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1.0 REFERENCES 

THREE MILE JSLMO NUCLEAR STATION 

UNIT #2 OPERATING PROCEDURE 2102-2.1 

PO'..IER OPERATIONS 

1.1 Drawings Applicable for Operation 

1.1.1 Reactor Coolant Makeup & Purification 2024 

1.2 Operating Procedures Applicable for Operation 

1.2.1 2101-1.1 Nuclear Plant limits and Precautions 

1.2.2 2102-2.1 nuclear Plant Setpofnts 

1.2.3 2102-1(series) Unit Startup Procedures 

1.2.4 2103-1.2, Soluble Poison Concentration Control 

1.2.5 2103-1.9, Reactivity Balance Calculation 

1.2.6 2104-1.2, Makeup and Purification 

1.2.7 2105-1.4, Integrated Control System 

1.2.8 2105-1.9, Control Rod Drives 

1.3 l~anufacturers' Instruction Hanua1s 

1.3.1 rlone 

1.4 A~plicable System Descriptions 

1.4.1 TMI Unit 2, iechnical Spec1fications (TS) 

1.5 Curves, ~igures, Tables, etc. 

1.5.1 Curves. 

Figure 1 - Core Pressure/TemperJture Safety Limits. 

Figure 2 - Operational Power tm~alance Envelope (0-200 EFPD) 

Figure 3 - Control Rod Group Withdrawal limits for 4 Pump 

Operation (0-200 EFPD}. 

Figure 4 - Control Rod Group Withdra1~al limits for 3 Pump 

Operation (0-200 EFPD). 
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Figure 5 - Control Rod Group Withdrawal Limits for 2 Pump · 

Operation (0-200 EFPO). 

Figure 6 - Control Rod Group Designatio~ ~nd Core Position. 

Figure 7 - Reactor Coolant System Pressure/Temperature 

Limits for Heatup and Cooldown and Core Criticality. 

Figure 8 - Minimum Boric Acid Tank Contained Volume/Concentration. 

Figure 9A - Core Power Vs Rod Position Bands, 4 Pump Operation 

(0-200 EFPO). 

Figure 98 - Core Power Vs Rod Position Bands, 3 Pump Operation 

(0-200 EFPO). 

Figure 9C - Core Power Vs Rod Position Bands, 2 Pump Operation 

( 0-200 EFPO). 

figure 10- Borate/Deborate ~ 10% Rod Position .(BOL-140 EFPO). 

Figure 11 - RC Boron Change Needed to Reposition Rods in Bands. 

Figure 12 - Minimum Feed and Bleed Flow Rate per load Change 

vs. RCS Boron Concentration. 

Figure 13 - Pressurizer level vs. T-ave. 

1.5.2 Tables 

Table 1 - Quadrant Power Tilt limits . 

. Table 2 - DNB Hargin. 

2. 0 LIMITS AND PRECAUTIONS 

2.1 If any Safety Limit (defined in Technical Specification 2.1 and 

. 2.2) is exceeded, the Shift Supervisor shall notify the Station/Unit 

Superintendent. The reactor shall be placed in Hot Standby within 

-one hour. The licensee shall notify the Commission. review the matter • 

and record the results of the review, including the cause of the 

condition and the basis for corrective action tal.:en to preclude 

reoccurrence. Operation shall not be resumed until authorized by 

195 194 the r.orr.mission. 
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the automatic safety system does not func~ion 

as required, the Station/Unit Superintendent shall be notified. 

The Shift Supervisor shall ·take approrriate action as outlined in 

the Tech. Specs. The reporting requirements of T.S. 6.9 shall be 

followed. Note that this appropriate action may include shutting 

down the reactor. 

2.3 When a Limiting Condition for Operation {LCO) (defined in Section 3 

of the Technical Specifications) is not met, the Shift Supervisor 

shall notify the Station/Unit Superintendent. The reactor shall be 

placed in at least HOT sT;.;wav with in 1 hour and in COLD SIIUTOOWN 

within the following 30 hours unless corrective measures are completed 

that permit operation under the permissible ACTION statements for 

the specified time interval as measured from initial discovery. 

The reporting requirements of T.S. 6.9 shal l be followed. 

2.4 The combination of the reactor coolant core outlet pressure and 

outlet temperature sha 11 not exceed the safety limit sho1m in 

figure 1. 

2.5 The combination of reactor THERHAL POWER and AXIAL POWER If.lBALAIICE 

shall not exceed the safety limit s~own in Figure 2 fur the various 

combinations of three and four reactor coolant ~ump operation. 

2. 6 The Reactor- Coolant System pressure should . be maintained at 2155:!:. 

50 psig during Steady State Operation. 

2. 7 Reactor Core power shall not exceed 2772 1-!Ut. 

2.8 Reactor Protective System trip setpoin ts will be verified changed 

with in 4 hours after switching pump combinations. Surveillance 

Procedure {SP 2311-6} (T.s. 4.4. la). 

2. 9 The SHUTDOWN 1-lARG IN sha 11 be !. 2~ !lk/k {TS 3. l. 1.1). 

4.0 195 195 
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?.10 The flow rate of reactor coolant through the Reactor Coolant System 

shall be~ 2800 gpm whenever a reduction in Reactor Coolant System 

boron concentration is being made (TS 3. 1. 1.2). 

2.11 All control (safety and regulating) rods shall be OPERABLE and 

positfon~d within! 6.51 (indicated position) of their group average 

height. (TS 3.1.3.1). 

2.12 All axial power shaping rods (APSR) shall be OPERABLE. and unless 

fully withdrawn, shall be positioned within ! 5.5: (indicated 

position) of their group average height. (TS 3.1.3.2). 

