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INTRODUCTION AND GENERAL DESCRIPTION OF PLANT

Introduction

This report is the Atomic Energy Commission's safety evaluation

of the ITowa Electric Light and Power Company's application for a license

to operate the Duane Arnold Energy Center (DAEC). The application was
filed by Iowa Electric Light and Power Company (IELP, hereafter referred
to as the applicant), and the Corn Belt Power Cooperative and the Central
Towa Power Cooperative (hereafter referred to as the co-applicants). The
applicant and co—-applicants will be co-owners of the facility. The Iowa
Electric Light and Power Company is responsible for the design and con-
struction of the Ffacility and will be responsible for its operation.
Therefore, in this Safety Evaluation, the term "applicant" refers to
Towa Electric Light and Power Company. When the intent is to refer to
the other participating companies, they will be spécifically identified.
The Atomic Energy Commission reported the results of its review at
the Construction Permit stage in a Safety Evaluation dated February 13,
1970. Following public hearings before an Atomic and Safety Licensing
Board in Cedar Rapids, Towa, the Director of Reactor Licenéing issued
Provisional Construction Permit No. CPPR-70 on June 22, 1970. An
Amendment of this construction permit was published on December 14,
1972 to delete certain requirements concerning Federal and State laws
for protection of the environment,
The Duane Arnold Energy Center consists of a single unit boiling

water reactor on a{ZéO;acre site located on the west bank of the Cedar

[
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River in Linn County, lowa, appfoximately eight miles northwest of
the city of Cedar Rapids. Since the Director of Regulation had graﬂéad
on March 11, 1970, an exemption under the provisions of Section 50.12,
10 CFR Part 50,2 construction work associated with facility structures
began in March 1970, Authorized site related work such as land clearing
had begun earlier, in March 1969.

On March 1, 1972, the applicant tendered an amended application
for an operating license (OL) with six copies of the Final Safety
Analysis Report! (FSAR) that were used by the AEC during a three week
preliminary safety review. Inasmuch as more information was needed for

the initial filing, the amended application for an QL was not officially

;

docketed for the extended safety review until May 8, 19723 at that time,

the FSAR and its Amendment No. 1 providing additional information were
docketed and distributed.

The amended application for an OL is required by Part 50.34(b)
of 10 CFR Part 50. The amended application requests a license to
operate the facility at a thermal power level of 1658 megawatts
(MWt) for which the corresponding ultimate electric output of the
plant is expected to be about 589 megawatts-—electric (MWe). The
plant's thermal power level in the construction permit application
was the rated thermal power level of 1593 MWt. In its Safety Evaluation
for the Construction Permit review, the regulatory staff had indicated

it would "perform a safety evaluation to assure that the core can be

[



operated at a higher power level,'" Therefore, we have performed an
evaiuation of thermal, hydraulic, and nuclear characteriétics of the
core as supplied by the applicant for both the rated and ultimate power
levels. The evaluation of engineered safety features was made at the
higher power level as was our evaluation of the results of abnormal
operational transients. However, before the applicant is permitted
normal power operation at the higher level, a program of progressive
power increase testing, documentation, and evaluation must be accomplished
by the applicant. This program is described in Amendment 9 to the FSAR
and will be appropriately delineated in the Technical Specifications.
During our review of the information submitted in the FBSAR, we
requested the applicant to provide additional information needed for
our evaluation. This additional information was provided in amendments
to the OL application. We also held numerous meetings with the applicant
to discuss and clarify the technical information submitted. As a result,
we requested a number of changes to be made in the design and planned
operation of the facility; these changes are described in the applicant's
Amendments (No. 1 through 11) to the FSAR and are discussed in appropriate
sections of this Safety Evaluation. The FSAR and its amendments have been
made available for review by members of the public at the Atomic Energy
Commission's Public Pocument Room at 1717 H Street, N.W., Washington, D. C.
and at the Cedar Rapids Public Library, 426 Third Avenue, S.E., Cedar Rapids,

Towa, 52401, The applicant has submitted its Industrial Security Plan and
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certain design information on the nuclear fuel as proprietary documents.
We have determined that these documents may be withheld from public
disclosure under the Commission's Rules aﬁd Regulations, 10 CFR Parts
2.790(d)? and 9.5(a) (4) .4 Accordingly, these documents will be with-
held from public disclosure in accordance with the provisions of
Section 9,10 of 10 CFR Part 9,

A chronolbgy of the review by the regulatory staff is included in
Appendix A of this evaluation.

General Plant Description

The Duane Arnold Energy Center employs a nuclear steam supply
system consisting of a boiling water reactor. There are sixteen jet
pumps supplied by two recirculating water lines, four main steamlines,
and two feedwater lines. Fuel for the reactor will be slightly enriched
uranium~dioxide (UOZ) in sintered ceramic pellets. Some of these ceramic

fuel pellets will contain gadolinium-oxide (Gd20 ) in a mixture with the

3

uranium-dioxide. The gadolinium is a "burnable poison" for power

pattern and reactivity control that permits better fuel economy and

elimination of the boron curtain neutron absorbers found in older plants.

The fuel pellets are enclosed in Zircaloy-2 cladding tubes which are

‘evacuated, backfilled with helium, and sealed by welding Zircaloy end

plugs in each end. A fuel channel encloses a bundle of 48 fuel rods in
a 7 x 7 array; the channel is made of Zircaloy~4. Water flowing through

the core serves as both a moderator of neutrons and a coolant. Movement

of water and a two phase water-steam mixture through the core is accomplished

——————
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1-5

by the driving force from the 16 jet pumps (8 per recirculation line)
and 2 recirculation pumps and from convective forces., Steam from the
boiling process in the reactor core is demoisturized and dried, then
vented through the four main steamlines to the turbine-generator where
its emergy is converted into electricity. The steam themn exhausts to a
condenser located beneath the turbine where the condensate is collected
and ultimately returned through a clean—up system for recycling through
the reactor vessel and core., The cooling water for the turbine steam
condenser is supplied in a closed system that includes two forced draft
cooling towers. Makeup water to replenish evaporative losses, windage,
and blowdown from the circulating condenser cooling water will be
supplied from the Cedar River.

An off-gas treatment system consisting of a recombiner, con-
denser, moisture separator, gas reheater, prefilter, and charcoal
absorber beds will provide for retertion of noble gases for decay to
concentration levels acceptable for release with the exhaust from the
100 meter stack

The primary reactor coolant pressure boundary includes the
reactor wvessel, thé recirculation lines, main steamlines, feedwater
lines, and branch lines to their outermost isolation valve. Enclosing
this system is the primary containment structure of welded, inspected,
and pressure-tested steel in a light-bulb configuration called the
"drywell." Beneath and around the base of this "drywell" structure is

the torus shaped "wetwell" of metal, constructed to the same standards



as the drywell. The wetwell is connected to the drywell via downcomers
and vents to permit the passage and condensation of any steam (vapor
suppression) that may be accidentally discharged into the drywell,
thereby limiting the pressure buildup below the containment maximum
design pressure of 62 psig. Piping restraints have been designed and
installed within the containment to limit the movement of piping during
its postulated post-rupture ogcillations (pipe whip). A hydrogen con-
trol system for containment atmosphere dilution {(CAD) with nitrogen is

provided for the normal operational containment inerting and for any

post-LOCA needs. Isolation of the primary containment occurs automatically}
L

whenever there exists a potential for-the uncontrolled release of radio-
activity. For instance, the primary containment and the nuclear steam
supply system are isolated and shut off respectively for the unusual
conditioné of low water level in the reactor vegsel, high radiation

level in main steamline, main steamline high flow or low pressure,

primary containment high pressure, and many others described in Section 7

of the FSAR,

The reactor protection system (RPS) provides the means to protect
against conditions that may cause fuel failures or a breaching of the
nucleaf Sysfem process barrier, thereby limiting uncontrolled releases
of radioécfivity. The RPS initiates a reactor scram following an
abnofméi operational transient or pressure pulse, 6r following a gross

failure of fuel or the nuclear system process barrier.  The RPS is a

re

i
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reliable system designed to meet the standards specified in IEEE~279.°
Limits for RPS function are set forth in the Techmnical Specificatiomns.

Normal reactivity control or rapid scram. (shutdown) of the reactor
is achieved by the bottom—entry cruciform—shaped control rods (neutron
absorbers) that are moved vertically in the spaces between fuel assembly
channels by a hydraulic mechanism; water is the hydraulic fluid, and for
rapid insertion, nitrogen under pressure in an accumulator provides the
driving force. Each contrel rod is independenﬁ of the other rods and
has its own control and hydraulic system. A rod worth minimizer (RWM)
is available to control positive reactivity insertion over a certain
power range, To limit the effect of the reactivity insertion following
a postulated control rod drop accident, the applicant will adopt and
install the rod sequence control system (RSCS) or other method finally
prescribed and approved by the regulatory staff for the Browns Ferry and
Peach Bottom 2/3 wvintage plants. A standby liquid control system is
also available for use in injecting a boron solution into the reactor
for emergency, long-term reactivity control.

Engineered safety features provide the capability to isclate com-
tainment, shut dowm the reactory, restrict radiocactivity releases to
acceptable minimum levels, provide for heat removal for long-term
core cocling, and condense steam within the primary containment., Details
‘on these engineered safety features are presented elsewhere in this

Safety Evaluation.
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The reactor building (RB) encloses the reactor and its pressure-—
suppression type primary containment system. _The reactor building houses
the refueling and reactor servi@ing equipment, fuel storage areas,
auxiliary equipment, core standby cooling éﬁstem, réactor cleanup filter
deminerélizer systéﬁ, standby liquid control system, éontrol rod drive
system, the RPS, electrical equipmenﬁ, heating and Qentilation, and the
standby gas treatment system.(SGTS). 0peration‘of the SGTS will produce
a negative internal pressure after building isolation such that the RB
atmosphere is filtered and discharged wia the SGTS and plant stack at a
rate equal to one building volume per day. Other structures such as

the turbine building, the control building, the administration building,

pump house, the intake structure and pumping facility, the cooling towers

and 100 meter stack are described in varying detail in this evaluation
but are also amply covered in appropriate sections of the FSAR and its
amendments.

Comparison with Similar Facilities

Many features of the design of Duane Arnold Energy Center are

similar to those we have evaluated and approved previously for other

nuclear power plants now under construction or in operation. To the

~extent feasible and appropriate, we have made use of our previous

evaluations during our review of those DAEC features which are sub-

stantfally the same as those earlier considered, Where this has been

done, the appropriate sections of this evaluation will include the

identification of the other facilities involved. Our Safety Hvaluations
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for these other facilities are published and are available for public
inspection at the AEC's Public Document Room at 1717 ¥ Street, N.W.,
Washington, D.C.

Identification of Agents and Contractors

General Electric Company is furnishing the nuclear steam supply
system for the Duane Arnold Energy Center, including the first fuel
loadings and the turbine-generator for the station. For those items
of the plant within its scope of work, General Electric has actedras
procurement agent.

Bechtel Corporation is the architect-engineer firm and the
facility constructor. In this capacity, Bechtel has designed and
provided the balance-of-plant systems,

The Chicago Bridge and Iron Company has supplied the on-~site
fabricated reactor wvessel and the containment vessels, The firm of
John A. Blume and Associates was retained by the applicant for con-
sulting work on dynamic analysis of structures. Other firms associated
with this facility included: Commonwealth Associates, Nuclear Services
Corporation, Dames and Moore, TRC of New England, Biotest Laboratories,
NUS Corporation, and Pickard, Lowe, and Associates,

Summary of Principal Review Matters

This Safety Evaluation summarizes the results of the technical
evaluation of the Duane Arnold Energy Center performed by the Commission's
Regulatory Staff. Our evaluation included a technical review of the
information submitted by the applicant, the principal portions of which

are summarized below:
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We reviewed the population density'and land use charac;eristics of
the site environs and the physical characteristics of the site, in-
cluding seismology, meteorology, geology, and hydrology to determine
that these characteristics have Béen a&éQuately'described and was
given appropriate consideration in.the plant design, and that the
site characteristics are in accordance with the Commission's siting
criteria (10 CFR Part 100)6 taking into consideration the design of
the facilities, including the engineered ééfety features provided.
We reviewed the design, fabrication, construction, testing, and
expected performance of the plant structures, systems, and components
important.ﬁo safety to determine that Ehey are in accord with the
Commission's General Design Criteria’ (GDC), other appropriate codesi
and standafds, and the Commission's Quality Assurance Criteria,8 and
that an& depaftures from thesge criteria, cddes, or standards have
been identified and justifiéd.

ﬁe evaluated the rasponse of the facilities to various anticipated
opeféiiﬁg.traﬁsiéﬁfs.éﬁd to a Eroad.éﬁédffum of postulated acci-
dénts; thdetermine that the pdtentiél.conééquencés of a few highly '
unlikely postulated'accidents (deéign basis ébcidents) would exceed
those of all the other accidents considered. This review included
evaluation of tﬁe abplicant“s anélﬁsis of core thermal and hydraulic
performance ét the.ﬁitimate thermal power lévei bf 1658 MWt, We
perfdrmed cansefvative énalyses of the”design gasis accidents to

determine, in the very unlikely event of their occurrence, that the

!

I‘\.
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calculated offsite doses that might result do not exceed the
Commission's guidelines for site acceptability given in

10 CFR Part 100.°

We evaluated the applicant's plans for the conduct of plant operations,
the organizational structure, the technical qualifications of operating
and technical support persomnel, the measures taken for industrial
security, and the planning for actions to be taken in the unlikely
event of an accident that might affect the general public. Our
evaluation in this area was designed to determine that the applicant
is technically qualified to operate the facilities and has established
effective organizations and plans for continuing safe operation of

the facilities.

We evaluated the design of the systems provided for control of the
radiological effluents from the facilities to determine if these
systems can control the release of radioactive wastes from the

station within the limits of the Commission's regulations and if

the applicant will operate the facilities in such a manner as to
reduce radicactive releases to levels that are as low as practicable.
We evaluated the financial qualifications of the applicant and the
other two participating companies, to determine that the financial
position of the applicant and co-applicants are adequate to operate
the Duane Arnold Energy Center in accordance with activities per—

mitted by the operating license.
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SITE CHARACTERISTICS

Geography and Demography

Site Location

The Duane Arnold Energy Center is situated on a 500 acre tract
of land located in Linn County, Iowa on the west bank of the Cedar
River. The nuclear facility is located approximately 2-1/2 miles
NNE of the village of Palo, Jowa and 8 wmiles northwest of Cedar
Rapids, Ilowa.

Site Description

The minimum exclusion distance, ds defined by the applicant,
is 400 meters from the plant stack to the nearest property line. The
nearest boundary of Cedar Rapids, which is the nearest boundary of
a densely populated geographic center containing more than 25,000
persons, is about eight miles from the plant site, and, therefore,
the population center distance is considered to be eight miles. Based
upen this population center distance, the low population zone (LPZ)
distance is 6 miles (9650 meters). TFigure 1 shows the exclusion area
for this site.

The Duane Arnold site is located on a relatively flat plain, at
approximately 750 feet mean sea level, which extends from the site
towards the village of Palo to the southwest. Across the Cedar River
from the site, the land rises from an elevation of 750 feet to an

elevation of about 900 feet within a horizontal distance of 2,000
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feet. These slopes are heavily wooded. To the northwest, the
terrain rises to an elevation of 3850 feet, Adjacenﬁ.and to the east
of the site is a heavily wooded low area. The generél topographical
features in this section of thg Cedar Rivéf dréinage area consist of
broad valleys with ;elativeiy narrow flooﬁ plains,

Population and Population Distribution

The closest cities with populatiqn exceeding 25,000 are Cedar
Rapids, Iowa with a population of 110,600 apprpximately 8 miles
southeast, Waterloo at 40 miles northwest with a population of
75,500 and TIowa City approximately 35 miles to the southeast with a

population of 46,800. The area within 5 miles of the site has a

population of about 2735. There axe three farm houses within one (‘

mile of the plant. The closest farm dwelling is 2900 feet from the
plant., There are_thgge_schools ;ogated within the LPZ. These schools
are in Palo (175 gtudents), Shgllsburg {370 students), and Toddville
(150 students) and are lpca;ed 2.7 mi;es, 5 milgs and 2.7 miles
:espectively_f;qm thg site. Figureg 2 and 3 show the 1970 and
predicted year 2010 cumulative population.data relevant to the Duane

Arnold site.

Uses of Adjacgnt Lands and Watgrs

At the present time, the land surrounding the Duane Arnold Energy
Cente; is predominantly agricultural. The major crop harvested is
corn with secondary crops of_oats and soybeans. Farm animals raised

include cattle, hogs and poultry,



2-3

The Cedar River in the area of the site is used for sport fishing,
but there is no commercial Fishing in the viecinicy of the site. The
closést area suitable for power boating, water skiing and swimming
is in the vicinity of the Seminole Valley Park, 6 miles downstream.
Directly east of the site and adjacent to the eastern bank of the
Cedar River is a 177 acre conservation area which is undeveloped and
is used for hiking, wilderness camping, nature study and hunting.

The only major user of potable water within 50 miles dowmstream
from the Duane Arnold site is the city of Cedar Rapids (about 15 miles
downstream) which obtains its water by wells located adjacent to the
Cedar River. Major industrial water use within 50 miles downstream
is for power plant condenser cooling and process water for other
industrial facilities.

2.1.5 Conclusions’

Based on the 10 CFR Part 100° definitions of the population
center distance, and the exclusion area and low population zone dis-
tances, on our analysis of the onsite meteorological data from which
dilution factors were calculated for various time periods (Section
2.3 of this report), and on the calculated potential radiological
dose consequences of design basis acecidents (Section 15.0 of this
report), we conclude that the exclusion area radius and the low

population zone distance are acceptable,
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Nearby Industrial, Trangportation and Military Facilities

There are no missile sites within a 10 mile radius of the site.

The nearest commercial airport is the Cedar Rapids Municipal Airport
located 15 miles south southeast of the plant gite. A small landing
strip not shown on current aeronautical charts exists approximately
4 miles southeast of the plant, The maximum size aircraft using the
turf runway is 3000 1lbs. These light airplanes are used for weekend
and summertime evening pleasure flying. There are no other airports
within 10 miles of the plant,

The staff has reviewed the question of airport proximity to nuclear
power plants. in various other licensing cases. On the basis of these
studies, we conclude that the Duane Arnold site is sufficiently far
away from an airport of significant size that the probability of a
crash at the sgite is essentially that associated with ggneral overflights
and that the Duane Arnold Energy Center need not be designed or'operated
with special provisions to protect the facility against the effects of
an. aircraft crash.

There are no oil or gas lines, mineral mines or petroleum wells
within 5 miles of the plant site. There is a rock gquarry located
approximately 3 miles southwest of the reactor site. The applicant
has provided the results of a study by its consultant, Blume and
Associates, which indicates that routine blasting at the-quarry will

have no effect on the safe operation of the Duane Arnold facility.
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The applicant will use the seismic instrumentation installed in the
nuclear facility to validate the consultant's calculations of ground
shock wave velocities and associated accelerations at the plant site
due to routine quarry blasting operations. We conclude that the
consultant’s study demonstrates that any effect on plant safety due
to quarry operation is unlikely to occur.

2.3 Meteorology

2.3.1 Regional Meteorology

The climate of eastern Iowa is that of a continental interior,
uninfluenced by any proximity of large bodies of water. Such a cli-
mate is characterized by cold, dry winters and warm, humid summers.
Continental polar air, generally of Canadian origin, is the predom-
inant type of air mass over lowa in the winter. éummer air masses
over this area are predominantly maritime tropical, with origins over
the Gulf of Mexico. The other two seasons - spring and autumn - are
relatively short; being characterized in the former case by increasing
and in the latter by decreasing temperatures and precipitatipn. High
air pollution potential (atmospheric stagnation) exists only rarely
in this area, occurring on the average less than one day in a year.
Atmospheric diffusion conditions are generally close to the average
for all gites in the United States.

2.3.2 Local Meteorology

The plant site is on the west bank of the Cedar River, eight

miles northwest of Cedar Rapids, Towa. From south-southeast through
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west-southwest of the site, the terrain is flat or gently rolling.

The terrain rises and becomes more hilly in the other directions

from the site and is heavily wooded across the Cedar River toward the
east. During the period 1953-62, eleven tornadoes have been reported
within the one degree latitude-longitude square containing the site,
giving a mean anpual tornado frequency of 1.1. The computed recur-
rence interval for a tornado within the 500 acre plant site area is
1171 years. The predominant wind flow over the site is from the south,
with a secondary flow from the northwest,

Onsite Meteorological Measurements Program

An onsite meteorological measurements program was initiated in
January 1971. 'The program consisted of the installation of and
measurements from a 165~-ft tower whicﬁ is located about 1700-ft south-
southeast of the reactor building. The tower has wind, temperature
and dew point measurement instruments gt the 35-ft and lGSuft levels.
The applicant has submitted a one year period of data record (1/71-
1/72) in joint frequency distribution form, gimilar to that suggested

in Safety Guide 23,% to provide a basis for the staff's evaluation of

atmospheric diffusion conditions, For building and vent releases,
the joint frequency distribution of wind speed and direction measured
at the 35-ft level and vertical temperature difference (At) betweén
the 35-ft and 165-ft levels was used. For‘releases from the plant's

100 meter (328-ft) stack, the joint frequency distribution of wind
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diréction and speed measured at the 165-ft level and vertical tempera-
ture difference (At) between the 35-ft and 165-ft levels was used.

The joint frequency distribution data recovery during the one year
period of record was 92 percent.

Short Term (Acecident) Diffusion Estimates

A ground-level release with a building wake factor, cA, of 911

Lo

metersz was assumed in the evaluation of short term (0-2 hr. at the
site boundary and 0-8 hr. at the LPZ) accidental releases from the
buildings and vents.- The relative concentration (x/Q) for 0-2 hours
which is exceeded 57 of the time was calculated tE_EE.%ﬁ&ﬁiﬁQ:?wﬁgﬁlmé
at the minimum site boundary distance of 540 meters. This relative
concentration is equivalent to dispersion conditions produced by
Pasquill type F stability with a wind speed of 0.3 meters/second.

The relative concentration (x/Q) for 0-8 hours which is exceeded 5%

of the time was calculated to be 8.7 x 10"5 sec/m3 at the LPZ distance
of 9654 meters. The assumed 8-24 hour relative concentration was

3.6 x 10_5 sec/m3.

In the evaluation of accidental releases from the 100 meter
(328~ft) stack, an elevated point source was assumed. The 0-2 hour
relative concentration {¥%/Q) at or beyond the site boundary which is
axceeded 57 of the time was calculated to be 1.7 x 10—5 sec/mB. The

B —

0~8 hour x/Q at the LPZ which is exceeded 5% of the time was calcu~

) 3
lated to be 8,1 x 10 sec/m”, The estimated relative concentration
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for the 8-24 hour period was 2.5 x 10-6 sec/ms, for the 1-4 day period
was 8.6 x 10-7 sec/m3 and for the 4~30 day period was 2.4 x 10“7
sec/mB,

The applicant’s relative concentration estimates are generally
less conservative by a factor of two to four than those calculated
by the staff. These differences can be attributed to the use of
different meteorological parameters in determining atmospheric
dispersion conditions.

Long Term (Routine) Diffusion Estimates

Computations of annual average offsite relative concentrations
for stack releases considering plume rise as a function of wind

7 sec/m3 north of the stack

speed showed a maximum value of 1.1 x 107
at a distance of 1 mile. The highest offsite annual average relative
concentration of 7.2 x 10—6 sec/m3 for vent releases occurred at the
gsite boundary west-southwest of the reactor building.

The applicant's relative concentration estimate in the case of
the stack release was less conservatiﬁe by a factor of two than that
calculated by the staff. For vent releases, the applicant's relative
concentration estimate was twice as conservative as that calculated

by the staff. In this case, :the applicant did not apply a correction

factor for the wake effect of the building when making the calculation.

Conclusions

The opinion of the staff is that the onsite meteorological data

presented in the FSAR and verified by the applicant indicate that

AT

N
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atmospheric dispersion conditioms at the plant site are much less
favoiable than would normaiiy be expected.in”this part of the
country. Therefore, the stéff concludes that the felative concemn-
tration estimates are very conservative.

Hydrologic Engineering

Hydrologic Description

The Duane Arnold Energy Center is located on the west bank of
Cedar River in Linm County, Iowa, about 8 miles northwest (and about

15 river miles upstream) of Cedar Rapids. The Cedar River is the

largest tributary of the Iowa River and the confluence of the two

rivers is about 100 river miles downstream of the plant. The Cedar
River has a total drainage area (ﬁatershed) of about 7819 square miles,
of which 6250 square miles is upstreém of the plant. Basin topography
is characteristic of the central Iowa f#rm country, The Cedar River
floodplain is of variable geometry, raﬁging from fairly narrow and
moderately steep valley slopes to floodplains three to four miles wide
with relatively flat slopes.

There are 12 low~head dams within the basin used primarily for
hydro-electric generation or for thermal cooling of non-nuclear power
plants. In addition, there are four natural and five manmade lakes
in the upstream subbasins that are use§ primarily for recreation.

.
Makeup water for the DAEC mechanical draft cooling towers is

(@)

obtained f£rom the Cedar River. A Category I seismic-design weir

(1) See paragraph 3.7.2 for information on Category I seismic design structures.
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has been constructed across the river to direct river flow to the plant

intake structure. The applicant states that the miniﬁum water intake
rgqui;ed for the emergency cooling water system is 13 eubic feet per
second (cfs). |

Floods'

Flood History .

The maximum flood of record at the Cedar Rapids, Iowa stream-
flow gage (about 15 rlver mlles downetream of the plant) occurred on
March 21, 1961 and produced a peak river flow of about 73,000 cfs.
The eppiicant has estiﬁated that this flood reached a peak water

airface elevation at the plant of 746.5 feet mean sea level (MSL).

_Flood Design Con51deratlons (

Finished plant grade is 757.0 feet MSL. Based on the applicant's

estimate of the probable maximum flood (PMF) level w1th coincident

wind waves, protectlon had been prov1ded to elevatlon 769.0 ft using

stop logs at the accesses to safety—relate& buildings. Since the

staff’s conservative estimate of wind waves differed from the appli-

cant s (see paragraph 2.4, 3), the staff requested the applicant to

prov1de flood protection to elevatlon 770 5 feet MSL on the northerly
side of safetywrelated buildings; to 773 7 on the soutberly side of
eafetywrelated bulldlngs' and to 769 feet MSL on all other sides of
safety~related bulldlngs. The appllcant has agreed to provide the

flood protection requested by the staff
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The applicant states that severe rainfall capable of producing
a 1ocal PMF will exceed the capacity of the site drainage system, but
will have no adverse effect on safety-related buildings. Further,
the applicant reports all safety~related buildings can support water
accumulations up to the top of the roof parapets without failure.
Roof penetrations extend higher than the parapets on all safety-related
buildings.

Probable Maximum Flood (PMF) On Streams and Rivers

The depth-area—duration relationship of the probable maximum pre-
cipitation (PMP) was developed by standard transposition and maximi-
zation techniques as suggested by the Hydrometeorclogical Branch of
NOAA. Subsequent to these analyses, the selected PMF was compared
with estimates contained in a report entitled, '"Probable Maximum
Precipitati&n for the Minnesota River Basin",'® January 1969 by the
Hydrometeorological Branch of the U.S. Weather Bureau (now NOAA),
and indicated the applicant's estimates of the PMP is comservative.

Precipitation losses were estimated at 1.5 inches of initial
loss and 0.1 inches per hour for infiltration. The applicant developed
unit hydrographs (runocff models of subbasing) using the river flow
records of significant floods in the Cedar River Basin and standard
techniques similar to those prescribed by the Corps of Engineers in

EM 1110-2-1405,%1 "Flood Hydrology Analyses and Computations™. The
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PMF is estimated to produce a peak discharge of 316,000 cfs and ;
peak stage at the plant of 764.1 feet MSL.

The staff has independently reviewed the development of the PMF
and compared it with other detailed PMF. studies in the general region.
‘The peak discharge appears to be a conservative estimate of the area
PMF. The stage estimates made by the applicant used standard water

surface elevation modeling techniques.

Upstream dams are low-head facilities which would be "drowned-

--out" by the PMF, The applicant states, and the staff coancurs, that

these dams present no threat of flooding to the plant,

Wind wave effects assumed to occur coincidentally with the PMF
were initially based on a wind speed of 30 miles an hour (mph). At N
the staff's request the applicant estimated the wind wave effect of
a coincident 45 mile per hour over-water wind speed. This wind speed
conforms with criteria established By-the staff and is applied Dy the
staff uniformly to all such situations. However, the staff does not
agree with the wave height and rurup estimates provided by the applicant.
The staff’'s conservative independent analyses using standard techniques
result in the requirements stated in paragraph 2.4.2.2. As noted
previously, the applicant has agreed to provide flood protection to
the elevations determined by the staff.

Potential Dam Failures (Seismically Induced)

The applicant stated, and the staff agrees, that failure of

up stream dams, because of their low-head design (the nearest upstream

(
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dam has a gross head of 11 feet), would produce water surface ele-
vations at the plant substantially less than the PMF.

Probable Maximum Surge . and Seiche Flooding

Not applicable to the DAEC site.

‘Probable Maximum Tsunami Flooding

Not applicable to the DAEC site.
Ice Flooding

There is some evidence of‘ice affecting river flow. At the
staff's request, the applicant investigated the potential for ice
flooding. The applicant states, and the staff concurs, that ice jams
occur primarily during periods of low flow and, therefore, it may
be concluded that flooding from downstream jams would produce water
surface elevations less than the PMF. Upstream blockage could occur,
producing a decrease in river flow. However, such blockages are
generally short-lived, generally being overtopped and/or broken up
in a short time, 1In addition, such jams are not water tight and the
applicant states that the flow at the site from upstream jams can be
expected to be greater than ;he requirement for makeup water.

Cooling Water Canals and Reservoirs

The plant intake structure is located on the bank of the Cedar
River and is not dependent on canals or reservoirs for water supply.

Channel Diversions

The channel and flood plain configuration in the vicinity of

the plant is not believed to be conducive to channel diversions.
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However, should such an event occur, which is most likely when occurring
coincident with a flood approaching the severity of the PMF or with a
severe earthquake, some water would be trapped in the remaining channel
segment. This trapped water supply, augmented by ground water reéurn
flow, is considered to provide sufficient water to maintain the plant

in a safe shutdown condition until auxiliary supplies become awvailable.

Flooding Protection Requirements

At the staff's request, the applicant has agreed to provide flood
protection measures to the elevations discussed in Section 2,4.2.2,
The proposed protection consists of stop~logs to be placed at the
exterior accesses to all safety-related structures. At the staff's
request, these measures will be augmented with plastic sheeting to be {
held in place with sand bags to reduce inleakage. However, these
measures are not known to be 100%Z effective and, therefore, the staff
has required a technical specification to require shutdown of the

plant when flood water elevations exceed plant grade. The technical

- specification is more fully discussed in paragraph 2.4.14,

Low Water Considerations

Both ice jams (discussed in paragraph 2.4.7) and droughts may
produce low flow at the plant. Of the two, the applicant considers
droughts to produce the most critical condition because of their rela-
tively long periods of low flow, while ice jams are more transitory

in nature. The applicant has stated that the historical minimum

el
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daily flow was 236 cfs, on July 4, 1934; the minimum instantaneous

low flow was 178 cfs on September 25, 1935. The applicant provided

a flow duration analysis which indicates the Cedar River flow exceeds
6,600 cfs about 10% of the time and 620 cfs about 90% of the time.

The applicant has provided a frequency analysis which projects a
1,000-year minimum daily flow of 120 cfs. While the accuracy of
extrapolation of rare events to such a degree is questionable, it
should be noted that this estimate, as well as historical low flows,
are about a decade greater than the plant safe shutdown requirement

of 13 cfs. We conclude the plant will have an adequate safety-related

supply of water available from the Cedar River.

Environmental Acceptance of Effluents

The staff performed an independent analysis of the effects of
accidental releases of liquids containing radionuclides, utilizing
estimates of the maximum (rather than average) permeability of the
near~station surficial soils. These permeabilities, combined with
other conservative estimates of surface and subsurface flow, indicate
a minimum effluent dilution of 1:1500. It should be noted, however,
that this estimate is based on present ground and surface water usage
and the applicant must be alert to future regional water supply
uses that could be affected by accidental releases (see also paragraph

15.4).
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Groundwater

The applicant states that two aquifers underlie most of the plant
gsite, The upper unconfined. aquifer is composed of fine-to-medium
sands and ig separated from the lower aquifer by a 10-60 foot aqui-
clude of relatively impervious clayey material. The lower artesian-
type aquifer is under pressure and any groundwater transfer would be
from the lower into the upper aquifer. The applicant has collected
data on surrounding wells, and states that the groundwater gradient is
fairly steep with flows generally southeasterly under the site
towards the Cedar River. Presently, there are no wells down-gradient

between the plant and the river. Flooding in the Cedar River may

cause some flow reversal of groundwater, but this effect should be (

transitory in nature. The nearest significant downstream groundwater
user is Cedar Rapids which draws water from wells located near the
Cedar River. A large portion of the water drawn from these wells is
recharged from the river.

