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The Hartsville Nuclear Plant Primary
Water. Quality Monitoring Report has '

been prepared to meet the requirements
of NPDES Permit No. TN0027740 Part III.D. j,
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carvica wrter systems, discharg s wzter back into tha Cumb:rland
&

River at river mile 284.6 through an anchored diffuser pipe.
|

The land near the plant site is considered rural farm land

with moderately rolling hills. Most sections of the river

still retain a marginal fringe of riparian vegetation composed

primarily of hardwoods. The Cumberland River upstream from

the plant site drains approximately 28,257 square kilometers

(10,910 square miles). Most of the land around the plant site

is of a thin bedded laminated sandy limestone considered to be

part of the Hermitage Formation and underlain by Carters

limestone.

.B. Description of Old Hickory Reservoir in the Vicinity of

Hartsville Nuclear Plant
.

The section of the Cumberland River on which the plant is

located is part of the backwaters of Old Hickory Reservoir.

"The water elevation within Old Hickcry
Reservoir normally varies from elevation
442 (MSL) in the winter to 445 (MSL) in
the summer. At normal maximum pool (El.
445) the reserv ir impounds a volume of6518 x 10 cubic meters (420,000 acre-fee t)
with a surface area of 9105 hectares
(22,500 acres). Water depths range from
18.3 meters (60 feet) at Old Hickory Dam
to about 9.1 meters (30 feet) at the
Hartsville site and to smaller depths
further upstream. Stream widths vary
from 0.8 to 1.6 kilometers (0.5 to
1 mile) near Old Hickory Dam to less
than 300 meters (1,000 feet) at the
Hartsville site and upstream from that
point."3

g-g .
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HARTSVILLE NUCLEAR PLANT PRIMARY WATER QUALITY
'

MONITORING REPORT

.

I. INTRODUCIION

A. Generic Description of Hartsville Nuclear Plant

The Tennessee Valley Authority (TVA) initiated construction of

the Hartsville Nuclear Power Plant following the issuance of a

limited work authorization by the Nuclear Regulatory Commission

(NRC) in April of 1976.1 The plant is located on the Cumberland

River at approximate river mile 285 in Smith and Trousdale

Counties, Tennessee, five miles southeast of Hartsville,

Tennessee, on the north bank of Old Hickory Reservoir. The

Hartsville facility consists of two twin-unit plants, (4

reactor vessels), each of which will employ identical boiling

water reactors. The plant site encompasses 1,940 acres, of

which about 300 to 350 acres will be used for the plant and

related facilities. Water is supplied to the plants by one

mid-river intake located in the Cumberland River, at river

j mile 285.1.

The four-unit plant will have a net generating capacity of

5140 MW . The waste heat is rejected to the atmosphere through,

the plants' cooling system. which consists of four closed-

cycle natural draft, wet only, hyperbolic cooling towers and

four closed-cycle spray ponds. The plants' discharge system,

which receives blowdown water from the cooling and essential

,. m
i
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C. jp;rpena of thu Menitaring Pregram

Primary water quality monitoring was previously a requirement '

of the Aquatic Monitoring Program (construction monitoring) '

contained in the Limited Work Authorization and subsequently

the construction permit for Hartsville Nuclear Plant. Monitor-

ing of the primary water quality for the Cumberland River in

the vicinity of the Hartsville Nuclear Plant was conducted

during plant construction from 1976 to 1979. The purpose of

this in-stream monitoring program was to collect data that

could be used to assess the general wat quality of the river

so as to provide continuity between the preconstruction and

preoperational monitoring programe. This water quality inform-

ation was compared with preconstruction baseline data collected

in 1974 and 1975 by the Tennessee Technological University .

(TTU).

.

A review of the results of the monitoring program during the

NPDES permitting process for Hartsville Nuclear Plant revealed

that the program was no longer necessary. Thus, the primary

water quality monitoring program was discontinued as provided

for in Part III.D. of NPDES Permit No. TN0027740.

In summary, this report provides (1) a concise assessment of

general water quality, and (2) a comparison of TVA water

quality data collected in 1976-1979 to the baseline data

collected in 1974-1975 by TTU prior to active construction

(contained in Environmental Report, Revision 6, Appendix M) .

.
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The flow conditions and chtracteristics of this section of thm

reservoir are generally characterized as riverine. However,

flow past the site is controlled by releases from Old Hickory,

..-

Dam (downstream) and from Cordell Hull and Center Hill dams

(upstream). Center Hill Dam is about 50 miles upstream of the

Hartsville site and it impounds the Caney Fork River at Caney

Fork River Mile (CFRM) 26.6. The Caney Fork River is tributary

to the Cumberland River at Cumberland River Mile (CuRM) 309.2,

near Carthage, Tennessee. Cordell Hull Dam is about 29 miles

upstream of the Hartsville site at CuRM 313.5. The dams

controlling releases into and out of Old Hickory Reservoir are

operated for power generation, flood control, navigation, and

recreation. Except for flood or high flow periods, the hydro-

logical conditions and river surface area are controlled by
[turbine releases which are scheduled primarily for peaking

electrical power. Thus, river flows at the Hartsville site

kare extremely transient and can exhibit periods of flow reversal.

Old Hickory Reservoir is " partially stratified," (i.e. little

seasonal stratification in the upstream reaches and a well

developed seasonal thermocline downstream near Old Hickory

Dam). When flow in the reservoir is unsteady, the upstream

i extent of the stratification will vary, depending upon the

flow direction and magnitude. A weakly stratified condition

at the Hartsville site during low or reverse flow periods will

probably disappear during high flow periods.

,s ,
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Table 1

St2{ MARY OF PRDIARY AND BASELINE WATER QUALITT HONITORING PROGRAMS
HARTSVILLE NUCLEAR PLANT

Sampling Maximum
1.ist of Analyses-Hortrontg1 Depth (s)y Depth

3
7 t reaw Mile Location (meters) (Meters) Frequency Period of Record Agency Refer To

Cumberland River 262.9 20% S.M.B 16 monthly Jan.'74-Dec.'75 T.T.U. Table 6

Cumberland River 278.6 80% S,H,B' 15 monthly Jan.'74-Dcc.'75 T.T.U. Table 6
6'''*%. 501 0.3, 5 11 monthly / quarterly Feb.'76-Oct.'79 T.V.A. Table 4

6
Cumberland River 282.0 50% 0.3, 5 10 monthly / quarterly Feb.'76-Oct.'79 T.V.A. Table 3

0
Cumberland River 284.5 75% S.M,8 13 monthly Feb.'74-Dec.'75 T.T.U. Table 5

$ 6
50% 0.3, 5 9 monthly / quarterly Feb.'76-Oct.'79 T.V.A. Table 3

Cumberland River 285.0 70% S.H.B 13 monthly Jan.'74-Dec.'75 T.T.U. Table 7

S.M.B'5 15 monthly Jan. c. T.T.U. Tame 5Cumberland River 292.6 33% 6
50% 0.3, 5 8 monthly / quarterly Feb.'76-Oct.'79 T.V. A. Table 4

e

Dixon Creek 0.3 50% S.M.B 6 monthly Jan.'74-Dec.'75 T.T.U. Table 7

..

1. Peaceut distance from right bank looking upstream.

2. S, II, B represents surface, mid-depth, and bottom.
3. T.T.U. - Tennessee Technological University

T.V.A. - Tennessee Valley Authority

4. In Situ measurements were also made for temperature and dissolved oxygen at 5-foot intervals.
5. In_ Situ measurements were also made for temperature, dissolved oxygen, pH, and conductivity at 1.5 meters (5 feet) and

at regular intervals from the surface to the bottom to describe a vertical profile of the station.
6. T.V.A. sampled monthly from February 1976, to December 1977, and quarterly from February 1978, to October 1979.

.
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II. MONITORING PROGRAM DESCRIPTION
,

''S A. Overview

I~' This evaluation is based on data obtained at six locations on

the Cumberland River and one location on Dixon Creek located

between CuRM's 262.9 and 292.6. Samples were collected from

1974 through 1979, and analyzed for a wide variety of water

quality characteristics.

TVA's primary water quality sampling program at the Hartsville

Nuclear Plant site was initiated in February 1976, and was

continued through 1979. Baseline data from 1974 to 1975 were

collected and analyzed by TTU prior to construction activity

at the plant site. Data from 1976 to 1979 were collected

during construction activities. Water quality surveys were
~

conducted monthly before 1978 and quarterly in 1978 and 1979.

