amount of time. Thus, on-the-spot sandbagging or similar '

; emergency procedures are not considered technically feasible. The interval of

time between warning of the local flood event and inundation of safety-related
. equipment is not sufficient to erect flood harriers. For these reasons,

protection from local flooding should be hardened, and always in place.
1

Flood of Deerfield River

- The Licensee has stated [20] that two emergency procedures exist at the
,

Yankee Rowe plant to protect against flooding on Sherman Pond. One of these

procedures, OP-3006, " Environmental Flooding Conditions," is designed to
protect the screenhouse from flooding on Sherman Pond (19]. The other

'

procedure is not available for reviev. The Licensee has stated that this
| missing procedure addresses the installation of stop logs in flood walls, and

"

tnat no other procedures for flooding from the environment exist at the Yankee
Rowe plant (20].

s -24-

'bd Franklin Resear.ch Center !A ce n or n. rr.n. % -



_
__- _ _ __

.

TER-C5257-426.

.

It is not clear whether an emergency procedure should exist for the
intake structure for the following reasons: --

The PMF resulting from an upper basin PMP may, according to the NRC'so
present position, cause water to flood over the entire intake
structure. -

.

Failure of Harriman Dam will also cause flooding over the entireo
intake structure. .

Should.the. resolution of these issues indicate that OP-3006 is a
necessary procedure, the following critique is provided.

The oojective of CP-3006 is to " set forth steps necessary to assure the
.

safety of the plant in the event of externkl flooding conditions." Further
discussion presented in OP-3006 indicates that a secondary objective is "to

provide proper cooling for t''.e reactor and associated equipment" by protecting
the screenhouse and the pumps within the screenhouse when there is ficoding on
Sherman Pond. Therefore, the objective.of this emergency plan is not to

, prevent flooding of the plant site, but to ensure the continous flow of
reactor coolant water.

.

OP-3006 is initiated by the following: "

.

Symptoms

1. Heavy and prolonged precipitation

2. Steady increase of pond level
.

3. Seismic, shock of any magnitude in the area '

i
'

4. Screenwell house high sump level Panalarm, No. SH-4 [19] .
-

i

Receipt of flood warnings should also be included as an initiating
Further, appropriate actions, associated flood elevations", and

- event.

required times should be included under this emergency procedure.

Further elaboration is needed under item 1 above. For example, a minimum
i Invel of precipitation should be identified which would act to initiate '

operator actions. Under item 2, further elaboration should be provided to
.
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] enable a plant supervisor to assess water level changes. For examples item 2
3
J snould indicate the water level at which the emergency procedure would be

.

l initiated. Further excerpts from CP-3006 are presented below:
1
i "Immediate Operator Action

1. Contact the Harriman Station as to pond level increase and rate of
increase and c9ntact the dispatcher for availability of Sherman
Station.

2. Initiate OP-3300, " Classification of Emergencies."
.

3. Start the screenwell house water eductor if needed.
- 4. Place the travelling screens in operation. *

,

5. Place the emergency flood control panels inside the screenhouse door
i casings.

6. Notify higher supervision [19].

Subsequent operator Action

1. Review OP-Memo 2A-l' for possible NRC nctification requirements.
.

t 2. Sandbag the screenhouse door flood control panels to make the doors
! as watertight as possible.

3. Maintain contact with Harriman Station by phone and radio for
information on river conditions.

4. Frequently clean strainers in cooling water lines to running -

equipment. -

5. Frequently over-supply cooling water to operating coolers to flush
out sediment.

i

6. When available personnel are on site, sand-bag low areas of the yard
- to prevent , flood waters from entering the plant as necessary.

Install the yard barrier stop logs if extreme flood levels are
expected and sandbag or cover unprotected building doors.

7. Constant y check screenhouse sump pump and eductor for proper
,

I
operation." -

.

- It should be recognized that NRC notification requirements should not
!

| binder the efficient and timely initiation of a flood emergency procedure.
Further, burlap bags and sand should be readily available to operators. Sand,

; -26-
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. which is heavy, should be stored near to the place it will be used, with
shovels nearby to fill bags. These precautions enable efficient

~

implementation of flood protection meas'ures.

, The two methods of communication with Harriman Station constitute an
appropriate level of redundancy. However, it is.likely that there will be .

insufficient time available!between failure of Harriman Lam and the resulting.

rise.of water to be.able to' implement this procedure.

Final Conditions-

1. The plant is operating normally with low areas of the yard and the
screenwell house successfully barricaded against abnormally high pond
conditions, or

2. The plant is shut down and borated to full shutdown concentration..

Decay heat is being controlled by the atmospheric dump (19] .

This flood emergency procedure dcas not specify the maximum flood water

level. Since. the-screenwell and pumphouse walls cannot resist hydrostatic
pressure resulting from a flood level of 1,131.7 f t asi '(18], the procedure

,

QP-3006 is useless during the occurrence of a PMP.

Technical Specifications
.

The Licensee has no technical specifications which specifically address
,

flooding of the plant site. Technical specifications wh'ich limit plant

cperation during flood conditions may be warranted.

3.3.4 Conclusion -

The final review of the adequacy of emergency flood procedures is
,

, .

dependent upon the resolution of the final PMF elevations due to both a failure
i

cf Harriman Dam and the PMP-induced PMF. Further, the need to protect the

intake structure is dependent upon a resolution of SEP Topic II-3.B, Flooding
Potential and Protection Requirements.

.

.
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r.i 3.4 SAFETY-RELATED WATER SUPPLY (TOPIC II-3.C).r. } - -

'f.3 3.4.1 Topic Background- ~

i f, .
.

This topic reviews the acceptability of a particular feature of the
h cooling water system, namely, the ultimate heat sink (UHS). The review is

,

f, based on current criteria contained in Regulatory Guide 1.27, Rev. 2, which is
N an interpretation of General Design Criterion (GDC) 44, " Cooling Water," and.<

.

t % GDC 2, " Design Bases For Protection Against Natural Phenomena," of 10CFR50,
'

?

{$j
Appendix A.

f. GDC 44 requires, in part, that suitable redundancy of features be provided.

k for cooling water systems to ensure that they can perform their safety function.N
5,: GDC 2 requires, in part, that structures, systems, and components important toO

safety be designed to withstand the effects of natural phenomena without lossa
y of ability to perform their safety functions. Regulatory Guide 1.27 has been9h, specifically cited by the NRC's Regulatory Requirements Review Committee for

consideration in the backfitting of operating reactors. This guide is used
;

;) judging whether the facility design complies with current criteria.
s .

f.] The UHS, as reviewed under this topic, is the complex of cooling water
sources, including necessary retaining structures (e.g., a pond with its dam'

9

{ or a cooling tower supply basin), and the canals or conduits connecting the
,

, sources to the cooling water system intake structures, but excludes the intake
',j structures themselves. The UHS performs two principal safety functions: (1)

dissipation of residual heat af ter reactor shutdown, and (2) dissipation of
'

residual neat after an accident..< ^
e,

I) Availability of an adequate supply of water for the UHS is a basic
; requirement for any nuclear power plant. Since there are various methods of
a .

-1 - satisfying the requirement, UHS . designs tend to bs unique to each nuclear
g plant, depending upon its particular geographic location. Regulatory Guide
| 1.27 provides UBS examples that the NRC staff has found acceptable.
fi

j The UES must also be able to dissipate the maximum possible total heat,
j including the effects of a loss-of-coolant accident (LOCA) under the worst
j combination of adverse environmental conditions. The maximum tolerable
) temperature of an UES such as a cooling pond may significantly limit its
8,
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ability to dissipate the heat load following a LOCA or plant shutdown, while!

;. __

maximum temperature may not be a significant concern for an UES such as a
large lake, river, or ocean.

Because of the importance of the UES, it should be able to pdrform its.

safety function during and following the most severe natural phenomena or
accidents postulated at thelsite. In addition, the UES safety functions2

! should be ensured during other applicable si,te-related events 'that may be
caused by less severe natural phenomena and accidents in reasonable

.

combination.
'

.

.

3.4.2 Topic Review Criteria
i

The criteria for evaluating the UES were taken from Regulatory Guide.

1.27, " Ultimate Heat Sink for Nuclear Power Plants," and are as follows:
i "1. The ultimate heat. sink should be capable of providing sufficient

cooling for at least 30 days (a) to permit simultaneous safe shutdown,

j and cooldown of all nuclear reactor units that it serves and to *
'

maintain them in a safe shutdown condition, and' (b) in the event of -

an accident in one unit, 'to limit the effects of that accident

safely, to permit simultaneous and safe shutdown of the remaining
units, and to maintain them in a safe. shutdown condition. Procedures

,

for ensuring a continued capability af ter 30 days should be available.

2. The ultimate heat sink complex, whether composed of single or
multiple water sources, should be capable of withstanding, without
loss of the sink safety functions specified in regulatory position 1,
the following events:

a. the most severe natural phenomena expected at the site, with
appropriate cabient conditions, but with no two or more such
phenomena occurring simultaneously,.

,- b. the site-related events (e.g. , transportation accident, river
diversion) that historically have occurred or that may occur
during the plant lifetime,

c. reasonably probable combinations of less severe natural phenomena
and/or cite-related events, -

.

d. a single failure of manmade structural features.

3. The ultimate heat sink should consist of at least two sources of
' . water, including their retaining structures, each with the capabilicy,

to perform the safety functions specified in regulatory position 1, "

-29-
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|
unless it can be demonstrated that there is an extremely lowi

probability of losing the capability of a single source.
!
l

._

4. The technical specifications for the plant should include provisions
for actions to be taken in the event that conditions threaten partial
loss of the capability of the ultimate heat s, ink or the plant
camporarily' does not satisfy regulatory positions 1 and 3 during
operation.",

,

|
| In addition to Regulatory Guide 1.27, clarifications are contained in

'! Standard Review Plan (SRP), Sections 2.4.11, "Iow Water considerations," and
I 9.25, " Ultimate Heat Sink."
i

.

3.4.3 Evaluation

The UES for Yankee Rowe Nuclear Power Station is the Sherman Pond formed
by the Sherman Dam along the Deerfield River. Cireviating and service water

suction is from the bottom of Sherman Pond at elevation 925 ft through a
vortex- eliminating intake located'approximately 180 ft from sacre and rises
through a 120-in internal diameter corrugated steel pipe to the entrance .of

'

the screen well house at elevation 976 f t 8 in.

Discharge from the circulating and service water systcas is directed to
the discharge seal pit. From the discharge seal pit, the water is discharged

'over a weir wnose crest is at 1002 f t. The weir is adjustable to higher
, levels by the addition of stop logs. The discharge seal pit has been designed
!

to return plant cooling water to the pond near the Sherman hydroelectric plant
intake to ensure that warmed discharge water passes at once downstream.

.

3.4.3.1 Vulnerability of the UBS to a Single Failure of Manmade Structural
Features

-

The failure of the Sherman Dam or the intake conduit .an be postulat.d to
-

l

occur due to failure during intense runoff, catastr'ophic structural failure,
or seismically induced structural failure. Although all of these events are
considered to be low probability events, consideration of these events is
consistent with topic review criteria. The effect of earthquakes on the

intake conduit of the dam is being reviewed under 'Icpic ,III-6, " Seismic Design
i Considerations."
|
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A postulated failure of Harriman Dam and subsequent ficoding [21] which
causes overtopping and failure of She: man Dam deserves avaluation under this ~ - )
SEP Topic. The failure of Sherman Dam in this scenario would leave the plant |

j without an UBS following the passage of waters released from Harriman
Esservoir. It should be recognized, however, that this scenario differs only
from simple failure cf Sharpara Dam in that Harriman Resevoir water is no

,

longer available to act as an UES.

In Reference- 14, YAEC was requested to describe how the heat sink

function is maintained following the occurrence of severe natural phenomena or
catastrophic failure of Sherman Dam or the intake ccnal. It was noted that a

cooling capacity of less than 30 days may be acceptable if it can be
demonstrated that replenishment or use of an alternate water supply can be

icffected.to ensure the continuous capability cf the sink to perform its safety
function, taking into account the availability of replenishment equipment and-
limitations that may be imposed on freedom of movement following the
occurrence of natural phenomena. YAEC was requested to provide a discussionY of the ' emergency procedures to be followed. *

At the time of praparation of this evaluation, YAEC's response has not
been received. As a consequence, insufficient information is available to

cvaluate the vulnerability of the UHS to a single failure of manmade
etructural features. '

. -

I

3.4.3.2 Vulnerability of the UBS to Missiles

The UBS water source, Sherman Pond. is not susceptible to damage from
eissiles, from natural phenomena (tornado) or site-related events (turbine

- missile) that would result in a complete loss of heat sink availability. The

intake conduit as well ir not susceptible to damage from missiles, because the
conduit is either buried or below the water surface over its entire length. '

The Sherman Das may be susceptible to damage. The effect of missile damage

would not be more severe than that postulated to occur from the catastrophic
failure described in Sect' ion 3.4.3.1. Further information with respect to

missiles is available in SEP Topic III-4.A, III-4.B, III-4.C, and III-4.D..
.

%
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3.4.3.3 vulnerability of the UHS to Sedimentationj

) In Reference 15, YAEC stated that " divers normally check for silt buildup
~

j and inspect the conduits and surrounding areas and perform any maintenance
)1 required during refueling outages. The accumulation of silt could affect the.i
i performance of the UES; however, this review concludes that the periodic

inspection of the inlet. conduit and surrounding area by divers should give
i ample warning of sediment buildup to allow for early corrective action." In4

)
i addition, inspection for sedimentation will be included in the future formal
j inspection program under Regulatory Guide 1.127 (see SEP Topic III-3.C) .s

0, .

4

3.4.3.4 Vulnerability of the UES to Low Water Conditions
!

| In Reference 16, YAEC described the circulating water system at the1

} Yankee Rowe plant. In this description, YAEC addressed the potential need for
s

j a cooling tower and states the following:
!

!
"Early in the development of the project it became apparent that during a
prolonged dry period and under certain possible~ conditions of hydro-
electric' power operation of the Deerfield River system, circulation of -

Sherman Pond water through the condenser could produce higher temperature
downstream than could be tolerated.

;
; In Reference 17, YAEC provided a plan view drawing of the circulating
!

water system plan which includes the intake conduit, screenwell and pump
house, seal pit, and cooling tower. The, drawing, 9699-FM-38F, indicates that
the stipulated lowest water level for operatica of the hydroelectric station;

I

is at elevation 988 ft (NEP datum). It further states that the " hydro station
must operate to prevent recirculation [and) overheating of [the] pond when.

turbine generater operates without [the] cooling tower."
,i

i! -

In Reference 14, a concern was expressed that the capacity of the1:
!

ultimate heat sink should be sufficient to provide cooling for the period of
time needed to evaluate the situation and to take corrective irtion. In

addition, the UHS should be able to dissipate rejected , heat to ensure that
design temperatures of safety-related equipment are not exceeded. During a

prolonged dry period and under certain possible conditions of hydroelectric
power operation of the Deerfield River system, circulation of Sherman Pond --

_
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water through the' condenser could produce higher pond temperatures. The UBS
. - _ _

must be able to dissipate the =mwimum possible total heat, including the

effects of a LOCA under the worst combination of adverse environmental
conditions.

"
-

.

YAEC was requested to verify that.the operation of the hydroelectric
, cystem and severe natural p$4nomena do not adversely affect the capability of

the UBS to dissipate sufficient heat following a LOCA or plant shutdown. to
clarify whether.the.need to have the Sherman hydroelectric facility opers. ting
in an environmental or safety concern, and to identify those situations in -

which the amount of water flowing through the Sherman hydroelectric facility
is critical to the cooling water temperature at Yankee Rowe's intake. In

making this determination, YAEC was to give consideration to the environmental
fcctors which would tend to increase pond temperature and to the potential for
recirculation between cooling water discharge and intake. If the flow is

critical, then YAEC was to provide any transient analyses of pond temperature
performed wnich demonstrate the capability of the Yankee Rowe UHSi YAEC was'

,

also requested to describe any plant technical specification which includes
provisions for actions to be taken in the event that conditions threaten
partial loss of the UHS.

. -

Although YAEC's response has not been received at the time of preparation
of this evaluation, it can be concluded that the UHS is able to dissipate
rojected heat following a LOCA or plant shutdown such that design temperatures

, cf safety-related equipment are not exceeded. This conclusion is based upon
!

l the fact that the drainage area above the Sherman Dam is approximately 236
square miles and that the available volume of water is large. The pond

. cxtends upstream approximately 2.2 miles and has a surface area of 218 acres

'at an elevation of 1107.66 (USGS datum). Other statistics are as follows:

Normal Maximum Reservoir Elevation 1107.66 ft USGS -

Normal Operating Reservoir Elevation 1106.66 "

Normal Tailwater Elevati^on 1026.66 "

Usable Storage (9 f t drawdown) 1,707 acre-ft
'

O Earth Dam - Length 810 ft
Height (Maximum) 110 "

33--
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Spillway - Length 178.83
<

"

J Crest Elevation 1103.66 "

:j .-

Discharge capacity (W.S. elev. 1107.66) 4,800 cfs.

. (W.S. elev. 1127.66) 67,800 cfs

The usable storage is the volume of water between the normal operacing
j reservoir elevation.and low normal level in the pond. Another 10 ft of I

) drawdown is available bgfore the lowest water level for operation of the
hydroelectric station is reached. If additional makeup iis not provided from

j Somerset Reservoir with 57,345 acre-ft and Harriman Reservoir with 116,075
acre-ft and hydroelectric operation is halted, then the remaining water would
become a cooling pond with a submerged intake and a discharge at the surface.,

The available surface for evaporation would still be large and the water loss
t woula be small compared to the water volume available. Examples of heat sinks

which have been deemed acceptable by the NRC staff (Regulatory Guide 1.27)
{ include a Isrge lake. In this instance, Sherman Reservoir can be considered a
) large lake because the volume of water impounded vastly exceeds the quantity

of water which may be needed for 30-day cooling during the worst meteorologi
| conditions. In addition, the scenario of an isolated cooling reservoir is -

4
.

j highly unlikely because " agreements with New England Electric System ensure
! sufficient river flow to prevent Sherman Pond temperatures from reaching .

I objectionable limits" [17].
|

3.4.3.4 Vulnerability of the UBS to Probable Maximum Flood

An NRC-prepared flood study forwarded to YAEC in Reference 9 shows that

Harriman Dam can safely pass about 13 inches of basin rainfalir hNever, the
18.9 inches (the NRC-determined design basis probable maximum precipitation)

} on the Upper Deerfield River Basin will overtop and fail Harriman and Sherman
|

'

Dams and produce flood levels at the plant site that are 40 f t or more above
plant grade. Based upon the severity of these results, it can be concluded
that the UHS complex is not capable of withstanding the most severe natural

.

phenomena expected at the site without loss of the heat sink safety function.
.

O
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3.4.3'.5 Vulnerability of the UBS to Reasonably Probable Combinations of Less
Severe Natural Phenomena and/or Site-Related Events ~~

; A review of the UES design compared to less severe natural phenomena.
and/or , site-related events did not identify reasonably probable combinations

'

''

which would produce 'an effect worse than those previously identified (e.g.
loss of dam) or which wouldf effect a .significant loss of heat sink function.

~ .- '

'

3.4.4 Conclusion

Criterion 1 of Regulatory Guide 1.27 was established for heat sinks where
the supply may be limited and/or the temperature of plant intake water from

) the heat sink may become critical. Similarly, criterion 2 was established to

ensure that the heat sink function would not be lost due to natural phenomena,
cite-related events, or a single failure of man-made structural features.
Criterion 3 was established to provide. a high level of assurance- that a
plant's UES would be available when needed. The Regulatory Guide suggests
that the UBS consist of at least' two sources of water, unless it can be
demonstrated that there is an extremely low probab'ility of losing a single

,

source. An UBS design that satisfies the intent of Criteria 2 and 3 then must
also be capable of providing sufficient cooling for simultaneous safe shutdown

and cooldown of all nuclear reactor units that it serves and to maintain them
in a safe shutdown ccadition for 30 days as described in Criterion 1.

,

The Yankee Rowe UHS partially complies with Criterion 2. The UBS is
! ccpable of withstanding the following events without loss of the sink safety

function
,

-

Reasonably probable combination of less severe natural phenomenao
and/or site-related events..

The site-related events that historically have occurred or that mayo
occur during the plant lifetime.

The UHS is not capable of withstanding the most severe natural phenomena
expected at the site in which a PMF inundates the site and fails Sherman Dam,

p With respect to a single failure of manmade structural features insufficient
! information is available to evaluate the vulnerability of the UES. '

|

.

.
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2 The Yankee Rowe UES does not comply with Criterion 3. The UHS complexi
N

i does not consist of at least two sources of water, each capable of providing --

g cooling of the reactor and of maintaining it in a safe shutdown condition for
] 30 days. Insufficient information exists to support a reasonable assurance

finding that there is an extremely low probability of losing the capability of
.?
- the Sherman Pond. Specifically, the Yankee Rowe facility is susceptible to

$ flooding from either a s, ingle failure of the Harriman Dam or from a PMP that !1

'
overtops and fails the Harriman Dam. The UHS appears to be susceptible to a
single failure of the Sherman Dam because the intake conduit does not extendi

1

to the Deerfield River bed and sufficient net positive suction head may not be
j available even if tne intake conduit remains submerged.
?

Since the Yankee Rowe UBS partially complies with criterion 2 and does

not meet criterion 3, it cannot be concluded that the UHS is capable of
: providing sufficient cooling for the safe shutdown and cooldown of the reactor
1
'

that it serves and of maintaining a safe shutdown condition for 30 days as
stipulated in. Criterion 1.

'!
! Criterion 4 ' requires ttat the plant technical specifications include "

~'
.

provisions for actions to be taken in the event that conditions threaten4

partial loss of the UHS. This criterion was estaDlished to ensure that the
manner in wnica plant technical specifications were written was such that the

l

plant woula be placed in a safe condition or provisions would be implemented
g if a condition existed which threatened the availability of the UES. An

example of such a condition might be the prediction of a severe flood which
would jeopardize a UES dike or retaining structure, a severe drought with the
potential to reduce the capacity of a cooling pond, or a prediction of severe '

! river icing conditions which could preclude or inhibit water for a
- once-througn cooling system.,

I

In each of these nituations, technical specifications requiring the plant
to be placed in a safe shutdown condition or implementation of procedures to',

mitigate the consequences of a threatened partial loss of the UHS would be
prucient. The Yankee Rowe Technical Specifications do not include provisions

.

'
,
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Ifor actions to be taken in the even't that the plant requires protection from
. _ .

nigh water during severe flooding or severe low water conditions. Therefore,

the. Yankee Rowe facility does not comply with Criterion 4.
,
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4. CONCLUSIONS
:
-:
: .c

i 4.1 HYDROLOGIC DESCRIPTION

Information pertaining to the groundwater regime at the site is not
available. This information is necessary to determine a suitably conservative

'

maximumgroundwatereleyationandnormalhighgroundwaterelevationforusein
SEP Topics II-3.B and II-3.C, Effects of High Water Level on Structures.

'

A Licensee response to an NRC request for additional information
3 pertaining to chese topics has not been received. Information relating to
l flood design basis and limiting flood elevations of safety-related equipment

is not available.
i

|

| 4.2 FLOOD POTENTIAL AND PROTECTION REQUIREMENTS
!

! Iccal Flooding

Local flooding of the plant site is shown to occur during probable
| marimum precipitation (PMP) falling in basins tributary to the site. Flooding .

|i(; to 3 ft above grade occurs in the area of the diesel generator building and
:

I the turnine building. Flooding effects on safety-related equipment is unknown
due to a lack of sufficient information.

Roof Flooding
I
'

The turbine building roof is the only roof on a safety-related structure
which is not protected against the PMP.

.

Flooding of Rivers
.

Furtner study of this issue will be undertaken by the NRC. No final

; conclusions are presented in this elevation.
I
!
l

*

,

.

.
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Failure of Dans
._

Further study of this issue will ne undertaken by the NRC. No final

conclusions are presented in this elevation.

4.3 EMEPt:mr v PROCEDURES AND TECHNICAL SPECIFICATIONS
2

An insufficient amount of background information (i.e., the Licensee -

hsponse to FRC request for additional information) has affected the degree of
m ietion of this review..

*
.

The final review of the adequacy of emergency flood procedures is
d: pendent upon the resolution of final PMF elevations due to both a failure of
Harriman Dam and the PMP-induced probable maximum flood (PMF) . Further, the
need to protect the intake structure is dependent upon a resolution of SEP
Tepic II-3.C, Ultisata Heat Sink.

h3.4 ULTIMATE HEAT SLNK

Criterion 1 of Pagulatory Guid"e-1.27 was established for heat sinks where-
.

[

j the supply may c3 limited and/or the temperature of plant intake water from
| the heat sink may become critical. Similarly, Criterion 2 was established to

casure that the heat sink function would not be l'ost due to natural phenomena,
cite-related events, or a single failure of man-made structural features.
Criterion 3 was established to provide a high level of assurance that a
plant's UHS would be available when neeCed. The Regulatory Guide suggests
that tne UHS consist of at least two sources of water, unless it can be
demonstrated that there is an extremely low probability of losing a single

.
An UBS design that satisfies the intent of Criteria 2 and 3 then mustsource.

also os capable of providing sufficient cooling for simultaneous safe shutdown

and cooldown of all nuclear reactor units that it serves and to maintain them
in .a safe shutdown condition for 30 days as described in Criterion 1.

.

The Yankee Rowe UHS partially ' complies with Criterion 2. The UHS' is-

pable of withstanding the following events without loss of the sink safety
2 unction:

1
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I Reasonably probable combination of less severe natural phenomenao

and/or site-related events.1

$
. _ _

The site-related events that historically have occurred or that mayo;
I occur during the plant lifetime.
1
'

The UBS is not capable of withstanding the most severe natural phenomena
. expected at the site in which a PMF inundates the site and fails Sherman Dam.
| Wita respect to a single failure of manmade structural features, insufficient!

i information is available to evaluate the vulnerability of the UHS.
i
1

The Yankee Rowe UBS does not comply with Criterion 3. The UHS complex
,

does not consist of at least two sources of water, each capable of providing
cooling of the reactor and of maintaining it in a safe shutdown condition for
30 days. Insufficient information exists to support a reasonable assura.nce
finding that there is an extremely low probability of losing the capability of
tne Sherman Pond. Specifically, the Yankee Rowe facility is susceptible to
flooding from either a single failure of the Harriman Dam or from PMP that
overtops and fails the Harriman Dam.. The UHS appears to be susceptible to a
single failure of the Sherman Dam hecause the intake conduit does not extend . -

to the Deerfield River bed and suffacient net positive suction head may not be
available even if the intake conduit remains submerged.

Since the Yankee Rowe UHS partially complies with Criterion 2 and does
-

not meet Criterion 3, it cannot be concluded that the UHS is capable of
providing sufficient cooling for the safe shutdown and cooldown of the reactor
that it serves and of maintaining a safe shutdown condition for 3b days as
stipulated in Criterion 1.

. Criterion 4 requires that the plaat technical specifications include
provisions for actions to be taken in the event that conditions threaten

| partial loss of the UHS. This criterion was established to ensure that the
manner in which plant technical specifications were written was such that the
plant would be placed in a safe condition or provisions woul,d be implemented
if a condition existed wnich threatened the availability of the UHS. '

An

example of such a condition might ce the prediction of a severe flood which
wouJ.d jeopardize a UHS dike or retaining structure, a severe drought with the

|

|
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potential to reduce the capacity of a cooling pond, or a prediction of severe
. __ l

river icing conditions wnich could preclude or inhibit water for a once-
througn cooling system.

