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APPLICATI'oN FOR CONSTRUCTION-PERMIT 

. . ~ . 

Note by the Director, Division of Reactor Licensing 
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The attached report has been prepared by members of the Division of Reactor 
Licensing for consideration by the Advisory Committee on Reactor Safeguards 
at its Octob.er 1965 meeting .• 
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.INTRODUCTION 

Commonwealth Edison Company submitted its application for a construction permit 

to the Commission on April 15, 1965. Volume III, Plant Site and Environs, of the 

Plant Design and Analysis Report was submitted at that time. The remaining two 

volumes of .the report was submitted on May 17, 1965. Meetings were held on June 30, 

July 1, and July 2, and July 14-16 to discuss the design and safety analysis. 

Supplemental information (Amendment No. 2) was received _on August 17 in answer · 

to questionssent to Commonwealth on July 23. Another meeting was held August 31 

and on September 2 to discuss the supplemental material. An ACRS subcommittee 

meeting was held with Commonwealth on September 1. Further supplemental informa-

tion was requested on September 3. This information was received on September 16 

as Amendment No. 4. 

The adviee of the following consultants has been requested: 

1. Geological Survey, U. S. Department of Interior. 

2. Fish and Wildlife Service, U. S. Department of Interior. 

3. U. S. Weather Bureau, U. S. Department of Commerce. 

4. U. S. Coast and Geodetic Survey, U. S. Department of Commerce. 

5, Dr. Nathan M. Newmark (Seismic design). 

The reports of the consultants will be available for the use of the Committee prior 

to the October meeting. 

COMPARISON .OF DRESDEN UNIT 2 WITH OYSTER C_REEK AND NINE MILE POINT 

The proposed facility is substantially identical to Jersey Central and Niagara 

Mohawk in many respects. The more significant differences are summarized below: 

1. The Jersey Central and Niagara Mohawk facilities are to be operated ~t 

power levels of about 1600 Mw(t). The proposed Dresden Unit 2 is rated at 2255 

Mw(t). This approximate 50% increase in size is handled, Commonwealth states, by 

increasing the core size from 500 to 724 fuel assemblies. The thermal character-

istics are not substantially changed. 
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The question to be considered throughout the licensing of these larger 

reactors is whether there is some safety significance connected with increase in 

core size. We believe that. the most· likely problem would be some{ form of insta-

bility. We have re.ceived a summary of the analytical work involved in calculating 

the dynamic response of the· reactor. nuclear, thermal, hydraulic. system in answer to 

Question II-2 in .Amendment No. 2. By. the time Dresden II is to operate, there will 

be some experien,ce with the KRB reactor in. Ge~any (800 Mw(t)) and with Jersey Central 

and Niagar·a Mohawk (abo\.lt 1.600 Mw(t)). The interpretation of measured dynamic 

characteristics of these reactors should aid in interpretation of the dynamic charac-

·teristics of the Dresden Unit 2 reactor. 

2. Recirculation flow in Dresden Unit 2' will be by. two 45,000 gpm capacity pumps •. 

Each will be connected to 10 j~t pumps arranged in.parallel and Situated in an 

annulus between the r~actor vessel ''wallartd the thermal shield. From the information 

· presented by Commonwealth on. the charact;eristics of the jet puinps as applied to 

recirculatiO:p flow control,.: fr. appears that their characteristics will differ little 
I 

from the control characterHtics ·of Jei:sey Central and Ni,agara Mohawk. Reactor power 

can be varied'. over an approx1:,mately 30% range by varying recirculation· flow between 

70% and 100%. ; As with Jersey. Central and Niagara Mohawk ail interlock to prevent 

control rod withdrawal outside.an acceptable power-flow range will be provided. This. 

interlock is de.signed to prevent fuel damage from the combination of. low recirculation 

flow and high power.~ 

Recirculation flow, and thus reactor power, will be adjusted either manually 

by a s'ignal from· the operator or automatically by a load error signal. 

A significant amount of testing of jet pumps in.single as well as multiple 

units has been performed to develop an optimum design. It is planned to instrument 
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the pumps an~ associated equipment so that further testing and diagnostic II\easur~~ents 

can be perfo~ed when installed in the reactor. The characteristics of si~gle full-size 

jet pumps have -been measured; however, ··the characteristics of the jet pumps in 

multiple set-ups have been measured only with scale models. 

The applicant believes that potential instability betwen the two recircula-

tion loops will be handled by installation of a crossover between the two loops to 

damp poten_~~~-1 o~c~llations. Instability_ between the five 14-inch lines entering the 

reacto~ downstream of a recirculation pump would be unlikely because of the relatively 

high resistance.of. these lines. Some instability between individual pairs of jet pumps 

may be a problem wh_ich the applicant intends to investigate during preoperational 

testing. Tests of scale models operated in groups, however, show no tendency toward" 

instability even when efforts were made to drive the pumps to instability. Further 

information on system stability was requested in Question No. 1 of our September 3, 

1965 letter. 

Based on ~µe foregoing as well as the material presented describipg the 

characteristics of jet pumps and the testing program, we can see no safety question -

with application of jet pumps as proposed. 

3. Dresden Unit 2 will be on the same site as Dresden Unit 1. The two units 

will be completely independent except for common use of the 300,.-foot t·all f.acili ty 

stack, the intake and discharge canals, the administrative and service facilities, 

and the 138 KV reserve auxiliary power. ' 

The s~ack release limit, currently 0.7 curies/second for Unit 1, will 

apply to the aggregate release from Units 1 and 2. The liquid effluent release from 

the discharge canal will remain in·accordance with 10 CFR 20. 
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We believe that the two units will be sufficiently independent so that 

interaction of the two units need not be a consideration. An exception to this is 

control room shielding. This is cons:f.dered il) detail.below. 

4. It· is proposed that all nuclear instrumentation t.o be used with· Unit 2 be 

installed in-core. The startup instrumentation consi~ts of four retractable, miniature 

fission chambers which generate Log Count Rate and period information. None of these 

channels provide a scram function. The LCR signals actuate several interlocks 

relating to fission chamber and control rod withdrawal. ·Period signals are fed to 

annunciators. With retraction, the startup range instrumentation covers the flux 

range from source level to approximately_l0% rated power. 

The intermediate range instrumentation .. consists of eight "Campbell" channels, 

each of which ultima'tely feeds a variable range picoannneter. Each channel has a 
·. ';.; 

range from 40 x 10-5%. to ·12:S% rated power. Scram s_ignals are generated and fed to the 

dual bus scram channels whetwver the indicated reading at any picoammeter exceeds a 
.. 

certain p~rcentage ~f full.scale reading, reg~rdless of actual power being measured. 

Various rod and chamber withdrawal interlock functions are also provided. 

Tbe power range instrumentation consists of one hundred sixty-four miniature 
e·, . 

fission chambers, each of which has its own iridividual readout meter. Collectively, 

these channels are known as the Local Pow~r ~ange Monitoring System (LPRM). Sixty-four 

of these channels are also connected to what is known ?~ the Average Power Range '"---

Monitoring System (APRM). There are eight APRM ampiifi(:!r· units to each of which, 

respectively, .are connected eight of the sixty-fo4r channels. The output of each APRM 
. . .' 

amplifier unit :i,s a signal proportional to the average of all signals from its· eight 

channels. These signals trip the.dual-bus scram channels when level set points are 

exceeded. 
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Each intermediate range channel and.each APRM unit individually induces a 

rod-block action in response to high flux. 

A Traversing-In-Co.re-Probe (TIP) system is used to calibrate the fixed 

{power range) detectors. Each of five subsystems consists of a chamber identical 

to those used in the power range., with an integral,' flexible motor driven cable. 

Motors located in. the reactor building drive the· cables mechanically, with the 

detectors at the tips, through g~ide tubes which penetrate the containment,· into the 

reactor core. 

Process variables which ~an cause scram are monitored by not less than 

four redundant, independent sensors, each of which respectively trips one of the four 

subchannels of the dual bus scram system. 

This differs from the instrumentation initially proposed for Jersey Central 

and Niagara Mohawk; h<?wever, we understand that both of these facilities will also 

use in-core instrumentation. The safety .significance of in-core instrumentation as 

well as the scram safety and interlock. system proposed will be considered in detail 

" later in .this report. 

DRESDEN SITE CONSIDERATIONS 

Site Description 

The Dresden Nuclear Power Station site consists of approximately 953 

acres owned.by Commonwealth Edison Company located in Grundy County, Illinois, at the 

junction of the Kankakee River with the Des Plaines River, approximately 3-1/2 miles 

from Channahon {pqpulation 1,200), 8 miles from Morris (population 7,938) and 14 

miles from Joliet (population 67,000). The Dresden Unit 2 reactor plant will be 

located on this site adjacent to the Dresden {Jnit l; plant approximately one-half 

mile from the neare'st site boundary south of the plapt and O. 7 mile from the 
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northeasterly bank of the Des Plaines River across the river from the plant. The 

minimum exclusion distance is approximately one-half mile based on the distance to 

the southern boundary of the site. The nearest residence. is stated to be approxi-

mately 0.7 mile east of the reactor. 

The applicant has estimated that the average population density within 

five miles is 15 per square mile exclusive of the villages. There are five villages 

within this distance with populations varying from 569 to 1,200~ Within five to ten 
;' 

miles the applicant estimates a population of 20,000 of which 18,500 are urban resi-

dents. The largest town within ten miles is Morris (population 7, 938) located eight 

miles west of the site. Within 10 to 15 miles the population is estimated to be 

80,000 with the,. bulk contributed by Joliet (population 67 ,000). 

Based ort the population information furnished by .the applican4 the staff 

estimates that the low population zone extends for 8 to 10 miles from the site. 

The nearest population center with ~ote than 25 ~000 is Joliet .about 14 miles frotn 
. ~· .. 

the site. ; 

Meteorology ' . ~ , .. 

The applicant.has furnished a description of the meteorological environment 

for this site prepared by a meteorological consulting firm based on climatological 

records from U. S. Weather Bur~at:t stations in the area and on data collected at the 

site and at Argonne National Laboratory. 

Of significance with respect to safety design considerations are the maximum 

wind speeds associated with the severe weather conditions. The maximum wind velo.city 

reported in the area of the site is 109 miles per hour, unofficially reported at 

Joliet. The s~te is also susceptible to tornado activity. The applicant is proposing 

a design wind speed of 110 miles per hour for all structures important to safety, which 
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• 
comp~res favorably with the maximum wind speed reported for the area. The maximum 

wind velocity during a tornado, however, could be expected to exceed this design 

value. The applicant has considered the possibility for a tornado striking the 

plant and has proposed design features for protection of those components vital to 

reactor safety if such an event should occur. These features are described in a 

later section of .this report. 

The applicant, presented information on the atmospheric dispersion charac-

teristics of the Dresden site, which depended in part on data taken. at Argonne 

National Laboratory, and described two different diffusion models for the dose 

calculations. These models are based on experimental work performed at .Hanford, 

originally reported in HW-51428 and HW-80204, and subsequently republished in the 

references given by the applicant. One model employs the usual Sutton-type diffusion 

equation, and .utilizes .reasonable values of the parameters needed in this equation. 

The se_cond model also employs Sutton's equation, but utilizes the measured vaiues 

of dgina theta (.the standard deviation of the wi.nd -direction observed at the plume 

height 'over the period of plume passage) for various wind speeds in the calculation 

of the ~orizontal spread of the plume. For neutral and unstable conditions, this 

model uses the same equation and _constants for the vertical plume growth as those 

in the first model~ There are additional differences in the models for inversion 

conditions, but since ·these do not produce the mos_t significant doses for an elevated 

release at•. this site, they do not need to be considered here. 

We have examined these models and when·the suggested parameters are used 

they give similar results, which agree closely with the results obtained using 

Sutton's model with Cy= 0.4, Cz = .07 and a wind speed of one meter per second. 

