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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.

25



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
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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

31



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
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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 what legal works are
located, Shaw section. quarter section or one-sixtesnth section lines as
appiicable,

6} If application preposes use of 4 dam and storage reservolr, show the outline

(70  If weter wells are usad. label wells with “o”. Show the route of the pipeline
or ditch to the point of ares of use or centrul collection point.



18 Thewatacnmeﬁnmwmchwﬂﬂuwadmustbcshnwnmdnmad,
and the direction of fow ind!cated.

(9] Anorth arrow must be shown,

(10) Scale of map must be shown (For exzmpie, 17 equals 1000 ts a sattsfactory
scale fer a4 one square mile tract of land.}

(11) The State Engineer may return the map to the applicant for correction f he
desires additional mfarmaton te properly evaluate the conditicnal water

permit application.

(12) The dtle in the lower right hand corner of the map must mdicate tha name
gﬁawmmmmam.&eplummu?. 14,

(13) The Certiflcate of Surveyor, located in the lower left hand corner of the map,
must be signed by a licensed surveyor and be in the following form:

CERITFICATE OF SURVEYOR
STATE OF NORTH DARKOTA ; ss
COUNTY OF )
L of

Name Addrese
do herebry certify that thia map was prepared from notes or infarmation obtained fFom

an
(actuai survey, aerial photographt, ar WFH[;MFI

mmade by —— = made under oy directon
oy (person or perfarmed survey) | om the day of
19 . [or whose work 1 stand personally

responiaible, and that it orrectly representsy the

(lmwmumupﬂ. industrial,
& wildlife or recreation)
works for the accampanying application. together with a meander of streama, (and

shows accuraiely the location and ares of lanuds to be krigated in each subdivision.)

Signature of Surveyor



NOTIPICATION AS REQUIRED BY STATUTE:

1.

2.

3.

Upan receipt of a compiete application, compieted Notice of AnpHeation forma will
be forwarded to the almgmthaleﬂanfmuucumﬁp;ﬂim
required by Law to : » axe

2. each diy located within a radius of one mile fom the dem of the proposed
point of diversion; loca e

b, each record Htie ownier of real estate within a radius of one mile fom the
location of e proposed of diversion (exciuding al landowners within the
gengraphiea) houndary of a dty) . If the one-mfle radius includes land within
the geographical boundary of a rural subdivision where the lots are 10 acres or
iess, the notce must be to the governing baody of the township or other
ﬁummuthumyufg ma;fs&ummmdm&uthemﬂumedhe
gven record ttle owners extaie within geographical boundary
of the rural subdivision.

Ehemmﬂemﬂmhduduaﬂnﬁcﬁﬂufnnﬂhndﬂcﬂhm

mare than 10 individuaia, the notice must be given to the body of the
Wumagmgmmnnvmrmntmdhm%

notice need be given to the recard tle owners of the tract,

The record tifle owners aball be determined by an actual seareh of the records

dmwmﬂdmmumﬂmlsmdm of the
notee to The record title owners of land under cantract for deed

shall be desmed to tnclude both grantor and grantee of the cantract for deed.

¢ e«ich person holding a water permit for the appropriation of water fom points

of diversion located within 4 radius of one mile from the lncation of the
proposed paint of diversion. The State Engineer will provide the applicant a Bst
of permit holders who must he nottfled.

d. all munictpal or public use water facilities tn the county In which the

proposad
peint of diversion is located. The State Engineer will provide the applicant a list
of all muznicipal or public use water facilittes that must be notiBed,

After sending the Natice of Application forms, by certified mail, the
apﬂmmmmm:mmﬂﬂmudmdmgmm
the “white” certified mail receipts.

After the receipt of the campleted affidavit of notice and the "whits” certified mafl
receipis, a heartng date will be established. A minionam of 15 days must efapas
from the date on which notice was malled to the prunictpal or use water
facilities before a hearing date can be estabiiahed. AMué%ﬂh
published for tvn consecuitive seeky In the oficial newapaper of the county in
which the proposed of diversion Is located. The appicant ts requbred to
pay the publication fees for the Notice of Hearing.

Fallawing the publication of the Notice of Hesring a hearing will be conducted
on the application.  All persona interested may present their views in person at
the henring or in writing.



EXAMPLE

Application No.

STATE OF NORTH DAKOTA
APPLICATION FOR CONDITIONAL WATER PERMIT

NOTE: Use one application for each type of source (ground water, surface water). Check all appropriate boxes and fl in

each blank line. If the question is not applicable to your proposed develcpment, arter NA (not applicable). if more space is
necessary, attach additional sheets.

(PLEASE TYPE OR PRINT IN INK)

1.Name of Appiicant __.lehn Q. Doe
MaiingAddress _HC 2 Box 78

City Breian State____ N D Tp_BR525
Home Phone £729-24 78 Other Phone

2. Source of water supply: O ground water @ surface water
If surface water: (a) stream _¢Janamed a tributary of
Missouri River
(b) # new impoundment = /4, 1/4 Sec. Twp. , Rge.
(c) If existing impoundment, give name
3. (a) Point of diversion:
( _1 )  SE& V4of Section_24 Township (33 N., Range_$5 W. Morfon Co
Additional points of diversion, if any:
(2) —___1/4 of section Township N., Range W., County
(3) 1/4 of Section Township N., Range, W., County
(b) If water is not consumed, name the recsiving body of water,

and describe location of discharge point 1/4 1/4 Sec., Twp. , Rge.
4. Amount of water requested:
(a) if Impoundment: acre-feet storage out of which acre-feet will be used to
offset evaporative icsses.

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

(13186 acrefestat %ﬁ? Sm fom Aa‘é 15 _to Q,%.fa L lndﬁsm

(2 acre-feet at 3, from o inclusive
7)) ATl ; MCHTHOAT) BACHTHEAT)
inclusive
(3) acre-feet at = =S L W— = fo =

Total annual use requested (sum of 4b and evaporation from 4a):
_3|&8. 6  acre-fest maximum rate of _/L3Q0 ___ gpm.
5. Proposed construction:
Proposed starting date
Anticipated completion date ___Sapt, [, 1980




6. Descrigtion of propesad beneficial water uses:
i3} Imigation (if apphcalie)
(1) Method of Imigation: (O gravity ('sprnkler [ waterspreading
(2) Projact will kvolve new imigated land: #'Yes [1No
(3) Preject will inveive supplemental water to existing ingation: [ Yes P No
(4} Description of land tq be imigated (show ot numbers where apyicable):

e | ™. mmﬂ“ﬂu“““ﬂu““mmhu

R,
18 133 |se (33.8122 7035, 712). 133
24 13y 55 18.0 7.4 288l 72

TOTAL MAMLEN OF ACRES TO BN MULGATED: | 48,

(%) Non-Irigation use {if appﬁnﬁh}:

Muricipai Recreation
Bural-Domestc Figh and Wikiiie
Industrial Cther (plazss specily) _
T. Ownarship:
{a} Property cwner at the poirt of diversion: John Q. Dos
(b) Property owner at the place of use: wahn Q. Dea .
{c) If either (a) or (b} above are other than the applicant, describe the amangement enakiing the appican!
maka this fillng:

8. State Law requices it cities and landownars within a one-m3e radius of the propased point of diversicn t
advisad of this application, A compleied Notics of Application” will be forwarded 1o you upon receipt of th
application, Thersfors, please indicate the nurnber of landowners and cliies which you must notily:

— 19 land cwners

3. ,'-TFSE APPLICANT EEHTH'EE THAT THE STATEMENTS APFPEARING HEREIN ARE TO THE BEST Dt‘

. 207
F— 5T 5
r— - r - o |

Sionature of the applicant(s) must be exactly as in Xem 1, If more than one spplicant i shown, all must sigr

NOTE: Mail the comaleted application, with STATE ENGINEER

tha required map and appication [es to: mmaﬂ_ §



NOTE : EXAMPLE IRRIGATION
'GROUND WATER SOURCE:

N
_i.
|

Proposed Well Site

Area To Be lrrigated

NOTE : Sprinkier System Will Be Used
To Distribute Water

NE

' APPROVED
“Stats Engineer
STATE Of NORTH DAKOTA g‘ ss
COUNTY OF GRANT )
MAP

that this map was made from notes taken during an actual survey made by To accompany application
me. ( or made under my direction by _Albert Mann forwhosswork  NO-________for
| stand personally responsibie ) on _June 18 197 _ andthat® DQ!IRR!OAMNPROJEG
correctly represents the irrigation works described in the accompanying Morton County, ND
application, and shows accurataly the location and area of the lands proposed John Q. Doe

Brelen, ND

to be irrigated In each subdivision.

Wa.._.z‘h.._m




EXAMPLE

Appiication No.

STATE OF NORTH DAKOTA
APPLICATION FOR CONDITIONAL WATER PERMIT

'NOTE: Use one appication for aach type of source (ground water, surface water). Check al appropriste boxes and (@ in
each blank kine. If the question is not appicable 10 your proposed deve =, anter NA (not )
necessary, attach additional sheets. loprme (not appicable). Iif more space is

(PLEASE TYPE OR PRINT N INK)

Cty _ Breten State N D Zp 58528
Home Phone L7279 - 2478 ___ Other Phone.

2. Source of water supply: & ground water (O surface water
If surface water: (a) stream a tributary of —

(®) if new impoundment — 1/4 1/4 Sec. , Twp. , Rge.
(c) If existing impoundment, give name

3. (a) Point of diversion:
(1) SW 1/4ofSection__/9 Township_L33 N., Range_S<4 W., Mggﬁea County

Additional points of diversion, if any:
(2) S&_1/4 of Section @4 Township /33 N.Range 585 W. Marfopn ____ County
() 1/4 of Section____Township N., Range_____W., County

() if watar is not consumed, name the receiving body of water
and describe location of discharge point: 1/4 1/4 Sec. , Twp. , Rge..

4. Amount of water requested:

(a) i Impoundment: acre-feet storage out of which acre-feet will be used to

offset evaporative lcsses.

(b) Other annual uses from points fisted in tem 3 above, rates of diversion, and periods of use:
<le . .
(1_202.5 mfeeta_ggg__:,, from, ﬁé&é;é?—” Q&Q I“ inclusive
. il 18 1o inclusive
<z)_%_mfma_ag&__:m trom Apri/ 18 woct ||
@) T a:ufe«ax_m_m T T‘n

Total annual use requested (sum of 4b and evaporation from 4a):
—318. © acre-feet maximum rate of _LEQQ ___Cpm.

5. Proposed construction:

Anticipated completiondate _ Sept /. /980




6. Description of proposed beneficial water uses:
(a) Irrigation (if applicable)
(1) Method of imigation: (I gravity ® sprinkler O waterspreading
(2) Project will involve new iigated land:  #'Yes 0 No

(3) Project will invalve supplemental water to exising irmgation: 0 Yes &'No
(4) Description of land to be irrigated (show lot numbers where applicable):

e e " swue " smus !
mmmmmmmmmmmm[mmmmmmmm&
11D 1133 54 222/39 7 125.0 |
24 |1 33 38.07.6 288 X3

!5

_TOTAL NUMBER OF ACRES TO € RRIGATED: (9 A

(b) Nen-irrigation use (if applicable):

Municipal _Recreation
Rural-Domestic Fish and Wildlife
Industrial Other (please specity)
7. Ownership:
(a) Property owner at the pointof diversion: _Jabn Q. Doe
(b) Property owner at the piace of use: Jobn Q. Do
(c) if either (a) or (b) above are other than the applicant, describe the armrangement enabling the applicant to
maks this fiing: - S —

8. State law requires that cities and landowners within a one-mile radius of the proposed point of diversion be
advised of this application. A compieted “Notice of Application” will be forwarded to you upon receipt of this
application. Therefore, please indicate the number of landowners and cities which you must notity: -

_—&b

9. THE APPLICANT CERTIFIES THAT THE STATEMENTS APPEARING HEREIN ARE TO THE BEST OF
HIS £ TRUE AND

SATURE N OATH
Signature of the applicant(s) must be exactly as in tem 1. if more than one appiicant is shown, all must sign.

'NOTE: Mall the completed application, along with ~ STATE ENGINEER

B
the required map and application fee to: %ﬁlm




NOTE : EXAMPLE IRRIGATION
'GROUND WATER SOURCE:

N
_i.
|

Proposed Well Site

Area To Be lrrigated

NOTE : Sprinkier System Will Be Used
To Distribute Water

NE

' APPROVED
“Stats Engineer
STATE Of NORTH DAKOTA g‘ ss
COUNTY OF GRANT )
MAP

that this map was made from notes taken during an actual survey made by To accompany application
me. ( or made under my direction by _Albert Mann forwhosswork  NO-________for
| stand personally responsibie ) on _June 18 197 _ andthat® DQ!IRR!OAMNPROJEG
correctly represents the irrigation works described in the accompanying Morton County, ND
application, and shows accurataly the location and area of the lands proposed John Q. Doe

Brelen, ND

to be irrigated In each subdivision.

Wa.._.z‘h.._m




EXAMPLE

Apoplication No.

STATE OF NORTH DAKOTA
APPLICATION FOR CONDITIONAL WATER PERMIT

'NOTE: Use one appiication for each type of source (ground water, surface water). Check afl appropri i
each blank line. If the Question is not applicabie 10 your propesed developmert, rc)nmNA (not w%&)ﬁm s
necessary, attach adgditional sheets.

(PLEASE TYPE OR PRINT N INK)

1. Name of Applicant ___ Passtme Golf Courses

Mailing Address PO BAax 123 -

City Hovavil//e Sats___ND Zp_S58765

Home Phone Other Phone 654 - 76 | |
2 Source of water supply: @ ground water O surface water

if surface water. (a) stream _atributary of

) # n e w impoundment1/4 1/4 Sec, , Twp. , Rge.

