
__ .- . - .. - - -

|
,

|
' '

TECHNICAL REPORT SERIES G i

'

PHIPPS BEND NUCLEAR PLANT !

CONSTRUCTION EFFECTS o?ce d er " *Division or Water Resources |
. .

MONITORING REPORT orrice or naturoi aesources i

OCTOBER 19, 1979- Tennessee Valley Authority

OCTOBER 18,1980 |
1
;

i,
.

.
.

I
,

i

L

.

|

|
|

|
|

'.
|

|
|

, , . '',,'3e '- ' . '
. -%$0 :: + .. .

"' h, -
, f . 'f 9 0 ~ . , $ '' s,. |

s. , . ,
$

p:f$hb, . y .,4
-

;

s ';y.ng ,+ ' Tf.k
.N# . 4 q.pe ,.; <. y . g: ,1 Q .. , y.. .

,

, , ,pr f f ' c-

p ,, f. ;-
'

-- ; ;.1
,

.; t.r ; . ;' .g :. g_ ; c .v . - .
b,' ,

>-
,

p', , |* O. ; - ' ) . b' f.- ,,. '' ; : '' . ,Ly.ge .. u.p. , . - . . , - -

hi* *z J; .|,'_, . ..

. '

' . . , , . ' ;> ' ''' L e ,, -

;
- iV |.-

I yFm.. g,av.d% g, _,,-
b, -

-

'
^

-

__ g
,,

w-+,
yp; ,,3,: s -: . , / ~. - . .fj ; _.. ,y, , , . .

,.

'=;- Q W'[-
.

. . y @, ,6 A@. i ; '' - s . ..-
.

+ e
. . . .

., . ' . .
.-;, ;~.,,, ,' . ;

- ', s

\
'

T . . . ', '

.

.
.,

' . ' -

. , -
_ , ; _;.3

'

. .

|'
. . . , . .. .' , .,,;*-

.

.

&

i,

*

e

801223o O
. __. .. . _ - -



____ _ __ ._ ___ _ _ __ _ . _ . __. _ . _ __

i !*
. , ,

TENNESSEE VALLEY AUTHORITY

Office of Natural Resources
Division of Water Resources

i .

i

.

d

.

:
i

|

PHIPPS BEND NUCLEAR PLANT

CONSTRUC' TION EFFECTS MONITORING REPORT

OCTOBER 19, 1979-0CTOBER 18, 1980,

1

: -

i
;

|

Prepared by

. David M. Carden
Jack M. Garrison
Thomas W. Toole

David H. Webbi .

I Steven A. Ahlstedt
'

Karl T. Henn

,

!

|
|

Norris, Tennessee

December 1980

!
l
l

... - ., -. _ . _ _ _ . , _ _ _ _ _- __ . _ _ . _ _ . _ _ _ . . , _ . ., , _ . _ . _ _ . - _ _ _ . . _ . _ - - . _ .



. . . _ , - . _. .__ . _ - - _ ._. . . --

!

- ._. . _ . _ _ _ _ _ . _ . . . _ . . . . . ._. _. . _ . _ . . , _ . . _ . _

. .
,

;
i -

i
.

!
! TABLE OF CONIENTS
i

1

,

|

Section Title Page
i

.
1 Introduction . 1 ,. . . .. . . . . . . . . . . . . .

h

2 Surface Water Runoff . . . . . . . . . . . . . . . . 2

.

3 Aquatic Macrophyte Comunity . . 9.. . . . . . . . .
; ,

4 Aquatic Macroinvertebrate Comunity 14. . . . . . . .

5 Conclusions 16. . . . .. . . . . . . . . . . . . . .

.

6 Figures 17. . . . . .... . . . . . . . . . . . . .

7 Tables . 23. . . . . . ... . . . . . . . . . . . . .

i

| Appendix
'

!

A Phipps Bend Macroinvertebrate Enumerations . A-1. . . .,

.

i

i
'

e.

,

,

i

!

ti

I

) +

!

| t

' i

I L

I I,-

i i
'

!

}

+

0
'

i

, -- . .. . , , . . , - . . _. _ . - . - . . . - . - . . . . . . . . . . . ...



Rww..:a. .~_ : _ :+, --. _ .a osw mw:,a .:.nuasaw :::a nsyae. , ~_ .-2.;u tr:g,3,,g r;qqray. ,

LIST OF FIGURES

Figure Page.

.

1 Phipps Bend Construction Runof f Sample Sites 17. . .

-

2 Biological Sampling Stations - Phipps Bend
Nuclear Plant 18. . . . . . . . . . .. . . . . ..

3 Sampling Stations for Aquatic Macrophytes Along
the Holston River Near Phipps Bend Nuclear
Plant 19. . . . . . . . . . . . . . . . . . . . . . ,

4 Mean Standing Crop and 95 Percent Confidence
Limits for Aquatic Macrophytes at HRM 125.6 20. . .

5 Mean Standing Crop and 95 Percent Confidence
Limits for Aquatic Macrophytes at HRM 119.9 21. . .

6 Phipps Bend - Holston River Aquatic Macrophyte
Com= unities - 1980 . 22. . . . .. . .. . . . . . .

.

.

e

11

.



. _ _ _. . _ __ .

. .
,

,

I

LIST OF TABLES

Table Page,
,

1 Phipps Bend Monitoring Survey Dates . 23. . . .. . .

!2 Description of Sampling Stations for Monitoring'

Surface Runoff 24. . . . . .. . . . . . . . . . . .

3 Phipps Bend Construction Site Inspection Dates 25*
. .

4 Precipitation Records, Phipps Bend Nuclear Plant
Construction Site - October 19, 1979-October 18,
1980 26.. . . . . . . . . . . . . . . . . . . . . .

5 Results of Routine and Heavy Rainfall Peripheral
'

Runoff Monitoring, Phipps Bend Nuclear Plant,
Calendar Year 1980 27. . . . . . . . . . . . . . . .

6 Water Quality of Discharges from the Yard Holding
Pond 36... . .. . . . . . . . . . . . . . . . . .

7 Standing Crop Determinations for Aquatic Macrophytes
in tne Phipps Bend Vicinity of the Holston River
Along Two Transects 37. . . . . . . . . . . .. . .

8 Frequency of Occurrence of Aquatic Ma'crophytes Along
Permanent Transects Sampled in the Phipps Bend Area
of the Holston River 38. ... .. . . . . . . . . .

9 Number of Artificial Substrate Samplers Placed and
Recovered, Phipps Bend Nuclear Plant 39. . . . . . .

10 Benthic Macroinvertebrate Taxa Collected Using

Artificial Substrates in the Holston River,
October 1979-January 1980 . . 40... . .. . . . . .

- 11 Benthic Macroinvertebrate Taxa Collected from
Natural Substrates in the Holston River,0ctober
1979-January 1980 . . . . . . 43.. . . . . ... ..

.

12 Mean Molluscan and Nonmolluscan Wet Biomass for
Benthic Macroinvertebrate Fauna Collected by
Artificial Substrates From the Holston River Near
Phipps Bend Nuclear Plant . 45. .. . . . . . . . ..

iii

_
_ _ -



1
__ . .-

_

[. .

;

I

LIST OF TABLES
(Continued)

Table Page

13 Taxonomic Presence / Absence Listing . 46
'

. . . . . . . . .

14 Diversity Indices (d) for the Benthic Macroinverte-
'

brate Fauna Collected by Artificial Substrates
From the Holston River . 55. . . . . . . . . . . . . . .

.

O

iv



_-
)

. .

-1-

1: INTRODUCTION

The Tennessee Valley Authority (TVA) started construction of the
t

,
Phipps Bend Nuclear Plant following the issuance of the Limited Work >

Authorization (LWA) by the Nuclear Regulatory Commission (NRC) on October 18,
.

1977. TVA has developed and implemented an erosion and sedimentation control

plan and a construction effects aquatic monitoring plan as indicated in Part

!

III, Sections G and I of the National Pollutant Discharge Elimination System

.

(NPDES) Permit No. TN0029301. |

The aquatic monitoring program consists of onsite monitoring of

surface runoff, monitoring of point source discharges identified in the NPDES

permit, and limited instremi biological monitoring. The program is tied to a

feedback mechanism for implementing corrective action before significant

adverse impacts occur in the Holston River. Should the results of the runoff

monitoring indicate conditions that may have potential for producing significant

adverse effects on the aquatic environment, onsite project personnel will be

notified to implement corrective action.

This report is to evaluate the aquatic monitoring program for the

third year (October 19, 1979 through October 18, 1980) of construction as
~

required by the NPDES permit, Part III, Section I. Included in this report

,
are data from peripheral runoff monitoring, heavy rainfall sampling, instream

aquatic macroinvertebrate monitoring, and aquatic macrophyte monitoring. The

monitoring of point source discharges as identified in Part I of the NPDES

permit have been reported separately in accordance with the requirements in

Part I.C.2. Collection of ground water quality data was discontinued in

August 1979. Therefore, no further mention of ground water quality will be

made in this report.

|
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2: SURFACE WATER RUNOFF

Introduction

Peripheral runof f monitoring was conducted monthly (Table 1) during

the past year at five sampling stations PB 13-PB 17 as shown in Figure 1. Five

additional sites PB 18, PB 19, and PB 30-PB 32 were added at various times

during the year to meet the special needs for additional data. These extra

five stations are also shown in Figure 1. The location and description of each -

sampling station are given in Table 2. Water samples from each site were

analyzed for temperature, turbidity, pH, and suspended solids. Construction

site inspections (Table 3) were also conducted on a monthly basis.

Precipitation for the past year was measured at the plant site and

is presented in Table 4. When the rainfall intensity in the vicinity of the

project exceeded 0.3 inches per hour, or 1.0 inches in 24 hours, additional

" heavy rainfall" monitoring at selected sampling sites was conducted when

deemed necessary by the Project Environmental Engineer. The dates of both

routine and special monitoring surveys are given in Table 4.

At the start of the sampling period, five sampling stations existed.