Table 1 and Figure 1 summarize these water quality sampling

activities.

Data used in this evaluation were placed into EPA's Water

Quality File (STORET) and are also available from TVA's Water

Quality Branch. A tabulation of the raw data collected as

part of the Hartsville baseline and prinary water quality

samoling programs is presented in Appendix A. Baseline

data collected during 1974 and 1975 by TTU are listed in

Section A.1 and primary water quality data collected from 1976

to 1979 by TVA are listed in Section A.2.

,11 -

(v/
.
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B. Sampling Locrtions and Sample Analyzea
4

As shown in table 1 and figure 1. TTU sampled at six locations:
/

Cumberland River Miles (CuRM's) 262.9, 278.6, 284.5, 285.0,

292.6, and Dixon Creek Mile (DCM) 0.3; and TVA sampled at four

locations: CuRM's 278.6, 282.0, 284.5, and 292.6. Of these

sampling locations, three were common throughout the program

(1974-1979): CuRM's 278.6 (downstream station); 284.5 (plant

site station); and 292.6 (upstream control).

Appendix B is a summary of water quality parameters measured

by both TTU and TVA and includes references to analytical

methods and procedures. TTU performed analyses for 37 water

quality characteristics and TVA performed analyses for 49

water quality characteristics. Of these water quality
.

characteristics which were measured, 36 parameters were common
,

to both agencies.

The 36 water quality measurements which were made by both

agencies at CuRM's 278.6, 284.5, and 292.6 (i.e. all data
i

!
common by virtue of the same sampling locations and the same

laboratory analyses to TTU and TVA) were subjected to an

analysis of variance which is presented in Section III.B.
|
f
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crasks which flow into tha rivar in tha vicinity of thm
,

site. Of these, only Dixon Creek has an appreciable

average natural flow estimated to be 0.57 m /s (20.2 cfs)
'

.

'

with a minimum of 0.0014 m /s (0.05 cfs) and 3-day, 20-
3year flow of 0.0028 m /s (0.1 cfs).

As mentioned in Section I.B., the flows in Old Hickory

j Reservoir past the Hartsville site are controlled by

releases from Old Hickory, Cordell Hull, and Center Hill

Dams, which in turn are scheduled to meet peak hydroelec-

tric demands. This unsteady operation normally results

in hourly variations of river flow within the reservoir

such that the flow at any time during a day may be quite
,

different than the daily average flow. These transient

flows significantly affect the distribution of chemical
.

and physical water quality characteristics within the

reservoir, in particular, temperature and dissolved

oxygen. Old Hickory, being a run of the river reservoir

and periodically receiving high volume inflow from Cordell

Hull, has a short storage time of eleven days, and experi-

ences weak stratification in the upper reaches of the

reservoir during the summer months.

|
i
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III. RESULTS AND DISCUSSION
.

A. General assessment of water quality.

Water quality in Old Hickory Reservoir in the vicinity of the

Hartsville Nuclear Plant (CuRM 285) is good. The Cumberland

River from mile 245.0 to 307.2 is classified (based on existing

water quality conditions) by the State of Tennessee as an

" effluent limited" stream, not presently violating stream
J

standards and with no significant sources of pollution. An

effluent limited stream is one which will meet stream standards

after application of secondary treatment for municipalities

and best practicable treatment for industries. The Cumberland

River from mile 216.2 (Old Hickory Dam) to mile 309.2 (conflu-

ence of the Caney Fork River) has been classified by the State
- of Tennessee as suitable for all water uses (i.e. domestic,

industrial, fishing and aquatic life, recreation, irrigation,

livestock watering and wildlife, and navigation).

1. Streamflow

The mean annual flow of the Cumberland River at Carthage,

Tcnnessee, CuRM 308.2, a point just downstream of the

3confluence of the Caney Fork River is 496 m /s (17,530

cfs) . The 7-day, 10-year flow (the minimum average flow

for 7 consecutive days that is expected to occur a year

in 10 years) is 91 m /s (3,200 cfs) and the 3-day, 20-

year flow is 68 m /s (2,400 cfs). There are several

- ,~

.
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; Table 2

i SUMMARY OF TEMPERATURE DATA
OLD llICKORY RESERVOIR, ilARTSVILLE NUCLEAR PLANT, 1974-1979

Temperature ( C) Total Vertical Difference ( C)
Location Maximum Number of (Surface to Bottom) ,

(CuRM) Minimum Mean Maximum at 1.5 meters Observations Minimum Median Maximum

262.9 7.8 15.9 28.0 26.1 24 2 -0.1 0.2 5.0
278.6 3.5 15.3 28.0 25.5 460 -0.5 0.1 4.6
282.0 3.5 14.8 26.0 24.0 232 -0.5 0.0 3.0
284.5 3.5 34.8 26.0 24.0 357 -0.3 0.1 3.5;

285.0 8.0 .15.1 23.5 23.0 207 -0.3 0.0 1.4
292.6 3. 2. 14.6 24.5 24.0 386 -0.5 0.0 3.0
Dixon Creek 7.5 15.1 25.0 23.1 97 -0.1 0.6 5.1

0.3

All Locations 3.2 15.1 28.0 26.1 1,981 -0.5 0.1 5.1

SUMMARY OF DISSOLVED OXYGEN DATA
E OLD llICKORY RESERVOIR, IIARTSVILLE NUCLEAR PLANT, 1974-1979

Dissolved Oxygen (mg/1) Total Vertical Difference (mg/1)
Location Minimum Number of (Surface to Bottom)

(CuRM),__ Minimum Mean Maximum at 1.5 meters Observations Minimum Median Maximum

! 262.9 5.6 8.9 12.2 6.4 245 -0.1 0.1 5.1
278.6 5.5 9.0 13.7 5.9 462 -0.6 0.0 3.1
282.0 5.5 8.9 13.5 6.2 232 -0.2 0.1 1.0

,

284.5 4.6 9.0 13.4 4.9 359 -1.0 0.1 1.5
285.0 4.3 8.9 11.9 4.4 201 -1.1 -0.1 0.7

; 292.6 5.4 9.0 13.8 5.4 378 -2.8 0.1 1.0
Dixon Creek 2.8 8.1 11.8 2.8 84 -1.8 0.1 4.0 '

O.3

All Locations 2.8 8.9 1. 8 2.8 1,961 -2.8 0.1 5.1

<
.

.

'
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2. Tcmparature and Dissolvsd Oxygen
,

The magnitude of temperature.and dissolved oxygen strati-

() fication in Old Hickory Reservoir in the vicinity of the

plant site can be determined from table 2. Downstream

reservoir locations (CuRM's 262.9 and 278.6) have greater

differences between surface and bottom measurements than

upstream riverine locations, (CuRM's 285.0 and 292.6);

hence, a greater degree of thermal and oxygenetic strati-

fication. When flow in the reservoir is unsteady, the

degree of stratification in this upstream portion of the

reservoir can vary or dissipate depending upon the magni-

tude, duration, and direction of flow. Because of this

condition, although periods of maximma stratification do

'

tend to occur during the late summer, they are not always.
.

observed in a given month in successive years, and strati-

fication is often a transient observation.

.

Upstream summer inflows from the hypolimnion of Center

Hill and Cordell Hull reservoirs at temperatures below

equilibrium temperature can flow through the' reservoir

beneath the stratified surface layers without undergoing

significant temperature changes, often carrying with it

low concentrations of dissolved oxygen. Table 2 shows

that at two upstream locations, CuRM's 284.5 and.285.0

(close to the inflows from Cordell Hull and Center Hill

.

(
r.
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FIGUR,E 2

AVERAGE MONTHLY TEMPERATURE AND DISSOLVED OXWEN CONCENTRATIONS OF THE CUMBERLAND RIVER AT THE
I.5 METER DEPTH IN THE VICINITY OF HARTSVILLE NUCLEAR PLANT (CuRM'S 278.6,284.5 and 292.6),1974-1979.
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Dims), dizzolved oxygtn conczntrations ware observed to

fall below the State of Tennessee criteria of 5 mg/l at

9
1.5 meters or mid-depth, whichever is.less . Both of

,

these observations were on August 14, 1975, during a

sustained low flow regime of several days. The lowest

observed dissolved oxygen concentrations at CuRM 292.6,

5.4 mg/1, were also observed on this date. At CuRM

285.0, on August 14, 1975, the water was unstratified

being 23.0 C at the surface and bottom and 4.4 mg/l in

dissolved oxygen concentrations at the surface and

bottom; conditions were very similar at CuRM 284.5. At

no other time were concentrations of dissolved oxygen

in the Cumberland River observed to fall below the 5

mg/l State of Tennessee criteria during the 6 years of

sampling activity, 1974-1979.

