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DANIEL J. M ILL ER, KENNET H J. SEMMENS, R OCE R C. V IAD ERO, JR., 
ANO AISLINN E. TIERNEY' 

More than a centur) (If mining in \\'e,t Yir,'!rnra ha, creat­
ed .:t rc.,ource for aquacu lture dc1l'lop111e11t. \ lore than'.! 1111! 
lion acre, nl u11dcrgrou11d c11ern, 1xe,1.•ntl) e\l,t in the , tate. 
Groundwater a1.-cun11da1c, 111 1he 111111c and 111:t) !Im, Imm 11 
at thl' 1011 c,1 opening. u,uall) a horelwlc m a portal. E,i,ting 
law rcquire, that the n11nc operator pu111p water from inai.:ti\e 
mine-... if necc\\ar). and trl'at it to goH·rnmcrll ,tandard, before 
di,charging it into ,ur"lacc ,,ream,. \ ppro,1111a1el) 2.1'.! mil­
lion gall nm of II atcr ar1.· di,chargcd C,ll·h da) lrnrn ai.:1i1 e and 
abandoned mini.', (Jeni-i n, cl al. llJlJ5). Near I) three quarter, of 
thl\ rc,nurcc 11a, deemed :11ailahlc for the h) the aquaculture 
indu,11"). Ground11 atcr temperature, nl 13 to 15 C arc ,upcrror 
10 ,urfacc II ater, for produi.:1in11 of ,alrnonrd, 111 \Vc,1 Virginia 
ina,mud1 a, they arc ncar optirnum for )Car-rnund production. 
Th" rt:,ouri.:e ma) rcprc·,t:nt the grcatc,t npportunit) fm dc1cl­
op111em ol t\quacullurc in \.\'e,t Virginia at thi, tim<'. 

Aquanrlturc i, one wa) 10 dc1 clup the ccono11111.•, or rural ar­
ea, that arc home lo d1J,L·d 111ine,. 1 ligh rate, ,,1 uncmplo) rnent 
arc in pro,irnit) to high lhmrng 111,nc ,itc,. 11hich ha1c poten­
tial 10 he.:0111c aqua,.:uhur1.• production center,. I he qual rt) anti 
q11an1it) or 11,llt:1 arc the 1110,1 impon:1111 laetor, lnr ,11c ,clt:c 
11011. Site, 1ha1 111ain1ain L'!ll1'1,tL"lll lh111, in c·,.:c" ol ~500 1./111 
ha1c h.:cn idc111rl1.:d with a geographical rcfcn.:111.:.: t(> count) 
111w111ph>) men, ( Figurt: I ). 

N orthern versus Southern Sites 

rJ1c qualil) of the water dl'd1argL·d lro111 a n>,il mine i, i11-
lluc11ccd great I) b) the d1c111P,tr) of the i.:oal ,cam and the l,K·al 
gcolog). In the ,outhcrn area, nl \\'c,1 \ i1g1nra. c,>.d ,c.1111, ha1c 
l011 lc,·cl, nf rron and , ul lur IP) r11c l·eS.J and the groundll'aler 
d1,chargcd from the mine~ can he trtrli,cd wllh 1111n1111al 1>r m1 
1rea1mc111. Some 1111111: d i,.:hargc, arc u,1.·d lo, public drrnl-.ing 
11a1er II ith liulc ,ir 11(1 trcatmt:nt. Simpk aeration,, ill rt:nrmc 
carbon dio,idc .111d o,iJi,c iron. the t11111111"1 co111111011 param­
eter, nl com:crn. It ha, hccn ,ll(l\l 11 that carbon din,itk IC\ c l, 
:rbm c 30 mg/I ,, ill rcdui.:c the gn111 th 11f rainb1m tnHrl t Danie) 
'.!0011. /\n anal) , 1, of lhl' puhlrL· health .r,pech ol pmduc·ing 
trout ftir human c1111,u111p1i11n in mrne water, w:" conduL·tcd h) 
Heim:11 , I 9lJhl. I le rnndudcd 1ha1 mine II atcr, arc e,pt:.:tL·d 111 
he , urtablc for gro11 ing ,.1l111011id, all.:r treatment 

