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SUMMARY
This project examined the potential application of geothefmal resources
in South Carolina for freshwater prawn aquaculture. Such geothermal resourcés
are currently successfully used to commerciai?y culture a variety of fishes.

In coastal.S.C. 23 existing geothermal well sites were identified which encom-

. paésed an area which ranged from Georgetdwn to Beaufort, These we11§ were

owned by city, state or federal governments or by private developers, Depth
averaged ~615 m while temperature averaged&,37°c."Artesian flow rates varied
from 190-2,650 1/min. Detai?ed’water quality analyses were conducted at 12

sites. In general, major differences from surface waters were in chorides,

~ fluorides, dissolved solids, ph, alkalinity, and ammonia levels.

A detailed replicated laboratory study was conducted to examine the effect
of geothermai-water on growth and survival of prawns. After 42 days very poor

survival was recorded from the various 100% geothermal water treatments. How-

~ever, 50:50 mixture of shallow well water and geothermal water resulted in.a

survival rate of 83%, which was similar to the control treatments. Growth was
also similar to that observed among the control animals.
Next, a large scale on-site study was initiated ai a Mt, Pleasant site

which had both shallow well water (control] and geothermal water readily{avail«

able. Treatments consisted of various dilution rates for the geothermal water,

After 44 days poorest growth.and'subVival‘(59%),were observed in the 100% geo-
thermal water treatment. However, treatments consisting of 75% and 50% geo-
thermal water provided results simi1ar to thpse’bbtained in the shallow well

water treatment (control). Surviva}rin these two treatments averaged 95%.

| Thus, at least on a short-term basis, a dilution rate of only 25% appears

‘satisfactory in an outdoor system;

In South Carolina there appears to be no major legal impediment to using

geothermal resources. Such resources are classified as groundwater, and usage



is goVerned by applicable groundwater laws. Use of geothefma] water to heat

indoor nursery systems for prawns wou]d probably be the best application for
prawn aquaculture in temperate megions; 'However,vthe current‘cost of post-
larval prawns is now already sufficiently high so a5 to greatly restrict the
commercialization of prawn farming in temperate areas.’ Any additional cost

to produce larger nursed juveniles would probably be economically prohibitive.

If there were major reductions in postlarvae cost and/or market value of prawns

increased substantially then-geothermal water may be well suited for use in

prawn aquaculture,

INTRODUCTION

In the past, there has been little development and utilization of geother—
mal energy resources in the United States, Today however, the scope and inten-
sity of development efforts as well as the variety of applications under inves-
tigation suggests that geothermal energy can become a substanftai'energy source
in certain areas of the United States, Historically, geothermal energy was
used around the turn of the.century to heat health spas and baths and some of
the associated resort facilities. Laten, usage was expanded'to include resi-
dential and commercial space heating requirements and some agricultural appli-
cations; However, during the period ]930't°,]97° few additional development
activities were initiated as oil and natural gas became readi]y'availahle and .

served as inexpensive fue]s, This remained the situation until thie mid 1970's

when petroleum and gas fuels became scarce and expensive, As a consequence,

- research and deve]opment efforts were encouraged to explore and develop alter-

nate energy sources, Including geothermal resources.

Today, 1nnovat10n exploratlon and development of geotherma] resources is
|
underway in the United States. Projects involving utilization of geotherma]

energy are quite diversified and include: district heating (Allen, 1980;
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Glazner, 1981; Vorum and Petterson, 1981), ethanol productioh (Hew!ett et al.,
1981; Uhrmacher, 1981), agricultural uses (Zeller et al., 1980; Robinson et.
al., 1981), use by metal industries (Davis et ai.,,1980; Erickson, 1980),
waste water treatment (Racine and Larson, 1981), and a variety of other uses

(Childs et al., 1980; Larson and Willard, 1980; Walker and Entingh, 1981).,

Classification of Geothermal Energy

Geothermal energy is thermal energy which is contained in the earth's
crust. The heat sources for this thermal energy have been classified by the
United States Geological Survey (USGS) into three broad systems as follows
(White and Williams, 1975): |

1. Hydrothermal convection systems - the energy is transmitted by the
convective circulation of water or steam in Sn aquifer rather than just by
conduction thrpugh solid rocks.

2. Hot- igneous. systems - the thermal energy is associated with recent
or active volcanism.

3. Conduction-dominated systems -~ in the absence of previously described
\ systems, the temperature of the earth's crust increases approximately Tinearly
with depth due to the conduction of energy deep within the earth.

In general, the anoma]ous’heat of the hydrotﬁérma] convection and hot
1gheou§ systems haS been descriﬁed as,“hot spots" superimposed on region§1
/conduction dominated environments (White and Williams, 1975}, }In compakison,
the quaﬁtity'df,heat,stored in the_conduCtion-dominated environments is enor-
mous and estimated.to pfovide‘98% pf the'heat content of the U.S. geothermal
resoukce base.

In addition to the USGS géotherma] resource classification, Costain et
“al. (1980) identified heat generated by normal radioactivity of rocks, méin]y

in the upper crust, as a local heat source for hydrothermal resources in the
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eastern United States. This geothermal resource, which is derived from radio-
genic activity, may exist at a relatively shallow depth'in the Appalachian '
Mountain System and the Atlantic Coastal Plain.
Accofding to Costain (1972), the optimal location for the development
of hydrothermal resources in the eastern United States will probah]y be
associated with flat-lying, relatively unconsolidated sediments that underlie
the Atlantic Coastal PISin. Thésg sediments are relatively poor heat conduc-
tors (i.e., good insulators), Fu#ther,‘many potential aquifers may exist
within the deeper, sandy parts of the sedimentary section which probably
. contain large quantities of hot water, If Such sediments cover a radiogenic
heat producing granite, then abno;ma11y warﬁ groundwater could be encountered

at relatively shallow dépths.

. Geothermal Resourcqs in Coastal South Carolina
Much of South Cérolina’s Coa%ta]'Plain-has been classified as an area of
inferred subsurface geothermal waters (Samuel, 1979), This inference by the
USGS includes observations of abo*e normal conductive thermal gradients (29°-
37°/km) in coastal we]?é, Using Costain's classification, the source of South
kCaroI%na's geothgrmal water is the water;satﬁrated.sediments of low thermal

conductivity over1ying radioactive heat*producing granites,

: Background and Oﬁjectives of Project

o

| | |- L | C
Malaysfan prawns, Macrobrachium rosenbergii, have a number of desirable
; : 5 - ,

i

" characteristics for aquaculture: [they grow rapidly and are tolerant of a wide

| variety of environmental conditiodé; they are omnivorous; and‘their life cycle
" can be controlled in the‘]aboratoﬁy and young produced on demand. However,
“this species isrtropica1<and.therefore very sensitive to environmental temper-

atures. Maximum growth occurs at > 26°C while Tittle or no growth. is observed
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at <21°C. Prawn mortality results at temperatures <16°C.

