Lewis & Clark Water Supply Project Final Engineering Report

3. Proposed Facility Design Criteria and Requirements
3.1. General Design Criteria

Basic design criteriainvolving engineering, hydraulics and other miscellaneous factors have been devel oped
and are outlined herein. These various design criteria provide guiddinesto develop the preiminary Szing,
layouts and designs for the various dternatives for the various water collection, trestment, distribution and
dorage facilities. In addition, design criteria follow recognized sources such as the Recommended
Standards for Water Works* (frequently referred to as the "Ten States Standards') and other published
design criteria and recommendations by regulatory agencies (as appropriate) in South Dakota, lowa,
Minnesota and the United States EPA.

The materids and standards used in congruction have a direct impact on congruction cods for the
proposed water system improvements. The type of treetment system used has an impact on congtruction
costs for the proposed water treatment improvements. This report considers two types of treatment
systems, conventiona flocculation/sedimentation and microfiltration and multiple pipe materids.

3.1.1. DesignLife

The project life of theimprovements should be considered in the dternative selection process. Design
life for water treetment plant and well structuresistypicaly intherange of 40to 50 years. Thetypica
design lifefor pipdines, sructuresand water reservoirsis approximately 50 years. Process and pump
equipment design lifeistypicaly 20to 25 years. Thelife of submersible pump equipment istypicaly 10
to 15 years.

3.1.2. Flow Criteria
Chapter 2 detail sthe results of surveys undertaken by Lewis& Clark to determine the water needs of

its membership. This gpproach differs from typical rurd water systems. Lewis& Clark isaregiond
bulk digtributor to existing water systems. Water use projections were provided by

1 Recommended Standards for Water Works, Great Lakes and Upper Mississippi Board of State Public Health and
Environmental Managers, 1992 and Criteria for Design of Public Water Facilitiesin South Dakota, Supplement to
the Recommended Standards for Water Works, July 1, 1979.
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the member systemsto meet their needs and water use Strategy. Projected water demandsof Lewis&
Clark member sysems are listed in Table 2.4-3.

These exigting water sysemsinclude ditribution and water Sorage components. Some systems, Sioux
Falsfor example, will usetheir Lewis& Clark supply as a supplementa supply to their exigting water
sources.  Other systems will use their Lewis & Clark supply as their primary supply. It is not
anticipated that Lewis & Clark water demands will vary significantly due to the member system usage
(strongly influenced by Sioux Fals planned usage of its entire reserved capacity) and the buffer of
individual members water storage and digtribution systems. In addition to soragewithin theindividua
sysems, the Lewis & Clark pipdine sysem will include storage srategicaly placed dong the
transmission pipeline route.

3.1.2.1. Well System

The wd| system shoud be szed to ddliver the currently identified reserved capacity of 27.2MGD
plus additional capacity as described below. Additional capacity in the raw water collection and
connecting pipdine system will be provided to account for anticipated water lossesin the water
treatment process (this will be dependent upon the trestment process selected), operationa
requirements and anticipated transmisson pipdinelosses. Further, it isanticipatedthewdl system
will be congtructed in two or more phasesto determine (through experience) acceptableyiddsand
to match the delivery requirements as the project is constructed.

The required well yield is based on delivery of the tota reserved capacity demand in 24-hours.
Anticipated daily water treatment plant waste stream flow is projected to range from 0.2 to 2.8
MGD. Transmission pipdline system lossesare anticipated to be 5% of thetota reserved capacity
demand (1.36 MGD). The ca culated demand capacity would rangefrom 28.8t0 31.4 MGD with
anticipated | ossesincluded, depending upon trestment process selected. Therefore, thewell sygam
should have the ability to provide approximately 29 to 32 MGD flow to the water treatment plant.
Thisis subject to change and is highly dependent upon the actua well yidds.

Depending upon theyield of theindividua wells, it would be desirableto have the ability to provide
some redundancy of supply. Redundancy of supply would accomplish severd project gods and
requirements, including:
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> Provide ability to cycle wells to extend life of the pumps and other equipment;

> Provide greater security of the supply in the event of prolonged drought and low water
conditionsin the Missouri River;

> Provide separation between wells to provide better security of the water supply from
potential contamination or impacts caused by flooding conditions;

> Providetheahility to isolate wellsfrom the system and till maintain the ability to provide
a least 29 to 32 MGD to the treatment plant in the event a well is compromised or
inoperdive; and

> Provide the ability to remove a well from service in order to conduct preventative
mai ntenance to make repairs.

Currently, it isenvisoned that awell system in the Mulberry Point area (Sites A, B, C and D) will
produce approximately 22.5 to 26 MGD, under seasond average conditions. Yield will depend
upon seasondl river stage, ground water temperature and recharge conditions. Another areanorth
and west of Mulberry Point could be devel oped, however the potentid yield per well islessthan
that of wellsin the Mulberry Point area® 3

Thewell sysem should have the ability to ddiver a least 29 to 32 MGD with the highest yielding
well in standby mode.

3.1.2.2. Raw Water Pipeline System

The main raw water pipeline system should be sized to ddiver the currently identified reserved
capacity (plus operationa water requirements and anticipated transmission pipeline losses) of the
approximate range of 29 to 32 MGD - the same as the well sysem. The laterd system (lines
connecting individud wells to the main pipeline) should be sized to match the estimated capacity of
theindividud wells

Actud latera and connecting line sizing will be based on the results of production pump test well
invedtigations et theindividud well stes. Themainlinefrom thelaterdsto thewater treatment plant
will be based on addivery capacity of at least 29 to 32 MGD.

2 Report of Site B Mulberry Point Hydrogeologic Investigation to Deter mine Water Supply Development Potential
From Radial Collector Well for Lewis & Clark Rural Water System, December, 2001, Layne Christensen
Company.