Coal ,earn, 111 the 11011hcrn part of \\',•,1 Virginia Jll"""" 
hi,'!hcr le1el, of iron and ,ullur. Ground11ak-r obtained tro111 
thc,c mine, i, acidiL· and rt:q111re 1rca1111c11110 conform ll> ledcr­
,d 1'\a1i11nal Pol lL1tion l)1,d1argc Eliminatron S),tcm tl\'l'DFS) 

HIG H V OLUME MINE W ATER DISCHARGES. 
AND COUNTY U NEMPLOYMENT 

;. 

· .. : . . --- -· -
11•1tMtOn a..tvk• 

A Hgh I~ "' !IC~ 
~ F !it'\ ,V0-1JC1119 r. nn gr 

County t>u.: i,:ro't"•c;r t • 
-2~ 3 

J., 
~ ~ ti ~ 

-·-~ 89 - 8\1 lit 

F,g. 1. High volume mine water discharges and county 
unemployment (Dan Miller) 

n:gulatinn,. Thc,c trcatrnc111 lacil11i1.·, a1.•ratc till· r:111 m1nc 11.1 
1c1 hcrorc and altct applicatiPll pf h) dral<'d lrmc :rnd ma~ 11w 
,1 floccuk-111 Ill prccipi1a1c im11 and nlhL·r metal,. ,\Ile, pa"rng 
through a ,cttling h,1,i 11. th,· water lh111, into one or 111or<· p,11 
l'hing pond, before hl.'1ng rc·lc;1,L'd i1110 a ,11c·a111 (l'igurc 2). 

With cnnpcra1io11 lrnm 111nm a111 c 1111 ning L·ornpanrc, and 
,upport lmrn LI.SD,\ . the Nonht:a,t Regional \quaculturc CL·n 
1.:1 and local organi1:111nn,. 11c arc 11111.•,1,g:rtrnir lhL' pot1.'11l1al 
for aqu,H:til turc· a, a po,1 111111111g land ti-c flll rnral .-i.:nnu1111,· 
dn1.·hip111cn1. 

One Ste p at a Time 

l-:ad1 ,ill' i, unrquc and fL'lJllll'C, i.:arcl ul c1 ;rluat 11111. .\ I inc 
11 atcr c'fllucnt da1a ha1 c h,:c-11 1.ollc.:tc·d for mall) ) car, b) 
\\ \ [)f:P and the .:oaf indu,t r) a, pan Pl the :S.:l'DI.S 1wnni1 
pn1gra111 Htri lding ,111 the 1qirl-. conduc11.·d h) i111c,1iga101, 
11i1h the l·rc,h11a1c, Institute 1k11 !.. in, llJW,,. II<" ,el.-ctcd nnl) 
high 1olu111c fllm ,11c, 1111 11>1L·,1iga1io11 \\ t· 1.·tm,rdcrcd uni) 



 

Acid Mine Drainage Treatment System 
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Fig. 2. Flowchart for acid mine water treatment (Ken Semmens 
and Mike Kridle) 

those ,ite-.. 1hat would maintain a no,, rat.: of 3500 Umin. a 
,olume adequate for commercial production of salmonids in 
flowing water ,ystems. Site visit~ wc:rc: conducted in the year 
2000 to confirm the flow," ith a tlo\\ meter. Compared to data 
pre~cnted in 1996. !-.ignificant change, in flows ,,ere noted Lhat 
rl.!sultcd in man) site~ with flow-. below the amount previous!) 
reported. Mining acti, itiei. and -.ea~om1I precipitation contrib­
uted to the dynamic nature of the flow..,_ 

