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Com,monwealth Edison Company 
0 NE FIRST NAT I 0 NA L PLAZA * CH IC AG 0, ILL I N Q, IS 

Addreu Reply fo, 

POST OFFICE BOX 767 *CHICAGO, ILLINOIS 60690 

Dr. Peter A. Morris, Director 
Division of Reactor Licensing 
u.s,. Atomic Energy Commission 
WaslH~gton, D.c'. 20545 

January 19, 1971 

Subject: Proposed Change No. 8 to Appendix A 
of DPR-19 1 ABC Dkt 50-237 

Dear Dr. Morris: 

Pursuant to Section 50.59 of 10 CFR Part 50 and Pat~graph 
3.B of Facility License DPR-19, Commonwealth Edison hereby submits 
Proposed Change No~ 8 to Appendix A of DPR-19 (Dresden Unit 2). 
The changes ~equested in this proposed,change are in Sections 1.1 
and 2~1, on Fuel Cladding Int~grity and in Section 3.2 on Protection 
InstrUifientation. The specific changes are as follows: 

Replace Sections 1.1- and 2.1 (pages 6•23) with new 
Sections 1.1 and 2.1 (pages ~-1~) - attached. 

Replace Table 3.2.3 (Instrumentation that Initiates 
Rod Block) with a new Table. 3.2.3 - attached. 

The purpose of the changes requested in this proposed 
change is to permit the completion of the 100% portion of the Dresden 
Unit 2 start•up test program. This portion of the power test program 
involves operation of the reactor __ recirculation pumps at maximum speed 
~(approximately 115% of design recirculation flow) and reactor operation 
at neutron-flux • recircul~tion flow combinations which are prohibited 
by the APRM flow biased scram and rod block trip level ,:.s.ettings 
presently in Appendix A to DPR·l9.- Accordingly, th~ specific changes 
which are required to complete the 100% power test program are the 
extension of the core thermal safety limit(Figure 1.1.l) from 100% 
to 120% pf design recirculation flow and the change in the slope of 
the APRM flow biased scram and rod block curves '(Figure 2~1.1 and 
Table 3. 2. 3) from 0. 745 to· 0. 650. However-, in the- interests of estab
lishing compatibility between Appen~ix A of DPR-19 and Appendix A of 
DPR·2~ (Dresden Unit 3), Sections 1.1 and 1.2 and Table 3.2.3 are 
submitted in their entirety and are identical to the corresp_onding 
sections and table iri Appendix A to DPR-25. 
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~ ! tlt:ommonwealth Edison Compa. · 

Dr. Peter A. M-0rris .. 2 .- January 19, 1971 

Section 50.59 of 10 CFR Part SO and Paragraph 3.B of 
Facility License DPR·l9 require the sti~mission of· an appropriate 
Safety Analysis- Report in support of a' proposed change to Appendix 
A of DPR•l9. The two changes requ~st~d· in Proposed Change No. 8 
are merely incorporation 6f specifications contained in.Appendix A 
of DPR-25. Therefore, no separate safety analysis report in support 
of.these changes will be submitted. The Bases to. the revised 
Sections 1.1· and 2.1 provide the equivalent of a safety analysis 
rep9rt in support of this change, whereas the revised Table 3.2.3 
is supported by the existing Basis to Specification 3·.2 in Appendix A 
to DPR-19, as well as Base~ to the revised Sections 1.1 and 2.1. 

In our opinion, the proposed ch~nge-does not result in 
hazards different from or greate~ than tho~e analyzed in the Final 
Safety Analysis Report. Specifically, there is {l) no increase in 
the probability of, ".or (2) no increase in the possible consequences 
of, or (3) no· creation of;·a c.redible probabilitY of an-·accident or 
equipment malfunction diff~rent from those previously evaluated in 
the FSAR. Therefore, the margin of safety as defined in the Bases 
for any Technical Specificatl.en is not reduced. ·. 

Our present .plans call :for commen:ceme.nt of 100% power 
testing on January 20, 19 71 with _:those tests which are affected 
by thl.s proposed change scheduled to· begin on January 23 or 24, 1971~ 
Accordingly, it would be appreciated if this proposed change could 
be approved by January 22, ~971. · 

Proposed Change No. 8 has been reviewed and approved by 
Commonwealth Edison's Nuclear Review B9ard • 

. In addition to three signed originals, 19 copies of 
Proposed Cha~ge No. 8 are also submitted· • 

SUBSCRIBED and Sl)'~ to 
before~e this ·-LJ.:.?~ay 
of ', Vk&krf ,· 1971. 

--CT . 
~--\, :'.· ~i.)J 
. ·~~~a(iiC ~. 

... very tru1zrs. , 

1:~e, Jr.~ 
Assistant to th~P~esident 

DOCkETED 
USAEC 
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1. 1 SAFETY Lil\IIT 

1. 1 FUEL cn . .ADDIKG INTEGRITY 

· Applicability:. 

Applies to the interrelated variables associated. 
with fuel thermal behavior. 

Objective:·. 

To establish limits below which the integrity of the 
. fuel cladding is preserved. 