¥ Responsesto VE Study — Final Engineering Report (1/8/02), March 20, 2001, Banner Associates, Inc. and HDR
Engineering, Inc.
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3.1.23. Water Treatment Facilities

Thewater trestment facilities should be sized to deliver the currently identified reserved capacity of
27.2 MGD in 24 hours plus anticipated transamission pipeline losses and water treatment plant
process|ossesand uses. Anticipated daily water treatment plant waste stream flow is projected to
range from 0.2 to 2.8 MGD, depending upon treatment process selected. Transmisson pipeline
system losses are anticipated to be 5% of the total reserved capacity demand (1.36 MGD). Total

treatment plant capacity should provide the capacity to deliver 28.6 MGD, over a24-hour period,
to the trested water transmission pipeline system.

3.1.2.4. Treated Water Transmission, Pumping and Storage Facilities

Lewis & Clark will deliver each system’s reserved capacity at a uniform rate over a 24-hour
period. To meet the pesk day demand, pumping from the clearwdl into the treated water
tranamisson system would occur over a 24-hour period. Pumping at a rate of gpproximeately
19,850 gpm would provide the total peak day system demand of gpproximately 28.6 MGD. The
required pipeline capacity decreases adong the transmisson pipeline route a member g/stem
turnouts. Figure 3.1-1 is a system schematic showing the capacity of the transmisson pipeline
systemn required to meet member system tota reserved capacity demands. The flow rates shown
on Figure 3.1-1 include a 5% loss factor throughout the system.

Main line booster pump stations, as required aong the transmission pipdine route, should be sized
to match thetota reserved capacity of the systems downstream of the booster pump station plusan
alowance for 5% loss. Service connection booster pump gtations, if required, should match the
reserved capacity of the member system.

Criteria used to determine total system storage is based on the Recommended Standards for
Water Wor ks, which recommends™... the minimum storage capacity for sysemsnot providing fire
protection shal be equd to the average daily consumption.” Storagewithinthetransmisson system
will not be designed for fireflows. Dueto the nature of the Lewis& Clark system, and the different
water use drategies of its member systems, the average daily water demand method will not be
used. Itisenvisonedthat Lewis& Clark’ saverage day demand will be essentidly the same asthe
peek demand as the system matures. Therefore, it is recommended the tota storage in the
transmission pipeline system be sized to provide approximately 29 to 30 MG. This amount is
dightly higher than the total reserved capacity
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of gpproximatedly 27.2 MG. Individual storage reservoirs should be sized to provide emergency
storage equd to the maximum day demand (tota reserved capacity) on the branch of the pipdine
served by that reservoir, if possible.

3.2, Well System

The proposed facility design criteriaand generd requirementsfor thewe | sysem arediscussed below. The
well fiedd will include radia collector wells or a combination of collector, vertica, and angle wells.

3.2.1. Wél TypesEvaluated

3.21.1. Radial Collector Wdlls

Horizontd radia collector wellsare comprised of alarge diameter reinforced concrete cai sson that
serves as awet well/pumping station. The collector is equipped with a series of well screensthat
are projected horizontally into the aquifer from near the bottom of the caisson. The caisson is
congtructed to the desired depth using the openend cai sson sinking method and abottom: sedling
plug ispoured to make the caisson watertight. Theradia collectors can beingtaled at one or more
elevations and may be placed in a variety of patterns and lengths depending upon aquifer

characteristics and project requirements. The caisson is extended above known or anticipated

flood eevations and the well istypicaly completed with a pump house and contrals.

The collector type of well was evaduated for the Lewis & Clark Rurd Water System for severd

ressons.  Firgt, maximum yields, typicaly exceeding the yidd of severd verticd wels, can be
achieved becausethe horizontal position of thelateralsalowsfor greater drawdown and because of
the large effective well radius. Potentid yield can be further enhanced by induced infiltration of

surface water and water quality may be improved due to naturd filtration. Also, because the
lengths of thelateral well screensare not restricted by aguifer thickness, increased screen open area
resultsin ahighly efficient well with low entrance veocities and minima maintenance. Findly, the
higher collector yidd typicdly results in optimization of pumping efficiency, operations, and

maintenance as compared to multiple individud verticd wells.
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Pump house facilities will be congtructed on top of the caisson and will contain the pumps/motors,
electrical switchgear and discharge piping.

Generd collector well congtruction guiddines are summarized below:

> Thetop of caisson will be at least three feet above the 100-year flood leve.

> Thecaisson wall isto be reinforced to withstand the forces it will be subjected to from
the aguifer materia and water.

> Radia collectors should be congtructed in areas and at depths approved by the
regulatory agency.

> Provisonswill be made so that radia collectors are essentialy horizontal.

> Thetop of caisson shdl be covered with awatertight floor.

> All openings in the caisson floor must be curbed and protected from the entrance of
foreign materid.

> Pump discharge piping shal not penetrate the caisson walls.

> Provisonswill be made for periodic measurement of weter levelsin the well.

- Eachradid collector will have provisonsto isolate it from the caisson.

> Radid collector screenswill be congtructed of materidsresistant to damage by chemica
action of groundwater or cleaning operations.

> Maximum screen entrance velocity should not exceed 0.03 FPS, assuming 50 percent of
the screen openings are plugged.

3.2.1.2. Vertical and Angle Wells

Verticd and anglewdlswill be evauated as dternatives to the collector well design. Vertica and
angle wedlls are less expengve to condruct. However, since their production capacity is less,
subgtantialy more vertical and angle wells would be required as compared to the collector well.

Vertica wells and angle wells could be congtructed to gain maximum benefit of both groundwater
and surface water from theriver. Vertica wellswould be congtructed adjacent to the river while

angle wdls would be congtructed under the riverbed to maximize production.

Generd verticad and angle well condtruction guiddines are summarized below:
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> Thetop of wdl casing will be &t least three feet above the 100-year flood level and a
least 18 inches above fina grade eevation.

> Waels must be sedled near the surface to prevent the entrance of surface water.

> Casng and screen should be congtructed of materias resstant to damage by chemica
action of groundwater or cleaning operations.

