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I. Introduction

In anticipation of the fall 1988 start up of effluent

discharges into Upper Three Runs Creek by the F/H Area

Effluent Treatment Facility of the Savannah River Site,

Aiken, SC, a two and one half year biological study was

initiated in June 1987. Upper Three Runs Creek is an

intensively studied fourth order stream known for its high

species richness. Desiqned to assess the potential impact

of F/H area effluent on the creek, the study includes

qualitative and quantitative macroinvertebrate stream

surveys at five sites (see map), chronic toxicity testing

of the effluent, water chemistry and bioaccumulation

analysis°

This final report presents the results of both pre-

operational and post-operational qualitative and

quantitative (artificial substrate) macroinvertebrate

studies. Six quantitative and three qualitative studies

were conducted prior to the initial release of the F/H ETF

effluent and five quantitative and two qualitative studies

were conducted post-operationally.

Five sites were sampled, including one site upstream of the

Road C bridge (near the Aquatic Ecology Laboratory) and

four sites downstream of the Road C bridge. The discharge

point, for the H-OI6 effluent release beginning October 22,

1988, is at Road C.
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I I. Methods

A. Sam P l ing_

i. Multiplate Samplers/_}uanti tat ive

Five replicate multiplate samplers were set in the stream at
each site on a quarterly schedule as follows:

.Samplers Set Samplers Retrieved # Days Exposure

June I0, 1987 July 8, 1987 28
Sept 16, 1987 Oct 16, 1987 30
Jan 28, 1988 Feb 26, 1988 29
hlar 29, 1988 Apr 26, 1988 28
June 7, 1988 July 8, 1988 31
September 7, 1988 October 5, 1988 28
December 6, 1 988 January 4, 1989 29
March i5, 1989 April_ II, 1989 27
June 19, 1989 July 18,1989 29
September 2B, 1989 October 24, 1989 26
December 27, 1989 January 29, 1990 35

Each sampler was comprised of 14 circular plates with a diameter

of 7.5 cm and thickness of 0.3 cm (area: O.12 M2). The plates

were made of masonite board and were separated by masonite board

spacers. A metal bolt through the plates and spacers held each

assembly together.

Samplers werc suspended in the water by rope from floats; each

sampler being approximately 25 cm below the water surface.

Proceeding from left to right when facing up stream rep'iicates A

through E were placed at equal spacing across the stream, Similar

flow regimes were selected in determining exact site location°

Samplers were retrieved by swiftly lifting each sampler from the

water, placing it in a labelled zip-lock type plastic bag and

cutting the support rope. Approximately 500 ml of stream water

was placed in each bag as well as a site and replicate label.

Bags with samplers were placed in a cooler with ice to chill the

samples until processing in the laboratory.



2. Qualitative Sampling

Qualitative sampling was conducted on a semi-annual basis, on

the following dates: November 25, 1987, March 29, 1988, October

4, 1988, March 15, 1989 and October 24, 1989. Three samples of

500 cm 3 were collected at each site including a) snag/vascular

plant habitat, b) sand habitat c) detritus/mud/leaf pack habitat.

Samples were collected with the use ()f an aquatic dip net (lJsed

for sweeping, bottom sampling, and as a kick net), a tJ.S. Standard

#30 brass sieve, a white collecting pan and hand collecting of

various substrates such as moss, bark, and stick/log scrapings,

Approximateley 15 minutes of sampling effort was expended at each

site. Each sample was I) laced irl a 500 ml plastic labelled

container, with 80% ethanol for a fixative. A storm event

preceeding October 4, 1988 sampling made access to the streambed

and snag habitats difficult due to high water levels.

3. F ield Chemical Parameters

At each site measurements were taken of dissolved oxygen (ppm),

pH and temperature (C). Dissolved oxygen was measured with a YSI

Model 54ARC D.O. meter with a YSI Model A77003 probe. The meter

was recal ibrated according to the elevation scale/calibration knob

and temperature at each site. A Fisher Model 607 pH meter with a

probe was used to measure pH. The meter was calibrated, using pH

7 standard buffer solution, at each site,

Temperature readings were made with a Fisher brand mercury

thermometer with l°C gradations. Conductivity was analyzed using

a YSI Salinity-Conductivity-Temperature meter (Model 33). Ali

readings were made 2-6" below the water surface and recorded in a

bound field record book.

4. Water Chemistry Analysis

Samples for chemical analysis were taken at each site as grab

samples Just below the water surface. Containers and sample

volumes are listed below:
....



Sampler Container Volume Parameters Preservative

Glass, amber 250 ml Res Cl none
Plastic I/2 gallon cond, TSS, Hard, none

Alk, NO2
P las tic 250 m I O-P04 none

Glass, amber 250 ml Sediment Hg W/HN03
Plastic 500 ml Metals W/HN03
Plastic 500 ml Dis. Metal.s none
Plastic I/2 gallon NO3, NH3, T-P04 W/HN03
Glass, ,_nlber 1 liter Kerosene, TBP none

After collection, samples were placed in coolers, chilled with ice

and returned to the laboratory.

5. Sediment Analysis

Grab samples of mud/sand were placed in 200 ml glass amber bottles

at each site. Samples were collected frown sediment in erosional

stream zones. Each sample bottle was label led, chilled with ice

and returned to the laboratory.

B. Sample Processing

I. Multiplate Samplers/Quantitative

Each sampler and the contents of the sampler bag were placed

in a white collecting pan, Samplers were disassembled and

each plate and spacer was scraped/brushed to remove all

organisms. Subsequently the contents of each collecting pan

were rinsed in a U.S. Standard #30 sieve (to remove sediment)

andplaced back in the pan. All organisms in the pan were

then placed in labelled vials of 80% ethanol preservative,

using an illuminated magnifier to facilitate sorting.

2. Qualitative Sampling

Sorting qualitative samples involved processing each sample

container in approximately five I00 cm 3 portions until each

container was completed. Each portion was placed in a U.S.

Standard #30 sieve, rinsed with tap water and transferred to

a white collecting pan. Macroinvertebrates were removed from

the pan with the aid of an illuminated magnifier and placed in



C. Water Chemistry Analysis

Chemical analyses were conducted at.cording to the _,rocedures in
"Methods for Chemical Analysis of Water and Wastes (EPA 600 4*/79-
020) and are referenced, along with detection limits and
preservatives, as follows:

EPA Detection
Parameter Method # Limit Preservative

pi4 150.1 0.I l)nits On-Site Analysis
Dissolved Oxygen 360, l O.l mg/l On-Site Analysis
Temperature 1 70. 1 l°C On-Site Analysis
Specific

Conductance 120.1 10 umhos/cm None
Total l_ardness 130.2 1 mg/l None
Alkalinity 310.1 1 mg/l None
Total Suspended

Solids 160.2 1 mg/l None
Total Residual

Ch lori ne 330.1 O, 1 mg/1 None
Nitrate (As N) 352.1 0. I mg/l H2SO 4 to pH <2.0
Nitrite (As N) 354.1 0,02 mg/l None
Ammonia (As N) 350.3 0.01 mg/l H2SO 4 to pH <,2.0
Total Phosphorus

(As P) 365.2 0.01 t_g/l H2SO 4 to pH <2.0
(Ortho Phosphate

(As P) 365.2 0.01 mg/l Filter on Site
Chromium 218.2 0.005 mg/l HNO3 to pl_ <2.0
Copper 220.2 0.005 mg/l HNO3 to p_ <2,0
Lead (Furnace) 234.2 0.005 mg/l HNO3 to pH <2.0
Manganese 234.2 0.005 mg/l HNO3 to pH <2.0
Mercury (water) 245.1 0.005 mg/l HNO3 to pH <2.0
Mercury (sediment) 245.3 50 ug/kg HNO3 to pH <2.0
Sodium 273.1 0.002 mg/l HNO3 to pH <2.0
Uranium 711 B 0,001 mg/l HNO3 to pH <2,0
Zinc 289.1 0.005 mg/l HNO3 to pH <2.0
* Kerosene SPE/GC 0.I mg/l Qt. Amber Glmss with

Teflon Lined Lid
_ Tributyl Phosphate SPE/GC 0,05 mg/l Qt. Amber Glass with

Teflon Lined Lid
Tri t ium L iquid MC[/L None

Scintillation

Solid Phase Extraction GC Analysis Method as Provided by DuPont
SRP.



D. Macroinvertebrate Identification

Each vial of sorted organisms was emptied into a glass petri dish

(3" diameter) with 80% ethanol and examined under a WILD M3

stereomicroscope at 16x magnification. Organisms were initially

separated by order for most taxa and family for true flies

(Diptera). After species identification, organisms collected by

multiplate were returned to the labelled vials for biomass

determination, except for voucher specimens. One to three

organisms of each species collected in the survey were placed in

the Enwright Laboratories reference collection, as voucher

specimens. Some midges, black flies and annelids were mounted on

slides with CMC-IO, and examined with a WILD M20 compound

microscope (400X Power). A list of references used for

identification is given below:

ax_ Re£erence_

Annelida

Polychaeta Klemm, 1985

Hirudinea Klemm, 1985

Oligochaeta Klemm, 1985

(;astropoda Thompson, 1984

Pennak, 1978

Pelecypoda Pennak, _978

Cladocera, Copepoda, Pennak, 1978

Ostracoda Fitzpatrick, 1983

[sopoda Williams (EPA_, 1972

Fitzpatrick, 1983

Amphipoda Holsinger (EPA) 1972

Fitzpatrick, 1983

Decapoda Fitzpatrick, 1983

Hydracarina Pennak, 1978

Collembola Merritt & Cummins, I984

Ephemeroptera Berner & Pescador, ]988

Brigham et al, 1982

Needham, Taver, Hsu 1935

Lewis, 1.974 (EPA670/4-74-6)

Morihara & McCafferty, 1979
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Ref_renG__

Odonata Brigham et al, 1982

Merritt & Cummins, 1984

Needham & Westfall, 1955

Plecoptera Brigham et al, 1982
Merritt & Cummins, 1984

Claasen, 1931

Hemiptera Brigham et al, 19.82
Merritt & Cummins, 1984

Megaloptera,

Neuroptera Brigham et al, 1982

Lepidoptera Brigham et al, 1982

Ross, 1944

Schefter & Wiggins 1986

Wiggins, 1977
Merritt & Cummins, 1984

coleoptera Brigham eta]., 1982
Merritt & Cummins 1984

Usinger, 1959

Diptera McAlpine et al, 1981
Johannsen, 1934-37

Brigham et al, i_982
Merritt & Cummins, 1984

Simuliidae Snoddy& Noblet, ]976
Chironomidae Wiederholm, ]983

Wiederhol_, 1986

Brigham et al, 1982
Merritt & Cummins, 1984

Oliver & Roussel, 1983

Ab_ Roback, 1981

CQDchapeiopia.

_i.__ Roback, 1981

_heopelopia_

Thienemann__myia Roback, 1981

Oliver & Roussel, 1986

Parachaetocladius,

Saether & Sublette 1983

Eukiefferiella,

Tvetenia Bode, 1983

Nanocladiu__ Saether, 1977

Nilotanypus Roback, 1985

Pse_dorthocl_d_i__ Saether & Sublette 1983

__hl__ Caldwell, 1986

Rh_/l_ricotopu_ Saether, 1985

Q[___ Soponis , 1977
Di Grotendipe_ Epler, 1987

Tribelos. PhaenopseGtr_ Grodhaus, 1987



After macroinvertebrate species identification, organisms were

separated by functional group for each site and placed in labelled

vials. All five replicates per site were combined. As some

midges were placed on microscope slides, they were initially

excluded from biomass processing. Each sample for each functional

group at each site was dried, at I05oc, weighed and subsequently

placed in a weighed crucible at 550oc for ashing (30 minutes in

thermolyne furnace). This was followed by 30 minutes in the

dessicator for equlibration to room temperature. Subsequently the

crucibles were re-weighed, the initial dry weight subtracted and

the ash-free dry weights calculated. An enumerated sample of

midges (all subfamilies combined) was separately ashed and weighed

to calculate an average "midge weight". This factor was

multiplied by the number of midges for each functional group and

the biomass corrected accordingly. Weight determinations were

made with a Mettler AE200 electronic balance reading to four

places (0.0001g).

=



F. Data Analysis

A number of methods to evaluate the data obtained in

qualitative and quantitative macroinvertebrate assessments have

been developed. Several approaches to analyzing the data are used

irl this report. These approaches concern the richness, density,

evenness, pollution tolerance, 7o composition by major taxonomic

group, biomass, functional group analysis, dominant species and

community structure.

Community richness is the total number ()i species collected at a

site. Pollution by an effluent discharge generally reduces the

number of species (Weber, 1973). A mean density of organisms is

calculated per M2. When depressed, the mean density can reflect

the effects of toxic pollutants (Weber, 1973). When elevated, it

ca_ stJggest rlutrient enrichment (Weber, 1973).

Community evenness is based upon the concept that a stream

unaffected by pollution will support many species of

macroinvertebrates, each represented by a few organisms, whereas

a stream impacted by organic pollution will have only a few

tolerant species with large numbers of organisms (Weber, 1973).

Organisms intolerant to such organic pollution are killed or drift

downstream to a more tolerable habitat. With toxic wastes, a

similar phenomenon occurs, except that the reduction in the

r_umbers of intolerant species occurs with a decrease in the

species population (Weber, 1973). Two indices involving evenness

are used; diversity and equitability. Both are computed using the

Shannon-Weaver function and the Margalef measure, as described by

the U.S. EPA (1973). Species diversity is an index taking into

account the number of species and the distribution of individual

organisms within a sampled segment of waterway. In severely

polluted water, diversity usually is less than one (Weber, 1073).

In unpolluted water, it is higher and may attain three or four.

The higher the diversity the less stressful the aquatic
_-_.-_,, 4 I- I- _ L L ......... " ........ I... " ..... J i I ..... .',- I I,I.. I...... I ¢'_'I'1 _
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consideration with an idealized community. Such e community is

found in unpolluted habitats where many species are _ present, few

are relatively abundant in individuals, and several are

represented within the community by only a few individuals.

Equitability has been found to be a more sensitive test of

environmental stress than diversity (Weber, 1973). Levels above

0.5 are indicative of good water quality (Weber, 1973). Although

these evenness indices are designed primarily for use with

quantitative studies, they can also be useful in analyzing

qualitative data.

Community pollution tolerance evaluates the macroinvertebrate

community based upon the concept that certain ta×a of aquatic

organisms are considered to be more pollution intolerant than

others. Such taxa include most species of mayflies, caddisflies

and stoneflies, as well as, certain species of beetles (e.g.,

some elmids), midges (e.g., Pottastia) and Megaloptera

(Hi lsenhoff, 1987). Other taxa are more tolerant of pollution,

including dragonfly nymphs, true bugs and fly larvae (including

many species of midges) (Hilsenhoff, 1987). Two ways of measuring

pollution tolerance are provided here; the biotic index and EPT

index. A biotic index gives an indication of the average

pollution tolerance of organisms present at a stream site. Each

species is given a tolerance rating between 0 and I0, with 0

indicating a very intolerant organism and I0 an organism with high

tolerance of pollution. The biotic index used here was produced

by Hilsenhoff (1987) and designed for northern streams, lt has

been modified slightly for several midge species to account for

known tolerances in this region. The EPT index is simply the

total number of species at a site which are in the pollution

intolerant orders Ephemeroptera (mayflies), Plecoptera

(stoneflies) or Trichoptera (caddisflies).

Functional Group Analysis involves classifying each species by

feeding strategy, calculating the percentage by total number of

organisms and by biomass in each group and comparing those

percentages between sites. Species are assigned to a functional

group based upon information by Merritt & Cummins {19B4).