2.13 All safety, regulating, and axial power shaping control rod reed 

switch position indicator channels and pulse stepping position 

indicator channels shall be OPERABLE and capable of determining the 

control rod positions within! 6.5:. (TS 3. 1.3.3). 

2.14 All safety rods shall be fully withdrawn. (TS 3.1.3.6). 

2.15 The individual safety and regulating rod drop time from the fully 

withdrawn position shall be~ 1.66 seconds from power interruption 

at the control rod drive breakers to 3/4 insertion with: 

Tavg ~ 525°F and 

All reactor coolant pumps operating. (TS 3.1.3.5). 

2.16 The regulating rod groups shall be limited in phys ical insertion as 

shown on Figures 3, 4, & 5 with a rod group overlap of 25 ! 5% 

bebteen sequential withdrawn groups 5 and 6/7. {TS 3.1 . 3.1). 

If the rod group overlap limits arc exceeded or inserted beyond the 

LOCA limit proceed ttith T.S. Action Statement 3.1.3. 7. If the 

regulating rod groups are inserted beyond t'le Shutcown ~·largin limit ~ 

proceed with T.S. Action Statement 3. 1. 1.1 . 

2.17 Each control rod (safety, regulating, and APSR} shdll be progra~~d 

to operate in the core posit ion and rod group specified in rigu re 

6. (TS 3. 1. 3.8). 
." 195 196 
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2.18 THEm~L P&AER shall not be increasP.d above the pawer level cutoff 

specified in Figure 3 unless one of the following conditions is 

satisfied: 

Xenon reactivity is within 10 percent of the equilibrium value for 

RATED THERMAL POWER and is approaching stability. or 

THERMAL POWER has been within a range of (87-92%) 

RATED THERMAL POWER for a period exceeding 2 hours in the solubl e 

poison control mode. excluding xenon free startups. (TS 3.1.3.9). 

NOTE: Determine Xenon reactivi~y using either SP 2311-(4) or 

computer program ROBAL. 

2.19 AXIAL PO:.IER IMBALAIICE shall be maintained within the limits shewn 

on Ffgure 2 when above 40% of RATED THE~1AL PO~ER except for physics 

test. (TS 3.2.1). 

2. 20 tiUCLEAR HEAT FLUX HOT CHA:ItiEL FACTOR - F Q sha 11 be 1 irni ted by the 

following: 

FQ!. ~ 
THER."lAL POWER 

where P • RATED !HEru·~L POWER and P < 1.0 {TS 3.2.2) 

2.21 NUCLEAR ENT!J.ALPY RISE HOT CHA:mEL FACTOR - F~H shall be 1 irnited by 

the following: 

~H !. {i.78) !1 1- 0.6 (J-P)) 

. THE?J"'AL POWER 
where p ~ RATED THER.~L ?OWER 

AIID P!. 1.0 (TS 3.2.3) 

2.22 THE QUACRA:IT POWER TILT shall not exceed the Steady State Lirnit of 

Table 1 when above 15% of RATED THERI·:ML POWER, excP.pt for physics 

tests. (TS 3. 2. J) • 

6.0 .· 
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2.23 The follol'lfng DriB related parameters shall be maintained within the 

limits shown on Table 2. 

Reactor Coolant Hot Leg Temperature 

Reactor Coolant Pressure 

Reactor Coolant Flow Rate (TS 3.2.5) 

2.24 The moderator temperature coeffic;ient (r~TC) shall be: 

Less positive than 0.9 x to-4 Ak/kt°F whenever THERMAL POWER is 

< 95~ of RATED THERl·!AL POWER. 

Less positive than 0.0 x lo-4 Ak/k/°F whenever THE~AL P~~ER fs ~ 

95~ of RATED THERMAL POWER. 

Less negative than -3.0 x 10-4 Ak/k/°F at RATED THE~!AL P~~ER (TS 

3.1.1.3) 

2.25 Reactor Coolant System leakage shalt be limited to: 

No PRESSURE BOUNDARY LEAKAGE 

GPM UNIDENTIFIED LEAKAGE 

GPM total primary-to-secondary leakage through steam generators 

and O.S GPM through any steam generator. 

10 GPM IDENTIFIED LEAKAGE from the Reactor Coolant System 

8 GPH CONTROLLED LEAKAGE at a Reactor Coolant System pressure of 

2155 =.,50 psig. 

2.26 The Reactor Coolant System chemistry shall be maintained within the 

following limits: 
STEADY STATE TRAtiSIENT 

PARANETER ur~IT LIMIT 

DISSOLVED OXYGEN* ~0.10 ppm ~ 1.00 ppm 

CHLORIDE ~ 0.15 ppm ~ 1.50 ppm 

flUORIDE ~ 0.15 ppm ~ 1.50 ppm 

*Limi t not applicable with Tavg < 250°F (TS 3.4 . 7) . 

7.0 195 198 
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2.27 The specific "ctivity of the primary coolant shall be limited to: 

~ 1.0 ~Ci/gram DOSE EQUIVALENT I-131, and 

~ 100/t JJCi/gram (TS 3.4.8) 

2.28 The Reactor Coolant System (except the pressurizer) temperature and 

pressure shall be limited in accordance with the limit lines shown 

on Figure 7 during heatup, cooldo\"ln and criticality with: 

A maximum heatup of l00°F in any one hour period 

A maximum cooldown of 100°F in any one hour period (TS 3.4.9.1) 

2.29 The pressurizer temperature shall be limited to: 

A maximum heatup and cooldown of 100°F in any one hour period 

A maximum spray water temperature differential of 410°r. (TS 

3.4.9.2) 

2.30 The maximum RATE OF LOAD CHANGE shall be: 

10%/min between 20-90X increasing and decreasing 

10%/min bet\-teen 90-100: decreasing 

5%/min bet\-teen 90-100% increasing 

SX/min between 0-20% increasing and decreasing 

2.31 The specific activity of the secondary coolant system shall be < 

0.1 uCi/gram DOSE EQUIVALENT I-111. (TS 3.7.1.4) 

2.32 During normal steady ~tate oper.1t lon, the maximum 1 inear po• .. 1er 

densit:,.-occurring in fuel shall not exceed 18 ki-t/ft. flo central 

melting of the fuel shall occur during transient operation. 