Due to the temperature requirements of this species, commercial prawn‘aqua-
culture has developed in tropical areas where year-round growing conditions |
permit the continuous production of large prawns (&22/kg) from earthen grow-out
ponds (Goodwin and Hanson, 1975; Ling and Costello, 1976; Hanson and Goodwfn, |
1977). However, substantial interest also exists in more temperate‘areas where
prawns can be produced on a seasonal basis (Sandifer and Smith, 1976; Cohen,
1976; Smith et al., 1976, 1978, 1982; Willis and Berrigan, 1977). Here, grow-
out period varies from 5-7 months and all animals are "batch harvested" before
the onset of lethal winter temperétures.

The S.C. Wildlife and Marine Resources Department's Marine Resources Re-
search Institute has been involved in a development program which has demon-
strated the technical feasibility of producing these freshwater prawns, M.
rosenbergii, by}stocking juveniles.and/of postlarval prawns in outdoor ponds
and growing them for 5-6 months. Pre1imihary economic analyses have 'indicated
that the current techno1ogy may be commercia11yvattractive under certain con-
ditions (Sandifer et al., 1980; Bauer et al,, 1982). However, the cost of

maintaining suitable temperatures in indoor nursery systems using conventional

'energy sources is a éignificant 1mped1ment_to the profitahi]ity of temperate

zone prawn aquaculture.. 7

Heat consefvafion~and‘pfoduction techniques (e.g;, pond covers, solar
water heatéfs) have been attempted by aquacu]turists, but so far these passive
methods have shown only 1imited success'for temperature sensitive species such -

as prawns. The report of the “Low Level Waste Utilization Project, Sayannah

‘River Plant" by the S.C. Energy Research Institute indicated that there was

potential for development of successful commercial culture of Macrobrachium

in South Carolina utilizing low level waste heat. However, the Savannah



River Plant heated effluent was not considered acceptable due to the legal
fconstraints associated with food and drug regulations governing the direct
use of cooling water effluent from nuclear production reactors and the
apperent inefficiencies of heat exchangers for maintaining pond water tem-
peratures. |

kAn idea development project was suBmitted to the U.S, Department of
Ehergy, Appfopriate Technology Small Grants Program, to test the potential
app]icatiOn of geothermal resources for prawn aquaculture in South Carolina.
This project was accepted and had a number of objectives including: 1) iden-
tification and eharacteriiation of coastal geotherﬁa] waters; 2) experimenta-
tion to provide preliminary assessment of bioTogical feasibility; 3) an analy-
sis of legal and economic considerations associated with development of geo-
thermal resources in South Carolinaj; and 4) an evaluation of the preliminary
commercia]vfeasibiIity of prawn farming if acceptable waters are identified.

This report summarizes the findings of these various objectives.

Geothermal Aggaculture in the U.S.

There is reasonable potential for incorporation of geotherma1 resources in
,aquacu]fure in the Un{ted States. Use of this hydrothermal resource in aqua-
culture operations can‘produce a number of adVantages including: reduced fuel
end pumping costs; maintenence of 6ptima1 rearing}temperatures; expansion of
‘sultable farm1ng s1tes for both 1nd1genous and non- 1nd1genous species; and

development of 1oca1 spec1a1ty markets.

'In the United States a number of spec1es are be1ng farmed either experi-
menta]]y or commercially using geothermal resources. Below is a brief summary

of various species being rearing in geothermal water and some associated U.S.

aquaculture ventures.

Channel Catfish - Two catfish aquaculture firms in the United States,



Fish Breeders of Idaho, Inc., and CalAqua, Inc., of California, directly use

geothermal water. Fish Breeders is located in the Snake River Canyoh near
Buhl, Idaho. Their concrete raceway facilities use five artesian geothermal
wells that supply 7,000 gal/min of 90°F (32°C) water which is mixed with éold
water to produce a satisfactory water temperature (Ray, 1981). Fish Bregders
maximum recommended commércié] stocking density is about 10,000 to 15,000 1bs.
per seCond-foot of watef (Ray, 1981). .

CalAqua near Paso Robles, California, employs geothermal water mixed
with cool water to'prodhce a stable 84°F (29°C) rearing temperature. Channel
catfi;h are raised in a~series of circular tanks arranged in a pafallél system
which receives the mixed 84°F.water. The oxygen system used by CalAqua 1is
comprised of a side-spare 1iquid oxygen unit capable of injecting more than
25 Titers of oxygen per minpie &t 1.2 kilowgtt{of energy output (Conte, 1981).
During two years of commercial production, CalAqua has been able to grow 2?

fingerling channel catfish to market-size'fish’(li-lb) in nine months (Conte,

~1981). Norma]ly, a two-year growing season is required in conventional cat-

fi;h farming operation;.

Freshwater'Prawns - In contrast to the farming of catfish, Culture systems

for raising the tropicallfre;hwater prawn;‘Méérobréchium'fosenbergfi, in geo-
thermal water are still being developed. The largest commercial development

venture fs AquaFarms Internationé], Inc. This prawn culture facility is located '

on approximately 250 acres of land in the Dqs Palmas area, Coachella Valley,

California. Geothérma] artesian pressure wells (825F-107°F) are being used to
develop about 50 acres of ponds (U.S. Department of Energy, n.d.).

'Irggg - The successful Idaho trout aquaculture ihdustry has been sustained
by an ample supply of 1ow-grade geothermal water from artesian wells. Natural

spring waters, 50°-59°F, are used to provide conditions for raising rainbow



" trout (McNeil, 1978)-1

Other Species - Fish Breeders of Idaho also commercially grows Tilapia

species for U.S. markets. Other warm-water market species, including orna-
mental fishes like goldfish, have been considered for culture in geothermal
water systems. Additiona]ly, several sites in Alaska which have geothermal
resources have been identified as possible locations for the estab1ishment of

salmon hatcheries (Ogle, 1977).

Identification and Characterization of Geothermal Resources in S.C.

The first step in evaluating the botentia] use of geothermal water for
prawn aquaculture in South Carolina involved identifying the various well
sites in the Coaétal Plains Region. A partial listing of 23 deep wells and
test holes waé obtained from the South Carolina Water Resources Commission
(Table 1, Fig. 1). 1In general, such wells were owned by city government, the
federal government, or by private developers. Depth averaged ~ 615 m (range,

- 457-1,052 m) while temperature averaged ~ 37°C (range 32-43°C). Artesian
yield of these wells was quite variable and ranged from 190-2,650 1/minute.
-Based on well heéd temperatures, these hydrothermal resources were considered
low grade; however, Suchvtemperatures are above optimal prawn rearing tempera-
tures (28-30°C). -

The next step was to donduct in-depth water qua]ity analyses at a vari-
‘ety of;tﬁese well sites. VariouscontactS'wére established through which we |
wereipermitted'access to the various wells (Tab]e 2). Water quality analyses
were7conducted on-site using test equipment‘]istéd in Table 3. Data from

' ﬁhese analysgs were summarized and are shown in Table 4. 'Of pérticular bio-
_ logicél interest were the pH, aika]inity,-and‘ammonia ]gve]s. In the deep
water wells these parameters were typically high with additional increases

in pH levels (on the order of 0,5 to 1.0 pH units) observed within 1-2 days -
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after the well water was placed in culture tanks. Additional detailed analyses

were obtained from a private water quality testing lab (Parker Laboratory, Inc.,
Charleston, S.C.) and were compared with typical in-state lake waters, Lake

Moultrie (Table 5). As can be seen, major differences were in chlorides,

fluorides, alkalinity parameters, and total dissolved solids.