(c) If existing impoundment, gie name.

3, (a) Point of diversion:

(1) _SE 1/4 ot Sectiqn 7 Township_/£3 N. Range 64 W, ggm,;g5 County
Additional points of diversion, if any:

(2) __ 1/4 of Section Township N,Range_ _ W._ - _County
(3) —____1/40f 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 1/4 Sec. Twp._____, Rge.
4. Amount Of water requested:
(a) If impoundment: acre-feet storage out of which _acre-fest will be used to

offset evaporative kosses.
(b) Cther annual uses from points listed in item 3 above, rates of diversion, and periods of use:

(_6@.2° acrefestat 350 = m_%_m_%i_‘wm
s . usive
gpm

() ———Acre-feet at O el i
AMGIINT) PATH ol MOHTHOAT) n
inclusive

Total annual use requested (sum of 4b and evaporation from 4a):
66.2  acre-feet maximumrateof __359 gpm.

5. Proposed construction:

S PPy Y]
Anticipated completion dats




6. Description of proposed beneficial water uses:
(@) imgation(f applicable)
(7) Mathod of imigation: (I gravity @ sprinkier O waterspreading
(2) Project will involve new irigated land: Eif Yes a NO
(3) Project will involve supplemental water to existing irmigation: a Yes E(No
(4) Description of land to be irrigated (show |Ot numbers where applicable):

7” vrue 7“5 T amus

SOC | Twl | ROE. il Jwena | SWus | S | NELS | s | SWLe | SEe | 'Ewe | e | owus | sgve | s | eerus | sws

‘ 7 TOTAL MAMBER OF ACRES TO O RAKATED:| 33,/

(b) Non-irrigation use (it appiicable):
Municipal ___ ' _Recreation
Rural-Domestic- Fish and Wildlife
Industrial Cther (please specify)
7. Ownership:

(a) Property owner at the point of diversion: ____ Passtime Golf Course
(b) Property owner atthe place ofuse: ____ Pagssftime @Galf Course
(c) i either (a) or (b) above are other than the applicant, describe the arrangement enabling the applicant to

maks this filing:

8. State law requires that cities and landowners within a one-mile radius of the proposed point of diversion be
advised of this application. A completad "Notics of Application” will be forwarded 1o you upon receipt of this
application. Therefore, piease indicate the number of landowners and cities which you must notify: -

— lond Cwners e

9. THE APPLICANT CERTIFIES THAT THE STATEMENTS APPEARING HEREIN ARE TO THE BEST OF
HIS KNOWLEDGE TRUE ANQ CORRECT:
4. / Larf35
L. 2

BONATAE

L oa
Signature of the applicant(s) must be exactly as in em 1. if more than one gppiicant is shown, all must sign.

'NOTE: Mail the compiated application, slong with  STATE ENGINEER
morequirogi?napandappwaﬁonfub: State Office B

ANA Eeet Rardavs




NOTE : EXAMPLE IRRIGATION (GOLF COURSE)
GROUND WATER SOURCE
Re64 W

N
T
153
) |
L | Well Locstion
% Arsa To Be lrrigated
APPROVED
NOTE : Sprinkler System WIll Be Used
To Distribute The Water State Englnes:
STATE OF NORTH DAKOTA )
)88 uap
COUNTY OF STARK )
| George A.Fine o Dickinson, ND do hersby To accompany sppiication
NO.___ for
Information obtained from
certity that this map was prepared from PASSTIME GOLF COURCE
fleld surveys and that i represents the area to be kmigated for the Ramsey County, ND
accompanying application. Passtime Golf Cource
Hoveville, ND

%‘: ag: T APPLICANT



EXAMPLE

Application No.

STATE OF NORTH DAKOTA
APPLICATION FOR CONDITIONAL WATER PERMIT

NOTE: Use one appication for each type of source (ground witer, surface water). Check all appropriate boxes and il in
each blank fine. If the question is not applcabie to your proposed deveiopment, enter NA (not appiicabie). if more space is
_necessary, attach additional sheets.

(PLEASE TYPE OR PRINT IN INK)

1. Name of Applicant Slick 0/ Co.

Mailing Address Box SAE [Q30
~ City D%Ha [= Stats__T°X Zp_Z72218

Home Phone __ OtherPhone _7/3~ 249~ /040
2 source of-water supply: iufl ground water a surface water

If surtace water. (a) stream- atributary of
(b) if new impoundment — 174 1/4 Sec. , TwWp. , Rge.

() If existing impoundment givé name
3. (a) Point of dtversion:

(1) 14 ot Section 23 Township /82 N.. Range /9@ W. Mo Kenz/e County
Addional points of diversion, if any

@ ____14of SectionTownship = _N. Range W.. County
(3) —___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: 14 1/4 Sec. Twp, , Bge.
Amount of water requested: 7 7
(a) i Impoundment: acre-faet storage out of which acre-faet will be used to
offset evaporative losses.

(p) Other annual uses from points listed in ltemSabove rates of diversion, and periods of use:
(1) 2“2 g acre-fest at &L m from Jﬁﬁi é Q‘&aﬁ éﬁ xndusm
inclusive
(2) acre-feet at_‘___m from
to inclusive
(3) acre-feet at - m m—aﬁan T
Total annual m.requested (sum of 4b and evaporation from 4a):
_20.0 _ acre-fset maximumrateof___/3.O __gpm.
Proposed construction: )
Proposed starting date SJan. 7 1284 ——




5. Description of propesed beneficial water usas:
(a} kmigation (¥ applicable} ~/4
(1) Mathod of imigation: Ol gravity [ sprinkier (] waterspraading
(2} Project will imvoive new imigated land: [J Yes [ No
(3) Project will involve supplemental water to existing irigation: (O Yes O No
{4) Qescription of fand o be imigated (show kot numbers whers applicable):

L L L F . L

mmummmmmm“mmmmmmjm—um ToraL

TEFTAL MAINER OF ACRES TO S AOCLLTD-

(b) Non-imgation use (if applicable):

Municinal Recreaon

Rurak-Domestic Fish and Widlite

Inchustrial v’ Other {please specify}
7. Ownarship:

(@} Property cwner at the polnt of diversion: Jg,&n o) E‘.\:A e
{b) Property ownier at the place of uss: Jokn . Abhls

[c}ﬂu'rﬂur[a}ur{h}ﬂ:owmuﬂurhmhnmpﬂnntﬁuuhhmmﬂm%h:mﬂnmm
maka this filing:

msmmmmmmwmm.mmﬂhmmummu
Mﬂhhﬂmﬂmhmﬂﬂ%ﬂ%‘ﬂhhﬂhmmmﬂm
mmmmmﬂmmmmmmwamﬂwﬁmmmmmmm

8 land swrners

8. THE APPLICANT CERTIFIES THAT THE STATEMENTS APPEARING HEREIN ARE TO THE BEST OF

Hﬁmﬂsm /}‘ . -"/‘-@li

e Yokl [ ]
Signature of the applicani(s) must be exactly a3 in tam 1. if more than one appiicant is shown, & must Sion.

NOTE: Mall the completed applcation, with STATE ENGINEER
the map and to: Sizte Oifice
raquied tpplcancn 300 Esat Bocieverd




NOTE : EXAMPLE INDUSTRIAL USE
- GROUND WATER SOURCE

R102 W |

Scale 1™ 2 1320°
O Prepossd Wad She
§ Existing O Wal
AFPROVED
~ Btmla Englnasr

STATE OF NORTH DAKOTA 8
I COUNTY OF GRANT E

i, __George A Fine of Odessa, ND 4o MAP I
|

hernby cortily that this map was prepared from informetion obtalned from To socompany appilestion
I ftid surveys and that & represants the well location for the sccompanying NO. bor

spplication, SLICK DN, CO,




EXAMPLE

Appiication No.

STATE Of NORTH DAKOTA
APPLICATION FOR CONDITIONAL WATER PERMIT

NOTE: Use one appication for each type of source (ground water, surface water). Check all appropriate boxes and @ in
each blank ine. It the question is nct applcabie Io your propesed Ceveio enter NA (not :
necessary, attach additiona! sheets. pment (not applcaie). i more space s

(PLEASE TYPE OR PRINT IN INK)

1.Name of Appiicant _Img Rancher
Mailing Address HC @ Box 48

Cty _____ Ranger Stats___ND Zip 58001

Home Phone 783 - 2478 COther Phone
2. Sourcs of water supply: I ground watsr ('surface water

If surface water: (a) stream YUpnamed  atrbutaryof

— Little Missaur; River
() if new impoundment — 1/4_N\W 1/4 Sec. 23 ., Twp. /136 N, Rge. 102 W

(c) ¥ existing impoundment, give name

3. (a) Point of diversion:
(1)_~W 1/4 of Section 23 Township /3¢ N., Range /02 W., Slope County
Additional points of diversion, if any:
(2) ___ 1/4 of Saction_____Township N.. Range, -

(3) 1/4 of Section Township N.. Range, w. County
(b) It water is not consumed, name the receiving body of water
and describe location of discharge point: 1/4 1/4 Sec, Twp. , Rge.

4. Amount of water requested:

(a) if Impoundment:_180. 0 ___acre-feet storage out of which__£2. 40 ___acre-feet will be used to

offset evaporative losses.
(b) Cther annual uses from points listed in tem 3 above, rates of diversion, and periods of use:
ds .

1 - to

(1) acre-feet at oo :,, from T— 0 5 inclusive
2) acre- from t0 inclusive

- — . ] inci
(3) SR— acre-feet a:_ﬂ_ﬁ____m from_aw“ ” usive

Total annual use requested (sum of 4b and evaporation from 4a):
~52.0  acre-feet maximum rate of __&Zh____qgpm.

5. Proposed construction:

Proposed starting date ____lupe J__ /990

Anticipated completiondate _ Sept /. /9am




6. Description of proposed beneficial water uses:
(a) lmigation (if applicable)
(1) Method of imigation: O gravity a sprinkiler a waterspreading
(2) Project will invoive new imigated land:  a Yes a No
(3) Project will involve supplemental water to existing imigation: d Yes O No
(4) Description of land to be irgated (show lot numbers where applicabie):

| x o -~ -

o | rem | nox {e | e | swve | s e | wers | swrue | sgve, | e | e | swee | s m"m]‘m)‘mL

o | i |

J - 7 _ TOTAL MUMBER OF ACRES TO 8F RRIQATED: |

(d) Non-irrigation use (if applicable):

Municipal _Recreation
Rural-Domestic Fish and Wiidlife .
Industrial Other (please specfy) _Livestack
/. Ownership:

(a) Property owner at the point of diversion: ____Imea Rancher

(b) Property owner atthe place of use: IZme RPanchar

(c) if either (a) or {b) above are other than the applicant, describe the arrangement enabling the applicant to
make this filing:

8. State law requires that cities and landowners within a one-mile radius of the proposed point of diversion be
advised of this application. A compietad "Notice of Application” will be forwarded to you upon receipt of this
application. Therefore, piease indicate the number of landowners and cities which you must notify:

—_— land owners _

9. THE APPLICANT CERTIFIES THAT THE STATEMENTS APPEARING HEREIN ARE TO THE BEST OF
HIS KNOWLEDGE TRUE AND CORRECT:

i@% 1/5/20
oA

EORATUAD s )

" RGNATURR )
Signature of the appiicant(s) must be exactly as in tem 1. if mors than one appiicant is shown, all must sign.

'NOTE: Mail the compieted application, along with ~ STATE ENGINEER

i ication fee to: State Office Bui
the required map and appl 00 Eagt

QU SIS AT cnn



NOTE: EXAMPLE LVESTOCK USE
SURFACE WATER SOURCE

R102 W

|
|
|
i

Nt
T ) T
\&/ 136
N
l
‘Scale 1"=1320'
APPROVED-
— Stata Englnesr
'STATE OF NORTH DAKOTA ;
'COUNTY OF STARK )
", John W. Ray ot Dickinson, ND __do MAP
7honbyanﬂymamhmmmdmwwmm To acoompany application
fleld surveys and that R correctly reprasents the dam deecribed In the Na. for
accompanying application, together with a meander of streams. 7 RANCHER DAM
' ) Siops County, ND
Iﬁaﬂﬂ @q e
 Ranger, ND
APPLICANT




APPENDIX C

REQUIREMENTS FOR CONSTRUCTION

AND OPERATION OF
STORAGE/EVAPORATION PONDS



NORTHDAKOTA

DEPARTMENT QOF HEALTH
ENVIRONMENTAL HEALTH SECTION
1200 Missourt Avenue
P.O. Box 5520
Bismarck, North Dakota 58508-5520
Fax #701-328-5200
July 9, 1996

Chris Rousseau

Energy & Environmental Research Center
University of North Dakota

15 North 23rd Street

G and Forks, ND 55203

REE  Brine Storage Ponds
Devils Lake, North Dakota

Dear M. Rousseau:

Reference is made to our recent phone conversation in which you
requested a copy of our design requirenents for wastewater
storage ponds. ~ Encloged is a copy of Chapter 90 of the Tep
States Standards, which are used as the standard for design of
wast ewater storage ponds in North Dakota.

Because of the concentration of solids in the brine, an exception
wll be nmade to the percolation requirenents of section 96.24.
The proposed brine ponds nust have inperneable synthetic liners
to prevent mgration of contamnants into the groundwater.

Should you have any questions, please contact nme at (701) 328-5212.
Sincerely,

Do . Lyl

David L. Bergsagel
Envi ronnent al Engi neer
Di vi sion of Minicipal Facilities

Environmantal Health Section Environmenta Municipal Waste Water
Enforcement Engineanng Faciiities Management Quakty
a’:“ SARAAEN TH1AZRKTRA TS TH1. AL BR THAMED1A



91.