2.33 The ONBR during normal steady state oper\!tion shall not be below 

1. 30 as determined by the BtW-2 heat transfer correlation assuming 

maximum design mechanical and nuclear considerations set forth in 

the FSAR. 

8. 0 195 19? 
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2.34 The fuel assemblies shall be operated such that peak pellet burnup 

of any fuel assembly does not exceed 55000 MHCJ/1-lTU. 

2.35 The level of reactor coolant shall keep the core covered during 

operation once the fuel has been irradiated. 

2.36 The maximum SUR during ~od withdrawal is 1.5 DPH. 

2.37 The maximum SUR without rod motion is 1.0 DPH. 

2.38 In the event of an unplanned or unexpected power reduction, the 

Shift Supervisor may return to the initial power level if the cause 

of the reduction is understood and appropriate steps have been 

taken to preclude a reoccurrance. If the cause of the reduction is 

not known or has not been precluded from recurring. the Station/Unit 

Superintendent must authorize the return to higher power levels. 

2.39 Ps a condition to the operati ng license, operation in modes 1 and 2 

with less than three Rr. pumps~~ permitted. 

2.40 Insure the breakers T-56-2, 2A-32 (2B-32) and 2A-42 (2B-42) are in 

PULL-TO-LOCK prior to exceeding 30: pol<~er. This insures adequate 

voltage levels at the 480V ESF busses upon loss of an Aux. transformer . 

3.0 PREREQUISITES 

_______ 3.1 The Unit Startup in accordance with 2102-1.3 is complete and 

the Unit is in operation at between 5% and 100~ load. (Mode 

__ 3.1.1 The Reactor Coolant System lowest loop termperature 

(Tavg) shall be~ 525°F. 

3.2 Boron Concentration Control 

(TS 3.1.1.4) 

3.2.1 The following boron injection flow paths shall be OPER~BL E : 

9. 0 
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__ 3.2.1.1 A flow path from the concentr·ated boric acid storage 

system via a boric acid pump and makeup or decay heat 

removal (DHR) pump to the Reactor Coolant System. 

______ 3.2.1.2 A flow path from the borated water storage tank via 

makeup or DHR pump to the Reactor Coolant System. (TS 

3.1.2.2) 

9.1 
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At least one boric ~cid pump in the boron injection flow 

path required by 3.2.1 . 1 shall be OPERABLE if the flow 

path through the boric acid pump in 3.2.1.1 is OPERABLE. 

(TS 3.1.2. 7) 

3.2.3 The following borated water sources shall be OPERABLE: 

____ 3.2.3. 1 The concent~ated boric acid storage ~ys tem and associated 

heat tracing with: 

____ 3.2.3.1a A minimum contained borated water volume in accordance 

with Figure 8. 

____ 3.2.3.1b Between 7875 and 13,125 ppm of boron. 

A minimum solution temperature of 105°F. 

3 . 2 ~3.2 The borated water storage tank (BWST) ,.,; th: 

3.2.3.2a A contained borated \'later volume of between 445,620 and ---- . 
458,722 gallons, and level bet1~een 53 ft 6 in. and 56 ft. 

____ 3.2.3.2b Beb;een 2270 and 2370 ppm of boron. 

____ 3.2.3.2c A minimum solution temperature of 40°r::-. (TS 3. 1.2.9) 

llOTE: Reactor Coolant flo1~ rate shall be ~ 2800 gpm 

whene\'er reactor coolant system borou concentration 

is being reduced (TS 3. 1.1.2) 

____ 3.3 At l_east ti'IO makeup pumps shall be OPERABLE. (TS 3. 1. 2.4) 

_____ 3.4 All pressurizer code safety valves shall be OPERABLE ~ith a 

lift :;etting of (2435) PSIG ~ 1~. (TS 3.4.3) 

3.5 The pressurizer shall be OPERABLE 11ith: 

__ 3.5.1 

__ 3. 5.2 

A steam bubble 

A water level between 2CO and 260 inches. 

_3. 6 The steam genera tors sha 11 be OPERMLE with a ~·:a t er 1 eve 1 

between 18" and 390". 

10.0 195 202 
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NOTE: Maximum operating water level is 82.5 percent of 

operating range during power operation. 

______ 3.7 The Engineered Safety Feature Actuation System (ESFAS) 

Instrumentation Channels shall be OPERABLE with their trip 

setpofnts and response times consistent with the values shewn 

in the applicable tables of reference 1.4.1, (TS 3.3.2.1). 

______ 3.8 The Reactor Protection System Instrumentation Channels and 

Bypasses shall be OPERABLE with response times and trip setpoints 

as shown in Tables 3. 3-1 and 2.2.1 respectively. (TS 3.3.1.1) 

______ 3.9 Secondary water chemistry is within the limits of the applicable 

table of (LATER). 

_______ 3.10 Each main steam line isolation valve shall be OPEP~BLE. (TS 

3.7.1.5) 

_______ 3.11 The condensate storage tanks (CSTS) shall be OPERABLE with a 

minimum contained volume of 220,000 gallcns of water total (TS 

3.7.1.3). 