At no time did maximum temperatures, also measured at

the 1.5 meters depth or mid-depth, whichever is less,

exceed the State of Tennessee criteria of 30.5 C.9

The maximum observed temperature at the 5-foot depthi

was 26.1 C at the downstream most sampling location.

The temperature data in table 2 show the effect of the

water warming as it moves downstream into the more

lacustrine portion of Old Hickory Reservoir, as well as

the greater degree of vertical stratification. Figure

2 summarizes mean monthly

-

9

e

13

_ _- -



.

'
.

%

Table 3

Summary of TVA Water Quality Data
t. umber i anil N a ve r , 1976-1919

Cum.berland River Mile 284.5 Cumberland River Mile 282.0
No. 01 No. of Criteria

Parameter Sa_adet Mean Max Min Samples Mean Max Min Concentration

Temperature 188 14.3 24.0 3.5 232 14.8 26.0 3.5
Turbidity (Jrla 58 10.22 35.0 1.3 100 14.8 50.0 e.6

bColor (PCU) 58 7.0 15.0 2.0 58 7.1 16.0 2.0 15
Apparent Color (PCU) 58 21.2 70.0 6.0 58 22.8 75.0 7.0
Conductavity 48 25 C (pmhos/cm) 183 168.4 230.0 110.0 227 168.3 210.0 110.0
Os ssolved Oxygen (ag/l) 188 9.1 13.4 5.9 232 8.9 13.5 5.5
itsD3 (eg/l) 32 1.2 2.8 (1.0 32 1.2 2.9 <l.0
000 (eg/l) 34 5.4 10.0 2.0 34 5.1 12.0 1.0

bpH (standard units) 184 7.5 9.6 5.6 228 7.4 9.8 5.5 6.5-8,5
Total Alkalinity as CACO 58 SJ.6 80.0 9.0 58 53.2 11.0 9.0Suspended Solids (eg/1) 3 (eg/1) 58 9.4 30.0 1.0 100 15.3 110.0 1.0
Dissolve.1 Solids (eg/1) 34 101.2 140.0 80.0 34 94.5 150.0 70.0 500,
organ 6c Natrogen (ag/I) $N 0.1 0.48 (0.01 58 0.09 0.33 0.01
kN +hN.-% (ag/1) 58 0.03 0.19 (0.01 58 0.03 0.22 <0.01
No,+N0 h (en/1) 58 0.36 0.91 0.15 58 U.36 0.05 0.19 10.0*
Phosphorus, total (mg/l) 58 0 . 19 0.24 0.02 58 0.04 .15 0.02 *

l'hosphorus, dissolved (ms/1) 58 0 07 0.95 <0.01 53 0.05 .78 <0.01
Total Organic Carbon (ma/l) 56 .3 11.0 1.0 56 J.0 h.2 1.0
C.alraus teg/il 58 2.' . 5 15 . 0 16.0 54 22.2 14.0 lb.0
Magnesium (og/ l) 5M -. . b 5.9 1.2 58 4.6 b.4 3.5
Hardness, as CACO 3 (agd ) M A8 110 M 58 74.3 NO %.0 *

Sodium Img/1) 32 2.8 4.9 1.1 32 2.8 4.1 1.2
Potassit m (mg/1) 32 1.3 2.8 0.6 32 1.2 2.0 0.65

bChlortdc (en/l) 58 1.5 6.0 2.u 58 3.7 7.0 2.0 250
bSulfate (ag/I) 32 2.' . 3 30.0 10.0 32 21.8 32.0 14.0 250

Silica, dissolved (ag/l) 32 1.8 4.8 3.0 31 3.8 4.9 2.3
Aluminum (rg/1) 32 70s.6 4000.J <200.0 32 1008.4 15000.0 <200.0
Crsenic iug/1) 32 2.6 5.0 <2.0 32 2.6 5.0 <2.0 50'
Barium (pg/l) 32 150.9 740.0 (100.0 32 l ',9. 4 be>0. 0 '100.0 1000*
lieryllium (pg/I) 32 10.0 10.0 (80.0 J2 (10.0 <10.0 'lo.O li'
Boron (pg/1) 32 92.5 520.0 (10.0 32 76.9 $60.0 <10.0 750*
Cadmium (p:/l) 32 1.1 3.0 <l.0 32 1.0 <l.0 <l.0 10'

50*b
Chromium (pg/l) 12 .5 13.0 <5.0 32 -5.0 (5.0 <5.0
Copper (pg/l) 32 Jo.2 90.0 <10.0 32 .: 5. 4 90.0 <10.0

300,g0
10

tron, total (pg/l) 58 911.9 18000.0 110.0 58 1713.3 66000.0 110.0 1000
tron, dissolved (p /l) 57 57.9 160.0 (50.0 58 54.0 110.0 <50.0
Iron, ferrous (pg/1) 5 46.0 80.0 20.0 5 38 50.0 20.0
1. cad (pa/l) 32 10.2 17.0 <10.0 32 <10.0 (10.0 (10.0 50*
Lithium ipg/l) 31 10.3 20.0 (10.0 32 11.6 60.0 (10.0
Manganese, total (pg/l) 38 57.1 420.0 (10.0 38 44.7 1400.0 <20.0 50,b 100c

Manganese. dissolved (pg/l) 37 12.4 $9.0 (10.0 38 11.8 40.0 <10.0
Hercury. (pg/1) 32 0.36 5.1 <0.20 32 0.23 0.80 <0.20 2'
Necket (p:/l) 32 14.1 50.0 <10.0 12 16.2 130.0 (10.0
Selenium. (pg/l) 32 1.1 2.0 <l.0 12 1.1 2.0 <1.0 10'
ritanium. (pg/1) 32 (943.8 (1000.0 (100.0 32 (943.7 (1000.0 <100.0

50'b
Silver tpg/1) 32 (10.0 <10.0 <10.0 32 <10.0 <10.0 <10.0
2inc (pg/1) 32 41.6 270.0 (10.0 12 31.2 320.0 (10.0 5000
Total Coliforms (No./100 ml) 16 516.3 3100 <10.0 lb 735.0 2930.0 10.0
Fecal C liforms (No./100 ml) Il 161.8 1330.0 <10.0 17 207.6 1670.0 (10.0

_ . _ _

4. Nat a an,a l Prim.ary Drinkang W.eter 'itesul.e h , 1975 (Isnasheil mater).
b. hat sonal Secondary Urinking heter St se iards, 19 7 7 (finished water).
c. USEPA Quality Criteria for tiater, 197f traw water).
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temperature and dissolved oxygen data collected at the,

1.5 meter (5-foot) depth over the 6-year sampling period

(1974-1979) at CuRM's 278.6 (downstream), 284.5 (plant'~

site), and 292.6 (upstream) .

3. Chemical and Sanitary

The water quality data collected at the seven sampling

locations shown in table 1 from 1974-1979 are summarized

in tables 3 through 7. Water quality is often markedly

different in Dixon Creek than it is in the Cumberland

River. The following discussion limits itself to an

evaluation of water quality data collected in the Cumber-

land River, per se, unless specifically noted otherwise

as being Dixon Creek.

\

The pH of the water ranged from 5.5 S.U. to 9.9 S.U.,

occasionally falling outside of the range recommended by

the State of Tennessee needed to support fish and other

aquatic life (6.5 S.U. to 8.5 S.U.)9 The river has a.

moderately high to high buf fering capacity with a bicar-

bonate alkalinity averaging about 52 mg/1, which would

explain why no significant problems have been identified

relating to the wide variability of the pH of the river

water. In general, the surface waters of the lower

Cumberland River basin have a natural capability of

.

k

.

15

_ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



.
.

.

.