Meteorological data obtained at the Dresden site (at an elevation of 15 feet) was 
' 
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used to arrive at values of the parameter sigma theta times average wind speed which 

were considered appropriate for the wind speeds of 2 mph and 10 mph used in the 

diffusion calculations. Assuming that the meteo~ological data are reliable, the values 

used by the applicant of 0.16 and 1.0 radian-meters/second, which are the parameters 

that would be expected to be representative qf diffusion for a one-hour exposure 

period, would seem.appropriately conservative for a two hour exposure period. These 

values compare reasonably well with values derived at Hanford. In this respect, 

Hanf_ord meteorologists have suggested that at a wind speed of 2 mph, the value of 

sigma theta times speed could have a minimum,value of 0.05 for an exposure period of 

two hours. 

In the app.licant Is viewpoint' duration of the exposure hazard to the public 

from an accident is determined by the wind directi~n persistence whenever the acci-

dent would occur. In this respect, the applicant determined a wind direction persis-

tence of 15 hours· (and, hence, the duration of th_e accident) based on Argonne 

meteorological data. The staff analysis of these data indicates that a wind direction 

persisten'ce of 36 hours would be more appropriate for the conditions involved, which: 

would almost double the doses received. We mention this factor in the applicant's 
\ . . '.·1 

analysis to point out their use of meteorological information in assessing the conse-

quences of .an accident. Even if constant.wind direction were assumed for the entire 

duration of the leakage, howev~r, the doses received would be well within the 

guidelines df Part 100. 

The U. S. Weather Bureau has reviewed the meteorological information 

submitted by the applicant, and their comments also indicate that there should be 

general agreement between doses calculated with these models and with the Sutton 

model. However, they pointed out that tqe r~liability of the meteorological 
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instrumentation for depicting the true wind speed and direction conditions at slow 

wind speeds has an important bearing on the validity of the derived parameters. In 

this respect they question· the sensitivity of the instrumentation at Dresden for 

obtaining these .parameters at. th.e low wind speeds. 

In summary, the diffusion climatology of this site seems well enough estab

lished and we believe that the diffusion parameters selected are adequate.ly conserva-

tive for estimating the consequences of an accident for this site. 

Geology and Hydrology 

The information· described by the applicant indicates that geologic and 

hydrologic conditions at the Dresden site are not expected to present any unusual 

problems with respect to. deSign and constr~ction Of. the proposed facility. Comments 

have been obtained ·from the U. S. Geological Survey on these aspe~ts of the. site which 

verify this conclusion. Copies of these comments will be furnished to the 

Committee .• 

Seismology\ 
" I \ ; 

The ~pplicar.it reports that the Dresden site is located in Zone 1 (zone of 

minor damage) o'n' the seismic probability map of the 1958 Uniform Building Code, and 

that an eart-hqu~e intensity of MM V.II would be appropriate as a basis for design 

of the proposed :facility. In this regard, the applicant proposes that structures and 

equipment imp,ortant to safety will be designed so as not to exceed yield stress under · 

·combin~d funct~onal a,nd seismic loading when subjected to an acceler.ad.on·spectrum 

corresponding ~o -;t ground acceleration of 0.1 g, and that the function of these 
. \ 

structures will be assured when subjected to a ground acceleration of 0.2 g. 

Comments on the seismicity of the Dresden site were requested from U. S. 

Coast and Geodetic Survey who stated that the 0.2 g_ground acceleration is more than 
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adequate for the Dresden site. Copies of the U. S. Coast and Geodetic Survey - '.·-- - .·--·- .. : :. 

comments wil 1 be provid,ed ·ti> . .-tlie couunit tee. 

CONFORMANCE OF DRESDEN,uNIT 2 DESIGN .TO STAFF'S GENERAL .CRiTERIA 

'• 
The follo~ing detailed safety analysis of Dresden Unit 2 has been organized under 

the framework of Draft X of the staff's proposed "Compiiatiort df Genercil Design 

Criteria for/ Safety of Nuclear Power Plants. II Thi_s 'is Clone for reasoris of ciari ty 

and convenience E!s well as to demonS'tr.ate for the ·:tnforni.ation of the ACRS the appli-

cability of the criteria to one ty~e of major nuclear power plant. 

FACILITY 

CRITERION 1 

. : . 

Those features,of reactor·facfiities which are essential to the prevention 
of acd.dehts or to th~ mi t:lgatioil (;£ their cohsequ~nces must be d~signed' fabri.::. 
cated, arid'·erec''red fo:· 

'. .r .• · 

(a): ·,Qu'ali tY st_~~da~~~- th<l~ .reflect the importance of the safety 
_· - :functiOn. to- b·e'. performe!l. It_ should be· .•recognized, in .. this 

(b) . 

· t~S.pect~ ·that ·d~sign codeg comrrionly used for. non-nuciear 
··appl~_ca~ipns may no.t b~ -ade_quate. . 

'Perfomaric.e'~st:'lirtdards 't:hat will enabie the facility to wtthstand, 
~itl:!olit; _10s~ of _.the capabil.i.ty to prot~ct ·'the public; the. addi"" 
tioria.t· forces imposed by the most ~evere ·earthquakes' flooding 

. cond:Ltiori.s ~ 'winds' ice'. and other natural phenomena anticipated 
at t);l.e proposed s.i te •. · 

'.· . 

At tpis po:i.n't ip the licensing procedure ~e rely upon the applicant's statements 

of intent'· regarding-quality and- performance standards. 

The reactor primary system components will be designed and fabricated .in 

. 
accordance with the applicable ASME Boiler and Pressure Vessel Code, Section III, 

Nuclear Ves~els, or the ASA Code for~Pressure Piping.' Although· the operating 

pressure of the primary system is to be 1000 psig, the design pressure is 1250 psig. 

This differential is to accol1ll'!lodate maneuvering transients without safety valve 

operation. 
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The design temperature for the various primary system components will depend 

upon the specific expec;ed t.e_mper:ature plus that due to radiation heating. 

The dryw~ll, the sµppression chamber vent pipes, and the suppression chamber 

will be designed and fabricated in accordance with the appropriate sections of the 
' 

ASME Pressure Vessel Code·, Sec ti on III. Each will be designed for a pressure of 62 

psig at an internal temperature of 281°F. 

The engineered safeguards, consisting of the drywell cooling equipment; the core 

spray systems,· and the contaimµent cooling systems will all be designed in accordance -

with the applicable ASA Code for Pressure Piping. 

The instrumentation, control system, and safety interlock components will be ." 

"reactor grade," that is, fabricated of the highest quality materials and workmanship. 

The same high standards of qualf.ty which are applied to the safety systems will also 

be applied to the: •safety it1terlock equipmenL 

·The secondary ·contairun~nt system, the reactor building, will be designed to with-

stand the loading as_sociated with a sustained wind veloCity of· llo mph. This~ we 

believe i1~ adequate except for the case of tornadoes which are discussed below. 

Flooding ~an be excluded as a consideration since the principal structures will be 

located at. least 10 fL above the maximum his_torical flood elevation of 506 ft. nisl. 

Seismic and tornado design of the facility have been given detailed consideration~ 

As has been previous practice, two seismic design accelerations, O.lg and 0.2g, have 
> 

been specifi_ed. The facility will be designed so that the material of Class I 

structures, (structures and equipment important to safety) when subjected to an 

acceleration spectrum corresponding to O.lg will not exceed yield stress under 

combined functional and seismic loading stresses. In addition, the facility will be 

designed so th'at function of Class I structures will be assµred following a 0.2g 
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earthquake. This includes, for the case of the containment, c9mbined accident and ' 

seismic loads. The U.S.C.&G.S. has reviewed these accelerations and concluded 

" ••• the Q.2g r.ecommended by the applicant is more than adequate for the seismic 

protection." Our seismic design consultant is in general agreement with the 

material presented in the application except for the adequacy of the seismic design 

of the facility stack which will be used jointly for Units 1 and 2. Further informa-· 

tion on this as well as tables of material stress levels have been requested of the . . . ' \! 

applicant. (Questions 18 and 19 in· September 3, 1965 letter.) 

The basis for the tornado design of the facility is that the likelihood of 

reinforced concrete structures being damaged is low. Thus the facility is designed 

with' all components required for safe shutdown either within a reinforced concre.te 

structure .or below ground. The electrical transmission system might be a vulnerable 

component; however, with the number of transmission lines (7 entering from two direc-

tions), anci the fact that one of the lines is underground near the facility we 

believe that simultaneous loss is extremely unlikely. Even so, an emergency dies~l 

generator which Commonwealth states will be started when there is a tornado alert, 

is available and will be situated in a reinforced concrete block structure. 

In conclusion, we believe that this criterion is adequately covered by the 

applicant. 

CRITERION 2· 

Provisions must be included to limit the extent and the consequences of credible 
chemical react.ions that could cause or materially augment the release of significant 
amounts of fis'sion products from the facility. 

Assuming a loss of coolant accident, in the case of Dresden Unit 2, the most 

probable credible chemical reaction would be a zirconium-water reaction since the 
; 

fuel cladding and the fuel assembly channel pieces will be fabricated of Zircaloy-2. 
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The applicant calculates that if the reaction terminates when the zirconium 

reaches 3300°F, its melting point, 24~5% Z~-H20 reaction would occur assuming (1) 

just enough water available to continue the reaction and (2) the system is adiabatic~ 

(See replies to questions Ii-4 and III-5 in Amendment No. 2.) Termination at 3300°F 

is assumed because at this temperature it is expected that the cladding would slump, 

block channels, and impede the entrance of steam. Core meltdown would continue, 

however, and as long as meltdown is occurring it is not possible to predict the 

course of subsequent metal-water reactions. 

Provisions which would limit the extent and consequences of such reactions incl~de 

the core spray and core flooding systems. A diagram of these systems is given in 

Figure 35 of Vo.lume II of the Plant Design and Analysis Report. Each will be capable 

of supplying water to the core region and would re-cover the core in about 3 minutes. 

These systems are actuated by low prima~y pressure and low reactor water level signals 

and will begin to t:efil 1 the core region after the primary sys tern pre_s_sure h~s ~ro_pped 

to 150 psig. The flow capacity of each system will be 4400 gpm and back-up pumping 

capacity will be available. The core: reflooding capability, effectively a watertight 

vessel within the pressure vessel, will allow the core to be covered up to 2/3 to 3/4 

of the active fuel height. After this, makeup·due to boil-off is all that would be 

required. ".The applicant has calculated and we agree that if all equipment functions 

as designed~ less than 1% Zr-H20 reaction would occur from a major loss of coolant 
'· 

accident. This am6unt of reaction is negligible. (See Section XI-5-4 in Volume I. 

of the Report for the applicant's analysis of this accident.) 

Further ~ackup is to be provided. .If one assumes that the core spray and 

flooding systems do not function, as low as 4% Zr-H2o reaction with recombination. 

of the hydrogeh could jeopardize the containment integrity. Because of this, the 
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applicant has stated that the containment will be inerted and the oxygen content 

·limited to less than 5% by volume. 

We believe that the systems and precautions discussed above satisfy this 

criterion. (See also the discussion under Criterion 17.) 

CRITERION 3 

Protection must be provided against possibilities for damage of the safeguarding 
features of the facility by mi

1
ssiles generated through equipment failure inside the 

containment. " 

A drywell wall design criterion is: "To withstand a jet force equal to that 

associated with flow from the largest local p~pe or connection without containment 

failure." Jet forces are calculated by assuming that reactor pressure acts directly 

on the containment over an area equal to that of the largest diameter local pfpe or 

nozzle. Further information in pipe motion and anchoring within the dryweil has been 

requested in Question 8 of ,our September 3, 1965 letter. We understand that missiles· 

will also be considered in reply· to this·question. 

CRITERION 4 

The reactor must be designed to accommodate, without fuel failure or primary 
system damage, deviations from steady state norm that might be occasioned by abnormal 
yet anticip~ted transient events such .. as tripping of the turbine-generator and loss 
of power to the reactor recirculation sys tern pumps. 

Primary·protection against possible fuel failure.or primary system damage is 

provided by the reactor protection system and the multiple heat sinks. The vital 

operating par~meters of the reactor system are continuously monitored, and a scram 

is initiated before any safety limit is exceeded. The scrammed control rods will 

shut down the reactor, and the stored and decay heat can be dissipated by either the 

turbine condenser or the isolation condensers. 

The primary heat sink for the reactor is the turbine condenser. If this becomes 

unavailable due to any combination of steam valve failures (isolation, throttle, stop, 

and bypass valves), reactor heat can be dissipated in the two isolation condensers. 
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· This :;system. is initiated at an overpressure of about 60 psi and will prevent operation 

of the reactor safety valves (set to relieve at 100 psi overpressure). 

