Metropolitan Edison Company
Past Office Box 480
Middletown, Pennsylvania 17057

717 944-4041

Writer's Direct Dial Number

January 4, 1980
GQL 1575
TLL 003

TMI Support

Attn: J. T. Collins Deputy Director
U. S. Nuclear Regulatory Commission
c/o Three Mile Island Nuclear Station
Middletown, Pa. 17057

Dear Sir:

Three Mile Island Nuclear Station, Unit II (TMI-2)
License No. DPR-73
Docket No. 50-320
Natural Circulation

-

Enclosed please find the response to your letter of November 5, 1979,
concerning Natural Circulation, which discusses the changes in the
Reactor Coolant System operating parameters which occurred in mid-October.
cerdly,
TV
. F. Wilson
Director - TMI-II
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Enclosures

ce: R. Vollmer
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- Enclosure 1

TLL 003
ITEM 1 Provide the best estimate of steam generator water level over
the last 6 months.
o
o~ RESPONSE Steam Generator Level
o

Shortly after the accident it was recognized that steam generator
secondary side level instrumentation located external to the
Reactor Building would have to be installed. Procedure Z-73 was
developed to do this, and the instrumentation was installed and
calibrated according to that procedure in early April. The method
used existing taps on the main steam lines and main feedwater
lines. Calibration of the dp cell utilized the then still
functional steam generator "operate" range instrumentation.
Following loss of the in containment instrumentation, the steam line
to feed line & P was used for setting steam generator "A"
secondary line.

On October 9, 1979, diverging "A" loop® T and oscillatory behavior
of the temperature in that loop alerted the operating staff to
the potential for breakdown of natural circulation. GPUSC Technical
Support engineers investigating the circumstances surrounding the
y sudden change believed that condensate collecting in low points

of the main steam lines was causing partial blockage of steam flow

v*”" to the condenser. Since the steam generator level pressure tap
on the steam line would be adversely affected by this phenomenon
also, a cross check method of measuring Steam Generator level using
a manometer was devised. This cross check showed that at that
time (October 12) the actual "A" steam generator level was approximately
80" to 100" higher than previously thought. Whether this condition
had existed since shortly after the calibration, whether the original
calibration was in error, or whether the error occurred over a short
2 or 3 day term just before the departure of "A" loop temperature
from steady values, is open for conjecture. No supportive logs,
instrumentation graphs, or the like for directly placing a time of
occurrence exist te our knowledge. However it is, we believe,
reasonable to assume that this error occurred gradually over a
short time just prior to October 9.

On Sunday, October 6, the Turbine Bypass valve was closed slightly

to hold Reactor Coolant "A" loop hot leg temperature in the 160°

- 180° range, this is in accordance with operating procedure Z-39

for natural circulation. At approximately this same time, TMI was
experiencing it's first cold weather of the year; dropping temperatures
in the annulus around the Reactor Building would have caused,
accelerated, or exacerbated the condensation problem in the steam lines.
The resulting bias in the steam generator level measurement would

then have led to the over fill problem. Overfeeding would in turn
have made the condensate collection in the steam lines worse due to
liquid spill over (for real secondary water levels greater than

423"), and would have masked the fact that too little steam was being
vented to the condenser. Assuming this scenario, the probable range

of OTSG "A" secondary side water level is shown in Figure A. (Attach-
ment 1 contains more details of the events and actions.)
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ITEM 2

RESPONSE

ITEM 3

RESPONSE

Enclosure l-page 2
TLL 003

Correlate steam generator water level to loop flow.

Steam Generator Water Level to Loop Flow Correlation

Increasing the secondary side water level in a Babcock & Wilcox
0.T.S.G. will increase the driving head available for promoting
natural circulation. A simplified method for calculating the
driving head for a given steam generator water level is detailed
in the Babecock & Wilcox report "Natural Circulation Stability cf
THMI-II (BAW-1562)" copies of which have been sent to NRC. Using
this method and inputting values for reactor coolant temperature
and flow prior to October 9, then correcting for possible changes
in steam generator secondary side inventory, does not predict

the flow and temperature currently existing. This suggests then
a change in flow patterns from those assumed in the original Babcock
& Wilcox simplified model.