These stations were PB 13, PB 14, PB 15, PB 16, and PB 17 (Table 2) . On

April 3,1980, a station, PB 30, was added at mile 0.9 of the unnamed tributary

to Stony Point Creek. This station was to be a control station for the

unnamed tributary and was located upstream of the Alladin Plastics Company

discharge and the access railroad drainage area. Two more stations, PB 18

and PB 19, were added on June 10, 1980, for the purpose of sampling the runoff

from borrow area "U." These stations were added after it was discovered that

approximately one-half acre of disturbed area drains directly to the Holston

River. The stations PB 31 and PB 32 were also added on June 10, 1980, to ,

l

_ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _
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determine the effects of a hog operation located near Stony Point Creek

upstream of construction activities.

Results and Discussion

All monitoring data for the past year including both routine and
,

.

heavy rainfall peripheral runoff are summarized in Table 5. The monitorf ug

data for the most part were evaluated to detect differences in water quality

in peripheral streams between sampling locations upstream of the construction
,

site and those downstream of or on the construction site. In most cases the

suspended solids concentration and turbidities for the downstream location for

both routine and heavy rainfall were higher than at the upstream location andm

were statistically significant at high confidence levels. The effect of these

parameters on the aquatic biota of Stony Point Creek could not be determined

since no biological monitoring was conducted in the creek. The environmental

significance with respect to the Holston River is discussed in Sections 3, 4,

and 5, Aquatic Nberophyte Community, Aquatic Macroinvertebrate Communit,y, and

Conclusions, respectively.

Average suspended solids concentrations and turbidities for routine

peripheral runoff monitoring at the downstream location (PB 15, Figure 1)
.

on Stony Point Creek were both approximately 2.5 times greater than at the !

- upstream location (PB 14, Figure 1). For the unnamed tributary, average suspended

solids concentration was 2.4 times greater at the downstream location (PB 16,

Figure 1) than at the upstream location (PB 30, Figure 1) while turbidity at
I

the downstream location was 1.4 times greater than at the upstream location.

These routine monitoring data were analyzed for statistical

; significance using t-test for paired observ-/ ions. This analysis showed that
|

|

,
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the differences in suspended solids concentration between upstream and downstream

sampling locations on Stony Point Creek and the unnamed tributary were

statistically significant at high confidence levels (greater than 90 percent) .

This analysis indicated that construction activities increased suspended solids

concentration and turbidity of the unnamed tributary and Stony Point Creek.

The pH of Stony Point Creek and the unnamed tributary varied little

between upstream and downstream sample locations. Average values of 7.8

and 7.6 (upstream) and 7.6 and 7.5 (downstream) were observed in Stony Point

Creek and the unnamed tributary, respectively.
.

Routine data collected upstream and downstream of the hog lot on

Stony Point Creek were evaluated to determine if increases in turbidities and

suspended solids concentrations resulted from the hog operation. Average

turbidity at PB 32. downstream of the hog lot (Figure 1), was 2.6 times greater

than average turbidity of PB 31, the upstream location. Average suspended

solids concentrations at the downstream location was 4.8 times greater than

average suspended solids concentration at the upstream stations. Therefore,

the hog lot did account for increases in . turbidity and suspended

solids concentration noted during routine monitoring at the downstream sampling

location on Stony Point Creek.

Routine monitoring data collected in the drainage area from borrow

area U were evaluated to determine impact on water quality. Station PB 19
.

(Figure 1), located at the mouth of an unnamed tributary to the Holston River,

| collects drainage from borrow area U. Average suspended solids concentration

| and turbidity at this station were 34 mg/i and 20 Nephelometric Turbidity

Units (NTU), respectively. These values indicate the routine drainage from

the construction activities in bptrow area U have not caused significant

;

I

m . . _ . _ __ ._
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increases in turbidities and suspended solids concentrations in the Holston
.

River since both values meet acceptable runoff criteria. StationPB18(higure1),

located in the drainage ditch from borrow area U, had no flow during routine ,

monitoring surveys and samples were collected only during heavy rainfall sampling.

The major erosion control problems during the recording period were [
I

. encountered during heavy rainfall events. Createst turbidities and suspended |

solids concentrations were recorded during these events. In the drainage |
!

'

araa of borrow areas V and W at stations PB 17 and PB 16 on the unnamed tributary

to Stony Point Creek, turbidities as high as 29,000 NTU and suspended solids .

concentrations as high as 31,000 mg/i were recorded. Values of turbidity

and suspended solids in Stony Point Creek downstream of the unnamed tributary *

t

- were recorded as high as 12,000 NTU and 40,000 mg/1.

In all cases suspended solids concentrations and turbidities for

heavy rainfall peripheral runoff monitoring data were higher at the downstream

location on each stream than at the upstream location. Average suspended
'

i

solids concentration and turbidity in Stony Point Creek were 11 and 5 times

greater, respectively, at the downstream location than the upstream location.

Average suspended solids concentration and turbidity in the unnamed tributary

'

was 15.7 and 8.0 times greater, respectively, at the downstream location than.

;

.

the upstream location. The pH values were similar at each location on both

streams as observed during routine monitoring.

Heavy rainfall peripheral runoff data were analyzed for statistical ;

significance using the t-test of paired observations and found statistically

'

significant at high confidence levels (above 90 percent). This reinforces

the previous indication that construction activities increased suspended

solids concentrations and turbidities in Stony Point Creek and the unnamed

tributary.

,

I
|

_ - - - .-. - --=
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Heavy rainfall monitoring data upstream and downstream of the hog

lot on Stony Point Creek yeilded an average suspended solids concentration

1.6 times greater at the downstream location than the upstream location.

Average turbidity was 2.2 times greater at the downstream location than the

upstream location. The increases can be partially linkad to the hog opera-

tion as they were during routine monitoring surveys but are, in most cases,

insignificant when co= pared to the increases caused by erosion. It should

be noted that the heavy rainfall monitoring data also show contributions of
,

turbidity and suspended solids to Stony Point Creek from runoff upstream of

both construction activities and the hog farm, as high as 2,700 NTU and

3,600 mg/1,respectively.

The heavy rainfall monitoring data for the drainage from borrow

area U show significant increases in turbidities and suspended solids

concentrations when compared to the data collected during the' routine

monitoring previously discussed. Average turbidity and suspended, solids

concentration at station PB 18 were 3,100 NTU and 1,300 mg/1, respectively;

whileatstationPB19correspondingvalueswere3,500NTUand3,000mg/E,

respectively. Thus, runoff from rainfall associated with construction activities

in borrow area U has contributed high levels of turbidity and suspended solids

to the Holston River.

s

'

>

,
s - __
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Conclusions
,

i

|

Peripheral runoff monitoring data compares closely to that of the
,

i
previous reporting period (October 19, 1978, to October 19, 1979) in that the t

suspended solids concentrations and turbidities of Stony Point Creek and the

unnamed tributary to Stony Point Creek were usually higher at the downstream

location than at the upstream location for both routine and heavy rainfall
I

samples. The operation of a hog lot upstream of the Phipps Bend Nuclear Plant I

partially contributed to the increased turbidities and suspended solids con- ;
,

centrations observed in Stony Point Creek at the downstream location. Highest

turbidities and suspended solids concentrations were recorded during heavy

rainfall sampling and the values were generally greater than those recorded

during the previous reporting period referenced above. The major contributor

to these high values was the unnamed tributary which receives silt from borrow

areas V and W. Drainage from borrow area U also contributed turbidity and i

suspended solids to the Holston River during heavy rainfall events.
'

During this monitoring period cqyrective actions were taken to

improve crosion control at the Phipps Bend Nuclear Plant. The potential
#2 4 . + s

! environmental effects of high turbidities and suspended solids concentrations

in the unnamed tributary (PB 16 and PB 17) to Stony Point Creek during heavy
- e

rainfalls were recognized and a corrective plan initiated. The plan consists
:
'

of diverting the unnamed tirbutary to the yard holding pond and piping the

A11adin Plastics Company wastes (which currently are conveyed to Stony Point

Creek via the unnamed tributary) downstream of the diversion dike. >

This action will allow suspended solids to settle cut in the holding pond and

preclude their discharge to Stony Point Creek. To reduce the discharge of

suspended solids from borrow area U straw filter dams have been

!
c

|
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installed. If future monitoring shows that the new straw dams are inadequate,

additional corrective measures will be implemented as soon as possible.

From the analyses of data obtained during the reporting period, it

can be seen that construction activities Nave resulted in the discharge of
4

suspended solids to Stony Point Creek and the Holston River. As indicated in'

' the Results and Discussion section, the effect of the turbidity and suspended
i

, solids on Stony Point Creek is currently unknown since no instream biological

monitoring has been conducted in the creek. The effect of the parameters

i .

on the Holston River is discussed in the following sections 3, 4, and 5.

! .

i

,

4

.

i

.

>

$ '
,

i

|
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3: AQUATIC MACROPHYTES

Introduction ;

;

The Holston River is a unique riverine system in the Tennessee i

, Valley due to large numbers of aquatic macrophytes that inhabit the .

-
t

system. Young et al. (1980) reported the productivity of aquatic plants
.

in the Holston River above Cherokee Reservoir was 16.6 mt/ha/yr, a rate

much higher than reported for other rivers in temperate regions of North

America.
7

=!

The aquatic macrophyte monitoring program consisted of two i

surveys along the Holston River in the vicinity of the Phipps Bend

construction site on May 14, 1980, and August 22, 1980. Species frequency

data were collected at HRM 119.8 and HRM 122.8 and standing crop estimates |

made at HRH 119.9 and HRM 125.6 (Figure 3). Standing crop estimates for

2aquatic macrophytes were obtained by removing all plants from ten 0.1 m

quadrats at approximate 2-meter intervals along a belt transect at two

permanent stations. Samples were separated by species, ashed, and the mean

standing crop expressed as g/m . Species frequency samples were obtained

by making five throws of a drag chain with U-shaped hooks at 10 equidistant

stations across each transect. The number of times that a given species

occurred in the 50 samples was then expressed as a percent. In addition,
,

an aerial overflight was conducted on July 19, 1980, to obtain color

imagery for the assessment of construction effects on the aquatic

macrophyte community in the vicinity of the Phipps Bend site.

In an effort to discern trends in standing crop, 95 percent ;
l

confidence limits were calculated for each mean for the two stations

t

--. - , - - - ,,



.

-10-

during the monitoring period. For comparative purposes, the samples

were divided into those collected in the spring and those collected in

late summer and early fall (Figures 4 and 5).

Results and Discussion
.

Surveys of the Holston River in the Phipps Bend area revealed

a macrophyte flora composed primarily of sago pondweed (Potamogeton

pectinatus L.), American pondweed (P. nodosus Poir.), curlyleaf pondweed
.

