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ABSTRACT 

A brief description of the MH-lA Floating Nuclear Power Plant 
is given, followed by the safety system setpoints and operating 
limits of the reactor. The safety criteria which form the basis 
for safe operation and protection of the core are presented. A 
parametric analysis is made of the thennal-hydraulic capabilities 
of the MH-lA Core 3 during steady-state operation. This includes 
calculation of peak centerline fuel teMperatures at various powers, 
the maximum linear heat rate, DNBR, and maximum hot channel enthalpy 
rise. Also included are analyses of transient conditions accom­
panying uncontrolled rod withdra..ial in the power range and during 
source level startup, secondary system steam line rupture, and loss 
of reactor coolant flow. 
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I. INTP.0DUCTION 

This report presents the analysis of the thermal and hydraulic 
performance of Core 3 for the MH-lA Floating Barge Nuclear Power 
Plant. The primary purpose of this study is to assure that the re­
actor core can meet normal steady-state and transient performance 
requirements without exceeding 'acceptable fuel damage limits. The 
analyses presented herein define the limits of safe op·eration for 
the core in terms of measurable reactor parameters: Reactor power, 
primary system pressure, coolant temperature, and flow rate. During 
steady-state operation, the reactor, control and protection system 
provides automatic action, outside the normal operating range, to 
scram the reactor and to assure that the reactor safety limits are 
not exceeded. Analysis of postulated reactor transients caused by 
possible operator error or equipment malfunction aasures that the 
core safety criteria are not violated during transient situations 
which have a reasonable probability of occurence. 

A. Scope 

Section II of this report defines the safety system set­
points and the operating limits of the reactor. 

Section III describes the safety criteria which pertain 
to the !11-lA, and on which the safety limits of the reactor core 
are bued. 

Section IV describes the analysi~ of the thermal hydraulic 
characteristics of the core during steady-·state operation. Included 
in thia 1ection are the calculation of peak centerline fuel tem­
perature, at various power levels, and the determination of the max­
imum linear heat rate. A parametric study of the hot channel enthalpy 
rise and DNBR (departure from nucleate boiling ratio) is covered, 
and a determination of the reactor core safety limits for steady-state 
operation 1a presented. 

Section V covers the analysis of transients initiated from 
the normal operating limits. Included in this section are analy1es 
of uncontrolled rod withdrawal in the power range, secondary system 
■team line rupture, rod withdrawal during source level startup, 
and 1011 of reactor coolant flow. 

Section VI presents the analysis of transients initiated from 
the design limits and the reactor scram setpoints. 

106-01 1 



B. Brief Description of the MH-lA 

The MH-lA Floating Nuclear Power Plant is designed to serve 
the United States Army as a mobile source of power at any si.te acces­
sible by watervays. The MH-lA is to be utilized as a source of 
electrical power for a variety of missions. It will be towed to a 
mooring site, secured, and put into service. The reactor will not 
be operated during towing or associated transitory operations. 

The nuclt~ar power plant is installed in a floating mount. 
This is a Liberty Ship hull, modified by the addition of a new mid­
body. All of the original propulsion equipment has been removeC:, 
and the nuclear reactor and associated equipment have been located 
in the new midbody. The design of the floating mount is in keeping 
with the best commercial marine standards consistent with the appli­
cable rules and regulations of the U.S. Coast Guard and the American 
Bureau of Shipping. For added protection, a collision barrier and a 
deeper inner bottom are provided. 

The electrical generating system is used to generate the 
electricity required for plant operation as well as the lOMWe for 
shore distribution. Either 50- or 60-cycle alternating current can 
be supplied (the SO-cps operation allows a maximum net output of 
8.05 MWe). 

The heart of the nuclear system is 45 MWt pressurized 
water reactor. The nuclear core utilizes low-enriched pellets of 
uranium dioxide in tubular fuel elements, boron steel control rods 
with borated followers, and a single pass coolant flow. 

The MH-lA reactor is cooled by a single reactor coolant 
loop with two reactor coolant pumps operating in parallel. Coolant 
enters the reactor vessel through a single inlet nozzle located in 
a plane above the core, flows down in flow paths between the vessel 
and core barrel, and then makes a 180 degree turn. The coolant 
then flows through the lower orifice plate which reduces any mal­
distribution caused by the inlet conditions. The flow then passes 
through a lower grid plate which distributes the flow to the fuel 
elements, control rods, and inner thermal shields. After passing 
through the core, exit plenum, and hot leg piping, the primary 
coolant flows through the tubes of a vertical U-tube steam generator 
where heat is transferred from reactor coolant to the secondary 
water on the shell side of the steam generator where steam is pro­
duced for the secondary plant. 

Fuel is contained within free-standing, fully-annealed 
type 348 stainless steel tubing. Adequate radial pellet clearances 
are provided to assure pellet assembly and freedom for fuel swelling. 
A fission gas plenum is provided in each fuel tube for the 
collection of released fission gases. 
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Normal operation will allow a power swing from zero 
electrical power output (plant load only) to full power without 
moving the control rods. This mode of operation is possible be­
cause of the negative doppler and reactor coolant coefficients of 
rea~ti vi ty . 

The Type I modified control rods were assumed for the 
analyses in this report. These control rods have no boron in the 
followers. The result is a lower bank position at peak reactivity 
and, therefore, higher peaking factors. These control rods then 
are the most conservative to use in the analysis. 

Table I-1 lists the important character~stics of the 
overall MH-lA power plant. The general thermal and hydraulic 
performance characteristics of Core 3 are sumnarized in Table 
I-2. 

TABLE I-1 

MH-lA PLANT DESCRIPTION 

1. Hull Characteristics 

Length overall 
Length between perpendiculars 
Beam, molded 
Depth, to upper deck at side 
Draft 
Displacement at 17 ft. 10 in. draft 

2. Electrical Generation Characteristics 

Turbogenerator capacity 
60 cycles, 0.85 power factor, kw 
50 cycles, 0.58 power factor, kw 
Voltage, kv 

Net output to shore 
60 cycles , kw 
50 cycles, kw 

.lli2. 
441 
416 

65 
37 
17 

9400 

11,500 
9,583 

13.8 

10,000 
8,051 

tons 

.lli!l 
6 
0 
0 
4 

10 

Main transformer, kva 
Taps, kv 

15,000 
13.8/66/44/33/22.9 
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TABLE I-1 (cont'd) 

3. Reactor Core Charact eristics 

Equivalent dia. (in.) 
Active hg t . (in.) 
Fuel e lement data 

Fuel elements (No.) 
Fuel pins /fuel e lement (No.) 
Fuel pin pitch (in.) 
Fuel pin OD (in.) 
Fuel clad material 
Fuel clad thi ckness (in.) 
UOz pellet OD (in.) 
U02 density (gm/ cm 3) 

Radial helium gap (cold), in. 

Control Rod Data 
Control Rods (No.) 
Shape 
Blade width (in.) 

Inner 4 rods 
Outer 8 rods 

Absorber matrix composition 

Absorber thickness (in.) 
Clad material 
Clad t hickness (in.) 
Absorbtr length (in.) 

4. Secondary System Characteristics 

Feedwater temperature, °F 
Feedwater flow rate, lb/hr 
Continuous blowdown rate, lb/hr 
Steam temperature, °F 
Stearn pressure, psia 

Full power 
Low power 

Steam flow rate - full power, lb/hr 
Steam quality to turbine,% 
Steam safety valve setting, psig 

5. Containment Vessel Design Characteristics 

Maximum internal pres sure, psia 
Maximum internal temperature, °F 
Maximum external pres sure, ft of water 

106-04 4 

45.2 
36.0 

32 
104 
0.654 
0.507 
ss 348 
0.023 
0.4565 

10.35 
0.00225 

12 
Cruciform 

10. 78 
10.20 
Boron stainless 
steel 
0.250 

ss 348 
0.050 

36.75 

345 
170,960 

1,700 
430 

342 
815 

169,260 
99.75 

885 

155 
350 
150 
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TABLE 1-2 

GENERAL THERMAL AND HYDRAULIC CHARACTERISTICS 
OF MH-1.A, CORE 3 

Rated power level, MW 
Btu/hr 

Heat generated in the fuel,% 

Pressure 
Nominal, psi a 
Mini1111m, steady-state 

Coolant flow (nominal) 
Total flow, lb/hr 
Coolant flow to inner thermal shields,% 
Total coolant leakage flow,% 
Effective flow rate for heat transfer 

lb/hr 
Core flow area, ft 2 

Average coolant mass velocity, lb/hr ft 2 

Primary loop pressure drop, psi 

Coolant temperature 
Nominal inlet temperature, °F 
Maximum inlet, steady-st : te, °F 
Average rise in vessel, °F 
Nominal outlet of vessel, °F 
Nominal core bulk outlet temperature,°F 

Heat transfer (at rated power) 
Active heat transfer area, ft 2 

Core average heat flux, Btu/hr ft 2 

Average linear heat rate of rod, kw/ft 
Maximum linear heat rate, kw/ft 
Maximum fuel temperature, °F 
Average core enthalpy rise at rated 

power Btu/lb 

Hot channel (normal operating limits) 
Reactor power, MW 

106-05 

Maximum heat flux, Btu/hr ft 2 

Peak linear heat rate, kw/ft 
Maximum 002 temperature, steady-state,°F 
Maximum clad surface temperature, °F 
Hot channel outlet temperature, °F 
Hot channel outlet enthalpy, Btu/lb 

5 

45 
1. 53xl0 8 

96.6 

1400 
1352 

4.40xl0 6 

2.3 
8.8 

4.0lx106 

5.22 
.769x106 

32.6 

476 
483 
30. 5 
506 
509 

1323 
0,112xl06 

4. 35 
18.6 
4106 

38.3 

48.2 
0. 514xl0 6 

19.9 
4402 

612 
562 
564.2 
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TABLE 1-2 (cont'd) 

Reactor outlet temperature, °F 
Pressure, psia 
Inlet temperature, °F 
DNB ratio (W-3 correlation) steady-state 
Maximum quality,% 

6 

517 
1352 

483 
1. 77 

-4.8 

, 



II. DETERMINATION OF SAFETY SYSTEM SETPOINTS 

This section discusses the selection of the safety system set­
points and the margins which these setpoints assure with respect to 
the safety limits. Table II-1 surmnarizes the protective system 
settings for Core 3, including the alarm setpoints and reactor trip 
setpoints and the effects of associated instrument error. Subsequent 
paragraphs discuss safety limits and sununarize the conclusions of the 
steady-state and transient analyses. 

A. Basis 

The basis for the determination of safety system setpoints is 
that given in AEC General Design Criteria 6: 

"The reactor core with its related controls and pro­
tection systems shall be designed to function throughout 
its design lifetime without exceeding acceptable fuel 
damage limits which have been stipulated and justified. 
The core and related auxiliary system designs shall 
provide this integrity under all expected conditions 
of normal operation with appropriate margins for un­
certainties and for specified transient situations 
which can be anticipated". 

The concept of a safety limit is further described in the 
Guide On Content of Technical Specifications for Nuclear Reactors, 
also an AEC document. 

"The safety limit is a value of the chosen variabl.! at 
which one can say with confidence that no serious con­
sequences will occur. If the value of the variable were 
to be at this limit and all other variables at the upper 
bound of their operating range, and if all uncertainties 
in technical knowledge of the process were resolved un­
favorably, no hazard to the public would exist". 

The limiting safety system settings are established so as to 
assure that no core damage will occur during all normal operation and 
expected transient conditions by preventing reactor parameters from 
approaching or exceeding the safety limits. The basis for deter­
mination of reactor core safety limits is the protection of the fuel 
element cladding - the first barrier to the unsafe release of fission 
products. The integrity of the fuel cladding is assured by (1) pre­
venting fuel centerline temperatures from reaching the melting point 
under all operating conditions, and (2) preventing departure from 
nucleate boiling (DNB) or undamped oscillations in the core which can 
lead to DNB. A limitation of+ 2 percent quality has been established 
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for steady-state operation. No undamped oscillations have been ob­
served at qualitites 2_ 2 percent. The occurence of DNB must be 
prevented because of th resultant large decrease in heat transfer 
capability at the claddi 1g surface, and the possibility of cladding 
failure due to high temp ·rature. 

Safety limits are deve~oped, based on the thermal hydraulic 
analysis, for system parameters used in monitoring the behavior of the 
reactor plant. Figure II-1 shows the reactor core safety limits for 
reactor power, coolant temperature, and pressure with two primary 
coolant pumps in operation. The safety limit is exceeded if the point 
defined by the combination of reactor outlet temperature and power 
level is at any time above the appropriate pressure line. In addition, 
a safety limit on reactor power is established to specifically pre­
vent fuel centerline melting due to excessive heat generation in the 
fuel. The pressure curves shown in Figure II-1 represent the locus 
of points of reactor power and coolant temperature for which the hot 
channel exit quality is equal to 2 percent. The actual departure 
from nucleate boiling safety limit is reached subsequent to these 
limits. 

The safety limits represented by these curves should be in­
terpreted properly as the maximum allowable instantaneous rate of 
heat transfer from the fuel to the coolant (thermal power). Note 
that the rate of heat generation (neutron flux level) is equal to 
the rate of heat transfer to the water only if the neutron flux is 
not varying with time. In the case of power excursion, the rate of 
heat transfer to the coolant can exceed the safety limit only if the 
nuclear flux level remains in excess of it for a sufficient length 
of time. Analysis of specific transient conditions determine whether 
an actual safety limit has been violated. 