Babcock & Wilcox has reviewed the operating data and has offered
hypotheses on the changed flow patterns now occurring in the "A"
loop. Their conclusions are written up in the attached letter

(See Attachment 2). We agree with their analysis and conclusions

but caution that the existing reactor coolant instrumentation

(though sufficient is a basis for safe operation of the plant)

is not suited to the task of proving the hypotheses in a detailed,
conclusive manner. It should also be noted that while the bulk

of the discussion concerns the anomalous behavior of the temperatures,
the data clearly shows that natural circulation cooling of the core
continues to provide acceptable cooling. This is exemplified by

the Incore Thermocouple Data which show the historically highest
temperature readings falling off with the decrease in core decay
heat. Attachment 3 is a graph of Incore Thermocouple 8-H over

the period August 1979 thru the present. Incore Thermocouple

8-H is located in the center of the core pattern and has consistently
given the highest temperature readings.

Revise EP-34 to reflect higher allowable loop 4T (lower flow).

EP-34 Revision

ITEM 4

RESPONSE

Revisions to the Loss of Natural Circulation Procedure EP-34

have been prepared and are currently in the review process.
Deletion of the administrative alarm loop AT 20°F or greater
indicating loss of natural circulation is included in this proposed
revision. Continued monitoring of this important parameter will
obviously be required.

Place NRC on distribution for regularly recorded Control Room data.

Documentation of Plant Operating Data

The official vehicle for documenting the TMI-II plant operating

data is through your Mr. E. Kevin Cornell, Deputy Executive, Director
for Operations. He receives microfilmed copies of all data. Due to
the processing time, some time lag exists. However, microfilm
covering all operating data through November 26, 1979 has been sent.
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-~ -Historical review of events surrounding the loss of = Attachmant 1
- se2m Senerator "A* level 10/12/79 TLL 003

On Tuesday, October 9 the cold leg on Steam Generator "A" began to
oscillate about * 40 in one hour cycles. Also the hot leg temperature
started increasing at an average rate of 0.1° per hour. The following
is a report of what was found during the investigation to cetersine
the cause and remedies for this bekavior.

1. Investication of potential items that caused temperature abnormalities

A. The increase in the hot leg temperature (Thp) indicates that
the resistance to flow from the sieam gererator to the condanser was

increasing.

1. The turbine bypass valve controlling this flow
kad been reduced from 165 flow to 14% flow
Saturcay, 10/6/79.

2. Peoview of the Main Steam Line Drain process
indicated t=zt inhe stezm lin2s were not being
Zrzinad. The drzin line .ere opened caily
for five rirutas during the ;ast Tsw months,
n-w2ver, & no ficw conaision i.2s indicétad
by the crain lines being cold curing thnis
cperation. £

3. Thz drain line connection into the conierser
w25 dicesce~bled eand Tound to be ;lucted »ith
rust zarticles. The line wa2s clearad anc flow
.35 established.
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1t w25 2150 rotad thet the &ir te-pirélare
:rsund the stzam lines hac rzduced sicrnifizzntly.
This drop in temparature would increese ihe

heat loss from ithe Main Steam Line and increese

condensation in the line.

o

B. The rapid increase of condensed water in the stezm lires indicated
that <ources other then condensation m2y be coniributing to ile
accu-ulation. Possibility of lezkage through the steem gerzraior
shrcud instruzentation ozening wes then investigated. Should the

~ rniaT o ™ I\ )
DYk N D) E‘a—jﬁ HelliNy Q{L
hjuyhlrﬁx *.Juhﬁhﬂd -



”actual level be above 423 inches in the Steam Generator the leakage would
flow directly into the steam line.