Specification: 

A;. 

B. 

. c. 

When the reactor pressure is greater than 600 · 
psig the combination of recirculation flow and 
reactor thermal power-to-water shall not ex
ceed the limit shown in Figure 1. 1. 1. 'The 
safety limit is exceeded when the .recirculation 
flow and thermal power-to-water 'conditions 
result in a point above or to the left 'of the.· 
limit line. 

When the reactor pressure is less than GOO 
psig or recirculation flow is less than 5~ of. 
design, the reactor thermal power-to-water 
shall not exceed 460 MW(t). 

1. The neutron flux shall not exceed the 
scram setting established in Specification" 
2. 1. A for longer than 1. 5 seconds as . 
indicated by the process compi.itcr. 

2.. When the process computer is out of ser-. 
vice, this safety limit shall be assumed · · 
to be exceeded if the neutron flux exceeds 

· 2.1 .Lil\IITI.l\G SAFETY SYSTEl\l SETTI::'\G 

2~ 1 FUEL CLADDING INTEGRITY 

Applicability: 

Applies to trip settings of the instruments and devi.ces 
which are provided to prevent the reactor system 
safety limits from being exceed.ed. · 

.. ) 

Objective: 

To define the level of the process variables at which 
automatic protective action is initiated to prevent the 
safety limits from being exceeded. 

Specification: 

The limiting safety sysfem settings shall be as 
specified below: 

A. Neutron Fltt.....: Scra111 

1. APRM - The APR.M flu," scram setting shall 
. be as shown in Figtu-e 2.1. 1 unless the com

bination of power and peak heat fltL'ciS above 
the curve in Figure 2 .1. 2. When the com -
bination of powet and peak heat flu," is above 
the curve in Figure 2. 1. 2 a scram setting(s) 
as given by: 

s = 502, 000 p 
. x 

where: 

P = percent of rated power 
9 

X =peak heat flux - (Btu/hr/ft-) 

2. IR.M - The )RIVI fltt.'< $cra111 setting shall be 
~ 15% of rated neutron ·flux. 
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1.1 SAFETY LIMIT 

· . the scram setting established by Specifi- · 
cation 2.1. A and a control rod scram 
does not occur. 

D. Whenever th~ reactor is in the shutdown 
condition with irradiated fuel in the reactor 
vessel, the water level shall not be less than 
that corresponding to 12 inches above the top 
of the active fuel when it is seated in the core. 

). . 

,/-\ 
·I 

·2.1 LIMITING SAFETY SYSTEi\1 SETTING 

.B. APRM Rod Block- The APRM rod block setting 
·shall be as shown in Figure 2. 1. 1 unless the 
combination of power and peak heat flux is above 
the curve in Figure 2. 1. 2. When the combina.:. 
tion of power and peak heat flLL'X is above the 
curve in Figure 2. 1. 2 a rod block trip setting 
(SRB) as given by: · 

where: 

451,:440 p 
x 

P = · pe~.c~nt of rated po\ver ') 
X = peak heat flux (Btu/hr/ft-) 

shall be tis.ed'~ 
. . :1 

. C. Reactor Low Water Level Scram setting shall be 
~143" above .the top of the active fuel ·at normal. 
operating col'1cliti0ns. 

b . . Reactor Low Low Water Level ECCS initiation 
. +4" . 

s~rnll be 83 11 
(:_

0
,,) above the top of the active fuel 

at normal op'erating conditions. · 

E. Tu1~bine StopValve Scram shall be ~10% valve 
. closure. froni full open. 

F ~ · Generator Load Rejection Scram shall initiate 
upon actuation of the fast closure solenoid valves 

. which trip the turbine control valves . 

. 1 G. Main Stei:lmlfoe Is.ola.tion Valve .\::lo·surc Scran~ 
shall.be ~10%valvc.Closure from foll open. 

H. Main Steam line' Pressure initiation· of main 
steam line isolation valve closure shall be ::850 
psig. .i 

7. 
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RATED POWER =.2527 MWt 

.PESIGN FLOW= 98 x 106 lb/h 

TOTAL PEAKING FACTOR :S3.0 

CORE PRESSURE >600 psig 

WATER LEVEL > 143 inches 

10 

ABOVE THE TOP OF THE 
ACTIVE FUEL 

20 30 40 

\..' 

50 

·FOR TOTAL PEAKING FACTORS>3:0 

SL:~x SL 0 : 
PF . . 

SL= SAFETY LIMIT FOR PEAKING FACTORS> 3.0 
PF: TOTAL PEAKING FACTOR:::;3.0 
SL 0= SAFETY LIMIT SHOWN ON ABOVE CURV.E 

' *RECIRCULATION FLOW IS' DEFINED AS CORE COOLANT 
FLOW 

60 ' ·70 ' ' 80. 9d 100 

*RECIRCULATION FLOW(% of design) 

'Figure 1.1.1. Core Thermal S?fety Limit 

r::-'. 