It should be noted that these safety limit curves are not a 
basis for normal operation. Normal plant operations are well within 
the limits specified by these curves. For adverse operating condi­
tions, the reactor protection system is designed to actuate a reactor 
trip before a safety limit is reached to insure a hot channel exit 
quality of less than 2 percent, departure from nucleate boiling ratio 
of greater than 1.30, and a fuel centerline temperature of less than 
melting. The following section discusses the normal operating range 
of each of the reactor par ameters. 

B. Normal Operating Limits 

The normal operating band is defined by limits above and below 
the nominal full power value of each prime system variable. The prime 
system variables for the MH-lA are: Reactor power, coolant temperature, 
coolant flow, and coolant pressure. The total margin between the 
operating limit and the nominal value is based on observed deviations 
during normal plant transients (i.e., load changes), permitted devia­
tions during steady-state operation, and instrument error band. 
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1, Thermal Power Level 

The nominal thermal power level corre■pondina to 100 per··· 
cent power 11 45 Kilt, Operating data 1how1 that the indicated power. 
level is generally 99 percent, but rarely u much a1 101 percent 
durina "full power" operation. By definina the indicated non.al full 
operating band u between 95 percent and 102 percent, 1ufficient 
marain i1 available to account for normal fluctuationa in load de­
mnd, In the event of a partial or complete 1011 of load, the power 
decreue1 and leave■ thia operating range, However, thi■ i1 in the 
aafe direction u far u 1teady-1tate operation i■ concerned, and 
tranaienta (1uch u rod withdra,al) are analysed from varioua initial 
power level■ to account for tranaient1 durina 1tartup or le11 than 
full power operation. The ina trumant error u1 ociated with power 
readina• i■ + 5 percent; therefore, 107 percent i■ conaidered the 
maximum power obtained durina 1teady-1tate operation, 

2 . Primary Sy1 tem Pre11 ure 

The normal primary 1y1tem pre11ure of the !11-lA i■ 1~00 
paia (1385 p1i1), The pruaure i1 controlled autoMtically by pre1-
1uriaer 1pray and three bankl of heatere. One bank of heater■ i■ in 
continuoua operation to off1et heat lo■•••• Bank nUlllber 2 11 ener­
&11ed. at 1360 p1i1 and de-ener1i1ed at 1385 p1i1, Bank nWllber 3 11 
ener1i1ed at 1335 p1i1 and de-ener1i1ed at 1385 p1i1, The capacity of 
bankl 1, 2, and 3 are 15, 75, and 150 kw re■pectively. The pre11uri1er 
■pray valve■ open at 1435 p1i1, Allowina 5 p■i for ovenhoot, and 
conaiderina that durina normal operation heater bank nUlllber 3 11 not 
activated, the operatina band on indicated pru■ure i1 defined u 
between 1360 paia and 1440 p1i1; the inatrument error 11 + 22.4 pai. 

3. Core Inlet Te9?erature 

The nominal full power inlet tnperature ii 476•r. Allaw­
ina a± 2•r control band, a 5 percent uncertainty in power, and an 
imtrument error of 3.6•F • re1ult1 in an operatina band between 
46S•r and 4SJ•p, 

4. Primary Coolant Flow 

The nominal coolant flow (10,800 aallon■ per minute) 11 
bued on: (1) Byron-Jacklon teat data (ref. 4) on the u-fabricated 
pump■, (2) extrapolation by Byron-Jack■on of thi1 data to 47o•r, 
and (3) plant differential pre11ure muurement1. The accuracy of 
(1) and (2) combined i1 uaumed to be+ 5 percent; the accuracy of 
the differential pre11ure meuure•nt1-i1 + 1.4 p1i, Thi■ place■ 
an uncertainty on nominal flow of between 10,350 IPID and 11,200 1pm. 
S•ll change& in temperature do not affect flow 1ignificantly. 
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A variation i n [ l uw, (due to roll an d pitch, a normal plant transient) 
or due to flow decreases with life time of ±. 150 gpm is assumed, re­
sult ing in operating band limits of 10,200 gpm and 11,350 gpm. 
Since flow is not controll ed by th e control system, no instrument 
error is added wh en <le t erndning th e norma l operating limits; but 
s ince the principal flow scram is on pump dif ferential pressure, 
the ins trument error (± 1. . t, ps i) is consider ed in determining the 
s cram point. 

Table II-2 shows the normal operating limits for t-0-l-lA 
including the effects of inst rument error. 

TABLE II-2 

MH-lA NORMAL OPERATING BAND LIMITS 

Operating Band 
Limit+ Instrument -Nominal Error 

Reactor power, o; 45 MWt 100 107 IO 

Pressure, psi a 1400 1352 

Inlet temperature, OF 476 483 

Outlet temperature, OF 506 517 

Flow rate, gpm 10,800 10,200 

C. Design Band Limits 

The operating limits defined for reactor power, coolant tem­
perature, and pressure are sufficient for normal steady-state operation. 
However, under certain operating conditions, it is possible that one 
or more of the reactor parameters may be temporarily outside of the 
nonnal operating band. In the event that such a condition develops 
in an adverse direction, alarm setpoints are established for the pur­
pose of alerting the operator to take corrective action to return 
the plant to the normal operating range and prevent a reactor trip. 
Sufficient margin is provided between the nominal conditions and the 
alann setpoints to prevent unnecessary alarms during plant operations. 
The alarm setpoints are also ref erred to as adverse limits of the 
operating band and are used as design conditions in the thermal hy­
draulic analysis. 
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Table II-11how1 the alarm sPtpoints for each parameter and the effect of inatrument error on each, It 1hould be noted that the reactor coolant outlet temperature alarm setpoint may be set at any appropriate value up to the reactor trip 1etpoint in order to prevent unnece11ary alarm■ due to the riae in average temperature following a turbine trip, The alarm 1etpoint on reactor coolant flow 11 bued upon pump head and primary loop characteristics, The meuured pump differential pru1ure 11 32.6 p1! and the alarm aetpoint 11 1pecified u 30.0 p■ i, The primary coolant flow corresponding to the alarm 1etpoint, plu■ instrument error, is conservatively used u the deaign flow in the thermal hydraulic analy1i1. Since the output of the cool­ant pump■ i1 not controllable and the loss of one pump re1ult1 in a 1011 of flow trip, the actual 1teady-1tate flow will be areater than the u■umed de1ip flow unlu1 a 1011 of flow tranaient occur■ u analysed in thi1 report. The alarm 1etpointa, plus in■trument error on other parameter,, are conservatively assumed u de1ign value■ in the 1teady-1tate analya11 and as initial conditions for the analyais of traraienta. 

D, Safety System Setpointa 

Bued upon the ruults of the steady-state thermal hydraulic and the transient analy1e1, a set of aafety system 1etpointa wu ■e­lected. The limiting value of the 1etpoi~t and the effect■ of inatru­ment error■ is 1hown in Table II-1. The 1etpoint1 were ,elected to 
(1) u1ure that none of the 1afety limits e1tabli1hed in the 1teady-1tate thermal hydraulic analysi1 are violated during plant operationa, 
(2) usure that 1afety limit• are not violated durina po1tulated reactor tranaient■, and (3) to aive the reactor plant operational flexibility by providing adequate margin between normal operating conditiona and the aafety 1y1tem 1etpoint1. 

E. Mar1ina to Safety Limit• 

The following paragraphs diacu■ s the reactor trip 1etpoints and the margina that these setpointa in■ure with respect to the 1afety 
limit■. 

1. Steady-State Summary 

The thermal hydraulic analy1is indicates that core exit quality and fuel melting considerations are more limiting than actual DNB cau■ed by high heat flux. The maximum overpower capability with 
re■pect to fuel centerline melting i1 117 percent of rated power. The 1afety limit on fuel meltina is not significantly affected by other operating parameters. The limits stated below for reactor para­meters are the values which would re1ult in reaching a safety limit on fuel temperature, DNB, or exit quality, assuming that the remaining parameters are at the adverse limit of the operating band including instrument error. 
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(a) Reactor ower 

The limiting reac tor pow e r l ~v~ls wi th r espect to 
fuel centerline melting (4,800° F), and to a D~B ra tio of 1.3 are 
117 percent and 132 percent respec tive ly . The high r eact or power 
setpoint of 110 pe rcent provides a steady-st 3t e ~argin of 7 percent 
reactor power before th e mos t limiting safety limit is reached. 
Five percent of th is margin accomodat es instrument and calibration 
error, so that the minimum safe t y mar gin is 2 percent r eactor power. 

(b) Reactor Coolant Out]et Temperature 

The limiting reactor coolant outlet temperature with 
respect to steady-state core exit quality is 545°F, and the limiting 
temperature with respect to DNB is greater than 560°F. The maximum 
fuel centerline temperature with a coolant outlet t emperature of 
545°F is less than 4570°F . Thus, a high coolant outlet temperature 
setpoint of 530°F provides a steady-state margin of 15°F before the 
hot channel exit quality exceeds 2 percent; 4°f of this margin accomo­
dates instrument and calibration error, so that the minimum safety 
margin is 11 ° F. 

(c) Primary System Pressure 

The limiting primary system pressure with respect to 
exit quality is 1240 psia. The limit with respect to DNB is less than 
1000 psia. The maximum fuel temperature at a pressure of 1240 psia 
is 4540°F. The setpoint on primary system low pressure of 1287 psia 
provides a margin of approximately 47 psia; 22.5 psi of this margin 
accomodates instrument and calibration error. 

(d) Primary Coolant Flow 

The limiting primary coolant flow rate with respect 
to the exi t quali ty is 8350 gpm. From a DNB ratio standpoint, the 
limit is less than 7000 gpm. The maximum fuel temperature is not sig­
nificantly affected by changes in flow rate. 

Low Reactor Coolant Pwnp ~p. The primary system ~l0w 
rate at 490°F is 10,800 gpm based on the measured ~p of 32.6 psi and 
the pump characteristic curve. Including an instrument error of 1.4 
psi in the ~p measurement and assuming the loop characteristic curve 
varies as (w/w0 ) 2 , the scram setting of 27.0 psi corresponds to a flow 
rate of 9500 gpm. The margin of 6 .O psi to the safety lirni t flow rate 
of 8350 gpm or 21 psi is sufficient to accomodate the 1.4 psi instrument 
error and a 4.0 psi error for transmitter roll (15 degrees) and pitch 
(5 degrees). 
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(e) High Primary System Pressure 

The limit on high primary system pressure of 1760 
psia is a mechanical limit established to insure the integrity of the 
primary coolant system. The basis for this limit is 110 percent de­
sign pressure for the reactor pressure vessel under the ASME Code, 
Section III (Reference 1). The analysis shows that the fuel center­
line temperature is relatively insensitive to an increase in system 
pressure, and the limiting pressure in this regard is well beyond 
the safety limit of 1760 psi. Margins to other safety criteria are 
not affected adversely by high system pressure. 

2. Trana ient Summary 

A summary of the analysis of reactor transients and the 
protection provided by the safety system settings is presented in 
Tab 1 e II-3. The limits stated are for the most severe transient in 
each case initiated from the adverse limit of the operating band 
including instrument error. 

It should be noted that during transient conditions, 
safety limits are given in the form of curves rather than by single 
numerical values. Thia approach is based on the fact that certain 
limits are related to interdepandent variables such as (1) reactor 
coolant outlet temperature, (2) heat flux (reactor power), and (3) 
reactor coolant pressure. The use of safety limit curves aids in 
the determination of whether a particular limit has been approached 
or exceeded. 

(a) Power Ranae Rod Withdrawal Transient 

Uncontrolled rod withdrawal in the power range was 
analyzed for conditions of both fast reactivity insertion and slow 
reactivity insertion. The high outlet temperature trip protects the 
plant against slow reactivity insertion rates that would cause system 
preaaure and temperatures to increase significantly before the plant 
11 acramed on high power. The nuclear trip channels, on the other 
hand, will respond first for rapid reactivity insertion rates before 
any significant change in system process variables is detected. 

The analysis shows that all transient conditions 
which could occur as a result of uncontrolled rod withdrawal are con­
strained by a combination of high power and high outlet temperature 
reactor trips. The nuclear high power setting provides a boundary 
that assures that the reactor will be scrammed at or before a power 
level of 115 percent is reached. The most limiting transient caused 
by a fast reactivity insertion rate results in a maximum thermal flux 
of 112 percent and a maximum outlet temperature of 535°F, which do not 
exceed the allowable safety limit boundaries. The corresponding 
maximum fuel temperature and minimum DNB ratio are 4564°F and 1.55 
respectively. The hot channel exit quality is less than O percent at 
all times during the transient. 
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A t r .:msien t caused by a s l ow r eac tiv i ty insertion, 
res ulting in a s i gni ficant i ncrease ln pri ma ry sys t em pressure and 
t emper ature , i s t ermi na t ed by h i gh out l e t t emper a ture scram. The most 
se ve re tr ans ie nt of thi s natur e•, i n ,vhi ch the powe r l eve ls off just 
be l ow th e sc r am se tpoi nt and th e t empe ratu re in cr eases at the maximum 
ra t e , resul ts i n a t empeo ture ove r shoo t of l L1°F . Th e primary system 
press ure r eaches 1395 a t t he t ime of sc r am and continue s to 1430 psi 
'.Jh e re it i s limited by th e prE'ssur i ze r spray sys t em. The high outlet 
t empe ratur e prot ect ion prevent s t he r eactor par ame ters from e~ceeding 
t he safe ty limi.. t bound ary def ined by hot ch annel exit quality. The 
mi nimum DN B ra t i o occuring duri ng this trans i ent is 1.45 and the max­
i mum hot ch annel exit qua lity i s +2.0 percent. The maximum fuel cen­
te rline t emperature is 473L1°r ( orresponding to a steady-state power 
leve l of 11 5 pe r cent. 

