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1. SIMMARY

The Midland Plant cooling pond operation was simulated using a model
which incorporated a makeup-blowdown system to comtrol the comcentration
of total dissolved solids and the water surface elevation of the cooling
pond. Reasonable assumptions regarding the timing and quantity of makeup
wvithdrawal from the Tittabavassee River and blowdown discharge into the
river vere used. A physical model study was conducted at Alden Rasearch
Laboratory to determine permissible blowdown flowrates so that the appli-
cable Water Quality Standards of the Michigan Water Resources Commission
would be satisfied by both the discharges from Dow Chemical Company aand
from the cooling pond of the Midland Power Plant.

iae "ooling pond cperation was s_.mulated on a daily basis for 82 years.
The following c.mnclusions can be made:

a. It is feasible to control the comcentration of total dissolved
solids and the depth of the cooling pond within design limits through
the nakeup-blowdown system.

b. The blowdown discharges iato the Tittabawassee River can comply with
the Water Quality Standards of the Michigan Water Resources Commission.

€. On a loug term basis, cooling pond blowdown and the resulting thermal
plumes in the Tittabawassee River may occur only 30% of the time.

d. In this study, the Dow Chemical Company's discharge had priority
over the Midland Plant blowdown discharge. As a result, the total

1
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dissolved solids in Dow's discharge severly limited the occurrence
of the cooling pond blowdown discharge.

The operation of the makeup-blowdown system is limited by its abilircy
to blowdown due to thermal plume considerations. There is sufficimmt
vater for pond makeup in the Tittabawassee River, and there is no

significant effect on the river flowrates because of makeup withdrawal.
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2. INTRODUCTION

2.1 Midland Plant and Its Cooling Pond

The Midland Powver Plant i{s near the Tittabawassee River at

the southern limit of the city of Midland, Michigan. It utilizes

two Babcock and Wilcox pressurized water reactors to gemerate
approxizactely 1300 MWe of electricity and 4 million pounds per hour
of steam. A cooling pond is used to transfer the waste heat removed
by the condenser cooling water system to the atmosphere. The maximm
beat rejection rata from the condensers to the cooling pond is 9.05

x m’ Btu/hr corresponding to the Unit 1 back end limited and Unit 2
valves widea open operation comditiom.

The heat rejected to the pond is dissipated by evaporation, back
radiation and conduction processes into the atmosphere. To adequately
dissipate the vaste heat and to provide sufficient storage of water
for plant cooling during droughts, the pond is designed with a surfacs
area of 880 acres at the dasign pond water surface elevation of 627'
ft. and a surface uu' of 860 acres at the minimum pond vater surface
elevation of 618 ft. The pond volumes are about 12,600 acre-ft. and
4,800 acre-ft. for the maximum and minimum water surface elevations
respectively. The average full pond depth is 14.3 ft. The poud has
a baffle dike which prevents direct exchange of water between the

hot and the cold side of the pond, and promotes the effective use of
the entire pond surface area. The Tittabawassee River and the cooling
pond configuration ara shown in Figure 1.
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Due to evaporative loss of the pond water during the heat dissipat-on
process, total dissolved solids (TDS) accumulate in the pond and

thus their coanceatration zust be controlled. A cooling pond makeup-
blowdown system is utilized for this purpcse. A portiom o the pond
vater from the cold end of the pond is discharged by gravity iato the
Tictabawassee River, and frash river vater is pumped iato the pond

to makeup for vater losses due to evaporation and blowdown. Consequently,
the pond water depth and TDS concentration can be regulated to a certain
degree by the makeup-blowdown system. A skatch of the system is

shown in Figure 2. Three makeup pumps with a combined rated capacity

of approximately 210 cfs are used to supply makeup water to the cooling
pond. Blowdown is discharged by gravity to the river via three 2.5

fr. diameter pipes. The design blowdown flow range is between 5 cfs

and 220 cfs. Details of the physical nakeup~blowdown system are
descridbed in Reference 1.

The mechanical equipment of the Plant's circulating water system is
dusigned for a nominal average TDS concentration of 1206 ppm and a
sominal maximum of 1832 ppm (Referemce 2). The makeup-blowdown system
should be operated in such a way that the pond average TDS concentratiom
meets the requirement of the mechanical equipment.

2.2 The Tittabawassee River

The Tittabawassee River basin is near the center of Michigan's

lover peninsula. The river flows gemerally southward to the village
of Sanford. After Sanford, it meanders to the southeast ard flows iata
the Saginaw River at the -cuy of Saginaw, about 20 miles downstresm
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from Midland., Tventy-two miles downstream from its confluence with
the Tittabawassee, the Saginaw River empties into Saginaw Bay, am ara
of Lake Huron. The Tittabavassee River drainage area above Midland
encozpasses 2,400 square miles. |

There are three hydroelectric dams along the Tittabawvassee River upstreax
from Midland. The ome closest to the plant (the Sanford Dam) is located
at Sanford about 10 miles upstrean from Midland. The dam is owned and
operated by Wolverine Power Compsay which geaerates electricity for

part of the day ou weekdays. Tittabavassee River flow at Midland varies
according to the Sanford Dam cperationm.

Dow Chemical Company's industrial complex lies morth of the Midland
Pover Plant across the Tittabawassse River. Dow diverts river water

for industrial use at the Dow Cam, located about 6700 ft. upstream from :
the river intake structure of the Midland Power Plant. On the right |
bank »f the river (looking downstream) and 2000 ft. downstrean from

the Dow Dam thers is a gaging station maintained by the U. S. Geological
Survey (USGS). Examination of the record of rating curves prepared

by USGS indicates that the river bed is movable at the vicinity of the
plant. The USGS checks and updates its rating curve every five weeks.
Daily average river flow data at the saging station is available from
March 1936 to present. The daily flow duration curve at the 7SGS Midland

8aging station on the Tittabawassee is shown in Figure 3. The average
river flow is about 1680 cfs.

2.3 Applicable Water Quality Standards
Discharge of cooling pond blowdown into the Tittabawassee River has
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two physical effects: creation of a thermal plume, and additiom of
IDS to the river. To protect the vater quality of the river, the
following rules of the Michigan Water Resources Commission (MWRC)
(Reference 3) shall be satisfied:

4. Heat load to tha river shall not warm the receiving water at the
sdge of the mixing zone to temperatures greater than the following
mouthly ziximum temperatures:

Month: J F M A M J J A S 0 N D

TR 41 40 S0 €3 /6 B8 8 85 79 68 55 43

Heat load to the river shall not warm tha receiving water at the
edge of the mixing zome more than S°F.

c. The liu of the mixing zome i{s limited such that it does not
contain more than 252 of the cross-sectional arez or volume

of flow of the river at any river transect, or both.

d. The controllable additiom of IDS to the river shall not increase

the river TDS concentration beyond 500 ppm as &« monthly average
Sor more than 7350 ppm at any time.

Dow Chemical Company discharges its tertiary pond effluent into the

Tictabavassee River about 300 fr. upstream from the location of the
cooling pond blowdowm discharge. Both discharges are at the south bank
of the river as lhmn. in Figure 2. Dow's effluent adds heat and

TDS to the river. The rules of the Michigan Water Resources Commission
apply to the combined effect of both the Dow and Midland Plant discharges
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in this study. During plant operatiom, average river TDS comncentration
will be measured at the Preeland Bridge located approximately 14 miles
downstrear from the cooling pond blowdowm discharge structure.