Anticipated reactor maneuvering transients will result in no fuel damage; however, 

some reactor transients could result in fuel element damage if the reactor protection 

system.failed to function. Under this hypothetical situation, the reactor pressure 

could increase and.cause a significant reactivity addition.by collapsing many voids in 

.the moderator. Due to the redundancy in the design of the control rod system and the 

scram circuitry, the Staff believes that anticipated transient: events would not pre-

elude proper operation of the reactor protective system. 

We believe that the intent of this criteria is satisfied. 

CRITERION . 5 

The reactor must be designed so that power or process variable oscillations or 
transients that could cause fuel failure or primary system damage are not possible 
or can be readily suppressed. 

The applicant has performed a large number of analytical studies to determine 

the stability charact~ristics of the reactor nuclear, thermal, hydraulic system . 

. These studies analyzed potential transients induced by changes in pressure, re-

circulation flow, subcooling, and control rod position. This work has indici;i.ted 

that divergent power oscillations induced by process variations are .not anticipated. 

The scraffi. system h~s been designed to shut down the reactor safely if a turbine 

trip were to occur from r~ted power. The resulting transient would cause the neutron 

·flux to increase by approximately 100% per second. By. comparison, the most severe 

·',-oscillatory it:r.8Ps±ent which the applicant believes could occur would result in a 

. maximum neutron. flux rise of about 8% per second. · However, since no power reactor 

of this size has been constructed or operated, the possibility of large power 

oscillations indu.ced by some unforeseen mechanism cannot be precluded. The pre-

operational testing proposed, however, should enable potential unstable conditions 

to be recognized. 
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We beli~ve that the design and analysis of the reactor system has been satis-~ 

factory, and that unforeseen. oscillation or transient can be detected and corrected 

during preoperational testing. 

CRITERION 6 

Clad fuel must be designed to acconunodate throughout its d~sign lifetime all 
normal and abnormal modes of anticipated re~ctor operation, including the design 
overpower condition, without experiencing significant cladding failures. 

The reactor fuel elements will be 12 feet in length and contain uo2 fuel having 

an average enrichment of 2.0 weight percent U-235. The fuel rods will be clad with 

Zircaloy having an outside diameter of 0.570 inch and wall thickness of 0.036 inch • 
.';,_ ... '• :· 

The minimum critical heat flux ratio (MCHFR) will be 1.5 at design overpower. The 

anticipated average burnup for the core will be 10,000 to 12,000 MWD/T. 

The fuel rod plenum pressure has been c~lculated by the applicant to be 1715 

psia at the end of life at operating temperature. This pressure will not exceed 

the design stresses of the cladding for normal operation or transients, resulting from 

malfunction of the reactor pressure controlling equipment. 

The peak ~nergy density within a fuel rod is about 60 cal/gram during normal 

operation and 130 cal/gram at de~ign overpower. This energy density provides a 

sufficient design margin since clad damage and gaseous fission product release occur 

at about 170 cal/gram. The behavior of the fuel elements under the control rod 

dropout condition if; discussed in Cri'teriori T. 

We believe that this criterion. is satisfied by Dresden Unit 2. 

CRITERION 7 

The maximum reactivity worth of control rods or elements and the rates with 
which reactivity can be inserted must be held to values such that no single credible 
mechanical or electrical control system malfunction cou!d cause a reactivity transient 
capable of damaging the primary system or causing sign~ficant fuel failure. 
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The reactor control system contains 177 control rods having a total reactivity 

worth of 0.18. The rods can only be moved individually and the normal maximum 

reactivity addition rate is 0.0019 per second. The applicant has shown that this 

-reactivity addition rate would not result in any fuel damage. 

Significant fuel damage could result from the dropout of a strong control rod. 

The applicant has calculated that the maximum safe excursion that could be toj.erated 

would be the dropout of a rod worth 0.025 at a velocity of 5 feet/second. This 

transient would result in a peak fuel enthalpy of 230 cal/gram. The uo
2 

fuel melts 

in the range from 220-280 cal/gram and instantaneous clad failure and expulsion of 

molten and vaporized fuel would result at 425 cal/gram or greater. 

Procedural and engineered safeguards have been developed to assure that the above 

excursion is not exceeded. The withdrawal patterns of the control rods will be 

controlled by procedure so that no control rod has a reactivity worth greater than 

0.025. Control rod worths of this magnitude can be achieved during low power opera

tion; the maximum control rod worth during power operation is about 0.01. In addi

tion, a rod worth computer will be installed as a backup to the operating procedures. 

This device is a form qf interlock which will prohibit the withdrawal of any control 

rod that would· violate the above criterion. 

To limit the terminal velocity to 5 feet/second if dropout should occur, a 

velocity limiter will be installed on each rod. The velocity limiter is a loose 

fitting piston which travels in the control rod guide tube, and is an integral part 

of the bottom of the control rod. The velocity limiter has no significant effect 

on the control r'od insertion time under scram conditions. A thimble support will 

be __ ~nstalled which· would limit the maximum downward movement of the thimble and 

attached 0rod to one or two inches thus preventing a control rod ejection should a 

control rod drive. thimble fail. 
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We believe that Dresden Unit 2 satisfies this criterion. 

CRITERION 8 

Reactivity shutdown capability must be provided to make and hold the core 
subcritical from any credible operating condition with any one control element at 
its position of highest reactivity. 

The maximum excess reactivity for the Dresden Unit 2 core in the cold clean 

condition is 0.26, and is obtained at the beginning of the initial core. This reac-

tivity excess is controlled by 177 control rods and 324 fixed control curtains worth 

0.18,and 0.12, respectively. The maximum reactivity worth for any single control 

rod removed from the core is 0.03 thereby ~ssuring that the reactor can be held 

subcritical by 0.01 (k-effective - 0.99) for any credible condition. 

Future cores will be less reactive than the initial core since only a portion 

of the spent fuel elements will be replaced during any shutdown. The control cur- / 

tains will be removed .as required for future operation; but the above capability to 

hold the reactor subcritical will be maintained, and thus the criterion is satisfied. 

CRITERION 9 

Back-up reactivity shutdown capability must be provided that is independent of 
normal reactivity control provisions •. This system must have the capability to 
shut down the reactor from any operating condition. 

A standby liquid control system has been provided to enable the reactor to be 

shut down safely if the control rods cannot be inserted. This system would insert 

sodium pentaborate solution in the reactor at the reactivity addition rate of -0.002 

per minute, and-has a total reactivity worth of at least 0.213. The negative 

reac~ivtty insertion by this system is faster than the maximum reactivity gain that 

could be realized by cooldown of the moderator. Also, assuming that no control rod 

movement occurs, the system can maintain the reactor subcritical by at least 0.05. 

We believe that this system satisfies the criterion. 
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CRITERION 10 

Heat removal systems must be provided which are capable of accommodating core 
decay heat under all anticipated abnormal and credible accident conditions, such as 
isolation from the main condenser and complete or partial loss of primary coolant 
from the reactor. 

If the reactor is either isolated from the main condenser or insufficient 

feedwater flow is available, the iso~ation condenser system will be used. (See 

Fig. 23 in Volume II of the report.) Two identical isolation condensers will be pro-

vided. Each will consist of a 406,000 lb/hr capacity condenser. The hook-up of these 

condensers is identicai to that proposed for Niagara M?hawk and Jersey Central. That 

is, the condensers will be physically located above t~e reactor vessel in the reactor 

building. Operation will be natural convection started by .opening the line through 

which condensate would drain to the reactor vessel. The water in the.shell side 

would boil and the steam would be released to the atmosphere. Radiatton monitors 

and provision for isolation will be available. Make-up water will be from condensate 

storage tanks. or, if ne,ces·sflry, the river via pumps on emergency power •. 

A diagr~m of those ,~~i;;tems which would remove decay heat from the containment 

system during\ accident conditions is given in Figure 35 of Volume II. As shown, they 

consist of the .two id.entical containment cooling loops which direct water from the 

suppression pool via pumps, a heat exchanger, and into the drywell via spray nozzles. 

The heat removal capacity of each loop is equivalent to ,that of the core decay heat 

rate. Operation of this equipment is initiated manually. It can be operated, if 

required, by powe-r from the Diesel generator. 

As a matter 
1

of interest, the relative importance of containment cooling equip-

ment discussed above, and the core spray and core flooding equipment discussed under 

Criterion 2 are illustrated in answer to Question III-7 in Amendment No. 2. 
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The curves indicate that unless some containment cooling capacity is available, 

the integrity of the containment cannot be guaranteed beyond about 8 hours provided 

that no metal-water reaction occurs. If a metal-water reaction is assumed to occur, 

containment design pressure would be exceeded within about 1 hour of the accident 

in the absence of containment cooling. 

In summary, we believe that the· emergency cooling equipment discussed above is 

adequate in capacity and' redundancy to satisfy the criterion. 
\ 

CRITERION 11 

Components of the primary coolant and containment systems must be designed and 
operated so that no substantial pressure or thermal stress will be imposed on the 
structural materials unless the temperatures are well above the nil-ductility tempera
tures. For ferritic lnaterials of the coolant envelope and.the containment, minimum 
temperatures are NDT + 60°F and NDT + 30°F, respectively. (Note: Staff studying 
figures per discussion last meeting.) 

The NDT of the reactor vessel material opposite the core will be no higher than 

10°F. The NDT of· th_e remaining reactor vessel material will be ho higher than 40°F. :,,• 

19 For the reactor vessel, a design criterio~ is that exposure should not exceed 10 nvt .~· 

for-neu-trons of energy greater than 1 Mev over the life. of the ireactoF'::tess'el. ' .. .,_.tli the -::~ 
\ 

case of the Dresden Unit 2 vessel the presence of jet pumps in an annulus around the 

core provides a relatively large amount of water between the core and the vessel wall 

and thus »a better Cl:lpaci ty for thermalizing neutrons. Because of this the integrated 

exposure over the 40-year life of the reactor is estimated to be 5 x l0 17nvt. Ari 

exposure of 5 x 1017nvt would not result in significant upward shift of NDT. 

Commonwealth states that the vessel will not be pressurized at a temperature of below 

NDT + 60°F. 

The containment steel is entirely ~nclosed within the reactor building and concrete 

structure and thus will not be exposed to the temperature extremes that would be 
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experienced by a steel shell exposed to the environs. The containment environment 

temperature during normal operation will be 135°F. Charpy v~notch specimens of the 

containment steel will be tested to. determine material properties. 

' We believe the above is within the intent of the criterion. 

CRITERION .. 12 

Capability for control rod insertion under abnormal conditions must be 
provided. 

The Dresden Unit 2 reactor will use G.E. type control rod drive mechanisms 

identical to th.OSI! to be used i~ Jersey Central and Niagara Mohawk. The rods will 

scram upon failure of the pneumatic or electrical systems or upon failure of the 

scram pilot valve or inlet or outlet scram valves since the control valyes are fail 

safe in this respect. When the reactor is atq>erating pressure, scram energy will 

normally be supplied from that which is stored in the scram accumulator. If required, 

reactor pressure is also available for scram by movement of a ball check valve when 

the accumulator P!~ssure falls below the reactor pressure. 

In'. addition to the above, the standby liquid control system would shut down the 

reactor ,if function of the entire control system lost. See Criterion 9. 

The reactor vessel, all of its internals, as well as the control rods, drive 

system components and thimble supports will be considered Class I for seismic design 

purposes as described in Criterion 1 above. They will thus be designed to function 

throughout a severe seismic disturbance. These same components will be positioned· 

well within the reinforced concrete structure and should thus be capable of withstanding 

effects of tornadoes. This is also discussed in Criterion 1. 

Based on the foregoing, we believe that the control rod drive system satisfies 

this criterion. 
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. CRITERION 13 

The reactor facility must be provided with a control roo~ from which.all actions 
can be controlled or monitored as necessary to maintain safe operational status of 
the plant at all.times. The control room must be provided with adequate protection 
to permit.. occupancy·under the conditions described in Criterion 17 bel0w, and with 
the means to shut down.the plant and maintain it in a safe condition if such ei.ccident 

-were to be experienced. 