1

, In each of these situations, technical specifications requiring tha plant
to be placed in a safe shutdown condition or implementation of procedures to
mitigate the consequences of a threatened. partial loss of the UHS would be-e

prudent. The Yankee Rowe Technical Specifications do-not include provisions
fer. actions to be taken in the event that.the plant requires protection from
high water during severe flooding or severe low water conditions. Therefore,.

the Yankee Rowe facility does not comply with Criterion 4.

.
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APPENDIX A - PROBABLE MAXIMUM PRECIPITATION ESTIMATES

FOR THE UPPER DSERFIELD RIVER BASIN *-

This appendix presents the findings of a probable maximum precipitation
(PMP) analysis of the 236-square-mile drainage basin of the Deerfield River

above the Yankee Rowe Nuclejr Power Generating Station [1] .

Previous PMP studies conducted by the Nuclear Regulatory Commission (NRC)

ctaff and Yankee Atomic Electric Company (the. Licensee) have.been assessed,
with emphasis on the Licensee's compliance with Regulatory Guide.1.59 and the
propriety of the 7eteorological judgments involved.

BACKGROGND
.

It is noted that Regulatory Guide 1.59 has its basis in the Corps of
Engineers procedures which, prior to the publication of Hydrometeorological
Report No. 51 (HR 51) [2], relied heavily on the isohyets on generalized maps

,.

{J7f PMP variation contained in Hydrometeorological Report No. 33 (HR 33) [3]. *

Although the hydrometeorological experts who wrote HR 33 were aware of

the unreliacility of the isohyets for small basins in the rugged terrain of
tho Appalachians and Ozarks and included recommendations for detailed studies

of ter. rain effects, their generalized maps show smooth ischyets crossing the
. Appalachian region. The authors of HR 51 further stressed the hazards of

overlooking the complicating effects of rugged terrain by stippling the entire
Appalacnian area of their maps of PMP variation.

| Terrain effects can either increase or decrease the PMP over rugged
bacins. A widely used approaca to addressing this complex issue has been the-

'

. transposition of actual extreme rainstorms from the locale where they occurred
|

to the basin under consideration, applying empirical correction factors to
l

modify the storm for its new locale. Usually, the maximization process
ccrumes that moisture supply to the area under ' study is the only variable not
already maximized by natural processes.

.

The studies performed for Yankee Atomic Electric Company (YAEC) [4-6]
e use of the above-mentioned ' storm transposition approach. This is a much

A-1
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)j more reasonable approach than relying on the generalized isohyets of HR 33
) [3} , provided (1). the storms selected for transposition truly reflect the
n

j pertinent history and (2) the empirical adjustment factors reflect valid
j meteorological judgment.
Ij This study consists of the development of four input assumptions
1

necessary for determination of the estimate of PMP as follows:-

1

1. Study of terrain in and around the Deerfield River Basin for its
'

likely effect on the inflow of moist air

2. Examination of the storm transpositions covered in the reports
provided for review

,

;i 3.
}

Consideration of storms which were not transposed in the reports
provided but which logically could have been

}
! 4. The determination of a reasonable range of PMP estimates and storm

durations that should be used by hydrologists to prepare the design
basis flood for use in judging the adequacy of protective works at
the Yankee Rowe Station.

. O
TPATECTORIES AND VELOCITY OF MOr MENT OF HURRICANE AND TROPICAL STORMS -

!

In recognition of the importance of hurricane and tropical storm rainfall
to the production of near PMP accumulations over the Upper Deerfield River
Drainage Basin, a study was performed to determine the trajectories of past
hurricanes and tropical storms. Also, past storms which came closest to
providing the conditions most favorable to the production of heavy rainfall

(

|! over the r::ea of interest were identified.-

!

Reference 7 prenants trajectories for 34 storms which passed within 300
nautical miles of the Yankee Rowe Generating Station. Ten of these storms

j . came as close as 100 nautical miles and seven of those were 50 miles or less
at tneir closest approach.;

.

Tne September'1938 hurricane passed directly over the Upper Deerfield

| River Drainage Basin and continued a due north trajectory beyond the basin.
; The life cycle track of this storm is shown in Figure A-1. It produced 4.94

.

'
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inches of rainfall at Harriman Dam in 24 hours and a record runoff from the,

basin as measured at Charlemont, Massachusetts. Hurricanes Diane and Agpes - - -

passed within 140 and 120 nautical miles, respectively, and both deposited
heavy rainfall centers nearby (see Figures A-2 and A-3) .

~ ~

When a hurricane or tropical storm leaves the open ocean and comes,

'
ashore, increased friction Affects the lower levels of the storm. What has-

' '

j previously been an essentially vertical axis of circulation acquires a tilt as
the upper levels continue their march unaffected by the increased friction
felt by the lower levels. The effect of this change of circulation is a rapid .

unloading of precipitation fairly near the coast. The rougher the underlying
terrain, the more dramatic the unloading; but the process does not continue
indefinitely. Shut off from the energy-supplying water surface, the storm
continues to produce precipitation but at decreasing intensities. The

unloading previously mentioned would primarily occur over the first rising
terrain encountered. The- approaches to the Upper Deerfield River Drainage
Basin from the south.and sautheast provide sufficiently elevated terrain to

_._

_,

effer protection against the occurrence of initial unloading over the basin. ~

The rate of movecent of a precipitation-producing storm over a catchment
area is a major factor in determining the resulting accumulation. In areas

where a storm center decelerates, intense rainfall rates operate over an
increased time scan. Sometimes hurricane and tropical storm center

trajectories recurve so sharply that a complete loop is traced. This lo< ,ing
.

trajectory permits the center to affect an area for a longer period of time.
Trajectories for the period 1871-1977 were examined, snowing that such looping
trajectories were. limited to latitudes far south of the Upper Deerfield River
Basin. The closest looping trajectory for a storm still in the hurricane or,

,

extra-tropical stage occurred in the period September 11-16, 1961, at latitude-
30 3. There is good reason to expect an absence of high latitude icopinge

trajectories from the future record of storm behavior. In the lower-
1

latitudes, a weakening cyclonic circulation may have to wait for scme time for"

a trough alof t to come by from the west and supply the energy for renewed
transpcre to- the northeast. Farther north, strong westerlies operate to keep

A-3
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weakening circulations from staning in place. All 34 storms that passed ._

within 300 miles of the Yankee Rowe Station showed 24-hour travel distances in
|

excess of 200 miles.

Reference 8 presents maps showing the number of tropical cyclones passing
through 2.5* latitude-longip.tde boxes over the Atlantic Ocean and nearby
coastal areas, and their velocity of movement. While data available for the

box in which the Yankee Rowe plant is located were too sparse to be analyzed,
adjoining boxes show.no storm movements -slower than 20. knots.

Long residence time for a storm over the 236-square-mile Upper Deerfield
Basin is not required for production of PMP rainfan. We have produced three
maps which we hope win put in proper perspective the matter of required
residence time over the basin for storms capable of producing PMP. .The
h aviest rainfall of record over the basin was produced by the September,1938
ctorm which moved across Iong Island with a velocity of approximately 56 miles
per hour.

-

Figure A-4 shows the precipitation situation at 1600 EST on 21 September
.

The rainfall d1stribution fo'; this map was derived from Figure 86 on1938.

page 181 of Reference 9.* The rainfan at 1600 EST at reporting stations was
~

classified as follows: one dot - light rain, double dot - moderate, triple

dot - neavy. The definitions of light, moderate, and heavy rain as employed
by Weather Bur' eau Observers are as follows (17]:

Light: Trace to 0.10 inch per hour; maximum 0.01 inch in'6 minutes

Moderate: 0.11 inch to 0.30 inch per hour; more than 0.01 inch to 0.03
inch in 6 minutes

*

Heavy: More than 0.30 inch per hour; more tnan 0.03 inch in 6 minutes.

* Figure 86 originally appeared in an article by C. Y. Pierce entitled "Thie
Meteorological History of the New England Hurricane of September 21, 1938,"
which appeared in Monthly Weather Review, LXVII (1939) , pp. 237-285.
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Clearly, "more than 0.30 inch per hour" cah apply to very intense
rainfall, such as 2 or 3 inches per hour. ~-

Only two of the reporting stations were experiencing three-dot rain at
1600 EST, shortly after the storm center made landfall in south central.,

"

Connecticut. Seven stations were experiencing two-dot rain and 12 reported
one-dot rain. Stations 20(f miles northeast and southwest of the storm center,.

: -

| were not experiencing any rainfall at the time. At 1600 EST, the Upper
Deerfield River Basin lay between the one-dot and two-dot isopleths.

The storm track plotted on the map in Figure A-4 is taken from Figure
A-1, which is a ph'otocopy 'of the hurricane trajectories for 1938 [7].

The centroid of the jelly-bean-shaped center of three-dot rain was 50

ciles NNW of the storm center and 40 miles SSW of the Yankee Rowe site at 1600
EST. Three hours later, at 1900 EST, the storm center had moved approximately
145 miles to the NNW of its 1600 EST position. If ^ the center of heavy|

rainfall maintained a fixed position relative to the storm center, it too
'-

would be found'145 miles NNW of the Yankee Rowe site. The center. of 'three-dot -

rain had a south-to-north dimension comparable to the south-to-north dimension
cf the Upper Deerfield River Basin. Its estimated positions at 1600 EST, 1700

'

| EST, 1800 EST, and 1900 EST are shown on Figure A-5. If the area of heavy

intenalty retained its initial shape and its' initial position relative to the
storm center, its residence time over the Upper Deerfield River Basin, from
first ent.ry at the south end of the basin to last effect at the extreme north,
could not be much more than 1 hour. However, this storm produced 4.95 inches
in a nominal 24-hour period at Harriman Dam. When observations are taken once.

a day, 24-hour durations ara frequently assigned to rainfall that may have had
a muca shorter actual duration. The area that was experiencing rain of any

-

intensity (even as small as a trace per hour) at 1600 EST had a south-to-north
dimension of 270 miles. The observed velocity of over 45 mph would have

carried the precipitation across the Upper Deerfield River Basin in a period -

cf about 6-1/2 hours if tbie maximum souta-to-north dimension is' considered to,

have affected the basin. .

.

|
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Figure A-6 d'picts the idealized slow passage northward of a heavye
,_

i rainfall area located to provide maximum impact over the bpper Deerfield River

| Basin. The track of the storm has been displaced westward to permit the
maximum south-to-north dimension of the heavy precipitation shield to move
along the south-to-north. axis' of the basin.. The velocity of movement has been..

aumed to 16 aph, one-thirdtof the, velocity observed in connection with the
,

| ctorm of September 21, 1938.- Figure.A-7 (10] in thi's report shows the upper
j and lower. limits of velocity for severe probable hurricanes as they tracked

northwara. By the time such storms reach the latitude of Boston,
Massachusetts, they are expected to exhibit a minimum velocity of 20 knots.
This would seem to indicate that the choice of 16 mph is quite conservative.
Added confirmation of the 16 aph translational movement in New England is

t

supported by Reference 11. To choose a much lower value for the velocity of
the storm would come into conflict with the production of very heavy rain. In

a discussion of' forward speed [10], one finds the statement, "Very slow speeds
weaken a hurricane,'' an'd the statement, "As the angle. between' the coastal
crientation and 6 decreases, the slower hurricane weakens more than the ~

faster-moving hurricane." The weakening referred to in these statements is
primarily concerning winds in the ntirricane. While the relationship between
wind velocity and production of heavy rain is by no means linear, there is a
definite requirement for stro'ig convergence in the flow of moist air if heavy

, rains are to re'sult. Suppose that the maximum south-t6-north dimension of the
. precipitation shield in our idealized case is 45 miles. At a velocity of 16
apn, it would affect the Upper Deerfield River Basin for approximately 4
hours. If one assumes continuing precipitation intensities comparable to

I those experienced in the September 21, 1938 storm, the reduction in velocity
to 16 mph and increased precipitation shield would produce up to 15 inches of
rain over the Upper Deerfield River Basin. This would be clearly in the PMP
range without long residence time over the basin.

STORMS SDITABLE FOR TRANSPOSITION TO THE UPPER DEERFIELD RIVER BASIN

Professional judgment suggests that the PMP for the Upper Deerfield River
'

Basin would result from a hurricane or tropical storm whose center of low

%

A-11
'lJ Franklin Research Center
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j pressure decelerated west-southwest of the Yankee Rowe plant ender the
I influence of a deep pressure trough alott cpproaching from the west. The '~

resulting quasi-stationary circulation would feed moist, unstable air
northward and expose the drainage area to the heavy rainfall characteristics
of the northeast quadrant of such storms. The hurricane of September 1938,
Hurricane Diane in Augus,t 1955, and Hurricane Agnes in June 1972 are examples

f of storms which could have provided near-PMP rainfall in the Upper Deerfield -

! River Basin had their trajectories taken them farther north before' they
i

| recurved toward the northeast.
I -

; Both YAEC and the NRC included the Westfield, Massachusetts center, a

product of Hurricane Diane, for transposition to the Upper Deerfield Basin ->

an acceptable procedure. Not,ed, however, was the elimination from

consideration of the 18+ inch (storm total) center produced by Hurricane Agnes
in northern Pennsylvania. YAEC apparently considered transposing this storm

in its January 1980 report, but dropped it from the list of transposable
storms in its October 1980 report. A stiudy of this storm yielded the

- conclusion that its inclusion would not alter the e.nveloping' curve developed ~

by YAEC, but it certainly falls closer to the curve than some of the lesser*

storms wnica were included.
.

On September 16, 1932, a dying hurricane that had reached the extra-

tropical stage passed 60 miles offshore from Rhode Island moving at 23 knots
on a nortneasterly course. Reference 2 indicates that the storm delivered-

i maximum average depths of rainfall of 6.8 inches in 6 hours, 10.2 inches in 12
1 -

| 'ours, 11.1 inches in 18 hours, and 11.6 inches in 24 hours over an area of

100 square miles ne.ar Scituate, Rhode Island.

. The representative dew point for the Scituate storm was 63*F at a

| distance of 75 miles. east of Westerly, Rhode Island, which is located at
41'228. N, 71'50'W. The maximum persisting 12-hour, 1000 mb dew point for
mid-September is 71*F for a point' 75 miles east of Westerly, Rhode Island, and
70*F for a point 75 miles east of the centroid of the Upper Deerfield River -

Basin [12].

h_,_-_
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The precipitable water depth for a saturated atmosphere having a 63*F
temperature at 1000 mb is 1.61 inches. The depth for a 71*F temperature is

|
2.38 inches. The depth for a 70*F temperature is 2,27 inches. The mean !

elevation of the Upper Deerfield River Basin is 2100 feet. The precipitable

: water depth between 1000 mb and 2100 feet for a 63*F 1000 mb dew point is 0.34
inch (13]. Subtracting 0.34 inch from 1.61 inches gives 1.27 inches.

.

The adjustment factor 'or. ratio to?be applied for maximizing, transposing,
and correcting for elevation enange from.the storm site to the Upper Deerfield
River Basin takes the forms

e = (2.38/1.61) x (2.27/2.38) x (1.27/1.61)

= 1.48 x 0.95 x 0.79

= 1.11.

Applying this factor to the depth duration data for 200 square miles
listed above yields PMP values of 7.55 inches in 6 hours, 11.3 inches in 12
nours, 12.3 inches in 18 hours, and 12.9 inches in 24 hours.' None of these-

,

values exceed the enveloping curve, Figure A-8, derived by YAEC.

On September 1, 1940, a hurricane passed 120 nautical miles offshore from.

| New Jersey moving at 19 knots on a northeasterly course. The storm delivered
) maximum average depths of rainfall of 15.0 inches in 6 hours and 16.5 inches

in 12 hours over an area of 200 square miles near Ewan, New Jersey (2] . The

representative dew point for the storm was 72*F at a point 50 miles SSW from
_ latitude 39*42' N, longitude 75*12' W.

"
- The maximum persisting 12-hour 1000 mb dew point for mid-August for a
point 50 miles SEvi from Ewan is 76*F. The comparable value for a point 50

.

miles SSW from the centroid of the Upper Deerfield River Basin is 74*F [12] .

The precipitable water depth for a saturated atmosphere having a.72*
tamperature at 1000 mb is 2.50 inches. The depth for 74*F is 2.76 inches, and

,

.for 76*F, 3.04 inches. The depth between 1000 mb'and 2100 feet for 'a 72*F

curface cew point is 0.46 inches. Subtracting 0.46 inch from 2.50 inches

gives a remainder of 2.04 inches.
s -

.

.
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The adjustment factor fo.: maximizing, transposing, and correcting for
clavation change between the Ewan storm site and the Upper Deerfield River ' - -

Basin takes the form
.

'

r = (3.04/2.50) /x (2.76' 3.04) x (2.04/2.50) t
i

P

= 1.22 x 0.91 x 0.82 '

4
*

= 0.91. .

Applying this factor.to the depth duration for 200 square" miles yields.
PMP values of 13.65 inches in 6 hours, and 15.0 inches in 12 hours. These

values plot well above the enveloping curve derived by YAEC and somewhat above

tne modified envelopment curve, Figure A-9, discussed later in this report.

The suitability of this storm for transposition is doubtful. Data from
HMR 51 [2] are limited to 12 hours' duration and a 1000-square-mile area. A

large tht.,tderstorm can cover 1000 square miles. A hurricane center that never-
Icft the warm water of the Atlantic Ocean can be expected to produce much more
rainfall along a nearby' coast than one with an extended overlsnd trajectoryJ
would produce over an inland basin. -

A storm that produced record-breaking rainfalls occurred July 17-18,
1942, at Smethport, Pennsylvania. It was not hurricane-related, but featured

a trougn aloft near the Appalachians and a very moist current of air flowing
from the southwest. Its 200-square-mile rainfall depths were 13.1 inches in 6
hours, 16.8 inches in 12 hours, 19.3 inches in 18 hours, and 19.9 inches in 24 .

hours. Its 10-square-mile value for 24 hours was an astounding 29.2 inches.
Hydrometeorologists have generally declined to transpose storms across major
mountain barriers. The Smethport storm is usually considered for transposition
caly in the area west of the Appalachian crest, since the westward slopes of,

the Appalachians are considered to have played a major role in the production
of the heavy precipitatio~. '

Present understanding of terrain effects on precipitation does not
provide a precise basis for computing what fraction of the Smethport rainfall

,

.

.

.
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could be reasonably expected to occur over the Upper Deerfield drainage, but '

._

the occurrence of such heavy rainfall so far north in the Appalachians should
1cerve as a warning signal to designers of protective works. '

While winter storms have produced heavy rainfall in the drainage area, it
- is noted that such storms are not part of the- PMP concern. The high dewpoints

frequired to produce the PMP do not occur in the winter months..

: *

ESTIMhTES OF PROBABLE MAXIMUM! PRECIPITATION

Differing design maximum rainfall (DMR) estimates were developed by YAEC
and NRC. Yankee Atomic proposed a DMR of 14.3 inches over 200 square miles in
24 hours. This value was reached by enveloping data obtained by storm
transpcisition. The NRC points to a value of 18.9 inches over 200 square miles
in 24 hours that generalized maps of PMP in HR 33 would suggest for the

crainage basin, but developed a lesser estimate of 16.6 inches for 200 square
miles in 24 hours, also by storm transposition. Both the 14.3-inch andI

'

16.6-inch estimates depend to a major extent on data derived,by transposing -
_

the.Westfield, Massachusetts storm of August 17-20,'1955, an offshoot of
| Eurricane Diane.

.

BR 51 (2] shows data for the Westfield, Massacht.getts storm. The maximum

everage depth of rainfall for 200 square miles was 7.4 inches in 6 hours, 10.2
incties in 12 hours,11.4 inches in 18 hours,14.2 inches in 24 hours,17.1 ,

inches in 30 hours,17.6 inches in 36 hours,18.2 inches in 48 hours, and 18.4
inches in 60 hours. HR 51 suggests a moisture adjustment factor of 110; this

means that the observed values listed above can be-converted to PMP values in
place by increasing each rainfall depth by lot.

.

After storm rainfall is maximized in place by applying the moisture
adjustment discussed above, storm transposition practice calls for application '

of additional adjustment factors which are expected to compensate for
'

differences between the area where the storm occurred and the area to which it
'is being transposed. A moisture adjustment is applied if the maximum dew
point suited to tne new area differs from that for the area where the storm

occurred. An elevation adjustment factor is applied if an increase in surface

b Franklin Research Center
A Chamen eiThe Fransen inesame
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,G elevation from the storm area to the new area would operate to reduce the depth
i3 of the moist coltans of air which would be involved in the precipitation --
, :1

! .j.
process. Finally, an adjustment factor for topographic effects on rainfall is

- applied where a topographic barrier can operate to affect the moisture
4 available to the precipitation process.

'

l Both YAEC and NBC applied the moisture adjustment factor of 1.10 to the4 ,

14.2 inches of rainfall'over 200 square miles for 24 hours that occurred,

j in the Westfield storm. The Licensee applied reduction factors of 0.95 and
1 0.84 for transposed moisture difference and elevation increase, respectively.,1

The product of 1.10 x 0.95 x 0.84 is 0.88, which reduces the 14.2 inches,

i observed value to 12.5 inches. Their enveloping curve of overall storm( ;

; experience provided the basis for increasing this to 14.3 inches. NRC applied
! a factor of 0.89 for transposition and elevation effects and in addition
5 applied a factor of 1.20 to reflect its evaluation of orographic barrier,

3
-i

| effects. The product of 1.10 x 0.89 x 1.20 is 1.17, which, when applied to
i the 14.2 inches.of observed rainfall, gives the 16.6 inches as an estimate of
: -

j DMR to be used in judging the adequacy of existing control structures. ~

- j The significant difference between the YAEC estimate and the NRC estimate,

<

. arises primarily from the decision by NRC to apply the 1.20 crography factor.
J

j In the aosence of that factor, the two estimates would have been 14.3 and 13.9
.

.

} inches, a remarkably close agreement considering the subjectivity involved in
I, the estimation process.

t.
'

t
'

: The decision by NRC to apply the 1.20 orography factor appears to have

[f been influenced by the following paragraph contained in HR 45 [15):
'

'1jj " Precipitation increase of 10 percent per 1000 feet from sea level up to
l ;

. 2500 feet on first upslopes with no further increase above 2500 feet.
| Precipitation increase of 5 percent per 1000 feet from sea level on.

: secondary upslopes at all elevations.

i
| Five percent decrease per 1000 feet of depression in sheltered areas."
i -

1
*

To illuminate the reality of orographic barriers operating to increase
t

extreme precipitation 20% as a result of transposing a storm from the,
.

} Westfield, Massachusetts area to the Upper Deerfield River Basin above Sherman
i
!
t

A A-2]
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VDam, an examination of the topography of the region was conducted
east-west cross sections were conctructed taken at equidi Four --

.

the 60 miles from Westfield, Massachusetts to S stant intervals over
USGS Albany Quadrangle, NK 18-6 revised 1974omerset Dam in Vermont. The 'i, scale 1:250,000
off the elevations of terrain in the cross sections

was used to pick i

was chosen because of the so$th-to-north flow of moistThe east-west orientation
g.

{
required to produce the PMP in,the. Upper Deerfield Basinair that would be
sections are shown in Figure-A-10. These cross.

h

The increase in elevation along the 72*45' W longit d
section D-D' to cross section

Ku e line from cross I
The mean elevation of the western half of cross-A' is of the order cf 300 feet in the 60-mile

interval. L
3

half transects the Upper Deerfield River Basin section A-A', which k
Comparable mean elevation for the western half of B, is approximately 2400 feet.G

in-

1700,1300, and.1100 feet, respectively.
-B', C-C', and D'D' are

upslope does not provide an orographic barrier capable of iIt is noted here that such a gradual
<

il

ene rainfall observed at- Westfield, Massachusetts by 204
ncreasing the

R
-9,

Figure A-11, " Adjustments of Non-orographic PMP f
.

Haweilan Islands," (16] is presented here or Elevation and Slope,

~ Deerfield River Basin is located in Vermont and Massach, despite the fact that the Upper
%
'I

chart may help to explain the combined effect of elevatiusetts, because-the-

non-orographic precipitation. on and slope on %
Int =Ms, the combined effect of increasiIn the moisture-rich air of the HawaiianVS%

4
negative when elevations and slopes comparable to those in thng elevation and increasing slope is1%

,~
River Basin apply. e Upper Deerfield g ,

11-

To make the application of Figure A-11 to the PMP f
River Basin more understandable, we ask t% re d or the Upper Deerfield R|h

hy,$
41Tnatrative example: a er to consider the following

%e wQ
Suppose a sea level PMP of 19 incnes had been

( cf th3 Upper Deerfield River Basin and it is desired to adjust this value'for-

selected for the vicinity Qf
63

,

j the cicvation and slope the moist air would encounter if i i
+$1

eth during the storm. t flowed from south * r. vdf

The elevation at the Yankee Rowe site is 3g
tely 1150 ft above mean sea level. Nb

The terrain rises sharply to over dh, ;p
f.QQ

a nem hYiA-21
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j 2000 f t within a mile of either bank of the Deerfield River forming a. steep.

? V-shaped valley which characterizes much of the basin, but the slope thatl .m

} would be encountered by air flowing from south to north within the basin is

[b
approximately it. Air flowing from south to north from the Atlantic Coast

,

;14 approximately 100 miles away"from the Yankee Rowe site would encounter a
:j terrain rise of 1150 ft in 528,000 ft at a slope of approximately 0.24. The

-

:
;j average elevation of the Upper Deerfield River Basin is approximately 2100 ft
.) or 640 meters above mean sea level.
3
9

Enter the diagram (Figure A-ll) at an elevation of 640 meters and proceed.a
,

horizontally to the vertical line representing the locus of 14 slope values.j The intersection of the 640-meter elevation liite and the 1% slope line defines4
3 the point X which is located near, but not on, the curve labeled -20.

Interpolation between the -20% and -10% curves would provide a -19% value for
y point 1. This is the percent of decrease to be applied to the sea level PMPj value of 19 inches. Reducing 19 inches by 194 gives 15.4 inches as the

adjusted value of PMP.
- - - --,

-s
q Now explore the use of Figure A-lll n~ correcting the transposed

1 -

'

Westfield, Massachusetts storm for moisture depletion and slope effect imposed
$ by the terrain between Westfield, Massachusetts and the Upper Deerfield Riverp

j Basin. The terrain rises 1300 ft (2400-1100) in the 60-mile interval between
i Westfield, Massachusetts and the Upper Deerfield River Basin near Somerset
..

I Dam.
I The 1300-ft rise in 60 miles represents a slope of 1300 divided by

,

j(. 316,800, or 0.4%.
.

Since 1300 ft is approximately 400 meters, Figure A-ll
ci should be entered at 400 meters. Proceeding horizontally to the vertical line

'

4

1

') that would pass through the slope value of 0.4 would locate a point lying just
above the -10 changs line. If the 14.2-inch, 24-hour total over 200 square
miles were used, a 10% reduction would yield a 12.8-inch adjusted valhe,

-

,

i}. In order for the Westfield storm to be increased by 204, a terrain slope
j of approximately 25% would be required.
i
4

.

1

i
;j -

-
,

.:
s A-24
1 0

-

Franklin Resear
A coa n orw rran ch Center

^

1 nmeu.*
.,

~
.



, ,
._ ___ ._

|, . . .

* '
t . ,

-

TER-C5257-426
. .