3.12 Three independent steam generator auxiliary feedwater pumps and 

ass?ciated flow paths shall be OPEaABLE with: 

a. Two auxiliary feedwater p~~ps, each capable of being powered 

fro~ an OPERABLE emergency bus, and 

b. One auxiliary feedwater pump capable of being powered from an 

OPERABLE steam supply system. (TS 3. 7.1.2) 

_____ 3.13 All main steam line code safety valves shall be OPERABLE with 

lift settings as specified in TS 3. 7. 1.1. With one or ~ore 

main steam line code safety valves inoperable. operation rr.ly 

proceed provided that within 4 hours either the inoperable 

valve is restored to OPERABLE status or the :luclear Overpower 

Trip Setpoint is red~ced ~er TS 3.7. 1.1. 

11.0 195 203 
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4.0 PROCEDURE 

__ 4.1 Do not exceed 2772 HTt (Core Ther.nal Power) 

____ 4.2 Maintain power below the power level cutoff (See Figures 3 and 

4) until the xenon reactivity is within 10 percent of the 

equilibrium value for ~~eration at rated power and approaching 

stability or THERl·1AL POWER h-as been within a range of (87) to 

(92) percent of RATED THERMAL POWER for a period exceeding 2 

hours in the soluble poison control mode, excluding xenon free 

start·ups. 

~: Determine Xenon reactivity using either SP 2311·4 or 

computer program ROBAL. 

CAUTION: Prior to exceeding (4S!) power, verify at least 3 

reactor coolant pumps are in operation. 

CAUTION: Prior to exceeding 7S: PO'o'#er, verify 4 reactor 

coolant pumps arc in operation. 

CAUTION: Do not attempt to start reactor coolant pumps when 

greater than (30~) power. 

C~UTION: Do not exceed (SSt) power unless both feed pumps and 

2 condensate/condensate booster pump pairs are in 

operation. 

____ 4.3 Monitor core power distribution with in-core detectors and the 

on-line computer as fol lows: 

Curing steady-state operating, a 3-0 Power Map (Group 3~) and 

a worst case Thermal Condition (Group 20) data dump should be 

taken every EFPD. The reactor power level, boron concentration, 

and core burnup should al so be recorded. This data should be 

collected each day at midnight along with the Station Daily 

12.0 
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log Sheet, Heat Balance (Group 32), 1eactivity Oalanc~ (Group 

22) and Periodic Typewriter log oa:ly Summary for delivery to 

the Station rluclear Engineer. 

______ 4.4 Following a significant one-str~ load change (> 10~ rated 

power) above 50% rated power Jr significant control 1·od motion 

(> 10% insertion or withdra~ al) a ~lorst Case Thermal Condition 

should be taken within one· hour after the change and then 

every 4 to 8 hours for a period of 24 to 36 hours, or longer 

if evidence of a power distribution transient exists. A 3-0 

Power Map should be •aken about 1 hour after reaching steady-

state conditions. These data printouts are not necessary on 

the way up to fu~l pO'ooler if the Operating 1-!anagement Recommendations 

are followed. rlowever, the data from Groups 20 and 34 should 

be called out one hour after the power hold l~vel is reached. 

______ 4.5 Obtain a 3-0 po1-1er map whenever a large imbalance or any other 

core flux abnormality exists. 

________ 4.6 Except for physics tests, quadrant power tilt may not exceed 

the limit of 2.30% on the Symetrical Incore Oetcctor System 

~1hen operating in !·lode 1 above 15~ of Rated Thermal po~'ler per Table 

1. (TS 3.2.4). If the syrr:etrical Indore Detector system is 

not available, calculate tilt per 2103-1.11. 

__ 4. 7 Curing Po1·1er Operation above 40~ of Rated Thermal PoHer maintain 

power imbalance within the limits of Figure 2. (iS 3.2.1) 

Honitor core imbalance on a mfnirr.um frequency of once every 12 

hours during po1.,er operation above 40 percent of ratcd power. 

13.0 
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NOTE: The power-imbalance envelope defined in Figure 2 is 

based on LOCA analysis which have defined the maximum 

linear heat rate such that the maximum clad temperature 

will no~ exceed the final Acceptance Criteria (2200°F). 

Operation within the limits of Figure 2 assures us 

that if the control rods are at the withdrawal/insertion 

limits as defined by Figures 3, 4 & 5 and if a 4% 

quadrant power tilt exists, the final Acceptance 

Criteria will' not be exceeded. Additional conservatism 

is introduced ~v application of: 

Nuclear Uncertainty Factors 

Thermal Calibration Uncer:ainty 

Fuel Densification Effects 

Hot Rod Manufacturing Tolerance Factcrs 

Fuel Rod Bow 

__ 4. 7. 1 When an Axial Power Imbalance monitor is inoperable, 

calculate axial power imbalance at least once per hour 

per 2103-1.11. 

__ 4.8 lo/hen operating from 50 to 100% rated power with 4 RC pumps 

running, maintain cold leg differential temperatures less than 

5°F: -

During load transient near rated power m3intain cold leg 

differential less than 10°F. 

NOTE: With less than 4 RC pumps runni ng the cold lQg 

temperatut·e may exceed these 1 ir:~its but not over 

20°F. 

14.0 
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2102-2.1 
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09/29/78 
power shaping rods within ~ 

6.5% (indicated position) of their group average height. (TS 

3.1.3. 1) 

__ 4.10 Except for physics tests or exercising control rods, the 

control rod insertion/\'iithdrawal 1 imits are specified on 

Figure 3 (for up to (200) full po;~er days of operation). for 

four pump operation, Figure ' 4 for t\~o pump operation and 

Figure 5 for three pump operation. If the control rod position 

LOCA limits are exceeded, proceed with T.S. Action Statement 

3.1 . 3. 7. If the control rod position Shutdown Margin limits 

are exceeded proceed with T.S. Action Statement 3. 1. 1.1. 