2.4 Scope and Purpose of the Study

The objective of the study is to demomstrate that the cooling pond
depth and TDS comcemtration csn be satisfactorily controlled by the
makeup-blowdown system without violating the thermal and TDS

linits in the Tittabawassee River. Aaticipated variations in pond
Aepth and TDS concentration are simulated, on a daily basis for

82 years, by employing a set of reasouable operational assumptions
for the system. The results of this simulation provide the basis for
Preparing several sections of the Midland Plant Envirommental Report
and for the NPDES Applicatiom for Permit to Discharge Wastewater.
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3. PHYSICAL AND OPERATIONAL ASSUMPTIONS

3.1 Physical Assumptions

Simulation of the daily operation amd the varistions ia pond depth and

TDS concentration was based on the following physical assuwptioms:

c.

d.

Total dissolved solids in the cooling pond come only from the
Tittabawassee River. TDS impu: from plant operatiom, circulating
vater acid and hypochlorite additiom and the possible discharge

of condensate demineralizer regenaration waste, is not significant
and is not considered.

Cooling pond volume gain by #recipitation and runoff is neglected.
This is a conservative assumption since an annual ave rage precip-
itatior uf 30 inches (Refereace 4) over the pond surface of 880
acres ecuals 3 cfs, or approximately 13% of annual avarage
evaporation rate for the entire heated pond.

A constant seepage loss of 0.5 cfs is assuned for each day (Raference
1). No credit is taken for TDS loss from the cooling pond via
jeepage.

Pond TDS are uniformly distributed throughout the pond volume.

The effluent of Dow Chemical Company's tertiary pond is sssumed

to have a flowrate of 67 cfs with an excess temperature of 5°F

and a TDS concentratiom of 2500 pPpm.
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c.

d.

Average daily Tittabawassee River flows from water years 1937
to 1977 are used.

mpendug.u.d:obotmndhucamscmnmuonof
500 ppm at the beginning of the simulaciom.

Operational Assumptions
operation of the cooling pond, i.s., timing and quantity of makewp
blowdown flows, was governed by the following assumptions:

The annual refueling period for each wunit is assumed to be one
month. Refualing occurs in September for Unit 1 and iz April

for Unit 2. The heat load to the cooling pond is 3,370 x 10° Beu/he
for April; 5,680 x 106 Btu/hr for September amd 9,050 x 106 Btu/hr

for the remaining months of the year. DMore details on the heat
loads can be found in Befaremce 5.

The constraints on makeup flowrates are listed in Reference 1 and
are graphically presented in Figure 4 as a function of river flows.
The maximum makeup flow utilized im the pond operation simulation
is 270 cfs corresponding to the saksup pumps runout conditioms.

Blowdown flowrates are not to exceed a set of maxirum allowable
values derived from comsiderations of thermal comstraints in the

Tittabawassee River,

3lowdown discharge shall not cause downstream river average TDS

concentration to exceed 500 ppm amasured at the Freeland Bridge.
5 SB178174



£.

The maximm blowdown flowrate is limited to 220 cfs because of
hydraulic characteristics of the gravity fed biowdown scheme.
The minimm blowdown flowrate is 5 cfs due to difficuley ia
throttling for flows balow 5 cfs.

The pond water surface elevatiom imposes the following limits on
the makeup and blowdown flowrates:

1. Vhen pond level is above 627 ft., no makeup is permittad
and blowdown may be discharged at its maximum allowable
flowrate.

2. When pond level is below 626.5 ft., no blowdowa is permitted

u_nd makewp withdrawal may be made at its maximum allovable
flowrate.

3. When pond level is between 627 ft. and 626.75 ft., both

makeup withdrawal and blowdown discharge may be made at
their maximum allowable flowrates.

4. When pond level is between 626.75 ft and 626.5 ft., makeup
flowrate may be set at its maximum allowable value and the
blowdown flowrate is limited so that the pond level is not
lowered because of blowdown dischsrge.

Dow Chemical Company's effluent discharge into the Tittabawassee
River is given priority over the Midland Plant cooling pond

10
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h.

blowdown discharge. When the downstreanm average river TDS
concentration equals or exceeds 500 ppm due to Dow effluemt,
cooliag pond blowdown discharge is terminated.

Pond blowdown discharge i{s terminated when daily average natural
river temperatures ara vithin 5°F of the wonthly msximum temperatures
liszed in Section 2.2-a.
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4. DATA

The data used in the study include river flows, natural river tempera-
tures, natural viver ™S concentrations, cooling pond evaporatiom

rates, blowdown temperatures, an. maximum allowabls blowdown flowrates.
The sources of the data ave discussed below.

4.1 River Flows

The U. S. Geological Survey (USGS) maintains a gacing staciom at
Midland on the Tittabawassee River. The gaging station is located 4700
ft. upstream from the Midland Plant river intake structurs. The Bullock
Creek drains into the Tittabawasses River between the gaging statiom

and the river {atake structure, but its flow is insignificant compared
with that of the Tittabawvasses River. Daily average river flows
published by the USGS from water years 1937 to 1977 (Rafersnce 6) ware
used ia the cooling pond operation study (A water year starts October

1 md ends September 30, i.e., water year 1976 extends from October 1,
1975 to September 30, 1976).

4.2 Natural River Temperatures

Continucus instantaneous measurements of natural river tezperature
are made by the Dov “hemical Company at the Dow Dam. Daily average
natural river temperatures from October 1, 1975 to September 30,

1978 vere extracted from the original comtinuous record and vere pro=-
vided for this study by Dow Chemical Company. These three years of
temperature records were used to establish a model for generating
long tern daily natural river temperatures from available daily dry
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bulb temperatures recorded at the Bishop Airport of Flint, Michigan,
a4 Class 1 station of the National Weather Service.

Variations in natural river temperature and in dry buld temperature
at the same location can be separated intc seasonal and non-seascmal
components. Seasonal variations in daily natural river temperature
can be established by subjecting the river temperature reccrd to a
Fouriar analysis. The first few harmonics that account for a large
percent of total variance yield daily river temporatures that vary
smoothly according to seascnal trend. The non-seasonal variation in
daily river temperatures, herein called river temperatura rasidua,

is obtained by subtracting the seasonal component from the known
dnily river temperature. Seasonal daily dry bulb temperature and dry

buld temperature residue can be obtained by the same process.

The river temperature residue on any given day can be correlated to
the dry buldb temperature residue for that day and two preceding days
by linear multiple regression. Thus river texperature residue can

be predicted as a linear combinatiom of dry buld temperature residues.
Natural river temperatures can then be generated by adding the river
temperature residues to the seasonsl daily river temperatures. This
procedure was used succe:sfully to predict Illinois River water
tmrat;;:u at Havanna for 1968 and 1969 (Reference 7).

Daily average natural river temperatures and dry buld temperatures
for an "average year" vere established by averaging the daily temperatures
for vater years 1976, 1977 and 1978. The molel to generate daily river
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temperatures from dry buld temperatures was established from the
seasonal daily river temperatures and the residues of dry bulb and

river vater temperatures of the "average year".

Natural river temperatures vers gemarated from March 1, 1949 co
September 30, 1978. A comparison of mean and standard deviation

of the recorded and calculated natural river temperatures for water
years 1976, 1977 and 1978 is shown in Table 1. A day to day comparison
of recorded and calculated natural river teuperatures for water

year 1976 is shown in Figure 5.

Table 1
Characteristics of Natural River Temperature
Observed ¥ ted ‘¥
Year  |1Mean Standard Deviation Mean Standard Deviationm
1976 358.82 15.21 60.43 14.94
1977 61.90 14.67 61.27 14,46
1978 60.60 15.80 60.59 14.95

Fliat dry buld temperatures vere used instead of those at Midland

because 0o accurate long term air temperature record at Midland was
available, vhile important meteorological parameters (including dry
bulb temperature) were readily available for Flint since January 1,
4249, )‘u.tthcmn. the applicability of Flint data to Midland has

been demonstroted in Reference 8.

Calculated river temperatures for water year 1976 wvere used repeatedly
tni water years 1937 to 1948 for which no air temperatures wvere
available.