(P. crispus L.), waterstargrass !Heteranthera dubia (Jacquin) MacM.1,

tapegrass or eelgrass (Vallisneria americana Michx.), Canadian elodea

(Elodea canadensis Michx.), and the aquatic mosses, Fissidens fontanus

(B.-Pyl.) Steud. and Leptodictyum riparium (Hedw. ) k'arnst. Figure 6 is

generalized map of the aquatic macrophyte community in the vicinity ofa

the Phipps Bend site. No significant changes were noted in the macrophyte

community during this monitoring period that appeared related to construc-

tion activities, and no plants were observed that exhibited abnormalities

in growth or form.

2A standing crop of 84.6 g/m of ash free dry weight was estimated

at the upstream sampling station (HRM 125.6) in August 1980 compared to

74.5 g/m in May 1980 (Table 7). The species having the greatest standing

crop in May 1980 was sago pondweed with curlyleaf pondweed and waterstargrass

comprising a substantial percentage of the total standing crop. Sago

pondweed, waterstargrass, and curlyleaf pondweed were dominant species-

during August 1980 (Table 7). At the downstream station (HRM 119.9),

standing crop estimates were 31.1 g/m in May 1980 and 228.2 g/m in

i

.

O I

I
a

__ __ _

_ - - - - - - ws# msg
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August 1980 (Figure 5). Sago pondweed and waterstargrass dominated in May

and eelgrass, sago pondweed, and waterstargrass dominated in August'

(Table 7). Increased standing crop estimates from May to August at both I
,

'
4 were indicative of normal seasonal growth.

'

At the upstream station (HRM 125.5), the fluctuations in standing

crop were within the range expected as a result of seasonal growth and,

i

cyclic fluctuations in macrophyte communities (Figures 4A and B). '

!

Although the April 1978 estimate was lower than any other sample j

] periods, these data were collected earlier in the growing season. *[
] However, there was a decrease from 1979 standing crop estimates during

both 1980 sample periods. IJ

:
,

Standing crop estimates of macrophytes at the lower station ;4

!
!

; (HRM 119.9) during the early growing season (e.g. , April, May, June) .-

' were similar throughout the monitoring period (Figure SA). The estimate !
t

2 i
of 11.4 g/m for April 1978 was lower than previous years but again, data !

, ,

c were collected much earlier in the growing season. Substantial increases l-

in standing crops were noted in September 1979 and August 1980 compared |
|

to previous years (Figure SB). However, the means of previous years
i

(e.g., 1974, 1977, 1978) are within 95 percent confidence limits of the
1

1979 and 1980 estimates. Increases in the 1979 and 1980 estimates
'

t

resulted from greater abundance of eelgrass, a species which-inhabits :
I

~

rock crevices along much of the upper Holston River. Increased !
I

!

siltation coild potentially create a more favorable habitat for '

eelgrass by forming soil pockets in depressions and crevices in~

,

the bedrock. Additionally, added nutrients to the system could
4

i+ result in increased growth of eelgrass. It is not known t

i *

'

,

t

i

.. -- - - -- - . .- .
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whether the increase represented a natural cyclic phenomenon or could

be attributed to site runoff and siltation resulting from construction activities

at the Phipps Bend site or other ecological perturbations further upstream.

Additional data relating to biomass and productivity of
,

aquatic macrophytes along the Holston River in the' vicinity of the

Phipps Bend site have been summarized by Young et al. (1980). Since two

of their sampling stations (Stations 3 and 4) essentially correspond

with those sampled as a part of the Phipps Bend Construction effects

monitoring program, they provide baseline data for future monitoring< .

prog rams .

In samples from HPM 122.8 sago pondweed and filamentous algae

. had the highest frequencies during the May sample period, while sago

pondweed, American pondweed, and eelgrass had the highest frequencies in

August samples (Table B). At HRM 119.8 sago pondweed, filamentous
~

algae, and aquatic mosses had highest frequencies in May (Table 8),

while sago pondweed, eelgrass, the aquatic mosses were most frequenct

during August. At both stations frequency of filamentous algae was

substantially reduced from May to August. Frequency of eelgrass increased
i

from May to August at both stations and it was one of the dominant species

in August.

Conclusions

Field observations in 1980 did not reveal significant changes

in the aquatic macrophyte community. Standing crop estimates at the

upstream station (HRM 125.6) were within the expected range as were
' spring estimates at the downstream station (HRM 119.9). Increased
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'

standing crop was noted in the fall sample at HRM 119.9. It is not
r . .

.

known whether the increase is a natural phenomenon or related to con-
,

t

struction at the Phipps Bend site. Variation in species frequency of
_

i

; aquatic macrophytes probably reflected normal seasonal growth and I
. .

.

succession rather than a response to turbidity or other factors asso-
[,

'

;

i ciated with construction activities. [,

i

'

''
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4: AQUATIC MACR 0 INVERTEBRATE COMMUNITY _

Introductign

The aquatic macroinvertebrate community monitoring program and

methods have been described in the October 1978 and October 1979, "Phipps
The informationBend Nuclear Plant Construction Effects Monitoring Reports."

four sites between October 1979in this report represents monthly sampling at
Macroinvertebrate sampling was terminated in January 1980,

.

and January 1980.

based on results from the report cited above,and was agreed to by NRC and EPA.

Results and Discussion

Macroinvertebrates colonizing artificial substrates were collected

at stations identified in Table 9.
During this period (October 1979 through

taxa representing 4 phyla and 17 orders were collectedJanuary 1980), 51

Quantitative enumeration data (mean number / substrate) and(Table 10).
associated statistics for each taxon by month and river mile are presented

in Appendix A. Most abundant taxa collected were: Pleurocera sp.,

Hydropsyche sp. , Chironomidae, Planariidae, Stenonema sp. , and Baetis sp.

The highest mean number of organisms (284.0/ substrate) occurred at HRM 119.0

(21.5/ substrate) occurred at HRM 115.0 inin November 1979 and the lowest

October and December 1979.

Macroinvertebrate taxa collected from natural substrate samples,'

Twenty-nine taxa
October 1979 through January 1980, are listed in Table 11.

representing 4 phyla and 13 orders were collected.

Molluscan and nonmolluscan invertebrate birmass values recorded from
Mean molluscan biomass valuesthe artificial substrates are given in Table 12.

_.

_ ~-- mggag
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ranged from zero to 71,225 mg/ substrate and nonsolluscan invertebrate biomacs
|

l from 74 to 38,026 ag/ substrate. A taxomonic presence / absence listing by month i

t
c

and station is presented in Table 13.
,

Diversity indices (d) for the macroinvertebrates collected on artificial
.

substrates at each station are presented in Table 14. Diversity values ranged ;

'

from 0.35 (HRM 119.0, November 1979) to 3.68 (HRM 124.3, November 1979) . Low

diversity indices (d) found at HRM 119.0 were attributed to high numbers of

Pleurocera sp. and the loss of one cut of two samples collected during both
.

the October and November sample periods. These were the only sample periods

with d values lower than 1.75 (Table la).

Conclusions
.

b

Mean numbers of organisms and diversities found in this survey are ,

generally slightly higher than for the same months in the previous survey.
,

It is concluded that the macroinvertebrate community of the Holston River

remains relatively diverse and has not been significantly altered by

construction activities at Phipps Bend.
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5: CONCLUSIONS'

sa

b' Turbidities and suspended solids concentrations in both Stony Point

Creek and the unnamed tributary to Stony Point Creek were usually higher,

T
downstream than upstream. This was partially due to runoff not associated

with TVA and operation of a hog farm upstream of the Phipps Bend construction

! site. However, most of the increased turbidities and suspended solids

conccatrations was due to construction activities. Runoff from borrow area U
.

was also a source of high turbidities and suspended solids concentrations3 ,

; during the monitoring period. Corrective actions were initiated to minimize
~

>h
^

the environmenta] impacts of construction runoff. These included building

and replacing straw dams, seeding and mulching of disturbed slopes, and

imp {enentation of a plan to divert the unnamed tributary into the yard,

0
holdieg? pond.

.

Effectn of increased turbidities and suspended solids on the aquatic

N environment of the Holston. River were minimal. Taxonomic composition and'

biomass data recorded for the macrophyte and macroinvertebrate communities
,

in the study area did not reveal effects that could be associated with

construction activities at Phipps Bend Nuclear Plant.4
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Figure 4. Mean standing crop and 95 percent confidence limits
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for Aquatic Macrophytes at HRM 125.6.
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Table 1

FilIPPS BEND MONITORING SURVEY DATES

Scheduled Peripheral Heavy Rainfall Incidents
Runoff Monitoring Selected for Runoff Monitoring*

11/13/79 11/11/79
*

12/4/79 1/22/80
1/8/80 3/17/80

'

2/5/80 7/11/80
3/11/30 8/1/80
4/3/80 9/25/80
5/7/80 .

: 6/10/80
7/8/80
8/5/80
9/5/80
10/11/80

.

Macroinvertebrate Macrophyte
Monitoring Monitoring

10/17/79 5/14/80
11/14/79 7/19/80 (aerial overflight)

12/3/80 8/22/80
.

1/7/80
'

,

!

I ~
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Table 2

DESCRIPTION OF SAMPLING STATIONS
FOR MONITORING SUREACE RUNOFF

Station Location Description

PB 13 Yard holding pond discharge Overflow discharge structure

PB 14 Stony Point Creek Mile 1.7 Upper Stony Point Creek at
Highway 11U Bridge

PB 15 Stony Point Creek Mile 0.1 Mouth of Stony Point Creek .

PB 16 Unnamed Tributary Mile 0.1 Mouth of Unnamed Tributary
to Stony Point Creek Mile 0.25 to Stony Point Creek

PB 17 Unnamed Tributary Mile 0.75 Located near A11adin Plastic
to Stony Point Creek Mile 0.25 Company

PB 18 Unnamed Tributary Mile .01 to Small stream which collects
Holston River Mile 120.4 runoff from Borrow Area U

PB 19 Drainage ditch mile .01 to Borrow Area U drainage ditch
Unnamed Tributary Mile 0.2 to
Holston River Mile 120.4

,

.PB 30 Unnamed Tributary Mile 0.9 to West of access railroad at
'

Stony Point Creek Mile 0.2 Alasdin Plastic Company
&

PB 31 Stony Point Creek Mile 0.85 Station above the hog lot
i

PB 32 Stony Point Creek Mile 0.60 Station below the hog lot

)
.