LY

QioTogical Testing of Geothermal Water
After completioh'of the characterization phase a site was selected for
on-site testing based on evaluation of water quality recorded from the
vérious coastalywe]ls. Nalterbafo was selected due to the re]ative]y Tow
alkalinity and ammonia levels and'acceptab1e water temperature (Table 4). _
Permission was granted to set up a 100 1 tank and run water to it. This tank

was stocked on eight occasions over a 40-day period with sma]l and large

~ juvenile prawns. - Thraughout the study a number of logistical problems

occurred which were associated with maintenance of water flow, tembérature,
oxygen, and feeding the prawns. In general, low survival rates prevailed
and these.weré in part believed to be éssociated with the logistica1 problems:
involvéd in trying to maintain én on-site bioassay in Walterboro. Because of
this experience and the lack of definitive data obtained we decided to conduct
an inQdepth replicated bioassay at our laboratory facilities'in Charleston.

In this laboratory_pibasséy the wateb,quality parameters pH. ammonia,'and
a1ka11nity~wefe of primary interest. Geothefmal water from Charleston wells
waé used as it was characteristicvbf most’coastalVgeothermal.water and was

readily avai]ab]é. Treatments consisted of: (1) nonfiltered (static) geo-

, therma]'water; ﬁz) prefiltered geothermal wéter; (3)‘continuously filtered

‘géotherma] water; (4) nonfiltered tap water; (5) continuously filtered tap

water; and (6) a continuously filtered 1:1 mixture of well water and geothermal



water.

Filtration in all cases consisted of pumping the treatment water thﬁough

a bed of clinoptilolite (particle sfze 3.7 mm, range 2-6 mm, volume 375 cmz)

contained in an aquaria filter. The clinoptilolite was used to reduce the

ammonia concentration in the water (Bower and Turner, 1982). Each treatment
was replicated in three 74 x 30 x 30 cm deep glass aquar1a (75.7 1). A1l

tanks in which water was flltered contained a tank mounted power filter (Living
World Dyna-Flo Power Filter 150). In non-filtered treatment airlines were
installed in each tank to aerate the water. Additionally, each tank contained
4,440 cm2 of 2 cm2 plastic mesh which was rolled and served as prawn habitat.
Ten juvenile prawns (mean size 28.7 mm, 0.45 g) were stocked in each tank and

fed Purina Marine Ration 25 once daily. Certain water quality parameters

(temperature, pH, ammonia, nitrite) were mea;ured daily while other parameters

- were less frequently monitored. Water quality test equipment used in this

study is listed in Table 6.

Water Quality was’consideréb1y different among the various treatments.
In all the geothermal treatments pH and alkalinity levels were high (Table 7).
PH Was Towest in the tap water treatments (controls) but still relatively high.

PH and alkalinity were at‘intermediate'1evels in the mixed well and geothermal

water treatment. Total ammonia levels were high in all treatments. However,

iﬁ is thé~un-ionizéd which is toxic and thevpercent‘un-ionized ammonia 1is
highly'dependent on pH and temperature levels (Table 8), It can be seen that
as pH andvtemperatUre increase so does the percentage of un-ibnized ammonia

in solution. The amount of un-ionized ammonia was quite‘differenf‘1nitia11y
with the contro]s’contafning only about 20% of the Tevels recordéd in the geo-

thermal treatments (Table 7).

" Results of this laboratory study are summarized in Table 9. By the end



of day 12 survival was poor in the 100% geothermal tréatments buf'extreme1y
Qood (100%) in all other treatments. \On day 24 the prawns reared inv100%
geothermal water had all died except 1h the treatment where the water was
continuously filtered. In this treatment survival was only 23%. In the
other treatments survival averaged almost 97%. At conclusion of the study
(day 42) survival was still excellent in the treatment containing a 50:50
mixture of geothermal and well water. In the geothermal treatment with fil-
tered water survival was only 17%. All Eurviving prawns had grown during the
study. Mean size of prawns in the various treatments on day 42 were: geo-
thermal filtered - 33.3 mm, 0.82 g;s tap,vno,filter - 35.4 mm, 0.95 g; tap,
filtered - 35.3 mm, 0.98 g; and geothermal/well mixture filtered - 34.9 mm,
0.88 g.

Examination of the water quality data suggests that there may be éome
interaction effects which caused the poor prawn survival. Although the un-
‘jonized ammonia levels were high in the 100% geothermal tfeatménts, sdme
similarly high levels were also encountered in the mixed geothermal and well
water treatment bui the pH was slightly lower as was the alkalinity in this
~mixed water treatment. The results suggest that it was some combination of
' the'high pH, alkalinity, and ammonia levels in the geothermal water that
caused the high mortality. In summary, it should be noted that some prawhs
did sﬁrvive fﬁ.the_loo% gedthermal Water but more importantly mixing the

water with‘sha1low'we11 water markedly impkdved survival. 'Thus, it may be
possible to use geothermal water for préwn farming if it isrdiluted with

surface or shallow well water.

Mt. Pleasant Field Test

The results obtained from the laboratory study encouraged us to conduct



a large scale field trial testing different dilution rates for the geothermal
water. Permission was obtajned'to set up 5 500 gallon fiberglass tanks at a

Mt. Pleasant pumping station which had both geothermal and shallow well water

available. Five treatments were tested but because of the Togistical problems

no replications were possible. Treatments consisted of: 1) 100% geothermal

water; 2) 75% geothermal water : 25% shallow well water; 3) 50% geothermal

water : 50% shallow well water; and 4) 100% shallow well water (control). All
tanks contained soil enough to cover the bottom of the tank so as to simulate
pond conditions. One additional treatment at the 50:50 mixture level was
included which contained no soil and which might provide information on the
effect of soil to modify water quality conditions.