> Maximum screen entrance e ocity should be limited to 0.1 feet/second; assuming 50
percent of the screen openings are plugged.

> Anglewdlscan beingaled a an angle of 45 degrees or greater (as measured from the
vertica) to extend from abank under a stream or river.

3.2.2. Land Requirementsand Well Field Protection

Theland on which thewellsareto belocated, aswell asland around each well, should be owned (or in
the case of State Land, a long-term lease) by Lewis & Clark and will include land for the well and
pump house, wellhead protection, access to the well, and well collector piping and other utilities. To
meet these objectives, up to 4 to 5 acres of land at each site may be required.

The wdl fidd is near an agriculturaly developed area resulting in potentia sources of groundwater
contamination. The Missouri River, fed by surface runoff, does experience eevated levels of
agricultura chemicassuch asatrazine, particularly during the pring. Theland gpplication of agricultura
chemicals aso poses a threat to groundwater qudity through leaching by precipitation infiltration.

Safeguarding the wells from dl potential contamination sources is impractica and impossible. By
soreading thewells out to aslarge of an areaas possible, thereisflexibility inthewell fidd management
and groundwater quality produced. Good wel fidd management practices will ad in the blended
quality of the raw water reaching its destination.

3.2.3. Pumps

The pumps proposed for the collector and vertical wells are the vertical turbine line shaft type. Mgor
advantages of vertica turbine pumpsin high capacity wels are;

> They are highly religble over long periods of time if properly designed and maintained.
> Motor repairs are made easily because of aboveground ingtallation.
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> Motors are not susceptible to failure caused by fluctuations in ectric current.
> Overdl pump-motor efficiency isvery high.
»  Electricd problems due to wiring and complete submersion in water are minima.

Submersible pumps will be used for the angle wdls. Thisis the only type of pump that will work when
inddled a an angle.

3.2.4. Electrical Digtribution

Panning and layout of the dectricd digtribution system for the wel fidd must consider the source of
commercia eectrica energy and what type and capacity isto be provided for standby capability. Also,
environmenta concernsand agency requirementsdictate use of underground power sourcesto most of
the gites adjacent to the Missouri River.

3.25. Telemetry and Controls

The cagpability and religbility of each well is determined by the integrity of the dectricd didribution
system design and the dectrica controlsat eachwaell. Itisanintegrated system and it must be designed
with flexibility and redundancy capatiilities. The control sysem will be designed todlow thewdl pumps
to be operated on site or remotely from the water treatment plant. Severd well and pump operating
parameters will be monitored remotely and on Site aswell.

3.2.6. Access

Access roads to each well will be constructed to dlow convenient accessfrom State Highway 19 and
other roadways, as applicable.

3.2.7. Réiability

The wdl fidd would normdly supply average day demand to the water trestment plant a dl times.
However, dueto clearwell storage and reservoirsin the distribution system, the minimum supply to the
WTPis15t0 17 MGD. Thissystem has morefinished water sorage than normal and discusson with
the power utility indicates outage should be relatively short. This will be accomplished by building
redundancy into the well system and pumps and by providing standby dectrica generation capability.
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3.3. Raw and Treated Water Transmission Pipeine Systems

The following are basic criteria proposed for design of the raw and treated water transmission pipeine
systems. Thedesign and construction period for thisproject could extend over severd years. Productsand
materias continudly evolve in the water industry and new materids and products that may be availablein
the future should not be discounted if not listed herein.

The raw and treated water transmission pipeline systems include the following major components:

> Raw waer transmisson pipeline sysem, including laterds to the individua wells;

> Treated water tranamisson pipeine system;

> Main line boogter pumping stations;

> Savice line boogter pumping stations;

> Water storage reservoirs,

> Service connections at each member system’ s turnout (Service connection functions include flow
measurement, telemetry, backflow prevention, and possible addition of chemicas - chlorine,
ammonia, pH adjusment);

> Telemetry and control system; and

> Various pipeine gppurtenances and other design features.

3.3.1. Pipdline Sizing Criteria

Prdiminary pipdine szing was performed based on the following genera criteria (find line szing is
based on the results of hydraulic network modeing discussed in Section 5.4):

> Head losswas limited to less than 4 feet per 1000 feet (gpproximately 9 ps per mile);
> Pipdineflow veocity was limited to less than 4 feet per second; and

> Hazen-Williams formula loss coefficient, C = 140.

> Limit flow to 80% of range before upszing pipe.

Table 3.3-1 identifies maximum flow rates associated with agiven pipe diameter under these criteria. At
the high end of therange of flowsfor each pipe Sze, the operation and maintenance cogtsresulted in the
equivaent cost equal to thosefor the next size pipe at thelow end of therange of pipeflow for that pipe
sze. Engineering judgment was used to sdect the next larger pipe size when the required flow was
more than 80% of the maximum vaue in the range listed.
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Table3.3-1
Pipe Flow Hydraulic Characteristics Table and Graph
Flow Rangefor Pipe 80% of flow range
PipeDia | Low Alow | High Flow Headloss |y o
W | | @ | P M e (o)
6 83 215 189 027 32 22
8 216 440 3% 0569 33 2.7
10 441 750 638 09001 34 31
1 751 1180] 1,004 1576 35 35
14 1,181 1,480 1,420 2.045 32 3.6
16 1481 1930 1840 2650 27 3.6
18 1931 230]| 2208 3309 23 35
20 0301 2080| 2862 4122 21 3.6
24 2081 4740 4388 6319 15 3.4
0 4741 7410 6876 900 11 3.4
% 7411 10600 10034| 14449 09 3.4
) 10691| 15100 14218] 20474 08 35
48 15101 20240 19212 27666 07 3.6
54 20241| 25700| 24608| 35439 06 36

Pipeline Flow Capacity - Hazen Williams (C=140)
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Based on the above criteria, maximum head losswasthe controlling factor for smaller diameter pipe (6
through 10”). Veocity wasthelimiting factor for the larger diameter pipe (Seetablein Appendix A-3).
Table 3.3-1 dsoilludrates head loss and vel ocity at 80% of the maximum vauein the range.

