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EVALUATION OF THE NATURAL FREEZE-THAW PROCESS FOR THE
DESALINIZATION OF GROUNDWATER FROM THE DAKOTA AQUIFER TO
PROVIDE WATER FOR GRAND FORKS, NORTH DAKOTA

EXECUTIVESUMMARY

The need for fresh potable water has become a sgnificant concern in the United States in
order to meet the demands of an ever-increasing population base. Water of varying qudlities is
needed for municipd, agriculturd, and indudtria development. The need for water is particularly
critical in the arid regions of the western United States.  The city of Grand Forks, North Dakota,
and the United States Bureau of Reclamation have jointly funded a project entitled “Evauation of
the Natura Freeze-Thaw Process for the Desdlinization of Groundwater from the Dakota Aquifer
to Provide Water for Grand Forks, North Dakota.”

The reaults of the evauation indicate thet sufficient quantities of weater can likely be extracted
from the Dakota Aquifer, within close proximity to Grand Forks, North Dakota, to augment the
city’s water supply by an estimated 1 million galons per day, or more, with no adverse
environmental impeacts to a nearby wildlife refuge. However, the sdinity of the water in the
aquifer has precluded its suitability for use as a domestic and indudtrid supply to date.  The naturd
freeze-thaw process, smulated at the bench scale, has demonstrated that the sdinity of the water
can be reduced significantly and that treated water of less than 500 mg/L total dissolved solids can
be produced with the process, with greater than 72% yidd.

Economic andyss of the process indicates that a freeze-thaw desdinization plant could be
installed and operated in close proximity to Grand Forks that would produce 1 million galons per
day of trested water a atotal cost (including dl ingtalled capitd and operations and maintenance
costs) of approximately $1.30 per thousand gallons.

It follows from the results of this project that a demongration of this technology at a scae of
500,000 gallons per day or larger should be conducted as soon as possible in a climate like that of
North Dakota, with water of similar quality to that of the Dakota Aquifer. A demondration of this
gze would facilitate the utilization of this promisang technology and potentidly dleviae the
anticipated shortages of usable-qudity water in North Dakota, as well as in many regions of the
western United States. The demondtration could aso facilitate the export of U.S.-developed
dedinization technology abroad.



EVALUATION OF THE NATURAL FREEZE-THAW PROCESS FOR THE

DESALINIZATION OF GROUNDWATER FROM THE DAKOTA AQUIFER TO PROVIDE
WATER FOR GRAND FORKS, NORTH DAKOTA

1.0 INTRODUCTION

The need for water has become a sgnificant concern in the United States in order to meet the
demands of an ever-increasing population base. Water of varying qudities is needed for
municipd, agricultura, and industrid development. The need for water is paticularly critica in
the arid regions of the western United States. These regions have typicaly been sparsdy
populated, but recent trends have shown more and more urban dwellers relocating to these regions.
However, the lack of usable water has severely limited growth and development. Many of these
arid regions have abundant supplies of water, but the water is not of a qudity suitable for use.
Therefore, an economic means of tregting these waters must be established in order to alow for
continued growth and development in these regions.

Freeze crystdlization processes are increasingly being recognized as a low-codt, energy-
efficient means of treating water mat contains a wide variety of undesrable chemica condtituents,
induding sAts. Water purification using freeze crystalization processes has been shown to
smultaneoudy and sgnificantly remove sdts organics, and heavy metas from impure agueous
solutions. In addition, freeze crystdlization processes have demongrated the ability to produce
sgnificant quantities of water suitable for indudtrid, agricultural, and municipa uses.  Although
freeze crygtdlization is not a new technology, recent technical advances have made it an
increasingly attractive option for the treetment of a wide variety of waters in order to produce
water for beneficid uses.

11 The Natural Freeze-Thaw Process

Freezing is a crystdlization process that can be used to purify water. When sdts or other
condituents are dissolved in water, the freezing point of the solution is lowered below 32°F, the
freezing point of pure water. Partid freezing occurs when the solution is cooled to below 32°F,
but not below the freezing point of the solution. Relatively pure ice crystds form, and an unfrozen
solution, or brine, containing elevated concentrations of the chemica condituents is aso formed.
Because of the presence of these chemica condtituents in the brine, it has a higher dengity than that
of the purified ice and, therefore, reedily flows from me ice. Thus, the purified ice and the brine
are naturally separated.

The advantages of naturd freezing for water purification are that the required refrigerdtion is
provided a no cost and the ice pack is repeatedly subjected to freeze-thaw (FT) cyding. This
repeated FT cyding promotes the formation of large ice crystds, which, in turn, increase the
permeability of the ice pack. This increased permeshility dlows the brine to flow more readily
through the purified ice pack.



It has ds0 been found thet if an ice pack is tightly frozen by ambient temperatures wel bdow
0°F, pure ice is formed fird. The remaining solution, which is initidly unfrozen, again contans
devated concentrations of chemicad condituents As more of thii solution freezes, the
concentrations of chemicad condtituents in the unfrozen solution continue to increese until the entire
solution freezes. A tightly frozen ice pack, created by freezing under these types of amospheric
conditions, contains zones of ice with devated concentrations of chemicd condiituents and zones of
rdaivey pure ice When this type of ice pack begins to mdt during thawing periods, such as the
Soring or early summer, the concentrated zones in the ice mdt firg, and the initid runoff from the
ice contains devated concentrations of chemica condtituents thet were incorporated in the ice
Agan, the concentrated brine and purified ice are naurdly separated (Stinson, 1976).

1.2 Previous Natural FT Research

Hdler (1939) investigated the purification of brackish groundwater in desart aress of the
former Union of Soviet Soddigt Republics (USSR). He used natural freezing to purify brackish
groundwater and subsequently provided water for agricultura devdopment. The st content of the
water tested was reduced from 15,000 to 400 ppm.  Hédler dso found that as the brackish water
was ubjected to FT cyding, the sat content of the ice was sgnificantly reduced.

Mitkin’s (1963) research objectives were Smilar to those of Hdler.  In this work, a feed
water sat content of 29,000 ppm was reduced to less than 1000 pom.  His results illudrated thet
naturd freezing concentrated the sAts in a brine and dlowed a 70% converson of the sdine water
to usable water, with the sdt content reduced by 96%. Using a naurd freezing process, he
produced water that met USSR drinking water Sandards and crested a brine with a st
concentration of 180,000 ppm.

Szekdy (1964) of the Saskatchewan Research Counall (SRC) dso conducted naturd freezing
waer purification reseerch.  Sx waters with totd dissolved solids (TDS) concentrations ranging
from 4000 to 28,000 ppm were tested, and the dinity reductions ranged from 60% to 80%.
Soyker (1974), dso of the SRC, conducted natural freezing reseerch on waters with TDS
concentrations in the range of 2000 to 4000 ppm and was able to produce a brine with a TDS
concentration in excess of 50,000 ppm.

Sinson (1968) recaived a Canadian patent on a process of naturd freezing as a method for
dedinating walers  Sinson's patent was based on soraying water to maximize ice production and
minimize the space required for theice. Stinson found that natural FT cydes improved the
effidency of waer purificstion. He dso confirmed thet the FT process is effective in purifying
<ine waters and waers containing adids, bases sugars, and organic materids. In addition,
Stinson's reaults indicated that the purest ice is formed as a result of longer holding times, because
repeated FT cydes dlow more contaminants to drain from the ice.

Stinson's research was conducted a the Universty of Wyoming during the 1960s and 1970s.

Ehnore (1968), a graduate sudent of Stinson's, conducted spray-freezing research during the
winter of 1967-1968. Ehnore used lawn sorinklers to creste 22-ft-high ice piles The feed water
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had a TDS concentration of 2000 ppm and was purified by natural FT to produce 1.2 million
galons of potable water from me ice melt. The TDS concentrations of the purified water ranged
from 60 to 400 ppm. Elmore estimated the cost of water purification by naturd freezing to be
$0.27 (1968 dollars) per 1000 gdlons of water purified.

Stinson (1974) dso conducted a large-scae experiment on the Big Sandy River in Wyorming
to investigate the feagbility of usng natura freezing to reduce the TDS content of the river. One
of the ice piles he created had a TDS concentration of 30 ppm, which was lower than the TDS
concentration of a nearby snowdrift.

1.3 Current Naturd FT Research

Current naturd FT water purification research has focused on an evaduation of the technicdl
and economic feashility of the process for the treatment of water produced in association with oil
and natural gas production. This research was recently completed a the Energy & Environmentd
Research Center (EERC) and at B.C. Technologies (BCT) (formerly Resource Technology
Corporation Process Divison). Smulaion results conclusvely indicated that the naturd FT
process was effective in removing sdts, organics, and heavy metas from the oil and gas produced
waters. As part of this research, numerical process desgn and economic evauation models were
developed to provide the capability to estimate the equipment requirements, plant performance, and
water treatment cost of a FT process for treating waters of various qudities at different locations
and amospheric conditions.

A separate project mat demonstrated the FT process on a large scale was conducted in
conjunction with the above research. Evduation of the demondration plant project again indicated
that the FT process is effective in removing sdts, organics, and heavy metds from oil and gas
produced water. This research aso indicated that the FT process is an economic water treatment
method on a large scae.

1.4 FT Process Desgn

Figure 1 is a amplified block flow diagram of the FT process. In the FT process, impure
water (feed water) is pumped from a holding pond or groundwater well. When the ambient air
temperature is below 32°F, the feed water is sprayed or dripped onto a freezing pad to create an
ice pile. During subfreezing conditions, runoff from the ice pile will have high concentrations of
chemica condituents. Thii runoff is automaticaly diverted to a brine storage pond or back to the
feed water holding pond or well for recycle based upon the conductivity of the runoff. When
temperatures promote mdting or thawing, the runoff from the freezing pad will be highly purified
water that is automatically diverted, based upon its conductivity, to a treated water storage pond for
later beneficid uses or surface discharge.

A dggnificant factor in the BCT-EERC FT process design which improves the effectiveness
of the process compared to previous natural FT research is the addition of inexpensive control
equipment that is used to automaticaly separate the FT process streams. Conductivity meters are
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Hgure 1. Block flow diagram of the naturd FT water purification process

usad to edimate the TDS concentration of the process dreams. Based upon the conductivity of the
process sream, runoff is autometicadly diverted to @ther a trested water Sorage pond or a brine
dorage pond or recycled back to the feed water holding pond or well.

15 Bendits of the Ressarch

As previoudy mentioned, the arid western United States has a didinct need for water. Water
IS nesded before municipd, agricultura, and industrial development can provide the means for
economic growth and gablity. The date of North Dakota is an example of a region where
economic growth is liited by the avalability of usdble water. The populaion of Grand Forks is
incressing, but the amount of water available for municipal use is congtant. Severd large
indudtries have expressed interest in locating in eastern North Dakota, but the lack of water of a
qudity suitable for indudtrid development has prevented these companies from locating there Had
these companies been dble to locate in Grand Forks, their presence could have hed a tremendous
pogtive economic impect on the city. Therefore, the dity of Grand Forks was willing to invesigate
the use of unconventiondl sources of water to alow for future economic growth.