1.  The differential pressure nauce used to me2sure the
, Steam Generator wa‘er level is connected to the
wismet Turbine Bypass line downstrezam of the Kain Steam
Line. With the steam line blocked the instrumantation
would indicate a reference Steam Generator overpressure
less then what would actually exist. The amount
of this error was estimated to be as much 2s 3.0 Psi.
1.E., the measured temperature of the bypass line
was 1209F with a Psat of 1.69 psia and the highést
expected pressure in the Steam Generator would be
TH = 1600 with Psat = 4.74 Psia.

2. The tubing from the steam line to the difierential
pressure gauge was found to have a vertical drop
of about 10 feet. This length of tube will collect
steam condensation and cause the differential pressure
gauge to indicate a pressure of 5.0 psia greater
thzn actually exists. Ynen this tubing was
ciczred by al?owing atmosphere air pressure to
draw the condensa?d water 1nto the steam line,
the steam generator level indicator in the Conirol
foom paggedat its upper limit of 480" Actual
estiratedlevel was assused to be approximately
500" vhen accounting for the two compensating errors.

3. "zk2up witar was being continvally edced to the
SiezT Zarzrator &t an unhiown réte, The valving ’
arrzet imznt W28 -=n.elly ooened to edJus: the
Pias. Without Steen Cangretor lavel irdication the

:-oun: 0f ficw could not be dzi=cied.

1. 7z-=2dial aclions rzauired te orevent t:zinsrature Tluctuziions
. ThE zeIlTuielion of walar in the stzam Tine srevents diract
L1 TLhACEliLN OF preccure conditions from the Turbing 2yrass Vaive
0 58 Sizem seneratior.
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of She ain Sizen Lirzs should b2 curetantiy
pursued 0 insure a steble Tlow conditions.

2. Tre exact measuretent of Steam Gererator watier
level is necessary to ma2intain a constant
¢ériving force for prirary circulation.
Currently an interinm rmethod of rieasurerment
is being usad for this measurewant. This
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interim system uses the Steam Generator sample drains to

determine the hydraulic water pressure. It is
corrected by using a pressure calculated from

the prinmary T hot temperature. Although this method
provides a consistant measurement scheme it

is not exact and could indicate as much as i
60.inches higher then actually exists if T cold

was used. Another concern with this instrumentation
is that the hydraulic pressure measurement system
could be as much as * 15 inches off as a result of

the physical readings from the chart being used.

Pressure communication from the turbine bypass

line to the Steam Generator will result in exact
pressure readings with corrections for steam head

and flow lesses. A pressure reading at this location
shuuld be used in conjunction with the sample line
hydraulic pressure to determine the exact steaming
levels. Caution should be taken to assure that

any instrumentation tubing taken from the top of

the Turbine Bypass Line has a direct vpward slope to the

pressure measuring transducer. (i.e., no loop
seals to accumulate condansed sicam).

The flow rate into the Steam Generator would provide
a limiting control of watier level. A flow cetector
eénd metering device on the feed line would provide
essurance of water level control should the level
instrumantation temporarily malfunction. This flow
cgvics wouid also allow & ra2thod Tor delermining the
hzzt rej2ction from stezming of ithe genarator.~




A.

. NATURAL CIRCULATION - LONG TERM COOLING Attachment 2
; - : TLL 003
PROBLEM ' :

Further evaluation and explanation of the variation in natural circu-
lation behavior which occurred starting 10/9/79, and has since become

the norm.

REFERENCES e S

1.

Telecopy from S. J. Engel to L. C. Rogers on 10/17/79, Explanation
of Deviant Flow Behavior, 03-05-008.

‘Natural Circulation Stability Report by S. H. Esleeck and J. E.

Lemon, June 29, 1979, BAW-1562. : :
Memo from L. C, Rogers to B. Elum, LRC-084, "Review of "A"

OTSG Steaming Test Data,” September 12, 1979.

DISCUSSION

CAUSE OF THE DEVIANT BEHAVIOR

The cause of the deviant behavior which started on 10/9/79 is not
attributed to any one factor but is due to many factors. The factors

that contributed to the deviant behavior are indicated below:

1.

. 2.