The Dr,esden Unit 2 facility will be equipped with a control .room in .which El.~l 
; 

controls and instrumentation necessary for operation of the reactor and turbine 

generator will be located. 

·With reference to occupancy during accidents, the, applicant.has quoted the 
. ~ . ,: 

criterion that personnel in the control room will not recei~e doses in excess of 0.5 

Rem in arty 8 hour period following an accident involving eHher Unit 1 or Unit 2 and 
~' 

that doses for the course of an accident will not exceed 10 'CFR 20 limits ( 3· Rem); 

These criteria are easy to meet for Unit 2 which is buried below grade; however 

· Unit 1 ts a steel vessel which would contribute signific~t doses in event of a core 

meltdown. The accident for Unit 1 for which the control rooms are designed is the 

"worst rea~onabie acc'id.ent ~" . a core tnel tdown and 25% Zr-~O reaction. Al though 
:,, 

direct radiation from,the containment has been considered; we believe it is 

important that access to ~d from the control rooms also be considered. 

Otherwise, we believe that the proposed design meets the intent of the 

criterion. 

CRITERION 14 , , 

Means must be included.in the control room to show the relative reactivity 
status of the reactor such as position indication of mechanical rods or concentra
tions of chemical poisons. 

This will be accomplished by an individual readout for each rod displayed on 

a panel. Chemical poison will be used only in an emergency. Therefore this 

criterion is satisfied. 
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CRITERION 15 

A reliable reactor protection system must be provided to automatically ini tiafe 
appropriate action to prevent safety limits frqm being exceeded. Capability must be 
provided for testing functional operability of the system and for determining that no 
component or circuit failure has occurred. For instruments and control systems in 
vital areas where the potential cons~quences of failure require redundancy, the 
redundant channels must be independent and. must be capable of being tested to determine 
that' they remain independent. Sufficient redundancy must be provided that failure or 
removal from service of a single component or channel will not inhibit necessary 
safety action when required. These criteria should, where applicable, be satisfied 
.by the instrumentation associated with containment closure and isolation systems, 
afterheat removal and core cooling systems, systems to prevent cold-slug accidents, 
and other vital systems, as well as the reactor nuclear and process safety system. 

Each sensor circuit (instrument channel) will be capable of being tripped inde-

pendently by simulated signals for test purposes to verify its ability to give a single 

channel trip. Each sensor circuit, when tripped, deenergizes its own individual relay, 

the contact(s) of which trip one and only one dual bus subchannel. Further, the 

tripping of a subchannel deenergizes only the scram logic relay associated with the 

subchannel. Thus, by successively observing the actions of the various combinations 

of two relays the operator can, without ambiguity, determine functional operability, 

and the presence or ~bsence of circuit faults within the systems being tested. This 

includes,· for examp 1e, short circuits which accidentally tie ·two or more dual ·bus 

subchannels together, thus destroying their independence. Testing, as described 

above, will reveal such a fault when a scram logic relay under test fails to deenergize. 

Since ,the scram logic is 2-of-4 or 3-of.,-4, depending on which subchannels have 

tripped, it follows that the complete, unsafe failure of an.entire subchannel will not 

preclude automatic scram by either the nuclear or process instrumentation. Further, 

each scram-producing parameter is monitored by not less than four independent sensor 

channels which, respectively, trip one and only one of the four dual bus ~ubchannels. 

Thus, the complete unsafe failure of a sensor channel will not preclude automatic 
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scram in response to an unsafe condition of its monitored parameter since such 

failure can, effectively, disable no more than one dual bus subchannel. 

The applicant has stated that the failure of a single sensor circuit or system 

component will not prevent insertion of a sufficient number of control rods to shut 

down the reactor. From this we can infer that no single short-to-line at any group 

of parallel-connected pilot (~olenoid) valves wou_ld prevent a safe shutdown. 

The manual scram circuitry does not depend on the. operation of any portion of the 

dual bus system; i.e. it is independent of the automatic scram system. 

The foregoing discussion pertains to the protection system when no bypasses are 

in effect. Under such '·'non-bypass" conditions we have concluded that the criteria 

proposed by the applicant are in keeping with Criterion 15. 

Under certain conditions of bypass, it has not been shown by the applicant that 

the portion of Criterion 15 which reads "Sufficient redundancy must be provided that 

failure or removal from service of a single component or channel will not inhibit 

necessary safety action when required" will be met. Specifically, the sensors of the 

eight. intermediate range channels and eight power range channels are spatially dis-

tributed within each of four discrete quadrants in such a way as to protect the 

quadra~ts in the event of excessive flux occurring locally, or throughtout the entire 

core. Within each range of instrumentation, two channels may be simultaneously bypassed 

provided they feed separate channels of the dual bus system, and are not protecting 

the same quadrant. This system of bypasses raises no difficulties concerning bulk 

power transients since these would be felt throughout the entire core and would be 

sensed by the unbypassed channels which exist in sufficient redundancy. However a 

difficulty arises when local effects of single rod withdrawal are considered. Under 

the allowed conditions of bypassing, it is possible to have a region of a quadrant 
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protected, in the vicinity of local exc'ursion-inducing rod, by a single channel of 

instrumentation c13.pable only of providing a.rod-blocking function. Should this single 

channel of protection fail, the worst effects .of this excursion 'iVOuld be realized. 

It has .not been. determined by the applicant whether the reactor can "tolerate" 

.such. excursions in terms of fuel damage or other pertinent limiting factors. If it 

cannot, this portion of the reactor protection system is considered inadequate. 

The applicant has not performed an analysis to determine if a single short circuit 

within a rod drive could cause outward motion of the rod while simultaneously bypassing 

the rod-block circuit. It is felt that such an analysis is essential in determining 

the adequacy of the protection system in terms of Cri ter.ion 15. Further elaboration 

of this was requested in Question No. 14 of our Sept. 3, 1965'letter. 

Of some, thou~h lesser, concern is the fact that intermediate range chambers 

may be bypassed such that two chambers, each protecting an adjacent quadrant, are 

widely separated, leaving a large portion of the core unmonitored and unprotected 

by this range of instri.lmentation. This circumstance is mit~gated by the fact that 

the safety.·functions of the intermediate range channels are backed up by the APRM 

units. 

CRITERION 16 

The vit9l instrumentation systems of Criterion 15 must be designed.so that no 
credible combination of circumstances can interfere with the performance of a safety 

· function wheri it is needed. In particular, the effect of influences common to 
redundant channels which are intended to be independent must not negate the operability 
of a safety syst~m .. The effects of gross disconnection of the system, loss of energy 
(electric power, instrument air), and adverse environment (heat from loss. of i.nstrument 
cooling, extreme cold, fire, steam, water, etc.) must cause the system to go into its 
safest state (fail-safe) or be demonstrably tolerable on some other basis. 

The individual subchannels within the dual bus system, and the pilot (solenoid) 

valves are fail~safe with respect to loss of voltage! The scram valves are fail-safe 

with respect to loss of instrument air. 
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Further, the applicant has stated that each scram trip will be designed 

"fail safe" insofar as practicable, i.e. most probable component failures (including 

power supply failure) or open circuit in wiring shall cause a trip condition. 

Specifically, line failures at active startup, intermediate or power range nuclear 

instrumentation feeding the scram system will always actuate a "downscale" rod block 

interlock. In most cases the relays which trip the dual bus subchannels will also 

deenergize (fail safe). 

Process system scram contacts are connected directly into the dual bus system; 

i.e., there are no intermediate re1ays, amplifiers, etc. Thus, they are independent 

of power sources. "Fail safety" can only be discussed in terms of mechanical opera-

tion and, in our opinion, a switch can fail in either mode with equal probability. 

There is, however, .as stated herein, redundancy within each prdcess sensor system, 

and we believe that this redundancy fulfills the "demonstrably tolerable on some other 

basis" portion of Criterion 16. 

We have· conclude.cl that the criteria proposed by the applicant is in keeping with 

the essentia~ elements of Criterion 16. 

ENGINEERED SAFEGUARDS 

CRITERION 17 

The containment structure, including access openings and penetrations, must be 
designed and fabricated to accommodate or dissipate without failure the pressures· 
and temperatures associated with the largest credible energy release including the 
effects of credible metal-water or other chemical reactions uninhibited by active 
quenching systems. If part of the primary coolant system is outside the primary 
reactor containment, appropriate safeguards such as additional containment must be 
provided for that part ff necessary to protect the health and safety of the public 
in case of an accidental rupture in that part of the system. 

Commonwealth Edison quotes.a similar criterion for the design of the containment 

structure as follows: "To withstand the p¢ak transient pressure which could occur due 

to the postulated rupture of any reactor.system primary pipe inside the drywell." 
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• 
The design pressure of both the drywell and the suppression pool is 62 psig 

coincident with a temperature of 281°F. The p~essures and temperatures associated 

with a loss of coolant accident - rupture of 28-inch diameter recirculation loop - are 

given in answer to Question III-7 in Amendment No. 2. The pressures and temperatures. 

plotted in Figures III-7-2 and III-7-3 assume various combinations of engineered 

safeguards do not function both with and without the presence of Zr-H2o reaction. It 

is evident from these curves that a there is a large marg~n between the accident over

pressure and temperature and the design pressure and temperature of.62 psig and 281°F, 

respectively, provided that at least one of the suppression pool cooling-containment 

spray systems remains in operation and the containment system is inerted. The contain

ment pressure in the early stages of the accident before si~nificant cooling of 

Zr-H20 reactions can take place is given in Figure III-7-1. The peak drywell pressure 

is shown to be 38 psig. This pressure is based upon an analytical model developed 

from results of Moss Landing tests conducted by the Pacific Gas & Electric Company. 

As a matter of interest, the curves labeled "f" in Figures III-7-2 and III-7-3 

relate to that combination of engineered safeguards and sources of energy which are 

the design bas'es of the containment system. Specifically, one of the two suppress~on 

pool cooling-containment spray systems was assumed to be in operation, a complete core 

meltdown and a ~7.5% Zr-H2o reaction were assumed to occur, and no recombination of 

the hydrogen was assumed since the containment will be inerted with nitrogen (less 

than 5% oxygen). 

Another curve which relates to adequacy of containment system to with~tand 

metal-water reactions is given in Figure II-4-1 in Amendment No. 2. This curve is 

based on the assumption of no recombination, and one suppression pool cooling-containment 

spray system in operation, and i~ a measure of containment system capability to handle 
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various metal-water reaction rates. The applicant has stated that the containment 

heat removal systems will be designed and equipment sized to maintain contaim,1ent 

pressure and temperature sufficiently low so that the calculated metal-water reaction 

rates will fall below the curve. 

We believe that the Dresden Unit 2 proposed containment design satisfies this 

criterion. ' . 

CRITERION 18 

Provisions must. be made for the removal of heat from within the containment 
structure as necessary .to maintain the integrity of the structure under the conditions 
.described in Criterion 17 above. If engineered safeguards are needed to prevent 
containment vessel fai1ure due to heat released under such conditions, at least two 
independent systems must be pr.ovided, preferably of different principles. Backup 
equipment (e.g., water aqd power systems) to such engineered safeguards must also be 
redundant. 

The e·quipment supplied to remove decay heat from the containment system during 

accident conditions is shown in Figure 35 of Volume II. It consists of two identical 

containment cooling loops which direct water from the suppression pool via pumps to 

a heat exchanger and into the drywell via spray nozzles. The -heat removal capacity 

of each loop· is equivalent to that of the core decay heat rate. The ability of an 

individual loop to protect the containment is illustrated by Figures III-7-2 and 

III-7-3, curve "-f"11 in Amendment No. 2. 

The heat, sink for the containment cooling heat exchangers will be river watet. 

Water from th~ cooling water intake will be pumped directly to the containment cooling 

heat exchangers by at least two· full capacity pumps. 

Electrical power for this equipment will be available-from any one of the power 

sources entering the facility plus the emergency diesel generator. 
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Except for the fact that the two containment cooling loops are not designed 

in accordance with ~ifferent principles, but are independent and redundant in major 

components, we_ ~elieve this criterion is satisfied. 

CRITERION 19 ., . ,. 