'110 ' 120 ' 

8 



· .. : 

120 

110 

100 

. 90 

-0 80 w 
I-
.cs: 
a:: 
b.. 
0 70 
£ 

.x 
:::> 
..J 
b.. 60 
z: 
0 
a:: 
I-. :::> 
bJ 

.z 

40 

30 

20 

10 

( 

.. 

0 

APRM FLOW BIASED SCRAM 

. 20 40 

APRM ROD BLOCK 

*RECIRCULATION FLOW IS· DEFINED AS
RECIRCULATION LOOP FLOW.: 

60 80 100 

*RECIRCULATION FLOW (%of design) 

(. 

0\ . 

rn 
bJ) 
s:::: ..... ..., ..., 
Q) 

lf.J 

·..!i:: 
0 
0 
-' 
j:Q 

"O 
0 

p:; 

~ 
p:; 
Po! 
-c:r: 
"O 

s:::: 
C";l 

s 
Cl! 
k 

b3 
Q) 
0 
s:::: 

. Q) 
J..t 
Q) ........ 
Q) 

p:; 
:;:: 
0 
-' 
~ . 

. ~~ 
p:; 
Po! 
< 
. 

r-1 . . 
r-1 .. 
C'\I 
Q) 
J..t 
::i 
bJ) ..... 
~ 

120 



. ·~·. 

' ( 

· .. 

. 500 

·.· 400 

....... 
"L 
:s 
..c 
-;- 300 
Ci5 
x 
:'.'.) 

...J 
u.. 
I
<( 
u.J 
J: 

~ 200 
u.J 
a. 
I 

x 

100 

0 
20 40 60 

·;~ 
l . \ 

.80 

P ~POWER(% OF RATED POWER) 

• . 

i. 

100 

. . .. . . . 
. . . . 

Figure 2.1. 2. APRM Scram and Rod Biock Setting for Total Peaking Factors > 3. 0 

.. 



/ --;,.,,, 

Bases: 

1. 1 -The fuel cladding represents one of the physical 
barr.i,ers which separate radioactive materials 
from environs. The integrity of this cladding bar
rier is related to its relative freedom from pet- · 
forations or ·cracking. Although some corrosion 
or use-related cracking may occur during the life, 
of the cladding, fission product migration from 
this source is incrementally cumulative and con
tinuously measurable. Fuel cladding perforations, 
however, can result from thermal stresses which 
. occur from reactor operation significantly above 
design conditions and the protection system set
points. While fission product migration from 
cladding perforation is just as measurable as that 
from use-related cracking, the thermally-caused 
cladding perforations signal a threshold, beyond 
which still greater thermal stresses may cause 
gross rather than incremental cladding dete:r;:iora
tion. Therefqre, the fuel cladding safety limit is 
defined in terms of the reactor operating .conditions 
which can result in cladding perforation. · 

Departure from nucleate boiling (DNB) results iii, a . 
· decrease in heat transfer from the clad and, there

fore, elevated clad temperatures and the possibility· 
of ciad failure. Hmvever, ·the existence of a critical 
heat flux (CHI") or departure fro in nucleate boiling, 
is not a directly observable parameter in an oper
ating reactor. Furthermore, the critical heat flux 

. correlation data which relates observable param
eters to the magnitude of critical heat flu...'< is 
statistical iri nature. The safety limit represented 
in Figure L 1. 1 is. based on the significant observ-

. able parameters involved in the critical heat flux 
correlation and is taken at the core design critical 

. heat flux correlation level of confidence th~t a 
critiCal heat flux occurrence will not occur on any 

. fuel rod in the core during normal plant operation,·. 
including anticipated transients. · · 

I~ 
I ' 

The safety limit curves shown in Figure 1. 1. 1 reprc...: 
sent the locus of operation conditions for \\;hich the 
maximum powered rod has a minimum <:<ritical heat 
flu...'<: ratio (MCHFR) equal to 1.0. The IvICHFR value 
\Vas determined using the design basis critical heat 
flux correlation given in APED 528G(l). The oper-

. ating range with MCHFR > 1. O is bclo\.\· ~ind to the · 
right of these curves. The evaluation is based on. 
the operating map as given in Figure 3. 2. ;3 of the SAR. 

The design basis critical heat flu..." is based on an inter-
. relationship of reactor coolant flow and steam quality . 

Steam quality is determined by reactor power, pres
sure and coola11.t inlet enthalpy which in turn is a 
function of feedwate1• temperature and to a lesser 
degree reactor water level. This correlrition is 
based upon experimental data taken over the pressure 

. range of interest in a BWR, and the correlation line 
\Vas very conservatively drawn below all the avail
able data.· Since the correlation lil1e. was drawn 

·below the data, there is a very high probability that 
operation at the calculated safety limit would not 
result in a critical heat flux occurrence.· In addi
tion, if a critical heat flux were to occur, clad per
foration would not necessarily be expected. Clad
ding temperatures would increase to approximately 
ll00°F which is below the-perforation temperature 
of the cladding material. This has been verified by 
tests in the General Electric Test Reactor (GETR) 
where fuel similar in design to Dresden 2 operated 
above the critical heat flux for significant.period of 
time (30 minutes) without clad perforation . 