The TBV setting was reduced from 15Z to 13% on 10/7;79 causing
a slight imbalance between heat generated and heat removed.

The result was a gradual increase in the temperature of the "A"
loop reactor coolant system of approximately 1.5 F from 155 F
on 10/7/79 to 156.5 F on 10/8/79 (See Figure 2). This upset in
the equilibrium between decay heat gencrated and removed continued
until 10/14/79 with the "A" loop average primary temperature in-
creasing another 4 F to 160.5 (Figure 3). The gradual temperature
incresse was finally halted on 10/14/79 as the TBV setting was in-
creased to 17%; this allowed an adequate increase in steam flow
rate to more than remove decay heat as the "A" loop temperature

started an immediate decrease (Figure 3).

A cold wveather front came into the Rarrisburg area on approxinately
10/9/79. This had the effect of reducing makc-up tank temperature

el i T - — - s ‘. aw ™
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3.

4.

from approximately 130 F on 10/8/79 to 124 F on 10/12 to 117 on

.10/10.. ‘Similarly the feedwater temperature was reduced from ap-

proximately 75 F on 10/8 to 66 F on 10/11; it was subsequently in-
creased to about 70 F on 10/16/79. The condensor vacuum may have
also changed slightly though there has been no indication on the
instrumentation; the reading Temained uniform-at about 28%-29" R‘.
When the "B" loop burps it causes temperature oscillation in the

“A" loop. These were very mild prior to 10/2/79 but the 10/2/79

and 10/6 "B" loop burps showed significant temperature oscillations
(See Figure 1). Following the 10/2 and 10/6 burps the “A" loop
temperature oscillations were dampened out after about 12 hours

since the system was in steady state equilibrium except for the

“B" loop burp perturbations. However, following the "B" loop burp

of 10/9 with the addition of the perturbations due to the 13X TBV
position and the temperature changes due to the cold front, the

system was unable to dampen out the initial "A" loop temperature
oscillations (Figure 2). In fact, the "A" loop temperature oscil-
lations got stronger particularly between the "A" loop cold legs,
vwhich suggests some form of unstable fluid flow interaction between
the cold legs. This fluid flow interaction incrcases the cold leg
"riser" AP and therefore reduces the driving head for natural circula-
tion. Since the driving head is reduced the flowrate is also reduced.
This results in an incrcase in the "A" loop equilibrium AT from approxi-
mately 8 F on 10/8/ to 12 F on 10/11. With the reduction in driving
head the system is even more susceptible to "B" loop burp perturbation
than it was on 10/9. For example, the system burped only 2 days later
on 10/11 (versus the normal 3-4 day period). This burp triggered a
similar decrcase in driving head as did the 10/9 burp, and a new
equilibrium AT of 17 F was established. The 10/13 burp resulted

in a third flow reduction and a AT increase to about 22 F before

the TBV setting was increased (Figure 3).

There are two other factors in addition to the cold leg fluid flow

interaztions which reduce the driving head for natural circulation:

- . e ——— e ——
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(1) As the flow rate decrcases the "A" loop c;ld leg tempera-
tures decrcase even further since they are transferring es-
sentially the same amount of heat to the f?actor building
water; 4i.e., as & decreases AT increases.

(2) As the system temprature increased from 155 F on 10/7 to
160.5 F on 10/14 the ambient heat loss is increasesed and
thig tends to further decrease the driving ﬁead for natural
circulation. Natural circulation is best supported by having
as much of the decay heat removed in the OTSC as ?ossible.

Since there has been uncertainty about the OTS& water inventory
during this period, this may also have been a factor since changes
in OTSG level can alsy affect the driving head for natural circu-
lation. A reduction in water level in the OTSC changes the tempera-
ture gradient on the primary side such that there is a reduction
in the average density of the primary coolant in the OTSG. This .,
reduces the AP of the OTSG (which is a downcomer in the natural
circulation system) and ““erefore reduces the driving head for
natural circulation. For example, a change in OTSG level from
430" to 330" would cause a reduction in the OTSG dowmcomer AP of
.0065 psi. An identical reduction in natural circulation driving
head would also occur. If it is assumed that an OTSG wtiﬁ a

430" level had a driving head of .0200 psi' (Reference 2) and a
resultant flow of 375 gpm and an "A" loop AT of 8 F, a reduction
in the OTSG level to 330" would result in a driving head of .0135
psi, a flow rate of approximately 300 gpm and an "A" loop AT of

about 10 F.