Functional groups include shredders (herbivores and detritivores),

scrapers, predators, piercer-herbivores and collectors (filterers

and gatherers). In as much as piercer-herbivors never comprised

>_ I% of the total number or biomass of organisms at any site/date

combination, this category is ignored in discussion of functional

groups. A shift in the proportinns of the functional groups

between sites may reflect the presence of a pollution source or

changes in the trophic structure ()f the ecosystem, lt rntJst

however, be carefully analyzed as a difference irl habitat can also

produce a shift,

Dominant species in common is a comparison of the ten most

commonly collected organisms between clara sets ILo ileternline how

many of the same species are found in common.

Results of each method of data analysis are discussed separately,

then summarized. As might be expected for this type of data, none

of the data sets proved to be normally distributed. A square root

transformation of the data (y + I/2) failed to achieve normality.

Therefore all data was analyzed by non-parametric methods for

paired data, using a significance level of p=O,O5. Comparisons _)f

means of pre-operational data to post-operational data were

accomplished using Wilcoxon's Signed Rank Test (Gilbert, 1987) to

compare the corresponding seasons of 1987 1989. Data were also

analyzed by combining post-operational data for each site and

compari_,g sites using Friedman's Test (Gilbert, 1987). For the

percent composition by major taxonomic group and functional group

analysis, each group was separately subjected to Wilcoxon's Signed

RaF_k Test and Friedman'_ Test. Pre-_)perational ,lear_ va lu(._s were

calculated to include all data through October 1988. {)ata after

October 1988 were considered post-operational. Results of

statistical analyses are provided in Appendix E.

* Most indices were compared using the pre-operational and post-

operational mean at each site. Functional Group Analysis and

percent composition by major taxonomic group were compared.

12



III. Results

Am S_DeGies Riq/l_S (Figure Iii A; Tables III Ai, III Ali) .

A total of 247 species of aquatic macroinvertebrates have

been collected during biological monitoring of Upper Three

Runs Creek at the five study sites. This total repre_:_ents

eleven quantitative (multip[ate artificial substrate)

sampling periods and five qualitative sampling periods.

Quantitative sampling has yielded 179 species, or 72% of the

total. 68 species (28%) were collected only by qualitative

sampling. Comparison of pre-operational quantitative data

with post operational quantitative data showed a substantial

reduction in the mean number of species collected per

sampling period (for all sites) from 42.5 to 33.9. Analysis

of the data by Wilcoxin's Signed Rank Test (Appendix E)

indicated that the difference in the means was significant

(p=o.05) This trend toward lower species was noted in all

seasons. In both 1988 and 1989 species richness reached

maximum in the spring (April).

With the exception of site 2, a slight decrease in species

richness was noted at downstream sites, as compared with site

I. Analysis of the data by Friedman's Test indicated the

difference among sites was not significant. Qualitative

sampling yielded a total of 201 species pre-operationally and

167 species post-operationally Analysis of the qualitative

data by Wilco×on's Signed Rank Test showed no significant

difference between the mean number of species collected per

site pre-operationally (60.0) and post-operationally (56.0).

Nevertheless, the same trend of decreased richness post-

operationally for quantitative data did appear to be present

for qualitative data.

13



The average number of species collected per replicate (all

sites) exhibited the same pattern as tile species richness

data, when comparing pre-operational and post-operational

collecting periods.

Duriqg pre-operational collection periods a mean of 20.5

species per replicate were collected. Post-operational

sampling yielded 15.4 species per replicate. Analysis by

Wilco×on's Signed Rank Test (Appendix E) indicated the mean

number of species per replicate did decrease significantly

(p=O.05) during the post-operational sampling periods. The,

mean number of species per replicate ranged from a low of

8.6 at site 5 in July 1989 to a maximum ()f 29.8 at site 4 in

April 1988. Analysis of the data by Friedman's Test

indicates that differences in the mean number of species

collected per site during post-operational sampling were not

significant (p=O.05).

A change in the species richness of the macroinvertebrate

community of IJpper Three Runs Creek did appear to take place

post-operationally. This reduction in species richness was

noted at all sites including the control site (I). The trend

toward lower species richness began with the July 1988

quarter, during which there was a 15% reduction in the mean

value for all sites as compared to July 1987. As the trend

was noted even at the control site, it does not appear

attributed to the discharge of F/H ETF effluent into the

creek.



TABLE [ I ], A i

Species Richness
Quantitative and qualitative Sampling
Upper Three Runs (.',reek
Savannah River str, e, Alken Cotlrlty, South CaroLina
Prf,,Ol_erat, i ont_l Data

Q[IANTITATIVE SANPI,ING (5 Replicnl, e Hultiplate ^rtificlal Subsl, rate Sa.l|lern)
( A I I Rep I i ca res Co-,b i ned )

,Sampling l)al,o ,_ite I Sit, o 2 Rite 3 Rite ,I _-_il.e 5 'l'_l,al lqonrl ,_t,<l,D_,v,

,l_irl - ,l_il R7 36 15 56 50 ,17 7,1 16 R 7 'I
Sop - ()_t, 87 39 13 31 31 37 67 :16 8 1 6
,Intl - Fr,t) RR 35 51 413 52 ,15 RO .15 6 6 R

Mar - Apr BR ' 57 57 56 ,la 53 R9 51 2 3 a
,l:it:- ,lltl RR :17 38 36 ,IG 13 71 I(} 0 1 :I
,qep - lift RH 29 31 36 :]2 27 61 31 6 :1 f;

l',_t n I R6 iO0 105 95 95 1_16 96,2 7,0

(Pro-operntionnl)**

Mt,nn 3R.8 44.7 43.R 13.2 42,0 7.1,2 ,12.5
StH, l)_,v, 9,2 7, I 10,5 A,,l 5,8 R.2 7,9
( Pr't'-()pe ra I. i _}r_nI )*

Mr,'_rl ,35,2 :16,2 33,6 31, G 32, a G(), 2 ,13,9
St_1, l)ev, 3,6 I (). ,I 7,3 6,7 9,0 9,0 7,:I
( I_9 t,-()I)o ra t i i_na I )* *

QIJAi,I TATI VE SANPLINO

Sampli||_l [)at_ Site I Site 2 Site 3 Site 4 Site ,5 Total

Nf_v_,mhc,r 19R7 ,I0 71, 68 65 87 139
Marrh 19R8 79 76 59 96 63 168
(_'t,_hor I!_RR 15 ,55 ,11 ,15 34 106

r,f_,,_tl 55 67 55 69 55 138
'r,_t a I I14 132 112 125 101 201

1=
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'FABLE [ I I A I,

Species Ri(',hness
Quantitative and Qualltative Samplln_
Upper Three Runs Creek
savannah River Site, Aiken f.;ounty, So,uLIi Carolina
Post-Operational Data

QUANTITATIVE SAMPI,IN(] (5 Replicate Mlllt. iplaLe Art. lfi('ial SllbsLrat, e Samplers)
(Ali RPplicat.e_'Combined)

Srtml_liwlR I')ntr, ,Stt.r' I ,_tt,(' 2 ,Sit(' 3 ,SitP ,1 _tl_, 5 'rc_ta[ H_,all !.It(l,l')r,v,

I_,'_' iRR - ,fall 14!t 39 37 :lit :17 :lFI 11,5 :17, fl (),1_

Hnr - ,_pr FI9 3I.l 5,1 1,i 10 15 7:1 11,2 f_,2
,l,ln-,I,11 FI9 3,1 31 29 21 22 55 28,0 ,1.9

,_op- (_('t_9 :_(3 29 26 'l(l 27 5Ft 28,,I 1,8
IFP(' qq - ,fall !]0 :l,_ :{() :11 27 ,_2 rio :_1,() 2,!)

F(_tai 52 FiG 5B 56 ,58 97 5B, () ,5,1

(Pn_t-nperat. ional )**

HPan :!5,2 36,2 33,6 31,6 32. FI GO,2 .3:], 9
SI.(I,l_r,v. 3,6 10.1 7,3 6,7 9,0 9.0 7,3

( I'(_t -,_ppral, if_nal ) **

Mean 38, H 4,|, 7 .13,8 43,2 ,12,0 7,1,2 ,12,5
,<_1(t, l)+,v, 9,2 7,,1 10.5 A,,I 5,H A,2 7,9

(l'rP-(iperat. ional )*

QUAI,ITATI VR SAMPLING

Samplin_ Date Stt.e l Site 2 Site 3 Sit.e 4 Site 5 Total

Harctl 1989 7FI 81 80 83 73 146
()ct.oher 1989 30 27 32 39 37 71

,Hf_rtll ,_ I 5 I ,56 fl I 5 ,_ 109

Tot al 95 90 97 95 96 167

,lllcludt_,l roll ¢tmmpllnll pertodr_ tlp to and Includtnll Ocl,lher IgSLq,

• ,Incllldes al! qamplinR pert'Jds after Or:toh.r 19P,8,

L_





.... ,L ,, , , ,Iii, IJ
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"_'AB[,P: [ I '1" A i, i

Av_,rago# of ,qp_,cle_per Replle_t,_,
O_lnnt.t tnt. Lv_, _nllpl tn_(
Itlq_er Tllroe Runs Creek
SflYftltllfth River Rtr,e, Atken C()IIII|'.Y Roilt,h Carolilla
Pr('- Oporntlo._i D_La

qlJANTITATIVF, _AMPI,IN(] (5 R(:i)li(:aLe Mult. iplnl.e Artift('.i_l l]ullml, rat.e 8amplerH)

qamplill_X l):ltP Sit(, 1 _tto 2 Slt_, 3 Slit, 1 Stt_, 5 i_Ipa,, St(t,l)f,v,

,Ill,i-,ILII R7 I7 0 21 8 29.2 26,0 25,,1 23,9 ,l 7

,_,p - ()ctH? 20 FI 22 0 16,(_ 15,(1 IG,H 18,1 2 B
,1,'_rl- F',',t_F_B 16 (i 26 1 "2. 1 22,1 23,8 22,3 3 6
Her - Apr 8B 2R 0 29 4 26,8 29,B 27,6 2B.3 i 3
,JlJtl- ,I,=1 }18 16 8 16 8 16,6 lR,6 19.2 17,6 1 2

,q_,p - ()ct FIR lr) FI 12 8 12.6 15,R lO,R 12,6 2 0

_,1_,nn 18,3 21,5 20.7 21.,! 20.6 20,5
St.d. l)Pv, 5,7 6,1 6.5 5,R B.2 5,5
(l*ro-t)perat i¢',nnI )*"

H(,a,_ 16,0 16.2 15,6 11,(; 14,B 15, 1
,_t(t, D_,v, 5,1 5.6 4.7 3,6 5.8 5.1

( Po_t,-()pr, rat, i one I )*_*

Standard Deviation for Mean # of Species / Replicate at Each Site

5amp I ing Pat.e 8 1te 1 S i Le 2 S i Le 3 Si te 4 S i Le 5

,llln- ,fiji FI7 5,l 5,9 4 ,1 10.1 3.8
Sop - ()('t 87 ,1,9 2.3 3 2 ,'1,3 8,3
,l:trl - FPh F_FI 7,0 ,1,2 5 9 5,8 2.8
Her - Apr 88 2,8 ,1,2 7 I 5,5 3,9
,l,zn -Jul BB 3.0 4,3 3 B 7,0 4.7

SPp - Oct,88 5,9 5,B 2 ,I 3,7 I.3

• * In(:lt_de. til _ampitnl pertod_ up to and lncludlnR october 19,98,

• "* Incluttea ii! _mmpLin_ periods sfter October 1988,
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'I'ABt, E ] I I Ai |.

Avorage # nf Spocip,s per Ropltcal,r,
qtlantiLat, ive ,_ampllng
'_lpl_r,r Three Runa"Creek
.Snvanl_nh Rtvor Site, Aiknn <Mtlnt.yt ,So_lt.h Carn]ina
Pn_t (IporaLional OaLa

QIJANTITATIVE SAMPI,ING {5 Repli(:al, e MulLlplat,e Arl, lfl(:ial Sub.qLraLo Ra.,l)ler_)

,_,_mpli_ l)fftP Silo i Silo 2 Site ,3 Silo 4 Sit.P 5 M,,an St.d.l)r:v,

Doc RR -,Inwl R9* 20,,I I!),6 lR.4 17,R 19,2 1,9. I I,O
Mar - Apr 89 21,0 2,1.0 22,2 1R,6 22,0 21,6 2.0
,l,ln- ,It_l R9 12,6 12,0 11,2 I0,6 8,6 II,O 1.5
._,,p -()_'l R,9 9,0 I(),_ II,I I,I,I 9,G li,F) 2,1
l)o(, a!) -,Ian !](_ I_,8 1,1.6 l l,t; I I,G I,i.,I 11.1 1,8

_loatl t6.O 16.2 15,6 1,I, 13 ] I, 8 15, I
SLd, l)ov. 5. I 5.6 4,7 3,13 5,B 5. I
( Past,-()p,,rat iolla I )***

_loa,_ lfl, 3 21.5 20, 7 21 ,,t 20. G 20, ,5
,_l(l. l)ev, 5,7 (;. I 6.5 5.8 6.2 5.5
( l'r',,-()l_ornf i(,tla I ),,

Standard I)evlaLion for Mc,an # of Speciea / ReplicaLe aL Each BiLe

_amplili_ l)ate Site l Site 2 Site 3 Site 4 Site 5

Doc RR - ,Ian89* 4,6 3.9 9,3 6,4 2.3

Mar- Apr 89 1.7 11.5 3,3 7.7 3,8
,l_tn--,Iul B9 3.1 5.3 4.8 4.4 2.6
Sep- Oct R9 3,2 2.7 3,6 1,8 2,1
l),,c R9 - ,Jell 90 2.R 0.9 2.2 2.7 1.2

' Only 1 roplicatee were r_,trievpd at Site 4 durinA Dec 8,q - Jan 89,

'" lncluden all aaepllnl_ porioda up to and includin_ October 198,5,

''' lnclude_ all ,qamplln_ periodtl mftt, r October 1988,
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B. Total # of Organisms/Mean Density of Orqanisms per M2

(Tables III Bi,, III Bii; Figure III B)

A total of 5,330 aquatic macroinvertebrates were collected at

the five sites over the five post-operational quantitative

sampling periods. This represented an average of I066.0

organisms per sampling period and an average of 213.2

organisms per site. The number oF organisms collected per

site reached a maximum of 469 at site 2 during January 1989

sampling and a minimum of 71 at site l during October 1989

sampling. The mean number of organisms/site was higher

during pre-operational collection periods 369.2.

Analysis by Wilcoxon's Signed Rank Test indicated a

significant difference in the mean number of organisms

collected pre-operationally and post-operationally (p=O.05;

Appendix E). This trend was observed for all seasons.

During post-operational sampling, the mean number of

organisms collected per site ranged from 183.4 at site 5 to

242.6 at site 3. Only the mean for site 5 (183.4) was lower

than the control site. Analysi_ by Friedman's Test was

conducted and no significant differences among sites were

encountered.

The total number of organisms collected qualitatively also

declined in post-operational sampling. This was true of both

October 1989, as compared to October 1988 and November 1987,

and of March 1989 as compared to March 1988. No significant

decreases in population numbers was noted at downstream sites

as compared to the control.

21



The mean density of organisms per site during post-

operational sampling was 348.5 organisms/m2, ranging from

118.3 organisms/m2 at site i during october I_9 to 750.4

organisms/m2 at site 3 during January 1989. As the density

is directly related to the number of organisms collected, the

trends noted for the total number of organisms were also

noted for density.