One potentid source of water for Grand Forks is groundwater from the Dakota Aquifer. The

Dakota Aquifer is confined by ovelying lacudrine maerids and gladd till sediments and
undelying Ordovidan limestones. Itisoneof the most extensve aguifers in the United States
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However, the water is sdine and must be trested before it would be suitable for beneficid uses.
Previous and current research has demongtrated that the FT process is effective in a grest number

of dimates for treating weter with a wide variety of chemica condituents. Therefore, this research
was conducted to determine whether the FT process could be used to economicdly provide the city
of Grand Forks, North Dakota, with an augmentation of their water supply for municipa and
indugtrid  growth.  An additiona benefit of this research is that the FT process, when
commercidized, will be gpplicable for tresting most impure groundweter and/or industrial
wastewaters found in the arid Great Plains and Rocky Mountain regions of the western United
States, where seasond climatic conditions promote freezing.

1.6 Project Rationale

The FT process has been demonstrated to be an effective and efficient means of tregting a
vaiety of impure waters. The project research focuses on the use of this process to remove
undesirable condtituents, such as sdts, from water in the Dakota Aquifer. Results of this research
will determine whether the FT process is an effective and economic means of desdinating the
Dakota Aquifer and providing water for beneficial uses.

2.0 WORK PERFORMED

This section describes the research conducted to complete all tasks of this project.

21 Tak 1 - FT Bench-Scale Smulation

A bench-scae FT process smulation was conducted to demongtrate the technical feasibility
of the FT process for treating water from the Dakota Aquifer system and to provide data regarding
process performance and treated water and brine qudity. Specific tasks completed are described
below, with the exception of Subtask 4.2, which is the preparation of the find report.

2.1.1 Subtask 1.1 -Acquire Groundwater Samples from the Dakota Aquifer

Sufficient quantities of water for the research conducted were obtained from the Dakota
Aquifer. A sample was collected for detailled andyss, and two S-galon polyethylene drums were
filled with Dakota Aquifer water, sealed, and shipped to BCT.

2.1.2 Subtask 12 -Detailed Chemical Analysis of the Groundwater Sample from
the Dakota Aquifer

The Dakota Aquifer water sample was subjected to the detailed suite of chemical andyses
liged in Table 1.

2.1.3 Subtask 1.3 = Conduct a Bench-Scale FT Process Simulation Using
Groundwater from the Dakota Aquifer



A bench-scde smulation of the FT process was conducted smulating the monthly average
daily temperaure cycles typica of months with subfreezing conditions in the Grand Forks, North
Dakota, area. The amospheric conditions for each month with subfreezing temperatures
(November-April) were each smulated for 72 hours. Temperatures in the smulator were logged
hourly, and on completion of the smulation, composite samples of treated water and brine were
collected for andyss. Results of these analyses were used to perform a materid baance on the
sSmulation process streams.

Severa disturbances of the system occurred during the smulation. Power outages occurred
for short periods of time during the smulator start-up, which are reflected in the tota hours of
subfreezing temperature during the smulation. In addition, the smulator could not reach January
low temperatures until dl feed water in the smulator had frozen. The impact of these disturbances
was a 5% reduction in the number of hours with freezing conditions actudly obtained in the
amulation versus hours with freezing conditions that were intended. Also, a dightly warmer
temperature profile resulted than was intended. The effect of both of these impacts on the
smulation results would be to reduce the efficiency of the process. Therefore, one might view the
smulation results as conservative because of these disturbances. For dmulation data illugtrating
the magnitude and impact of these disturbances on the intended smulation temperature profile, see
Appendix A, Figure A-2.

2.1.4 Subtask 14 -Detailed Analysis of Treated Water and Brine Produced from
the Bench-Scale Simulation

Composite samples of trested water and brine produced from the smulation were subjected
to the detailed suite of chemicd analyses listed in Table 1.

22 Tak 2 - Sdection of a Demondration Ste
Locations near the city of Grand Forks where the Dakota Aquifer quality and productivity

are best suited to the FT process were determined, and the location for the FT demongration was
selected.



TABLE 1

Detaled Suite of Andyses for Smulation Samples

EPA Analvtical or

Standard Method No. Parameter

SM 403 Alkdinity

EPA 200.7 Alumirum (Al

EPA 350.2 Ammonia (NH,-N)

SM 304 Antimony

EPA 206.2 Arsenic (A9

SM 507 Bidlogicd oxygen demand (BOD)
EPA 200.7 Baium (Ba)

EPA 200.7 Bayllium (Be

EPA 200.7 Boron (B)

M 508C Chemicd axygen demand (COD)
EPA 200.7 Cadmium (Cd)

EPA 3253 Chloride (Cl)

EPA 200.7 Chromium (Cr)

EPA 200.7 Cobdt (Co)

EPA 200.7 Copper (Cu)

EPA 3353 Cyanide (CN)

EPA 340.2 Huoride (F)

EPA 376.1 Hyarogen aulfide (H,S)
EPA 200.7 Iron (Fe)

EPA 239.2 Leed (Pb)

EPA 200.7 Lithium (L)

EPA 200.7 Manganee (Mn)

EPA 2451 Mercury (Hg)

EPA 200.7 Nickd (Ni)

EPA 353.2 Nitrate (NO;-N)

EPA 353.2 Nitrite (NO,-N)

EPA 4131 Oil and greese

EPA 420.2 Phendl

EPA 200.7 Phosphorus

EPA 270.2 SHenium (S

EPA 2721 Siver (Ag)

EPA 3754 Sulfate (S0))

EPA 2792 Thdlium

EPA 160.1 Totd dissolved solids (TDS)
SM 209C Totd suspended 0lids (TSS)
EPA 200.7 Vanedum (V)

EPA 200.7 Zinc (Zn)

EPA 150.1 pH

* Totd organic carbon (TOC)
* Sodium absorption reio (SAR)

* No EPA method goplicable.



221 Subtask 2.1 -Review Existing Data Characterizing the Dakota Aquifer
System in the Immediate Vicinity of Grand Forks, North Dakota

Exidging data characterizing the Dakota Aquifer were reviewed for informetion regarding the
locd aquifer water qudity, hydraulic heads Sorage coefficients, and hydraulic conductivity.
Locations near Grand Forks that were best suited for the FT demondration were determined from
this review.

2.2.2 Subtask 2.2 -Demonstration Site Sdection

Thelocations near Grand Forks that were determined uitable for the FT demondration in
Subtask 2.1 were ingoected to determine suitabiity of the topogrgphy and land avalldbility. The
locations were then ranked according to their proximity to exising weter supplies. A location
approximately 5 miles from Grand Forks was sdected asthe FT demondration gte. Thislocation was
chosen because it has more favorable water qudity and productivity of the aquifer, the land islikey
avalablefor use it has aauitable topography, and it isin reasonable proximity to Grand Forks

23 Tak 3 = Desgn of a Full-Scale FT Demondration
Work peformed in this task is ddinegted in the following sections
2.3.1 Subtask 3.1 -Sting of the Demongtration

Basad on previous information regarding water utilization by the city of Grand Forks, a
desred cgpacity of the FT demondration was determined.  The Sze of the demondration was based
upon the productivity of the aquifer & the dte, the anticipated need for future water supplies, and
the funding reguired.

2.3.2 Subtask 32 -Assessment of the FI' Demonstration Permitting/Approval
Requirements

Contacts with the gppropriate city, county, and Sate regulatory agendes were made, and the
necessary seps and time required to obtain dl regulatory gpprovadpermits necessary to conduct
the demondretion were determined.

2.3.3 Subtask 33 -Design and Codting of the FT Demonstration

The results of the bench-scdle amulaion, induding brine and treated water yidds and water
qudlity, and the numericd FT process and economic modds previoudy developed were used to
desgn me FT demondration plant. Totd economic requirements for the plant, induding inddled
cgpitd equipment cods, regulaory cods, operating expenses, and the cost of research support,
were esimated.



2.4 Task 4 = Detailed Economic Analysis of the FT Processfor Desalinization of
Water for the City of Grand Forks, North Dakota

The reaults of dl research conducted thus far, induding Smulation water yidds and
amulation water qudity in addition to the numericd and economic modds devdloped in previous
research, were used to design a commercid-scae water treatment plant. Tota economic
requirements for the plant, induding inddled capita equipment codts, operaing expensss, and the
resulting water treetment cods, were determined.  Based upon the resulting water trestment cod,
the commercid economic feashility of the process for desdinization of Dakota Aquifer water was
Oetermined.

3.0 RESULTS AND DISCUSSION

31 Task 1 = FT Bench-Scale Smulation

The bench-scde FT process amulation usng water from the Dakota Aquifer was conducted
in the BCT FT amulaor. The results of subtasks required to complete thii task are ddineated in
the falowing sstions

3.1.1 Subtask 11 -Acquire Groundwater Samples from the Dakota Aquifer
Groundwater samples from the Dakota Aquifer were taken for detalled andyses and FT
gamulaion. Two 55-gallon containers of Dakota Aquifer water were shipped to BCT for usein the
FT Smulaion. Physcd ingoection of the water reveded a rdaivey dear, odorless water with

minor anounts of fine sediment in the bottom of the drums.

3.1.2 Subtask 1.2 - Detailed Chemical Analysis of the Groundwater Sample from
the Dakota Aquifer

Wate from the Dakota Aquifer was subjected to detalled chemicd andyss (Tablel). The
results of the andyses are presented in Table 2.

3.1.3 Subtask 13 - Conduct a Bench-Scale FT Process Smulation Using
Groundwater from the Dakota Aquifer

A bench-scde FT process Smulaion was conducted using groundweter from the Dakata
Aquifer and average dally temperature cydes typicd of months with subfreezing conditions in the
Grand Forks, North Dakota, area. The amaospheric conditions for eech month with subfreezing
temperatures (November-April) were smulated for 72 hours. Temperatures in the smulator were
logged hourly, and on completion of the Smulation, compodte samples of treeted water and brine
were collected, weighed, and andyzed.