I

!
I

fable 5

Summary of TTU Water Quality Data
Cumberland River, 1974-1975

Cumberland River Mile 284.5 Cumberland River Mile 292.6
No. of No. of Criteria

Paremeter Samplen Me.en Mas Min Samples Mean M. s Mia Concentrationi

Temperature ("C) 169 15.4 26.0 8.0 200 I4.9 24.5 7.9
Turbidity (JTl:) 36 13.5 45.0 4.4 36 13.1 45.0 5.0
Conductavity @ 25'C (pahos/ca) 69 142.2 180.0 100.0 72 14.4 200.0 105.0
Dissolved oxygen (ms/l) 171 8.6 II.8 4.6 192 8.9 12.0 5.4 '

B005 (as/t) 68 1.5 3.2 <l.0 72 I.1 1.8 <1.0
COD (eg/1) 69 10.3 23.0 2.0 72 9.8 19.0 1.0 '

bpH (stan.fard unita) 81 7.2 8.2 6.I 87 7.I 8.1 6.1 6.5 8.5
Total Alkaltaity as CACO 3 (eg/l) 69 52.1 72.0 37.0 72 50.2 66.0 29.0
Suspended Solids (ms/fl 69 17.6 73.0 2.0 70 15.3 110.0 1.0

bDissolved folids (eg/1) 69 e4.2 120.0 30.0 70 85.6 120.0 30.0 500
organic Nitrogen (ms/1) 68 0.2 1.4 (0.01 72 0.21 2.2 <0.01
NM +NH tes/1) 69 0.05 0.28 <0.01 72 0.06 0.6 <0.01
NO +NO (eg/l) 69 0.32 0.9 0.04 72 0.3 0.8 0.04 10.0*
Ph sph rus. total tes/l) 69 0.09 0.4A 0.01 72 0.08 0.36 0.02
Phosphorus, dissolved (eg/t) 69 0.04 0.13 (0.01 71 0.04 0.14 <0.01 ,

Calcium (ms/1) 39 22.1 50.0 6.0 39 23.4 55.0 6.0
Magnesium (as/1) 36 3.8 4.9 2.7 16 3.8 4.9 2.5
liardness, as Caco les/4) 36 64.8 120,0 30.0 36 67.7 130.0 26.0y
Sodium (ms/1) 69 2.2 1.4 1.3 70 2.2 3.4 1.2
Potassium (mg/1) 39 1.1 1.5 0.8 38 1.2 1.5 0.8 h -

Chloride (ms/l) 36 3.7 8.0 3.0 35 3.4 5.0 2.0 250
f Sealtate (eg/1) 69 17.5 38.0 10.0 71 16.2 25.0 10.0 250,

Silica, total (eg/1) 36 2.5 4.5 0.5 36 2.3 4.2 0.5
Baron (pg/l) 68 - 104.8 200.0 <100.0 72 102.2 ~ 160.0 <100.0 750'
Cadmium (pg/l) 47 2.7 14.0 (1.0 71 3.1 21.0 <l.0 10'

50*bChromium (pg/l) 69 6.0 18.0 <5.0 71 6.3 28.0 <5.0
Copper (pg/l) . 69 53.0 150.0 slo.O 71 b8.4 250.0 (10.0 10

300,gGfron, total (pg/t) 36 833.0 2500.0 200.0 36 779.4 - 2900.0 ' 240.0 1000
from, dissolved (ps/1) 38 329.2 1400.0 <50.0 37 290.5 1000.0 <50.0

50,g*100,
Lead (pg/1) 69 30.8 130.0- <10.0 71 13.2 140.0 <6.0 5

- Manganese, total Ipa /l) 10 A9.1 180.0 30.0 72 49.2 150.0 <10.0
Manganese, dissolved (pg/1) % 15. R 150.0 (10.0 36 15 . 8 120.0 (10.J
hacket, (pg/l) WJ 106.0 1600.0 440.0 70 00.8 100.0 '60.0
Zinc (ps/1) 69 93.9 -600.0 <10.0 71 95.4 600.0 <10.0 5000*.
Total Califorms (No./100 ml) 22 1815 . 3 424.0 <t.0 23 89.2 335.0 (1.0
Fecal Califorms (No./100 ml) 22 30.8 275.0 <l.0 23 25.8 120.0 <1.0

a. National Primary Drtaknas Water Standards,1975 (finished water).
b. National Secondary Dreaking Water Standards,1977 (fi.sished water).
c. USEPA h!ity Crt tern a for Water,1976 (ra= water).

r
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Takte 4

Sususary of TVA Wster Quality Data
Cmt>erland River, 1974-1979

Cumberland River Mile 278.6 Cust-rland River Nile 292.6
No. of No. of Criteria

. .
Parameter Saagles Mean Max Man Sandes Mean Mas . Min Concentration

w

Temperature 250 14.9 26.5 3.5 186 14.3 '23.1 3.2
Turbidity (JTU) 101 14.8 70.0 1.4 64 10.9 35.0 1.6'

b
Color (PCl|) 59 7.3 !$.0 1.0 64 7. 3 15.0 2.0 15

ApparentColor(PgU) 59 26.4 140.0 5.0 64 23.3 70.0 7.0
2caductavity 9 25 C (pmhos/cm) 247 169.7 210.0 110.0 181 166.6 200.0 110.0 -

Dissolved osygen (ms/1) 250 8.9 13.5 5.9 186 9.0 13.8 5.8
800$ (og/1) 32 1.2 2.2 <1.0 34 1.3 3.5 <l.0

000 (og/11 35 6.2 13.0 2.0 37 5.5 9.0 2.0 b
pH (standard unsta) 245 7.4 9.9 6.0 182 1.4 8.6 5.7 6.5-8.5
Total Alkalinity 4n CACO t ogh ) M $3.7 M M.0 64 F3A U.0 M.0
Suspended Solida (ma/4) 3 108 16.1 140.0 1.0 64 10.2 28.0 1.0 b
Dissolved Solids (ms/1) 14 102.1 180.0- 70.0 37 100.0 150.0 $0.0 500
Organic Nitrogen (ag/l) 59 0.09 0.28 0.02 63 0.10 0.67 <0.01

i NN +10f -N (ms/l) 59 0.02 0.12 <0.01 63 0.03 0.15 0.0t
h0f+NO-N(eg/1) 59 0.35 0.47 0.19 63 0.35 0.56 0.190 10.0*
Phosph6rus, total (ms/1) 59 0.04 0.18 (0.01 63 0.03 0.18 0.030

j Phosphorus, dissolved (mg/t)* 57 0.04 .76 <0.08 64 0.05 0.74 <0.010
; Total Organic Carfum (an/l) 57 1.9 4.2 0.90 61 2.3 11.0 0.20

Calcium (eg/l) 59 22.6 %.0 16.0 64 21.8 12. 0 16.0
Magnesium (as/1) 59 4.6 6.3 3.5 64 4.5 0.2 3.5

Hardness. as CACO) (ms/l) 59 75.3 110.0 55.0 64 73.2 110.0 56.0
Sodium (ma/l) 32 2.9 4.J 1.0 34 3.1 4.5 1.4
Potassium (ms/l) 32 1.2 2.3 .6 34 1.3 I.9 0.72 b
Chloride fog /1) 59 3.6 6.0 2.0 64 1.5 .60 . 2.0 250,
!>ulf ate (og/1) 32 23.2 32.0 14.0 34 22.2 32.0 10.0 250
Silica, dissolved (ms/1) 32 3.9 5.0 2.8 34 3.9 4.9 3.3
Alumanum (pg/1) 32 685.6 3100.0 <200.0 34 640.6 3400.0 (200.0
Arsenic (p /l) 32 2.9 13,0 <2.0 34 2.7 5.0 <2.0 50'

800p*Sarium (p /1) 32 151.6 690.0 <t00.0 34 169.1 1000.0 (100.0
Beryllium (pg/1) 32 (10.0 (10.0 <10.0 34 (10.0 <10.0 (10.0 11

#
Boron (p /1) 12 75.9 230.0 <l0.0 34 A9.4 400.0 <10.0 750 ;

Cadstum (p /l) 12 1.1 3.0 <l.0 34 1.0 2.0 41.0 10* '

50*bChremium (pg/1) 32 (5.0 <5.0 (5.0 34 5.3 10.0 <5.0
Copper (pg/II 32 24.4 150.0 (10.0 34 27.4 140.0 (10.0