Data on the total number and density of macroinvertebrates

collected at Upper Three Runs Creek showed no evidence of any

impact upon the community by the F/}! area ETF discharge.
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TABLE T I T B i

Tntal # of Organisms per Site
Q_lantitative and Qualitative Sampling
Upper Three Run8 Creek
Bavnnnah River 8ito, hiken County, South Carolina
Pre'()perationalData

QUANTITATIVE RhMPI,ING (5 Replicate Multiplate hrt. ificial Substrate Samplers)
(Ali Replicates Combined)

Sampling I)ale Sit.o I Sit, o 2 Site 3 Sit.o d Site 5 'r(_tal Mo.nn SL(t,Dov,
.................................................. L..................................

.IIl,_- ,I,_l 87 241 300 527 423 .113 1904 :1808 112 I

Sop - t)ct, 87 733 699 260 230 346 2268 153.6 243 6
,la_l- F,'h 88 267 599 461 539 27,1 21,10 128,0 151 9

Har - hpr PR 555 501 542 632 670 2900 580,0 69 1
,l,ln - J,ml 88 207 17,1 242 252 275 1150 230,0 39 7

Sep - Oct. 88 152 141 101 197 122 713 1,12,6 36 1

Tc)t al 2155 211.1 2133 2273 2100 11075 2215.0 129.0

(Pro-operat ional )*

Heart 359.2 102,3 355.5 3"78,8 350,0 18,15.8 369.2
SI.(I, l)ov, 230,9 231,2 180,1 180,6 184,3 793,3 182,7

(Pr¢_.-oporntionnl)*

Henri ') .......01,2 233 B 242 6 205 0 183 ,I 1066 0 213 2
Stct, I)ev. 126.8 1,16.4 158.9 86.1 109.8 612,9 119.2
( P_):_t.-()pera t ionn [ ) **

qUAI,ITATIVE SAMPI,I NG

Sampling Date Site I Site 2 Site 3 Site 4 Site 5 Total

N¢_','omher"87 123 198 258 ,158 215 1552
Har'ch RFI 325 ,189 285 778 2,15 2122
(_c t,oher 88 147 233 212 210 83 885

Hoan 198 407 252 482 181 1520
Yntal 595 1220 755 1446 543 ,1559

*Includen ali _amplln_J periods up to and including October 1989,

**Includes ali sampllnll pertodu after October 1989.
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TABLE I I I B [

Total # of Organisms per Site
qtJantltat,lve and Qualitative Samplitlg
Upper Three Runs Creek
Savannah River Site, Aik_n Cot|nLy, _outh Carolina
Post-Operational Data

qlYANTITATIVR SAMPI,ING (5 Replicate Hultiplat,e Artifi(:ial SubnLraLe Samplers)
(All Replical, en (,'ombined)

_-_ampliN_ I)ate Site, 1 ,_tte 2 ,_it.(: :I ,_ite ,l ,_it,e 5 Tnt al Hnan ,_t,d,l)_v,

I)o(' aB - ,]an R9 3,13 ,1,12 169 271 303 I828 365,6 8G,5
Hnr - Apt 89 328 335 352 319 299 1633 326.6 19.6
,Itsn - ,fiji 89 10,1 126 130 138 93 591 118.2 1B,!)
Sop - oct. Rg 71 122 120 175 AO .5GA 113.6 ,11.:1
[)Pi, F_9-,Ian 90 1GO I,t,1 142 122 1,12 71() 112,(] 13,5

Total lO06 1169 1213 IO25 917 5330 li)fiR. O 122,2
( Post.-nperat ional )**

Hean 201.2 233.8 242.6 205.0 183,4 1066.0 213.2
St d. l)ov. 126.8 146.1 158.9 BR. 1 109.8 612.9 119.2
( Po_t.-_porat. inna I )**

Mean 359.2 402.3 355.5 378.8 350.0 1845.8 369.2
Std. l}ov. 230.9 231.2 1RO. l 180.6 184.3 793.3 182.7
( I.'ro-Ol-.,rational )*

QUAI,ITAT[VK SANPI,ING

Sampling Date Site 1 Site 2 Site 3 Site 4 Site 5 Tot.al
.......................................

March 1989 447 465 435 336 261 1944
t_ctoh_.r 1989 94 146 169 118 102 629

_loatl 271 306 302 227 IFI2 12_7
Total 541 611 604 45.1 363 2573

• lnclude_ al! sampling[ periods up to and tncludin_ October 1989,

',lncludas ali ._a=plinR periodn after October 1989.
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'rABLE t T I I1% I.

Ht,all Dc,n.qil.y of Organisms per Hz
qllant t [at tve ,Snmpl ink
t'r,n,,," rhr'e,, Rr,na CrPek
_avnnnah River Rite, klken ('otlnty, Sc_uf,h Carolina
l'r_, -()l_erat, lonal Data

(_UAN'rlTATIVF, SAMPLIN(] (5 lh:pll(:at_ H, ltiplate hrt, i flcial StlhRl,ral,e Ramplera)

5amplin_ l)at(, Site I ",_ite 2 Slip 3 ,_il.P 4 ,qlte 5 H,.an 5t,d,Dev,

,l_t_- ,I_I R7 3R5 f_ 4RO 0 Rf3 2 {'i76,_I [_60 8 f;(}9 :] 179. I
,_"I_ -()ct. 87 1172 R lllR ,I I16 0 36R 0 553 _i 725 R 389,7
,l,_n - l,',,h RR 127 2 958 i 737 6 R62,1 138 1 (_R,I R 213,1)
Har - Apr RR R88 0 801 6 867 2 I01 1,2 I072 0 92li () II0,0
,l_ln - ,l_sl R8 331 2 27R 1 387 2 ,103,2 IlO 0 368 0 _3,{_
,_rp - Oct, R8 213 2 '225 6 161 6 315,2 211 2 231 I 55,8

q,,nn 571,7 (;,13,7 568,R 606, l 562,7 591,2
_;l(t, ll_,v, 369,5 370.0 288.1 288,9 290.9 25'_,()

( l_r'r,-t)Imr.a t. l,)na I )**

_l,,all 33R, ,1 379,3 393, ,t 333,7 297, _ :/18,5
_:',i_I. l),,v, IR9,5 229,7 219.7 132._ 172.3 191,I
( Po._l-Opera I.ional 1'*,*

*" Incllttt._ ali nampltnlJ p_rlotl, up to and tncltidlnJl October 1988,

_,. Incl_ldPn ali .qmmplJn_ pariod_l after October 1988,

_7



TABLE T..I. [ [31. i.

Heawl D_n_Ity of 0rganlams per M2
Q_lant.itnt, ive Sampl ing
llpp_,r Thrc=e Runs Creek
aavavl1_nh River _It, e_ Aikewl (?ounty0 S¢_ut,h (_nrollt_a
l'¢_,_t ()l_orat. ionai Data

qU^NTIT^TIVF, _^MPI,IN(] (5 _Replient.r: Hulttplate ^rt, ifi(:ial _utmtrat,e Sazzpler_)
r

'-;l_ml',lir_, I_r_tP _ttt, I ,_it_, 2 " :t , ,
................................... = .....................................

I_¢,¢:_a - ,1_ri H9* 51R,f] ';()7,2 750,1 ,133,6 184,8 5R5,0 13H,3
Mar - ,_r R9 524,8 536,0 563,2 510,0 ,178, ,1 522,5 31, ,I
,I_,_- ,I_1 FI9 233,3 210,() 21ti,7 230,0 155,0 209,0 31,7

,_,'i_ - ()¢,t f49 IIR,3 203,3 200,0 '_c,91,7 l:13,:l 1_9,:1 f'_R,F1
i1_( a!} ,Inll 90 266 7 " 2 "36,7 22,5.... , .10, (I 23fi, 7 03,3 2:16,7 ,.

................. ......... _ ...................................... _ ......................... , ....................

i

Hr,_n 338, 1 379,3 393. 'I 3:!3,7 297.6 318,5
,_td, Dov, IR9,5 229,7 2,19,7 132.8 172,3 1!]1, I
( I%,_t,-t)p_,r'at, ia_laI )***

.H_,a_ 571,7 f;13,7 56B, 8 _;OG, 1 562,7 591, ;_
,_;t¢l, ilo.v, 369,5 370,0 2[;_R,l 288,9 290,9 253,()
(Pr-,,-_p_',r'nt io_nl )**

• r_r_lv t ='r,pl lcate_z w,,r'e retrioved nt Site .t duvinq I)ec S_I - .}an Fig,

,* l_r'lt,dr, q ali r_amplin_ p,,rir_dr_ tip to and inclt_dinl_ OctobPr igFIR,

• ** lnr'lude.q nii _al_plinc[ pP.riodg after Octr_h_,r 1988,



C. _ composition by M_or Ta×onomlc jGrou_

(Table IIIC[, IIICii, Figure IIICi)

As was noted in pre-operational quantitative sampli_g, the

macroinvertebrate community of Upper Three Runs Creek was

found to be dominated by midges (Table IIICi). The degree of

dominance by midges post-operatlonally (50.1%) was less than

observed pre-operationall' (63.1%). This substantial

decrease, when analyzed by Wilco×on's signed Rank Test, was

found not to be s[gniflcant, in general, the proportion of

midges was lowest during summer (JUly) sampling. }1owever,

the proportion of midges remained suppressed, as compared

with pre-operational sampling, from July 1989 to January [990.

Qualitative sampling indicated a similar pattern, with the

percentage of midges decreasing to a low of 34.3% in october

[989. Whereas the percentage of midges decreased post-

operationally, the percentage of stoneflies and caddlsflles

increased. Plecoptera comprised 13.8% of all the organisms

collected post-operationally as compared to 9.3% pre-

operationally. Trichoptera increased fro,, 8.2% pre-

operationally to 12.4% post-operationally.

It can be seen there is no shift away from the more

intolerant orders of aquatic insects (e.g. Ephemeroptera,

Plecoptera and Trichoptera) to more tolerant orders such as

Diptera. In fact, the proportion of mayflies, stoneflies and

caddisflies increased from 27.1% pre-operationally to 34.7%

post-operationally.

comparison of percent composition by major taxonomic group

among sites showed some differences but no clear trends. The

proportion of non-chironomid diptera was higher at site 4.

Habitat differences and flow regimes may account for the

difference. No clear impacts attributable to the F/H Area

ETF discharge were noted.

Analysis of the percent composition by major taxonomic group

indicates a balanced community with no evidence of impacts

from the F/H ETF discharge.



'I'A BI',E Ii [ 1 (.J t.

e.ont, (_omposttton by Major Ta×onomte (Jrollp
t.m't hy Dat,_ and ,':]lt,e - Quanttt.ativ_ _ampltn_
,er Tllrf:e Run_tCreek
_nl_at= Rtvr, r Sit, or Aikrl_ Cotltlt.y, ,_ottt.h (_aroltna

.- Operal, lona| l_ata

l.rd fly l)al,e
Pro-
()Ifr.'r'at. lolla I

_lislkX l)_t_' ,l_Jl R? ()('t g7 I,',I) gR '_pr RR ,1111RR ()('l RR Nr,_tll

'_ 9 ft%

,('(_lll_'t'a 'I 5 3 1 I,I 3 I0 ;_ 13 G 12, I 9 3%
trhnplrra R 7 2 !) 3 G 7 I 25 0 12,(I F] 2_,
l_,optf, t'_ R R () I () 5 I [ 17 !) 3,FI 5 2%
,l(,rn (N_-('hi_'.) 3' 5 6 3 I ,", :_ 6 II !) 5,2 t 3%
I r'(_l_(_miiln_, 57 1 Rr R 61 5 I_7 I 3f) () fi2,7 (_;I I%
!,_r 0 ,5 0 2 0 1 0 2 0:1 1,4 0 2%

r'l.(,(l l_y Sile (Pre-Operat, ional)
Po_t.- l'r_,-
()pe_'at. Ional ()p(,rat. iona I

l_, 5ii_, I Hit,, 2 RIle, :_ ._il_ _ I ,_Ito 5 M_an** N,,an*
i

........... • ....
............................................................. , ........... ,- ..., ......... , .......................................

homeroptera 7,5% 7,I]% Il,5% 9, 1% 6,7% 8,5% 9.6%
('(;op{,Prn 7,0% 10,0% lO, 3% 9,2% B, 5% I3, B% 9,3%

iehoptera 7,I% 6,5% 8,0% 9,2% 10,6% 12,4% 8,2%
,Ieopt.era 2.6% 4,7% B,3% 'l, 0% 4,9% 7,I% 5,2%
prera (Non--('hlr,) fi.9% 3,4% 2,3% 'l,9% 5,I% 7,6% 4,3%
,i ro_omidaP 6B,B% 67,4% 59,2% 63,1% 64,0% 50,1% 63,1%
hor O,1% O,4% O,4% O.5% O.2% O.4X O,2%

lil(lOq nll ,_amplln_ pPrlnd.,l _Ip In altd itlellldlnR octnhpr lqqFJ,

,u:l_1,1_,q all qampl_1111, porlnds _ft;,r (}(.tohor 19_9,

3O



'I"AI3LE I I I (_,l,

._-:entCompo_Itlon by Major Tnxonomle (_roqlp
ted by l_ate and Rite -Quantitative ,_ampllrl_l

r,r 'l'hr_f, Rlow,q_Ir_k
_nnah Rlve.r Rite, Alkf.n CotJrlty, _n1_l,h ('arolLna
I - (Ip_.rnl, l.nal Data

Portt.- Pr_"-
('_Imrnl, I c_nai ()I_¢.ral, ionn[

l_lltl_l l)atr ,Ian R!} AI_I' Rg ,fill Rfl ()ft, _!) ,Ir_n 90 Hoan** Hr:.an*
................. ,......

,_,morc_plr,r'a I .5 7 2 li Ii R _ 19,2 R r_% 9 G_,
,¢,_llt,_',rn, 12 ,_ I0 I 1:3 5 II R 2_3,8 13 8_ !_ 3%
c'hnpt¢'rn 7 ,1 9 7 20 3 25 3 l l,R 12 4_ R 2%

_,i_pl.t'n. () r_ q !) 31 G 3 I {],6 7 I% 5 2%
,l.r'1_ (N_,11.-I'l_ir', } I 3 II 7 I .I 15 1 'I,,I 7 _% I :1_.
_r-n¢_mi_l;_, 7(I H 51 () IG I :_,I 7 1.1,9 5() l% _:l I%
_,,r' () (1 (_ I 2 3 0 !) (_,3 0 ,I_ f) 2_

,.

, .

,'l._,d l_y RII. (l,._l,-()pc, rffl, lcmal)
Po._I.- I_r,,-
()perat, Ional (3p.ral. lol_n I

,,, ,_it_, I ._.]iI_, 2 Sll_. RLI_. ,I ,5iI_, ,5 l_lean** H_at_*
......... o, ........... ,0 ..................

ll_,mrrol_!_'ra II,(3% 8,5% G,:1% 6,2% 9,4% B,5_ 9 0%
,,(,opt,frn 12,1% 13,8% 13,,1% 15,0% l,i,6X 1,3,8% 9 3%
i rhc_l*t rra 9,7_ 13, ,1% LI, 9X I,I, 4X I I, 7% 12, ,1% 8 2%
leoptera 2,6% R,3% 6,R% 8,7% 6,0% 7,1% 5 2%
ptera (Non-(:hlr,) ,1,4% 3.8_ 4,1% 15,5X II,0_ 7,6_ ,I 3_
,trc_nnmidae 59,1% 51,6% 57,0% ,lO,OX 4B,8_ 50,1% 63 1_
hor O. 5% O. 6_. O, 5% O, 2% O, 5_ 0,,1_. 0 2%

'l_t¢l,,n nil ,_nmplln_l p,,rlodn ifp I¢'_ i_Iii| Ivw. ludil_ (')rt_,Imr |9,R_,



TABr,E I,[ I (] i,|.