14 S3178179



4.3 Natural River TDS Concentratiom

Daily natural river TDS concentrations were either directly obtained,
Or estinmated from the natural river conductivities contained in the
Monthly Operating Report of Dow Chemical Company from October 1975

to September 1977. In the Operating Report, both IDS concentration
and conductivity vere reported for omly 8 to 10 days per month.

An average ratio of TDS concentration in Ppm to conductivity in micromhos
p..t centizeter was computed from these pairs for each month. For

the remaining days wvhere ouly conductivities were reported, the DS
concentrations vere estimated by multiplying the conductivities

by the established ratio. The daily natural river TDS concentrations
for water years 1976 and 1977 are shown in Figure 6. The 1976 values
were used repeatedly in the study. The sensitivity of pond TDS com-
centration with respect to natural river TDS coucentration is discussed
in Chapter 6.

4.4 Maxitum Allowable Blowdown Flowrates

A physical model testing program has been conducted at the Alden
Research Laboratory (ARL) to determine the blowdown flowrate at a

given excess temperature that can be discharged int: the Tittabavassee
River without violating the 252 limits for the thermal mixing zome,

and without resulting in a mixing zome more than 1700 ft. lomg (Refarence
9). A fixed bed physical model of a 2000 ft. reach of the Tittabawassee
River downstream from the plant makeup intake was used to determine

the maximm allowable blowdown flowrate at a given river flow and
blowdown excess :-nuiuro. This physical model is an approximation

of the prototype which is 4 movable bed alluvial river with unstezdy

flows.
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Both the Dow tertiary pond discharge and the cooling pond blowdowm
vere simulated in the physical model. For each model test, the Dow
effluent was set at 65 cfs with an excess temperaturs of 5°F and a
DS councentration of 3000 pPPm, conservatively larger thaa the 2500
pPPR used in the operation study. The negative buoyancy of the Dow
plume had no effect on the aixing of blowdown discharge with river
vater. A matrix of 275 thermocouples, positioned throughout the
model, wvas used to determine the maximm allowable blowdown flowrate
for a given blowdown excess tamperature and river flow.

It vas found that the edge of the thermal plume was not smooth and

steady, but somevhat ragged and time varying due to turbulence and

eddy shedding caused by the interactiom of the river with the Dow
discharge and the Midland Plant blowdown. Therefore, for all data
provided, the edge of the thermal plume was based on the locatiom of

the 5°F excess temperature isotherm as detarmined by the average tempera-
tures obtained from 25 scans of each of the thermocovplas om the physical
model over an sveraging period of 16 minutes model time (62 minutes
prototype time).

The model test rosultsvere reported in terms of a set of curves that
relate the maximum allowable blowdown flowrates with blowdown excess

temperatures over a range of river flows as shown in Pigures 26 to
30 of Reference 9.

Due to pressing time schedules, the physical model was nct adequately
verified against its prototype before starting the final test series.

A SB17s181
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Some verification tests were conducted after the final test series vas
compleced. These verification tests indicated that the physical model
vas too smooth for river flows greater than about 1200 cfs. As a
result, the average velocity of the river upstresasm from the blowdown
discharge vas higher than that of the prototype. This higher average
river velocity tends to make thermal plumes narrower. Consequently,
the blowdown flowrates for those tests with thermal plume sizes that
essentially coincide with the 252 limits described in Section 2.3-c
vers raduced. The modified curves, representing the maximum blowdown
flovrates for river flows (after sakeup withdrawal) ranging from 770
cfs to 3450 cfs, are shown in Figure 7.

Because of the limited capacity of the test facilities at the Alden
Research Laboratory, the physical model could nmot accommodate river
flows higher than approximately 3800 cfs. Thus, indirect caleulitiom
of maximum blowdown flowrates bacanme necessary at higher river flows.

A "theoretical” maximm blowdown at a given excess temperature can

be calculated by assuming it mixes fully with a quarter of river flow

that contains the discharge from Dow Chemical Company. The assumed
temperature profile in the river is "top-hat" shaped wich an uniform excess
texperature of 5°F over the quarter of river used. Model test results |
obu:l.ud'a: Alden Rasearch Laboratory indicated that in order for “he

5°F excess temperature isother= to close within the physical model,

the "actual” bdlowdown flowrate it the same excess temperature is

less than the theoretical flowrate. The ratio of the blowdown flowrates
that ensures the closure 5! the 5°F isotharm over the theoretical flowrats
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vas related to the velocity of blowdown over a range of river flows

according to model test results.

In the daily pond simulation, blowdown excess temverature and river
flow were available for computing the ratio of blowdown flovrates.

The blowdown velocity, and comsequently the blowdown flowrate, could
then be calculated. This procedure vas used to compute the maximum
allowable blowdown flowrate for days when river flow was above 4000 cfs.

4.5 Blowdown Tempe atures and Pond Evaporative Water Losses

A transient cooling poud mathematical model vas used to «stimats daily
average blowdown tempiratures and pend evaporative water losses. This
computation was carried out separately from the time history of the
pond cpua_tian. i.e., pond level fluctuations vere not considered in
calculacing blowdown temperatures and evaporation ratas.

The pond was conceptualized as composed of a surface layer and a
bottom layer. Horizontal temperature dhétibnuoa across the pond
was approximataed by spatial temperature variations in the surface
layer. The bottom layer temperature was assumed to be wmiform. Pond

volume was assumed Lo be comstant.

A schcu:ﬁc of the mathematical model that simulaces cooling pond
therzmal performance is shown in Figure 8. The development of the
transient cooling pond mathematical mcdel ciosely followed the
principles ocutlined by‘ Ryan and Harleman (Reference 10) and heorponup
the following un-pum‘:
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i.

iv.

V.

All interfacial mixing between the layers can be luvped at
the pond entrance via a constant entrainment ratio.

Circulating water system discharge and flow entrained from
the bottom layer are fully mixed befors advancing iato the
poud.

Flow advances through the surface layer as a plug.

At the pond outlet, the flow leaving the poud i{s uniform with
depth.

Brady's wind speed function is used. This wind function is
conservative for wind speeds betveen 5 mph to 10 mph, and
thus generates higher than expected pond temperatures.

All heat exchange with the enviromment is through the pond
surface and includes solar and atmospheric radiation, back
radiation and evaporative and semnsible heat losses.

Local climatological data at Flint, Michizan from January 1, 1949 to

September 30, 1977 were used to calculate daily cooling pond blowdowm

temperatures and evaporative water losses for the same pariod. The

metsorological data used included: dry bduld tezperature, wind speed,

relative hunidity, cloud cover and solar insolation. The first four

parameters vere directly available from the National Ocesnic and

Atzospheric Aduinistration (NOAA) in the form of Tape Data Family-14,
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Daily values for solar insolation were computed from clear sky solar
" insolaticn values (reported in Reference 1l1) aud daily cloud cover
values. Physical parameters of the cooling pond, such as surface
area, depths of surface and bottom layers, and entraimment ratio
vare obtained or estimated from information in Refarences 5 and 12.
The heat load from the plant ' . the pond is 2370 x 10° Beu/hr vhem
reactor Unit 1 is operating at back end limited condition and

Unit 2 is shut down for refueling, 5680 x 108 Btu/hr when reactor Unit
2 is operating at valves wide open condition and reactor Unit 1

is shut down for refualing, and 9050 x 10° Beu/hr vhem Unit 1 is
back end limited and Unit 2 with valves wide open. The refueling
period was assumed to be April for Unit 2 and September for Unit 1.
A constant circulating water flowrate of 1457 cfs vas assumed

for the entire year. The computed daily cooling pond blowdown
temperatures for vater year 1976 are shown in Figure 5. The 1976
tezperatures and evaporation rates were used repeatedly from 1917

to 1948 vhere metsorological data was not availablae.