Reaults of Detalled Chemicd Analysss of Dakota Aquifer Water®

Parameter Concentration
Alkdinity (CaCO,) 187
Alkalinity (HCO,) 228
Aluminum (Al) <0.7
Ammonia (NH;) 1.80
Antimony (So) <0.01
Arsenic (A9 <0.002
Baiium (B co.1l
BOD 4
Bayllium (Be) <0.005
Boron (B) 4.5
Cadmium (Cd) <0.0003
Cddum (Ca) 226
COD 30
Chloride (Cl) 1550
Chvomium (Cr) <0.001
Cobalt ( <0.05
Copper (Cu) <0.1
%/anlde (CN) <0.1
ectricdl  Conductivity 6766 uS/cm
Huoride (F) 3.8
Hydrogen Sulfide (H,S) <(.05
Iron (FI% 1.7
Lead (PD) <0.002
Lithium (L) 0.45
Magnesum (Mg) 92.8
Manganese (Mn) <0.1
Mercury (Hg) <0.0001
Nickd {Ni <0.07
Nitrate (NO,) <1
Nitrite (NO,) <1
Oil and Grease 19
pH 7.20
Phendls (tota) < 0.02
Potassum (K) 42.9
SHenium (9 <0.01
Slver (Ag) <0.0003
Sodium (Na) 1180
Sodium Adsorption Ratio 16.7%
Sulfate (SQ,) 1730
Thellium (T1) <0.003
TDS 5040
TOC <loo
TSS <50
Vanedium (V) 10.04
Zinc (Zn) <0.03

2 All vaues ae in mg/L, unless otherwise noted.



The materia baance for the smulation yidded an acceptable mass balance cosure of 101%
The following normalized smulation product stream yidds resulted: The brine stream collected
and composited during the smulation conssted of al freezing pad runoff having an dectricd
conductivity (EC) of > 50,000 uS/cm. The brine stream represented 6.9% of the totd smulation
feed and had an EC of 50,800 uS/cm. The treated water stream collected and composited during
the smulaion conssted of dl freezing pad runoff having an EC of < 1000 pS/cm. The treated
water stream represented 72.6% of the total smulation feed and had an EC of 485 @/cm.
Somewhat surprising was that during the amulation, a sgnificant quantity of a moderatdy clean
intermediate stream was produced from freezing pad runoff. This stream, collected and
composited during the smulation, conssted of al freezing pad runoff having an EC of less than
50,000 but greater than 1000 uS/cm. The intermediate stream represented 20.5% of the total
smulation feed and had an EC of 2500 uS/cm. This stream was not subjected to detailed andyses.
However, this stream is sgnificant and did require that modification be made to the design of the
demongration and commercid plants. The smulation product yields are summarized in Figure 2.

3.1.4 Subtask 14 -Detailed Analysis of Treated Water and Brine Produced from
the Bench-Scale Simulation

At the conclusion of the FT smulation, composite samples of both the trested water and
brine were subjected to detailed chemica analyss. The results of these andyses are presented with
the results of the feed andyses in Table 3. The EC of the intermediate stream and the estimated
TDS concentration for that stream are aso presented in the table.

(72.6%)

) m Treated Water
e Brine
. 20-5%) = intermediate

(6.9%)

Dakota Aquifer Feed Water
Grand Forks, ND Climate

Figure 2. Smulation product yidds.
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Reaults of Dealed Chemicd Andyss of Smulaion Process Streams

TABLE3

Process Stream: Produced Treated Water Brine Intermediate
Analyte Water Feed

Alkalinity {HCO,), mg/L 228 33.8 1150
Alkalinity (CQ4), mag/L 0 0 0
Alkalinity (OH), mg/L 0 0 0
Alkalinity {CaCO3), mg/L 187 27.7 942
Aluminum, mg/L <0.7 <1 19.4
Ammonia, mg/l. 1.80 0.20 3.84
Antimony, mg/L <0.01 <0.01 co.01
Arsenic, mg/L <0.002 <0.004 <0.004
Barium, mg/L <0.1 <0.1 <0.2
Beryllium, mg/L c0.005 <0.005 <0.03
Biological Oxygen Demand, mg/L 4 20 200
Boron, mg/L 4.5 <0.2 36
Cadmium, mg/L <0.0003 <0.0003 0.0070
Calcium, mg/L 226 60.4 667
Chemical Oxygen Demand, mg/L 30 40 860
Chloride, mg/L 1550 32.9 17500
Chromium, mg/L <0.001 <0.001 0.0011
Cobalt, mg/L <0.05 <0.05 <0.05
Conductivity (Electrical), j&cm 6766 485 50800 2467
Copper, mg/L <0.1 <0.1 0.83
Cyanide, mg/L <0.1 <01 <0.1
Fluoride, ma/L 3.8 <1 3.6
Iron, mg/L 1.7 <0.08 <0.08
Lead, mg/L c0.002 <0.002 <0.01
Lithium, mg/L 0.45 co.2 6.6
Magnesium, mg/L 92.8 2.6 1110
Manganese, mag/L <0.1 <0.01 0.95
Mercury, #g/L <0.} <0.1 co.l
Nickel, mg/l <0.07 <0.07 <0.02
Nitrate, mg/L <1 <1 11
Nitrite, mg/L < 1 <1 47
Oil and Grease, mg/L 1.9 <1 a)
pH 7.20 7.10 7.92
Phenols, mg/L <0.02 <0.02 <0.02
Phosphorus, mg/L <0.5 <0.3 <2
Potassium, mg/L 42.9 1.3 484
Selenium, mg/L <0.01 <0.01 co0.02
Silver, ug/L <0.3 <0.3 <6
Sodium, mg/L 1180 35.9 13500
Sodium Adsorption Ratio, % 16.7 1.23 74.3
Sulfate, mg/L 1730 149 13000
Sulfide, mg/L <0.05 <0.05 c0.05
Thallium, mg/L <0.003 <0.003 <0.03
Total Dissolved Solids, mg/L 5040 292 47360 1838 b)
Total Organic Carbon, mg/L <100 <100 140
Total Suspended Solids, mg/L <50 <10 2230
vanadium. ma/L <0.04 c0.04 <0.04
Zing.maod- c0.03 <0.03 <0.03
Insufficient sample for analysis. b} E mated from ele cal conductivity the sample.
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Usng the data in Table 3 and Figure 2, a TDS baance for the smulation yieds experimenta st
losses to precipitation of gpproximately 23 % , which is consstent with the observations made
during the smulation.

The data in the table confii the ability of the process to provide treasted water of a quaity
suitable for municipa water supply. The TDS concentration of me trested water is 292 mg/L,
which is well within the acoeptable range for municipal and industrial water supply.

3.2 Task 2 - Sdection of a Demondration Site

The sdection of a suitable FT process demondration Ste involved completion of the
following subtasks.

3.2.1 Subtask 2.1 -Review Existing Data Characterizing the Dakota Aquifer
System in the Immediate Vicinity of Grand Forks, North Dakota

A review of the exiging data characterizing the Dakota Aquifer revealed that limited research
data were available on the use of the Dakota Aquifer as a production aquifer. However, the
following information about the Dakota Aquifer near the targeted FT demondration Ste was
obtained: The saturated aquifer thickness at the sdected dite is 63 ft, and the thickness sgnificantly
increases to the west (Doering and Benz, 1972). The groundwater flows to the east, with an
eastward hydraulic gradient of 5 ft per mile (Kelly and Paulson, 1970). The average TDS content
of the Dakota Aquifer is 4400 ppm (Kelly and Paulson, 1970).

Data on the mgjor hydraulic parameters of the Dakota Aquifer near the sdlected Site were
extracted from pumping tests conducted by the U.S. Department of Agriculture Agricultura
Research Service from 1966 to 1968. The results of these pumping tests reveded that the aquifer
has a transmissivity of 6000 ft*/day, a hydraulic conductivity of 95 ft/day, a storage coefficient of
0.0004, and a porosity of 42.7% (Kdlly, 1968).

3.2.2 Subtask 2.2 - Demonstration Site Selection

A dte approximately 5 miles west of Grand Forks was selected for the FT demonstration
(Figure 3). The dte extends across the eastern liits of the Dakota Aquifer, and the suggested well
field lies gpproximatdy 5 miles northwest of the Grand Forks water trestment plant. The FT
demondration site was sdected because the productivity of the Dakota Aquifer is sufficient to

demondtrate the FT process, the topography of the land is suitable, the land is likely available, and
the land is close to Grand Forks.

A conceptua hydrogeologic model of the selected Site was then used to determine the effects

of pumping 2,000,000 and 4,000,000 gdlons of water per day after 1, 5, and 10 years of pumping.
This conceptud model, illugtrated in Figure 4, is based on groundwater

13
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Figure #2.- CONCEPTUAL MODEL: SKETCH OF
GEOLOGIC CROSS-SECTION ON EAST WEST LINE
THROUGH THE MIDDLE OF GRAND FORKS COUNTY, ND.
(MODIFIED FROM DOERING AND BENZ, 1972)
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Figure 4. Conceptua hydrogeologic modd.
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flow through a confined, uniformly thick, homogeneous, and isotropic aquifer terminated by a
hydraulic barrier. The hydraulic barrier conssts of materiads with the same hydraulic parameters
as the overlying formation. Because of reldively large differences in the hydraulic parameters of
the respective units (Figure 4), the hydraulic change caused by pumping spreads faster in the
aguifer, thus dlowing limited groundwater influx from the overlying and underlying formations.

A numeric modeling tool to support the conceptual model was used to optimize potentia well
field layouts and evaluate potentia production rates. The moddl was specified for the selected site
and applied to an area of gpproximately 1300 square miles. The purpose of the numerica model
was to provide an effective way to observe changes in drawdown associated with modifications to
the well fidd desgn. Using the numericad modd, primary wdl fidd layouts were evauated to
edimate production potentia. These layouts were then modified to produce the desired production
rates while minimizing costs associated with the design of the well fied.

The boundary conditions for the model consst of no-flow boundaries to the north, south, and
east, with a constant-head boundary located to the west. Data coliected in Subtask 2.1 were used to
determine proper input data for the numerica modd. However, owing to limited data, many
parameters were estimated from the literature. These data and their sources are listed in Table 4.
Note that the vaue for hydraulic conductivity used in the Smulation is 40 ft/day, rather than the
95 fr/day found in the literature. This is to be consarvative, in our estimation, and is aso the result
of an effort to match a steady-state smulation with the drawdowns achieved in a previous pumping
test done on the aquifer.

The position of the congtant-head boundary was estimated using an anaytica computer
moddl, THWELLS, desgned to evaduate drawdown in confined aguifers. An appropriate
constant-head boundary was determined for the desired production rates by calibrating the
influence of drawdown after 200 days of pumping. The elevation head a the constant-head
boundary was determined by assuming an eastward hydraulic gradient of 5 ft/mi or 505 ft (Kedly
and Paulson, 1970). Cdlibration wells were then pumped under steady-state conditions to cdibrate
the mode (Figure 5) to the hydraulic gradient in the modeled area.  These data were imported into
the existing model design as a preliminary VMODFLOW (Guigner and Franz, 1996) run to assgn
initid head leves to the moded. The cdlibration of the numericad modd was driven to smulate
actud results of the ARS pumping tests and reported drawdowns.

The fully penetrating production wells are pumped intermittently, with a production cycle of
200 days on and 165 days off. The transent flow smulation was conducted at pumping rates of
2,000,000 and 4,000,000 gd/day. Two observation wells were added to the transent flow
samulation near Kely’'s Sough, a wildlife refuge approximately 5 miles from the Ste, to monitor
any potentid impacts on the area.

16



TABLE 4

Numeric Model Input Parameters

Hydraulic
Conductivity, Storage, Recharge,
unit ft/day ss, 1/ft Sy Porosity in./yr
1 0.0008” 8E-5° 0.03¢ 0.2 0
2 40 3E-6° 0.25 0.427
3 0.001” 1E-61 0.01¢ 0.1
4 0.0001’ 5E-7° 0.01¢ 0.1¢

* Benz and Doering, 1973.
» Doering and Benz, 1972.
¢ Freeze and Cherry, 1979.
¢ Driscoll, 1986.

* Kelly, 1968.