The Lewis & Clark system is a trangmission pipeline with no individua service taps, therefore the
pipeline can be operated at higher pressures. Pipelines must maintain a minimum pressure of 20 ps

(pounds per square inch) a service connection points, with a desirable maximum design working

pressure less than approximately 250 ps (some short sectionsof lineimmediately downstream of pump
gtationsexceed 250 ps). Most of the pipeinewould be operated at pressureslessthan 150 ps. Some
portions of the pipelineroute (river crossings or areasimmediately downstream of some booster pump
gtationsfor example) may experience pressures between 175 to 250 ps for short reaches—thiswill be
consdered infina desgnwal thicknessrequirements. Pipewall thickness (or pressure class) should be
selected to account for higher operating pressures to account for unexpected future system demands
that would require higher pressure operation. Surge pressure al owances (see Section 3.3.4.6) should
be included in the design of the pipdines.

Individud servicelinesto deliver water to member system water towers (or to meet distribution system
pressure) require a delivery pressure of approximately 50 to 70 ps. Systems that take ddlivery at
ground storage reservoirs and clearwells will require alower ddlivery pressure, but not less than the
minimum system pressure of 20 ps. Some of the rurd water syssem members require a ddivery
pressure between 100 to 125 psi.

3.3.2. PipdineMaterials

Sdection of pipe materid aso affects development of opinions of probable congtruction cog, pipeine
operation and maintenance. The following materids have been consdered for buried piping for the
mgority of theproject. Actual materid selectionwill be dependent upon conditionsfor each segment of
the project and will be evaluated in accordance with project requirements. In most cases, dternate
materias will be bid to provide a competitive bidding environment.

For pipe szesin therange of 4" to 12", the most economica pipe materid istypicaly PV C (polyvinyl
chloride). PV C pipe may adso be considered for 14" to 18" diameter linesfor thisproject. However,
ged or ductile iron pipe should be used for 14" to 18" diameter lines where the operating or surge
pressures exceed the recommendations for PV C pipe materias. For pipe sizes 18" and above, the
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recommended pipe materid is typicdly ductile iron or sted based on economics and surge
consderations.

The pressure class or wall thickness of pipe should be salected based on expected operating pressure
plus surge pressure for each individua section of pipdine. In areas where there is a sgnificant
possibility of increasing flow rates in the future, the pressure class of the pipe should be designed for
potentia future conditions.

3.3.2.1. PVC Pipe

The standard for PV C pipewill be AWWA C900 for diametersup to 12". Also, AWWA C909,
PV CO (molecularly oriented polyvinyl chloride) pipe may aso be specified for diametersupto 12”.

Allowable pressure class for pipe will be in accordance with gpplicable design standards and
project requirements, as appropriate.

Another PVC manufacturing standard typically seen on rurd water projects is ASTM 2241.
AWWA C900 is a more gtringent standard than ASTM 2241 and is more appropriate for the
larger pipe sSizes and operating pressures proposed for the Lewis & Clark project. Allowable
pressurefor ASTM 2241 pipeistypically down rated to 67% (used by RUS) or 75% of therated
pressure classto provide for an accommodation for alower factor of safety and no surgedlowance
built into the pipe.  Therefore, it is recommended the ASTM 2241 standard not be used for the
Lewis & Clark project.

AWWA C905 is applicable for PV C pipe sizes 14" through 48" diameter. AWWA C905 pipe
may be consdered for 14" to 18" diameter lines for this project — larger diameters may aso be
considered depending upon pipeline operating and surge pressure. However, sted or ductileiron
pipe should be used for pipe diameters greater than 12" where operating or surge pressures exceed
the recommendations for AWWA C905 PV C pipe materias.

Ingtalation of PVC pipe would be in accordance with AWWA C605. Fittings for PVC pipe
would be ductile iron. Corrosion control measures for fittings will be recommended based on
actua soils and other conditions for each segment of the project.
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3.3.2.2. Ductilelron Pipe

For dl pipe szes, ductile iron pipe with cement mortar lining, should be consdered and bid. The
accepted standard for ductile iron pipe is AWWA C151 and cement mortar lining is AWWA
C104. Pipe pressure class and other design consderations are included in AWWA C150.

Ingtallation would be in accordance with AWWA C600. AWWA provides other standards for
fittings, gasketed joints and polyethylene encasement in the “ C100” series of sandards.

A vauable resource for design and congtruction of ductileiron pipeis DIPRA (Ductile Iron Pipe
Research Association). DIPRA provides resourcesto the designer regarding other design details
and consderations including hydraulic andysis, thrust restraint, surge evauation and corroson
control measures.

Corrosion control measures will be recommended based on actua soils and other conditions for
each segment of the project. Refer to section 3.3.4.5.

3.3.2.3. Sted Pipe

For pipe sizes 14" and above, sted pipe with cement mortar lining, should be considered and bid.
Sted pipe should be fabricated in accordance with AWWA C200 and cement mortar lining as
detailed in AWWA C205. Pipe wal thickness, ingalation and other design considerations are
included in AWWA Manud of PracticeM11. AWWA provides other sandardsfor fittings, field
welding, tape wrap and other coatings in the “ C200” series of sandards.

Typicdly, sted pipeis provided with atape wrap coating system. Recently, many manufacturers
have been providing afactory gpplied polyurethane coating with heet shrink deevesat thejoints. It
is strongly recommended the polyurethane coating system be considered for stedl pipe. Itisaso
recommended to congder use of polyurethane for lining in lieu of cement mortar lining.