The maximum integra'.ted leakage from the containment structure under the conditions 
described in Criterion 17 above must meet the sit.e exposure criteria set forth in 10 
CFR 100. The containment structure must be designed so that the containment can be 
leak tested at least to deSign pressure conditions after completion and installation of 
all penetrations, and ,the leakage rate measured over a suitable period to verify its 
conformance with required p~rfotinance. '11i:e plant must be designed for later tests at 
suitable pressur~s .• 

Similar design criterion for the containment system has been quoted by Commonwealth 
.. ,. 

as follows: 

"To limit 
.,. 

primary containment leakage'. during and following a postulated rupture 

of the reactor primary system to a value which is substantially less than the leakage 

rates which would result in off-site doses approaching the reference doses iri 10 CFR 

100," and 

"To include in the design provisions for periodic leakage tests." 

That leakage rate which must be met in order to satisfy the site exposure criteria-· 

set forth in 10. ·CFR 100 will be discussed in the "Accident Analysis" section of this 

report. 

As noted previously, the design pressure of both the drywell and suppression 

pool is 6~ psig. The applicant intends· to demonstrate, after installation of all 

penetrations, that the integrated leakage rate from the vessels does not exceed 0.5% 

per day at .62 psig. In addition, the applicant intends to measure leakage rate as a 

function of pressure to obtain a leakage characteristic curve of the containment 

system. Using this curve for extrapolation of leakage to higher pressures, subsequent 

integral leakage tests will be conducted at lower. than design pressures. The pressure 
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' at which subsequent tests will be co~ducted and the leakage rate to be allowed will 

be decided during operating license procedures after the initial tests have been 

conducted. 

We believe that knowledge of the capability and intent of Commonwealth to perform 

such tests is sufficient at this time, and thus we believe that this criterion is 

satisfied. 

CRITERION 20 

All containment structure penetrations subject to failure such as resilient seals 
andaxpansion bellows must be designed and constructed so that leak-tightness can be 
demonstrated at design pressure at any time throughout operating life of the- reactor. 

The following leak detection capability for individual penetrations will be 

provided: 

1. Leak detection tests at 100% design pressure of all penetrations fitted with 

resilient seals or gaskets. 

2. Leak detection testing to at least 100% design pressure and operability tests 

under pressurized containment conditions, of the isolation valves of (a) systems open 

to the containment, and (b) systems whose pipelines connect to the reactor system. 

3. Leakage and operability testing of the engineered safeguard systems directly 

connected to the containment vessels under containme~t pressurized conditions. 

An exception to the above, which is to be the subject of further study by 

Connnonwealth is the testing of the expansion bellows for the steam lines which pene-

trate the containment. Feasibility studies of altering the design to permit testing 

at full containment design pressure are now under way. 

Another problem, which it appears will be resolv:ed by the answer to one of the 

questions recently transmitted to Commonwealth is whether leakage of radioactive 
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material via the suppression pool cooling equipment may be a significant contribution 

to the overall containment syst~m leakage. (Question Na. 13 in our Sept. 3, 1965 letter.) 

The guide tubes for the Tt~versing Incore Probe (TIP) calibration system run 

' . 
from the reactor core, through ~he containment, to the reactor building. Teleflex 

type cables will be used to drive the probe. When the system is in use., the single 

isolation valve on the guide t\lb'r will be required to be open~ As the design presently 

stands, as many as 5 of the guide tubes may be open at on'e time during calibration. 

If during an accident the sirtgle isolation valve fails to close (caJ:>le stuck in guide 

tube or valve failure) a.potential source of leakage from the cont.iinment system to 

the reactor building would. exist. Ih order to assess the relative importance of such 

leakage, we requested the applicant to analyze the consequences of ~uch an accident. 

This analysis should .be in response to Question No. 16 in our Sept~ 3~ 1965 letter. 

If this analysis shows significant leakage from this source, son1e reassessment of the 

isolation criteria of the TIP system must be made. This is alSo discussed in answer 

to Question II-13 in Amendment No. 2. 

Subject to resolution of the three items in the previou~ paragraphs, we believe 

that the requirements of this criterf.on are met. 

CRITERION 21 

Sufficient .normal and emergency sources of electrical power must be provided to 
assure a capability for prompt shutdown and. continued maintenance of the reactor 
facility in a s~fe condition under all credible circumstances. 

We have considered that tornado damage would be the most probable cause of 

simultaneous loss of all power. 

The Dresden Unit 2 facility is exceptionally well supplied with auxiliary and 

emergency sources of electrical power. There are available four separate and inde-

pendent sources of power. They are: 
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1. The Unit 2 generator, 

2. The 138 KV transmission system, 

3. A 34.5 KV tran~mission line, and 

4. The standby diesel generator. 

By the time Unit,2 is.completed, there will be six i38 KV transmission lines 

serving the site. Five wiil enter oh a common right-of-way from the north, the sixth 

will enter from the south. In addition, Unit 1 feed the 138 KV switchyard. 

The 34.5 KV line will enter the plant frbm the ~ovth on a right-of-way which 

will be underground ·for about llOO feet prior to entering the plant area. 

The diesel generator will be situated in a reinforced concrete block cell in 

the turbine building •. This generator will be placea in standby operation whenever 

there is a tornado alert. 

All el~ctrical equipment needed to protect the Unit is protected from tornado 

winds by met'al enclosed switchgear within the turbine building and underground cab le. 

We believe that .Dresden Unit 2 is exceptionally well protected from simultaneous 

loss of all e}ectrical ,powe,r which would hinder a safe plant shutdown. 

CRITERION 22 .. \ 

Valves and their asso~iated apparatus. that are essential to the containment 
function must be redundant a.rid so arranged that no credible combination of circum
stances can interfere with their necessary functioning. Such redundant valves and 
associated appa.ratus must be fndependent of each other. Capability must be provided 
for testin'g functional operability of these valves and associated equipment to . 
determine that no failure has occurred and that leakage is within acceptable limits. 
Redundant valves and auxiliaries must be independent - containment closure valves 
must be actuated by instrumentation',: control: circuits and energy sources which satisfy· 
criteria 15 and 16 above. 

The criteria quoted by the applicant for the installation of isolation valves 

are as follows: 
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·' 1. Process p'ipes which connect to the reactor primary system, and pipes 

or ducts which penetrate ·the primary containment and are open to the drywell free ' 

air space shall be provided with at least two isolation valves in series. 

Valves in this category shall be designed to close automatically from selected 

signals; and shall be capable of remote manual actuation from the control room. 

2. The valves will be physically separated. On lines connecting to the reactor 

primary system, one valve shall be located inside the primary containment and the 

second outside the primary containment as close to the primary containment wall as 

practical. 

3. Lines which penetrate the primary containment and which neither connect ~o 

the reactor primary system nor which open into the primary containment, shall be 

provided with at least one valve whiCh may be located outside the primary containment. 

Valves in this category shall be capable of manual actuation from the control 

room. 

4. Automatic isolation valves, in the usual sense, will not ~e \J.Sed on the 

inlet lines of the core spray, core teflodding, containment spray, and feedwater 

water systems, since operation of these systems is essential following a loss-of-coolant 

accident. Since the normal flow of water in thes.e systems. is inward to the reactor 

vessel or· primary containment, check valves located in these lines, inside the drywell, 

will provide automatic isolation whe~ nec~ssary. The check valves are powered by 

reverse (outward) fluid_. flow. 

5. Automatic isolation valves wi~l not be provided on the outlet lines from the 

pressure suppression chamber to the core cooling and containment cooling pumps. These 

lines return to the containment and are required to be open during post accident con-

ditions for operation of these systems. 
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6. No automatic isolation valves are provided on the control rod drive 

hydraulic system liµes. These lines are isolated by means of the normally closed 

hydraulic system control valves located in the reactor building, and by means of 

check valves comprising a part of the drive mechanism. 

7. Small diameter instrument lines are provided with one manually operated 

shut-off valve, operable from the reactor building. 

8. Motive power for the valves on process lines which require two valves shall 

be physically independent sources to provide a high probability that no single 

accidental event could interrupt motive power to both closure devices. 

9. Upon loss of motive power and when containment closure action of the valve 

is called for, the valve shall fail closed or shall fail in its existing position. 

10. Valve actuation power failure shall be detected and annunciated. 

· ll. IsolatJ.on valve closure tiqie shall be such that for any design basis break 

the coolant loss i:s· restricted to an amount less than th~t \Olhich would result in 

unc~vering the cdr~:. 

12. Valves,. sensors, and other .. automatic devices essential to the isolation of 

the containment shall_ be. provided with ·means to periodically test the functional 

performance of the equipment. Such tests would include demonstration of proper 

working conditions, correc~ set point of sensors, proper speed of responses, and 

operability of fail safe features. 

We believe that these criteria stated by the applicant satisfy the intent of this 

criterion. The leakage testing capability is discussed under Criterion 20, above. 

CRITERION 23 

In d~terrnining the suitability of a facility for a proposed site under Part 100, 
the acceptance of the inherent and engineered safety af~ored by the systems, materials 
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and components, and the associated engineered safeguards built into the facility, 
will .. depend on their demonstrated performance capability and reliability and the 
extent to which the operability of such systems, materials, components, and 
engineered safeguards can and needs to be tested and inspected during the l,ife of 
the plant. 

Each of the principal engineered safeguards and the manner in which they are 

to be tested is listed below: 

1. Core spray systems. Tentatively, these systems are capable of testing by 

circulating water by the pumps up to the final motor operated block valve. This 

valve can be tested separately; however, the details of periodic testing have not 

been finally established. Commonwealth is considering ways in which the spray rings 

can be tested. A preoperation functional test of the entire system is planned. The 

amount of water required to cool an individual fuel assembly has been measured by 

G.E. durin~ tests on simulated dry fuel elements. Approximately 3 gpm per fuel 

assembly will be required. 

2. Containment of cooling systems. Tentatively, these systems are capable of 

testing ~y circulating water by the pumps up to the final motor operated block. This 

valve can be tested separately;· however, the details of periodic testing have no~ 

been finally established. Commonwealth is considering ways in which the spray nozzles 
. ! 

can be tested. A preoperational functional te~ of the entire system is .Planned. 

3. R(aactor Building. Tl)e leak tightness of the reactor building can be tested 

by isolation and exhausting air via the standby gas treatment system •. The rate at. 

whi~h atr iS exhausted· at the design· pressure of 0.25-inch of water negative .pressure· 

is a measure of the in-leakage. Exfiltration will not be measured. 

4. Standby gas treatment system. This system will be designed so that periodic 

tests of fans and controls, the differential pressure across each filter, and the filter 

efficiency can be measured and tested. 
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5. Core reflooding. This capability will be tested during preoperational 

checkout of the Unit. The nature of the safeguard precludes subsequent tests. 

6. Control velocity limiter. Out-of~core development testing has been performed. 

The nature of this safeguard precludes functional testing of the installed equipment. 

7. Steam line flow restrictor. Laboratory development tests have been made.' 

As above, the nature of this safeguard precludes functional testing of the installed 

equipment. 

8. Control .rod drive thimble support. This structural equipment is not amenable 

to functional testing. 

In summary, we believe that the testing capability of the eight engineered 

safeguards listed above satisfies the .intent of the crite~_ion. 

RADIOACTIVITY CONTROL 

CRITERION 24 

All fuel storage and waste handling systems must be contained if necessary to 
prevent the accidental release of ra~ioactivity in amounts whi~h could affect the 
heal th and safety of the public. 

All refueling functions, including the spent fuel storage pool and the new 

fuel storage vault, are located· inside the reactor building which provides adequate 

confinement of radioactive materials which would be released during a refueling 

accident. The consequences of this accident are discussed in the Accident Analysis 

section of this report. 

CRITERION 25 

The fuel handling and storage facilities must be designed to prevent criticality 
and to maintain adequate shielding and cooling for spent fuel under all anticipated 
normal and abnormal conditions, and credible accident conditions. Variables upon 
which health and safety of the public depend must be monitored. 
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,,. In the refueling procedure, al 1 operations are carried out with the fuel under 

water which enables visual control of operations at all times. Reactor spent fuel. 

is transferred under water through a spent fuel storage pool canal into racks pro-

vided in the storage pool. The storage pool is designed to accommodate all the re-

quired fuel maintenance operations and storage space is also provided in the pool for 

the control rods, fuel shipping cask, and small internal reactor components. Ample 

storage space is provided in the event of a complete core unloading. Additional 

storage for large components is provided in a separate storage pool adjacent to the 

drywell head cavity. 