92.

Chapter 90
Waste Stabilization Ponds (Lagoons)

Supplement TO Engineer's Report

The engineer's report shall contain pertinent information on
| ocation, geology, access, flood hazard, soil conditions,
area for expansion, and any other factors that wll affect
the feasibility and acceptability of the proposed

facilities. The following information nust be submtted in
addition to that required in Section 11, engineer's report.
91.1 Suppl ementary Field Survey Data

91.11 The location and direction of all residences,
roads, buildings, comrercial devel opnent,
water courses, and water supplies within %
mle of the proposed facility.

91.12 Soil boring to determne surface and
subsurface soil characteristics of the
imediate area and their effect on the
construction and operation of the proposed
facility.

91.13 Data denonstrating the percolation rates to
be anticipated at the elevation of the prosed
pond bottom

91.14 A layout of the facility show ng suitable
area for expansion with conplete contours of
the site and adjacent area and other
pertinent information.

91.15 Sulfate content of the basic water supply.

Basis of Desian

92.1 Area and Loadings
The maxi num design loading on the primary cell or
cells shall be 30 pounds per acre per day of 5-day
20 C BOD and the primary cell or cells shall be
designed to satisfy the total design organic
| oadi ng.
At least three cells designed for series operation



92.2

92.3

Page 2

shall be provided and the area in the primary cell
or cells shall be approximtely one-half (%) of the
total surface acreage of the ponds. The surface area
of the ponds shall be determned by the conputation
requiring the largest surface area based upon
organic and hydraulic loading. The total organic

| oading for the total surface area shall be |ess
than 20 pounds of 5-pounds 20° BOD per acre per day.
The total hydraulic loading, including infiltration
and inflow, shall be used to determne the volune
required to provide a mninum storage capacity of
180 days. The 180-day storage shall be provided
between the 2- and 5-foot liquid levels. The
Department nay consider and allow deviations where
hardship cases can be docunmented and proved to the
satisfaction of the Departnent. H gher design

| oadings may be permtted where mechanical aeration
is utilized. Such designs may be approved by the
Departrment after all the required information is
reviewed. Due consideration shall be given to

possi ble future nmunicipal expansion and/or

addi tional sources of wastes when the original |and
acquisition is nade. Suitable land should be
available at the site for increasing the size of the
original construction. The facility shall be
designed and operated to retain all wntertime
flows.

I ndustrial Wastes

Due consideration will be given to the type and
effects of industrial wastes on the treatnent
process.

Multiple Units

Multiple cells are required and the design may
include facilities for series and parallel operation
for additional flexibility. However, series
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92.5
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operation is required to meet effluent standards and
to provide for better nutrient reduction.
Flexibility is desirable if one cell nust be taken
out of use for repair, enlargement or for some other
reason.

Were a greater degree of treatnment is necessary or
desirable, or when population growh required
additional treatment, nore cells can be added as
primary or secondary cells. The required surface
area and | oadings shall be as set.

Pretreat nent

When ponds are used to provide additional treatnent
for effluents from existing or new prinmary or
secondary sewage treatnment works, the review ng
authority wll, wupon request, establish BCD | oadings
for the pond after due consideration of the
efficiencies of the preceding treatnent units.

Pond Shape

The shape of all cells should be such that there are
no narrow or elongated portions. Round, square, or
rectangular ponds with a length not exceeding 3
times the width are considered most desirable. O her
shapes will be considered by the review ng
authority. No islands, peninsulas, or coves should
be permtted. Dikes should be rounded at corners to
m ni m ze accunul ations of floating materials.

93. Location

93.1

93.2

Di stance From Habitation

A pond site should be as far as practicable from
human habitation or any area which may be devel oped
within the reasonable future. A distance of at |[east
1/4 mles is reconmended whenever possible.
Prevailing Wnds

|f practicable, ponds should be |ocated so that
local prevailing winds will be in the direction of
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uni nhabited areas.
93.3 Surface Runof f
The facility shall be designed to exclude surface
run-off and shall not interfere with the natural
drai nage system unless adequate drainage is
i ncorporated into the design.
93.4 Gound Water Pollution
The site of waste stabilization shall be critically
evaluated with regard to locations in areas of
porous soils and fissured rock formations, as well
as location of water supplies and other facilities
subject to contamnation to avoid creation of health
hazards or other undesirable conditions. The
possibility of chemcal pollution shall be
consi der ed.
94, Pond Construction Details
94.1 Enbanknments and Dikes
94.11 Material
Enbanknents and dikes shall be constructed of
relatively inpervious materials and conpacted
sufficiently to form a stable structure. The
m ni num conpaction shall be 90 percent of
Proctor Density, however, 95 percent Proctor
Density is reconmended. Vegetation should be
removed from the area upon which the
embanknent is the be placed.
94.12 Top Wdth
The maxi mum enbankment top width shall be 8
feet to permt access of maintenance
vehi cl es.
94.13  Maxi num Sl opes
Embankment sl opes should not be steeper than:
94.131 | nner
3 horizontal to 1 vertical.
91.132 Quter




94.14

94.15

94.16

94.17

94.18
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3 horizontal to 1 vertical.
M ni mum sl opes
Enmbankment sl opes should not be flatter than:
94. 141 | nner
5 horizontal to 1 vertical.
Flatter slopes are sonetines
specified for larger installations
because of wave action but have the
di sadvantage of added shallow areas
conducive to energent vegetation
which also is conducive to
produci ng mosquites breedi ng
habi t ati on.
94. 142 Quter
Not appli cabl e.
Freeboard
M ni num freeboard shall be 3 feet.
M ni mum Dept h'
The mninum normal liquid depth in a primry
cell should be 2 feet.
Maxi mum Dept h'
Maxi mum normal |iquid depth in a primary cell
should be 5 feet. The reviewing authority may
consider depths over 5 feet in the secondary
or multiple cell facilities for special
consi derati ons.
Seedi ng
Enbankment shall be seeded from the outside
toe to the high water line on the insider
slope of the dikes. Perennial type, |ow
growi ng, spreading grasses that withstand

erosion and can be kept mowed are most

‘Not applicable for facilities with mechanical aeration.
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satisfactory for seeding of enmbanknments. In
general, alfalfa and other |ong-rooted crops
should be used in seeding, since the roots of
this type plant are apt to inpair the water
holding efficiency of the dikes. Th County
Agricultural Extension Agent can wusually
advise as to hardy, locally suited pernmanent
grasses which would be satisfactory for
enbanknent seeding. Additional protection for
enbankments (riprap) may be necessary where
the dikes are subject to erosion due to
severe flooding of an adjacent watercourse or
severe wave action.

Vegetation Control

A method shall be specified which will

prevent growth of vegetation on the bottom of
the ponds and to the high water line on the
di kes.

Pond Bottom

94.21

94. 22

94.23

Uniformty

The pond bottom should be as level as
possible at all points. Finished elevations
shall be within 2 inches of average elevation
of the bottom Shallow or feathering fringe
areas usually result in locally

unsatisfactory conditions.

Veget ati on

The bottom shall be cleared of vegetation and
other debris. Oganic naterial thus renoved
shall not be used in the dike core
construction. However, suitable topsoi
relatively free of debris may be used as

cover material on the outer slopes of the
embankmnent .

Soi |l Formation
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The soil formation or structure of the bottom
shall be relatively tight to avoid excessive
liquid loss due to percolation or seepage.
Soil boring and tests to determne the
characteristics of surface soil and
subsurface soil shall be nade a part of
prelimnary surveys to select ponds sites.
G avel linestone areas must be avoi ded.
Percol ati on

The ability to nmaintain a satisfactory water
level in the ponds is one of the most

I mportant aspects of design. Renoval of
porous topsoil and proper conpaction of
subsoil inmproves the water holding
characteristics of the bottom Conpacted
clay, bentonite, or other approved material
shall be used to adequately seal areas
containing sand, gravel, or other porous
material, and these areas shall be indicated
on the plans. Were excessive percolation is
anticipated, sealing of the bottom wth a
clay blanket, bentonite, or other sealing
material should be given consideration.
Percolation from the facility should be
limted to 1/8 inch per day.

94.3 Influent Lines

94. 31

Mat eri al
any generally accepted material for
underground sewer construction wll be given

consideration for the influent line to the
pond. The material selected should be adapted
to local conditions. Special consideration
nust be given to the character of the wastes,
possibility of septicity, exceptionally heavy
external |oadings, abrasion, the necessity of
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reduci ng the nunber of joints, soft
foundations, and simlar problens.
Surcharging of the sewer upstream from the
inlet manhole is not permtted.

94.32  Manhol es
A manhole shall be installed at the term nus
of the gravity outline and shall be |ocated
as close to the dike as topography permts
and it invert should be at least 6 inches
above the nmaxi mum operating |evel of out
surcharging the manhol e.

94.33 Influent Lines
Influent |ines should be |ocated below the
bottom of the pond and shall termnate in
accordance with Section 94.35. This line can
be placed at zero grade. The use of an
unexposed dike to carry the influent line to
the discharge points is prohibited, as such a
structure wll inpede circulation. A gate
valve and blow off are recommended in a
gravity influent line to allow cleaning of
the |ine.

94.34 Points of Discharge
The influent line to the prinmary cell or
cells should be essentially center
di scharging. Influent lines or
I nterconnecting piping to secondary cells of
multiple celled ponds operated in series
shall consist of pipes through the separating
dikes (Section 94.43). Influent |ines should
be located to mnimze short-circuiting
within the pond.

94.35 Inlets
The inlet line for gravity influent shall
di scharge horizontally into a shallow,
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saucer-shaped depression which should extend
bel ow the pond bottom not nore then the
diameter of the influent pipe plus 1 foot.
Force nmain inlet lines nay discharge
vertically through a 90° bend. The Iline
should not extend nore than 12 inches above
the lagoon floor elevation.

D scharge Apron

The end of the discharge |ine should
termnate with a concrete apron which a
mninum area of 6 feet square.

94.4 Di scharge and Interconnecting Piping

94. 41

94.42

Mat eri al

Di scharge and interconnection piping should
be of adequate Size and shall be manufactured
in conformty wth the latest standards issue
by the Anmerican Water Wrks Association or
applicable Commercial Standards. All

di scharge or interconnecting pipe lines shall
be valved with gate valves rated for use wth
the piping specified. Structures which allow
constant overflow shall not be permtted.

D scharge Piping

D scharge piping shall be installed conplete
with gate valve and valve box. The invert of
the piping shall be 6 inches or nore above
the pond bottom to avoid pick-up of bottom
deposits. Erosion protection should be
provided at the discharge end of piping. The
end of the discharge pipe should be screened
or valved to prevent entrance of small
animal s. Wen possible, the discharge piping
should be located to prevent short-
circuiting. Consideration nust be given in
the design of all piping to protect against
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freezing or ice damage under w nter
condi tions.

94.43 Interconnecting Piping.
I nterconnecting piping shall be installed
conplete with gate valve and valve box. The
invert or the pipe shall be 6 inches or nore
above the pond bottom to avoid pick-up of
deposits. Erosion protection should be
provided at the discharge end of piping. Wen
possi ble, the discharge piping should be
| ocated to prevent short-circuiting.
Consi deration must be given in the design of
all piping to protect against freezing or ice
damage under winter conditions.

M scel | aneous

95.1

95.2

95.3

Fenci ng

The conplete waste stabilization pond site shall be
enclosed with a suitable fence to preclude entrance
of livestock and discourage trespassing. A vehicle
access gate of sufficient width to acconmodate

mow ng equi prent should be provided. Al access
gates should be provided with a lock. Fences shall
be located away from the outside tow of the dike to
facilitate dike nowing and naintenance operations.
Vrning Signs

Appropriate signs should be provided along the fence
around the pond to designate the nature of the
facility and advise against trespassing.

Liquid Depth Operation

OQotimum liquid depth in the primary cell is
influenced to some extent Dby lagoon area since
circulation is larger installations permt greater
liquid depth. The basic plan of operation may also
i nfluence depth. Nornal operating depths are to be
controlled by the interconnecting or discharge



95.4

Page 11

pi ping and should range between 2 and 5 feet. For

W nter storage the operating |evel should be | owered
before ice formation and gradually increased to 5
feet by the retention of winter flows. In the
spring, the level in the secondary cell can be
lowered to any desired depth providing the l|iquid
meets effluent standards, and approval to discharge
has been obtained. Shallow operation can be

mai ntained followi ng discharge with generally
increased depths to discourage energent vegetation,
In the fa 11, the levels can be |owered, provided
effluent standards are met, to prepare for wnter
storage.

Laboratory Equi pnent

See Section 46.4



APPENDIX D

REQUIREMENTS FOR A CLASS |
NONHAZARDOUS INJECTION
WELL PERMIT



NORTH DAKOTA
DEPARTMENT OF HEALTH

ENVIRONMENTAL HEALTH SECTION

1200 Missouri Avenue
P.C, Box 5520
Bismarck, North Dakota 58506-5520

July 16, 1996 Fax #701-328-5200

Chris Rousseau

EERC, Universty of North Dakota
15N 23rd Street

Grand Forks, ND 58203

Re Class | injection well permit

Dear Mr. Rousseau:

Enclosed are & Class | permit gpplication, a summary of the technical requirements for UIC
permits, and Article 33-25 of the North Dakota Century Code dealing with the UIC program.

The state rules reference several sections of the Code of Federa Regulations, 40 CFR, Pat 144.
Additiond technical specifications and guidance can be found in these sections of the CFR. The
summary of technical requirements for UIC permits is still considered to be in draft form because
North Dakota has not received find EPA approva for some modifications made in the program.