EINELOPING CURVE FOR THE UPPER DEERFIELD RIVER BASIN ABOVE YANKEE ROWE
.-_.

Envelopment is a means of passing from the array of disparate transposed

anwinized rainfall data derived from several storms to a reasonable estimate
cf PMP for a particular area and duration. No single storm is apt to provide

,

the governing data for the entire range of durations of. interest. The curve
providessmoothtransitionfromonedurationtothenext. The Licensee's
October 1980 report [6] presents such an enveloping curve, on page.65, derived

i

i by transposing.and maximizing data.from seven major-storms. This curve was.
, ctadied at some length. It provides a reasonably conservative extrapolation

from transposed and maximized storm data to PMP values. For durations of

longer than 24 hours, the curve is controlled by data derived from the
Westfield, Massachusetts storm. For durations of up to 24 hours, the curve is
heavily dependent on data derived from a storm at Jewell, Maryland, July
26-29, 1897, and a storm at Kinsman Notch, New Hampshire, November 2-4, 1927.

If the adjustment factors proposed by NRC, including the questionable
,

jrographicfactorof1.20,areapplied1tothe12-hourand18-hourobserved
.

200-square-mile- values for t2ie Westfield, Massachusetts storm, PMP ' depths of
12.0 and 13.4 inches, respectively, result. The portion of the curve between
10 and 15 hours is considered in this study to be. the. portion most in keeping,
with the realities of basin characteristics and storm movement (Figure A-8) .
Only in nearly flat drainages such as those of the Texas Gulf Coast would an
arca of 200 square miles be compatible with a full 24-hour rainfall duration.

Recognizing the possibility that application of modern bucket-survey
thoroughness to the 1897 storm might have resulted in identification of
rainfall centers of greater depth, and keeping in mind the Smethport,

-

Pennsylvania storm, it is prudent to consider only the consequences of PMP
values that fall in the zone which has been placed above the Yankee Atomic
cnvelopment curve between 10 and 15 hours duration (Figure A-9) . This is a

cubjective judgment made with an understanding of the uncertainties
cctablished hydrometeorological practice.

s
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.i DURATION OF THE PROBABL3 MAXIMUM PRECIPITATION
.,

Although both the Licensee and NRC have focused on 24-hour duration ~"

rainfall in arriving at their widely divergent estimates. of PMP, the,

[ suitability of using the 24-hour duration for the steeply sloping
j 236-square-mile drainage basin of the Upper Deerfield River above the Yankee
1 Rowe plant is in question. If the equilibrium tide for the basin for
4

] continuous effective rainfall falling at a constant rate for an indefinite!

j period is considerably less than 24 hours, the amount of rainfall required to
[ produce the probable maximum flood (PMF) is reduced.
-Il
j The equilibrium time for any basin can be found by constructing the
i S-hydrograph for the basin. This amounts to summing the ordinates of lagged
j unit hydrographs until the sua reaches its upper limit. Unit hydrographs for
$ the four partial areas that comprise the 236-square-mile drainage above the

Yankee Rowe plant were derived synthetically, using Snyder's meth:d, by both
YAEC and NRC, again with somewhat divergent results. NRC decided that the

y values derived by the Licensee were more conservative than those derived by
; NRC, and adopted the broader, flatter unit hydrographs developed by the

.

a -

Licensee.

4,
The 15-minute unit hydrograpas developed by YAEC are shown in Reference

6. The estimate of equilibrium time for the entire 236-square-mile
basin would be largely determir.cd by the 15-hour time base of the unit *

;

hydrograph developed for the 94-square-mile contribut;ing area between the
j Searsburg and Harriman Dams. It is estimated here that the travel time for
'

I water to reach the Yankee Rowe plant from Harriman Dam is less than 2 hours (7
! river miles divided by a velocity of 3.75 mph). Page 170 of Reference 14
1

. 7 , presents discharge measurements taken during the flood of March L,1948 on
> 3

5 the Middle Branch Westfield River at Goss' Heights, Massachusetts which were
. used as reasonable estimates of flow conditions for the Deerfiel'd River. Thist' travel time estimate is supported by NRC's estimate of 1.5 hours. (See

Paragraph 4.3, Flood Routing, page 21, of Reference 5.);

; 9
| *
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The foregoing leads to an estimate of equilibrium time of under 17 hours.
It is likely that the true value is less than 18 hours, possibly as little as . . . _

12 hours. A 10-hour time base for the unit hydrograph for the partial area
hetween the Searsburg and Harriman Dams would be'about as defensible as the
15-hour time base chosen. That shorter time base plus a less than 2-hour
travel time would provide an estimated 12-hour equilibrium time. *

TheforegoingdiscussibnofequilibriumtimefortheUpperDeerfieldRiver
Sasin applies to the-condition of zero available reservoir storage capacity.
If the reservoirs in the basin are not full at the time of onset of the storm
that produces the PMP, a longer duration of rainfan win be required before
the equilibrium condition will be reached. How much longer win depend on how
much reserve storage capacity remains at the onset of effective precipitation
and the intensity of that precipitation. A conservative approach to deriving
the PMF from the PMP involves postulating antecedent rainfall sufficiently
heavy to completely saturate the basin. That rainfan could be expected to
reduce available storage.. O Paragraph 4.3.3', Antecedent Floodsk page 24, of the
Draf t Flood Study prepared by the NRC for the Yankee Rowe Nuclear plant and

-

Upper Deerfield River Basin hypothesires all reservoirs to be at the spinway
^

crest elevation at the start of the PMF. The amount of storage remaining
ontween the spinway crests and the crest of the dams would determine what
part of the PMP could be stored before the basin began to behave in the zero

..

ctorage mode.

The principal component of the storage available at the start of the PMF
would be provided by Harriman Dam. Its spinway crest elevation is 1491.7

feet above mean sea level. The elevation of the top of the dam is 1521.2 feet
above mean sea level. The surface area of the reservoir is about 2050 acres,

ct elevation 1492.7 feet above mean sea level. A crude estimate of the
ctorage capacity remaining between the onset of spining and overtopping of
tno embankment would be 7.0,000 acre-feet. The drainage area above the dam is
cpproximately 184 square miles or 117,760. Approximately 7 inches of runoff

from the entire 184 square miles would have to arrive at Harriman Dam to fill
o available storage capacity in view of spinway release from storage. The

precise timing of such a condition is a problem in flood routing that is
i
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outside the province of the meteorological review, but it seems reasonable to,

consider that the equilibrium condition could be achieved in storm durations -%;

i
!j shorter than 24 hours.

I
! It is concluded that attention should be' focused on PMP depth-duration-
! area values between 12 and 18 hours.
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' ..?Mr. James A. Kay
Senior Engineer - Licensing 5 -E 1!E

W '".5Yankee Atomic Electric Company -

@R1671 Worcester Street y J
Framingham, Mass. 017j01 .,

,

Dear Mr. Kay:
'

I-3.A, HYDROLOGIC DESCRIPTION AND TOPIC II-3.3,
JOCDING POTENTIAL AND PROTECTION. REQUIREMENTSSUSJECT: TOPI

(PAR 3. ,

(YANKEERCWE)

Enclosed is a copy of our draft evaluation of Systematic Evaluation ProgramYou are requested to examine the facts upon
Topics II-3.A and II-3.S.which the staff has based its evaluation and res;cnd either by confirming
that the facts are correct, or by identifying errors and supplying tneWe encourage you to su:: ply any other material
corrected information.that might affect the staff's evaluation of these topics or be significant
in the integrated assessment of your facility.p)
Your conclusions regarding tne subject tocics and your seismic evaluationof the dam should be considered together because of possible interrelationships -It

! V

between the subjects.~

If

Your response is recuested within 30 days of receipt cf this letter.
no response is received within that time, we will assume that you have no
comments or corrections.

In future correspondence regarding Systematic Evaluation Program topics,
please refer to the topic numbers in your cover letter.|

.

'

Sincerely,.

-

?

AM1 e

Dennis M. Crutchfield, ef
Operating Reactors Branch 75

.
-

i Division of Licensing fgo/
A.

'

| 1 Enclosure: As s ated lf.

o / N
cc' w/ enclosure:|. gy use cX UI.See next page -

!r3
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Mr. James A. Xay '
YAtlKEE-ROWE ATCM:

.

POWE?. STATION'

, OCCXET NO. 50-29
*

-

cc
-

Mr. James E. Tribble, Presiden.
Yankee Atomic Electric Company
25 Research Drive
Westborough, Massachusetts 01581

Greenfield Co:. unity College
1 College Drive
Greenfield, Massachusetts 101301

.

Chai rman
Board of Selec men '

Tcwn of Rowe '

Rowe, Massachusetts 01367

Energy Facilities Siting Council
14th Floor
One Ashburton Place
Boston, Massachuset s 0210S

Cirector, Technical Assessmen:
Divi sion

.

Office of Radiation Pregracs
(AW-459)

U.' S. Environment al Protection
Agency .

Crystal Mall #2
l Arlington, Yirginia 20a60

,

U. S. Environmental Protection '

Agency -

Region I Office
ATIN: EIS COORDINATOR

'

JFK Federal Building
Besten, Massachusetts 02203

Resident Ins:ector
Yankee Rcwe Nuclear Power Station
c/o U.S. NRC
Post Office Sox 28

- Monrce Bridge, Massachusetts 01350

.
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SEP ORAFh SAFETY TOPIC EVALUATION
*

YANKEE RCWE NUCLEAR F0WER STATION
- _ _

70?ICS II-3.A HYOROLOGIC DESCRIPTION .

TCPIC II-3.B (PARTIAL), FLOODING POTENTIAL AND PROTECTION REQUIREMENTS

.

1
'

I. In: reduction

It must be assured that the designs of safety-related structures, systems
-

and cecpenents have considered appropriate hydrologic conditions. Hycrologic

consideraticns include the interface of the plant with the hydrospnere,

the identification of hydrologic causai techanisms tnat may require

scecial plant design or operating limitations'. The scope of these safe y

topic evaluations is to assure that appropriate hydrologic factors have

) h been considered and to assess any hydrologic considerations which may have

changed since baing reviewed during ne initial licensing of the plant.
-

.

Should flooding pctential exist, the imcact of the flood on -he plant will

be examined. 'If ficoding protection is recuired, it must be assured that
|

| the protection relied upon is available, appropria e, and that previsions'

have b.een made to impienent the recuired ;rotection. The protection will be

reviewec to assure that safety-related structures, systems and ccmconents

are protected against flocds.

.

.

II. Current Review Cri eria

The curren !RC criteria acplicable to these tcpics are (1) 3:andarc

Review Plans 2.1.1 through 2.4.11, 3.2.1 ano ?.2.5; (2) Regulatory

Guides 1.102, 1.127, 1.27, 1.59 which includes tmerican :la-icnal Stancards

|Q'
_5 / Institate Standard (170-1975, and Regulatory Guide 1.70.
2.::pJ
y:.
___

.
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III. Relatedlsafety Tooics ard Interfaces
-

_ __

The Topic identifies watar levels and other hydrologic informatien that

may be pertinent to other review a.-eas for assessment of effects on

safaty-related buildings and equipment. The related intarface Tcpics

(1) III-3.A Effects of Hign Watar Level :n 5tructures; (2) II-dEare:
'

Cam Intagrity; (3) III-5 Seismic Cesign ::ns'caratiens; (a) VII-3 Systems

Recuired for Safe Shutdcwn; (5) 'tIII-2 Cn Sita Emergency Pcwer Systams -
.

Ciesel Generaters; (5) XI-3 Station Service' and C:oling Vater Systams;

and (7) XVI Technical Specifications.

The categories of "In Service Inspection of Water Centrol Structures" and

- " Structural and Other Consequences- of Failures of Underdrain Systems"

also recuire hycrologic review and input; hewever, the hydreicgic aspects
-

are addressed in Tepics III-3.C.ane III-3.5, respectively.

.

IV. Review Guicaiines

a discussion of tne pctential fleed related prebiensThis report includes:

at the piant sita as a result of severe pret ;itation up to and including
,

the saverity of the Freba:1e Maximum ?recipitatien (:MF) :n the "eerfield

River Basin; a brief descr4ction of the hydreicgic features of the site
| -
i

anc reia ad suricunding area; a tescri: tion of :ne scalysis ;recacures

preciet the ficed levels at the sita; anc a dis ussien of theused :

. s:udy resuits. ..

- G
- :--
, . - .

2

.
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IY. R,eview Guidelines (ccnt) . _ _

As a result of the predicted possible severe f1 ceding of the Yankee Rcwe
.

Nuclear Plant Site, this report was e.xpeditec and is therefere limited to

the ciscussion of ficeding ;ctantial fcr ne Oeer'ield River Easin anc
.

Yankee Rowe Nuclear Pian: Site. The review cf ;rcuncwater, .: cal

' f* ceding add' safety related water seccly will be def erred un-1'. -he

rcre severs ; reb'a :f :c:ential Oeerf f eid River '1:cd ef'ects has been

assessed.
.

..

Regulatory Guides 1.59 and 1.102 have been specificall'y identified by theba_
- = . , = -

NRC's Regulatory Requirements Review Committee as needing consideration
g

[
for backfit 'en iperating reacters. These guides are utili:ed in ce:armining

.

l-

wnether the facility design ocm;1ies wita current criteria er sc:a ecuivalen:
.

c'-::rnatives ac:?ctacle to the staff.
-

|

J

This evaluation was performed under the auspices cf the Systamatic1

|

|

! Evaluation Program and is prepared as incut Oc the, Integrated Assessmer:

Report.

*
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cXe Evaluation
.

1.0 INTER I!NCY COORDINATION
-

'

The Fe:- al Energy Regulatory Commission (FERC) has the licensing responsi- - --

bilit;. ~ r Hydroelectric Developments. The NRC has previously met with
'

'IRC . 4pprise them of our preliminary findings. Interagency coordination
' '

is air scuired between NRC and the Fede'ral Emergency Management Agency
4

(FEMA: ', accordance$ with criteria set forth in-Appendix E,10 CFR Part 80,
.

NUREC .ii' and the Inter Agency Steering Ccmmittee. FEMA has also been

appris<: of our preliminary findings, and both agencies will be included

on dis ':ution for the completed draft flood study and any subsequent

corres::-dence relating to the potential flood problem at the Yankee Rcwe

site.

_

~22 2.0 Discur; :n of Problem
~

.

.

The Ya .ee Rowe Nuclear .:ower Plan: is'icca ed on the ea'st bank of :he
-

Sher =a - !am and Reservoir, the four-h :am in a chain of hydr: electric

dams :- ne U::er Deerfield River Basin (See Figures 3.1.1 and 3.1.2).

These :ams were constructed in the 1920s. The first steo in the NRC's SEP '

review ': to c:mpare the existing plant = current licensing criteria for
'

Thus,-in this study it is recuired to deter =ine if, -he Harrimannew ;.. :s.

Dam, - : first uostream dam from the plant, can safely sass a Pr:baoie.

Maxi m:.-
.

r'
od (FMF) - the current design basis for new nuclear ;ower plants.

Since t failure of Harriman Dam c uld induce damaging flood levels at -he
plant 1 .e, it is also necessary to estimate the magnitude of these flood
levelt.

.

$
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This flced study shcws , hat althcugh Harriman Dam can safely pass about

13 inches of basin rainfall, it does not meet current licensing criteria

in that 18.9 incnes (the design basis Probable tiaximum Precipitation based
4

cn current criteria) cn',the Upper Deerfield River Basin will overtco and fail

Harriman and Sherman Cams and produce flood levels at the plant site

that are a0 or more feet above plant grade.

Tabulated belcw are several key evaluatien areas that have a significant

influence en the detemination of ficed level at the plant site.

M 1. Macnitude of precipitation in th'e basin.
_.

| '

2. Distributien of precipitation sithin be storm ( of rainfall in'

eacn 5 hour period).

|
|
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3. Magnitude and timing of antecedent stems.
--

4. Reduction in Har' man Sp,illway capacity due to debris or reduced

hydraulic performance characteristics a't heads greater than the

design value.
1
,

5. The shape and duration of dam breaches due to overt pping.

5. Early failure of Sherman Cam.

Tne significance of these items will be discussed further in Section 4.0.

It should alse' be noted that failure of the Sherman Oam, which im:ounds
~

m.,

the olan:'s normal and emergency water, supply, could affect the piant's

safe snu-dcwn ca:a:ilis.y. This~ sifoject will be addressed a a later date -

.

uncer Tccic II-3.5, " Safety Related '.iater Sucply."
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'( ) 3.0 HYOROLOGIC OESCRIPTION
_

_ __

3.1 Yankee Rowe Site and Facilities

.

3.1.1 Site Descriotion
1

:

The Yankee Acwe facility is located in the town of Rcwe, in Franklin

County, Massachusetts, on,the east side of the Deerfield River, three-

quarters of a mile south of the Vermont-Massachusetts border. Figure 3.1.1

shows the site location on a general area map.
.

The site consists of approximately 2,000 acres straddling the Deerfield

SEP- River in the tcwns of Rowe and Monroe, Massachusetts. The reactor facility

is. located on the eastern side of the Deerfield River next to Sherman Dam ,

.

and adjacent to the Sherman Reservoir, which serves as a source of cooling

water for the Yankee plant's once-through condenser and service water

cooling system.

Most of the land in the immediate vicinity of the site is heavily forested.

At the site, which is in a valley, the elevation is about 1120 feet above

mean sea level (feet ms1). Within a distance of one mile, hcwever, the-

-

.

hills on both sides of the site rise to above elevation 2000 feet msl.

This steep-slope character of the Deerfield River extends frem Wilmington,

Vermont,12 miles north, to Charlemont, Massachusetts, 8 miles south-

southeast.

.

.= ,

5
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3.1.2 Station Descriotion .

~ --

The Yankee Nuclear Power 5tation is a single unit pressurized water

reactor nominally rated at 185 MWe gross genarating capacity with a rated

net capacity of 175 .We. The containment, a steel sphere elevated 30 feet

above the ground, ericlosas the entire pri=ary system, including the steam

generators. Tha station has operated since July 1950, under Atomic

Energy Commission license number DPR-3, issued under section 104(b) of

the Atomic Energy Act of 1954 (as amended). .

A onca-througn open cycle system with an average flow of 310 c.fs is used

- for condenser cooling.

+ . .

~

There is an 82.5-acre watershed. southeast of.the plant that drains across

| the plant site to Sherman Fond. There is a 994-acre watarshed' located
~

~

|

| north and east of the main plant' area. This watersned is drained by

Wheeler Brook which empties into Sherman Fond just north of the main

plant area. Flood potential from these two drainage areas and the plant

site will be deferred to a later report.

.

Yard grade in the vicinity of the plant proper is 1127.7 feet ms1 and

. 1119.7 feet ms1 at the screenhouse. Floor slab alevation of the turbine*

building is 1128.3 feet ms1. .

..

'

Figure 3.1.2 illustrates the general layout of the station.
*

7 '. .= :.-:
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'3.2 Hydroschere - The Deerfield River Basin'-

.

_ __

3.2.1 General Descriotion
*

.

.

'The Deerfield River, a tributary ;f the Connecticut River, has a total
4

drainage area of 664* square miles and extends _ftem scuthern Vermont into
,

,

tne northwestern corner of. Massachusetts. The Yankee Rowe pcuer station,

situated on the central cortien of the Geerfield River B' sin (Figure 3.2.1)a

is only affected by hydrolegic even s in the 235 scuare -ile drainage area

of the up;er basin.

$5 The upper Deerfield River Basin, in general, has fairly steep slepes and
3 c:mprises four sub-basins - Somerset, Searsburg, Harriman, and Sherman -

.

which are delineated in Figure 3.2.1 by the bold actted lines. The average~

Deerfield River flew for the 61 year record at Charlement, Massachusetts,

U)is S87 cuoic feet per secend Charlemont is apprcximataly 9 miles.

dcunstream frem Sherman Dam and has a drainage area of 362 square miles.
,

The .raximum flew at Charlemont was 56,300 cubic feet per sec:nd recorded

- during the hurricane of 1933.
.

3.2.2 Descriotion of Uccer Deerfield River Reservoir Devele eents'

4

The Upper Oeerfield Project includes the Somerset, Searsburg, Harriman,
,

and Sherman Developments.

_p''' .

U.s '
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The Deerfield River rises in Southern Vermont and flows generally in a

south and east direction through a valley that is narrow at the headwaters
'"

but broader as it approaches the entrance to the Connecticut River. At

l the Secerset Reservoir Dam in the upper reaches of the river, the eleva-

tion is 2134 feet ms1 and at its confluence with the Connecticut River
i

! its elevation is 120 feet ms1, a drop of 2014 feet.

:

Semerset Reservoir.

The drainage area above the dam is approximately 30 square miles. The

reservoir extends upstream for approximately 5.6 miles and has a surface

ai es of about 1623 acres art elevation 2133.6 feet .nsl.

. - =

The spillway' structure is located at the west end of the earth embankment.
.

* It consists of a trapezoidal concrete saction cividae into eight bays,

escn 24 feet wide with a crest at elevatten 2133.6 feet as1, and two

10-foot wice sections with crest at elevation 2133.6 feet asi provided

with stop legs to elevation 2136.6 feet ms1. A creosoted timber bridge

spans the spillway on concrete piers. New flashboard stanchions were

installed in 1964 to carry three feet of' flashboards. The spillway

- discharges into a channel excavated in ledge. The channel is abcut 800

| - feet long, 45 feet in average width, and from 6 to 30 feet deec.

|

The Scmerset Dam is of the semi-hydraulic fill type and is constructed on

a curved alignment. The entire upstream slope is protected by riprap.,

- The roadway at the crest is of gravel construction.
.

.-
.
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River flow leaving Somerset Reservoir flows south through the East Branch

of the Deerfield River to the Searsburg Reservoir.
--

.

Searsbure Develcoment.
,

~

.

The drainage area a;nove the development is approximately 90 square miles.

The ;2cnd, extends upstream for approximately 1 mile and has a surface area

of a'out 23 acres at elevation 1754.7 feet ms1.c .

.

The spillway consists of a concrete ogee weir 137 feet long with crest at

elevation 1749.7 feet asl and provided with pin type flashocards 5 feet

in height. A bypass channel used during construction is located at the

r .=_ northerly end of the spillway, and closure in this area consisted of a

vertical concrete wal.1 and deck.
.

The earth embankment at the northerly end of the cam is of the semi-

hydraulic fill type, supported by a gravity concrete retaining wall. The

reacsay at the crest is of gravel construction.

i

Secause of the limited storage capacity (283 acre-feet), the failure or

non-failure of this dam will hava no appreciable effect on downstream.

. fleed flows. Therefore, this dam and reservoir were ignored in subsequent

flood analyses.

. . . .
-.

, Figure 3.2.3 and Table 3.2.1 show some pertinent features of the dam and

:= q reservoir.

y)m .
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The flow continues downstream in a south- and east direction into Harriman
.

Reservoir.
.._

Harriman Develcoment
.

.

Thedrainageareaafovethedevelopmentisapproximately184scuare

miles. The reservoir extends upstream for approximataly 9 miles and has

.a surface area of abcut 2050 acres at elevation 1492.7 feet as1.j

l
*

The 200-foot high earth dam is of the semi-hydraulic fill type and was

raised with rolled earth fill from elevation 1511.7 feet ms1 to elevation

1521.2 feet ms1 in 1964 to increase flood retention capability. The
.

_ upstream slope has riprap protection to elevation 1480.7 feet ms1 for
~

_

'=- - - - - most of the length of the embankment, varying to elevation 1495.7 feet
'

=s1 at the northerly end. Tae reacway at the crest is of gravel covered

with a seal coat of asphalt. The downstream siepe has a grass cover.

|

The spillway is of the morning glory type and is located upstream of the

southerly and of the dam. The spillway discharges tnrough a 22.5-foot

minimum diameter vertical shaft and 90 degree bend into the concrete

bypass conduit that was used for divers' ion during construction. The

- bypass conduit is new plugged with concrete upstream of the vertical

shaft. This conduit has a cross-sectional area equivalent to a 22.5-foot

diameter circle. The spillway has a crest elevation of 1491.7 feet msl
1

and 16 equally spaced piers that can accommodate 7 feet of flashboards. -

The spillway shaft an'd crest were resurfaced in 1954
'

=='

i 7- ?~' '.
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Figures 3.2.4 and 3.2.5 and Table 3.2.1 show some pertinent features of
-

the dam and reservoir.
..__

Flow leaving the,Harriman Dam continues downstream in a southerly direction

into Sherman Reservoir.

!
'

.

Sherman Develecment

The drainage area above the develtpment is apprcximataly 236 square

miles. The pend extends upstrer.m approximately 2.2 miles and has a

surface area of about 194 acres at elevatien 1103.7 feet msl.

=N The dam is of the semi-hydraulic fill type and was raised 10 feet to
, ,a
7 elevation 1129.7 feet msl with rolled earth fill in 1964 in order to

-

iricrease spillway capacity. The embank.nent is su;perted at its northerly, .

!

end by a cencrete retaining wall which also was raised in 1954 The

upstream slope has riprap protection to elevation 1095.7 feet msl for the

full length c.f the embankment. The downstream slooe has grass ccver over

i
I its entire area.
:

I

- The spillway structure is located at the north end of the dam. It consists
|
' of a gravity concrete agee weir section with a crest elevatien of 1103.7 feet-

ms1 and is provided with pin type flashocards 4 feet in height. There is

a spillway channel, excavated in ledge, about 260 feet long and 50 feet

wide spanned by a plate girder. bridge. The spillway channel was deepened

-r m in 1964 by the removal of 4600 cubic yards of material c increase discharge
* )

) =i ' capability by reducing backwater effect. An arc' ding area twns ream of

11
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the spillway bridge on the west side of the channel was graded and riprappe

at the same time. A concrete bypass conduit, used daring construction,
--

runs' through the earth dam. This has a cross-sectional area of 140 square

feet and has beer) plugged at the upstream end with concrete.
.

Fig' urea 3.2.6, 3-2.7, and 3.2.0 and Table 3.2.1 show seme pertinent features

of the dam and reservoir.

3.3 EleodS

3.3.1 Flood Historv

"3;. The flood history of the Deerfield River during this century is readily

f available frcm records which extend baci to 1911 when cons' ruction begant

.
en the' hycroelectric facilities. These records and 'those frem the U.S.

| Geological Survey gaging station at Charlement clearly d:cument mafer

storm and disenarge events which are summari:ad in Table 3.3.1.

- .

As shown, the most significant event was during the "1938 hurricane,"

c1csely followed by the 19c8-49 "New Year's Eve" storm, and the 1927 and .

Although undocumented, a local reference (2) states that the1936 events.

1 - f* cod of 3ct:ber 1359 was similar in severity -he '927 event. The
-

!

rainfall which ac::mcanies trcpical storns (including hurricanes) Of tan

.

produces major floods during the summer and early fall. Extratropical -- -

1

stor ns and/or snow melt produce principal floeds during the winter and
' s: ring months.

-
i
I
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Maximum average depths of rainfall for selected histokie storms of record

for the region are shown in Table 3.3.2. These actual storm values are

presented as an indication of what has occurred in the region histori- --

cally.. Also shown is the controlling storm for the northeast United

States (OR 9-23), commonly known as the Smethport, Pa. storm. This storm

occurred on the west side of the Aopalachian Mountains and is generally
'

not transposed across the mountains.

- .

4.0 Analysis Precedure

.