~ Each tank was stocked with IOO/juvenile prawns (mean size 1.8 g, 43.1 mm)
and valved so that the various geothermal water dilution rates could be obtained.
Daily flow rates eqUa11ed about 3/4 tank exchdnges/day. Besides the soil sub-
strate in 4‘tanks each tank was “fitted with several artificial habitat units
and aquatic macrophytes placed in each tank for supp]ementa] feeding. Prawns
were fed Purina Marine Ration 25 daily. Each treatment was sampled on day 22
and day 44. On these days all animals were removed and counted and about 25%
of each population measured. Detailed water quality analyses were performed
dai]y during the early pabt of the study and then weeklyxthereafter.

- Water quality data for the yarfbus treatments at the‘beginning of'thg-_
study and the average»levelsifor the entire study are shown in Tables 10 and 11.
The watgr from the shallow well was more typical of deep water as the pH,
a]ka]inity, and ammonia levels were‘high when compared to suffacebwaters or

other shallow well waters in state. In spite of this problem we proceeded

~with the study as no other 1o¢a1 geothermal well sites were as suited (loca-

tion, space, water availability, electrical outlets, etc.) for our research
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‘needs. In general, water quality parameters throughout the study reflected
the Various dilution rates (Table 11). Total ammonia levels were high in all
treatments, but the amount of un-ionized ammonia was relatively low in the
shallow well treatment when compared with the other treatments. Increases in
weight were recorded in all treatmehts; however, poorest growth was recorded
from the 100% geothermal water treatment (Table 12). Growth in the 75%_and
50% geothermal water treatments was similar to that recorded in the control
treatment (shallow well water).

Survival rates were quite satisfactory on day 22 and ranged from 91.0 to
98.0% fdr all treatments. However, Ey day‘44 a substantial decrease in 'sur-
vival was\observed among prawns reared in the 100% geothermal water treatment.
Nevertheless, survival rate was 69% in this treatment and this is considerably

'better than that observed in the previous indoor study using 100% géothermal

water. Survival rates among the other treatments were excellent and ranged

from 94.0 to 97.0%. There was ho apparent effect of lack of bottom soil on
survival or growth rate.

Results of this study are very encouraging and suggest that prawns can

~ be cultured in geothérmal water which is diluted with surface water or with

shallow wé]] water. Further, it can be assumed that when prawns are reared

' under more natural conditions some of the deleterious effects of certain |

characteristics;of‘geotherma1 water Wi]l be ameliorated.

Additiona] research will be needéd to more- closely define dilution rates
and épecific and interative water quality parameters of‘particular\bioloéical

‘significance in geothermal water. Further, longer term studies will need to-

be conducted to verify the finding of the short'térm studies.
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Legal Aspects of Utilizing Geothermal Water

Greater volumes and higher quality (warmer water) hydrothermal resources
generally exist in the western states. Further, development and utilization
of such resources has been more widespread than in the eastern states. Thus,
most of the western states have enacted laws which address the utilization of
geothermal resourcés for the production of electricity. In contrast, the =
geothermal resources in the eastern states are usuaily inadequate for the
generation of electricity and S0 legislation in the‘east is generally quite
~ different.

In 1976, there were‘no Taws in the eastern‘states specifically regulating
utilization of geothermal resources, nor were the legal issues associated with
}this energy source even under consideration. Beginning in 1978, with support
of the Department of Energy;the NationaI'Coqference of State Legislatures (NCSL)
began to offer assistance to selected state 1egislatufes interested in develop-
ing geothérmal legislation. " In part as a result of this effort the following
legislation was enacted in certain states:

Maryland - The State of-Maryland passed the Geothermatl Resources Act in

1978 and in 1981 passed seveka] amendments to this Act, together with amend-
ments to other acts to clarify and aid inrthe~developmént of geothermal energy.
The original act was passed prior to any effort by NCSL.

- Virginia - The State of Virginiq passed a Geothermalkkesources Act in
tﬁe 1980-1981-Legi$]atf9e'SessiOn. |

Delaware - The State of Delaware's legislature passed a Geothermal

Resources Act in 1980, but it was vetoed by'thé.60vernor. A revised bill
was not«reborted out of committee'ih 1981. However, the issue was to be
considered in the heXt 1egislat1ve session. |

Geothermal resources are normally classified either as a groundwater
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or as a mineral resource. This distinction in classification is particularly
important as the laws regulating its usage vary considerably depending on the
resource classification. In,generai,geothermai resources suitable for resi-

dential, commercial and agricultural uses are considered groundwater resources

“while deep, hot systems suitable for electrical generation or industrial process

heat are usually defined legally as mineral or unique resources.

Definition of a hydrothermal resource as a water or mineral resource may
affect ownership status. Mineral ownership originates from an estate in land,
which may be "severed" from property rights to bver]ying surface area. In
contrast, groundwater is generally held to be an aspect of surface ownership in
the eastern states. Finally, mineral resources are often leased and subject
to royalties and/or sevérancé-taxes while groundwater usage is genérally free

if it is located on your property.

- “Pertinent S.C. Groundwater Laws

In South Carolina there are no specific laws regulating thg use of

'geothermal resources. Thus, geothermal waters would be classified as ground-

water and the laws and regulations governing use of groundwater resources

~would apply. In the east,statutory systems generally require water pumping

permits which are jssued by various administrative agencies. In South Carolina
the pertinent statutefis the Groundwater Use Act of 1969 (Means, 1975). This

Act empowers the South Carolina Water Resources Commission to designate from

~ time to time certain areas of the state‘as capacity use areas, when the

Commission ‘determines that such designation is necessary to'protect PP

the interests and rights of residents or property owners of such areas or of

~the public intereSt.“»-Thé Act’requires that those persons'using groundwater

in a capacity use area submit reports stating the quantity of the water

pumped, the source from which it came and the purposes for which it is to be
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used. The Act further requires that any person withdrawing > 100,000 galions
of water per day to obtain‘a'permit from the Commission auihorizing such usage.
The Act is inapplicable to wells intended for domestic usé of single family
dwellings.

In addition to the Groundwater Use Act, Govermor Richard W. Riley signed
into law on February 24, 1982, the Water Use Reporting and Coordination Act
(S-242). The purpose of the law is tb gather and make available information
on the uses being made of South Carolina surface and groundwater resources by
major water users (Anonymous, 1982). Al1 users, ihc]uding industry, agricul-
ture, municipalities and utilities, where 100,000 gallons per day or more are
used, will be required to report their use to the State. Reporting will be
on a quarterly basis for all uses except agriculture, which shall report
annually. Agricu]fural reporting during ergghts may be on a quarterly basis
if drought conditions become severe. As a provision in the law, well drillers
and contractors will be required to provide to the State copies of well logs
for all wells four inches in diameter or greater, except for wells intended
for single family domestic use which are excluded from this requirement.

The 1982 Water Use Reporting and Coordination Act will not be implemented
until the 1983 General Assembly approves regu1ations and’rules for reporting
on water use (Brooks,71982).‘ This Act,wi]l'be»administeréd by‘the'South
Carolina WAter Resources Commissioh‘and will result in reducéd report require-

ments to various state agencies.