Portent. ('nmpoRttton hy M_,tor TnxonomLc (_ro.p
Snrt,_.d hy l)at,o _nd Stt_, - qualitnttve ,qampitn_
IVPlmr'rhrf._. R11nsC'reek
S,'_vnnnnh River Site, Aiken (_otllIt,y, Rotlth (:nrol inn
Prr, - ()per'hl lonal l)ata

Nov_,,mlmr 1987

(I

,_amplillg l)nt, r, Sit(, I Rll.e '). RII(, 3 Rlt, e ,i S lt_, 5 He_n

El_ll(,m.r(_l_l_,r'n 17 9% 12 5% _,I,1% I I% IR I% l:l 2%
l'l_,¢,(_pl_,r_t I,5 ,IZ 7 2% G,(]% ,5 5Z 17 7% 8 7Z
l'r'i_'ll(_l_t_,r'a 2R 5% 20 I% II,6% 7 ,1% '5 (3% 13 '5%
('(_l(,(_l_l_,l'l_ I G% I 2% I05% 1 17, I 9% 1 4%
l)ipl_.r'n (Nc)ii-('llir,) 1,5 ,1% ,I 5% 7,0% 11 ,1% i 7% 7 H%
I'lltrr_vlc_mi(tn_ 17 t% ,51 2% ,15,7% ft9 0% ,10 0% 51 5%

(_lllor I I% 3 2% 3,2% I 5Z 12 0% :I !)Z

Mar(,h 19BR

RII.f, Rlt,r" i Rite 2 S[t,n 3 ,qll.e ,I ,_it(, ,5 IHeavl

l;',ph.m_rnl)torn IF) 2% 13,4% I.G% 7,7% 15 ,IZ I0 6Z
l_IT'('_l)If'r'a I() ()Z I{3.()% 20 6Z ]G,G% 17 ()% IG I%
l'ri(,ll(_r)t,,,)'u (35% 21,3% 18 I% 2,1,9% G 6% 19 0%
('()lr,,)l_t.(,rn 5 3% 1,2Z 3 5% 2,,l% 2 3% 2 7%
l}il_l,,rn (N(,ll-('hir,) 5 GZ .1,3Z 5 3% 5,7% I 2% 5 1%
Il_ir'_>_lr_mi(Inr' 54 ()% 3,q,,3% ,15 ,1% ,10.2% 17 .9% ,13 6%
(_th,,v' 2 5% 1,,5% ,." ,5% 2,,5% G 6% 2 9%

()(;t,()l)er 19RR

Rit._ ,qil,e 1 Site 2 Site 3 Sit(.' 4 Rit.e 5 Mean

F,,phemerol)fera ,l 8g 2 2g ,| 3_ 5,2Z 3 6g 40g
l)l_,r'r_l_tern 0 7% 3 9% 7 1Z lO,5Z 10 R% 6 3%
l'ri('l_(_pt.ra 2,,79% 26 2% 21 2% 2,1,H% 12 l% 23 6%
('()l.(,pt_'r',4 :l 'IZ '1 7% :l 8Z :l 3% ", . ,1% 3 7%

l)Ipt.ern(Nr_n-(:hir'.) lfi0% 8 6% 17 0% 8,1% 22 9% 12 9%
('hir'nnnmid_e ,19 5% 50 6% ,13 ,IZ ,15.2Z 25 3% 4.34%
()t.h_r* R 7% 3 8% 3.2_; 2,9% 22 9% 6 l%

*Pr,e(IominantIy Gastropods,
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'rABLE I I i C:L i

'at Composition by Major Taxonomic Group
,d by Date and Slte - O.allt,atlve Sampling
Three RtlnsCreek

lash River Site, Aiken County, South Carollnn
- operatio.al Data

:I19R9

Itll_ I)at, o ,qtto I _lte 2 ,qLt,e ,3 ,qLLe ,I StLe ,_ Heart

mor()ptora 10,7% 9,9% 7,B% 7 7% I0,3% 9 3%
,_ptera 16,3% 17,2% 16, B% 22 3% 1,1,9% 17 5Z
hnptera 6,7% 15.9% 7.8% I,I9% 9,6% II 0%
,,piers 1,2% 3,,1% 2,5% 5 7% 3,I% 3 2%
,,r'_(N(_n-f'hlr,) 5,1% 4,5% 12,9% 8 0% 13,,1% R ,1%
,,ri(_rni(lao 57,5% 1,I,5% ,51.0% 37 2% ,Irl,0% 47 9%
Lr 2.2% 4'6% I'2% 4 2% 2'7% 2 7%

,ber 1989
po.qt,

c)p_r'ationa I
, Site I Site 2 SLte 3 ,_It.e,I Site 5 Meatl Het_.

,m¢.rc_ptern 14,9% ,1,8% 5,9% 7,f_% 9,B% }],0% 9,0%
,'optera 3,2% 2,7% ft,3% 8.5% 5,9% 5,9% 14,7%
•hoptera 29.8% 25.3% II,8% 22.0% 12.8% 19,7% 13.I%
,.npter_ 3,2% 3.4% 1,8% 2,5% 2.9% 2,7% 3.i%
Lera (Non-Chlr,) 8,5% 4.i% 8,3% 22.9% 9.8% I0,3% H.9%
ronomid_le 27,7% 43.2% 32,0% 25,4% 42.2% 34,3% ,14,6%
.qfaces I.I% 0,0% 21,3% 4.2% 5.9% 7.6% 1,9%
ltlsca 9,6% 13,7% 6.5% 4,2% 9,8% 8,7% 2.I%
,(,r 2.I% 3.8% 4.7% 2.7% 1.0% 2,8% 2,7%
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D. Eveness" Diversity and Equitability_(Tables III Di, III Dii;

Figures III Di, III Dii)

Diversity values on the post-operational data averaged 4.27, a

slight decrease from the pre-operational mean, which was 4.46.

Both pre-operationally and post-operationally the diversity index

was high, indicative of an even community not dominated by only a

few commmon species. Rather, there is a good distribution of

common species, moderately abundant species and uncommon

species. Analysis by Wilcoxon's Signed Rank Test (Appendix E)

indicates a significant difference in the mean diversity of

organisms collected post-operationally as compared to pre-

operational data. Pre-operational values ranged from a low of 3.95

at site I in October, 1989 to a inaximljm of 4.93 at site 4 in ,lul_,,

1987. Post-operational values ranged from a low of 3.72

at site 3 in July, 1989 to a maximum of 5.01 at site 2 in April,

1989. A Friedman's statistical analysis conducted on the post-

operational data showed no significant difference in diversity

atnong sites (Appendix E), although sites 2-5 did have lower

diversity values than site I. Diversity values correlated with

species richness on a seasonal basis, reaching a minimum in July

and October 1989. Even the rel,_tively low values, however, showed

good diversity.

Equitability at the five sites averages 0.79 pre-operationally and

0.86 post-operationally. Analysis by Wilcoxon's Signed Rank Test

(Appendix E) is indicative of no significant differences in the

mean equitability of the sites during the post-operational

sampling periods. A Friedman_s test conducted on the data showed

I_o changes in equitability among sites (Appendix E).

In overall view, the eveness of the macroinvertebrate community at

all sites is good, with no indication of any degredation of water

quality either post-operationally or at any downstream site.
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'FABLE [ I [ I) i

,_tlann¢_n W_a_,,er l)iv_,r,_i ty 111dices

(_llant. it.at, ive Sampling
Ifpper Throo R,Inn Creek

_nvar,nah River SiLe, Aik_n ('otlnl.y, Sr)llt, h ("arolina
Pro - C)perat ional Data

QIIANTITATIVV, 5AMPI, INe, (fi Repli('at.e M1,1t.iplal.e Art. i ficial ,'-_uhst.rat.o Samplor_)

';:_mpli_le' l)alr, ._ill, I Sill, 2 ,'3ilo `3 Sitr, I !;itr, 5 Ml'an Std. Dov.

11111-,l_II R7 1 33 ,I 72 I 70 4.93 I 7,I 168 0,22

%c,i_ - I)r't R7 1 11 I 13 1 29 I. 19 I 23 I 19 O. ()7
.l,_ll - l:r,h RR I 17 I 19 I 28 ,1, 17 I 32 I 29 O. 13

Har- '_pr R8 ,I R3 4 92 ,I 80 1.72 .I 70 I 79 ().09
1,111- J,ll R8 I 57 4 68 4 .I,I 4,67 I 50 ,I 57 0. I0
_oI_- ()¢-t RR 3 95 I 27 I 71 1.27 ,| Ol .I 21 0.30

H,_,r, l, 33 ,I. 5 I I. 5,1 ,l. 49 I. ,12 I. 16
Sld. l),,v. (}.32 0.30 0.23 0.,32 0.2R 0.25

(Pro-()perat i()nal)**

!4_n,i I. ,12 ,1.31 1. 13 ,1, 16 1,28 ,1.27
Sld, I)ov. 0,10 0,40 0.31 0.2,3 0.31 ().30

( Po,_L-Operat. ional )***

lncl_ldpq ali nampltnl_ periods op lo and tncludtn_ October 1988.

'" l,lcl,ldp.q ali qamplinAI pp. rlodn aftpr Octobor 1988.
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TAB[,E I I 1" Di.

_hannon Weaver Diversity Indices
911antitat|ve Sampl ing
tipper Three Runs Creek
9avannah RJvpr Site, Aiken County, South Carolina
P_st Operational Data

!_II^NTITATIVE,qAHPI,ING (5 Replicate Hultiplate Artificial 8uhstrate Samplers)

_ampling Date Sit,e I Site 2 Site 3 Site 4 Site 5 Mean Std.Dev,

I)e(' 88 -,ian 89* 1,41 4.29 4.14 4.42 4.31 .l.31 0.11

Har - Apt 89 4.44 5.01 4.50 4.32 4.60 ,l.57 0.,26
J,Jn - ,ltll 89 1.56 4.18 3,72 3.87 3.83 4,03 0.3.1
_;_-p- ()ct, 89 4.28 3,92 3,97 3.99 4.13 1.06 0.15
I)_,(: I-;L9- ,Ian 90 1.40 ,1.32 ,1.34 ,1.22 1,54 I. 36 O. 12

',tea,, 4, 12 1.31 4, t3 1.16 1,28 1.27
,SLd, Pev, 0,10 0.10 0,31 0,23 0.31 ().30
( P,_I -Operat ional )***

Hf,nn ,1,33 4.54 4,54 1,,19 ,1,12 1, 16
Sld. l),,v, 0.32 0.30 0.23 0,32 0,28 0.25
( I'rc,-()pernt innal )**

_nly ! r,,pltcate_ were retrieved at Site 4 durinll Dec 88 Jan 89,

Includt=n ali R#mplinll t_r|odn up to and tncludintl October 1988.

• Includes ali _mml)llnB period-, after October 1988.
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TABLE I I I Di i

Eqllitabillt,y Isdices
Q11nnt[Lative Sampling
ITpper ThreP Runs Creek
9nvannah River Site, Aiken County, South Carolina
PrP - Operational Data

QIJ^NTITATIVE SANPI,IN(] (5 Replicat.e Mult. iplat,e ^rt. il'i¢:iai flUbRt.ral, e SamplcrR)

B,'_mptitl_ l)ntP Sit.e I Bit, c, 2 ,_ito 3 ,_it++ .t .c;ite 5 MPan Rtd. I)o',.

,It,tl-,1_zl 87 0,83 0,87 0.70 0.92 0,83 0.83 (},OR

Bop - ()ct87 0,6,1 0.60 0.85 0,90 (},76 0,75 0,13
Ian - F_h 88 0.71 0,63 0,63 0,50 0.63 0.{;3 0,09

Mnr - Apr 88 0.77 0,80 0.75 0.81 0,7.1 0,77 0,03
,J_,- .I_Jl 88 0.95 1.00 0.89 0.83 0.77 0.89 0.09

,_+,p - ()ct, 88 0.76 0,72 1,08 O.RR 0.85 0.86 O.l,I

Hoatl 0, 78 O. 77 O, 82 O, 8l O. 76 (). 79
._td. t)ev. (). lO 0,15 0.16 0,16 0,08 0.09

(l_r_-()perati(_,al )**

Ht,at1 0.91 0.85 0.78 0.83 0,90 0,8t;
Sld. l)_v. 0.13 0.09 0.15 0. II 0.13 0.12
( Poqt-()Derat ional )***

•" Include_ ali mamplin¢l periods up to ,and including October 1988,

'*_' ll, cit=de,q ali _ampling periods after October 1988,
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'FABLE T lr ,[ U i [

nbility Indices
lt_tt,ivo Sampling
'rhrr.eRuns Creek

_vlnhRivpr Sit_,_Aiken (_ounty_S_llt,h Cnrnl[na
nporat, io_al Dat,a

i

'ITATIVE SAMPI,ING (5 R(:l)lic:ate HqtltiplaLe ^rt, i flcisl 8u|)sl, rnt(_ 8aaplerR)

illR I)nt.f• _tt.o I Sit.c, 2 ,Sit.c, 3 Sit_ I ,Site 5 P,1,'llrl Std,I)ev,

eH - ,1n=189* 0,76 0,78 0.62 0,7B 0.7,1 0,71 0,07
Apt R9 0.8,1 0,89 O. 77 O, 73 O, 80 O, 81 0,06
,Itri A9 1,09 0,A7 0.66 0,AR 0,95 0,89 0,16
¢)¢:t.A9 0,97 0,76 O,f_8 0,77 0,96 f},f47 (},I0

_9 - ,l_tn!}0 ¢1,R9 0,97 0,97 1,00 i,[)6 (),98 (},06

0,91 O.B5 0.78 0,83 O,90 0,86
l)f,v. 0, 13 O,09 0. 15 0, II 0.13 O, 12

t.-()p_rnt iorlal )*** t

O, 78 O, 77 O, 82 O, 81 O. 76 O, 79
D_v, O. !0 O. 15 O, 16 O, 16 O, 08 O, 09

-(}p_r'nt innnlj**

I rt, plicmt.,q wero retrinvod at Site 4 durin_t Ooc _8 - Jan ,q,q,

udos _11 s_mpltnm periods up to and includtntl Octobor 1988,
lud_..q ali .qampitnll pt=riodn aft,r Octr_ber 1988,





E. Total BioLmass (gLm2_.

(Table IIIEi: Figure IIIEI)

The total biomass as ash-free dry weight (AFDW) averaged 0.4439g

post-operationally as compared to 0,4041g pre-operatlonally, Pre-

operational means ranged from 0.2930g at site 4 to 0.5391g at

site 3. Post-operational means ranged from 0.3096g at site 4 to

0.6126g at site 2.

Total biomass values were quite variable from each site/date

combination to each other slte/date combination. The patchy

distribution of large perlid and pteronarcyd stoneflies accounts

for most of this variability, especially in the spring quarter.

Lowest biomass values were obtained in the summer and fall, when

most mayfly and stonefly nymphs, the largest organisms inhabiting

the multiplate samplers, are in early instars. The increase in

biomass post-operationally was not significant when analyzed by

Wilcoxon's Signed Rank Test. lt is of interest that the decreases

in species richness and population numbers noted post-

operationally were not accompanied by a decrease in biomass.

Although biomass increased at site 2 post-operationally, as

contrasted to site I, it decreased at sites 3-5. The differences

among sites (post-operatlonal data) were not significant, except

for the decrease at site 4.