.

*
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4Table 3
'

PHIPPS BEND CONSTRUCTION SITE INSPECTION DATES

,

9
--

Routine Monthly Inspections Special Inspections-
-

'
,

11/6/79 Warehouse site 3/27/80
',12/4/79 Borrow Area U 5/12/80

1/8/80'

,

2/5/80 :
,

3/10/80
4/3/80
5/6/80 t

6/10 /80 ,*

7/8/804

8/5/80
'

9/5/80
; 10/10/80 ,

!

i
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Table 4

PRECIPITATION RECORDS

PHIPPS BEND NULLEAR PLANT CONSTIUCTION SITE
OCTOBER 19, 1979-0CTOBER 18, 1980

(inches of rainfall for 24-hour period)

Month Oct Nov Dec Jan Feb Mar Apr May Jur. Jul Aug Sep Oct
Day of

-
- - - - 0.87a _ _

a 0.16

- - - - - 0.66 ,c _ _ _ t,ta - -

1.25 - - -
. b1 - -

- - 0.65 - -

- -
- 0.572 0.12 0.05 -

--

- - T - 0.51 - - -

0.073 - -

d
- 0.02 -

0.01 - - -

4 -

C b - 0.36 - - - - -
-

5 - - - -

0.07 1.86 1.25 - - -
-

T ,d -
- 0.15 - -

b6 - -

0.30 - - -

7 - - - -

- - -
- 0.43 - -

1.57a _

0.11 -

0.02 p0.82c - - -

8 -

- - - - 0.41 ,c -
- - - 1.06a _ _ _

0.02 -

9 - 0.97 - b -

1.21 - 0.21 -
-

- - - - 0.14 -

10 C
- - - - - -

11 -
-

-
-

- -

- - 0.65 C - -

0.94 0.08- -

12 C
13 - -

-
- - - - - - -

0.51 -
-

-

14 - - - 0.08
- - - - - - -

-

- - - - -
-

- - -

16 - - - - - 0.51c. 0.91 0.25 -

15
a 0.04 - - 0.45 --

17 - - - 0.86 0.87c 0.59 - -

- - - - 0.08 --

- -
-

- 0.36 - - 0.64 - -

| 18 - - - 0.22 -
-

- - 0.49 - 0.71
19 - - 0.01
20 - - - - 0.69 1.72a - 0.39

-
- -

- - 0.06 0.78 -

0.10 - 0.04
21 - - 0.01 - 0.11 -

1.06a -
- 0.05 -

- - - - -
-

- 0.11 0.16 - - - -
-

h 22 0.31 - -

- - 0.29 -

0.45 0.27 - 0.86 823 1.04 -
J

25 - - 1.02 - T -
- - 0.11- - 0.14 - -d

- 0.45
--

24 # -
-

|h
- - -

t,47c _
_ _-

26 - - 0.12 -

1.11e _ _-

27
- - 0.73 0.19 - - - - - -

- -
-ho

|h
-

28 - , 0.15 0.02 0.02c - 0.18 0.16 -
--

-

'

- 0.02c _ _ _ _ _ _ _g'
.-

29 - -
- - -

-

-

-
- 0.16 - - - -

C
30 - -

- -
' -

31 - - - - -

,fj
d. Trace

%j Weekend precipitation
-----_______3_.

Heng rainfall b. Melted snowfall c.
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Table 5 (conCinued)

510NEI >E ld itv AL DATE 8J/11/24 476213
36 29 2 3.0 of-2 49 15.0 2
IRlbu1ARY 10 HOL510N RIVER 123.C.

41073 TEhutS5tE HAdKINS
HULSTU 4 RIVlR BASIN 040200

STATION: PB 15 SidNLY POINI CREEK 0.1
13tTVAC 7H 726

/TYPA/AFBNT/ STREAM 0000 FEE T Ptrih CLA55 00

00002 00098 00010 00900 00530 00070

DATE TIME DEPTH HSAMPLOC VSAMPLDC WAILR PH RESIDUL TUN 8

FROM OF * FROM DEPlH 11 N P IUI NF LI JK5N

TU DAY FEET RT BANK ME TE RS CENT SU MG/L JTU

79/10/16 14 50 0001 50.0 0.30 16.5 6.30 0 3.0

79/11/12 11 30 0001 50.0 0.30 7.60 53 22.C b
79/11/13 16 15 0001 50.0 0.30 13 0 7.70 15 9.C

f79/12/04 11 45 C001 99.0 0.30 30 7.50 12 3.t

80/01/0B 09 30 0001 95.0 0 30 7.00 22 20.0

80/01'/23 to 00 0001 95.0 0.30 7.20 11 27.0

80/02/05 14 10 0001 50.0 0.30 3.e 7.60 34 8.t

80/03/11 10 20 0001 99.0 0 30 80 7.50 19 20.0

80/03/18 10 00 0001 99.0 0.30 7.60 39 $0.0

80/04/03 11 15 0001 99.0 0.30 15.0 e.00 19 S.4

80/05/07 11 30 0001 50.0 0.30 10.6 8.00 72 30.0

80/06/IC 11 50 0001 50.0 0.30 18.0 7. 70 5 4.0

80/07/06 13 30 0001 50.0 0.30 20.0 7.70 32 36.C,

60/07/11 IS 00 0001 99.0 0.30 7 10 40003 12000.0

80/08/0! 15 00 0001 90.0 0.30 19003 11000.C

80/08/05 11 21 0001 90.0 0.30 24.0 7.70 33 2 7.(

80/09/05 10 35 0001 50.0 0.30 22.0 7.60 IF IP.C
80/09/25 14 30 0001 50.0 0.30 7.30 2F03 1700.0
80/10/09 31 52 0001 50.0 0 30 16.5 7.90 12 16.0

80/11/06 12 20 0001 50.0 0.30 10.0 8.10 3 2.2

NUPPIF 20 20 7' 19 2C 20

NAXIPUM 99.0000 .300000 24.0000 8.10000 40000.0 22000.0

.MltlMUP 50.0000 .300000 3.00000 6.30000 3.00000 2.20000
MEAN 70.7'00 .299999 13.3923 7.*4210 3105.2C 3/'e.cf

___ .
_ _ . . .- - - - - --

-
- -- '~ -~'~
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Tabic 5 (continued)

SIDRLI 6EIRitVAL DAfE 80/11/24 476214
36 28 35.0 Of 2 41- 15.0 2
IRIS. TO SIUht Y FL IN1 CREEK 0.25
4 FOT3 T E Nh15 5t l
HOL5109 Rivt > BA51N
UN9AMEO TRIEUIART 0.1

STATION: PB 16 1311vAC 790505
. /ITPA/ AMSNT/STRE AM 0000 FEET CEFIH CL ASS 00

00002 00098 00010 00400 00530 00070

OATE 11ME DEPTH H5AMPLDC VSAPPLUC WAT(R PH RE5100h TURP

FROM DF T FROM OLPlH IEMP IOT NFLI JK$N

10 D&Y FEET RT SANK ME TE RS CENI SU NG/L JTU

4
79/10/16 15 to 0001 50.0 0.30 19.0 6.70 23 7.7

wa

79/11/12 11 00 0001 50 0 0.30 7.60 11 10.0
8

79/11/13 17 15 0001 50.0 0.30 11.0 7. 70 36 37.0

79/12/04 12 10 0001 99.0 0.30 4.0 7.60 6 4.4

80/01/06 JS 30 0001 95.0 0.30 6.70 9 lb.C

SO/01/2s 10 00 0001 95.0 0.30 7.00 3J 34 .0

80/02/OS 14 50 0001 S0.0 0.30 3.P 7.60 4 0.1

80/03/11 10 40 0001 99.0 0.30 B.O 7.30 59 60.0

80/03/18 10 00 0001 99.0 0.30 7.40 12J I20.0

80/04/03 11 30 0001 99.0 0.30 17.0 7.9C 47 20.0

80/05/17 11 45 0001 S0.0 0.30 19.8 7.90 110 S0.0

80/06/10 13 45 0001 50.0 0.30 18.0 8.00 15 12.0

80/0F/08 13 20 0001 $0.0 0.30 20.0 7.90 19 17.0

80/0F/11 16 00 0001 99.0 0.30 7.20 31003 29000.0
t 13.0

* 80/08/01 15 00 0001 50.0 0.30

* 00/08/05 12 37 0001 50.0 0.30 23.0 7.70 1700J 9300.0

80/09/05 13 43 0001 50.0 0.30 21.0 7.90 5 4.4

80/09/25 14 30 0001 50.0 0.30 r.40 3>03 2300.0

80/10/09 12 09 0001 $0.0 0.30 16.0 8.10 3 b.C
7.60 2.2

80/11/06 12 30 0001 $0.0 0.30 11 0, .

'NUP8EF 70 20 13 4i ;0 t

MAXIFUF 99.0000 .300000 23.0000 8.10C00 31000.0 Pacce,p

MINIPUH 50.0000 .300000 3.00000 6.7(000 3.00000 2.7(000-

HEAN 66.7500 .299949 14.7325 7.53ff4 7t00.70 20%I.49 |

--

*Due to sample mishandling, data for 08/01/80 and 08/05/80 are assumed to be reversed.

.
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Table 6

WATER QUALITY OF DISCHARGES
FROM THE YARD HOLDING POND

Date Location pH Turbidity, NTU Suspended Solids, mg/L

November 12, 1979 PB-13 7.3 3.6 9.0

April 3,1980 PB-13 7.4 3.8 3.0

.
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Table 7

4

STANDING CROP DETERMINATIONS FOR AQUATIC MACROPHYTES
F IN THE PIIIPPS LEND VICINITY OF THE IIOLSTON

RIVER ALONG TWO TRANSECTS

Station Ash Free Dry Weight (g/m ),

1 Holston River Mile (HRM) Aquatic Macrophyte May 14, 1980 August 22, 1980-

125.6 Sago Pondweed 41.25 46.07
American Pondweed 0.00 0.00

'
Curlyleaf Pondweed 19.45 14.04

,

'Canadian Elodea 0.01 1.59
Waterstargrass 13.68 22.19
Eelgrass 0.03 0.57
Aquatic Mosses 0.09 0.14

Total 74.51 84.60

119.9 Sago Pondweed 25.35 72.83
American Pondweed 0.00 0.00
Aquatic Mosses 0.12 1.25
Curlyleaf Pondweed 0.00 0.00
Canadian Elodea 0.00 0.80
Eelgrass 0.00 137.68'

Waterstargrass 5.59 15.64
~

Total 31.06 228.20
,

.