4.1 General

-r. In order to determine the Probable Maximum F1ced (PMF) elevation at thems

Q) Yankee Acwe Plant site, the Probable Maximum Precipitation,(PMP) is
t

~

applied to individual subbasins using a unit hydregraph to define t.'.<

runoff characteristics of the subbasins. The hydrographs thus cbtained

are routed through the stream channels and reservoirs to acccunt for

attenuatien due to channel and valley storage. '4here dams are overtopped

the erosional failures and resulting outflew hydrographs are simulated by

synthetic metheds.

The PMF is used by many federal, state and local agencies anc architectural.

engineering firms to predict upper limit fleed levels for planning and

design purposes. Tne PMF. is defined as "The hypothetical flood (peak

discharge, volume and hydrograph shape) that is considered to be the most

severe reasonably pcssible, based on ecmorehensiu hydremeteorologicalf] .

bM application of probacle taximum precipitation anc other nydrologic fac::rs
'

13
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favorable for maximum flood runoff such as sequential storms and snowmelt." |
|

The PMP is' defined as "The estimated depth for a given duration, drainage.

-g

area, and time of year for which there is' virtually no risk of exceedance. !

The PMP for a given duration and drainage. area approaches and approximates

the maximum which is physically possible within the limits of comtemporary

nydrometeorological knowledge and techniques."(3)

On a complex river basin such as the Deerfield wnare multiple water

levels and sensitivity analyses are required, a compu:er medel is used.
,

In this case, the HEC-1 Flood Hycrograph Package for Dam Safety Investigations

was used. .

- The basic HEC-1 Flood Hydrograph Package was developed by the U.S. Ar=y

Corps of Engineers' Hydrologic Engineering Center for mo'deling basin
.

*

stream networks. This computer program is used by many federal, state

anc loca.1 agencies as well as architectural anc consultant engineering

firms. The dam safety investigatien program is a mocification ;o'the

basic program that allows the estimation of the overtopp,ing potential of

a dam and the downstream hydrologic-hydraulic consequences res'.':iag from

assumed structural failures of a dam.

.

- 4.2 Rainfall and Runoff

.

4.2.1 Probable Maximum Precioitation : . r.+.

.

.

The staff considered several sources for th'e PMP for this st' y.
.

Hycremeteorological Report .Numcer 33 (H.R. #33), April 195d , is ,he -

'

14
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'y. s.ource most commonly used,for PMP estimates east of the 105th meridian.
-

g .

This report was revised and expanded and released as Hydrometeorological

Report Number 51 (H,R. '#51)(6) in June 1978. H.R. #51 predicts slightly
~

1arger rainfall values for the study area .than H.R. #33. Since H.R. #51

has not been fully reviewed by some major federal agencies such as tvRC,-

we have not used pretipitation estimates from H.R. #51 for the study.

The licensee, Yankee Atomic. Power Company, has recently completad a Draft

Probable Maximum Flood Analysis for the Yankee Rowe Nuclear Generating.

Station.II) This report attempts to carive 7 ~AP for the Upper Deerfield

River Basin by transposing and maximizing several maximum regional storms

to the Deerfield Basin. The NRC staff has not accepted this analysis due

4 to the lack of supporting data and apparent erroneous transposed storm

rainfall values. ' The staff assertien of erroneous results is based in
'

part on the staff's independent analysis of the Westfield storm which

resultec in rainfall estimates considerably larger than the licensee's

estimates.
.

NRC regulations do not specifically require a PMP for the Gesign Basis

Flood for nuclear power plants. Title 10, Part 50, Appencix A of the

Code of Federal Regulations states, "The design bases for these structures,

systams and components shall reflect: (1) accropriata consideration of-

-

|

the most severe of th'a natural phenomena that have been historically

reported for the site' and sourrounding area, with sufficient margin for

the limited accuracy, quantity, and period of time in which the historic

data have been accumulated." In order to be assured that the licensee.n
Al I

*
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~

.
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is not being undusly penalized by the use of Generalized PMP values, the
'

staff made an independent analysis of the August 1955 storm that was
~~

centered at Westfield.. Mass. (about 50 miles south of the Rowe. site).

The maximization,and transposition of this storm to the upper Deerfield

River Basin provides a rainfall estimate that can be considered as a

lower limit value f,er a design basis flood.

The storm was maximi:ed and transposed to the Deerfield Basin using.

procedures suggested in H.R. #51(6) and the manual for Estimation of

Probable Maximum Precipitation (I ) The transposed storm had an adjustment'
'

.

.

factor of 1.17 which includes factors of 110% for moisture maximization,

89% for transposition and elevation and 120% for orographic effects. The

200 square mile, 24-hour adjuned rainfall for the storm is 16.6 inches." - -

Oepth . area-duration curves for the transposed Westfjeld Storm are shownion

Figure 4.2.2. An idealized ischyetal storm pattern, with this rainfall,

was cen.ered on the upper Deerfield River Basin and planimetered to obtain

,
an averagt. 236 square mile basin rainfall of 16.5 inches for 24 hours.

The resulting flood runoff would overtop Harriman dam and produce a flood

level at the Yankee Rowe site of 1172.4 feet ms1. It is noted that this

lower limit rainfall value by itself does not qualify as a PMP. It

follows that a comprehensive regional PMP study would predic at least

. 16.6 inenes for the 200 square mile, 24-hour value anc would probably

predict a somewhat larger value but less than the 18.9 inches from

H.R. #33. Since this lower limit rainfall does not alter the conclusions- -

of this study, it was concluded that the rainfall from H.R. #33 would be
.

,
used as the design basis rainfall for this study.-

=ge
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The depth area-duration -curves from H.R. 333 for the uppar Deerfield River

Basin are shown in Figure 4.2.1,.
..__

.

The distribution,of rainfall in the worst .6-hour period has a significant

influence on the potential flood levels at the Yankee Rowe site. H.R. #33

suggests that 72.8% tf the 236 square mile, 24-hour rainfall occurs in

the critical 6-hour period. Referring to Table 3.3.2, the maximum 6-hour

values for these historic stordis range f.cs 43 to 66 percent of the
.

200 squar,e mile, 24-hcur value. This percentage ranges up to 90% for

northeast U.S. stor=s shown in reference (5). For a sensitivity test,

the model was run with 43% of the 24-hour PMP in the maximum 6-hour

period. The results of this run show that Harriman Dam would still be

g overtopped and the level at the Yankee Rowe site would increase by 8.0 feet.

The reason for the higher stage at.the site is because the higher percentages
,

of ra'infall in the critical 6-hour period causes Sh'erman Dam o overtop

and fail. about 4 hcurs before the peak outflow from Harriman Dam reaches

the Yankee Rowe site. Whereas wit.h the 43% cistribution, Sherman Dam

does not fail until the peak outflow from Harriman Dam reaches the site.

| This higher initial Sherman reservoir level induces a higher peak flood
,

stage at the Yankee Rowe sita. The rainfall distribution suggested in
.

H.R. #33 was selected for use in this flood study.

.

4.2.2 Rainfall Losses
.

-

Rainfall loss rates can be derived from historic storm and flood records.
'

The loss rates thus computad would generally be directly applicable to;q
d ~

17
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O1maximized storms such as the PMF. The licensee derived loss rates in 1-

Reference (7) from two historic Deerfield River storms. The computed'

II) ~~

rates were 0.03 and 0.06 inche' per hour. Other <erification evaluationss

indicated about 0.1 inch per hour. We disgussed rainfall losses with

personnel from the New England Division of the U.S. Army Corps of Engineers
~

who have studied many storms in the region. They recom=end a loss ra e

of 0.1 inch per hour and no initial loss for a PMF stucy. Based on our

own experience and the information supplied by the licensee and the Corp

of Engineers, we selected a loss rate of 0.1 inch ;er hour and no initial

loss. The licensee used an initial loss of 0.5 inch and 0.1 inch per

hour for his PMF study.(7) Since the PMF by definition optimizes and

maximizes parameters, the use of no initial loss is justifiable and
- reasonable. Additionally, the losses are a small part of the total

rainfall and de riot have any significant effect on subsequent flood levels.

.

1. E. 3 Uni: Hvdrocrach Coefficients

The Unit Rydrograph is "the hydrograph of surface runoff (not including
,

| groundwater runoff) on a given basin, due to an effective rain falling .

for a unit of time. The term ' effective rain' maans rain producing

surface runoff. The unit of time may be one day or preferably a fraction

- of a day. It must be less than the time of concentration."( ) Unit

hydrographs can be derived from actual storms or by synthetic methods

using empirical equations. For this study, both methods were used to
,

~ derive unit hydrograph coefficients. Several synthetic methods from the
,

.
-

'

=
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literature were used to derive coefficients for each of.the four subcasins
~

discussed in Section 3.2.2. The methods used were: (1) Snyders Equation I

OO)(EM 1110.2-1405)C9) , (2) Design of small Dams , (3) Linsley, Kohler and
~~

OI) O2)Paulhus , and,(4) Standard Project ficod Criteria, Southern California .
.

Another set of coefficients were derived from a hist.crical hydrograph

O3)presented in the Licensee's studies Onit H.arograph coefficients.

.

were also developed frem information obtained in discussions with personnel

of the New England Division of the U.S. Army Corps of Engineers who have

done :any similar studies in the region. Another set of ccefficients

ere salected based on personal observation anc ex;erience.

.

Ultimately, a set of Clark Unit Hydrograph Coefficise.:s were selected for

g. each subbasin based on professional judgment, personal experience, and
n

( ) with due consideration of the values obtained from the above methods.
v ,

?rior to the ccmpletion of this study, the licensee also furnished Snyder

Unit Mycr: graph Coefficients for each subbasin. The Snycer values were

derived frem actual s:Orms and verified in otner s:Orm reconstituticas. -

The following table shows a comparison of Snyder and Clark coefficients

| for the NRC and licensee valuer:
|

UNIT HYOR0 GRAPH COEFFICIENT 5
DEERFIELD RIVER BASIN

COMPARISCN OF NRC AND YANKEE ATCMIC VALUES
'

Snvder Coefficients / Clark C:efficientsl/1Drainage
Subbasin NRC fanxee Atemic NRC Yankee Atemic

TP CP TP CP Tc R Tc R

'Somerset 2.42 .56 2.68 .81 2. 7 2. 7 10.37 3.65

Searsburg 3.09 .57 2.98 .81 3.4 3.4 11.50 4.09

L. 7 3 Harriman 4.09 .58 4.16 .81 4.4 4. 4 16.79 5.14-

.

erman 3.17 .57 3.23 .31 3.5 3.5 12.35 4.22
_

~

- Conversiens from Snyder to Clark and visa versa were done with tne HEC-1'

program (a)
19
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- The somewhat large Yankee Atomic Clark coefficients reflect the slower,

times of concentration that the licensee obtained in the etse studies.
- "The runoff hydrographs developed from the Yankee Atomic coefficients will

be broader and flatter (lower peak discharge) than the hydrographs

developed with the NRC coefficients.

2

Table 4.1showsacEmparisonofoutputfromsensitivitystudiesrunwith*

the HEC-1 model. This comparison shows that the choice of unit hydrograph,

coefficients has little effect on resulting flood levels. However, in-

the interest of conservatism, the staff's final results and conclusions

are based on the model runs using Snyder coefficients furnished by the

licensee. Additionally, unit hydrograph coefficients derived and verified

g; with actual flood events are generally more acceptable to the technical

_ community.

The HEC 1 model is used to cevelop runoff hycrograons for each subcasin

from the unit hycrograpns, the rainfall, and rainfall losses. These

subbasin runoff hydrographs are then in turn routed through the channels
.

and reservoirs in the river basin.
. .

e

e
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1.2.4 Maximum Recional Rainfall

It is comnon practice, when analyzing potential flood problems, to detennine

the maximum historic rainfall for the region.
1
.

Table 3.3.2 shcws the maximum recorded rainfall values for storms that
-

nave occurred in the region. The Westfield, mass st:rm (No. NA 2-22A)

is the largest st:r= in the regien by a c:nsiderabia margin.

This storm was transposed to the Deerfield Rfver Sasin for the purpose

of determining the potential effect on Harriman Dam and the Yankee Rowe
n=.~"~

Nuclear Plant. The transposed storm would have a 24 hour average basin.