In order to avoid accidental draining of the fuel ~torage pool, there are no 

penetrations that would permit the pool to be drained below a safe storage level and 

all lines extending below this level are equipped with suitable valving to prevent 

backflow. The passage between the fuel storage pool and the refueling cavity above 

the reactor vessel is provided with two double-sealed gates with a monitored drain 

between the gates permitting detection of leaks from the passag~ and repair of a 

gate in the event of such leakage. 

The pool system also contains provisions to maintain water cleanliness and 

instrumentation to monitor water level. The rack in which fuel assemblies are placed 

is designed and arranged to ensure subcriticality in the pool. 

Water depth in the pool will be such as to provide sufficient shielding for 

normal occupancy of operating personnel. In addition, the fuel storage pool is a 

reinforced concrete structure completely lined with seam-welded stainless steel 

plates welded to reinforcing members (channels, I-beams, etc.) embedded in concrete. 

The pool will be designed to adequately withstand .the anticipated earthquake loadings 

as a Class I structure. The lower liner. section will be built as a free standing 
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structure and hydrostatically tested prior to the concrete pour. Th~ stainless 

steel liner should prevent leakage even in the event of cracks developing in the 

concrete. 

New fuel is brought into the reactor building thrpugh the equipment entrance 

and hoisted to the upper floor utilizing the react~r building crane. The new foel 

is stored in the reactor building in the new fuel dr}r vault located convenient to 
~: .. ; 

the refueling pciol area and serviced by work are.a· equipment. 

The storage racks for new fuel are-full length; top entry, and designed to 

prevent an accidental criticai array even if the.vault becomes flooded. Vault 

drainage is provided to prevent possib~e water collection, and all entrances to the 

vault are capable of being locked. 

Thus, it appears that the fuel handling and sto;rage facilities are well 

design_eci to prevent· criticality and to maintain adequate shielding and coolirig for 

spent fuel under ali'
1
an.'ttcipated normal and ab.normal conditions and credible accident 

. . 

conditions. Radiation monitor detectors are also placed in the fuel pool ~rea to 

monitor 'variables' ·upon which health and safety of the public depend. 

CRITERION 26 ···-...,_ 
/. ·:.- .. 

-· 
Whe're unfavorable environmental' conditions can be expected to require limitations 

upon the release of op·erational radioactive effluents to the environment, appropriate 
hold-up capacity must<be provided for retention of gaseous, liquid, or solid effluents. 

The process off-gas system handles radioactive gases of plant origin. Nonconders·• 

able radioactive gases are removed from the main condenser by the air ejector which 

exhausts ~hese off-gases into shielded piping providing a 30-minute holdup for 

radioactive decay of short-lived· isotopes • 1 These gases are then passed through a 

set of two high efficiency particulate filters prior to release to a 300-foot stack.· 

A spare set of filters is also provi'ded to .assure availability of filtration. 
. • • I 
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O:ff-gas monit0rs will be provided which will automatically shut the isolation valves 

in the off-gas line should radiation levels above some pre-set value occur. 

The liquid radioactive waste system collects, treats, stores, and disposes of 

all radioactive liquid wastes. These are collected in sumps and drain tanks and 

then transferred to the appropriate tanks in the Radwaste Building for further 

treatment, storage, and disposal. Wastes to be discharged from the system are 

handled on a batch basis with each batch being analyzed and handled appropriately. 

Final disposition bf processed liquid wastes consists of retutn to the condensate 

system, storage awaiting solidification and disposition off-site as solid wastes 

or disposal through the discharge canal. Those batches whose radioactivity con-

centrations ~re sufficiently low as to allow disposal in the Illinois River are 

released into the dis'charge canal and diluted with effluent condenser circulating 

water· in order to achieve a discharge concentration of lo-7 uc/cc at.the point of 

entry into the river. 

The principal origins of solid radioactive wastes are tpose from the reactor, 

maintenance of· equipment,· ·and operation of the process systems. The reactor wastes 

are· stored for decay in the fuel storage pool, packaged and transferred to permanent 

disposal off-site in shipping containers. The maintenance wastes are compressed into 

bales. to reduce -'volume and packaged for disposal. The process wastes are collected 

_in tanks, dewatered, drummed in 55--gallon containers, and stored awaiting shipment. 
. . 

,concept:bated wastes ar,e mi:Xe"d with water ab.sor.bent material pr,ior to drumming and .. 

subsequently stored awaiting disposal. 

All of the radioactive waste disposal systems appear to contain appropriate 

holdup capacity for radioactive decay or provision for adequate dilution. Instrument~-

tion is also provided for det~ction and alarm of abnormal conditions. 
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The plant must be provided with systems capable of monitoring the release of 
radioactivity under accident conditions. 

The Riocedures and, equiE~ent to be used in the case of an accident have not as 

yet been specified; however, the applicant has stated that they intend to follow the 
·,, 

procedures now used in Unit 1. This would be as follows• The ·control room personnel 
• ... 

would notify the utility ·load dispatche,r who in turn would notify local authority and 

Argonne National Laboratory. Survey equipment will be kept in the corltrol room 

(Unit 1 uses high range "Cutie Pies") which would be supplemented by equipment and 

personnel from Argonne as necessary. 
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In the Plant Design and.Analysis Report, Connnonwealth has described the course 

and consequences of ~ variety of relatively minor accidents. In addition there 

has been included description in some detail of a control rod drop accident, a 

fuel loading accident, a steam line rupture accident, and loss of coolant accident. 

The results of the applicant's analysis of these accidents are summarized in Table 

2. Doses listed are the maximum' off-site doses calculated and occur at various 

distances. The calculated doses, except for the steam line break, assume release 

from the 300 foot stack. We have requested further information on the.potential 

effects of exfiltration from the refueling building on the site boundary doses in 

the coolant loss accident. (Question No. 12 in our September 3, 1965 letter). 

Further information was also requested on the design basis for the proposed 

control rod thimble support. (Question No. 11 in our September 3, 1965 letter). 

We believe that this support, if properly designed, could prevent major movement of 

a r'oci' drive mechanism in the event of a circumferential rupture of a rod thimble 

and preclude a rod ejection accident for this reactor. ·In addition, further infor

mation was requested on the design of the'inner vessel within the pressure vessel 

and on 'the rod velocity limiter. Questions 9 and 10 in our September 3, 1965 letter. 

The assumptions and calculational methods used by the applicant in his analysis 

of each major accident are discussed in the following sections. 

The Staff has also analyzed the consequences of these accidents and has con

cluded that the doses for each accident would be within the Part 100 guidelines 

although it was necessary to assume the halogen filter efficiencies listed below 

in Table 1 to obtain a thyroid dose less than 300 rad at one-half mile~ For TID 

meteorology, the maximum doses are experienced at one-half mile or less. Our 

calculations use one-half mile since this corresponds to the site boundary. The filter 
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efficiencies listed in Table 1 correspond to the doses that would be received 

during the entire course of each accident. Two hour doses would result in lower 

doses and correspondingly lower requirements for filter efficiency. 

TABLE I 

STAFF CALCULATION OF HALOGEN REMOVAL EFFICIENCY REQUIRED IN STACK FILTERS 
TO REDUCE THE THYROID DOSES TO LESS THAN·300 RAD AT ONE-HALF MILE 

Accident 

Rod Drop 
Refueling 
1% Melt 
TID, 100% Melt, Leakage as a Function 

of Pressure 
100% Melt, Metal-Water Reaction, 

··- 0.5%/day Leakage to Refueling Building 

Filter Efficiency 
Required 

70% 
90% 
None 

85% 

95% 

A ground release from the Steam Line Break accident was calculated ~o give less 

tlian 10 rad to the thyroid at one-half mile. Whole body; doses from all acddents 

were found to be within Part 100 guidelines and agree substantially with the 

applicant's doses given in Table 2. Detailed assumptions for each of the staff 

., .. calculations will be found in the appropriate discussion section. 

The 95% filter efficiency required to reduce the off-site doses from the 100% 

melt with metal-water reaction is the maximum efficiency required for any of the 

major accidents. A 95% halogen removal efficiency corresponds to a reduction of 

halogen concentration by a factor of 20. 

The design of the stack filtration system has not been submitted by the appli-

cant. The applicant has stated that it believes that greater than 99.9% of the 

total halogens will be filtered from any stack release. Taking into consideration 

that provisions will be made to test .the efficiency of these filters periodically, 

we believe that it is feasible todeslgn and maintain a filtration system with 

greater than 95% halogen removal efficiency .. 
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Control Rod Drop 

The rod drop accident is postulated to occur in the following manner. The 

bottom entry rod has been fuily inserted in the core and has stuck in this position 

unknown to the reactor operator. The rod drive mechanism is withdrawn from the 

reactor and the colle't "fingers" are assumed to unlatch and leave the rod in the 

core •. Subsequently, the.rod falls out of the core. inserting an amount of reac-

tivity corresponding to the worth of the rod. It is also assumed that the worth 

of the rod is the highest permitted by the "rod worth limiter"; in this case 2.5% 

at hot standby. 

The applicant has i;;tate·d that the hot standby condition is the combination of 

initial power level and rod worth which results in the most severe accident con-

sequences for the rod drop accident. At lower temperatures the calculated peak 

enthalpy is higher by about 25 cal/gm but this was stated by Counnonwealth to be 

within th.e accuracy,.of the computational method. The staff has requested that tlie 

calctilational results of specific cases be presented to illustrate that a 

parametrid' study has been performed. Furthe:i:'•'elaboratioft has· also been. :requeste~ 

cm '.the. use·'. of the term ''peak ·enthalpy" .and ·how. ):he ·initial power level is taken 

into consideration {~ thiS term. (Question No. III-2 in Amendment No. 2 and 

Question No. 15 in our September 3, 1965 letter) •. 

The two parameters which are amenable to corrective design to limit the con-

sequences of. the accident are the total worth of the rod and the rate of drop.. The 

applicant proposes that the former be limited by a computer system which continually 

reevaluates all potential rod worths and interlocks against rod patterns which 

would permit a rod worth greater than 2.5% at hot standby. This system is now 

being designed. The staff believes that the maximum rod worth could also be 
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restricted by interlocks which would allow only certain predetermined rod with-
~· -

drawal patterns if the computer system did not prove practicable. 

Some means of limiting the potential rate of reactivity insertion during the 

accident is necessary to insure that the threshold .of major mechanical damage is 

not exceeded during the postulated excursion. The proposed velocity limiter, 

described under Criterion · 7, would limit the terminal velocity of the falling rod 

to 5 ft/sec, which corresponds to a maximum reactivity insertion rate of 3.8%/sec 

for a total rod worth of 2.5%. 
\ 

We belie
1

ve that with the velocity limiter and worth limiter in use, fission 

product release from the fuel would be restricted to those rods which suffer clad 

perforation as a result of the accident. The applicant has referenced experimental 

data to support the contention that only fission products already in the fuel rod 

plenum would be released and that these would be less than 1% of the total noble 

gas rod ~nventory and 0.5% of the halogen inventory. The referenced data was 
. . 

obtained from measu.rl:!d releases of fission products from Dresden Unit 1 fuel during 

steady state operation. The fission product retease during the short:time period 
- ~. 

of the excursion was claimed to not contribute significantly to the total release 

although the diffusion rate of fission product gases through the fuel is a strong 

function of. temperature. Dose rates would be increased in proportion to any 

larger release fraction assumed. 