20
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S. METHOD OF SIMULATION

Simulation of the cooling pond operation was performed om a daily
basis. The simulation period was 29,950 days, starting at the last

day of vater year 1977 and running backward to the first day of

vater year 1937, then rumning forward from 1937 to 1977. This doubling
of the simulation period provide an opportunity to check if pond TDS
concentration and water depth stay within accep.able lirits over the
1949-1937-1949 perird where river flows vere frequencly low.

For each day, the natursl river temperature wvas compared with the maxi-
=uR temperatures listed in Chapter 2, Section 3-a. No blowdown was discharged
if the natura’ river temparaturevas within 5°F of the maxiiam temperaturs
for the same nonth. Next, the river TDS concentration afrer full

@ixing of Dow's effluent was computed from a mass balance computation.

If the computed concentration were above 500 pPm 0o blowdown was discharged
for that day. Then a permissible blowdown flowrate was calculated on

the basis of not to increase the average river TDS beyond 500 ppm.

A second permissible blowdown flowrate vas computed from thermal plume
considerations. The minimum among the two permissible flowratas

vas chosen as the upper limi: om blowdown flowrate. A tentative blow-
down flowrate was then calculated according to operational assumptions
"e" and "f", (Sec. 3.2) and compired with the upper limit. The smaller
of the two wvas chosen as the calculared daily average blowdown flowrate.
If cthe calculated flowrate was below the minimum flowrate of 5 cfs, no
blowdown was discharged.
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A daily average makeup flowrate vas computed from pond water surface
elevation, river flow, and vater losses due to evaporation, seepage '
and blewdown according to operaticnal assumptions ™" sad "f" (Sec. 3.2). No
lover limit on makeup flow was used in the simulation since small
makeup flowrates are of the same magnitude as laily evaporation ratas
of approximataly 10 cfs during refueling periods.

Pend TDS concentration and water surfaca elevation at the end of esch
day vere calculated from daily evaporation and seepage rates, daily
flowrates, TDS concentrations of makeup and blowdown, pond volume,
and TDS concentration for the previous day, according to the principle

of conservation of mass.

It should be noted that Figure 7 provides only maximum blowdown
flowrates at 5 different river flows. Linear interpolation according
to river flow vas used to estimate the maximum blowdown flowrate for
river flows (after makeup withdrawal) equal to 1620 cfs, 2475 cfs, -
and 3200 cfs. The new set of curves is shown in Figure 9. Por a
§iven day, the permissible blowdown flowrate from thermal consideration
vas obtained from the curve of Figure 9 with the exact or next lover
river flow, For example, for a river flow (after makeup withdrawal)
of 2100 cfs and a blowdown excess temperaturs of 25°F, the
d..hnnbla blowdown was read from the 2000 cfs curve as 30 cfs. This
procedure tends to yield smaller (and thus conservative) maximum
blowvdown flowrates, uyccuuy vhen the blowdown excess temperature

is below 15°F and the river flow is higher than its average value.
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6. RESULTS AND DISCUSSION

The cooling pond operation was simulated by employing the available
data as described in Chapter 4. This simulation constitutes the Base
Case of the study. To evaluate the sensitivity of pond TDS concen~
traticns and vater surface elevations the following cases were alse
investigated:

Case 1: Simulation with base case data except the maximm
blowdown flowrate is limited to 150 cfs instead of 220 efs.

Case 2: Simulation with base case data except the mini{mum
blowdown flowrate is set at 10 cfs instead of 5 cfs.

Lase 3: Simulation with base case data except the daily ambient
river TDS concentrations are increased by 20%.

Lase 4: Simulation with base case data except the daily blow- ;
down temperatures are increased by 5°F,

Lase 5: Simulation with base case data except the daily
evaporation rates are increased by 10Z.

6.1 Base Case

Because of the large volume of the 880 acre pond, daily variations of
poud TDS concentration and vater surface elevation are small. Therefore,
to facilitate visualization, monthly averages of pond TDS comcentrations
and water surface elevations, computed from daily values, are plotted
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in Figures 10 and 1l to demonstrata lomg term tremds. Ino genaral,
high pond TDS periods occurred during low river flow periods. The
82 years of simulation period comservativaly doubled the low river
flow period of 1937 to 1949, Becsuse the simulation period is long,
the initial pond TDS concentration and pond water level (physical
assuzption "g§", Sec. 3.2) is not crucial to the results.

The peak pond TDS comcentration of 2222 ppm occurred on September 6,
1942. The pond TDS concentrations and water levels for the dry period
coutaining this peak day are shown in Figure 13. Daily average river
dhcha:;d and makeup and blowdown tlwutu for the same period are
shown in Figure 14, The pond TDS concentration increased at a rate
of approximately 9 ppa per day for this period vhem no blowdown and
very little makeup could be made The pond water surface elevation
dropped approxizately one inch per day for the same period.

The frequency curve for the daily pond TDS levels is shown in Figure
15. The median TDS mc-:nﬁn vas approximately 940 ppm. The
circulating water system and service vater system hardwvare nominal
design average and maximum TDS concentrations of 1206 ppm and 1832 prm
vere equaled or m 147 and 0.22 of the time respectively.

The tu&mq curve for daily average makeup flowrates is shown in
Figure 16. With che physical and operational assumptions used ir the
sizmulacion, approximately 862 of the time river water vas pumped iato
the pond for makeup. From the daily river flow frequemcy curve of
Figure 3, daily river flows also equaled or exceeded 390 cfs 862 of
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the tize. The river flow of 390 cfs represents an assumed cutoff
poiat below which no makeup is withdrawan from the river (see Figure 4).
Therefory, vatar vas pumped into the poud vhenever the river fiov vas
above 390 cfs. However, the full mmount of av.ilable vater for makeup
vas not gexerally utilized. This can ba seen by noting that the availe
able makeup flowrate is 210 cfs vhem river flow exceeds 1000 cofs
(Figure 4). From Pigure 3, daily river flows exceeded 1000 cfs 422 of
the time. Corresponding to this 42% frequency, the makeup flowrate

vas culy 38 cfs as shown in Pigure 16, comsiderably smaller thas the
available 210 cfs.

The frequency curve for daily average blovdown flowratas i» shown in
Figure 17. Only about 27% of the time the Midland Plant used the
Tictabavassee River as the receiving vater body for its pond blowdown
discharge. Typically little blowdown occurred in summar months.

Figure 18 shows the frequency of pond water surface elevations. The
pond vas full approximataly 702 of the time. A margin of more than
2 ft. existed between the lowest simulated pond level and the miaimm
operating level of 618 fr.