EVALUATION OF THE FLUID FLOW INTERACTION PHINOMENOX

Reactor residual heat generation continues to decay (Figure 4) and
the percent of this heat removed in the generator decrecases as the

ambient losses and heat removed by the makeup flow continue at constant

level. For example, on August 29, 1979 the heat removed by the OTSG
vas estimated to be a maximum of 727 of the decay heat gencrated

(1.9 x 10% Btu/hr) as per Reference 3.

This results in ambicnt and

S
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makcup losses of approximately 0.53 x 10 Btu/hr. (28%). On November 15,
1979 the decay heat level was about 1.25 x 105 Btu/hr (Figure 4). As-
suming no change in ambieént and makeup losses, the OTSC is transferring
only 57% of the decay heat generated. This reduction in the percentage
of heat transferrcd by the OTSG reduces the driving head for natural
circulation since the heat loss (43%) may not be occurring in a down-
comer. Heat loss in a downcomer promotes natural circulation where
heat loss in a riser impedes natural circulation. The best example
of this is the heat loss to the reactor building water due -to a portionm
of the pump inlet piping being submerged in the water. The two parallel
pipes are cooling "risers" in a complex natural circulation configura-
tion. Anytime a cooling "riser" occurs in a natural circulation system
the stability of natural circulation is challenged. The fact that
the cooling risers are in parallel further complicates natural circula-

tion of the system.

In order to evaluate and explain what is happening during the fluid .
flow interaction phenomenon it was decided to obtain détailed accounts
of "A" loop inlet and outlet primary temperatures during three differ-
ent periods of time, The method of obtaining this information was to
borrow the "reactimeter” computer tapes from the site and obtain the
hard copy computer printout and a computer plot of the "A" loop tem-
peratures versus time. The reactimeter tap;s record the measured var-
iable every 10 seconds. The computer plots for the three different

time periods are shown in Appendix A.

The first time period selected was from 0000-1000 on 10/16/79 (Fig-
ure 5). Thisperiod vas selected since it represents a "steady state"
period following the "B" loop burp on 10/13/79 even though there are
very large fluctuations in the "A" loop cold leg temperatures every
tvo hours. The "TT2" leg temperature fluctuations are greater than
the "TT4" leg temperature fluctuations. The second time period
selected was from 0000-1000 on 10/17/79. This time period represents
the time before and immediately followinﬁ‘thc "B" loop burp which



'Eccurrgd at approximately 0330 on 10/17/79. Again, very large fluctua-
tions were observed in the "A" loop cold legs during this period. The
third period selected was from 1400-2400 on 10/17/79. _This period showed
very regular fluctuations of cold leg temperatures similar to a sawtooth
pattern, with much smaller temperature changes than in the first two

time periods.

The following conclusions have been made regarding the fluid flow inter-
action phenomenon which started on 10/9/79 and is now the norm after re-
viewing and evaluating the temperature plots in Appendix A:
1. The fluid flow interaction between the pump cold legs is
actually a "burping" of the "A" loop "TT2" cold leg. The
flow in this leg actually slows down, stops, and reverses for
a short period of time resulting in a decrease in the total
flow to the reactor coming from the TT4 "A" loop cold leg.
During this phase of the burp- cycle, the TT2 cold leg is slowing
down because it is cocling off more rapidly than the TT4 cold
leg. Its density increases until the leg is heavy enough to
cause réeverse flow. The reverse flow is only'mnnentlfy, though,
as higher temperature coolant is pulled from the recactor vessel
into the TT2 cold leg (See Figure 6). This low density fluid
causes the flow to reverse again with both legs now flowing

in the same direction until the next cycle occurs.