If the flm, \\as near 3500 Umin. a water sample was taken 
to be analyzed for iron. aluminum. manganc~c. calcium. mag­
nei.ium. alkalinity. pl I. oxygen. carbon dioxide. temperature. 
and conductivity to s<:e if these parameter~ arc acceptable for 
lhh production. Su,pended and seuleable ~olids were abo mea­
sured. In general. all..alinity and conductivity lcveb were found 
to be high. Some ion, (calcium and sulfate) were higher than 
recommended levels. and will be di<..cussed later. Field notes 
were made indicating the presence of important infrastructure. 
including road condition'-.. power lines. buildings. pond<,. and 
security. Vegetat ion. -..lope. and proximit) to m,uor road~ and 
markeh were al,o noted. 

Consol Energy and E.1,1crn A,,ociatcd Coal Corp. ha, part­
nered \,ith investigator, at Wc,t Virginia Univer-,ity to conduct 
,imple ,tudie, to uctcrmine if fish would '-.urvivc in water at 
,ix different mine ,ite,. Some ob-.ervation, from the work arc 
descrihed below: 

Minimal Flow Rate 

E,timation of minimum llm\ i, an imponant consideration 
in facility de~ign and the associated business plan for a particu­
lar ,ite. The West Virginia Mine Water lnvemor) Site Summary 
contains minimum and average now data from 60 i.ites. Aver­
age minimum Ihm , olume wa~ only 45 percent of average flcl\\ 
, olume. Based on thb uata. a ,ite \\ ith 3500 Umin average 
ll<l\\ rate, would he expected to decrea,e to a minimum flow of 
1575 Umin. 

A numher of commercial aquaculture facilities have been 
built nationwide. anticipating higher llow rates than the water 
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source ha,; prm icled. During low flows thb can havc serious 
con,equence, on the operation. Long-term historical flow re­
cord, must be accurate and ,crutinited before the engineering 
work begin~ and product10n levels can be detem1ined. Even 
when the water is pumped from a large mine it is pm,sible to 

run low on water. The water source in closed mines can be 
compromised or lo-..1, from mining operations in a lower coal 
<;cam that allow<; water to drop to a lower level. 

Temperature 

Many flowing water aquaculture facilitic, in the eastern U.S. 
use ,urface water. This results in water temperatures for pro­
duction of trout above optimum during the heat of the summer 
and belO\\ optimum for grO\, th during the cold of the w inter. 
Like ,prings, groundwater dbcharged from a mine maintains 
a con,tant temperature ( I 3- I 5°C) all year long - a temperature 
,uitablc for year round production or salmonid,. 

Acid Mine Drainage (A MO) treatment plant!. arc designed 
with ~e11ling pond~ and poli,hing pond~. Ir the polishing 
pond is large enough and the exchange rate is low enough. 
the temperature of water di!>charged from the treatment plant 
\\ ill take on the character or ~urface water. Monitoring the 
temperature throughout the :,,ear is nece!>!>ar) 10 al.sure that 
the proper species is selected for the water resource. Locat­
ing the culture facilitie, clo\e to the di~charge area will s ta­
bili,e temperature,. 

In 2001. a poli,.hing pond at the Tygart Ri ver AMD 1rem-
111cnt plant recei,·ed 8.000 Umin. fhe day~ a week. Trout in 
the pond were ~ubjected to weekend temperatures exceeding 
22 C during the ~ummer. In 2002. pu111ping volumes a t the 
T) gart Ri ver mine decrea',ed to the point where the pumps 
re111ained off for as long as 4 days. In this case. water tem­
perature of the polishing pond during the -,ummcr month\ 
exceeded the required temperature range for ~almonid pro­
duction. 

Swimming Under the Influence (SUI): Carbon 

Dioxide 

In the discharges from southern ,ite\. it i!> common to have 
high carbon dioxide lcveb in the water. The Bi.,hop mine drain\ 
a 12.000-acre minefield with ii flow volume ranging from 
12.000 Umin to 60.000 Umin. Of the parameter~ mea,ured. 
onl) carbon dioxide was sho"' n to be unacceptable for fi,h pro­
duction. 