Corrosion control measures will be recommended based on actud soils and other conditions for
each segment of the project. Refer to section 3.3.4.5.
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3.3.2.4. Concrete Cylinder Pipe

Concrete cylinder pipe isagenera designation given to pipe manufactured with awatertight steel
cylinder and reinforcing or presatressing wire, al embedded in a rich concrete or mortar
encasement. There are presently three types being produced in the United States and Canada:
reinforced concrete cylinder pipe (AWWA C300); prestressed concrete cylinder pipe (AWWA
C301); and pretensioned concrete cylinder pipe (AWWA C303).* Additiond detailsareinduded
in AWWA Manud of Practice M9. Thispipeisavaladlein szesof 16" diameter and larger.

AWWA C301 prestressed concrete cylinder pipe has been provided on recent water projects.
Reportsof problemswith failures dueto corrosion have been reported. Currently, Reclamation has
imposed a moratorium againgt use of AWWA C301 pipe materia due to poor performance on
some of its projects.

Therefore, this pipe materid (concrete cylinder pipe) will not be consdered for this project.

3.3.3. Pipdinelngallation

Ingtdlation will be by trenching methods due to the larger diametersto be used on thisproject. Frost
depth in the Water Service Arearangesfrom 5.5t0 6.5 feet. Pipeline depths are recommended to be
6'to 6.5, minimum, based on pipe sze. Deeper bury depths may berequired in farmland areaswhere
field drainpipes have been ingadled to lower ground water — it is understood the field drainpipes are
buried at reatively shdlow depths. The Lewis & Clark pipeine would be ingtaled below thefidd
drainpipes. Thiswill be particularly true for the larger diameter pipe. Pipeline bedding, backfill and
compaction should be in accordance with recommendations provided by the respective AWWA,
ASTM or Reclamation standard.

Pipeline congtruction standards for tranamission lines will require acarefully graded verticd profile to
avoid abrupt changes in dignment that could trap air at high points. Pipdines(=14" diameter) will be
laid to line and grade. Air release vaves will be inddled a high points Snce there are no services
through which air can be removed (see Section 3.3.4.2).

4 External Corrosion— Introduction to Chemistry and Control, AWWA Manual of Practice M27
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Typicdly, the transmission pipeline will be located in an easement on private property pardld to a
roadway. When possible, the pipeline dignment will be designed to avoid wetlands, buildings, other
improvements, cultural resources and other obstructions.

3.3.4. Pipeline Appurtenances

Various types of control valves and metering devices play an integrd rolein the proper operation of a
water system. The valves provide not only for flow control, but safeguard the pipe from damage and
provide for proper operation and maintenance.

3.34.1. Isolation Valves

Vaves dong the main pipdinewill alow isolation of various segments of the pipelinefor operation
and maintenance. Thetransmisson pipeinewill haveisolaion vavesplaced at gpproximately 2 to
5-mileintervals, as gppropriate. Isolation valveson 24" and larger lineswould be used judicioudy
due to cost congderations. The vaves will be reslient seet gate vaves with a smdl diameter
bypass line to dlow for pressure equdization during opening and closing of the valves. Bypass
piping at the valveswould not be placed on linessmdler than 14-inch diameter unlessline pressure
dictates otherwise. Buitterfly vaves (and other valve types) will be considered on acase-by-case
basis.

|solation vaveswill dso beingalled onlonger servicelines. Isolation valve spacing on servicelines
would be at gpproximately 1to 2-mileintervas. Vavespacing intervaswill be evauated for each
sarvice line during fina design should this spacing not be appropriate.

| solation valves will be provided at locations of branches in the system to other transmission lines,
service connection lines, reservoirs, booster pump stations and service connection buildings. Air
releasg/air vacuum vave location criteria will aso be consdered when choosing locations for

isolation valves. Design of service connection buildingsand booster pump stationswill incorporate
isolation vavesfor thetransmisson or service pipeline. Along thetransmission pipeline, and where
possible, vaves will be located adjacent to roadway crossings to permit access to the valves.

Larger diameter (>14” diameter) vaves will be ingdled in precast reinforced concrete vaults or
manholes. For smdler diameter lines, (14" and smaler), direct bury vaveswill be consdered ona
case-by-case basis.
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|solation valves (other pipeline gppurtenances and changesin direction) will requirethrust restraint
and other appropriate design consderations to account for unbalanced forces in the pipeline
sysem. Appropriate design consderaions include anchorages, concrete thrust blocks and
restrained joints. The type of joint restraint will depend upon the type of pipe used.

3.3.4.2. Air Rdease/Air Vacuum Valves

Vaiationsinterrain featureswill require numerousar rdeaseand air vacuum vavesfor thissystem.
Trapped air at high pointsin the system can result in flows being throttled asthe water "squeezes'
by the air bubble. Movement of ar pockets in the pipe may result in surges or pressure
fluctuations. Placement of combination air rdlease/air vacuum (ARV) vavesa high points prevents
this from happening. Also, with adequately located valves, air is easily purged after repairing a
pipeline break to restore normal operation quickly. The combination valve aso acts as avacuum
break to prevent collapse or damage to the line should a break occur in a lower location.
Combination ARV vaveswill be placed a significant high points (or bresksin grade) in the system
and at approximately ¥2-mile intervas on flater runs or uniformly doping grades. ARV’swill be
individudly sized for each pipeline ssgment. ARV’ swill belocated in precast concrete vaults for

the larger ARV’s, and manholes or smilar enclosures for smaler vaves.

3.3.4.3. Blowoff Valvesand Hydrants

Blowoff vaves will typicaly be located at low points near creek crossings or other drainages to
provide ameansto flush the pipe for maintenance reasons, or drain the pipe at acontrolled location
in the event of abreek. Blowoff vavesfor the larger tranamission pipelines will require agate or
plug vave and related piping to control releases due to the volume of flow to be discharged in a
reasonable period of time.

Smadler tranamisson and service lines (14”7 and smdler), will typicadly require a 2, 3 or 4%2-inch
flushing hydrant. Rip rap and other eroson cortrol measures will be required to protect the
drainage and the pipdine.