Technical Specifications for Emergency Operation Requirements

For reasons previocusly discussed, the staff will require a
technical specification requiring shutdown and cooldown of the plant
when severe river flood water elevations exceed plant grade., The appli-~

cant is expected to propose a proviso allowing them to request relief
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from this technical specification from the AEC if there is an extreme
local requirement to keep the DAEC on line. The staff has no objections
to the anticipated proviso, providing it is clear that in the asbsence
of the granting of such relief, for whatever reason, the plant will be
shutdown when the river water level exceeds plant grade.
Conclusions

The staff concludes that the site and the design of the safety-
related facilities for the Duane Arnold Energy Center will provide
protection from less severe floods, but that the less frequent river
produced flooding (up to and including the probable maximum flood)
will require implementation of flood emergency procedures. In additiom,
the site and design of safety-related features will provide protection
against locally severe rainstorms. However, because of the nature of
protection from the more severe river produced flood lévels, a tech=-
nical specification is required for plant shutdown and maintenance
thereof, as discussed in paragraph 2.4.14. The staff concludes that
potential dam failures will not produce water levels in excess of the
PMF, that an adequate water supply will exist even in the unlikely
event of a river channel diversion, and that there is little likeli-

hood of contaminating any existing public surface of ground water

Sup‘p ly +
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Geology and Seismology

Basic Geologic and Seismic Information

The site is located in the Interior Lowlands Tectonic Province of

the Central Stable Region of North America. There are no known

‘earthquake epicenters within 75 miles of the site. The major and even

the moderate earthgquake regions are sufficiently far from the site
to have only minor seismic influence. There a:é no known geoleogic
st ructures that could be expected to localize seismicity near the
site. No known faults exist within the basemgnt rock or overlying
strata in the vicinity of the site, Two minor faults nearby have been
postulated based on well log data. The closest of these is 10 miles
north of the site and the ogher is 17 miles southeast. Evidence shows (
that these faults have been inactive at least since before Pleistocene
time (more than 500,000 years ago) and possibly gince Paleozoic time
(two hundred million years ago).

The critical structures and gquipment, which are designated
Category I, are”desigged to rgspond elastiqally with no loss of function
to the ground accelerations postulated for the Opera;ing Basis Earth-

quakes (OBE)}. These same Category I structures and equipment are also

designed so that the plant can be shutdown safely even if subjected

to a postulated Design Basis Earthquake (DBE) with ground accelerations
that are double the OBE values.
The applicant used one set of seismic design foundation level

accelerations for structures founded on rock and another set for
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structures founded on soil. For the reactor containment building,
which will be supported on bedrock or a lean concrete fill, the
Operating Basis Earthquake (OBE) horizontal acceleration of 0.06 g
was used with vertical acceleratilons taken as 80 percent of the hori-
zontal accelerations. All other Category I structures are supported
at grade or on 30 to 50 feet of competent soil or £ill. For these
structures a horizontal acceleration of 0.09 g was used for the OBE
with vertical accelerations taken as two thirds of the horizontal.

We and our consultants reviewed the geology and seismology of
the sité at the construction permit stage<of our review. No new
developments have occurred since that time to change our previous
conclusion on the acceptability of these characteristics for this
site. The report on site seismicity for the Duane Arncld Energy
Center prepared during the construction permit review by our con-
sultant, the Seismology Division of the U.S. Coast and Geodetic
Survey, is attached as Appéndix C.

Stabilility of Subsurface Materials

The field investigation performed by the applicant to study the
bedrock conditions in the plant area revealed varying degrees of
solution activity in the limestones and dolomites underlying the
site., The solution activity ranged from the formation of very small
cavities to one about 12 feet in diameter. Borings were made under

all Category I structures. All bore holes and the cavities revealed
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by them have been cleaned and filled with grout under pressure using
procedures which we have reviewed. During the construction permit {CP)
stage of review, the applicant performed an analysis which showed that
any undetected cavities will not affect the support of the structures.
Also -at the CP stage of review, we and our consultant, N. M. Newmark
Consulting Engineering Services, reviewed the results .of the explor-
atory drilling, remedial treatment, and stress analysis programs and
concluded that the Category I structures will be adequately supported.

There have been no new developments that would change this conclusion.

AT

P

PE————



IOWA ELECTRIC LIGHT & P

DUANE ARNOLD ENERGY CENTER

OWER COMPANY

AN

g AL

~1
3
(3

B

AL
s G“Q

P
i

T
£y S

4 s Lil%

w 'l'.‘ "-', J
N

=% oy ity i

REFERENCE .

S

S .

P

e

.- 3 l( F, .
= TR L R T = 7 TRt ) R
i ; LA Y RE AN TR TR Ay By /.
)b; Ve TR R R Y R ﬂrﬁ/}-f ST Pl T AN o 1 %

.
FIGURE 1
U.S. GECLOGICAL SURVEY

75 MINUTE SERIES
(PRELIMINARY)
SHELLSBURG SE,
MARION SW,
CONTOUR

TOWA
IOWA

SCALE IN FEET

5 i r
1900 0 " 3000

INTERVALS 10FEET




FIGURE 2

DUANE ARNOLD &

3

f

Q

7y

{MILES)

DISTANCE,



FIGURE 3.

111 T
- L
1 i X
| h
T Py
i
!
it
a
&
o
h
i
T i i
! L ; L]
i ik
i j
I i Q
i LA Ll
B Hil:
13
i
! Ly
f !
! |
it 1 i
JHi I 0
o
i I
gkt —S
i 2
i
Gl
I g
; I o
I il 2
ik i it
T B 1 |
; b
o8 M W :u_ - -0‘5‘
[ u

(MILES)

DISTANCE,



3.0

3‘1

3.2

3.2.1

DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS

Conformance with AEC General Design Criteria

At the construction permit stage of the review we evaluated and
found satisfactory the applicant's conformance with the then available
July 11, 1967 version of the AEC General Design Criteria (GDC). Sub-
sequently, the GDC were revised. The applicant presents in Appendix
F and in Amendment No. 5 of the FSAR an evaluation of the design
basis of the Duane Arnold Nuclear Facility measured against the GDC
of 10 CFR Part 507 effective May 21, 1971 and subsequently amended
July 7, 1971, This version of the GDC is currently being used for all
our evaluations of applications. We have reviewed the applicant's
assessment of his conformance to the GDC and the stated DAEC design
criteria and we are satisfied that the applicant hés met the intent
of the July 7, 1971 version of the General Design Criteria.

Classification of Structures, Compenents, and Systems

Seismic Classification

The applicant has identified iin Section 12 of the FSAR those
Category I plant features, i.e., structures, systems and components
important to safety that are designed to withstand the effects of the
Safe Shutdown Earthquake and remain functional. These plant features
are those necessary to assure (1) the integrity of the reactor coolant
pressure boundary, (2) the capability to shutdown the reactor and

maintain it in a safe shutdown conditiom, or (3) the capability to
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prevent or mitigate the consequences of accidents which could result

in potential offsite exposures comparable to the guideline exposures

of 10 CFR Part 100. Category I corresponds to Seismic Class I and

the Safe Shutdown Earthquake corresponds to the Design Basis Earthquake
(see paragraph 3.7.2 for further discussion of definitions).

All other structures, systems and components that may be required
for operation of the facility but not classified as Category I (Seismic
Class I) are Seismic Category II (Seismic Class II). Included in
Seismic Category II are those portioms of Category I systems which
are not required to perform a safety function.

We have reviewed the seismic classification of the structures,
systems and components set forth in Table 12.3-2 of the FSAR and have
concluded that those items classified as Category I for this facility
are acceptable,

System Quality Group Classifi:ation

The AEC Quality Group Classification System in Safety Guide 2612
has been applied to those water and steam containing components which
are part of the reéactor coolant pressure boundary and other fluid
systems important to safety where reliance is placed on these systems:
(1) to prevent or mitigate the consequences of dccidents and mal-
functions originating within the reactor coolant pressure boundary,
{(2) to permit shutdown of the reactor arid maintenance in the safe

shutdown condition, and (3) to contain radioactive material. The

pr—
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é?plicant has identified in Appendix A of the FSAR those fluld systems
or portions of fluid systems iImportant to safety and the industry codes,
standards and supplementary criteria applicable to each pressure-
containing component in the systems.

For those fluid systems set forth in Table A.2-3 of the FSAR,
we and the applicant are in general agreement on the application of
the Quality Group Classification System, Piping and Instrumentation
Diagrams identify the boundary limits of each classification group
withip the fluid systems.

We find that the system quality group classifications as speci-
fied by the applicant are acceptable,

Wind and Tornado Criteria

The design wind velocity for the Seismic Category I structures is
105 mph atJSO feet above ground based on 4 recurrence interval of
100 years. The reactor building, the control room, diesel generator
building, and the intake structure were designed to protect the equip-
ment and components which require tornado protection. The design
tornado for these structures is a 300 mph rotational wvelocity at the
periphery and a translational velocity of 60 mph. The simultaneous
atmospheric pressure drop is 3 psi for a duration of 3 seconds. Some
of the compartments for the Seismic Class I.structures were designed

for the differential pressure from venting.
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The technique described in ASCE Paper No. 326913 was utilized to
determine the loads resulting from these wind and torﬁado”effects.
The load factor associated with the wiﬁd is 1.25, For the tornado
loads a load factor of 1.0 was used.

We believe that the above load factors.are consistent with those
used for previously approved plants and the methods of converting
wind and tornado velo;i;ies into fprges on the structures are in
accordance with the state—ofmthEMart. The_wind and tornade criteria
are acceptable,

Water Level (Flood) Design Criteria

The finished plant grade is at elevation 757.0 feet. The facility

was designed during the construction permit period of review fo re- (‘ ;,

sist flood waters to an elevation of 767.0 feet, an elevation which
was arrived at considering the maximum probable flood as well as the

effects of the wind. Further review of the wave action and runup

caused by winds have resulted in a new requirement accepted by the

applicant for additional flood protection. The details are discussed
in paragraphs 2.4.2.2, 2.4.14, and 2.4.15 of this evaluation report.
The bouyant forces created by normal ground water and during

flooding were both considered in the design of Category I seismic

design structures with load factors of 1.2.

We find the water level design criteria are acceptable.
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Missile Protection Criteria

The consideration of tornado generated missiles included a
spectrum of possible items that could be dislodged during tornadic winds
and become missiles. The applicant's consideration of missiles included
a 4" x 12" x 12° wooden plank traveling end-on at 300 mph and an auto-
mobile weighing two tons with a contact area of 20 sq. ft, traveling
not more than 25 feet off the ground at 50 mph.

In addition, the reactor building walls, floor slabs, and the
control room were designed to withstand the loads imposed by missiles
generated by the failure of the turbine-generator.

We find that the missile protection criteria proposed by the
applicant are adequate on the basis that they have been used on previous
plants and represent the present state of knowledge in providing an

acceptable means of damage assessment.

Protection Against Dynamic Effects Associated with the Postulated
Rupture of Piping '

Nonlinear time;re5ponse dynamic analyses of the main steam and
recirculation lines were performed by the applicant to wverify the
design adequacy of existing piping restraints including the effects
of a gap between the piping and its restraint. Discrete mass-spring
mathematical models were used. Both longitudinal and circumferential
breaks were considered. The criteria used to determine the break

locations and orientations is to locate them such that they cause



maximum loads at the restraint. The stresses at the break locations

do meet the limit of 2 Sm which is congistent with the staff position k

regarding break locations. Forcing functions representing the time /

variation of blowdown loads were provided. Two types of piping

restraints were designed and installed. The allowable streés for i

the design of restraints 1s less than one-half the ultimate uniform

strain and thereby meets the currently acceptable criteria. ‘l
We find this approach for protection against pipe whip to be

acceptable for the Duane Arnold plant.

3.7 Seismic Design : |

3.7.1 Seismic Input

AT

The seismic design response spectra curves were presented in

the applicant's PSAR and approved by the AEC prior to the issuance of
the construction permit for the Duane Arncold Nuclear Plant. The i.
modified earthquake time histories used for component equipment design T
are.adjusted in amplitude and frequency to anvelope thé résponse
spectra specified fof the site. We conclude that the seismic input \
criteria proposed by the aéplicant prﬁvides an acceptable basis for

seismic design, | o | | )

3.7.2 Seismic System and Subsystem Anaiyses

Modal response spectrum mlti-degree-of-freedom and normal i

mode-time history methods were used for all major Category I(l) j-

(1) The use of "Category I" seismic design and "Class I" seismic design as
descriptive phrases for structures, systems or components means the same
in both instances. The most recent and recommended wording is '"Category 1" {
selsmic design; this wording conforms with that which appears in Safety -
Guide 29. The structures, systems, or components designed to remain functional (
if a Safe Shutdown Earthquake (equivalent to a Design Basis Earthquake) vw
occurs are Category I. '



structures, systems and components. Governing response parameters
were combined by the square root of the sum of the squares method to
obtain the modal maximums when the modal response spectrum method
was used. The absolute sum of responses was used for in-phase
closely—-spaced frequencies, Floor spectra inputs used for design and
test verification of structures, systems and components were generated
from the normal mode-time history method., A vertical seismie system
dynamic analysis was employed for all structures, systems and com-
ponents. In order to obtain the most conservative resultant value for
combining horizontgl and vertiéal responses, the applicant was
required to either select two horizontal.and one vertical component
responses which are then combined by the square root of the sum of
the squares method or, alternately, determine the absolute sum of
the responses due to one horizontal component and one vertical come
ponent. The representative highest stressed regions of the structures,
equipment and components must then be checked, using one of the above
combination of vertical and horizontal responses to verify adequacy
of the seismic design.

We conclude that the seismic system dynamic analysis methods and
procedures proposed and used by the applicant and considering ultimate
fulfillment of the.above requirement provide an acceptable basis for

the sejsmic design,
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Criteria for Seismic Instrumentation Program

The type, number, location and utilization of strong motiom
accelerographs to record seismic events and to provide data on the
frequency, amplitude and phase relationship of the seismic response
of the containment structure corresponds to the recommendations of
Safety Guide 12,1t

Seismic instrumentation will be installed on Category I struc-

tures, systems and components in order to provide data for the veri-

fication of the seismic responses determined analytically during the

design analysis for such Category 1 items.

We conclude the seilsmic instrumentation provided and its utilization

are acceptable. {

Design of Category I Structures

The staff's review and evaluation of the Category I (seismic
design) structures included the structural foundations, the reactor
building, the contrel building, intake structure, a portion of the
pumphouse, a portion of the turbine building and the offgas stack.

The Category I structures were built from a composite of structural
steel and reinforced concrete members. In general, the structures were
designed as continuous systems such as the reactor building. The
various structural components that were integrated into the con-

tinuous structures consist of slabs, walls, beams, and columms.

RS
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The analyses were based on elaétic analysis procedures with
the design.being executed using the working stress design method.
The“design method for.reinforced concrete followed that of ACI 318-63%5
for ultimate strength design with the use of specific loading com—
binations applicable to nuclear power plant design conditions. Tor

16 were utilized.

the structural steel the AILSC Specifications

The loading combinatioms used for the design of the structures
inciuded normal dead and live loads, wind and tornado loads, the
flood loads, the missile loads and the earthquake loads.

The applicant has specified and utilized numerous loading
combinations for the normal loading conditions as well as for the
severe loading conditions that include the accident, the tornado and/
or the design basis earthquake.

For the reinforced concrete structures additional specific
requirements were set forth for ductile moment resisting frames as
well as structural elements resisting mainly earthquake loads. The
applicant’'s design for the reinforced concrete structures allcwed the
reinforcing steel under the worst design conditions to reach 0.90f
with the concrete stress not exceeding o.85f;.

For the structural steel under normal operation the allowable
stress was used as the limit with a 257 increase allowed under the
operating basis earthquake and a 337 increase allowed under the wind

loads. The elements that carry mainly earthquake forces used only
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the allowable stress as a limiting value. Under the more severe
loads the steel strecées were allowed to reach O.ny.
As a result of our review and evaluation of the applicant's
criteria and the procedurcs related to design and construction, we
find that the Category I seismic design structcres have been adequately

designed.

Mechanical Systems and Components

Dynamic System Analysis and Iesting

Ereoperatienal vibration testing for procotype reactor internals
will bc perfcrmed in accordance With Scfecy_Guide 20.17 However, the
surface inspection will be conducted after cold flow testing with
all core support structures in place., For a group of similar com-
ponents, those exhibiting the greatest response will Ee inspected.
Measurements of the response will Ee made in both cold and hot flow
testing to verify chat they are compatible in magnitude and fre-
ccency content.._wc find the aboye program of prcoperational vibra=-
tion tcsting to 5e acceptable.

For assuring the decign adequacy of reactor interncls subjected
to dynamic cffccts:thct may result.from a éostciatcd loss—of~coolant
accident, reéponscs were compuced by the applicant usiﬁg postulated
blowdown flow modes anda cynamic mcdel of the reactor internals. The
results indicate chat_the :espoﬁse level cf internalc cre low for the

following two reasons: (1) a BWR is a two-phase steam—water system

ST,

e

PSR
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that operates at or close to saturation conditions so that the loading
is not a shock type load and (2) the normal frequencies of inéernal
components are geparated by more than a factor of 10 from the loading
frequencies. Thus, no severe amplification of vibration will occur.
We find the above analytical results to be acceptable.

A piping vibration test program will be conducted by the applicant
to.verify the design adequacy of Category I seismic design piping and
piping restraints to withstand hydrodynamic transients. Portable IRD
accelerometers will be used for measuring the vibration amplitudes
on the piping. The allowable displacements are defined by the applicant
as those which produce stresses less than one half of the endurance
limit. We find this approach to be acceptable,

The applicant has conducted either testing or analysis for each
item of equipment to assure proper functioning of the Category I
mechanical equipment during a seismic event. Additional information
describing the tests and/or analysis for each type of equipment as
reviewed by the staff in meetings with the applicant will be documented
in Amendment 12. We find this commitment to be acceptable based on
similarity of the mechanical equipment to that used in previously
reviewed plants.

ASME Code Class 2 and 3 Components

Category I seismic design systems, components and equipment
have been constructed, as applicable, to Sections ITI, VIILI and IX of
the ASME Boiler and Pressure Vessel Codes;!® USas B 31.1.0!°% - 1967,
B 16.25 and B 16.5; and appropriate standards of the Tubular

Exchanger Manufacturer's Association (TEMA), Manufacturer's
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Standardization Society of the Valve and Fitting Industry (MSS),
American Society for Testing and Materials (ASTM) and American
Weldiﬁg Society (AWS). We find the above standards an acceptable
basis for construction.

3,10 Sedismic Qualification Testing of Category I Instrumentation and
Electrical Equipment

The reactor protection system, engineered safety feature cir-
cuits, and the emergency power system are désigned to meet Category
I seismic. design criteria. The seismic requirements were verified
by seismic qualifications testing and were incorporated into
equipment specifications to ensure that the gquipment will function
properly during the postulated safe shutdown earthquake. We find

the qualification testing conducted Dy the applicant to be acceptable.
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REACTOR

General

The nuclear steam supply éystém includes a General Electric
Company (GE) boiling water reactor (BWR) which generates steam for
direct use in the steam—driven turbine generator. The design of the
Duane Arnold Energy Center (DAEC) reactor is similar to the Vermont
Yankee, the Brown's Ferry, and other reactors which have been
evaluated by the regulatory staff at both the construction permit
and operating license stages. The DAEC reactor core, containing
nuclear fuel elements and control rods, is supported in a domed,
¢ylindrical shroud inside the reactor vessel. Steam separators are
mounted on the shroud dome. Two external, motor-driven recirculating
pumps inject high-velocity water into 16 jet pumps which are located
in the annulus between the shroud and the reactor vessel. The high
velocity water from the jet nozzles entrains and imparts energy to
additional water from the annular region. The combined liquid flow
enters the bottom of the reactor core. This fluid becomes a steam-
water mixture as it passes through and cools the reactor core. The
steam emerges from the steam separators and dryers and enters four
20~inch diameter pipes leading to the turbine-generator.

Reactor power is controlled either by movement of control rods
or by changing the speed of the two external recirculation pumps.

Reactor power operation is terminated (reactor shutdown) by inserting
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control rods into the core. A standby liquid control system is
provided as a backup system for reactor shutdown and operates by
pumping a sodium pentaborate solution into the reactor.

Mechanical Desig&

Fuel Design

The reactor employs Zircaloy—clad_fuel rqu which contain
slightly enriched uranium dioxide pelle;s. Some_pel}gts in some of
the fuel rqu also contain g;dqlinium oxide which is used to control
the neutron flux distributipn. Grogps of 49 fuel rods in a square
array within a square Zircaloy channel box form fuel assemblies.

Three types of fuel assemblies with varying distributions of U-235
enrichments and gadolinia concent;ations_are_used, The Type T
assemblies which have a low average enrichment and no gadolinia are
removed from the core at the end of the first fuel cycle. The Typé IT
assemblies each contain two rods which hayg_gadoliniafurania pellets
over their full length. The Type ;;I agsgmbligs“each contain two rods
which have gadolinéamurania pellets over their full length and

two rods which haye gadol?niauurania pellets over part of their
lgngth.

The design of thg.fugl_is the same as the design of the fuel
for the Browns Ferry and Pgach Bottom Units 2/3 reactors which were
previously reviewed and found aggeptable. The fuel design is simllar

to the design of the fuel in currently operating reactors, but differs
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in that the clad thickness is greater, a hydrogen-getter material
is used inside the rods, and urania-gadolinia fuel pellets are used.

The increase in clad thickness and use of a hydrogen-getter
are design changes made to improve the performance of the fuel
during normal operation by further reducing the potential for
cladding failures and the consequent radiocactive off-gas release
rate. Since the increase in clad thickness has an insignificant
effect on the fuel rod thermal properties, the effect on post-
accident temperature transients is negligible.

Also, the thicker clad will be less subject to embrittlement
and ballooning.

A detailed description of the hydrogen-getter will be submitted
by the applicant in Amendment 12. Based on our discussion with the
applicant, we believe that the hydrogen-getter would not react with
the cladding or reduce its integrit:” in any other way either during
normal operation or a post-aceident transient. The use of the
hydrogen-getter should have no effect on the safety of the reactor.

Urania~gadolinia pellets are used in other operating reactors.
The differences in fuel damage limits due to the reduction in
thermal conductivity and melting point of urania-gadolinia as com~
pared with urania was evaluated during the operating license review

of the Quad-Cities reactors.
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The design of the fuel has been evaluated on the same basis
and meets the same criterion for design as previously reviewed and
accepted for other boiling water reactors. This criterxion is that
noe fuel cladding damage should occur during normal operation or in the
event of anticipated transient conditions. Fuel damage can result
from overheating, excessive expansion or collapse, or corrosion of
the clad. Overheating will not cccur if the mode of heat transfer
remains in the nucleate boiling regime. Although heat transfer
effectiveness would decrease if departure from nucleate boiling
occurred, the resultant increase in clad temperature would be only
500°F and would not necessarily result in failure of the clad,
Therefore, a conservative damage limit is defined as the critical
heat flux (CHF) at which the departure from nucleate boiling occurs.
Evaluation of the CHF is discussed in the section on thermal
hydraulic design.

Excessive expansion is defined as greater than 1% strain. Tests
indicate that at this strain less than 5% of the cladding would be
expected to fail., Expansion of the clad is caused by expansion of the
fuel pellets and is a function of both fuel burnup and temperature.
Therefore, a second fuel damage iimit is defined as the value of
linear heat generation rate, as a function of burnup, that will
produce a clad strain of 1%, For rods with urania pellets, this
limit is calculated to be 28, 26.3, and 24 kW/ft at burnups of zero,
20,000, and 40,000 MWd/T, respectively. For urania—gadolinia pellets,
the limits are approximately 3 kW/ft less than the urania pellets

iimits given above.
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Collapse of the cladding can occur due to the effect-of dengi~
fication of the fuel pellets and the creep of the clad. This
phenomenon has been observed in some reactors and its causes and
effects are described in the staff's "Technical Report on Densifi-
cation of Light Water Reactor Fuels", which was issued November 14,
1972, Based on a preliminary evaluation, fuel cladding collapse is
not expected to occur in the DAEC core. However, we have requested
that the applicant evaluate whether fuel densification and clad
collapse could occur. The results of this evaluation were submitted
on January 9, 1973 and is currently undergoing review and evaluation
for all nuclear plants by the staff. A supplement to this Safety
Evaluation will be written regarding this matter on completion of
the above cited review by the staff,

Corrosion of the cladding due to local formation of hydrides
on the inner clad surfaces has occurred in several reactors and
caused clad failures and higher than desired off-gas activity.

Water vapor present in the rode after their assembly was presumed

to be the cause., The fuel rod manufacturing process has been

modified and a hydrogen~getter has been added in the rod as means

of assuring that moisture is not present or will not contribute to
internal hydriding. Although fuel clad failures may still occur,

any increase in cladding failure will be detected by an increase in
coclant or off-gas activity. Before the release becomes excessive,
i.e., exceeds Technical Specification limiting conditions of operation,
appropriate lower operational limits will require a restriction on plant

operations.
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Reactor Vessel»lnternals (Mechanical Design)

Fér normal design loads of mechanicéi, hydraulic, and thermal
origin, including anticipated plant transients and the operational
basis earthquake,“the reactor internals were designed to the stress
limit criteria of Article 4, of the ASME Boiler and Pressure Vessel
Code (BPVC) Section IIL.!®

Under design basis accident conditions, which include the
combiﬁed loads from a recirculation line break or a steam line
break plus the Design Basis Earthquake, the reactor intermal
components were &esigned to the criteria submitted in Apﬁendix C
of the FSAR, These criteria are consistent with comparable ASME
BPVC emergency and faulted operating condition category limits and
the criteria which have been accepféd.for all recently licensed
plants.. We find the applicant's criteria acceptablg. The dynamic
analyses of the Duahe Arnold Energy Center reactor internals are
discussed in paragraph 3.9.1, "Dynaﬁic System Analysis and Testing",
of this evaluation report.

Reactivity Coutrol Systems.

Rﬂactﬁf pbwér can be controlled either by movement of control
rods or varlation in reactor coolant récirculation system flow rate.
The fuel rods will contain full length and partial length gadolinium
oxide, a burnable poison, to supplément the moveable control rods in
controlliﬁg the core reactivify throughout the cére.life. A standby
1iquid control System is also prdﬁided as a'backup reactor shutdown

system.
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Control rods (89 in number) are used to bring the reactor
through the full range of power (from shutdown to full power
operation), to shape the reactor power distribution, and to
compensate for changes in reactivity resulting from fuel burnup.
Each control rod drive has separate control and rapid insertion
(scram) devices.

The drives have a common supply pump (and one parallelled spare
pump) as the hydraulic pressure source for normal operation and a
common discharge volume for scram operation. On the basis of our
review of the drive system design and the supporting evidence
accumulated from operation of similar systems in other General
Electric reactors, we conclude that the installed system will meet
the functional performance requirements in a safe manner.

The current plan for operation at power levels below 107% of
rated pOWef will require limiting of selected control rod reactivity
worths to less than 1% Ak/k. This is accomplished by a computer
program and monitoring system known as the Rod Worth Minimizer (RWM).
The RWM restricts the selection and movement of rods teo the properly
sequenced control red patterns such that the total worth of any in-
sequence rod that can be moved will be no more than 1% Ak/k.
Calculations of the consequences of a control-rod-drop accident are
discussed in Section 15.0. Use of the RWM is presently under study
in conjunction with our review of General Electric Topical Reports

NEDO-10527%0 and its Supplement, titled "Rod Drop Accident Analysis
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for Large BWR's". The background and status of our review on these
reports are contained in paragraph 15.2.2 of this Safety Evaluatiom.
Also indicated elsewhere (paragraph 7.6) i1s the applicant's commit-
ment to install a staff-approved system for control of rod reactivity
worth and thus the consequences of a postulated control rod drop
accident.
A controlwrod—ejection accident, to be distinguished from the
-rod drop accident, is precluded by a control rod housing support
structure locatéd below the reactor pressure vessel, similar to that
installed on the other large General Electric Reactors. This
structure limits the distance that a ruptured control rod drive
housing could be displaced. The applicant concluded, and we agree,
that the control rod displacement would be so small in this e;ent
that any resulting nuclear transient could not be sufficient to cause
fuel rod failure,
Reactor power can also be controlled through éhanges in the
primary coolant recirculation flow rate, The recirculation flow

control system can automatically adjust reactor power level to

station load demand whenever the reactor is operating between approxi-

mately 70% and 100% rated power. The recirculation flow control
system is designed to allow either manual or automatic control of
reactor power. This method of reactor power control has been satis-
factorily demonstrated in the Dresden Units 2 and 3, Monticello, and

Millstone I facilities.

PN
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The standby liquid control system is available to pump a sodium
pentaborate into the reactor vessel. This system is designed to bring
the reactor to a cold shutdown condition from the full power steady-
state operating condition at.any time in core life, independent of
the control rod system capabilities. The injection rate of the
gystem is adequate to compensate for the effects of xenon decay.

Except for the long-term evaluation of the expected favorable
performance of gadolinia as a burnable poison in thé nuclear fuel
and the final staff evaluation and approval of the General Electric
Company's plan for the control of rod reactivity worth, we conclude
that the applicant's systems for reactivity control is satisfactory.
Time is available for staff and applicant conference, a final
document.ation, and installation, which will be required prior to fuel
loading, of the device(s) needed for rod reactivity control.

Core Thermal and Hydraulic Design

The thermal and hydraulic characteristics of the Duane Arnold
Energy Center are similar to those for thé Brown's Ferry and
Hatch I nuclear facilities. For the Duane Arnold facility, our
evaluation was made on the same basis as the reviews for these other
plants.

The core thermal and hydraulic design bases are formulated to
limit the local power density and coclant flow within the core to
values such that the fuel damage limits, as described im paragraph

4.2.1, are not exceeded during normal operation or operational
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transients. One damage limit is the critical heat f£lux, The pre-
sent critical hgat flux limits ére calculated using the correlation
reported in the GE topical report APED-5286,%1 "Deéign.Basis-for
Critical Heat Flux Conditions in Boiling Water Réactors", issued

in 1966. This correlation is based ﬁn.experimental daté taken over
the range of conditions representative to BWRs, .The minimum
cxitical heat flux ratio {MCHFR) is defined és the ratib of the
critlcal heat flux correlation value at the correspondlng fluid
condltions to the actual maximum calculated heat flux occurrlng at
a given point in the fuel assembly at any time during operatiou,
including reactor antlcipated.transients. A MCHFR >l 0 conservatively
assures ﬁhat cooling of the fuel is maintained through nucleate
boiling heat transfer,

The current design basis for normal oberation is that the MCHFR
calculated for any point is greater than 1.9 during normal operation
and greater than 1.0 during.an;icipéted transigﬂts. These limits
provide considerable ﬁ#rgin-betﬁéeu expectéd.éonditions and those
requlred to cause fuel clad damage since the crltical heat flux
correlation presented in APEDw528621 is conservatlvely based on a
1imit line drawn below all of the available experimental data
points. The maximum linear heat generation rate réaéﬁed during
.normal rated power operatlon is not expected to exceed 18.5 kW/ft,

corresponding to a MCHFR of 1, 9 Analysis of antic1pated operational

T
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transients shows that the lowest MCHFR, a value of 1.3, Occurs
following a loss of all offsite power.

A second fuel damage limift is the linear heat generation rate
(LHGR) which produces a clad strain of 1%4. The LHGR producing a
strain of 1% is more than 24 kW/ft during normal operation. The
maximum LHGR that may be attained by fuel rods during steady state
operation is 18.5 kW/ft. Although higher peak powers occur during
anticipated operational transients, fuel temperatures and the
resulting expansion are not sufficient to produce the 1% clad strain,

We have reviewed the methods used to calculate the thermal and
hydraulic limits, the experimental basis for the calculations, and
the applicant's analyses of normal operation and anticilpated
transients for this plant and previously reviewed reactors, and
conclude that the design provides adequate margin to protect the
core against fuel damage. This evaluation considered reactor
operation under normal plant conditions at the ultimate power level
of 1658 MWt., Substantiation of the applicant’s analysis and pre-
diction of performance before increase in power level from rated
1593 (MWe) to thé ultimate of (1658 MWt) must be accomplished as
described in Amendment % (response to question 1.2} and elsewhere

in the safety evaluation (paragraph 1.1).
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5.0 . REACTOR COOLANT SYSTEM

5.1 General

The principal equipment or system items to be discussed in this
section are the reactor pressure vessel, the reactor recirculation
system, the main steam and feedwater lines, and the pressure relief
system. These items form the major components of the reactor coolant
pressure boundary (RCPB). The pressure boundary also contains portions
of the cooling system, residual heat removal system and reactor water
cleanup system. Portions of these systems as well as other piping
that extend from the reactor vessel out to the second outermost
isolation valve are considered within the RCPB.

All of the components of the reactor coolant pressure boundary
were designed and built to the appropriate codes in effect at the
time of order. As a result of our review of the relevant portions of
the.application, we have determined that the codes and code editions
used by the applicant comply with the provisions of 10 CFR Part 50,
Section 50.55a, "Codes and Standards."

5.2 Integrity of Reactor Coolant Pressure Boundary

5.2.1 Design of Reactor Coolant Pressure Boundary

The reactor coolant pressure boundary is designated as a Category I
seismic design system. The component codes and code cases used in its
construction, as referenced in the Final Safety Analysis Report, are

acceptable and in conformance with §50.55a of 10 CFR 50 and AEC Safety
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Guide 26.'2 Such conformance is an acceptable basis for meeting the
requirements of AEC General Design Criterion #1.

The components of the reactor coolant pressure boundary have been
designed to remain within the stress limits set by the appropriate
Codes when subjected to the loads calculated to result from the Design
Basis Accident, the Design Basis Earthiquake (the same as Safe Shutdown
Earthquake), the combination of these postulated events plus the normal
loads of mechanical, hydraulic, and thermal origin and anticipated
transients.

Active components, i.e., pumps and valves which are required to

operate reliably in order to perform a safety function such as safe

shutdown of the reactor or mitigation of the consequences of a pipe (

break, are designed to deformation limits that are consistent with
operational requirements. Under these restrictive deformation criteria,
calculated primary stresses will be in the elastic range. We find the
above stress and deformation criteria used by the applicant to be
acceptable,

Pressure Relief System

The objectives of ‘the pressure relief S§stem are (a) to limit any
overpressure of the reactor coolant pressurexboundary (RCPB) that might
occur from abnormal operational transients, and (b) to provide a method
for rapid depressurization of the primary coolant system in the event
of certain loss-of-coolant accidents. In the latter application, auto-

matic depressurization for small breaks of the primary system enables

(.
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low pressure coolant injection system (LPCIS) or core spray system (CSS)
operation. This automatic depressurization system is a backup to the
high pressure coolant injection system (HPCIS) described in paragraph
6.3.1 of this evaluation report.