A small portion of the water from the Bi,hop mine wa~ 
diverted for an experiment comparing ~urvival in water where 
carbon dioxide was removed as it passed through a trickling 
tower. Two fish tanks were placed adjacent to the tower. The 
control tank received untreated mine water and Lhc treatcu 
tank received water after it p<1s\ed through the tower. During 
the 12-week study with Arctic char the fish in the untreated 
tank were swimming in a state of perpelllal inebriation. They 
ate poorly and i.wam in a liMlcss fashion. The trickling tower 
reduced average carbon dioxide concentration from 137 to 25 
mg/L. Survival was 100 percent in the rnnk receiving water 
with carbon dioxide stripped out. and 31 percent where carbon 
dioxide was not removed from the water source. 



 
 Manganese and Iron 

Environmental regulatory permits place limits on the amount 
of iron. manganC!,C, aluminum, su!>pended ~olidi,. and pH of 
water discharged from AMD treatment plants. Mangane.,e. al­
though not toxic. is u~cd as an indicator metal becau\e it is the 
last metal to precipitate during the addition of hydrated lime. 
whil:h is needed 10 raise the pH for the precipitation of iron 
and aluminum (Robbins et al. 1997). The national :-tandard for 
manganese discharge i'l 2.0 ppm. Most sih.:s in West Virginia 
must meet a higher standard of 1.0 ppm. One site where the 
higher standard of 1.0 ppm was required was cho~cn as a study 
location. 

When trout were '\tocked in the final one-am: polishing pond 
of this site. the trout did not survive. The pond received a con­
s1a111 no,, of 15.000 Umin. Temperature. oxygen. pH, and con­
ductivity were monitored on an hourly basis u<;ing YSI sonde. 
Data from the sonde revealed a pH between 8.8 and 9.0. 

The mining company that operates the AtvlD Ircatme111 plant 
explained that the high pl I level~ were required so that water 
quality permit conditions would not be violated. They needed 
10 keep the pH close 10 9 10 maintain manganese levels below 
1.0 ppm. Ironically. this has resulted in water quality that is not 
tolerated by trout. 

Ten miles away. just acrosl> the Maryland boarder, another 
AMO treatment plant is pcrmiued to discharge manganese at 
2.0 ppm using the ~ame trc.itmcnt process for water from the 
~ame coal ~cam. Ihe Freepon ~c:im This facility has been ef­
ficiently producing healthy trout in net pens suspended in the 
outflow of Ihe AMO treatment plant since 1994. (h11p://www. 
gcnet.nct/melliki). The low co,I IrouI production facility il. op­
erated by the Maryland Depanme11I of Nawral Resources and 
!.tocks trout with good .ippearance, some as large as 3 kg. for 
public recreational fishing. 

Other Water Ouality Parameters 

The 1rea1men1 of acid mine discharges often uses hydrated 
lime (Ca(OH),) that ma) raise the hardness and IOtal dissolved 
,olids to over· 1500 mg/L a'\ CaCO, Sul fates at greater than 
I I 00mg/I were often found 1<> be above the criteria for salmo­
n ids ( Heinen 1996), wi1houI showing an) obvious impact on 
the fish. A detailed study of trout survival .ind mine water qual­
it) was conducted at one site and sugge,ted that the high ionic 
strength found in some mine waters play~ a role in reducing 
the "active .. concentrations of metal ions in solution (Tierney 
2002). This relation<:hip may explain why certain dis~olved ele­
ments may not be as deIrimcntal 10 fish as previously thought. 

Long-tenn monitoring of acid mine discharges has shown a 
slow reduction in acidity as the water nushes through the mine 
and oxidi.tcs the acid fonning pyrite. After mining is complet­
ed. it may take years for water 10 fill the mine. As these mined 
basins fill with water. new reservoirs are created. These new 
reservoirs will be evaluated for their potential use in the culture 
of fish. 