~Permitting S.C. Aquaculture Operations

- . Depending on specific site location, water uSe-requirements, and discharge
considerations various permits may be required. Most ]ike1y'fréshwater aqua-

culture activities would not occur within "critical areas" as defined by the
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S.C. Coastal Council. Such areas include tidelands, beaches, and primary ocean
front sand dunes (Bara et al., 1977). If development activities are intended
within such "critical areas" of the coastal zone, then a permit would be re-
quired from the S.C. Coastal Council. Additionally, certain coastal counties
including Horry, Georgetown, Collecton, Jasper, and Beaufort have been desig-
nated as "capacity use areas". As such, the S.C. Water Resources Commission
presently has authority over we]]s'with rated capécifies of 100,000 galions/
~day or more within capacity use areas (Chesley, 1982). Thus, aquaculture
operations planning to locate within a "capacity use area" would need to
obtain a permit to wfthdraw.g 100,000 gallons/day from their well.

| In cases where construction of facilities or othér activities occur
involving: 1land below the mean hi§h water line in tidally influenced areas;
submerged lands in tidally inﬁluenéed areas; or land below the ordinary high |
water line on any navigable waterﬁay in non-tidal areas, there would be a
requirement of a permit from the State Budget and Confro] Board (Baré et al.,
1977). This permitting function fs administered by the S.C. Water Resources
‘Commission.

A permit from the U.S. Army Corps of Engineers (USACOE) is required for
any -type of construction or other alteratiqns in navigable waters of the United
States, including all coasth waters and contiguous or édjacen; wetland as
we11’as.1nTand rivefs, lakes and §treams that are naviable waters.and their -
configuous or adjacent wetlands. This includes a]]ynavigable waters and all
tributary streams-having a flow of five cubic féet per setond or greater and
theirréontiguous or adjacent wet]ands and all eligible 1akes (Bara et al.,
1977). The,USACOE permit reqdires a SCDHEC 401'Water'Quality Certification.
Because the aquaculture technoiogy under consideration wou]d‘prdbab]y not

involve navigable waters, none of the USACOE permits would be required.
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At present, there are no laws or regulationé which would require a permit
for construction or use of a well if the well water is not intended for a public
~ water supply system. However, in 1983 standards for well construction developed
by the S.C. Department of Health and Environmental Control are expected to be
promulgated under the S.C. Safe Drinking Water Act (D. A. Duncan, SCDHEC, per- |
sonal commuhication). Consequently, any new well construction for non-domestic
use will have to conform to the SCDHEC construction standafds to insure pro-
tection of the groundwater source. .

Depending on.dischargé characteristics, the aquaculture operator may be
required to obtain a discharge permit. A discharge permit is issued by SCDHEC
“in conformance with the National Pollutant Discharge Elimination System (NPDES)
for point source discharges to waters ofAthé’State. The permit contains effluent
'limitatfon settiﬁg the amount of pd]lutants that may be discharged and also
contaihs monitoring kequirements.~ The eff]uenf Timitations are based on appli-
cab1é effluent guidelines promulgated by the U.S; Environmental Protection
Agency and on State Water Quality Standards.

Under the NPDES regulations (40CFR 45, No. 98, May 19, 1980) concentrated \
aquatic animals production facilities used in culturing warm water spedies
would be required to obtain a discharge permit if they discharged more than
| 29 days per year'and prodﬁced‘more than‘abquthO0,000 pbunds of aquatic animals
per year. However, at present itmisxassted that in the near future production

facilities would not have the above characteristics consequently, no NPDES dis-

charge permit would be required.

Economic Feasibility Analysis

A direct-user of geothermal water does not sell energy to others. Instead,

the geothermal direct-user reduces conventional fuel costs. The real benefit



from geothermal water use is the value of fue] costs avoided less the operating .

costs (e.g., pumping costs, maintenance, etc.) incurred in ‘using the geothermal

 water.

If there is anrincremental savings to the aquaculture venture through
cdnversion to geothermal well water, the savings should be evaluated Tike the
revenue from any ordinary in&eétment. Consequently, to realistically evaluate
the net worth of the stream of incremental savings expected to result from a
geothermal investment, a discounted cash (savings) flow (DCF) method should
be used. DCF methods 1ike net present value and internal rate of return take
into account the time value of money (Solomon and Pringe, 1980). Even with
éophisticated DCF methods which include risk premiums, the desirability of such
a system is ultimately judgemental. As in all investment opportunities, an

aquaculture investment decision will be a subjective one based upon the

| investors' personal preferences in addition to comparative risks and returns

of alternative investments (Walker and Gates, 1981).
Significant growth in the freshwater prawn industry has occurred in Hawaii,
Taiwan and Thailand in recent years (Sandifer, 1981). Hawaiian production has

risén from about five metric tons in 1974 to nearly 14 metric tons in 1980.

In 1981 there was a slight decline in production to 12 metric tons (Morison et

~al., 1981). Favorable c]imate,'strong local market demand' and a state sup-

ported hatchery has contrlbuted substant1a11y to the growth of the Hawaiian
prawn 1ndustry _

- As prev1ous]y d1scussed the seasona] nature of the prawn growing period
constitutes serious biological and economic constraInts to the successful

commercialization of prawn_aquaculture in temperate c11mates (Smith et al.,

1981). Despite the climatic constraints, past investigations have suggested

that Macrobrahchium prawn farming has potential as an alternative agricultural
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option in coastal South Carolina (Roberts and Bauer, 1978§ Sandifer et al.,
1980). The highest profit potential was predicted for stocking lafge, nursery-
reared juveniles in South Carolina farm ponds (Sandifer et al., 1980). This
pdtential was based ubon using a "seed" cost of $30/1,000 or'1ess and develop-
ing a specialty market for large whole prawns. Unfortunately, just the cost
of postlarvae necessary to produce large juveniles recently increased-to > $30/
1,000. Additionally, informatfon}bh the nursery ctosts to produce larger
Juveniles is lacking but a cost equal to that of the postlarvae cost is
probably reasonable. Thus, irrespective of the nursery costs, the current
cost of postlarvae is such that profitable farming may be tenuous at best.
We believe that the use of geothermal water may reduce nursery costs compared
to conventional energy coﬁts. Consequently, 1f postlarvae cost declines in the
future and/of prawn market value increases ;pb;tantia]]y then geothermal water
may play an important role in prawn aquacuiture in temperate climates. At
present, commercialization of prawn aquaculture in South Carolina appears
questionable. Also, additionalfbiolbgical testing will be required to fu11y
identify the best methods for incorporating South- Carolina geothermal water
into prawn aquaculture. | |

vAdditionaT economic analysis is planned fér‘examining costceeffective
technology employing geothermal watér for préwn,aquaculture; 'However, this
analysis is outside the present contractvbut should‘be'compIeted next spring.
In essence, it inyolves a project utilizing a c]assyof graduate level engineers
at Clemson University. Based on suggested parameters they will design an en-
closed nursery system and eStimaté the-ndrsery costs; Their work will include
determining the best way to use the goétherma] water-(direct or indirect),
most efficient tank or pdﬁd designs, best method of construction for the en-

closure, energy transfer coefficients for the enclosure and nursery systems,
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etc. Both economists and biologists from the current D.O.E. project will be

wprking'with them on this project.