'

i

I
i

..

?

.

4 E

1

. .. - _ , . ~ - . . - . . - . - - . - - . . - ,, . . . . - . -
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Table 8

FREQUENCY OF OCCURRENCE OF AQUATIC MACROPHYTES
ALONG PEPJIANENT TRANSECTS SAMPLED IN THE

PHIPPS BEND AREA 0F TIE IfOLSTON RIVER

Station Frequency (%)
Holston River Mile (HRM) Aquatic Macrophyte May 14, 1980 August 22, 1980

122.8 Sago Pondweed 78 70
Filamentous Algae 48 0
Aquatic Mosses

,

Fissidens 24 16
Leptodictyum 28 14

American Pondweed 30 80
Curlyleaf Pondweed 36 24
Wa ters ta rgra ss 18 36
Eelgrass 4 46
Canadian Elodea 20 12

,.

119.8 Sago Pondweed 90 56
i Filamentous Algae 72 2
'

Aquatic Mosses
Fissidens - 74 38
Leptodictyum 62 34

, American Pondweed 28 26
! Curlyleaf Pondweed 20 4
' Watersta rgrass 4 12

Eelgrass 10 44,

| Canadian Elodea 12 6

|

'
,

e l

|

|

4
-

4

- , - - ~ - _ - - - - _ _ . . _ _ - - - - . _ . . - - . _
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TABLE 9

NUMBER OF ARTIFICAL SUBSTRATE SAMPLERS PLACED AND RECOVEPWD
PIIIPPS BEND NUCLEAR PLANT

OCTOBER 1979 - JANUARY 1980

HRM 115.0 IIRM 119.0 llRM 120.2 IIRM 124.3
Date Placed Recovered Placed Recovered Placed Recovered Placed Recovered

October 16, 1979 2 2 2 1 2 2 2 2

November 14, 1979 2 2 2 1 2 2 2 2 g

December 3,1979 2 1 2 2 2 2 2 2

January 7, 1980 2 2 2 2 2 1 2 2

o

.

e



. - . _ . . _ - . . . _ -

|

.' .
.

j . -40-..

t

| TAELE 10
|

BENTHIC MACR 0 INVERTEBRATE TAXA COLLECTED USING
ARTIFICIAL SUBSTRATES IN THE HOLSTON RIVER

OCTOBER 1979 - JANUARY 1980

I

.

|

| . Platyhelminthes
| Turbe11 aria

Tricladida -

Planariidae
Cura forezanii
Dugesia tigrina

Annelida ,

Oligochaeta
Plesiopora

Lumbriculidae
,

! Tubificidae

|
Branchiura sowerbyi

Naididae
Hirudinea

Rhynchobdellida
| Glossiphoniidae

| Arthropoda
l Crustacea '

Isopoda -

.

| Lirceus sp.

,Amphipoda'
Crangonyx sp. ,

Decapoda
'

j Cambarus sp.
Orconectes sp.

Insecta

| Plecoptera
Taeniopterygidae'

j Taeniopteryx sp.

Ephemeropteraf .
.

Baetidae
Baetis sp. ,,,
Pseudocloeon sp. ,

' Heptageniidae -

, ,

Stenacron sp.
Stenonema cp.

Leptophlebiidae
Leptophlebia sp.

Tricorythidae
i

Tricorythodes sp.
Ephemerellidae,

Ephemerella sp.

! I

.

-4 , n ~ , ,e , , - - ~ .-



. . - . - - _ .. .- - - . _. .

4

* *

.

- ~
,

** -41_
,

4

TABLE 10
| (continued)
. !
! ,

i +

h

1 Odonata
! Aeschnidae j

Boyeria sp. *.

'

Coenagrionidae +

'

-Enallagma sp.<

Ischnura sp. j-

Calopterygidae i

Hetaerina americana r
,

Calopteryx sp.*

::egaloptera ,

'Corydalidae ,!
Corydalus cornutus

Trichoptera !

Hydropsychidae '

! Cheumatopsyche sp.
'

;

Hydropsyche sp.
Leptoceridae

Triaenodes sp.
Psychomyiidae

,

'

Polycentropus sp. !
Psychomyia sp. !!

j Hydroptilidae
Hydroptila sp.

' ~~

4

] I,epidoptera i

! Liptera *
,

Chironomidae ;

Chironominae ;
Polypedilum sp. !

Pentaneuranii :
I

i Ablabesmyia sp.
!{ Orthocladiinae -

] Cricoctopus sp.
~

|

Eukiefferiella sp.
'

.
. Epoicocladius sp.

Tribelos sp. i
'

.

Simuliidae
Simulium vittatum-

;

i Simulium sp. '

,

f Muscidae
f Tipulidae ,

Antocha sp.'

Tipula sp. -

Coleoptera
i Elmidae

,

j. Dubiraphia sp. !.

|
Macronychus glabratus |
Oulimnius sg.

!

!

'
1

:

t

, --.,. , - _ . -. , , .-- v.-,.,<.. . . - - . , , , . _ . -.. , , ,,, , . , , - - . . . - , . , , , . . ,
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TABLE 10 .

(continued)

Psephenidae
Psephenus sp.

Mollusca
Gastropoda

Basommatophora
Ancylidae

Ferrissia sp.
Planorbidae

Gyraulu7 parvus
Mesogsatropoda

Pleuroceridae
'

Pleurocera sp.
Viviparidae

Campeloma sp.
Bivalvia

Cyrenidae
Corbicula manilensis

,
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TABLE 11 ;'. , ,

s -

.

e s.~ \' : .
+.

BENTHIC MACR 0 INVERTEBRATE TAXA COLLECTED .j. I
'

FROM NATURAL SUBSTRATES IN THE HOLSTON R1"ER 3. t

OCTOBER 1979-JANUARY 1980 '

3..

r

i

'
Platyhelminthes ( -

Turbellaria
Tricladida

'

Planariidae
Dura forecanii 3{

( % 'f'Dugesia tigrina ~ , -

Annelida s *,

' ' 'k
.1 01igochaeta i

$ Plesiopora .

''
Lumbriculidma ,

$ |

i.-

Tubificidae .

5Arthropoda %c .

'
"

Crustacea
Isopoda [j

''

Asellus sp.
Amphipoda *

'-Crangonyx sp. ,',
'

Decapoda ,

'

''lCambarus sp. s

, ,
jhOrconectes sp.

Insecta -'- "
,

i Ephemeroptera :
Baetidae '

Baetis sp.
Pseudocloeon sp.

Heptageniidae
Stenonema sp.- ,

.Tricorythidae j.

Tricorythodes sp. N

Odonata
Aeschnidae

Boyeria sp. 3

Baesiaeschna sp.
Coenagrionidae

_ ,

tIschnura sp. ,
,

* 'Megaloptera
Corydalidae . .

Corydalus cornutus I-

Corduliidae
; Epitheca sp. .

Trichoptera -

7
+ '-..

Hydropsychidae
Hydropsyche sp. ;

*
;

-

N

%

- - . , - - . . . - . r - , . . , . , - - . - .+ -, ~,
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.I TABLE 11 !' ' ' ' '

(continued) ,

t

i
i
i
i
'

,

.
Psychamylidae ;

4'. g. . ,;...Psychomyia_ sp. !
, ~

Hydroptilidae .|''

v i

4 - ( Hydroptila sp. ,!
'

s
iDiptMra ;

\.'; Chigonomidae ;
, . ;

>'

i% ~i_.._
' . ' s Cricotopus sp.

'--x Eukicfferiella sp.
,

.

Tarytar - ti.ap. jy ,' ''
*

.. . ,

Simultidae' '
.,

Simult . .a tu. m._ .
,

,

- :
,

Tipulidae s

) N ''
'

,

'.| % Antocha_ sp..,

; 'Tioula sp. ' 2-''

x,Mollysca
,

|..g
~ {; Gastrepoda |\^

' Basommatophora t

Ancylidae i
w. Ferrissia_sp. 5

,

, 6 Mesogastropoda
s. s "Pleurocer'.dae

,

%,' ;. -
Pleurocera sp.

i
''

< .

Bivalvias
(, ).' '

,Cyrenidae
,
'

*
'

*- Corbicula manilensisjI';!
N

*

* ,
'e

t

I,

. ,

m'm
^

q

1,

.x .-
-

7

s
,

; , .p

*
.'w
'N %

+. ,
.* fi [,

*
- o ;

, .
'

b4

! ,
54

'

I '\, .

' '\, i.

: d
'

*
, _

-

I dh,
6

f

.;- .,
, ,

*; )

i % e'-

,

%

I fy '

'

'

t, n - . . .. .-.. _- . - ... - .,-. . - . _ _ .

'
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TABLE 12

MEAN MOLLUSCAN AND NONMOLLUSCAN WET BIOMASS FOR
BENTillC MACR 0 INVERTEBRATE FAUNA COLLECTED BY ARTIFICA1.

SUBSTR*TES FROM Tile HOLSTON RIVER NEAR PIIIPPS BEND NUCLEAR P1, ANT

; OCTOBER 1979 - JANUARY 198G

llRM 115.0 11101 1 19 . 0 IHel 120.2 firm 124.3
Date Molluscan Nonmolluscan thlluscan Nonmolluscan Molluscan Nonmolluscan Mollus can Nonmolluscan

(mg) (mg) (eg) (mg)

October 1979 549 934 16,518 8,181 24,977 74 5,396 764

November 1979 5,901 8,643 71,225 38,026 5,652 4,465 4,643 2,494

December 1979 0 139 6,601 5,227 2,446 15,836 15,812 2,025

January 1980 13,826 1,901 0 369 0 618 0 844

.

.
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TABLE 13

TAXONOMIC PRESENCE / ABSENCE LISTING

,

g T A ALPeL"lC PRES E .( E/ A8 5Fr.C E 6 f 571' C
PMIPPS BlhD bet 4THIC

ASLA$g)ptY{a 58
"-

A"T C C "' ,P . October - December 1979*

BAETIS "
BrayEs 3 A SP.
p a HC.41.a A 1:wgsg<;
cat ;P T s. r e 52

CArtaan S.59...

