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INTRODUCTION

This study was initiated by the Cape Hatteras Water Association as a first step in
determining the viability of adopting Reverse Osmosis (RO) as the future water
treatment technology for the Association. Boyle Engineering Corporation, with
Missimer International, Inc. for hydrogeologic aspects, was retained as consultant
for the work.

The scope consisted of constructing a small diameter test well, to a depth of
approximately 600 feet, conducting low volume pump tests, and obtaining water
quality data. The procedures and results are discussed in the Missimer
International report found in Appendix A. Based on certain assumptions derived
from the test well program, a conceptual process design for an RO water treatment
plant was developed, and an opinion of cost derived from this design. It must be
emphasized, however, that the approximate $1.15/kgal operating cost is valid only
if the assumptions made in the conceptual design development remain valid. If
the volume and quality of water from the limestone aquifer do not follow the
patterns predicted in this report, the cost assumptions made will not be valid.




METHODOLOGY

Based on Missimer’s input, a future water quality was created by adding sodium,
calcium, chloride and sulphate to the water quality data derived from the test well.
The change was made with 3200 ppm of sodium chloride, and 1000 ppm of
calcium sulphate. Although it is likely that the magnesium fraction will increase
magnesium is highly rejected, and its concentration contributes less to the average
osmotic pressure than sodium It is also likely that the bicarbonate content will
decrease, since any intrusion into the limestone aquifer will probably resemble
seawater in its makeup. Since virtually all the bicarbonate is either converted to
carbon dioxide in pretreatment, or rejected by the membrane, a reduction in this
ion’s concentration will not perceptibly alter the membrane performance results.

Based on the current average water demand, peaking factors, and potential for
future expansion, it seems reasonable to assume an initial plant capacity of 1.6
MGD, with provision for two future trains of 0.8 MGD. The initial installation
would consist of two RO trains, each with a permeate production of 0.8 MGD.

Having assumed deterioration of the brackish ground water resource’s quality, the
other considerations taken in this evaluation were for product water quality, and
the possible limit of concentration for permitting the wastewater discharge. Given
the performance of today’s leading high rejection membranes, and the
concentration factors involved in their use, there will be some small amount of
blending capacity within this RO water treatment plant. There will initially be
more, because of the lower feedwater TDS and chlorides at start-up. However,
since the rate of increase of TDS cannot be accurately predicted at this point, we
believe it prudent to base the plant capacity on the assumption that no blending
will take place. Therefore, all product water will be permeate.

All of the four significant competing membrane products for this application
exhibit sodium chloride rejection in excess of 99%. This means that the
concentration factor (CF) calculated from the recovery is very nearly accurate,
since the calculation assumes 100% salt rejection. Therefore, at 50% recovery,
the CF is 2, 60% is 2.5, 70% is 3.33, and etc. By observation, it is readily
apparent that at a recovery of 70%, the exiting concentrate will have a TDS
approaching that of seawater (about 35,000 ppm). To attempt to operate the plant
at a higher recovery could initiate a discharge permitting issue, particularly if the
discharge is to Albemarle Sound, and not to the Atlantic. For this reason, in this
study we have limited the recovery to 70%.

Utilizing projection software from one of the manufacturers, the third year
pressure required for a 70% recovery using current state-of-the-art membrane is
over 450 psig, based on a conservative flux design assumption. In the actual




process design of such a plant, a lower feed pressure would probably result,
especially initially. The use of an interstage boost pump between the first and
second stage membrane assemblies should be considered. The net energy would
be about the same, but the slight reduction in membrane area realized may be
more than offset by the cost of a second pumping unit per train, and the associated
piping, valves and controls. This situation would change if energy recovery is
utilized, thereby reducing the overall energy requirement.

For this study, an initial recovery of 60% was assumed. For the future,
membranes already on test are holding out the promise of significant energy
savings. For Cape Hatteras, this boost in energy efficiency can be realized in
increased recovery. This approach will save the groundwater resource, and reduce
well pumping costs. Consequently, projections were made for future membrane
at both “low” (60%) and “high” (70%) recoveries. Once again, the future
constraint on recovery will probably be the wastewater concentration, and its
possible effect on discharge permitting.




OPINION OF COST

Based on the preceding discussion, it is our opinion that the capital cost of the RO
facility can be summarized as below. It is assumed that two wells with pumps
rated at 475 gpm will be needed for each RO unit, for a total of 6 pumps. A spare
well is included in the cost estimate.

M

1. Process equipment, installed 2.35

2. Process building for 4 RO units 0.75

3. 7 wells, open hole construction 1.05

4. Raw water transmission 0.75

5. Finished water storage, 3 MG 0.75

High service pumping 0.35

Constructed Cost 6.00

Contingency @ 20% 1.20

7.20

Legal, admin, Eng, etc. @ 25% 1.80
Opinion of project cost $9.00M  for 2.4 MGD

The following assumptions were made in developing this capital cost opinion.