Th e r ema ining safety sys t em se tpoints on low primary 
sys t em pressure and low coo l ant f low rat e ar e not significantly in­
fl ue nced by the power range rod withdrawal transient. 

(b) Mai n Stearn Line Rupture Trans ient 

The e ff ect of rapid cooldown of the primary system 
resulting from a main steam line rupture was analyzed for the most 
severe conditions with respect to r eactivity addition and initial 
s teady-stat e conditions. The analysi s shows that the high power 
reactor trip is sufficient to prevent violation of the core safety 
limit boundaries. Th e maximum fue l temperature and minimum DNB ratio 
resulting from the main steam line rupture transient are 4564 °F and 
1.54 respectively. Neither the reactor coolant temperature nor coolant 
flow rate safety setpoints are influenced by this transient. A low 
pressure setpoint of 1265 psia was used throughout the analysis of 
this transient. 

(c) Loss of Coolant Flow Transient 

Loss of reactor coolant flow is detected by direct 
measurement of the flow in the coolant loop and by loss of pump power. 
The flow rate is measured by diff e rential pressure tap across the pumps. 
The analysis shows that the core is protected with a setpoint of 24 psi 
(8650 gpm) and a delay time between pump failure and initial rod in­
sertion of O. 500 seconds. Loss of flow from either of the two pumps 
initiates a low flow re actor trip. Cool ant flow, after a reactor 
trip, is maintained momentarily by the flow coastdown due to the 
inertia of the pumps. Analysi s of the loss of flow transient initiated 
from the most advers e limit of the operating band plus ins trument error 
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ahows that the minimum DNB ratio is greater than 1.40 and that there 
are no sustained flow oscillations during the transient. Since any 
poaaible increase in measured coolant outlet temperature occurs 
after the low flow scram, and since there is no reactor power increase 
in the transient, the setpoints of these variables are not influenced. 
While the primary system pressure might increase during the transient, 
the pressure is conservatively taken at its minimum operating value 
of 1352 paia. • 

(d) Source Range Rod Withdrawal Transient 

Protection against rapid approach to criticality 
cauaed by continuous control rod withdrawal from a subcritical con­
dition ia provided by the high power reactor trip. Although very 
conservative assumptions were used, the analysis indicates that the 
reactor core is fully protected from the source range rod withdrawal 
transient. Because of the rapidity of the transient and the long 
fuel heat transfer time constant, fuel temperature is the most limiting 
safety criterion. There is a large margin to ·DNB during the transient, 
aince the rod aurface heat flux remains low. The maximum fuel tem­
perature during the transient is less than 960°F. Since the transient 
ia initially terminated by Doppler effect, the fuel temperature is 
relatively inaensitive to reactor power setpoint. The other reactor 
system aetpoints are not influenced by this transient. 
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III. SAFETY CRITERIA 

The thermal design of the MH-lA is hased upon protection of the 
core from any transi ents or operating conditions which might result 
in loss of the first line of containment - the fuel pin cladding. 
In order t o insure that the clad integrity is not violated, certain 
design criteria are defined. These constitute limits on minimum 
DNB ratio, maximum fuel centerline t emperature, and a hydraulic 
stability criteria. 

A. DNBR 

While the occurence of DNB does not necessarily lead to clad 
failure, protection agains t DNB combined with protection against high 
clad t emperature does ins ure against clad failure. 

In order to ins ure that sufficient margin t o DNB always exists 
during steady-state and transient operation, a mi nimum DNBR of 1.30 
was es tablished . DNB ratio is defi ned as: 

_ q"DNB DNBR - q"act 

where q''DNB is the heat flux which results in departure from nucleate 
boiling for given flow rate and core inlet temperature conditions, 
and where q" act is the actual heat flux for the same flow rate and 
inlet temper ature conditions. 

The empirical correlation used to calculate DNB heat flux was 
Westinghouse W-3 correlation developed by Tong (Ref. 3). The correla­
tion is: 

where: 

10 7--06 

q"DNB,EU .. [(2.02 - 0.004302p) + (0.1722 - 0.0000984p) 

exp (18.177 - 0.004129p)X] x [(0.1484 - l.596X 

+ o.1129xlxl)c/106 + 1.037) x (1.157 - o.869X) 

[0.2664 + 0.8357 exp (-3.151De)1 x [0.8258 + 

0.000794 (Hsat - Hin)]. 

De= hydraulic diameter 
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p • pressure 

X • quality 

G • mass flow rate 

Hsat • saturation enthalpy 

Hin• inlet enthalpy 

The heat flux is given in Btu/hr-ft2 and the units and the ranges 
of parameters of the data used in developing this correlation are: 

P • 1000 - 2300 psia 

G • .37 x 106 - 5.0 x 106 lb/hr-ft2 

De• 0.2 - 0.7 in. 

X1oc • 0.15 - +o.15 

Hin•~ 400 Btu/lb 

channel length• 10 - 144 in. 

The correlation is extended to channels with nonuniform axial flux 
distribution by 

Q"DNB,N • 4"DNB,EU/F, 

where: 

4"DNB ,EU • equivalent uniform DNB flux, and 

F • - ---..----c _____ ..,....._ 
q "local [ 1 - exp ( -C .e.CNB , EU) 1 

1DNB 
x / q"(z) exp[-c(.tDNB,N-z)]dz 

o 4.31 

C • 0,15 (l-XDNB) in. -l 
(G/106) 0.478 

where .e.DNB • length along channel to the point where DNB occurs. 
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B. Centerline Fuel Melting 

While it has been proven possible to operate safely with 
centerline fuel melting (ref. 14), a limit of no centerline fuel 
me lting is placed on th e MH-lA to preclude the possibility of clad 
damage due to fuel slump. This limit, coupled with the limit on 
DNBR and the possible range of coolant temperatures, also precludes 
the poss ibility of the clad temperature getting high enough to cause 
either clad melting or a metal water reaction. This limit of no 
centerline fuel melting is expressed as a maximum permissible linear 
heat rate, which is primarily a function of the thermal conductivity 
of the fuel. 

The thermal conductivity of UOz is based on the Lyons 
correlation presented in ref. 4: 

K(T) = 0, 6lJl + 7.685 x 10-lS T3 

129+T 

where K(T) is the fuel conductivity in Btu/hr-ft°F and Tis the 
fuel temperature in °K. The above correlation results in an inte­
gral value of K(T)dT from 0°C to 2800°C of about 90 w/cm. 

Fuel melting is conservatively assumed to occur at 4800°F 
for irradiated U02 (ref. 13). 

C, Flow Stability 

Periodic oscillations or instabilities could, if they occurred, 
lead to coolant conditions that would initiate premature burnout. In­
stabilities presently postulated depend on the large density changes 
inherent in a violently boiling environment. During normal operation, 
the MH-lA does not experience any bulk boiling in the hot channel. 
A steady-state safety limit of 2 percent on exit quality was esta­
blished, whi.ch results in a maximum steady-state void fraction of 
0.30. This limit is presently being used by several commercial 
power reactors and is considered conservative in preventing flow 
instabilities. The computer cod2s used in the analysis of transients 
are able to detect and analyze density and friction-factor-driven 
instabilities. Again, the proper choice of safety system setpoints 
will preclude any unstable flow oscillations. 
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IV. STEADY-STATE THERMAL HYDRAULIC ANALYt~IS 

The purpose of this section is to describe the thermal hydraulic 
characteristics of the MH-lA core during normal steady-state operation, 
and to determine the margins between normal operating conditions and 
tho1e necu1ary to cause possible fuel element damage. The steady­
state thermal performance of the core is measured with respect to the 
safety criteria discussed in Se~tion III of this report. These cri­
teria conatitute limits on minimum DNBR, maximum fuel .centerline 
temperature, maximum channel exit quality, and hydraulic tability. 

In the analy1is, peak steady-state fuel centerline temperature is 
calculated uaing the Lyon's correlation for thermal conductivity of 
U02 given in ref. 4 u a function of reactor power. An in-house com­
puter program CHEETAH described in ref, 5 is used to perform these 
calculations. DNBR and maximwn quality are determined using the 
computer code COBRA (ref, 6) to calculate the channel coolant enthalpy 
and velocity conditions. COBRA is modified to calculate DNBR using 
Wutinahouae W-3 correlation described in Section 111. 

The maximum steady-state power to melting for MH-lA Core 3 is 
determined to be 117 percent of full power, Centerline fuel tempera­
ture repruenta the moat limiting criterion on the over power capabil­
ity of Core 3. The most limiting criterion on other operating 
parameter■ i1 the hot channel exit quality of 2 percent. The steady-
1tate analy1i1 ■hows that the values of operating parameters necessary 
to reach the quality 1afety limit of 2 percent (assuming that the 
remaining raviables are at the alarm setpoint plus instrument error) 
are: (1) Outlet temperature of 545°F, (2) coolant flow rate of 8350 
apm, and (3) 1y1tem pre1sure of 1240 psia. 

A. General 

The 1teady-1tate thermal hydraulic analysis is used to define 
all thoae conditiona which might reasonably lead to violation of the 
safety criteria, and to assure that all normal operation occurs within 
thue 1afety limits with appropriate margin• for tranaient overshoot 
and inatrument error. Normal steady-state operation is asswned to 
occur within the operating band limits, plus or minus appropriate 
inatrument error u di1cussed in Section II, Safety limits are devel­
oped by varying one or more of the operating parameters (reactor power, 
coolant flow, temperature, and pressure) beyond the operating band 
limit■ until the most limiting safety criterion is reached. 

In analyzing the re actor core, the concept of the hot channel 
ii used. This concept assumes that the most adverse fuel properties, 
and channel or fuel rod dimensions, occur at the location of the most 
limiting heat flux and coolant flow. This results in one or two chan­
nels in the core being most limiting, The thermal hydraulic performance 
of the core is measured from the behavior of these hot channels. 

107-09 21 



B. Operating Parameters 

The total primary coolant flow through the reactor at nominal 
operating pressure and temperature is 4.40 x 106 lb/hr. A portion of 
this flow passes through the inner thermal shields and control rod 
coolant channels, and is considered coolant leakage flow. The frac­
tion of the coolant flow effective is removing heat from the core is 
0.912 of the total flow or 4.01 x 106 lb/hr at nominal conditions. 
Coolant flow area associated with the effective flow is 5.22 ft 2 , 
resulting in an average core mass velocity at nominal conditions of 
0.769 x 106 lb/hr-ft 2 • The average core mass velocity at design con­
ditions is .677 x 106 lb/hr-ft 2 . 

Normal primary system pressure is 1400 psia. Operating band 
and instrument error associated with pressur~ result in range in actual 
pressure between 1352 psia and 1477 psia. The nominal full power core 
inlet temperature is 476°F. Maximum coolant inlet temperature is 
498°F corresponding to an outlet temperature of 534°F. Table IV-1 
shows the operating parameters for the nominal and design (alarm 
setpoint plus error) conditions used for the steady-state analysis of 
Core 3. 

TABLE IV-1 

MH-lA CORE 3 THERMAL HYDRAULIC OPERATING PARAMETERS 

Nominal Design 

Reactor power, % 100 111 
MW 4.5 so.a 

Primary system flow rate, gpm 10,800 9750 
lb/hr 4.40x10 6 3.87x10 6 

System pressure, psia 1400 1352 

Coolant inlet temperature, OF 476 498 

Core average coolant mass 
velocity, lb/hr-ft 2 0. 769x10 6 0.677x10 6 
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C, Hot Channel Factor, 

In evaluating the thermal-hydraulic performance of the core, 
the local increaae of heat generation and enthalpy riae with reapect 
to the core average value ia accounted for by the uae of hot channel 
factor,. Two type, of hot channel factor, are conaidered: Nuclear 
hot channel factor, which deacribe the neutron flux diatribution in 
the core and engineerina hot channel factor,, which account for local 
variationa in fuel rod propertiea due to fabrication tolerance■, 
Sources of enaineerina hot channel factor■ are tolerance, on fuel 
pellet diameter, enrichment, and denaity and fuel rod loadina, The 
influence of variation■ in rod diameter, pitch, channel area, and rod 
bowing are accounted for by direct u11 of adver11 dimenaiona in the 
analyaia, Hot channel factor, on heat flux or linear power depend 
on local propertie1 (hot apot), and factor■ on enthalpy ri1e con1ider 
the integrated effect along the lenath of the channel (hot channel). 
The overall hot channel factor■ on heat flux or enthalpy ri11 are the 
product of the appropriate individual 1ubfactor1. 

1. En1ineerin1 Hot Channel Factor■ and Dimenaional 
Conaideration1. 

Hot channel engineerina factor■ uaed in the analy1i1 of 
Core 3 are derived from the appropriate tolerancu in the fuel rod 
apecification■ (ref. 7). The enaineerina factor on enthalpy ri11 ia 
taken a1 the ratio of the maximum U-235 loadina to the nominal for a 
fuel rod (l.030). Enaineerina factor■ for local power or heat flux 
are determined from the tolerance, on the U02 fuel enrichment, deuity, 
and fuel diameter. When determinina local fuel rod heat flux, an 
additional factor ii included to account for a decr•a11d heat traufer 
area cau11d by a po11ible minillUII fuel rod diameter of 0.504 inch••• 
The derivation of enaineerina hot channel factor, uaed in the analyaia 
ii ahawn in Table IV-2. 