The 2,000,000-gal/day smulation produced 86 ft of drawdown in the production well after
10 years of pumping. The cross-sectiond view given in Figure 6 shows projected drawdown
illugtrates the relationship between reduction of pressure head in the Dakota Aquifer and reduction
curves ater 1, 5, and 10 years of pumping. The head-versustime graph of the observation wells
of the piezometric surface in the overburden (Figure 7). The results indicate that after 10 years of
intermittent pumping, the piezometric surface of the Dakota Aquifer would be reduced only by
5.3 ft near Kelly’'s Sough and, thus, should not have any adverse impact on the water levels in the
dough. This relationship is dso shown in the drawdown-versustime graph (Figure 8).
Unfortunatdly, the devation of the potentiometric surface a Kely’s Sough is not known, and
therefore, the modd results and preliminary conclusions need to be confirmed with a detailed
hydrogeologic investigation and aguifer tet prior to a full-scale gpplication of the FT process at
this dte.

The 4,000,000-gal/day smulation produced 119 ft of drawdown after 10 years of pumping.
A cross-sectional view of projected drawdown curves after 1, 5, and 10 years of pumping is given
in Figure 9. The head-versustime graph shows that the reduction in the piezometric head near
Kely's Sough is expected to be approximately 9.7 ft after 10 years of pumping (Figure 10).  This
relationship is aso shown in the drawdown-versus-time graph (Figure 11). Data regarding
anticipated drawdown for desired pumping rates are presented in Table 5. The same condderations
regarding the need for a detailed hydrogeologic investigation and aquifer test are vaid here.

The 10,000,000-gal/day Smulation was not run &t thii Ste. Based on estimations mede

following the previous two smulations, it was determined that the anticipated drawdowns for this
smulaion would have a sgnificant impact on Kdly's Sough.
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TABLE 5

Anticipated Drawdowns for Desired Pumping Rates
Modd Observed Drawdown, ft

Pumping Time,
Rate, gd/day  days  Production Wells  Observation Well 1 Observation Well 2
2,000,000 200 12 0.2 0.9

1660 82 2.5 3.8

3485 86 5.3 6.4
4,000,000 200 94 0.3 1.9

1660 112 4.7 7.4

3485 119 9.7 11.9

The wdl fidd design and optimization were based on reaults of the numericd modd. The
drawdown was very sendtive to changes in pumping rates. Well spacing seemed to have no
significant effect on anticipated drawdowns. The mode outputs regarding this site are based on
very limited data, and many parameters have been estimated from literature. The potentia exidis to
move the ste west for higher yidd; however, increased costs and environmenta concerns in regard
to moving the ste closer to Kelly’s Slough require that these options be examined more carefully.

3.3 Tak 3 = Dedgn of a Full-Scale FT Demongration
3.3. | Subtask 3.1=Szng OF the Demonstration

After an examination of water needs in eastern North Dakota, it was determined that any size
of FT demondgration would be welcome, given the city’s future need for water. For this reason,
the sze of the demondtration was based upon the results of the aguifer evaluation and the wdll fied
design. A demongration plant sized to provide 183 million gal/yr (annualized 500,000 gd/day) of
treated water was considered for the FT demondration.

The demongration plant would require 252 million gal/yr of feed to produce the desired rate
of trested water. After the first year, 52 million gal/yr of feed would be provided from the
intermediate FT process stream as indicated by the smulation results.  This dream is
approximately one hdf the sdinity of the Dakota Aquifer water. The remaining 200 million gal/yr
of feed would be provided by two 12-in.-diameter wells completed in the aquifer, each capable of
providing 1 million gal/day of feed to the demondration plant. These wells would operate 125
days/yr during the first year and 100 days/yr for the remaining years in order to provide the
needed feed. This plant Sze and configuration provide limited contingency for the initid
demondiration operation, are adequate for increasng the plant capacity should aquifer
characteristics and FT operating efficiency alow, and can be economicdly scaded to a 365-million
gal/yr (1 -million gd/day) commercid plant by adding one additiond well.
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3.3.2 Subtask 32 -Assssment of the FI Demondration Permitting/Approval
Requirements

Contacts were made with the gppropriete regulaory personnd to determine the
permitdgpprovals necessary for the operation of a sgnificant-scde FT plant in the Grand Forks
aea It was detlermined through this effort thet a conditional water use permit would be required
from the North Dakota State Water Commission to remove and process water from the Dakota
Aquifer. In addition, permits will be required from the North Dakota State Hedlth Department,
Divison of Water Qudlity, for the congruction and operation of each pond. Conversdy, if the
brine were to be reinjected for digposd, this would require a Class | Nonhazardous Injection Well
Permit, a0 issued by the North Dakota State Hedlth Department, Divison of Weater Qudlity.
Smilaly, if the intermediate process sream were to be reinjected into the Dakota Aquifer for
dorage until it is processed the following year, this would dso require a Class | Nonhazardous
Injection Wel Permit.

3321 Requirements for a Conditiond Waer Permit

The North Dakota State Water Commission was contacted to determine the stleps necessary to
obtain a conditiond water permit.  An gpplication fee of $750.00 must accompany an gpplication
for indudrid use in excess of 1 cubic fu/sec, oF in excess of 724 acrefeet annudly.  If the
gpplication involves the sorage of weter, both the quantity of water which will be dored at the
levd of the principa spillway and the quantity which will be logt to evgporation must be reported
on the goplication.  Further detalls regarding the steps required to obtain this permit are provided
in Appendix B.

3.3.22 Requirements for Condruction and Operation of Storage/Evaporation Ponds

The requirements for permitting the condruction and operation of sorage ponds are provided
by the North Dakota State Hedth Department, Divison of Water Qudity. Based upon discusson
with personnd from this orgenization, it was determined that Sorage ponds for the feed water or
intermediiate water would not require impermegble synthetic liners However, a brine evgporaion
pond would require an impermesble synthetic liner.  Further detalls regarding the seps required to
obtain this pemit are provided in Appendix C.

3.3.23 Requirements for a Class | Nonhazardous Injection Wel Permit

The North Dakota State Hedth Department, Divison of Water Quality, was contacted to
determine the seps necessary to obtain a Class | Nonhazardous Injection Well Permit. The
gpplication for the permit must be accompanied by a topographic map of the area extending & leest
1 mile beyond property boundaries, a detailed engineering technica report, and a $50,000 surety
bond or proof of equivdent performance to cover emergency plugging or remediation of the well
or area affected by the well. It was determined thet the enginering data reguired for these parmits
would have to be obtained during the demondration operation, and for this reason, the
demondration design indudes a gorage pond for the intermediate process stream and a
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gyntheticaly lined brine evaporation pond. Further details regarding the steps required to obtain this
permit are provided in Appendix D.

3.3.3  Subtask 3.3 -Design and Costing of the FT Demonstration

The design and cost of a demongtration of the FT process for providing the city of Grand
Forks, North Dakota, with additional water by treating saline water from the Dakota Aquifer were
determined using the results of this and previous research. Based upon the results of Subtask 3.1,
it was determined that a demondration providing an annual average of 500,000 gal/day of trested
water for use by the city would be a significant and reasonable sze for the demondration.

The results of Task 1 were used with newly modified versons of the existing BCT FT
process and economic modes to design the demondtration facility. The data developed in Task 1
that were used in this evaluation are summarized in Table 6.

TABLE 6

FT Process Yield and Water Qudity Data Used in the FT Demondration Design

Process  Stream TDS, mg/L Yidd, % of feed
Dakota Aquifer Feed Water 5040

Treated Water 292 72.6
Intermediate Recycle 1838 20.5
Brine 47,360 6.9

Using the data in Table 6, the annua average demondration plant performance was estimated
(Table 7). The plant would require 251 million gal/yr of feed to the freezing pad. The
demondtration would produce 183 million gal/yr of trested water suitable for use by the city of
Grand Forks. The intermediate recycle stream would be 52 million gal/yr. The intermediate
stream produced during the first year of operation would be stored in an earthen holding pond
congtructed of compacted clay/soil for processing the following year. Thus, 25 1 million gd of
water would need to be- pumped from the Dakota Aquifer the first year; 52 million ga would be
pumped and placed in the newly congtructed holding pond prior to the onset of freezing; and the
remaning 199 million ga would be pumped from the aquifer during the time period from
November 1 through February 8.
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TABLE 7

FT Demondration Plant Annud Average Plant Performance

Process Stream 1000 gd/day 1000 gal/yr
Dakota Aquifer Feed Water
First Year 689 251,500
Remaining Years 548 199,900
Treated Water 500 182,600
Intermediate Recycle 141 51,600
Brine 48 17,350

The well fidd designed to provide this water would consit of two 12-inch-diameter wells,
each capable of providing 1 million gal/day of water from the aquifer. Only 199 million gal/yr
would need to be pumped from the aquifer after the first year, if the demondiration plant were to be
operated a the same rate (500,000 ga/day) for additional years, as the stored intermediate water
would be available for processing. The well field design was based upon the results of Task 2.

The sdlection of a storage pond for the intermediate recycle stream was based upon a
consarvative review of the results of Subtask 3.2, which indicated that an earthen pond would be
acceptable for goring this water and dso indicated that additional hydrologic engineering data
describing the aquifer would be required to permit reinjection of this water into the aquifer.
Reinjecting the intermediate stream into the Dakota Aquifer for storage during the summer appears
to be a safe and sgnificantly less costly method for storing this raively clean process output.
However, the hydrologic characterization of the Dakota Aquifer was reliant on existing data in the
literature, some of which was quite dated. Thereby, the desgn of the demongration includes the
storage pond and research and support funding to conduct a detailed aquifer characterization to
determine the feaghility and environmental acceptability of storing the intermediate water produced
in the agquifer during the warm months.  Should this concept prove feasible, acceptable, and
permissible, it would result in a reduction in the commercia FT plant cost discussed in the
following section.

It was ds0 decided, based upon the results of Subtask 3.2, that the freezing pad could be
congtructed of compacted clay/soil. However, the brine evaporation pond would require a single,
gynthetic, impermeable liner. Based upon these consderations, the designs and cogts of the
required ponds and pad were determined using the mode, which was modified to include the
intermediate water storage pond. Design and cost data for these items are summar ized in Table 8.
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TABLE 8

Design and Ingdled Cogt Data for Ponds and Pad for the FT Demondration

Storage Brine Freezing
ltem units Pond Pond Pad
Base Dimengon ft 529 575 784
Surface Dimengon ft 685 651 808
Max. Huid Depth ft 20 7 !
Evapordive Area ft? 421,501 377,889 614,499

acres 9.68 8.68 14.11
Max. Liouid Vdume 6,798,179 2,289,241 614,499
M gd 50,857 17,126 4591
Max. Height of lce ft 80
Liner Required ft’ 396,953
Ingdled Liner Cost $/ fi2 0.73
Excavation Required — yd® 42,000 50,296 54,951
Totd Ingdled Cost $ 108,150 419,499 141,230
Totd Codt for Ponds ~ $
and Pads 668,879

The process desgn modd not only optimizes the Sze of the ponds required for the FT
demondration fadlity, but optimizes the cogt of the ponds. In the cogt optimization, soil excavated
in the condruction of the brine evgporaion pond and freezing pad is usad to condruct above-
ground berms for the congruction of the Storage pond for the intermediate recyde stream.  This
technigue resUits in Sgnificant cost savings in the congtruction of the ponds.  Appendix E provides
Oetails of the designs of each of the ponds and the individud excavation requirements for each
pond. In determining the cost for each pond, a price of $2.57/yd® was used for excavation and
compaction. This price is the nationd average cod for large-scale excavaion with required hauling
of 1500 ft or less. The price was obtained from current literature (Mean’s Construction Cost Data
Book for 1996). The liner cogt is $0.35/ft%, which is a current vendor quote from Redf Industries
Inc., of Houston, Texas, for a 30-mil HDPE liner with geotextile backing for added srength. This
price does not indude any discount for quantity purchased.  The indeled liner cost induded the
cog of the liner, the cost of liner inddlation, and estimated shipping costs  Excavetion cods are
broken down separately and not induded in the liner cost.  The cogt of liner inddlation was
estimated to be $0.35/ft* by usng a 2.0 inddlation factor, and shipping costs were consavativey
estimated to be $0.03/ft". Thus the totd inddled liner codt is $0.73/ft.