(225 shuare miles) rainfall-~cf about TI inches.
'

~~~ ~~

_

.

.2 ~lecc Routine

The channel and reservoir routing with the HEO-1 mecel uses the modified

Puls method. This method of routing ace:unts for hydrograoh attenuatien

due to channel, valley, anc reservoir s:crage, but it dees not account

for the time required to convey water from one subbasin to the next.

|
- Abcve Harriman Dam this is ace unted for in the subbasin hydr: graphs;

l . .

! -
.

*
.
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between Harriman and Sherman Dams it is not. We estimate this time to be

about 1.5 hours between Harriman and Sherman Dams. Thus, in

terms of predicted flood levels at the Yankee Rowe site the peak [
1

inflow hydrograph to Sherman Reservoir could lag the predicted arrival |

time by less than 1.5 hcurs. In most cases analyzed, Shennan
,

Dam is predicted to fail prior to the arrival of the predicted failure

hydrograph from Harriman Dam. Therefore, any celay in the arrival of the

Harriman peak flew could result in scmewu,t lower flood levels at the

nuclear plant site. However, any failure hydrograch frem Harriman Reservoir

is sufficient to cause significant ficed levels at the site, regardless
.

of when Sherman Dam fails.

;Z. , 4.3.1 Reservoirs Routino
*

.

Reservoir routing was done by the Modified Puls mathed. Reservoir storage
.

curves -ere provided by the licensee. The n :rege curves for Somerset,

Harriman, and Sherman Reservoirs are presen:ed in Figures 4.3.1, 4.3.2,

and 4.3.3, respectively. The curves have teen conservatively extrapolated

by the licensee above the top of dam levels using an incremental storage

procedure.

Reservoir cutf1cws were of three types: (1) discharge through the normal.

.

reservoir spillways or outlet works, (2) discharge over non-eredad portions

of the dams, and (3) discharge through the eroded or breached dam sections.
[

|
ihe spillway rating curves for Scmerset, Harriman, and Sherman Reservoirs

.. were furnished by the licensee and are shown in Figures 4.3.4, 4.3.5 and

N:Y 4.3.6, respecti/ely.
*

21
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The staff has scme reservations with respect to the spillway for Harriman

Reservoir. This spillway is the " Morning Glory" type which is designed - -

to operate with a small change in discharge for a large range in heads. The

spillway is located in the corner of the reservoir and very close to the
%

dam and southern bank of the reservoir. This location would % cenducive
4

to decris accu =ulation and potential bicekage, escecially fer rsre ficeds

that will carry many large trees and other debris dcwnstream. These-

spillways are also notad for undesirable disenarge characteris:Tes a:

reservcir levels above the design valu'e, The Harriman spillway was

designed for a reservoir elevatien Of 1498.5 feet ms1. The dam has been

raised subsecuently, and predicted levels c:uld be as high as elevatien

1525 feet asl. When these type spillways are subjected to heads above
_

I}m the design value, there is possibility of shif-ing centrol between weir,
t )
"V orifice and full' pipe (pressure ficw) with the associated uncertain dis- -

charge ca: ability, slug flew, vor:f:es, :avitati n, and vibration. There

is another [ncertainty with respec: to -he ra-her carrcw :iscnarge charcel

immedf ately dcwnstream of the tunnel cutlet. The unkncwn is whether the

narrow chann.el, c uld sutmerge the cutlet at higher ficws, :hus fcrcing a

hydraulic jump in the c:nduit and thus reducing capacity.

.

Juring past ms.etings with :he licensee he has demenstrated a willingness

o 'c:nstruct becas or other censidera:Ter.s :: preclude debris from :he
~

spillway if the additicnal cacact:y wculd ensure non-overtopping of

; Harriman Cam. The spillway was mcdel tested in 1925 prior to constructicn.
, .

The acdel test dces mentien scme runs at higher heads and the associated

N vertex fermation and seme fluctua: fen in discharge. It is dcub ful tha:

k|
#

.

the fric-f en in the riser and barrei were :recerly acdeled and aven if'
,

%
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they were it is very difficult to predict, with a model,, the. flow charac-

teristics for this type of spillway, for greater than design conditions. ]

In light of the many uncertainties with this spillway, we limited the -

assumed discharge to the capacity of the riser throat as an crifice.-

This is about a 25% reduction in capacity at the higher heads.

1

The spillway for Sherman Dam has a ratner na'rrow cischarge enacnel

downstream of the crest. Ocunwater c:mputations for this spillway indicate

j tne pessibility of hydraulic jumes or turbulent flow c:nditions at very
1

! high discharges. Depending on the resolutions of other more serious

problems, this issue may be investigated .more thercughly at another time.

Discharge over the non-eroded dam sections is c:mputed by the HEC-1=-

;

- program using the standard weir equation.
.

.

The breach hydrograpn is computed :y a weir ficw scuation apprc:riate for

the shape of breach selectad.
1

! .

These various possible outflows are submed by the pregram and used in the

routing procedure.
.

3. 3. 2 Channel Routino.

1
1

Th'e only channel reuting required in the medel was from Harriman Dam to

the Sherman Reservoir. The geome.tric elements for the routing cross ;
,

'

-
.

_ _ _

23
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section were obtained from a 1:62,000 topographic map. .The cross section' ~

,

was used for a one step Modified Puls routing to attenuate the hydrograph
~~

for channel and valley storage between Harriman Dam and Sherman Reservoir.

.

413.3 Antecedant Floods

1

Cur current criteria' requires that when analyzing potential single or

multiple. dam failures during a PMF, t.;.at the PMF be preceded 3 to 5 days

h a flood equivalent to 40% of the PMF. The purpcse of this requirement

is to allow for the estimaticn of the loss of reservoir flood storage

capacity by antacedant floods. For this study the antecedant flood was

routed separately. This routing indicated that all reservoirs would be

w_.. . . at the spillway crest elevation at the start of the PMF. Therefore, all

/

's )s subsequent runs were started with tha reservoirs at the spillway crest
v. ,

elevation, except Searsburg, which was not considered as a reservoir as

discusse.d in Section 3.2.2.
.

4.a Erosional Dam Failures

| As discussed in Section 4.1, the Modified H50-1 program has provisiens to

| simulate erosional type dam failures. The program allows for user discretion
|

in selecting the shape and duration' of tne breacn. Two breach shaces
.

(tracezoidal and triangular) and -h ee durs-ions (1, 2 and 3 hours) were

modeled for both Harriman and Sherman Dams in order to determine which
.

would be critical in terms of water level at the Yankee Rowe site. The

, o\ side slopes of both triangular and trape:oidal breaches were assumed to
-

:
. x,./ .

.

..
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be the angle of repose (g) of the embanienent matertal' which was assumed to b
___

35*. The bottom width for trapezoidal sections was assumed to be the

width of the natural valley at the toe of the dam, anc the lower limit of .m

the eroded sectigns was assumed to be limited to the eievation of the
.

natural valley at the dam site.

1

The results of theselanalyses showed tha- the trapa::idal shape for a

duration of one hour would be the critical assumptiens for both dams.

5!nce the duration of the Harri=an Dam breach has a significAnt influence'

O3)~

on the depth of flooding at the Yankee Kewe site, the P/A Ereach I'edel

was used as a method of quantifying the duration of breach.

The Harrican inflow hydrograph for the T/A model was cbtained by routing.---

the FMF with the HEC-1 model and. assuming infinite dam heights. Other

i.;uts to the medel were a 2 angle of 15 degrees and a breach width of
|

400 feet.. The section was ereced to elevation 1220 feet asl wnica is the

appr:xicate natural valley floor elevation. The cdai resui s shewad a

time of about one hour to breach the section.
-

.

Unfortunately, there is only a limited amount of information available en

methodolcgy for simulating arcsfonal failures of ear-hen embankments. To

the bes.t of our kncwledge, the TVA =cdel is the caly One available that
.

atta pts to predict a rate of failure. There is sc e hist:ric infer atien j

available, but at best this cnly supports the unpredictability of this
. !

|
i

.

type of dam failure. Photographic documentation of the recent Teton Dam

failure i.-dicates that the rapid failure of a large portion of the emba-k- |~

,._

-) r e.. secti:n :::urred in it:ut 23 ' . tes. .-i-:- . .;h -hi s .ss nc an

25
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overtcpping $ reach, the rapid failure of a major portion of the estenk=ent
,

gives a good indication of the erosicna? pctential of reservoir storage.
, , _

.

.

4. 5, Recurrence Intervals of Natural Phenomena ^
.

4

Recurrence intervals or procabilities of natural chenc ena (rainfall er

flood events) are often used as a decisien-naking tool. The staf# is

reluctant to attempt to associate frecuencies with rare natural phencmena

due to -he large c:nfidence intervals and the tencency tc : lace more

reliance on the peccability estinates than is justified by the basic cata.

Mcwever, there is scme frequency informatien available fcr rainfall in the

region, and it is included in the follcwing paragrachs.

3-.
( r

2' -
' Technical Paper #40(16) which does not include the last'24 years of records

, .

.

nor the effects of Hurricane Diane, shcus a regic al 24 Scur-iOO year

;cint rainfall for the :eerfield River 5asin of at:et 5 inches. The

Westfield gage (about 50 miles south of the Rc-a sita) rec:rced rainfall.

. during Hurricane Diane; the 24 hour-lCO year peint rtinfall for this gage
1

is 12.4 inches. The Springfield gage, which is about 10 .iies east of

Westfield, has a.24 hcur-lCO year point rainfali of S.5 inches. The
.

licensee has provided seme rainfall frequency informati:n in Acpercix A
.

cf Referince 7. They show a 24 hour-100 year ;cint rainfall for Farriman

Stat'en sf about 5.5 inches. The other gages they selected all have

2a heur-iOO year point rainfalls, of between 4 and 6 inches. However,

they did act select any sites in the regicn that have recorded severe
-

~[ s) hist:rical rainfall events, such as '..'estfield, Mass. , s'ns an "ct:h,
Im?a /

~~

*:.4., cr 5;r# ;fielo,'' ass.
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Based on consideration of the above 100-year rainfalls,' it is the staff's h
~-

judgment that the regional 24 hour-100 year point rainfall for the Upper
.c

Deerfield River Basin would be about 7 to 8 inches. NOAA Technical

Report NWS 24III) provides a generalized curve for converting point rain-

falls to area rainfalls. The 8-inch point rainfall is equivalent to

7.4 inches on the 23$ square . mile basin. This then can be ccmpared to

-he 13-inch basin rainfall that Harriman Dam can safely pass. The only

guide we. can sugces for putting the 12-inch. rainfall into a frequency

;erspective is that the 13-inch rainfall is accroxima ely a recicnal

record value, and based on past experience of cther record stcrms and their

extrapolated frequencies, which' introduce significant uncertainty, the

recurrence intervals are generally in the 500 to 1000 year range.

:: ...__
It should also be noted that this probability information deals only with,

! -

| the rainfall event and makes' de allowance fcr any conservatism in cur. -

I

me-heds of determining the PMF, such as loca-ing the storms critically

:ver a shecific watershed.
.

The percent chance of a rainfall value being exceeded in the next 20 years
|
| can be determined mathematically. There is an 135 chance of the 100-year

(7. A inch) rainfall being exceeded in the next 20; years. For the 500-year-

and 1000-year recurrence interval rainfall (13 inches), there is a 44 and

- 25 chance, rescectively, of being exceeded in the next 20 years. ' gain, it

is noted that there is much uncertainty involved in trying to asscciate

frequencies with rar2 natural phencmena. The above accroxima:e analysis

is only intended to provide " ball park" estimates of the likelihood of

exceeding the existing capacity of Harriman Dam in the next 20 years., y_ _

' . . = . _

.[ " ~

|
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5.0 Results

This ficod study has analyzed floods for a range of rainfalls frem 13.0 --

- to 21.3 inches. The resulting flood levels at the Yankee Rowe !!uc, lear

plant site and other outputs are shown in Table 4.1. The 18.9 inches is
.

the 24-hour, 236 sqqpre mile PMP frem H.R. 433. It is the staff's judgment

that, under current 'cri:eria, the FMF based :n this rainfall or. rainfall

derived frem a detailed regional study as discussed in Secticn a.2.1 is

the flood that the Yankee Rowe plan: should be crotected against.

The f1ced resulting frem 13 inches of rainfall en the basin is approximately
.

what Harriman Dam can contain without over: pping. Mcwever, the reservoir

level for 13 inches of rain would be at the tco of the dam and does not
v.=...

[N include any allowances for coincident.wi.nd generated waves which would'be*

abou 3 feet high for a 30 to 20 och. wind and the runus would be about -

8 feet above the :end level. 2dditionally, the upeer 25 feet of the

entank=en: does no: have ricrap fer erosien protec:icn.

,

The PMP (18.9 inches) used for the.PMF would have a point rainfall of

25.5 incnes which ccmpares to a maximum 24-hour coint rainfall on the

Harriman subbasin of 5.5 inches (Table 3.3.1) that creduced the record

reservoir level of 1498.1 ft ms1. Regionally, a 24-heur, 200 scuare mile

value of 14.2 inches (Tacle 3.3.2) was recorded at Westfield, Massachusetts,
'

'just 48 miles ' south of the Harriman Dam. This storm when maximi:ed and'

transposed to the Upper Deerfield River Basin would yield abcut 16.5 inches
'

| of rainfall in 24 hours 'for a 200 square mile area.
|= O

*
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Hydrometeorological Report Number 33 is recognized by !najor water resources.

engineering groups throughout the country as the scurce for Prebable

Maximum Precipitation for the design of large dams whose failure could .--

result in loss of life and major property damage.. In lieu of rainfall

values based on a r emprehensive regional study, the generalized estimate

from HR #33 is the value that should be used for the Probable Maximum

Fleed for the Yankee River site.

Tacle 5.1 c:mpares pertinent values of other Cearfield River ficod studies

to the NRC Flood Study. The values for the C. T. Main (1977) and Yankee

Atomic (1977) studies were takan from a report prepared by the Yankee

)Atcmic Electric Company, YAEC-1139 This report was prepared for the.

, a 2. Federal ?cwer Ccemission (FFC) (currently kncwn as the Federal Energy

. Regulatory Ccmmission - FERC) as part of their licensing requirements.
.

| The C. T,. Main values are similar to the ."RC FMF values, excect fer the

breach assumptions for the dams which have a significant influence on the

| resultant predicted maximum reservoir 7evels. Since the C, T. Main

breach assumptions were not provided, we cannot ciscuss the c:mparison.

The Yankee Atomic (FPC Report) values are censiderably lcwer than Ours,
'

| and we attribute the difference to the unit hydrographs, rainfall loss

cates, and starting pool levels. In all cases, *e c:nsider the Yankee
.

Atemic values to be ncnconservative.
|

.

..
-

| The values for the 1980 Yankee Atemic flood study were taken frem
.

i

refarence (7). The significant difference bet..sen these talues and the
,_

5.i==
* :C ;"? . Cues is tre FMp rai . fail Oca f ac-ic- 62.1). "i :r :i'firicc;s=3=g ..

.
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r- N are in the Harriman spillway capacity (100%-licensee vs approximately"

75%-NRC) (See Section 4.2.1),
--

t

The values for the U.S. Army Corps of Engineers (COE) 1963 study were

taken frem a lettar report that is attached as Appendix A. The study

resulted frem inter &gency coordination en licensing requirements in 1962
'

and 1963. The COE study was for a Spilhay Design Flecd (SDF) for Somerset,

Harriman, and Sherman Dams. The 50F is ecuivalent to the FMF.except that
'

the rainfall wculd be for the drainage area centrolled by asch dam.
,

Their study also assumed infinita dam heights. The COE values indicate

that the results are very close to the NRC PMF study.

,

55: In addition to rainfall-induced fleeds, the sita may also be exposed to
/ -

( fleed waves frem a Harriman Dam failure induced' by oth'er causas such as.
.

seismic, piping , etc. For these type fatiures the staff generally

assumes instantanecus re eval cf the dam secticn and cdeling cf the

flood wave by unstaady flow techniques. Since eniy 100-fcet tc;cgraphic

mapping is availabla for a portien of the reach and accurate cross sections

cannot be prepared, the usa of '5e unsteady flew medel is not arranted.'

Therefore, the staff used approximata matheds to estimata a water lavel
I

of 1148 feet msl at the Ya.akee Dewe site assuming instantaneous failure

of the Harriman Dam with the ; col at aievation ic33.0 fast esl and 50%-

attanuatien due to chanr.el and talley storage.

.

The 13 inches of rainfall'that Harriman Dam can centain without overtcpping

p.; is aucut 0 percent of the 19.9 ' ...h p'4P : sad by .'iRC as the des'gn bases
,

**h u -Isr s O ***ar.t driIa!''a. . I $ s . .* c W *. $ p- ant cf Na . aI l m *.

10

. . . . ~ - . _ ~ . - _ _ _ . ~. . . . - - - - -



' r. '..
.

*-

. . .- n
*

..u .

_-
,: :.,.

.=-

value of 16.6 inches. The ,5.5-inch maximum 24-hour ;cint ra'nfall at g~~

Harriman Sta-i:n is about 22 percent of -he 25.5-inen, 24-hour point
__

rainfa:1 frem H.R. #33.

.
.

..

The significance of the difference in assumec Harriman Soillway ca:act-fes

(IOC% vs 75%) can he quanti"'ed by c:nverting the cif'erence fi discnarge
.

l : ecufvatant reserveir st:enge. The :iff'ere :a te--ean : C5 an: 75%|

's;i1*way discharge at the ::p of can aieva-i:n is 3::ut 10,0C0 cfs. This

f'.:w.':r aucut i hours is activaient t: at:ut 2-1/2-',ee Of resarveir

The 13-inen rain'all ab:ve Harr' an :ss .cu'.d sai- ain ::est: rage.

resereicir within 2 feet of the t:p of the das for a: cut 5 heurs. .

VI. Conclusions and Reccmmencations

~ .rsiecic Conclusiens
-

::.=.
Hve1. 0

.

Based :n :ne resul s Of ne NRC ? :cd 5::cy, f- is ne 5 a'''$ jueg en-

na- ne Marri=an Ca='can sa'eiy ; ass tne -uncf' fece a s Orm si n en
- ,

*- is 'ur ner ::nc'..ceeaverage 5::er :asin ai-f all :f a::u- 12 inc..es.
~

that -his storm would result in a 7.axi=um fleed eleva-icn at -he Yankee!
!

Rcwe s'te Of no =cre than 1132.0 feet ,=s1. This rainfall is abcut 70
d

:ercent :f :ne design basis en nfall uncer cur-ent .*iRC licansing ced ar sd

.

for new plants.

1

1' ~'a sta'f sisy :: c'ucas tha. if . e v:;er !aer?'e': River !asin !s'
-

sL:.'ac ad t: a st:rs wi-h avers;e :-he.r basin rai 'a".1 :f . en cre

than 13 inches, that Harrkran Oas will be evert:c;ed an: will fafi. *he

failure of Harrican Cam for any reas:n . hen -he ; ci i*s ateve slavatica .
.

!;?O 'est 7.si will ;r:d.ca a ft::d le,el at -he Ya..kae ::wa s'te that is
.;=q..
. . . . .... ,.... . .. . , , ... ..... ,.....3 .. .

.. . ... .... .. . .....23. ;. . . . s.. .
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b Current practice by designers and constructors of major dams, especially
. .

where there is a potential for loss of life or major property damage, is - -

,to provide sufficient storage and spillway capacity to safely pass a

Prebable Maximum Flood er its equivalent. 'Harriman Dam is a large dam, and.

'

there is potential for loss of life and major croperty damage in the
1

even: of a failure of the dam. If the dam were being ::nstructed today,
l- it would probably be designed to safely pass the FMF.

(19) -

The Federal Guidelines f r Cam Safety s: ate:

"C. Flood Selection f:r Design (or Evaluation) - Be selection -

of the design flood should be based on an' evaluation of the
relative risks and c:nsecuences of floeding, under both present
and future conditions. Higher risks may have to be accepted

i for scme existing structures because of irrec:ncilable conditions.
Hm._

;(^ When flooding could cause significant hazards to life or major
% pr perty damage, the flood selected for design'should have

virtually no chance of 'being exceeded. If lesser hazards are-

.

involved, a smaller flood may be selected f:r design. Hewever,
all dams shcule be designed to withstand a relatively large ficoe

i withou failure even when there is a:caren:iy no cewnstrean
i ha:are uncer presen c:ndittens of devel:pmen:.''

.

9

Therefore, based on the resul:s of this NRC Flocd Stucy and en the Feceral

Guidelines for Dam Safety, Harriman Dam sneuld probably be c:nsidered for

upgrading.

.

e
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2.0 Recemendations .l

The staff has considered possible remedial measures for the potential |
|flood problem at the Yankee Rowe site. 'The best "fix" would be either !

:
I

an emergency spillway in the west abutment of the Harriman Dam or a '

1

| civersion to divert excess flows to an adjoining drainage basin. The
i

emergency soillway would have to be sized to pass the difference in

runcff volume between presa~ t capacity and the volume for a Spillwayn

Cesign Flood. The Sofilway Design Flecd, SDF, is that ficod discharge,

regardless of otner designation or mathed of c:mputation, wnich is used

to develop the hydrologic and hydraulic design of a scillway and dam.

Other possible remedial measures would be to raise the existing dam

(about 15, feet) to contain the PMF er remove the dam completely.

.

Since Harriman Dam can safely pass a ficed that is about ecufvalen: :o

a maxi =u regional event, which is a rare event (see Secticns 1.2.1

and 4.5), it is reccamended that centinued oceratien of the Yankee Rcwe

Flant be allcwed provided that the licensee initiate a cregram cf analysis,
.

design and installation er construc:icn of engineered mitigatien measures.-

Such activities should be scnedulec f:r completion in coordination wf:h

other influential decisiens affecting the plant and the dams; 1.e., seisai:
.

effects, but in any event, :: be c:m:leted by January 1, 1951

.
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CHARACTERISTICS OF UPPER DEERFIELD RIVER DA.MS

.

Somerset Sea rsburg Ha rri:.an Sherman ._

Const:vetion Complaced 1913 1922 1924 1926

.

Drainage Area (squire
miles) 30 90 154 236

104 50 215.5 1104Height (feet) -

,

Langth (feet) 2010 475 1250 310

Das Cresc Elevation -
USGS (feet). 2146.58 1762.66 1521.16 1129.66

,,

Spillway Crest Elevation
USGS (feec) 2133.58 1749.66 1 91.56 1103.66

Active Scorage at Spillway
Crest (Acre feee) - 57345 282.5 103375 4561

Surface Area at Spillway

T Cras: (Acres) 1623 25 2050 194_

r .

5
C 01scharge Capaci:y, 5 ft.

ever Spillway Crest (cis) '950' 5350 15040 5300 -

.

Oischarge Capacity, 10 ft.
oter Spillvay Crest (cfs) 3920 1 5?O 33500 00700

4 33.6 7.2Ceneracica Capacity (:G) -

t

*
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TAllLE 3.3.1
|

tia, lor St oim I; vents anil Relateil In formation

in time Upper Decrficlil River Basin at liarriman Station Since 1924
,

llarriman llarriman llarriman
^

lla x . 24-ilr . itorm
, To t.i t Hax. W.ater Cliar1cmoi..

ic. r Haint.ill (In.) Duration (llr.) Hainfall (in.) I.evel (Ft.) Hax. Flow (.'* *

1927 (Niv.) 5.38 >/2. 5.77 14112' 3 36,000
-

. . .

19% (ll.ir. ) 1.94 62 3.50 1486.5 32,200.

'

19311 (:;ce. ) 4.74 H2 8.89 1497.8 56,300*

194t!-49 (.lan. ) 5.53 74 9.02 1498.1 42,600,,

19 *> *a ( Aug . 14) 4.27 11 2 8 . 0 11' 1491.2 2,9110
i

1955 (Aus:. 19) 2.49 42 2.82 1489.1 5,246,

:

1 *> $ * (o.: . ) 3 . 11 7 6(, 7.76 1494'.0 20,200

19hu (:iep,) 3.87 3 11 5.73 1487.8 12,800

191(> (Aul.) 4.11 11 6 6.06 1494.8 18.100

.
-

! |11.orrim.in' : pi llway Crest (185CS D.atusa) - 1491.7 feet
[ jllarrieaan Data Crest (U:;GS D.stina) - IS21.2 feet

jll.o rr im.in D.ua Dra inage Arc. - 104 sq. miten
Tliarleuont Drainage Arc.: - 362 sq. Aller.

. . ' . .[ ..

| ...-).
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HISTORIC RAI.lFALL
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m

-( No. NA 1-21; Stom Cantar:Elka Park, N.Y.; Oct. 4-6,1932
-

V
MAX MUM AVERAGE DEPTH OF RAIN.:'A LL IN INCHE5

- - -

Aren in Sq. Mi.l Duration of Rainfc!I in Hou.-s
I t- | 7? l 1.*. I 2!. I m| 4I la | 44 | | |

En. 5 atic h.7 7,5 10.0 10.0 10.0 n.5 n.7 11.7
10 h.5 72 9.8 98 95 11.2 11.5 n.y

100 39 63 E.9 91 91 10.1 10.6 10.6
~

3, . 8 59 8.6 8.8 8. 5 9,., .7 10.1 lo.12C0
sw -o 2 3 .< 7 . .a o . ,- o . ,- c.S y . .:. 91, -- - .---

1,0cc 3.3- 5.2 7.2 7.h 7.h S.1 S.E S.h
2,000 3, .1 h.S 6.6 6,.3 6.5 7, .h 7,.7 77

.i ., p.2 o.o c . ,, ..p c.9 6, .9
-- ,

, . - ,

p , w, a.o 1 w

-e,m..o 2.2 , .2 h.S 3.h 5.,4 3.7 6.;. e.;- ,, e. ,-

20,000 19 30 h.1 E.5 h, .o 5 3, 5,.7 5,.7
posm -.2 2. . > . > h.1 a., :4.o p.o p.o,r,- ,- .,-

-

60,000 1.h 23 31 39 h.1 h.h h.S h.8
s

*

No. NA 2-22A; S cm Center: Westfield, Mass.; Aug. 17-20, 1955
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" ::c. 'tiA .1-17; Stcrm Cantar: Xfnsman !!ctch, fl.H.; Nev. 2-4. 1927
-c --- . .

MAXINUM AVERAGE DEPTH OF RAIN. ALL IN INCHES "

A. en in Sq. Mi, Du. ation of Rainfall in Hou.s- -

6 i 12 l 19 | 2h | 10 l -6 l L8 | So l ! |

10 7.8 10.5 n .7 12.0 12. 6 13 7 1h .o 2.h .o
-

100 5.8 S.3 8.8 9.2 o.5 10.1 lo.3 10 3
203 5.7 8.2 8.6 8.8 c.o 10.0 10.2 10.2
Sco 5.5 79 8.2 83 8.5 9.o 92 o.2

1,000 h.8 73 7.7 7.8 S.2 S.8 8.o 3.9-
2, o'o h.o 6.h 7.0 7.3 7.o c .1 8.2 S.2
5,0C0 2.7- L.S 6 .1 , 6.7 7.2 7.7 7.0 79

10,CCO 23 beo 5.h * 63 6.7 7. 0 73 73
. .h g,. 6 * - g.o :.5 a .g 2 .,g p.c .2-a,v- a .as. :s a

50,0C0 1.6 2.S 3.6 h .1 b.5 h .9 5.1 5.1
60,000 1.h 2.5 33 35 L .2 h6 h.8 h.5

I.
-

'

:-io. ::A 1-27; St r;i Center: Hsetsr, N.Y.; Jul. 6-10, 1935
.

,

MAXIMUM AVIP. AGE DEPTH OF RAIN FALL IN INCHES
Arca in Sc. Mi. Duration of Rainf.-.ll in Hours.

6 | 22 l 18 1 2h. I 30 1 36 | 1.:.S I 60 | 72 | 90 |

l-- 10 52 10.2 n.h 11.8 12.0 13.h 2.!.:. 2 2.8.: 2 1h.2 2La
.A.o 2h.120 51 97 n.1 n.3 n.6 22 9 13.o 13 9 '

100 h9 8.6 10.1 10 5 10,7 . n.5 13 0 13 1 13.h 13.6
200 h.7- S.0 i:.6 10 .0 10 3 10 9 M.5 22.6 '.2 9 13 2

e 3, c 3 2.: . - S e .k.
.: 1. s.S e.2 e ,- ywa - -

,A- -) 1. 3
- --

, s e - . - - . - .

!.-i,:v.2 8.6 .m.o c, . 6 .s .e . 4 --.e is ,is S- . ..m 4./ -2-,i r n. s- . -.

w p . ;- c'.o /.2 7 .c- 3.0 c.o c, . 7 7 . o ' .'*.e.. o .:.n 4'- - - - ~~ -

c, ~ . ~ . ~ -

,,..o 9.I - I. e =c 4 ~t . /. 4 4 C * o. ~.2 C = e+.
e - a --

Ia -*C I~e s es -=~

, -*.6 2.' p 8- l C'..'.- l*a .se4
r. '- - - -- --,so u- o. . p . t. ,2(*. u e.

20,000 10 2.c 32 p .7 h._, 'a- p . .:. ;.g ;.y c.2- - . -

30,CCC o.9 1.9 2.h 29 3.h 5.S h.3 ES 52 35
38,500 07 1.h 19 2.h 2.9 35 3.S L3 hS J.1

. .

:c. ?!A 2-2; Stcr . Canter: Barre, ! ass; Sept. 17-22, 19 3-

M A XIML'M AVIRAGE . DEPTH CF RA!NFALL IN INCHES

!/ ras in Ss. Mi.| Ourstion of 0. in T.tli in Hou. s-
:6 inoI 4 I 'o I .3 1 25 Io I -6 i ES I 60 i2 -

.

l u .2 % .2 u.3 '15.0 ks.3 26.9 ju.11 ,o 6.h is.2 9.6 u.3
-

ico 5.0 6.3 83 9.5 10.h 11.h 13 0 ih.o 15.1 .:.6.5 '16.5
2c-0 h.6 63 7.8 o.o c.3 10 9 12.E- 13 h 'h.5 16.1 16.h -

500 h.1 5.6 7.1 83 9.o 10.2 u.6 12 .6 2.h . 2 15.h 15.7
12.0 13.5 'h.6 15.01000 3 7- 51 6.6 7.7 8.h ?.6

n.o !n.3
-

13 2 . 13.S 2.' .220:o 33 h.6 6.0 7.2 7.5 9.0 lo.h a

5cco 2.7 3. . o 5. 1 63 6. . o
8,2 o.5 10 3 12.0 ,12.h 12.S

<-.. -.

; . .) 4.3 ,e . . 0 . ., . 4, e.O 1. : ;--.7 ' - - . -;.n,. -_ . - - . .. .

.. . 0 2.. ' , . . - | ;.e? ! s, =
.! . 7 a.) 4. . '. | =.s7

t 8 .- --.-
g:-

. a. f : .* .i .; . f . - - * : * * --
3"_~' :-.o -.- --** -- st i w.*.
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- No. OR9-23; Stom Center: Fort Alleghany, Fa.; Jul. 17-18,15f42 -
, , ,

" kethoort'
MAXIMUM AVERAGE DEPTH OF RAINFALL IN INCHES I

1'-

Area in So. Mi. Curstion of R:inhli in Hour:
'

12 I 21 I I l i I I i !
6 | 12 '

'Ja=. s u tt e r. 30.7 34.3 35.5 35 5 . |
*3'.3 34.21 29.3 32.0 ;

5 26.4 22.6 30.5 31.0
'

'10 21. 7 26.7 23.7 29.2
20 'd . 3 24.3 .I26.3 27.4

. . . ,, ,,
,t, _v.7 ._.e, .3 ..o.~, ..,

. .
t.
..

.s- ,4, ,. . . , . .s . .s ..7.. --.

-.3-2 - 6.n. , o. 3 .e. . ,-. 6-as s - .

500 9.1 13.2 15.7 16.3
, .+, w 6. ., ,v.,- ,3.o- . . , ,-

_ .. .,-,..

2,C O 39 7.2 9.2 10.2
4,300 25 4.6 6.1 7.1'

.

o$ ,

| - - - -

) .| ,, .Q
-

... .

G

e

e

e

e

G

.

. M.,

"".d ]). .

.

1



_
__

_- - - _ . -

r e

d. / I
'

p.

f *

'.
'

.

N
' i

1Anil 4.5, g
t

SIN 5 ilvili AHAITS15

/
IIAllRiHAll SrILtWAT 3 75__1_.CA.r.AC111 .

. . . . . I'f/tMillAll 5rilI.llAT = 1001 CArACIIy- . , g,, - -
,

_

_5ay le.,r ,Cs,3,I ll clen tsI/ Clank CecificientsII Snyder Coefficients!# Clark CucifitientsII-
_ - _ _

NJ in.ica n intail (laches) n.0 16.0|16.5- in.9 in.9 2i.3 16.0 16.s in.9 21.3 e6.0 is.s in.9 21.3 16.0 iG.s in.9 ' ri.
. _ - . . . . -

!tw=_!r.el..a! $ravnin. .

2:1,.. r._.n,i.,(t,e v) is2n.i is24.6 is24.0 is24.3 is2s.i is26.4 is23.i l'.23.6 is24.4 152s.2 is24.i 152 1.9 is24.9 is2s..E 1522.6 1s21.2 is?4.5 js2si
. .

2'e nt_ q ,t!!wm cis) ,2.46J 2.5'm 2,42 _2.,5 n 2y6 2 al) ,2 d,4H ,?,,jM ,2,M? ,?,,4 3J 2.41') 2,.s26 l ,$]p gl ,MHH ,?,46? 2 ,5,

Ilse ut f.illure . 6'I . 3 J f 88.61 69.3J 68.0 61.33 7 3.ti /1.8./ 69.67 En.61 69.67 69.0H 6n.0 67. 33 . 1 l .f.1 JU 1J f.'s*

,Ilane!..fh. (1ers) 12.:1 10.;11 f '8.G1 10.33 69.0 68.3) 7 4 . 11 /2.61 70.67 69.61 70.61 1 0 .810 f9.0 68.33 75,0 14.61 li . 'l J 780

Itura,lline ,nver top (hrs) 0 1.55 1.24 1.53 i.29 1. 3.8 2. 4'> 2.iH f.55 i.21 s.5i 'l.55 2,1,25 s.29 6.0 , 3,,41 ,_,i, nn _i .',

.

SillistAll RI5LMVOIR

n.is res.j_,(eie } t i n .r. lui.3 111/.4 sin 2.5 iiis.6 76.5 in96.6 t i'J r .4 172.5 tiis. i:Fu.9 1111.1 tiit.o 117!. 9 1132.4 i s t.9. 7 lir2.n tis 9
,

.P'.*d.I Jl .(3!"."' CIS I . "" _.2 , l ' 1 ,3: 9,3 ,,2,i46 2 ,2,,{,3 2 .352 ,,.?, pfp. 2 h*N. 2.183 2 ?pjs _?,sil 2.,,j 64 ,J 2,4?I _LR9 32} ,2,8f1!I . L !6,i ,?,P

.I.I . "' IdI I."1F !I.![s) ,- ,,66.,,1M,i _f*8';,M _69.67 65.67 65.33 13.t.1 12. 11 66.3) 66.0 65.67 65.f.1 6s.0 64,67 66 6] _6fb61 ,_66.0 , 6'. .f ,, 1

I,1,se, al,Jge (hrs) . 61.li 10.67 l#.f MI 10.E5 69.33 68.67 14'. 35 1.1.H? II.00 10.0 it.no 70.33 69.33 68.67 67.6s 15.tMI 11.61 10
~

, leur.stion ever top (firs), 2.33 2.43 2 .16 3.00 2.82 2.35 3.61 3.31 2.4i 2.45 2.47 2.45 2,47 2.41 i 4i 2,41 2.47 2.r

. , .

.

1/ lillC Ibad Sin.ly ilsing Aelopled Values *
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: cyc.::t r. :1 M ==t reim flo:.d. ii .*:1.:.- 'e . "be c;- .lic= xcs.

etd.1c:1 t.'e =f e?.:.::07 of = tic i s :-' '' *.yu cf '2 dc.c of the ::j:=t

e=1 sleet 4 a f.ccics !*.:ci th.= . is e:::sii -- <i a : :: c--::: . .k:-r::s cr,
.:c.,,, .:t:. tic =3 - *c t7 .:.'=2 Cer;:s cf :::;' r...;s t*_: ..'. c= rt: =t c_.itcria -

.3,.a ,c a . . %.S ,. ~. ,. .. g , ,p . - 2 . , . . . id .. . ..'. s ^ . 44 , '-
-

,
. . . ~ . .

C*"# ' ? q .dt:CD fM ',*1tD E-"' Y4 C3 *T :'# "'.#.CS C"||". D''i g,r. .: Cf D f.3.
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W. S. W E:;;r Div, Reo hr' = M, Va.ltham, .tss. 'io Jant.:ry 1963

To: Chief of W s, 1772: N 4-37, DA, Wa hirgton, D. C.

1. '.'ho application af tha T.:1s Z: c-i-*d covar Cc.g.::7 (:*!.?00) af
Earton, F.asse:h =stta to the Tcdcr:1 Pove.r Cc=1 scios fer a licc==e