The effect of variationa in channel dimenaiona on enthalpy 
riae and local mB heat flux are incorporated directly in the analy1i1. 
When calculating the hot channel enthalpy addition, the minimua flow 
area ii uaed to obtain the highu t channel enthalpy riae. However, 
when determining DNB heat flux uaing the W-3 correlation (Section III), 
the maxi111WD enthalpy riae combined with an increued local hydraulic 
diameter 1a uaed to aive the mo1t adver11 DNB heat flux. 
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TABLE IV-2 

ENGINEERING IIOT CHANNEL FACTORS 
ON ENTHALPY JUSF. LOCAL HEAT FLUX, AND LINEAR HEAT RATE 

Engineering 
Fuel Variation Specifi cation Factor 

Local Power 

Fuel enrichment, % 4.65 + .068 w/o 1.015 
Fuel density , gm/ cm 10.35 + 0.15 1.014 
Fuel pellet diameter, in 0.4564 + .0005 1.001 -

Factor on Linear Heat Rate 1.030 
Fuel clad outside diameter, in 0.507 + .003 1.006 -

Factor on Heat Flux 1.036 

EnthalEI Rise 

Fuel rod u235 loading, gms 40.968 + 1.23 1.030 -
Factor on Enthalpy Rise 1.030 

Channel flow area and hydraulic diameter are determined from 
the fuel rod pitch. The effective minimum fuel rod pitch depends on 
several factors which include the toler~nces on the base plate holes 
and end caps, as-assembled fuel rod bowing t ·erance, and possible 
thermal bowing due to a temperature gradient cross the fuel rod. 
The maximum reduction of the fuel rod pitch from these sources was 
found to be 0.615 inch. The corresponding minimum flow area and 
hydraulic diameter are 0.1763 in2 and 0.4427 inch. Table IV-3 shows 
the nominal and hot channel characteristics for MH-1.A Core 3. 

TABLE IV-3 

NOMINAL AND HOT CHANNEL CHARACTERISTICS 

Fuel rod diameter, in 
Fuel rod pitch, in 
Clad thickness, in 
Fuel diameter, in 
Channel area, in 2 

Hydraulic diameter, in 
Inter-channel spacing, in 

108--0J 24 

Nominal 
Channel 

0. 507 
0.654 
0.023 
0.4565 
0.2258 
0.5670 
0.1470 

Hot 
Channel 

o. 510 
0.615 
0.024 
0.4570 
o. 1763 
0.4427 
0.1080 



2. Power Distributions 

The radial power peaking factors used in the analysis 
corrupond1 to the beginning of life (BOL} power distribution deter­
mined in the nuclear analysis of Core 3 (ref. 11} using the computer 
code TUllBO*, Figure IV-1 shows the indi vidual rod power factors for 
the innermost fuel element whi~h is the highest flux fuel element 
in the core and contains the hot channel. These values represent 
the unrodded region of the core for hot condition 490°F and are 
higher than the power peaking factors in the rodded region of the 
core. The maximum BOL radial power peaking factor for Core 3 is 
1.92. 

The axial power distribution for the BOL is shown in 
Figure IV-2. This flux shape corresponds to a twelve-rod bank posi­
tion of 10.6 inches at 490°F, and is based on data generated by the 
one dimensional CNCR-2 code, The curve, as used in the analysis, 
hu a normalized value of unity. Use of the BOL flux distribution 
i1 con■ ervative because the axial peak will decrease during the life 
of the core and more than compensate for any slight increase in 
radial factor■ 1hortly after BOL. For normal operating conditions 
(490'F) the maximum BOL axial power peaking factor is 1.957. 

D. Mathod1 of Analysis 

The maximum steady power level with respect to fuel center­
line meltin1 i1 calculated using the in-hou1e computer code CHEETAH 
(ref, 5). Thi■ code calculates the fuel temperature distribution in 
the hot pellet, taking into account the flux suppression in the center 
of the fuel in terms of the neutron diffusion length in the fuel. 

The upper limit on the coolant temperature is taken u the 
1aturation temperature at given 1y1tem pressure. The temperature 
increment between the bulk coolant and clad wall is given by the 
con■ ervative Thom nucleate boiling correlation (ref. 12): 

Twall • Tsat + . 072 (Q ") 0. 50 (e-P /1260) 

where: 

108-04 

'!wall• cladding surface temperature, °F 

Teat• saturation temperature for system pressure, °F 

q" • local surface heat flux, Btu/hr-ft2 

P • system pressure, psia 
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1.92 

1.81 

1.81 

1.81 

1.80 

1.80! 

1.80 

1.78 

1.76 

1.45 

Source 1.22 

1.51 1. 21 

• 
1.77 1. 76 1. 75 1. 73 1. 70 1.66 1.64 1.60 1.33 

1.61 1.60 1.59 1.57 1. 55 1. 52 1. 52 1.51 1.58 

1.61 1.59 1.58 1.57 1.55 1.52 1.51 1.51 1.62 

1.60 1.58 1.58 1. 57 1.54 1.52 1.51 1.51 1.63 

1.59 1. 58 1.58 1.56 1.53 1.52 1.52 1.52 1.64 

1.59 1.59 1.58 1.56 1.53 1.53 1.53 1.53 1.67 

1.59 1.59 1.58 1.56 1.54 1.53 1.53 1.53 1.68 

1.59 1.59 1.58 1.56 1.54 1.53 1.53 1.54 1.69 

1.60 1.59 1.58 1.57 1.55 1.53 1.54 1.54 1.69 

1.66 1.68 1.68 1.68 1.67 1.64 1.65 1.65 1.68 

1.65 

FIGURE IV-1 RADIAL POWER DISTRIBUTION FOR CENTRAL 
FUEL ASSEMBLY. EACH FUEL PIN REPRESENTED 
(BOL, HOT) 
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Hea t conduction through th e c lad and gap is calculated to give the 
fuel surface temperature as a function of power level. The fuel 
centerline temperature is then de termined based on the local heat 
ge neration in th e fuel and t he temp e rature dependent U02 thermal 
conductivity. 

The heat conduction equation for cylindrical co-ordinates 
is solved us ing a modi f i ed zero order Besse l function to represent 
the heat ge neration shap e in the fu e l. The solution to the heat 
conduct ion equation as program,11ed into the CHEETAH code is written 
as: 

Tr 
4n fk(T)dT = q' 2£ (lo (R/£) - Io (r/£) ) 

r1 (R/ 9, ) 
(2) 

Tsurf ace R 

wh e re: q' = peak linear heat rate 

r = radial distance from the fuel centerline 

R = radius of the fuel 

k(T) = thermal conductivity of U02 

Tsurface = fuel surface temperature 

Tr = fuel temperature at radius 

Io = modified zero order Bessel function 

11 = modified first order Bessel function 

£ = neutron diffusion length in fuel 

The program calculates the fuel temperature distribution based on 
equation (2) for various steady-state power levels, and determines 
the linear heat rate at which a specified fuel melting temperature is 
reached at the center of the fuel. 

The basic method used in the analysis of the MH-lA hot channel 
enthalpy rise and DNB ratio conditions is the COBRA digital computer 
program (ref. 6), The COBRA program calculates coolant flow and en­
thalpy in the subchannels of an arbitrdry rod bundle. The program has 
the ability to consider both single and two phase flow, and accounts 
for the flow redistribution and thermal mixing between adjacent flow 
channels resulting from turbulent cross flow and diversion cross flow. 
An arbitrary heat flux distribution can be input by specifying the 
axial flux distribution, relative rod power, and the fraction of rod 
power to the adjacent subchannels. 

108-05 28 



I I 

Differences in hydraulic resistance due to local boiling 
cause flow redistribution which may increase the hot channel enthalpy 
rise. COBRA calculates the flow distribution in the subchannels by 
forcing the pressure drop in each channel to be identical. Turbulent 
mixing tends to reduce the hot channel enthalpy rise caused by local 
power peaking and adverse mechanical dimensions. The effect of tur­
bulent mixing has been previously considered for the MH-lA in Reference 
8. A vrlue for the turbulent mixing parameter of .0075 was determined 
to best represent MH-lA subchannel conditions where the correlation 
for Sia written: 

where : 

D • the hydraulic diameter (inches) 

S • the rod spacing (inches) and 

Re• the Reynolds number. 

(3) 

Exten1ive experimental data (ref. 9) have verified the accuracy of 
COBRA in predicting subchannel conditions in a multirod geometry. 

COBRA is modified to calculate DNB ratios utilizing the W-3 
DNB correlation and calculated channel conditions. The W-3 correla­
tion includes the effect of a nonuniform heat flux distribution, and 
takes into account both local and upstream channel properties in deter­
mining the local DNB heat flux. 

E. Fuel Temperature Power Distribution 

The maximum fuel temperature occurs in the highest power 
fuel rod in the core. The maximum BOL axial peaking factor is 
1.957 and is located in the unrodded region. The maximum radial 
factor ii 1.92 and the total engineering factor on local power is 
1.030. Thus the overall peaking factor on local power, including 
a 5 percent calculational uncertainity in the axial and radial 
direction, ia 1.957 x 1.92 x 1.030 x (1.05) 2 • 4.267. In deter­
mining the heat generation in the fuel, an additional factor of 
0.966 11 applied to account for the fraction of the power generated 
outside of the fuel. 

F. Bulk Boiling and DNBR Hot Channel 

The hot channel, from the standpoint of enthalpy rise, was 
determined to be near the corner of the centermost fuel element. 
The channel configuration used in COBRA is shown in Figure IV-3. In 
order to calculate the highest heat addition for the hot channel, 
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th e four fuel rods surrounding the channel are increased by the 
engineering factor of 1.030 so that they contribute an increased 
heat flux into the hot channel. The channel area and hydraulic 
diame ter are reduced to the minimum in the hot channel. The radial 
power peaking factors are increased by a factor of 1.05 to account 
fo r un ce rtainties in the calculation of the power distribution. 
Unce rtainties in t he axial direction tend to average out to zero 
a long the length of the channel, and the factor in this direction 
is unity when calculating channel enthalpy rise. 

The minimum DNB ratio coincidently occurs in the same channel 
as t he maxi.mum enthalpy rise (Figure IV-3). When calculating the 
maximum local heat flux, the average channel heat flux from COBRA 
Is i ncr eased by th e ratio of the hot spot engineering factor to 
th e channel ave raged factor, and the ratio of the highest radial 
power peaki ng fac tor to the average radial factor for the channel. 
TI1e hea t f lux is reduced by 0.966 to account for the fraction of 
power generat ed direc tly in the coolant. For conservatism, the 
hydr aulic diameter is increased to the nominal value when used in 
the W-3 DNB correlation to account for possible local widening of 
the channel. Factors of 1.05 in the axial and radial direction 
are included to allow for the uncertainties in the calcula tion of 
the power distribution. The axial power shape for BOL has a peak 
of 1.957, and the highest radial peaking factor is 1.92 corresponding 
to the unrodded region of the core where the maximum heat flux occurs. 
The overall power peaking fac or on heat flux is 1.92 x 1.957 x 
1.036 X (1.05) 2 • 4.292, 

A summary of the hot channel factors for enthalpy rise and 
heat flux is given in Table IV-4. These factors do not include the 
effects of advers _ channel dimensions or flow distribution and mixing 
which are calculated directly in the analysis. 

TABLE IV-4 

HOT CHANNEL FACTORS FOR ENTHALPY RISE AND HEAT FLUX 

Source of 
Designation Factor Factor 

Enthalpy Rise 

Nuclear Radial "hot channel"* 1. 778 
Uncertainty 1.050 

Fngineering u2 35 loading per fuel rod 1.030 
TOTAL 1.923 

* Defined a~ average peaking factor of four rods surrounding the hot 
channel. 
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TABLE IV-4 (cont'd) 

Source of 
Designation Factor Factor 

Heat Flux 

Nuclear Radial "hot spot" 1.92 
Axial (B0L 490°F) 1.957 

Uncertainty (1.050) 2 

Engineering U02 diameter, enrich-
ment density, fuel rod 
diameter 1.036 

TOTAL 4.292 

G. Ruult1 

1. Fuel Temperature Di1tribution 

The temperature distribution from the 1urface of the fuel 
to the centerline is primarily a function of U02 thermal conductivity 
and the local power denaity. The fuel surface temperature 11 affected 
by the cladding temperature and thermal conductance acro11 the gap. 

• The occurance of nucleate boiling results in a cladding surface tem­
perature of lu1 than 612°F for the maximum 1y1tem pru■ure in the 
operating band (1477 paia). A gap conductance of 1763 Btu/hr-ft2 

at the hot 1pot is uaed in the analy1ia. 

Thermal conductivity of the 002 wa1 evaluated from the 
design equation for thermal conductivity presented in Section III of 
this report. Thia equation 11 the Lyons correlation given in reference 
4. The area under the curve is such that the integral 2800°C 

/ kdt 
0 

is equal to approximately 90 w/cm. Thia average value given by ref­
erence 4 is based on the determination of U02 molten boundary location 
produced by accurately known thermal performance condit.iona. 