2. The "A" loop TT2 cold leg burping (or reverse flow) occurs in-
dependently of the B loop burps; the cycle time is approximately
3% hours. Inspection of the temperatures plotted every 2 hours
(Figure 5) appears to show a different type of behavior between
the period of 0000-1000 on 10/16 and 1400-2400 on 10/17. The
large irregular temperature changes of the "A" loop cold legs in
the first period conflict with the small regular sawtooth pattern
temperature changes in the third period. However, examination
of the reactimeter tape plots in Appendix A shows that the tca-
perature behavior for the 2 periods is quite similar but appears
different in Figure 5 because the 2 hour plotting interval is so



long that it may miss the large tcmperature fiuctuation in the
TT2 cold leg and becasue the "A" loop TT2 cold leg burps occur
approximately once for every two (2) hour readings; i.e., they
are in phase.

3. The "A" loop TT2 cold leg burping results in a variable primary
flow as the AP in the cold leg changes throughout the flow cycle.
The variable flow rate results in the primary temperature fluct-
uvations observed and is the cause of the stcam temperature varia-

tions also. This is verified since the incore Tayve is leading

the "A" loop steam temperature by approximately 2 hours (See
Figure 7). This means that the "A" loop "TT2" cold leg burping
is the primary cause of the cyclic primary temperatures, primary

flow and steam temperatures observed since 10/9/79.

PROJECTIONS OF EXPECTED BEHAVIOR

As the decay heat level continu;s to decay over the next few months
(Figure 4) and if the TBV setting.remains at 17%Z, it is expected that
"B" loop burps will continue to occur every 3-4 days and “A" loop
"TT2" cold leg burps will continue approximately every 3-4 hours.

The "A" loop "TT2" cold leg burps will continue to be independent of
the "B" loop burps and will result in similar "A" loop cyclic primary
flows, primary temperacurcs, and steam temperatures that have been
observed in the past. It is anticipated that the reduction in decay
heat level over the next few months will result in reduced "A" loop
primary system tcmperatures and a slight reduction in the "A" loop
AT as the TBV setting remains at 17Z.

A gradual reduction in primary systewm temperature will be required to
maintain natural circulation in the future. Ambient and makeup losses
at the present rate of approximately 500,000 Btu/hr are too high to

_support natural circulation when the decay'heat'level gets much below

1.0 x 10® Btu/hr. It is possible, though not anticipated, that the
ambient and makeup losses will continue at about 500,000 Btu/hr level

o N ......7_",..
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due to the possibility of: (1) primary system temperature not de-
creasing or (2) the lower cooling water and the reactor building sump
and containment temperatures that will probably occur in the near future
when the winter weather is here for good. Should this occur, natural
circulation petfq;mance will be reduced with a resultant increase in

the "A" loop primary system temperatures. However, stable natural
circulation performance can be maintained by monitoring the tempers-
ture variables and taiing corrective action, i requiréd, in accordance
with the Loss of Natural Circulation Procedure (EP-34).

CONCLUSIONS
The "A" loop TT2 cold leg burping is the primary cause of the cyclic
primary temperatures, primary flow and steam temperatures observed

since 10/9/79.

There is no concern with respect to core cooling now or in the next
few months with continued operation of steaming in the "A" OTSG and
the accompanying cyclical "B" loop burps and "A" loop "TT2Z" cold leg

burps.

In order to maintain stable natural circulation over the next few
months the thermal level of the system ("A" loop average temperature)
must be reduced. This may require further opening of the "A" loop

turbine bypass valve(s).

B&W recommends that the TBV setting be maintained at its present position
of 177 open and that the temperature variables be monitored in accordance
with EP-34 to ensure that stable natural circulation to remove decay heat

continues.

B Al A G T
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FIGURE 4

TMI-2 EXPECTED DECAY HEAT LOAD

VS_TIME, JUNE 15, 'TO DECEMBER 31, 1979
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FIGURE 6

“A" LOOP TT2 COLD LEG "BURPING' PHENOMEKON

- Each pump leg transfers heat to the reactor building water at approxi-
mately the same rate.