A comparison of biomass values obtained at each site indicated no

clear trend associated with the F/H Area ETF effluent dlscharge.
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'I.'ABL_ T ( T E i,

'Fo).al F]ioma_B (AFDW i)! _/m2)
011ar)t,Lt,at, tve HamplLng
i)ppo,r Three RtlnsCreek
Savav_nahRiver Site, Aiken (_ounty,South (',arolina
Pre - Operational Dat,a

Ot)ANTITATIVK ,qAMPLIN(](5 R(:pll(:a(,()MultLplate ^rtifl(:ialSub,_tra(,(_ ,qampl(_r,q)

_amr)lirltl l)t{t_, ,_4lto I Sift, 2 ,_]It.(> :l SIL_, ,1 Sit.r, F) M('at) Std,D('v,

,1_1tl- ,Itri B7 0,1120 C) 2712 0 2152 0 1123 () 1347 0 1691 0,()711
,_('l)" ()ct. fq7 (),21(}6 () 51:lH 0 2,12,1 0 1675 () 2!)I18 () 2916 (),l,q21
,It_r) - Fob 8]_3 0,3282 0 ,11,14 0 3911 0 ,tF)67 0 B299 () ,19()1 (),1982
hlar - hdr 88 1,1550 0 7107 0 9030 (} 5171 0 4277 C}7,127 0,2945
,l_ - ,I_L F1FI 0,,1226 0 2616 0 6826 0 2050 0 5064 0 4156 0,1921
,_op - t)ct, F_R 0,0,134 0 2224 0 799B 0 2694 C) 2414 0 /1153 0,2850

_,(oat_ (},:]_I:36(},3990 0,5391 (),2930 0,,I057 (),,l(),ll
_t(l, l)ov, 0,,102,1 O, IF_BI 0,2952 (),1700 0,2,16,1 0,1990
(I'ro-()i)erat i())la I )**

H(,a)l 0,52:1l 0,GI26 0,.10,18 0,3096 0,3695 O,,l.l;l!)
St_I, l)(,v, C],2tqO0 0,2FIOF4 0,1677 (},()72B 0,2036 (),2:134
( ['o._t,-()pe)'nt tonal )***

r, Incllvir,n ali ,lamplin._p_,riocls1)p tc_ and LtlcLudin_ Ovtober 1988,

_,_,"lncLudea roll nmmpLinpl periodn after October 1988,
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'tABLE I 1_ [ E :t.

Tnt,al lllomaH. (AFDW tn g/m2)
Quantltatlve SampllnR
[Jpper l'tlree Rlins Creek
Savannah Rtvt_r Ettte, Atken ('ounty, ,qouth (.'arolina
Post Operattnnal Data

qUANTITA'rlVE ,qAMPI,IN(] (5 Repli(:at.(: Mult.iplat,e Art, iri(:ia[ Rub._Lrat,(_ ,qaml}lers)

_ml_lill_ [)nit, Stt, e I " " ,l r, Ht,air ,,t.d I)ev,httr, 2 SIt, c, 3 ,_1t¢, ,_4tt(' , " ,

I)_,(' _F1 - ,tail _,q* 0,(197(_ (),(10()3 0,5()fiF_ 0,3898 (),,1511 0,5290 0,121!)
Mnr'- Alrr'89 0,,i162 0,,_7,_50,3,3,160,2507 0,3933 0,:1941 0,I19!)
,I_ - ,It_l_9 (),2(_820,5118 0,1637 0,2,140 (),1388 0,2653 0,1,179
,_"I_ " I)r't _,q () 3091 () 305;1 () ,I175 () '"..... ..771 (),2112 (),30,10 0,()7,1(1
l)_,r'I_!)- ,la_90 (}.92,12 I,()700 (),6025 0,:I_165(},6528 (),7272 0,2709

_lonll 0,5231 0,612(_ 0,,I048 0,309(3 0,3695 0,,I,139
f_t.(I, I),.v, 0,2800 (},2808 (),I677 0,0728 0,203fi 0,233,1
( I_._t.-()perat i r_na I )***

bl_,an 0,3836 0,3990 0,5391 0,2930 0,,I057 (),,I(),11
St,it. I)ov, 0,,1024 (},1881 0.2952 0.1700 0,2,1fi4 (), 1,990

( Pr,,-()i)r, rnl. i(;nal )**

, Only ,I r.plica!o, w,_rQ retrioved at site 4 (luritlt_ Di.c 88 - Jan 89,

'" Incltttleq ali .,aml, ltn_ p_.riodM tlp tr) and lnclt/dlnR Octoh,,r 1988,

... Inrl|.tnq all qampllnjl per|t)d_t after' October 1988,

,14





F. Pollution Tolerence: Biotic Index and EPT Index

(Tables IIIFi, lllFii, Figures IIIFi, IIIFii)

The average biotic index for all sites and dates

combined post-operationally, calculated r)n the multiplaLe

sarnplir_g data was 4.44 (Table IIIFi), Thi_, value was

significantly lower than the value for pre-operational

data (4.96), The lower value reflects a more pollutlof_

Intolerant community after initiation of effluent

releases, According to Hilsenhoff (1987) these values

represent a good level of water quality (low biotic index

values indicate good water quality). During pre-

operational sampling values were lowest in July and

highest in October. Post-operationally, the biotic index

decreased over tii_e, irrespective of seasons. The

multiplate sampling data were most sensitive to midge

populations, especially orthoclads and chiromomini

midges, which were larger in pre-operational collections.

Reduced numbers of Po lypedium, Rheocricotopus_ and

Orthocladius were the major contributing factors

resulting in lower biotic indices. Post-operationally,

the Friedman's Test shows significant differences among

the sites (Appendix E), This was most notable at site 4,

which was found to have a macroinvertebrate community

with a significantly better (lower) biotic index than

other sites. As both spatial and temporal comparisons

IIldicated an improved biotic index downstream/post-

operationally, no impact by F/H area effluent is

observed.



The post-operational EPT Indice_ for multlplate sampling

at the five sites ranged from a low of I0 to a maximum of

20 (Table IIIFii). No signiflcant differences were noted

among sites when the data are subjected to Frledman's

test (Appendix E), There was a slight, non-signiflcant increase in

the EPT Index from the pre-operational mean of 13,8 to the post-

operational mean of 14.7. Qualitative sampling portrayed the

opposite trend, with EPT values decreasing from a mean of 18,9

pre-operationally to 17.6 post-operationally. The highest EPT

ratings occurred in the winter and spring, when species richness

among the ephemerellid mayflies and perlodid stonei:lies was at a

peak. The values are indicative of good water quality For

macroinvertebrate community of Upper Three Runs Creek. No

indication of an impact by the F/H area ETF effluent ,was noted.
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'rARr,lm, r r r r_'i

lllq_er 'l'hrP_ RIItI_ (:rrek
_,,_vannnh Rtvnr _ttet Alken (?ountyt Sotlt.h (?rlroillln
Pro - ()per'ntion_,L Dnt_

(}I/AN'T'ITATIVF, SAHPI,IN(] (,5 Repli('tLt, o Hull, tplnt.e ^rt, i rt¢'i_l 811h._t,rate 8nml)ler_)

, ,,It_, I !lit,,,5 H_:_n :-_l,dl),,v,

....... ,....... . ..... ° ......................

,1_111-,l_l[ _7 1,56 ,1 73 5 31 ,q ()() 1 _1 I RB () 29
._c,l_-.(}_'t_7 ,_,52 f_!li f_:I:, _ :_I ,_29 _'_,q2 I)2,1
,la_- 1,_,I_BB 5,18 ,q3() r_ 12 ,q:13 1 90 5 17 ()17
t,tnr.... XI_t' H_ r_,17 ,1 8_ I _1 I 92 ,5 20 5 I)() () 17
,l_r_- ,I_1 _ 1,50 4 6,1 ,1 38 I 6(1 i ,1,9 I 52 0 10
S_,I_- ()ft._IR ,r_,_',_:},lBn ,l18 !}ii :i80 I 68 ()73

Ho_ 5. ()9 5. (}2 ,1,RG 5.09 I, 75 ,I. !)6
._t{I, I)_,v, ().17 (1.50 (], 1.9 ().33 (1,55 (),36

_ff,I}[_ L1,(; I 't, 50 1, 7() 1, I(; I, 23 I, '1I
St_I. I_¢_V. (1,33 (),57 0.33 O, :1'1 0.55 (1.'17

qUAI,ITAT! VE 8^NPI, IN(]
Aver_Re hy

.Saml_]t rl_ r)nt e Si t.¢, I S i Le 2 S t t e 3 S i _.e 4 S i t.e 5 Date

NovPmher 191_7 ,1.,19 5.10 4.,15 ,1,88 ,1.5,1 ,1.69
Hnr¢'h 1988 5.01 4,88 l, 75 ,1,/,l 4.73 4,82
_l(,tol_er l.qRfl (;. 13 5.3,3 4.,1,t 4.92 1,92 5.15

'' IH¢'l_ldon nii n_mpllH_( pori_dn _p tn _nd tn¢:IudtHR Ortohor 19_8,

"*_ ln_'lude_ all n_mpltn_ peri¢)d¢_ _ftor Ot:toher 19q8,

,'1_1



TAr4LE ! [ [ iv i

l_iotic Indice_

q_)nnt itat. ive Sampling
lWpl)_,r Thre_ Runs Creek
sav,annah Ri.vor Site, Aiken ('.oi|lit.y, South Carolina
Po,_t Ol)eral. iona[ Data

QIJ^NTITATIVE RAMPI,ING (5 Repli('.at(, Hult. iplaLe Art.iri(:ial Sul).ql.raLe Samplers)

Saml) t i))q Ilo) _. S i t o I S i t.o 2 S i Lr, 3 S i Lr. I Si t e 5 HPn)) Si.d, l)ov,

I)_,_' RR - ,Jail R.q* 5, l(l 5.21 5,12 ,1,59 5,0,1 5,()! 0,2,1

H:_r - Al'_rR9 1,G9 ,l.R9 I.R:! ,1.3R ,1.09 1.fir O.,3I

,1)i))- ,l_tlR!) I,13 1.5,'I 1,79 I, 13 I.,10 1.1G 0,21

,_,p - ()_'t R!) 1,73 3.!.)I I. 18 _,93 I,I0 1,23 (),3G
l_,.c _4q - ,Ian 90 1,21 3.91 ,1.27 3.75 3,5,1 :1.!15 0,31

_en)l l.G,1 1,50 '1.70 1,lG 1.23 I. li

Std. l)o,,'. 0.33 (1.57 0,33 0.3,1 0.55 0.,17

( P_)_t.-Ope)'_l. lo)la I ) ***

_l(,a)_ 5,09 5.02 1,86 5,09 1,75 1.9(;
Sid. 11_,v. 0,17 0.50 O, 19 0.33 0.55 O,:_G
(l'r','-_ll)("rnt i_))_nl )**

OIJ^I,ITATI VE RAMI)I,ING

AvPratle hv
Sampl ing Da).o Si t.e I ,3i te 2 ,qi t_, 3 Sit.e .1 Si to 5 Date

Mar( I_ l qa9 ,I.71 1.94 ,|.86 ,I, 8,1 5,59 1,99
()cl obor 19R9 5.50 5.47 5,44 4.20 5.21 5,19

• Only I ropl_cet@,_ eere t'p.lrieved el Site t durtnR Den I_ . Jan 89.

', lnrltMp_ all r:nmplinll p_riod_ up to and includine October 19R8.

''' Incl_tdoq ali namplCnlt pl, ric)dC aftt, r Or_toh@r Iq¢l_l,

=
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"I'AI'_LE ITI I Fi. i.

EPT IlIde×

qttantit,ative and Qualitat, ive Sampling
Upper Three R,lns CrePk
Savannah River SiLe, Aiken CounLy, So_lth ('nrnlina
Pre-(Ipernt. ional Dat.a

qII^NTITATIVE SAHPLING (5 Replical, e HulLiplaLe ^rt.iri¢:ial Suhat, rat.e Rampler,_)
(^11 Replicat,ea (:nBbined)

Snmpl i)_ l)at(, _i In I _ jt o 2 ,_i lP :II S ito | ,_jl.P ,5 Hon.n ._t(l,lh)v,

.i_l,)-.I,ilHT II I.I 17 IF1 II I,I8 2 A

,S_,p-<)¢:t AT 8 II II 8 7 9 0 1 9
,lnw_ - F,,b _A 12 19 19 lA 17 17 0 2 !t

Mar - Apr F_B 17 23 2.1 1FI 18 20 0 :1 2
,11)rI ,I))1AA I'I 15 13 13 15 I.I() I 0

Sol) - ()c't HA I_ I0 9 H 5 A 0 1 9
.................................. ....................................................................................

Moan 11.7 15.3 15,5 13.8 12.7 13.8
St(l, l)ev. 3,4 4.7 5. I I. 5 ,I. 3 4,8

( Pro-npr, rat. i nr)a I )*

Heall 15.2 15,2 II•2 II.I I,I.,I 14.7

Std. l)Pv. 1.9 ,1.9 3.0 1.I 4,3 3. I

( Pnst-()perat. inna l )**

QUAI,I TAT[ VE SAMPI,I N(]

SamplinR DnI_, Sit,e 1 Site 2 Sit,e 3 Site ,t Sit.e 5 Hears Std,Dev,

November 1987 16 20 18 21 17 18.4 2.1
Harch 1988 27 28 23 36 21 27.0 5.8
0ctoher 1988 10 14 12 11 I0 11,,1 1.7

Hean 17.7 20,7 17.7 22.7 16.0 18.9 7. ,I

*lncludos sll nnmplln=l p@rtods t,p to and tncludinll October 1988.

==lncludos sll aamplin¢l periods nfter October 19A8.
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"I'ABI.,E [ I I F t i.

F,PT I nd_x

Quant, it.ntive and _.',_alit.at, ivr_ ,qampliv_
Ill)Per Three Riin.q _"re_,k

,':;rtvannrth Rivrr SitP, Aik,.r_ ('c_luty. ,q_st:h I'ar'nlina
Pr_,qt-()por, at ionn I l)at.>_

QIIANTIT^TIVE RAHPI,ING (5 Rrpli(:atge HulLipl_Lo. Art, i l'iria_ _:ibRgrat,e S_eplo.r.q)
(AI! Replir_t,oR Coni)ined)

.qnml_litl_ I_nt_, ,qitc, 1 £it,r ?. ,qito 'l ,qi[O '1 Sift' q Hortll ,qt.{l,l)ov,

....

I)o_' AR - ,Inll _!_ 16 lR lA 15 20 17, I t.!t
H'ar' - Apr £9 16 19 . I I I:l 16 15,(; 2.3
,l_ln - .l_ll fl[_ 17 II 13 11 l0 1:3.0 2.7
.q,,,p - ()¢,t. R9 12 I1 lr] lr; 1() ll.R 2,5
I)_,_, £!1 - ,l :_n !_fl 15 17 I_; II I G 15.f; 1, I

. ,

_l_'J_vl I 5.2 15.2 I1,2 1'1. 1 14. 1 11.7
,qtd. I)_,v. 1.9 :1.!t 3.(I 1. I I.,'1 3.1

H_'arl I 1 . 7 1,5, I I 5, ,5 11}, R 12.7 I 3. R
Stct. I)ov. :1. 1 .I.7 ,5.1 .t.5 1.:l ,1.8
(l_r'o-()l_'rnl i_rlnl)t

_UAI,ITATI VE S/_lPl, I NG

Samplit_ l)al.e Sit o 1 Sito 2 Sit, P .1 Sit, e 4 Sit_: 5 Hea,n St, d. Dov.
...................... ...................................................................