In-house calculations using the CHEETAH code have indicated 
that assuming a flat flux distribution across the fuel pellet and a 
melting point of 4800°F, a linear heat rate of 20.3 kw/ft will cause 
melting of the uo2. However, due to the high fission cross section 
of the U02, the majority of the fissions occur in the outer portion 
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of the fuel pellet, resulting in a flux suppression at the center 
of the fuel. The effect of this flux suppression in reducing the 
temperature at the center of the fuel is a function of U235 enrich­
ment and fuel diameter as given in reference 10. For a 4 percent 
enrichment estimated for the irradiated MH-lA fuel pin, the flux 
1uppre11ion factor would equal 0.935 as shown in figure IV-4. This 
corre1pond1 to a neutron diffusion length of approximately 0.200 
inchu u calculated by the CHEETAH computer program. The linear 
heat rate to centerline fuel melting is then 21.7 kw/ft. 

Bued on the above information, the maximum centerline 
temperature of the hot spot at rated power is 4106°F for conditions 
1hown in Table IV-5. This is well below the melting point of U02 
which ii conaervatively assumed to be about 4800°F. The maximum 
linear heat rate at rated power is calculated using the Core 3 total 
peaking factor of 4.267 u: 

q" • 45 000 kw .966 X 4.267 .• 18.6 kw/ft 
3328 rods) ( 3 ft rod) 

U1ing a linear heat rate to melting of 21.7 kw/ft, the 
•xi.mum overpower capability of Core 3 is then: 

Power• 21.7 x 100 • 117% 
18.6 

Figure IV-5 1hows radial fuel temperature profiles deter­
mined from the fuel temperature analysis program CHEETAH based on the 
maximum bulk water temperature of 595°F for various steady-state 
power level,. The central 002 temperature is 4575°F at maximum steady-
1tat1 duign conditiona (111 percent power), and 4734°F during the 
•xilllUDl po1tulated overpower condition (115 percent power), resulting 
from a 1low rod withdrawal transient discussed in Section V-2. 
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MH-lA CORE III STEADY STATE FUEL TEMPERATURE 
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REACTOR POWER LEVELS 

PERCENT POWER 
115 

SYSTEM PRESSURE • 1477 PSIA 
BULK COOLANT TEMP• 5950F 
GAP CONDUCTANCE • 1763 Btu/mft9 
LYONS CORRELATION U02 CONDUCTIVITY 

0.25 0.50 0.75 

t FRACTION OF PELLET RADIUS 

35 

1.0 



TABLE IV-5 

MH-lA FUEL TEMPERATURE ANALYSIS PARAMETERS 

Rated power, M1h 
Heat generated in fuel,' % 

Maximum System pressure , psia 
Coolant temperature (s atur ation), °F 

Hot Channel Factors 
Nuclear, axial 

radial 
uncertainty 

Engineering 
TOTAL 

Fuel diameter, in 
Clad outside diameter, in 
Clad thickness, in 
Core length, in 
Number of fuel pins 

Heat transfer 
Clad surface heat transfer mode 

Thermal conductivity of clad, Btu/hr/ft°F 

Gap conductance Btu/hr-ft 2°F 
UOz thermal conductivity 

Maximum heat flux (hot spot), Btu/hr-ft2 
Max linear heat rat e , kw/ft 
Maximum clad surface temperature, °F 
Fuel temperature maximum centerline, °F 
Fuel temperature maximum surface, °F 
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45 
96.6 

1477 
595 

1.957 
1.92 

(1.05) 2 

1.030 
4.267 

0.4565 
0.507 
0.023 

36 
3328 

nucleate boiling, 
Thom correlation 

11 

1763 
Lyons correlation 

Rated power 
(45 MW) 

0.481xJ.06 

18.6 
610 

4106 
996 

Scram 
Condition 

(51.8 MW) 

0. 553x106 

21.4 
612 

4734 
1055 



2. EnthalpY Rise and Dnb Hot Channel Characteristics 

The thermal hydraulic conditions in the hot channel, 
calculated using the COBRA computer program, are shewn in Table IV-6. 
Characteristics of the average channel in the core (withou : nuclear 
and engineering hot channel factors and constrained to nominal channel 
dimensions) is shown for comparison. The results indicate that during 
normal steady-state operation et the design limits, no bulk boiling 
occurs in the hot channel. The minimum DNB ratio under these condi­
tions is 1.58. The overall effect of variations in channel dimensions, 
fuel rod properties, and flow distribution and interchannel mixing, 
is shown in Table IV-6. These effects result in an increase in the 
hot channel enthalpy rise compared to the nominal channel of 

96.3 Btu/lb 
(1.778) (1.05) 43.6 Btu/lb• l.lS 

The effect of turbulent mixing on the hot channel enthalpy 
rise is calculated by the COBRA computer program based on the turbu­
lent mixing parameters and the fuel assembly power distribution. The 
results of the calculation may be expressed as a flow mixing factor 
defined as the ratio of the hot channel mixed to unmixed enthalpy rise. 
The effects of mixing and flow redistribution taken separately result 
in a reduction of hot channel enthalpy rise of about 0.86. Flow mixing 
partially compensates for the increase of hot channel enthalpy rise 
resulting from uncertainties in the local heat generation and adverse 
channel dimensions. 

Behavior of the hot channel at conditions other than the 
operating band limits was investigated using the COBRA program. The 
variation of hot channel exit quality and minimum DNB ratio as a func­
tion of reactor power, outlet temperature, flow, and pressure are 
shown in Figures IV-6, IV-7, IV-8, IV-9, respectively; in each case, 
the remaining operating parameters were assumed to be at either the 
design limit (alarm setpoint plus error) or the normal operating limit. 

3. Margins to Safety Criteria 

During normal operation (rated power) at the maximum system 
pressure, the peak centerline temperature of the hot pellet is 4106°F. 
The safety criteria of fuel melting (4800°F) is reached at an overpower 
level of approximately 117 percent for MH-lA Core 3. For steady-state 
operation, fuel centerline temperature is relatively unaffected by 
other operating parameters. 

The minimum DNB ratio during steady-state operation at 
design conditions is 1.58. The analysis shows that actual DNB due to 
high heat flux is not as limiting on reactor parameters as fuel tem­
perature or hot channel quality. 
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TABLE IV-6 

~frl-lA CORE 3 AVERAGE CHANNEL AND HOT CHANNEL CHARACTERISTICS 

REACTOR CONDITION NORMAL OP ERATING BAND DESIGN BAND 

Powe r, % 45 ~!Wt 
Inlet temperature, °F 
Pressure, ps ia 
Flow, gpm 

107 
483 

1352 
10200 

111 
498 

1352 
9750 

HOT Har 
CHANNEL DESCRIPTION CORE AVERAGE * CHANNEL CHANNEL 

Flow area , in 2 

Hvdraulic diameter, in 
.2258 
.567 

.1763 .1763 

.442 .442 
Channel heat flux, 106 Btu/hr-ft 2 

Power input, Btu/hr 
0.120 0.230 0.238 

49,400 94,700 98,200 
Mass velocity, 10 6 lb/hr-ft 2 .720 . 690 .657 

1,130 845 804 1, 1 ow ( channel average) , lb/hr 
EnL~alpy rise, Btu/lb 43.7 96.3 105.8 
Inle ► enthalpy, Btu/lb 
Outlet enthalpy, Btu/lb 
Saturation enthalpy (1352 psia) 

Peak local heat flux, 10 6 Btu/hr-ft 2 

Min . DN B ratio 

467 .9 
511.6 
593 

--
--

467.9 
564.25 
593 

0.514 
1. 77 

* Nominal channel dimensions with nuclear and engineering hot channel 
factors equal to unity, no mixing. 

484.5 
590.3 
593 

0.534 
1.58 

The hot channel exit enthalpy is less than the saturation 
enthalpy for steady-state operation at design conditions. If the reactor 
power is increased, the criteria of 2 percent quality is reached at 127 
?ercent power. The DNB ratio of 1.30 is not reached until a power level 
of 132 percent, which exceeds the limiting power level for both fuel tem­
pe rature and exit quality. Increasing the reactor temperature with other 
parameters held at their operating band limits results in a hot channel 
exit qual i ty of 2 percent at reactor outlet temperature of 545°F. Similar 
limits on coolant flow and system pressure with respect to hot channel 
quality are 8350 gpm and 1240 psia. 
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Thus the most limiting criteria on reactor power is fuel 
temperature, and the most limiting criteria on the other operating 
parameters temperature, pressure, and flow is hot channel quality. 

4. Safety Limits 

Safety limits are developed by varyir3 one or more system 
parameters beyond the operating band limits until the most limiting 
safety criterion is reached. The safety limits for MH-lA Core 3 as a 
function of the thermal power level and reactor outlet temperature 
for various system pressures are shown in Figures IV-10 and IV-ll. 
The design flow of 9750 gpm, and 89 percent of design flow or 8650 
gpm, were assumed in determining these curves. The safety limit is 
considered to be exceeded if the combination of reactor power and 
coolant outlet temperature is above the appropriate pressure line. 
At normal power levels these curves represent the locus of points 
at which the hot channel exit quality is equal to 2 percent. The 
limits on DNB ratio of 1.30 are not reached until higher power levels 
in excess of the fuel melting limit on power level of 117 percent. 

Table IV-7 summarizes the nominal and hot channel or hot 
spot characteristics for Core 3 for the operating parameters at the 
(1) normal operating limits, (2) the alarm setpoints plus instrument 
error and (3) the scram setpoints plus instrument error on reactor 
power, temperature and pressure. Data from this table indicates that 
none of the core safety criteria are violated during steady-state 
operation up to the reactor scram setpoints. 
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V, TRANSIENT ANALYSIS 

This section presents a detailed analysis of five postulated 
transients: 

(A) The continuous withdrawal of one or more control rods 
when the reactor is at power (Power Range Rod Withdrawal Transient). 

(B) The Rod Creep Transient which is a special case at the 
Power Range Rod Withdrawal Transient. 

(C) The continuous withdrawal of one or more control rods 
from an initial flux level far below full power (Source Range Rod 
Withdrawal Transient). 

(D) A complete double-ended rupture of the main steam line 
interior or exterior to containment (Main Steam Line Rupture Transient). 

(E) A lose of power to, or a failure of, one or more primary 
coolant pumps (Lo11 of Flow Transient). 

These tranaient analyses of the HH-lA are uaed, with the ateady­
atate thermal hydraulic analyaes, to determine and confirm the 
validity of the 1afety 1y1tem 1etpoint1 in order to inaure core 
safety at all ti••• 

A. Power Ranae llod Withdrawal Tranaient 

1. Backaround 

It i1 p011ible during operation in the power ranae for 
the control roda to be withdram from the core without an increue in 
turbine load. Thi■ cau■u an initial increue in power which ii de­
fined both by the neaative temperature coefficient of the coolant 
and the Doppler coefficient of the fuel. The reaultant increue in 
heat flux with no corrupondina increue in heat extraction by the 
■tea aenerator cau■u a net increue in primary coolant temperature. 
Unlu1 tel'llinated, thi1 power mi1utch and coolant temperature ri1e 
will eventually re1ult in one or more of the ,afety criteria beiq 
violated. To prevent the po11ibility of 1uch a violation, the reactor 
1afety protection 1y1tem i1 duigned to terminate any auch tran■ ient 
with an adequate urain of 1afety. Thu■ it ii nece11ary to analyze 
the wor■ t cuu of thil tranaient to prove thia adequacy. 

2. Analytical Mathod1 

Employed in the analy1i1 of the power range rod with­
drawal tran■ ient were the fol l owing digital computer program■: 
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( a) Dlt \ KF 

(b) CHI C-K l~ 

( c) COBRA 

DRAKE is a d:i g it a l code for th e s imulation of overall 
pl ant dynamics employ ing IBM ' s Con tlnuous Sys t em Modeling Program 
(CSMP) lan guage (Ref 111 7). The program solves th e reactor kinetics 
equation with six de l ayed neut ron gr oups f o r a four-axial zoned 
reactor. Reactivity introduc ed by control rod motion as represented 
through the use of a nonl J near fun c tion gene ration capability peculiar 
to CSMP feedback reactivity due to fuel temperature and primary coolant 
t emperature is included . 

The model includ es a singl e node steam generator. The 
core Js r epresent ed by a s ingle nomi na l channel. with four axial seg­
ments. The hot and cold primary coolant legs are represented by 
pure transport delays, and the reactor vess el inlet and outlet 
plenums, as well as the steam generator inlet and outlet plenums, 
are represented by first ord e r mixin g delays. The modeling of 
the secondary side of the st e am generator includes the turbine 
throttle , but does not include effects due to the turbine or 
condenser. The inl e t feedwater enthalpy i s assumed constant. 

Allowable forcing functions for the DRAKE program 
a re steam generator secondary temperature , turbine throttle posi­
tion, and reactivity. The details of this program are described in 
Ref. 8. 

The CHIC-KIN computer program is used for intermediate 
and fast transients and is especially useful when J detailed analysis 
of the core thermal r esponse is required (Ref 18). Tr.e program 
solves the basic momentum, continuity, and energy equations where 
any one of the following parame t e rs are known functions of time: 
Coolant inlet temperature, core inlet flow, core pressure drop, and 
reactivity or core powe r level. 