1. Building cost at $100/sf

2. Raw water transmission piping based on 8” and 18” at $20/ft and $45/ft
respectively.
10,000 cfof 18~
3,500 cf of 8”
$25,000 per wellhead for enclosure, site work, etc.
+ Miscellaneous valve pits, etc.
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Operating parameters are developed in the tables attached to this report. A
significant cost is for post-treatment to stabilize the finished water. An approach
similar to that used at Kill Devil Hills has been assumed. Acid is added to the
feedwater to generate carbon dioxide, which is then converted to bicarbonate in
the product water by the addition of caustic soda. Product water rehardening is
proposed by the addition of calcium chloride. The cost of these two steps
amounts to about $0.22/kgal of product. However, the finished water must
comply with the Lead and Copper Rule of the Safe Drinking Water Act, and
therefore must be stable. Detailed process design should include techniques to
reduce this cost.

An operating cost, excluding labor and spare parts, of about $1 .00/kgal of product
in storage seems reasonable. This cost includes membrane replacement and a
cleaning allowance. The Kill Devil Hills RO plant, in the most recent Annual
Report, reported a maintenance and spare parts cost of less than $0.05/kgal. This
cost should be comparable for a Cape Hatteras facility. A well operation and
maintenance cost of $0.15/kgal of product appears reasonable

The cost of constructing an RO water treatment plant, as discussed above, does
not include any extraordinary costs associated with disposal of the concentrate. It
is assumed that an outfall from the plant, assumed to be located on the Foster tract
(owned by the Association) to the Albemarle Sound is the preferred method of
disposal and is believed to be permittable. An extension of this concept is to
discharge the concentrate through the canal system at Brigands Bay. An
advantage of this alternative is the dilution effect of the canal system prior to
discharge into the open sound. As a further control on concentrate quality, some
of the existing shallow wells could be maintained and utilized for dilution water
as required. Any of these approaches to concentrate disposal are purely
conjectural at this stage and will require further investigation and discussion with
the various permitting agencies involved.




HYDRANAUTICS RO system design software -- v 5.5 (¢c) 1994 ' 06-02-95
RO program licensed to: Ian C.Watson, P.E.
Calculation created by: Ian C. Watson

Project name: CHWA. Future DS, lo Y Permeate flow: 800000.0 GPD
HP Pump flow: 925,9 GPM Raw water flow: 1333333.3 GPD
Feedwater temperature: 20.0 C ( 68F) Permeate recovery ratio: 60.0 %
Raw water pH: 7.60 Element age: 3.0 years
Acid dosage, ppm (100%): 31.8 H2S04 Flux decline coefficient: -0.030
Acidified feed CO2: 40.2 PPM 3 Yr salt passage increase: 1.3
Feed pressure: 382.7 PSI Recommended pump pressure: 403.7 PSI
Average flux rate: 11.8 GFD Feed water: Well water
Pass Feed Flow Conc. Flow Beta Conc. Element Elem. Array
Pass Vessgel Pass Vessel Press. Type No.
GPM GPM GPM GPM PSI
1 925.9 44 .1 455.1 21.7 1.10 362.5 8040-LSY-CPA2 126 21x6
2 455.1 45.5 370.4 37.0 1.02 330.1 8040-LSY-CPA2 60 10x6
+--=-=-+----Raw water----+---Feed water----+----Permeate----- +-=--Concentrate---+
|Ion | mg/1 CaCo3 | mg/1 CaCo3 | mg/1l CaCo3 | mg/1 CaCo3 |
R R R i il R e +
Ca 384.0 9587.6 384.0 9%7.6 1.8 4.5 957.3 2387.3
Mg 81.9 337.0 81.9 337.0 0.4 1.6 204.2 840.2
Na 3656.0 7947 .8 3656.0 7947.8 82.1 178.4 9016.9 19602.0
K 40.3 51.7 40.3 51:7 1.1 1.4 89.1 127.0
NH4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ba 0.0 0.0 0.0 0.0 0.0 0.0 ‘0.0 Q.0
Sr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
COo3 0.4 0.7 0.1 0.1 0.0 0.0 0.5 0.9
HCO3 256.0 209.8 217.0 177.9 8.3 6.8 530.1 434.5
8504 862.0 897.9 893.2 930.4 4.8 5.0 2225.8 2318.6
Ccl 5782.0 8155.1 5782.0 8§155.1 123 .4 174.0 [14269.9 20126.8
F 0.8 2.1 0.8 2.1 0.0 0.1 1.9 5.1
NO3 0.2 0.2 0.2 0.2 0.0 0.0 0.5 0.4
Si02 17.2 17.2 0.2 42.7
e el i R i R R i +
TDS [11080.8 11072.7 222.1 27349.0
pH 7.60 7.00 5.58 7.39
e e +
Raw water Feed water Concentrate
CaS04 / Ksp * 100: ' 15.9% 16.5% 51.3%
SrsSo4 / Ksp * 100: 0.0% 0.0% 0.0%
BaSO4 / Ksp * 100: 0.0% 0.0% 0.0%
$i02 saturation: 13.2% 13.2% 32.9%
Langelier Saturation Index: 0.80 0.13 1.27
Stiff & Davis Saturation Index: 0.33 -0.34 0.44
Ionic strength: 0.21 0.21 0.53
Osmotic pressure: 116.0 PSI 115.9 PSI 290.9 PSI