SUMMARY AND CONCLUSIONS
1. Numerous geothermal well sites,were located and water quality data
obtained and summarized.

27 Water quality parameters of particular biological consideration were

< pH, temperature and alkalinity. A1l were elevated in geothermal waters.

3. Direct use of local supplies of geothermal water for rearing prawns
appears biologically feasible if the geothermal water is diluted with surface
or shallow well water. |

4. Currently, there are no 1ega1 impediments to the utilization of geo-

' thermal waters and such resources are classified as groundwater resources in

S C.

5. The recent increase in cost of postlarval prawns 1imits the profit
potential of farming this species even if geothermal resources are utilized
in the nursery phase.

6. Geothermal water may have application for prawn farming in the nusery

phase if postlarval prawn costs are reduced»and/or crop value increases sub-

stantially. However, additional research is needed to determine the most cost

effective techno]ogy for using geothermal water 1n a commerc1a] production .

system.

7. A conference on the application of geothermal water resources to prawn

-aquacultUre was conrened in Charleston,on May 27, 1982. 'The workshop faciii-

tated exchangerof,informatiqn between project staff and potential user groups.

prics discussed included availability and quality of geothermal resources,

e biological testing, legal issues, environmental impacts, and economic consider-

ations.
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‘8. Additional dissemination of results by presentation at pertinent con-
ferences and through publication in scientific journals is scheduled during the

following year.
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~ FIGURE 1. [Hap of coastal South Carolina showing location of geothermal wells.
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Map ‘ Total Depth Temp :
No. Location Owner depth (ft.) (in.) to.water (gpm) .. (°F). . Aquifer
‘ | , (ft.)
1 Parris Island U. S. Government 3,450 12 +156. 82 Tusc.
2 Parris Island U. S. Government 2,700 18 +156 50 104 Tusc.
3  Hilton Head Is. Sea Pines Corp. 3,114 8 Art, 50 108 Tusc.
4 Fripp Island Fripp Deﬁel. Corp. 3,147 24-12 Art, 50 104  Blk. Ck., Tusc.
5 Charleston City | | 1,970 +46 465 97 Blk. Creek
6  Charleston City 1,945 20 Art. 700 Blk. Creek
7 Fort Moﬁitrie ﬁ. S. Government 1,865 +82 350 95 Blk. Creek
8 Navy Yard  U. S. Government 2,136 20 Art. 500+ 94  Blk. Creek
v9 Mt. Pleasant City 1;919 24-8 Art. 94 Blk. Creek
10  Mt. Pleasant City 1,993  24-8 Art.
11 Mt. Pleasant City 2,286
12 Charleston city 1,970 02+ 465 97 Blk. Creek
13 Charleston “City 2,000 Blk. Creek
14 Charleston U. S. Goﬁernment» 2,067 12-6 Art. 365 Blk. Creek
15  Isle of Palms S 1,919 |
16 Charleston Iron Gate De§el.,Corp. 1,852 24-8 Art. 250 Blk. Creek
17  Awendaw. ‘Bulls Bay Water District 1,984 16-8 Art. Tusc.
18 Kiawah Isiand 2,282 Not Deﬁ.

-0g-




fable 1. (Lontinued).

Map - Total Diam. Depth Yield Temp
No. Locagiqn Owngr depth (ft.) (in.) to(z:fir (gpm) °r) Aquifer
19 Seabrook Island  Seabrook Devel.‘Corp. 2,697 .16-8 Art. 50 90 - Blk. Ck., Tusc.
20 Edisto Island
21 Walterboro city 1500-2500 8 28 135 Tusc. or Blk. Ck.
22 Summerville U. S. Geol. Survey 2,500 96
23 . | GeorgetoWn : :.S..C.Awater.Resour..Com. 1,835, ..

-'[8-
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Table 2. Contacts and Map Reference numbers for gegﬁtheﬁmal wells which
were surveyed.

i Map

Well Sites Reference No. Contact

Charleston »

1) Calhoun St. at Rutledge Ave. 6 Mr. John Bettis

2) - Meeting St. at Wentworth St. 5 Commissioner of Public Works

' 14 George Street

Charleston, S. C. 29401
Phone: 803-723-9411

3) Medical University of South Ellison S. Kelly, Jr.

Carolina at Charleston 13 Director of Physical Plant
171 Ashley Avenue
Charleston, S. C. 29425
Phone: 803-792-2721
- Edisto
1) Lion's Club 20 Mayor Wetsin Brooks
- City Hall

P. O. Box 402
Edisto Island, S. C.29438
Phone: - 803~-869-2667

Fort Moultrie ,

1) Battery Jasper .14 Mr. Brian Varnado

Fort Sumter National Monument
1214 Middle St.

Sullivans Island, S. C. 29482
Phone: 803-883-3123

Mt. Pleasant ‘
1) Deep well plant #1 - 10

Ron Bycroft

Simmons Street

City of Mt. Pleasant Water Works

2) Deep well plant #2 9 605 Center Street
Mathis Ferry Road Mt. Pleasant, S. C. 29464
3) Deep well plant #3 - Phone: 803-884-9626
Snee Farm : o
4) Morgan's Point: 11 South Carolina National Bank:
Mt. Pleasant well #39 Charleston, S. C.
Seabrook Island - ,
1) Seabrook Corporation Deep Well 19 Furman Reynolds
' : ) ; Utilities Superintendent
- P, O, Box 32099
: Charleston, S. C. 29407
Phone: - 803-768-1000
Walterboro
1) Stephens Road - Mr. D. C. Haden
2) Main Water Works Plant 21 City Hall

P.0. Box 717
Walterboro, S. C.29488

Phone:  803-549-2545
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rable 3. Water quality test equipment used for analyzing geothermal water
in Charleston and vicinity during December, 1981 to March, 1982.

Water Quality

Parameter ' Equipment
Temperature stemmed thermometer
pH . LaMotte Chemical Co.

Test Kits Model AG-36, code 2079,
and Model 5100, code 2120.

Carbon dioxide Lamotte‘Chemical Co.
Test Kit Model PCO-S,
&ode 7297-S

Alkalinity LaMotte Chemical Co.