__ 4. 11 Conduct surveillance testing as listed on the surveillance 

test schedule in accordance ~o1ith Administrative Procedure 

1010. 

_4.12 l·laintain shift logs in accordance with Administrative Procedure 

1012. 

__ 4. 13 Verify Reactor Protective System trip sctpoints changed \·lithin 

4 hours after switching pump combinations. (T.S. 4. 4. 1a 

Surveillance Procedure 2311-6). 

4.14 Power l·laneuvers 

Core po\'ier Js controlled by rnoveme~t of control rods and adjustment 

of boron concentration. Figure 9A, 9B, and 9C Core Po\·/er vs. Rod Position 

illustrate the normal control rod operating bands. Control rods 

should be maintained within the steady-state operating rod position 

band 1·1henever steady load conditions exist for g1·eater than 1-2 

hours or for load changes less than 0.5% per minute. The transient 

195 207 
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rod position band is used for all transients greater than 0.5: per 

minute and during the period of operation when po~~er changes are 

expected. The Rod Position Bands were developed assuming initial 

conditions of 100~ core power, 100% equilibrium xenon with Group 

6/7 positioned at 90 to 100~ withdrawn. 

~: Following any thermal power change of more than 15: of 

rated thermal power within a 1 hour period, notify Health 

Physics/Chemist~ that primary coolant must be sampled 

and analyzed for Iodine (including I-131, I-133 and I-

135) between 2 and 6 hours following the change per 2304-

302. Isotopic Analysis for Iodine (including I-131, I-

133 and I-135) of the primary coolant shall continue at 4 

hour intervals until the specific activity drops below 

1.0 uCi/gm dose equivalent I-131 or 100/E ~Ci/gram (T.S. 

4.4.8). 

4. 14. 1 Steadv-State Operation (Transient < 0.5~ per minute) 

______ 4.14. 1.1 During steady-state operation with equilibrium Xenon, 

control rods will slowly drift out of the core with 

burnup. As rods approach the top of the control band, 

_ they should be deborated back into the lower half of the 

band. The ~xact point at which to deborate can be ~t the 

convenience of the plant operators. 

4.14. 1.2 During steady-state cperation with Xenon oscillations due 

to a recent transient, Xenon will push control rods out 

of the band first in one direction, then in the other, 

for several hours following the transient. This action 

is dependent on the transient perfo~ed but is applicable 

to both control rod bands. The operator shoulr
95 208 16.0 
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______ 4.14.1.2a Determine the change in s10 necessary to drive the rods 

from the top of the band to the bottom of the band from 

Figure 10 (tlote that the same change 'in B 10 \-lill go from 

bottom to top of band also). 

______ 4.14.1.2b Convert the change in s10 to a batch volume of or water 

necessary to drive rods from the top of the band to the 

bottom or a volume of boric acid to go from bottom to top 

of the band. Per Soluble Poison Concentration Control 

2103-1.2. 

______ 4.14.1.2c As rods approach the top (bottom) of the band due to 

known transients, add the volume of 01 water {boric acid) 

calculated above. 

____ 4.14.1 .3 Power may be increased at a rate of.=:_ 0.5~ FP/min with 

rods maintained in the steady-state band, by deborating 

to maintain rods in the core. 

4.14. 1.3a Determine the change in s10 necessary to move the rods 

from 100~ Hd to 90~ wd from Figure 10 and convert this to 

a batch vo 1 ume of DI \·tater as per the So 1 ub 1 e Poi son 

Concentration Control Procedure. 

______ 4.14. 1.3~ -~s the control rods approach 100: wd, batch in the volume 

of DI water calculated above. 

______ 4.14. 1.3c Each time the rods approach 100~ wd, batch in another 

equal volume of DI \'later, unti_l the transient is complete. 

NOTE: Po\~er may be decreased at any time by driving 

in control rods. Design rates of decrease can 

be obtained with rods starting In either band 

if rod insertion limits will not be exceeded. 

195 209 
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Upon reduction in power, APSR's should be used 

to minimize imbalance while control rods are 

withdrawn wfth Xenoh buildup. If return to 

power wfll be at~ 0.5: FP/min., control rods 

should be allowed to follo~ Xenon until they 

reach the steady-state band. 

Transient Operation (Transients > 0.5% per minute) 

_______ 4.14.2.1 During transient operation the reactor coolant system 

will follow step or ramp load changes under automatic 

control without relief valve or turbine bypass valve 

action as follows: 

_______ 4.14.2.1a Step Load Changes will be defined as- increasing load 

steps of 10: of full power in the range be~~een 20: and 

90% full power and decreasing load steps of 10% of full 

power between 100% and 20% full power. 

_____ 4.14.2.1b Ramp Load Changes will be defined as- increasing load 

ramps of 10% per minute in the range between 20: and 90: 

full power are acceptable, or decreasing load ramps of 

10: per minute from 100% to 20% full power. From 15: to 

20: and from 90% to 100% full power, increasing ramp load 

changes of 5: per minute are acceptable. Decreasing ramp 

load changes of 5% per minute are acceptable from 20: to 

15: full power. 

______ 4.14.2.1c The combined actions of the control system and the turbine 

bypass system permit a zs: load rejection (10: to the 

system and 15% to the condenser) without safety valve 

action. The combined actions of the control system, the 

18.0 
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turbine bypass valves, and the main steam safety valves 

are designed to accept separa~ion of the generator from 

the transmission system without reactor trip. 

_____ 4.14.2.2 If power increases at > ·0.5~ FP/min are desired. control 

rods must be placed fn the transient band prior to initiating 

the transient. Assuming the rods were in the steady-

state band. proceed as follows: 

______ 4.14.2.2a Determine the change in a10 necessary to move the rods 
. 

from the steady-state band to the transient band from 

Figure 11 and convert this to a feed and bleed volume of 

DI water as per the Soluble Poison Control Procedu~e. 