300,p
10

fron, tot 41 (pg/l) 59 842.2 11000.0 80.0 64 719.1 11000.0 120.0 1000
Iron, dissolved (ps/l) 58 53.3 110.0 <50.0 64 %M.8 130.0 <40.0

l; ,
Iron, ferrous (pg/II 6 13. 1 40.0 20.0 7 40.0 50.0 20.0
1. cad (p /l) 32 10.6 31.0 (10.0 34 10.1 1s.0 <10.0 50*
Lithium (pg/I) 12 <10.0 <10.0 <10.0 34 10.1 20.0 (10.0
Manganese, total (p:/1) 38 63.4 450.0 10.0 43 56.5 320.0 (10.0 50.h ggg ;

e

Manganese. dissolved (pg/l) - 38 13.2 60.0 (10.0 43 14.2 80.0 (10.0
Mercury, (pg/1) 32 0.20 0.30 0.30 34 0.33 4.1 (0.20 2*

j Nicket, (pg/l) 32 35.3 70.0 (10.0 34 35.8 RC.0 <10.0
; Selenium, (pa/1) 32 1.1 2.0 (1.0 34 1.1 <2.0 (1.0 10*

Titanium. (pa/l) 12 <943.8 <1000.0 (100.0 34 <947.0 (1000.0 <100.0

50*bSilver (pa/l) 12 <10.0 (10.0 <.10.0 34 <10.0 <10.0 <l0.0

| Zine (p:/l) 32 194.7 5600.0 <10.0 34 36.8 340.0 <10.0 5000
' Total Califorms (No./100 ml) 16 748.8 4100.0 (10.0 17 961.8 5300.0 <10.0

Feral Califnres (No./100 mil 17 168.8 149G.0 (10.0 18 260.7 1630.0 (10.0

-

a. National Primary Drinking Water Standards.1975 (finished water).
h. Wat ic.nal Secondary Drsnk enn Water Standards,1977 t linished water).

f e. USEl'A *pu l 6 tyJ r i t er 6,.e _f or_ Wat er , 1976 (raw water).
I
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Table 7

Summary of TTU Pater Quality Data
Cumberland River, 1974-1975

Cu.eberland River Mile 285.0 Dixon Creek Mile 0.3
No. al . No. of Criteria

: Parameter Sang $ Me an Nam Min Samples Mean Max Min Concentration
4

'r lemPerature (*C) 207 15.1 23.5 8.0 97 15.1 25.0 7.5
furbidity (JTU) 36 II.I 45.0 3.5 35 24.0 150.0 2.0
Condoctivity @ 25*C (puhus/cm) 72 146.6 190.0 95.0 66 298.0 430 110.0
Dissolved Oxygen (ms/1) 201 8.9 11.9 4.3 84 8.11 II.8 2.8
80D5 (ms/l) 2 4.2 5.0 <l.0 65 1.7 8.2 (I.0
COD (ag/1) 72 10.0 23.0 2.0 65 12 4 32.0 3.0

bpH (standard units) 88 7.2 8.0 6.3 69 7.5 8.6 6.7 6.5-8,5
Total Alkalinity as CACO
Suspended Solids (mg/l) 3 (eg/1)

72 50.o 68.0 36.0 66 139.1 380.0 60.0:

i 72 14.9 39.0 1.0 63 30.0 200.0 1.0
DDissolve.1 Solids (ag/1) 72 88.6 200.0 40.0 63 177.0 370.0 50.0 500

] Organic Nitrogen (og/1) 72 0.2 1.10 (0.01 65 0.3 2.4 <0.02
NH +NH *N (og/l) 72 0.05 0.28 (0.01 65 0.08 0.36 <0.014 NO +NO -N (ag/1) 72 0.28 0.63 0.04 65 0.63 1.9 0.12 10.0*Ph8sph run, total (og/l) 72 0.09 0.27 0.08 65 0.24 0.53 0.06
Phosphorus, dissolved (mg/t) 72 0.05 0.33 (0.01 65 0.13 0.32 <0.01

i Calcium (og/1) 39 22.8 55.0 5.0 38 66.5 160.0 16.0 *

Magnesium (eg/1) 36 3.8 4.9 2.8 35 4.8 7.0 3.1
Nardness, as CACO 3 (un/O 36 66.2 120.0 U.0 35 182 420.0 55.0
Sodium (ms/t) 72 2.2 3.6 1.2 65 2.2 3.5 1.2Potassium (og/l) 39 1.1 1.5 0.7 38 1.6 3.4 0.70

250[
Chloride (ms/l) 38 1.6 6.0 2.0 34 4.0 6.0 3.0 *

Sulfate (ag/I) 72 16.6 30.0 10.0 64 18 0 34.0 6.0 250 -
=

Silica, total (ag/l) 16 2.7 4.6 0.7 35 2.7 5.0 0.7
Boron (p:/l) 72 103.3 200.0 <100.0 66 121.0 320.0 <l00 750"
Cadmium (p:/1) 72 2.8 16.0 <1.0 63 3.1 16.0 <l.0 10'Chromium (p:/t) 72 5.7 15.0 (5.0 65 6.4 40.0 <5.0 50*bCopper (p:/l) 72 6 't. 3 200.0 <10.0 65 60.6' 370.0 (10.0 lo

300,go1000*Iron, total (pg/l) 16 812.5 2400.0 280.0 35 1527.7 5000,0 400.0
Iron, dissolve.1 (pg/l) 39 234.4 680.0 -(20.0 37 3?O .000.0 (40.0,

Imad (p /l) 72 J0.0 120.0 <10.0 65 - 33.2 120.0 (10.0
50,g*100*5

Manganese, total (p:/l) 72 85.5 220.0 25.0 65 269.3 1800.0 50.0
Manganese, dissolved (p:/l) 39 32.8 150.0 <10.0 35 174.3 440.0 30.0
Nicket. (pg/I) 12 73.2 500.0 <30.0 64 71.5 420.0 (20.0
Zinc (pg/1) 72 91.7 270.0 <10.0 65 79.3 320.0 <0.40 5000

b
Total Califorms (No./100 ml) 22 152.9 473.0 <5.0 22 388.0 <!900.0 <8.0
Fecal Coliforms (No./100 ml) 22 36.5 252.0 <l.0 21 165 <1000.0 <l.0

a. National Primary Drinking kater Standards,1975 (finished water).
b. National Secondary Drinking Water Standards,1977 (finashed water).

USEPA Quality Criteria for Water, 1976 (raw water).c.
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Table 6

Summiary of TTU Wster Quality Data
3

Cumberland River, 1974-1975
.

Cumberland River Mile 262.9 Cumberland River Mile 278.6
No. of . No. of Criteria

Parameter Samples Mean Mas Min Samples Mean Max Min Concentration
a

v

Temperature (*C) 242 15.9 28.0 7.8 210 15.7 28.0 7.9
- Turbidity (JTU) 36 14.1 45.0 4.0 36 13.7 45.0 5.0
Conductivity @ 25'C (puhos/cm) 72 146.7 180.0 95.0 72 149.6 190.0 95.0
Dissolved oxygen (eg/l) 245 8.9 12.2 5.6 212 9.8 13.7 5.5

72 1.2 3.0 <l.0 72 II 2.3 <l.0
toD5 (as/1)COD (ag/1) 72 10.7 27.0 2.0 72 9.6 20,0 2.0 b
g>|| (etandard units) 101 7.2 8.8 6.2 92 7.3 9.5 6.4 6.5-8.5
Total Alkalinity as CACO 75 52.2 70.0 40.0 72 52.6 80.0 40.0
Suspended Solids (mg/l) 3 (ms/1) 71 18.8 60.0 4.0 71 17.7 110.0 1.0 b
Dissolved Solids (ag/l) 11 90.0 130.0 50.0 72 91.8 270.0 50.0 500

Organic Nitrogen (mg/I) 72 0.30 3.6 0.01 72 0.25 2.8 <0.01
- NN +NN -N (eg/l) 12 0.06 .28 0.01 72 0.47 0.28 <0 01

N0 *NO (eg/l) 72 0.33' l.0 0.05 72 0.33 1.4 0.04 10.0*i
y

Phosphorus, total (ag/1) 12 0.10 0.42 0.08 72 0.1 0. 15 <0.01
Phosphorus, dissolved (es/1) 72 0.05 0.13 <0.01 72 0.05 0.19 <0.01

Calcium (ms/1) 39 23.2 50.0 6.0 39 22.8 55.0 6.0 -
Magnesium (ag/1) 36 3.7 5.0 2.3 36 3.7 4.7 2.6