Hat'rh ! 989 2,1 2,1 2(; 26 18 23,6 3. ,'1
Ot'toher 198!) 11 lq 9 14 13 11.6 2.9

Honn 19. () I 6. t} 17.5 20. f) 15,5 I 7.6 7..t

'lncludon all samplln_l perlodn t,p In and Incl_.lln_ O(.:l_hr,r 1988,

**ln_':ludr,.q nii namplinq perindq after Octohpt' 19_,

q2
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G. Function_l Group ANalysis (Tables VIGi - IIIGii; Figures

IIIGi, IIIGxi, Appendix G)

Functional post-operational group analysis, based upon

the total number of organisms quantitatively collected

per site, portrayed a community dominated by collectors

(62%). This was a slight decrease from the pre-

operational dominance of collectors (65%). Although the

proportion of collectors did not vary significantly when

comparing pre-operational and post-operational results,

the balance of gatherers and filterers did shift_ In ali

seasonal comparisons across the ETF start-up date (except

Febrtlary 1988 vs. ,January 1989 and ,July 1988 vs. ,;uly

1989) the percentage of collector-gatherers significantly

decreased post-operationally. Conversely, in fall

comparisons and wiriter comparisons the percentage of

collector-filterers significantly increased. The

decrease in collector-gatherers seems to be correlated

with the smaller numbers of orthoclad midges collected

after February 1988. Predators increased post-

operationally, increasing from 17.0% to 19.4% (all

seasons combined). Analysis by Wilcoxon's Signed Rank

Test indicated that the increase was significant for all

seasonal comparisons across the ETF start-up date except

July 1988 vs. July 1989 and October 1988 vs. October 1989.

Scrapers (grazers) constituted 8.1% of the community pre-
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operationally and 9.7% post-operationally. Seasonal

comparisons using Wilcoxon°s Signed Rank Test

demonstrated significant differences in the proportion of

scrapers pre- and post-operationally, except October 1988

vs. October 1989. Shredders remained relatively constant

in proportion, ranging from 9.8% pre-operationally to

9.1% post-operationally. Among shredders, however,

herbivores comprised a smaller percentage post-

operationally (decreasing fro 8.9% to 5.5%) and

detritivores a larger percentage (increasing from 0.9% to

3.6%), lt is worth noting that fewer significant

differences were noted when comparing functional group

proportions between July and October 1988 data sets and

post-operational data sets than other pre-post-

operational combinations. This suggests that, as noted

for density calculations, the shift in the data occurred

prior to the F/H ETF area start-up, which occurred in

late October 1988. In other words, there was not so much

difference in the trophic structure of the community

between seasons after June 1988 as there was across the

Ju Iy 198B tempor a I boundary.

Comparisons of functional groups (based on numbers of organisms)

among sites showed some interesting trends. In particular,

col lector-gatherers were less dominant downstream and col lector-

filterers increased. This is opposite the spatial trend noted

pre-operationally. The proportions of predators increased

slightly at downstream sites, although the increase was noted both

pre- and post-operationally. Shredder-herbivors also increased in

proportion post-operationally. Analysis by Friedman's Test

confirmed the lack of significant differences post-operationally
for any functional group among sites.
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Post-operational functional group analysis based upon percentage

by biomass was similar to pre-operational results in finding the

community to be dominated by predators. (617,). Scrapers were the

second largest functional group by biomass (157,), followed by

shredders (137.) and collectors (11%). Comparison of pre-

operational to post-operational biomass data showed a similar

pattern to the functional group analysis by population numbers,

wi th (lecreases in col lecter-gatherers and increases in col lector-

filterers. _iowever, the population of predators decreased

significantly. Comparisons of biomass data among sites showed

smaller percentages of collector-gatherers downstream while

collector-filterers increased. LJnlike the functional group

analysis by population number data, predators did not increase at

downstream sites and neither did shredders.

Post-operational sampling revealed significant changes in the

functional group proportions as compared to the same seasonts pre-

operational data. These changes appeared to occur prior to

October 1988 and involved lessened populations and biomass of

orthoclad midges. There was also, however, a shift in the

trophic structure of the community downstream of the F/H area ETF

effluent discharge. Of greatest concern is the increase in

proportions of collector-filterers, coupled with a decrease in

proportion of collector-gatherers, noted both for population data

and biomass data. Although not drastic, the shift is significant

and could suggest minor nutrient enrichment in the stream,

{increasing fine particulate organic matter (FPOM)), Other

causes, such as slight habitat differences or natural variability

could also account for the shift. In the absence of inter-site

differences in species richness or other measured indices, it

would be premature to overemphasize this shift and its possible

correlation to the F/H area ETF effluent discharge.
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Due to the rheophilic/snag habitat bias of artificial substrate

sampling, other habitats within the stream are under-represented,

particularly sediment-dwelling organisms and neuston (surface)

H. Dominant S_cies and Community Structure

7Tu_otx_houtthe study, the macroinvertebrate oommunity colonizing

tJ_ multiplate artificial substz-atesamplers was dominated by

rheophilic, snag habitat species, particularly orthoclad midges.

The most commonly collected species was _heocricotopt_ _ and

the se=xx_ most common species was PolYpe_ _QII_. Non-

chironomid species among the most _ly collected included

black flies (_J_tiil_ dixiense/jor_si), caddisflies (Hy__ yc2_

eli--) and mayflies (S_ _tum/smith_@ and Heptagenia

F_av_) and stoneflies (6__L_ _:[EZI_). The ten most

commonly collected species at the five sit_ were as follc_s:

Quantitative sampling Post-_tional

Pre-_tiorml Dominant

Dominant SDecies # Species #

Rheocrio0_ _ 1291 Rheocrio0topt_ robacki 524

Thienemanniella fusca 803 Polypedilum oo_ictt_ 464

Polype_ilum convictum 617 Hydrops_e elissoma 386

_letenia discoloripes 511 Rheotanytarsus distinctissimus 296

Hydz_ elissoma 477 Simulium dixiense/jonesi 285

Rheotanytarsus distinctissimus 441 Tvetenia discoloripes 221

Stenonema modesttm/smithae 388 _ladius curtiseta 216

Simulium dixiense/jonesi 377 Stenonema modesttm/smithae 201

Cri_ vierriensis 309 Oo_ sp. 3 173

Heptagenia f!_ 308 Acroneuria ab_s 132

Althoa_ the list varies fraa site to site, no pronotmced shifts

in dominants am0rg sites _s noted.



Due to the rheophilic/snag habitat bias of artificlal substrate

sampling, other habitats within the stream are under-represented,

particularly sediment-dwelling organisms and neuston (surface)

dwelling organisms. Qualitative sampling can give a more balanced

overall view of the community in all habitats of the lotlc system.

A list of species collected post-operationally by qualitative

sampling methods, representing non-snag habitats at all sites is

presented below:

Sand Community Neuston/Pelagic Community

Agarodes libalis Dineutus ciliatus

Bezzia sp. 7 * Dineutus discolor

• cladotanytarsus sp. Rhagovelia obesa

Cryptochironomus blarina

C. fulvus gp.
Dolania americana

Genus rtr. Kloosia

Haploperla brevis

Paracladopeelma undine

Paracladopelma do_is

Paralauterborniella nigrohalteralis
• Rheosmittia

Robackia claviger

Sediment/L_a_ack community

• Hexagenia limbata * A. mallochi
i 0

• Acerpenna pygmaeus Ab_abesmyla janta
• Paraleptophlebia guttata Coi_chapelopia

Enallagma sp. Cl_n0tanypus pinguis
Gomphus lividus Heterotrissocladius marcidus

Hagenius brevistylus Labrundinia pilosella

Lepidostoma sp.

Leuctra sp. * Mjlcrotendipes spp.

Perlinella drymo Pagastiella ostansa

Sialis sp. Paramerina sp.

Anisocentropus pyraloides * Polypedilum halterale

Lepidostoma sp. * Polypedilum scalaenum

• Phylocentropus Psectrocladius (Meso.) sp.

Hydroporus pilatei Paratendipes nudisquama

Sperchopsid tesselatus Stempellinella sp.

Atrichopogon Tanytarsus sp. XVII

Bezzia sp. 2,6 Tribelos jucundus

Crysops sp. Caecidotea sp.

Culicoides sp. Cambarlnae

Erioptera/Ormosia Palaemonetes

Hextoma (E.) cinerea Spirosperma sp.
• Palpomvia sD. 1,5 Tubificidae

Pilaria - - * Gillia altilis

Sphaerium sp. Viviparis subpurpureum

z * Dominant Species



L,, II

Qualitative sampling indicated that the sediment dwelling species

are equally abundant to the snag habitat species. Thus, the dominant

species noted in qualitative sampling are distinctly different than

were found by artificial substrate sampling, which primarily sampled

snag habitat species. Sedimentleaf pack habitat may be estimated at

approximately 30% of the streambed area, as compared to 60% sand

habitat and 10% snag habitat. Each of the three habitat types was

sampled equally. A review of the qualitative data by habitat

(Appendix B) shows the highest species richness and organism density

to be found in the snag habitat and the lowest species richness and

organism density in the sand habitat. Field observations indicated

that site I included less snag and sediment/leaf pack habitat than the

other sites and site 5 included a greater proportion of sediment/lea_

pack habitat than the other sites. The ten most common species

collected pre-operationally and post-operationally are as follows:

Qualitative sampling Post-operational

Pre-operational Dominant

Dominant Species # Species #

Hydropsyche elissoma 315 Hydropsyche elissoma 178

Tribelos jucundus 255 Conchapelopia sp. 129

Polypedilum convictum 237 Parametriocnemus lundbecki 116

Cheumatopsyche sp. 152 Rheocricotopus robacki 88

Isoperla orata/dicala !47 Polypedilum convictum 79

Rheotanytarsus exiguus 131 Tvetenia discoloripes 78

Paraleptophlebia guttata 126 Isoperta nr. nana 77

Brachycentrus numerosus 107 Gillia altilis 58

Stenonema modestum/smithae 107 Stenonema modestum/smithae 56

Phylocentropus sp. 106 Simulium jonesi/dix_ense 56
Orthocladics dentifer 106

The patchy nature of habitat distribution makes it more difficult to

generalize about community structural changes among sites samples

qualitatively. The dominant species collected qualitatively were

dissimilar when comparing pre and post-operational samples, it is not

possible to determine the significance of the differences.



Table III Hi

Dominant Species Collected by Multiplate Artificial Substrate Samplers

At Five Sites on Upper Three Runs Creek, Savannah River Plant, Aiken
County. South Carolina. June 1987 - January 1990.

Ephemeroptera Diptera (Chironomidae)

Ephemerella dorothea Brillia flavifrons

Ephemerella invaria/rotunda Conchapelopia sp

lleptagenia flavescens Corynoneura sp

Stenonema modestum/smithae corynoneura sp 3
orthocladius dentifer

Orthocladius curtiseta

Parakiefferiella sp A, B
Parametriocnemus lundbecki

polypedilum convictum gp
P lecoptera

Acroneura abnormis

Acroneuria mela Rheocricotopus robacki

Helopicus subvarians Rheotanytarsus
Isoperla bilineata distinctissimus

Isoperla nr. nana Rheotanytarsus exiguus

Isoperla orata/dicala Symposiocladius lignicola

Paragnetina kansensis Tanytarsus glabrescens gp

Leuctra sp. Tanytarsus sp. XVI

Perlesta placida Thienemanniella fusca gp

Pteronarcys dorsata Thienemanniella xena gp

Taenioptery× nr. lita Tvetenia disco[oripes

Tvetenia paucunca/vitracies

Trichoptera

Brachycentrus numerosus

Cheumatopsyche spp

Chimarra sp.

Hydropsyche elissoma
Micrasema rusticum

Megaloptera

Corydalus cornutus

Coleoptera

Ancyronyx variegatus

Macronychus glabratus
Stenelmis markeli

Stenelmis sinuata

Diptera (non-Chironomidae)
Atherix lantha

Ectemnla invenusta

Empididae

= Simulium tuberosum
_J--
-



I. Water chemistry

(Table III Ii; Appendix F)

Thirty-one parameters were analyzed monthly on water samples collected

from five sites on Upper Three Runs Creek. Six parameters were

analyzed monthly on water samples from the mouth of Tim's Branch. A

summary of that data is presented in Table III Ii. The complete set

of data is included in Appendix F. Three parameters were measured as

field values: dissolved oxygen, pH and temperature.

__en, pH, Specific_Conductance, Temperature and Total

Suspended Solids.

The dissolved oxygen concentrations (field measurement; Appendix Di)

ranged from 6.9 ppm to 13.8 ppm with an overall mean of 9.3 ppm. The

overall mean for pH (Field measurement; Appendix Di) was highest at

Tim's Branch (6.4) and lowest at site #i (5.9). The range for the

mean pH at the five sites on Upper Three Runs Creek was 5.9 - 6.1. No

significant differences among sites were noted.

Specific: conductance varied from a mean high of 23.4 micromhos/cm at

site 3 pre-operationally to a low of 20.6 micromhos/cm, at site 5 pre-

operationally. No significant differences were noted either among

sites or over time.

The overall mean for temperature was 15.1 oc with a high mean of 14.9

oc at site 5. The temperature followed normal seasonal fluctuations.



Total suspended solids ranged from a mean high of 9.9 at site 5 (pre-

operationally) to a mean low of 4.5 ppm at site 1 (pre-operationally).

The suspended solids appear to be similar at all sites, and when

comparing pre-operational and post-operational data. Values were

consistently ].ow in the stream.

N__ro_D and Phosphorus (Figure Ii )

Through the reporting period the Nitrate Nitrogen was consistently

higher at Tim's Branch (post-operational mean: 0.67 mg/l). The annual

means at the other sites were between 0.083 and 0.15 mg/l. The

increase in the post-operational mean nitrate nitrogen level at

downstream sites (0.214 - 0.238 mg/l) as compared to site I (0,138

mg/l), suggest that Tim's Branch contributes significantly to nitrate

levels in Upper Three Runs Creek. The mean Nitrite Nitrogen at all

sites was below the detection limits for that parameter. Mean ammonia

nitrogen levels ranged from below detectable limits at all sites pre-

operationally to 0.025 mg/l at site 5 post-operationally. In general

ammonia nitrogen levels were lower downstream than at the control

site.

The annual site means for all Upper Tllree Runs Creek sites post-

operationally for total phosphorus were between 0.029 and 0.048 mg/l.

No significant differences among sites were observed. Orthophosphate

phosphorus post-operational site means ranged from 0.024 to 0.052 mg/l.

In November 1988, high total phosphorus concentrations in Tim's Branch

affected total phosphorus readings in Upper Three Runs Creek,

resulting in a high level at the first downstream site (2) - 0.2 mg/l,

as compared to 0.01 mg/l at station i. Significant differences were

not observed among sites during other post-operational sampling

periods.
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Sodium, Manganese and Zing

Mean Sodium concentrations ranged from 1.3 to 2.3 mg/l. The site

means for manganese ranged from O.025 to 0.040 mg/l. Mean zinc

concentrations ranged from <0.005 to 0.054 mg/l. Dissolved zinc

values ran slightly higher than total zinc values, due to low levels

of zinc contamination from the filter paper. Concentrations of

sodium, manganese and zinc were not significantly higher at downstream

sites than at site i.