There are six reliéf valves and two safety valves in the pressure
relief system. The valves are mounted on the main steamlines between
the reactor vessel and the first isoclation valve inside primary con-
tainment, Operation of the relief valves will discharge steam to the
suppression pool and will perform these functions: (a} limit overpressure
and prevent spring saféty valve opening, (b) augment spring safety valve
capability by opening (self-actuated operation only), and {(c) depressurize
the primary system following small breaks to allow LPCI and/or €S8
operation. The six relief valves are self-actuating in their overpressure
safely mode but can also be operated indirectly to permit remote manual
or automatic operation at lower pressures.

The two safety valves will discharge to the drywell interior and
function to prevent overpressurization of the primary coolant system.
The overpressure protection capacity is based on the pressure rise
resulting from the following postulated events: (a) main steam flow
stops after closure of the main steam line isolation valves (MSLIV's)
with the plant operating at turbine-generator design condition, (b)
vessel dome pressure of 1090 psig, (c) 105% rated steam flow, and (d)

reactor thermal power of 1657 MW. An indirect reactor scram due to
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high reactor vessel pressure is also assumed. The gnalysis indicates
that a design capacity for the spring safety valves of 10 percent
rated steam flow in conjunction with the design dual safety/relief
valves capacity of 61.9 percent rated steam flow, is capabié of
keeping an adequate pressure margin below the peak ASME Code allow-
able pressure of 1375 psig (110% of vessel design pressure) at the
vessel bottom. Actual capacities for the two spring safety valves
is 18.7% and for the six safety/relief valves is 68.4% of rated
gteam flow. This analysis and other aspects of the overpressure
protection provided are found in the FSAR, Section 4.4, Appendix H
(page H.4-25) and Amendment 3 (response to question H1.l).

We conclude that the pressure relief system, when supplemented
by the action of the reactor protection system, provides adequate
protection against overpressurization of the reactor ceoolant system.

Notwithstanding, problems with pressure relief valves have been
experienced in operating BWR's. These problems, e.g., inadvertent
'opening“of-valves during certidin transients, are being reviewed by
consultants and the regulatory staff to determine the cause and to
recommend a solution to prevent their recurrence.

Reactor Vessel Material Surveillance Program

A material surveillance program is required to monitor changes in

the fracture toughness properties of the reactor vessel beltline material

induced by neutyon irradiatiom.
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The applicant has shown in the FSAR that the proposed material
surveillance program complies with the Commission’s proposed regulation
50.55a, Appendix H, "Reactor Vessel Material Surveillance Program

Requirements,"

and is consistent with programs that have been found
acceptable for other similar BWR plants. The program is acceptable

with respect to the number of capsules, number and type of specimens,
withdrawal schedule, and retention of archive material. We have con-
cluded that the proposed program will adequately monitor neutron radiation-

induced changes in the fracture toughness of the reactor vessel material.

5.2.4 Fracture Toughness

To assure compliance with the safety and design criteria, ferritic
materials in pressure retaining components éf the reactor coolant
pressure boundary must exhibit adequate fracture toughness properties
under normal reactor operating conditions, systewm hydrostatic tests,
and during transient conditions to which the system may be subjected.

We have reviewed materials testing and the operating limitations
proposed by the applicant. The applicant has stated in the FSAR and in
Amendment No. 3 thereto that acceptance testing for ferritic materials
was performed in accordance with the requirements of the ASME Beoiler
and Pressure Vessel Code, Section III (1965 Edition, including Addenda
through Summer 1967). Dropweight NDT data has been obtained for the

reactor vessel beltline plate material,
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in establishing the operating pressure and temperature limitations
during heatup, cooldown and inservice hydrostatic tests of the system,
the applicant has agreed to follow the recommendations of Appendix G,
"protection Against Non-~Ductile Failure," of the 1972 Summer Addenda
of the ASME Code, Section III.

The applicant will submit specific heatup, cooldown and hydrostatic
test limitation curves, which meet the current fracture toughness re-
quirement, for our use in the final issue of the Technical Specifications.

We conclude that in view of the fracture toughness testing performed
by the applicant and the planned operation of the DAEC reactor coolant
system, adequate margins of safety is assured.

Sensitized Stainless Steel

‘Sensitized austenitic stainless steels exhibit increased suscepti-
bility to stress correosion cracking when used extensively in contact
with the primary coolant such as in piping, valves, pumps, pressure
vessel linings and supporting hardware,

The applicant has stated in the FSAR that all sensitized austenitic
stainless steel has been replaced on the Duane Arnold Energy Center
pregsure vessel except the jet pump riser brace pads and recirculation
inlet thermal sleeve attachment buildups. These exceptions are fabricated
from weld metal with controlled ferrite content (at least 5 percent) to

avoid significant sensitization.

TN
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Preheat, heat-input and interpass temperatures during welding
operations are controlled to avoid local sensitization of stainless steel.
‘ We conclude that the applicant's planning and efforts to avoid
sensitization of austenitic stainless steel is acceptable.

5.2.6 Leakage Detection and Testing

5.2.6.1 Leakage Detection Systems for the RCPB

Coolant leakage within the reactor containment may be an indication
of a small through-wall flaw in the reactor coolant pressure boundary
(RCPB). The leakage detection system proposed for the reactor coolant
pressure boundary is described in the FSAR. The system, which includes
diverse leak detection methods, will have sufficient sensitivity to
measure small leaks, and will have provisions for suitable control room
alarms and readout. The major components of the leakage detection
system are containment atmosphere particulate and gaseous radioactivity
monitors and level indicators at the containment sump. Indirect in-
dication of leakage can be obtained from the drywell humidity, pressure
and temperature indicators. We conclude that the proposed lezkage
detection system has the capability to detect small through-wall flaws
in the reactor coolant pressure boundary and that the system is
acceptable,

5.2.6.2 Leakage Testing Programs for Containment

Leakage testing of the reactor primary containment and associated
systems is intended to provide initial and periodic verification of

the leaktight integrity of the containment.
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The applicant has stated in the FSAR that the primary reactor
containment and its components will be.designed so that periodic
integrated leakage ratc testing can-be conducted at a test pressure
correspondlng to the calculated peak accident pressurc

Penetrations, 1nc1uding personnel and equlpment hatches and airlocks,
and isolation valves, have been deslgned with the capability for performing
1ndividual leak tests at the calculated peak accident pressure.

We conclude that the design of the;containment aystem will permit
containment 1cakage aatc testiﬁg in accordance with the AEC proposed

"Reactor Contalnmant Leakage Testlng for Water Cooled Power Reactors,”

§ 50.54(0), Appendix J, published in the Federal Register on August 27,

1971 and the applicant s program for leak testing the containment is
acceptable. The requirement for this testing is given in the Technical

Spec1ficat10ns.

Inserv1ce Inspectlon Progégg

Selected welds ‘and weld heat-affected zones must be inspected
periodlcally to assure contlnued.integrity of the reactor coolant
pressure boundary durlng the service lifetlme of the plant.

The appllcant has stated that the 1nserv1ce Inspection program
for the reactor coolant pressure boundary will comply with the pro-
v151ons of Sectlon XI of the ASME Bo1ler and Pressure Vessel Code,
“Rgles for In-sarvice Inspection of -Reactor Coolant Systems' 1970

Edition. Access provisions for performing inservice inspection has
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been considered in the design and arrangement of pressure-containing
components.

The facility‘has been designed to allow inspection of the reactor
vessel using a rembtély operable Inspection tool capable of performing
inspections of vessel surfaces and of circumferential, longitudinal and
nozzle welds,

We conclude that the access provisions and planning for inservice
inspection are acceptable, The provisions of the AEC Giideline, "Inservice
Inspection Requirements for Nuclear Power Plants Constructed with Limited
Accessibility for Inservice Inspection," (January 31, 1969) have been
satisfied.

Residual Heat Removal System

The Residual Heat Removal System (RHRS) is designed for four major
modes of operation besides the low pressure coolant injection (LPCI) mode,
which is discussed in paragraph 6.3.4. This safety-related mode of
operation of the RHR System (as LPCIS) will restore and maintain
coolant inventory in the reactor vessel after a loss-ofw-coolant accident.
Another safety-related mode of operation of the RHRS prévides for con-
tainment spray for condensing steam in the containment during the post-
LOCA period. For normal usage, the RHR system modes of operation include
removal of reactor decay heat and residual heat from the nuclear system,
supplementing fuel pool cooling capability, and condensing the reactor
steam so that decay heat and residual heat can be removed if the normal

heat sink is not available.
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The RHR system consists gf two heat exchangers, four main system
pumps, four RHR service water pumps, and associatgq yglves, piping,
controls and instrumentationm, All fupctiqnal components are designed ]
to satisfy Category T seismic design_reqpiremepts. Thg main system
pumps are sized on the basis of flow required during the LPCI mode of [
operation which is the mode requiring the maximum flow rate, The service [
water pumps are sized to cause the pressure at the qgoling water outlet
éf the RHRS heat exchangers to be gregtér than thg pressure of the S
reactor coolant at:the inlet of the heat exchanggrs during the shutdown
cooling and steam condensing modes of operation. With this as the [
design criterion, heat exchanger tube leaks will not contaminate the
service water with reactor coolant water, _ !

- Each loop, consisting of.ﬁne héat_éxchanggr, tﬁﬁ ﬁﬁR pumps in } '
parallel and ancillary equipment, is physically separated from the
other, However, a cross comnection by a single header make it possible ]
to supply either loop from the pumps in the other loop. Provision also
exists for pumping RHR service water either directly into the containment IS
or into the reactor if necessary. The_RHRS.operational_modes are des- /
.cribed briefly below. }

During reactor isolatiqp, the RHRS can be operated in the condensing J:
mode to condense ;eﬁctorasteam; hence, the RHRS operates in conjunction
with the reactor core isolation cooling system (RCICS). With the reactor ,:

isolated, reactor steam normally is directed to and condensed in the 1_
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suppression pool via the relief valves and the RCIC turbine exhaust piping.
However, the suppression pool temperature under these conditons is limited
to about 130°F in order that the water temperature rise due to a postulated,
subsequent design basis loss-—of-coolant accldent would not cause the pool
temperature to exceed 1L70°F during the react;r blowdown. The condensing
mode of RHRS operation relieves the burden on the suppression pool by
transferring a portion of the decay heat; i.e., steam energy, to the RHR
service water., Reactor steam is taken to the shell side of the RHRS
heat exchangers and transfers heat to the service water in the tubes. The
condensate is elther dumped to the suppression pool or returned to the
reactor vessel through the suction of the steam~turbine driven, RCIC pump.
Shortly after shutdown, both heat exchangers are used to handle essentially
all of the decay heat. After about 2 hours, the capacity of one heat ex-
changer is adequate and the other may be transferred to the suppression
pool cooling mode.

The suppression pool cooling mode utilizes the RHRS heat exchangers
to cool the suppression pool water by transferring heat to the RHR gervice
water. This mode can be used in conjunction with the condensing mode or
to provide long term suppression pool cooling following a loss-of-coolant
accident blowdown,

The shutdown cooling and reactor vessel head spray mode is operated

during normal shutdown and cooldown. Reactor water is diverted from one



of the recirculation loops, through the RHRS pumps and the RHRS heat ex—
changers (shell side) where heat is transferred to the RHR service water
{tube side); then the cooler reactof water is returned to the reactor
vessel via a recirculation 19PP~ Part of the cooled reactor water flow
is diverted to a reactor head spray nozzle where it maintains saturated
conditions in the vessel head volume by condensing the steam generated
by the hot vessel walls-and internals.

The containment spray mode of operation is initiated manually after
the LPCL requirements are satisfied and aids in reducing post-LOCA
drywell pressure. The RHR pumps transfer water from the suppression
‘pool through the RHRS heat exchangers where it is cooled by the
RHR service water. The cooled water enters the containment through

headers and spray nozzles in the drywell and above the suppression pool

and reduces the drywell pressure by condensing existing steam. The spray

water will collect in the bottom of the drywell until it overflows into
' the drywell vent lines and drains back to the suppression pool.
We ‘conclude that the design of the RHRS as described above is

acceptable.

TN
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6.1

6.2

ENGINEERED SAFETY FEATURES

Generxal

The engineered safety features for the Duane Arncld Energy
Center include all those provided in recently reviewed and
licensed boiling water reactors. The primary containment, the vapoxr
suppression concept embodied in the vent-downcomer-torus-wetwell
combination, the containment isolation capabilities, the inerting of
containment atmosphere with nitrogen during normal operation, the
containment atmosphere dilution In the post-LOCA period (CAD system),
the standby gas treatment system (SGIS), the emergency service water
system, and the emergency core cooling systems are among the systems
designed and incorporated into the facility. These engineered safety
features are components, equipment, structures, and systems that are
designed and installed to mitigate the effects of postulated'accidents,
including the design basis accidents, so that there will be no undue
risk to the health and safety of the public and of the plant personnel.
These systems are discussed and evaluated in the paragraphs which

follow.

Containment Systems

The containment systems consist of the primary containment, a
gsecondary containment which encloses the primary containment, containe
ment cooling systems, isolation valves, a Standby Gas Treatment System

and a combustible gas control system.
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Containment Functiomnal Design

6.2.1.1 Primary Containment

The primary containment is a pressure suppression system
congisting of the drywell, the pressure suppression chamber and a
connecting vent system. The drywell houses the reactor vessel, the
reactor coolant recirculation system and other branch connections of
the readtor primary system.

The drywell has a steel spherical lower portion 63 feet in
diameter and a steel cylindrical upper portion 32 feet in diameter.
Overall height of the drywell is about 108 feet, 9 inches. The
pressure suppression chamber is a steel torus located below and
encireling the drywell, with a major diameter of 98 feet, 8 inches
and a cross-sectional diameter of 25 feet, 8 inches. Eight (8) vent
pipes lead from the drywell to a header inside the torus, and 48
downcomer pipes (24 inch diameter) project downward from the header

and terminate approximately 4 feet below the surface of the torus

pool. The free air volumes in the drywell and torus are approxi-

mately 109,400 ft3 and 94,270 ft3. The torus contains 58,900 ft3

of water,

In the event of a design basis loss-of~coolant accident, the
released steam passes through the vent pipes, torus header, and
downcomer pipes into the torus water where it Is condensed.

The primary containment is designed for an internal pressure of

56 psig coincident with a temperature of 281°F. In accordance with
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the ASME Boiler and”Pressure Vessel Code, Section III, maximum
drywell pressures up to 62 psig are permissible for this éésign,

The applicant has calculated that the peak pressureé that might be
ieached as a result of the design basis 1oss—of»coolant agci&ent are
54 psig in the drywell and 25 psig in the torus. These fréésures |
were calcunlated assuming a hypothetical instantaneous break_of one
recirculation loop pipe. The analytical methods used are the sane
as those used on other recently reviewed BWR plants.

We have performed our cwn independent analysis of the containment
pressure response using the CONTEMPT-LT computer code. The peak
pressures resulting from this amalysis are in agreement with those
calculated by the applicant. Based on the applicant's use of the
General Electric NEDO-10320%2 model and our own independent
verification of the analytical results, we conclude that the applicant’s
analysis of the short term containment response is acceptable and that
tﬁe primary containment design basis is acceptable.

The primary containment is designed for an external pressure of
2 psi greater than the internal pressure. The vacuum relief system
iz sized to maintain the differential containment pressure to 1e§s
than 2 psi,

Vacuum in the torus is relieved by two sets of valvea, each set
consisting of a swing check valve in series with an air operated
butterfly valve, which connect the reactor building and torus

atmospheres. Vacuum in the drywell is relieved by seven (7) swing
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check valve'vhéﬁﬁm Breakeréwiocafed on the drywell-torus vent header.
The torus-dry ell vacuum breakers have redundant position switches
which indicate on the'édntrol'panel in the main control room.

Secondary Containment

Tﬂé'ééébﬁdary”éontainméht is designed to limit the ground level
release of airﬁbrneafadioaCtiVe materials and provides a means for
controlled elevated release of the building atmosphere so that offsite
doses from a design basis fuel handling or loss-of-coolant accident
will be below the guideline values stated in 10 CFR Part 100. The
secondary co&téinméﬁf systeﬁ consists of the reactor building, wﬁich
is discussed in this'péragraph, and the Standby Gas Treatment System,
which is discussed in paragraph 6.2.3. )

The reaétbfiﬁﬁiiding”encloses the primaty:contéiﬁmant'system,
the new énd'épeﬁt'fuel storage facilities, the core standby cooling
systems; éﬁ&”otﬁei'reactof éﬁiiliaf&'pfbtectibﬁ systems.  The reactor
Euilding is designed to prévide'proteétion from all postulated environ-
mental'eﬁénfé,”iﬁéiﬁ&ing tbrnadoéé;:fbr'all'syétems locaﬁed within the
building which are required for safe shutdown of the plant.

.Tﬁe'éﬁpliééﬁi’s deéign'é;iteribn'for'reactbr building leakage
is to limit inleakage to 100% of the building volume per day at a
negéti&e“pressuté of 1/4“ihch of water while the Standby Gas Treatment

System is operating, under calm wind conditions. This ensures that




all reactor building leakage 1s leakage into the building. Penetrations
of the secondary conﬁéiﬁmant are designed to have leakage characteristics
consistent with the above cited secondary containment leak-tightness
criterion.

Containment Heat Removal

Containment heat removal capability is provided by a drywell
fan cooler system during normal operation and by the containment
cooling mode of the Residual Heat Removal (RHR) System for post-

accident cooling,

The drywell fan cooler system is not required for post-accident

cooling. It utilizes six (6) fan coil units, each unit consisting
¢f two cooling coils aﬁd two motor driven fans. Cooling water is
supplied from the plant service water system.

The containment cooling mode of the RHR System serves to limit
temperature and pressure in the drywell and torus following a loss-
of-coolant accident. When operating in the containment cooling
mode, the RHR pumps take suction from the suppression pool, pump
water to the RHR heat exchangers and direct the cooled water either
back to the suppression pool or to the drywell and suppression

chamber sprays. Details of the RHR System are found in paragraph

5.2.8 of this evaluation report.

The applicant has provided analyses of the long term post-

accident containment response assuming various combinations of

containment cooling avallability. The results of the analyses
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1ndica;e that long te;p containment pressures and sup#%ession)éoolﬂ
temperatures are within allowable limits for all cases-considgre&.
Basgd on our review of the DAEC system and other similar _ “
syétems, we conclude that the design of the DAEC containment heat
removal system is acceptable. | ” B

Standby Gas Treatment System

The Standby Gas Treatment System (SGIS) provides a means for

minimizing the release of radioactive material from the containment
to the environs by‘fi;st filtering gpd then exhausting the atm?sphere
from the reactor building. Primary containment and vent exhaust can
also be directed to the SGTS for processing prior to release. For.
all cases, elevated release is ensured by exhausting through the
main offgas stack.

The SGIS consists of two identical, parallel air filtration
trains, each train having 100% capacity and consisting of a demiéter
(moisture separator), electrical heating coil, pfgfi;ter, high ef-
ficiency particulate absorber (HEPA), charcoél filter, HEPA filter,
and exhaust fan., The SGTS is designed to seismic_@ategory I criferia,

including the underground discharge pipe leading to the main offgas

stack, The SGIS is enclosed in a seismic Category I structure; the
redundant trains are separated by a concrete wall to minimize the
potential for single failure in one train causing the lass of function

of the entire system.
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Each exhaust fan has a 4000 cfm design flow rate which is
capable of féducing and maintaining the reactor building at lfﬁ—inch
water negative pressure under normal wind conditions. The SGTS will
start automatically upon receipt of various signals or it can be
manually started from the main control room. SGIS isolation valves
fail in the open position on loss of electrical power or instrument
air. The operation of all active components is indicated in the
control room and the failure of the system to perform satisfactorily
is annunciasted in the main control room.

The filters will be tested to demonstrate a removal efficiency
for particulates of not less than 99%. The charcoal beds will also
be tested to demonstrate that their iodine removal efficiency is not
less than 99%Z. A test program will be conducted before reactor operation
and periodically during the life of the plant to demonstrate the
design capability and operability of the secondary containment and
S5GTS.

Based on our review of the DAEC system and other similar systems,
we conclude that the design and testing of the SGTS are acceptable.

6.2.4 Containment Isolation Systems

The purpose of the containment isolation system is to provide
the necessary containment integrity between the primary coolant
gystem pressure boundary or the primary containment atmosphere and

the environs, in the' event of accidents or equipment failures, Where



necessary, valves are provided with valve operators, and these valves
are aptomatically closed when the sensors detect certain accident ox
faulted conditions. The consequences of postulated pipe failures both
inside and outside the containment have been evaluated.

The isolation valves and their control systems have been
revigwed as a safety system to assure that no single accident or
failure can result in a loss of containment integrity. This is the
double barrier concept. An exception ogcurs.in the case of the
instyument lines that connect to the reactor primary coolant system,
penetrate the containment, and dead-end in instrument transducers
located in the reactor building, These lines have two isolation
valves, both of which are outside the containment. The inboard valve
nearest the containment is a hand-operated root valve. The second
valve, immédiately‘aéjacent, is an excess flow check valve with open
and closed position indication. A break in the portiom of the
instrument line between the primary containment and the excess flow
cheqk valve would resqlt in a blowdown directly to the reactor
building.

The applicant has inspalled orifices in each of these:instrument
linas inside the primgry contéinmgnt. The orifipe gize selected (1/4
inch_diameter)_is_sﬁfficiently sma;l that the quantity of coolant
that would be discharged from the reactor into the reactor building

in the event of a rupture of an instrument line would not result

Vel
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in a loss of the secondary containment function; also, if the reactor
puilding is isolated, the operation of one standby gas treatment
filter train will prevent the pressure in the reactor building from
exceeding its design value. Based on our review of the system, we
conclude that the isolation valves and the instrument line orifices
are adequately designed and meet the intent of the Supplement to
Safety Guide 11,43

The isolation valves for the feedwater lines which penetrate the
primary containment do not meet strictly all the prévisions of
Criterion 55 of the General Design Criteria given in Appendix A to
10 CFR Part 30 in that the feedwater isolation valves are simple check
valves. This Appendix was adopted subsequent to our issuance of the
construction permit for DAEC. Each feedwater lime has two isolation
valves; there is a check valve located inside and a stop check globe
valve (motor operated) outside the primary containment. The feedwater
lines are also used by the High Pressure Coolant Injection (HPCI) and
Reactor Core Isclation Coeling (RCIC) systems; these two systems
connected to the feedwater lines are the only high pressure coolant
injection systems available for core cooling in addition to the
normal feedwater gystem. These high-pressure system lines have two
(2) isolation valves in series, The first is a check valve and the
other is a motor—operated, automatic and remote-manually actuated
valve. The use of check valves outside the primary contaiﬁment on

influent lines that majntain reactor coolant makeup from all sources
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of supply, has been accepted on previous plants because of the
requirement for an assured capability to permit higﬁ pressure and
low pressure coolant injection into the reactor vessel, On this
basis we consider that the intent of Criterion 55 is met with the
-design, as described, of the isolating systems for the feedwater
lines.

In cases where two (2) check valves in series provide for
isolation of the containment, there is the capability to functionally
tést and leak check these valves. Automatic isolation valves are not
used in these cases since this would introduce a potential failure
mechanism that would not permit injection of makeup or cooling water
to the reéctor vessel.

We have reviewed the applicant's design criteria used for pri-
mary containment isolation as described in Appendix F of the FSAR.
In cases where a word-by-word interpretation of the criteria do not

. reflect considerations of the BWR suppression pool design concept,
isclation provisions were developed on another acceptable defined
bagis. These include improvements in accessibility, inspection,
maintenance and decreased probability of failure provide additional
confidence that the systems will mitigate the accident consequences.

Based upon our review and the experience at other operating

plants, we conclude that DAEC containment isoclation design meets the

intent of General Design Criteria 55, 56 and 577 and is acceptable.

e
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6.2.5 Combustible Gas Control

Following a loss-of-coolant accident (LOCA), (a) hydrogen gas
could be generated inside the primary containment from a chemical
reaction between the fuel rod cladding and steam (metal-water reactiom)
and (b) both hydrogen and oxygen would be generated as a result of
radiolytic decomposition of recirculating coolant. If a sufficlent
amount of the hydrogen is generated and oxygen is available in
stoichiometric quantities, the subsequent reaction of hydrogen with
oxygen at rates rapid enough to lead to significant over—pressure could
lead to failure of the containment to maintain low leakage integrity.
General Design Criteriom 4L of App-enciix A to 10 CFR Part 50 requires
that systems to control hydrogen, oxygen, and other substances which
may be released into the primary containment be provided as necessary
to control their concentrations following postulated accidents to
ensure that containment integrity is maintained.

In accordance with the guidelines of the supplement to Safety
Guide 7,2h "Control of Combustible Gas Concentrations in Containment
Following a loss~of-Coolant Accident," the applicant has proposed a
containment atmosphere dilution (CAD) system using nitrogen gas as
the diluent, The nitrogen dilution system concept or CAD system
satisfies the requirement for maintenance of an oxygen deficient
(inert) containment atmosphere during the post-LOCA period. This

would be accomplished by addition of nitrogen gas from an external
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nitrogen makeup and supply system. As nitrogen is added, the
containment pressure would rise during the post-LOCA period. - The
applicant will limit the peak repressurization pressure to 30 psig
when the CAD system is used. Based on an assumption of zero leakage
from the primary containment and the assumptions indicated in Safety
Guide No. 7,2"% a containment pressure of 30 psig would be reached
approximately 35 days after occurrence of the postulated loss-of-
coolant accident.

Instrumentation and sampling stations will provide the reactor
operators with the necessary information as to the radioactivity levels,
the radioisotopes, the hydrogen and oxygen concentrations, and local
meteorology to assure that venting operations will be carried out safelyf
and that off-site doses from any radiocactivity released will be minimized.
We have calculated exposure doses resulting from such venting after
30 days and found them to be well within acceptable criteria (see
paragraph 15.3).

The proposed nitrogen dilution system is designed as an engineered
safety feature system and will be a redundant, independent, and
Category I seismic design system. Iwo redundant hydrogen and oxygen
analyzer systems will be pfovided to monitor the concentration of
these gases inside the containment. During operation, the nitrogen
will be injected into the torus and dtywell via the existing spray
systems provided for the torus and drywell compartments. The CAD

‘system's electrical design will conform to the applicable portioms of

IEEE-279.5 . . (v
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We have reviewed the design criteria and operational criteria
for the proposed CAD system and conclude that the system is acceptable
for combustible gas control following the postulated design basis loss-
of-coolant accident.

Main Steamline Isolation Valve Sealing System

A sealing system has not been provided to prevent direct leakage
from the containment through the main steamline isolation valves. The
applicant has been advised that such a system will bg necessary, using
staff assumptions for post-LOCA dose calculations, to satisfy the
guidelines of 10 CFR Part 100.%5 The applicant has indicated that a
seal system will be designed and will be described in an amendment to
the FSAR. This amendme;t will be submitted during the first quarter
of 1973, Following staff acceptance of the design, the applicant
plans to install the seal system during (or not later than) the first
refueling oﬁtage. We find this plan to be acceptable,

Emergency Core Cooling Systems (ECCS)

The ECCS subsystems provide emergency core cooling during those
postulated accident conditions where it is agssumed that mechanical
failures occur in the primary coolant system piping, resulting in a
loss—~of-coolant from the reactor vessel at rates greater than the
available coolant makeup capacity using normal operating equipment.
The ECCS subsystems are provided in sufficient number, diversicy,

reliability, and redundancy that, even if any active component of
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the ECCS fails during a loss~of-coolant accident, adequate cooling
of the reactor core will be maintained,

 The emergency core cooling systém consists of two high pressure
systems and tﬁo low pressure systems. The former systems are the
high pressure coolant injection system (HPCIS) and the automatic de-
pressurization system (ADS). The latter systems are the low pressure
coolant injection system (LPCIS), which is one mode of operation of the
Residual Heat Removal System (RHRS), and the core spray system (CSS).
The ECCS for the Duane Arnold Energy Center are functionally similar to
those of other licensed General Electric 1967 product line BWR facil-
ities. They are Category I seismic design systems and are designed
and fabricated in accordance with the criteria set forth in Appendix A
to the FSAR which we find accépfablé;

All the emergency core cdoling systems are initiated by a high
drywell pressure signal or a reactor vessel low water level signal,
axcept for the Automatic Depressurization System (ADS); Initiation
of ADS requires coincidence of both of these signals and a third sig~
nal that provides diécharge.preSéure indjication and hence assurance
of the operation of any low pressure cooling system pump prior to
initiation of the ADS. The ECCS is designed to provide adequate core
cooling and to limit the peak fuel cladding temperature for the complete
accident spectrum up to and including the design basis loss—of-coolant

accident. For analysis and evaluation of ECCS effectiveness, the size
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of the design basis break is obtained by summing the areas of a
completely severed suction line to a recirculation pump and the effective
area of eight jet pump nozzles. This is the worst case for ECCS
analysis. An analysis has also been made to evaluate the effectiveness
of the ECCS to limit the peak fuel cladding temperature in the event

of a main steamline bresk inside the drywell, upstream of the flow
limiters.

A loss of offsite power will not prevent ECCS operation and all
evaluations have been made assuming that only onsite electrical power
is available. In addition, ECCS performance capability has been shown
to be adequate assuming a failure of any active compomnent within the ECCS,
This single failure criterion has been applied coincident with the
assumed loss of offgite power.

The applicant analyzed the availability of adequate net positive
suction head (NPSH)Vfor all ECCS pumps in conformance with Safety Guide
No. 125 which requires that there be no reliance on calculated
increases in containment pressure. The most limiting case occurs
during the long term transient following the design basis LOCA when
one core spray and one RHR pump will be running continuously. In
this operating condition, the NPSH requirement for the spray pump
is the limiting parameter. The analysis shows that a containment
pressure margin of about 1.5 psi will be available throughout the
long-term post-LOCA period to assure adequate NPSH for the core spray

pumps for the above cited conditions. Although the design does not
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fully meet the provisions of the safety guide, we have concluded
that the applicant's analysis is conservative and that there should
be adequate NPSH to the ECCS pumps, .in the unlikely event of a LOCA,

gigh Pressure Coolant Injection System (HPCILS)

The HPCIS includes one 100% capacity steam turbine driven pump
which injects water through one of the feedwater lines and the feedwater

spargers into the reactor vessel, Steam for the HPCIS turbine is

supplied from one of the main steam headers in the drywell. Exhaust

steam is discharged to the suppression pool through a submerged pipe.

Initially, the HPCIS pump takes suction from a common header connected

to the two condensate storage tanks., These tanks have a combined (

capacity of 400,000 gallons, of which 75,000 gallons are held in
reserve for the HPCI system. Should this supply be inadequate, suction
ié transferred either automatically or manually to the suppression pool.
In the event of a loss—of-coolant accident resulting from a small
break (i.e. equivalent to the rupture of pipes smaller than 4 inch ID
if water'filled and 11.5 inch ID if steém filledj, the HPCI system can
provide adequate core codling, unassisted, However, for intermediate
size breaks in water filled ﬁipes (i.e. equivalentrto pipes between
4 and 6 inches in internal diameter), the HPCI syétem must act in
conjunction with the low pressure core cooling.éystems. For large
size breaks (i.e. equivalent to 6 inches ID or larger pipe) the HPCI

system is not required since the high fluid flow rate and energy loss

PR
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cause rapid, unassisted vessel depressurization to lower pressures
that permit operation of the low pressure core cooling systems.

Anto-Dépressurization Svatem (ADS)

The auto-depressurization uses four of the six dual-purpose
safety-relief valves of the Préééﬁre Relief System described in
paragraph 5.2.2 of this evaluation report. The pressure relief
valves open automatically upon coincident signals of reactor vessel
low water level, primary containment (drywell) high pressure, and
discharge pressure indication of any LPCIS pump but only after a
timer delays operation of the relief valves for two minutes. If
an operator determines that the initiation signal is false or
depressurization is not required, the timer may be recycled.

The ADS does not itself provide cooling, but depressurizes The
reactor so that the low pressure core cooling systems can operate.
The ADS is redundant to the HPCIS and is only required if the HPCIS
cannot maintain the reactor water level following a loss-of-coolant
accident. However, with the above-mentioned coincident signals, it
will activate. Similar to the HPCIS, the ADS is not required for
large breaks.

Core Sprav System (CSS)

The €SS consists of two subsystems, each with an electric motor

driven pump which can spray water drawn from the suppression pool onto
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the top of the reactor core. The system can be powered by either
offsite power or the onsite diesel generators. Each subsystem is
powered by a separate diesel~generat§r. Nﬁ single failure of any
component can affect Eoth s&steﬁs... N -

The CSS provides cooling water following all loss~of-coolant
accidents except those resulting.from small breaks that can be
controlled by the HPCIS. The Coré Spray System is reaundant to
the Low Pressufe Coolént Injection Syétem (LPCIS) and can provide

adequate core cooling independently of the LPCIS.

Low Pressure Coolant Injection System (LPCIS)

.The LPCIS is one mode of ﬁperafion éf the four Residual Heat
Removal System (RHRS) puﬁps. .The LPCT system injects suppression
pool watef into the vessel plenum below the core through the
unﬁ?oken recirculation loop to reflood the core. The LPCI control
system determines.which recirculation loop is unbroken by measuring
the prSsure differential between the 160#3, aligns the valves to
direct the flow into the unbroken loop, and opénéutﬁé injection
valve after.the reéctor pressure has fallen below the LPCI system
design preséure. The éystem can Ee powered by either offsite power
or the onsgite diesel generators., Two of the pumps are powered by
each diesel-generator. | |

The LPCIS proﬁides cooling water following all loss-of-coolant

accidents except those resulting from small breaks that can be
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‘controlled by the HPCIS. Although the LPCIS is considered a backup

system to the €S8, its capability to provide adequate core cooling
independently of the CSS is not ewvaluated, since no single failure
can prevent operation of both subsystems of the CSS. Thus there
should always be at least one functiomal subsystem in the CSS.