Fuel cladding damage was assumed for any rod which contained fuel with a peak 

enthalpy greater than 170 cal/gm. Ruptures of waterlogged fuel elements have 

occurred in SPERT destructive tests at a maximum energy density less than 50 cal/gm 

(Ref. ID0-17028, p. 34). Release from the dispersed fuel would undoubtedly con-

tribute to the fission product source but the dispersed fuel could also contribute 
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a negative reactivity due to void formation which would limit the severity of the 

transient. (The waterlogged fuel element would thus act as a "fuse") • 

Halogens were assumed to be carried to the condenser hotwell and to undergo 

the same decontamination as has been measured at Dresden Unit 1 under steady state 

conditions. A volumetric "partition factor" (curies halogens per water volume/ 

curies halogens per ste_am volume) greater than 105 was then obtained. See answer 

to Question No. 111-1 in Amendment No. 2. If the large decontamination factor 

is assumed, the amount of halogens carried in the steam phase is negligible and 

the fraction of fission products carried over to the condenser then becomes the 

ratio of the total moisture carried over (before the isolation valves close) to the 

total water in the primary vessel. 

Si~ce (1) the halogens would be evolved at a much higher rate during the 

accident then during steady state operation and (2) the fission products would not 

be uniformly dist~ibuted inthe vessel water but would be concentrated in the area 

of gteatest energy release (and therefore greatest steam formation), it is our 

conclusion that the decontamination factor claimed has not been supported by 

experiments or exp~rience clearly applicable to the conditions prevailing during 

the accident and that credit should therefore not be taken for this factor. In 

addition, the steam quality assumed during the accident has not been supported to 

j·ustify the water carryover fraction. 

We.believe that some decontamination would be realized and acknowledge that 

the amount of fission products carried to the condenser·would be limited by the 

closing of the stel,Ull line. isolation valve. If it is assumed that 50% of the con

tained halogens are released from perforated fuel rods and 10% of the halogens 

released are carried to the condenser hotwell, the calculated curies of halogens 

delivered to the condenser hotwell are increased by a factor of 105• 
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The applicant has quoted data which indicate that a halogen equilibri~m wou~d 

be established in the condenser hotwell between air and water volumes in t~e ratio 

of 10-2• The principal effect of this factor is to extend the halogen release 

over a long period of time. If the partition factor was 1.0, the release of 

halogens would be accelerated and the thyroid dose would be increased by a factor 

of two. It is our opinion that the application of a partition factor in this case 

has not been supported by experimental evidence. See answer to Question 111-1 in 

Amendment No. 2.. The references quoted consider a halogen equilibrium between 

water and air while the present case:· is a condenser hotwell which is continuously 

evacuated by a vacuum pump. 
I 

The gaseous fission products were assumed to be removed from the condenser 

"air" space by a vacuum pump and, after a 2 minute holdup in the piping, ejected 

unfiltered from the stack. 

The ~taff's calculations assuming that: (1) 50% of the halogens contained 

in ruptured fuel elements are1released to the primary, (2) 10% of the released 

halogens are carried to the condenser hotwel.l, and (3) 50% of the halogens plate 

out in the .condenser,. indicate that a filter efficiency of 70% would be required 

to remain within Part 100 guidelines for the total thyroid dose at one-half mile 

and that the whole body dose would be well with the guidelines. 

Fuel Loading Accident 

The fuel loading accident is the postulated drop of a fuel element into a 

near-critical fuel array obtained by withdrawing two adjacent control rods during 

loading. The accident would require violation of a number of procedural requirements 

and the failure of interlocks which prevent fuel handling over the reactor while 

rods are withdrawn. The fuel assembly reactivity.worth in the postulated "worst" 
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configuration would be 2.3% and the calculated maximum reactivity insertion rate 

10% per second. 

The present excursion model predicts peak fuel temperature which are signif-

icantly lower (5000°F vs 10,000°F) than those obtained previously for similar 

G. E. reactors. (See Jersey Central). The applicant attributes this to an 

improved analytical techniq~e; the Dopp~er Weighting Factor, which incorporates the 

spatial effects. of the fission power distribution, is now evaluated at each time 

step rather than estimated for the entire excursion by weighting the initial flux 

distribution. Energy distribution in the fuel is also estimated at each time step. 

Alt~ough the staff has not received detailed information on the analytical techniques 

used in the excursion evaluation, the results of the analysis appear to be in 

agreement w:i.th SPERT oxide core tests of the same minimum p~riod (3.9 milliseconds) 

iri that the SPERT fuel did not melt durtngthe transient. (Ref. iD0-16752, IDO-

17028). G. E. has ·s ta:t~d that the document, "Nuclear Excursion Technology, n-

September, 1, 1965, treats the excursion analysis 'techniques in detail. This report 

has been transmitted to the Committee. 

As in. the control rod drop accident, the applicant assumed release of fission 

products from fuel rods perforated as a consequence of the accident (energy densities 

greater than 170 cal/gm) and only 1% of the noble gas and 0.5% of the halogen 

inventory in each perfor'ated rod. 

The applicant has calculated the rate of steam generation during the excursion 

and has stat~.d that the maximum energy release rate from the peak fuel to the water 

would be about four times that at steady state operation. This relatively slow 

release of energy is a consequence of the low thermal conductivity of the uo2 fuel. 

The formation of steam would be only about twice the steady state value since the 

water in the vessel is l00°F below the boiling point and the amount of heat 
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required for vaporization is larger at the lower temperature. We therefore expect 

that no expulsion of water would be experienced from the 50 foot-deep pool, that 

steam would be condert~ed.before reaching the pool surface, and that most of the 
...... 

i 

halogen gases would be absorbed in the water. We also believe that any pressure 

pulses generated in the core would be the result of some mechanism for rapid 

dispersal of .the fuel into the pool water (such as the rupture of a waterlogged 

fuel element). 

The noble gases were assumed by the applicant to be released to the refueling 

building and then released from the stack at 100% of the building volume per day. 

The halogens were assumed to be entrained in the water and to be released to the 

building air over a period of time determined by the assumed volumetric "partition 

factor" (curies per unit volune of water/curies pei:· unit. v·olune of air) of 102. This 

has the effect of releasing the halogens over a longer period of time and reducing 

the thyroid dose due to halogen decay. If a partition factor of 1 rather than 102 

were as_sumed, the applicant has. stated that the calculated total thyroid doses would 

be incr·eased by a factor of two. The gases were assumed to be released through a 

stack filtration system 99% efficient in removing halogen fission products. 

If we assume 100% of the noble gases and 50% of the halogens are released 

from the ruptured fuel elements and assume a plate out of 50% of the halogens in 

the primary system, the calculated total thyroid dose at one-half mile would be 

·limiting· and require a halogen filter efficiency of 90% to remain within Part 100 

guidelines~. 

Steam Line Break Accident 

The reactor steam system as now envisioned by Commonwealth will consist of 

four 20-inch steam lines. Each will include a flow restrictor in the steam line 
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in the drywell and an isolation valve on each side of the drywell wall. The flow 

restrictor will be designed to choke flow at twice normal flow. The isolation 

valves are specified to close in from 3 to 10 seconds with a 1 second instrument~ 

delay. The steam lines will be cross-connected in sets of two just upstream of the 

turbine stop valves. 

The applicant calculated that the blowdown from a steam line break in the 

pipe tunnel would total 61,000 lb. during the 11 seconds prior to isolation valve 

c!osure and that 100% of the halogens would remain airborne in the steam. It 

was assumed that the steam cloud would enter the turbine building and be released 

from the roof exhausters. The thyroid and whole body doses were calculated by the 

applicant to be negligible. We believe that the path of release of the steam cloud 

from the roo.f e.xhausters has not been justified in that it has not been proven that 

the pipe tunnel and the turbine building would be able to withstand the mechanical 

consequences of this accident, nor were criteria for maintaining turbine building 

integ~ity during reactor operation stated. Thus our analysis assumes a ground 
'i 

level steam release. 

The staff's calculation assumed that ~~)·the water and steam blowdown totaled 

70,000 lb. during the 11 seconds before the isolation valves closed, and (2) the 

fission product inventory was assumed to be equivalent to that in 70,000 lb. of 

reactor water when the stack release rate is at the licensed limit. This inventory 

is a factor of 10 higher than that expected during normal operation of the facility. 

A total of about 100 curies of I-131 and I-133 was assumed released at ground level 

in a cloud with the same volume as the turbine building. TID meteorology was 

assumed. The thyroid dose at one-half mile was calculated to be less than 10 rad. 

The contribution from noble gases is negligible in this case since the noble gases 

are not absorbed inthe primary system water but are continuously removed by the off-

gas system. 
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Loss of Coolant Inside the Drywell 

The break of a pipe in the primary system within the drywell is considered 
,,...· 

the Maximum Credible.Accident because of the large potential for fission product 

release. A break in the "second line of defense" against fission product release, 

the primary system, could lead to violation of the '.'first line of defense"; the 

fuel clad. This places complete reliance on the last major barrier to fission 

product release; the drywell-suppress~on chamber containment. This accident has 

also been chosen as the basis on which the containment is designed. 

The applicant has stated that a range of coolant loss accidents has been 

analyzed and that the largest break, a circumferential rupture of the recirculation 

line, results in the maximum fuel temperatures. Two engineered safeguards must 

function in this accident to prevent major core damage: (1) either the core spray 

or the core refl~oding systan,and (2) one of two cooling loops in which water is 

taken from the'suppressiori. pool, passed through a heat exchanger, sprayed into the 

drywell and, 1ret~.rned to the suppression pool via the vent lines. 

A.fter the b_lowdown, which has been calculated by the applicant to take more 

than 20 seco~ds, the heatup of the fuel from decay heat is determined by a computer 

code which calculates fuel and cladding temperatures and other parameters. The 

code considers decay heat, stored energy, chemical reaction energy and thermal 

radiation between rods and channels. Peak pressures during the blowdown are 43 psig 

iri the. drywell and.21 psig in the suppression chamber as opposed to the design 

pressure .of 62 psig for each chamber. The containment pressures are reduced to 

about 3 psig in the first few minutes due.to the steam condensation effected by 

the drywell spray. The core spray, .. initiated by low primary system pressure, was 

stated to come on within one minute following the break. The core spray would 

prevent the U02 from reaching 3000°F, the r~crystalization temperature, if initiated 
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as late as 5 minutes after the break. For the case in which the core spray functions 

properly, about 1% of the zirconium in the core would react and the evolved hyd~ogen 

would not give rise to a flannnable mixture even if the containment atmosphere were 

not inerted. 

A. 1% Core Melt' 

Since proper functioning of the engineered safeguards would prevent fuel melting, 

the applicant analyzed a fission product release from a 1% core melt to illustrate 

' the adequacy of the containment. Noble gases were assumed to be released from the 

primary system, leak from the drywell and suppression chambers at a rate less than 

0.5i per day, and be released from the stack at the rate of 100% of the refueling 

building volume per day. Ten percent of the· released halogens were assumed to be 

organic in form and to remain in the containment atmosphere. A plateout of 50% of 

the inorganic halogens in the primary system was assumed before these were absorbed 

in the suppression chamber water. The postulated mechanism by which these halogens 

" 

are removed from the drywell atmosphere is the washing action of the containment 

spray. Ttie inorgai:iic halogens are assumed to be in equilibrium with the containment , 

atmospher~ with a volumetric partition factor of 102 (curies per water volume/curies 

per air volume). 

The leakage rate from the containment to the refueling building atmosphere was 

obtained by\extrapolating to lower pressures.from the l!=!akage ·rate of 0.5% per 

day at 35 psig by assuming a turbulent flow model. The halogens are then passed 

through a fiitration system assumed 99% efficient in removing both organic and 

inorganic halogen forms. 

The applicant has quoted data on the formation of organic halogens in hot fuel 

to show that the assumed 10% organic fraction is at least a factor of 3 conservative. 

The experiments did not simulate the exact meltdown conditions in that they were 
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performed at less than 4000°F rather than at the 5000°F melting temperature. Int 

addition, the amount of organics formed may be dependent on the "binder" used 

in the fuel fabrication process. We nevertheless believe that the 10% organic 

release is a reasonable assumption. 

B. TID Model 

As a reference calculation, the applicant has als'o performed an analysis of 

an 100% meltdown using TID-14844 assumptions. The primary difference is in the 

treatment of the halogens which, as before, were assumed to have a 50% plateout 

in the primary system but assumed not to be entrained in the suppression chamber 

water. The thyroid dose is increased by a factor of 4.5 due to this assumption. 