Sediment Mercury

Hercury was not detected in the sediments of Upper Three Runs Creek

during pre-operational sampling. During post-operational collection

periods, detectable mercury levels have been encountered several, times

at sites 1,2 and 5, but not at sites 3 and 4. Values at the control

site have been detectable on 3 occasions; March 1989 (21 ug/kg), April

1989 (24 ug/kg) and December 1989 (30 ug/kg). None of these values

were much above the detection limit (20 ug/kg). At the first

downstream site (2), mercury was detected in the sediment during five

months of 1989. In general the values exceeded detectable limits by

only small amounts (21 - 30 ug/kg). However, a value of 144 ug/kg was

found in the site 2 sediment in January 1989. Although the January

1989 site 2 value seems to be an outlier, there is an increasing

frequency of higher than detection limit (and higher than the control)

sediment mercury levels post-operationally at site 2. Four samples

exhibited detectable levels of sediment mercury at site 5; ,January

1989 (63 ug/kg), July 1989 (27 ug/kg), November 1989 (50 ug/kg), and

December 1989 (40 ug/kg). As with site 2, the mercury levels appeared

higher than at site I and were more frequently detectable post-

operationally.



_Uranium

Prior to the start-up of the F/H area ETF effluent releases the mean

values for Uranium were below detectable limits at a].l sites. Post-

operationally, detectable mean levels of uranium have been measured at

all sites. The mean uranium level at site _ was 0.0009 mg/l. Levels

at downstream sites were significantly higher (0.0014 - ().0030 rag/I).

(,__[9_!i9_m,Copper__, Lead, Mercuryand"_ Urani_qm

chromium, copper, lead and mercury (excluding sediment mercury) were

right at or below detectable levels at all sites throughout the

roportinq period.

Res,.,,idt_al_.¢_

Residual chloride at mean levels above the detection limit was not

detected during the reporting period, (detection limit = 0.05 mg/[).

Hard_ness aILGLAlkalinitv

Hardness and alkalinity values were quite low at all sites throughout

the period, indicating a very soft water with little available

buffering capacity. Post-operational hardness values ranged from 7.0

- 7.9 mg/l and alkalinity ranged from 4.3 - 5.1 mg/l. No significant

differences were noted between pre-operational and post-operational

data nor among sites.

Tributyl Phosphate and Kerose_D__

Neither tributyl phosphate nor kerosene were detected above the method

detection limits during this part of the study.



Table III Ii:

Statistical Description of the Water Chemistry Parameters
Measured at Five Sites Along Upper Three Runs Creek, Savannah
River Plant, Aiken County, South Carolina. August 1987 - October
1988,

SITE _I

Standard
Parameter Mean a Deviation Range

pH 5.93 0.41 5.2 - 6.9
Dissolved Oxygen 8.95 1.2 7.0 - 11.3
Temperature 15.6 5.0 6.0 - 23.0
Conductivity 23. 13 5.03 II - 31
Chromium <0.005 <0.005 - 0.005
Copper BDL * .... <0.05 - <0. 005
Lead BDL * ..... <0.001 - <0.01
Manganese 0.022 0.017 <0.005 - 0.071
Mercury BDL _ .... <0.5 - <0.8
Sodium 1.34 0.15 l.l - 1.6
Uranium BDL _ .... <O,OOl
Zinc 0.0204 0.056 <0.005 - 0.220
Dissolved Chromium <0.005 <0.005 - 0.005

Dissolved Copper <0.005 <0.005 - 0.010
Dissolved Lead BDL _ .... <0,001 - <0.01

Dissolved Manganese 0.017 0.017 0.006 - 0.074
Dissolved Mercury BDL _ .... <0.5
Dissolved Sodium 1.41 0.20 I.I - 1.6
Dissolved Uranium BDL * .... <0.001
Dissolved Zinc 0.0318 0.059 <0.005 - 0,234

Nitrate Nitrogen 0.22 0.69 <0.2 - 2.7
Nitrite Nitrogen BDL * .... <0.01
Ortho Phosphate 0.0186 0,0083 <0.01 - 0,03

as Phosphorus
Total Phosphate O,05B? 0.122 0.01 - 0.05

as Phosphorus
Ammonia Nitrogen BDL * .... <0. l - <l

Hardness 7.857 3.348 4- 16
Alkalinity 4.18 1,207 3 - 8
Residual Chlorine BDL * .... <0.05- <0.I
Tot. Suspended Solids 4.667 3.457 <4 - II
Kerosene BDL * .... < 1O0
Tri-Phosphate BDL * ..... <50 - <I00
Mercury Sediment BDL * .... <50

a In calculating the Mean and Standard Deviation, results below
the detection limit were treated as 0.0.

* BDL = All values were below the detection limits listed in the

Range.
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Table III Ii: cont.

Statistical Description of the Water Chemistry Parameters
Measured at Five Sites Along Upper Three Runs Creek, Savannah
River Plant, Aiken County, South Carolina. August 1987 - October
IgB8.

S ITE #2

Standard

Parameter Mean a Deviation Ran__..__._

pH 6.05 0.62 5.0 - 7,5
Dissolved O×ygen 9,03 1.5 7.0 - 12.6
Temperature 15.7 5.0 6.0 - 23.0
Conductivity 22.73 4.73 II - 32
Chromium <0,005 .... _0.005 - 0,005
Copper BDL * .... <0.005 - <0.05
Lead BDL * ..... <0,001 - <0.01

Manganese 0,026a 0.0355 <0,001 - 0,074
Mercury BDL * .... <0.5
Sodium 1.34 0,184 I.I - 1.8
Uranium <0,001 ..... <0.001 - 0.002
Zinc 0.0233 0,061 <0,005 - 0,299
Dissolved Chromium <0,005 .... <0.005 - 0,007
Dissolved Copper <0,005 .... <0,005 -. 0,005
Dissolved Lead <0,005 .... <0,005 - 0,003
Dissolved Manganese 0.0123 0.0137 <0.005 - 0,056
Dissolved Mercury BDL _ <0.5
Dissolved Sodium I.a93 0,258 1.2 - 2.1
Dissolved Uranium 0,067 0,258 <0,001 - 1
Dissolved Zinc 0.036 0,068 <0,005 - 0,277
Nitrate Nitrogen 0,227 0,743 <0.I - 2.g
Nitrite Nitrogen BDL * .... <0,01
Oy'rho Phosphate 0,034 0,049 <0.01 - 0.2

as Phosphorus
Total Phosphate 0,038 0.025 0,02 - 0.II

as Phosphorus
Ammonia Nitrogen BDL * ..... <0.I - <I
Hardness 7.286 2.4 _ - 14
Alkalinity 5.147 5.33 2 - 24
Residual Chlorine BDL w .... <0.5
Tot. Suspended Solids 6,143 7,305 <4 - 28
Kerosene BDL * .... <I00
Tri-Phosphate BDL * <50 - <I00
Mercury Sediment BDL * .... <50

a In calculating the Mean and Standard Deviation, results below
the detection limit were treated as 0.0.

* BDL : All values were below the detection limit_ li_t_d in the

Range.
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Table Ill Ii: cont.

Statistical Description 04: the Water Chemistry Parameters
Measured at Five Sites Along Upper Three Runs Creek, Savannah
River Plant, Aiken County, South Carolina. August 1987 -October
1988.

SITE #3

Standard
Parameter Mea._._,,._na Deviation Range

pH 6,23 0.51 5.2- 7.2
Dissolved Oxygen 9,12 1.5 6.9 - 12.0
Temperature 15.8 5, 1 6.0 -. 22,5
Conductivity 23,4 5.49 12- 32
Chromium <0,005 ..... <0.005 -(),005
Copper BDL _ .... <0,005 - <(), 05
Lead BDL * .... <0.001 - 0.01
Manganese 0,0249 0.0180 <0.005 -, 0.069
Mercury BDL * .... <0, 5
Sodium 1.613 0.2899 I.I - 2.4
Uranium <0.001 .... <0.001 - 0.003
Zinc 0,0219 0.051"7 <0.005 - 0,207
Dissolved Chromium BDL w .... <0.005 - <0.05
Dissolved Copper <0.005 .... <0,005 - 0,005
Dissolved Lead <0,005 .... <0,005 - 0,002
Dissolved Manganese 0.014 0.0165 <0,005 - 0.066
Dissolved Mercury 8DL * .... <0,5
Dissolved Sodium 1.66 0,259 I.I - 2.2
Dissolved Uranium BDL * .... <0.001 - <I
Dissolved Zinc 0,0364 0,0649 <0.05 - 0.265
Nitrate Nitrogen 0.32 0,947 <0.2 - 0.5
Nitrite Nitrogen BDL * .... <0,01
Ortho Phosphate 0.0177 0.0094 <0,01 - 0.03

as Phosphorus
Total Phosphate 0,0323 0.0132 0.02 - 0,06

as Phosphorus
Ammonia Nitrogen BDL * ..... <0.I - <I
Hardness 6. 957 I, 968 4 - I 2
Alkalinity 4,773 1.58 2 - 8
Residual Chlorine BDL * <0.05 -- <0. 1
Tot, Suspended Sol i ds 4,93 3.73 <4 - 11
Kerosene BDL * .... <I00
Tri-Phosphate BDL * .... <50 - <I00
Mercury Sediment BDL * .... <50

a In calculating the Mean and Standard Deviation, results below
the detection limit were treated as 0.0.

* BDL : All values were below the detection limits li_ted in the_

Range.
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Table III Ii: cont.

Statistical Oe_crlption of the Water Chemistry Parameters
Measured at Five Sites Along Upper Three Runs Creek, Savannah
River Plant, Aiken County, South Carolina, August 1987 -October
1988,

SITE
.,.w...._ -

Standard

Parameter Mean a Deviation Range_

pH 6,14 0.57 5.0 - 7,3
Dissolved Oxygen 9.45 1.6 7.8 - II.4
Temperature 15,6 5. I 6,0 - 22.5
Conductivity 23,067 4, 73 12 - 30
Chromlum 0.0004 0.{i)126 ,:0.005 - 0.049
Copper O.OOl 0.0026 <0.005 - 0.008
Lead BDL _ .... <0.001 - <0.01
Manganese 0.0271 0.019 <0.005 - 0.077
Mercury BDL _ .... <0.5
Sodium 1.64 0.206 1.2 - 2.0
Uranium <0.001 ..... <0.001 - 0.001
Zinc 0.0321 0.0705 <0.005 - 0,261
Dissolved Chromium <0.005 ..... <0.005 - 0.009
Dissolved Copper <0.005 <0.005 - 0.010
Dissolved Lead <0.005 .... <0.005 - 0.001
Dissolved llanganese 0,0156 0.025 <0.005 - 0.I04

Dissolved llercury BDL * .... <0.5
Dissolved Sodium 1.647 0.2386 1.3 - 2.1
Dissolved Uranium BDL * .... <O,OOl - <I
Dissolved Zinc 0.0574 0.0834 <0.005 - 0.280
Nitrate Nitrogen 0.2067 0.534 <0.2 - 0.3
Nitrite Nitrogen BDL * .... <0.01
Ortho Phosphate 0.020 0.0113 <O.Ol - 0.04

as Phosphorus

Total Phosphate 0.0356 0.0184 <0.25 - 0.07
as Phosphorus

Ammonia Ni trogen BDL * .... <0. l - <l
Hardness 7. 214 1.968 5 - II
Alk,_linity 4.24 1.097 1 - 5,,I
Residual Chlorine BDL * .... <0.05 - <0, l
Tot. Suspended Solids 6.73 4.183 <5 - 14
Kerosene BDL * .... <lO0
Tri-Phosphate BDL * .... <50 - <100
Mercury Sediment BDL * .... <50

a In calculating the Mean and Standard Deviation, results below
the detection limit were treated as 0.0.

* BDL : All values were below the detection limits listed in the
Range.
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Table Iri ll; cont.

Starlstical Description of the Water Chemistry Parameter_
Mea_,ured at Five Sites Along Upper Three Runs Creek, Savannah
River Plant, Aikmn County, South Carolina. August 1987- October
19BB,

SITE #5

Standard

Parameter Mea____na Deviation. Range,._

pH 6.20 0.64 5,2 -- 7,6
Dissolved Oxygen 9.4 1,7 7,5 - 13,8
Temperature 15,4 5.0 6.0 - 22.0
Conductivity 20,6 8,781 19 - 30
Chromlurn <0.005 .... <0.005 -0.017
Copper <0.005 .... <0,005 - 0,005
Lead BDL * .... <0.001 - <0.01
Manganese 0.0295 0,0187 <0,005 - 0,079
Mercury BDL * ...... <0,5 - _I
Sodium I. 547 0.2445 I. 1 - 2. 1
Uranium <0.001 ...... <0.001 - O.OOl
Zinc 0.0404 0.097 <0.005 - 0.380
Dissolved Chromium <0,005 .... <0.005 - 0.008
Dissolved Copper <0.005 <0.005 - 0.007
Dissolved Lead BDL * .... <0.001 - <0.01
Dissolved 14anganese 0.0129 0.016 <0.005 - 0.067
Dissolved llercury BDL * .... <0.5 - <l
Dissolved Sodium 1,687 0.256 1,4 - 2.3
Dissolved Uranium 0.004 0,015 <0,001 - <I
Dissolved Zinc 0,0518 0.097 <0.05 - 0,38

Nitrate Nitrogen 0,24 0.689 <0.2 - 2.7
Nitrite Nitrogen BDL _ .... <O.Ol
Ortho Phosphate 0.023 0.016 <0.01 - 0.06

as Phosphorus
Total Phosphate 0.042 0.0156 0.02 - 0.07

as Phosphorus

Ammonia Nitrogen BDL * .... <0.01 - <I
Hardness 7 I.797 5 - 12

Alkalinity 4,447 0.716 3 - 6
Residual Chlorine BDL * ..... <0.05- <0. I
Tot. Suspended Solids 9,933 5.99 <5 - 22
Kerosene BDL * ..... <I00
Tri-Phosphate BDL * .... <50 - <I00
Mercury Sediment BDL * .... <50

a In calculating the Mean and Standard Deviation, result_ below
the detection limit were treated as 0.0.

* BDL : All values were below the detection limits !!_f_H in the
Range.
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Table Iii It: cont.
i

Statistical Description of the Water Chemistry Parameters
I_easured at Five Sites Along Upper Three Runs Creek, Savannah
River Plant, Aiken County, South Carolina, August 1987- October
1988,

TIM'S BRANCH

Standard

Parameter Mean a Deviation Ran.n..q_.e

ph 6,42 0.46 5.6 - 7,5
Dissolved Oxygen 9,4 1.3 7,5 - 12, 1
Temperature 15.6 5,5 5,0 - 24
Chrnmium <0,005 ..... <0.005 - 0,015
Copper <0,005 <0. 005 - 0,006
14ercury BDL * .... <0.5
Zinc 0.0263 <0.005 - 0,245

,, Nitrate Nitrogen 1.0143 1.488 0,3 - 6.1
Total Phosphate 0,066 0,0422 0.03 - O. 18

as Phosphorus
Mercury Sediment BDL * .... <50

a In calculating the f_ean and Standard Deviation, results below
the detection limit were treated as 0,0,

* BDL : All values were below the detection limits listed in the

Range.
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TABLE [ I I I i i

Water Chemimtry Para_ters
Upper Three Runs Creek

Savannah River Site, Aiken County, South Carolina

Post-Operational Data
Site 1

a Standard

Parameter (mR/L) Mean Deviation

Conduct iv i ty 21. R13 3. 885
('htom i ,lm BDL*

Copper BDI,*
l,ead BDL*

Manganese 0.026 O,Ol,i

Hercury BDL*
Soditlm 1.423 O. 135
t'rani,,m O.0009 ().0023

Zi,,c 0.027 O.061

Dissolved ('{iromium BDL*

Dissolved Cooper BDL*
DissolvPd Lead BDL*

Dissolved Man_a{_'>ae 0.010 0.015

Dissolved Merc:_ry BDL*
Dissolved Sodium 1.471 0.134

l)issolved Uranium 0.0011 O.O030

I)i ssolvod Zinc 0.036 0.066 =
Nitrate Nitrogen 0.138 0.080

Nitrit.e Nitrogen BDL*

Ortho Phosphate as Phosphor||s 0.029 0.073

Total Phosphate as Phosphorus 0.029 0.022
Ammonia Nitrogen 0.014 0.036 :-
Hardness 6.976 I.230

Alkal in ity 5. 076 2. 796
Total Suspended Solids 4.500 5.007
Kerosene BDL*

Tributyl Phosphate BDL* -_
Residual Chlor ine BDL*

Sediment Mercury 0.0047 0.0102

....... _[_

'_. In c.alcl_latin_ the mr,an and .qtandard (teviat. iol], results below
t.he detection limit were treated as O.