Bioaccumulation 

Fish flesh was examined for accumulaIion of metals at one 
AMO treatment site. Rainbow trout in a cage were fed a high-

energy diet over a 203-day period. EPA approved methods were 
used for tissue analysis of metab resulting in undctectablc Je,·­
cb of toxic metals. 

Second Life for AMO Treatment Plant 

Whal doei. one do with an AMD treatment plant when it 
is no longer needed? Current law statei, that the site must be 
reclaimed 10 the previous use or a more desirable ust:. At the 
GL1yi.cs Run AMO plant the exi"ting infrar.1ruc1ure includes two 
I 00.000 gallon concrete bru.ini.. three fenced ponds. electricity. 
all season road access. and two block bui ldingi. connected to 
municipal water. We are assesi,ing whether the site ii. a i.uitable 
fee fishing venue. Channel catfish, largemouth bass and hybrid 
bluegill stocked in cages survived and gre,\ well. Temperature. 
oxygen and pl I readings were collected using YSI sondes and 
remained within the recommended range throughout the year. 

The mining pern1i1 for this site was modified to allow for a 
commercial lhh operation. After a public hearing. the company 
adclre%ed all of the issues of concern and received approval 
from the West Virginia Department of Environmental Protec­
tion (WVDEP) for the modification<;. The estimated cost of 
developing the site for recreational fishing may compare favor­
ably to the reclamation co51 of returning the land 10 its original 
u~e as a pasture. 

The site became a class project for ~tudents enrolled in a 
Landscape Architecture design class at West Virginia Unh er,i­
ty in spring of 2002. Many creaIive ideas involving recrea11011al 
fishing were presented and the beM idea~ were included in the 
final design during a '-Ummcr class project. This work will be 
used Lo show potential investors some options for the site ac­
companied by an estimated cost for development. 

Industry Development 

Facilities at six locations produce salmonids for food or rec­
reation utili7ing water discharged from a mine or AM D treat­
ment plant in Pennsylvania, Maryland and West Virginia. Facil­
ity design varies from Mcttiki's net pens, 10 flow through tanks 
(High Appalachian), to a system rew,ing over 80 percent of the 
mine water llow. Rainbow trout. Arctic char. cutthroat trout and 
brown trout arc grown. Rainbow trout and Arctic char arc mar­

keted as food fish primarily in the eastern U.S. The Arctic char 
production from southern West Virginia has been successful in 
marketing the newly cultured species. under Ihe brand name 
!SIS. from an intensive recirculating system (Simmons et al. 
2001). 

Abo, opportunity may exi$t in recreational marke1,. South­
ern WesI Virginia draws Iouris1s from all over the country to ex­
perience the white water rafting found on the Gauley and New 
River~. Additional activities for the 0llldoor enthusiasts. such 
as family oriented fee fishing site~. could increase the lenglh 
of time these visitors spend in West Virgini.i. Fee lhhing can 
be used as a market 1001 10 maximize economic development 
in areas that have been depressed ~ince the mine~ have ~hut 
down. Most of the high flow mine site~ are concentrnted in the 
southern part of West Virginia. which has been economically 
depressed since the clo!:ing of the coal mines. 

Development of the aquaculture indu~try ha~ed on the mine 
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water resource must a lso addre~ efflu­
ent. economic. and marketing concern~. 
Research at West Virginia University is 
focused presently on these critical fac­
tors. As freshwater ~ources become lim­
ited. the groundwater resource obtained 
from mines i~ expected to become more 
important for West Virginia. We will 
continue to assess the opportunity and 
develop strategics to integrate aquacul­
lUre as a post mining land use. 

Notes 
'We,1 Virginia University, P.O. Box 6108. 

Morgantown. WV 26506-6108 
dmille3 I@wvu.edu 
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