2103-1.2. 

______ 4.14.2.2b Calculate the ti~~ required to make the above change. 
t = Volur.1e of DI to add + Water Volume of MU Tank x 4 F&B Flow Rate F&B Flow Rate 

NOTE: This amounts to the advance notice required 

prior to performing transients in excess of 15: 

FP, changes at greater than 0. 5: FP/min. This 

time can vary from 3 hours for sw41ler transients 

at beginning of cycle to 7 hours for longer 

transients near end of cycle. 

A 15~ load change can be acccmpl ished any time wi thout 

dilution. 

______ 4. 14. 2.2c Commence feed and bleed of the DI water as calculated 

abo•1e. When control rods reach the transient band, power 

may be increased by pull i ng rods. 

19.0 
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_____ 4.14.2.3 If power decreases at> 0.5% FP/min are desired: 

_____ 4.14.2.3a Drive rods inward to reduce power at the desired ramp 

rate. During the power decrease rods must be maintained 

within the limits of Figures 3, 4 & 5 (TS 3.1.3.1). At 

the conclusion of the Transient Borate/Oeborate as necessary 

to place rods in the Steady-State or Transient Band as 

appropriate for anticipated operation. 

_____ 4.14.2.3b Continue operation using 4.14.2.4, 4. 14.2.5, or 4.14.2.6, 

as appropriate. 

4.14.2.4 Unplanned Power Return at Nominal Rates 

_____ 4.14.2.4a Maintain rods within the transient position band to 

preserve return to power capability at nominal ramp 

rates, using Figure 9A, 9B, or 9C • . 
!!ill: By ~eeping the control rods ,..,ithin the transient 

- ~ · -

position band, nominal ramp rates over the 

entire load range can be obtained. Haintaining 

rods near the top of the transient band will 

minimize the power imbalance and resulting loss 

of rod worth, thereby, maximizing the pOiier 

retum capability at no::~inal rar.:p .·ates. 

______ 4.14. 2.4b Use Figure 12 to determine if the maneuver is possible. 

~: Figure 12 is a plot of minimum feed and bleed 

dilution rate vs. RCS boron concentration for 

various load changes. Points that lie above 

and to the left of the desired load change 

curve indicate that the desired load change is 

possible at that feed and bleed flow rate and 

20.0 195 212 
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RC boron con~cntration, with the ability to 

return to pOI'Ier at nominal ramp rates. 

_____ 4.14.2.4c Deborate and insert rods to the bottom of the control 

band just before the power return. Use Figure 10 and the 

rod position at top of transient band to determine boron 

concentration change • . 

__ 4.14.2.4d When return to power is desired, determine the batch 

volume of boric acid required to increase RCS concentration 

by 20 ppm. 

__ 4.14.2.4e Commence power increase by pulling rods, batch in volume 

calculated above to compensate for Xenon burnout (letdo1m 

flew should be at maximum). Continue adding batches of 

the same size, at an effective flow rate of 10 gpm, until 

control rods have stopped inserting on Xenon burnout. 

__ 4.14.2.4f When Xenon burnout is complete, control rods shall be 

maintained in the transient band per Figure 9A, 9B, or 

9C, or allo1'1ed to follow Xenon to the Steady~State Band. 

4.14.2.5 Planned Power Return at flomina l Rates 

~l.14. 2. Sa Allo1'1 Xenon to put rods in tlae steady-state oper.:~ting 

band. ~~intain rods in the steady~statc band using 
--

Figure 10. 

____ 4.14.2.5b Determine the change in e10 necessary to move the rods 

from the steady-state band to the transient band from 

Figure 11 and convert this to a feed and bleed volume of 

DI water as per the Soluble Poison Control Procedure, 

21 03~ 1. 2. 
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_____ 4.14.2.5c Calculate the time required to make the above change. 
t VolUll'.e of OI to add + Water 'lolume of HU Tank X 4 • F&B Flow Rate F&B Flow Rate 

NOTE: This amounts to the advance notice required 

prior to performing transients in excess of lSS 

FP changes at greater than o.s: FP/min. This 

time can vary from 3 hours for smaller transients 

at beginning of cycle to 7 hours for longer 

transients near end of cycle. 

______ 4.14.2.5d Commence feed and bleed of the DI water as calculated 

above. When control rods . reach the transient band. power 

may be increased by pulling rods. 

______ 4.14.2.5e Determine the batch volu~ of boric acid requi~ed to 

increase RCS concentration by 20 ppm. (Present concentration 

may have to be calculated based on total DI water added 

fn step 4.14.2.5b because previous additions r.~y not be 

fully mixed. The change of 20 ppmb is used to give the 

operatcr a head start on Xenon burnout. 

____ 4.14.2.5f :.rhile increasing power at no1:1inal ramp rates, initiate 

batch boratfon at 20 gpm intermittantly to average 10 gpm 

. over the duration of the transient. Obserte control rod 

insertion and withdrawal limits. 

____ 4.14.2.5g Continue with successive operations of ··e-entering the 

sa~~ batch size of step 4.14 .2.5e at 20 gpm at an effective 

flow rate of 10 gpm, until control rods have initially 

stopped inser~fng on Xenon ~urnout. 

22.0 
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CAUTION: Do not allow control rods to approach the 

control rod low insertion limit. Correct the 

situation by increasing the batch effective 

flow rate as necessa~. 

______ 4.14.2.5h Continue to borate until minimum Xenon undershoot has 

occurred. (Rods have stopped moving in due to Xenon 

burnout). 

______ 4.14.2.Si Allow Xenon to put rods in the steady-state operating 

band and continue operation per Steady-State operation. 