Monthly average river cischarges, evaporationm plus wespage, makeup,
blowdown, sad pound TDS concentracions for the "avarage year" defined
from the 82 years of sisulation are shown in Table 2.
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Isble 2
¥euchly Fiovrsces & Poud TIPS Concemtrations for Average Vesr
' Pond TDS

River Flow Evaporation Makeup Flow Blowdown Concentration
Momgh _(cfo) & Seepage (cfs) __ (cfe)  [Miow (cfs) ___ (ppw)

Jan 1316 20.8 J0.3 9.6 863
Teb 1630 1.8 348 12.7 836
Mar 3835 25.7 66.9 4l1.2 818
Apr 62 30.2 70.6 5.7 %0 _
May 2126 30.2 70.6 35.7 850
Jun 1296 8.3 60.4 3.4 892
Jul 735 9.2 5.7 4.9 919
Aug 351 38.3 8.0 2.3 922
Sep 692 5.9 32.0 4.2 912
Oct 802 29.6 3.0 2.6 909
Nov s 7.2 36.3 4.2 891
Dac 1260 1.3 29.6 6.0 872

Also of iaterest Lis the severity of various comstraints imposed om
the pound operation. Based on the data and assumptions descrided in
Chapters J and 4, the cooling pond operation study indicated the
following: 50% of the time blowdown was withhald becsuse Dow
effluent uses the vhole TDS capacity of the river; 8,32 of the tise
bl*.ddulhwm'u“ﬁmw
vers wichia 3°F of the monthly saximum temperatures set by MWRC; 13%
of the time the calculated blowdown flowrates vears balow the praset
aiaisum blowdown flowrate of 5 afs and no blowdown took place; 1.6%
of the time the pond water level vas balow 626.5 fr. and no blowdown
vas discharged. High blowdown TDS concemtrations caused suspension
of cthe blowdown discharg: o s 0,062 of the time. When blowdown took
place, 243 of cthe time its flowrate vas limited by thermal plume
considerations in the Tittabavasses River and 3T of the time vas
limiced by the blowdown system capacity of 220 ofs.
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6.2 Sensitivity Analyses

Lase 1: md!uco!mmqolmblm"u--num
concentration vas iavestigated by reducing the capacity from 220 ofs

to 150 cfs. nu-um-mummumumu-mnm
ummuum'muucoeum“m.nuumnu
periods. The monthly average pond TDS concentrations thus ~omputed
4re compared in Figure 19 with those of the base case. It can be noted
Mmﬂ-u.mu-tnuudhmnﬂlnudywmnmm.
mmux-mnpmmwcuummmm
o:mu-nauuu.-m.unm-unnmnum.
The nomisnl design maxizum pond TDS level vas exeeded 0.4% of the tima.

Sase 3: The effect of the minimum blowdown flowrate on pond T™DS

concentracions vas studied by lacreasing its minimum value frow 5 cofs
to 10 cfs. n.n-mum:-uuu-umymmm
uum««mmmumunmzo. It 18 seen that
the pond TDS concemtration was not sensicive to the 5 cfs increase.
mnmu.mum-nmmum-smuwm

for suly spproximacely 3.7% of the tisme. This infrequemt occurrence
otumtm-umwmmqummmm

TDS concentratian was not Sensitive to the bloudown flowrate lover
limde.

Cane ) In che operation study the daily natural river TDS comcentrations
used vare only availablo for vater years 1976 and 1977, Although the
Moual sverage DS concantrations for these EWO years ware comparabla, .
the daily values plotted in FPigure 6 vere frequent)y quite different.

S0178192
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Thas the vse of duly TPS values of water year 1976 Tepeatedly over
the 8) years simulacion, although it representea the best utilii:stion
of availshle data, might not be conservative for scae periods. Case 3
exployed daily rivar TDS concemtraclons increased by 20X from their
1976 values. The rasulting pond IMS ~ncentrations shown in Pigure
21, were fouzd to oo higher than those of the base case but ecill
within acceprable laval. ™. percent of axceedanzas for the nominal
design average apd caximm poud TDS csmcentrations wers found equal

to 3iX and 5.52% of the tine respectively.

Lase 4: The blowdown excess temperature vas calculated from the
tezperature of the blowdown and the natural river water. Those

two quantities vere in turn estimated from meteo==logical data. The
overall accuracy of blowdown temperatures romputed this way was
estimated to be approximately S°F. As skown in Figure 22, the effect
«* a 5°F increase ia blowdowp femperaturs on the cooling nomnd TDS
coucensration vas an increase of 100 ppm. However, duriges prolonged
low river flow periods wheg :he TDS concentration of the cooling
pond was high, an incresse of 5°F in blowdown temperature could
cause the eculiag pond TDS loyel to increase by approximately 300 ppm.
The nomisal lesign average and maximua TPS concentratiors were
excecded ?4! and 1,42 of the tinmg cespectively.

8 3¢ Tix accuracy in compating dsily average evaporation rates
vas estizmated to be about 1U%. Thus the effect of possible higher
avaporation razes on pond vater surface elevations wvas investigated
by increasing the .aily evaporation values used in the base case by
10Z. ¥Fasults are shown in Figure 23 where it can be observed that
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€0X of the time the pond water level vas not affected by the increase
in evaporation rate. However, additional makeup water wvas withdrzwm

from the river to compensate for the increased pond evaporative water
loss. Lower pond water levels occurred in Case 5 only when makeup
Vater vas not available due to low river flows. However, sufficient
margin still existed betwaen the low pond level computed with the
increased evaporation rates and the minimum poud operating level of
618 fc.

In -zmary, the results of the base case together with the limited
Sensitivity analyses dempustrate that it is feasible to control
pond IDS concentration and pond depth within acceptable limits. The
applicable Michigan Water Quality Standards are gatisfied since they
wers incorporated into the assumptions of this study.

S8178194
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7. CONCLUSIONS

The following conclusious can te drawn from the results of the

simulation of the cooling pond operation:

c.

d.

Iz is feasible to countrol the pond TDS concentratiom through use
of the makeup-blowdown system. Based cn the assumpcions and the
available data set forth in Chapters 3 and 4, the resulting pond
IDS concentraticms are acceptrbls for the circulating water and
service vater system hardwars. Cooling pond water surface
elevations also remain above the minimm pond level of 618 ft.
for the pariod of simulacionm.

The blowdown discharges into ths Tittabawassee Kiver can be made

in compliance with the Water Quality Standards of Michigan Water
Resources Commission.

In this study, the Dow Chemical Company's effluent discharge lud.
priority over the Midland Plant cooling pond blowdown. As a result,
the total dissolved solids in Dow's effluent severely limited the
occurrence of cooling pond blowdown discharge.

On a long term basis, croling pond blowdown and the resulting
thermal plumes will exist in the Tittabawassee River for about

272 of the time. For the remaining time, there will be no blowdown
discharge.

Based ou the assumptions and the available data used, the operation
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of the makeup~blowdown system is limited by its ability to blowdown
due to thermal plume considerations. There is adequate amount of
water for pond makeup from the Tittabawassee River, and there is
no significant effect on river fiows because of plant makasup
withdrawal.

mmu«ummnﬂ;mundu-danmlnuﬂybuh
while river flows are kmown to vary considerably within ome day. The
trnsient river dischargs is caused by water releases from the upstrean
Sanford Dam. An example of such variation is shown in Figure 24. The
river flow changes observed om April 22, 1977 ars typical for veekdays.
The river flow approaches a steady state om Saturday and Sunday since

50 flow is released form tha dam. Due to the vide range of river flow
varia::.u_; within a short time period, a control system to regulate the

blowdown discharge in phase with the varying river flow is desirable.
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k) §



1.

2.
3.

.

5.

6.

REFERENCES

Eavironmental Raeport, Operating License Stage. Midland Plant
Units 1 & 2, Volume 2, Sectiom 3.4 Cousumars Power Company,
November 1978.

Circulating Water System Description, 7220-SD-M-46, Revision 0.

Michigan Water Resources Commissionm General Rules, Part 4 -

Water Quality Standards, Approved Septumber 21, 1973, Effective
December 12, 1973.

Climate of Michigan by Statiocns, Michigan Department of Agriculture
and Michigan Weather Service, Second Edition. December 1971.

Cooling Pond Thermal Performance Summaty Report, Midlsnd Plant Units
1 & 2, Prepared for Consumers Tower Company, Bechtel Incorporated,
San Francisco, August 1973.

Water Resources Data for Michigan, Wacer Years 1937 through 1977,
41 Volumes. U, S. Geological Survey Water-Data Report.

"Use of Air-Water Relationships for Predicting Water Temperature”

by V. Kothandaraman and R. L. Evans. Report of Iavestigation 69,
Illinois State Water Survey, Urbana 1972.