Also required to obtain 8 Class | UIC permit is & $50,000 surety bond, or proof of equivalent
financial performance, t0 Wver emergency plugging or remediation of the well or area affected by
the well. | will supply you those forms when you are sure of your plans.

If you have any further questions please call me at 701-328-5233.

Sincerely,
_—
/% W ( -
Scott Radig ’;
Environmental Engineer
eacl.
tronmental Health Section Environmental Municipal Waste Water
e and Et:fjomomm Engineering Facilitios Management Quality
701.328-5150 701-328-5188 701-328-5211 701-328-5166 701-328-5210



NORTH DAKOTA DEPARTMENT OF HEALTH
DIVISION OF WATER QUALITY
Underground Injection Control Program

Class | Permit Application

Name of Facility:

Facility Contact:

Facility Mailing Address:

(Street or P.O. Box)

(City or Town) (State) (Zip Code)

Facility Location:

(Street, Route No., or Legal Description)

(County)

(City or Town) (State) (Zip Code)
SIC Codes:

List, in descending order of significance, the four 4-digit standard industrial
classification (SIC) codes found in the ‘Standard Industrial Classification Manual
which best describe your facility in terms of the principal products or services you
produce or provide. Also, specify each classification in words.

First: No._ Name
Second: No. Name
Third: No. Name

Fourth, No. Name



VI.

VILI.

VIII.

Operator  Information:

(Name)

Status of Operator.

F = Federal M = Public (Other than Federal or State)
S = State 0 = Other (Specify)
P = Private
(Street or P.O. Box) (Telephone No.)
(City or Town) (State) (Zip Code)
Indian Land:
Is this facili located on Indian Lands? Yes or No

Existing Environmental Pen-nits:

NDPDES (Discharge to Surface Water)
No.

RCRA (Hazardous Waste)
No.

PSD (Air Emissions from Proposed Sources)
No.

Other (Specify)

No.

Map:

Attach to this application a topographic map of the area extending to at least
one mile beyond property boundaries. The map must show the outline of the
facility, the location of each of its existing and proposed intake and discharge
structures, each of its hazardous waste treatment, storage, or disposal facilities,
and each well where it injects fluids underground. Include all springs, rivers, and
other surface water bodies in the map area.



X.  Nature of Business (provide a brief description]:

Xl The Following Information Shall be Submitted in an Engineering Report:

L

10.

11.

Maps showing the injection wells for which a permit is sought and the
applicable area of review. The map must show the number or name and
location of all producing wells, injection wells, abandoned wells, dry holes,
surface bodies of water, springs, mines, quarries, water wells, and other
pertinent surface features, including residences and roads.

A tabulation of data on all wells within the area of review which penetrate
into the proposed injection zone.

Maps and cross sections indicating the general vertical and lateral limits of
all underground sources of drinking water within the area of review, their
position relative to the injection formation, and the direction of water
movement, where known, in each USDW which may be affected by the
proposed injection.

Maps and cross sections detailing the geologic structure of the local area.

Generalized maps and cross sections illustrating the regional geologic
setting.

Proposed operating data which should include average and maximum
daily rate and volume of fluid to be injected, average and maximum
injection pressure, and source and analysis of chemical, physical,
radiological, and biological characteristics of injection fluids.

Proposed formation testing program to obtain analysis of chemical,
physical, radiological, and other characteristics of the receiving formation,.
including the estimated formation fracture pressure.

Proposed stimulation program.

Proposed injection procedure.

Engineering drawings of the surface and subsurface construction details
of the system.

Contingency plans to cope with all shut-ins or well failures so as to
prevent migration of fluids into any underground source of drinking water.

-3-



12.  Corrective action proposed to be taken for wells within the area of review
which penetrate the injection zone and are not properly completed or

plugged.

13.  Construction procedures, including the cementing and casing program,
logging procedures, deviation checks, and a drilling testing and coring
program.

14.  Expected changes in pressure, native fluid displacement, and direction of
movement of injection fluid.

15.  Discussion of the qualifications and training of injection operations
supervisory  personnel.

16. A certificate that the applicant has assured, through a performance bond
or other appropriate means, the resources necessary to close, plug, or
abandon the well.

17.  Any other information required to properly evaluate the application, such
as proposed observation wells, etc.

XIl. Certification:

| certify, under a penalty of law, that | have personally examined and am familiar
with the information submitted in this application and all attachments, and that,
based on my inquiry of those persons immediately responsible for obtaining the
information contained in the application, | believe that the information is true,
accurate, and complete. | am aware that there are significant penalties for
submitting false information, including the possibility of fine and imprisonment.

(Name & Official Title - Type or Print)

(Signature) (Date Signed)
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STATE OF NORTH DAKOTA
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August 29, 1989

Mr. william J. Del nore
Assistant Attorney General
Nort h Dakota state Departnent of
Heal t h and Consol i dated Laboratories
1200 M ssouri Avenue
P.0. BOX 5520
Bismarck, ND 58502-53520

Dear M. Del nore:

I have exam ned t he proposed anendnents to article 33-25
of the North Dakota Admnistrative Code concerning
underground INnjection c<entrol.

These administrative rules are in compljance with
N.D.C.C. § 28-32-02 and axe hereby approved astotheir
legality. Upon final adoption. these rules may be filed
with Legislative Council.

Sincerely,

, S
Y P :

Ni chol as J. Spaeth

dfm

cce Weyst

Ratherine Chester Vet
Legi sl ative Counci |

701.224.2210



ARTICLE 33-25

UNDERGROUND INJECTION CONTROL

Chapter
33-25-01 Underground Injection Control Program

Chapter 33-25-01
UNDERGROUND INJECTION CONTROL PROGRAM

Section

33-25-01-01 Definitions

33-25-01-02 Classification of Injection Wells

33-25-01-03 Prohibition of Unauthorized Injection

33-25-01-04 Prohibition of Movement of fluid Into
Underground Sources of Drinking Water

33-25-01-05 Identification of Underground Sources of
Drinking Water and Exempted Aquifers

33-25-01-06 Permitting

33-25-01-07 Area Permits

33-25-01-08 Draft Permits and Fact Sheets

33-25-01-09 Public Notice and Comment = Requests for

Hearings - Public Hearings - Response
to Comments
33-25-01-1 O Conditions applicable to All Permits

33-25-01-1 1 Technical Requirements

33-25-01-1 2 Plugging and Abandonment

33-25-01-1 3 Mechanical Integrity

33-25-01-1 4 Area of Review

33-25-01-1 5 Schedules of Compliance

33-25-01-1 6 Authorization of Class V Underground
Injection Wells

33-25-01-1 7 Requirements for Hazardous Waste
Injection Wells

33-25-01-1 8 Class IV Wells

33-25-01-01. Definitions.

1. “Abandoned well” means a well whose use has been permanently
discontinued or which is in a state of disrepair such that it cannot be
used for its Intended purpose or for observation purposes.

2. “Area of review” means the area of review surrounding an injection well

described according to the criteria in 40 CFR 146.6 and 146.63.

! 11/89
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10.

11.

12.

13.

14.

15

“Casing” means a pipe or tubing of appropriate material, of varying
diameter and weight, lowered into a borehole during or after drilling in
order to support the sides of the hole end thus prevent the wells from
caving to prevent loss of drilling mud into porous ground or to prevent
water, gas, or other fluid from entering or leaving the hole.

“Catastrophic collapse” means the sudden and utter failure of overlying
strata caused by removal of underlying materials.

“CFR” means Code of Federal Regulations as of August 27, 1987.

“Director” means the director of the division of water supply and
pollution control of the state department of health and consolidated
laboratories.

“Exempted aquifer” means an aquifer or its portion that meets the
criteria in the definition of “underground source of drinking water” but

which has been exempted according to the procedures of subsection 2
of section 33-25-01-05.

“Fluid” means material or substance which flows or moves whether in
a semisolid, liquid, sludge, gas, or any other form or state.

“Formation” means a body of rock characterized by a degree of
lithologic homogeneity which is prevailing, but not necessarily, tabular
and is mappable on the earth’s surface or traceable in the subsurface.

“Hazardous Waste” means a hazardous waste as defined in 40 CFR
261.3.

“Injection zone” means a geological formation, group of formations, or
part of a formation receiving fluids through a well.

“Packer” means a device lowered into a well to produce a fluidtight seal.
“Plugging” means the act or process of stopping the flow of water oil or

gas into and out of a formation through a borehole or well penetrating
that formation.

“Radioactive waste” means any waste which contains hazardous
material in concentrations which exceed those listed in 10 CFR part 20,
appendix B, table Il, column 2.

“Well” means a bored drilled or driver shaft or a dug hole, whose depth
is greater than the largest surface dimension.

2



History: Effective June 1 1983; amended effective November 1, 1989.
General Authority: NDCC 61-28-04
Law Implemented: NDCC 61-28-04

33-25-01-02. Classification of injection wells. Injection wells are classified as
follows:

1. Class [, Wells used to inject hazardous waste and other industrial and
municipal disposal wells which inject fluids beneath the lowermost formation
containing, within one quarter mile 1402.34 meters] of the well bore, an underground
source of drinking water.

2. Class Il. Wells which Inject fluids:

a. Which are brought to the surface in connection with conventional
oil or natural gas production and may be commingled with
wastewaters from gas plants which arc an integral part of
production operations unless those waters are classified as a
hazardous waste at the time of injection.

b. For enhanced recovery of oil or natural gas; and

c. For storage of hydrocarbons which are liquid at standard
temperature and pressure

3. Class lll. Wells which inject for extraction of minerals or energy.

4. Class IV. Wells used to dispose of hazardous wastes or radioactive
wastes into or above a formation which within one quarter mile [402.34
meters] of the well, contains an underground source of drinking water
and wells used to dispose of hazardous wastes which cannot be
classified under Class | wells, e.g., wells used to dispose of hazardous
wastes into or above a formation which contains an exempted aquifer.

5. Class V Injection wells not included in Class I, Il, I, or IV.

History: Effective June 1, 1983; amended effective November 1, 1989.
General Authority: NDCC 23-20.3, 61-28-04, 61-28.1-03
Law Implemented: NDCC 23-20.3, 61-28-04, 61-28.1-03

33-25-01-03. Prohibition of unauthorized injection. Any underground injection
(except Class Il and i) is prohibited except as authorized by permit or rule issued
under this section. Also the construction of any well required to have a permit under
this section is prohibited until the permit has been issued.
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History: Effective June 1, 1983.
General Authority: NDCC 61-28-04
Law Implemented: NDCC 61-28-04, 61-28-06

33-25-01-04. Prohibition of movement of fluid into underground sources of
drinking water.

1. No owner or operator shall construct, operate, maintain, convert, plug,
abandon, or conduct any other underground injection activity in a
manner which causes or allows movement of fluid containing any
contaminant into an underground source of drinking water if the
presence of that contaminant may cause a violation of any maximum
contaminant level under chapter 33-17-01 or which may adversely
effect the health of persons. The applicant for a permit shall have the
burden of showing that the requirements of this section are met.

2. The director shall prescribe additional requirements in accordance to 40
CFR 144.12(b) through (e} for all injection wells which may cause a
violation of a maximum contaminant level under chapter 33-17-01 or
which may adversely affect the health of persons.
History: Effective June 1, 1983; amended effective November 1, 1989.
General Authority: NDCC 61-28-04, 61-28. 1-03
Law Implemented: NDCC 61-28-04, 61-28. 1-03

33-25-01-05. Identification of underground sources of drinking water and exempted
aquifers.

1. The director may identify and shall protect as an underground source of
drinking water all aquifers or parts of aquifers which:

a. Supply any public water system; or

b. Contain a sufficient quantity of ground water to supply public
water system and:

{1} Currently supply drinking water for human consumption; or

(2) Contain fewer than ten thousand milligrams per liter total
dissolved solids; and

(3) Are not exempted aquifers.

2. After notice and opportunity for a public hearing the director may
designate, identify, and describe in geographic or geometric terms, or
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both, which are clear and definite exempted aquifers or parts thereof
using the following criteria.

a. It does not currently serve as a source of drinking water; and

b. {1) It cannot now and will not in the future serve as source of
drinking water because

{a)

{b)

(d)

It is mineral, hydrocarbon, or geothermal energy
producing;

It is situated at a depth or location which makes
recovery of water for drinking water purposes
economically or technologically impractical;

It is so contaminated that it would be economically
or technologically impractical to render that water fit
for human consumption; or

It is located over a Class Ill wall mining area subject
to subsidence or catastrophic collapse; or

(2) the total dissolved solids content of the ground water is
more than three thousand and less than ten thousand

milligrams per liter and it is not reasonably expected to
supply a public water system

History: Effective June 1, 1983; amended effective November |, 1989
General Authority: NDCC 61-28-04, 61-28.1-03
Law Implemented: NDCC 61-28-04, 61-28. |-03

33-25-01-06. Permitting

1. Application for a permit.

a. Any person who is required to have a permit shall complete, sign,
and submit an application to the director.

b. When the owner and operator are different, it is the operator’'s
duty to obtain a permit.

C. The application must be complete before the permit is issued.
d. All applicants of Class | wells shall provide information specified
in 40 CFR 144.31 (e) and 146.14{a) and © (for Class |

nonhazardous waste injection wells) or 40 CFR 146.10(a),
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146.71(7), and 1467 72(a} (for Class | hazardous waste injection
wells).

Applicants shall keep records of all data used to complete permit
applications and supplemental information for at least three years
from the date the application is signed.

Operators of new injection wells, unless covered by an existing
ere. permit, shell submit an application within a reasonable time
before construction is expected to begin.

2. Signatories to permit applications.

a.

All permits shall be signed as follows:

{1} For a corporation: by a principal executive officer of at
least the level of vice president.

(2) For a partnership or sole proprietor: by a general partner or
proprietor.