3.3.4.4. Master Meters

Metering of awater system provides a means of checking the balance between water produced
and water "sold”. Thisnot only provides an accounting function, but aso helps
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identify areas suspected of experiencing high loss rates. The recommended |ocations for master
metersincludesthewe | pumping stations, high service pumps at the water trestment plant, booster
pump stations, out of reservoirs and at service connections. Wherever possible, meter locations
will be combined with other functions (booster pump gations, etc.). However, if ameter isto be
located at aremote location without other support systems, the meter will be housed in a precast
concrete vault or manhole.

3.3.4.5. Corrosion Control Measures

Deterioration of pipelines, valves, pumps and associated equipment dueto externa corrosionisan
important concern for water utilities. Determination of the needs for specific corrosion control
measures is dependant upon severd factors, including:

> Soilsconditions, including naturdly corrosve soils,

> Dissmilar metdsin contact with each other;

> Contamination of soil with refuse, cinders; corrosve materid and sdts

> Soil moigture conditions and fluctuations;

> Presence of anaerobic conditions or where microbiologica induced corroson (MIC)
may OCCur;

> Stray current from other sources (including interference from other cathodic protection
systems);

> Levd of sarvice (function) and importance of the proposed facility;

> Dedgnlife and

> Proposed construction materias.

The required leve of corrosion control measures is often times a controversa issue. Materia
suppliers and corrosion control experts disagree in the requirements for various materias. Also,
various utility industries view the need for corroson control messures differently based on their
experience and value of their products.

Other factors to be considered in the operation of a corroson control program are the
respongihilities and implications for operation and maintenance of the completed sysem. The
system must be periodically monitored and the resultsanalyzed. The utility owning the syslem must
be atentive to notice changesin the system that may indicate potentialy corrosve stuations. Also,
the utility may be legaly responsible for any damage or accidents to other underground utilities
impacted by its system.
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Oneof themainissuesfacingthe Lewis& Clark project isthe corrosion control measuresrequired
for ductile iron pipe vs. sted pipe. There is, reatively spesking, basic agreement in the
requirements for sted pipe. However, there is awide diparity in the opinion of the gppropriate
corrosion control measures for ductile iron pipe. The main areas of contention are the use of joint
bonding, cathodic protection and/or tightly bonded coatings vs. the typicd use of polyethylene
encasement.

Current Reclamation corroson design guiddinesdlow for the use of either polyethylene encasement
or bonded coatingsfor ductileiron pipe depending on size and soil resdivity. Reclamation requires
corrosion monitoring syssemson al ductileiron pipe. They require use of cathodic protection for
both polyethylene encased and tight bonded coated ductile iron pipe on M&I (municipa and
indugtrid) projectsif the probability of soil resdtivitiesis below 3,000 ohm-cm for morethat 10%
of the time. In corrosive soils below 2,000 ohm-cm, they do not alow use of polyethylene
encasement on ductileiron pipelarger than 24” insde diameter or for pipe heavier than 150 pounds
per foot but require tightly bonded coatings and cathodic protection. For sted pipdines, if the 10%
probability of soil resdtivity is above 2,000 ohm-cm, the use of bonded didectric coatings is
required. If the 10% probability of soil resigtivity is below 2,000 ohm-cm soil, then tight bonded
coatings and cathodic protection are required for stedl pipe. Reclamation’s current guidelines for
ductileiron and sted pipe arelisted in Table 3.3-2.°

Table 3.3-2
Reclamation's Recommended Corrosion Prevention Criteria

and Requirements for Ductile Iron Pipe®

Soil Resistivity 10% Corrosion Measures
Probability Vaue (ohm-cm) Required
Corrosion Cathodic
External Protection Irrigation M&I Monitoring | Protection
System System
Ductile Iron - Polyethylene >1,500 >3,000 X
Encasement £1,500 £3,000 X X
Ductile Iron - Bonded >1,000 >2,000 X
Dielectric £1,000 £2,000 X X
. : >1,000 >2,000 X
Steel - Bonded Dielectric £1.000 £2.000 ™ ™

®> Recommended Corrosion Prevention Criteria and Requirements, US Bureau of Reclamation.
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Table 3.3-3 provides an example of corrosion control measuresthat could be required for certain
corrosivity conditions (other factors may aso apply).? Actud criteriawill be developed during the
design process as additiond information regarding soils and other conditions affecting corrosion
control are determined.

Table3.3-3

Example of Design Criteriafor Transmission Fipeline Corrosion Control Meesures®

Soil Resitivity | Corrogvity . . .
Range (ohm-cm) Rating Sed Fipe Ductilelron Pipe
Extremdly Joi nt bon_ds, insulators, test . Joir_lt bon(_JIs insulators, test _
0-1,000 Corrosive gations, tightly bonded coatings  |dtations, tightly bonded coatings
and cathodic protection and cathodic protection
. : Joint bonds, insulators, test
Joint bonds, insulators, test .
1001-3000 | VY |sations tightly bonded coatings | 5ot 0 Polyethylene encasement
Corrogve and cathodic protection (or tlghtly bondgd coatings?) and
cathodic protection
Joint bonds, insulators, test Joint bonds, insulators, test
3,001 - 5,000 Corrodve |dations, tightly bonded coatings  |dations, polyethylene encasement
and cathodic protection (and cathodic protection?)
Moderately Joi r_lt bongls, insulators, test . bir_lt bonds, insulators, test
5,001 - 10,000 Corrosive dations, tightly bonded coatings  |stations and polyethylene
and cathodic protection encasament
Mildly Joir_1t bongls, insulators, teﬂ.
Over 10,001 Corosve dations, ti ghtly bonqled coatings |Polyethylene encasement
and cathodic protection

Prior to commencing find design for the individud pipeline segments, an overdl soils and dtray
current survey will be undertaken to determine corrosion potentia for the entire project area, in
generd terms. A request hasbeen madeto DIPRA to perform agenera survey and analysisfor a
portion of the project in accordance with the procedures outlined in AWWA C105. Inadditionto
thisinformation, additiona corrosiontesting and andysiswill beincluded as part of the geotechnicd
investigations planned for this project.