Final Safety Analysis Report, Midland Pl..o: Duits 1 & 2, Section
2.3.3.9.2, March 1978.

"Iavestigation of a Thermal Plume in a Skillow River - Bydrothermal
Model Studies of Cooling Pond Slowdow: Lischarge, !4dland Nuclear
Power Station”, Alden Research Laboratory, Worcester Polytechnic
Institute, Holdea, Massachusetts, April 1979.

"An Analytical and Experimental Study of Transient Cooling Pond
Behavior” by R. J. Ryan and D. R. F. Harleman, R. M. Parsons
Laboratory Report No. 161, January 1973.

Hamon, R. W., Weiss, L. L., and Wilson, W. T., "Iansolation as
as Emperical Function of Daily Sunshine Duration”, Monthly Weather
Review, Volume 82, No. 6, 1954,

undai Study - Midland Cooling Pond by Alder. Research Laboratories,
January 1970. :

S31V8197
12



A

3/‘743 Tin  Morsbsl

4 i A

BAY Pt sulds. megsuyemed? s. . &P22e

Lue 7¢ Jhe gecess; 7; fer raisiey 7he Bavri_gpde o
a.-/uiacg of N ¥ Fill, we. #re -CERpericncing ./;”.f.ou'q_-.
-/}ff/'ca/é« Jn 4‘75/1"-, e/ev. messusements w7 Fde securdcy..
“ve 40’0}1/4« awu// /o/c 7:- ieé’kve...%:r (.ff‘.(.}..f 2w /Ir
./e me;s.(rua ‘)y (xfrn//;,y K] "re/ez, _,/nqu,irﬂ,f;tq_ﬂf b
'rle r:po ""Ion-e are ne7 75 o’c(uri?; ¥v5 & reg tny aw'fz -
/ 9‘(/ )'o/, ﬁ//f/ //4/:_re;ea7- c'do/.¢7/.lcs P 7‘( /"4/};37-'-4_._
',é(c(fit/ w/// /e /9 7/( 0’/«‘?_0{13-,/,’.’

..

o ————— e

- — . -

S3178760 _.




Y - CALCULATION SHEET
@& e e
. oEsiGN 8Y ¢ oare 3227, cHECKED BY

SHEET NO.
\ 'megﬁ..ﬁ_ﬂi‘;_.é..h_&e_‘,z_m JOB NO.
svencr'Cxlec o of salcrio. _i/.,AL.L&_u{a_ CALCULATION NO. L L N

On 7979 ,2/ rods were exJieded 2bive Pie éév flosr ;u Ba
Fheee 3ad For 2ad on 3-20-73, 744 rods in Eoys o1¢ 92/ Two were
exteaded w.,7H Phe excofr,'u of Bave,a8v7,84 VL, 3455,8460 244 PiL-
which were ioif/l//)v a3t slled in JocaT iees 7457 //aer/ 74w denes
T4 e “pper wl/s. These 3ix reds crnse? ébe o 9: T 0red 7-.//00:
cwmen? ‘of 8dd; V00l :art/}:jealaf will be CO//-‘/ 2nd me 4170715,
it de ’(’y’p/ cpen re-excovaZiea e I4/5 clevoZies, eﬁozzm
were recorl,f//rio' Jo extensisen by # Survey crew wihi/e 8 scce=
Swrvey Crew I“orJPJ The e/evalioas :.‘;7."7' 7 ex7enzion AT
This Tome ,he /oy 87003 of a‘d?‘/envc?’,a.oi‘fs OCY Fhrough OG 12 m
#/50 recorded For To-dale setF/ew “a7. ﬁrﬂrr/of/f.s)"'/ s em e
W/// Jc 336er7':/'0‘¢/ é); .noo'/ron.aj T4 e ”20.3.
:." As l// Of The /rofrcr/cvj /a:'/c wes me7 /;:r’/%f'&/.ﬁ;‘
» Vz’ro/J Some of The jn;7 18/ upper ""‘/'.‘.'J: wil Show somwe miver
’/’;"'"/"',""" o/u\*‘ 70 flf ffx;v of f‘? “n Sw forff./’d-’.rlt
yemiind-r oF 74o/p’.7ec77'n3,7¢ t3 new insTolled 20d odds 75000
,p@/,',,J, w,/ be Trbden rior Jo l/;/jf/:ma/ 5:;,:/9:'3:. 74 <
4'}"’ /ey//nj; Jheule be reqarcled 25 74 /2, %2/ 2 eve setfewen

/0507: dctarpcy of suhc,urn? re:Jiaj: sbould b o pe mere Tieon 2.
when 3u.'c4p;3r ’s c’o».v/:/e o-o/.

S$3178761

(-




/) i
Redl
B3 7
e S
"\\‘E /é’ ‘{;
'.£ “. - : 1'/ e
CSMSMIR CoMTUCTION CO. /#.0. 80X 508/ U'S. 31 & M43 / SOUTH HAVEN, MICHIGAN 49090 / 161G) 637.1171
3, 1977 - AR IYE D
. !"j',ga;u,-i;“b\l-
Mr. Joha Churek W e e
Subcontracts Departnent i i
:.;htgzmaﬂ Corporation BECHTEL BF ;aigs“occs‘..x.
Midland, Michigan L8640 ,JO, 7.
rn:!.!ﬁ
Subject: Consunmers Pover Company -
Middand Station Units 1 & 2
Bechtel Pover Corporatiocn Subcortract #7220-C-210
Plant Foundation Excavation and Cooling Pond Dikes
Cazcnie Construction Co. Quality Assurance Program
dated August 1976
Addendux dated 4/S/TT, Rev. 3
Reference: Contract Change Notice hi-P, Ser # C-210-B-190, dated L/21/7T
Letter dated §/29/76, 1, P, Newgen to Canonie Construction Co.
Letter dated 9/14/76, J. P. Newgen to J. McKane
Dear Sir:

In responss to the referesnced letters above, Canonie Construction Co.
subnits for your review, comment, and acceptance the attached addendun to
the sudject Canonie Construction Co. Quality Assurance Progran. This ed-
dexdur shall e applicsble for all work covered by the above referenced
subcoatract for the scope of work defined in the refersnced specification.

Work requiring the implementation of the Quality Assurance Program is
defined in Exhidit D, Technical Specification for Plant Foundation Excavation

and Ceoling Pond Dikes, of the subject subcontract specification.

related activities so defined are as follows:

A.

Placezent of plant area oackfill and berm dack®{ll. Backfill is
defined by section 13.2 of the refersnced subcontract.

Moisture control of the plant ares and derm materisl to verify
conforzance to the provisions of section 12.5 of the referenced
subcontract.

Compaction requirements for bncxﬁu in the plent area and the berm

to de in cuglimo with Bechtel requirements stated in section
13.7 and 12.8 of the referenced subcontract.

SB178774
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SECHTEL POWER Coae.

JOB 7220
¥ Piiing an4 Caisson Faundations [/ Power PlankEdusuucsi
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M». John Churcsh
Pege 2
May 3, 1977

Further, to assure the successful execution of the above referenced
subcontract in compliance with all owner/architect/engineer-constructor
requirensnts, the attached addendum shall be in effect until such time as
it is revised or terminated in order to affect the successful implementation

and comopletion of all work.

W. R. Mocre
Quality Assurance Eangineer,
Canonie Construction Co.

W Ié ) o ﬁ
Vice President,
Earthmoving Division;

Manager of Quality Assurance,
Canonie Construction Co.