These calculations are based on nominal element performance when operated
on a feed water of acceptable quality. No guarantee of system performance
is expressed or implied unless provided in writing by Hydranautics.

Hydranautics (USA) Ph: (619) 536-2500 Fax: (619) 536-2578




S6/01/5

U0SIEM *0) UE)

| abey
99¢ 6LE 66¢ Bisd ainssaid 1sooq dund paay
G S q Bisd sass0| Huidid ~osip
(414 0¢ 0¢ Bisd ainssaid uonons dwnd pas.
0¢ 0c 0¢ Bisd Buynoy ‘asuemojje ainssaiy
4} 4} 4} Bisd aInssaidyoeq ajeawiay
6ve Z0¢ ¢8¢ Bisd ainssasd paa4 aueiquisy
6v£9 €E€ES LLGY Juswaja/pdb suesquiaw 1ad u,poiyd
gzl 06l S/1 ea SsuRIGUIBIA JO JAQUINN
6z¢ 90¢ LEE Sal wdd Anjenb 10npoud *1s3
19¢ T AA 90¢ saj wdd Alijenb eyeauway
oL 09 09 % Asanooay
000°008 000°008 000°008 pdb MO)} BleBUIBY
LS8'TYLL gee’eee’l eee’eee’L pdb HUN QY 8UO ‘Mo}) 19)eMmpas
cQI&me_“NNum 1 >>o._>wMMM_MMﬂom 13 ABojouyosy
sueIqIBY sueiquIspy auelquiapyy aJnseaw Jo un) 1318Wwesey bunesadg
Buidojanag Buidojanaq alng

suonduinssy Ajjenp 18iep) uoiBULIO4 BUO)SN]

uoieI0SSY 191BM Seia)ley ade))

uonenjeaz walsAs oY Assupuaiyg




§6/01/5

Z 8bey

UOSIBAA °D) uEj

£0°0 €00 £0°0 sjeawsad Jo jeby/y wddg @ ‘auuoly)
o8'L 08’1 0g'L djeaunad jo jeby %S¢ ‘aplojy) en
¢9'0 <90 Z9°0 ajeswad jo [ebyy %04 'epos onsne)
90'0 L0°0 L0°0 sjeaunad jo [ebwy
00'S 00°'S 00°'s wdd Jonquyuy ejeag
Ly'0 810 wﬁ.o. ajeawsad jo [ebyy
vE vE vE wdd (%E6)PIOV
[A (4 4 wdd (%001 )PV
ajeawiad
L L 6 1o [eBy I Jamod juely
L 1 ! Sieauniad ansauioq pue Bpig
10 1ebyiymy
ajeawsad
L l L - juejd jo asuejeg
o)eaunad
9 9 L 10 [eBy UMy jamod jun
06 06 06 % Aduaiyje g4A B 1010
10T oLz £9¢ Q: jamod yeys dwndpoay
78 8 8 % Adudioyje dwndpasy
Alanoday AJan023yj ABojouyaa)
ybiy ‘ABojouyoa) § mo 'ABojouyos)
suejiquiajy ainseaw jo nun 1a)awesey BunesadQ
auesquapy sueIquiay .
Buidojanag Buidojanaq ! 2

suondwinssy Ajjenp 19187 UOHEWIO BUOISAWY]

uolBD0SSY 1818 AN SBIB}IEH ade)