Functional Performance

In Section 6.7 of the FSAR, the applicant provided an amalysis of
the performance of the ECCS using the assumptions and calculational
techniques described in the Commission’s Interim Policy Statement
dated June 19, 1971 titled "AEC Adopted Interim Acceptance Criteria
for Performance of ECCS for Light-Water Power Plants." The agsump-~
tions established by the criteria were applied without deviation.

Following our review and evaluation of the discussion and analyses
presented by the applicant, we have concluded that the design and
intended operation of the DAEC emergency core cooling systems are
acceptable. The design meets the requirements of the AEC interim
acceptance criteria. These criteria require that the consequences of
the loss-of-coolant accident are such that (a) the calculated maximum
fuel rod cladding temperature does not exceed 2300°F, (b) the amount of
fuel rod cladding that reacts chemically with water or steam does not
exceed 1% of the total amount of cladding in the reactor, {c)} the clad

temperature transient is terminated at a time when the core geometry is
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still amenable to cooling, and before the cladding is so embrittled
as to fail during or after quenching, and (d) the core temperature
is reduced and decay heat is removed for an extended period of

time.
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INSTRUMENTATION AND CONTﬁOLS

General

OQur review encompassed the reactor protection and control
systems, and the engineered safety feature systems, The AEC
General Design Criteria {GDC) and the proposed IEEE Criteria for
Nuclear Power Plant Protection Systems (IEEE 279)° dated August
1968 served as the bases for evaluating the adequacy of the desipn
of these systems,

The evaluation of the Duane Arnold Energy Center was
accomplished by comparing its design with that of the previously
evaluated Vermont Yankee nuclear facility,

We have also evaluated the information peculiar to Duane
Amold nuclear facility in the areas of: radiation and environ-
mental qualification, protection system testability, incident
and post accident monitoring instrumentation, indication of
reactor protection and engineered safety feature bypasses, anti-
cipated transients without scran (ATWS), APRM reactor trip at 15%
power, condenser low vacuum trip, and independence of redundant
plant protection system channels,

We have reviewed various schematic diagrams to confirm con-
formance with the design criteria and have reviewed the installa-

tion at the site.
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7.2.1

7.2.2
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Plant Protection and Control Systems

Comparison of Protection Systems

The applicant indicated that the designs of the Duane Arnold
Plant reactor protection systems (RPS) and engineered safety
features (ESF) are essentially identical to those of Vermont
Yankee. Several changes were made to provide more complete
circuit separation between redundant equipment_and improve
testability, The changes are listed on Pages M.3-3 thru -11 of
the FSAR. We have found that the changes improve safety, conform
to the criteria, and make the design consistent with recently
approved designs, The remaining portiops of the RPS and ESF -

systems were found to be essentially the same as Vermont Yankee

_plant and are acceptable,

Comparison of Control Systems

The applicant has stated that the major control systems for
this plant are generally identical to the similar systems of the
Vermont Yankee plant with the few minor differences listed on
Pages M.3-18 thru -26 of_the_FSAR. We have found that these minor
differences have not changed the functionél design nor degraded
the safety of the plant. We conclude that the control systems are

acceptable,
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Protection Svystem Testability

The applicant included additional circuitry and features in the
design to permit testing of the plant protection systems during
power operation. Our review of this additional circuitry, not
included for the Vermont Yankee plant, confirmed that the plant pro-
tection system and engineered gafety feature system are testable
during power operation. We conclude that this design is acceptable,

Bypass Indication for Plant Protection System and Fngineeved Safety

Feature Equipment

The design of the instrumentation and controls for the plant
protection system and engineer safety features includes control room
indication to identify reduction in system redundancy which could
result from operator action. Our review has determined that rea-
gsonable annunciation and indication is included at the system level
for these redundant safety systems. We conclude the bypass indicas
tion systems are equivalent to those of previously licensed plants
and are acceptable,

APRM Reactor Trip at 15% Power

The design includes an APRM reactor trip at 15% power while
operating in the startup mode. Our review has found that this
feature satisfies the requirements of TREE 279° and we find it

acceptable. This trip has the same function as the IRM trip,
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However, at least for the time being, the applicant proposes to
retain the IRM trip. If, in the future, the applicant proposes
to disable the IRM trip, we will reguire analysis .to justify this
deletion.

Condenser Low Vacuum Trip

The condenser low vacuum reactor trip has been deleted.

An additional circuit which closes the main steam isolation

"walves on low condenser vacuum has been provided to assure steam

flow is restricted from the main condenser during a leak. This
valve closure initiates a reactor trip. Our review has determined
that this circuitry satisfies the requirements of the criteria and

is acceptable.

Independence'of Redundant Plant Protection System Channels

Our review of the FSAR revealed that the applicant's criteria
are acceptable and the elementary diagrams indicated that the
criteria are propérly implemented. Our visit to the plant site
revealed that discrepancies identified and corrected on previous
boiling water reactors (BWRs) were also corrected at the Duane
Amold fadility; These items were: 1) connection of redundant
protection'channels to single switches and terminal boards in

the control room paﬁels; 2) installation of redundant protection

e
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system switches on control room panels within a few inches of each
other with their wiring bundled and routed tdgether, and 3) dinstalla-
tion of redundant protection system instruments on a common rack
outside the control room.

We have reviewed the cable installation design, routing and
identification criteria relating to the preservation of the
independence of redundant chanmels. We have found these criteria
and their implementation to be acceptable.

We conclude that the cable installation design, routing and
gseparation criteria relating to the preservation of the inéepéndence
of redundant channels are acceptable.

Incident and Accident Surveillance Instrumentation

The applicant has provided a list identifying the redundant
instrument channels whose readouts are presented to the operator
for assessing plant conditions during and subsequent to accident
and operational occurrences. Our review has found that the
systems are comparable to recently approved BWRs and we conclude
that the incident and accident surveillance instrumentation is
acceptable.

Anticipated Transients Without Scram {(ATWS)

The applicant stated that provision will be made to imclude

the function of tripping the recirculation pumps as described in
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the General Electric Company report NEDO-10349, March 1971, with
one exception., This exception is that. the recirculation pumps will
~ be tripped on high reactor pressufe only. The report (NED0O-10349)
proposed tripping the pumps on coincidence of high ﬁeutron flux
and high reactor pressure. Genéral Electric.has not completed the
details of the final design of this generic item. We will review
the final design prior t§ its ipstallation in the plant.

Since no decision has been made to require this improvement
on a backfit basis, we have con;ludéd;that it is acceptable to
operafe Duane Arnold prior ﬁo installation éf the recirculation
pump trip. thwithgtanding, the épplicant will have.the recircu~
lation pump trip system installed prior to the initial fuel load
date. o |

The staff agrees with the view of the Advisory Committee on
Reac;or Safeguards, as stated in its letter on the Peach Bottom
Atomic Power Station, dated Séptember 21, 1972, that the addition
gf_the_recirculaéion pump trip.as proposed by the applicant repre-
sents a substantial improvement in_protectién of.the reactor for
anticipated transients witﬁouf.scrém; hoﬁever, the staff has not
completed its review of all the transients d18cus§ed in the General
Eleq;ric Comﬁ#ny Topical.Report NED0—10349.25..C5mp1etion of our
review of this topic is_pending ;ecgipt of ﬁhe review of responses

to additional information which was requested from General Electric

Pl
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in a letter dated June 13, 1972, The staff has not concluded that

the proposed recirculation pump trip provides a completely acceptable

‘degree of protection against anticipated transients without scram

for reactors of this general type. This conclusion is pending our
receipt and review of the outstanding information cited above. The
General Electric Company has indicated that the information requested
by the staff regarding anticipated transients without scram will be
submitted as a topical report in early 1973.

Control Red Reactivity Control

In response to the current regulatory staff concern for the
control of selection and movement of control rods during reactor
startup {(see Control Rod Drop Accident discussed in paragraph 15.2.2
of this Safety Evaluation), the applicant has committed to adopt
and install additional controls which meet the approval of the
Staff. As stated in their answer to question 14.15 in Amendment 9
to the FSAR: '"The technical essence of the rod sequence control
system that is deemed acceptable by the AEC staff for the Brown's
Ferry docket will be implemented into the DAEC plant design. There-
fore, further (applicant) analysis and update of related material
will be deferred until the resolution is finalized."” The applicant
will, however, have this system installed and operable priocr to
operation above 1% power level. We find this to be an acceptable

approach.
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7.7.1

Radiation and Environmental Qualification

Radiation Qualification

The applicant has identified the safety related equipment
located inside the containment which must operate during or
following a DBA. The equipment will be capable of functioning under
the post-accident temperature, pressure and humidity conditions for
the time periods required. This capability has been demonstrated
by testing. We conclude that the environmental testing of safety

related equipment is acceptable.

i
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ELECTRIC POWER SYSTEMS

General

The ARC General Design Criteria (GDC} 17 and 18, AEC Safety
Guides 627 and 9,28 and IEEE Criteria for Class IE Electrical Systems
for Nuclear Power Generating Stations (IEEE 308)2% served as the
bases for judging the acceptability of the DAEC electrical power
systems.

Offsite Power

Duane Arnold Energy Center will be interconnected to the Iowa
Electric Light and Power Company transmission grid through 345 kV
and 161 kV transmission systems by two 345 kV and three 161 kV
transmission lines. A 345 kV-161 kV sectionalized switchyard is
provided with a 345-161-34.5 kV transformer connected between the
two sections. The 34.5kV section is arranged in a ring bus scheme
connected to its two transmissions lines and the 345-161-34.5 kV
transformer. The 161 kV section is arranged in a breaker and one-
half scheme except for the startup transformer and the 345-161-34.5
kV transformer which have a single breaker each. The two 345 kV
transmission lines on independent towers emanate from the station
westwardly on the same right of way. One line then extends south
to the Hills substation and the other line north to the Hazleton

substation. The three 161 kV transmission lines on independent
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towers emanate from the station on three different rights-of-way.
One line extends west to the Garrison substation, one line south-
west to the Beverly substation, and ome line east to the Hiawatha
substation., Two paths bring power from the switchyard to the
plant., One overhead transmission from the 161 kV section is
connected to the startup transformer and the second is an under-
ground line from the 345-161~34.5 kV transformer connected to the
standby transformer. Each of the two 4 kV essential buses can be
supplied by either of these paths, Either of these separate and
independent paths is capable of supplying accident loads from any
of the five incoming lines,

All switchyard breakers have protective relaying and d-c
control circuits. A fault on an incoming transmission line with
loss of the d-¢ control circuit power for switchyard breaker
" operation could lead to a complete loss of offsite power. The
applicant has reviewed this area and provided a procedure which
would reestablish offsite power within one hour by manually tripping
individual breakers in the switchyard to eliminate the fault.
Trained plant personnel will be onsite continuously and a written
procedure will be available. The results of amalysis by the appli-
cant have indicated that one and one-half hours are available after

the loss of all a-c power prior to the torus temperature exceeding

P
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an unsafe limit. Torus temperature is the limiting condition which
establishes the time required to restore power for safely cooling
the reactor. We, therefore, conclude rhat this operation satisfies
the requirements of GDC 177 and is acceptable.

The applicant has completed transient stability studies that
simulated 345 and 161 kV transmission line faults and the loss of
the Duane Armold generator. The results have shown that the loss
of offsite power would not occur under these conditions.

Our review has determined that the applicant's offsite power
system is in accordance with GDC 177 and 18 and is acceptable.

Onsite Power

The engineered safety features and safe shutdown loads are
divided between two independent and separate 4 kV emergency buses,
gither of which is capable of supplying minimum engineered safety
features or safe shutdown equipment. Fach of these two buses is
capable of receiving power from the startup transformer, a standby
transformer or a diesel generator unit. There are four 480 volt
emergency buses, two supplied from one 4 kV emergency bus and the
other two supplied from the other 4 kV emergency bus. Separation
and independence of these redundant power systems have been maintained.

Two 2850 kW (continuous rating) emergency diesel generator units
provide the onsite power supply, one unit for each 4 kV emergency

bus. Each diesel generator unit is started auvtomatically on loss
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of power to the emergency buses or low reactor water level or high
drywell pressure. The accident loads are automatically sequenced
on each 4 kv emergency bus.

Each diesel generator unit and associated auxiliaries are
housed in water-tight, separated structures located within the tur-
biﬁe building. FEach diesel generator unit is a self-sustaining entity
with its own independent lube oil, fuel oil, cooling water and
.control systems. A common Category I diesel fuel oil storage tank
is provided with two transfer pumps, one for each diesel unit. A
day tank with a four-hour fuel capacity is provided for each diesel,
The dieéel fuel oil storage tank contains sufficient fuel for
operating the diesel units for approximately seven days with the (
generator supplying accident and shutdown loads.

The diesel generator units for the Duane Arnold plant are
identical to units provided on some presently operating plants, The
assignment of.elecﬁrical loads during sequencing for this plant is
.eﬁpected to exceed the voltage and frequency recovery time limits
expfeséed in Safety Guide 9.28 The applicant will demonstrate the
adequacy of this system by including margin tests as part of the
one hundred in-plant starting and loading verification preopera-
tional tests; These margin tests will inclﬁée.adding an additional
iOZ load 6f similar electriéai characteriétics to the initial load

increment during their testing. Secondly, sequencing intervals



will be reduced a small amount in each succeeding test until the
ability of the diesel generator to pick up the designated loads
fails to occur. We conclude that this test program will verify that
margin exists in this system and the reliability will not be
degraded. We will evaluate the results of the test program upon its
completion.

The applicant stated and we have confirmed that the emergency
power distribution gystems are split in accordance with Safety
Guide 6 except for the motor operated valves associated with LPCIS
and the APS wvalves. The power supply to these valves is auto-
matically transferred between redundant buses. We have determined
that this design satisfies tbe‘singla failure criterion and is
consistent with previously approved 1967 product line BWR plants;
hence, we conclude that the design is acceptable.

The 115 wveolt a-c systems provided for safety are arranged
with two independent reactor protection system buses and are
acceptable,

The d-c power supply consists of two independent 125 volt
systems and a 250 volt system. Each system has a battery with its
own charger and distribution panel. The battery charger is
capable of keeping the battery fully charged and supplying the
d-c system loads simultaneously. Each battery is located in a

separate room with an independent ventilation system. Each
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battery is sized to supply essential loads for a pericd of four
hours on loss of its batﬁery charger during any plant operating
or incident condition. This d~c power supply arrangement provides
for adequate separation and independence of redundant supplies.

We believe the onsite power system satisfies the GDC,® IEEE 3082°
and Safety Guides 627 and 9;2% thus, we conclude that the system is
acceptable subject to successful completion of the in-plant diesel

test program.

Rl
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AUXTLIARY SYSTEMS

The eval;ation of safety related auxiliary systems, as set forth
in.the following subsections, is based on reactor safety requirements,
fadiological safety requirements, and power generation requirements,
These systems are grouped in the following paragraphs to indicate the
requirements that are applicable.

The auxiliary systems necessary to assure reactor safety are:

(1) reactor heat removal service water system; (2) emergency service
water systems; (3) river watef supply syséem; (4) diesel auxiliary
systems: (5) fuel storage and handling facilities; and (6) ventilation
and air conditioning systems, and the Instrumentation and controls
reqﬁifed for their operation. These systems have been designated for
Category 1 seismic design.

Other auxiliary systems whose failure would not prevent safe
reactor shutdown, but may interrupt power generation or be a potential
for a radiological release to the environment are: (1) reactor building
cooling water system; (2) general service water system; {(3) fire pro-
tection water system, except in HPCI and RCIC areas; (4) fuel pool
cooling and cleanup systems; (5) well water system; (6) instrument
and service air system (Category I components have local emergency
air tanks): and (7) potable water, drainage, sampling, lighting
{except local emergency), and plant heating systems. These systemg

have been designated for Category IT seismic design.
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9.1 Fuel Storage and Handling

9.1.1 New Fuel Storage

The new fuel storage faéility was found to provide proper drainage
in the event_qf flooding. Location, racks, and lifting devices were
studied fornst:ength, mqvgment,:aqd_freedom from other operations in
the area. Censtruction details were examined fqr the liner, cover,
lifting hooks, and seal. The applicant has assured the staff that
the auxiliary hoist pull-up capagi;y is }ess thag_the new fuel rack
structural strenéth in this &iregtion.

New fuel storage is provided for by a dry-vault with a rack
capacity for 30%Z of a full core load. The loaded rack is a
Category I seismic design structure, and can withstand a pull-up
force equal to the capacity of the:averhead crane_auxiliary hoist.
There is adequate dry storage yault space in the Category I
structure to store an additional 13% of a full core. A water drain
prevents collection of water in the vault. In a dry condition ke

ff

will not exceed 0.90. In the event of flooding, keff will not
exceed (.95. . We conclude that the new fuel storage facility is

acceptable for the required service.

- 9.1.2 Spent Fuel Storage

The spent fuel storage pool and racks provide underwater storage
space for spent fuel assemblies that require shielding and/or cooling
prior to shipment. The pool also provides for a shipping cask area

that permits safe transfer of spent fuel into the cask. The spent fuel
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is stored in a Category I seismic design pool located at the operating
floor of the reactor building. Storage racks are provided in the pool
with a capacity to accommodate 130% of full core load in a subcritical
array with a keff less than 0.90°

In our evaluation of the pool water makeup system to replace
evaporative losses from the pool, it was determined that in the event
of a failure of the normal seismic Category I makeup system no make-
up water was available from a seismic Category I source. The applicant
was required te provide a hose connection at the operating fleoor level
which provided water from the seismic Category I emergency service
water system.

The applicant provided mechanical stops to limit crane movement
only to the area around the cask loading area., The applicant gave
assurance that the sliding gate separating the spent fuel pool from
the cask loading pool would be in-place and watertight prior to any
movement of the cask. For the postulated event of a cask drop, the
applicant investigated and determined that there is a finite but
small probability that the liner and concrete may crack. In this
event leakage would be collected by the drain system immediately
beneath the cask loading pool and discharged to the radwaste system.
Structural supports were examined and found adequate to remain intact
following a cask drop from the maximum possible height. We conclude

that the spent fuel storage facility design is acceptable.
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9,1.3 Spent Fuel Cooling and Cleanup System

~The spent fuel pool cooling and cleanup system is designed to
maintain the water quality and clarity and to remove the decay heat
generated by the spent fuel assemblies stored in the pool.

The spent fuel cooling system is a Category I1 system designed to
maintain pool water temperature below 125°F when removing the maximum
heat lpad.  This load is derived as the sum of the decay heat released
by the average spent fuel batch (one-third core} from an equilibrium
fuel cycle, plus the heat being released by the batch discharged from
the previous refueling.

The maximum possible heat load is the decay heat of a full core
discharged from the equilibrium fuel cycle, plus the remaining decay
heat from the batch (one-third core) discharged at the previous re-
fueling. The residual heat removal system (RHRS) is required to be
comnected to and operated in parallel with the spent fuel pool cooling
system to remove this heat load in order to maintain the pool water
- temperature below L50°F. A spool-piece connects the RHR system to the
fuel pool cooling system to assure that the Category I RHR system is
always available during normal operation of the plant. The applicant
has stated that the reactor would be shutdown and maintained in a
shutdown condition if the residual heat removal system is needed to

control the pool water temperature.

(.
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We conclude that tﬁese systems are acceptable and, with the
operating restriction of reactor shutdown when the RHR system is
interconnected to the fuel pool, will provide the necessary assurance
that adequate cooling will be available.

-

9.1.4 Fuel Handling Equipment

The subject of reactor vessel head and component handling prior
to, and following fuel servicing, is under study by the applicant.
An evaluation of a postulated head and shield segment drop accident
is under investigation. The applicant is analyzing the issue and is
scheduled to file a report on the matter by the end of January 1973.
We find this equipment acceptable on the same basis as previcusly
reviewed plants, but plan to consider the head and shield drop as a
new accident situation which is generic to all BWR plants.

9.2 Water Systems

The nearby Cedar River supplies essential cooling and evaporative
cooling tower makeup water. The evaluation of the systems and structures
are get forth in the following sections.

9.2.1 River Water Supply System

The river water supply system provides cooling water for the
RER service water and ESWS. It alse provides makeup water for the
cooling towers. In addition, it provides water to the Fire Protection
System and General Service Water System. The system consists of two

indepéndent and redundant pumping systems that are installed in the
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river intake structure with the pump motors located above the PMF
level, and suctions located below the lowest calculated river flow
level.

Qur evaluation of this system concentrated on the requirements
for cooling water uﬁon a loss-of-coolant accident, or loss-of-offsite
power. Following such an occurrence, one of the 6000 gpm pumps in
gach_of tWo redundant systems will automatically connect to the
emergency diesel bus. Simultaneously, pump house valves assume a
fail-safe position which assures that all the river water pump output
is channeled to the RHR service water and emergency service water
pump wet pits located in the pump house. We conclude that the system
design for emergency function is adequate and will not be compromised
by its normal functions,

Residual Heat Removal (RHR) Service Water System

.The RHR service water system provides cooling water to the
reactor residual heat removal heat exchangers under post-accident
conditions and a water source if.pdst—accidenf flooding of the core
or primary containment is required. In addition, the system provides
cooling water to the RHR heat exchangers during normal operational
modes.

‘The system consists of two Category I seismic design pumps, in
two redundant systems which take suction from the Category I seismic
design pump house wet pit. Sufficient redundancy df'piping.and

active components provide protection from the single active or passive<'

.

b
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failure. Two half-size RHR service water pumps supply one full-size
RHR heat exchanger. There are four half-size pumps, and two full-size
heat exchangers. .:Two of the half~size pumps are conﬁected to two of
each of two independent and redundant diesel-generator buses.

We conclude that the system design for emergency function is
adequate and will not be compromised by its normal function.

3.2.3 Emergency Service Water System (ESWS)

The ESWS is provided to supply cooling water to essential safeguards
equipment under loss-of-offsite power or a loss-of-coolant accident.
Components supplied are the emergency diesel generator coolers, RHR Pump
Seal Coolers, RER and Core Spray'Pump Room Cooling Unit, HPCI and RCIC
Room Cooling Unit, Control Building Chiller and Core Spray Pump Motor

Bearing Cooler.

The system consists of two.full capacity pumps each connected

to a separate redundant train for supplying all the emergency needs
as indicated above. One pump is connected to each of the two inde-
pendent and redundant diesel generator buses to assure available
emergency electric power.

Our evaluation indicateg that the system design is capable of
continual operation following a single active or passive failure.
The structure and wet pif of the pump house, where the pumps are
heated, are designed to seismic Category I criteria and protected
from external missiles._ We conclude that the system design is

adequate to perform its safety functions.
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9.2.5

Ultimate Heat Sink

Qur review of the analysis of the PMF, minimum river flow, Category I
sheet-pile river barrier wall, river intake structure, river water supply
s&stem, pump housé structure, residual heat,remo&al system, and emergency
service water system, indicates that the intént of Safefy Guide 27,30

Ultimate Heat Sink, has been satisfied.

General Service Water System & Reactor Building Cooling Water System

Both systems prov1de for coollng of aqu1pment to meet plant
requirements for startup, normal operation and shutdown. The reactor
building system is separate from the general service water system in
order to minimize the possibility of reactor building radicactive
flulds belng released to the general service water. The Reactor
Building Cooling Water System has a separate pump and heat exchanger
system., The Reactor Building Cooling Water System Heat Exchanger is
cooied by the General Service Watef fluid for heat removal from this
ciosed-loop sys.tem. The Gemel.:'.al Service Water System pressure exceeds
the_Reactor Building Cooling Water System pressure in of&er to prevent
any release of radicactive liquid to the service water.

The General Service Water effluent is cooled by.thé open coeling
tower heat removal capability used by the main turbine condenser.

We have reviewed the system desigﬁ to Iassure that :i potential path
to the environment for radioactivity has been éfevented and therefore
we find that both cooling systems are acceptable for their required

gervice during normal plant operatiom.

e
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Well Water System

- The well water system serves two functions: cooling water for
ventilation cooling wits and potsble water for human cohsumption apd
demineralizer makeup. Capacity estimates and system design appear
reasonable and reliable. The concern for backflow of potentially
radioactive liquids to the well system was investigated. As a result
the applicant will provide both subsystems with backflow preventers
to limit the possibility of well contamination.

There are two wells, 2000 feet apart which take suction fronm
glacial deposits 120 to 140 feet deep and which are sealed to prevent
collection of less desirable groundwater from shallow aquifers. The
wells are located west of the plant; hence, should liquid radwaste
somehow enter the groundwater at the plant, it would flow to the east
toward the river, away from the wells. We conclude the system design
is acceptable for the required ser rice during normal plant operation.

Process Auxiliaries

Compressed Air System (Instrument and Service Air)

The compressed air system provides air to both the service air
system and instrument air system for normal operation of plant equip-
ment, instrumentation and valves. In addition, the systems maintain
the required pressure on the safety related accumulator tanks which
are required for specific valve operations. Compressed air for the
svstem is provided by two motor-driven compressors. Each compressor

can provide both services.
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Appropriate means of isolation of nonessential air lines is
provided via spring operated pressure controlled stop valves.
Essential instrument air does not have automatic isolation. Our
evaluation confirms that total failure of the compressed air system
can be accommodated since safety related equipment served by the
Compressed Air System have the following design features:

a., All containment isolation valves and dampers have Category I air
accumulators which provide reliable air supply in this event.

b. Air operated isolation dampers in the standby gas treatment system
and control building ventilation systém, normally open and fail

open, must remotely close in the event of charcoal filter over-

heating., For this reason, and should the compressed air system (

fail, these damfers are equipped with separate Category I air tanks.
c. All oﬁher air operated valves are designed to fail in a fail-safe

position.

We find the compressed air system acceptable for normal operation
and separate seismic Category I air tanks for systems essential for
safe plant shutdown to be an acceptable safety feature.

Fquipment and Floor Drainage Systems

The reactor building has two drainage systems: one system from
the primary containment, and the other from the secondary containment.
The primary containment drainage system collects equipment and floor

drainage from a gravity-fed sump, Sump pumps transfer the contents
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to the radwaste system. The secondary containment drainage system
likewise collects drainage in the same fashion where sump pumps tranfer
the liquid to the radwaste system;

Turbine building equipment and floor drains are also divided into
two systems: those drains serving equipment and areas of potential
radicactive leakage and those serving non-radicactive areas such as
the building roof. The potentially radiocactive drains collect in a
sump where a pump transfers the liquid to the radwaste system. The
separate non-radicactive drains empty by gravity te a separate sump
and are pumped into the storm drain system. In our evaluation we
also assured ourselves that a flooded sump would not backup the drain-
age piping system into a compartment housing Category I equipment, e.g.
the diesel generator rooms.

Based on the results of our review we conclude the system design
is adequate for the required service during normal and emergency
operation.

Heating, Vemtilating and Air-Conditioning Systems

Control Room Air Conditioping and Ventilation System

There are separate air conditioning systems for each major
building. One system services the main battery rooms, switchgear room,
cable spreading room, control room, radwaste control room, and office

building and maintains a positive pressure to prevent infiltration.
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This éystem draws in and filters varying amounts of outside air under
normal conditions. Intake air radiation ﬁgnitors will isolate the
normal ventilation path and connect the intake to high efficiency
filter trains. Power for the filtration-recirculation system can be
transferred to the emergency bus. In addition, the filtration-
recirculating system is seismic Category I and is located in a
Category I structure,

Turbine and Auxiliary Buildings Ventilation Systems

Auxiliary buildings, such as the turbine building, rédwaste
buiiding and pump house, have their own ventilation system for
filtering, heating, and cooling.

The turbine building ventilation system is a once-through system
composed of three subsystems. Two redundant exhaust fans serve those
turbine building spaces that may céntain radioactive materials,
During normal operation, these special fans exhaust into the offgas
stack, Spaces below the turbine operating floor exhaust through the
main plant exhaust plenum. Spaces above the operating floor are
exhausted via fans in the roof. The entire turbine building ventila-
tion system will be isolated should a release of radicactivity in
excess of existing'background levels occur.

In this event building exhaust will be directed to the reactor

building exhaust plénum where the atnnsphere is exhausted to the stand-

by gas treatment system and then to the offgas stack.
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Radwaste Building Veptilation System

The radwasﬁe Suilding is serviced by a once-through system which
exhausts through prefilters and HEPA filters to the space surrounding
the torus, or the reactor buil&ing exhaust plenum. Closure for both
radwaste supply and exhaust dampers is possible for building iscolation.

Reactor Building Ventilation System

The reactor building ventilation system has two subsystems to
supply air at the refueling floor level, and the other to supply air
beiow this level. The exhaust fans supply air at a rate of 10 air
changes per hour with the air being exhausted via the main plant
exhaust plenum creating a negative pressure in the spaces. Sﬁould
a release of radiocactivity occur, the reactor building will be
automatically secured, the supply and exhaust fans shutdown, and
the atmosphere exhausted to the standby gas treatment system and
then to the offgas stack.

We conclude that the heating, ventilation and air conditioning
systems are acceptable and will route contaminated air to the standby
gas treatment system prior to release to the atmosphere.

Engineered Safeguards Heating and Ventilating Systems

The "engineered safeguards” area heating and ventilating systems
{so called by the applicant) are required to assure a suitable am-
bient temperature in the Emergency and Switchgear Battery Rooms,

Emergency Diesel-Generator Rooms, Emergency Cooling Pump Room (RHR
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and ESWS), and Reactor Building RHR, RCIC, HPCI and Core Spray Pump
Rooms. All of these systems or areas are requiréd for reactor
protection, | | | -

The equipment is installed in Category I seismic design structures,
with supply air filﬁe;ed, and metho&é for heating and cooling provided.
The systems are redundant, and are suﬁplied from both normal and |
emergency busses., Electric heétefs take £ﬁeir power supplf from the
same busses to provide.freeze protection, Cooling water coils are
supplied from the.ESWS to providé a pféper ambiept temperature when
necessary. | |

We have evaluated these systems and find théf no single component
failure will prevent system operatioﬁ during normal and accident con- (

ditions and therefore, conclude that the systems are acceptable.

9.5 Other Anxiiiary Systems

9.5.1 Fire Protection System

The fire protection system will coﬁsist of ﬁater, carbon dioxide
and chemigal fire fighting systems Whosé_design will not prevent
Category I systems from performing_théir funcﬁion.sﬁould the fire
fiéhting system fail. _In those cases wheré a.failure of fire
fighéing systems could im@aif.oﬁhe£ Categéry i éyét;ﬁs, that portion
pf thg fire prqtection system is designed to Category I standards.

The fire protection water system u;ilizes water pressure from

a loop header and distribution piping supplied from fire pumps located

SN
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in the pump house. The pumping system is composéd of a diesel driven
fire pump, motor driven fire pump, and motor driven jockey pump.
Water deluge systems, sprinkler system {w@tpipé and drypipe), as well
as local hose coﬁnectioné distribute water for extinguishing fires.
We evaluated the plant arrangement of the diesel driven fire pump
location which was near the main circulating pump expansion joints,
The applicant will provide watertight doors around the diesel driven
fire pumps to prevent flooding in the event the expansion joints fail.

The cablelspreading room has an automatically actuated carbon
dioxide extinguisher system. Portable extinguishers are provided
throughout the remainder of fhe plant and are a non-toxic dry
chemical type.

Fire detection is accomplished by temperature actuation of local
sensors which alarm in the control room. Also alarming in the control
room are smoke detectors and ionization detectors above the cable trays
which detect products of combustion.

We conclude that the fire protection system is adequate for plant
protection.

9.5.2 Communications Systems

There are four communications systems provided in the control room
and thfoughout the plant for startup, operation, shutdown and maintenance
under normal and emergency conditions. These systems include:

a. The public address system that has page and party channels and
which can issue plant-wide instructions, and iIntercommunicate between

two or more stations. It receives its power from the instrument bus.
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b. The telephone system, installed by the local phone company,
provides in—plaqt:se;vice as well as local and long distance calls.
It is pqwered by batteries.

c. .Sound powered jacka_are logated ;hroughout the p}ant for testing
and maintenance contact wiﬁh other loqgtionsf_ )

d. A VHF transmitterfrecé;ver p:ovides radio contact with other IELP

stations. Battery power is provided for this system.

e, In addition, an alarm signal is alse provided which can be

transmitted over the public address system and from an outdoor siren
to warn personnel of an emergency.

The apﬁlicaﬁt has_ipdicated tests Will be perfp;med on the com-
munication system during preoperation to assure background noise

does not interfere with the communication capability. We find this

to be acceptable.

Diesel Generator Fuel Qil Storage and Transfer System

Two redundant diesel gene;ato;s, physically_separated are
provided with independent air starting, fuel day-tank, cooling system,
and lube oil systems. Each has a continuous rating of 2,830 KW. A
common fuel oil storage tank has fuel capacity for a sipgle engine
operating at rated power conditions for seven days. FEach diesel
compartment has one individual day tank with fuel capacity for four

hours of operation. Replenishment sources of fuel oil are eight

e ~.

e
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miles from the site and are within the time limitation established
by use of day=-tank fuel.

Each diesel is located in a Category I seismic design structure,
entirely separated from each other by a common Category_l seismic
design wall. This Category I enclosure is at the southéast COYTner
of the Category II turbine building. The applicant performed an
evaluation to show that failure of any Category II structure, or
Category II componeﬁts within the Category II strucute, will not
affect the operatiom of the diesel generators.

There are two 200 percent capacity diesel oil storage transfer
pumps, one to supply each day tank from the common storage tank.

Each day tank has 1000 gallons capacity surrounded by a fire wall and
is located within each diesel generator compartment.

The day tank contains level switches which automatically operate
the transfer pumps to refill the day tank from the storage tank. In
the event of failure of this pump, a manually operated pump is
available, Through selective manual valve operation, either transfer
pump can £111 both day tanks.