WRM/ v
Enclosures (1/1)

ee: J.K. McKane
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CE2NQOMI2 CONSTRUCTION €O

Addendun to:

Contract:
Location:

Cvwner:

Title:

A FPRIVAL DATE
'J”ﬂ”‘ N, \T/f7
Eﬁﬁs 7272
,“mnngpn |
PRO-C220 S W
F-9220-C2/0- ) —tf '
Page 1 of 13 . Date: U4/5/77
: Rev: 3

Canonie Constructicn Co.
Quality Assurance Manmual
Dated, August, 1976

Bechtel Subcontract
No. 7220-C-210 °

Midland Station Units 1&2
Midland, Michigan

Consumers FPower Compeny '

Supplemental Regquirements for the Cancnie Construction Co
Quality Control Program for Q Listed Aress

MAY 1 6 1977
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SBL787r? -
Iten I, changes: .

Add to para. 2, section 1.0, Introduction: -
The Quality Assurance manual shall be supplemented by Quality
Control procedures written to clarify and further implement the
Juality Assurance program of Canonie Construction Co. Prior
to site inplementation, these procedures shall be approved by
the Fanager of Quality Assurance, Canonie Construction Co, and
the Contractor or appropriate owner's representative, All Quality
Contrel procedures shall be controlled in the same manner as the
Quallity Assurance program and revisions and addenda shall be re-
Viewed and aprroved in the same manner a&s originals, These pro-
cedures shall indicate the scope of activities covered therein, the
personnel designated by said procedures with responsibilities by
Job title, and shall provide sufficient instructions to clearly
indicate what activities are necessary to demons*rate compliance
with the accepted Quality Assurance progran.,

Delete para., 3, section 2,4 as writter and insert:

The Quality Control Engineer shall have the authority to stop
the continuation of work that is deficient in characteristic,
docuzentaticn, or procedure which renders the quality of an item
unacceptadble or indeterminant., This shall include, but not be
lizited to physical defects, test fallures, incorrect or inadequate
docunentation, or deviation from prescribed processing, inspection
er testing procedures,

Delete sentence 1, para, 4, section 3.1 as written, and insert:

Activities which may be routinely performed by Canonie Cone
struction Co., as part of inspection services on a project, such
as concrete testing, structural earthwork control or testing of
reinforcement steel, shall be conducted to recognized standards
or referenced specificetions,

Delete sentence 4, para, 2, section 3.2.3 as written and insert:

# Devision recelipts shall be signed and des.ed by the assignee, or
desiznated representative, and retuined to the lanager of Quality
Assurance within 15 days of receipt.

Delete sentence &, para, 3, secten 3.2.3 as written and insert: *
A new approval sheet, signed by the President, Canonie Con-

struction Co, and the Fanager of Quality Assurance, shall be

issued to indicate the curren® revision number and date of the

marual issue in effect, This shall indicate Canonie Construction

CTo. acceptance of the policles and procedures delined tierein.,

Celete sentence 2, vara. 1, section 3.4.,2 as written and insers:

A file of all Quality Assurance/Control records tshall be maine-
talned to comply with all owner/constructor confractually specified
requirezents., These records shall be paintained as required by

-
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this manual and aprlicable code and regulatory requirements,

Celets sentence 2, para, 1, section 4.4 as written and insert:
For all the various activities included in tho scope of work
for the referenced specification,

-

1.0 g;;;g&g.;;gn
Tne cnie Construction Co, Quality Control Organizational
interface with the Bechtel Power Corp. is shown in figure 1.

1.1 :h;_::g;gg;sﬁgn.gg; performs overall site supervision

’ to ensure that construction schedules are maintained and
that the work 1s performed in compliance with drawings
and specifications., He cocrdinates work with the site

Quality Control Engineer to assure compliance to the
accepted gquality program.

1.2 The 2C Ensineer has responsibilities and duties as follows: “)

1.2.1 He will document the classification of the borrow
by the Testing Labdoratory to the Project lanager
for use by the Field Foreman.

1.2.2 Based on borrow selections he prepares daily
reports verifying by station, by zone, the fill
placexzent, the moisture control, and the coa-
paction conformance necessary to meet specs,

1.2,3 In this function, he is completely mobile and
N will by avallabtle for comment from the General
Contracter's inspection force. He will be in
communication with the Project Hanager to correct
» any deviations in the fill requirements as
established by the project specifications,

1.2.4 The Quality Control Engineer has the authority
to assure total compliance to the Quality Assur- .
ance/Quality Centrol program bty all Canonie Con-
siruction Co, personnel,

1.3 2&;_%%;;4_5ng;;;n;gnggn; shall initiate compliance with
the rTow/cut programs as outlined by the QC Engineer

through the Project Manager., He shall be responsible for
:opcrtinc field production r'qutros.nel to the Project
Anager,

1.4 2 shall work closely with the pro-
eCt DAnager an Engineer to estatlish survey and
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control methods required to assure proper definition
of zone fills and 1lift controls.

ualizy Conirol Prosram

2.1 ;3! gﬁaitgz ggn;;gi Egﬁg or menmber shall be responsible
or q ty ccatro ocumenta.ion for all Q Listed

Areas as designated by contractor's and/o: owner's
Specifications., The inspection unit shall assure that
the project specifications are strictly enforced. Quall-
fled and experienced personnel shall comprise the inspec-
tion force. -

2.2 v
s respons e to ¢t onie Construction Co.
project QC manager and shall be independent af pro-
duction, construction, scheduling and procurement.

2.3 sn.rgg_igslngg; shall dsvelop, in the course of his
uties s Tequired, adequate forms, charts and lecgs
to comj'lle and assimilate required QC information and
documentation of § listed work, - ’

2.4 2 shall be stored in a
re resistant ng cabdbiriet, The records shall
identify the inspector or data r.aorder, the activity
monitored, date of inspection or test, test results,
acceptadlility and any corrective action required or
taken., T'is information shall be supplemented as
required.

2.4,1 §“‘s§“-’*§§-‘§§§f‘§;'"‘11 be filed in an orderly
ashion a E) readily identifiadle and
retrievadle. Upon completion of construction
work, records shall be turned over to the owner's

operations group or his designated representative,

2.5 zng_gi_in.;aggs shall assure that the proper zoned
zaterials are delivered to the proper location and the
proper compaction control is performed as required by
the specifications.

2.6 zn;;g%rzn.;n..; shall schedule his work so that all
Operations, reports, documentation and related items
shall be avallatle to the contractor and/cr owner and
to facilitate the establishment of a functional inters

face between the appointed tes'ing ladoratory, general
contractor and field superintendents.

2.7 :n;_gg_]isfgllnﬁgglxg shall become familiar with the
testing OTAtOrY personnel testing wethods and indie-
vidual soil classification characteristics.
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T Eajaserh lavel of sushorior srall be aquad
 to tne nighest ng production unit ie. supervisor

or superintendent., The QC Engineer does not direct
work forces, except through supervisory personnel, and
then only in quality related areas to insure compliance
with jJob specifications, procedures, and drawings.

5.0 LDocuzment Control

6.1

6.2

6.3

6.5

Ingex Carc File System

6.1.1 Individual Card for Each IWG shall be maintained
listing:

DWG Title and Nuamber

Revision RNunmber
Revision Date
Date Received _
Number Received
Classification: Preliminary
or Approved
Distribution: Stick Number or Name of Person
drawing is issued to

A Drawine Summary List shall be maintained listing:

Stick Number

Drawing Number

Title

Revision and Date

Status: Preliminary
or Approved

eV Or Trevis wing will te routed to assure all
perscnnel concerned are aware of change, A list of
document assignees shall be maintained to assure proper*
distridution,

Separate storage of Superseded Drawings and Specifica-
tions to Maintain Adequate Control shall be pravtdod.
All superseded documents shall be voided.

Document control shall not be conf sed with documenta~

tion control. It 1s not intended i\t document control
shall be specifically a function o. the quality control
Engineer. An authorized agent of the QC Department may
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. perform the document control function. Docunentation
shall be a function of the QC Engineer and shall show
all pertinent information as required by contractos
specifications.