(3) For a municipality, state, federal, or other public agency:
by either a principal officer or authorized representative.

A person is a duly authorized representative if the authorization:
(n Is made in writing by the legal signatory;

{2)  Specifies an individual or position having responsibility for
the overall operation; and

{3) Is submitted to the director either prior to or along with
documents signed by the authorized representative.
Changes in authorization must be in writing and submitted to the

director.

Duration of permits. Underground injection control permits for
Class | and Il wells shall be effective for a fixed term of not more
then ten years.

Transfer of permits.

a. Any Class V permit may be automatically transferred to a
new permittee if:



(1) The current permittee notifies the director at least
thirty days prior to the proposed transfer date; and

(2)  The notice includes a written agreement between
the existing and new permittee containing:

(a} A specific date for transfer of permit
responsibility, coverage, and liability; and

(b} a demonstration that the new permittee meets
the financial responsibility requirements.

Permits for Class | wells may be transferred only if the
permit has been modified or revoked and reissued.

5. Modification, revocation and reissuance, or termination of
permits.

a.

Permits may be modified, revoked and reissued, or
terminated at the request of any affected person or at the
director’s initiative if cause exists as specified in 40 CFR
144.39. All requests shall be in writing and shall contain
facts or reasons supporting the request.

If the director tentatively decides to modify or revoke and

reissue a permit, the director shell prepare a draft permit
incorporating the proposed changes. The director may
request additional information and, in the case of a
modified permit, may require the submission of an updated
permit application. In the case of revoked and reissued
permits, the director shall require the submission of a new
application.

The following are causes for terminating a permit during its
term or for denying a permit renewal application:

(1 Noncompliance by the permittee with any permit
condition;

(2) Failure by the permittee to fully disclose all relevant
facts or misrepresentation of relevant facts; or

(3] A determination that the permitted activity
endangers human health or the environment.
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d. If the director tentatively decides to terminate a permit, the
director shall issue notice of intent to terminate.

History: Effective June |, 1983; amended effective November 1, 1989.

General

11/89

Authority: NDCC 61-28-04
Law Implemented: NDCC 61-28-04, 61-28-06

33-25-01-07. Area permits.

1.

The director may issue a permit on an area basis, rather than for each
well individually; provided, that the permit is for injection wells:

a.

Described and identified by location in permit applications, if they
are existing wells;

Within the same well field, facility site, reservoir project, or similar
unit in the same state;

Of similar construction;
Of the same class;
Operated by a single owner or operator; and

Used to inject other than hazardous waste.

Area permits shall specify:

The area within which underground injections are authorized; and

The requirements for construction, monitoring, reporting,
operation, and abandonment for all wells authorized by the
permit.

The area permit may authorize the permittee to construct and operate,
convert, or plug and abandon wells within the permit area, provided:

a.

The permittee notifies the director at such time as the permit
requires;

The additional well meets the area permit criteria; and

The cumulative effects of drilling and operation of additional
injection wells are acceptable to the director.



4. If the director determines that any additional well does not meet the area
permit requirements, the director may modify or terminate the permit or
take enforcement action.

5. If the director determines the cumulative effects are unacceptable, the
permit may be modified.

History: Effective June 1, 1983.

General Authority: NDCC 61-28-04

Law Implemented: NDCC 61-28-04, 61-28-06
33-25-01-08. Draft permits and fact sheets.

1. Draft permits.

a. When the application is complete, the director shall tentatively
decide either to prepare a draft permit or deny the application.

b. If the director decides to prepare the draft permit, it shall contain
the following information:

{1} All required permit conditions;

{2)  All compliance schedule requirements;

{3)  All monitoring requirements; and

{4) All specific requirements for construction corrective action,
operation, hazardous waste management, reporting,
plugging and abandonment, financial responsibility,
mechanical integrity, and any other conditions the director
may impose.

2. Feet sheets.
a. A feet sheet shall be prepared for:

(1) Every draft permit for a major facility or activity.

{2) Every draft permit which the director finds is the subject of
widespread public interest or raises major issues.

b. If a fact sheet is required, it:
(1) Shall be sent to the applicant and, on request, to any other
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person.

(2} Shall include:

{a)
{b)

{e)

(d)

(e)

{f)

History: Effective June [, 1983.

A brief description of the type of facility or activity.

The type and quantity of wastes, fluids, or pollutants
which are proposed to be or are being injected.

A brief summary of the basis for the draft permit
condition.

The reasons why any requested variances or
alternatives to required standards do or do not
appear justified.

A description of the procedure for reaching a final
decision, including:

N Beginning and ending dates of comment
period;

[2] Address where comments will be received,;

[3] Procedures for requesting a hearing and the
nature of the hearing; and

[4] Any other procedures by which the public
may participate.

The name and telephone number of a person to
contact for additional information.

General Authority: NDCC 61-28-04
Law Implemented: NDCC 61-28-04

33-25-01-09. Public notice and comment - Requests for hearings - Public
hearings - Response to comments.

1. Public notice.

a. The director shall give public notice that the following actions
have occurred.

11/89
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Public

(1) A draft permit has been prepared.
{2) A hearing has been scheduled.
{3) Intent to deny a permit application.

Public notice shall be given to allow thirty days for public
comment on the draft permit.

Public notice of a public hearing shall be given at least thirty days
before the hearing.

Public notice shall be given by the methods specified in 40 CFR
124.1 O(c).

Public notices and public notices for hearings shall at a minimum
contain the information specified in 40 CFR 124.10(d).

comment.

During the public comment period, any interested person may
submit written or oral comments and, if no public hearing is
scheduled, request a public hearing in writing stating the nature
of the issues.

All comments shall be considered in making the final decision and
shall be answered when the final permit decision is made.

Public hearing. The director shall hold a public hearing whenever there
is a significant degree of public interest in a draft permit. The director
also may hold a public hearing at the director’s discretion.

Response to comments.

a.

The director shall issue a response to comments when final permit
decision is made. The response shall:

(1} Specify which provisions if any of the draft permit have
been changed in the final permit decision and the reasons
for the change; and

(2} Briefly describe and respond to all significant comments on

the draft permit raised during the public comment period or
during any hearing.

11 11/89



b. The response to comments shall be available to the public.

History: Effective June 1, 1983.
General
Law Implemented: NDCC 61-28-04

11/89

Authority: NDCC 61-28-04

33-25-01-1 0. Conditions applicable to all permits.

1.

The general conditions contained in 40 CFR 144.51 apply to Class |
and V underground injection control permits. All conditions shall be
incorporated into the permits either expressly or by reference.

A permittee may not commence injection into a new injection well
until:

a. Construction is complete;

b. The permittee has submitted notice to the director that
construction is complete; and

c. The director has inspected or reviewed the new injection well
and finds it in compliance with the permit, or the permittee
has not received notice from the director of intent to inspect
within thirteen days of the permittee’s completion notice.

The director shall impose on a case-by-case basis such additional
conditions as are necessary to prevent the migration of fluids into
underground sources of drinking water.

The permit shall require the permittee to maintain financial
responsibility and resources to close, plug, and abandon the
underground injection operation in a manner prescribed by the
director. The permittee must show evidence of financial
responsibility to the director by the submission of surety bond, or
other adequate assurance, such as financial statements or other
materials acceptable to the director. Operators of Class | hazardous
waste injection wells must maintain the resources to close, plug, or
abandon the well and for postclosure care pursuant to 40 CFR 144
subpart F and 40 CFR 146.71 and 146.72.

The permittee shall retain all records concerning the nature and
composition of injected fluids until three years after completion of
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6.

plugging and abandonment of the well.

The following information shall be reported within twenty-four hours:

a. Any monitoring or other information which indicates that any
contaminant may cause an endangerment to an underground
source of drinking water.

b. Any noncompliance with a permit condition or malfunction of
the injection system which may cause fluid migration into or
between underground sources of drinking water.

History: Effective June |, 1983; amended effective November 1, 1989.
General Authority: NDCC 23-20.3-03, 61-28-04, 61-28.1-03
Law Implemented: NDCC 23-20.3-03, 61-28-04, 61-28.1-03

33-25-01-1 1. Technical requirements.

1.

2.

Construction

a. (1
{2)
(3)
(4}

b. Class

requirements

Existing wells shall achieve compliance with
construction requirements prior to permitting or
according to a compliance schedule established as a
permit condition.

New injection wells shall submit plans for testing,
drilling, and construction as part of the permit
application.

New injection wells shall be in compliance with
construction requirements prior to commencing injection

operations.

Changes in construction plans require approval of the
director.

| well construction shall conform to the requirements

contained in 40 CFR 146.12 (nonhazardous waste injection
wells) or 40 CFR 146.65 (hazardous waste injection wells).

Corrective action.
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Applicants for Class | nonhazardous waste injection well
permits shall identify all known wells which penetrate the
injection zone within the area of review.

Applicants for Class | hazardous waste injection well permits
are subject to the corrective action requirements of 40 CFR
146.64 and shall as part of the permit application submit a
plan to the director outlining the protocol used to:

{1) Identify all wells penetrating the confining zone or
injection zone within the area of review; and

(2) Determine whether walls are adequately completed or
plugged.

All Class | injection wells are subject to the following:

(1) For wells in the area of review which are improperly
sealed completed or abandoned, the applicant shall also
submit a corrective action plan consisting of such steps
or modifications as are necessary to prevent movement
of fluid into an underground source of drinking water.

{2}  The director’s review of the corrective action plan shall
consider all of the following criteria and factors:

(a) Toxicity and volume of the injected fluid.

{b) Toxicity of native fluids or byproducts of injection.
{c} Potentially affected population.

{d}  Geology.

(e}  Hydrology.

(f) History of the injection operation.

(g} Completion and plugging records.

{h)  Abandonment procedures in effect at the time the
wall was abandoned.
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(i) Hydraulic connections with an underground source
of drinking water.

{3) Where the corrective action plan is adequate, the
director shall incorporate the plan into the permit as a
condition.

{4) Where the corrective action plan is inadequate, the
director shall:

{a) Require the applicant to revise the plan;

(b) Prescribe a corrective action plan as a permit
condition; or

(c) Deny the permit.

{b) Permits for existing injection wells that require
corrective action shall include a compliance schedule
requiring corrective action as soon as possible.

{6) New injection wells may not be permitted until all
required corrective action has been taken.

{7) The director may require as a permit condition that
injection pressure be so limited that pressure in the
injection zone does not exceed hydrostatic pressure at
the site of an improperly competed or abandoned well
within the area of review. This pressure limitation shall
satisfy the corrective action requirement. Alternatively,
such injection pressure limitation can be part of a
compliance schedule and last until all other required
corrective action has been taken.

All Class | hazardous waste injection wells must be sited in
accordance with 40 CFR 146.62.

operating, monitoring, and reporting requirements for Class | wells
shall at a minimum include the items contained in 40 CFR 146.13
(for nonhazardous waste injection wells) or 40 CFR 146.67, 146.68,
and 146.69 (for hazardous waste injection wells).
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h. In authorizing a new Class | well, the director shall require the
submission of all the information specified in 40 CFR 144.31 and
146.14 (for nonhazardous waste injection wells) or 40 CFR 144.31,
146.70(a), 146.71 (a), and 146.72(a) (for hazardous waste injection
wells).

6. Prior to granting approval for the operation of a Class | well, the
operator shall submit for review by the director information listed in
40 CFR 146.14(b) (for nonhazardous waste injection wells) or 40
CFR 146.66 and 146.70(b) (for hazardous waste injection walls)

History: Effective June | 1983; amended effective November 1, 1989
General Authority: NDCC 23-20.3-03, 61-28-04, 61-28. 1-03
Law Implemented: NDCC 23-20.3-03, 61-28-04, 61-28.1-03

33-25-01-1 2. Plugging and abandonment

1. Any Class | permit shall include, and any Class V permit may include,
a plan for plugging and abandonment which shall be incorporated
into the permit as a condition to ensure that movement of fluids
either into an underground source of drinking water or between
underground sources of drinking water is not allowed.

2. Temporary intermittent cessation of injection operations is not
abandonment.
3. The permittee shall notify the director at such times as the permit

requires before conversion or abandonment of the well or in the case
of area permits before closure of the project.

4. Prior to granting approval for plugging and abandonment of a Class
| well, the director shall consider the plan submitted by the operator
which contains the information listed in 40 CFR 146 14{c) (for
nonhazardous waste injection wells) or 40 CFR 146 71 {(a}{4) and 146
72(a) (for hazardous waste injection wells)

History: Effective June 1, 1983
General Authority: NDCC 23-20.3-03, 61-28-04, 61-28. 1-03
Law implemented: NDCC 23-20.3-03, 61-28-04, 61-28.1-03

33-25-01-1 3 Mechanical integrity.
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1. A permit for any Class | well shall include, and for any Class V well
may include, a condition prohibiting injection operations until the
permittee shows to the satisfaction of the director that the well has
mechanical integrity.

2. An injection well has mechanical integrity if
a. There is no significant leak in the casing, tubing, or packer;
and
b. There is no significant fluid movement into an underground

source of drinking water through vertical channels adjacent to
the injection well bore.

3. The mechanical integrity of a Class | non hazardous waste well must
be demonstrated using the methods listed in 40 CFR 146(b), (c}, (d),
and (e). The director may also allow the use of radioactive tracer
survey (timed run method) for detecting leaks in the tubing, casing,
or packer and for demonstrating the absence of fluid movement
behind the casing (where the injection zone immediately underlies the
lowermost underground source of drinking water on a case-by-case
basis).

4. The mechanical integrity of a Class | hazardous waste injection as
defined by 40 CFR 146.8 must be demonstrated as established by
40 CFR 146.68(d).

5. The mechanical integrity of a Class | nonhazardous waste injection
well must be demonstrated at least once every five years and
whenever there has been a well workover.