4.14.2.6 Peak Xenon Recovery Cacabflity 

The limiting power maneuver for the reactor system is a load 

decrease from rated full power down to 15% power at nominal 

ramp rates followed by a return to full rated power during the 

subsequent Xenon peak. 

rianeu•ters of this magnitude are usually seen during phys fcs 

testing and are seldom seen in normal operation. ::orr..al power 

changes are well below the desi9n load changes. 

The peak xenon recovery at nominal ramp rates capability of 

the system can be determined by observing on Figure 12 the 

intersection of a given fla~ rate with the boron concentration 
-

of the RCS at the appropriate load change curve. RCS boron 

concentrations that lie to the left of the above intersection 

\greater ppm boron) indicate that the desired rr.aneu'ler can be 

accomplist\ed at the flo1o1 rate with the capability of returning 

to PO\'Ier at nominal rarr.p rates at peak xenon. RCS boron 

concentrations that lie to the right of the a~ove intersection 

indicate the incapability of the system to acco~~date at that 

23.0 1'95 215 
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flow rate the return to power at nominal ra~ rates at peak 

xenon. 

A 15: load reduction followed by a return to power at peak 

xenon can be acco~lfshed at any time without need for RCS 

boron dilution. This assumes a nominal rod position within 

the transient control rod band before the initial load reduction. 

Rod positions greater than nominal will shift the curves of 

Figure 12 to the left while rod positions less than nominal 

will shift the curves to the right. 

The Peak Xenon Recovery capability basic guidelines are: 

______ 4. 14.2.6a Use Figure 12 to detennine if the maneuver is possible. 

____ . _4.14.2.6b Decrease power at nominal ramp rates by driving rods 

inward. 

______ 4.14.2.6c Refer to 4.14.2.4 Planned Power Return of Ncminal Rates 

for return to power. 

24. 0 
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Figure assumes EQ. 
Reactivity conditions in 
the core. 
Transient Xenon effects 
should be noted. 
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TABLE 1 

QUAORAtiT PO\-IER TllT LH4ITS 

STEADY STATE 

t·leasurement Independent 
QUADRANT POWER TILT 

QUADRANT POWER TILT as 
Heasured by: 

Symmetrical Incore 
Detector System 

Power· Range Channels 

l·tinimum Incore Detector System 

· UHIT 

{3. 69) 

{2.30) 

{0. 96) 

(1. 72) 
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TRAtlS I EllT 
lll-IIT 

(9.74) 

(7 . 71) 

(5.88) 

( 3. 71) 

1-lAX II-:UM 
LI~IIT 

{20.0) 

(20.0) 

(20.0) 

(20.0) 
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T/,BLE 2 

DIIR HARtWl 

LIMITS -
Four Reactor Three Reactor One R~actor . 
Coolant Pumps Coolant Pumps· Coolant Puop 

Parameter Opct·a ttnrJ Operatin!J Operating fn Each Loop 
Re.1ctor Cool ant Hot leg · 

Tcmpl!rature, lu°F 

Reactor Coolant Pressure, p51g(2) 

Reactor Coolant flm~ Rate. gpm 

~ 609 .3 

!. 2060.4 

!,609.3(1) 

!. 2056.4 (1} 

a. > 370 ,495 with (J) ?.,280.400 
YIIEili·!AL POIIER ~ 2717 HWt 

b. > 373,120 ulth. () 
2'117 1-:\lt < TIIERIW. POWER!, 2744 .Ut• 4 

c. > 377,000 with 
2744 1-nlt < THER~!AL POllEn .!, 2772 ~Ut 

(lJAppHcAble to the loop ufth 2 Reactor Coolant Pumps Operating. 

(
2

)l1m1t not applfcahle durin!} either a TIIERHAL PO\/ER ramp increase in excess of 52: of 
lli\TEO TIIEflJ.lf\L Powrn per minute or a TIIEIU-tAL POHER step 1ncreaso of greater than lOX 
of AATEO TIIERHAL POIIER. 

(J)The llucleilr uverpOiicr tr1p sctpo.1nt shall be reJuced to !. 103.5~ of RATED TIIERHAL POWER. 

j"Hrhe lluclear Ovcrpo1~er tr1p setpofnt shall be reduced to !. 104.5X of RATEO THERMAL PO~IER. c..n . . 

N 
<..N 
<..N 

•• • "'u a 

.!. 609.3 

!. 2091.4 

!. 182,800 

O::ON 
Wnl .­
....._<0 
N_., N 
0"'1 ....._......,N ......,o. 
\0::1 .... 



. . . . . . . ' . . . · . .. . ' 
APPEIIDIX A 

EXAI-IPLE OF FEED AIIO BLEED PROCEDURE 
FOR A 50 PERCEIIT LOAD CI!AriGE 

2102-2.1 
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load change from 100 to 50 percent power at 100 EFPD 11ith the initial 
reactor boron concentration of 1000 ppm. 

Examole 1: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
\ 
....... . 

Planned power return in eight hours at nominal ramp 
rates. 

When so: power is reached minimize imbalance with APSR's 
and allow control ·rods to follow xenon buildup to the 
Steady-State operating band. 

From Figure 10 a deboration of 19 ppm is observed at 
90: regulating group 6/7 withdrawal. 

The volume set in the batch controller is determined from 
2103-1.2 using 1000 ppm- 19 ppm= 981 ppm for the final 
concentration . The demineral ized water volume is 1253 
gal. 

At maximum attainabl e letdo1~n flow rate feed and bl eed 
the calculated volume when the regulating rod group is 
90! withdrawn. 

1·!\mitor the position of the •·egulating rod group. If the 
rods approach 1 00~ ~li thdr<llvn ddd another of the same 
!:atch volume computed above. Repeat as necessary. 