The Category I diesel oil storage tank is in a Category I seismic
design structure outside the building and underground. The refill-hose
connection, tank vent, énd flame arrestor are located above the lewvel of

the probable maximum flood (PMF).
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With this adequate fuel supply and flood protection to assure diesel;

generator operation during the PMF and the redundancy in equipment, we

conclude that the design of the system is acceptable. [

9.5.4 Diesel Generator Cooling Water System

Cooiing water is supplied to the diesels by redundant and separated '
piping from the emergency service water system (ESWS). A single active J
or passive failure in the ESWS system will affect only the unit it
serves,
We conclude that the diesel engine cooling water system is
. adequate. 4
9.5.5 Diesel Generator Air Starting System

: (

Each diesel is provided with redundant and physically separate

air starting compressoré'and receivers. The air tanks are capable )
of five succéssivé engine starts without recharging. The air
starting tanks have cross connéctions to étért either engine. Our Tr
.evaluétion indicates the system has adequate flexibility and capacity
té p;o;ide for reliable starting capabilitf. o |
A separate 125 volt d-c Eattery is furnished each diesel engine 1
With its own static type baftery charger and bus to supply control
power to the various systems of the diesels. ? i’
We conclude that the diesel generatdf starting system is adequate.

9.5.6 Diesel Engine Lubrication System | - 1

-During operation each engine is provided with lube oil by its ['

own shaft pump. In addition, each engine has its own lube 0il makeup C

_/'w—-__,‘,- 5
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gystem which injects oil to the crankcase by a separate electric drive
pump.

Our evaluation indicates that single failure would limit the
lube oil for one diesel to only what is in the crankcase; the _other
unit would still be capable of operating for seven days without manual
lube oil addition.

We conclude that the diesel engine lubrication system is adequate.
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STEAM AND POWER CONVERSION SYSTEM

Summary Description

The DAEC steam and power conversion system is of conventional
design, similar to previously approved direct cyele BWR plants.
Waste heat rejection is from mechanical Induced draft cooling towers.
The two main condensers serving the two low pressure turbines are
connected in series, which permits the "A" condenser to operate at
a lower pressure (3.38 psia) than the "B" condenser (7.10 psia), while
operating at rated power. Circulating water temperature at the exit
of the condensers is 112°F and is lowered to 87°F upon leaving the
cooling tower when the ambient design wet-bulb temperatures is 76,5°F,

Turbine-~Generator

The turbine is a tandem—compound reheat unit consisting of a
single~flow high pressure turbine and two double-flow low pressure
turbines with a design speed of 1800 rpm, Steam exhausted from the
high pressure turbine is reheated by both main steam, and turbine
extraction steam in two stages prior to entering the low pressure
turbines. Including the extraction steam from main steam reheating,
there are six extraction stages from the turbines to accomplish steam
and feedwater heating. An automatic pressure-controlled steam turbine
bypass system with two ten-inch lines can accommodate up to 25 percent

of design steam flow directly to the two condensers serving the two
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low pressure turbines. These bypass valves control steam pressure
during lead rejection, reactor heatup, turbine startup and reactor
cooldown.

The main generator is a direct driven, three-phase, 60 Hz,
22,000 volt, 663,500 kva unit with a maximum hydrogen cooling pressure
of 45 psig. Hydrogen cooling supply is from a 24 tank manifold located

external and to the east of the turbine building so as not to constitute

e
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a missile or fire threat to nearby equipment. Four tanks have a

capacity to last 3 weeks or longer. Purging and refilling requires

the capacity of 3 tanks. The tanks are refilled in place by a bulk

hydrogen supplier.

The turbine generator has controls including a electrohydraulic

control system, control valves, main stop valves, combined stop-intercept

valves, initial pressure regulator and backup contrcller, steam bypass,

and mechanical

overspeed trip. There are alarms and interlocks for

lube o0il pressure, seal oil pressure,’ condenser vacuum, generator

cooling, wvibration, and field excitation.

Main Steam Line System

The four,
gseismic design
conduct visual

during outages

twenty inch, main steam lines (MSL) are Category I
up to the turbine stop valves. The applicant plans to
inspections of steam lines and turbine stop valves

with special attention for indications of leakage and

change in-position of pipe hangers. Photography will be used to

PN
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determine movement or change of hanger positions. Every four to
five years, but not necessarily concurrent with turbine dismantling,
the turbine stop valves will be completely dismantled for inspection
of the normally inaccessible parts.

As a result of recent Regulatory staff concerns regarding the
effects of a rupture, outside of containment, of a pipe carrying
high energy fluid, including a rupture of the largest main steam or
feed water line, the applicant was requested to provide analysis
of these effects. We have reviewed the information available to
us on the Duane Arnold plant, and it appears that safe shutdown
of the plant would not be prevented by the postulated failure of
the steam or feedwater lines. However, to assure a thorough review
of the consequences of the postulated accident, we asked the applicant
on December 15, 1972, to provide us with an analysis of the problem
and other relevant information pertaining to the accident conse-
quences and the protection provided. The information provided by
the applicant on the consequences of pipe rupture outside of the
contaimment and the protection provided to assure that safe shut-
down of the plant would mot be prevented will be reviewed for accept-

ability by the staff prior to issuance of an operating license.
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Main Condenser

The main condensexr is designed as a two-pass series type with a
divided water box. Each of two condense: sub-units is located on
a rigid foundation. Flexible expansion joints between the condenser
necks and turbine exhaust connections are provided to permit relative
motion between these components.

Since the plant uses a deaerating type condenser, noncondensible
gases are removed by steam jet air ejectors which maintain dissolved
oxygen at less than 5 ppb at greater than 10 percent of design
throttle flow.

The hotwell is sized to provide a two minute retention for short

lived radicactive isotope decay, and a storage supply for the condensate

pump suction.
Although the main condenser design is different from most systems,
it is not unique.and we conclude the design of the main condenser is

adequate, =

Condenser Evacuation and Sealing Systems

A motor driven mechanical vacuum pump is provided to evacuate the

condenser dufing startup, Two full capacity steam jet air ejectors
maintain vacuum during operation and deliver the noncondensible gases
through a decay line to the offgas system.

The gland sealing system provides positive pressure to labyrinth

sealing rings at the turbine shaft openings thereby sealing that gland

%
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from inleakage of air at the low pressure condenger glands, and against
steam outleakage at the high pressure turbine shaft glands. Sealing
steam is taken from the auxiliary boiler during plant startup and
from turbine extraction steam during operation.

We conclude that the design of the condenser evacuation and
sealing systems is similar to those used in previously reviewed
plants and is acceptable,

Circulatring Water System

The closed loop circulating water system is composed of the
condenser cooling surface, and two evaporative type mechanical induced
draft cooling towers. Since the condensers are series connected, theA
water flows first through the tubes of one condenser, then discharges
to the suction of'the second condenser prior to discharge to the
cooling towers. The cooling tower sumps discharge by gravity to the
wet pit sumps of the pump house where two half-capacity circulating
pumps take their suction. Each of the towers has an inflow of 146,000
gpm at 112°F and an out-flow at 87°F. The total tower capacity is
adequate to meet main condenser heat load and also the heat load from
the service water system.

Makeup water to replace evaporation and blowdown losses comes
from the seismic Category I river water system pipelines to the
circulating water pump sump. Acid and chlorine to control algae

and fungus are also added at the circulating water pump wet pit.
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There are rubber expansion joints in the turbine building
basement, and in the pump house., In the event any of these failed,
the turbine building condenser.room could flood, but no safety related
equipment is present., The cooling tower sump capacity is insufficient
to overflow the condenser compartment. Compartment water level
indicators alarming in the control room will be installed. If the
expansion joints in the pump house failed, the water would flow out
through ventilation louvers to the site gradé level,

We conclude that the design of the circulating water system
is adequate,.

Condensate Demineralizer System

The condensate from the condenser hotwell is processed by a de- (
mineralizer system which is the full-flow type with five vessels, in-
cluding cne spare which accomplishes demineralization and filtration
by coating the vessel with Powdex resin or Solka Floc, or both. The
system can be backwashed for resin regeneration or dumped for resin
replacement. At design conditioms, the limits on feedwater impurities
(max.) are, Silica 5 ppb, Iron 5 ppb, Copper 2 ppb, Nickel 2 ppb, and
Chloride 10 ppb.

System instrumentation and controls are locally mounted. Each
vessel has instrumentation to indicate resin plugging, exhaustion

and water conductivity. Specific problems annunicate at the local

. control panel and result in a single alarm in the main contrel room.

PP
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We conclude that the design of the condensate demineralizer
system is adequate.

Condensate and Reactor Feedwater Systems

Both the condensate and reactor feedwaﬁer systems serve to
provide as much as 115 percent of design feedwater flow to the
reactor at 1100 psi and 420°F. There are six steps of feedwater
heating from the condenser hotwell to the reactor. Two condensate
pumps and two main feedwater pumps, each rated at 68 percent of
design capacity, maintain feedwater flow. The oversize capacity
gives automatic recirculation to assutre positive pump suction under
all projected load changes.

We conclude that the desipgn of the condensate and reéctor
feedwater systems is adequate.

Condensate Storage and Transfer System

Two 200,000 gallon storage tanks supply the two 100 percent
capacity pumps of 600 gpm each, and one 125 gpm jockey pump for
condensate transfer. The two tanks are physically isolated by
suction lines raised to an elevation which leaves a 75,000 gallon
reserve, Water quality is that of reactor condensate, maintained by
the makeup condensate demineralizer. 7The tanks will overflow to the
reactor building equipment drain sump by way of an 1000 gallon overflow
tank. Should the storage tank burst, the water will be retained

within an enclosure dike with concrete pad to prevent condensate
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entry to the surrounding ground. The diked area has a portable sump
pump to discharge this watef ultiﬁately ﬁo the radwaste disposal
system,

We have reviéwed the capaéities, and designafequiremeﬁts and

conclude that the condensate storage and transfer system is adequate.

Turbine-Generator Inservice Inspection

The Regulatory Staff is considering methods that may be developed
for performing volumetric examination of the low pressure steam turbine
during the performance of periodic turbine inspection. The applicant
has been advised of our interest in the development of such a program

on a generic basis covering all reactor plants, including the Duane

Arnold plant, The applicant has informed us that he will keep abreast \

with technological developments in this area and will adopt a suitable

program when one becomes available. We find this to be acceptable.

S ——
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RADICACTIVE WASTE TREATMENT

Introduction

The waste treatment systems are desipgned to provide for
controlled handling and disposal of radiocactive liquid, gaseous
and solid wastes. The applicant's design objective for the liquid
and gaseous waste systems is to keep levels of radioactivity released
by these systems as low as practicable, in accordance with the
requirements of 10 CFR Part 20°? and 10 CFR Part 502. The applicant's
design objective for the solid waste system is to package and transport
solid wastes in accordance with applicable AEC and DOT regulations.

Qur evaluation is based on the '

'as low as practicable"
criteria for radiocactive contents of effluents discharged to
unrestricted areas in accordance with Section 50.34a of 10 CFR
Part 50. For Duane Arnold, the major pathway for exposure of an
individual's thyroid from iodine is by the grass-cow-milk cycle.
The gaseous radwaste system meets our current criteria for "as low
as practicable discharge for plants already built since our
calculations show that the annual average dose to a child's
thyroid, if this child consumed milk from the nearest cow, would
exceed only slightly our current limit of 5 millirem per vear.

The applicant will take appropriate measures through monitoring,

administrative measures and/or design changes to assure that the
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thyroid dose to critical segments of the general populatidn through
the grass-cow-milk chain does not exceed 5 mrem/year.

Ligquid Waste

Introduction

The liquid radioactive waste system consists of tanks,
demineralizers, evaporators, miscellaneous process equipment, piping
and Instrumentation necessary to collect, process, monitor, store,
recycle and dispose of potentially radiocactive liquid wastes., The

liquid waste system is divided into several subsystems. These

- subsystems include high purity 1iquid'waste, low purity liquid waste,

chemical waste and detergent waste. Cross-connections between the
subsystems provide additional flexibility for processing the
wastes by alternate methodé.

Treated wastes will be handled on a batch basis as required to
permit optimum control. Prior to felease of any treated liquid
wastes, samples will be analyzed to determine the type and amount

of radioactivity in a batch. - Based on the results of this analysis,

‘the wastes will be released under controlled conditions to the cooling

tower blowdown stream and then to the Cedar River, or retained for

further processing.

———
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11.2.2 System Description

High purity (low conductivity) liquid waste will be collected
in the waste collector tank, and will consist of piping and equip-
ment drains and demineralizer backwash. These wastes will be
processed by filtration and ion exchange through the waste filter
and waste demineralizer.

After processing, the liquid will ‘be transferred to one of
two waste sample tanks where it will be sampled. Then, if it is
satisfactory for reuse, the liguid will be transferred to the
condensate storage tank as makeup water. Our analysis assumed a
daily input into this system of 21,000 gallons of high purity wastes.
We further considered that 90% of this water will be retained for
plant use and that 10% would be discharged.

Low purity (moderate conductivity) liquid wastes will be col-
lected in the floor drain collector tank, principally from the
various floor drain sumps. Processing will consist of filtration,
ion exchange and subsequent transfer to the floor drain sample
tank for sampling and analysis. Then, if the analysis is
satisfactory, the wastes will be transferred to the condensate
storage tank for reuse, or discharged. Our analysis assumed a

daily input to this system of 8500 gallons of low purity wastes.
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We further assumed that 707 of this water will be retained for
plant use and 30% would be discharged.

Chemical wastes will be collected in the chemical waste tank,
principally from decontamination, laboratory drains and cask
cleaning drains. These wastes will be neutralized if required and
then processed by filtration and evaporation. Evaporator bottoms
will be transferred to the solid waste system. The evaporator
distillate will be collected in a sampling tank for sampling and
analysis. Depending on the results of the analysis, the water
will be discharged or recycled for further treatment., Our
analysis assumed a daily input to this system of 500 gallons of
chemical waste and that all this waste will be discharged.

Detergent wastes will be collected in one of two detergent
drain tanks. The source of these wastes are shop drains, personnel

decontamination drains, cask cleaning drains and turbine washdown

area drains. Detergent wastes will have low radiocactivity concentra-

tion. They will be processed in the same manner as the chemical
wastes. We have assumed a daily input of 300 gallons of detergent
waste with a negligible amount of activity. In our calculations we

have combined the chemical and detergent wastes.
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The liquid effluent will be discharged to the cooling tower
blowdown stream. Radiation monitoring equipment will automatically
terminate the discharge flow if radiation levels are above a pre-
determined limit.

Evaluation of Liguid Waste Systems

Based on our evaluation of the liquid waste system, we
estimate that 4 curies will be released per year, excluding tritium.
This release was determined using an operating power, fission source
term derived by scaling-down the source term associated with an
off-gas release rate of 100,000 uCi/sec after 30 minutes holdup for
a 3400 MWt reactor. Based on present operating experience, we
estimate that 20 curies per year of tritium will be released from the
Duane Arnold station. TFor comparison, the applicant estimates a yearly
liquid waste release of 0.4 curies excluding tritium, based on an off-gas
release rate of 50,000 microcuries per second, and a yearly tritium
release of 20 curies. Our estimate for the yearly dose to an individual
from the liquid waste, including drinking water ingestion, fish
Ingestion and immersion is 0.38 millirems.

Based on the calculated liquid release, excluding tritium beiﬁg
less than 5 curies, we conclude that the liguid waste system is
capable of providing effluents which can be considered as. low as
practicable in accordance with 10 CFR Part 50; therefore the liquid

waste treatment system i1s acceptable.
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Gaseous Waste

Introduction

The waste gas system consists of charcoal delay beds, catalytic
recombiners, heat exchangers, piping, high efficiency particulate
filters, pumps and Instrumentation necessary to collect, process,
monitor and dispose of potentially radioactive gaseous waste.
Description

The primary source of gaseous radiocactive waste will be the
non-condensible gases removed from the main condenser by the air
ejector. These gases will consist of air, hydrogen, oxygen and
small volumes of radicactive gases, primarily krypton and xenon.
Other sources of radicactive gases include the turbine gland seal
condenser, the reactor building, turbine building and radwaste
building ventilation systems and the mechanical vacuum pump used
to evacuate the main condenser during startup.

Off-gases removed from the main condenser by the steam-

'opéraféd air ejector will be processed through one of two catalytic

‘recombiners in which the hydrogen and oxygen are combined to form

water vapor, thereby reducing the volume of gases which must be
treated, The water vapor will be condensed and removed. The non-
condensible gases will be delayed for 30 minutes in a holdup pipe
to allow for the decay of short-lived radicactive noble gases and

activation products, and then held up for further decay in an

e
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ambient temperature charcoal system consisting of 12 charcoal beds,

each of which contains 3 tons of activated charcoal, wherein xenons

and kryptons will be adsorbed and delayed selectively. The residual
gases ﬁill be passed through a HEPA filter and then released

through a 100-meter main off-gas stack.

We calculate a delay time of 18.2 hours for krypton and 13.6
days for xenon. The applicant has calculated delay periods of 19
hours for krypton and 13 days for xenon. We calculate the yearly
noble gas release from the air ejector offgas to be 27,000 curies
based upon a 100,000 microcuries per second source. The applicant’s
number for the yearly noble gas release from the air ejector off-gas
is 24,000 curies based on the release rate of 100,000 microcuries
per second,

Primary steam will be used in the turbine gland seal system.
Therefore the pland seal exhaust can be a source of radicactivity.
These gases will be held up approximately 1.8 minutes before being
exhausted into the off-gas stack without further treatment. We
calculate the vearly noble gas release from this source to be
approximately 3700 curies and the I-131 release to be 0.04 curie.
The applicant's yearly noble gas release number from this source

is 3600 curies.
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During unit startup, a mechanical wvacuum pump will be used
to evacuate the main condenser. We assumed that the pump will
operate about 10 hours per year. The gxhaust gases will be
discharged through the same haldup pipe into which the turbine
gland seal condenser exhausts. The gases will be released
through the main stack without further treatnent..'We estimate
a noble gas felease of approximately 1650 curies per year from
this source.

The reéctor building ventilation air will normally be dis-
charged through the reactor building vent without treatment. 1If
the airborne radiocactivity exceeds a predetermined level, the
reactor building will be isolated and its contained atmosphere
will be direétéd at reduced flow rate through the Standby Gas
Treatment System. We calculate the release of noble gases from
the reactof building ventilation air to be negligible and the
releasé of I*lSisto be less than (.01 curie per year;

Thé éﬁmosﬁhef; in the dfyweil éﬁd Sﬁépréééion chambers will be
purged prior to ﬁﬁe refueling and maintenance periods,  The purged
gases will be discharged ﬁhrough the Sténdby Gas Treatment
System, or directly to the reactor bﬁilding vent if the activity
is low. Thé expécted radicactivity release from this source is
insignificant,

The exhaust air from the Radwaste Building ventilation
system will pass through prefilters and HEPA filters and will

then be discharged through the reactor building vent.

ISR
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The ventilation air flow through the Turbine Building will
vary from approximately 41,000 cfm in the winter to approximately
112,000 cfm in the summer. Approximately 41,006 cfm of poten=~
tiallﬁ contaminated air will be constantly exhausted from the
lower areas of the turbine building to the reactor building vent.
The balance of the air flow through the upper turbine building
for heat removal in summer will be exhausted unfiltered through
roof outlets. We calculate the noble gas released from this
source to be approximately 900 curies per year and the I-131

release as 0.35 curie per year.

Evaluation of Gaseous Widste System

We calculate a tgtal yearly gaseous release of approximapely
33,000 curies of noble gas and 0.6 curie of I-131, We calculate
the annual combined beta and gamma radiation dose due to noble
gases to an individual at the site boundary to be 1.4 millirems.
We further calculaté that the potential dose to a child's thyreid,
from radioiodine that could be ingested via the food chain, to be
in excess of 5 millirems per year at a distance of 1.6 miles,
where the nearest cow is presently pastured. To assure that the
5 millirem per year limit is not exceeded, the applicant will take
appropriate measures through monitoring, administrative measures

and/or design changes to ensure that the thyroid dose to critical
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segments of the general population is less than 5 millirem per
year throughout the life of the plant.

Solid Wastes

Solid wastes from the plant operation Qill be composed
primar;ly of spent demineralizer resims, evaporator éoncentrates,
filter sludges and miscellaneous dry wastes such as contaminated
clothing, régs and paper. The spent rgsins and filter sludges
will be held for radioactive decay in phase.sepafatofs or sludge
tanks and will then be transferred to centrifuges where the
excess water will be removed. The dewatered resiﬁ waste and

filter sludge will then be packaged in drums. The evaporator

bottoms will be placed in drums and mixed with a solidification

agent., Compressible low level solid waste will bé compacted by

a hydraulic press. All solid waste will be packaged and shipped

offsite to a licensed burial ground in accordance with AEC and

DOT regulations.

The applicant estimates volume and activity coﬁfent of waste
concentrates exclusive of gvaporéﬁor bottqms to be aBout 2200
cubic feet per year, with a tﬁﬁal activity of ab&ut 10060 curies
per year., We esfimafe thaf approximaéély 500 drums.ﬁf spent
resing, filter éludges and evaéorator boﬁtoﬁs an& 250 drums of

drv and compacted waste will be shipped offsite at a total
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activity of approximately 1500 curies per year after 180 days
of storage. Based on our evaluation, the Solid Waste Systems is
acceptable,
Design

The radicactive waste treatment system will be designed in
accordance with acceptable codes and standards. Tanks are designed

in accordance with APT Code3! 620 or 650, or AWWA Standard DIOO. The

- other liquid waste components and piping ordered prior to July 1,

1971 are designed in accordance with ASME Section VIII Division 1
and ANST B31.1.0.1? The liquid waste components and piping ordered
after July 1, 1971 are designed in accordance with ASME Section III,
Class 3, and ANST B 31.7, respectively. The gaseous waste components
design pressure is such as to maintain the component outer wall
integrity in the event of a hydrogen explosion.

The radwaste building and equipment are designed to Seismic
Category II requirements. Accident analysis calculations show that
failure of all liquid radwaste components will not result in offsite
concentrations exceeding the limits set forth in 10 CFR Part 20.
Based on our evaluation, the codes and standards, and the radwaste
system design are acceptable.

Process Radiation Monitoring System

The design objective for the process radiation monitoring

system is to indicate when limits of radicactivity are approached
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so that appropriate action may be taken where applicable. The
radiation monitoring locations will-include! main steamline,

air ejector off-gas, plant stack, liquid waste discharge line,
plant service water, reactor building closed cooling water, reactor
building ventilation, and carbon bed vault area.

A high high main steamline radiation signal will initiate a
reactor scram, isolate the primary containment, and shut the main
steamlineé isolation valves. A high radiation signal in the
liquid waste dischérge will gutomatically terminate liquid waste

discharge flow. A high high radiation signal in the offgas discharge

-will automatically terminate the offgas flow. A high radiation

signal in the reactor building ventilation system will shut off the
reactor building heating and ventilating system and start up the
Standby Gas Treatment System., We find the process monitoring
system adequate to monitor effluent discharge paths as specified in

Criterion 64 of 10 CFR Part 50.

‘Radiological Environmental Monitoring

A pre-operational radiological ‘environmental monitoring program
has been in effect at the site since April 1971. More than two
years of baseline data will be available (prior to plant start up)
against which to measure and evaluate the effect of plant operation.

The monitoring program includes sampling of airbormne

particulates, surface water, ground water, bottom sediments, soil,

™
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vegetation, meat and poultry, milk, fish, aquatic biota, and wild-
life. The analysis frequency for these samples varies from weekly
to semi-annually. Airborne particulates are sampled at 16 stations
which are located generally within 10 miles of the plant. In
addition, thermoluminescent dosimeters are located at all air
sampling locations, as well as at 32 other key locations, for the
purpose of measuring ambient radiation levels. The program
described above will be further defined in the Technical Specifica-
tions for the plant.

We conclude that the radiological environmental monitoring
program as defined in the FSAR is acceptable.
Conclusions

Based on our model and assumptions, we calculate an expected
whole body dose to an individual at the site boundary of less
than 5 mrem/yr from gases and liquids. We calculéte that the
potential dose to a child's thyrcid from the food chain to be in
excess of 5 millirem per year at a distance of 1.6 miles, where
the nearest cow is located. Based on our evaluation, we con-
clude that the liquid and solid waste treatment systems meet the
requirements of "as low as practicable."” We conclude that the
applicant’'s milk monitoring program and air monitoring system will

be capable of detecting I-131 concentrations equivalent to at least



N

11-14

5 mrem per year and the applicant's commitment to meet the 5 mrem
per year limit by administrative and/or design changes is
acceptable.

We also conclude that the radwaste treatment systems are
designed in accordance with applicable codes and standards, and
that the process and radidtion environmental monitoring systems
are adequate for monitoring effluent discharge paths and any

associated environmental effects.
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12.0 RADIATION PROTECTION

12.1  Shielding

The radiation shielding and expected peféonnel oécupancy
factors are designed to allow plant operation at the maximum
calculated power level w&th 1% fuel defects without exceeding
radiation doses permitted by 10 CFR Part 2032 for both occupa-
tional and non-occupational personnel.

The shielding design for the Duane Arpold plant is very
similar to that of previously approved boiling water reactors.
We conclude on the basis of our review of the FSAR, that the
shielding design is adequate to protect health and safety of the
public and of the operating personnel.

12.2 Health Physics Program

The pfovisions for persomnel monitoring, the protective
equipment to be provided for use by operating and maintenance
personnel, and the types of portable survey equipment and
laboratory equipment available at the Duane Arnold plant are
similar to that previously approved for currently operating
muclear power plants. Administrative controls and procedures
are also similar. The.staff discussed the applicant's health

physics program at meetings and made a site visit to check
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the equipment, personnel, and procedures to be used at the Duane
Arnold plant. The program is described in the Duane Arnold Health

Physics Manual. We conclude that this program is acceptable.

N
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CONDUCT OF OPERATIONS

Plant Organization and Staff Qualificdtions

Operating responsibilify for the Duane Arnold Energy Center (DAEC)
has been assigned to a Chief Engineer who reports to the President,
Towa Electric Light and Power Co., through the General Production
Manager, and the Vice President-~Engineering. An operating staff of
approximately 62 full time employees is divided among four principal
functional groups: operations, maintenance, technical, and administra-
tive., The Supervisors of these groups report to the Chief Engineer
through a full time Assistant Chief Engineer.

The Operations Group, under an Operations Supervisor, conducts
day-to-day plant operations, fuel handling, and refueling activities.
The normal shift crew complement will consist of a Shift Supervising
Engineer, an Operating Engineer, a First Assistant Operating Fngineer,
a Second Assistant Operating Engineer, and an Auxiliaries Engineer.
Fach crew will include at least one Senior Reactor Operator and two
Reactor Operators licensed by the AEC, in accordance with requirements
to be included in the Technical Specifications,

The maintenance function ig divided between the Mechanical and
Eléctrical Maintenance Groups. The Mechanical Maintenance Group
duties consist of day-by-day repairs, adjustments, equipment condition
inspection, overhauls and modifications of equipment and other
mechanical maintenance functions as assigned. The Electrical

Maintenance Group duties consist of: maintenance of electrical
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equipment; modification of equipment; calibration, test, and

maintenance of instruments and controls; equipment condition inspection;

and other maintenance functions as assigned.

The technical staff consists of two groups: the Plant
Performance Group and the Radiation Protection and Chemistry Group.
The former group is headed by the Reactor and Plant Performance
Engineer and has duties such as conducting tests and interpreting
data logger output to determine reactor and plant performance; this
group will also maintain fuel accowntability. The latter group is
headed by the Radiation Protection Engineer and has duties such as
water treatment, waste disposal, radiation protection and shielding,
radiation monitoring, and laboratory analysis.

The qualifications of the key supervisory personnel with regard
to educational background, experience, and technical specialties
generally meet or exceed the minimum qualifications as defined in
the Aﬁerican National Standards Institute standard, "Selection and
Training of Nuclear Power Plant Personnel," ANSI N18.1-1971.33

We conclude that the organization and the qualifications
of the staff for operating the Duane Arnold Energy Center are
acceptable.

Training

A training program and schedule for plant personnel was

developed by the applicant and included major training phases

conducted by the General Electric Co., in BWR Technology, BWR
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operator training, and specialist training for support persommel
in Station Nuclear Engineering, Radiclogical Engineering, Nuclear
Instrumentation and Control, BWR Chemistry, BWR Maintenance, and
BWR Startup Testing. The schedule has provided ample opportunity
for the completion of formal training elements and plant familiarization
to permit full plant staff participation in the pre-cperational test
program., The applicant has generally committed to the execution of
retraining and replacement training programs in conformance with the
requirements of ANST N18,1-1971.

We conclude that the training program for the initial
plant staff should result in a sufficient number of licensed
operating personnel at the time of fuel loading, and that there is
reasonable assurance that continuved training programs will maintain
the competency of the staff., We find the training program to be
acceptable.

13.3 Preparedness Plan

The applicant has formulated and submitted a Preparedness Plan
which is responsive to the regulatory requirements of 10 CFR Part 50,2
Appendix E, for plams to cope with emergencies., The plan describes
the organizational structure for dealing with emergencies, and the
agreements and understandings with appropriate local, State, and
Federal agencies. These latter arrangements have been made with the
Office of the Commissioner of Public 'Safety for Cedar Rapids, the
office of the Sheriff of Linn County, the Linn County Health Depart-

ment, the Linn County Civil Defense organization, the State of Iowa
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Department of Public Safety and Department of Health, the Iowa Civil
Defense Division, and the Chicago Operations Office of the- AEC. The
plan describes measures to be taken fpr a broad variety of emergency
situations and includes protective action criteria for notification
of offsite agencies.

Arrangements have also been made to provide for appropriate

medical assistance to persoms affected by onmsite accidents, including

~those accidents having radiological effects.

Provisions for review and updating of the plan and for the
conduct of perijodic drills and exercises have been included.

We have reviewed the details of the Preparedness Plan submitted
by the applicant and conclude that adequate ar;angements have
been made to cope with the possible consequences of a broad spectrum
of accidents at the site ipcluding Design Basis Accidents.

Safety Review and Audit

The applicant has established a Fwo lgvei review process to
assure ;hat_gll plant operational_maﬁters, 3ésign changes, tests, and
changes to approwved prqcedures, which hawve é bearing on safety, are
adequately assessed. .An Operations Committee which is advisory to
the Chief Engineer_constitutes an oqsite review mechanism while a
second level of review is vested in a company level Safety Committee
which is advi_s_o;-y to the General Prodx_lction Manager. The Safety
Committee alsq ﬁas an assigned responsibility for periodic audits of

plant operations, These review and audit functions are generally in

ST
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accord with the requirements and recommendations of ANST N18.7-1972,3"%

MStandard for Administrative Controls for Nuclear Power Plants," and

their functions and responsibilities will also be incorporated in
the Administrative Controls section of the Duane Arncld plant
Technical Specifications. -

We have concluded that the applicant's review and audit structure
for plant operations is acceptable,

Plant Procedures and Records

Plant operationg are to be performed in accordance with detailed
written and approved procedures. These procedures will include systems
check lists; startup, normal operation, and shutdown oflmajor equip~-
ment items; systems, and integrated plant operation, alarm response
procedures; surveillance and testing, refueling, radiation control;
and abnormal conditions, emergency, and administrative procedures.

Records will be maintained to assure a fully documented history
of facility operations. Specific requirements in these areas will
be incorporated in the Administrative Controls section of the
Technical Specifications.

We conclude that the provisions for preparation, review,
approval, and use of written procedures and the generation and
contrel of plant.operating records are satisfactory.

Industrial Security

The applicant has submitted a copy of his Industrial Security

Plan as proprietary information pursuant to Section 2.790 of the
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Commission's regulations. The plan is adequately respomsive to AEC
guidance, including Safety Guide 17 35, and provides reasonable

assurance that adequate provisions have been made by the applicant
to prevent or inhibit a wide range of potential acts of industrial

sabotage. -
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INITIAL TESTS AND OPERATION

The applicant hés described a test program which will be
performed to assure that the Duane Arnold FEnergy Center is capable
of withstanding the aceidents and transients analyzed in the Final
Safety Analysis Report and in the design bases for the plant. This
test program proceeds from component and systems acceptance and pre-
operational testing through fuel loading, initial criticality, and
power escalation which evaluates nuclear, process, and safety
features performance at various power levels up to full power. This
test program generally incorpo:ates the components, systems, and
tests described in the two guides referenced in 10 CFR Part 50,2
Section 50.34(b)(6) (iii)}.

Administrative procedures have been prepared to control the
test program. These procedures provide for the preparation of
detailed written test procedures and instructions by Bechtel and
General Electric, and review and approval by the applicant's
Engineering, Quality Assurance, and Production Department personnel.
Conduct of the test program is the responsibility of the applicant's
Production Department (plant staff) with technical direction and
coordination provided by appropriate vendor perscnnel.

Begimming with initial fuel loading, the applicant will observe
all Technical Specification requirements including those related to

staffing, even though certain personnel are not expected to be
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examined for operators' licemses until after commgrcial operation
actuaily begins. The numbers and qualifications of supervisory,
technical, and senior operating personnel on the plant staff are
adequate to meet the Technical Specification requirements during
this period,

We conclude that the Initial Tests and Operations program for

the startup of the Duane Arnold Energy Center are acceptable.
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ACCIDENT ANALYSIS

Abnormal Operational Transients

We have evaluated the applicant's analyses of various abnormal
operational transients. The events that characterize these transients
have been described in FSAR Section 14 and in Amendments 7, 9, and 11
as responses to questions 14.6 through 14.14, These transients
include such events as process system control malfunctions,
inadvertent control rod withdrawal, turbine trip, loss of electrical
load, and variations in operating parameters. We have reviewed the
resuits of the applicant's analyses of these events and conclude that
the design of the facility, including the protection and control
systems, is such that the occurrence of such transients would not
result in damage either to the fuel or to the primary coolant boundary.
Consequently, the occurrence of these abnormal transients would not
lead to a2 significant release of fission products to the enviroms.