Other demondration fadlity requirements are summarized in Table 9. The codt of the well

fild and monitoring wells indudes the vo 12-in.-diameter pumping wells and monitoring wells to
dlow for detalled characterization of the Dakota Aquifer during the
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TABLE 9

Ingtdled Cogt Data for Other Facility Requirements for the FT Demongtration

Installed Cost, $
Wel fidd and Monitor Wells 102,000
Trandfer/Circulation  Pumps 27,625
Pipe and Pipe Fittings 74,340
Controls and Control Vaves 26,527
Facility, Services, and Fencing 30,000
Totd Cod for Other Facility Requirements 260,492

demondtration. Also provided in the table are the cost of pumps, pipe and fittings, controls,
fadlity, sarvices, and fencing. The tota indalled capita codts for the demondration are
approximately $929,000.

Operating expenses for the firgt year of the demonstration were determined and are
summarized in Table 10. During the first year of operation, permitting, research, and operating
will be provided jointly by the EERC and BCT. Included in this cost are those anticipated to be
necessary for al permitting required for the demondration, detailed characterization of the Dakota
Aquifer, and an assessment of the FT demonstration on the aguifer and related ecosystems,
analysis of demonstration samples, operating and supervisory personnel for the demondtration, and
engineering support for the demondration, congtruction, and evauaion. Also induded in the
operaing expenses are the cost of utilities required for plant operation, plant maintenance
estimates, and insurance cogs. The tota operating expenses for the first year of operation are
$1,077,000.

The totd cost for the demonstration and first year of operation (including research support) is
$2,006,000. This cogt includes approximately $929,000 for indtalled capital, $950,000 for
research and engineering support, and $127,000 for plant operating costs.

If the demondiration plant continued to operate beyond the first year, research and
engineering support would not be needed. Instead, sdaries and wages for plant operating
personnel would be required, dong with additiond cost for sample andyss. The cost of salaries
and wages beyond the first year is estimated to be $95,000/yr, and the cost of sample analysis is
estimated to be $2500/yr. Subtracting the cost for research and engineering support during the
first year from the annual expenses, and adding in the estimated cost of sdaries, wages, and sample
analyses, the expected annual expenses for plant operation would be gpproximately $224,000/yr.
Operaing the demondration in this fashion, consgdering the economic basis described in Table 11,
and considering amortization and recovery of indaled capitd costs over the plant life, the water
treatment cost for continued commerciad operation of the demondration plant at the same rate
(500,000 gal/day) would be $1.67/1000 ga of usable water produced, which is less than
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TABLE 10

FT Demondration Annua Operating Expenses for the First Year of Operation

Expense $/iyr

Staff and Research and Engineering Support 950,000

Utilities 80,358

Maintenance 27,881

Insurance 18,587

Totd Annua Expenses 1,076,826
TABLE 11

Economic Bass for Determination of FT Water Treatment
Cost Using the Demondiration Facility

Parameter Vdue
Load Factor 1.0
Pant Life 20 yr
Bond 100%
Bond Interest 6%
Congtruction Period Negligible
Sdvage Vdue $0

the current cost of domestic water in Grand Forks. A generd layout of the FT demonstration
facility is provided in Figure 12.

34 Task 4 - Detailed Economic Analysisof theFT Process for Desalinization of
Water for the City of Grand Forks, North Dakota

Experimenta research completed and discussed herein dong with the preiminary hydrologic
evduation of the Dakota Aquifer have continued to confirm the technica feasibility of using the FT
process to treat Dakota Aquifer water to provide water to the city of Grand Forks, North Dakota.
However, the economics of commercid gpplication of the FT process must be considered for
development of the process for this gpplication to continue. For this reason, the design
requirements and cost of a commercia-scale FT plant to provide water to the city of Grand Forks
were determined in a fashion similar to the analyses of the FT demonstration (Section 3.3.3). The
estimated performance, ingtaled capita codts, annud operating expenses, and resulting trested
water cost are provided in the following section to determine whether the commercia economics of
the FT process warrant continued development.
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Treated Water Discharge
Wellfield > b
2 pumping walls
1 million gal/day/well ’ *
100 days pumping

Freezing Pad
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| Compacted Liner

of clay/soil
Recycle Water
Storage Pond ¢
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/ 9 acres
Impermeable

Synthetic Liner

Fgure 12. Gened gte layout for FT demondration fadlity for treting sdine water from the
Dakota Aquifer to provide water for the city of Grand Forks, North Dakota

The expaimentdly determined FT process data derived in this research were used (Table 6)
adong with me modified process and economic modds to determine the water trestment cost of the
commerdd FT fadlity. The desgn and economic evauaion assumptions are amilar to those

discussed in Section 3.3.3, with the exception of the treated water production rate and the well
fidd.

The commerad fadlity is desgned to provide an anpual average of 1 million gd/day of
waer to the dty. The design requires three pumping wels in the Dakota Aquifer thet are
condructed smilarly to those previoudy discussed in Section 3.3.3. The 1 million gd/day size of
the fadlity and the wdl fidd desgn bath result from the prdiminary aguifer evduation completed
inTask 2. 1t is expected that when a detalled characterization of the Dakota Aquifer is completed,
it will be found that a greater amount of water can be removed from the agifer in an
environmentaly sfe fashion. However, based upon the prdiminary aguifer evaluation, 1 million
gd/day was viewed as a sdfe trested water production rate. This sze fadility would require that 4
million gd/day of water be removed from me aguifer dter the first year of operation, (which
would require that 5 million gd/day of water be removed), because dfter the fird year of operation,
reprocessing of the intermediate sSream is possble

Usang the data in Table 6, the annual average commerdd plant performance was esimated
(Table 12). The desgns and cods of me required ponds and pad are summarized in Teble 13. The
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commercid facility requirements are summarized in Table 14. Additiond data regarding the
design of the ponds and the required excavation are found in Appendix E.  Annud operaing
expenses for the commercid plant were determined and are summarized in Table 15.

TABLE 12

FT Commerciad Plant Annua Average Plant Performance

1000 gd/day 1000 gal/yr
Process Stream
Fis Year 1377 502,800
Remaning Years 1095 400,000
Treated Water 1000 365,000
Intermediate Recycle 282 103,100
Brine 95 34,700
TABLE 13

Design and Ingtalled Cost Data for Ponds and Pad for the FT Commercid Plant

Storage Brine Freezing

Item Units Pond Pond Pad
Base Dimension ft 778 823 1106
Surface Dimension ft 933 898 1130
Max. Fuid Depth ft 20 7 |
Evaporative Area f 814,150 742,982 1,223,990

acres 18.46 17.06 28.10
Max. Liquid Volume ing 13,666,760 4,559,840 1,223,990

M gal 103.300 34.110 9157
Max. Height of Ice ft 80
Liner Required ft? 769,860
Instelled Liner Cost $/ft 0.73
Excavation Required yd® 64,195 99,845 87,533
Tota Ingtalled Cost $165,000 815,810 225,000
Total Cost for Ponds and Pads 1,205,810
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TABLE 14

Ingdled Cogt Daa for Other Fadility Requirements for the FT Commerdd Rant

Ingdled Cog, $
Wedl Fdd and Monitor Wdls 142,000
Trande/Circulaion  Pumps 42,058
Fipe and Pipe Fttings 123,732
Controls and Control Vaves 31,090
Fadlity, Sarvices, and Fendng 45,000
Totd Cog for Other Facility Requirements 383,880
TABLE 15
FT Commedd Pant Annual Operating Expenses

Expense $/yr

SHaries and Wages 94,640

Utilities 160,060

Sample Andyses 2,500

Maintenance 47,690

Insurance 31,790

Totd Annual Expenses 336,690

The commerdd plant reguires $1,589,690 for inddled capitd: $1,205,810 for ponds and
pad and $383,880 for other fadility requirements. The annual operaing expenses for the
commerdd plant are $336,690. Condructing and operding the commerdd plant in this fashion,
congdering the economic bass (Table 11) and amortization and recovery of inddled capitd codts
over the plant life, the water trestment cogt for the commerdid FT operaion is $1.30/1000 gal of
usable water produced. This codt is goproximatdy 33% less than the current cogt of waer in
Grand Forks which is $1.97/1000 gd. However, additiond trestment would likely be required to
utilize this weter as a poteble water source. Likely trestment would indude filtration and
disnfection. A generd layout of the FT commerdd fadlity is provided in Fgure 13.

4.0 CONCLUSIONS
This research has indicated the fallowing:
+ The FT process is technically feasible for treating water from the Dakota Aquifer to produce
needed water for augmentation of the city of Grand Forks, North Dakora, municipa water
supply. A sgnificant yidd (72.6%) of high-qudity (292-mg/L. TDS concentration) was

produced in the process Smulation, and detailed chemical andlyss of thiswater indicated it to
be of aqudity suited for this gpplication.
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Figure 13. Genera gte layout for FT commercid facility for tregting saline water from the Dakota
Aquifer to provide water for the city of Grand Forks, North Dakota.

. The Dakota Aquifer is cgpable of providing sufficient water for a I-million ga/day FT
water treatment plant without adverse environmenta impact.

Congdering a reasonable commercid FT plant operation, a reasonable economic basis
(Table 1 1), and amortization and recovery of indtaled capital codts, the water trestment
cost for the commercia plant operation is $1.30/1000 ga of usable water produced. This
cost is gpproximately 33% less than the current cost of water in Grand Forks, which is
$1.9711000 gal. However, additiona trestment would likely be required to utilize this
water as a potable water source. Likely trestment would include filtration and disnfection.

Based upon the results of this research, this commercia gpplication of the FT process
provides an opportunity for the city of Grand Forks to ease its projected water shortage.

The FT process should be demondtrated in this, or a Smilar, application as soon as

possible, to ease projected water supply shortages in eastern North Dakota and permit the
continuing economic growth of this region.
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cost is gpproximately 33% less than the current cost of water in Grand Forks, which is
$1.9711000 gal. However, additiona trestment would likely be required to utilize this
water as a potable water source. Likely trestment would include filtration and disnfection.

Based upon the results of this research, this commercia gpplication of the FT process
provides an opportunity for the city of Grand Forks to ease its projected water shortage.