Fro:n Figure 11 determine that the change in RCS boron . 
cnncentration requi r·ed to put the •·ods b.1ck in the transient 
band frcm the st~ady-~tate operating band is 61 ppm 
(Regulating Group 6/7 nominal position of 66~ withdrawn, 
per Figure 9A). 

The volume set in the batch controller is determined from 
2103-1.2 using 991 ppm- 61 ppm= 920 for the final 
cc~centration. The demineralized water volume is apjJroxi:i1ately 
4000 g3l • 

• Co~pute the mini~um total lapsed time from the start of 
the deboration to the t irr.e the ,·ods are back at the 
'nominal position and ready for pc~er ~ncrease . llith a 
maxi~um letdown flow of 100 ~pm. 

T = (4000 gal /6000 gph) + (3000 gll/6000 gph) x 4 = 2.6 
hours 

9. At the maximum attainable lctdmm flow rate, feed and 
bleed the calculated vo lume 2.6 hours before the planned 
return to power. 

40.0 
195 234 
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10. 

Example 2: 

1 • 

2. 

3. 

·. 2102-2.1 
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A pc~k xenon return at nominal ramp rates using 
this method is only practical until the time in 
core 1 ife \'lhen boron concentration decreases to 
200 ppm if the letdown flow is 140 gpm. 

Return to po\~er per Example 2, step 7 below. 

Unplanned power return in eight hours at nominal ramp 
rates. 

Hhen 50% power is reached minimize imbalance wfth APSR's 
and note that the nominal position is 66% withdrawn 
(Figure 9A). · 

From Figure 10, a deboration of 29 ppm is observed. 

The volume set 
2103-1.2 using 
concentration. 
gal. 

in the batch controller is determined from 
1000 ppm - 29 ppm "" 971 ppm for the final 
ihe demineralized \·la ter volume is 2057 

4. At maximum attai nable letdown flow rate feed and bleed 
the calculated volume as soon as possible after the load 
decrease. 

5. Continue with successive operations of re-entering the 
same feed and blaed batch size ·,;i lh maxiliium flow but at 
time inter vals Nhich yield an effactive flow rate per 
Figure 12 {40 gpm at 1000 ppm). 

The time be t\·lt: t?n start of sucr.css i ve b.1 tches ,. 2057 
gal/40 gpm = 51 mi n. 

6. i·:onitor the ~osition of the regulating group . Attemp t to 
:r.aintain the r·od3 near the top of the band for at least 
the first four hours of re:duced po·.;er . Then by contir.ued 
dcboration, insert the rods to the botto~ of the control 
band. 

7. 

·. 
8. 

. RETUl\rl TO PO\oiER 

On return to po·.-1er maintain the APSR's fixed till after 
• boric acid addition has overcome the insertion of rods 

due to xenon bu rncut. 

ihe volume set in the batch controller is c:!eter.nined from 
2103-1.2 using the e~lsting tcron concentration 920 ppm + 
20 ppm " 940 ppm fo r the fin.1l concentration. The boric 
acid volume is 257 ga l, assu:ning 6COO pj);r.b solution. 

9. \~hile returnfnCJ to full pr.·,..er at nomina l ramp r.1tes sta rt 
the batch boration at 20 gpm through the bJtch controller 
and at maximum attai nable letdown flo~t rilte. 
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10. Continue with successive operations of re-entering the 
same batch size as above but at time intervals which 
yield an effective flow rate of 10 gpm. 

11. While increasing power with Unit Load Demand, ~~ni tor the 
position of the regulating group. After the rods have 
stopped inserting due to xenon burnout, borate/deborate 
as necessary per Figure 10 at normal letdown flowrates. 

[f power increase is terminated prior to rods 
reaching the' steady-state band, rods may be 
allowed to follow xenon to the steady-state 
band. 
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The following are the recoiii!IE!nded maneuvering limits for T:-II-II, Cycle 
1 : 

1. The maximum rate of pm~er increase below 20: full pwer shall be 10% 
per hour. 

2. Above 20: power, normal operating procedures (Tech . Spec. Limits) 
will apply unless the reactor has operated at less than 20: power 
for more than 48 hours. 

3. If the power level has been below 20: full power for greater than 
forty-eight {48) hours, the ~~ximum rate of power increase above 
20% full pm-1er shall be 30% per hour with a fi ve {5) hour hold at 
20% full power below the pa;~er level cutoff and a five (5) hour 
hold at the power level cutoff. These holds can run concurretnly 
with holds required by the Technical Specification. 

4: During the initial po~~er escalation at cycle startup or ir.mediately 
following a control rod interchange, the initial escalation above 
the 75: full power shall be limited to J: per hour, with a five {5) 
hour hold at the p01-1er level cutoff. These holds can run concurrently 
with Technical Specification holds where applicable. 

5. With the exception of i tem 4 above, no restrictions arc placed on 
required physics startup tests. 

.13.0 J95 237 

:a . 



.. 
I • r 

TMI DOCUMENTS 

COPY MADE ON -------- OF DOCUMENT l'ROVIDE.D BY 

METROPOLITAN ED ISOU COMPAUY. 

Wilda R. Mulliaix, NRC 

-• 
7 90614 0 3;2S 

195 190 


	002072
	002073
	002074
	002075
	002076
	002077
	002078
	002079
	002080
	002081
	002082
	002083
	002084
	002085
	002086
	002087
	002088
	002089
	002090
	002091
	002092
	002093
	002094
	002095
	002096
	002097
	002098
	002099
	002100
	002101
	002102
	002103
	002105
	002106
	002107
	002108
	002109
	002110
	002111
	002112
	002113
	002114
	002115
	002116
	002117
	002118
	002119