Curves are presented for two different pressures. in 
Figure 1. 1. 1. The upper curve is based on a nomi
nal operating pressure of 1000 psig. The lower curve 

. . 

(1) J. M. Healzer, J." E. Hench, E. Janssen, S. Levey, Design 
Basis for Critcal Heat .Flm< Condition in Boiling Wate·r Reactors, 
APED 5286, General Electric, San Jose, California, 

· S~ptember, 1966. 
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is based on a pres$ure of 1235 psig. In no ca·se is 
reactor pressure ever expected to exceed 1250 psig, 
and therefore, the cui·ves will cover all operating 

·conditions \vith mere interpolation. If reactor pres
sure should ever exceed 1250 ps.ig during pow~r 
operation, it would be assumed that the safety limit 
has been violated. For pressures between 600 psig, 
which is the lowest pressure used in the critical 
heat flu." data, and 1000 psig, the upper curve is 
applicable with increased margin. 

The power shape assumed in the calculation of 
. these curves was based on design limits and results 
in a total peaking factor of 3. 0. For any peaking of 
smaller magnitude, the curves are conservative. 
The actual power qistribution in the core is estab
lished by specified control rod sequences and is. 
monitored continuously by the in-core Local Power 
Range l'v1onit.or (LPRM) System. However, to . 
maintain applicability of the safety limit curve, the.· 
safety limit wili be lowered according to the equation 
given on Figure 1. 1.1 in the rare event of power 
operation with a total pe.aking factor in excess of 3. 0. 

The foedwater temperature assumed was the maxi:
rnum design temperature output of the feedwater 
heaters at the given pressures an:d flows which is 
:l48°F for rated thermal power .. For any lower feed
water temperature, subcooling is increased and the 
curves are conservative. 

The water level assumed in the calculation of the 
safety limit was that level corresponding to the 
bottom of the steam separator skirt (0" on the level 
insti-ument and approximately 12' above the top of 
the active fuel). This point is below the ·water level 
scram setpoint. As long as the water ievel is above 
this point the safety limit curves are applic:able; i.e., 
the amount of steam carry under would riot be 
increased and therefore the core inlet enthalpy and 
subcooling \\~ould 11ot he influenced. 

The values of the parameters involved in Figure' 1. 1. 1 · 
can be determined from information available in the 
control room. Reactor pressure and flow are recorded 
and the Average Power Range Monitor (APRM) in-core 
nuclear instrumentation is calibrated to read in terms 
of percent rated power. 

The range in pressure and flow used for Specification 
1.1. A was.600 psig to 1250 psig and 5% to 100%, res
pectively. Specification 1. LB provides a reouire
ment oi1 power level when operating below 600 psig or 
5rx, flow. In general, Specification 1. LB will only be . 

. applicable during startup, hot standby, or shutdmrn 
of the plant. · A review of all the applicable low pres
sure and low flow data (1, 2) has shown the lowest 
data point for transition boiling to have a heat flux of 
144, 000 Btu/hr/ft2 . ·. To assure applicability to--the 
Dresden 2 fuel geometry and provide soine m-argin, a 
factor of 1/2 was used to obtain the critical heat flux; 
i.e., critical heat flux was assumed to occur for 
these conditions at n·, 000 Btu/hr/ft2. Assuming a 
peaking factor of 3. o, this is equivalent to a core 
average povver of 460 MW(t) (18r/., of rated). This 
value is applicable to ambient pressure and no flow 
conditions. For any greater pressure or flow con
ditions,· there is increased margin. 

During transient operation the heat flu,'\: (thermal 
. power-to-water) would lag behind the neutron flu,"< 
· dqe to the inherent heat transfer time constant of 
the fuel which is 8-9 seconds. Also, the limiting 
safety systery1 scram settings are at values which 
will not allow the reactor to be OiJerated above the 
safety limit during normal operation or during other 
plant operating situations which have been analyzed 

(1) E: Janssen, "Multi-Rod Burnout at L6"". Pressure," ASME Paper 62-HT· 
26, August 1962. 

(2) K. M. Becker, "Burnout Conditions for Flow of Boiling Water in Vertica 
Rod Clusters,'' AE-74 (Stockholm, Sweden), May 1962. 
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in detail (3.). In addition, control rod scrams are 
such that for normal operating transients the neutron 
flu.,,'\: transient is terminated before a significant 
increase in surface heat flux occurs. Scram times· 
of each control rod are checked each refueling out
age to assure the insertion times are adequate. 
Exceeding a .neutron flux scram setting and a fail
ure of the control rods to reduce flux to less than 
the scram setting within 1. 5 seconds does ·_not 
necessarily imply that fuel is damaged; however, 
for this specification a safetj limit violation _will_ 
be assumed any time a neutron flux scram setting 
is exceeded for longer than 1. 5 seconds. 