History: Effective June 1, 1983; amended effective November 1, 1989.
General Authority: NDCC 23-20.3-03, 61-28-04, 61-28.1-03
Law Implemented: NDCC 23-20.3-03, 61-28-04, 61-28. 1-03

33-25-01-1 4. Area of review. The area of review for each injection well
or each field, project, or area of the state shall be determined according to 40
CFR 146.6 (for nonhazardous waste injection wells) or 40 CFR 146.63 (for
hazardous waste injection wells).

History: Effective June |, 1983; amended effective November 1, 1989.
General Authority: NDCC 23-20.3-03, 61-28-04
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Law

Implemented: NDCC 23-20.3-03, 61-28-04

33-25-01-1 5. Schedules of compliance.

1.

The compliance schedule of a Class | nonhazardous waste injection
well or a Class V injection well must require compliance as soon as

possible, and not later than three years after the effective date of the
permit.

If the schedule of compliance is for more than one year, then interim
requirements and completion dates (not to exceed one year) must be
incorporated into the compliance schedule and permit.

No later than thirty days following each interim and final date, the
permittee shall submit progress reports to the director.

No owner or operator of a Class | hazardous waste injection well
may begin injection until all corrective action as required in 40 CFR
146.64 has been taken.

History: Effective June | 1983; amended effective November 1, 1989
General

Law Implemented: NDCC 23-20.3-03, 61-28-04, 61-28. [-03
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Authority: NDCC 23-20.3-03, 61-28-04, 61-28.1-03

33-25-01-1 6. Authorization of Class V underground injection wells.

1.

Authorization of injection into a Class V well is authorized indefinitely
subject to the requirements of subsections 4, 5, and 6of section 33-
25-01 -10 and subsection 3 of section 33-25-01-I 2.

The owner or operator of any existing Class V well shall within one
year of the effective date of an underground injection control
program notify the director of the existence of any well meeting the
definitions of Class V under the owner’s or operator’s control, and
submit the following inventory information:

a. Name of owner or operator of the well and legal contact;
b. Number of wells and location by township, range and section;
c. Nature and volume of injected fluids;
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d. Construction features of the well including well depth screened
interval and casing size and type; and

e. Any other information which the director requests.

3. All new Class V wells shall be in compliance with article 43-35 and
submit to the director a log of formations penetrated and the
inventory information requested in subsection 2.

4. a. The director may require the operator of a Class V well
authorized by rule to apply for and obtain an individual or area
permit. Cases where permits may be required include:

(1}  The injection well is not in compliance with the
applicable rule

(2}  The injection well is not or no longer is within the
category of wells and types of well operations
authorized by rule.

{3) Protection of an underground source of drinking water
requires the injection operation be regulated by
requirements not contained in the rules.

b. Any owner/operator authorized by rule may request and be
granted a permit and hence be excluded from coverage by rule.

c. All injection wells regulated by rule shall submit inventory
information to the director.

d. Upon program approval, the director shall notify
owner/operators of injection wells of their duty to submit
inventory information.

e. Failure to submit required inventory information for a Class V
well within one year of program approval will result in
authorization removal for that well.

History: Effective June 1, 1983.

General Authority: NDCC 61-28-04, 61-28. 1-03
Law Implemented: NDCC 61-28-04, 61-28.1-03
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33-25-01-1 7. Requirements for hazardous waste injection wells. The
owner or operator of all wells injecting hazardous waste shall comply with the
requirements for hazardous waste management facilities as specified in 40 CFR
144.14, 146 subpart G, and 148.

History: Effective June 1, 1983; amended effective November 1, 1989.
General Authority: NDCC 23-20.3-04, 23-20.3-05, 61-28-04
Law Implemented: NDCC 23-20.3-04, 23-20.3-05, 61-28-04

33-25-01-1 8. Class IV wells. All Class IV wells are prohibited except wells
used to inject contaminated ground water that has been treated and is being
injected into the same formation from which it was drawn if such injection is
approved by the director in accordance with 40 CFR 144.13(c).

History: Effective June 1, 1983; amended effective November 1, 1989

General Authority: NDCC 61-28-04
Law Implemented: NDCC 61-28-04, 61-28-06
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TECHNICAL REQUIREMENTS FOR UIC PERMITS

A

Congtruction  Requirements
L. Generd

The date UIC program will evaluate all aspects of proposed congtruction of Class |
nonhazardous, Class | hazardous, and Class Il injection wells, and will maintain
construction standards that protect USDWs. The evduation will include supervison and
witnessing of many phases of well construction and testing.

The suitability of a proposed ste for underground injection is evauated by the appropriae
staff prior to issuing a permit. In determining the suitability of a proposed site, the
permitting agency will review information submitted in the technica report accompanying
the application and any information developed in the pre-gpplication conference. The
following factors are among those considered.

a Ste location relative to populaion digtribution,

b. Location relative to fresh water resources, water wells, and aress of
grouncwater ~ withdrawal.

C. Loca use of groundwater.
d. Site topography for evaluation of flood hazard, drainage problems, etc
e Ownership and use of adjacent land

f Detals of surficial geology, including locations of known or suspected
faults.

g Detalls of subsurface geology, including presence of an adequate injection

reservoir and confining strata, or presence of a suitable ore body, and
locations of al known or suspected faults.

h. Locations of dl known wells in the area and the probability of the presence
of unknown abandoned well holes.

In addition, the staff will perform Ste inspections prior to condruction to verify
information submitted with the application and to determine the accessibility of the
proposed ste for drilling and other congtruction equipment.

2. Mechanica Integrity Testing

Chapters 43-02-02. 1 and 33-25-01 of the North Dakota Adminigrative Code require that



the permittee demongtrate mechanica integrity before any Class | or Il injection well is
put into operation and issued a permit. Mechanicd integrity must dso be demondrated at
least once every five years and whenever there has been a well work over.

An injection well has mechanica integrity if it meets the following criteria

a There is no sgnificant leak in the casing, tubing, or packer. One of the
following methods must be used to evauate the absence or significant
lesks:

(1)  Monitoring of annulus pressure after an initid pressure test
(2)  Pressure test with liquid or gas.
€) Radioactive tracer survey (under approved conditions)

b. There is no sgnificant fluid movement into an underground source of
drinking water through verticd channels adjacent to the injection well bore,
One of the following methods must be used to determine the absence of
dgnificant fluid movement:

(1)  The reult of a temperature, noise log, or radioactive tracer survey
in certain cases.

(2)  The cementing records or cementing evaluation logs which show
the exisence of adequate cement to prevent fluid migration (only
for and Class Il1).

3 Radioactive tracer survey (under approved conditions).

c. The permitting agency may dlow the use of a test to demonsrate
mechanical integrity other than those lised above. Any dternate
mechanical integrity test must receive written approva from the permitting
agency and agreed on the EPA prior to implementation and be consstent
with the requirements of 40 CFR 146.8(d).

As a permit condition, the permitting agency will require that mechanica integrity be
demonstrated before an injection well is put into operation, Theredfter, Class | non hazardous and
Class Il injection wells must demondraie mechanical integrity a least once every five years, and
whenever there has be a well worked over.

d. Mechanica Integrity Testing of Class | Hazardous Waste Wells

Class | hazardous waste injection wells are required to perform additiona



mechanical integrity testing as follows:

(1)  The long sring casing, injection tube and annular sed will be tested
by means of an approved pressure test with liquid or gas annually
and whenever there has been a well work over.

(2)  The bottom hole cement will be tested annualy be means of an
approved radioactive tracer survey.

(3) An approved temperaure, noise survey, or other agpproved log will
be conducted at least once every five years to test movement of
flud dong the borehole,

(4) A casing ingpection log will be complete every five years.

(5)  Any other test gpproved by the Divison of Water Qudity in
accordance with 40 CFR 146.8(d) will be conducted.

In conducting and evauating the tests enumerated in this section and other tests to be
dlowed by the Department of Hedth, the owner or operator and the Department Hedth,
the owner and operator and the Depatment of Hedth will apply methods and standards
generaly accepted in the industry. Then the owner or operator reports the results of
mechanical integrity test to the Department of Hedth, he will include a description of the
test(s) and the method(s) used. In making the evauation, the Department of Heath will
review monitoring and other test data submitted since the previous evauation.

3. Class | Nonhazardous Well Condruction Requirements

a All Class | nonhazardous wells will be sted to inject into a formation which
IS beneath the lowermogt formation containing a USDW within one-quarter
mile of the well bore. All class | nonhazardous wells wifi be ceased and
cemented to prevent the movement of fluids into or between underground
sources of drinking water. The casing and cement used in the construction
of each newly drilled well will be designed for the life expectancy of the
well. In determining and specifying casing and cementing requirements, the
following factors will be considered:

(1)  The depth of the injection zone

(2)  Injection pressure, externd pressure, interna pressure, and axid
loading.

(3) Hole dze

(4) Size and grade of dl casng srings (wal thickness, diameter,
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nomina weight, length, joint specification, and construction
materid).

Corrosiveness of injection fluid, formation fluids, and temperature.
Lithology of injection and confining intervals

Type or grade of cement

All Class | nonhazardous injection wells, except those municipd wells
injecting non- corrosive wastes, will inject fluids through tubing, with a
packer set immediately above the injection zone, or tubing with an
approved fluid sed as an dternative. The tubing, packer, and fluid sed will
be designed for the expected service.
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The use of other dternatives to a packer may be alowed with the
written gpproval of the Department of Hedth. To obtan agpprova,
the operator will submit a written request to the Department of
Hedth which will set forth the proposed dternative and dl technica
data supporting its use. The Depatment of Hedth will approve the
request if the dternative method will religbly provide a comparable
level of protection to the USDW. The Depatment of Hedth may
aoprove an dternaive method solely for an individud wel or for
generd use.

In determining and specifying requirements for tubing, packer, or
dternatives, the following factors will be considered:

()  Depth of setting

()  Chaacterigtics of injected fluid (chemical content,
corrosiveness, and density).

(c) Injection pressure.

(d)  Annular pressure.

(e) Rate, temperaure, and volume of injected fluid

(H Size of casng

Appropriate logs and other tests will be conducted during the
drilling and congruction of al new Class | nonhazardous wells. A

description report interpreting the results of such logs and tests will
be prepared by a quaity log andyst and submitted to the
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Department of Hedth. At a minimum, such logs will include:

()

(b)

Deviaion checks on al holes condructed by first drilling a
pilot hole, and then enlarging the pilot hole by reaming or
another method. Such checks will be at sufficiently frequent
intervals to assure that verticd avenues for fluid migration
in the form of diverging holes are not created during
drilling.

Such other logs and tests as may be needed after taking into
account the availability of Smilar data in the area of the
drilling ste, the congtruction plan and the need for

additional information, that may arise from time to time as
the congruction of the well progresses. In determining
which logs and tests will be required, the following logs will
be considered for use in the following Stuations:

For surface casings intended to protect underground
sources of drinking water:

a) Resistivity, spontaneous potentid, and
cdiper logs before casing is indaled.

b) A cement bond, temperature, or densty log
dfter the casing is set and cemented.

i, For the immediate and long strings of casing
intended to facilitate injection:

a) Resistivity, spontaneous potential, porosity,
and gamma ray logs before the casing is
ingtalled.

b) Fracture-finding  logs.

c) A cement bond, temperature, or densty log
after the casing is s&t and cemented.

At a minimum, the following information concerning the injection
formation will be determined or caculated for new Class |
nonhazardous  wells:

(2)
(b)

Huid pressure,

Temperature.



(©) Fracture pressure.

(d)  Other physical and chemical characteristics of the injection
matrix.

(¢)  Physical and chemical characteristics of the formation fluids.

4, Class IIT Construction Requirements

Requirements for Class IIT wells include:

a.

All new Class [II wells will be cased and cemented to prevent the migration
of fluids into or between USDW. The North Dakota Geological Survey
may waive the cementing requirements for new wells in existing projects or
portions of existing projects where he has substantial evidence that no
contamination of the USDW would result. The casing and cement used in
the construction of each newly drilled well will be designed for the life
expectancy of the well. In determining and specifying cement and
cementing requirements, the following factors will be considered.

(M
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Depth to injection zone.

Depth to bottom of all USDWs.

Estimated maximum and average injection pressures.

The nature of injection and formation fluids.

Lithology of injection and confining zones.

External pressure, internal pressure, and axial loading.

Hole size.

Size and grade of all casing strings (wall thickness, diameter,
nominal weight, length, joint specification, and construction

material).

Type or grade of cement,

Appropriate logs and other tests will be conducted during the drilling and
construction of all new Class III wells. A descriptive report interpreting the



results of such logs and tests will be prepared by a qualified log andyst and
submitted to the North Dakota Geologica Survey. The logs and tests
appropriate to each type of Class III wel will be determined based on the
intended function, depth, construction, and other characterigtics of the well,
avallability of smilar data in area of the drilling Ste, and the need for
additional information that may arise from time to time as the congruction
of the well progresses. Deviation checks will be conducted on al holes
where pilot holes and reaming are used, unless the hole will be cased and
cemented by circulating cement to the surface. Where deviation checks are
necessary, they will be conducted at sufficiently frequent intervas to assure
that verticd avenues for fluid migration in the form of diverging holes are
not created during drilling.

c. Where the injection zone is a formation which is naturaly water-bearing,
the following information concerning the injection zone will be determined
or calculated for new Class III wells or projects:

(1)  Fuid pressure.
2 Fracture pressure
d. Physical and chemica characteristics of the formation fluids.