f=r the co:st: ::tc:ji hyd.roslectric project (;o. 2323) les:ted c: ca
Oesrfield Live.r 1. T.ssecch==ctts and Ter===t, t:cather eith :.:ppla-
=s=te y data :-t=1tted with yocr letter of 13 'a--- y 1953, has be r.-

r Tie:Jed a:d thz fousvi.=; rem is r.h=itted be.r ith.

2. Pro.4mt. - D.s project ecarists cf c.:va: d::s with hy: ire-
cls:t:d.c , : .;;.: st tions it.:::.ted c= th: Oct.-field D'.7.? b:t>ce.: p ists
11 =iles se:c 59 miles u;: tress of its je:: tics with the Cer.:s: tic =t
P.irt .r:d =r.: das and rt:::ve'r c= the *:rt E...::h cf the Cc-rfield.

Pf.ver usad to re;clate fic::s. he e.svan dr.=s with power stat' css are

Desrfield Nc. 2 near Cc:rsay and Oclhurne, Tksa. vith
three gn=eratirc ur.d ta totauing L,?,00 rd.

I

. - - Oee.rfield No. 3 nea.r Shelbur=e sad E.:hhad, Mr.: .'

I rath th.ree generating c.its tote 111:g h,503 .W.

Oecrfield. S. Ih nant " hall.:.=e r.d Cxthnd,1::.
with thr e ccscratir4 units tctelli.4 k,500 En.

"terfield !*:. 5 star D.roo s=d Tle.".de, }%::. With

! t'.: :e gcr.::: ting cr.its tot:lling 13,000 .W.

Sher = a near recroe, h ::. With eno CE C fati:C c:it
cf 7,2C0 Cd.. ,

Z:.Y - n r.srr Vhit' nch=s a.=d M'" --ten, Tt., vith
three cencr:ti=g unita t.c'ril' 33,600 rd. -

Se:rs5:rg ocs.r Sect:bcrc, Yet:i:t with c=s cencr. tire
unit of h,000 C4

- These s: Ten pcVer :tstiene ec=teis a tot.cl of 17 hrtrocis:tric cen.rcti:.
c.i*s rith a c: chi .d cep :ity of Th,' C ''.:f. Cno.cf the f.c.:: (hrri: .:)
c1:s pr:.d de: a cter:co reservcir to .t ulato river fler: c.:d c .a
(3 .::re-t) pr: rides eter:ce er.ly with so h.--dr: ic-:tric gc..:: tinc ft:111-
tice. I:.o re in't.g dc : cre uccd fer per.3 o c 'y co th:t v:tcr ::s is
osec:tielly r== cf river fle:r. .

r..- -

art :*
. . .

4 e
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3. I feet of Pre.tcet es rieed 71rm. -
.

__ ,

of the eight ruco d=3 on the Acrneld Rive.r ad its Isata.
P.ra ch, three are coari.dared under sarth stnet:=res. fvo cf tM=a d=.s
h:ve a =ic ifics t effect em redmi.e4 floed ac:s. fc= rcst d=,1ccated
is ths u;;e.r porties of the Cecrflold River, centnis t.% rumstf fic= ;c
equ:rs ciles of dreir.. s :res ad cc=t..im a u=ble c:s=itr cf 57,300
scro-f: % cc a1:=ht 3S i:.:hea af r:...sff. E:.rri:2a dc:s, ic::tcd dcr::-
stree.s of Sc=:r::t d:s h s a et d:.is.a;s ::cs af 15L c:; =s miles ed.

c=tsins 116,0C0 a:rc-feet of u.=:ble stcrade v'.ich is ez:1Y lent t. thret1h in:hos of rancff. Der--~ d=1, a r= cf ?ver p?--t is a hish s:~th
d.c and is icested ebcet t:.= =iles d::::t.rc:.: of T.:rd --- d=.

b. f.::trset Eas:.re:1.r is a eters e reserreir :=d in gc.:r:1
in dr =n de s duri. : the s --- , f:.11 a:d ri..ter :: ths to sc.:::t thsc: tar:1 river fier. "ha res::v=ir refills def =; tha c ri=g ese:r a:lt

E:.r:1.ze.: Reservci.: is a stcrace reservcir c.ich also cc tcinssaas:s.
a penst.ack fer pcver develo;z.:e=t. The resriveir d::v de:t= a.cd fillirq;
in gener:1 fellevs tha sr. a pc.ttcru as Sc=c:cet Essr 7cir. "ha re-
m=i:174 des es tk 74c.rceld P,.'ver e.rs r.:s of the river plasts with no
eppre:ir.ble st. 1;s

sE .

"(' T.nring ths Y.=h 1936. C&od, k th _Co::rs t srA E::::'%a .̂|

A * ctered ale::t the. e tire =ter= r==ff.- Durir- th: fcptc.';.= 1935
c e=e, :).: recere new La this =ca, fc:==:t d= eter:: ' ::: the

-

s..tir: 1.flev cM red :cd the cc uted pe:.k ir.flev cf 7,5.'3 cf: to a
ditz.'r rto cf st==t i f ,0 cfa. At E= 1=.: d:r., the ec -:t.cd ;::k in-G= ! hh,hCO cfs rs redu d to c.t.::t 15,C o cf:.

d. Somerset and E= f =.s de.= ers cencidated c:jer c = th
etru=tures cM both hcTe boca decic:::1 to pass a =:.jcr fler.d Tc11critsthe Aurr.st 1755 floed is :sth:= Tcv .N. bM, the 6:= cc=re:y per-
for:.:d studies to dctrr:.L.se th.: sdcqu::7 of c:1cting epiL1v:7 et c11d.c a cc the 7.,+crficLi T.1ver. "h: do c.";: etc= ves ;:tte.-.:d ..fter the
Acc' :t 1955 etcre_, which et its centcr c:= Wc:tficid, !'.:erech:c::ts,
prdcccd 1*s.2 i=hes of reinfc11 i.m b3 h :_ar. "hc r.:r.:ff fr:.: the
de:igs :ter= is lh it::hes. U:it h:-Tre..::,.h: vere develepc:1 fr= the17'.* - if' 9 yac-en:1 Cced.

-

c. "te deciC3 ficds routed three-h the rcr=7:1.r:, ir.fic:ted
thet re.: dial =s::= cs venid be rc:;;1 red et C: rt ;.: cad Sh.v= dt. .:.
50. rc.:t d:: is ecpetle cf h=.dlin- th: d: .'cr. fleed t-ith ct ct fer.r
fcct cf frtibc:d . At C=rir:n d: , the ic== Cc -'. r,7 prcp:s:s to ::-* :s
the tcp cf the e=th e=' --W~t evc= fr.ct to cler: tics 1516.66fe,:t/r.:1. '"is voul.t ella:r 5.2 feet cf fracix:r:d de:1r.: th .d4ciC: CCcd.

.

.

At sk=::= d.r=,. the P:r.:ce Cc.:,s.::;r ;1- - t: xvire the d:= 10 feet to,

;(~N '

:Q ~

.

- _ m.--m_ _ ___ _ - ._.
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- _ _

elevatica 1120.66 feet, a 1 ard to sr.1=ge *As epinug dic:harga chamc1.
Eo madce alteration.s cre p1eH for the rum:ining d-*.

f. The "ks E:;;14=d Divisica h..a bcilt s: vere.1 floc.d cc::tr=1 d=s
is the Co=wtic=t nycr ha.=*n jr.st n=th a=1 cruth of tbs Docrfield
Td.ver. S e ::re rcep=t ree .w eirs h:ve b3e= de:1 ped to p cs tis 1staat

__
Ccrps ep4 "r:7 do:1p Coed with Eve fe:t of fr.wbs=d. 5: .s E D da=s
built price to 1955 ds ::t h:ve ed. qc:ta ciHv 7 c: .::ittr to ;: s a
cpinv y de:1;: Good cc=putcd frcs :.hs 1sto:t criteria. A ginv:7 de-
cip Cood v.a ec=puted for Sc= :::t, T.=r'-- e=1 Sh =--a d=.s c c= d ta.

used to derive,th: rc::st spillv:7 de:1cs fleeds at I.9H T.:=t-* a De t en
the 'm*:st Ever s..d Littic-d llo Oes c t.'.s 1*.1d.'.lo T.r:sch, a'::tflolf. F Ter.
'Wis ---1r=is it.2::ted tist Sc - ::t dc cc-id re.:: tha c-illv y d::ign
flood eith ebcut tJe fcrt cf frc:t==d b:t cdittic--1 c.;illur.7 cep :ity

vocid be re- ired et both E =d--* and ? ---a dr- .

g. At F.:..r4 -a dam, i.f additional rp1 Hug cepczity were n=t
pres".ded to suppl---t tis limited capccity cf the e:1 ting cor .i.= gicy,
the d.= vocid have to be rair:d an edditic=1 13 feet zero th.=a the

__
prese=t pecpoc 1 is c:-!.c.r. to ctere the a=ces volu= cf ---*f.

h., it C.e.r--* de=, the additional pillvc7 cept.:ity reqcired to
pess the epinvy decip C::d vocid be .st 1s::t d::hle t.'.o preposed
cepecity c=d ec-'d.be even Cre:ter if ndittie::.1 epincy cepecity w:rs

-

pr:vided ct E. rrict.= d=. Th.s fellccia, tet'a cc:.- =cs t'- - - ''s
derived f;== *A: ?ct= Occ;::_7 :tudies cr.d the C:r .s crit.:d: fcr Se re-t,,

F.=rd --a' =d C:=:= d.c . .

Se--r -t 11 u r" - -:d_ :.9 O :s C5c: . 3 Tc.=
Ccrps Pc.:= Co. Ccrps Pc*cr Co. Ccrps Pever Co.

Dee:riotien Cdte-ia CM teria Crited s Criteda Crite.M a C:-i teria

Ur 'c..co A.rea -
eq. =1. 30.0 30.0 1A net IS == t 52 net 52 net

*

Decica Cts:2
Mi..fc11-ir.:he s 05.1 13.2 0 :.6 12.2 25.1 19 .2

.

Oc=1.gn Stern
Rus:ff-ir.:he s 02.h 1h.0 15 .1 1h.0 22.h * !: .0.

Xct ?c:h Zr. fica :-* .

- cfs 55,900 21; 000'.-- 159,000 77,000 FS,000 32,500

! cts.1 Fech I:- '

t, _ ,
Cc= - efs 55,c0c 21,0C0 170,cN:o 50,000 112,000 63,c00

.
=--. ,

.
.. = . . .

5

.

.

_ __ _ _ _ _ _ _ _ _



-
_ ___ _ ._. _

-s.
. . ..

9: 3 *1 ~* s1..-
: . .. .. a

,

-

=~
m .

NilX",w (15 Eav 62) 2nd ind 30 .Tacasrr 1963
SC3Jich Eaw D:;-larzt Power W=v, Project lio. 2323

. _ _

~

d'able coctimed)

Sczarsst D:n E..r-1.=_s Ibn Sherr.n Das-

Cc:ys ?cze.r Co. Cerps T-=wer Co. Ccrys Feuer Co.
"oc ristics Crd.tcia CM tc..-i.a crite-i.a crite-ia' C ri*c- 14 Criteria

?eak Cutfics - 1

efs 10,500 5,700 y,600 36,cco 110,X"A 41,5CO

r.a=L = Pool
s'.cc , 21hh.7 21ht.65 1,507* 1513.L6 1,129 1125.L6

.

Ftr.ar Cc:pe:T
- Preposed
!=p cf Dez 21h6.58 1515.66 1129.66

1. It is rec =c=i:ed that th.e decip fleed selected b7 'la ?cuer
Cos;c.v is a rs.re event acid vill prcrida a r. .h highcr decreo cf pretee-
tion actinct failee 'Aas 'Ac p.reec=t de:13 Sossr==t du can pcz.: the

,;.,,_

'=7 spillvq design flood with two feet of freds=d arz! is cen=idered s.: tis-'

fz=t. v. E rri=an dam, irith a C ==d spillvv capc:ity .cf tho:t f.,000
efs vc=Li he rul.lar..ble to a flood cppro chig the r.:s=itado cf a Co- ps

'

r;111va7 dasign flood. "-"2- ecditic .s c == at 14. :.. : dan.

.j . Inc,eetics of the tv---* -8 .c fire de.s ':. Wic tes *1:t th:7
c e . .:n of river p'- ta with no appreciabla =t...- ce. Os ic:c:: de:1p-

criteria caed far thace da:= is rease...ble ad.::e f=11cre of en cf -2c:a
chocid not releans the tes=asic .s vol=:s cf v.tcr required to c:::3 a

estastre.ha. -

,

k. E.ffect ef ?re'cet en K-ir .tice. - Th:rs is es e:irtin; Ted : :.1
~

==vicctica prodc=t es the Ccrea: tic: ., Tiver .^ c= ita =:sth 's E=:fe-d.,.

Conn:.:tient, 65 =iles b: Icv tho == th of th: Ccc fic1d Rittr. The
Cecrfield TJ ver its::1f is cet c=.rc::tly cred for c:=.::.:te.1 ::vig:tice,-

ner 's thers c 7 indicatics that * =; :va---te cf the river for ::P.-~

Catic: 0.re deci. red c. verested at this t1==.
.

5. Corelu.-de . - It is ccc:1uded th:t tis tro e:icti. : etc. : s
dc=. , So _ rsct and Ectrir.:n, h:ve a cic=1.ficent effcet .'.s reducir.- ficed.

ficus. Ezrrt :.n ::d Ccr=:n d:::, s.s d.ifitd k7 p...: :. 1s of th Tuc.

Cocpc 7, e_11 he t. fe apin:t f 11== in a irto fled. E:::ver, th:ca
two hic't ec.rth /- s have epills:7s v':1ch vill n:t p=ce a Ccrps c7111rc7.

decia rioed, eyes after propos4d c:f.1:1cetic:... Os p jc:t ve:14 c-t
.
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affect present a asticipated son-wrcia.1 cigation aM s# a.1 tar =s a.rzi
e. tziitions toc insertion in t.he licenes, it israad, are not ennd dcred
.wes saszy. .-
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Appendix C

.

Conservatisms in a PMF Estimation, ,

The purpose of this appendix is to present some of the conservatism ihvolved-

,_

in determining a Pmbable Maximum Flood.

Definitions

Probable Maximum Flood (PMFf - The PMF is defined as the hypothetical flood

(peak discharge, volume and hydrograph shape) that is considsred to be the

most severe reasonablycposstble, based on comprehensive hv'drometeorological
,

application of Probable Maximum Precipitation and other hydrologic factors

favorable for maximum flood runoff such as sequential storm:: and snow melt."O

Probable Maximum Precipitation (PMP) - The PMP is defined as "the estimated

d2pth for a given duration, drainage area, and time of year for which there'is

virtually no risk of exceedance. The Probable Maximum Precipitation for a given

duration and drainage area approaches and approximates the maximum which is

i physically possible within the limits of contemporary hydrometeorological

knowledge and techniques."U The following are elements involved in ' determination

of the PMF:

1. The pHmary factor contributing to a PMF is the PMP. Estimates of PHP are

generally obtained from National Weather Service reports of generalized

PMP estimates for different regions of the country. In some cases where
.

generalized PMP is not available or the generalized values are not pertinent

to a specific site, site specific studies can be undertaken to develop site-

!

M efinitions from " Standards for Determining Design' Basis Flooding at PowerD,

Reactor Sites", ANSI N170-1976, ANS-2.8. '

_

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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specific PMP values. Criteria for the derivation of PMP estimates has*

been developed by the World Meteorological Organization and the Office ---

of Hydrology, National Weather Service.
.

The significant conservatisms in generalized PMP estimates are (1) Only

tfie most severe stoms o.f record are considered; (2) the moisture content

of these storms are adjusted to obtain the maximum percipitable water and

(3) the process of enveloping or smoothing will introduce some additional

conservatisms.
.

2. It is assumed that the stom producing rainfall is critically centered over

the basin to produce maximum runoff.

3. An antecedent storm is assumed to have occurred 3 to 5 days before the PMF.

Th'is assumption minimizes rainfall losses and maximizes runoff in that 'it
.

. would saturate the soil and fill depression storage. Where storage reservoirs

are involved, this assumption will ~ generally insure that reservoirs are full
l ~

at the start of the PMF. This then reduces attenuation due to storage and

maximizes peak discharge.

l *
l 4 The unit hydrograph coefficients are derived from stoms of record in the
I

basin whenever possible. Where stom data are not available, then con-

.
servative synthetic coefficients are derived to produce a maximum peak

discharge for the basin. This can be a significant conservatism for open

river floods. Where streams are controlled by reservoir storage, hydro-

graph coefficients are usually not a. significant factor since they do not

effect runoff volume..

,

!
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.
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5. For open river conditions, backwater computations are used to predict
--

water surface elevations from peak discharge. Computed water surfaces

are sensitive to the roughness coefficient (manning "n" value). These

can be derived from historic stom data, but since roughness chefficients

decrease with increasing stage or discharge, this approach would be'

conservative when used with the much larger PMF discharges. When these

coefficients can not be derived, conservatively high values .are assumed.

6. Where reservoirs and dams are involved, unsteady flow and routing models may

j be used to conservatively estimate reservoir elevations and elevations of

downstream flood waves when dams fail. An important feature that may allow

for conservatism in these models is spillway capacity. There are two broad

~ classifications of overflow spillways generally used for dams; (1) a wide.

rectangular spillway which usually incorporates an vyee type weir and may
.

be gated or ungated and (2) a vertical circular riser connected by a 90*+

elbow to a horizontal outlet conduit through the dam or abutment, generally
!

referred to as a " Morning Glory" type of spillway.
.

I The capacity of the ungated wide rectangular spillways can be detemined

accurately. The gated structures may require conservatism if gate
'

operability cannot be assured or if debris or ice is a potential problem.
|

'

Generally where gate operability cannot be assured, one or more gates

are assumed to be failed in the closed position. Similarly, if debris or
,

ice accumulation is a potential problem, the staff assumes, partial
!

~

! . blockage and the associated reduced capacity.
f

-

|

=

.
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The morning-glory type spillways can also experience blockage due to ice.

or debris accumulations. The large diameter spillways on large dams
._

normally can pass large logs and other debris. However, there is no
,

experience on the type and size of debris that can be generated during

a flood as large as the PMF and, therefore, partial blockage for these
'

spillways are assumed. These spillways can also experience large

fluctuations in discharge capacity and associated vibrations and stresses

if they are subjected to water levels significantly in excess of the

design values.

7. When dams are overtoped and assumed to fail, an important factor is the

size of the breach and the time required to fully erode the breached

section. Since there is very. little methodology available 'for predicting,

,

these factors, they are generally conservatively assumed. These conser-

vative values would trend toward worst case observed values. The

resulting downstream flood stages could be significantly higher than

what would be predicted using average observed values.

Th2 above discussion only addresses some of the more significant factors or

th2 ones that can result in the largest differences in estimated PMF values.
.

.
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Differences in NRC and YAEC PMF Estimation
I

.

e previous section of this appendix addressed the major parameters and
~~

assumptions used to estimate a FMF. This section will address the major

differences between the results of the NRC and YAEC PMF estimations.

Of all the items discussed in the previous section, only two, the estima-

tion of PMP and the assumed spillway capacity, are areas of disagreement

between the NRC and YAEC.PMF estimations.
.

The NRC estimated PMP by using National Weather Service reports of regional

PMP estimates. The result of the NRC estimation i's that the PMP will be

18.9 inches in 24 hours. YAEC estimated a design maximum rainfall (defined

to be a site specific PMP) by performing site specific studies. The result'
(y
! J the YAEC estimation is that the PMP will be 14.3 inches.of rain in 24v -

hours.
.

Th2 NRC estimated the Harriman Dam spillway capacity to be 75% of its design

value during the probable maximum flood. This value was chosen to conservatively
i

l estimate spillway capacity loss due to debris blockage or flow variations

caused by water levels in excess of design values. YAEC estimated the
'

spillway capacity to be 94% of its design value. This value was based on a
'

~ number of analytical studies of the Harriman Dam spillway.

Details of the NRC and YAEC estimatiorjs of PMP and spillway capacity are

presented in the staff safety evaluation, in the licensee's safety analysis
| =

i jYAEC-1207, " Design Basis Flood Analysis," October 1980), and in Appendices

' " A cnd B of the SER. Appendix A of the SER also contains Franklin Research

Center's estimation of the Yankee site PMP.
|

_ _ . . . _ . _ . . . . _ . _ __ . . _ . . . _ _ -_ __ _ _ _ _ _ _ . . . . _ . _ _



-_. --- - ._ - .- . a.x . a.w. .a . -

. ..
. . . ,

' ' ~~ ' ~~ ~

$(g- ' , ' '-
. ~ . UNITED STATES = - .: 'E _ _ . . _ ~ %

?
*

, . '

* NUCLEA,N REGULAT~O'RY COMMISSlION7 ~
.
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4.- E_,.' '- , WASHINGTON, D. C. 20555
.

"
,

' July 15,.1982, -

y .....
.

Docket No. 50-29 -

LS05-82 -07-040 -

:
-

.,

Mr. James A. Kay
Senior Engineer - Licensing
Yankee Atomic Electric Company -

,

1671 Worcester Road
Framingham, Massachusetts 01701

' Dear Mr. Kay:

SUBJECT: SEP REVIEW TOPICS II-4, GE0 LOGY AND SEISMOLOGY AND-

II-4.B. PROXIMITY OF CAPABLE TECTONIC STRUCTURES IN .

PLANT VICINITY - YANKEE NUCLEAR POWER STATION
AT ROE MASSACHUSETTS

-,

i
'

' Enclosed is a copy of our evaluation for Systematic Evaluation Program .-

Topics II-4. " Geology and Seismology," and II-4.B. " Proximity of Capable
Tectonic Structures in Plant Vicinity." These assessments compare your
site condition, as described in the docket and references,with the

|O criteria currently used by the staff for licensing new facilities.
1 ,/ Please inform us if your site conditio'n differs from the licensing

basis assumed in our assessments.

! Our review of these topics is complete and this evaluation will be
' a basic input to the integrated safety assessment for your facility

- unless you identify changes needed to reflect the existing site condi- .

tion at your facility. These topic assessments may be revised in the
future if NRC criteria relating to these topics are modified before
the integrated assessment is completed.i .

Sincerely,

i

. 4.Att
Ralph Caruso, Project Manager
Operating Reactors. Branch No. 5.

Division of Licensing'

Enclosure:
As stated

. .

cc w/ enclosure:
See next page-
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cc
Mr. James E. Tribble, President .

Yankee Atomic Electric Company -
.

.

25 Research Drive
.

-

Westborough, Massachusetts 01581
.

''

.

Chairman
'

'

.

- Board of Selectmen
Town of Rowe
Rowe, Massachusetts 01367

Energy Facilities Siting Council
14th Floor
One*Ashburton Place
Boston, Massachusetts 02J08 '

U'. S. Environmental Protection -
.

Agency
Region I Office .

ATTN: Regional Radiation Representative "' '

.
..

JFK Federal Building
Boston, Massachusetts 02203

Resident Inspector
~

-

C Tankee Rowe Nuclear Power Station '

c/o U.S. NRC
'

Post Office Box 28
Monroe Bridge," Massachusetts 01350

.
.

. .

Ronald C. Haynes, Regional Administrator ''

*

Nuclear Regulatory Commission, Region I
631 Park Avenue .

King' of Prussia, Pennsylvania 19406

.
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'$$P - YANKEE ROOE' NUCLEAR P0'WER PLA'NT'''
~'

'' ' '

TOPICS II-4 - GEOLOGY AND SEISMOLOGY, AND '

II-4B - CAPABILITY OF FAULTS IN THE SITE REGION "

.

1 INTRODUCTION

1.1 Identification of Safety Issues

The SEP topics addressed in this chapter are the geology portion of,

. Topic II-4, Geology and Seismology, and Topic II-4B, Capability of Faults in
the Site Region. The seismology section of Topic II-4, Topics II-4A, and
II-4C are addressed in " Final Review and Recommendations for Site Specific

,

Spectra at SEP Sites" (memorandum from R. E. Jackson to W. T. Russell, 20 May, *

1981).

d .1.2 Scope of the Review
-

Geologic and seismic evaluations were not made by the Atomic Energy Commission
(AEC) during CP and OL activites of the Yankee Rowe site. Since that time,
however, detailed investigations have been carried out in the region as part
of licensing activities for Pilgrim 2, Seabrook, Units 1 and 2, Montague 1 and

.

2, Millstone 2 and 3, Indian Point 3, and New England 1 and 2 Nuclear sites.

Data included in the SAR's and SER's of these facilities were considered in
this review. Other investigations that have been done include: (1) geologic
mapping of the area tround the site by Weston Geophysical Corporation (WGR)
reported in " Geology and Seismology Yankee Rowe Nuclear Power Plant",
January 29, 1979; and (2) the New England Seismotectonic Study. This research
is funded by the Nuclear Regulatory Commission and is under the direction of
the Weston Observatory of Boston College. These investigations are ongoing
and the current effort is expected to be completed in 1983. In conducting

.
this review, the NRC staff has relied heavily on the results of all of these

/ investigations as well as tihe published literature. :

b I
-

.-

Yankee Rowe SER 1-1
.
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Several significant earthquakes have occurred in the site regica recently, which
are being assessed by the NRC to determine whether or not they, could have an impact

,'on ..New England sites: a series of earthquakes in New Brunswick, Canada, and a moderate
. .

, . . . . . . . . . . . .

size earthquake in central New Hampshire, which caused relatively high accelogr'ph '

recordings near the epicenter. These occurrences are described below. "

On January 9-11, 1982 a series of earthquakes occurred in New Brunswick
Canada. The largest of these events was a magnitude 5.7 which occurred on
January 9,1982 and resulted in' only minor damage (Modified Mercalli
Intensity VI) in this sparsely populated area. In the past, however, events
of such size in the eastern U.S. have typically resulted in Modified Mercalli
Intensity (MMI) VIII. Many aftershocks of that event have occurred since the
initial swarm, including a magnitude 4.8 on 31 March. This earthquake was
felt through New Brunswick and northwestern Maine, but no damage was reported.
These earthquakes are located in geologic terrain that appears to be similar -

.

to that found throughout the New England-Piedmont tectonic province, but the '

geology of the epicentral area is not well known. There are major faults
mapped in the vicinity as well as a large pluton, but a relationship to
structure is not known at this time. Geological investigations to attempt to
identify a source mechanism was anticipated to begin this spring when the snow
cover had melted. We do not know the status of this investigation at this
time. Pending results of investigations in the epicentral area, there is no

- i

reason at this time to alter conclusions regarding the ade,quacy of the Yankee
'

Rowe SSE. The NRC staff is actively monitoring the investigations of these
earthquakes and will report on findings as they become available.

On January 18, 1982 a magnitude 4.5 earthquake occurred in Gaza, New
Hampshire. The strong motion instrument at the Seabrook site some 50 miles to
the' southeast triggered indicating that the ground motion at Seabrook exceeded
0. 01g. We have been notified that the U.S. Army Corps of Engineers had
several instruments near the earthquake epicenter that also triggered.

Uncorrected copies of 3 sets of accelerograms recorded on and near a dam about
5 kilometers from the earthquake epicenter indicated a maximum peak accelera-
tion of 0.56 . The short duration, high-frequency, ground motion associated9

with the highest peak acceleration (0.56g) is similar to that, recorded from

Yankee Rowe SER 1-2
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small nearb9 earti1 quakes at other locations which have also produced little or ~

no damage. Since the instrument recording this motion was located on the dams

alutnient the're is"als'o a strong possibflity t'h5t topography Anch/o'r the , dam
~ ~

'

configuration contributed to the high peak. Based on our present information '

we do not believe these records indicate inadequacy of,the Yankee Rowe seismic
design. The geologic source of this event is not known. Investigations of

this event are still ongoing,. and, like the New Brunswick studies, the NRC
staff is following them closely. We will report on the findings when they are -

available.
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Current listing criteria which governed our review of the safety issues .,

j addressed in this chapter include Appendix A to 10 CFR Part 100, " Seismic and
Geologic Siting Criteria for Nuclear Power Plants," and NUREG-0800, Standard
Review Plan, Sections 2.5.1 and 2.5.3. -
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3' RELATED SAFETY TOPICS AND,' INTERFACES -
' ' ~~ ' " '

.

.

The geotechnical engineering aspects.of the site are closely related to thei
..

topics covered in this chapter. They are addressed under Topics II-40 II-4E,
and II-4F. Topic II-4F is dependent on information from this chapter.,
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4' REVIEW GUIDELINE 5"-

9

Elements of Appendix A to 10 CFR Part 100, " Seismic and Geologic Siting .

Criteria for Nuclear Power Plan'ts" were used in this review to provide
guidance in identifying and evaluating tectonic structures in the site region
to determine whether or not any of them are capable.

Chapter 2.5.1 of NUREG-0800, Standard Review Plan, guided the staff in its
assessment of geologic features in the site area related to the potential for
faulting, subsidence or collapse, inndslides, weathering, or other foundation

instabilities.

Chapter 2.5.3 of the SRP was utilized for guidance in considering the following
'

subjects: The structural and stratigraphic conditions of the site and vicinity -

(Subsection 2.5.3.2), any evidence of fault offset or evidence demonstrating the
,

tbsence of faulting (Subsection 2.5.2.2), earthquakes associated with faults
"

(Subsection 2.5.3.3), determination of age of most recent movement on faults
(Subsection 2.5.3.4), determination of structural relationships of site area

faults to regional faults (Subsection 2.5.3.5), identification and description

of capable faults (Subs;ction 2.5.3.6), and zones requiring detailed fault
,

investigations (Subsection 2.5.3.7). .

,
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5.1 Geology - Topic II-4 .

5.1.1 Regional Geology
,

The Yankee Rowe site is located in the Green Mountain Section of the New
England Physiographic Province (Ferneman,1938 and Thornbury,1965). The j

Green Mountain section is a belt of highland ranging in elevation from +1000

to +3000 feet mean sea level (ft msl.). The belt is about 25 miles wide and
core than 250 miles long. The New England Physiographic Province is a northern
extension of the Appalachian Mountains that has been modified by glaciation.

~

The site is within the New England-Piedmont tectonic province. The New England .

part of the province, as considered here, coincides with the northern
Appalachians as described by King (1969), Eardley (1973), Rodgers (1970) and

'

Hadley and Devine (1974). The New England 'part is underlain by folded and,,_

faulted Precambrian to Mesozoic metamorphic, igneous an'd sedimentary rocks

everlain by a few feet to several tens of feet of Pleistocene glacial deposits.
.

Although we accept the larger tectonic province, the New England-Piedmont
Province in New England can be further subdivided based on*, geology into the

'

Southeastern New England Platform, the White Mountain Plutonic Series, and th'e

New England fold belt. The Southeastern Neif England Platform is separated

from the rest of the New England-Piedmont Province in the site region by the
Noney. Hill-Lake Char thrust fault complexes. The boundary farther to the
north and east is the Clinton-Newbury and Bloody Bluff thrust fault systems.

It has been suggested (Rodgers 1972) that these generally northerly dipping
thrust faults and associated rocks of high grade metamorphism represent a'

Paleozoic collision zone between a plate containing the Southeastern New
England platform and a plate containing the New England fold belt.

,

.

:
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The Southeastern New England Platform is composed of Precambrian granitic
. basement ro.c s, Siltrian..and Devonian volcanir and intrusive rocks, . C?.mbro-k . .,

Permian basins, an area of late Paleozoic intrusive and metamorphic rocks, and .

the zone of mid-Paleozoic, post metamorphic thrust faulting. represented in '

south-central and southeastern Connecticut by the Honey Hill-Lake Char fault ~*

The Southeastern New England Platform has undergone relatively littlezones.

structural deformation or metamorphic alteration since the Paleozoic
(240 million years before present (mybp)). Known faulting is related to basin

development during the Cambrian-Permian (570 mybp to 240 mybp). These basins
include the Narragansett, Boston, North Scituate, Woonsocket, and Norfolk.

.

The White Mountain Plutonic series is an elongate, north-northwest oriented
group of alkaline intrusives that extend from northeastern Massachusetts

.

through New Hampshire. They were emplaced from Permian to Cretaceous. As a

result of reviews of the Indian Point 3, Seabrook, Montague, Pilgrim 2, and
.

.

*

New England sites, the staff . concluded that there was a spatial relationship
between. the zone defined by these intrusives, which represent the youngest

'

significant deformation features in New England, and historic seismicity. The

largest New England earthquakes occurred within this zone.
.

The New England fold belt consists of major northeast southwest striking
tnticlinoria and synclinoria composed of metamorphic rocks and plutonic ,

bodies. From the west in Vermont and western Mas'sachusett,s to the Atlantic
Coast these major folds are: the Green Mountain - Sutton Iiountain anti-
clinorium, the Connecticut Valley - Gaspe synclinorium, the Bronson Hill -
Boundary Mountain anticlinorium, the Merrimack synclinorium, and the Coastal
enticlinorium. The site lies on the Green Mountain - Sutton Mountain
a'nticli norium.

N
Several major geologic structures have been mapped in the site sub-region,
including faults. These structures are described and evaluated with respect
to'the Yankee Rowe site in Topic II-48, Section 5.2 of this report.

.

.

.
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5.1 2 Site deology ~
'

'

.

'"In'additioE to hvestigations relative to s'iIE vaiidaEJon arid c'onstruction '' ' ' '

permit activities in 1956, the site was investigated in 1978 to obtain .,

information for the Systematic Evaluation Program (SEP). These studies ..