Both the whold body and thyroid doses must also be increased by a factor of 100 

to reflect the increase core melt. Credit is taken for the stack and the filter 
:J .. 

efficiency irt calc.ulating this dose. The metal-water reaction was not considered 

in this re~erence analysis. 
I 

C. 100% Melt with Metal-Water Reaction 
; 
I 

It is the staff's opinian that while all possible steps should be taken to 

prevent major core damage during the coolant loss accident, the design basis of the 

containment should be the containment of the fission products from a 100% core melt-

down with attendant metal-water reaction. 

The applicant was asked to estimate the amount of metal-water reaction associated 

with the. 100% ·core melt and discuss the effects of the energy and hydrogen generated 

on the containment. See Question No. 11-4 ·in Amendment No. 2. They have estimated 

that a 27. 5% re.action of the zirconium would result but that burning the hydrogen 

from a 4% zirconium-water reaction in a non-inerted containment would give rise 

to a containment pressure level of 62 psig. The applicant now proposes to design 
) 
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both the drywell and pressure suppression chamber for 62 psig and to inert the 

containment atmosphere to avoid recombination of the, hydrogen. 

The applicant has calculated the extent of metal-water reaction by assuming 

the core heated up with no cooling after the blowdown and that the metal-water reac-
\ ' 

tion followed the expression of Baker (ANL-6548) which gives the reaction rate as 

a function of local metal temperature and the local extent of the reaction. The 

reaction was assumed to be supplied with the stoichiometrically correct amount of 

steam at each point of the core and the reaction was assumed to terminate when the 

local clad temperature reached 3300°F, the melting temperature of zirconium. The 

reaction in the core was calculated to total 24.5% of the core zirconium and another 

3% was assumed to react as the molten core dropped into the lower plenum. The 

'24.5% reaction was estimated to take about 20 minutes. 

It is our opinion that the short time calculated for the completion of the 

metal-water reaction is very conservative. To transfer steam to the upper parts 

of the core in stoichiometric quantities would seem to require some cooling of the 

lower regio~s, thus retarding the reaction in the lowe~ portions of t~e core. 

However, the· assumption that the reaction is terminated when the melting temperature 

of zirconium 'is reached appears to b.e in qualitative dfsagreement with ANL data 

that indicate that the integrity 6f the clad may be maintained by the Zr02 formed 

and not coll~pse until the zirconium oxide melting temperature (4800°) is approached. 

This ·phenomenon would aHow a larger fraction of the core zirconium to react. 

The capability of the drywell-suppression chamber containment to withstand 

the consequences of a metal~water reaction has been analyzed by the applicant and 

a plot of the amount of metal-water reaction which the containment can tolerate 

as a function of time has been provided (Fig. 11-4-1, Amend. No. 2). The hydrogen 

and all energy associated with a given percent reaction was assumed to be released 
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to the containment uniformly over the duration of the event. The analysis 

illustrates the very high fraction of metal-water reaction which the containment
9 

can tolerate with an inert atmosphere. For example, the containment could with-

stand a 70% metal-water reaction over a three hour period assuming all energy.was 

released to the containment atmosphere. The applicant has estimated that only 

about 10% of the reaction energy would actually be ~arried by the evolved hydrogen. 

We believe that the extent of metal-water reaction could be greater than the 

postulated 27.5%. It is also our opinion, however, that the reaction rate would be 

limited by the rate of steam evolution from the bottom plenum, thus extending 

the length of time over which ener&y would be released to the containment. A 

possible mechanism for terminating the reaction could be local clad swelling or 

melting which would block steam flow channels. In view of the ab:Oity of the con-

tainment to withstand very large metal-water reaction fractions when inerted, we 

believe that the containment can withstand the postulated 100% core meltdown with 

associated metal-water reaction. ·, 

· The applicant has not been requested to analyze the final disposition of the 

molten core since the 100% core melt plus metal-water reaction was considered a 

"oesign basis" accident. However, the following sequence can be postulated. for this 

reactor: (1) the core melts, (2) large amounts of heat are tran·sferred to the vessel 

walls by radiation, (3) the internal structure within the vessel (lower grid plate, 

control rods, rod thimbles) melt and collapse, (4) any remaining water in the lower 

plenum is flashed to steam, (5) the bottom of the insulated primary vessel loses 

·structural integrity, (6) the molten mass is he.ld in and between the 170 control 

rod thimbles and portions finally melt through the thimble support structure, 

(7) masses of metal drop into the concrete-bottomed pool of water in the drywell 

sump to which heat has been continuously transferred by radiation, (8) water is 
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flashed _to steam and the energy thus transferred to the suppression pool. If the 

molten core is assumed to drop into the water over a period of time, the drywell 

will not be endangered by rapid steam evolution. The core would be quenched com--

pletely within a few hours because of the high containment spray system flow rate. 

The whole body doses from the 100% melt with metal-water reaction were increased 

over the TID assumptions because the sustained high pressure in the drywell and 

suppression chamber (a consequence of the hydrogen evolved in the reaction) cause 
~. 

a higher leak rate to the refueling building. The thyroid dose was decreased in 

the applicant's calculations from the TID case because a volumetric partition 

factor of 102 was used as well as the 50% halogen plateout in the primary system. 

A 99% halogen filtration efficiency was also assumed. 

The staff's calculation for this case found the thyroid dose to. be limiting. 

The following assumptions were made for the thyroid dose calculation: (1) 50% halogen 

release, (2) 50% plateout in tlie system, (3) 0.5% per day leak rate to the. refueling 

building, (4) 100% per' day of the building volume released through the stack. A 

halogen filter efficiency of 95% must be assumed to keep the thyroid dose within the 

Part 100 guid~lines. 

ITEMS NEEDING ADDITIONAL CLARIFICATION 

As indicated in this report, additional information on the following areas 

has been requested in our September 3, 1965 letter to Conmionwealth Edison Company. 

This information will serve to clarify the applicant's· design intent in these areas. 

This information is contained in Amendment No• 4 which has been sent to the Committee. 

1. The seismic design of the facility stack and material stress levels. 

2. Pipe motion and missiles in the drywell. 

3. ·Instability due to s_ize and use of jet pumps. 
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• 
4. An intermediate or power range instrument channel bypass may preclude 

scrams in the event of a localized transient,, situation. 

5. Possibil~ty of single control system short circuit causing rod with

drawal while simultaneously bypassing the rod block circuit. 

6.· Leakage from suppression pool coolers contributing significantly to 

overall containment system leakage. 

7. Isolation of TIP system in event of an accident. 

8. Information not complete on: 

a. Control rod velocity limiter. 

b. Control rod drive thimble support. 

c.. Inner vessel within the pressure vessel. 

9. Relative importance of reactor building exfiltration. 

10. Para.metric study of control rod drop accident to prove hot standby 

case is worst •. 

. _ CONCLUSION 

Based on our review of the information presented thus far, it is our conclusion ·-

that Dresden Unit No. 2 can be. built and operated at the proposed location without 

undue risk to the health and safety of the public. It is not expected that the 

information yet to be developed will affect this conclusion. 
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Accident 

Rod Drop-out 

TABLE 2 

·summary of Accident Anal)1s i~ by _Aeplicant for Dresden-II 

Cause 

Rod becomes dis
connected from 
drive and falls 

Reactivity 
Insertion 

2.5%, 3.08%/ 
sec. 

Initial Power 
Level and Temp. 

10-6 rated, 
547°F 

Minim\im 
Perro-Ci'·· 
(millisec) 

8.4 

Peak Power 
Generated in 
Excursion 
(MW) 

Total 
Energy 
Dud rig 
Excur
sion 
MW-sec 

4000 

uo 
Me~ted 
(lb) 

:w ... r.,.... _________ o_u_t_o_f_c_o_r_e_·----------------------------------------...,.-.----

Fuel Loading 

Coolant Loss, Core 
Spray Partially 
Ineffective, 1% 
Core Melt 

Coolant Loss, 100% 
Core melt, TID-
14844 assumptions 

~oolant Loss, No 
~re Spray, 1001 

Core Melt with 
metal-water reac
tion 

Steam line break 

Drop fuel assem-
· bly into near 
critical 2 x 4 
arra 

Double-ended 
break of recirc. 
line 

Double-ended 
break of recirc. 
line 

Double-ended 
break of recirc. 
line 

Rupture of Steam 
Line Outside Dry
well 

2.3%, 10%/sec 10-8 rated, 
(200°F 

Rated power, 
547°F 

Rated power, 
547°F 

Rated power, 
. 547°F 

Rated power, 
547°F 

3.9 5 1. 5.10 2610 

. 3 ,570 

357,000 

357,000 



Page 2 (Continued) 

Accident Rods with 
:Burned·:.: 
out clad 

Rod Drop -ou tc 

Fuel Loading 

~~olant Loss, 
Core Spray 
Partially 
Ineffective, 
1% Core Melt 

Coolant Loss, 
. 100% Core Melt, 
TID-14844 
assumptions 

Coolant Loss, 
No Core Spray, 
100% Core Melt 

:u~lllili th Metal -
.ter Reaction 

Steam Line 
Break 

300 

224 

Summary of Accident Analysis. by Applicant for Dresden-II 

Peak Fuel 
0 Temp. ( F) 

<5000 

(5000 

Previous Irradiation 
of fuel 

500 days @ 2400 MWt 
to 30 min. before 
accident 

500-days@ 2400 MWt 
to 24 hrs. before drop 

500 days @ 240 MWt 
until accident 

500 days @ 2400 MWt 
until accident 

500 days @ 2400 MWt 
until accident 

Fra6~ioris of F.-~: 
Released from fuel 

1% noble gases 0.5% 
Halogens in ruptured 
rods 

1% noble gases 0.5% 
Halogens in ruptured 
rods 

From melted fuel: 100% 
·noble, 50% halogen, 
50% volatile solids, 
1% other solids, 10% 
of halogens are 
or anic 

100% noble, 50% 
halogen, 1% solids 

100% noble, 50% halo.- · 
gen, 50% volatile 
solids, 1% other 
solids, 10% of halo
gens are organic 

Quantity F. P. to Primary 

~04 Megacuries Noble 
.02 Megacuries Halogen 

.01-Megacui'ies-Noble

.006 Megacuries Haiogen 

at 30 min: 4.8 Megacuries noblet 
2.5 Megacuries halogen, 2.4 
Megacuries .. volatile solids, .4 
Megacuries other solids 

at 30.min: 480 Megacuries 
noble, 250 Megacuri.es halogen, 
48 Megacuries solids 

at 30 min: 480 Megacuries 
noble, 250 Megacuries halogen, 
240 Megacuries volatile solids, 
.4 Megacuries other solids 

0.17 Curies 1-131, 1.1 Curies 
1-133, 10.7 Curies other I., 
12 curies noble 

VI 
00 



Page 3 (Continued) Summary of Accident Analysis by Applicant for Dresden-II • 

Accident 

Rod Drop-out 

Metal~Water Reaction 
Assumed 

Maximum.Noble 
Gas Stack Dis
charge Rate 
(Curies/sec) 

.27 lb-moles H2 evolved 67 
frotn 12. 3 lb Zr reacted (at .1 sec) 
,-30 MW sec. 

Fuel Loading 24 MW sec .13 

Maximum 2 hr. · 
Exposure in Rads 

Whole Body . Thyroid 

Maximum Total·· 
Exposure in Rads 

Whole Body Thyroid 

2.1x10-2 1.3 x 10-l 
'~~J-.-------------------------------------"'<~a~t~l:.....;;m~i~n~.L) ______________ .....;... ____________________________________ .._ __ --<, 

Coolant Loss, 1% 
Core Melt 

Coolant Loss, 
TID-14844 

Coolant Loss, 100% 
Core.Melt with 
Metal-water Reac
tion 

Steam Line Break 

• 

30 lb moles_H2 evolved 
. from 1400 lb Zr reac

ted ...,.JJ x 103 MW sec 
(1.4% of Zr reacted) 

None 

625 lb moles H2 evolved 
from 27,500 Zr to reac
ted 7 x 104 MW sec 
(27.5% of Zr reacted) 

.058 
(at 1 day) 

5.8 
(at 1 day) 

6.4. 
(at 1 day) 

3.4 x 10..;3 

6 x lo-4 1.6 x 10-2 6 x 10-2 

c 

2 7 10-1 • x 1.6 27 

2.s x 10-2 3.4 7.5 

3 x 10-7 4 x 10-4 