= The TT2 pump leg has less flow than the TT4 pump leg (different inherent
flow resistance due to position of the stopped pump rotor).

- The pump leg with the least flow (TT2) has a greater rate of temperature
decrease as the result of heat loss to the building water.

- The colder pump leg (TT2) acting through height "H" develops a greater
head in opposition to available natural circulation head and the flow
in this leg slows down and reverses.

- The reverse flow pulls hotter water from the reactor vessel which dis-
places the colder water in the pump leg making it a "light" riser and
re-establishing forward flow, and the cycle begins again.
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RC IMLET TP 1R-HR (CEGF) (X10 1)

(TT4)

15.9%C

15.950.

APPENDIX A

" REACTIMETER DATA PLOTTED

DATA PLOTTED EVERY 2 HOURS

14.7G2.]
"A" LOOP
TT2 BURP REACTIMETER "A" LOOP "A" 1.OOP
DATA TT2 BURP T2 BURP
13.530_]
1‘-3@.1
14.005_
13.703.
i '=<———BAD DATA POINT
TIME (1IOURS/100)
13 e Sy 1
17.040 20.640 24.240 22.840 31.440 15.049 45.8480 49.440 53.040

TINE (SECONDS)
RERCTIMETER PLOT

PERIOD f1
0000-1000
10/16/79



"8 ey

15.630

] X ' s
7 e DATA PLOTTED EVERY 2 HOURS - .,
’ -~
15.305_ | f“'\\ f WR\‘MM L
2 - { \*"’V-L H vzl
T v . C)
}.\ / .-‘v'.‘,,_ I
et T 0
-D_‘ h\R&\CTIMETER DATA
>
& 1670 §i
w X
Qa
: ;
.- "é e A" LOOP
E: ~r TT2 BURP nan LOOP
— A" LOOP TT2 BURP
w
5‘: ll-'.GJ.J TT2. BURP
)
&
13.800_
13.500.
TIME (HOURS/100) o A :
vl Lt 3 8y 4 5y g
17.040 20.540 3.240 27.84Q 3i.440 25.040 38.640 52.240 45.9Q 43.440 $3.040
TIME (SECGNDS) (X10 3)
REACTIMETER PLOT TSN=1 PERIOD #1 :
5 0000-1000
: 10/16/79
et 1,

el



RC OUTLET TP 1R-NR (DECF)(X10

16.700

15.600

16.500...

16.400

16.300

16.200.

: l&nlm-

16.000

A

"A" pr
TT2 BURP

REACTIMETER DATA

DATA PLOTTED
¥\\\h\~\nEVERY 2 HOURS
ﬁJ\

IIAII LOOP
TT2 BURP

TIME (HOURS/100)

~BAD DATA POINT

8 9 10,

17.00

20.640

24.240
TINE (SECONDS)

RERCTIMETER PLOT . TSN=}

T Tt

I
45.88 19.430 53.04

PERIOD #1
000-~1000
10/16/79
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-RC INLET TP 1R-WR (DECF) (X10 1)

(TT4)

15.800_

_.\
15.563
REACTIMETER DATA
15.200.
14.800_
“A" LOOP “B" LOOP
TT2 BURP * BURP
14.600_ ATA PLOTTED EVERY 2 HOURS
llAn
TT2 BURP

14.300]

14.000 ]
" 13.700]

TIME (HOURS/100)
13.400 1 2 3 4 5 6 7 8 S 10
| L ] ] L] | ] | | ] T |
46.080 49.567 51.28 55.850 G3.48 G4.080 67.6% 71.28 74.853 78.487 22.080
; TIME (SECONDS) (X10 3)
REARCTIMETER PLQOT . TSN=2 . PERIOD #2
0000-1000
’ 10/17/79




RC INLET TP 1R-WR (DECF) (X10

(TT2)