Hardness, as CACO 3 (eg/l) 36 68.3 130.0 26.0 36 6e.0 120.0 31.0
Sodium (ms/l) 72 2.2 3.2 1.1 72 2.2 3.5 1.2
Potassium (ag/1) 39 1.2 1.9 0.70 39 1.2 1.5 0.8 br

Chloride (mg/1) 35 3.4 5.0 3.0 36 3.6 6.0 3.0 250b
Sulfate (og/l) 71 16.8 26.0 10.0 72 16.8 26.0 12.0 250
Silica. Lotal (ag/l) 36 2.4 4.5 0.5 36 2.6 4.5 1.0
Soron (p:/1) 72 104.3 220.0 <100.0 72 104.4 200.0 <100.0 750'
Cadmium (pg/1) 72 2.4 16.0 cl.0 72 2.4 12.0 <l.0 10'
Chromium (ps/1) 72 7.0 78.0 <5.0 72 6.5 35.0 <5.0 50*b

300,f1000,
ICopper (p:/l) 72 54.7 250.0 <0.6 72 58.7 200.0 (10.0

Iron, total (pg/1) 36 949.2 4900.0 200.0 36 842.5 2200.0 160.0
Iron, dissolved (p:/1) 35 293.1 750.0 <50.0 36 274.2 1100.0 <50.0

50,g0'1.ead (pg/1) 72 35.3 240.0 (10.0 72 28.6 160.0 <10.0
100*Minganese, total (pg/1) 72 98.6 740.0 40.0 72 A l. 3 170.0 20.0

;

|
Manganese, dissolved (pg/l) 33 29,7 140.0 <10.0 13 28.5 170.0 (10.0

' Nickel, (p /l) .71 87.2 88.0 (10.0 72 74.6 500.0 (20.0
21.tc (ps/l) 72 95.8 550.0 <10.0 72 99.9 5I0.0 (10.0 5000*
Total Califorms (No./100 ml) 22 88.7 346.0 (5.0 23 118.2 340.0 <10.0
Fecal Calif ore.s (No./100 ml) 22 21.1 74.0 (1.0 23 39.3 200.0 <l.0

_

J. National Primary Dranking Water Standards, 1975 (tinist.ed water).
b. Nation 4l Secondary Drinking Water Steadards, 1977 (finished water).'

c. USEPA Quality Criteria for Water, 1976 (raw water),
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standards were observed during different surveys at '

various river stations (less than 3 percent of over 2,100
.

analyses). Sp'oradic short-term high metal concentrations

(spikes) such as those identifjed above, are periodically.

observed in many water quality monitoring programs. In

summary, the quality of water in the upper reach of Old

Hickory Reservoir on the Cumberland River is acceptable

when compared to the National Primary Drinking Water

Standards.

Except for total iron and manganese, the concentrations

of analyzed secondary (esthetically undesirable) constitu-

ents (C1, SO , Cu, Zn) were less than those concentrations4 .

identified by EPA for finished drinking water. Dissolved

tron and manganese concentrations were well below the .

Secondary Drinking Water Standards and indicated that

approximately 84 percent and 71 percent of the total iron

and manganese concentrations were in the particulate form

and could be easily removed by conventional water treatment '

practices.
i

Phosphorous and nitrogen concentrations in the river were

similar to those that have been measured in other rivers

and mainstem impoundments in the Tennessee Valley region.
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supporting a wide variety of fish and other aquatic life,

and provide for the growth and propagation of these

-- species.7

The Cumberland River is considered to be moderately hard

with hardness values averaging about 71 mg/l as CACO '
3

Normally, apparent color and concentrations of suspended

solids were low except af ter periods of heavy rainf all

with values ranging from 5 PCU to 140 PCU and 1 mg/l to

140 mg/1, respectively. Turbidity levels ranged from 1.3

JTU to 70 JTU. Dissolved solids concentrations were low,

averaging 91 mg/1. Concentrations for hardness, color,

suspended solids, turbidity, and dissolved solids in

Dixon Creek averaged about 85-95 percent higher than in

the Cumberland River.
\

Mean concentrations of analyzed primary (i.e., the inges-

tion of "high" levels of these contaminants has been

shown to cause, or has been implicated in the cause of,

certain types of health problems) trace metals (Ag, As,

Ba, Cd, Cr, Hg, Pb, and Se) were less than those identi-

| fled by EPA for finished drinking water. Concentrations
|

of cadmium, enromium, lead, and mercury, above primary

|

|

|
,

l
,
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B. Comptrieon of Resulta to Bataline' Data

.
.

Primary water quality (TVA) data summaries are y

presented in tables 3 and 4 and pre-construction

baseline (TTU) data summaries are presented in

tables 5, 6, and 7. As presented in cable 1, TTU

sampled monthly at 6 locations from 1974-1975 and

TVA sampled monthly or quarterly at 4 locations from

1976-1979. This section presents the results of an

analysis of variance (ANOVA) and Duncan's Multiple

Range Test performed on these data. The data were

analyzed for time effects (i.e., baseline vs. primary

differences) for location effects (i.e., upstream

vs. downstream) and for time-location interaction .

I

ef fects (i.e. , baseline upstream vs. primary down- '

stream). .

1

To perform this analysis with a reasonable degree of

confidence, as many as possible extreanous sources

of variation within the data set had to be eliminated.

For example, (except for irt situ measurements of

temperature, dissolved oxygen, pH, and conductivity),

primary (TVA) water quality measurements were made

at 0.3 and 5 meters (1 and 16 feet) with no bottom

samples collected; however, baseline pre-cc1struction

(TTU) water quality measurements were made at surface,

mid-depth, and bottom. Therefore, to eliminate a

C.
.
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Old Hickory Reecrvoir wts studied in 1973 by EPA and was

described as being a eutrophic reservoir, phosphorous,

limited in the spring and nitrogen limited in the fall.12
/

Five-day BOD values were normally less than 3 mg/1, COD

values were generally less than 20 mg/1, and TOC values

were generally less than 4 mg/l at the sampling locations

near the site. The data taken in the vicinity of the

site indicates that the sanitary-chemical quality of the

water is good.

1

Measured concentrations of fecal and total coliform

bacteria were normally very low. Moderately high fecal

and total coliform densities ranging up to 5,300 colonies
.

per 100 ml and 1670 colonies per 100 m1, respectively,

have been measured. The source of coliform organisms is

not known, but rost probably would be agricultural / rural /

livestock runoff from the drainage area upstream of the

site.

A comparison of the remaining data in tables 3 through 7

to EPA's Quality Criteria for Water (1976)13 indicates

that concentrations of beryllium, boron, and other trace

contaminants (not included in the National Primary and

|

; Secondary Standards) are well below the listed EPA criteria.

. . . .
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Table 8

WATER QUALITY PARAMETERS COMMON TO
BASELINE AND PRIMARY WATER QUALITY MONITORING

HARTSVILLE NUCLEAR PLANT (1974-1979)

Temperature #E*" C * 8*" #"

Dissolved Oxygen Ammonia Nitrogen Cadmium
Ph Nitrate & Nitrite Nitrogen Chromium
conductivity Phosphorus (total) Copper
Alkalinity (total) hosphorus (dissolved) Iron (total)

Calcium
i enol) Iron (dissolved)

Turbidity agnesium Lead
Har ness h nganese (total)BOD

5 Sodium Manganese (dissolved)COD
Potassium NickelSuspended Solids

r e incDissolved Solids
Sulfate Coliforms (total)

Califorms (fecal)
,

.

S
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dif ference that might be caused by bottom or near-
-

bottom samples (of ten bottom samp1.es are higher in

( turbidity, suspended solids, total phospha te, metals,

etc.) collected during pre-construction and not

during construction all data were restricted to the

upper 5 meters in this analysis. Also, as previously

mentioned in Section II .B., data were restricted to

those sampling locations and water quality character-

istics which were common to both baseline and primary

water quality monitoring activities, i.e., 36 parame-

ters, table 8, at an upstream (CuRM 292.6), plant

site (CuRM 284.5), and downstream location (CuRM

278.6).
.

1. Interaction Effects

First and most importantly, no statis*1cally

significant interaction effects (a < 0.05) were

found for any of the 36 parameters between_ time

and location. That is to say, there was no

statistical evidence to show that for any given

parameter there was a significant dif ference

between an upstream baseline (pre-construction)

station and a downstream primary (post-

construction) station.