The FT process should be demondtrated in this, or a Smilar, application as soon as

possible, to ease projected water supply shortages in eastern North Dakota and permit the
continuing economic growth of this region.
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APPENDIX A

BENCH-SCALE FT SIMULATION



FT Bench-Scal e Sinmul ati on Objectives
The objectives of the bench-scale FT process simulation are:

to denonstrate the technical feasibility of the FT process for
treating water from the Dakota aquifer system and

.to provide data regardi ng process performance and treated
wat er and brine quality.

FT Bench-Scale Smulation Design

The bench-scale FT process simulation was conducted in a 38"
x 31" x 73" refrigeration unit. A personal conputer interfaced
programmabl e tenperature controller was used to regulate hourly
tenperature cycles in the unit during the sinulation.

The equipnent configuration for the FT process sinulator is
illustrated in Figure A-l. The construction is as follows:

The feed water holding tank is constructed of high density
pol %et hyl ene (HDPE) . The hol di ng tank has an 11 gal. capacity
with internal dinmensions of 14.25" dia. x 17". ~ The holding
tank is insulated and the discharge piping from the holding
tank flows by gravity into the top of the simulator. The feed
rate is controlled by a manual valve. An electrically
actuated stainless steel solenoid valve, operated by a
tenperature switching relay, turns the feed on when the
simulator tenperature is below 32°¢ and shuts the feed off
when the tenperature is above 32°F.

+ The feed water entering the top of the sinmulator falls from
30" to 44, depending upon the height of the ice pile in the
simulator, onto the freezing pad. The freezing pad is
constructed of welded HDPE sheet stock and has internal
di mensi ons of 20" x 29" x 18+, The freezing pad has a 1"
lateral slope so that runoff drains to the outlet which is
3/4% in diameter.

Runoff from the freezing pad flows through two pipe tees each
housing an electrical conductivity (EC) probe. he first EC
probe is connected to a conductivity controller used to
separate the brine. If the EC of the runoff is >50,000 uS/cm
the runoff is automatically diverted, using an electrically
actuated solenoid valve operated by the conductivity

controller, to the brine collection vessel. The second EC
probe is connected to another simlar conductivity controller
calibrated to operate at nmuch |ower EC val ues. This

conductivity controller is used to separate the treatedwater.
If the EC of the runoff is <1,000 uS/cm the runoff is
diverted, using another similar sol enoid valve operated by the
conductivity controller, to the treated water collection
vessel . If the EC of the runoff is <50,000 and >1,000 uS/cm,
the water automatically flows into the transfer tank where it
Is recycled to the feed water holding tank.
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+ The transfer tank is a 10 gal HPDE vessel with internal
dimensions of 10 x 13" x 18". The tank is equipped wth a
sump  pum act uat ed b%/ a liquid level switch which
automatically transfers the recycle water to the feed tank.

FT Bench- Scal e Simul ation Pr ocedur e

ol | The procedure used for the FT bench-scale sinulation was as
ol | ows:

Initially, the feed water holding tank was charged with a
wei ghed mass of Dakota Aquifer water.

The refrigeration unit tenperature controller was programred
to sinmulate the nonthly average daily tenperature cycles
typical of Gand Forks, ND. The tenperature data used in the
simulation is provided in Table A l. During the sinulation,
the conditions for each month with sub-freezing tenperatures
were run three tines consecutiveldy, each on a twenty-four hour
basis, for a seventy-two hour duration for each nonth. The
average Gand Forks, ND climate has six months annually in
whi ch sub-freezing tenperatures occur either continuously or
intermttently (Table A-l1). Thus, the total time required to
conplete the sinulation was eighteen days.

« During the entire sinulation, the tenperature in the simulator
was autonatically logged on an hourly basis by the conputer.

« The aquifer water was automatically fed from the feed water
hol ding tank to the sinulator when the tenperature in the
simulator was below 32°r. The sinmulator feed dropped on the
freezing pad formng an ice pile.

. Run-off fromthe freezing pad was diverted to either the clean
water collection vessel, the transfer tank or brine collection
vessel, based upon the EC of the runoff.

« Additional feed water was added to the system as needed to
insure sufficient levels in the transfer and feed tanks for
continued simulator operation.

« At the end of the simulation, the total masses of simulator
feed, treated water generated, and heavy brine produced were
recor ded.

+ Upon conpletion of the sinulation, conposite sanples of the
clean water and brine were prepared and submtted for
anal yses.



Table A-1. Daily Atmospheric Temperature Cyclas
for an eastern Morth Dakota location

Month jifuliha Average Temparaturs
G CF
1 1 -i%.6 -3.3
1 y: 204 -q.8
1 3 -20.9 -5.7
1 4 -21.1 -5.0
1 5 -20.% -5.7
1 G -20.4 -4.8
1 7 -1%.6 -3.3
1 B -12.6 -1.5
1 g -17.4 7
1 10 -16.% 3.0
1 11 -14 .8 5.3
1 12 -13.4 7.4
1 13 -12.6 % .3
1 14 -11.9 10.7
1 15 -11.4 11.5
1 16 -11.2 11.8
1 17 -11.4 11.5
1 18 ~11.% 10.7
1 19 -12.6 G 3
1 20 -13.7 7.4
1 21 -14 .8 5.3
1 2z -16.1 1.0
1 23 ~17.4 .7
1 24 -i8.6 -1.%




Table Al. Daily Atnospheric Tenperature Cycles
for an eastern North Dakota |ocation
(continued)

Month Hour Average Tenperature
°c °F
2 1 15.9 3.3
2 2 16. 8 1.8
2 3 17.3 .8
2 4 17.5 .5
2 5 17.3 8
2 6 16. 8 1.8
2 1 15.9 3.3
2 8 14.8 5.3
2 9 -13.6 1.6
2 10 -12.2 10.0
2 11 -10. 8 12.5
2 12 9.5 14.8
2 13 8.5 16. 8
2 14 7.6 18.3
2 15 7.1 19.3
2 16 6.9 19.6
2 17 7.1 19.3
2 18 7.6 18.3
2 19 8.5 16. 8
2 20 9.6 14.8
2 21 10. 8 12.5
2 22 12.2 10.0
2 23 13.6 7.6
2 24 14.9 5.3




Tabhle A-1. Daily Atmospheric Texperature Cycles
for an eastern North Dakota location

{continued)
Month Hour Avarage Temparatire
B b
3 1 -8.7 16 .3
3 2 -3.5 14.8
3 3 =00 14.0
3 4 -10.2 13.6
3 5 -10.10 14.0
3 £ -9.5 14.59
3 7 -8.7 16.3
3 g ~7.6 1.2
3 o -6_4 20.4
3 10 -5.1 22.8
3 11 -3.8 25.2
3 12 -2.5 27 .4
3 13 -1.% 2% .3
3 14 -7 0.8
3 15 -2 31.7
3 16 .G 32.0
3 7 -7 31.7
3 18 -7 3i0.8B
3 1o -1.5 29.35
3 20 -2.6 7.4
3 22 -3.8 25.2
3 22 -5.1 22,8
3 23 -6.4 20.4
3 2d -7.7 18.2




Table Al. Daily Atnospheric Tenperature Cycles
for an eastern North Dakota location
(continued)

Month Hour Average Tenperature
OC OF
4 1 1.4 34.5
4 2 .5 32.8
4 3 -.1 31.8
4 4 -.3 31.5
4 5 -.1 31.8
4 6 .h 32.8
4 7 1.4 34.5
4 8 2.6 36.6
4 9 3.9 39.1
4 10 5.4 41.1
4 11 6.9 44, 4
4 12 8.3 46.9
4 13 9.4 49.0
4 14 10. 3 50.6
4 15 10.9 51.6
4 16 11.1 52.0
4 17 10.9 51.6
4 18 10. 3 50.6
4 19 9.4 49.0
4 20 8.2 46. 8
4 21 6.9 44, 4
4 22 5.4 41.7
4 23 3.9 39.1
4 24 2.5 36.6




Table A-1. Daily Atmospheric Temperature Cycles
for an eagtern Horth Dakota location

{continued)
HMonth Hour Average Temperature
°C °r
o) 1 8.2 46 .7
5 2 7.0 44 .7
5 3 6.3 43.4
5 4 6.1 43.4
5 5 £.3 43 .4
5 f 7.4 44 .7
5 T B.2 46 .7
5 - 9.6 44 .3
5 9 11.3 52.3
5 14 15.1 55.6
5 11 15.0 5B.9
5 12 16.7 bd.L
& 13 15.2 ST
& 14 19.3 £6.8B
= 15 20,1 G8.1
o 16 20,3 68.5
= 17 20.% AE.1
= 18 19.3 86.58
5 19 18.2 &4 .7
5 20 1.7 c2.1
5 21 15.40 8.9
e 22 13.1 5L.E
v 23 11.3 B2.3
5 Z4 .6 49.3




Table Al. Daily Atnmospheric Tenperature Cycles
for an eastern North Dakota |ocation
(continued)

Mont h Hour Average Tenperature
°c °F

6 1 13.7 56. 6
6 2 12. 6 54.7
6 3 11.9 53.5
6 4 11.7 53.1
6 5 11.9 53.5
6 6 12.6 54.7
6 7 13.7 56. 6
& 8 15.1 59.1
6 9 16. 7 62.0
6 10 18. 4 65. 1
6 11 20.1 68. 2
6 12 21. 7 71.1
& 13 23.1 73.5
6 14 24.1 75. 4
6 15 24.0 76. 6
6 16 25.0 77.0
6 17 24. 8 76. 6
€ 18 24.1 75. 4

18 23.1 73.5

20 21.7 71.1
6 21 20.1 68.2
6 22 18.4 65.1
6 23 16.7 62.0
6 24 15.0 59.1




Table A-]1. Daily Atmospheric Tamperature Cyclen
For an eastern MNorth Pakcta location

{continued)
Month Hour Average Temperatilre
o °F
7 1 16.2 £l.1
7 2 15.1 RY.2
I 3 14.4 8.0
7 4 14.2 7.6
7 t 14.4 5E.D
7 & 15.1 59.2
7 7 16.2 £1.1
7 & 17.4 63.7
7 8 1%.2 66.6
7 10 Z21.0 69.8
7 11 22.8 73,0
7 1z 24.4 PR
7 i3 25.8 TE.5
7 14 26.5 80.4
r 15 27.6 Bl.¢
7 1l 27 .8 g2 .0
7 17 27 .6 BL.G
7 15 26,9 80.4
7 148 25.8 TE.&
7 20 24 .4 75.9
7 21 22.8 73,10
7 22 21.0 B% .8
7 23 19.2 BE .6
7 24 17.& 83,7




Table Al. Daily Atimospheric Tenperature Cycles
for an eastern MNorth Dakota |ocation
(continued)

Month Hour Average Tenperature
oc °F
8 1 15.0 59.0
8 2 13.9 56.9
8 3 13.1 55.7
8 4 12.9 55.2
8 5 ' 13.1 55_7
8 6 13.9 56.9
8 7 15.0 59.0
8 8 16.5 61.6
8 9 18.2 64.7
8 10 20.0 68.0
8 11 21.8 71.3
8 12 23.6 74.4
8 13 25.0 77.0
8 14 26.1 79.1
8 15 \ 26.9 80.3
8 16 27.1 80.8
8 17 26.9 80.3
8 18 26.1 79.1
8 19 25.0 77.0
8 20 23.5 14.4
8 21 21.8 71.3
8 22 20.0 68.0
8 23 18.2 64.7
8 24 16.4 61.6