Design Basis Accidents

Descriptions, Assumptions, and Analysis

We and the applicant have evaluated a broad spectrum of accidents
that might result from postulated failﬁres of equipment, or their
maloperation. Four highly unlikely accidents (design basis accidents)
that are representative of the spectrum of types and physical loca-
tions of postulated causes and that involve the various engineered

safety features systems have been analyzed in detail, The calculated
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consequences of these design basis accidents exceed those of all
other accidents considered and are the same as those amalyzed for
previously licensed BWR plants., The design basis accidents analyzed
were: {1) control~rod-drop, (2) refueling, (3) steam-line-break, and
(4) loss~of-coolant accidents. Qur evaluation of these accidents
shows that the calculated doses resulting from these postulated
accidents are well within tﬁe 10 CFR Part 100 guideline wvalues. The
results of this analysis are shown in Table 15.1 using the accident
assumptions given in Table 15.2. OQur analysis also shows that the
control room design is such that the exposure guidelines of General
ﬁesigﬁ Criterion 19 are met and therefore the computed dose to
operating personnel dJuring postulated design basis accidents is
acceptable.

Control Rod Drop Accident

The analysis techniques for this accident are being revised by
the General Electric Company. GE Topical Reports NEDO - 10527 %0 and
its Supplement 1, "Rod Drop Accident Analysis for Large BWR's,"
dated March 1972 and July 1972, respectively, were submitted to the
Regulatory Staff. Supplement 1 presents the GE analysis of the rod
drop accident for the Browns Ferry and Zimmer class of BWR's which
uses gadolinium for axial power shaping and multiple enrichment fuel
designs... The Duane Arnold Nuclear design is similar to that for

Browns Ferryj hence, the current staff review of other applicant or

s
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| TABLE 15.1

fOTENTIAL OFFSITE DOSES DUE TO DESTGN BASIS ACCIDENTS

Loss of Coolant
Fuel Handling
Steam Line Break

Control Rod Drop

Twe Hour

Exclusion Boundary

(440 meters)

Thyroid Whole Body
(Rem) (Rem)
32 2
<l <1
37 <1
23 1

Course of Accident
Low Population Zone

{9656 meters)

Thyroid Whole Body
{(Rem) {Rem)
98 3
<1 <]
2 <l
4 <1
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TABLE 15,2

ASSUMPTIONS USED FOR STAFF ANALYSIS OF DESIGN BASIS ACCIDENTS

Logs~of~Coolant Accident Assumptions

1.

2.

Power Level of 1658 MWt.

Safety Guide No. 3 assumptions were used for evaluating
the potential'radfological consequences.

Containment leak rate of 2.0% per day.

Charcoal filter efficiency of 90% for elemental iodine,
and 70% or organic iocdine,

HEPA filter efficiency of 90% for particulate iodine.

100 meter stack release point with Safety Guide No. 3 (

meteorclogical conditions as modified by omsite meteorologicalx
and terrain elevation data.

If the leak rate is zero and the CAD system is used, the doses
given in Table 15.1 for this accident would be less than 30 rem

(thyroid) for the LPZ course of accident,

Refueling Accident Assumptions

1.

2.

Rupture of 111 fuel rods.

All gap activity in the rods, assumed to be 10% of the noble
gases and 107 of the iodine (with a peaking factor of 1.5)
is released to the pool water.

The accident occurs 24 hours after shutdown.
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4. 997 of the iodine is retained in the pool water.

5. <Charcoal filter iodine remoéal efficiency of 90% for elemental
iodine and 70% for organic icdines.

6, Elevated release as in the LOCA analyses.

7. The meteorological conditions assumed are the same as described

for the 0-2 hour periocd following a loss-of-coolant accident.

(1)

Control-Rod-Drop Accident Assumptions

1. The accident occurs duerto a 2,5% AX control rod drop.

2. 330 fuel rods are damaged.

3. Peaking factor = 1.50.

4. 100%Z of the noble gases and 50% of the iodines are released
from the fuel.

5. A reduction factor of 10 is allowed for iodine passing
through the primary system water.

6. A plate~out factor of 2 igs allowed for iodine in the turbine
and condenser.

7. High radiation is detected in the steamline signaling the
vacuum pump to stop and the isolation valves to close. {5

second valve closure time.)

(1)

These assumptions may be modified in the near future to conform

with the results of our study and analysis of the control rod drop
accident described in paragraphs 7.6 and 15.2.2 of this safety
evaluation report. Preliminary results of the rod drop accident
using the analysis modification recommended by our consultant,
Brookhaven National Laboratory, and assuming the Rod Sequence Control
System to be operable results in approximately 600 fuel rods perfora-
tion and increases the calculated doses from this accident by a
factor of two, which is still well below the 10 CFR Part 100 guidline
values.
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All of the activity is contained by the turbine and condenser.
A constant leak rate of 0.5% per day from the turbine and.
condenser is assumed.

The total accident duration is 24 hours.

Safety Guide No. 3 ground level release with credit for a

wake factor.

D. Steam~Line-Break Accident Assumptions

Accident occurs at full power level of 1658 MWt.
Safety Guide No. 53® assumptioms.

Steamline isoclation wvalve closes in 5 seconds.

Release of all activity occurs within two hours at 30 (

meters helight,
Coolant concentrations are based on 1.0 Ci/Sec gaseous

release rate (20 pc/ce total iodines).



15-7

vendor submitted information on the Browns Ferry énd Peach Botiom
Units 2/3 facilities apply also to DAEC. Tollowing our approval of

a revised analytical model and our dpproval of control rod system
modifications, the applicant (IELP) will provide the appropriate
documentation amending the DAEC operating license application and
will also install the AEC approved control modifications. The appli-
cant's commitment is discussed in FSAR Amendment 9 (response to
question 14,15) and also in paragraph 7.6 of this Safety Evaluation.
We find this plan of action to be acceptable and has reasonable
assurance for orderly completion prior to fuel loading.

15.3 Containment Purge Dose, Post~LOCA

It has been calculated by the applicant that purging of the
containment atmosphere after 35 days elapsed time in the post-LOCA
period may Ee needed in order to prevent containment pressure buildup.
We have made calculations of the ex.lusion area boundary dose resulf-
ing from a continuous purge of containment atmosphere beginning after
30 days, post-LOCA with purge rates equivalent to 2% and 5% of a con-
tainment volume of 2.04 x 105 fts, with a ¥x/Q of 1.35 x lOw6 sec/mg,
thermal power level of 1658 MW, and a filter efficiency for radio—
iodines of 907 elemental iodine and 70% organic iodines. The result-

ing doses from both purge rates (2.82 cfm and 7.1 cfm) are less than

our current criteriaz of 1/10 the 10 CFR Part 100 values.
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Liquid Radwaste Tanks Failure

We analyzed a postulated failure of the liquid radwaste tanks
and release of their contents to the soil surrounding the Category II
seismic design Radwaste Building. Using the concentrations of
specific nuclides in the radwaste liquid inventory, conservative
values of soil permeability, and dispersion, dilution and transit
time to the Cedar River, we have determined that this remote event
results in concentrations in water of specific radionuclides din the
vicinity of Cedar Rapids wells to be less than the guidelines of

10 CFR Part 20, "Concentrations for Drinking Water."
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TECHNICAL SPEFICATIONS

The Technical Specifications of a license define certain features,
characteristics, and conditions governing operation of a facility
that cannot be changed without prior approval of the AEC. The proposed
Technical Specifications for the Duane Arnold Fnergy Center will be
similar in scope and content of recently licensed BWR's and are
essentially complete. We have held meetings with the applicant to
discuss their contents and some modifications to the proposed Technical
Specifications have been suggested both by the staff and the applicant
to more clearly describe the allowed conditions for plant operatiom.
The finally approved Technical Specifications will be included as part
of the operating license. Included are sections covering safety limits
and limiting safety system settings, limiting conditions for operationm,
surveillance requirements, design features, and administrative controls.
On the basis of our review, we will assure that normal pilant operation
within the limits of Technical Specifications will not result in
potential offsite exposures in excess of 10 CFR Part 20 limits and/or
our guidance on meeting the "as low as practicable" releases of radio-
activity. Furthermore, the limiting conditioms of operation and
surveillance requirements will assure that necessary engineered safety
features for continued plant operation will be available in the event

of malfunctions within the plant.
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REPORT OF THE ADVISORY COMMITTEE ON REACTOR SAFEGUARDS (ACRS)

ACRS Construction Permit Letter

In its letter dated December 18, 1969 to the Commission, the
Advisory Committee on Reactor Safeguards indicated certain matters
would require resolution between the applicant and the regulatory
staff. FEach of these matters are discussed in this Safety Evaluation
report. The matters indicated in the ACRS letter and reference in
this report are: (1) Solution cavities (see paragraph 2.5.2), (2)
Emergency cooling water system (see paragraph 9.2.3), (3) Main steam
line inspection (see paragraph 10.3), (4) Main steam line isolation
valves seal system (see paragraph 6.2.6), (5) Instrument Line failure
{see paragraph 6.2.4), (6) AIWS (mee paragraph 7.5), (7) Combustible
gas control (see paragraph 6.2.5), (8) Fuel cask drup {see paragraph
%.1.2).

The above matters were specifically identified in the ACRS
construction permit letter. Other problems related to boiling water
reactors which have been identified by the regulatory staff and ACRS
are covered im the organization of this Safety Evaluation report. The
applicant has identified and discusses those matters identified by
the ACRS construction permit letters in Appendix H of the FSAR.

ACRS Operating License Letter

The report of the ACRS on this project for the operating license
review will be placed in the Commission's Public Document Room and will

be published in a supplement to this evaluation report.
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QUALITY ASSURANCE

General

The description of the Quality Assurance (QA) Program for the
operation of the Duane Arneld facility is contained in Appendix D
to the FSAR, supplemented by the QA information contained in
Amendments 1, 7, 10, and 11 to the application which were filed in
response to our requests for additional information. Our evaluation
of the QA Program is based on a review of this information and
related discussgions with the applicant to determine the ability of
Towa Electric and Power Company (TELP) to comply with the requirements
of Appendix B to 10 CFR 50,8

Organization and Program

Responsibility and authority teo define and direct the Quality
Assurance Program is assigned by TELP to the Engineering Vice-
President, who is also the Duane Arnold Project Manager. IELP's
Quality Assurance Manager reports to the Project Manager and is
responsible for the administration of the QA Program. The QA
Manager also has direct communication with IELP's President,
independent of the remainder of the Project Group, for quality
matters.

The QA organization for the Duane Arnold Energy Center, (DAEC),
for the period through preoperational testing will be maintained

the same as during the design and construction phase.
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During preoperational testing, procedures and tests on safety-
related systems will be reviewed and auditied by the QA staff.
Beginning with fuel loading and plant operations aétivities, plant
staff QC personnel, reporting directly to omsite plant management,
will be assigned on a full time basis. The dqties of these QC
personnel will include work inspection, verification of procedure
implementation, plant quality planning, specification monitoring,
materials and equipment control, and records monitoring., The QA
Manager, who is located at IELP's headquarters office; will also
have full time QA representatives at the plant site.

Based on our review of IELP's plans for the staffing and
organization of the QA function, we conclude that IELP has provided
an acceptable organization, adequate indepeﬁdence, and proper
management involvement for the remainder of design, construction,
and preoperational testing efforts, and for operational phase
activities,

Audit Program

The QA Manager and his headquarters and onsite staff will
audit safety related activities cover the service life of the plant.
This audit function will include audit of offsiﬁe Engineering
Support Group activities and audit of onsite operational activities.
The onsite activities to be audited, an& the audit frequency, has

been delineated by IELP. The QA organization will alsc provide a
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review of the requisition and vendor qualification for all safety
related material, equipment, and services for maintenance, modifica-
tion, repair, rework, and design changes.

Neither site nor headquarters QA persoannel will be members of
either the Plant Safety or Operating Committee who are chartered to
call on IELP's QA staff as required. However, IELP requires QA
personnel to audit the functioning of these committees and the
implementation of their decisions.

We conclude that the audit program described in the applica-
tion is adequate to provide acceptable management attention to
quality related activities during the operational phase and meets
the provisions of Appendix B to 10 CFR Part 50.8

Quality Control and Quality Assurance for Fuel Manufacturing

and Performance

We have evaluated IELP's plan for review of reactor fuel to
assure its long term integrity. The applicant has described the
design and manufacturing features of the DAEC fuel which are
intended to minimize possible fuel failures. These include
restriction of possible moisture and hydrocarbon contaminants in

the U0, pellets, inclusion of a hydrogen getter device in each

2
fuel rod, chamfered pellet ends, and shorter pellet length. These

features of fuel design represent current state of the art actions

that would minimize fuel failures during plant operation. Although
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we consider such éctions appropriate for minimizing fuel failures,
we will continue our surveillance of nuclear fuel performance
to evaluate its operation. IELP's actioms in assuring adequacy of
purchased fuel are presently limited to the audit of the fuel
manufacture. We conclude that TELP's QA Program for fuel is

acceptable.

Quality Assurance During Station Operation

IEL? has committed to implement the requirements of Appendix B
to 10 CFR 50% and the provisions of AEC Safety Guide 3337 during the
operational phase of the Duane Arnold Energy Center. This is
acceptable.
Conclusions

Based on the applicant's commitments and on our review of the

QA Program described in the FSAR and related amendmeﬁts, we have

concluded that the description of the QA Program complies with the

requirements of Appendix B to 10 C?R'SO,B and is acceptable for

Duane Arnold facility operation.

T



19.0

19-1

COMMON DEFENSE AND SECURITY

The applicant states that the activities to be conducted would
be within the jurisdiction of the United States and that all of its
directors and principal officers including those of the other par-
ticipating companies are United States citizens. We find nothing
in the application to suggest that the applicant, or the other par-
ticipating companies are owned, controlled, or dominated by an
alien, a foreign corporation or a foreign government. The
activities to be conducted do not involve any restyicted data,
but the applicant has agreed to safeguard any such data which
might become involved in accordance with the regulations. The
applicant will obtain fuel as it is needed from sources of supply
available for civilian purposes, so that mo diversion of special
nuclear material from military purposes is involved. For these
reasons, and in the absence of any information to the contrary,
we have found that the activities to be performed will not be

inimical to the common defense and security.
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FINANCIAL QUALIFICATIONS

The Commission's regulations which relate to financial data and
information required to establish financial qualifications for an
applicant (and co-applicants) for a facility operating license are
presented in paragraph,SO.BBij and Appendix C of 10 CFR Part 50.

We have reviewed the financial iInformation presented in FSAR
Amendment No. 10-A and its supplement and conclude that the appli-
cant and co-applicants possess or can obtain the necessary funds to
gperate the Duane Arnold Energy Center and if necessary, permanently
shut down the facility and maintain it in a safe shutdown condition.
A detailed discussion of the basis for our conclusion is presented

in Appendix D to this Safety Evaluation,
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FINANCTAL PROTECTION AND INDEMNITY REQUIREMENTS

Financial Protection and Indemiity Regquirements

Pursuant to the financial protection and indemmification pro-
visions of the Atomic Energy Act of 1954, a% amended {Section 170
and related sections), the Commission has issued regulations in
10 CFR Part 140, These regulations set forth the Commission's
requirements with regard te proof of financial protection by,
and indemnification of, licensees for facilities such as power
reactors licensed under 10 CFR Part 50,

Preoperational Storage of Nucledr Fuel

The Commission's regulations in Part 140 require that each
holder of a construction permit under 10 CFR Part 50, who is also
to be the holder of a license under 10 CFR Part 70 authorizing the
owvnership and possession for gtorage only of speecial nuclear
materials at the reactor constructim site for future use as
fuel in the reactor (after issuance of an operating license under
10 CFR Part 50}, shall, during the interim storage period prior
to licensed operation, have and maintain financial protection in
the amowmnt of 51,000,000 and execute an indemnity agreement with
the Commission. Proof of financial protection is to be furnished
prior to, and the indemnity agreement executed as of, the
effective data of the 10 C¥R Part 70 license. No license

authorizing the ownership and possession, for storage only, of
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special material at the reactor comstruction site for future use as
fuel in the reactor will be issued until proof of financial protec~
tion in.the requisite amount has heen received and the requisite
indemnity agreement executed.

Operating License

Under the Commission's regulations, 10 CFR Part 140, a license
authorizing the operation of a reactor may not be issued until
proof of financial protection in the amount required for such
operation has been furnished, and an indemnity agreement covering
such operation (as distinguished frqm, for example, preoperational
fuel storage only) has been executed.

Accordingly, no license authorizing operation of the Duane
Arnold Energy Center will be issued until proof of financial pro-
tection in the requisite amount has been received and the requisite

indemnity agreement executed.

e

e /‘H\‘
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22.0 CONCLUSTIONS

Based on our evaluation of the application as set forth above,

we have concluded that:

1. The application for facility license filed by the applicant,
dated November 4, 1968, as amended (PSAR with 15 amendments
and FSAR with 11 amendments) comply with the requirements of
the Atomic Energy Act of 1954, as amended (Act), and the
Commission's regulations set forth in 10 CFR Chapter 1; and

2. The construction of the Duane Arnold Energy Center (the
facility) has proceeded, and there is reasonable assurance
that it will be complete, in conformity with Provisional
Construction Permit No. CPPR~/0, the application as amended,
the provisions of the Act, and the rules and regulations of
the Commission, and

3. The facility will operate in conformity with the application
as amende&, the provisions of the Act, and the rules and
regulations of the Commission; and

4. There is reasonable assurance, assuming satisfactory completion
of our review of those items which we have elected to defer,
that the activities authorized by the operating license can be
conducted without endangering the health and safety of the
public, and that such activities will be conducted in compliance
with the regulations of the Commission set forth in 10 CFR Part 1;

and
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5. The applicant is technically and financially qualified to
engage in the actiyities authorized by an operating license

in accordance with the regulations of the Commission set forth

in 10 CFR Part 1; and
6. The issuance of an operating license for DAEC will not be

inimical to the common defense and security or to the health
and safety of the public.

Prior to any public hearing on the matter of the issuance of
an operating license to the applicant for the Duane Arnold Energy
Center, the Commission's Directorate of Regulatory Operations will
prepare a supplement to this Safety Evaluation which will deal with
those matters relating to the status of construction completion
and conformance of that construction to the construction permit and
the épplication. Before an operating license can be issued to the
~applicant the facility must be completed in conformity with the
construction permits, the application, the Act, and the rules and
regulations of the Commission. BSuch completeness of construction
as is required for safe operation at the authorized power level must
. be verified by the Commission's Directorate of Regulatory Operations
prior to issuance of a license. Further, before an operating license
ig issued, the applicant will be required to satisfy the applicable

provisions of 10 CFR Part 140.



APPENDIX A
CHRONOLOGY

REGULATORY REVIEW OF

TOWA ELECTRIC LIGHT AND POWER COMPANY'S

DUANE ARNOLD ENERGY CENTER

June 22, 1970 Construction Permit CPPR~70 issued to
Applicant.

November 1571 Applicant submitted Revised Environmental
Report

November 26, 1971 Determination Not to Suspend Construction

Activities at the Duane Arnold Energy
Center Authorized Pursuant to CPRR-70
Pending Completion of NEPA Environ-
mental Review

March 1, 1972 Applicant tendered amended application
for OL with six copies of the FSAR for
distribution and start of the AEC's
first three weeks preliminary safety
review.

March 13, 1972 Letter to applicant requesting informa-
tion on blowdown forces in torus.

March 28, 1972 Meeting with applicant to discuss results
of the preliminary review of the FSAR
and to hear Chicago, Bridge and Iron
Co. discuss the repair of reactor
vessel nozzles.

April 5, 1972 Meeting with applicant to discuss
improvements in the FSAR prior to
formal submission of an application
for OL,

April 14, 1972 Meeting with applicant and tour of
the site by Licensing Project Manager
and Technical Review expert on piping
restraint design.



May 8, 1972

June 8, 1972

June 21, 1972

June 29, 1972

“July 5, 1972
July 7, 1972

July 10, 1972
~July 10, 1972

July 12, 1972

July 20 & 21, 1972

July 27 & 28, 1972

Applicant formally submitted amended
application for OL with FSAR and
Amendment No. 1. :

Meeting with applicant to discuss
emergency plan, Industrial security

‘plan, training of operators, operating

procedures, review of environmental
matters, and the safety review schedule.

Letter to applicant requesting
additional information for safety
review.

Meeting with applicant to discuss
the instrumentation and control
system, the electrical system, and
the review schedule.

Amendment No. 1 to the DAEC Environ-
mental Report is submitted by
applicant.

Letter to applicant requesting
additional information for safety
review.

Applicant filed Amendment No. 2
to the FSAR.

Applicant submitted information on
blowdown forces im torus.

Applicant submitted information on
radiological release source terms.

Two day meeting with applicant to
discuss site analysis, hydrology,
meteorology, structural engineering
design, code classifications, and
thermal~-hydraulic analysis of core.

Two day meeting with applicant to
discuss pipe whip restraint design and

installation, recirculation pump seizure,

RV vibration testing, seismic design,
containment isolation, containment

Pl



July 31, 1972

August 7, 1972

August 11, 1972

August 15, 1972
August 17, 1972

August 30 & 31, 1972

September 6 & 7, 1972

September 15, 1972

September 16, 1972

September 18, 1972

September 28, 1972

atmospheric dilution system,

effluent treatment, the prepared-—
ness plan, and the industrial security
plan.

Applicant filed Amendment No. 3
to the FSAR.

Letter to applicant requesting
additional information for safety
review.

Letter to applicant regquesting
additional information for safety
review.

Applicant submitted information amend-
ing response (7/12/72) on source terms.

Letter to applicant requesting addition-
al information for safety review.

Two day meeting with applicant to
review the instrumentation and
electrical systems,

Two day meeting with applicant to
review the iInstrumentation and
electrical systems and the
industrial security plan.

Applicant submitted Amendment No. 4
to the FSAR.

Applicant submitted supplement to the
DAEC On~-Site Meteorological Data.

Letter to applicant requesting
additional information for safety
review.

Initial meeting with applicant to
discuss the Technical Specifications.



September 29, 1972
October 3, 1972

October 3, 1972

October 5 & 6, 1972

October 6, 1872
October 17, 1972
October 20, 1972

October 24 & 25, 1972
November 1, 1972
November 3, 1972
November 13, 14 & 15
November 20, 1972

November 20, 1972

Applicant submitted Amendment No. 5
to the FSAR.

Letter to applicant with statements
of requirements.

Amendment No. 2 to the DAEC Environ=~
mental Report is submitted by appli-
cant.,

Two day meeting with applicant to
reviey the P & T diagrams of electrical
systems and instrumentation and

control systems.

Applicant submitted Amendment No. 6
to the FSAR.

Letter to applicant with position
statements,

Applicant submitted Amendment No. 7 s
te the FSAR.

Licensing project manager and staff
hydrologist visited site to discuss

and observe progress being made on
safety review and facility construction.

Letter from applicant with response
our statement of requirements dated
10/3/72.

Applicant submitted Amendment No. 8
to the FSAR.

Site visit by staff electrical engineer
to review and evaluate the installed
electrical and instrumentation systems.

Letter to applicant with statements
of requirements.

Letter to applicant requesting additional

information on fuel densification.

I,



November

November

November

December

December

DPecember

December

December

December

20, 1972

21, 1972

30, 1972

11, 1972

14 & 15,

15, 1972

18, 1972

20, 1972

21, 1972

January 2, 1973

January 8§, 1973

1972

Draft Environmental Statement is
distributed.

Applicant submitted Amendment No. 9
to the FSAR.

Letter to applicant requesting
financial information.

Applicant submitted Amendment 10
to the FSAR.

Two day meeting with applicant to
digcuss matters bearing on prepara-
tion of the Safety Evaluation Report
(SER).

lLetter to applicant requesting informa-
tion concerning a postulated break

of the main steamline outside contain-
ment.

Letter from applicant with description
of plan to design, test, and install
a MSL-1IV seal system.

ACRS Subcommittee site wvisit.
Letter from applicant with financial
information in respomse to our request

dated 11/30/72: Amendment 10A.

Letter from applicant with supplement
to Amendment 10A

Applicant submitted Amendment 11 to
the FSAR
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APPENDIX B
BIBLTOGRAPHY

(Pocuments referenced in the Safety Evaluation Report)

Final Safety Analysis Report with Amendments 1 through 11 for
the Duane Arnold Energy Center, with dates from May 1972 through
January 1973.

United States Atomic Energy Commission Ruleg and Regulations,

10 CFR Part 50, Licensing of Production and Utilization Facilities.

United States Atomic Energy Commission Rules and Regulations,
10 CFR Part 2, Rules of Practice.

United States Atomic Energy Commission Rules and Regulations,
10 CFR Part 9, Public Record.

IEEE Criteria for NPP Protection Systems (IEEE 279) August, 1968.

United States Atomic Energy Commission Rules and Regulations,
10 CFR Part 100, Reactor Site Criteria.

10 CFR Part 50, Appendix A, General Design Criteria for Nuclear
Power Plants (GDC).

10 CFR Part 50, Appendix B, Quality Assurance Criteria for
Nuclear Power Plants and Fuel Reprocessing Plants.

Safety Guide #23, Onsite Meteorological Programs.
Hydrometeorological Branch, Natural Oceanic and Atmospheric
Administration (NOAA), "Probable Maximum Precipitation Over
South Platte River, Coclorado and Minnesota River, Minnesota,"”

January 1969 Hydrometeorcological Report No. 44.

U. $. Corps of Engineers, EM 1110-2-1405, "Flood Hydrology
Analyses and Computations."

Safety Guide #26, Quality Group Classifications and Standards.

ASCE Paper No. 3269, "Wind Forces on Structures' Structural
Division, Transactions American Society of Civil Engineers, 1961.

Safety Guide #12, Instrumentation for Earthquakes.
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ACI 318-63, American Concrete Institute, "Building Code Require-
ments for Reinforced Concrete,"

AISC Specifications, AlSC Manual of Steel Construction.

Safety Guide #20, Vibration Measurements on Reactor Internals.

_American Society of Mechaniecal Engineers (ASME) Boiler and
‘Pressure Vessel Code (BPYC), Sections ITI, VIII, IX and XI.

USAS B 31.1.0-l967:', Power Piping.

General Electric Topical Report NEDO-10527, "Rod Drop Accident
_Analysis for Large BWR's" and Supplement No. 1.

General Electric Topical Report APED 5286, "Design Basis for
Critical Heat Flux Condition in Boiling Water Reactors
September 1966.

General FElectric Topical Report NEDO-10320, "The General Electric
Pressure Suppression Containment Analytical Model" May 1971.

Safety Guide #11, Instrument Lmes Penetrating Primary Reactor
Containment.

Safety Guide #7, Control of Combustible Gas Concentrations in
Contaihment Following a lLoss-of-Coolant Accident,

Safety Guide #1, Net Positive Suction Head for FEmergency Core
Cooling and Containment Heat Removal System Pumps.

General Electric Topical Report NEDO-IOBZ;Q, "Analysis of
Anticipated Transients Without Scram" March 1571,

Safety Guide #6, Independence Between Redundant Standby (Onsite)
Power Sources and Between Their Dlstrlbutlon Systems,

Safety Guide #9, Selection of Diesel Generator Set Capacity for
Standby Power Supplles.

IEEE Criteria for Class IE Electrical Systems for Nuclear Power
Generating Stations (IEEE-308).

S_afety Guide 27, Ultimate Heat Sink.

API Code 620, or 650, Standard for Design and Construction of
Low Pressure Storage Tanks or Atmospheric Storage Tanks.

SN



32,

33.

34,

35.

36.

37.

United States Atomic Energy Commission Rules and Regulations,
10 CFR Part 20, Standards For Protection Against Radiation.

ANST N 18.1-1971, "Selection and Training of Nuclear Power Plant
Personnel."

ANST N 18,7-1972" Standard for Administrative Controls for
Muclear Power Plants.'

Safety Guide 17, Protection Against Industrial Sabotage.

Safety Guide #5, Assumptions Used For Evaluating the Potential
Radiological Consequences of a Steam Line Break.

Safety Guide #33, Quality Assurance Program Requirements
(Operations) .



APPENDIX C

REPORT ON THE SITE SEISMICITY FOR THE
DUANE ARNOLD ENERGY CENTER, TOWA

At the reguest of the Division. of Reactor Licensing o
‘the Atomic Energy Commission, the Selsmology Division of the
Coast and Geodetic Survey has evaluated the seismicity of
the‘area around the proposed Duane Arnold Energy Center near
Palo, JTowa, and has reviewed a simllar analysls presented by
the applicant in the "Preliminary Safety Analysis Report,”
The qpplicant's report on the site seismiclty is adequate
for the determination of the seismic factors for construc-
tion at this site.

The geologic evaluation indicates that fhis slite is lo-
cated in the northern part of the Interior Lowlands Tectonlc
Province of the Cenftral Stable Region of North America. The
structure of the Precambrian crystaliine rocks, 1s poorly
known. Consequently, historic earthdquake activity cannot be
assoclated with any specific tectonic structure. Therefore,
it must be agsumed that earthquakes characterlstic of the re-
glon couid occur near the plant site. There are no known
active faults or other recent geologic structures that could
be expected to localize sedsmiciby Iln the immediste vicinity

of the site.



Review of The selsmlicity of the area indlcates that there
have bgen no earthquaké eplcenters located within 75 milaz of
the propoaad planﬁ site. Moderate earthquakes, probably asso-
ciated with the Nemaha uplift, the Sandwlch Fault, and the St.-
.. Genevieve fault zone are-suffliclently far from the site to
have only minor indluence on the:seismic evaluation, In con-
.sideration cf othér geologic structures such as the Thurman-
Wilson fault zone; and the postulated faults located 10 and 17 -
miles Ffrom the plant site, there is no record of seismic activ-
- 1%y assocliated with these features.

MaJor earthquake reglons, such as New Madrid,IMissouri,
are at least 400 miles from the proposed plant site and there-(.A
fore do not have a significant affect on the determination of
the selsmic factor. However, withln the tectonic reglon in
which. Bhe proposed plant 1s to be located, there have been
Intensity V events and 1t must be assumed that similer events
could occur in the vieinity of the propeosed plant.

Therefore, as a result of the review of the selsmologleal
and geological characteristics of the area, the Coast and Geo-
| detic Sarvey_recommends_that‘gn acceleration Qf 0.06g, result~
ing_from_an Intensity vV (MM) earthquake, would be adequate for

representing selsmic disturbances likely to oceur within the

o



'lifetime of the'facility, Also, the Survey recomnmends that
an acceleration of 0.12g, resulting from an Intensity VI (MM)
earthduake, would be adequate for representing the ground
motlon from the maximum earthauake likely to affect the site.
It is belleved that These wvalues would provide sn adequate
basls for designing protectlon against the loss‘offfunction:

of components important to safety;

U, S. Coast and Geodetlc Survey
Rockville, Maryland 20852

October 24, 1969



APPENDIX D

UNITED STATES
ATOMIC ENERGY COMMISSION

WASHINGTON, D.C., 20545

December 29, 1972

Wo R. Butler, Chief
BWR Projects Branch #1, Licensing
THRU: W. E. Campbell, Asst. Contr. for Accounting

IOWA ELECTRIC LIGHT AND POWER CO., ET AL: DUANE ARNOLD ENERGY
CENTER, DOCKET NO, 50-331

Enclosed is my financial testimony on the subject matter. The
testimony bas been prepared for inclusion in the main body

of the staff's Safety Evaluation with a financial analysis

of each participant attached as an appendix.

/627 S C @nstt
Raymond~L, Carroll

Staff Accountant

Accounting Procedures Branch, 0C
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FINANCIAL QUALIFICATIONS

The Commission's regulations which relate to the financial data and informa-~ L
tion required to establish financial qualifications for applicants for an
operating license are 10 CFR 50,33(f) and 10 CFR 50, Appendix C. The basic |
applicétion of Towa Ele¢tric Light and Power Company, and co-applicants k
Central Iowa Power Cooperative, and Corn Belt Power Cooperative, Amendment

No. 10~A, and the accompanying certified annual financial statements of the
applicant and co-applicants provide the financiéx,information required by

the Commission’s regulations. This information includes the estimated i
annual costs of operating the Duane Arnéld.ﬁnergy Center for the first {
five years of operation plus the estimated'cqst of permanently shutting

down the facility and maintaining it in a safe shutdown condition. (

Our evaluation of the financial data submitted by the applicant and co- ]
applicants, summarized below, provides reasonable assurance that they

possess 6f_can.pbtéin the necessary funds to meet the requirements of {
10 CFR 50.33(f) to operate the Duane Arnold Energy Center, and if
necessary permanently shut down the facility and maintain it in a safe

shutdown condition.

The applicant and co-applicants each have an undivided ownership interest

in the station as follows: Towa Electric Light and Power Company - 70%,
Central Iowa Power Cooperative - 20%, and Corn Belt Power Cooperative - 10%7. i

They have agreed to share cost of operation, cost of permanent shutdown,

cost to maintain the shutdown facility in a safe condition, and power produced]

(o

by the unit in the ratio of their respective ownership interests.
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The Duane Arnold ¥nergy Center will be used to augment the applicant's and
co~applicants’ present electrical generating capacities. The funds to be
provided by each applicant or co-applicant to meet its share of operating
costs, permanent shutdown costs, and costs to maintain the shutdown faecility
in a safe condition will be derived by each applicant from its overall
operations. Estimated annual'costs to operate the unit for the first five
years are presently estimated by the applicants to be {(in millions of dollars)
$27.6, $26.1, $25.5, $25.0, and $25.0 in that order. These costs include
amounts for operation and maintenance, fuel, insurance, labor and applicable
overheads, property taxes, material and supplies, and depreciation. In
addition, the applicants estimate the cost of permanently shutting down the
facility at the conclusion of its useful iife will be $9.8 million, based

on 1972 dolliars. It is estimated that an annual cost of $200,000 (in 1972
dollars) will be incurred to maintain the facility in a safe shutdown
condition. The anticigated kilowatt hours to be generated at the Duane
Arnold Energy Cepter, if priced at current average revenue per kwh of the
respective applicants, would yield aggregate r%vehue of $59 milliom to

$71 million each year from 1974 through 1978.