If the scram occurs such that the neutron flux dwell 
time above the limiting sa{ety system setting is less 
than 1. 7 seconds, the safety limit will not be ex- . 
ceeded for normal turbine or generator trips, which 
are the niost severe normal operating trarisients 
expected. These analysis show that even if the by
pass system fails to operate, the design limit of 
MCHFR = 1. 0 is not exceeded. Thus, use of a 
1. 5 second limit provides additional margin. 

The computer provided with Dresden Units 2 and 3 
has a sequence annunciation program which will_ 
indicate the sequence in which scrams occur such 
as neutron flux, pressure, etc. This program also 
indicates when the scram setpoint is cleared. This 
will provide information on how long a scram con
dition exists and thus provide some measure of the 
energy added during a transient. Thus, computer 
information normally will be available for analyz
ing scrams; however, if the computer information 
should not be available for any scram analysis,' 
Specification 1. 1. C. 2 will be ,relied on to determine 
if a safety limit has been violated. 

During periods·\vhen the reactor is shut down, con
siderati_on must also be given to water level require
ments due to the effect of decay heat. If reactor · 
water level should drop below the top of the active 
fuel during this time, the ability to cool the core is 
reduced. This reduction in core cooling capability 

"could lead to elevated cladding temperatures and 
clad perforation. The core will be cooled suffi
ciently to prevent clad melting should the wa.ter level 
be reduced to two-thirds the core height. Establish
ment of the safety limit at 12 inches above the top 
of the fUel provides adequate margin. This level 
will be continuously monitored whenever the recir- . 
culation pumps are not ·Operating. 

The proposed fuel operating conditions for Unit 2 
reflect linear power generation rates and exposures 
higher than those experienced previously in BWR 
plants. Additional experimental data beyond that 
presented in Amendment 14 of the SAR will be ob-. 
tained to forther support the proposed combinations 
of fuel linear power generation rates and exposures, 
considering both normal and anticipated transient 
mode·s of operation. To develop these data for 
further assurance of fuel integrity under all modes 
of plant operation, a stu-veillance program on BWR 
fuel which operates beyond current production fuel 

·experience will be undertaken. The schedule of 
inspections will be contingent on the availability of 
the fuel as influenced by plant operating and facility 
requirements. The program, as _outlined in Amend
ment! 6 '.of the SAR, will include surveillance of 
reactor plant off-gas activity, relevant plant oper
_ating data and fuel inspection. 

. . 

(3) SAR, Section 4.4.3 for turbine trip and load reject transients, Section 
4.3.3 for flow control full coupling demand transient, and Section 11.3.3 
for maximum feedwater flew transient. · 
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Bases: 

2. 1 The transients expected during operation of the 
Dresden 2 unit have been analyzed starting at the 
rated thermal power condition of 2527 MWt at 100% 

· recirculation flow. It should be noted that this 
power is equivalent to the designed maximum power 
and a higher power cannot physically be obtained . 
under normal operating conditions unless the turbine 
bypass system ts used. In addition, 2527 MWt is 
the licensed maximum steady-state power level of 
Dresden 2 ~ This maximum steady-state power will 
never be knowingly exceeded. 

Dresden 2 was not analyzed from a power level 
which included instrument errors. To protect 
against misleading conclusions from,ahalysis not 
reflecting realistic instrument errors, conservatism 
was incorporated by conservatively estimating the· 
co11trolling factors such as void reactivity coeffi-:
cient, control .rod scram worth, scram delay time,· 
peaking factors, aXial power shapes, etc. These 
factors arc all selected conservatively with respect 
to their effect on the applicable transient results as 
determined by the current analysis model.. This 
transient model, evolved over many years, has been 
substantiated in operation as a conservative tool for 
the evaluation of reactor dynamics performance. 
Comparisons have been made showing results ob
tained from a General Electric boiling \Vate.r reactor 
and the predictions made by the model. The com- · 
parisons and results are summarized in Topical 
Report APED-5698, "Summary of Results Obtained 
From A Typical Startup and Power Test Program 

· for a General Electric Boiling Water Reactor." i 
,. 

The void reactivity coefficient utilized in the anal-. 
ysis is conservatively estimated to be about 25% 
larger than the most negative value exi)ected to 
occur dµring the core lifetime. The scram worth 
used has been derated to be equivalent to the scram 
worth of about 75% of the control rods. The scram 

delay time and rate of rod insertion are conserva
tively set equal to the longest delay and slowest 
insertion rate acceptable by Technical Specifica
tions. The effect of scram worth, scram delay 
time and rod insertion rate, all conservatively 
applied' are of greatest significance in the early 

·. portion of the i1egative reactivity insertion. The· 
insertion of the first dollar of reactivity strongly 
turns the transient and the stated 10% insertion 
time conservatively accomplishes this desired in
itial effect. The time for 50% and 90% insertion 
are given to assure proper completion of the inser
tion stroke, to further assure the expected perform
ance in the earlier portion of th'c transient, and to 
establish the ultimate fully shutdovvn steady-state 
condition. - · ·3 

The design peaking factors at the full power bondi-
. tions for Dresden 2 result in a MCHFR value of 

2. 04·. For analysis of the thermal consequences of 
the transients, higher peaking factors are used, 
such that a MCHFR of 1. 9 is conservatively as
sumed to exist prior to initiation of the transients. 