€. There the injection zone is not a water-bearing formation, only the fracture
pressure must be submitted.

f Where the injection is into a formation which contains water with less than
10,000 milligrams per liter totdl dissolved solids, monitoring wells will be
completed into the injection zone and into any USDW above the injection
zone.

g Where injection is into a formation which does not contain weter with less
than 10,000 milligrams per liter totd dissolved solids, no monitoring wells
are necessary in the injection drata

h. Where injection wells penetrate a USDW in an aea subject to subsidence

or catastrophic collgpse, an adeguate number of monitoring wells will be
complete into the USDW outsde the physicd influence of the subsidence
or catastrophic collapse.

5. Class | Hazardous Waste Wel Congtruction Requirements

Al existing and new Class | hazardous waste injection wells will be constructed and
completed to:



Prevent the movement of fluids into or between USDWs, or into any
unauthorized  zones.

Permit the use of appropriate testing devices and work over tools.

Permit continuous monitoring of injection tubing and long string casing by
ingaling and using continuous recording devices to monitor the injection
pressure, the flow rate, volume, and temperature of injected fluids, and the
pressure on the annulus between the tubing and the long string casing.
Automatic darm and automatic shutoff systems will be designed to sound
and shut-in the well when pressures and flow rates or other parameters
approved by the Department of Hedth exceed a range and/or gradient
specified in the permit. The automatic darm will dso be designed to sound
when the pressure and flow rates or other parameters approved by the
Department of Hedth exceed a rate and/or gradient specified in the permit.

All wel materids must be compatible with fluids with which the materids
may be expected to come into contact. A well will be deemed to have
compatibility as long as the materias used in the condruction of the well
meet or exceed standards developed for such materials by the American
Petroleum Indtitute, the American Society for Testing Materias, or
comparable standards acceptable to the Department of Hedth.

Casing and cementing used in the congtruction of each newly drilled well
will be designed for the life expectancy of the well, including the post-
closure care period. The casing and cementing program will be designed to
prevent the movement of fluids into or between USDWs, and to prevent
potentid lesks from fluids from the well. In determining and specifying
casing and cementing requirements, the Depatment of Hedth will consder
the following information:

(1)  Depth of injection zone.

(2)  Injection pressure, externa pressure, internal pressure, and axid
loading.

(3) Hoe sze

(4) Size and grade of dl casing grings (well thickness, diameter,
nominad weight, length, joint specifications, and congtruction
materid).

® Corrosveness of injected fluid, formation fluids, and temperature.

(6)  Lithology of injection and confining Zzones.



(7) Type or grade of cement
{8  Quantity of chemicd compostion of injected fluid

One surface casing string will, & maximum, extend into the confining bed below the
lowest formation that contains s USDW and may be cemented by circulating cement from
the base of the casing to the surface, using a minimum of 120 percent of the calculated
annual volume. The Department of Hedth may require other than 120 percent when the
geology or other circumstances warrant it.

e At least one long string casing, using sufficient number of centraizers, will
extend into the injection zone and will be cemented by circulating cement
to the surface in one or more of the following stages:

(I)  Of aufficient quantity and quality to withstand the maximum
operding pressure.

(2> In a quantity no less than 120 percent of the caculated volume
necessary to fill the annular space. The Department of Hedth may
require more than 120 percent when the geology or other
circumstances warrant it.

Circulation of cement may be accomplished by saging. The Depatment of Hedth
may approve an dternative method of cementing in cases where the cement cannot
be recirculated to the surface, provided that it can be demonstrated by using logs
that the cement is continuous and does not adlow fluid movement behind the well
bore.

f. Casing, including any casing connections, must be rated to have sufficient
dructural strength to withstand, for the design life of the well:

(1)  The maximum burst and collgpse pressures which may be
experienced during the congtruction, operation, and closure of the
well.

(2)  The maximum tensle stress which may be experienced a any point
dong the length of the casing during the construction, operation,
and closure of the well.

At a minimum, cement and cement additives must be of sufficient quaity and
Quantity to maintain integrity over the design life of the well.

g All Class | hazardous wagte injection wells will inject fluids through tubing,
with a packer set & a point by the Department of Hedth. In determining



and specifying requirements for tubing and packer, the following factors
will be considered:

€)) Depth of setting.

(2)  Characteristics of injection fluid (chemical contents, corrosiveness,
temperature, and density).

(3)  Injection pressure.
(4)  Annular pressure.

(5)  Rate (intermittent or continuous), temperature, and volume of
imjected fluid.

(6)  Size of casing.
(7)  Tubing tensile, burst, and collapse strengths.

h. The Department of Health may approve the use of a fluid seal if the
following conditions are met:

(1) Tt is demonstrated that the seal will provide a level of protection
comparable to a packer.

(2) It is demonstrated that the staff is and will remain adequately
trained to operate and maintain the well and to identify and
interpret variations in parameters of concem.

(3)  The permit contains specific limitations on variations in annular
pressure and loss of annular fluid.

4) The design contains specific limitations on variations in annular
pressure and loss of annular fluid.

(5) A secondary system is used to monitor the interface between the
annulus fluid and the injection fluid, and the permit contains
requirements for testing the system every three months and
recording the results.

Corrective Action

The state may require that corrective action be taken when any well within the area III
injection operation is inadvertently constructed, plugged, or abandoned so as to pose a
hazard to a USDW.



The area of review is the area surrounding an injection well or group of injection wells, for
which pressure data are collected and atificid penetrations are evauated for possble
corrective  action.

The area of review for Class | nonhazardous and Class V injection wells will be
determined as follows:

1, Zone of endangering influence. The zone of endangering influence will be that
aea, the radius of which is the laterd distance from an injection well, fid of
project, in which the pressure in the injection zone may cause the migration of the
injection zone may cause the migration of the injection and/or formation fluid into
a USbw.

2. Fixed radius. A fixed radius around the well, fidd, or project of one-quarter mile
minimum.

If the area of review is determined by a mathematicd model for the zone of endangering
influence, the permissble radius is the result of the calculation or measurement, even if it
is less than one-quarter mile.

The area for review for a Class | hazardous waste well will be a two-mile radius around
the well bore. The Department of Hedth may specify a larger area of review based on the
cdculated zone influence of the wel.

The area of review for each Class Il injection well will have a radius of not less than one-
quarter mile around each well or fields as may be determined by the North Dakota
Geologicd  Survey.

The Departmant of Hedth may modify the area of review for any Class | or III injection
well gpplication after appropriate review. Judtification for modifying area of review
requirements may include favorable geologicd conditions, great depth to injection zone,
amdl anticipated injection pressures and fluid

In generd, the staff reviews data submitted by the gpplicant, evaluates the proposed
corrective action plan and, if'the plan is gpproved, may incorporate it as a permit
provison. The following are requirements for corrective action:

1. Applications for Class | nonhazardous and hazardous injection well permits will
identify al known wells which penetrate the injection zone within the area of
review.

2. For wells in area of review which are improperly sedled, completed, or abandoned
the gpplicant will dso submit a plan condsting of such steps or modifications, are
necessary to prevent movement of fluid into a USDW.



The permit agency’'s review of the plan for corrective action will consider the
following criteria and factors.

a Toxicity and volume of the injected fluid.

h. Toxicity of native fluids or by-products of injection.

c. Potentidl  affected  population.

d. Geology.
e. Hydrology.
f, Higory of the injection operation.

g Completion and plugging records.
h. Abandonment procedures in effect a the time the well was abandoned
I Hydrologic connections with a USDW.

Where the corrective action plan is adequate, the plan will be incorporated into the
permit as a condition.

Where the corrective action plan is inadequate, the permuting agency will:
a Require the gpplicant to revise the plan.

b. Provide a corrective plan as a permit condition.

C. Deny the permit.

Permits for exigting injection wells that require corrective action will include a
compliance schedule requiring corrective action as soon as possible.

New injection wells may not be permitted until all required corrective action has
been taken.

The permitting agency may require as a permit condition that injection pressure be
S0 limited that pressure in the injection zone does not exceed hydrodtatic pressure
a the gte of any improperly completed or abandoned well within the area of
review. This pressure limitation will satisfy the corrective action requirement.

Alternatively, such injection pressure limitation can be pat of a compliance



schedule and last until al other required corrective action has been taken.
Operating, Monitoring and Reporting Requirements

State UIC regulations provide specific operating, monitoring, and reporting requirements
for Class | nonhazardous, Class | hazardous, and Class Il injection operations. Class V
wells will operation under generd rules prohibiting pollution of USDWSs and requiring
submisson of inventory data.

L. Operdting  Requirements

For Class | nonhazardous, Class | hazardous, and Class Il wells, the permit will
establish  that:

a The injection pressure a the well head will not exceed a maximum which
will be caculated s0 as to assure that the pressure in the injection zone
during injection does not initiate new fractures or propagate existing
fractures in the injection zone, initiate fractures in the confining zone, or
cause the movement of injection or formation fluids into a USDW.

b. Injection between the outermost casing protecting USDWs and the well
bore is prohibited.

For Class | nonhazardous wells, unless an dternative to tubing and packer has
written gpproval from the Department of Hedth, the annulus between the tubing
and the long dtring casing will be filled with a fluid and a pressure will be
maintaned on the annulus.

For Class | hazardous waste wells, the surface facilities must comply with the
Department of Hedth's rules and standards for hazardous waste management
facilities.

Additiona operating requirements for Class | hazardous wells are

a An annulus pressure that exceeds the operating injection pressure will be
maintaned unless the Department of Hedth determines that such a
requirement might harm the integrity of the well. The fluid in the anmulus
will be noncorrosive or will contain a corrosve inhibitor.

b. Mechanica integrity of the injection well will be maintaned a dl times.
c. Permit requirements for hazardous waste wells which inject waste which

have potentid to react with the injection formation to generate gases will
include:



(1)

2)

Conditions limiting the temperature, pH, or acidity of the injected
waste.

Procedures necessary to assure that pressure inbaances which
might cause a backflow or blowout do not occur.

Continuous recording devices will be ingaled and used to monitor the
injection pressure; flow rate, volume and temperature of the injected fluids;
and the pressure on the annulus between the tubing and the long string
casing. The following will dso be ingdled and used:

(D
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Automatic darm and automatic shutoff systems designed to sound
and shut in the well when pressures and flow rates or other

parameters approved by the Department of Hedth exceed a range
and/or gradient specified in the permit.

Automatic dlarms designed to sound when the pressure and flow
rates or other parameters approved by the director exceed a rate
and/or gradient specified in the permit, in cases where a certified,
trained operator will be on-gte a dl times when the well is

operating.

In an automatic darm or shutdown is triggered, an investigation will begin
immediately to investigate and identify as expediently as posshle the cause
of the darm or shutdown. If, upon such investigation, the well appears to
be lacking mechanica integrity or if the required monitoring listed above
other indicates that the well may be lacking mechanica integrity, the
following actions will be taken:

(D
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Cease injection of waste fluids unless authorized by the Department
of Hedth to continue or resume injection.

Take al necessary steps to determine the presence or absence of a
leak

Notify the Department of Hedth within 24 hours after the darm or
shutdown

If a loss of mechanicd integrity is discovered before an automatic darm or
shutdown is triggered, or during periodic mechanica integrity testing, the
following actions will be taken:

(1)
()

Immediate cease injection of waste fluids.

Take dl steps reasonably necessary to determine whether there may



have been a release of hazardous wastes or hazardous waste
condtituents into any unauthorized zone.

(3)  Notify the Department of Health within 24 hours after the loss of
mechanica integrity is discovered.

(4)  Notify the Department of Hedth when injection can be expected to
resume.

(5) Redstore and demonstrate mechanica integrity to the satisfaction of
the Depatment of Hedth prior to resuming injection of waste
fluids.

g Whenever evidence is obtained that indicates there may have been a release
of injected wadtes into an unauthorized zone, injection of wagte fluids will
immediately cease and:

(1)  Notify the Department of Health within 24 hours of obtaining such
evidence,

(2)  Take dl necessary dteps to identify and characterize the extent of
ay reease

(3)  Comply with any remediation plans specified by the Depatment of
Hedth.

(4)  Implement any remediation plan approved by Department of
Hedth.

(5)  When such release is into a USDW currently serving as a water
supply, placed a notice in a newspaper of generd circulation.

The Depatnment of Hedth may dlow the injection to resume prior to completing
cleanup action if it can be determined that the injection operation will not endanger
USDWs.

h. The Depatment of Hedth will be notified and approval obtained prior to
conducting any well work over.

Monitoring  Requirements
Each UIC permit will establish monitoring requirements as follows:
a Class | nonhazardous monitoring wells will, a a minimum, include:

(1)  The anayss of injected fluids with sufficient frequency to yield
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representative data of their characterigtics.

Indalation and use of continuous recording devices to monitor
injection pressure, flow rate and volume, and the pressure on the
annulus between tubing and the long string of casing.

The demongtration of mechanica integrity a least once every five
years during the life of the well.

The type, number and location of wells within the area of review to
be used to monitor any migration of fluids into and pressure in the
USDW, the parameters to be measured, and the frequency of
monitoring.

Ambient monitoring requirements are aso required for Class |
nonhazardous wells. Ambient monitoring is based on a Ste-specific
assessment of the potentiad for fluid movement for the well or injection
zone and on the potentid value of monitoring wells to detect such
movement. Department of Hedlth requires a monitoring program to be
developed. At a minimum, the program will:

M

(2)

)

)

&)

(6)

Monitoring the pressure buildup in the injection zone annualy
including, a& a minimum, a shutdown of the well for a time
sufficient to conduct a vaid observation of the pressure fall-off
curve.

The Department of Hedth may aso reguire continuous monitoring
for pressure changes in the first aguifer overlaying the confining
zone. When such a well is indaled, the aquifer will be sampled and
analyzed on a quaterly basis for condituents specified by the
Depatment of Hedth.

The use of indirect, geophysica techniques to determine the
position of the waste front, the water qudity in the information
designed by the Department of Hedth, or to provide other site-
specific  information.