Combination Test Kit
Model AR-10, code 7315

Hardness " LaMotte Chemical Co.
: Combination Test Kit
Model AR-10, code 7315

Chloride . LaMotte- Chemical Co..
Combination Test Kit
Model AR-10, code 7315

Sulfite ' " LaMotte Chemical Co.
Combination Test Kit
" Model AR-10, code 7315

Ammonia , Bausc¢h and Lomb Spectronic Mini 20 ™
ammonia kit No. 33-09-05

Nitrate-nitrogen Bausch and Lomb Spectronic Mini 20 TM
nitrate kit No. 33-09-06 '
Nitrite-nitrogen _ Bausch and Lomb Spectronic Mini 20 TM
' ‘nitrate kit No. 33-09-07

Phosphate (ortho) o ‘ Bausch and Lomb Spéctronic.Mini 20 ™
o S - -orthophosphate kit No. 33-09-09



Table 4. Water quality data from geothermal well survey (Charleston, S. C., and vicinity) conducted .
December 1981 thru March 1982. » o
. ' i »
» Alkalinity Hardness Carbon Phos- .
o Temp. (CaCO3) (Cac03) Dioxide Chloride Ammonia Nitrate Nitrite phorus Sulfite
Well Site (°C) pH ~ (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Charleston : :
(Calhoun St. at 18.9 " ..8.3 625 ‘10 0.0 150 2.4 3.9 <
Rutledge Ave.)
Charleston : : 4
(Meeting St. at 19.2 8.1 700 210 0.0 165 1.8 0.0 <
Wentworth St.) '
Edisto* .
(Lions Club) 26.0 8.1 425 90 0.0 750 1.6 4.5 <
Fort Moultrie o v
(Battery Jasper) 30.2  ".7.9 .950 40 20.5 840 3.4 8.1 <
Medical University _ &
of South Carolina .-35.2 : 9.0 750 <10 0.0 75 1.1 0.0 < &
Morgan's Point 34.8 8.5 890 <10 0.0 135 1.5 0.0 <
Mount Pleasant J ‘ :
(Deep well plant #1) 37.0 8.5 650 <10 0.0 120 1.0 0.0 <
Mount Pleasant
(Deep well plant #2) 38.0 8.5 650 <10 0.0 105 1.0 0.0 <
Mount Pleasant ‘
(Deep well plant #3) 36.0 ‘8.5 700 <10 0.0 135 1.2 0.0 <
Seabrook Corp. .
(Deepwell) $38.7 8.5 1075 <10 0.0 105 1.7 0.0 <
Walterboro _
(Stephen) 33.0 8.5 150 210 0.0 Z15 0.3 2.3 <
Walterboro
(Main Water Works 33.2 9.0 150 <10 0.0 L15 0.3 2.3 <
Plant)
*Edisto well depth approximately 700 ft.
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Table 5.. Water quality data for a geothermal well in Charleston and
typical surface water of Lake Moultrie.

PARAMETER (mg/1)

HYDROTHERMAL

(CALHOUN & RUTLEDGE)

SURFACE
(LAKE MOULTRIE)

Turbidity (NTU)
Color
Chloride (CI)

Floride (F)

Sodium & Potassium (Na)
Total Alkalinity (CaCO3)
Carbonate Alkalinity (CaCO3)

Bicarbonate Alkalinity (CaCO,)

Hardness (CaC0,)
Silica (S;03)
‘Calcium (Ca)
Magnesium (Mg)
Carbonate (CO3)
Bicarbonate  (HCO,)
Sulfate (SO4)

Iron (Fe)
Manganeée (Mn)
Copper (Cu)

Aluminum (AL)

Total Dissolved Solids

‘Specific Conductance @ 25°C

1.4
}0
170
| 4.0
8.5
860
60

800

2.0
‘0.5
36

976

- 1,698

2,240

5.0
20

7

0.0
10.0

21

21

16

4.8

1.0

26

003

.00

.00

56

83



TABLE 6.
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Water quality test equipment used in the laboratory study investiga-

ting culture of prawns in geothermal water.

i

Water Quality Parameter

Equipment

Temperature

pPH
002

Alkalinity
' Hardness
Ammonia

Nitrate-Nitrogen
Nitrite-Nitrogen
Dissolved Oxygen

Chloride
sul fite

Phosphate -

Yellow Springs Instrument Company
Oxygen Meter (temperature scale) Model
570

Horizon Ecology Company
Digi Sense pH Meter, Model 607

Bausch and Lomb
Carbon Dioxide Kit No. 33-09-02

LaMotte Chemical Company

Combination Test Kit, Model Ar-10, Code
7315.

LaMotte Chemical Company
Combination Test K1t Model Ar-10, Code
7315 -

Bausch and Lomb
Spectronic Mini 20 TM, Ammonia Kit No.
33-09-06

LaMotte Chemical Company
Test Kit Model ENA, Code 7485

LaMotte Chemical Co.
Test Kit Model PLN, Code 7421

Yellow Springs Instrument Company

- Oxygen Meter, Model 57

'LaMotte Chemical Company

Combination Test Kit, Model Ar-10, Code
7315

LaMotte Chemical Company
Combination Test Kit, Model Ar-10, Code
7315

Bausch and Lomb
Spectronic Mini 20 TM, Orthophosphate
Kit No. 33-09-09.




" TABLE 7. Initial water quality data for laboratory study examining culture of prawns in geothermal water.

Parameters
— Nitrite-  Nitrate-  Dissolved
Temp. : Alkalinity Hardness Ammonia ‘Nitrogen Nitroden Oxygen
Treatment (°c) _pH (ppm) (ppm) Total Un—gonGEJ (ppm) (ppm). _ (ppm)
Geothennal ‘ T
Not Filtered 25.0 8.97 . 783 17 1.87 ~  0.65 0.00 4.3 8.3
Pre-Filtered 25.0 9.35 792 10 0.45 = 0.25 0.00 1.7 _ 8.4
“Filtered  \  25.0  9.25 775 20 0.40 0.20 0.00 4.3 8.3
Tap '
_Not Filtered =~ .24.8 8.20 83 10 0.57 0.05 0.00 2.7 8.5
Filtered 25.0 8.22 75 10 0.61 0.05 0.00 0.8 8.5
Mixture . .

CFiltered 7 25.4  8.87 483 30 0.81 0.24 0.0 . 1.0 8.0

—LE-
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TABLE 8. The percentage of un-ionized ammonia in
aqueous solutions at various temperatures

and pH levels (Emerson et al., 1975).

Temperature (°C)

pH 0 10 20 30
6.0 ~0.01 0.02 0.04 0.08
7.0 0.08 0.19  0.40  0.80
8.0. 0.82 1.83 3.82 7.46
9.0 7.64  15.7 28.4 44.6

10.0 45.3  65.1  79.9  89.0
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TABLE ‘9. Water quality and survival data for laboratory study examining culture of prawns in geothermal water (April-

June, 1982).