This choice of using conservative values of con
trolling parameters and initiating transients at the 
rated power level, produces more pessimistic· 
answers than would result by using expected values 
of control parameters and analyzing at higher power 
level.s. As an example, consider the. sensitivity 
analyses conduct to provide the answer to Que.stion 
4. G. 4 of Amendment 7 of the Dresden Unit.2 SAR. 
From the r'esults of the Case 1 transient, the tur
bine trip with flux scram without bypa SS or relief, 
:1 significant reduction in the neutron flux and heat 
fltL'\: peaks will be realized when the smaller void 
reactivity coefficient is used. For this particular· 
transient,· if it were also aiialyzed at a power level 
of ll0% of rated but with the expected void reactiv
ity coefficient, the resulting heat flux peak would be 
less than the peak resulting from the analysis 

14 
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actually conducted from rated power btit with the 
conservative void coefficient. 

Inherent in these analyses is the fact that steady
state operation without forced recirculation flow 
will not. be permitted except during startup testing. · 

In summary, the transients presented in the SAR 
were analyzed only up to the design flow control 
line and not above because: 

1. The licensed maximum steady-state power 
· level is 2527 MWt. 

2. The uriits cannot physically be brought 
above 2527 MWt unless abnormal operation 
is employed. · 

3. Analyses of transients employ adequately 
conservative value.s of the. controlling 
reactor parameters. 

4. The analysis model itself is demonstrated 
to be. conservative. 

. 5. The analytical procedures now used result 
in a more logical answer than the alterna
tive method of assumfog a higher strating 
power, which has been shown above to be 
unrealistic, than using values. for the 
parameters. · 

A. Neutron Flux Scram - The average power 
range monitoring (APRM) system, which is· 
calibrated using heat balance data taken during 
steady-state conditions, reads in percent power. 

· Since fission chambers provide the basic input ' · 
signals, the APRM system responds directly · 
to average neutron flux. During transients, 
the instantaneous rate of heat trcrnsfer from the 
fuel (reactor thermal power) is less than the 
instantaneous neutron flux due to the time 

constant of the fuel. Therefore, during tran
sients with an APRM scram setting as shown in 

. Figure 2.1.1, the thermal power of the fuel 
will be less than that indicated by the neutron 
flux at the scram setting. Analysis reported in 
the SAR demonstrates that, even .with a fixed· 
120% scram trip setting, .none of the postulated 
transients result in violation of the fuel safety 
liinit and there is a substantial margin from 
fuel damage. Therefore, use of a flow-biased 
scram provides even additional margin. See 
page 16 for further comparison. 

An irtc-i::ease in the APRM scram setting to 
greater than that shown in Figure 2.1. 1 would 
decrease the margin present before the thermal 
hydraulic safety limit is reached. The APRM 
scram setting was deteri.11ined by an analysis of 
margins required to provide a reasonable range 
for maneuvering during operation. A reduction 
in this operating margin \Veiuld increase the 
frequency of spurious scrams which have an 
adverse affect on reactor safety because of un
necessary thermal stress which it causes. 
Thus, the APRM setting was selected because 
it provides adequate margin from the thermal 
hydraulic safety limit yet ailows operating 
margin which minimizes, unnecessary scrams. 

The thermal hydraulic safety limit of Specifica
tion 1. 1 was based on a total peaking factor· of . 
3. 0. A factor has been included on Figure 
1..L 1 to adjust the safety limit in the event 
peaking factor exceeds 3. 0. Likewise, the 

,. ·--.. 

· scram setting should ·aiso be adjusted to assure 
MCHFR does not become less than LO in this 
degraded. situation. This has been accomplished 
by use of Figure 2. 1. 2. If the comb-ination of 
power and heat flux is greater than that shown 
by the curve; i. e. , a peaking factor greater. 
than 3. 0 exists, the A PRM scram setting is 
adjusted downward by formula given in the 
specification. The scram setting as given by 

.. ----
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Core Thermal Safety timi t vs Ileact·or 
Core Flow 

AP~M Flow Bias Scram vs Reactor 
Core Flow 

Figure A above is a co.py of the Core Thermal Safety Limit which is shown in more detail on Figure 1-1.1. Figure B above 

represents the APRM flow bias scram with neutron flux plotted against reactor core flow instead of reactor recirculation loop 

flow as shown in Figure f.1.1. During steady state power operation of the reactor the neutron power will be equal to the 

thermal power and the two curves, Figures A and B can be compared. 

It should be remembered, h_owever, that during transient operation the heat flux (thermal power) lags behind the neutron 

flux due to the inherent heat transfer timE) constant ~f the fuel. During sue~ transient operation the two curves, Figures A 

and Bare not comparable. 
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the equation will prevent MCHFR from becoming · 
less tha:n 1. 0 for the given heat flux condition · · 
for the worst expected transients. If the APRM 
scram setting should require a change due to an .·. 
abnormal peaking condition, it will be done by · 
changing the intercept point and thus, the entire 
flow bias curve will be shifted down. 