CAMPELCwA !P. .

CHEU*AT!P W0aE 58
CH!du'C*lyal
Cf;E B IC ULA ." A s l t !'4 515
Cnov:A L .5 C ";8'.vt us

. . CCAr AL.d.3!. . .. . . . . . . . .

C R A N G C';V I $F.
CalCOT>w5 18
CunA F r), E * A'e ! !
QuBIRAP-!4 58 .

DuGE5IA ' l G a g e. A
.. . fNALLAGa* 5!. . . . . . . . . . . . . _.

EPuiMEaEL61 $P.
EuKIEFFERIE'.A SP..

FERail55 f A 57
GLD551DaCN110Af _
GYRAutL'% Paavws

. .ttiTAL A1!JL18 m _.
HYDROP5vC*f 57

. . . . ., .

HYD40PTILA 57
15CemuaA 58
LEPIOLFTERA.

i LEPTOPdLE81A 5P.
'

LIAcius 5c ... .. . . . . . . . . _'
.. .

Lud84tCwt!OAE
MACRONvCa;5 G A64ATuS
MusC101f
fla!010AE

I ORCJ'4E C T E 5 57
. OvLL.".'ti d 1*. .

SP.
~

PLEuROCsRA ISYN. CxYTAEHA)
*

PULYCEt*TaLP.5 $P.
PSEPwE'4.5 5P.
P5ELDCC6CE d SP..." .

P5YC 40*Y! A 58
. . .S D:aL I ". 17 . _ __ . . . . . . . .

SIMutIcw V TTAv *s
516.AC C'. SP.
ST E t407.E' 1 58
T A E t410P T E R v a ?P.

* Ta CcavT* ?.L5 SP.
Tua1F1C1:11 _ .. . . . . .

I

b

.. . .. . .. - . . . . . . . . . . . .

1
. .

O pa

..
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TABLE 13
(continued)

i

T A dor 43* ! * ARESENCf / Ab50:LE Ll5 Tit.G 8f MCuTa)
PHlPP5 BEhu BEteTHIC.

..

i

vEAR 79 P!vtR "It!. 115.0 Mo9Tna to

* "h yL At 95 C0e r.vio5
LJGE51a 11GRiflA. .

,FEdRIS5IA SP.
MYGRCPS(CHE $P.
PLEund EkA ( 5Yta. oxy T21*a l SP.
P5EPdEMuS SP.
5 7 E ta a C m 0t. SP.
5 T Eti2N L94 .5 P . ..
I R !C OR f f e.0DF 5 SP .,

'

YEAR 79 RIVEP HILEs 113.0 MG1THe 11

..BCfEAIA. . . . _ .
.. . . .. .. .. _

SP.,

C AMB Arils SP. .
CH!RON3M10AE
CRANLONya SP.,
Cuda FOREMAN!!

. 0LGE51a.TIGRIna.... . . .

Eud!EFFEk!ELLA 59.,

MYOROP5YCHE SP. '

Mf0RDPTILA SP.
CRC 04ECTE5 SP.,

PLEUROCEaA tivN. OxvTRE"Al 57.

PSYCMQ:1Y11 12. . . . . .

SIMULluM $P.
STENACRON SP.
STENUNEMA SP. i

TAENIC?TERYx SP.
j TRICORvfM00E5 SP.

.. .. . . . . ..

I
e VEAR 79 RIVER MILie 115.0 M O*:T H = 12

1
<

.
*

.

i CHIRON7MIDaE
. CRIC2IaPJ1.iP.

Cuna FaREMaNil
DUGE514 TIGRINA

'

EinIEFFEAIELLA SP.
. MYDR3 PSYCHE SP.

Hvon0PTILA SP.
hA121 DA L . . . . . _ . _ . . ____ . . . . . _ . . .. . _ . . . . . . . . . . . . .

<

STEMPC40'. SP.
STENONF.9a SP.4

1 EAR 7e. R iv E R IQLi s _ Lib a ._.M21Tfta._19 _ _ . _ . . . . . .. _ . . ...

_ DUGE514.f1GRINA .. .

HETAERIN& $P.
.

.

A
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Table 13
(continued)

1

;) '
PkE5ENCE/ ABSENCE L I 5 i l'.G E f M C r.T HT & 4 0'.0M I C

PHIPPS BEND BENTHIC
L U'48 R !C UL I D A E

'' ORC 0*4tCTES SP.
-

3
PLEUROCERA f 5Y84 04YTREPA) SP.
STENACRO'e SP.
TRICORvfa00E5 $P.

,

3 YEAR 79 river HILE: 119.0 MONTH + 11 .

CAMBARUS SP..'
CHIRONilMIDA5
C E.4 t4G QN Y i iP. ___ . . . ._ .

CURA FOREMA'4!!'
OUCE$ta T!GPINA
Gt055]PHONI!DAE
ORCONicif5 SP,
PLEUROCEdA (5fN. OxYTREPA) $P.
SIf 4ALED!!. 5.D e

STENDNFMA SP. .. - . .
. . - .-. ... - . . . . - .

'

'

TVa lF IC IO AF

YEAR 79 Rj y E R,H J L E.= 119.0 M O N 7,H.? }2 . . , __ _
,

8AET15 $P,
CadBICHL& mar.!LEta$!$
CR ANG0'sY a SP .
CRICOTOPuS SP.*

| . CURA.f f1R LM AG LI _.. . . . _ _ . . . _ .. ... . . .. .

1 OuGESIA TIGRINA
1 EUAIEFFERIFLLA $P.

FERRI $sta SP.'

- HYDROPSYCHE SP..

LEP!00PfiRA ~~

Lla.CEUS 5P s.. . .. .. .

MACRONYCHUS GLASRATUS .
.

*

} OR. CONE.CTE$ SP,..
; OULlMNIUS SP.
t PLEUROCgaA ($yN. 0xvfREMA) $P,

,.d! POLYCENTRCPUS SP.
25EU?QCL9EO'. 5P'

. i.

S IMUL ! tim VI T T ATL' t
. _. .. . ,

STENACRO* SP.
STENUNFMA SP.
TU8tFICIDAE . .

. . . . . _ . . _ . . . . . . ... ~ ..... - . .

VEAR 79 river MILES 120.2 MONTH = to

ANTOCHA SP.
BAETIS SP.

_CliE U M AI DP iy C rE..ipi.
CHIRONflMIDAE

. - . _ . __ . _. .._, _...- - ...

CORBICut.A M.A N j t E t4 5 t $,, , , _ __ , . . .

CRICOTOPJS SP.

e

~_ _
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TABLE 13
(continuedl

i

I ' TAKONOMIC kRL5 ENC $/Ab5EHLE L15tl.G Bf N084Til
PHIPPS BEND bet 4Tn!C

.. E Ud j Ef [E kJ FI L.A. 5 P . . .

FEHR155ta %P.
GLO55tvH04110&E
GvkAJLUS PAPVU5
mVOROP%YCHE SP.
LEPl00Pfi4A

_.L w a) R ( C VL j n * E __ , _ .
_.Sp. ._

PLEU40CERA (5YH. PAYTatra)
SIMUllUM VITTATUd a

TRICORffn0 DES SP..

' 'vEAR~ Ti ~~R l"v E R" d ! L fe ' 12 0. 2' PD'eTHs 11
' ''~' -

ANTOCHA SP.
CALOPTFRYX $P.
CAMBARUS SP..
CHEV9ATQPiving.jp.
CHIRUNUMIDAF
C0kyDALUS SP.
CRANG0wYx SP.
FERRIS $1A SP.,,

HYOROP5YCHE SP.
. MIDRDPTILA.5P.... ._ _. .. . . .

LIRCEU% SP.
URCONECTES SP.
PLEUAULEdA ( 5 Y t4 OxyTaE A3 Sp,

P$YCHDMY!A SP.
STENACa0ra SP.

. iT i tj Q NJ,t(A, ,$ P , , , , , _ , , ,_ _ , , , , _ _ _,,
, , , , ,

ygAR 79 RIVEk r!6Es 123.2 itu':T w a 12

.aal Ang sMyla .5P.... .. .. ..

ANTDCHA SP.
BAETIS.$P.
CAMBARuS SP.,
CHIRONOMlDAE

A CORBICula MAI41L'EN515
...C OR YD AL U S .C.GR.NVf y 5

. . _ , .. , ,

CRICOTnpuS SP.
CURA FOREMAHl!
00GI5tA TIGRINA
EPHEMERELLA SP.
EUwIEFFERIELLA SP..

..F E!R I $1LA. SP n. . -. . _ . . . .. .. . . . . . . . . ..

Clu5$1PHONil0AE
METAERINA SP.
MYDROP5YLHF SP.
HYORJPTILA SP.
LEPTUP.*LE814 $P.
ORCONECTES SP.

~~F EUROCERA (Syh. EivfAEPat $P.L

,P$vCH0HYtA $Pt
. , _ , _ _ _ . , __ . _ ,

SIMullHM SP.

,

f - , - - - .- ,
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TABLE 13
(continued)

I

-r
~

tax 0NOMIC FRESEtlCF/AuflNCE L1511.G af MHafie
() PHIPP5 Rett berlin!C

5 T it4 CanN S P , ..
.

Siete NFMA SP.I
TAENIDPTFPYX SP.
TUSIFICIDAE

81/(E El.~Es"i26.3' S05ih='10 ~' '''
~~ ' " ~ ~ ~ ' ' ~~ ~ ~ ~ ~7* ear 79

3

ANTOCHA SP.
SAETIS SP. *

' '

CAMPELnMA SP.
. Cy{RUNOM(QA,[.,__,,

,,, , _ _ _ _ , __ ,, _, _ , ,.. , , .

DUGESIA T !ca lt:A*
E t4 A L L AGM A SP.
FERR155ta SP.
MYOROPr!LA SP,

'

15C H'4UR A Sp.
MU5tl0AE _ .... . _ _ . . . _ . . . . .. . . .. . .. .

CRCONECTf 5 SP.' PLEUROCERA (5YN. C4yfaE*As Sp.
P5YCMOHYlA SP.
Ty81FICIDAE

_ . . . ..,

.. .. . . . _ . . ._ . _ . . . _ . .._.