15.53,

N
15.255 -
FVM
15.6%.] BTN
REACTIMETER DATA
14.730 -
~_DATA PLOTTED
EVERY 2 HOURS
14.402_
14.100
"A" LOOP "B" LOOP
TT2 BURP BURP
13.800.
IIAII LOOP
TT2 BURP
13.500.
.TIME (HOURS/100)
-lazml 1 2 K 4 5 6 8 9 10
v I f i I I I T 1
45.080 49.6%0 §3.2m- 5.8 GJ.420 54.080 + 67.680 74.830 78.480 p2.08C
TIME (SECONDS)
= ‘ AR PERIOD {2
10/17/79



RC OUTLET TP 1AR-NR (DECFI(X10 1)

16.830

16.700

16.630

16.500

'A" LoOP
16.40.IT2 BURP

o 3 I

"B" LOOP
BURP

DATA PLOTTED

EVERY 2 HOURS

ls'm— ‘ i
WE \"\. i
5 !‘.N
16.200.]
"A" LOOP
TT2 BURP
16.100]
TIME (HOURS/100)
16.000. lr ; zl 13 &l ? ? 7; 8l 9[ 1ol
45.080 43.633 $3.260 5%.0m 60.457 64.023 67.620 71.280 74 .BEC 78.480 §2.08C
. TIME (SECONDS) (X110 3)
PERIOD #2
| ‘ RERCTIMETER PLOT TSN=2 0000-1000
h 10/17/79



1S.30_
n
15.100_ DATA PLOTTED
! EVERY 2 HOURS
~  s.900
E el
>
5 - REACTIMETER
e DATA
5] 14.700_}
o .
(o §
;
T A LIFRll
« E 14500 A2 ;-023
u- llAil pr A b TT U
= TT 2 BUAP ol
R TT2 BURP
e |
T 14300
(55 ]
[+ 4
14,100
tJ.mJ
TIME (HOURS/100)
‘ ' oo ‘ 1'5 . l? 1.{ 118 119 210 211 2? 231 58 1
ey " - .000 3.570 7.140 0.0 14.2%0 17.86%0 21.420 2¢.9% 28 .560 2.2 35.900
el ; TIME (SECONGS) (X10 3)
|
| : REACT.IMETER PLOT TSN=3 PERIOD 3
| 1400-2400
| 10/17/719
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14.900
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14.200 r”£
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RC INLET T P
(TT2)
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wp" LOOP TT2 BURP

ve "6

% i
DATA PLOTTED
EVERY 2 HOURS :

nA" LOOP TT2 BURP
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RC INLET TP \R-WR (DEGF) (X10 Y

(1TT2)
§

15 m.]

(S.100..

14.900 ]

14,700

; ((
: : DATA PLOTTED %
!“h EVERY 2 HOURS

|+ REACTIMETER
DATA

14,300
14.100
13.900.] A *

"A" ‘mp ﬁz BURP “A“ me TTZ Bm

"A" LOOP TT2 BURP
13700 A 17 18 19 20 21 22 23 2
- l@ 3 .573 ’ .lﬂ lO-'“ﬂ “ om l ’-m " -‘ﬁ " -m “osm !2 -lﬂ 35 -m
TIME (SECONOS) (X110 N
REACT IMETER PLOT TSN=3 PERIOD #3

1400-2400
10/17/79



RC OJTLET TP 1A-NR (DECF)(X10 )

LR T

Y§e e [eneTs i T A Fgtil
16.900..
:\
16.800_
15.700_
16.600_ i
| - ;
16.500_]
DATA PLOTTED
EVERY 2 HOURS (2
"A" LOOP
16.400 Ti4. Smp
16.300
llAll LOO?
TT2 BURP
l‘cm-
TIME (HOURS/100)
R 15 16 17 18 19 20 21 22 23 24
T ] L} T L] 1 T T T T TR
-.000 - 3.5% 7.4 0710 4.2 17.850 21 .40 24.9% N.5% 2.4% 35.700
TINE (SECONCS) (X10 3)
' ETE - PERIOD 73
REACTIMETER PLOT  TSN=3 PERIOD 93
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