Periodic monitoring of the groundwater qudity in the first aquifer
overflying the injection zone.

Periodic monitoring of the groundwater qudity in the lowermost
USDW.

An additiond monitoring necessary to determine whether fluids are
moving into or between USDWs,



Class Il monitoring wells will, a& a minimum, include:

(1)

(2)

)

(4)

()

(6)

(7)

The analysis of the physcal and chemicd characterigtics of the
injected fluid with sufficient frequency to yield representative data
on its characteristics.

Monitoring of injection pressure and wither flow rate or volume
semimonthly, or metering and daily recording of injected and
produced fluid volumes as appropriated.

Demondration of mechanica integrity a least once every five years
during the life of the well for sdt solution mining.

Monitoring of the fluid level in he injection zone semimonthly,
where appropriate, and monitoring of parameters chosen to
measure water quaity in monitoring wells semimonthly.

Quarterly monitoring of wells adjacent to the injection Ste to detect
any migration from the injection zone into a USDW.

All Class Il wells may be monitored on a field or project basis
rather than an individud well bass by manifold monitoring.
Manifold monitoring may be used in cases of facilities congsting of
more than one injection well operating with a common manifold.
Separate monitoring systems for each well are not required
provided the owner/operator demondrates that manifold
monitoring is comparable to the individua wel monitoring.

In determining the number, location, congtruction, and frequency of
the monitoring well, the following criteria will be considered:

(@)  The populdion relying on the USDW affected or potentidly
dfected by the injection operation.

(b)  The proximity of the injection operation to points of
withdrawa of drinking water.

(©) The loca geology and hydrology.

(d)  The operating pressure and whether negative pressure
grading is being mantaned.

(¢)  The toxicity and volume of the injected fluid, the formation
water, and the process of by-products.



® The injection well dengty

d. Class | hazardous waste well testing and monitoring requirements will, a a
minimum.  include:

(1)  Monitoring of Injected Wastes

(a)  An agproved written waste andyss plan will be developed
and followed that describes the procedures to be carried out
to obtan a detalled chemicd and physicd andyss of a
representative sample of the waste, including the qudlity
assurance procedures used. At a minimum, the plan will
specify:

I, The parameters for which the waste will be analyzed
and the raionde for the sdection of these
parameters.

i, The test methods that will be used to test for
parameters.

(b)  The sampling methods that will be used to obtan a
representative sample of the waste to be anayzed.

(2)  The andyss of the injected wastes will be repeated as described in
the waste analysis plan a frequencies specified in the waste analyss
plan, and when processes or operating changes occur that may
sgnificantly ater the characterigtics of the waste sStream.

(3)  Continuous or periodic monitoring will be conducted of selected
parameters as required by the Department of Hedth.

(4)  The wadte analysis plan will remain accurete and the andysis remain
representative.

e Hydro-geologic  Compdtibility — Determination

Information will be submitted that demongrates to the satisfaction of the
Department of Hedth the waste stream and its anticipated reaction
products will not ater the permesbility, thickness, or other relevant

characteristics of the confining or injection zones such that they would no
longer meet the minimum criteria for sting a Class | hazardous waste well

f Compatibility of Wl Materas



The waste stream must be compatible with the well materials with which
the waste is expected to come into contact, and submit to the Department
of Hedth a description of the lithology used to make that determination.
Compatibility for purposes of this requirement is established if contact with
injected fluids will not cause the well materias to fal to satisfy any design

requirements imposed under the condruction requirements for a Class |
hazardous waste well.

(1)  The Depatment of Hedth will require continuous corrosion
monitoring of the congruction materids used in the well or wells
injecting corrosve wastes, and may require such monitoring for
other wastes by:

(a) Placing coupons of the well construction material in contact
with the waste stream.

(d)  Routing the waste stream through a loop construction with
the materid used in the well.

(c) Usng an dternate method approved by the Department of
Hedth.

(2) If a corroson monitoring program is required:

(a)  The test will use materias identical to those used in the
congruction of the well, and such materials must
continuoudy be exposed to the operating pressures and
temperatures (measured at the wellhead) and flow rates of
the injection.

() The materias will be monitoring for loss of mass, thickness,
cracking, pitting, and other signs of corrosion on a quarterly
basis to ensure that the well components meet the minimum
gandards for materiad srength and performance set forth in
the congtruction  requirements.

3. Periodic Mechanicd Integrity Testing

The requirements for periodic mechanica integrity testing will consst of the following:

a.

The long string casing, injection tube, and annular sed will be tested by
means of an approved pressure test with a liquid or gas annudly and
whenever there has been a well work over.

The bottom-hole cement will be tested by means of an approved



e.

radioactive tracer survey annualy.

An approved temperature, noise, or other approved log will be run a least

once every five years to test for movement of fluid adong the bore hole. The
Department of Hedth may require such tests whenever the well is worked

over.

Casing ingpection logs will be run at least once every five years unless the
director waives this requirement due to well congtruction or other factors
worked which limit the test's reiability.

Any other test deemed necessary by the Depatment of Hedlth,

4. Ambient  Monitoring

a.

The Department of Hedth reguires a monitoring program a monitor
program to be developed based on a Ste-specific assessment of the
potentid for fluid movement for the well or injection zone, and on the
potentia value or monitoring wells to detect such movement: & a
minimum, the Department of Hedth will require monitoring of the pressure
buildup in the injection zone annualy including, a a minimum, a shutdown
of the well for a sufficient time to conduct a vaid observation of the
pressure fal-off curve.

The Depatment of Hedth may aso require a monitoring system condsting

Oof

(1)  Continuous monitoring for pressure changes in the first aquifer
overlaying the confining zone. When such a well is ingdled, the
aquifer will be sampled and andyzed quarterly for condituents
specified by the Depatment of Hedth.

(2) The use of indirect, geophysica techniques to determine the
position of the waste front, the waster qudity in a formation
designated by the Department of Hedth, or to provide other site-
Specific data

(3)  Periodic monitoring of the groundwater quaity in the first aquifer
overlaying the injection zone.

(4)  Periodic monitoring of the groundwater quaity in the lowermost
USDW.

(5)  Any additiond monitoring necessary to determine whether fluids



ae moving into or between USDWs

The Depatment of Hedth may require seismicity monitoring when
there is reason to believe tha the injection activity may have the
capacity to cause seismic disturbances.

Requirements

For Class | nonhazardous injection wells, reporting requirements will, a a
minimum,  include;

Quarterly reports to the Divison of Water Quality on:

The physical, chemica, and other relevant characteristics of
injection fluids.

Monthly average, maximum, and minimum vaues for injection
pressure, flow rate and volume, and annular pressure.

The result of monitoring of wells in the area of review.

Reporting the results with the first quarterly report after the completion of:

Periodic tests of mechanical integrity

Any other tests of the injection well conducted by the permittee if
required by the Depatment of Hedth.

Any wel work over.

For Class Ill injection wells, reporting requirements will, a a minimum

include:

(6)
5. Reporting

a

1)

(2)

(3
h.

(1)

2)

(3
C.

(1)

@)

(3
d.

Quarterly reporting to the North Dakota Geologica Survey on
required  monitoring.

Results of mechanica integrity and any other periodic tests required
by the North Dakota Geologica Survey reported with the first
regular quarterly report after the completion of the test.

Monitoring may be reported on a project or field basis rather than
individua well bass where manifold monitoring is used.

For Class | hazardous waste injection wells, reporting requirements will, at
a minimum, include



(1) Quarterly reporting to the Depatment of Hedth on the following:
(&) The maximum injection pressure.

()  The description of any event that exceeds operating
parameters for annulus pressure as specific in the permit.

(¢) A deription of any event which triggers an darm or
shutdown device and the response taking.

(d)  The totd volume of fluid injected.
()  Any change in the annular fluid volume.

() The physical, chemica, and other relevant characteristics of
injected fluids.

(g)  The result of the required monitoring.

(2) Reporting within 30 days or with the next quarterly report,
whichever come later, the results of

(a)  Periodic tests of mechanica integrity.
{b)  Any other tests of the injection required by the director

(©  Any wel work over.

Plugging and Abandonment

Each permit application submits a proposed plugging and abandonment plan for the
permitting agency’s review. The proposed plan includes such information as:

1.

2.

The type of plugging method

Grades and anticipated volumes of cement.

Size and placement depth of cement plugs.

A discusson of the procedures for pre-plugging hole conditioning.
Type and density of mud or other fluid left in the hole.

The sequence of steps involved in the plugging operation.



Prior to aandoning Class | and 11l injection wells, the wells will be plugged with cement
in @ manner which will not alow movement of fluid either into or between USDWs. The
North Dakota Geologicd Survey may dlow Class 11l wellsto use other plugging materids
if there is satisfaction that such materiads will prevent movement of fluids into or between
USDWs.

1. The placement of cement plugs will be accomplished by one of the following:
a The baance method
b. The dump baler method.
c. The two-plug method

d. An approved methods which will reliable provide a comparable leve of
protection to USDWs.

The well to be abandoned will be in a date of satic equilibrium, with the mud weight
equaized top to bottom, ether by circulaing the mud in the well a least once or by a
comparable method prescribed by the permitting agency prior to the placement of the
cement plugs.

For individudly permitted wells, the information listed above may be specific and
quantitative. However, for area permits, the procedures, materias, efc. may be generdized
and applied to al plugging operations performed within the permit area. In the case of
Class Il well fild which are in or underlying exempted aquifers, t he plan will

demonstrate that contaminants from the mine zone will not move into USDWs. There it is
necessary, the permitting agency may prescribe agquifer cleanup and restoration to ensure
that such contaminant migration will not occur. In addition to the plan, each applicant
must dso provide a certification of financia respongbility as a guarantee that the injection
operation will be plugged and abandoned in a manner prescribed by the appropriate
divison. The Divison of Water Qudity (al Class | injection wells) and the North Dakota
Geological Survey (Class Il injection wells) must be notified in writing a least 90 days
prior to commencement of plugging operations.

Additiona requirements pertaining to closure activities for Class | hazardous waste well
146.71 (closure), 146.72 (post-closure care), and 146.73 (financia responsibility for post-
closure care).



APPENDIX E

DESIGNS AND EXCAVATION
REQUIREMENTS FOR FT
DEMONSTRATION AND
COMMERCIAL PONDS



Figure E-I. Demonstration Plant Brine Evaporation Pond Design and Excavation Requirements
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Above Surface Elevation: Below Surface Elevation:
Surlace dimension, (ft) 651 Base dimension. (ft) 575
Berm width, (f1) 8 Depth below grade, (ft} 3.8
Height above surface, (ff) 6.2 Width of slops, (t) 11.4
Width of slope, (ft) 18.6 '
Soil req. for berm, (cuyd) 15906 Excavation req., {cuyd) 50296

Excess soil avaiable lor Intermediate storage pond, (cuyd) = 34390



Figure E-2. Demonstration Plant Freezing Pad Design and Excavation Requirements

Freezing Pad
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Above Surface Elevation: Below Surface Elevation:
Surface dimension, (f) 808 Base dimension, ({ft) 784
Berm width, (it) 6 Depth below grade, (It) 2.33
Height above surlace, (ft) 1.67 Width of slope, (ft) 6.99
Width of slope, (ft) 5.01 .
Soil req. for berm, {cuyd) 2601 Excavation req., (cuyd) 54951

Excess soif available for Intermediate storage pond, {cuyd) = 52350



Figure E-3. Demonstration Plant Intermediate Storage Pond Design and Excavation Requirements
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Above Surface Elevation: Below Surface Elevation:
Surface dimension, (ft) 665 Base dimension, (ft} 529
Berm width, (fl) 6 Depth below grade, (ft) 3.73
Height above surface. (ft) 19.27 width of slope, {ft) 11.19
Width of slope, (ft) 57.61
Soil req. for berm, {cuyd) 128695 Excavation req., {cuyd) 42000

Additional soll available from brine svap. pond and freezing pad, {cuyd) = 86695



Figure E-4. Commercial Plant Brine Evaporation Pond Design and Excavation Requirements
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Above Surface Elevation: Below Surlace Elevation:
Surface dimension, {ft) 696 Base dimension, (f) 623
Berm width, (it) 16 Depth below grade, (ft) 3.77
Height above surace, (f) 6.23 Width of slope, (ff) 11.31
Width of slope, {ft) 16.69
Soil req. for berm, {cuyd) 28752 Excavation req., {cuyd) 99845

Excess soil available for Intermediate storage pond, {(cuyd}) = 71094



Figure E-5. Commercial Plant Freezing Pad Design and Excavation Requirements

Freezing Pad

1130 -~>L
Y
2.1 3
} |
1.89 1
Y A 4 16 <—
< —4106 >l
Above Surface Elevation: Below Surface Elevation:
Surface dimension, (ft) 1130 Base dimension, (ft) 1106
Berm width, (ft) 16 Depth below grade, (It) 1.693
Height above surace, (i) 2.11 Width of slope, (ft) 5.679
Width of slope, (ft) 6.32
Soil req. for berm, (cuyd) 7873 Excavation req.. {cuyd) 87533
Excess soil available for Intermediate storage pond, (cuyd) = 79660



Figure E-6. Commercial Plant Intermediate Storage Pond Design and Excavation Requirements
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Above Surface Elevation: Balow Surface Elevation:
Surface dimension, (ft) 933 Base dimension, (ff) 776
Berm width, (ff) 16 Depth below grade, (ff) 2.746
Helght above surface, (ft) 20.25 Width of slope, (ff) 6.236
Width of slope, (ft) 60.76

Soil req. for berm, {cuyd) 214699 Excavation req., {cuyd) 64195

Additional soil available from brine evap. pond and freezing pad, (cuyd} = 150705
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