Water Quality Parameters

Temp.
.- Treatment {°C)
Geothermal
~ Not Fitfered 27.2
Pre-Filtered 271
Filtered 27.1
Tap
Not Filtered 27.0
Filtered 27.3
Mixture
Filtered 27.6
Geothermal
Not Filtered* 27.4
Pre-Filtered 27.0
Filtered 27.3
Tap
Not Filtered 27.1
Filtered 27.5
© Mixture
Filtered 27.6
Geothermal
Filtered 28.2
Tap
Mot Filtered 27.9
Filtered 28.1
Mixture
Filtered 283
Geothermal
Filtered 29.4
Tap
Not Filtered 28.9
Filtered 29.2
Mixture
Filtered 29.4

pH

8.95

9.00

9.25

9.03

9.30 -

9.03

Alkalinity
m

788
809°
805

82
75

486

757
9

94
9

500

900

100
108

517

900

100
100

500

Nitrite- Nitrate-
Hardness Ammonia Nitrogen Nitrogen
{ppm) ota Un-1onized m {ppm)
o Day 1-12
13 1.49 0.77 0.27 0.0
10 0.58 0.33 0.05 0.2
15 0.45 0.24 0.00 0.7
17 1.12 0.04 0.00 0.1
'IQ 0.73 0.04 0.02 0.0
/
15 0.41 0.15 0.15 0.0
Day 13-24
10 0.42 0.24 1.55 0.0
15 0.73 0.42 0.25 0.8
14 0.46 0.25 0.00 0.3
39 1.56 0.05 0.43 1.4
10 0.67 0.03 0.01 0.0
20 0.45 0.18 0.00 0.0
Day 34
3 0.84 0.47 0.01 0.3
47 1.0 0.06 1.50 15.0
10 0.96 0.06 0.00 0.1
20 0.56 0.24 0.01 0.2
Day 42
- 30 0.72 0.44 0.00 2.0
47 0.97 0.03 0.62 1.8
10 0.68 0.05 0.00 1.3
20 0.31 0.14 0.00 1.3

Survival
b3

57

100
100

100

Woo

93
97

100

20

83
83

97

17

67
80

83

*Terminated onl bay 16.
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TABLE 10. Initial water quality data at stocking for study'éxamining dilution

rates for
- geothermal water at Mt. Pleasant.
Treatments '
Shallow Geothermal Geothermal Geothermal
Well Geothermal Mixture Mixture Mixture
100% 100% 75%:25% 50%:50% 50%:50%*
Temperature °C - 26.0  26.5 25.4 26.0 26.0
’pH ' 8.40 ’~8.7O 8.60 8.50 8.50
Total Ammonia (ppm) 0.60 0.73 0.84 0.48 0.60
Un-ionized Ammonia (ppm) 0.08 ~ 0.18 0.16 0.08 0.10
Nitrite-N (ppm)’ ) 0.01 0.25 0.25 0.05 0.00
Nitrate-N (ppm)° <1.0 <1.0 <1.0 <1.0 <1.0
Alkalinity (ppm) 250 575 550 400 400
Hardness (ppm) - 60 10 20 45 50
Dissolved Oxygen (ppm) - 8.0 8;0 7.6 8.0 7.5
Carbon Dioxidev(ppm) o | 0 0 0 0

*This treatment contained no soil substrate. -
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TABLE 11. Mean water quality data recorded during on-site study in Mt. Pleasant which examined the effects of

various dilution rates for geothermal water for rearing prawns.

Data are for days 1-44.

Treatments
Geothermal Geothermal Geothermal
Shallow Well Geothermal Mixture Mixture Mixture
Water Quaﬁtx Parameter 100% 100% ~ 75%:25% 50%:50% 50%:50%*
Temperature (°C)
Mean 24.9 28.8 28.0 27.4 27.3
Range 23.0 - 29.0 26.0 - 32.0 25.5 - 30.0 25.0 ~ 30.0 25.0 - 30.0
pH
Mean 8.10 8.72 - 8.56 8.44 8.45
Range 7.75- 8.30 8.60- 8.95 8.40- 8.75 8.20-. 8.75 8.10- 8.75
Total Ammonia (ppm)
Mean 0.66 0.83 0.95 0.78 0.83
Range 0.35- 1.09 0.42- 1.60 0.41- 1.60 0.42- 1.33 0.55- 1.33
Un-ionized Ammonia (ppm)
. Mean 0.04 0.23 .- - 0.19 0.12 0.13
Nitrite-Nitrogen (ppm)
Mean 0.03 0.19 0.17 0.09 0.06
Range 0.01- 0.06 0.05- 0.40 0.02- 0.40 0.02- 0.20 0.02- 0.15
Nitrate-Nitrogen (ppm)
Mean 0.96 1.38 1.55 1.21 0.69
Range 0.90- 1.02 1.00- 1.97 0.80- 1.97 1.00- - 1.40 0.67- 0.72
_ Alkalinity (ppm)
Mean ' 2% 649 574 463 476
Range 250 -350 600 =790 500 -720 400 -580 375 =610
Hardness (ppm)
Mean  ” 78 9.5 16 37 35
Range 70 =90 6.0 - 10.0 10 = 20 30 -4 20 --42
’ Dissoived'Oxygen (ppm) :
Mean 6.5 6.4 5.6 6.4 5.7
Range 3.5--7.8 4.4 - 7.8 2.6 - 7.0 4.4 - 7.8 2.4 - 7.5
Carbon Dioxide 7
Mean 10.5 0 -0 -0 ' 0
Range 0 -16 0o -0 0 -~ 0 0 -0 0 -0

*This treatment contained no soil substrate.
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TABLE 12, Growth ahd survival data for on-site study at Mt. Pleasant examining-
di]dtion rates for geotherma] water. Prawns were stocked at.loolténk;

and initial mean size was 1.8 g‘(0.6-4,7 g), 43.1 mm (32-61 mm) .

- Growth ~ '
: Weight (g) Length (mm) Survival (%)
Treatment - (Range)  __(Range) (Mean)
Shallow Well ‘ 2.9(1.2- 4;8) ~ 49.2(37-58) ‘ /97.0
100% Geothermal 2.7(1.1- 8.3) 47.8(34-71) 91.0
75% .Geothermal v | Zf?(T.O-,B.O)" 48.1(33-58) 98.0
50% Geothermal - 3.3(1.6- 9.8) 750.4(4]-69) ' 99.0
50% Geothermal* (no Soi])‘" 2.5(1.1- 4.9) 47.6(42-60) 97.9
Day 44
Shallow Well 4.7(2.4-11.7) = 56.5(47-75) 97.0
100% Geothermal - 3.1(1.0- 5.6) 50.5(34-62) 69.0
75% Geothermal 4.2(1.5-10.6) 54.9(41-71) 95.0
50% Geothermal | 4.7(2.0-19.0) 56.1(44-87) 9.0

50% Geothermal* (no soil) 4.2(2.4-10.3) 54.8(46-73) 96.8

*Sur91va1 rate adjusted for 7 prawns whlch jumped out of the tank during second
wegk of study and died.
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