The core mod e l cons idered by the CHI C-KIN program is 
represented by a single fuel element coolant passage where the 
coolant channel is closed. A det a iled spatial r epresentation of 
th e fuel element by axi a l and radial sections is possible. 

Repres entation of the fluid dynamics by a momentum 
integral model which allows flow r eve rsal and spat ially distributed 
press ure drops is al so included in th e core model . The heat release 
f r om the fuel element is desc ribed by one dimens ional heat conduction 
t o th e clad wat er i nt e r face where th e effec t of the fuel rod time 
delay i. s included in t ile em0 rgy balanc e . 
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The CHIC-KIN program was used to determine the hot 
channel/hot spot heat flux 3nd fuel temperatures duriag power range 
rod withdrawal transients. Input was the power level trace obtained 
from DR.AKE. The COBRA computer program was described in .,ection IV. 

3. Reactor Kinetics Input Parameters 

(a) Reactivity Insertion Rate 

The forcing function for rod withdrawal transients 
ii the reactivity insertion rate. Since the MH-lA reactor has twelve 
control rod1, any one or more of which may be withdrawn from the 
core, there is a spectrum of reactivity insertion rates which must 
be conaidered in an analysis of a power range rod withdrawal transient. 
That 11, both alow and fast insertion rates, up to the maximum 
poaaible rate, mst be considered because of the several ways (heat 
flux, temperature, etc.) in which a core safety criterion may be 
violated. A nonlinear function generation capability of DRAKE 
providea net bank worth given by the twelve rod bank position (see 
Fig. V-1). Thua the simulation of one through twelve rods with drawing 
at any rate up to and including 2 inches/min. is possible. 

(b). Delayed Neutron Fraction and Decay Constants 

The effective delayed neutron fractions and their 
decay conatanta which were used in the reactor kinetics equations 
are given in Table V-1. 

TABLE V-1 

Delayed Neutro:i Fractions and Decay Constants 

Group Bieff Xi 

1 .000217 .01256 
2 .001439 .03096 
3 .001328 .11631 
4 .002770 .31255 
5 .000951 1.25256 
6 .000310 3.4285 

I:Beff • .007015 
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(c) Prompt Neutron Lifetime 

The prompt neutron lifetime employed in this 
analysis was 1.301 x 10-5 sec (ref: Nuclear Analysis Section 
this report). 

(d) Moderator Temperature Coefficient 

The moderator temperature coefficient at the MH-lA 
varies with average coolant temperature. The relationship is: 

Reactivity (AK/K) • (.0056x average coolant temperature 
+ .1756) 7 x 10-5 (ref: Nuclear 

Analysis Section this report.) 

(e) Doppler Coefficient 

The fuel temperature coefficient of reactivity 
(Doppler coeffic1.ent) employed in this analysis is: 

-.95(1.212xlo-3) AK / ( 0 R) 1/2 
K 

Since a Doppler coefficient is a nuclear resonance 
effect due primarily to the presence of U23a, the Core 2 value of 

1.212 x 10-3 AK / ( 0 R) 112 

K 

is used while the factor of .95 provides a conservative margin 
(Ref 8). 

4. Thermal Hydraulic Input Parameters 

The transients analyzed were assumed to be initiated 
from the worst-case operating band conditions of coolant tempera­
ture, coolant flow rate, and coolant pressure. The operating bands 
are described in Section II. 

5. Scram Setpoints 

The scram setpoints used were 110 percent power (115 
percent with included error) and 530°F outlet temperature (534°F 
with included error). 

6. Scram Response Times 

The high-power scram response time employed in this 
analysis was 0.230 seconds. This represented the total time response 
to scram and included the detector, the power range and safety in­
strument channels, as well as the control rod clutch current decay 
time. 
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7. Hot Ch annel __ and Hot _Spot Fac_tors 

The hot ch annel fact o r i s applie d to the initial reference 
l evel ur heat gener:1 t i on (1H u/ft 3-hr) which, when input to CHIC-KIN, 
yi e lLls th e li o t ch a nne l enth:1 lpy re s pons e. 

( a) Ho t Channel Fac t or : 

1 .78 x l.03 x 1.05 x .85 2 = 1.65 

where: 1.78 = average radial peaking factor of the four adjacent 
pins comprising th e hot channel 

1.03 = engi nee ring facto1· on enthalpy rise 

1.0 5 = uncertainty in the r adial peaking factor 

.852 = a mixing factor de sc ribing the effec t of flow redis­
tribution an d ndxing on th e hot channel enthalpy rise. 
Ac.verse channe l di mens ions a nd reduced inlet flow 
associated with the hot channel are directly input 
to CHIC-KIN. 

1~o hot spot factor s exist; one l s applied to heat flux 
t o yie ld hot spo t heat flux , th e other t o fuel t emperatures to give 
hot spot f ue l t emperat ures. 

(b) Hot Spo t Factor Applie d to Heat Flux: 

1.9 2 X 1.03 X 1.05 X 1.05 = 2,20 

where: 1.92 = highest radial pe~king factor 

1.03 = e ngi neeri ng factor on hea t flux 

1.05 = uncertaint'.y in th e radial peaking factor 

1.05 = unce rt ai nty in th e axial peaking factor 

(b) Ho t Spot Factor Ap plied t o Fuel Temperatures: 

1.92 X l .QJ X 1.05 X 1. 05 X ,94 = 2.07 

where all t erms are identi cal t o th ose of the hot spot factor applied 
to heat flux exc ept: 

.94 = a neutron flu x s uppression fac tor to correc t for 
U2 J "i e 11ri c li r1e n t a nd f uel pin d i.ame t er ( Ref 10). 
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8. Power Range Rod Withdrawal Transient Initial Conditions 

Previous analyses d an MH-lA power range rod withdrawal 
transient (Ref 8) confirm worst case initial conditions to be those 
of highest reactor power level and slowest rod withdrawal rate. 
These initial conditions consistently produced worst case results 
with regard to DNB ratio and hot spot fuel t emperature. Using these re­
sults to narrow the choices, three cases were chosen for analysis. 
In addition, the special case rod creep transient is discussed. 

Table V-2 is a list of the parameters and initial con­
ditions for the cases which were used to analyze the power range 
rod withdrawal transient. Conservative or worst-case values of all 
parameters and initial conditions were employed. The primary coolant 
flow rate and pressure were 10,200 gpm and 1352 psia respectively, 
and correspond to the low end of the operating band of these parameters. 

TABLE V-2 

PRRWT INITIAL CONDITIONS 

Rod Withdrawal Core Inlet lni tial Power 
Case Rate Temp. Level 

II (in/min) (OF) (%) 

1 2 483 107 
2 1 483 107 
3 2/3 483 107 

9. Results 

r~ ber.avior of the MH-lA during typical worst-case 
power range rod withdrawal transients is shown in Figures V-2 and 
V-3. These figures show the instantaneous power, core heat flux, 
hot 1pot fuel temperature, and the hot channel exit coolant tem­
perature, as functions of time during the transient. These figures 
represent the results from the DRAKE and CHIC-KIN programs for cases 
1 and 2 respectively in Table V-2. It can be seen (Fig V-2) for 
the case of the transient initiated from a high power level and 
experiencing the maximum allowable rod withdrawal rate, the 110 
percent high power scram terminates the transient, little power 
"overshoot" occurs, and coolant temper.!lture rise is small. The 
maximJm core thermal flux achieved is 108.1 percent full power 
and hot spot fuel temperatures reach a peak of 4397°F, far below 
the irradiated uo2 melting point of 4800°F. 
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Figure V-4 shrn,s core thennal power vs. reactor outlet 
t emperat ure fo r th i.s wars t cas e power range rod withdrawal transient 
employ lng the maximum re activity insert i on r a t e . Since the frame­
\.Jork for all such transients i s the se t of safe ty limits defined 
in tli e s t e:1 dy- s t ate analys is (Section IV of this report), the 
limit i ng conditions he r e a r e 2 percent quality and 4800°F fuel 
t empe rature . The minimum DNB .ratio safe ty limit of 1.3 would 
be violated suuscque nt t o thos e of quality and fuel temperature, 
and thus is of no concern. Figure V-4 verifies all safety limits 
held safe . 

For slow reactivity ins e rtion (low rod worth, or with­
drawal of less than all cont rol rods), the combined negative fuel 
and coolant temp era ture reactivity coefficients result in a slowing 
down of th e powe r rise, a power peak, and subsequent decay (see Fig. V-3). 
Since the energy removed from the steam generator is constant 
(107 percent of full powt'r), the power mismatch results in an 
i nc rease in the temperature of the primary system. The transient 
will be terminated by a high coo lant temperature scram (a setpoint 
of 530°F was employed). But s ince a maximum core thermal flux 
and hot s pot fuel temperature of 108.8 percent and 4458°F respec­
tively have been achieved, and the 2 percent quality safety limit 
is in no danger of violation (see Fig V-5), the transient now 
becomes, more properly, a less than worst case rod creep transient. 
That is, a quasi-steady-state behavior wherein it is assumed coolant 
temperature remains at its highest value during the transient, and 
reactor power remains at the scram setpoint L a significant length 
of time. Rod creep transients are examined in detail in Para. B 
which follows. 

Thus, the limiting combinations of 2 percent quality and 
maximum fuel temperature (4800°F) are verified held safe for the 
most severe power range rod withdrawal transients, These safety limits 
then assure safe operation of the MH-lA, during SilCh a transient, 
with adequate margin. 

B. Rod Creep Transient 

1. .Background 

Of major interest in any safety analysis is the so 
called "rod creep" transient (RCT). A special case of the PRRWT, 
this is the only transient considered where two scram setpoints 
are reached, During thi s transient, it is assumed that the rods 
are uncontrollably withdrawn and the power increased to just bel ow 
the level of the scram setpoint. Here the power is assumed to 
level out due to a balance between the reactivity subtracted by 
the nega tive temperature coefficient and that added by the control 
rod motion. Thus , th e hi gh t empera ture scram i s the only r emaining 
safety system protect ion which will terminate the RCT. 
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2. Initial Conditions 

ihe conditions existing !mediately prior to scram 
initiation are: 

(a). Power• Scram setpoint plus instrument error 

(b). Vessel outlet temperature• Scram setpoint 
plus instrument error plus overshoot due to scram delay and lag in 
measurement. 

(c). Primary system pressure• Worst case operating 
band (WCOB) plus increase due to heat-up transient. 

For power this is just 110% + 5% • 115% 

For temperature, the result is somewhat more complicated due to 
over■hoot. Th• ■ cram setpoint plus error is 530°F + 3.6°F. • 533.6°F 

3. Results 

In calculation of the overahoot, the important factors 
are power miamatch, temperature measurement lag, and ,cram delay. 
The power miamatch has been found to be no more than 95 percent 
(Ref 8). The rate of temperature increase for this mismatch i1 
l.58°F/sec. Figure V-6 (Ref 8) 1hows the lag between the actual 
veaael outlet temperature and the measured value as a function of 
power. The lag at 95 percent mismatch is 14.3°F. Thus, the vessel 
outlet temperature at time of 1cram is 530°F + 3.6°F + 14.3°F • 548°F. 

A■auming an initial vessel outlet temperature of 514°F 
(at time 115 percent power is reached) then the time of the "heat up" 
portion of the transient is 

(548oF - 514oF) • 21.5 sec 
l.58°F/aec 

It is conservatively assumed that the primary system pressure is 
1352 psia (WCOB) at the moment the power level reaches the scram 
setpoint. The surge into the pressurizer is a linear function of 
the heat-up power, and is: 

s • 1.4 x 10-5 ft 3/Btu 
.0202 ft3/lb 

(.95 x 45635) Btu• 28.1 lb/sec• 1.01 x 105 lb/hr 
sec 

(This information is fed into the computer code TOPS (Ref 15)). 
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This code models the pressurizer of the primary loop. The 
physical dimensions, safety valve f l ows a~d set point, heater ratings 
and setpointa, spray flow rates and setpoints , and initial conditions 
(preaaure, water level, etc), are input as par ameters. The forcing 
func! ion is the surge rate into (or out of) the pressurizer. The 
independent variables are pressure and temperature (both of course 
being intimately related). 

The surge is calculated by the above equation (1). This 
equation has been programed into DRAKE; and thus, the surge is 
available for transient modelled with this program. 

The pressure transient output from TOPS (Ref 15) is 
dependent not only on surge rate and the associated natural ther­
mdynamic compression-expansion actions, but also on heater, safety 
valve, and cooldown spray action, as well as heat transfer to the 
preaaurizer wall. The resulting pressure from TOPS at the end of 
20 aeconds is 1431 psia. At this point the spray into the pressurizer 
slow• the pressure surge to a large extent, and the pressure will 
remain at this value or slightly higher until the scram occurs. 

The results of this transient are shown in Figure V-7. 
It will be noted that the RCT limits are within the safety limit 
envelope defined by the power to fuel melting and 2 percent quality 
at 1430 paia. Also, it can be seen that the primary system pressure 
11 always above the pressure corresponding to 2 percent quality for 
theRCT. 

C, Source Range Rod Withdrawal Transient 

l. Background 

The original SAR for the MH-lA (Core 1) prepared by 
Martin (Ref 1) contains an extensive study of the SRRWT. The severity 
of the transient was found to increase with: (1) Increase in re­
activity insertion rate, (2) increase in reactor subcriticality, 
and (3) decrease in the Doppler coefficient. 