VEAR 79 Pl4ER -1 E. 24.3 Ma*4 T w a 11.

ABLadEswv!A SP.
ANTOCHA SP.

.CALQ'TLaVE SP.. . __ . . _ _ . . . . . ... . . . . . , . _

CAMBARuS SP..
CHIRONOMIDAF
CORBICut a M A:.!L E*.515
CRANGONYs SP.
CURA rnREMA*411.

1 DuGE51A.TIGRINA _ ... . .

NYOROPSYCHE SP.
'

j My0ROPflLA 5P,
; LIRCEU% SP,

LU"841 CULL 0AE.
,

i NAIDIDAE
#4 QECOSEGIES 57..... _ . .

.. SP.
..

PLEUROCERA (5VN. CAYTRE"Al,

P5fCdO4YlA SP. -.

5flNAcaDN Sp.*
*

STENONFMA $P,
*

TU5 f f !C ID AE
4 . . . . . . _ - . . . . -. .. . . .. .

YEAR 79 river "! lee 12*.3 MUNTH= 12
1

'

ANTOCHA SP.
1A4NC111Ud A .h E R P Y !
CAMBARuS SP..

_ _ , _ . . . _ . . _ _ _ . . . . . . . . ,,__

C0a$1Cu( A MANt(Eust3__ _, ._ _ . _

CRAN 00%Y1 $P.
1 i

.

I

i i

%--
*

_
_ _
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TABLE 13
(continued) '

<

1
.

TA40'.Cr!L PRE 5t tiCE / Aastt L E L 157 !..G p t Mr:f.Td
I PHIPPs BEteu oEr. Talc

. CRIC070 pus SP.
CuaA 5 :*.4 E M a ta ! ! ,

3

DUh!LA8HIA SP. ,

DUGESIA T IGR IP4 A
EUK!EFFERIELLA SP. .

3 GLD55tpHONIIDAE

. .METAE R Hia_.4 2. . . . . .. . . . . - .

NYOROP5fCHE SP.,
MYORUP.f!(& $P,
LUM 8RICULIDAE
NA10104(,
ORC 0tifCTE5 SP.
PkiVRQiiLA (11%.0xvfREMA} 5,P_., _ , , , . , , _ , _ . _ , _ . . . . , _ _ . ,, .. ,

POLYCEtT40PU5 58,

PSYCd0fYlA. 5P,.,
._

-

STENACRON SP.
TV3IFlcIQAg. .

3

.. .- . . .. ... _... . . . . . - . . . . . . . . . . . . . . .. .. . . . . - .

I

3 ..
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TABLE 13
(continued)

ritt4 T HTaxnt:0 HIC PSE5E'iC E / At,56 etE LIST !f G af
PMI?*5 3 c::'s bEtaTat!C

January 1980
*

ABLABESMY!A SP.
A NT OC H A SP.
CALOWTpRfX SP.
C H I 4"llillM I D A E
CURA F 'IR t M A't ! !
OUGE 511. 7tCollA
EPUICrir.LA01;5 SP.
EusILFFEn!FLLA SP.
HEf AERIfia At'ERIC ANA
HYORJPSYCIIE SP. -

NAIDIDAE
POLYCEisidOPUS SP.'

| P OL Y P E f t ! L'UM SP.
PSYCMUMylA SP.
S I AULitsM SP.
STEtat Ckota SP.
STEN ~lhFMA SP.

-
.

i

- ,

I
i

!

l

I

|

- m ar-- - r-- --,< _ ;ay ygg-
-
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TABLE 13
(continued)

.

T A AduGMIC PRE SErtC S /p u st r.C E L 15 f it.G HY t ', NTH
PHIPPS BEND BENTHIC

VEAR e0 river HILE. 113.0 MD':T H = 31

B a s',De!UR A 50dF7BY!
CH:F3H3MI0AE
Cods!CuLA MAHILEr4515
CRANG0HY8 58
CURA F CR EHA'e l l

.

DUCESIA T I GR I P4 A
EUKIEFFERIELLA SP.
HYOROPSYCrfL SP,
HYCROPi!LA SP.
LUNSoICULISAE

'

NAIDIDAE
URCO'IECTES SP.
PLgUROCERA (5Yri. OxYTREMA) SP.
S t.1UL illM VITTATUM
STENACRO's Sp.

S T E 'sar:FMA SP.
T A t'4!OP TE RY X SP.
TUBIFICIDAE

VCAR 80 river HILEe 119.0 MONTH = 31

BRANCHfuRA SCWERBY1
CHIRONOMIDAE
CRANG0HY1 SP.
CURA FOREMAH!!
DUGESIA TIGRINA
EUKlfFFERlfLL A SP.
HETAERINA AMERICANA -

I

HYOROPSYCHE SP.
STENACRDH SP.
STEHONEMA 5F.
TIPULA SP.
TRIAFH00E5 SP.
TRIBELDS 5P.
tut 1FICIDAE;f-

YEAR e0 RIVER HILEm 120.2 Mo' TH= 31

ANTOCHA SP. I

'

CHIRONOMIDAE
EUx!EFFERIELLA SP.
hvDROPSYCHf SP, 1

NA1010AE i

SIMULIUM VITTATUM
STENONEMA SP.

|
|

! YEAR so river MILES 124.3 MONTH = 31
|

e
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TABLE 13
(continued),

TAALN elG PI4 E S E: jct /AB5E Ct kl5fl%

&Hipes 6tnD bel 4T"IC
ABLAuESHYlA $P. ,

ANTUCHA SP.
BRAtlCH!UPA SGW!afYi'

CALOPTERY4 5p.
! C HI RijNOMID A E

C0as!CULA MAfslLE'.515,

C P t.*1GO'ty X $P,
'

CORA FOREMANil
DuGESIA Tick!NA
EPulCUCLAulus 5p.
guK!EFFFRIELLA 58

| HETAERINA AMERICANA
HYONUP5YCHE SP,
efYDR JPTIL A SP.
LurteRICULinaE
NAIDIDAE
ORCUNECTES SP.

-

PLEUROCFRA 15YN. J z Y t a E r. A ) SP.
POLYCENTRUPUS 5F,
POLYPEDILUM $P. .

PSYCHarYIA Sp.
$ 1'10L i'it: SP.
51'iU L IUM VITTAfo"
$7ENACRON SP.
STEuGNFMA SP.
T A E;410P T E RY X 3P,

'

TIPULA SP.
TRIAEfJUDES SP.
TRluELOS SP.
THalFICIDAF

.

P

.

B

*
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TABLE 14

DIVERSITY INDICES (d) FOR Tile BENTHIC MACR 0 INVERTEBRATE FAUNA
COLLECTED BY ARTIFICIAL SUBSTRATES FROM THE HOLSTON RIVER

OCTOBER 1979 - JANUARY 1980

Holston River Mile
Date 115.0 119.0 120.2 124.3

'

October 1979 2.34 0.815 2.43 2.67

November 1979 3.11 0.348 2.63 3.68

December 1979 2.94 2.64 1.78 3.21

January 1980 3.21 2.51 2. 19 2.54
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EUKJEFFER!ELLA 57 2 1.5 z.1213 0 3 1.5 4.5 141.421-

_.

FERP!551A SP. 2 5.0 1.0711 0 10 S.O S0.0 141.421
. _ _ _ _ ..._.. 3LD551P.Wi!I10AE . . . . .-. _ 2. 1.0. .1. >.19 2. 0 . 2 .. .. . 1. 0 _ _ 240.. 141.421. . . . . . - . _ _ .

GfAALLUS PAPVU5 2 0.5 o.7071 0 1 C.5 0.5 141.421
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PLEUROCERA (5YN. OXYTREMA)
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AhlABE5HYIA SP. 2 0.5 0.707 *> 1 0.5 0.5 141 421
A'.TOCHA SP. 2 v.5 6.304 S 14 4.5 40.5 66.989g

CAMBARU5 SP... . . . . _ . _ . .
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TAlt0N h MEAN STD P l *4 MAX STDERR VA4 CV

At4TOCHA $P. 2 10 1.4.42 0 2 1.0, 2.0 141.*21

i ' AFT!5 SP. 2 12.5 17.6177 0 25 12.5 312.5 141.421
'

.( AF P E LOF A. .$ h_. . _ . . 2. 0 3. . _ :.M7L 0 1 0.5 04 141.421 .. .

. . . . . . . _ . . . _

C Hl ko!40V !0 A E 2 10 1.4142 c 2 1.0 2.0 141.421
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OuGE5I A TIGR!rJa 2 10 1.4142 0 2 1.0 2.0 141.421;
'

'E t4 A L L' AGM A S P '. ' 2 0.5 C.7071 0 1 0.5 0.5 141.421
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2 05 _...C.7071 V 1... 0.,$ _ . _ Q,$.._. 441,421..
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2 1.0 1.4442 0 2 1.0 2.0 141.471
f)RCCP4ECTE S $P. 2 0.5 c.7071 t, 1 0.5 0.5 141.*2)
PLEURUCERA (5YN. UXYTRE4A) $P. 2 10.0 14.1421 o 20 10.0 200.0 141.421
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T A y U. f! MEAN 570 " I *. *Ax STDERR VAR CV'

,. ABLATE 5dv!A SP, 2 0,$, 0.7071 0 1 0.3 05 141.421. .

ANTCCHL SP. 2 2.0 0 0000 2 2 0.0 0.0 0.000
C AL::P7J3vA SP . 2_ .OeS__ . 0.7.071_.. .:. 1 0. ) . . . . 0 5_ _141,421.. . . . _ _ .

.

Ca*BARL5 fp'.
1._. _.

2 10 1.4162 3 2 1.0 2.0 141.421. _. .

C HI k3r.Dv ;Da g . . , , 2 4,0 , 4 2426 1 F 3.0 18.0 106.060
CC281CULA MANILEN5!5 2 0.3 0.7071 0 1 C.S 0.5 141.421

, .

_ .
CRANGCNyx SP,. 2 1,0 1.4142 c 2 1.0 2.0 141.421
CuaA F CR E Ma rsi l 2 2.0 2.8284 L' 4 2.0 8.0 141.421
cJGE51A TIP ' % .. ._. . . . _ .