Table A-1. Daily Atmogpheric Temperature Cyclee
for an eastern Morth Dbakota location

{continued}
Month Hour ArEragE Tenparature
C
G 1 o, 4 482,59
g 2 8.3 46.%
9 3 7.6 45 .7
g 4 7.4 453
g 5 T.E 45 .7
g B H.3 46.19
9 7 9.4 48.9
a g 10.8 £1.4
9 9 12.4 54,3
9 10 14.1 57 .4
9 11 15.8 0.5
9 12 17.4 £3.3
9 13 18._ 8 5.8
9 14 19.8 067.7
G 1= 20 .5 8.4
G 1& 207 £9.3
G 17 2005 £8.9
G 18 1%.8 &£7.7
e 14 18.5 £5. R
o 20 17 .4 £3.3
& 21 15.8 605
9 22 14.1 7.4
g 23 12.4 54 .3
G 24d 10.7 51.3

A-12



Table Al. Daily Atnospheric Tenperature Cycles
for an eastern North Dakota [|ocation

(continued)

Mont h Hour Average Tenperature
OC OF
10 1 3.6 38.5
10 2 2.6 36.7
10 3 2.0 35.6
10 4 1.8 35.2
10 5 2.0 35.6
10 £ 2.6 36.7
10 7 3.6 38.5
10 8 4.9 40.7
10 9 6.3 43. 4
10 10 7.9 46. 2
10 11 9.5 49.0
10 12 10. 9 51.6
10 13 12.1 53.9
10 14 13.1 55. 6
10 15 13.7 56. 7
10 16 13.9 57.0
10 17 13.7 56.7
10 18 13.1 55.6
10 19 12.1 53.9
10 20 10. 9 51.6
10 21 9.5 49.0
10 22 7.9 46. 2
10 23 6.3 43. 4
10 24 4.8 40.7
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Tahble A-1. Daily Atmospheric Temperature Cycles
for an eastern North Dakota location

{continued}
Month Hour hvgrage Temperature
[
1z 1 -5.6 21.9
11 Z -6.3 20,6
11 > -5.8 19.8
11 4 -&.49 19.6
11 5 -6.8 15%.8
11 L -6.3 20.6
11 7 -5.6 21.59
11 2] -4.7 £23.5
LI G -3.6 £5.5
1L 10 -2.59 27.5
11 11 -2.3 27.8
11 12 -2.2 26 .1
11 13 -2.1 28 .3
11 14 -2.0 28 .4
11 15 -1.% 28.50
11 16 -1.5 Z28.6
11 17 -1.9 £28.5
il 15 -2.0 28 .4
L 1% -2.1 28.3
11 a0 -2.2 2B.0
11 Z1 -2.3 27.8
11 22 -2.5 Z27.5
11 23 -3.6 25.4
11 24 -4.7 23.5
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Table Al. Daily Anospheric Tenperature Cycles
for an eastern North Dakota |ocation

(continued)

Month Hour Average Tenperature
°c °F
12 1 -14.5 5.9
12 2 -15.2 4.6
12 3 -15.6 3.8
12 4 -15.8 3.6
12 5 -15.6 3.8
12 6 -15.2 4.6
12 7 -14.5 5.9
12 8 -13.5 7.6
12 9 -12.5 9.6
12 10 -11.3 11.7
12 11 -10.1 13.8
12 12 -9.0 15. 8
12 13 -8.0 17.5
12 14 -7.3 18.8
12 15 -6.9 19.7
12 16 -6.7 19.9
12 17 -6.9 19.7
12 18 -7.3 18. 8
12 19 -8.0 17.5
12 20 -9.0 15. 8
12 21 -10.1 13.8
12 22 -11.3 11.7
12 23 12.5 9.6
12 24 13.6 7.6
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Grand Forks Desalinization FT Bench-Scale Bimailation Data

gimulation Temperature Profile

The - temperatures actually achieved 1n the Grand Forks
desalinization FT bench-scale simulation are oresented in Figure
_Lh_ —
2 alocng with the desired simulabor CemperaCures (zimulater set
point). As the data in the figure iliustrates, there were S5ome
departures from the desired simulation temperaturs profiles. These
were primarily due to blown fuses in the refrigeration system.
Jome minor departures from the desired temperatures pocourred as a
result of the need to thaw the freezing pad outlet and the addicion
of heat tape to the outlet (December day 21 . In adéition, the
simmlator refrigeration sSystem was not capable of cooling
sufficiently to reach the severely cold rtemperacures typical of
January evenings in eastern North Dakota. However, o3 rhe data in
he figure illustrate, the desired temperature profiles were
acrrieved for the vast majority of the eighteen day simulation. A
tetal of 166 hours with sub-freezing were desired :n the
simulacion. 157 hours were achiewved. Further, since the
departures primarily resulcted in higher simulaticn temperatures:
chan intended, ene can reascnably conclude rhat, 1f these
departures had any impact oo the ~esnuits of the simulaticon, the
impact was to negatively esffect the process treated water vieids
and quality and make the simulation somewhat ConServarlive.

Simulation Log
Following Figure &-2, the simulation leog is attached.

gimilation Yields and Regulte of Chemical Analvees

Simulation yield data and results of chemical analyses of the
simulatieon process streams are provided in 3Secticn 3.1.2 and 2.1.4
in the oody of this report.



LT-Y

Temparature, deg. F

Figure A-2. FTE Simulator Temperature vs Time

Grand Forks Desalinization Project
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B.C. Twohralagies. Led.

Frrore-Thnaw Bench-scale Simolmtion Log

Frooect: Gpamd Forke Decalinization
Faod: DOakata Aqulfer water
Horch S, laled SEart Scarc Foad BT Comman s
Dl T ime ims |
L
Eone JEFLA 19k 17:14 EC mgrariesntroller calibratuicn
I7:14 1x Eaed pample
1%:00 IyveCat Thikpdowm
Hora OE 20 /96 0&:55 £ raters/controller calibracien
0h-Ly 1N PRt CAMD G
0T -Q0 6.5 Farwd Ackded - L7 1684 % gramc
kuvernbmr [ay 2 11:00 Sarted Simudackon - Howv, [ay 1
15: 00 £ 5 Faad Added - 1.3%5.2 graec
15:00 Fude bivws ah Fél. <13 min, downtime
Hovisboar Jay ¢ QEr 21 s 11: L0 Starced Dy Z Simulacian - Hew. Cay 7
06 F2158 10: 30 Fogsh bl 4o 4. <15 @in, dowobime
1k N [ Fasd Added - 3,153 & grame —
1:+:3C weyele TRF o f.790 by by BEC/TDE meter.
13:00 Fuigw Bliwn on P4, dincs about 13:00 - 1 A, downkims
Howemst Doy 3 13:00 Ctarted Day 3 Simulatbion - How. [y 3
¢ 00 Puzs blown on baf, since about 26:04 ¢ & b, dowmE 1ms
Cacamch: Dy 1 | 95783/94 13:04 Etarted Day 4 Himulsticon - Dec. DAy 1
18:00 Fraszing Fad (FF)] sucler [vole - Fewd Tanc smpdy Tl
1B: L Tt Hp EMRA]ETAF & JIECLe Thawlng FP outler.
Decamoer Ddwy 2§ O&734:26 13: 00 STartwd Tuy 5 Sitrulafion - Dec. Doy 2
15: 00 - Fued Added - 6,045 0 gramse —
15: OO Fraaring Fad (FP1 ouclac frora
19: G reesl wp EiFglalor & litble addarsT EBtac taps [HTI .
0E 25 F904 0%: 00 Fragzing Pad (FF] outlec freIe - HT an/lasT ik,
1.: G FiEt blown on raf. cince arweur Q3 :CC - B hyp. clolmE (b,
LocamoeT Say 3 PR+ Gratfed Doy 6 Slemlation - Dac. Duay 1
1=:112 Power CutaQe - Restart CPU.
06 f25 /56 od: R 6.5 Faed Added - 3395.7 grbmw
10:D0 1.0 Fotnd Bbdied - 3477.9 Qramd
1194 1.6 Famd Addmd - 319K .0 grame -
SATUATY Lay 1 11:0D0 Scarted Twy 7 Swamulacian - Jar. Day 1
1u:-80 afpig. unit FAamRel fel Fewmp ean b pat POint valus.
LGS 2T 3K 4400 Irig. unit CARPOL QOT DM Sowt Eo bl poinf walus.
Jaruary Day I 11:00 SEArT e [y B Sidm-lafion - Jan. bay d
13 0g Helrig wnit canreh Get temp dcwn B0 BT 010D W lua.
A Qi Rafrig. umic cannct gat Lamp 0w o EET BIL1RE waloe.
Janqary Day 1 (R E: a1 1100 SLArtant Doy ¥ Sodajarisn - Jen. Dwy 3
1% 06 P ouclot frozenfbnawad 1k « 1 hr. Jout s
1% a6 REirig. wnii cannck pat camp Oowm EC0 GRT POlOT Wa .
LU ars L 1Y 4 Q0 Sim, Lexsp, gobl belew zeco last nightsprabably die to lose of fmed.
o8 :Q0 Figd Tark “m1"raa PP runeff - will net add any acce fewd
Fecruasy Lay 1 13:00 Scarced Day 19 Samclacisn - Feb. Day L
ok 30496 13 :04 g have 7 emall amevune of FP Foumoeff.
Fylapuery [ey o 13:49 Scarced Dby 11 Samolacion - Fab. Day §
TP r) e 1 E7:30 |Feed [o ice [cazend thawed it no downtime.
FebousTy Cay 1 13:44 Searcad Dy 12 Zapularlen - Faub. [ay ]
07 FR2 496 14 :08 e &1 FP twmaff o« ¥D_Q00 usrcw
Mazck Dwy 1 11:44 Scarced DAy 13 Simulacsem - Mar. [ay
Q701,96 C7 a4 Unpludged PP ROAT caps/pluggesd pC Back LA .
iU T] _I(Mphmu: FF haat Eapst.
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B.C. Technologies, Ltd.