included core borings, geologic mapping, and seismic refraction surveys. The

| results of that exploration are reported in " Geology and Seismology Yankee
Rowe Nuclear Power Plant," 19 January,1979, by Weston Geophysical Corpora-
tion. The site information reported here is based on that report, several

cieetings with the utility and its consultant, a study of maps and aerial
photographs, and two site reconaissances by NRC geologists and geotechnical
engineers.

'

The site-is located on dense till on the eastern bank of the Deerfield River
i at an elevation of 1,120 to 1,140 feet mean sea level (ft msl.). East of the

"

,
plant the slope steepens to about 35* and increases in elevation to 1800 to .

2000 ft msl.

. Prior to construction, the site was underlain by up to 30 feet of sand and

gravel glacial.outwash. This material was removed frem the site area. The

plant is founded on a wedge of till which thickens from 0 east of the site to
80_ feet beneath the containment and up to 200 feet south of the site. The

'

till is a compact lodgement'till consisting of gravel and cobbles in a silty
sand to sandy silt matrix. In some places the till overifes a dense varved

,

clay and' silt lakebed deposit. The bedrock beneath the site is a crystalline
- gneiss of the Cambrian Hoosac formation. The surface of rock slopes from 17*

to 32' to the west. '

Structurally, the site is situated above the southeast flank of a northeast
striking, south plunging anticline. Bedding dips uniformly to the southeast.-

The rock in outcrop around the site is relatively unfractured. Five small

faults were mapped during the 1977-78 study. These faults are discussed in
Section 5.2

.

-

h i -

-
,
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Based on this review, geologic conditions at the site are such that the'till
en which the site is founded is adequate to support the plant under static

- ^ "'

loading conditions, and there are no geologic hazards in 'the vicinity to "j
. . . .

cndanger the plant.
_ .|

'

.

5.2 Capability of Faults in the Site Reaion - Tooic II-48

R cent regional seismic reflection studies in New England by C0 CORP show .

considerable horizontal westward transport of off-shelf sediments over relatively
undeformed, lower Paleozoic miogeosynclinal rocks (Ando et al, 1982). These -

studies also indicate that the Precambrian basement rocks exposed in the Green
M:untains of Vermont are allochthonous and underlain by shelf sediments or

|
detachment horizons (Ando et al,1982). There is no evidence, however, that
these detachment surfaces, or thrust faults, if they exist, have t,een active
since the Paleozoic Era (more than 240 mybp).

'
.

.

Several major faults or . fault systems have been recognized in the site region.
One of the most significant of these is the border fault bounding the eastern
margin of the Connecticut Valley Triassic-jurassic Basin located about 15 miles
east-southeast of the site.

The_ classical structural interpretation of the Connecticut Valley Triassic-
..

Jurassic Basin evolved from the work by Emerson, (1898) and as summarized by
Rodgers, (1970) ind* cates that a major normal fault existe'd at the eastern
contact between the Triassic sediments and the Pre-Triassic crystalline rocks
to the east. The area of this border fault was investigated in detail during
geologic studies in regard te the Montague site. These investigations suggested

! that a classical Triassic-Jurassic border fault didn't exist, but its presence
1

| coul'd not be ruled out.

l

Three alternative hypotheses to the classical border fault concept were presented
by the Montague applicants to describe the development of the basin:
(1) downwarping, (2) development of one or more high engle faults beneath the
basin (" basin-forming faults"), or (3) erosional contrcl of the basins formation.

i 9
.

.

I
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Na large dispiacement fault'has been found to date within the -

]
~

\dTriassic-Jurassic Basin itself. .The apparent absence of major faulting and '

'

the relatively u'ndisturbed' stratigraphic r'elatioish'ip"would indicate'th'at laft .)
" " '~

movement on the inferred " basin-forming" fault (s) would have occurred prior to '

late Triassic-Jurassic time (more than 138 million years before present). --

A major fault zone has been located approximately one mile east of the proposed
Montague site in the general vicinity of the mapped location of the classical
Triassic border fault. Some disagreement remains as to the extent, sense of
m::vement, age, and the total amount of displacement on this fault. However,

based on K-Ar radiometric dating of fault zone material, no evidence of movements -

younger than Jurassic (138 mybp - 136 mybp) has been found along the mapped
fault zone. The applicant's studies indicate that this fault is a major
thrust on which movement is within predominantly Paleozoic crystalline terrain.
It is contended that the development of this fault accompanied compressional
activity during the Paleozoic followed by an episode of normal faulting. -

In spite of these investigations many experts maintain a strong view that this
,

j structure represents a fault with extensive normal displacement. It is clear,

i however, that the Montague applicants conducted an extensive investigation
program to delineate and to date the time of last movement of all faulting in
the vicinity of that site.

,

i

Ithasbeensuggestedthatthereisageneticrelationshipbetweentheborder
,

fault and ~ faults in the Faleozoic rocks north of the Connecticut Triassic-
Jurassic Basin.

Rodgers (1970) in his section on the Connecticut Valley Synclinorium discusses
,

the Ammonoosuc Fault as a postmetamorphic fault that can be traced by the
offset of metamorphic isograds possibly thrusting lower grade rocks over-

older, higher grade rocks. This fault dips to the west at fairly low angles
(averages 40 degreas). He also states: "It is also possible, however, that
it is a normal fault, indeed, a large, late normal fault with similar attitude

(although the dip is steeper) and similar silicification forms the eastern
,

boundary of the Triassic basin in northern Massachusetts and can be traced into

:

I -
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southern New Hampshire to within a few kilometers (miles) of the south end of
the Ammonoosuc fault, and other-late faults of the same kind are known in the

. . . . . . . .. .. . .. . . -.".

inter'vening area and may interconnect them."..The Yankee Rowe site lies about
. .. .

20 miles west-southwest of projections of these faults at their closest approach.
.

In addition to the existence of a " border fault," several other faults are mapped
in the Triassic-Jurassic Basin within five miles of the Montague site. These

faults include the Falls River, Temple Woods, and other unnamed faults north of
the general site area. '

These faults are recognized because of offsets in the Deerfield diabase. A

maximum offset of 800 feet for these faults occurs on the Falls River fault,
the most prominent among them. The local faults are believed to be related to
formation of the basin or fracture development in a flow basalt caused by
compaction beneath it.

.

.

Evidence gathered during the Montague site investigations indicated that these
faults are probably related to the last major tectonic activity associated with
the development of the Connecticut Triassic-Jurassic Basin (240-138 million years
before present). They are limited in extent and they are considered not capable.

Five major faults were mapped in the site vicinity by Weston geologists during
investigations for the SEP program. Two of the faults show left-lateral
displacer.ent, and the other three appear to define normal ' offsets. None of
the five faults displays fracturing, brecciation, or gouge indicative of
significant fault movement (Weston Geophysical Corp., 1979).

The faults are described as follows (Weston Geophysical Corp., 1979).
-

| (1) (East of Reservoir) The strike of this fault is N25 W, and the dip is about
30 NE, with slickensides which plunge 26 to the southeast, apparently

| reflecting left-lateral displacement. The single exposed fault surface is
moderately curved and scalloped, with no associated fracturing in either wall,
and cannot be traced laterally beneath the soil cover;

-

'

j r

|
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O>(2)
(East of Reservoir) This feature which strikes N28*E, and dips 76*NW, may

"

simply be a prominent joint. The single surface is not polished or slicken-
'

sided,' aii&'no' offset ca'n be as' certa'ined. There "is no assoc'iat'e'd fra'c' tu'r'ing
in adjacent walls, and the feature cannot be traced laterally. ;

-,

(3) (East of Reservoir) The fault is defined by a quartz filling .1 to 2 inches
thick. It strikes N10*E, and dips 60*E. Displacement appears to be normal,
about 6 inches down on the east. The quartz filling is tight, welded to the
enclosing walls. The fault cannot be traced on strike.

(4) (West of Reservoir) This fault strikes N50*E, and dips 75*SE. A quartz-
feldspar pegmatite zone in thinly-layered gneiss appears to have about
12-15 inches of. normal displacement, down on the southeast. The fracture
surface is weathered, displays no slickensides, and cannot be traced on strike.

(5) .(West of Reservoir) The fault strikes N30*W and dips 88*NE. A N65 W,
*

-

85'NE quartz vein is offset on the fault by 1 to 2 inches of apparant left-
lateral displacement. Exposure is on a smooth bedrock surface in a stream

bed, and the true sense of movement (whether left-lateral or normal) cannot
' be ascertained. The fault is tight with no brecciation or adjacent fracturing.

Based on regional relationships, these faults are interpreted to be no younger
~

"than Jurassic (138 mybp). Analysis of fractures of the site shows no anomalously-4

preferred orientation, nor any throughgoing zones of post-m'.etamorphic faulting or
shearing. '

~

.

5. CONCLUSION

Based on studies performed by the utility, information in..the published -

literature, and data obtaired during the NRC-funded New Eng.oad Seismotectonic
Study, the staff concludes that there are no capable faults in the site
vicinity. ,.

.

:

1

.
#

.
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L:si:s 10 ALL SEP CWNERS '

(EXCEPT SAN Oi;0FRE)
- ~

.

-
.

1

Gentlemen: |

. SUBJECT: SITE SPECIFIC ' GROUND RESPONSE SPECTRA FOR SEP PLANTS
'

LOCATED IN'THE EASTERN UNITED STATES

Reference: Letter to SE? Group II Plan't (Sig Rock Point, Dresden 1,
Haddam Neck, La Croste, Yankee Rowe) Licensees from
D.G. Eisenhut, NRC dated August 4, 1980

.

- .

Our letter dated August 4, 1980 (reference) issued the preliminary versien of ,

site specific ground response spectra for the eastern United States SEP
plants. Recently, these spectra have been finalized by the staff. Enclosure
1 includes the recomended ground response spectra (5% damping) for the east-
ePn SE? sites. The bases of our final decisica recarding the spectra and the-

digitized spectral acceleration values (E% camping) fer these spectra are docu- -

ce r.te o. .ar. -nc,.csure 2..

'The site specific spectra (SSS) included in Enclosure 1 establisn the ground
i :.ctica acceleration values te be ir.put into the structural reevaluation3

( ,/ analysss : de:e-nine the resultan: seismi: icads. The se~clogy reviews fer
Falisades, C-i .r.a and Dresden 2 have been cc p'.eted by the staff. The results|

! Of the review cid n:t identify any gacioci: features that wculd affect the
site s;e:ific s:sc:ra f*r .htse it:ilities. Eased Or cur revi2w te date fcr
:he ee'.ainder Of the SEF facili-ies i cated in the eastern United States, we

do n:: ex:e:: the 555 : te chan;ed due to letal geclegic c:nsidera-jor.s.'
.

Sin erely,
.

'

/.|fM4b <Y .' $ ' ~
.

/
Cennis 't. Crut:hfield,piefOpera:ing Reacters Era..J No. 5
Division Of Licensing-

Enci:sure:
As stated

:.
,

Oc:
3. Eisennut
J. Knight
G. Lainas
R. Cz:ksCn -

n\ .
c. Lear/

> ..
s .s . asse.1

- -

N *

| R. Eer%ar.n
I. Cheng /3' ^ ~'
p.Y. Chen

6
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i

___ ___ _ __ _ _ _ _ _
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! NUCLEAR REGULATORY COMMISSION

~

{ WASHINGTON, D. C. 20555,
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Docket No. 50-29
LS05-82-09-009

Mr. James A. Kay -

Senior Engineer - Licensing
Yankee Atomic Electric Company'

1671 Worcester Road
Framingham, Massachusetts 01701

Dear Mr. Kay:

SUBJECT: SEP TOPIC II-4.D, SLOPE STABILITY
YANKEE NUCLEAR POWER STATION

We have completed our review of the subject topic for Yankee Nuclear
Power Station at Rowe, Massachusetts. Enclosed is a copy of our
evaluation report for this topic.

You are requested to examine the facts upon which the staff has based
its evaluation and respond either by confirming that the facts ares
correct, or by identifying errors and supplying the corrected infonna-
tion, We encourage you to supply any other material that might affect,

the staff's evaluation of this topic or be significant in the integrated
assessment of your facility,

Your response is requested within 30 days of receipt of this letter.
If no response is received within that time, we will assume that you
have no comments or corrections.

Sincerely,-

t

Ralp Caruso, Project Manager
Operating Reactors Branch No. 5
Division of Licensing

Enclosure:
| As stated
|

cc w/ enclosure:
| See next page

O
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' . Mr. ' James A. Xay 's -Docket No. 50-29.
.

Revised 3/30/82,

..
,

' '

.
-

,

e.r. James E. Tribble, President -

Yankee Atomic Electric Company
25 Research Drive
Westborough, Massachusetts 01581 .

Chairman
' '' '''

. .
.

Board of Selectmen - --
,

Town of Rowe
,

- '
-

Rowe, Massachusetts 01367 .

'
.

' Energy Facilities Siting Council ' '
'

.14th Floor
'

'
-

.

Ona Ashburton Place - -
,

Boston, Massachusetts 02J08 -

t!. S. Environmental Protection ..
.

Agency -

Region I Office . ..
~

ATTN: Regional Radiation Represeritative
. , ...

.

JFX Federal Building ~

Boston, Massachusetts 02203
.

'

sident Inspector . .

,fnkee Rowe Nuclear Power Station ,' ~' - - ~- ---
. .

clo U.S. NRC ' ~ ~ -* - --- ~-

. Post Office Box 28
Monroe B, ridge,* Massachusetts 01350 -

-
.

. . . .

Ronald C. Haynes, Regional Administrator . .

. Nuclear Regulatory Commission, Region I
631 Park Avenue -.

| King of Prussia, Pennsylvania 19406 - -

,

.
.

.

. . .
.
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-

. .

.
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b ystematic Evaluation Program Topic Assessment
. .

*

Topic: II-4.D - Stability of Slopes
-

Plant Name: Yankee Nuclear Power Station, Rowe, MA .

Docket Number: 50-029
'

Prepared By: Dinesh Gupta, Geotechnical Engineer, HGEB
,

-

.

*

I. ~INTRODt1CTION

This topic pertains to the Geotechnical Engineering Review of the stability

of slopes, whose f'ailure could adversely affect the safety of the' plant.
,

The scope of the review embraces.the following subjects which are evaluated

using data developed by the licensee and infonhation available from all -
-

'

sources: .
,

,

1. slope characteristics;
,

i 2. design criteria and analyses;
. .

'

3. results of. field and laboratory tests;-
.

4. excavation, Backfill, and earthwork in slop _es;'

,

5. liquefaction potential affecting slopes; and -

6. proposed instrumentation and performance monitoring.
~

. .
.

-
.

,

II. REVIEW CRITERIA -

The applicable rules and basic. acceptance criteria pertinent to the review

| of this topic are:

. .

1. 10 CFR Part 50, Appendix A: General Design Criteria 1, 2 and 4

'

2. 10 CFR Part 100, Appendix A
,

o
.

.

- - - - - - - - - - - __ _ ___ _,,c-- , ,,m,.-y.-c~n _ . - -,-is -,__w-_._
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.

3. Regulatory Guides

. (a) Regulatory Guide 1.132, " Site Investi,gations for Foundations
"

of Nuclear Power Plants".

'~

(b) Regulatory Guide 1.138, " Laboratory Investigations of Soils

for Engineering Analysis and Design of Nuclear Power Plants".
.

..

;

III. RELATED SAFETY TOPICS AND INTERFACES

1. SEP Topic II-4.F " Settlement of Structures and Buried Equipment"
.

2. SEP Topic II-4, " Geology and Seismology"

3. SEP Topic III-1, " Classification of Structures, Components and
.

Systems" *m

.

4. SEP Topic III-6 " Seismic Design Considerations"*

.

,

'

IV. REVIEW GUIDELINES

In general, the review process was conducted in accordance with the ~

t procedures described in Standard Review Plan Section 2.5.5. The geotechnical

engineering aspects of the design and as-constructed condition of slopes
l were reviewed and compared to current procedures and criteria and the

safety significance of any differences was evalua~ted.

-
.

Pertinent' reference documents not cited in SRP Section 2.5.5 are included,

i

! in part V " Topic Evaluation". -

O'
.

.

.
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vt TOPIC EVALUATION
. .

The Yankee Nuclear Power Station at Rowe, MA is located in a small ' valley

adjacent to the D6erfield River, east of the pond formed by Sherman Dam.

The Nuclear Power Station.is bordered on the north, east and south by -.
,

' Berkshire Mountains and by Sherman Dam on the west. Thi natural slopes

of these mountains rise to heights of about 1,000 feet above the site to

either side and inimediately behind it. This staff assessment dea'ls with

the static and seismic stability of those slopes.,
- -

. .

1. Slope Characteristics

"

The licensee has selected two cross-sections of the slopes to the

,

southwest and southeast of the plant to be representative of all the -

on-site slopes. The slopes begin to rise up at a distance of about

150 feet from plant structures, and rise from about elevation 1030
,

feet to 2000 feet. The licensee has stated that the slopes on the

east side of the plant structures are likely to be better from a

stability point of view than slopes on the south side because of the
'

| presence of a woodsd~ knoll at the toe of the slope with' frequent rock*

,

outcrops. The. staff agrees with the licensee that the analyses of two

selected cross-sections would therefore, lead to conservative results.

.

The licensee has also stated that the slope topography along the above

,

two cross-sections was surveyed in 1981 by New England Power Company.

The profiles of the two selected cross-sections of the slope wer,e ,

.- -

.

O
.

.
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. .

determined using this survey data.. The licensee checked the accuracy

* of the profiles by superimposing data from an enlarged USGS 7.5 minute
,

quadrangle sheet for Rowe, Mass.-Vt., and found good correlation.
,

'

We find this procedure'to be acceptable for determining suitable

profiles for stability analyses.

2. Results of Field and Laboratory Tests

To meet the current criteria, a comprehensive program of site

investigations including borings; sampling, geophysical surveys, test '

pits, trenches, and laboratory and field testing is usually carried-

out to define the physical characteristics of all safety-related soil

and rock slopes. Also, a summary and description of static and'
\- dynamic properties of the soil and rock comprising all slopes whose-

.

,
,

stability would directly or indirectly affect safety-related facilities
.

should be provided. The text should include a complete discussion of
.

procedures used.to estimate, from the available f' eld and laboratoryi
.

data, conservative soil properties and profiles to be used in the

analysis. This information is needed for the staff to ascertain that

the program of field and laboratory tests has.been adequate to
'

define the in situ soil and rock characteristics to be used in slope

stability evaluations.
.

-

.
-

The licensee has conducted s'eismic refraction surveys, excavated five
'

10 ft. deep test pits, and conducted laboratory tests on samples taken

from these pits. . e find that the scope and applicability of theW
.

. _ _ _ - _ _ _ _ _ _ _ . _ . - . . . _ _ . _ _ _ _ . _ _ _ _ . _ _ _ _ _ , _ _ __ ._.__ __ __ _ . _ . . . __ . *. . . . _ , _
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,

results meets current licensing criteria, as explained in the
_

following paragraphs. -

. I

,

The soil exploration related to the slopes at Yankee site consisted .

of, seismic velocity measurements in 1978 by Weston Geophysical along-

.

seven lines using seismic refraction survey. These survey lines

extend through' part of the face of the' slope at varicus locations.

The results of the survey indicate that the surface of the bedrock

is very irreg61~ar. Generally, the soil cover over the bedrock -
.

,

decreases at higher elevations and r.anges from a few tens to about
, ,

200 feet in thickness along the' slope. The shear wave velocity for

- soil cover ranges from 1500 to 2000 fps,
.

.

'
-

.

Results of five 10-feet deep field exploratory test pit-logs are

available. These logs indicate the presence of lodgement till at

shallow depths along the slope in the area of the test pits location.
,

Lenses of both gravel and clay,were observed in the till. The

licensee, however, has concluded that these lenses are generally-

' less than 50 feet in length and are rarely mo're than 100 ft long; so
' heigno$edtheminthe.stabilityanalysisoftheslopes. The staff

'

finds this approach to be reasonable.
. .

e *

. .

%

.

.

-

. .

4 .., ,. , , , , . . - - .Q - . . . - . . - -n
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From tr.iaxial test results on till samples obtain,ed from the test

, pits, the licensee has assigned the following undrained shear strength
'

parameters to the soils forming the slopes:
,

*

..

Depth Angle of Internal Friction, 9

0 to 30 feet 46'
'

30to90 feet - 40'

Greater than 90 feet 35 *

'

T.he bedrock was assigned value of angle of internal frictilon of 70'.

The groundwater along the slope was assumed at the surface.

O, '

Based on a review of the above information, the staff concludes that

the scope of field and laboratory tests and the resulting values of

shear strength parameters used in the analyses.are reasonable and
.

acceptable.
,

'

-
.

,

'

3. Design Criteria and Analyses
.

To meet current regulatory requirements, the discussion of design
'

criteria and analyses is considered acceptable if
.

(a)Appropriatestate-of-the-artmethods,havebeenemployed.

.
-

(b) Conservative assumptions regarding soil and rock properties have

been used in the analysis of slopes.
.

~

O .

.

6 4
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,

(c) Appropriately conservative margins of safety have been incorporated
*

in the analysis.

To be acceptable, the static analyses should include calculations -

with different assumptions and methods of analysis to assess the'

'following factors:
. ..

'The uncertainties with regard to the shape of the slope, boundaries

of the several types of soil within the s' lope and their properties,
- -

..

the forces acting on the slope, an' port. pressures acting withind
;

-
, . . .

the slopei . failure surfaces corresponding to the lowest factor

of safety; the effect of the assumptio'ns inherent in the method
,

of analysis used. -

, ,

To be acceptable, the dynamic analyses must account for the effect of

cyclic motion of the earthquake on soil strength properties. Actual

test data are needed for in situ soils. The.various parameters,

such as geometry, s, oil strength, r'nodeling method and hydrodynamic and
,

pore pressure forces, should 'be varied to show- that there'is an .
'

adequate margin' of safety. The results of stability analyses must
,

|
be presented 'in tables identifying design cases analysed, strength

,

assumptions for materials, and type of failure surface. Assumed -
,

failure surfaces should be graphically shown on cross sections and
. . .

. *

..

O
.

.

9
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J appropriately identified on both the tables and s,ections. The-

,
computer analyses should be explained and , justified and an abstract.

'

of computer programs used should be provided. If the safety factors
,

resulting from the analysis are not[ appropriate to the hazards posed
'

..

by a slope failure and other than clearly conservative soil propert'fes
'

and profiles were used, additional data should be obtained to verify

assumptions, o'r to show that, even if the worst possible conditions

are assumed, there is an adequate margin of safety. -

.

'
..-

-2 - - - .
. .., . . .

~ '
~

- The licensee used a computer program, SSTAB 1 (August 1974) written

by Prof. Wright of University of Texas, Austin, TX to assess the '

'

static and seismic stability of the slopes. The staff finds that
,

^

the method used in this computer program utilizes state-of-the-art-

technique. For static stability, the licensee calculated minimum
,

.

factors of safety for the two analyzed cross-sections to be 1.46 '

,, ,

and 1.62, respectively; these are acceptable static results.
~

.

-

The licensee also analyzed the two selected cross-sections for seismic
- stability using a pseudo-static approach; this is acceptable. The

results indicate that the seismic coefficients for the 'wo cross-t

sections, which reduce the minimum factors of safety to 1.0, are 0.15g-
.

.

'

and O.19g respectively. Since the peak ground acceleration, for which
.

~

O -

..

S

S
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.

all components essential for equivalent safe shutdown of the plant *

,

'

must be analyzed, is 0.2g for Yankee site (see topic III-6, Seiimic

DesignConsiderations),thelicensee'sseismicanalysesindicate

slopes to be unstable. -

. -

_

In view of the above results from pseudostatic arialysis of the
'

j stability of' slopes, the licensee perfomed an analysis to evaluate '

the effect of potential slope failure on the plant safety. The two
_

cross-section5 previously selected for,pseddo-static analysis were '
-

, analyzed for predicting'pemanent displacemerits due to postulated
, ..

seismicloadsusingNewmark'sMethod(Ref.4). The results from the

Newmark sliding block analys'is show that' the permanent displacements
-

in the event of a slide.due to seismic loads wduld be negligible.
,

The license'e has ~ concluded that these small displacements will not '

have any adverse impact on the plant safety. The staff finds this
' '

analysis procedure to be appropriate and the results.to be

reasonable. .' ~

-
.

,
, , ,

-
.

.

VI. ' CONCLUSIONS
' ~

' '

'On the basis of the analyses perfomed and the available site data,

the staff concludes that the stability of natural slopes at the Yankee ,
.

Nuclear Power Station, Rowe, MA is adequate. Sufficient margins'of-

safety exist against slope failure under postu1ated static loading
- ~

conditions. For seismic loading, the predicted negligible peman'ent
'

displacements of the slopes during earthquake should have no adverse

impact on the plant safety systems.
,

.

.

* - y - - - - ---- -
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,

1 Letter from J. A. Kay, Yankee Atomic Electric Company, to
{D. Crutchfield, NRC, Subject, '.'SEP Topic Assessment Completion '

-

(TopicII-4.0) February 26, 1982. |

,

. 2. Letter fr6m D. Crutchfield, NRC to J. .A. Kay, Yankee Atomic '

Electric Company, Subject " Request for Additional Infomation
for SEP Topic. II-4.D. Stability of Slopes'- Yankee Nuclear Power
. Station", March 31, 1982. -

3. Letter from.J A. Kay; Yankee. Atomic Electric-Company to
D. Crutchfield, NRC, Subject " Additional Information on SEF
Top.ic II-4.D Stability of Slopes", May 17, 1982..

4. " Effects of-Earthquakes on Dams and Embankments", by N. M. Newmark,
the Fifth Rankine Lecture, Geotechnique,1965. .

.

.:,::

5. _Undocketed, Infomation Package received from T. Cheng on August 19,''

1982, containing discussion on (i) Infomation on Rock Knoll,
(ii) Geologic Profile, (iii) Dynamic Stability of Natural Slopes,
(iv) Slope Failure into Sherman Reservoir, and (v) Specification
for Site Cleaning and Rough Grading for-Yankee Atomic Electric-,

' Plant.
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UNITED STATES

~

fy g NUCLEAR REGULATORY COMMISSION
e WASHWGTON, D. C. 20856r,

;/ January 27, 1983 i

{

ODocketNo.50-029.....
' ,

| LS05-83-01-038
i

Mr. James A. Kay
Senior Engineer - Licensing,

Yankee Atomic Electric Company
1671 Worcester Road
Framingham, Massachusetts 01701

Dear Mr. Kay:

SUBJECT: STATUS OF SEP TOPICS II-4.E, DAM INTEGRITY; III-7.8, DESIGN
CODES, DESIGN CRITERIA, LOAD COMBINATIONS AND REACTOR CAVITY
DESIGN CRITERIA; VI-l, ORGANIC MATERIALS AND POST-ACCIDENT
CHEMISTRY; IX-6, FIRE PROTECTION; AND XV-2, SPECTRUM OF STEAM

SYSTEM PIPING FAILURES INSIDE AND OUTSIDE OF CONTAINMENT (PWR)

The purpose of this letter is to identify those topics in the Systematic
Evaluation Program for which the staff has concluded that the topic
evaluation is complete. The differences from current licensing criteria,
for the topics described below, will be evaluated in the integrated
assessment for your facility.

Topic II-4.E is concerned with the integrity of Harriman Dam, which is
owned by New England Power Company and licensed by the Federal Energy
Regulatory Commission (FERC). FERC is presently' conducting an evaluation
of the integrity of this dam. Under an interagency agreement, the staff
will use the results of the FERC evaluation to complete the integrated
assessment. Also, the open items'of this topic will be addressed in the
integrated assessment of the related hydrology topics (Topics II-3.B.
II-3.B.1 and II-3.C). Therefore, this topic is considered complete for
the purpose of conducting the integrated assessment.

On September 1,1982, the staff issued a draft SER for Topic III-7.B
in which the staff identified areas where Yankee did not meet current
acceptance criteria and where additional analysis was- necessary. In the
Yankee SEP Integrated Assessment, submitted on December 23,1982, yout

did not identify any factual errors in the draft SER. However, you did
supply additional information such that the staff could continue its
review of the topic differences. The topic differences will be resolved
during the integrated assessment. Therefore, the staff considers the
topic SER to be final.

On September 9,1982, the staff issued a draft SER for Topic VI-1, in
which the staff identified differences from current licensing criteria.

O Also in that document, plant modifications were proposed to resolve theThese differences were addressed in your Yankee SEP Integrated Assessment.
differences. The need to implement those modifications will be addressed
during the integrated assessment. Therefore, the staff considers the topic
SER to be final.

'

_. .- __ , _ . _ ____ _ _ . . _ _ _ _ _ __ _. _ __ _ - - - - - _.
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James A. Kay -2-

O
Topic IX-6, " Fire Protection," is a topic being addressed generically
by the Appendix R review and by Multi-Plant Action Item B-02. There-
fore, since this topic is being reviewed outside of SEP, the staff
considers Topic IX-6 complete.

On September 1,1982, the staff issued a draft SER for Topic XV-2 in
which the staff requested that you confinn the assumptions made in the
staff's evaluation. In the Yankee SEP Integrated Assessment, you
confirmed that the staff's assumptions were correct. Therefore, the
staff considers this topic to be complete.:

Sincerely,
i

h' '

ennis M. Crutchfi d, Chief
Operating Reactors Branch #5
Division of Licensing

cc: See next page

t
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g NUCLEAR REGULATORY COMMISSION [!
{ ,, E WASHINGTON, D. C. 20555

t
'% , , , , , p September 16, 1982 l

D cket No. 50-29
LS05-82- 09-055

Mr. James A. Kay
Senior Engineer - Licensing
Yankee Atomic Electric Company
1671 Worcester Road
Framingham, Massachusetts 01701

Dear Mr. Kay:

SUBJECT: SEP TOPIC II-4.F, SETTLEMENT OF STRUCTURES AND
BURIED EQUIPMENT - YANKEE NUCLEAR POWER STATION

Enclosed is our final eyaluation of SEP Topic II-4.F. " Settlement of
Structures and Buried Equipment." The evaluation is based upon a
Safety Analysis Report which you supplied on August 31, 1981, additional
infonnation supplied on April 8,1982, and other infonnation available
in Docket No. 50-29.

'
| .

The evaluation concludes that settlement will not be a safety problem at
Yankee. However, the staff requests that you investigate the liquifac-
tion potential of submerged backfill and its potential effects, and the
cause of cracking in the Spent Fuel Pool Building.

The evaluation will be a basic input to the Integrated Safety Assessment
of Yankee. The need for any plant modifications will be evaluated in
the Integrated Assessment. The evaluation may be revised in the future
if the as-built conditions at Yankee are not accurately reflected in the
evaluation or if NRC criteria relating to this topic are modified before
the completion of the Integrated Assessment.

Sincerely,

f)~

f.r M(Lf
Ralph Cdruso, Project Manager
Operating Reactors Branch No. 5
Division of Licensing

Enclosure:
As stated

O See next page
cc w/ enclosure:

J
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Yankee
Docket No. 50-29. Mr. James A. Kay -

.
-

Revised 3/30/82
,

cc
Mr. James E. Tribble, President
Yankee Atomic Electric Company
25 Research Drive-

, Wastborough, Massach'usetts 01581

Chairman .

Beard of Selectmen
Town of Rowe
Rowe, Massachusetts 01367

Energy Facilities Siting Council
14th Floor
One-Ashburton Place
Boston, Massachusetts 02108'

U. S. Environmental Protection .

Agency
Region I Office .

ATTN: Regional Radiation Representative
. .

JFK Federal Building
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O Systematic Evaluation Program (SEP) Topic Assessment
Topic: II-4.F - Settlement of Structures and Buried Equipment

Plant Name: Yankee Nuclear Power Station, Rowe, MA
Docket Number: 50-029

Prepared by: Dr. Dinesh C. Gupta, HGEB, GES

.

I. INTRODUCTION

TMs topic pertains to the review of plant Geotechnical Engineering aspects

related to the properties and stability of subsurface materials and

foundations as they influence the static and seismically induced

settlement of Category I structures and buried equipment. The scope of

the review includes:

.(a) geologic features of the site;

(b) the static and dynamic engineering properties of soil and rock strata

underlying the site;

(c) the results of field and laboratory tests, including data and

discussions to support the established static and dynamic engineering

properties, characteristics, and stratigraphy of soil and rock

i underlying the site;

(d) details of excavations, backfill, and earthwork illustrated on plot

plans and profiles supported by laboratory testing and field

compaction test results,

(e) groundwater cor.ditions and piezometric pressures in all critical

strata as they affect the loading and settlement and stability of

foundation materials,

__ , _ _ - - - - . .



.
,

..

. . ' . .

.

-2- |.

.

[ (f) liquefaction potential of all subsurface soils;

(g) results of static and Amamic analyses including bearing capacity,

rebound, settlement, . aifferential settlement of supporting soil

under loads, and

(h) results of confirmatory tests and performance monitoring of safety-

related foundations and earthworks and buried equipment.

The infonnation provided by the licensee is listed in Section VIII of

this report. Reference 4, the Final Hazard Summary Report (in current

terminology called pSAR) and the FSAR (reference 5) contain only brief

narratives of the design and construction of foundations and buried

equipment at Yankee Station. The licensee's safety assessment report
,

(reference 1) and response (reference 3) to staff requests for additional

information (reference 2) did not provide sufficient bases or detail to

enable us to evaluate the settlement of foundations and buried equipment.

The staff made a site visi' and met with the licensae at the licensee's

office in Framingham, MA during July 27-29, 1982. At this meeting, the

licensee reiterated that most of the information requested by the staff

(Reference 2) is not available. The staff gathered whatever additional

information was available, including some drawings showing foundation

details. Based on observations at the site and a review of all the

information available to date, the staff has prepared the following

topic evaluation.

O
.

_ _ _ _ . - _ _ _ _ - - - - - - _ _ _ _ , - - , . ,_ _ _ _
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II. REVIEW CRITERIA

The applicable rules and basic acceptance criteria pertinent to the

review of this topic are:

1. 10 CFR Part 50, Appendix A:

a. General Design Criterion 1 " Quality Standards and Records."

This criterion requires that structures, systems, and components

important to safety shall be designed, fabricated, erected, and

tested to quality standards contensurate with the importance of the

safety functions to be . performed. It also requires that appropriate

records of the design, fabrication, erection, and testing of

structure systems, and components important to safety shall be

; maintained by or under the control of the nuclear power unit licensee

throughout the life of the unit. -

b. General Design Criterion 2 " Design Bases for Protection Against

Natural Phenomena." This criterion requires that safety-related

portions of the system shall be designed to withstand the effects

of earthquakes, tornadoes, hurricanes, floods, tsunami and seiches

without loss of capability to perfonn their safety functions.
,

c. General Design Criterion 44 " Cooling Water". This criterion

requires that a system shall be provided with the safety function

; of transferring the combined heat load from structures, systems,
t

! and components important to safety to an ultimate heat sink under

normal operating and accidental conditions.O

.
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2. 10 CFR Part 100, Appendix A. " Seismic and Geologic Sitina Criteria for
|

<

Nuclear Power Plants"-- These criteria describe the nature of the
!

;. investigations required to obtain the geologic and seismic data
'

i

i necessary to detemine site suitability and identify geologic and

| seismic factors required to be taken into account in the siting and

design of nuclear power plants.

| The following Regulatory Guides provide infomation, recommendations,

and guidance and, in general, describe a basis acceptable to the staff

that may be used to implement the requirements of tiie above described

) criteria.

(a) Regulatory Guide 1.127, " Inspection of Water Control Structures

Associated with Nuclear Power Plants."

This guide describes a basis acceptable to the NRC staff for

complying with the comission's regulation of 10 CFR Part 50

350-36 with regard to developing an appropriate in-service

inspection and surveillance program for dams, slopes, channels

and other water control structures associated with emergency

cooling water systems or flood protection of nuclear power

plants.

,O

1

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - -- - -- - ---- - - - - -- - - - - - , - - - - ~ - - - - -
_
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(b) Regulatory Guide 1.132, " Site Investications for Foundations

of Nuclear Power Plants." This guide describes programs of site

investigations related to geotechnical engineering aspects that

would normally meet the needs for evaluating the safety of the

site from the standpoint of the performance of foundation and

earthworks under anticipated loading conditions including

earthquake in complying with 10 CFR, Part 100 and 10 CFR, Part 100,

Appendix A. It provides general guidance and recomendations for

developing site-specific investigation programs as well as

specific guidance for conducting subsurface investigations, the

spacing and depth of horings, and sampling.

(c) Regulatory Guide 1.138, " Laboratory Investigations of Soils for
' Engineering Analysis and Design of Nuclear' Power Plants."

This guide describes laboratory investigations and testing practices

acceptable for determining soil and rock properties and characteristics

needed for engineering analysis and design for foundations and

i earthwork for nuclear power plants in complying with 10 CFR,

Part 100 and 10 CFR Part 100, Appendix A.

O

:.
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III. RELATED SAFETY TOPICS AND INTERFACES !

Geotechnical engineering a'spects of slope stability are reviewed under

Topic II-4.D. Other interface topics include:

II-3.B. " Flooding Potential and Protective Requirements";

II-3.C. " Safety-Related Water Supply (Ultimate Heat Sink)";
,

II-4.E. " Dam Integrity,"

III-3.A, " Effects of High Water Level on Structures;"

III-3.C, "In-Service Inspection of Water Control Structures;"

III-6, " Seismic Design Considerations;">

IX+3, " Station Service and Cooling Water Systems;" and

XVI, " Technical Specifications."

'

IV. REVIEW GUIDELINES

| In general the review process was conducted in accordance with the

procedures described in Standard Review Plan (NUREG-0800) Section 2.5.4.

The Geotechnical Engineering aspects of the design, the design bases, and

the as-constructed conditions of structures were reviewed and compared to

current criteria, and the safety significance of any differences was

evaluated. Our Topic Evaluation is provided below in accordar.ce with the

guidance provided in a memo from D. Eisenhut to H. Denton, dated

April 2,1982 (Ref.15).

1

i

L

O
-4
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| V. TOPIC EVALUATION

General Plant Description
,

The site is located on the eastern edge of the Deerfield River Valley in
,

Rowe, Massachusetts. The present site grade ranges from about elevation

1128 feet MSL around the main plant structures to about 1140 feet MSL

in the southern part of the site. The site is surrounded by the

Berkshire Mountains, which rise to heights of about 1000 feet above the

site grade on three sides of the plant site; Shennan reservoir is

located on the northwest side of the plant site.

t

The foundations of safety-related structures, systems and components<

i considered in our evaluation are:

|
| (a) Main Plant Area

- Vapor container

- Primary auxiliary building

- Auxiliary. bay portion of turbine building

, - Spent fuel pool building
i /

| - Diesel generator building

(b) Separate Structures

- ECCS (Boron) Tank

- Fire-water tank
i

O
|

... - - . ... _ . _ _ _ - _
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The licensee, in a meeting with the staff on July 28-29, 1982 indicated ~

|that the water intake structure on Sherman Reservoir is not safety

related and that there are no safety-related buried pipes or equipment at

the Yankee site; the SEP Branch staff requested the licensee to provide

documentation of its position on the intake strugture and buried piping

and equipment. In view of licensee's verbal statement, we have not

considered the attlement aspects of the intake structure or buried

pipes and equipment in this evaluation.
,

The vapor container is a steel sphere,125-feet in diameter, supported

by sixteen 42-inch diameter steel columns. These columns are supported

;
on individual concrete footings approximately 2-1/2 feet thick with

their bases approximately 6 to 15 feet below grade level. The reactor

vessel and reactor coolant system are housed in a concrete structure

which is supported by two central columns and six outer columns. The

central columns rest on an independent mat foundation and the outer

columns are supported by a ring mat foundation. It appears that these

mats are approximately 10 feet thick and that their bases are approximately
! - .

! 10 to 15 feet below grade level.

' Details of the other main plant foundations could not be obtained. It

appears that these foundations are 10 to 15 ft below the existing plant
,

grade (around elevation 1110 feet, MSL).
;

The ECCS Tank is located on the order of ?',J ft south of the vapor

O containment, and the Fire Water Tank is about 100 ft southeast of ECCS

Tank. The details of foundations for the Fire Water Tank are provided

in Reference 6.

. - . _ _ - - - - _-.._ - .-. . _ - - - _ _ . - . - - - , _ - - - -
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Geologic Features

In meeting the requirement of the criteria, the presentation of geologic

site data and discussion of site geologic features are acceptable if

the maps, profiles, and discussion present a complete and inambiguous

representation of the site geology. Exploratory techniques used in the,

site investigation are reviewed to detennine if they are representative

of the current state df the art and that samples extracted are representative

of the in situ conditions. The areal extent of the investigations are

reviewed to assure that all areas or zones of actual or potential

surface or subsurface subsidence, uplift or collapse, defonnation,

alteration, solution cavities, structural weakness, unrelieved stresses

in bedrock, or physically or chemically unstable soils or rocks have

j been identified and evaluated in detail.

The geologic features at the site were initially investigated by the

licensee to obtain subsoil infonnation at the Construction Pennit stage;

in1956(Reference 6). Additional core borings, geologic mapping and

seismic refraction surveys were performed in 1978 (Ref. 7). Based on

a review of these investigations, the staff concludes that the extent+

and the type of exploratory techniques used for site investigation are

acceptable. The results of the investigation are sumarized as follows.

,

1

O

. _ - , _ , . . _ _ . . _ - . . . _ _ _ _ , . . _ . . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . . - _ . _ _ _ . _ _ _ . _ _ _ _ .-
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The licensee reported that about 30 ft of alluvial deposits was removed

from the site prior to plant construction, and that the plant is

founded on a wedge of lodgement till overlying bedrock. Bedrock is

exposed on the east side of the site and the field investigations show

that the till thickness increases to about 80 feet beneath the containment

and to approximately 200 ft on the south side of the site.

In the southwestern part of the site, the lodgement till is underlain

by an interbedded sequence of compact lacustrine deposit and very

compact sand. The combined thickness of lodgement till, lacustrine

deposit and sand in this area ranges up to about 80 feet.

The bedrock underneath the soil deposits is comprised of' Lower Cambrian

Gneiss, Schist, and dolomite marble, at a depth of about 100 ft below

the plant foundation. The bedrock is hard, internally welded and the

licensee has not detected any cavernous lithologies or throughgoing

fault structures. Based on a review of these features, the staff agrees

with the licensee that the site geologic features will not adversely

affect the safe operation of the plant.

Field and Laboratory Tests
.

In meeting the requirements of the criteria, the discussion of the

results of field and laboratory tests and the data and discussions to

support the established static and dynamic engineering properties and

stratigraphy underlying the site are acceptable if: (.a) the site

investigations and testing programs required to evaluate geotechnical

engineering parameters related to site safety such as those described

. _ . _ - _ _ _ _ . _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ ._ . _ . - __
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in Regulatory Guide 1.132 " Site Investigations for Foundations of
.

Nuclear Power Plants" and Regulatory Guide 1.138 ' Laboratory Invest.i-

gations of Soils for Engineering Analysis and Design of Huclear Power
'Plants" have been conducted and the results clearly reported;

(b) the test parameters have been selected to conform to site conditions;

(c) thsts conducted are appropriate for the particular functions of

facilities being evaluated; and (d) results among complementary tests

are consistent.

The field exploration work at the site consisted of seismic refraction4

profiles obtainc ' in 1956 (Reference 4), eight borings at the site in

1956 (Reference 4) and 1977 (Reference 7) and six borings performed in

1978 (Reference 10). The borings included standard penetration tests

(SPT) conducted in accordance with ASTM D-1586. The licensee has

submitted the boring logs and refraction profiles from these field4

investigations,- but the staff could not find any additional field or
i laboratory test results that may have been obtained during these

investigations.

The licensee provided five boring logs including SPT results obtained

in 1979 (Reference 6) in the area of the Fire-Water Tank. Grain size

distributions obtained from laboratory tests on the site soils were

also provided for staff review. Also in 1979 (Reference 9) five 10 ft

deep trenches were dug on the adjacent slopes. Triaxial tests were

performed on soil samples from these test pits.

. - - _ _ _ _ - _ _ _ _ _ . _ , . - _ _ - - - . . . _ - _ - _ - _ - _ - _ - - _ - . . , _ _ - - . . - - _ - - _ _ .
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.O Based on a review of field and laboratory investigations including
;

the SPT results, the staff agrees with the licensee that on site

investigations have been adequate to conclude that, in general, the,

underlying lodgement till and bedrock are very stiff. However, the

staff feels that the properties of the till probably vary and the extent

of site investigation performed by the licensee may not have revealed
.

local soil variations under individual structures.

Enoineering Properties of Soil and Rock Strata

In meeting the requirements of the criteria, the discussion of the

static and dynamic engineering properties of soil and rock strata,

underlying the site is acceptable if: (a)informationprovidedis
,

'
'

!, adequate to enable an independent evaluation of the static and seismically

induced settlement characteristics of the foundation materials; and

(b) assumptions made in assigning design soil parameters are reasonable,

sufficiently explained, and conservative.

1

The applicant has obtained the engineering properties of the soil and

rock strata from on-site shear wave velocity measurements, triaxial
,

i

j test results from surface samples obtained in test pits on the adjacent
i

slopes, and field SPT results. We find that the scope and applicability

| of these results is adequate to define the general subsurface conditions

at the site. The SPT data show that the lodgement till has consistently

high SPT values of 35 blows /ft or more. The measured shear wave velocity

of the till strata was 1,700 fps to 2,200 fps, and in the underlying

bedrock, the shear wave velocity ranged from 6,200 fps to 8,200 fps.

- _ - - ,.--. -_ - - . - . -- - . . - . _ - __ _
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The licensee also assigned the following undrained shear strength

parameters to the lodgement tills and bedrock that support structures

and fanns the adjacent slopes:

.

Depth Angle of Internal Friction, O

till at 0 to 30 feet 46'

till at 30 to 90 feet 40*

till at greater than 90 feet 35'

bedrock 70

We find that the engineering properties assigned to the soils and

bedrock samples on the basis of field and laboratory tests are reasonable

and acceptable. However, as mentioned previously, there-may be some

variation in these properties. Also, we find that the SPT values

observed in the six borings around the vapor containment building shows

low values (from 1 to 20 blows /ft) in the upper backfill material. The
*

staff concludes that these low values are indicative of loose material

around the foundation and columns supporting the vapor container.

The liquefaction potential of these loose soils is discussed later in

the Evaluation Report.

.

Backfill and Earthwork f

In meeting the requirements of the criteria, excavation backfill

and earthwork elements of the projects are evaluated to assure that

construction specifications and quality control procedures within state

. _._ - _ _-
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of the art conservative standards were applied and met. .Results of

field and laboratory investigations to establish properties of borrow

materials are reviewed to determine their adequacy.

.

The licensee has submitted the 1957 specifications for the original

site clearing and rough grading. These specifications required the

backfilling within the project area to be done with suitable excavated

material selected or approved for the purpose by the engineers. This

was to be placed in unifonn layers of not more than 12 inches of thickness.
'

Each layer was to be compacted by at least ten passes of " heavy construction

equipraent".

!

N Since no field or laboratory records of the backfill compaction are

available, the staff cannot make a positive assessment of their
.-

adequacy. Based on a review of the SPT values recorded in the six

1979 borings (Ref. 7), we find that within the backfill around the

foundation of the vapor container structure, the SPT values are very

low and range from a low value of 1 to a maximum of 20 blows /ft. These

j low blow counts in this area indicates that the backfill is loose and
|

possibly, the quality control procedures at the time of backfilling were

inadequate. The staff could not find sufficient infonnation to show that

the backfill meets the current licensing criteria. Therefore, the

staff cannot conclude that the backfill around the vapor container

foundation is adequate.

O
8
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Groundwater Conditions

In meeting the requirements of the criteria, groundwater conditions

as they affect foundation stability are evaluated by analysis of piezometer

and permeability data from tests and evaluations conducted at the site.

Dewatering activities during and following construction'are reviewed in

conjunction with the impact of dewatering on soil properties.

.

Based on readings in a groundwater observation well installed in a

boring near the fire water tank, the licensee found that the groundwater

in that well varied from 3.6 feet to 4.3 feet below the ground surface

between October 9 and, October 23, 1979. This shows that water table was

at approkimately grade elevation (ll39' feet f4SL) at that location. The

\ normal pool elevation of the adjoining Sherman Reservoir is 1105.66 ft
~

(MSL). We find the licensee's description of ground water conditions to
;

be reasonable and acceptable.
|

|

Liquefaction Potential

In meeting the requirements of the criteria, the liquefaction potential

of subsurface materials is evaluated..where safety-related structures are

founded on potentially saturated soils. As detailed in SRP Section 2.5.4,

Acceptance Criteria, Subsection 2.5.4.8, undisturbed samples obtained

from the site may be required to show that the soils are not likely to

liquefy.

Ov
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The licensee has concluded that the lodgement till and underlying

bedrock are not susceptible to liquefaction. The staff agrees with this

assessment and finds it acceptable. However, the licensee has not

addressed the liquefaction potential of the submerged backfill material

that provides lateral support to the foundations and the buried columns

that support the vapor container. The licensee should evaluate the

liquefaction potential of these backfill materials, and the significance

of the findings on the safety of the vapor container.

Static and Dynamic Analyses

In meeting the requirements of the criteria, the discussions of static

and dynamic analyses are acceptable if the stability of all safety-related
- facilities has been analyzed taking into account bearing capacity, rebound,

settlement, and differential settlements under: (a)deadloadsof

|
fills; (b) plant facilities; (c) lateral loading conditions; and

i

I (4)seismicloading. Soil and rock properties used in the analyses must
.

be documented with field and laboratory test procedures and results. An

assessment must be made of the dynamic volume change characteristics of

foundation materials. The methods of analyses used must be appropriate

for site-specific conditions and the function of the facility.

The licensee has indicated that all structures are supported on stiff

lodgement till and therefore settlement of the safety related structures

should not be a concern.

'O
, .

t
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The shear wave velocity values that should be used in the dynamic '

analysis are given in the previous section on " Engineering Properties-

|

of Soil and Rock Strata." These are appropriate.
,

;

. ,

As indicated in previous sections, there may be a potential for

liquefaction of the backfill soils surrounding the foundation of
i vapor container.
1

:

As mentioned in the following section, cracks in the Spent Fuel Pool

Building walls may have been caused by differential settlements.
!

| The staff was not able to find sufficient documentation of the licensee's

static and dynamic analyses to meet current licensing cri'teria. However,

other than the concerns mentioned above, we do not expect any problems
'

with the static stability of structures founded on lodgement till.

Dynamic stability is reviewed under SEP Topic III-6, " Seismic Design

Considerations."

i

i

Performance Monitoring

In meeting the requirements of the criteria, the discussion of the results

of confirmatory test and performance monitoring is acceptable if:

| (a) the purposes and locations of tests to confirm foundation and equipment

| settlement predictions are thoroughly detailed and explained; (b) the test
J

methods used were appropriate for site conditions; (c) the overall instru-

() mentation, purpose for each set of instruments, and reasons for their

! location are discussed and related to the types of data needed to confirm
!

_ _ .. _ ._ .. _ _ .. . _ _ _ - __,_ _ ,_ _ _ ..___ ____ _ _.._ .. , _ _ _ ______ _ __.._. _ _. _ _ _ _ _ . . _ _ _ _ - . _ - _ _ _ _ - __
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V design ~ assumptions and performance criteria; (d) the different kinds of

instruments, special instruments and significant details for installation ,i

are discussed and are based on acceptable practices to assure reliability

of measurements for the necessary time during or after construction; and

(e) a program is described for periodic monitoring of instrumentation

and inspection of foundation or settlement monument displacements, to

assess both total displacements of singular foundations and the

displacements of individual foundations with respect to adjacent

! facilities, to confinn design assumptions and to detect occurrences which

could adversely affect operation of safety-related facilities.

The licensee submittals (References l'and 3) indicate that the settlement

was recorded for the vapor containment foundation for about one year after

| completion of construction. The observed settlement showed approximately
.

0.5 inch of total settlement during this period. The settlement

monitoring was stopped after the first one year of construction

: completion. The results show that the settlements had attenuated, and

therefore, we concur in licensee's assessment that settlement for vapor

container is not a safety concern.

The licensee also mentioned in its topic assessment that there has been

no evidence of any cracking caused by differential settlement in last 23

years. During our site visit, the staff, however, observed cracks in

the walls of the spent fuel pool building, adjacent to the vapor

O

. _ - - - - - - - - . -
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containment structure. The licensee stated that those cracks are

thermal cracks and are not due to differential settlement. The licensee

further mentioned that they have a report on the cracks of this building.

This report, dated February 25, 1977 (Reference 16) was later submitted

for staff review. Based on this report, the licensee concluded that

the cracks in the walls of the spent fuel pool building have occurred

primarily from a combination of the hydrostatic head of water inside

the fuel pit and the thermal gradient between the temperature of the

water in the pit and the temperature on the external surface. The

licensee further concluded that the cracking does not constitute an

unsafe condition. Five cracks on the North, East and South walls of

the building were patched by the licensee in late 1977 using epoxy.

Ov The licensee's report indicates that the 12 foot long crack on the north

wall had been patched at least once before the patching work done in

late 1977. During the staff site visit on July 1982, the cracks were

again visibly open.

.

The staff has reviewed the licensee's report on the cracks in the walls

of the spent fuel pool building. The licensee has not given adequate

bases or substantiation for the reported conclusions. The staff does not

find sufficient basis to conclude that the observed cracks are not a

result of differential settlement of the building.

.

O

1

O
!
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O The applicant should further investigate the reasons for cracking in
|

the walls of the Spent Fuel Pool Building in order to assure that

recurrent cracking is not a result of differential settlements of

foundations. As mentioned under the " General Plant Description" of

this evaluation, the water intake structure is not considered a safety

related structure by the licensee. However, during the site visit on

July 27, 1982, cracks were observed in the walls of this structure.

also. If the safety classification of these structures is later changed,
1

the licensee should investigate the reasons for cracking to assure that

cracking is not a result of differential settlements of foundations.

I

VI. CONCLUSIONS

Based on a review of all the infonnation submitted by the' licensee and

a visit to the plant site, the staff concludes that the licensee's

assessment of the subject topic is generally acceptable to us except
,

for the following items:

a) The licensee should investigate the liquefaction potential of

submerged backfill material between the underlying lodgement till

and the ground surface, and its potential effect on safety related

structures.
,

I

.b) The licensee should further investigate the reasons for the observed
.

cracks in the walls of the Spent Fuel Pool Building in order to assure

that the cracks are not caused by differential settlement of foundations

and that these cracks do not pose any safety hazard.

_ _ __ _ --
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