For operation in the startup mode while the re
actor is anow pressure,. the IRM scram setting 
of 15% of rated power provides adequate thermal 
margin between the setpoint and the safecy limit, 
18% of rated. The margin is adequate to accom
modate anticipated maneuvers associated with 
power plant startup. Effects of increasing 
pressure at zero or low void content are minor, 
cold water from sources available during start
up is not much colder than that already in the 
system, temperature co~fficients are small, 
and control rod patterns are constrained to be 
uniform by operating procedures backed up by 
the rod worth minimizer. · Worth_of individual 
rods. is very low in a uniform rod pattern. 

. Thus, of all possible sources of reactivity. in
put, uniform control rod \vithdrawal is the most 
probable cause of significant power rise. Be
cause the flux distribution associated with uni
form rod withdrawals does not involve high 
local peaks, and because several rods must be 
moved to change power by a signific.ant percent
age of rated power, the rate of power iis.e is 
very slow. Generaily the heat flu..} is in near 
equilibrium with the fission rate. In an as
sumed uniform rod withdrawal approach to the 
scram level, the rate of power rise ·is no more 
than 5 percent of rated power per minute, atid 

·the IBM sy$tem would be·more than adequate to 
assure a scram before the power could exceed 
the safety limit. The IRM scram remains ac
tive until the mode switch is placed in the run 
position. This switch occurs when reactor 
pi·essure is greater than 850 psig. 

·l 

The analysis to support operation at various · 
power and flow relationships has considered 
operation w~th either one or two recirculation 

·pumps: During steady-state operation with one 
recirculation pump operating the equalizer line 
shall be open. Analyses of transients from this 
operating condition are less severe than the 
same transients from the two pump operation. 

B. APRM Control Rod Block Trips - Reactor 
power -level may be varied by moving control 
rods or by varying the recirculation flow rate. 
The APRM systemprovides a control rod block 
to pre\ient rod withdrawal beyond a given point 
at· coi1Stant recirculation flow rate, and thus to 

··protect against exceediIJg a MCHFR of unity. 
This rod block setpoint, ·which is auto!natically 

. varied with recirculation flo\v rate, prevents 
an increase in the reactor power level to exces
siveval ues d~ie to control rod withdrawal. · The 
specified flow variable setpoint provides sub
stantial margin from fuel damage, assuming 
steady-state operation at the setpoint, over the 
entire recirculation flow range .. The margin 
to the safety limit increases as the flow de
creases for the specified trip point vs. flO\v 
relationship; therefore, the worst case MCHFR 
during steady-state operation is at-108% of 
rated power. Peaking factors as specified in 
Section 3. 2. 5 of the SAR were considered. The 
total peaking factor was 3. 0. The actual power. 
distribution in the core is established by speCi
fied control rod sequences and is monitored 
continuously by the in-core LPRM system. As 
with the APRM scram setting, the APRIVI rod 
block setting is adjusted downward if peaking 
factors greater than 3. 0 exist. This assures a 
rod block will occur before lVICHFR becomes 
less than, 1. 0 even for this degraded case. The 
rod block setting is changed by changing the . 
intercept point of the flow bias curve; thus, the· 
entire curve will be. shifted downward. 
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C. Reactor Low Water Level Scram - The reactor 
low water level scram is set at a point which 
will assure that the water level used in the 
bases for the safety limit is maintained. The 
scram setpoint is based on normal .operating 
temperature and pressure conditions because 
the level instrumentatiori is density compensated .. 

D. Reactor Low Low Water Level ECCS Initiation 
Trip Point - 111e emergency core cooling sub
systems are designed to provide sufficient cool-

. ing to the core. to dissipate the energy associ,.. 
·ated with the loss of coola11t accident and to 
limit fuel clad temperature to well below the 
clad melting temperature to assure that·core 
geometry remains intact and to limit any clad 
metal-water reaction to less thai1 1 %. To ac-. 
complish their intended functiori, the capacity 
of each emergency core cooling system com-· 
ponei1t was established based on the reactor low 
water level scram setpoint~ To lower the set
point of the low water level scram would in
crease the capacity requirement for each of the 
ECCS components. Thus, the reactor vessel 
low water level scram was set low enough to 
permit margin for operation, yet wilt not be 
set lower because of ECCS capacity require
ments. 

The design of the ECCS components to meet the 
above criteria was dependent on three previously 
set parameters: the m;iximum break size, the. 
low water level scram setpoint and the ECCS 
initiation setpoint. To lower the setpoint for 
initiation of the ECCS could lead to a loss of 
effective core cooling. 'I'o raise the ECCS 
initiation setpoint would be in a safe direction, 
but it would reduce the ma,rgin established to 
prevent actuation of the ECCS during normal 
operation or during normally expected tran
sients. 

. · ... · .. f· 
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E. Tt:irbine Stop Valve Scram - The turbine stop 
valve scram like the load rejection scram 
anticipates the pressure, ne~tron flux, and heat 
flux increase caused by the rapid closure of the 
.turbine stop valves and failtffe of the bypass. 