The infofmation contained in Jowa Electric Light and Power Company's (Iowa)
calendar year 1971 financial,report indicates that operating revenues for
1971 totaled $87.6 million; operating expenses were $75.5 wmillion, of
which $7.7 million represented depreciation. The interest on long-term

debt was earned 2.3 timesj and the net income for the year was $8.2

million, of which $6.8 million was distributed as dividends to stockholders
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and the remainder of $1.4 milliom was used in tﬁe business. As of
December 31, 1971, the Company's assets totaled $281.6 million, most
of which was invested in utility plant ($248.9 million); retained earnings
amounted to $33.2 million. Financial ratios computed from the 1971 state-
ments indicate an adequate financial condition, e.g., long-term debt to
total capitalization ~ .52, and to net utility plant - .44; net plant to

capitalization - 1.16; the operating ratio - .86; and the rates of return

on common - 9.1%, on stockholders' investment - 7.9%, and on total invest-
ment - 5.3%. The record of Iowa's operations over the past 4 years reflects
that operating revenues increased from $64.1 million in 1967 to $87.6

million in 1971; net income increased from $7.4 million to $8.2 million;

and net investment in plant from $161.2 million to $248.9 million; while tﬁ

number of times long~term interest was earned declined from 3.4 to 2.3,
Moody's Investors Service rates the Company's first mortgage bonds as Aa
(high quality). The Company's current Dun and Bradstreet credit rating is

3A1.

The information contained in Central Iowa Power Cooperative's (Central)
calendar year 1971 financial report indicates that operating revenues for
1971 totaled $7.7 million, and operating expenses were $6.7 million, of

&
which $1.0 million represented depreciation. Interest on long-term

;
debt was earned 2.7 times; and the net margin for the year was $.7 million

Central is exempt from Federal income tax. The rate which Central charges
to members is year by year based upon actual cost of doing business, plus
any margins approved by the board of directors. As of December 31, 1971,

Central's assets totaled $44.7 willion, most of which was invested in
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utility plant ($37.1 million); member equities amounted to $4.9 million,
Financial ratios computed from the 1971 statements indicate an adequate
financial condition, e.g., long-term debt to total capitalization ~ .89,

and to net utility plant -« 1.03; net plant to capitalization -~ .86; the
operating ratio - .87; and the rate of return on members equity - 14.3%, and
on total investment - 2.5%. The record of Central's operations over the
past &4 years reflécts that operating revenues increased from $3.9 million
in-1967 to $7.7 million in 1971; net margin increased from $.2 million

to $,7 million; and net investment in plant from $15.9 million to $37.1

million. Central's currenmt Dun and Bradstreet rating is 3Al.

The information contained in Corn Belt Power Cooperative's (Corn Belt)
calendar vear 1971 financial report indicates that operating revenues

for 1971 totaled $6.6 million; operating expenses were $6.3 million, of
which $1.0 million represented depreciation. The interest on long-term
debt was earned 1.0 time; and net margin for the year was a deficit of

$9 thousand. As of December 31, 1971, Corn Belt's assets totaled $36.7
million, most of which was inﬁested in utility plant ($31.6 milliom);
members equity amounted to $4.3 million. Financial ratios computed from
the 1971 statements indicate an adequate financial condition, e.g., long-
term debt to total capitalikation - .87; and to net utility plant - .95;
net plant to capitalization - .92; the operating ratio - .95; and the
rate of return on members equity - none, and on total investment - 1.4%.
The record of Corn Belt's operations over the 4 years since 1967 reflects

that operating revenues increased from $5.7 million in 1967 to $6.6

million in 1971; net margin decreased from $.7 million to $.5 million




in 1970 and to a loss of $9 thousand in 1971. Net investment in plant
increased from 521.5 million to $31.6 million} while the number of times
long-term interest was earned declined from 2.5 to 1.0, Corn Belt's

current Dun and Bradstreet credit rating is 3A2.

A copy of our financial analysis of each organization reflecting these

ratios and other pextinment fimancial data is attached as an appendix.
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.IOWA ELECTRIC LIGHT AND POWER CO.
FINANCIAL ANALYSIS
DOCKET NO. 50-331

(dolla;é‘in-millions)
Calendar Year Ended Dececmber 31

1971 1970 1969
Long-term debt 5 110.4 $ 111.,2 § 96.5
Utility plant (net) 248.9 203.2 179.8
Ratio - debt to fixed plant N .55 . 54
Urility plant (net) 268,9 203.2 179.8
Capitalization 214,3 192.1 1707
Ratio of net plant to capitalization .16 1,06 1,05
Stockholders' equity 103.9 . 80.9 74.2
Total assets 281.6 Y 230.6 205.2
Proprietary ratio .37 <35 .36
Earnings available to common equity 6.4 6.3 2.8
Common equity 70.6 57.6 55.9
Rate of earnings on common equity 9.1% 10.9% 10.4%
Net income 8.2 7.2 6.7
Stockholders' equity 103.9 80.9 74.2
Rate of earnings on stockholders' equity 7.9% 8.9% 9.0%
Net income before interest 15.0 13.0 11.2
Liabilities and capital 281.6 230.6 205.2
Rate of earnings on total investment 5.3% 5.6% 5.4%
Net income before interest 15.0 13.0 11,2
Interest on long-term debt 6.4 5.3 3.7
Wo. of times long-term interest earned 2.3 2.4 3.0
Ket income 8.2 7.2 6.7
Total revenues 90.5 B2.5 715.7
Net income ratioy .09 .09 .09
Total utilit$ operating expensges 755 69.5 64.5
Total utility operating revenues 87.6 81.3 75.2
Operating ratio .86 .85 .86
Urility plant {(gross) 330.1 278.5 249 .9
ptility operating revenues 87.6 81.3 75.2
Ratio of plant ipvestment to revenues 3.8 3.4 3.3
1971 1670 _
Capitalization: Amount % of Total Amount % of Total
Long-term debt $110.4 51.5% $1i1.2  57.9%
Preferred stock 33,3 15.5 23,3 12.1
Common stock & surplus 70,6 _33.0 57.6 30.0
Total §214.3  J00.0% §192.1 100.0%
Moody's Bond Rating: La
Dun & Bradstreet Credit Rating: S5A1
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CORN BELT POWER COOFPERATIVE
FINANCIAL ANALYSIS
DOCKET NO, 50-331

(dollars in millions)
Calendar Year Ended December 31

1871 i970 1969
Long-term debt ' $ 29.9 $ 25.2 $ 20.7
Utility plant (net) 31.6 26.5 22,6
Ratio - debt to fixed plant .95 .95 .92
Utility plant {net) 31.6 26.5 22,6
Capitalization 34.2 29.5 24,5
Ratio of net plant to capitalization .92 .90 .92
Members equity 4.3 4.3 4,3
Total assets 36.7 31.7 26.5
Proprietary ratio e12 .14 .16
Earnings available to memberg equity 0 .3 .5
Members equity 4.3 4.3 3.8
Rate of earnings on members equity 0 11.6% 13.2%
Net margin before interest .5 .9 .9
Liabilities and capital 36.7 31.7 26.6
Rate of earnings on total investment 1.6% 2.8% 3.4%
Net margin before interest .5 .9 -9
Interest on long-term debt o5 o o b
No., of times long-ferm interest earned 1.0 2.2 2,2
Net margin . 0 0D .5
Total revenues i 6.8 6.3 5.9
Net margin ratio k! : 0 .08 .08
Z Total utility operating expenses 6.3 5.4 5.0
- Total utility operating revenues 6.6 6.2 5.8
. Operating ratio L9 .87 .86
. Utility plant (gross) 47.6 41.8 36.9
! Utility operating revenues 6.6 6.2 5.8
E Ratio of plant investment to revenues 7.2 6.7 6.4
1971 1970
Capitalization: Amount, % of Total Amount % of Total
Long-term debt L $29.9 87.47% $25.2 85.4%,
Membership capital 4.3 12.6 4.3 14.6
Total $34,2 100,0% $29.5 100,0%

Dun and Bradstreet Credit Rating: 342




CENTRAL IOWA POWER COOPERATIVE
FINANCIAL ANALYSIS
DOCKET NO. 50-331

{dollars in millions)

Calendar Year Ended December 31

1971 1976 1569
long-term debt $ 38.2 $ 26.7 $ 22.2
Utility plant (met) 37.1 28.0 23.9
Ratio - debt to fixed plant 1.03 .95 .93
Utility plant (net) 37.1 28.0 23.9
Capitalization 43.1 30.9 26.0
Ratio of net plant to capitalization .86 .91 .92
Members equity 4.9 4,2 3.8
Total assets 467 32.5 27.5
. Proprietary ratio 11 .13 « 14
Farnings available to members equity .7 A .6
Members equity 4.9 4.2 3.8
Rate of earnings on members equity 14.3% 9,5% 15.8%
Net margin before interest 1.1 .8 1.0
Liabilities and capital 44,7 32.5 27.5
Rate of earnings on total investment 2.5% 2.5% 3.6%
Net margin before interest 1.1 .8 1.0
Interest on long-term debt A b o
No., of times long-term interest earmed 2.7 2.0 Z.5
Net margin 7 o4 . B
Total revenues . 7.8 6.5 5.9
Net margin ratio N .09 .06 .10
Total utility operating expenses 6.7 5.7 4,9
Total utility operating revenues 7.7 6.4 5.9
Operating ratio -~ 87 89 83
Urility plant (gross) 51.8 42.0 37.0
Prility operating revenues 7.7 6.4 5.9
Ratic of plant investment to revenues 6.7 6.6 6.3
. 1971 1970
Capitalization: : Amount % of Total Amount % of Total
Long-term debt $38.2 . 88.6% $26.7 86.4%
Members equities 4.9 11.4 4.2 13.6
Total $43.1 100.0% $30.9 100.0%

Dun and Bradstreet Credit Rating: 3A1
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APPENDIX E

Comments on

Duane Arnold Energy Center

3 lowa Electric Light and Power Company
i’ Final Safety Analysis Report

- Volumes I through VIII dated 5/8/72
l' and Amendment 4 dated 9/13/72

Prepared by

Alir Resources Environmental Laboratory
National Ocearnic & Armospheric Administration
January 8, 1973

The basis for our evaluation of the diffusion characteristics of the

site is the separate report entitled "On Site Meteorological Data." These
. data cover a one-year period with winds and temperatures taken at the 10

§ and 50-m levels. Depending on whether an effective ground release or an
elevated release was assumed, the winds at 10 m and 50 m were used respec-
tively.

For the short-term (0-2 hours) ground release we have estimated from the

[ joint frequency of wind speed, direction and temperature gradient in the

i vertical that a relative concentration of 8 x 10~%4 sec m~3 will be exceeded
5 percent of the time at the minimum exclusion distance of 540 m {fig.
1.5-1). This is equivalent to Pasquill Type F diffusion, a wind speed of
0.75 m/sec and .an additional dilutiom factor of 3 because of building wake
effect.

For the short-term elevated release we have assumed a constant effective
stack height of 100 m (the actual height eof the stack). We have not sub-
stracted the height of the terrain (assuming the base of the stack is at
zero) from the assumed stack height. This non~conservative assumption is
more than balanced by measuring the winds at 50 m as opposed to a release
at 100 m. From these meteorological data we estimate a relative concentra-
tion of 4 x 1076 sec w> will be exceeded 5 percent of the time occurring

' at a distance of 2500 m. This compares to a value of 2.2 x 1076 sec m3

I as shown by the applicant in figure 2 in the "On Site Meteorological Data'
. report.

For the maximum annual average concentration as a function of direction and
distance from the source, we have estimated that this will occur towards
the north of the site at a distance of 2500 m with a value of 8 x 10~8 sec
m~2. This assumes that the routine -emission will have an effective stack
height of 100 m and will be released throughout the entire year. This com-

pares with the applicant's value of 6 x 1078 sec m™3 as shown in figure 11.
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Introduction
Tha Atomic TPnsrgy Comm{aaion's Safeﬁy Evaluation Report (SER)
on the Duane Arnold lnergy (enter dated January 23, 1973, identified
cartain mntﬁero as requirinp additional information from the applicant
or that ware still under review by the Regulatory staff.
_ The purpose of this Supplement is to updata the SER based on the
Regulatory staff's reviaw of information contsinad in Amendmant 12
to the PRAR and on a discussion held with the applicant aince
{ssuance of the SER. . |
Rach of the sequentially-numbered items in this Supplement |
contains a epacific refercnce to the gqub=section of the SER that is
hoinp updated, aither hy replacemsnt with or addition of the mntirtal
: hrovided in this Supplemant.
Appendix A of this Supplament contains an updated chronmology of

our review and Appendix B is s listing of errata to the SER.
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Item 1 Replace Section 2.3.6 with:

2.3.6

Ttem 2

Conelusion

The opinion of the staff ig that tha onsite meteorological
data presented in :fu FSAR, and subsaquently verified by the applican:.
indicates that the atmogpheric dtnntluu conditions at the plant site |
are much less fawrabla than wouid normally be expected for :h!.s
pare vof the eou;t:ry. Since both the applicant and the etaff u;od
those less favorable dlspou!an éonduzonl as prasentad in the FSAR
in calculating relative concentrations for the site, the staff concludss
that the relative concentrations used for svaluation of the l:l.ti are

conservative and acceptable.

In Seatlon 5.2,2 inssrt the follow on page Se4 before the fira
full gnugyngh.

The capscity of the six u!uy/nliif valves is sufficient to
puvin: actuation of the spring loaded safety valves, following any
anticipated operational trangient with an anticipatory scram initiataed
by the steam line or turbine valve position svitches. In additionm,
the combined capacity of the aix safety/rsliaf and the two safety
valves is sufficlent to maintain the reactor pressurs below 1330 paig
(a 23 psi margin below the ASME code allowable pressure of 1375 psig),
following any in::cipacod operational transient assuming that a scram
is initiaved by high resctor pressurs and assuming that any one safety/

refief or safety valva fails to open.
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!tem 3 Add_the following at tha end of Section 6,2.6

On Pebruary 7, 1973, a maeting wae held with the applicant to
- discuss the atatus of the main steam line isclation valve sesl
aystam for the Duans Ammold plant. The applicant described three
alternative seal systems vhich were studied: a water seal gysten,
n pressurizing :;i:rogan ayntem, and a‘een:rol‘lad lénhgo synﬁim.
The applicant proposes to adopt the controlled leakage systam for
tha Duane Arold plant. Tis detalled design of the con.tronod leak-
are Nystem wﬂiﬂ‘ be aubmittud 1nHMnde 13 on about March 15, 1973,
The controlled leakage syetem proposed by the applicant for the
Duane Arnold plant used the one~inch diamster drain pipes located on
cach of the four steam lines juat inboard of the outer isolation valve
to collect and transport any leakage from the contsinmant through the
Isolation valves, to the reactor building where the leakags will da
fi{ltered by the standby gaa tveatmant syscem befors being releasad to
the atmosphare vi.a‘ the off-pas stack, Valve actuations necessary for
Ryntem opsration will be remote manually initiated, and will have i{ncer-
locks to prevent initiation unless the prassure in the steam line at a
point betwaan'che inner and outer isolation valves is beslow 50 paig,
Donipyn of the system will he in accordance with the ASME Doiler and
Praasure Vossal Code, Section III, Class 2 requiremants and seismic
Category T vequirementa. FKach of the four main steam lines will have
an indepandent controlled leakage syatem and each system will be

testable.,
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The controllad loakage system proposad would not preclude the
later adapfion and use of a water ssal or nitrogen aeal system in the
event one of these alternative systems is developed and found accept-
ahle by the Ragulatory staff.

The npplicnn:.indica:ed that the proposed controlled leakage
syantam could be installed prior to the firat refueling outage.

Although the staff has not completod its detalled review of the

proposad controlled leakage system we conelude that the propoadd

wyntem would reduce the diroct lenkago throush tha main steam isolation
valvas. We find the approach accaptable and will review the déatgn

prior to installation at the first refueling outage.

Subscitute the following for s ngteibn of Section 9.1.2

pant Fual Stovage

On page 9=3, laat paragraph, delete thc last 8 lines starting with,
"For tha pastulated event of,..," and replace with: 'The applicanct has
analyzed the postulated cvent of a cask drop and determined that tha
cask could penetrate tha floor of the cask pool. The applicant has
proposed , ih Amandment 12, to install an energy absorbing material to
mitipgate the consequence of a cask drop on the cask pool floor., Tha
design of tha energy absorbinp material will be submitted by the appli-
cant and reviewad hy the Regulatory scaff, prior ﬁo its installation,

which will be no later than the firat refueling operation,
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Introduction

The Atomic Energy Commigsion's Saféty Evaluation Report (SER)
on the Duane Arrold Energy Center (DAEC), daied Januafy 23, 1973,
identified certain matters as requiring additional information from
the applicant or that were still under vaeview by the Regulatory staff.
Supplement Number 1 to the SER, dated March 2, 1973, updated the SER
by a&dresaing eight of cthese mattars. The ACRS complated its review
of the DAEC at its M;rch 8, 1973, meating and reported its findings
in &8 leteer to Chairman Ray datgd March 13, 1973,

The putpose of this Supplement Is to address the ACRS comments

'in its lettar of Mareh 13, 19751fﬁnd to furrher update the SER, based

on the Regulatory staff's review of information contained in Amendment
13 to the FSAR and on further diecusaions held with the applicant since

isguance of Supplement L to the SER., Part A addresses the ACRS comments

‘and Part B updates the SER.

Eaeh of ﬁhe sequantially-numbesred items in Part B of this suﬁpleﬁénc
contains a épecific reference to the sub~section of the SER that is being
updated, -either by the replacement wifh. or the addition of, the material
provided in this supplement.

Appendix A of :hié supplement contains an updatad chronqlogy'of

our raview and Appendix B is a copy of the ACRS letter on the DAEC.

- e . ——— ) M i+ | o e . © e e oW
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PART A: ACRS COMMENTS

Section 17,1 of the SER provides a discussion of the ACRS letter dated
Decémber 18, 1969, which reports on thae DAEC construction permit review
by the ACRS. This part of Supplemont.Z to the SER is intended to replace
Section 17.2 of the SER and addresses the ACRS letvter dated March 13,
1873, In {ts letter of March 13; 19?3. (Appendix B of this Supplement),
the ACRS provided comments on the eight items digcussed below.

Ttem 1i Leakage Control System for the MSL Isolation Valves

The ACRS noted that the criteria for functional adequacy
of the leak-off syatem, and the detailed design in
conformance with the critaria ara not yeﬁ fully established;
and requestaed that the Regulatory staff assure itsalf that

. the system finally installed does satisfy all of the

. ﬁonsiderations appropriate ﬁo the snhancement of containment
raliability. The Regulatory staff stated on page &4 of
Supplement 1 to the SER_ths: "Although the staff has not
completed its detailed”ékview of the contzol leskage system,
we conclude that the proposed s&stem would reduce the direct
laakage through the main steam isclation valves. We f£ind
the approach acceptébie eud will review the design prior to
{nstallation at the £irst refﬁeling outage.'  The epplicant
providad in Amendmant 13 to the FSAR aome addi:;onal

information regarding the leskage control system. The
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Regulatory etaff rgafiirms its view axpressed 15 Supplement
1 as cited above and will require the applicant to provide
for its review prior to installarion, detailed design
information on the applicant's proposed leakage con:roi
system. In gddition to.the design description, the Regulatory
staff will need for its review information on:
@, reliability of the rotometer at the flow rates

considered in this application;
b. calibration of th§ rotomater whan condensing steam

is presenc‘in the leskage gas;

¢, effact of moistura in tha lsakage gas on performance

of the standby gag creatment éyscem.

Item 2t Recirculatior Pump Trip §ATWS§

The ACRS noted that the ‘applicant will employ a recireculation

~pump trip system for the DAEC prior to initial fuel loading- -

Item 3:

and recommendad that the specific means for implementing the
pump trip be resolved in a manner satisfactory to the
Regulatory staff, This matter is currently under review by

the Regulatory staff, as wa indicated in Section 7.5 of the SER.

|
Rod Sequance Control Syscem

Tha ACRS notad that ths applicant has committed to installation

of a rod sequence control system and recommended that approved
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neasures, satisfactory to the Regulatory staff, be placed

in effect prior to operation above 1% of rated power. This
matter which is zanarié to all BWR blants a8 discuased inm

paragraph 4.2,3 of the SER, will be resolved prior ro

) operation of the DAEC above 1X of rated power.

Fostulated Drop of Spent Fuel Shipping Cask

The ACRS noted that a postulated cask dropvis celcﬁlﬁted %0
reguit in penetration or cracking of the caak poocl batrom
if unprptact;d. and that the applicant intends to install
an energy absdrbiug material no later rhan the first
refgeling operation, and recommen¢ad that tbe matter be
resolved in a manngy satigfactory to the Regulatory staff.
Thé appiicant will be required te submit design inférmat;on
on the energy abscrbing material along with those megasures

needed for its surveillancs, for Regulatery staff review

prior to installation, which will be no later than the first.

refueling operation requiring movement of a shipping cask.

Potential for Missiles from Recireulation Pump and Motor

The ACRS noted that the applicant is reviewing means of
dealing with the possibility of the recif§ulation pump
impellor actiag as & turbine causing the pump and motor
to overspeed and become potaﬁtial gources of missiles.
The ACRS recommended that the matter be resolved in ab

manner satisfactory to the Regulatory staff. This matter

rotgree
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is currently under review by the Regulatory seaff.

Linear Fuel Heat Ratings ‘

The ACRS noted that potential effmscts of some aspects

of fuel performance and LOCA-ralated phenomeﬁa on acceptable
linear fuel heat ratings for the DAEC are under study and
recormended that the mattér‘ﬁe resclved {n a mannar satig-
factory to thg Regulatory ataff. The Regulatory staff is
curxently reviawing this matter and nlans to advise the

ACRS on any developments. (See Part B, Item 1 of this

Supplement,)

Protection Azainst Pipe Whip

The ACRS noted that §rovisions are made iﬁ the DAEC

for protection against pipe whip in accordance with
eriteria proposed by the RégulaCOry staff and‘recommended
that particular emphasis be devotad to the performance of
the protective systems with special ;tﬁancion during,pr;-
opérational testing and hot startﬁp to aggsure that the
protective measures meet the design critéria. The
Regulatofy s:afg p;ana.tc audit the applicant's activities

in this raegard during its startup testing of the DAEC.

Other Problems Relatingvfo’Larga Water Reactors

The ACRS recommended that other problems relating to lsrge

water reactors cited in pravious ACRS reports be dealt with
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appropriately by the ﬁagulaﬁory_staff and the applicant
as suitable appreaches are developed. The Regulatory

staff intends to follow up onm these othar problems and
inteﬁds :6 deal with them appropriastely as récammended

by the ACRS.

FURTHER UPDATING OF THE SER

In addition to the matters cited in Part A of this Supplement, cthe

Regulatory staff has continued its evaluation, as discussed below, in

the araas of fuel densification as discugsed in Section 4.2.1 of the

SER, postulated rupture in high‘enargy lines outsida containment ms

discussed in Item 7 of Supplement Number 1 to the SER, main steamline

isolacioh valve laakage as discussed in Item 3 of Supplement Number 1

to the SER, and hydrogen=-gettar in the fuel as diseusaed in Section

4.2,.1 of the SER,

Item 1:

Fuel Densification .

A anticipated in Section 4.2,1 of tha SER, the matter

of fual densifliecation 18 under review and avaluation
by the Regulatory staff for all nuclear plants. Our
currant objective 18 to complete this raview for the

DAEC during the Summer of 1973, Tha areas of review

' inélude.gap conductance and the effacts of densification

on gap conductanca, clad creepdown, clad collapse, and

the power spike due to axial gape{ We plan co_address

—————y -

ryeu/c
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thege matters ¢ a further Supplement to the SER on

complaetion of this review,

Item 2: 2Pgostulated Ruprture ip High Energy Lines Qutside Conmeainment

As indicated in Item 7 of Supplamenf 1l to the SER, the

matter of postulated high anergy pipeline breaks oceurring external
to the primary ccnna;nmcnt buiiding is currently under review

by the R;gulatory staff. The preliminary conclusion given in
Supplement 1 on this matter remains valid and we plan to report

our final conclusion on complation of our review of this matter

for the DAEC, whigh ia‘gow scheduled for tha Summer of 1973,

Itam 3t Main Steamline Isolation Valve Leakage (Amendmant 13)

The spplicant's Amendment 13 to ths FSAR, fiisd on March 20,
1973, addresses our concern regarding main steamline isolation
valve (MSLIV) léakagerfollowing a postulated‘deéign baé{a QOCA}
The applicant discusses its avaluation of thzee design alterna-
tives, including a water seal system, a gaseous nitrogen saal
system, and a leakage control system, The tnformation provided
by the applicant‘on this matter coenfirms the preliminary
conclusion of the Regulétory staff as reportad in Item 3 of
Supplemant 1 to tha SER-that the dasign concept proposed by

"~ the applicant for the laakage control system is acceptable.
The Regulatory staff will review the detailed design whan

iv is completed and prior to installarion at the first
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refualing outage to agsure that all appropriate design
criteria are satisfied. Additionsl comsideration of
this matter by the ACRS is given in Part A, Item 1, of

this Supplement.

Hydzogen=Getter
As indicatsd 1in Section 4.2.1 of the SER, the DAZC fuel

will include a bydrogen-getter material., Substaneive
deascription of this material remains outstanding. We
plan to address this matter in & further Supplement to
the SER, when the applicant provides the necessary informa-

tion and on completion of our review of the matter.
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Appendix A
Chronology after February 28, 1973

Mareh 2, 1973 Isguance of Suppliement 1 to the Safaty
Evaluation for the Duane Arnold Enargy
Center.

March 8, 1973 ACRS meeting on the Duane Arnold Energy
; Center application.

March 13, 1973 - lssuance of ths ACRS letter on the Duane
Arnold Energy Center,

Mareh 20, 1973 Received Amaendment 13 to the FSAR coataining
: _ additional information on the applicant's
sroposed laskage ccn:rol gystem.

March 27, 1973 Prehaaring conference to consider environ=
mental matters relating t£6 the Duane Arnold
Energy Center application.
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ADVISORY COMMITTEE ON REACTOR SArcGUARDS
UNITED STATES ATOMIC ENERGY COMMISSION
WABHINGTON. D.C. 10848

Mareh 13, 1973

Honorable Dixy Lee Ray

Chafrman o

Us S, Atomic Ensrgy Commission

Washingten, D, C, 20543

Subject: REPORT ON DUANE ARNOLD ENERGY CENTER
Dear Dr, Ray:

At 1ts L155th meeeing, March 8-10, 1973, che Advisory Commitiaas on

. Reactor Safeguards completed i¢s vaviaw of the applicacion by tha

Tovwa Sleccrie Light and Power Company for authorization to operate
the Duane arnold Energy Centgr at power Levels up 0 1658 Mye,

This projact was ¢o:$ldared at a Subcommictee moeting at the site

on December 2C, 1972, and at a Subcommictes mgecing in Washington,
D. C, on January 27, 1973, During its review the Commictee had the
benefit of discussions with representacives andconsultanis of Iows
Eleetric Light and Powar Company, General Electric Company, Bachtel
Corporation, Chicage 3ridgs and Iron Company, and the AEC Regulatory
Staff, The Committee also had the bsnefit of the documantis Listed.
The Committze veporced to the Commission on cthe censeruction of =nis
vlant in i1cs lettar of December 18, 1989 and in its supplemantary
letter of February 11, 1970,

’

The Duane Arnold Znergy Centar Nuclear Plant will bs located on a
‘gite of approximacely 500 acras adjacent to the west bark of the

Cedar River in a rural ares approximataly eight miles norzhwese of.
the clty of Cedar Roplds, lows,

The applicant proposas to imstall, no later than the first scheduled
refueling outage, a ieak-off system intended o reduce the potaential
consequences of sxcessive leakage from the main steam isolation valves.
The criteria for funcctional adequacy of the leak-0ff system and the
decalled design in conformance with the c¢riceria are not yet Sully
established, The Rogulatory Staff should assurs itself thaz tha systam
finally inscalled coas sacisfy all of the considerations appropriate

toe the enhancement of containment reliabiliey,

The applicant wiii employ & reeircularion pump trip as a means of
limizing the sonsequences ¢f the unlikely occcurrence of a fallure to
scram during an anticipated trangient. Thae trip will be {ascalled
prior to initial fuel lcading, The Commitcee beliaves that this
reprasents a substancial improvement. The specific means for imple-
mencing the pump trip should be resclved in a manner satisfactory to
the Regulatory Scaff. )

1 A v . Wane . W ' e T Ren s UM BE MUEE L tee e b 1 G KIS RS @ b
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Honorable Dixy Lee Ray March 13, 1973

The applicant is commicced to the installation of a rod sequence
control systam which wi.l render the probabllity of occurrence of a
postulated, high-worth control rod drop accident negligibly low,
This matcer 1§ under raview and shouid be regsolved in z manner
satisfactory to zhe Reguletory Scaff, Approvad measures should be
placad in effeet prior to operation above 1% of rated power,

The shipping cazsk pocl is physically saparated from the s$pent fuel
‘pool by a wall to a haight above the top of stored fuel aelements

and & removable gate above that level. A postulaced cask drop is
caleulated co vasul: in penetration oY cracking of the casik pool
boctom if unprotected, To aveid such damage, the applicant intends
to install an energy sbsorbing materisl covering the hot:om of the

_ cask pool, no later than che first rafueling operation., This maitar
should be resolvad in a manner satisfactory to cthe Regulatory Staff,

In the unlikely avent that a bzeak occurs in the vecirculation pump
discharga iine, the Pump inpaller might act as a turbine causing the
pump and motor to overspaad and bacome potential sources of missiles,
The applicant is reviewing means of dealing with this pessibdility,

The Commitces balievas that this maccter should ba resolved {n a manner
sacisfactory to the Ragulatory Staff, .

The potential affeccs of some aspacts of fuel performance and LOCA-
related phenomena on acceptable linaar fuel heat raviugs for the Duane
Arnold Enexgy Center are under study., This mattar should de resolved
{n a manner satisfascory to che Ragulatory Staff, The Commitiec
wishes to be Rept infermed,

The applicant has provided protection against pipe whip in aceordance
with the criteria proposed by the Ragulatory Stafif in the Regulatory
Guide, "Protaction Against Pipa Whip Inside Containment', now under
preparation, The Committea has emphasized the desirability of such
proctective measures in several letters., The Committee also recognizes
that systems for rest@zining against pipe whip could gemerate undesirable
strass conmcentretions unliess properly designed and suitably inscalled,
Therefore, particular emphasis should be devored to the fellowing:

(1) a betrer undarstanding of transient response in piping then is
usually requized; (2) quality essuvance perraining to design and instal-
lation of pipe rastraints, including verification that the dasign
computational techniques acccunt for oparational conditions and postulated
traasients; (3) caveful examination during preoperational testing and

hot startup to validate that the installation meets the.design criveria.
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Honorable Dixy Les Ray . Mareh 13, 1973

Other problems relating to large water reactors which have baen
{dantified by the Regulatory Staff and the ACRS and ecived in
previous ACRS veports should be dealt wich appropriately by the
Regulatory Staff and the applicant as suitsble appreaches are
developed,

The Advisory Committee on Reactor Safeguards believes thae, if

due regard L8 given co thae items mentioned abeve, and subject o
sgrisfacrory sompletion of comstruction and preoperational cesting,
there is reasomable sssurance that the Duane Arncld Energy Cencer
can b operated at power lavels up to 1658 MWt without undue risk
to the health and safety of tha publie,

Sine e"ely yours,

H. G. Nangalsdorf
Chairman ’

References Attachad:

VTl bl
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Honorable Dixy Lee Ray Mareh 13, 1973
ggferéncas
1) PFinal Safety Analysis Raﬁorc, Duane Arnoid Znerzy Center
2) Amendments 1-12, Final Safety Analysis Report, Duane Arnold Energy
Center
3) Supplement to Amendmest No. 1, dated Jure 6, 1972
4) iowa Elactric Light and Power Company lecter dacted Juiy 10, x972
ve: Relief Valve Discharge Line
5) lowa Eleectric Ligat and Power Company latter dated Occober 24, 1972
re: fuel design (propristary)
6) Towa Elecctric Light and Power Company letter dated December 18, 1972
re! installacion of a main steam line 1sola:ion valve seal systam
in the Dugne Armold Enaergy Center
7) lowa Electrie Light and Power Company lecter dated January 1§, 1973
' adopts the GE NEDM~10735 'Dansification Censideracions in BWR Fuel
Deaign and Performance’
g 8) lowa Glectric Ligh: and Power Company leccer dated January 16, 1973,
re! the gaseous effluent discharges from the Duane Arnold Energy
Center being "es low as practicable''and cesnsistent with the proposed
Appandix I to 10 CFR Part 50
9) lowa Elactric Light and Power Company letter daced January 22, 1973
transmitting revised operating pressure and temperature limics for
Duane Arnold Energy Center :
10) Directorats of Licensing Safety Evaluation Report dated January 23, 1973
l1) Directorate of Licensing Supplement No. 1 cto the Safecry Evaluation

dated Mareh 2, 1973
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INTRODUCTION

The Atomic’Energy Comuission's Safety Evaluati{on Report (3ER)
on the Duane Arnold Fnergy Centar (DAEC), dated January 23, 1973,
identified certzain macters as requiring additional information fzom
the applicant or that were still under review by the Regulatory staff.
Supplement Number 1 to the SER, 4ated March 2, 1973, updated the SER
by addressing eight of these matters., The ACRS completed its review
of the DAEC at its March 8, 1973, meeting and reported its:findings
in a letter to Chalrman Ray, dated March 13, 1973. BSupplement Number 2
to the SER, dated Apxil 9, 1973, asddressed the ACRS ccmménts and further
updated the SER. ‘ »

The purpose of this Supplement is to agaiﬁ update the SER, based
on the Regulatory staff's review of the additional information provided
by the applicants, Each of the sequentfally numbered items of this
Supplement contains & specific reference to the subsection of the SER
that 12 being updared, either by the replacement with, or by the
addition of, the material provided in this Supplement.