6 Excerpted and modified from Corrosion Consideration of Ductile Iron Pipe — A Consultant’ s Perspective,
presented at NA CE International Western Regional Conference, October 1-3, 2001, Bill Spickemire.
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Severa questions remain to be resolved regarding corrosion control measures required for this
project and further field work and consultations are required. Based upon this additiona
information, afina design corrosion control measurestable, smilar to Table 3.3-3 will be prepared.
During fina design of each pipeline segment, amore detalled soil resgtivity and conditions survey
will be undertaken to further refine the actual corrosion control requirements for each segment.

3.3.4.6. SurgeControl Measures

Surge pressure alowances should be included in the design of the pipelines. Analysis of pressure
surgesin pipelines (water hammer) can be complex and have severa causes. The most common
causes of surge pressuresin pipeline sysemsinclude: operating avalve in the system; stopping or
garting of pumps, and rupturing a pipdine.

A key method to reduce the potentiad of high surge pressures is to maintain low velodity in the
transmisson pipeline. Section 3.3.1 provides additiond details regarding limitation of velocity and
head loss for pipdine szing criteria. Table 3.3-4 isasmplified caculation to illudtrate resulting
surge pressures if head lossis4 feet per 1000 feet (top table) and if surge pressureislimited to 80
ps (bottom table). This table is based on 200 ps ductile iron pipe — smilar tables can be
devel oped for other pipe materials and pressure classes of pipe.

The pipeline Szing criteria used in Table 3.3-1 would limit velocity to less than ether condition
shown in Table 3.3-4 thus indicating surge pressure should be less than 80 ps, generaly.

Control valves can dso cause surges in a pipdine system if the rate of opening or closing istoo
rgpid. System valves should be opened and closed according to predetermined rates by an
actuator.

Other project features will be included to further limit and control surge pressure in the pipeline
systemn, especidly related to pumping operations. These measures could include: pump control and
surge suppressor and anticipator valves, combination vacuum/air release valves, air chambers
(accumulator); and surge blow-off vaves. Further evauation and consultation will be required to
develop surge control measures. During find design, a detailed evaduation will be undertaken to
further refine the surge control requirements for each segment and pump Station.
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Table3.3-4.

Pipdine Surge Pressure

Resultant Surge Pressure if Head LossisHeld to 4' per 1,000

Fipe Fipe wall Maximum | Maximum Velocity Surge
Diameter l.D. Thickness Flow How Ft/Sec Pressure
(Inches) | 200ps | (Inches) (gom) (MGD) (ps)
14D.I. 14.70 0.30 2341 3.37 442 85.96
16D.l. 16.76 0.32 3,305 4.76 481 90.98
18D.I. 18.82 0.34 4483 6.46 517 95.72
20D.I. 20.88 0.36 5,891 848 552 100.24
24D.l. 25.06 0.37 9,520 13.71 6.19 105.04
30D.I. 3124 042 16,998 24.48 711 115.49
36D.l. 37.46 047 27,402 39.46 7.98 12517
42D.l. 43.46 052 40,502 58.32 8.76 134.20
48D.l. 49.64 058 57,456 82.74 953 144.15
54D.l. 56.26 0.65 79,860 115.00 1031 155.07
Resultant FHow if Surge PressureisHeld to 80 ps
Fipe Fipe wall Maximum | Maximum Velocity Surge
Diameter l.D. Thickness Flow How (ft/sec) Pressure
(Inches) | 200PS | (Inche) (gom) (MGD) (ps))
14D.l. 14.70 030 2,179 314 412 80.04
16D.l. 16.76 0.32 2,909 4.19 4.23 80.08
18D.l. 18.82 0.34 3,754 541 433 80.17
20D.I. 20.88 0.36 4,707 6.78 441 80.08
24D.l. 25.06 0.37 7,256 10.45 4.72 80.07
30D.I. 3124 042 11,778 16.96 493 80.03
36D.l. 37.36 047 17,426 25.09 5.10 80.13
42D.l. 43.46 0.52 24,182 34.82 5.23 80.12
48D.l. 49.64 058 31,910 45.95 529 80.06
54D.l. 56.26 0.65 41,221 59.36 532 80.05
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3.3.4.7. Emergency Connections

The City of Soux Fdls has requested the ability to tap the Lewis & Clark pipeline at dternate
locations in the event of an emergency. The emergency connection would consst of ateein the
pipdinewith avaveand ablind flange. Sioux Fals has requested emergency connection points at
two locations. The mogt likely locations would be at the intersections of West 26th Street/Ellis
Road and at Minnesota/85th Street. Thesetgps arefairly inexpensive. It would be appropriate to
place teeswith blind flanges a other locations a ong the pipeline route to interface with other water
utilities (members and non-member systems).

3.3.5. Crossings

The pipelines will cross streets, roads, highways, railroads, other pipelines, telephone and fiber optic
lines, overhead and buried power lines, streams, rivers and wetland areas. A key project layout
criterionwill beto avoid encroachment of wetland and riparian areas, asmuch asispracticable. Stream
crossings, where feasible geologicaly and not limited by larger pipe sizes, will be congtructed using
directiona drilling techniques to avoid open cut condruction in the stream channels to diminate
temporary water quality degradation, therisk involved with stream diversion and to avoid excavation of
stream banks. Most of the smaller, intermittent and ephemerd stream crossings may be crossed using
open cut techniques, if acceptable under the authorizing permits for the project. Use of directiona
drilling a streams may aso minimize, if not diminate, gpprova time associated with the Section 404
Permit process.

Larger diameter pipe (>181t0 24" diameter) stream crossings will be made using open cut techniques.
Crossings will reguire a portion of the channd to be diverted to dlow “congruction in the dry” while
maintaining chennel flows. Channd diverson should be accomplished using portable dam technology to
avoid, asmuch as possible, congtruction of earthen dikeswithin the channd. Channd crossingswould
be made during low flow periods and acceptable crossing timeswoud be coordinated with Satefishery
agencies.