2. Results 

The comparison of the Doppler coefficients for Core 1 
and Core 3 is shown in Figure V-8. It may be seen that the minimum 
Doppler coefficient for Core 1 is approximately 65 percent of the 
Core 3 value. Using results corresponding to the minimum Core 1 
Doppler coefficient would be conservative with respect to Core 3. 
The maximum reactivity insertion rate for Core 3 is about 20 percent 
below that used for Core 1 in this analysis 
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Figures V--9 and V- 10 show th e effec t of subcriticality 
and Doppl er coeffic i ent resp ect i ve ly as a func t io n of the reactivity 
inse rtion r a t e on t he sever i ty of t hE' transie nt. The worst case was 
fo un d t o be : 

Hot - 49 0° 1" mea n 

Subcrit ica l i ty - 20~ 

R • i • • - 5 . 0 x 10- 4 ' P / sec eac t1v ty 1nse r t 1on u 

Doppl e r coef f icien t - 0.65 predicted value 

Fo r thi s case, the aver age fuel t emperatur e wa~ found to be less 
than 60 0° F, which i s l ess t han no rmal ope ra ting t emp e ratures, For 
Core J the hot sp ot fu el t empt~ra tur e wou] d b e le s s than 960°F, thus, 
the SRRWT presents no dange r to t he co re . 

D. Main Steam Li ne Rup ~u_r e Transient 

The integrity of the turbine cycle steam system affects 
the safety of the MH-lA reactor in that a rupture in this system 
can lead to an increase in the rate of heat transfer of the primary 
to the secondary system. A steam line rupture results in a sudden 
decrease in the secondary syst em temperature and pressure due to 
loss of water and steam through the break, with a resulting loss 
of energy from the secondary system. This transient is reflected 
in the primary system as a sudden increase in turbine load, causing 
a reduction in primary coolant temperature. The combination of the 
negative moderator temperature coefficient and the decrease in reactor 
i.nlet temperature results in a positive reactivity insertion rate, 
that is, a cold water transient. This transient results simulta­
neously in an increase in reactor power due to the positive reactivity 
insertion, and a decrease in primary system pressure due to the 
reduction in primary coolant temperature. The increase in reactor 
power forces an increase in fuel temperature which, via the negative 
fuel temperature coefficient (Doppler), results in a slowing down 
of reactor power. Unless terminated by a manual or automatic action, 
the increase in power level could result in one or more of the core 
safety criteria being violated. To prevent this possibility, the 
reactor safety system with its as s ociated scram setpoints is designed 
to assure protection of the core with an adequate marg i n of safety. 

2. Analytical Methods 

The methods us ed t o analyze the results of the main 
s teamline rupture trans ients we r e embodied in th e following computer 
programs: COUGAR, DRAKE and CHIC-KIN. 
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COUGAR is a digital computer program which describes the 
time dependant secondary system temperature and pressure by calculating 
mass and energy balances during the blowdown of the secondary side 
contents following the rupture of the main steam line. In previous 
analyses of the MH-lA main steam line rupture tra~.sient, COUGAR has 
shown the secondary side temperature to be of first order lag during 
blowdown with a time constant equal to 3 seconds (Ref 8), 

The remaining programs (DRAKE and CHIC-KIN) are discussed 
in previous sections of this report. 

The over-all approach to analyze th~ main steam line 
rupture transient consisted of using the reactor plant transient 
code DRAKE to create the time dependant steam generator secondary 
temperature based upon COUGAR'• 3-seccnd time constant. Using 
this as secondary in~ut, DRAKE then pr:ovided reactor power as a 
function of time. Thia power trace, :'. n turn, was used in CHIC-KIN 
to determine the hot channel conditions concerning enthalpy rise, 
minimum DNB ratio, and maximum fuel temperature. 

3. Input Parameters 

(a) Nucl~~r. Parameters 

The nuclear kinetic parameters employed in the 
power range rod withdrawal transient de1cribed previously were used 
in the analy1i1 of the main 1team line rupture transient. Again, 
the reactivity insertion rate, upon plant 1cram, was provided by 
a nonlinear function generation capability of DRAKE (see Fig V-11). 

(b) Thermal and Hydraulic Input Parameters 

As in the caae of the power range rod withdrewal 
transient, the main 1team line rupture tran~ients were anqlyzed 
from the wor1t cue operating conditions for :oolant temperature 
and coolant flow rate. Since the primary coolant pressure decreases 
during the transiet'l1t, it may be reasoned that the preHurizer heaters 
may not be able to maintain the pressure within the operating band. 
Thua, the prusure of 1265 psia (low pressure scram point with 
associated error) was conservatively selected for the anMlysis. 

The hot channel factor of 1.65, the hot spot factor 
of 2.20 applied to heat flux, and the hot spot factor of 2.07 applied 
to fuel temperatures remain \mchanged from those developed in the 
analysis of the power range rod withdrawal transient. 
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(c) Initial Conditions 

Previous analyses of an MH-lA main steam line rupture 
transient (Ref 8) confirm worst case initial operating conditions to 
be th()Se of low system pressure, low pr imary coolant flow, and high 
reactor power level. These initial conditions consistently produced 
worst case results with regard. to DNB ratio and hot spot fuel tempera­
ture. The initial conditions for the cases analyzed are given in 
Table V-3. 

TABLE V-3 

MSLRT INITIAL CONDITIONS 

Inlet Primary Initial Reactor Primary Coolant Primary System 
Coolant Temp. Power Level Flow Pressure 

(OF) (%) (gpm) (psia) 

483 107. 10,200 1265 

522 .1 10,200 1265 

Cue No. 2 was used to again verify high initial reactor 
power level u worst case. 

4. Reaults 

The response of the MH-lA reactor to main steam line 
rupture tranaients initiated from power levels of 107 and 0.1 per­
cent of full power are shown in Figures V-12 and V-13 respectively. 
It can be 1een from Figure V-11 that the transient initiated from 
107 percent power is a relatively slow transient. The positive 
reactivity inserted by the decreasing reactor inlet temperature 
causu the reactor to go on a positive period. The power level 
risea, cauaing an increase in heat flux and fuel temperature. The 
heat flux lags the power level because of the relatively long fuel 
time constant associated with the oxide fuel and helium gap of the 
MH-lA fuel pins. Negative Doppler reactivity feedback, due to the 
increase in fuel temperature, partially compensates for the positive 
reactivity due to the decreasing reactor inlet temperature. 

The transient was terminated by a high power scram set­
point of 110 percent. The maximum power achieved is 118.5 percent, 
the maximum core thermal flux is 110.4 percent, and the maximum hot 
spot fuel temperature is 4396°F. The scram setpoint was reached 
at time equal to 2,43 seconds and the rods began to drop at time 
equal to 2.66 seconds after the initiation of the transient. 
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Figure V-13 shows the response to the main steam line 
rupture transient for an initial power level of 0.1 percent. Due 
to the low initial pow e r l eve l, the init ial rise in power does not 
r es ult in an increase i n f ue l t empe r a ture. Thus, there is no 
s i gnific ant reactivity feedback. The power level thus rises on a 
s horter period compared with t he case o f initi al power level of 
107 pe rcent. After the pow e r l eve l has risen above approximately 
10 percent, the fuel temp era tur e increases and adds negative reactivity 
via the fuel Doppler effect. 

The scram s etpoint i s reached at time equal to 5.66 
seconds and the control rods dr op at time equal to 5.89 seconds. 
The maximum power achieved is 370 percent, the maximum core thermal 
flux is 33 percent, and th e maximum hot spot fuel temperature is 
820°F. 

Figure V-14 shows core thermal power vs. reactor outlet 
temperature for the 107 percent initial power level main steam line 
rupture transient. Again, the framework for all such transients 
is the set of safety limits de f ined in the steady-state analysis, 
(Sec III) of this report, with the limiting conditions of 2 percent 
quality and 4800°F fuel temperature. The minimum DNB ratio of 
1. 3 would be violated subsequent to those of quality and fuel 
temperature, and is then of no concern. Figure V-14 verifies all 
safety limits held safe. 

For the case of a main steam line rupture transient 
initiated from a power level of 0.1 percent, Figure V-15 reflects 
the fact that even wider margins exist to insure the integrity of 
the safety limits than with case Ill. 

Thus, the limiting combinations of 2 percent quality 
and maximum fuel temperature (4800°F) are verified held safe for 
the most severe main steam line rupture transients. These safety 
limits then assure safe ope ration of the MH-lA, during such a 
transient, with adequate margin. 

E. Loss of Flow Transient 

1. Background 

This transient (abbreviated LOFT) is initiated by the 
loss of power to one or both of the primary coolant pumps, or by a 
mechanical failure of either or both pumps. It has been shown that 
the loss of service of both pumps r esult is the most severe transient 
(Ref 8). 
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2. Analytical Method 

To simulate the transient, the flow coastdown curve 
calculated in Ref 16 and shown in Figure V-16 was used as input to a 
variable-flow version of DRAKE. In this version all flow dependent 
paramet~rs are placed in the "transient" section of the program in 
addition to including them in the "initial condit.ons" section, 
The DRAKE model then calculated the resulting power transient which 
was input to CHIC-KIN. The power and heat flux traces from DRAKE 
is shown in Figure V-17. 

3. Initial Conditions 

The parameters and initial conditions for this DRAKE run 
are shown in Table V-4. 

TABLE V-4 
DRAKE LOFT INPUT 

Initial power(%) 
Initial flow (gpm) 
Low flow scram (gpm) 
Scram delay (sec) 
Average primary temp (°F) 

4, Results 

107 
10,200 
8,900 

.5 
497 

Uaing the power trace from DRAKE, a primary aystem 
pressure of 1352 psia, and the~ P vs time curve (Fig V-18) from 
Ref 16 - a hot channel analysis was made using the CHIC-'<IN code. 
The reaults of this analy1i1 are ahown graphically in Fig V-19 
and V-20. The hot channel inlet mass velocity as a function 
of time is shown in Fig. V-19. It will be noticed that it is 
characterized by oacillations of increasing period during the 
9 seconds of the analyais. The oscillations are caused by boiling 
in the hot channel. A similar effect is noticed for the exit mas, 
velocity as seen in Fig. V-20. At the end of the analysis (approxi­
mately 9 seconds) it can be seen that the nominal flow from Fig. 
V-1111 beginning to reach a limiting value due to natural convection 
while the heat flux is continually dying off as shown in Fig. V-18. 
Thua, the boiling will begin to subside and the flow oscillations 
will subside. 

The hot channel exit quality is shown for the LOFT in 
Fig, V-21. As in the case of the mass velocity, there are oscillations. 
The peak quality reached is 18 percent as shown, For the same 
reasons as the flow osci l lations, this quality will gradually decrease 
as the traneient progresses. 

110-07 75 



-~ 
I 

0 -.. 
N ... 
I&. 
. I 

GI: 
% 

' m 
.J -0 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 ~---------
0 ______ __._ ___ ,___ _____ __._ __ 

2 4 6 8 

TIME (SECONDS) 

FIGURE V-16, LOFT NOMINAL CHANNEL INLET MASS 
VELOCITY VS. TIME 

76 

10 

, 



\ 

2.8 

2.6 

2.4 

2.2 

2.0 

--f -a. 1.8 
-4 

I. 6 

1.4 

I. 2 

I. 0 

2 4 6 8 10 

TIME (SECONDS} 

FIGURE V-17, LOFT PLENUM TO PLENUM PRESSURE DROP VS. TIME 
INCLUDING ELEVATION HEAD 

77 



12
5 

1n
n 75
 

L:
.. 

I 
+

-' 
3 ~
 

I 
I.

O
 

I 
~
 

5
0

 r 
~
 

--.
, 

0 

\ 
PO

W
ER

 
a

, 
~
 

0
::

 
U

J
 

3
: 

0 a.
. 

~
 

25
 

1 
2 

3 
4 

TI
M

E 
(S

EC
) 

FI
GU

RE
 

V
-1

8 
PO

W
ER

 T
RA

NS
IE

NT
 R

ES
UL

TI
NG

 
FR

OM
 LO

FT
 

~
-



N
 +-

> 
~
 

I s..
 

.s:
::. -.D r
- '° 0 .....

 
--

.J
 

>
-

'° 
t- -<..> C

 
..

.J
 

U
J 

:>
 

V
)
 

V
)
 

~
 

~
 

.6
 

.5
 

.4
 

.3
 

.2
 

.1
 

1 
2 

FI
GU

RE
 V

-1
9 

HO
T 

CH
AN

NE
L 

IN
LE

T 

M
AS

S 
VE

LO
CI

TY
 V

S.
 

TI
M

E 

DU
RI

NG
 L

OF
T 

3 
4 

TI
M

E 
-

SE
CO

ND
S 

5 
6 

7 
8 



"'
 +-- .....

 ' '-- .c
 

.....
. 

.0
 

~
 

\£
) 

C
)
 

0
0

 
.....

. 
0 

>
 

t- - u C
)
 

.....
 

....,
 

>
 

V
I 

V
I 

C
l: 
~
 

6 s .1 l .?
 1 

1 
2 

3 

FI
GU

RE
 

V
-2

O
 

HO
T 

CH
AN

NE
L 

EX
IT

 

M
AS

S 
VE

LO
CI

TY
 

V
S.

 
TI

M
E 

DU
RI

NG
 

TH
E 

LO
FT

 

4 

TI
M

E
 

-
SE

CO
ND

S 

-~
 

5 
6 

7 
8 



20
 

15
 

10
 5 

~
 

►
 
~
 

0D
 

-
.
..