· With a scram setting at 10% of valve closure 
the resultant increase in surface heat flux is 
the same as for the load rejection and thus 
adequate nrnrgin exists. No perceptable change 
in l'vlCHFR occurs during the transient. Ref. 
Section 11. 2. 3 SAR.· 

F. Genera.tor Load Rejection Scram - The· gener
ator load rejection scram is provided to antici
pate the rapid increase in pressure and neutron 
flux resulting from fast closure of the turbine 
control valves due to a load rejection and sub
sequent failure of the bypass.; i.e. , it prevents 
MCHFR from becoming less than 1. 0 for this 
transient. For the load rejection from 100% 
power, the heat flux increases to only 106. 5% 
of its rated power value which results in only 
a small decrease in' IvlCHFR. Ref. Section 
4. 4. 3 .SAR. 

G. Reactor Coolant Low Pressure Initiates I\fain 
Steam Isolation Valve Closure - The low pres
sure isolation at 850 psig was provided to give 
protection against fast reactor depressuriza
tion and the resulting rapid cooldown of the 
vessel. Advantage was taken of the scram 
feature which occurs when the main steam line 
isolation valves are closed to provide for re-

. actor shutdown so that operation at pressures 
lower than those specified in the thermal hy
draulic safety limit does not occur, al though 
operation at a pressure lower than 850 psig 
would not necessarily constitute an unsafe 
condition. 
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H. Main Steam Line Isolation Valve Closl).re · 
Scram - The low pressure isolation of the 
main steam lines at 850 psig was provided to 
give protection against rapid reactor depres
surization and the resulting rapid cooldown of 
the vessel. Advantage was taken of the scram 
feature which occurs when the matn steam l_ine 
isolation valves are closed, to provide for re.;... 
actor shutdown so that high power operation at 
low reactor pre!')sure does not occur, thus pro-

. viding protection for the fuel claddli1g integrity 
safety. limit .. Operation of the reactor at pres
sures lower than 850 psig requires t:µat the 
reactor mode· switch be in the startup position . 

:- ·' 

where protection of the fuel cladding integrity 
safety limit is provided by the IRM high neutron 
flu .. '< scram. Thus, the combination of main 
steam line I.ow pressure isolation and isolation 
valve Closure scram assures the availability of 
neutron flux scram protection over· the entire 
range of applicability of the fuel cladding in-

·. tegrity safety limit. In addition, the isolation 
valve closure scram anticipates the pressure 
and flux transients which ci.ccur during normal 
or inadvertent isolation valve closure. With 
the scrams set at 10% valve closure there is no 
increase in neutron flux. 

119 
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TABLE 3. 2.3 

INSTRUMENT;\TION THAT. INITIATES ROD BLOCK 

Minimum No. of 
Operable Inst. 
Channels Per 
Trip System (1) ·. Instrument · Trip Le.vel Setting 

Note&: 

1. 

2. 

3. 
4. 

5. 
6. 
7~ 

1 APRM upscale (flow bias) (7) 
' •, ,. -:---,. 

2 APRM downscale (7) 
. . . . . ' . 

1 Rod block monitor upscale (flow bias) (7). 

1 Rod block ~onitor downscale (7) 

3 IRM downscale (3) . 
.-

. 3 ,IRM upscale . - ·. . ·.~ . . 

2•(5) SRM detector not in startup positio:Q 

2 (5) (6) . SRM upscale. 

'.' . 

•• ~.' '. < 

. I 

.r· 

'·• 

:50.650W + .43 (2) 

~3ii25 full scale. 
' ' ' 

· . :50. 650W + ~5 (2). 

. ::::5/125 full scale. 

~ 5/125 full scale· 

:5108/125 full scale 

' (4) .· 

• :5105 counts/sec 

For the Startup/Hot Standby and Ru~ positions of the Reactor Mode Selector Switch, 'there ~hall be two operabl.e or tripped trip systems for each 
function, except the SRM rod blocks, IRM upscale and lRM downseale need no.t be operable in the "Run" position and APRM downscale, APRM 
upscale, RBM upscale, and RBM downscale need not be operable in the Startup/Hot Standby mode. If the first column cannot be. met for one of the 
two trip systems, this conditi.on may exist for up to seven days provided that during. that time the operable system is f:unctionally tested immediately 
and daily thereafter; if this condition lasts longer than seven days the system shall b~ tripped. Uthe first column cannot be met for both trip systems, 
the systems shall be tripped. .. ·· · · 

.w is the reactor recirculation loop flow in.perce·nt~ · .. Trip ievel~etting is in percent of full powe~'. 
IRM downscale may be bypassed when it is on .its lowest range: 

This function may be bypassed when the c,ount·ra:te is 2:100 cp.s. 

. One of the four SRM inputs may be bypassed. 

This SRM function may be bypassed in the higher IRM ranges when the IRM upscale rod block. is operable. ". :. · 

Not required while. performing low .power physics tests at atmospheric P.ressure ·during o~ after· refueling at power lev~ls n'ot to exceed 5. MW(t), 
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