J

.
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Big Goose Creek, Corley Branch, and/or agricul-
.

tural runoff) and not the plant itself. (Special
+

construction effects monitoring reports 'I

have documented very high concentrations of

turbidity and suspended solids concentrations

from tributary streams on Corley Branch and an

unnamed tributary at CuRM 284.8).

3. Time effects

The results of the analyses indicated that for
,

a large number of water quality characteristics

there was a significant difference between

baseline (1974-1975) and primary water quality
.

(1976-1979) data (a < 0.05) at all sampling

stations. These results are summarized in -

table 9. In general, several patterns are

evident (illustrative plots of all 36 water

quality characteristics at CuRM 284.5 are given

in Appendix C):

Dissolved solids, conductivity, hardness,a.

| sodium, potassium, magnesium, and sulfate

values are all higher during primary

monitoring than baseline monitoring;

b. Most nutrient data (organic nitrogen,
4 s

ammonia nitrogen, and total phosphorous)
.,

were lower during primary monitoring;

4 .

28
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2. Location Effects
6

The results of the analyses showed that with

g f the exception of turbidity and suspended solids

there were no statistically significant dif fer-

ences (a < 0.05) between the 3 sampling locations

during the 6-year sempling program. For both

turbidity and suspended solids measurements,

the downstream station had higher concentrations

than the two upstream locations (a = 0.03 for

turbidity and 0.04 for suspended solids); but
1

there was no statistical difference between the

two upstream locations at the 0.05 level.

Turbidity and suspended solids concentrations

averaged 14.5 JTU and 16.7 mg/1, respectively,

at the downstream location, CuRM 278.6; and

averaged about 11.0 JTU and 11.4 mg/1, respect-

ively, at the two upstream locations, CuRM's

284.5 and 292.6. Because there was no statisti-

cal difference between the upstream control
;

station (CuRM 292.6) and the plant. site station

(CuRM 284.5); the difference between the down-

stream station (CuRM 278.6) and two upstream

stations (CuRM 292.6 and CuRM 284.5) is f elt to

be due to an event below the plant site (e.g.

!

i .,
,
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c. There was no stati ' cal difference between
.

baseline and primary water quality measure-

ments for turbidity and suspended solids; 5

.d. Nitrate plus nitrite nitrogen and coliform

data were higher during primary monitoring;

and

Metals and trace metals values are signifi-e.

cantly lower during the primary monitoring

than the baseline monitoring.

These time trends were observed at all sampling

stations (not just downstream or upstream
.

locations). They could be due to differences

in field collection techniques and laboratory
.

analytical techniques between TTU and TVA. For

example, plots of cadmium, lead, nickel and

dissolved iron with time (figures C.25, C.30,

C.33, and C.29) at the plant site station (CuRM
i

| 284.5) all strongly suggest sample contamination

problems during 1974 and 1975. Also, on occa-

| sion, higher than usual detection limit values

were reported by TTU for metal analyses which
!

in themselves could account for some of the

differences between the baseline and primary

data.

C,6|

|

*
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Table 9

Analysis of Variance - Summary
Cumberland River Miles 278.6, 284.5, and 292.6

Hartsville Nuclear Plant Water Quality Monitoring

%

Baseline (TTU) Primary (TVA) F Vglue
Parameters (1974-1975) (1976-1979) (a - 0.05)

aTemperature, C 15.3 14.5 6.03
Dissolved oxygen, mg/l 8.95 8.98 -

cpH 7.21 7.44 43.64
Alkalinity (total), as

CACO , mg/l 51.6 53.4 -

3
Alkalinity (Phenol.), as

CaC0 , mg/l 0.0 0.0 -

Conduedivity,pmphos/cm 145.3 168.4 183.27"
Turbidity, JTU 12.5 12.5 -

BOD , mg/l 1.16 1.21 -

5 cCOD, mg/l 9.6 5.7 92.80
Suspended Solids, mg/l 15.2 12.7 -

cDissolved Solids, mg/l 88.3 100.2 13.59
cOrganic Nitrogen, mg/l 0.252 0.104 21.68
CAmmonia Nitrogen, mg/l 0.056 0.031 13.78

Nitrate & Nitrite Nitrogen,
bmg/l 0.311 0.353 8.84

'

Phosphorus (total), mg/l 0.080 0.040 57.80"
Phosphorus (dissolved), mg/l 0.043 0.060 -

Calcium, mg/l 22.7 22.3 -

Magnesium, mg/l 3.8 4.6 95.65"
Hardness, mg/l 65.8 74.4 9.87
Sodium, mg/l 2.2 2.9 53.08"

8Potassium, mg/l 1.1 1.3 4.77
Chloride, mg/l 3.5 3.5 -

cSulfate, mg/l 16.6 22.6 80.64
Boron, pg/l 102 86.0 4.37"

1 Cadmium, pg/l 2.9 1.1 30.67"
! Chromium, pg/l 6.3 5.3 5.978

Copper, pg/l 60.8 26.0 37.19"
Iron (total), pg/l 768 821 -

Iron (dissolved), pg/l 334 56.7 161.54"
Lead, pg/l 30.7 10.3 46.39"

CManganese (total), pg/l 82.7 58.9 13.09
Manganese (dissolved), pg/l 32.8 13.3 35.14

bNickel, pg/l 91.6 33.1 10.34
| Zinc, pg/l 93.9 89.9 -

Coliforms (total),
no./100 ml 104 746 18.31"

Californs (fecal),
bno./100 ml 32 198 11.14

|

|
,

'

Significant at the 0.05 level.
) Significant at the 0.01 level.

#
| Significant at the 0.001 level.
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Increases in dissolved solida cnd dzcreassa in -
'

nutrients, besides being possibly attributable to

differences in Ifooratories, might also be due to

changes in reservoir operations. Impoundments,

generally speaking, increase the concentrations of

dissolved constituents in a river and also act as

nutrient traps. Although Cordell Hull Dam was

closed in 1967, the reservoir was kept at a low

level until January through March 1973, when it was

filled to normal capacity, previone to commercial

operation of the turbines at Cordell Hull in late

summer and fall of 1973.4 The filling and aging of

Cordell Hull reservoir may have resulted in a time

trend of increasing dissolved solids concentratiens

and a decrease in nutrient concentrations from 1973

through the present. Plots of these water quality

characteristics at CRM 284.5 are shown in figures

C.6, C.ll-13, C.15, c.18-21, and C.22.

|
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to differences in agency collection and analysis procedurer and/or

,' impoundment and reservoir effects from the closure and operation of

Cordell Hull Dam.

.

In conclusion, the Cumberland River in the vicinity of the Hartsville

Nuclear Plant site, is suirthle for all State of Tennessee water use

classifications, meets applicable stream standards, and has no signif-

icant sources of pollution.

,
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StostT Detecties1 2 3paesenter rode Amber Methad end Ref erence preservation Tectialm.es Amener Limite

Copper, 9s/1 01042 Atomic Absorption 1+1 FNO TTU. 17A I0 as/1EPA. pp. St. 108 1 al/8 e2.
kandasse. total, ag/1 44$70 Calculated free Ca and Mg values None TTU TVA N.A.

Iree, sitt!. 93/1 01045 Atomic Aboerpties 1+1 tuso TTU. IVA 50 mg/1
EPA pp. St. !!O 1al/8da.

tree dissolved pg/l 01046 Atomic Abeorption 1+1 lul0 T1U, TVA 50 kg/1
EPA. pp. St. 110 Ial/4Is.

Itse. ferrous, ps/1 01047 Colorimetric Mydrochter14 Acid tvA 10 mg/l
Standard Methode, p. 189 5 al/8 es.

Lead, pg/1 01051 Atomic Abeorption 1+1 luto TTU. TVA 10 mg/l
EPA pp. 81. 89, 112 1 al/8 do..

Magnostum. es/1 00927 Atomic Absorpties 1+1 MMO ITV. TVA 0.1 as/1
.

EPA. pp. St. 114 1m1/8$e.
Massamese, total. ps/1 010S$ Atomic Absorption 1+1 8000 TTU tva 10 ps/1

EPA. pp. 81, 116 1alla2s.
.

Manganese, dissolved. >:/1 01056 Atomic Absorption !+1 leio T M. TVA 10 pr/1
EPA pp. St. 116 1al/8de.