2 8.5 12 0200 . : _17 c.S 144t5 . _ _141 ,42 1_ .._. ... .._ , .. ,

HVORCP5vChi SF. 2 7.0 9.8995- 9 14 7.c 98.0 141.621

_._. . . . . Hf0LCFTILA.5P. _
2 0.3 C.7071 C 1 C.) 0,5 141.421

LI8CEU5 SP. 2 2.0 1.4142 1 3 1.0 2.0 70.711
-

' . . . .
..

NAIGIO&E
,

2 1.0 1.4142 c 2 1,0 2.0 1*1.421...LUPaalCuLISAE,.,
2 1.0 1.4142 L 2 1.0 2.0 141.421

_ _. . . - . _ . ._. 0 3!C 'Rif C Ifl . 5 2._ .. . . .. . ._ . . . . 2 0.3 .
0. 7 071._...,. 0. 1 _ . .C . S . . 0.5 . . 191 d 21. -. . . . -. .-

P L E *>a CC E n t (5VN. UXYTRE1A) SP. 2 0.$ 0.7071 C 1 C.S 0.5 141.*21
P5vCw;*vlA sp. 2 0.5 0 7071 0 1 0.5 0.5 141.421
S Y t t. '. E ;N SP. 2 15 0.7071 2 C.S 0.3 47.140 y.

*
,. .

S T s :..,f.E n A sp. 2 2.0 2 828* v 4 2.0 6,0 141.421 ~
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PalPPS BE'.b IACRUEENiw ---- --------- --- --- ---- --- ---- - ----

YEAR.79 Rh=12* 3 r". = 12 Mag! T AT =CH AP bDHK
3

- -- -

,_,- ,- --- ,----- ,- -- - ---_ - _,- ,_ _--
N ME Afa STO b!>: 'At STCERR VAR Cs
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2 10 1 4142 0 2 1.0 2.0 161,421 .TAA%

2 1.0 1.4142 0 2 1.0 2.0 1*;.421
t.h T C C wt. SP. l . Q . _. . 7 ,0. _

''),711,.. _ , _ _ _ _ ,

3 48A'.Cw!UkA 50WERBYI
.

C & = r 4 R v 5 S P . ._ _ . _ _ _ _ _.
2 ___ f,0, .._1.41 2 _ 1 3 _

3.0 '8.0 16;.421

2 3.0 *.2426 0 6

2 14.0 15.3698 1 27 13.0. 338,0 ;31,320_ .

CORE!CJLA MANILEt4515
2 1.5 0.7011 1 2 0.3 0.5 *T.140

__._, _ . _ _
CP At:G0f 4Ys _5 P .

7 59 2t 0 1352 0 I;1.423 ._

CRICUTUPUS SP. 2 33.0 36.'t696
1 0.> 0.5 **;.621

CURA FCREMAN!! 2 0.5 0.1071 c
. . . 1_ _ . 2 . h-_ . ._ h 5... _ At 3 9 . . _ _ . _ -

, , tLBIRAPw!A SP.
r,Ut151 A 71 G R LN L ,__ _______ _,. 2 3.0 1 41*2 2 4 1.0 2.0 47.140,2, __3.). _

.Z,1213. 4

2 0.5 0.7671 0 1 c.5 05 '.61.421
Eus EFFEMIELLA $9

HETAEPINA'SP.~
2 1.0 1.%142 0 2 1.0 2.0 161.421

(,L D 551 P wt tJ110 AE

2 2.0 0,0900 4 2 0.0 00 0.000.'

.5 12.5 S*.282~ ~ ~ ~

2 5.5 3.5355 3 8 >

HY D ROP 5Y CHE . 5 P , ._ _ _ , ,
P. ._ 4.0 _ __ 32.0__ 1_=1,411 . _ _ _ , _ _ _ _

HYOROPTILA SP.
._,___

2___...3,0. ...5,o5b L ..._?_. . _ . . _ . .
_

L ung R LCyLJ 0ag__._ _.

2 0.5 0.7071 0 1 c.5 0.5 141.621)

2 0,5 0.7071 c I c.5 0.5 1-;.=21 y
'4 A ! Ol C AE :

' riR CCf.E CT E S SP. .
UXYTREMA) SP. 2 42.5 43.;345 12 7? 30.5 1860.5 '. .' i . - 91

2 0,5 0,7071 y 1 0.5 0.5 .-;.+21 g.

FiELRDCERA (5YN.
2 3.5 0.7071 3 4 0.5 0.5 20.203

, _

POLYCEt4TROPUS SP.

S T E n. A R C f. SP. _. 2__ 1 ) , )_ . _. 4.%?? . 1Q.....)?. .. 3, L _ 2 4 . 5. _ 3).pt3_ ________ _ _ _ _.
PSYCHOMYIA SP.

.

2 5.5 7.77u2 c 11 5.5 60.5 1-1.*21
-
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Pw ] p? $ 9(e O 'jaCROB[*.!4)( CALCOLAT]UNS - $PiC)[5 (!$7 - SV MONTH T

---------------- -- - --- -------- ---- VEARs93 R .i s 115.1 'iN a 01 1Ah! TAT =C"AtbDRW ---------------- ------------------ ------

Taxu* ?. tie AH STO HIM Max STDtRR VAR CV

BRANCHluRA 50WERBTI 2 3.5 4.9497 0 7 3.5 24.5 141.421
CHIR 0HOMIDAE 2 18.5 12.020s 10 27 8.5 144.5 64.977
CORBICULA MAHILENSIS 2 0.5 0.7071 7 1 4.5 0.5 141.421
CRANG0HYx sp. 2 10 1 4142 3 2 1.0 20 141.421
CURA FORENANil 7 15 0.7071 1 2 0.5 0.5 47.140
OUGE5fA TIGRIHA 2 30 2 8224 1 5 2.0 80 94.281
EUK!EFFERIELLA SP. 2 ?6 0 4 2426 45 31 30 18 0 15.152
HYDROPSYCHE SP. 2 6.5 7.7182 1 12 5.5 60 5 119.664
Hy0 ROP 71LA SP. 2 0.5 0.7071 'e 1 (. . $ 0.5 141.421
Lun8EICULIDAE 2 0.5 0.7071 7 1 6.5 0.5 141.421
HATD]DAE 2 4.5 4.9497 1 d 3.5 24.5 109.494
ORCD;4EC7ES SP. 2 C.5 0 7071 3 1 0.5 05 141.421
PLEURDCERA g 5yH. OXYTREMA) SP. 2 14.5 20 5061 7 29 14.5 420 5 1+1.421
SIMULIUM VITTATUM 2 1.5 2.1213 0 3 1.5 4.5 141.421
STINACROM SP. 2 3.5 0.7071 3 4 0.5 05 20.203
STEH0HElia SP. 2 50 2 9284 3 7 20 80 56.569 I

**
T AEHIOPTERYx SP. 2 05 0 7071 0 1 c.5 05 141.421 ''
TUBIFICIDtE 2 45 3 5355 2 7 25 12 5 78.567
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** '4 L t.t. S T .: " I *, -a, STDERH VAR CV
T f. d ..*

,

8RANCHluRA S'JWE R,ST! 2 *J . 5 0.7071 0 1 0.9 C.5 141.*21
1.5 4.5 84.853

CHIRONDMIDAE 2 2.5 2.1213 1 -

CR AttG0HYx SP. 2 3.0 2.N2?4 1 *s 2 . r. A.0 94.281

CURA FOREMANil 2 22.5 30.4056 1 ** 21.9 924.5 125.13o

DUGE51A TIGRINA 2 'i . 0 11 1137 1 17 9.c 12 .0 125.70E

EUKIEFFERIELLA 59. 2 1.5 f.7071 1 2 0.5 e.5 47.140

HETAERINA Ar4ERICAHA 2 9.5 0.7071 0 t 0.5 C.5 141.421

HYDROPSYCHE SP. 2 1.5 0.7071 1 2 0.5 r.5 47.14c

STEHACR0tl SP. 2 0.5 C.7071 0 1 0.? t.5 141 421

STEW 0 NEMA SP. 2 ..> (. 7071 0 1 05 "5 141.421.

11PULA SP. 2 *> . 5 C.7071 0 1 a." t.5 141.421

TRIAEH00E5 SP. 2 c.5 0.7071 0 1 0.5 c.5 141.421

TRIBELDS SP. 2 v.5 c.7071 0 1 0.5 0.5 141.421

TUBIFICIDAE 2 3.0 1.4142 2 4 1.0 2.0 47.140
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CHIRON0610AE 1 32 32 ?? . . . , .
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lEUKIEFFERIELLA SP. i 27 27 77 . . ..
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TAY0H !4 net 4 ST; MIN 'Ay ST0tDa WAR CV

ABLABESMYlA SP. 2 <s . 5 0.7971 c 1 0.5 n.5 141 421
ANTCCHA SP. 2 1.c 1.4142 e i 1.6 2.0 141 421
CALOPTERYX SP. 2 c.5 9.735: o i o.S 0.5 141 421
CHIRONOMIDAE 2 39.c 2*.a*1o 22 $ <> 17.o 578.o $1 645
CURA FDREHAHl! 2 15 2.1213 0 3 1.5 '. . $ 141 421

DVcESIA TIGRIHA 2 9.5 c.7071 0 1 05 0.5 141 421
EPolCOCLADIUS SP. 2 0.5 0.7071 o t o.5 c.5 141 421
EUKIEFFERIELL A SP. 2 31 5 33 234o 9 55 23.% 11n4.5 1:5 505
HETAERINA AKERICAH4 ? o.5 0.7971 0 I n.5 o.5 141 421
HNDR0 psyche Sp. 2 31 5 %).1333 1 $7 30.5 leeo.5 136 932
NAIDIDAE 2 13 2 121.6 0 3 15 4.5 141 421
POLyCENTROPU3 SP- 2 0.3 9 7071 0 1 o.5 a.5 141 421
POLYPEDILUM SP. 2 2.5 0.7071 2 3 0.5 c.5 28 264
PSYCH 0MYlA SP. 2 2.5 2 1213 1 4 15 45 84.853

SIMUL!uM SP. 2 9.5 13.4350 o 19 9.5 1695 141 421
STENACRON SP. 2 1.0 1 4142 0 2 1.n 20 141 421 >
S'ENONEMA SP. 2 1.0 1 4142 0 2 1.0 2.c 141 421 6'
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