8.1 Ihe SC Representative, working with the general con-
tractor's representative, shall inform subcontractor's
field supervision force of soll classifications in
borrow areas as designated by the testing laboratory.

Eor=Confcrming Materials, Parts or Components
15.1 st 4

15¢1.1 The utilization of dissizmilar compaction equip-
ment cutlined in exhibdit D of 7220-C-210 shall
be as follows: .

15.1.2 The owner's testing laboratory shall be re-
uested to perform tests con controlled test-
ills within the embankment as required to

deternine pass requirements for each individual
type compactor.

15.2 Zackfill FHaterials

in the event that non-conforming materials are dis-
covered in borrow areas by the testing laboratory,
the contractor shall be notified for disposition.
Non-conforming material shall be removed and/or dis-
posed of &z required by contractor,

GosTective Ai;;gn
inern corrective action is required the following cutlins of

activities snall be followed:
1£.,1 Identification of source of non-conformance,

16,2 Evaluation of causes, conditions, present requirezents
and potential solutions,

1.3 Implementation of corrective action.

16,5 Contractor and/or testinz laboratory analysis of
problen 1is required if caused by external, uncontrole
lable sources, le, excessive precipitation causing
molsture content of cohosive solils to exceed accept-
ance criteria and preclude conformance to compaction
requirements,
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16,5 When internal corrective action is required, it shall
be documented for review and concurrence by the QA
" Hanager. If the causes of non-conforming conditions
are external and outside the specified jurisdiction
of the subcontractor, recommended corrective action
shall be requested of the contractor and/or his agent,
and shall be concurred with by Canonie site quality
control. : .

16.6 Documentation as required by owner shall be maintained
in accordance with document control procedures.

17.0 ,anglggf_ggn;zgl_zgggxgg shall be compiled Ahd submitted to
Bechtel for thelr review and retention. Copies shall be

maintained by Canonie Construction Co. and shall include
related data such as qualifications of personnel, procedures,
and equipment. Consistent with applicable regulatory require-
ments, the owner/contractor shall estadlish requirements cone
cerning record retention and turn-over, such as record detail
and type, and systems effected, Canonie Construction Co.
Jaality Assurance shall be notified in writing of any and

all changes in documentation requirements.,

17.1 The following forms shall be used to document the
. implementation of quality program on site,

17.1.2 £ -
ete ng elevaticn before and after place=-
ment operations from grade stakes, the QC Engin-
e.r shall determine the 1lift thickness achieved.
Be will prepare a report from information listing
the following data:

Observation
Zone
Work Location
Size of Area
Elevation(s): Before
After .
Lift Thickness
Date

These random 1lif% thickness checks shall bde
performed on an average of two areas daily de-

pending on the working area conditions and the
zaterials classification,

na v sis ¢ QC Engineer shall prapare
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a report for each zone and vork area listing the following
information: date, shift, veather, features, foreman,
station, offset, elevation obtained, results of roller
sveed checks, eguipment numbers, type, and frequency checks
including vibration rate checks and time taken, and load
counts. =

17.1.3 Borrov Accentance - Pigure b
The QC Engineer will obtain classification of material
from the Bechtel representative and/or the testing
laboratory.

17.1.4  Deficiemey - Corrective Action - Pigure S
When notified by the htel representative that a defi-

‘ciency exists the QC Engineer shall note the date, tinme,
feature, location, shift, foreman, elevation, and type
of deficiency, ie. failing test. He shall notify the
vroject manager or his representative and corrective
actions shall bde implemented. After corrective action
imvlementation, a nev test shall Ve performed and the
results noted. Where necessary, further corrective
‘action shall de instituted.

Quality Assurance/Control Recurds
A tg Eomutém revorts sball be compiled and submitted

to Bechtel for their reviev and retention. Copiles shall de

maintained on file Yy Cancnie Construction Co.

A system of planned, periocdic, and documented internal audits has deen
established to verify compliance with all aspects of the accepted quality
assurance progran.

18.1

18.2

18.3

18.%

18.%

Audits shall be perforzed in accordance with written check lists
by personnel qualified and trained in the performance of audits
and familiar with the scope of vork being perforuad.

Audit personnel shall de selected to preclude tie possibdility of
pessonnel participating in sudit activities in areas wvhere they

have direct responsidility. »

Audit results are decurmented and revieved b management personnel
having rnponsipility for the areas bdeinx audited.

Corrective action is imvlemented to zorrect deficiencies revealed
by audit activities, and to correct tystem inadequacies determined
to be the cause for significant conditicns adverse to cuality.

Audit results and corrective actions are revieved by uprer manage-
ment to determine the effectiveness of the audit program in
correcting conditions adverse 2o aquality and to verify the
implementation of corrective action, .

-
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18.6 Where necessary to establish objective evidence of imple-
- mentation, corrective action shall de verified by the verfor-
mance of re-audits of those areas previously determined to de
non-conforming. ‘

SB178784
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HIDLAND NUCLEAR UNITS 1&2
CANOKIE CONSTRUCTION CO.

o NE B

O2SZEVATION NUN3ER:
ZONZ:
STATION: TO STATION:
CFFS2T:
ELEVATION: BEFCOEE APTER

BEFQOR= AFTER

BEFORE ATTER

BEFORE AFPTER

Figure 2
Rev. 1, 7/26/73

P.M.
G.S.
F.S.

LENGTH:
WIDTE:

LIFT THICKNESS
LIFT TEICKNESS
LIPT TEICKNESS
LIPT TEICKNESS

AVERAGE LIFT TEICKNESS

BY:

QC REPRESENTATIVE

SB1787686
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MIDLAND NUCLEAR UNITS 1&2 P.M. :
CANONIZ CONSTRUCTION CO. R A —
ik B T
FERATURE: DATE: v
( ) ENEZSENCY COOLING POND BE2M SEIFT:
( ) PLANT AE=A FILLS WEATHER:
( ) 2/2 EMBANKMENT POREMAN:
( ) LAYDOWN AREA ELE7ATION:
( ) COCLING POND DIKE STATION: STA:
OFFSET:
Z0NE: MOIS :
()2 ()&
() 1=a () &4=a
()2 () g
()3 ()
LOAD CouM? .
PPALTTON BT, o
EQUIP NO, TYPE FREQUENCY TIME SPEED
SB178787
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MIDLAND NUCLEAR UNITS 1&2

Pigure 4
Rev. 2, 4L/12/74

P.H.

CANONIE CONSTRUCTION CO. ; .g.‘—_—'
™ ~re ?._'(".!‘ o

AREA:

( ) scorLire POKD DATE:

( ) SIKZ PCUNDATION GRID IBCATION:

HMATEBTAL:

( ) INPE3VIOUS ZOKE 1

( ) IIPZBRVIOUS ZONE 1-A APPROXIMATE ELET.

( ) 2ANDSH

SKITCE:

“ The above area has been found to contain a suitable amount of
zaterial conforaing to the requirezents of the Srscificatiocn and,

therefore, has been classified a borrow area.

It i35 understood that the borrow pit shall remain so designated :
until there occurs a marked change in the characteristic of the excavated

materials.,

REIASKS:

SB178788
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Figure 5
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KIDLAND NUCLEAR UNITS 1&2 P.M.

CANONIZ CONSTRUCTION CO. G.S.

KTl : X M
DAZZ: TIME: SEIPT:
PEATURE: POREMAN:
LOCATION! - ELEVATION:

COREECTIVE ACTION:

UGSZSTED FREVENTATIVE KEASUDES:

CCEAECTIVE ACTIC!: QUALITY ASSURANCE:

TESTING:
OTEER:
SUZITCE (IT™ REQ'D)s
) SB178789
3% BY:
- - - . & a 5 3% - - -