Mera ry, tg/1 71900 planeteos AteetC Absorpt h a 1+1 MAD TVA 0.2 93/1EPA. p. lit Ial/8Is.
Nick 11. rg/1 01067 Atomic Absorption 1+1 1000 TTU. IVA $ pg/1

EPA. pp. 81. St. 141 1al/8$s.
Nitrogle. ammonia. as/1 006I0 colorimee r te !*4 M 80 . 4*C TTU. TVA 0.01 mg/l

174. p. Ib4 I all eh
Nitrose2, titrate plue 00630 Colerimetric. EPA. p. 207

1 al/$ os 4*C
1+4 5 50 m. WA 0.01 mg/l

titrits. as/1 (Friar to July 1974: Auto- 4

Analyser-Hydresine seduction -
L. Ea phake. Water tesearch, p. 205)

Nitriger, arganic, as/1 004 % Calculated from kjeldahl nitrogen sinua
I al/$ es 4'c
1+4 M 50 TTU. 17A 0.01 us/14i ammonta mitrogen colorimetric-sutoested

! digestion and phenate. EPA. pp. 168. 182
(prior to March 1973 01stillattom and
Nessleritation. Standard Methods. p. 244)

Orygen. dtIsolved, as/1 00300 Electrode and/or Titrimetric in Situ, TW. IVA 0.03 as/1
i EPA pp. St. 16 Deterstav immeJiately
l
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a

AFFDef t 8

ANaf YTlfAL MThobs, FOR CffFNICAL PARAPSTty
Pa f M87 ndATLR OUallTT Pem!Toal* - KAAT$v!LLI NUCLEAR ptAltf

I
>

'
.

570887
1 2 Detec tiseparameter Code Number Method and Reference Preservation Techalques Amen. ,3 timite

Alkt!!stty, total 00410 Potenstometric Titrattom uses (field titratten) TTU TVA 1 ag/1et/l es Ca00 Standard Mest ede, pp. 52, 3703

alkallatty. 00415 Fvtentiometric Titratten Nome (fleid titratten) TTU. TVA I as/1phenolphthelete, ag/l 5:endard Methode, pp. 52. 370
es CACO

3

Aluntnum >:/* 01105 Atomic Abearption 3+!. iiilo TTA 200 us/1
EPA. pp. Bl. 92 Ial/8ed.

Ara.wte. pg/1 08002 Atoste A6.orptto., C. mydesde 1+1. unio TvA 2 me/1
aPA. pp. 88. 95 1al/8e!.
(Prior to Mov. 19761 SDOC - Celer 1=
metric. Standard Methods, pp. 62. 65)

Sattua. 93/1 08007 Atuale Abaerpetse 3+1. leio TVA 100 mg/1
EPA pp. St. 95. 97 8at/se].

Seryllium. 93/1 010l2 Atomic Absorpties 191 11NO TTA 10 us/1
EFA. pp. Gl. 99 1et/$he.

31screalce! Orysen Demand. 00310 Do deplettaa et 20*C for 5 daye Water emeled bottled. 4*C TTU. TVA I as/.1(5-Day) ee/1 meemused usch T51 Model 54 BC
standard Methode, p. 449 sad EFA.
p. !!

torse. pg/l 01022 colorimetrie 1+1 les0 TTU, TVA 100 us/1
EPA. p. 1) I al/8 e.

C4Jctum. ps/1 0I027 Atomie Absorption 191 3010 11U. TVA I pg/l
.

EPA. pp. St. 89. 101 3al/0$e.
Cstelua, og/1 00946 Atomie Absorpetse 1+1 leio TTU. TVA 1 us/1EPA. pp. $1. 103 1al/$he.
Carbon, total 00630 combussten - Infrerad

Ial/hes.,4*C1+4 3 30 1VA O.2 es/1orgrete, as/1 ffA p. 236 4

Chezicel Ozyten Densed, as/1 00335 fatrimetric - E Ca 0 reflus
1al/$ek.4*C
1+4 E 50 TTU. TVA 1 as/12 27EFA. p. 10

chloride. og/l 00940 Titriestrie 4*C TTU. TVA 1 mg/l
EPA. p. 29

Chroelua pg/1 01034 Atomic Absorption 1+1 isso TTU. TV4 5 mg/1
EFA. pp. St. 89.105 1al/8de.

Color, apparent. FCU 00041 Vlevel Comparteos 4*C TVA 5 PCUEPA. p. 34

Coler, true. FCU 00083 Vieuel Comparteos 4*C TTA 5 FCUEPA. p. 34

conductance, opegitic 00095 Wheatetene Bridge or Equivalent Home O n $ttu) TTU. TTA 0.5 pahoe/cmunhea/cm et 25 C EPA. p. 273

Celtforme. Total, no./IDO el 31501 Membrane pitter 4*C TTU. TVA 3 coleay/IDO el
Standard Methode. 909A. p. 928

Cellf orme, resel, no./100 ml 33616 Membrane Fla.or 4*C TTU. TVA 1 colony /100 at
| Standard Methods 909C. p. 937
|

.
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*
.

a

. .

# * SfosET
1 2 3

DetectionParameter Code Number es thod anJ Ref erence preservat f oe Techateses Azenc y tiette
e

pd unsto 00400 potenstometric ga alty TTU, TVA glos applicable
RFA. 5 '9 er deterstas tamediately

Phosphorus, total, og/l 00465 Celer. tite. IPA. pp. 249, 256 3+4 B 30 , 4*C TN. TVA 0.08 rs/1y 4(with TVA modification) (Prior to I al/s es.
Itasch 8973: Manual Otseaties . .

Staneous. Chloride Reducties.
Standard Methode. p. 530 (with
TVA modif Scaties))

pheophesus. Dieselved 00444 Colerimetric. EFA. p. 249 (with 4*C TTU. TVA 0.01 as/1TVA modification) (prior to March *

1973: Meaual Digestion - Stannova
Chloride Reduction. Standard Methode,
p. 530 (with TVA modificaties))

potasetime, as/1 00937 Atomic Ab orpties 1+1 IIII0 TTU. 174 0.1 es/1spa. pp. St. 143 1mL/8de.
Beeldve, total filterable 70300 Crevimetric 4'C TIV. WA 10 mg/1(dlaeolved solide), as/1 EFA. p. 264

Seeldve, total nuntilterable 00130 Cravsmatric 4'C TN TVA 1 as/1(euspended eetida), og/l EFA. p. 244

Seleatus, vs/1 01347 Atomic Abeorpties 1+1 IBIO TVA 2 ps/1EPA. p. 145 8al/824.
881 tea. Total, og/l 00954 Colettmetric e'C TTU 0.1 es/1Epa. p. 274

Silica. dissolveJ. as/1 00935 Celertastric 4*C TVA 0.1 as/1EFA p. 274

Siinr. 93/1 01077
-

Atomic Absarption let nao TVA 10 es/1EFA. pp. 81. 146 1 al/5 s.
Sodium og/1 00929 Ateetc Ateerption 4'C TTU. TVA 0.1 us/1EPA. pp. Gl. 147

Srlfate. es/1 00945 Turbid 1 metric 4'C TTU. TVA 1 es/1EFA. p. 277

tempstature. 'C 00010 Thermaster. Thermometer ja itig TTU 1TA 0.1'C
Tatssium ps/1 01132 Atmeic Absorption 1+1 5800 TVA 1000 kg/lEPA. pp. St. ISI Ial/8da.
Ttrbidity. JTU 00076 Nephelometric. EFA. p. 295 4*C TTU, TVA 1 JTU

!!ac. Es/1 01092 Atoete Abeorption 3+1 BMG TTU. TVA 10 kg/l* EFA. pp. St. 153 Lal/8da.

I
ST00ET to the acronym for EPA's date eterage and retrieval system on which all TVA date la estered.

RIfstence al,breviattens refer to the fellowingt
W1ter Quality of fice. Cincinnatt. Ohio; StanJard MethodeMtandard Methods for the fsaminatice. of water and wastewater,CFA-!'eihode for Cheelcel Analyste of Water and bestes.1974, tavironmental protection A esty.t

14th ee. 1975. Americanpubite Health Association hew park. NT.g ideter gesearch- "Aatoested Analysis f or patrate by byssastee tedntton." beter Research. 1, 20). 1 H7.
3

Analysta pericreed by Tenneeses Technological Univeretty (TTU) by Teaseseee Valley Authority (TTA) er by both ageactee (TTU. TVA).

.
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