uonenjeay we)sAg oY Aseuiunelg

HE G & R = B BN EE S = o
T




§56/01/5 - € 9bed . uosiemM *J uej

986'0 z1o0'L vOoL L 1s0) bBunesadQ jo uondQ
0200 0200 0Z0'0 1onpoud jo [eby/4 200 {eby/¢ ‘bujues|y
0200 020’0 0200 1onpoud jo |eby/§ 00 le6y/¢ ‘sabpune)
0010 0010 00L°0 1onpoud jo |eby/§ 0L'0 [eby/¢ ‘sueiquiaiy
5000 S00°'0 S00°0 1onpoud jo |eby/¢ 0Z'0 #/% "aunojy)
0600 060°'0 060°0 1onpoid jo jeby/¢ S0°0 #/$ ‘apuojy) e)
9€1°0 9€1°0 9g1L°0 19npoid jo jeby/$ zz0 #/$ ‘onsney
¥L0°0 L80°0 L80°0 19npoud jo |eby/¢ YAl ! #/% "uui sjedg
L¥0'0 8v0'0 8+¥0°0 19npoud o |eby/§ oL0 #/% 'pPY
0050 905°0 8660 1onpoud jo [eby/g LOO IY-mxf§ "1amod
P_M_M»Mwhﬂ 4 B\M_,M_w \.,M_uhﬂ 4 >muﬁu““uwmh snun 1507 nun jusuodwo) 1s0)

suondwinssy AjEnp J2)EAL UOIIRWI0S BUO)SAW]
uollelnossy 19iep) seso)iey ede)

uonenjeag welsAg Oy Areuueld

[ R R




RECEIVED
MAY 181995

BOYLE ENGINEERING
SANTA ROSA

May 15, 1995

Mr. lan Watson, P.E.

Boyle Engineering Corporation
131 Stony Circle, Suite 750
Santa Rosa, CA 95401-9522

Re: Cape Hatteras Water Association - Reverse Osmosis
Feedwater Investigation

Dear lan:

l The construction and testing of the Cape Hatteras Water Association (CHWA) reverse

osmosis test well TW-1 has been completed. A zone with the potential for producing

large volumes of raw water has been identified based on results of the drilling and testing

' program conducted. The limestone unit which was encountered between the depths of

240 and 275 feet below land surface at the test drilling site is considered the most likely

source of reverse osmosis feedwater on the island. The methods utilized during the

l preliminary investigation and results obtained are detailed on the following pages with
conclusions and pertinent recommendations.

We appreciate having the opportunity to assist on this project and look forward to working
with you again as development of the resource progresses. Please give me a call if you
have any questions or comments. ‘

Sincerely,

Wm. Scott Manahan
Water Resource Engineer

! : - N.\
L fgr Y TL
W. Kirk Martin, P.G.
North Carolina Professional Geologist

P.G. No. 1112

WSM/WKM/Ik
Enclosure

FH4-088.RPT

8140 College Parkway, Suite 202 (813) 432-9494
l Fort Myers, Florida 33919 FAX (813) 4392-90453
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CONSTRUCTION AND TESTING OF THE CAPE HATTERAS
WATER ASSOCIATION REVERSE OSMOSIS TEST WELL TW-1

Conclusions and Recommendations

A test drilling program was completed near the Cape Hatteras Water Association water
treatment plant on Hatteras Island. A highly productive limestone unit encountered
between the depths of 240 and 275 feet below land surface at the test drilling site is
considered the most likely source of raw water supply development for reverse osmosis
treatment on the island. The productive capacity of the zone is very high and the water
is of acceptable quality for treatment with brackish water reverse osmosis membranes.
This source appears to be adequate to supply 3 MGD or more of raw water if the
resource is properly managed. A considerable amount of additional testing and analysis
will be required to fully evaluate the yield characteristics and water quality of the target
aquifer. It is not possible to determine the long-term water quality stability of the source
without obtaining additional information.

A drilling and testing program is recommended to obtain the necessary data. A
test/production well and at least two observation wells tapping the producing zone should
be constructed for aquifer performance testing purposes in the area proposed for wellfield
development. Data collected during aquifer performance testing will be used to calculate
aquifer hydraulic parameters including transmissivity, storage coefficient, and leakance.
In addition, monitor wells should be constructed that tap discreet intervals near the top
and bottom of the producing zone as well as zones above and below the low permeability
units that provide confinement for the aquifer. These wells will provide information on the
vertical variation of water quality in the sediments underlying the proposed wellfield area.
Monitor wells tapping the production zone should also be constructed near the terminuses
of the proposed wellfield alignment to assess lateral water quality variations. Data
collected during the test program should be used to develop hydraulic and solute
transport computer models of the aquifer system. The models can be used to determine
a wellfield design and operation schedule that will result in a stable and reliable source
of feedwater for the proposed reverse osmosis plant. Once developed, the models can
also be used to evaluate the feasibility of various future wellfield expansion scenarios.

The monitor and observation wells constructed during the test program can be converted
to permanent monitor well status for use when the proposed wellfield is in operation.
Data obtained from the wells can be used to evaluate wellfield performance and for
calibration of the hydraulic and solute transport computer models. The monitoring data
will also provide an early waming of potential problems or unexpected water quality
changes in the wellfield.

FH4-088.RPT