With the indicated resolution of theme cutsranding mattare, the
Regulatory staff has completad ite raview of thoga items for which
resplution is required prior to ilssuance of an oparating licensse and
concludes that there is Tessonable esaurance thae the activities

. authorized by the operating license can be conducted without en—
dangering the health and safety of the public, and that such activicies
will be conducted in compliance with the regulations of the Commlssdon

set forth in 10 CFR Chapter 1,
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REPLACEMENT FOR THE FOURTH PARAGRAPH OF SECTION 4.2.3 (PAGE 4-7)
The Repulatory staff requires that peak fuel eanthalpies not

exceed 280 (calories per gram) im the event of any pastulated control

. rod drop accident. As described in General Electric Company's (GE)

Topieal Report NEDO=10527 and_ita Supplements, if the control rod
wotth does not exceed 1.43% Ak/k at 10; power levels (20% of rated
power or lese), the pealk fuel enchalpy in the event of a rod drop
accidant will not oxceaed 280 cal/gm. Limiting the maximum control
rod worth whilae at power levels balow ¥ of rated power to lass
than 1.43% Ak/k, will be accomplished by: 1) aleetrically restii:tiﬂ%
the removal of the firet 50% of the rod; to be withdravm in a
prescribed configuration, end the remaining 50% of the rods to
single notch mcvement,-aa restricted by a Rod Sequence Control Systam
(RSCS} which employs a notch group mode of operation as deascribed
in Amendment 14 to the'PSAR; and 2) the Rod Worth Minimizer (BWM)
vhich controls the spectific order of control rod withdrawel, 1Ia
the event of RWM inoperability, the applicant will be required to
agsign a second operator to menitor control rod movément to assure
that the first operator follows the pre-selected order.

We conclude that the applicants’ proposed system of rod
movement contfol and thé specifinrd rod removal order adequately
asaure, for the first fuel cycle; that a control rod worth greater
than 1,437 will not oceur at pover levels below 20% of rated power,

Calculated resulte reported by the applicants in Amendment 14 indicata
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that the maximum worth'rod, when employing the notch group mode

of RSCS5 operation, would be aignificantly less than .l.0%.
Nevertheless, we require that the RSCS system, as proposed by the
applicants, be improved by adding an electrical‘inter;ocking eircult
which aBSure§ that the rods in a particular notch grbup ate
positioned within one notch of each other. We will requite the'’
apﬁlicants to make this design change and to submit the propowed ™
RSCS design modifieation for our review, prior to ite installation
duéing the first refueling outage.

REPLACEMENT FOR SECTION 7.6 (PACE 7-7)

Control Over Maximum Rod Reactivity Worth

In response to the current Regulatory staff concern for the

contrel over selection and movement of control rods during reactor

, staiﬁup {zea Item 3 below on Conﬁrol Rod Drop Accident), the spplicants

have inatalled additional controle as described in Amendment 14 to
the FSAR, which meet the requirements of the Repulatory staff for

the first operating cycle (saa Item 1 above), However, we require
that further dasign improvements be developed for installation during
the firet reEuelingicutagej thega furthar design improvements will
electrically rastrict rod poeitions within a noteh group. The
applicants will be rcquired'ta submit tha details of thia dasign

change for review by the Repulatory ataff prior to its instzllation.

i
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- Iowa Elactric Light and Power Company - ' R A
ATTR: Duane Armold, President

Security Bullding

P, 0, Box 351

Cedar Rapids, Iowa 52406.

Gentlemen:

The Atomic Energy Commission has issued Facility Operating License No.
DPR-49., The licensees of DPR-49 are Iowa Electric Light and Power
Company, Central Yowa Power Cooperative and Corn Belt Power Cooperative.
DPR-49 authorizes operation of the Duane Arnold Bnergy Center in

. accordance with the Technical Specifications, Appendices A & B, attached
thereto. The steady state reactor core power levels authorized by DPR-49
shall not exceed 1658 negawatts thermal. A copy of the license and -
technical specifications are enclosed. ‘

Note that the Technical Specifications specify that the licensee shall
not undertake imitial eriticalfty until specifically approved in writing
by the Commission. Representatives of the Division of Regulatory Opera-
tiomg.will be st the site during fuel loading and will verify that the
assessment of the preoperatiomal test data, the Surveillance Test pro~
cedures and the review of Hou-conformance reporting has been completed.
We will inform you promptly of the results of their review.

A related notice, which 1s baing forwarded to the Office of the Federal
Register for filing and publication, is enclosed for your informationm.

Four signed originals of Amendment No. 1 to IAdemnity Agreement No. B-68,
which covers the activities authorized under License No. DPR-49, are
enclosed for review and acceptance by the licensees. One copy of this
agreement should be retained by each licensee and one copy aigned by all
1l1icensees should be retursed to this office.

Sincerely,

' /5 D.Vassaklo
R. C. Young, Asslstant Director

for Light Water Reactors Group 1
Directorate of Licensing

Enclosures: | _ ‘ £><Df* L]!)

See Page Two

OFFICE >

SURNAME >

DATE =

Form AEC-518 (Rev. 9-53) AECM 0240 ) © -7 ‘oPO €43 36 814ds-1 520-204
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1- Licme No. DPR-49 "/T‘ch. Spﬂas. A & B Distribution:
2. VYederal Ragister Notice AEC PDR
.3, Indemnity Agreemant - Amendment No. 1 to B-68 Local PDR
. Docket Filé
ce: . Jsek R. Newman, Esq. _ LWR 1-2 File = .
Harold F. Reis, Esq. RP Reading(w/o Tech.Specs.)
Newman, Reils & Axelrad R. Newton, OGC
1025 Connecticut Avenue, N.W. W. Massaxr, OGC
Waghington, D. C. 20036 RO (3)

: N.Dube(w/o Tech. Specs.)
Director M. Jinks (w/2 encls.)
0ffico for Planning and Programming R. C. DeYoung ’

523 Bast 12th Street R. Vollmer .
Des Moines, Iowa 50319 C.Hebron,F&(w/o Tech.Specs
D.Foster,F&M(w/o Tech.Specs
Mr. Dudley Hendexson Ellen Brown, F&M
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Beard of Supervisors : Specs.)
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M. Maigret
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Kansas City, Missouri 64108 F. St. Mary, EP-4
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Kuclear Safety Information Center K. Goller, LWR 1-3
QOak Ridge National Lab D. Vassallo, LWR 1-1
P. O, Box Y ACRS (16)
Oak Ridge, Tennessee 37830
Mr. T. B. Abernathy
U. S. Atomic Energy Commission
Division of Technical Information Ext.
Document Management Branch
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Oak Ridge, Tennessee - 37330
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g UNITED STATES N,
ATOMIC ENERGY COMMISSION
WASRHINGTON, DC 20545

I0OWA ELECTRIC LIGHT AND POWER COMPANY
CENTRAL IOWA POWER COOPERATIVE
CORN BELT POWER COOPERATIVE

DOCKET 50-331 '
DUANE ARNOLD ENERGY CENTER .. .
FACILITY OPERATING LICENSE .

License No. DPR-49

The Atomic Energy Commission (the Commission) having found that:

A,

The application for license filed by Iowa Electric Light and Power
Company, Central Iowa Power Cooperative and Corn Belt Power Cooperative
(the licensees) complies with the standards and requirements of the
Atomic Energy Act of 1954, as amended (the Act), and the Commission's
rules and regulations set forth in 10 CFR Chapter I and all requlred
notifications to other agencies or bodies have been duly made;

Construction of the Duane Arnold Energy Center (facility) has been
substantially completed in conformity with Construction Permit No.
DPPR-70; the application, as amended; the provisions of the Act;
and the rules and regulations of the Commission;

The facility will operate in conformity with the application, as amended;
the provisions of the Act; and the rules and regulations of the
Commission;

There is reasonable assurance: (i) that the activities authorized by
this operating license can be conducted without endangering the health
and safety of the public; and (ii) that such activities will be conducted
in compliance with the rules and regulations of the Cominission;

Iowa Electric Light & Power Company is technically qualified and
the licensees are financially qualified to engage in the activities
authorized by this operating license in accordance w1th the rules
and regulations of the Commission; '

The licensees have satisfiéd ﬁhe applicable provisions of 10 CFR
Part 140, "Financial Protection Requirements and Indemnlty Agreements",
of the Commission's regulatlons,
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The issuance of this operating license will not be inimical to the

common defense and security or to the health and safety of the public;

After weighing the environmental, economic, technical, and other .
benefits of the facility against environmental costs and considering
available alternatives, the issuance of Facility Operating License
No. DPR-49 is in accordance with 10 CFR Part 50, Appendix D, of the
Commission’s regulations and all applicable requirements of said
Appendix D have been satisfied;

The receipt, possession, and use of source, by-product and special
nuclear material as authorized by this license will be in accordance’
with the Commission's regulations in 10 CFR Part 30 and 70, including.
10 CFR Section 30.33, 70.23 and 70.31. :

Facility Operating License No. DPR—49 is hereby issued to the Iowa Electric
Light and Power Company (IEL&P), Centxral Iowa Power Cooperative (CIPCO) and
Corn Belt Power Cooperative (Corn Belt) to read as follows:

A,

~This license applies to the Duane Arnold Energy Center, a boilingFWater

reactor and associated equipment (the facility), owned by the licensees
and operated by IEL&P. The facility is located on the licensees® site
near Palo in Linn County, Iowa. This site consists of approximately

500 acres adjacent to the Cedar River and is described in the "Final
Safety Analysis Report” as supplemented and amended (Amendments 1 through
14) and the Environmental Report as supplemented and amended (Supplements

1 through 5).

Subject to the conditions and requirements incorporated herein, the
Commission hereby licenses:

(1) 1Iowa Electric Light & Power Company, pursuant to Section 104b of _
the Act and 10 CFR Part 50, “Licensing of Production and Utilization
Facilities", to possess, use, and operate the facility; and CIPCO.
and Corn Belt to possess the facility at the designated location
in Linn County, Iowa, in accordance with the procedures and
‘limitations set forth in this license;



(2)

(3)

(4)

-3~ L
A — o ~
IEL&P, pursuant. to the Act and 10 CFR Part 70, "Special Nuclear
Material', to receive, possess and use at any time up to 3500
kilograms of U-235 in reactor fuel assemblies enriched in the
U-235 isotope in connection with operation of the facility;

IEL&P, pursuant to the Act and 10 CFR Part 30, "Rules of General

Applicability to Licensing of Byproduct Material', to receive,

possess, and use in connection with operatlon of the faclllty.

(a) Any byproduct material with Atomic Numbers 3 to 83, 1nc1us1ve,
without restrictions as to chemical and physical form, not to
exceed 1 millicurie each, total not to exceed 50 millicuries;

(b) Cobalt 60, in sealed sources nét to exceed 15 millicuries;
(c¢) Strontium 90, in sealed sources not to exceed 5 millicuries;

(d) Cesium 137, in sealed sources not to exceed a total of 210
curies; v

(e) Antimony 124; in sealed sources not to exceed four sources
each of 1200 curies;

(f) Awmericium 241, in sealed sources not to exceed 6 curies; and
IEL&P, pursuant to the Act and 10 CFR Parts 30 and 70, to possess,

but not to separate, such by-product and special nuclear materials-
as may be produced by the operation of the facility.

This license shall be deemed to contain and is subject to the conditions
specified in the following Commission regulations in 10 CFR Chapter I:
Part 20, Section 30.34 of Part 30, Sections 50.54 and 50.59 of Part 50,
and Section 70.32 of Part 70; is subject to all applicable provisions of
the Act and to the rules, regulations, and orders of the Commission now
or hereafter in effect; and is subject to the additional conditions
specified or incorporated below:

(1)

(2)

Maximum Power Level

IEL&P is authorized to operate the Duane Arnold Energy Center at
steady state reactor core power levels not in excess of
1658 megawatts (thermal). .

Techniéa1A§2gcifications

The Technical Specifications contained in Appendices A & B attached
hereto are hereby incorporated in this license., IEL&P shall operate
the facility in accordance with the Technical Specifications.
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D. This license is effective as of the date of issuance and shall
expire at midnight on June 21 2010. : »

FOR THE ATOMIC ENERGY COMMISSION

' AT Giambusso, Deputy Dlrector
for Reactor Projects '
Directorate of Licensing

Attachment: .
Appendices A & B ~ Technical Specifications

Date of Issuance: TEB 22 1974



e’ N’
UNITED STATES ATOMLIC ENERGY COMMISSION

DOCKET NO. 50-331
IOWA ELECTRIC LIGHT AND POWER COMPANY
" CENTRAL IOWA POWER COOPERATIVE
CORN BELT POWER COOPERATIVE
- (DUANE ARNOLD ENERGY CENTER)
' NOTICE OF ISSUANCE OF FACILITY OPERATING LICENSE

Notice is hereby given that the-Atomic»Energy Commission has issued

Facility Operating License No. DPR—49 to Iowa Electric Light and Power

.Company, Central Iowa Power Cooperative, and Corn Belt Power Cooperatlve

authorizing operation of the Duane Arnold Energy Center in ‘accordance with

the provisions of the license and'the_Iechnical,Specifioationso The steady

state reactor core power levels authorized by the license shall not exceed

' 1658 megawatts .thermal. The Duane Arnold Energy Center is a boiling water

nuclear reactor located at the licensees' site near Palo in Linn Count R
: , y

Iowa.

The Commission has made appropriate flndlngs as requlred by the Atomic

‘ Energy Act of 1954, as amended (the Act), and the Commission s rules and

regulatlons in 10 CFR Chapter I, which are set ‘forth in the license. The
application for the license complies with the standards and requirements
of the Act and theACommission's rules and regulations.

The license is effective as of its date of issuance and shall expire

on June 21, 2010.;}

A copy of (1) Facility.Operating License No. DPR-49, complete with
Technical Specifications (Appendices "A" and "B"); (2) the report of the

Advisory Committee on Reactor Safeguards, dated March 13, 1973; (3) the.

Difectorate of Licensing's Safety Evaluation, dated January 1973 (4) Supplement

_lNo. i to the Safety Evaluatlon, dated March 2, 1973, (5)° Supplement No. 2




o

to the Safety Evaluation, dated April 9, 1973; (6) Supplement No. 3 to the
Safety Evaluation, dated February 20, 1974; (7) the Final Safety Analysis.
Report and amendments thereto; (8) the applicants’ Environmental Report,-

dated April 1971, revised November 1971, and supplements thereto;'(9)~the

'““braft?Environmental Statemenf,dated November 1972; and (10) ‘the Final

' Envirgnmental Stgtemeng dated March 1973, are available for public inspection-
'aﬁ the Commissibn's Public Document Room.at 1717 H Street, N;W., Washington,
D. C. and at thebReférénce Service, Cedar Rapids Public iibrary, 426 Third

Avenue, S.E., Cedar Rapilds, Iowa _52401..vA copy of the licgnse and the
Safety Evalhétioq and Supplements fhéreto may be obtained upon request
#ddreséed to tﬁe United States Atomic‘Energy Cémmiséion, Washington;_'
D. C. 20545, Attention: “Deputy Direétor for Reactor Projects, Directorate
of Licensing. . |

" Dated at Bethesda, ﬁarjland, this éz éZ..day of FeBruary, 1974.

FOR THE ATOMIC ENERGY COMMISSION

S

Aﬂ%%z;*quéaciéé%;Z? ' :
. Rayibnd R. Powell, Acting Chief

Light Water Reactors Projects Branch 1-2
‘Directorate of Licensing ‘



) UNITED STATES
\-/ATOMIC ENERGY comwssxor\/

WASHINGTON D.C. 20545

. Docket Nos. 70-1384
50-331

AHENDNENT T0 INDEMNITY AGREEHENT NO B-68
AWENDMENT NO. 1

Effective February 22, 1974 |, Indemnity Agreement No. B-68 between
Iowa Electric Light and Power Company, Central Iowa Power Cooperative,
‘and Corn Belt Power Cooperative and the Atomic Energy Commlss1on, dated
May 15, 1973, is hereby amended as follows:

Item 2a of the Attachment to the indemnity agreement is de]eted in its
entirety and the following substituted therefor:

Item 2 - Amount of financia] protection

“a. $ 1,000,000 ' (From 12:01 a.m., May 15, 1973, to

- 12:00 midnight, February 21, 1974
' inclusive) -
$95,ooo,ooo  (From 12:01 a.m., February'gg, 1574)

- Item 3 of the Attachnent to the 1ndemn1ty agreement is de]eted in 1ts _
_ ent1rety and the fol]ow1ng substltuted therefor:

Item 3 - L1cense number or numbers

SNM-1349 - (From 12:01 a.m., May 15, 1973 to

: T ‘ ’ ¥ i 12:00 m1dnlght Febrha‘ﬂy 21, 19714‘
| N 1nc1us1ve) ‘

DPR'49 - o (Fron 12:01 a.m., February 22, 197h )

Item 5. of the Attachment to the indemnity agreement is amended by add1no
"the following: . ,



By

By
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Nuclear Energy Liability Policy (Facility Form) No. MF-72
issued by Mutual Atomic Energy Liability Underwriters.

- FOR THE UNITED STATES ATOMIC ENERGY COMMISSION

~Jerome Saltzman, Deputy Chief
. Office of Antitrust & Indemnity
- Directorate of Licensing.

'Accepted' “ L ' ;:1974

IOWA ELECTRIC LIGHT AND POWER COMPANY

Accepted L1978

CENTRAL IONA POWER COOPERATIVE

Accepted ‘ 1974

'CORN BELT POWER COOPERATIVE




S _ C o B 'i» ’ v Enclosure 3

CH\.LLIST FOR ISSUANCE OF FACILITY. _CENSE
_ : e .

- APPLICANT Iowa Electric Light & Power Company - DOCKET NO.___ 50-331

FACILITY Duane Arnold Fnergy Center

PROJECT MANAGER _ Gerry Owsley

LICENSING ASSISTAKT Madelyn J, Maigret

DATE
Notice of Consideration of Issuance of License: : ' A S
" Published in FEDERAL REGISTER . September 29, 1972
Action Date | | —October- 30,1972
oR
Initial Decision -~ =~ ° . _June 20, 1973
Safety Review: ’ . ]
L Safety Evaluation _ o .
. ACRS Letter : _ : March 13, 1973
Environmental Review: ' '
Final Environmental Statement » March 1973
. Published in FEDERAL REGISTER . March 1973
Antitrust Review: .. '4 o .
OAI Concurrences o February 22, 1974
Notifications Required by Act & Commission Rules¥:
State Official " _ May 26, 1972
Local Official ‘ " May 26, 1972
. Water Quality Certification: (4o1)
" Submittal by Applicant : : April 27, 1973
Transmitted to EPA . pril 27,19
License Fee: _ : . .
- Amount: - $544 705 Paid ' February 21, 197k
Indemnity Agreement: . i ) .
OAL Concurrence ‘ : : ‘ ' Eebmua#y 22 197y
Status of Outstanding Construction Items Checked w/RO February 20, 197k
Regulatory Operations Final Report: (If Available) February 20, 197k

.Techniéal Specifications:

RP Concurrence . o - - : "
EP Concurrence _ ' February 5, lSIE
OR Concurrence ' ary

Public Announcement (to be released): ' : Febru 22";97h

{ ST Copy" AttaChEG .
Issuance Package: OGC Concurrence . February 22, 1974
1. License S , _February 22, 197k
2. FEDERAL REGISTER Notice ' ' ' vEébruamy 22 197k
3. Letter to Applicant _ _Fehruary 22 197)
4. Information Report . : A - _Februasry 28, 1974

* Date Initial Application Forwsrded : _ Revised: MAY 7 1373



\_ PROPOSED PRESS RELEASE
AEC ISSUES OPERATING LICENSE FOR NUCLEAR POWER PLANT IN IOWA

A full power, full-term operating license for the Duane
Arnold Energy Center near Cedar Rapids, Iowa, was issued on

, 1974, to the Iowa Electric Light and Powex

‘-

- Company, Cornbelt Power Cooperative and Central’Power Cobperative

by the Atomic Energy Commission s
At full power the plant, whlch uyses a b0111ng water
reactor, will have a net electrical output of about 569 megawatts.
The term-of the license if 40 years from Juné 1970'when'
.the AEC construction permit for the plant wéé issued. Tﬁe"
station is located near the City of,?alo in Linn County,
adjacent to the Cedar River, about 8 miles northwest of
Cedar:Raéids. | 'f
The licensevwas iSsued after findings bY'ihe‘AEC that the.
application for the opefating license compliéd with AEC require-
"ments and that the plant has been satisfactorily constructed.

and is ready for fuel }oadin.g.

##



, UNITED STATES |
\_ ATOMIC ENERGY COMMISSh A

" WASHINGTON, D.C. 20545

FEB 20 174

1

A. Giambusso, Deputy Director _ Docket No. 50-331
For Reactor Projects : v ' ' ’ .
Directorate of Licensing

IOWA ELECTRIC LIGHT AND POWER COMPANY (DUANE ARNOLD)

We have been informed by our Region III Office that the Duane
Arnold facility has been substantially completed in accordance
with the amended application with the exceptions listed in the
_enclosure. As indicated in our memorandum to Mr. R. S. Boyd
on January 4, 1974, we have found that the licensee has
implemented an acceptable Q/A program for operatioms.

The licensee plans to complete the listed exceptions within

the time frame stated in the enclosure. Assuming satisfactory
resolution of the items in the enclosure and verification of
their completion by Regulatory Operations, we recommend that

an Operating License be issued to the dpplicant. We also
- recommend that the letter transmitting the Operating License

to the applicant state that fuel loading and initial criticality
shall not be commenced until verification of completion of the
items in the enclosure by Regulatory Operations.

szzihdéﬂfp\szLtu_letf

John G. Davis, Deputy Dlrector%(’
for Field Operations
Directorate of Regulatory Operations

Enclosure:
As Stated
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En¢losure

The following updated findings are the result of recent regulatory
inspections at the Duane Arnold Energy Center. These inspections
were performed by the identified regulatory groups on the fo]low1ng :

‘ dates:

Groug ‘ ) Dates
. Testing and Startup  Feb. 7-8, 15-16- 19-78-19, 1974
Construction N B - Feb. 17-18-19, 1974 _
Security B . - dJan. 29-30, 1974 :
Preparedness P]an o Jan. 29-30-31, Feb. 1, 18-19, 1974
Health Physics - Jan. 30, Feb. 1, 15-16, 18-19, 1974
Special Nuclear Materials - Jan. 24, 1974 : ,

Items requ1r1ng resolut1on'

a.

A11 construction and preoperational testing requ1red for 1n1t1a]
fuel loading and sub-critical testing has been completed. ' Final
evaluation of the preoperational test data remains to be comp]eted;
however, and is scheduled for comp]et1on on February 22, 1974.
Completion of this data is required prior to 1n1t1a1 fue] ]oad1ng
and sub-critical testing.

The identified Cold Functional Testing Program remains to be comp]etnd
The remainder is in progress and is scheduled for completion on
February 22, 1974. Completion of this item is required prior to

~initial fuel loading and sub-critical testing.

The functional verification of the identified Surveillance Test
Procedures remains to be completed and is scheduled for comp]et1on
on February 22, 1974. Resolution of this item is required pr1or to

" initial fuel ]oad1ng and sub-critical testing.

Review and resolution of nonconformance Reports (NCR) Def1c1ency v
Reports (DR) and Field Change Motices (FCN) on safety related systems
required for initial fuel loading and sub-critical testing are in
progress. Regulatory inspections verify that these items are
identified and the licensee is committed to proper evaluation and

“resolution prior to the start of the initial fuel loading program.
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Iowa Electric Light and Power Company ' ‘ \\
ATTN: Duane Arnold, President "
Security Building ' Y
P. 0. Box 351 " \L-\,
Cedar Rapids, Iowa 52406 L
Gentlemen: : . =Y

The Atomic Energy Commission has issued Amendment No. 1 to Pacility
Operating Licemse Ro. DPR-49 (copy emclosed), which authorizes the
licensees to own, possess and use an increased amount of Antimony-124
not to exceed eight sources, each of 1200 curies in sealed sources.
This amendment has been issuad to correct an error in the number of
scurces previously authorized for the Duane Arnold Energy Cemter site.
Iowa Electric Light & Power Compeny previously understood that the
atandard startup source contained a single 1200 curie Antimony-124
source pin per source holder. Howaver, it has since been learned that
four such source holders, each containing two (2) source pins, were
delivered to the site and are nscessary for startup of the Duane Arnold
Energy Center. Therefore, Amendment No. 1 to Facility Operating License
No. DPR-49 authorizing possession and use of eight (8) Antimony-124
source pins each not to exceed 1200 curies is necessary. We have
determined that this amendment does not present a significant hazards
consideration.

A copy of a related notice, which has been forwarded to the Office of
the FPederal Register for publication, 1s enclosed for your information.

Sincerely,
OrigTnal s'igned'l-:yﬁ
B £. DeYoung

" Richard C. DeYoung, Assistant Director
for Light Water Reactors, Group 1
Directorate of Licensing

Enclosures:
1. Amendment No. 1 to DPR-49.
2. TFederal Register Notice

ce'a: See Next Pﬁge . M;ng

orpicep | ToIWR . 1=2 . ..L;I.%:Z---_..-L:M-lzz- - ﬂoag[ ............ L1 AD/
onvey | 3713774 3ffrre | 3nbre 1390 31/ 7

Form AEC-318 (Rev, 9-53) AECM 0240 QPO ¢43—18—814B5-1 445-878 -
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Iowa Electric Light and Power Company -2
ce'st Jack R. Newman, Keq. DISTRIBUTION: v
Rarold P. Reis, Esq. AEC PDR A
Newman, Reis & Axelrad : Local PDR i
1025 Connecticut Avenus, N.W. ‘ Docket File (50-331)
Washington, D. €. 20036 _ LWR 1-2 File L
- e - R.- Newton, OGC 4
Director W. Massar, 0GC 3
0ffice for Plauning and Programming F. St. Mary, EP-4. By
523 East 12th Street S. Sheppard, EP-4 L
Das Moines, Yowa 50319 RO (3) L
L .. N. Dube (w/o Tech. Specs) *
Mr. Dudley Henderson M. Jinks (w/4 encls.) = %
Chairman, Lina County R. C. DeYoung
Board of Supervisors C. Hebron, F&M(OL only)
Cedar Rapids, Yowa 52406 _ D. Foster, F&M(OL only)
_Ellen Brown,F&M(OL only)
Mr. Bd Vest A. Braitman, OAI(w/o Tech
Environmental Protection Agency o Specs)
1735 Baltimore Avenus _ S. Kari(w/o Tech Specs)
Kansas City, Missouri 64108 W. Miller,DR:A0(w/o T.S.)
~ LWR 1 Branch Chiefs(w/o
¥r. J. R. Buchanan Tech Specs)
Assistant Director : ACRS (16)
Ruclear Safety Information Center D. Muller
Osk Ridge National Lab M. Maigret
P. O, Box ¥ G. OWS].ey

Oak Ridga, Tennessea 37830

¥Mr. T. B. Abarmathy

U. 8. Atomic Euergy Commtssion
Division of Technical Information Ext,
Document Management Braach

P. 0. Box 62

Oak Ridge, Tennesgee. 37830

bce: A, Rosenthal, ASLAB
N. H. Goodrich, ASLBP

OFFICE p

SURNAME »

PATED | .o e el .

Forma AEC-318 (Rev. 9-53) AECM 0240 GPO  ed3-—16—B1485-1 4458




) UNITED STATES .
ATOMIC ENERGY COMMISSION”

WASHINGTON, D.C. 20545

IOWA ELECTRIC LIGHT AND POWER COMPANY
CENTRAL IOWA POWER COOPERATIVE
CORN BELT POWER COOPERATIVE

"~ DOCKET NO. 50-331
- DUANE_ARNOLD ENERGY .CENTER . . ..
FACILITY OPERATING LICENSE

. License No.;DPR—49
Amendment No. 1

" 1. The Atomic Energy Comm1351on (the Commlssion) having found that'

CA. The application for amendment, dated March 13 1974, complies
with the requirements of the Atomic Energy Act of 1954, as
amended, and the Commission's regulations set forth in
10 CFR Chapter 1;

“ L . - .
B. The facility will operate in conformity with the license, -
as amended, the provisions of the Act, and the rules and
regulations of the Commlss1on, -

"C. There is reasonable assurance (i) that the activities
authorized by this amendment can be conducted without . .
endangering the health and safety of the public, and
(ii) that such activities will be conducted in compliance
with the Commission's regulation;

D. Prior public notice of proposed issuance of this amendment
" is not required since the amendment does not present a
31gn1f1cant hazards cons1deration.

-2, ACCordingly, Facility»Operating License No. DPR-49 issued to . .
Iowa Electric Light & Power Company, Central Iowa Power Cooperative
and Corn Belt Power Cooperative is hereby amended by revising the
following paragraph thereof in its entirety to read‘

2.B. (3) (e) Ant1mony—124 in Sealed sources not to exceed
elght sources each of 1200 curies

This amendment is effectlve as-of'the date of issuance.

FOR THE ATOMIC ENERGY COMMISSION

A. Giambusso, Deputy gi}ectoé§>

for Reactor Projects
Directorate of Licensing

Date of Issuance: MAR ‘1 3 1974
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UNITED STATES ATOMIC ENERGY COMMISSTON
' DOCKET NO. 50-331
TOWA FELECTRIC LIGHT AND POWER COMPANY
CENTRAL IOWA POWER COOPERATIVE
. CORN BELT POWER COOPERATIVE
| (DUANE ARNOLD ENERGY CENTER)
" "NOTICE OF ISSUANCE OF AMENDMENT TO FACILITY OPERATING LICENSE

Notice is hereby given that the Atomic Energy Commission (the

‘Commission) has issued Amendment No. 1 to the Facility Operating License

'_iNo.VDPR~49 to the Iowa Electric Light and Power Company,'Central Iowa

Power Cooperative and Corn Belt Power-Cooberativé'(the licensees). This

‘amendment authorizes the licensees to increase the amount of byprdduct

material they may receive, possess, and use in connection with operation

.0of the Duane Arnold Energy Center located on the licensees'’ site near

Palo in Linn County, Iowa.. The amendment, effective as of the date‘of

‘issuance, authorizes the receipt, possession and use of an additional

four sources_fbr a total of eight sources, each of 1200 curies of

";Antimony'124 in sealed sources.

The licensees stated, in a letter to the Commission,[dated March 13,

1974, that the existence and need for the additional four source pins was

discovered subsequent to-delivery of the sources to the site. Four

. source holders, each confaining two (2) 1200 curie Antimony~124 source

pins, are at the site and are necessary for startup of the Duane Arnold

. Energy Center. Therefore, Amendment No. 1 to Facility Operating License

No. DPR-49 authorizing possession and use of eight (8) Anﬁimony—lZA source

.pins, each not to exceed 1200 curies is necessary.
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The Staff's Safety Evaluation Renort, npon the basis of whieh the
original license was issued, is based upon the Final Safety Analysis
.-Report whlch, on Paoe 3.3-14 of the text and in Figure 7.5.1 descrlbes
uthe correct number of sources for the Duane Arnold Energy Center. Accordingly,

Vthe Regulatory staff has determlned that this amendment does.not present a .

. _.significant hazards consideration.

- The Director of Regulation has made appropriate_findings as reqnireo
- by the Act and the CommlSSlon s regulatlons in 10 CFR Chapter I, which are
-.set forth in the 11cense amendment. |
The amendment,isveffective‘as of the date of issuance. The licensees'
.. application for amendment, dated.March‘IB, 1974, and a‘copy‘of Amenoment
“No.‘lvto Facilit& Operating Licensing No. DPR-49 are anailable_for public
ﬁ.inspection”at the'Commission's Pnblic'Document Room at 1717 H Street,
'N.W., Washington, D. C. 20545, and at the Referenoe Service, Cedar Rapids
_;Publlc lerary, 426 Third: Avenue, S.E., Cedar Raplds, Towa 52401. Singlev‘
'rcoples of the amendment may be obtained upon request addressed to the -
. United States Atomic Energy'Commission, Washington, D. C. _20545, Attention:
fDeputy Director for Reactor Projects, Dlrectorate of Llcen51ng. |
Dated at Bethesda, Maryland this , 3 day of March 1974

FOR THE ATOMIC ENERGY COMMISSION

Walter R. Butler, Chief

Light Water Reactors Project Braneh 1-2
Directorate of Licensing



CAPPLICANT 1owa Electric Light & Power Company 'DOCKET HO. 50-331

IO
Aef

.o CH\\,LISI FOR ISSUAHCE OF AlIIIDHEN |
CONSTRUCTI04 PERMIT OR FACILITY OPFRﬁ*fﬁ LICEHSE

" FACILITY __ Duane Arnold Fnergy Centes. .

PROJECT MAHAGER  Gerald Owsley -

* LICENSING ASSISTANT__Madelyn J, Maigret

DATE
HNotice of Prepesed Isquance Pub?vshed
In FEDERAL REGISTER o ' :
Action Date _ ‘ ‘ a March 20, 197k
OR '

Order D1reqt1ng Act1on ' ' ’ T ‘March 13; 197h -
by whom: " g1 _letter requesting Amendment o :
Issuance Package: 0GC foncurrence : : : ' _
1. License Amendment ' o E&é?ﬁ e

2. FEDERAL REGISTER Notice 2//3/ 1y
3. Staff Evaluation _ °>[17>/7'-/

4. Letter to applicant L . - _~“_2L121222££__“___

NO CHANGE IN POWER LEVEL

For Amendments Affecting Power Level:

RO Notification and/or Concurrence

OAI Notification and/or Concurrence -

Bus. Mgmt-0A Notification and/or Concurrence

_ OIS Notification