* RDL = l)elow detection I. imits,

=
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TABLE I I I I i i

Water Chemiotry Paraletern

Upper Three Runs Creek

Savannah R',ver Site, Aiken County, South Carolina

Post-Operational Data
Site 2 ,,:,

a Standard

Parameter (mR/L) Mean [)eviat ion

f'ondu(:tivity 21. FII3 3,799
('hromium BDL*

('opper O. OOl O.003
I,ea¢t O. 00l O. 002

Mnnganese 0,027 0.014

Mercury BDL*

Sodi,zm 1. 602 O. 336

l'ranillra O,O014 O.003

Zinc 0.035 0.058

Dissolvmt Chromium BDL*

Dissolved Copper 0.001 0.002
Dissolved Lead BDL*

Dissolved Manganese 0.012 O.OIB

Dissolved Mercury BDL*
Dissolved Sodium 1.615 0.248

DissolvPd Uranium O.0008 0.002

Dissolved Zinc 0.053 O. lIO

Nitrate Nitrogen 0.21g 0.187

Nitrite Nitrogen BDL*

Ortho Phosphate as Phosphorus 0.028 0.073

Total Phosphate as Phosphorus 0.043 0.053

Ammonia Nitrogen 0.001 0.003
llardness 7. 734 1. 681

Alkal in ity 4.286 2.236

Total Suspended Solids 4.750 7.335
Kerosene BDL*

Tributyl Phosphate BDL*
Residual Chlorine BDL*

Sediment Mercury 0.016 0.036

a. In (-alculating tile mean and atan(lard deviation, results below
the detection limit, were treated as O.

' BDL = below detection limits.
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TABLE [ I [ I i. i,

Water Chemistry Parameters
Upper Three Runs Creek
Savannah River Site, Aiken County, South Carolina
Post-Operat ions[ Data
Site 3

a Standard

Parameter { m_/I,) Mean Deviation
................ .....................

(:owduct iv i ty 22,313 3. 894
0,hrom i tl_ BI)L*

Copper BI)L*
[,Pad RD[,*
Hangan_se O, 025 O, 015
Mercury BDL*
Sod i lira l. 718 0. 278
(Iran i tlm 0,003 O. 007
7,Jnc O. 0i6 0.099
Dissolvod Chromillm 0,001 0,003

l)issol v_d Copper 0.001 0,003
Dissolved Lead BDL*

l)issolvpd Manganese 0,008 0.009
Dkssolvpd Mercury BDL*
Dissolved Sodium 1.708 0.257
Dissolvt-d Uranium 0.OO11 0,0032
Dissolved 7.Jnc 0.046 0.112
Nitrate Nitrogen 0,214 0,184
Nit, r( te Nitrngen BDL*
Ortho Phosphate as Phosphorus 0,028 0.066
Total Pho._phat.eas Phosphorus 0.030 0,032
Ammonia Nitrogen 0.001 0.003
llardness 7,166 1.454
Alkalinity 4.881 1,761
Total S_IspendedSolids 4,375 4,911
Kerosene BDL*
Tributyl Phosphat_ BDL*
Residual Chlorine BDL*
Sediment Mercury 0.0019 0.0075

a. In calculating the mean and standard deviation, results below
the detection limit were treated as O.

* BDL = helow (le tection Iim i ts.
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TABLE I I I [ i i

Water Chemintry Parameters
Upper Three Runs Creek
Savannah River Site, Aiken County, South Carolina
Post-Operational Data
Site 4

a Standard
Parameter (m_/i,) Mean Deviation

('¢_r_ttlJc:ti v it.y 22.313 1.25,1
(:llromi_,m BDL*
(_oDPor BDL*
[,end O,001 O.003
Hanganf, se 0.028 O. O16
Mercllry BDL*
S(_ditlm I,713 O.275
[)ran i_lm O. 0025 O, 0053
7,Jnc 0,026 (), 039
Dissolv_,dChromium 0.001 0.005

Di ssolved Copper O, 001 0,003
Diasolvpd Lead BD[,*
Dissol v_d Ma,lganese O. OI 3 0.013
Dissolv(.dMerctlry BDL*
Dissolved Sodium 1.747 0.281
I)is._olrod Urani,,m 0.0011 ().0027
l)issolvpd Zinc 0.058 O. IO8
Nit.rat,_Nitrogen 0.219 0.197
Nit.rit_,Nit,rogen BDL*
()rtho l!hosphate as Pho.qphorlls 0.02,1 0.056
'rot:alPl)osphateas Phosphor,is 0.048 0.0.18
Ammonia Nitrogen BDL*
Ilardne.Rs 7.295 1. 277
Aikal inity 4.688 1.689
Total Suspended Solids 5. 750 4.420
Kerosene BDL*

'l'ributylPhosphate BDL*
Residual Chlorine BDL*
Sediment Mercury 0.0039 0.0158

:t. In ('alc,,lating the mean anti standard deviation, results below
the detection limit were treated as O.

* BD[, = below detection limits.

=-
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TABLE I I I I i i

Water Chemistry Parameters
Upper Three Runs Creek
Savannah River Site, Aiken County, South Carolina
Post-Operational Data
Site 5

r

a Standard

Paramoter (rag/L) Hean Dry iation

('ondt1(-tivity 22. i88 .I, 086
('hromiIIm BDI,*
Copper BDI,*
l,e.'ad [IDL*

Hnnganes_. ** 0.027 0.012
Hercury BDL*
Snelltlm 1,714 O,269
tlrani_tm O. O02R (),()066
7inc O,051 O,09l
Dissolved Chromium O,000 O.000

Dissolved Copper 0.001 0.003
Dissolved l,ead BDL*

l)issolvpd Manganese 0,008 O. 010
Dissolved Mercury 0,0156 0,0625
Dissolved Sodi_im 1,789 0.293
Dissolved Uranium 0,0024 0,0062
I)issolve(lZinc 0,O36 0.094
Nitrate Nitrogen 0.238 0.213
qit.rite Nitrogen BDL*
()rtllo l_hosphate as Phosphorus 0,052 0.171
'rot al Phosphate as Phosphorus 0.032 0.026
Ammonia Nitrogen 0,025 0. I00
llardness 7,043 1.334
Alkalinity 5,013 1.899
Total Suspended Solids 6.250 3.512
Kerosene BDL*

Tributyl Phosphate BDL*
Residual Chlorine BDL*

Sediment Mercury 0,OO4 0.016

:,. lI_ (:alcttlating ttlo mean and starlctar'd deviat, ion, results below
t.he detection limit, were treated as O.

* Bl)I,= below detection limits.
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TABLE I IE I I k i.

Water Chemistry Parameters

Upper Three Runs Creek
Savannah River Site, Atken County, Sout.h Carolina

Post-Operational Data
Vtma Branch

, ') ,'/

. " a Standard

Pa rame te r (m_I/L) +HeaJn . ': Der i a t i on

+'hromitJm BDI,*

(:opper BDL*

Hercury BDI,*
7.Jnc O, 0,10 0,059

Ni t.ratr, Nitrogen 0.675 0.478

Total Phosphate as Phosphorus 0,0,59 0.044

a, In calcutating t.he mean and standard deviation, results below
tile ¢tetPctioll Limit were treated as O.

* RDI, = below del:ect, loll timit, s.
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IV. _i_

The biological and chemical assessment conducted

subsequent to the start-up of effluent release by the F/H

Area Effluent Treatment Facility of the Savannah River

Site indicated the entire stream reach under investigation

continues to support a diverse, species rich, well

balanced macroinvertebrate community indicative of

excellent water quality. [lowever, there were significant

changes at all sites in the macroinvertebrate community of

Upper Three Runs Creek during 1988 and 1989. The most

outstanding shifts were in species richness and numbers of

organisms collected, which declined substantially in the

summer of 1988 and remained suppressed throughout 1989.

Most of this observed decline involved midges. Species

richness among the pollution intolerant EPT taxa

(Ephemeroptera, Plecoptera and Trichoptera) did not

decrease significantly, and the biotic index indicated a

greater proportion of pollution intolerant organisms.

Post-operational proportions of stoneflies and caddisflies

actually increased. It is important to note that the

biomass of macroinvertebrates collected in the stream

did not decrease over time. The decreased species

richness and populations of midges was reflected in other
J_

indices compar_id pre- and post-operationally.

Specifically, i_iere were declines in density of
f

macroinvertebr_l_tles , the Shannon-Weaver diversity, the
r

proportions o_[ collector-gatherers and increases in the

proportions o11 collector-filterers.

! I

L
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The observed changes in the macroinvertebrate community

of the stream during post-operational collection

periods indicate there has been an adverse impact. As

the stream community remains fundamentally intact, in

the sense of remaining rich in species, balanced and

pollution intolerant, the impact should probably be

classified as slight. In as much as the impact was

noted at all sites, including the control, and appeared

to begin several months prior to the start-up of the

F/T{ Area ETF effluent releases, the impact should not

be attributed to the F/H Area ETF.

Comparisons between the control and downstream sites

during post-operational sampling indicated several

minor shifts in the macroinvertebrate community. No

significant differences were noted for any biological

parameter when comparing site i (the control) to site

2, site 3 or site 5. Site 4 was found to have more

midges, lower macroinvertebrate biomass; an improved

biotic index and more collector-filterers. These

differences are likely related to habitat and are

unlikely to be correlated with effluent releases by the

F/H/ area ETF facility. Three water chemistry

parameters were measured at higher levels at downstream

sites than at the control site; nitratenitrogen,

uranium and sediment mercury. Nitrate nitrogen levels

were also found to be elevated in Tim's Branch, which

suggests that tributary may be the source of elevated

nitrate at downstream Upper Three Runs Creek sites.

Sediment mercury and uranium were not sampled in Tim's

Branch.



Considering both temporal and spatial comparisons of

the data, there appears to be no impact upon the

biological community of the stream attributable to the

F/H ETF operations.

SS_i_s Richness :,

The mean species richness per site for quantitative

sampling declined from 44.7 pre-operationally to 33.9

post-operationally. The decrease was significant. No

significant differences among sites in the number of

species collected quantitatively per site were found.

The two post-operatlonal qualitative collections

yielded 167 species, a high species richness value

indicative of excellent water quality. The number of

species collected per replicate also declined post-

operationally, from 20.5 pre-operationally to 15.4.

post-operational sampling also showed no significant

differences among sites for the number of species per

replicate.

T_l__L__organisms/Mean Densi1_iMi

I

5,330 aquatic macroinvertebratels were collected during

the post-operational sampling p_riod s. This

represented 213.2 organisms per site (348.5/m2)

retrieved in quantitative samplLng. This was a

significant decrease from the mean of 417.2

organisms/site (591.2/m2) collected pre-operationa]ly.

statistical analysis by non-parametric procedures

indicated that the mean number of organisms per site

(and the mean density cf organisms) showed no

significant differences amonq s:_tes. Post-

operationally, the hlqhest numbers of organisms were

collected during January 1989.



_han no n,WeaKer D ive_

At an average level of 4.27, the measured post-

operational diversity of the macroinvertebrate

community was high, although significantly reduced from

the pre-operational mean of 4.46. There was relatively

little variation by site, with no site having a

community with a mean diversity significantly

different than that at other sites. Diversity did vary

on a seasonal basis, and was generally lower during

fall sampling and highest during spring sampling. Even

the low values, however, were indicative of excellent

diversity. The stream community at all sites appears

to be well balanced.

Post-operational equitability of the macroinvertebrate

community was good at all sites, averaging 0.85. All

values equaled or exceeded a value of 0.5 in

equitability. No significant differences in the mean

equitability among sites were found. Post-operational

equitability values did not differ significantly from

pre-operational values.

The average biomass collected post-operationally per

site per sampling period was 0.4615 g per m2 Among

sites, the mean biomass did not vary significantly

except at site 4, which had significantly lower biomass

values both pre-operationally and post-operationally0

Biomass did increase during the winter and spring as

many stoneflies, mayflies and caddisflies approached

and reached emergence and maturity. Biomass did not

post-operatlonal data.



B iu _i c ....Inde xl

Overall, the biotic index values obtained were

suggestive of good water quality_ but not low enough to

suggest excellent water quality. This is likely a

_unction of the Biotic Index, designed upon data from

northern streams less dominated by midges, lt seems

likely this index under estimates the presence of

pollution intolerant species in this system. This is

especially true of the orthoclad midges, which are

generally given a poor biotic index rating. Analysis

of the data indicated significant differences among

site means and between pre-operational and post-

operational site means. The biotic index was improved

during post-operatlonal sampling (due to fewer midges),

especially at site 4.

EPT Index_

The average number of mayfly, stonefly and caddisfly

species collected quantitatively per site in post-

operational sampling was 14.7, and ranged from I0 to 20.

Site 3 exhibited the lowest EPT average. However, the

EPT index did not change significantly either among

sites or between pre-operational and post-operational

sample collections.
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Funotlonal Group Analysis t

The macroinvertebrate community of Upper Three Runs

Creek in terms of population numbers, is dominated by

collectors (65% pre-operationally and 61.8% post-

operationally). Predators are dominant in analysis by

biomass (70.6% pre-operationally and 60.6% post-

operationally), over time, the percentage of

collector-gatherers decreased significantly, while the

percentage of collector-filterers increased. This same

trend was noted at downstream sites as comparod to the

control site. proportions of predators decreased in

terms of biomass but increased in terms of population

numbers. Shredder-herbivores increased slightly post-

operationally, at all sites.

orthoclad midges were the dominant organisms collected

by multiplate artificial substrate samplers,

particularly the midge Rheo_ricotopus rob__. Common

non-midge species included Hydropsyche elissoma

(Caddisfly) and $rimulium jonesi/dix!ense (blackfly).

Ali these rheophilic species were collected in large

numbers. Qualitative sampling showed different

species dominant in non-snag habitats. In mud/detrltus

and leaf pack habitats dominant species included

orthoclad and chironomini midges, leptophleblid

mayflies and £hylocentroDus caddisflies. Sand habitats

were dominated by midges characteristic of such an

environment, e.g., _ hr. }519_Q__, Zladotanvtarsus

and _le_osl_hitti@, as well as numerous other orthoclad

midges. Due to the patchy nature of habitat

distribution at individual sites, there were some

differences in dominant species among sites, but no

marked shifts were noted.
|
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Water Qual Ity__

Thlrty-one parameters were analyzed monthly on water

samples collected from the five sites on Upper Three

Runs Creek. Only sediment mercury, uranium and nitrate

n[trogen were measured at elevated levels downstream.

The difference in nitrate nitrogen may be attributed to

nutrient addition _rom Tim's Branch, rather than the

F/II ETF effluent. Detectable sediment mercury was

encountered with increasing frequency in 1989, although

mercury was not detected in water samples.

All other measured parameters exhibited s[milar

concentrations upstream and downstream, with no

observed impact by the F/H area ETF.
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