. 
...

.J
 

C
 

::
>

 
0 

0 -5
 

n 
1 

2 

- FI
GU

RE
 V

-2
1 

LO
FT

 H
OT

 C
HA

NN
EL

 E
XI

T 
QU

AL
IT

Y 
vs

. 

3 

TI
M

E 

4 

TI
M

E 
-

SE
CO

ND
S 

5 
6 

7 
8 

.... 



While the quality shown in Fig. V-21 is high, it should 
be remembered that this appears at the point where the heat flux is 
on the order of 20 percent of the average hot channel heat flux. In 
the vicinity of the maximum heat flux (about twice the average hot 
channel heat flux) the quality always stays negative. It is in this 
region that burnout is most likely to occur. 

Figure V-22 shows the minimum DNBR during the initial 
phases of the transient. This curve is based on the maximum heat 
flux for the LOF'"f and the critical heat flux versus flow steady­
s tate parametric for 107 percent power (see Fig V-23). As this 
critical heat flux i s from a steady-state analysis, it is conser­
vative to apply it here . It can be seen that the minimum DNB ratio 
is 1. 5, above the 1.3 value where DNB may occur. 

The safety criterion of 2 percent quality is obviously 
violat ed during Lh e LOFT. However, in this case as the heat flux 
is continually dying, and there are no hydraulic forcing functions 
(i.e. pump input) to cause instability , the magnitude of qualiM; 
is of no consequence to fuel integrity and therefore, plant safety. 

It is a proposed Technical Specification requirement 
that the control rod motion must begin within 500 ms of pump failure. 
A study at the MH-lA (Ref 19 (DF)) has shown the actual value to be 
less than 400 ms. The LOFT study assumed a 500 ms scram delay with 
a 210 ms coastdown to scram setpoint for a total time of 710 ms 
before rod motion. Thus, if the scram setpoint were at the plant, 
there is still ample safety margin. 

It is concluded that the MH-lA is adequately protected 
from the loss of flow transient by a scram setpoint of 8900 gpm. 
The scram in this analysis begins at 710 ms, leaving more than 
300 ms margin from the actual value to account for error in the 
flow measurement and setpoint. For example, if the scram setpoint 
were in actuality at 8000 gpm rather than 8900 gpm, the additional 
delay would be about 100 ms - well within the greater than 300 111!1 

margin. 
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VI. TRANSIENTS INITIATED FROM DESIGN BAND LIMITS 
AND SCOPING ANALYSES 

Thia section presents the effects of transients initiated from the 
limits of the design band (alarm points) for each of three postulated 
tran.qients: PC7.!7er range rod withdrawal, main steam line rupture and 
loss of flow. Alarm points are ·those values of reactor power and the 
primary loop parameters which trigger an operator alarm and require 
corrective action. That is, the operating band must now be expanded 
as the design band to include these alarm points, and the results of 
transients initiated under these condi tions examined. 

Scoping provides information concerning minimum DNB ratios, max­
imum hot spot fuel temperatures, and qualitites for the above three 
transients when initiation occurs with all reactor parameters at their 
respective scram setpoints or worst case values. Table VI-1 shC7.!7s 
nominal, alarm point, and scram settings for reactor power, reactor 
outlet temperature, primary coolant flow rate, and pressure. 

TABLE VI-1 

MH-lA PRIMARY LOOP PARAMETERS 

Reactor PC7.!7er Outlet Temp Flow Pressure 
Case (% full power) ( OF) (gpm) (psi a) 

Nominal 100% 506 10800 1400 

Alarm+ Error 111% 534 9750 1352 

Scram Set Point 
+ Error 115% 534 8650 1265 -

A. Power Range Rod Withdrawal 

Thia transient was analyzed in detail in Section V of this re­
port. All reactor kinetics input parameters and the analytical methods 
remain unchanged. 

1. The Design Band 

(a) Initial Conditions 

Po~er range rod withdrawal transients initiated from 
the limits of the design band (alarm points) incorporate a primary cool­
ant flow rate of 9750 gpm, a reactor outlet temperature of 534°F, and 
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a primary system pressure of 1352 psia. The fastest reactivity in­sertion rate caused by the maximum rod withdrawal rate of 2 inches/ 
min was selected as the extreme case. Previous analysis shows slow reactivity insertion PRRWT's to be less than worst case rod creep transients. That is, quasi-steady-state behavior, wherein it is 
assumed coolant teq,erature remains at its highest value during the transient, and reactor power remains at the scram setpoint for a 
significant length of time. Rod creep transients are discussed in the following section. 

Table VI-2 shows the three power levels chosen for analysis and their significance. 

TABLE Vl-2 

DESIGN BAND RUN INITIAL POWER LEVELS 

POWER LEVEL 
(% full power) SIGNIFICANCE 

100% Nominal value 

107% Operating band limit 

111% Design band limit 

(b) Results 

Figures Vl-1, VI-2 and VI-3 show the transient beha­vior of the !11-lA for the three prescribed sets of initial conditions. Instantaneous neutron power, core heat flux, hot spot fuel temperature, and the reactor coolant outlet temperature are displayed as functions of tim. Figure Vl-3 show the maximum core heat flux achieved during this worst case to be 111. 8 percent full power. The hot spot fuel temperature reaches a peak of 4564°F, far below the irradiated U02 mlting point of 4800°F. Figure Vl-4 shows core thermal power vs. reactor outlet teq,erature for this transient. Since the framework for all such transients is the set of safety limits defined in Section IV of this report, the limiting conditions here are 2 percent quality and 4800°F fuel temperature. The minimum DNB ratio safety limit of 1.3 would be violated subsequent to those of quality and fuel tempera­ture, and thus is of no concern. Figure VI-4 verifies these limiting conditions are held safe for this most severe power range rod with­drawal transient. 
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2. Scoping 

(a) Initial conditions 

Scoping a PRRWT requires all reactor and primary loop 
parameters to be set at their scram points, including associated errors. 
Table VI-3 contains these initial conditions. 

TABLE VI-3 

SCOPING RUN INITIAL CONDITIONS 

Reactor power 
Reactor outlet temp 
Primary coolant flow 
Primary system pressure 

(b) Results 

115% 
534°F 

8650 gpm 
1265 psia 

Scoping begins with reactor power at the high power 
scram point. During the .23 second lag time before negative reactivity 
insertion (see Section V) reactor power, core heat flux and reactor 
outlet coolant temperature will rise at rates approximating those 
achieved in the 111 percent initial power case (see Fig. VI-3). Table 
VI-4 indicates the conservative additions which must be made to these 
parameters at their 115 percent power steady-state value to simulate 
scoping at 115 percent initial power level. 

TABLE VI-4 

SCOPING AT 115% INITIAL POWER 

Parameter Steady-state value Length of Increases Final 
time para- in value of 
meter increases parameter parameter 
after scram 
initiated 

Reactor power 115% . 23 sec 1.4% 116.4% 

Core heat flux 115% . 28 sec .5% 115.5% 

Outlet temperature 534°F . 31 sec 1°F 535°F 

111-02 91 



Th i s transient would then result in a minimum DNB 
ratio of 1.48, a maximum quality of +2.8 percent and a centerline hot 
spot fuel temperature of no more than 4740°F. 

H. Rod Creep Transient 

This transi ent was analyzed in detail in Section V of this 
report. 

1. The Design Band 

(a) Initial Conditions Prior to Initiation of Transient 

It is assumed that the plant is operating with actual 
power, outlet temperature, system press ure, and flow of 115 percent, 
534°F, 1352 psia and 9750 gpm, r espec tively. 

(b) Results 

The rod creep is initiated with no increase in power 
and a l4°F (Section V) increase in outlet temperature prior to scram. 
Concurrent with this increase in temperature is a 43 psi increase in 
system pressure. 

The maximum quality and minimum DNB ratio achieved 
during this transient are 2 percent and 1.45, respectively. 

As previously noted, the initial conditions on power 
and temperature are 115 percent and 534°F, respectively. It is further 
assumed that there is a 14°F overshoot in the outlet temperature. These 
are two consistant but conservative assumptions. If the plant is 
operating, steady-state, at the temperature scram point prior. to tran­
sient initiation, the temperature overshoot will be negligible. If 
the transient is initiated at a lower temper. tture the overshoot is 
no more than 14°F, however, the pressure surge will be larger. The 
higher pressure at scram ird.tiation leads to lower quality and higher 
DNB ratio. 

2. Scoping 

(a) Initial Conditions 

This transient is analyzed by a steady-state analysis 
with the following input: 

11.1-03 

Power 
Flow 
Pressure 
Outlet temp. 

115% 
8650 gpm 
1265 psi 
548°F 
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(b) Results 

The maximum quality and minimum DNB ratio are +5.5 
percent and 1.41, respectively. 

C. Main Steam Line Rupture Transient 

The MH-lA MSLRT is dis'cussed in detail in Section V of this 
report. Reactor kinetics input parameters and analytical technique 
remain unchanged. 

1. Design Band Limits 

(a) Initial Conditions 

A MSLRT initiated from the design band limits involves 
a primary coolant flow of 9750 gpm, a reactor outlet coolant tempera­
ture of 534°F, and a primary system pressure of 1265 psia. Since the 
primary coolant pressure decreases during the transients, it may be 
reuoned that the pressurizer heaters may not be able to maintain 
the prea1ure within the design band. Thua, the pres1ure of 1265 psia 
(low pre11ure scram point with u■ociated error) was conservatively 
■elected for the analylis. Table VI-5 ■hows the two power levels 
choeen u initial condition■• 

Power Level 
(% full power) 

107% 

111% 

(b) Ra1ult1 

TABLE VI-5 

INITIAL POWER LEVELS 

Significance 

Operating band li11it 

Alarm point 

Figure■ VI-5 and Vl-6 1h011 the behavior of the MH-lA 

during MSLRT for each of the two 1et1 of initial condition■• The figure, 
1how inatantaneoua reactor power, core heat flux, hot ■pot fuel tempera­
ture, and the reactor outlet coolant temperature as functiona of time 
during the traneient. Figure Vl-6 1howa the maximum core thermal flux 
achieved during thi■ worat cue to be 112.2 percent full power. The 
hot 1pot fuel temperature reachea a peak of 4564°F, far beloi, the 
irradiated 002 melting point of 4800°F. 
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Figure VI-7 shows core thermal power vs. reactor 
outl t coolant temperature for this worst case transient. Again, 
the safety limits framework of 2 percent quality and 4800°F fuel 
t emperature are verified held safe for this most severe MSLRT. 

2. Scoping 

Scoping a MSLRT requires all reactor and primary loop 
parameters to be set at their respective scram points, including 
associated errors. 

Initial Conditions 

MSLRT Scoping Run Initial Conditions 

Reactor power 
Reactor outlet temp 
Primary coolant flow 
Primary system pressure 

115% 
534°F 
8650 gpm 
1265 psia 

InitiaLion of a MSLRT scoping run occurs with reactor 
power at the high power scram point. During the .23 second lag time 
before negative reactivity insertion (see Sec. V) reactor power and 
core heat flux will rise as reactor outlet coolant temperature falls 
at rates approximating those achieved in the 111 percent case (Fig. 
VI-6). Table VI-6 below indicates the conservative corrections which 
rust be applied to these parameters at their 115 percent power steady­
state value to simulate scoping initiated at 115 percent power. 

TABLE VI-6 

SCOPING RUN RESULTANT PARAMETERS 

Parameter Steady-state value Time parameter Change Peak 
move adversely in adverse 

·-

subsequent to parameter parameter 
scram initiation value 

Reactor power 1157. . 23 sec 1.5% 116.5% 

Core heat flux 115% .28 sec .45% 115.45% 

Reactor outlet temp 534°F .31 sec 1°F 533°F 

This transient would then result in a minimum DNB ratio 
of 1.47, a maximum quaJ !.ty of +2.9 percent and a centerline hot spot 
fuel temperature of no more than 4742°F. 
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D. MH-lA Loss of Flow Analysis 

l. Worst Case Design Band 

(a) Initial Conditions 

The LOFT was assumed initiated from the following 
conditions; 

Power 
Flow 
Temp (outlet) 
Pressure 

llli. 
9750 gpm 
534°F 
1352 psia 

A delay from LOFT initiation to rod motion of 500 ms 
was assumed (see Technical Spec i fications). Figure VI-8 shows the 
power vs. time (loss of service of both pumps was assumed). 

(b) Results 

Figure Vl-9 illustrates the results obtained from the 
CHIC-KIN program for this transient. All oscillations, inlet mass 
velocity, exit mass velocity, and exit quality are decaying with time. 
The exit quality remains high at about 13 percent. However, due to 
the steadily decreasing heat flux, this presents no burnout problems. 

2. Scoping 

(a) Initial Conditions 

The initial conditions for the scoping transient were: 

Power 115% 
Flow 8650 gpm 
Temperature outlet 534°F 
Pressure 1265 psia. 

The same 500 ms delay was used. Figure Vl-10 shows 
the power trace. 

(b) Results 

The combination of low flow and high power gave 4 per­
cent more inlet subcooling than for the WCDB transient. This combina­
tion coupled with lower pressure yielded an initial exit quality of 
3 percent. The subcooling and initial quality effected the transient 
to yield even more desirable results than were obtained with the WCDB -
LOFT. This can be seen in Figure VI-11 where the oscillations are 
smother than in Figure VI-9 and the quality is decreasing faster. 
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