Freeze-Thaw Bench-scale Simulation Log

Project: Grand Forke Desalinization
Feod: Duakata Aquifer Water
onth Simulated Start Start Feed EC Comments
Date T ime {ms )
07/03/79¢ 49:30 Brine solencid on - i.e&. harvesting brine.
10:00 Plugged in FP heat tape.
11:30 Unplugged FP heat tape.
11:30 Brine selemoid on - i.e. harvesting brine.
March Day 2 13:00 carted Day 14 Simulation - Mar. Day 2
13:00 Plugged in FP heat tape.
07/04/%6 11:00 Brine solenoid ¢n - i.e. harvesating brine.
March Day 3 13:00 Started Day 15 Simularion - Mar. Day 3
13:00 Brine solensid on - i.e. harvesting brine.
16:00 |Brine solencid on - i.e. harvesting brine.
April Day 1 07/068/96 | 13:00 Started Day 18 Simulation - Apr. Day 1
20:00 Plugged in PP heat rape/unplugged hear rape.
21:50 Noticeable brine flow.
22:40 Brine £olencid on - i.e. harvesting brine.
23:05 Brine sulencid on - i.e. harvesting brine - EC B5K uS/cm
23:15 Brine selencid on - i.e, harvesting brine - EC BOK uS/cm
23:45 Brine solencid on - i.e. harvesting brine - EC BOX uS/cm
¢?/706/96 ©0:15 Brine solencid on - i.e. harvesting brire - EC B2K uS/cm
00:45 Brine solenocid on - i.e. harvesting brine - EC 78K uS/cm
01:00 Brine eolenoid on - i.e. harvesting brine - EC 75K uS/cm
G1:20 Brine sclencid on - i.e. harvesting brine - EC 758K uS/em
02:30 Brine sclenoid on - i.e. harvesting brine - EC 72K uS/cm
83:30 PBrine sclencid on - i.e. harvesting brine - EC 72K uS/em
04:30 Brine solencid on - i.e. harvesting brine - EC 72K uS/em
05:30 Brine solenoid en - i.e. harvesting brine - EC 72K uS/em
06:30 Brine solenoid on - i.e. harvesting brine - EC 69K uS/cm
07:30 FBrine solencid on - i.e. harvesting brine - EC 52K uS/cm
April Day 2 13:00 started Day 17 Simulation - Apr. Day 2
16:15 Brine solencid on - i.e. harvesting brine - EC 45K uS/om
15:15 Brine solenoid on - i.e. harvesting brine - EC 40K uS/em
07/07/96 05:00 Brine sclencid on - i.e. harvesting brine - EC 15K uS/om
11:00 Brine solencid on - i.e. harvesting brine - EC 12K uS/¢m
13:00 Brine solensid on - i.e. harvaesting brine - EC BK uS/cm
April Day 3 13:00 Started Day 18 Simulation - Apr. Day 3
15:00 Brine solenoid on - i.e. harvesting brine - EC/TDS 2500 ppm
17:00 Brine sclenoid on - i.e. harvesting brine - EC/TDS 2400 ppm
Q71/08/96 09:30 Brine sclensid on - i.e. harvesting brine - EC/TDS 1200 ppm
12:08 Brine sclenoid on - i.e. harvesting brine - EC/TDS 1100 ppm
Aprii Day 3 13:00 Started Day 18 Simulation - Apr. Day 1
17:30 frine solenoid on - i.e. harvesting brine - EC/TDS 11090 ppm
19:00 8rine sclenoid on - i.e. harvesting brine - EC/TDS 1100 ppm
Q7709796 08:00 Treated warer &dlenoid on some time during the AM
- i.e. harvesting treated water - EC/TDS 800 ppm
ind £imuylation 13:00 Zim. Temp @ 40 F for remaining ice melt.
18:00 [Treated water EC/TDS currently 600 ppm
67/11/96 | 12:00 End of melt last EC/TDS 35 ppm
15:Q0 Drained residual from systéem piping and feed helding tank
- 6111.%2 EC 11.84 mS/om
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APPENDIX B

REQUIREMENTS FOR A
CONDITIONAL WATER PERMIT



INSTRUCTIONS
for completion of

ONDITIONAL
WATER PERMIT
APPLICATION

Office of the State Ewmecr

North Dakota State Water Commission
900 East Boulevard Avenue
Bismarck, ND 58505-0850

Phane 701-224-2754




Application  No.

STATE OF NORTH DAKOTA

APPLICATION FOR CONDITIONAL WATER PERMIT

NOTE: Use one application for each type of sourca (ground water, surface water). Check aif appropriaig boxes
and fill in each blank line. If the Question is not applicable to your propossd development, enter NA (not gppii-
cabla}. If more space g necessary, attach addifional sheets.

5.

. Name of Applicant

(PLEASE TYPE OR PRINT IN INK)

Mailing Address

City State

Zip

Home Phone Other  Phone

. Source of water supply: [ ground water O sulfate water

If surface water: (a) stream a tributary of

(b) If new impoundment --1/4 1/4 sec.

, TWP. , Rge.

(c) If existing impoundment. give name

. (@) Point of diversion:

(1 1/4 of Section Township N., Range W.

County

Additional points of diversion, if any:
{2) 1/4 of Section-Township: N., Range-W,

County

©) 1/4 Of section-Township N.Range W,

county

(b) If water is not consumed. name the receiving body of water

and describe location of discharge point: __ 1/4 14 Sec..

Amount of water requested:

(@ If Impoundment: acre-feet storage out of which
offset evaporative losses.

Twp, . Rge.

acre-feet will be used to

(b) Other annual uses from points listed in Item 3 above, rates of diversion. and periods of use.

ofs e

acre-feet at from to inclusiv

m—f_(mouﬁ 7 (RATE] gem MONTH-OAY} WONTHORT) ¢

(2) acre-feet at c!sm from to inclusive
B 1) — RATE) gp ORTATAT] TONTHIAY]

@) acre-feet at C""m from to inclusive
B — %) 9! T RONTRGRY  MONTHOAY]

Total annual use requested (sum of 4b and evaporation from 4a):
acre-feet maximum rate ofg p m

Proposed  construction:
Proposed starting date

Anticipated  completion  date




{a} rrigation (il applicable}
(1] Methpd of wrrigation: O graviy L sprinkiar  C walarspraading
(2] Propect will invebee new migated land: O Yes CiNa
iAy Project will ivolve supplemantal water fo exisking irigation: Ti¥es . MNa
141 Desanphion of land 1 be imgated (ahew (ot numbers whira applicakle):

[T IE ] [~ ] [ BELU

oo | Tam | mer | pEre | e Swdd e | s | oatWad ) P | B ] RELE | i i | MDA | HEA | Wt | AN G R | TR
T
1 H I I

TATAL MLUGER OF ASAES TO BE WRGATET

(B} Man-irmgation wse (i gpplicabla):

Mumispal | Reprealion

Rural-Domeslic _Figh and Wildiife _

Industrial .. Othet (please spegily}
¥. Cranersh.p:

{a) Prooemy gwner al e point ol diversion.
(b) Propery cwner at Lhe place of vse:
i) If gisher (@t or {b) above are ather than the applicant, descrbe the amargemant enabling the applicant 10

make this filing:

- -

5. Stale Jaw requires Ihat aties and landawnars w.hin a ene-mike radius of the propased paint af diversior be
advised al tas application. A completed "Natica of Applcalion” wil ba torwarded 1o you upon receipt af ths
applicaticr. Therelare, please indicata the number ot Jandowners and cites which you muost natfy:

8. THE APPLICANT CERTIFIES THAT THE STATEMENTS AFPPEARING HREREIN ARE TO THE BEST OF
HIS KNQWLEDGE TRUE AND CORRECT:

[ RE: Lk TE;
TE K T1AE e El
|SRATLIRE [= % 1]

Signature af the dpplicants) must be exactly ag in hem 1. If more fhavt ona gppdicant is sAown, i must 550

MOTE: Mail the completed application, along with STATE ENGIKEER
ine required map and applicabion e Lo: StEe Dhlice Bulding
(1 East Boulevard

Bizmarck, HO S5505-0450

SWC FORL W 08



INSTRUCTIONS FOR COMPLETING AN APPLICATION FOR
A CONDITIONAL WATER PERMIT

A CONDITIONAL. WATER PERMIT APPLICATION MUST BE COMPLETED ON SWC
FORMNO. 108: (SEE EXAMPLES ON PAGES 8. 8, 11, 14&17)

1. Complete all applicable blanks on the application form If the application is not
satisfactorily completed it will be returned.

2. If an appropriation involves the storage of water, both the quantity of water which

will be stored at the level of the principal spillway and the quantity which will be
lost to evaporation from the corresponding surface area mqu?ﬁe {dentified in item
#4a on the application form. The mean net evaporative loss (gross evaporation

less precipitation) can be determined from the SCS North Dakota Hydrology
Manual, or upon request it will be provided by the State Engineer. If there are

other uses {rivolved in the proposed appropriation. they should be identified tn
itern #4b, The total annual use will be the evaporation from item #4a and the
otha annual uses identified in #4b. (see exampie page17)

3. An individual may not hold undeveloped conditional water permits and
applications for frrigation purposes that when totaled exceed 720 au':r'e-fgeei?1 gfmg

water. This does not appiy to applcations for water permits to appropriate water
from the Missourl River or applications submitted by irrigation districts.

4. An application will not be accepted that requests the appropriation ofwata
from more than one water source. An appropriation from the main channel
of a river and from a tributary to the river is an example of an appropriation
from more than one water source,

5. The following application fee must accompany the application:

a. For mumnicipal use in municipalities of 2500 population
or ova aecording to the latest federal census.......................

b. For municipal use in municipalities of less than 2500
population according to the latest federal census................. $250

d. For industrial use of one c.f.s. or less, or seven hundred
twenty four acre-feet annually, or 1€38.....ccceeivensissicrsssseensanesse. . 5250

e. For industrial use in excess of one cf.s., or in excess of

seveny hundred twenty four acre-feet anudly........................... $750
Fw m&uom umm m ﬁm a;xld wm llllllllll lll‘.l.'...“."..'$loo
g For commercial recreation . e $200



6. The date the application s recetved by the State Enginesr will be the prior
dateasﬁsnedtnthaappllmuun.unlmar.heappuﬂa.utfaﬂstucﬂmplctr.thztr
application process as prescribed by statute,

7. Ifthe application is approved, a canditfonal water permit will be issued. The
conditional water permit doea not cceats 3 water right  Rather, It is an

authortzmton for the permittes to conatruet Sicilites {fsuch as a well and irrigation

ayatem) and (0 begin nitlization of water. A water right will accrue to the permittee
upon benefdal use of water,

8. A perfected permit will e Issued after the permitise has put the water to beneflcial
e,

FREPARATION OF MAF: (SEE EXANMPLES OM PAGES 7, 10, 13, 18, & 19]

1. A map mirst accompary the application. [t muat be prepared from an actuai
survey. acrial photograph. or topographic map. and certifled by a Bcensed
uryessy ancther type of map i3 first approved by the State Engineer, The State
Engineer may require additonat information on the map i it i3 deemed nacessary.

a. The samples shown herein should be used as 3 guide in preparing the map.
b. The map shall be drawn or genierated by computer methods a8 1/27 x 11
ﬂﬁmﬂﬂlmnrpﬂlrutﬂ-mﬂﬂrwﬂlm Handvritten information

c. The map must show the following information:
{1} Section, Township, Range and county designation to satiafactorily locate
proposed works,

{2} Puoints of diversion are to be shown by "o" at thelr proper locaton. (&

ufmtmjﬂpmﬁhlt,statt'porﬂhlcsy:tem'mth:hwﬂghthandparum
map.

(3] If use is for trigation, irigated tracts in each 40 acre subdivision must be
indicated by cross hatching.

{4) If use s Sor industrial purposes. show point of diversion and means of
conveying water to place of use.

(%) If use is for municipal purposes show point of diversion and the system to
corvey water to the ceniral storage facility. Map be dravm In reference

to city blocks tat also must show in