Pipe joints should be restrained in the section of pipe within the crossing to a reasonable distance
outside the bank areafor most of the intermittent and al of the perennid stream crossings. Provison
should a so be provided for movement (river crossing ball joint pipe, for example) wherethe restrained
section of crossing pipe ties into the main pipdine,
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Highway and active railroad crossings will be made by boring or jacking methods for state highways
and most other hard surfaced roads. Most highway departments and railroads require ingtalation of
ged casing. Requirements for crossing grave-surfaced roads vary by theloca entity responsible for
maintenance, i.e. state, county, township or city. Unpaved gravel or dirt roadswill be crossed either by
boring/jacking, directiond drilling or by opencut trenching — the crassing method will depend uponthe
level of traffic disruption, requirements of the responsible entity, economics and congtruction needs.
Depending on the leve of service and the condition of minor paved roads and agency requirements,
these may a so be constructed using open-cut trenching with compacted fill and pavement patch repair.
Pipe encasement would not be provided unlessrequired by the crossng permit or if it isgppropriatefor
the congtruction technique.

Currently, it isknown that three of the mgor highwaysin the project areawill be recongructed in the
next few years. It would be desirable to coordinate pipeine design activities with the sate highway
departmentsto ingtal casing pipe by open cut methods during road recongtruction to sgnificantly reduce
bored highway crossing costs. These highways include State Highway 60 in lowa (near Sheldon and
Sibley), State Highway 19 in South Dakota (north of Vermillion) and Interstate Highway 29 through
Soux Fdls

Appendix A-3 includesatable detailing stream and road crossing through the project area. Thetablein
the gppendix isthe basis of the opinion of probable congtruction cost for these items.

The pipeline will cross high voltage overhead power transmission lines. Also, the pipelines will aso
cross numerous overhead and buried power digtribution lines. Thereare numerous phone company and
fiber optic lines. Utility ownerswill be contacted to determinether requirements. Crossingswill bein
accordance with utility company requirements. Some crossings may require permits.

The Lewis & Clark pipdine will aso cross gas and petroleum product transmission lines. Pipdine
ownerswill be contacted to determine their requirements and if impressed current (or other) cathodic
protection sysemsarein place. 1t will beimportant to account for theinfluence of theforeign pipdine's
cathodic protection system (or Lewis & Clark’ simpact).

Lewis & Clark’s pipelines will dso cross other municipa and rura water system pipelines and
digribution systems. Also, the Lewis & Clark system will dso cross sanitary sewer and storm
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drainage piping. Crossing detailswill bein accordance with common practice and state environmenta
regulations.

As mentioned in Section 3.3.3, landowners have indicated the presence of field drainpipesin certain
areasto lower ground water. Itisunderstood thefield drainpipesare buried a rdaively shdlow depths
— if this underganding is correct, the Lewis & Clark pipeline would be ingdled below the fied
drainpipes. Appropriate repairswill be made to the intersecting field drainpipes before the pipeineis
backfilled.

3.3.6. Storage Reservoirs

Storage reservoirs for the Lewis & Clark project are planned to be ground storage reservoirs.
Cong deration should be given to both factory- coated, bolted stedl tanks and wire-wound prestressed
concrete tanks. Factory coating for bolted sted tanks should include glass coating on the interior
surfaces. Other factory applied interior coating systems that provide extended servicelifewould also
be considered during find design.

Both tank designs would be acceptable and the final sdection of materids would be governed by
economicsof congruction a thetime of finad design and bidding. Typicaly, theinitid construction cost
of agted reservoir islessthan aprestressed concrete reservoir. However, alife cycle cost evaluation
may favor the prestressed concrete design due to reduced maintenance, primarily painting and cathodic
protection. It is ill recommended that both stedl and concrete reservoirs be advanced for
condderation during thefina design. A lifecyde cost andysiswill be performed and adecisonwill be
made during find design whether to bid either tank design or only one design. Welded stedl reservoirs
were consdered and rejected dueto life-cycle cost considerations (see Section 4.5.1.5).

Standards governing reservoirs are covered in the AWWA “D100” series. AWWA D103 isthe
standard for factory-coated bolted steel tanks. AWWA standard D110 isthe standard for wire-and
strand-wound circular prestressed-concrete tanks.

3.3.7. Chlorine Booster Stations

Itisanticipated that chlorine booster stations may berequired at various points throughout the systemto
maintain adequate chlorine resdud at dl points. Maintaining proper chlorine resdud is essentid for
minimizing the potentid for bacterid  contaminaion thet could occur  after
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trestment. The chlorineresidud a any point isafunction of temperature, water chemidry andtimein
the system.

If new demands develop dowly, thetimewater isin the system could be considerably longer than at full

development. Asflowsincrease, chlorine booster stations may not berequired. Thereforeat thispoint
intime, it isdifficult to predict where (or if) additiona chlorinewill berequired, particularly Snce Lewis
& Clark will utilizeacombined chlorineresidud sysem. To minimize cogts, chlorineresdua monitoring
and chlorine addition will be accomplished at selected main line and service line booster pump stations
and at selected service connections. 1t is recommended these facilities be designed with thisin mind,
however the actud chlorination equipment would not beingtaled until the new didribution sysemisin
operation and residud testing indicatesit is warranted.

The recommended chlorination system is a sodium hypochlorite solution feed system. A sodium
hypochlorite solution feed system is preferred instead of a chlorine gas system asit would significantly
reduce the hazards, equipment and physica plant requirements associated with gas systems. Sodium
hypochlorite solution would be ddivered and stored on site. System operators will need to monitor
sodium hypochlorite solution levels and age — shdlf life is a concern.

3.3.8. Booster Pumping Equipment and Pump House Design

The differencein flow rates between member systemsand Lewis& Clark production will be made up
by drawing down the storage facilities during a pesk day. The booster pump dations will not
necessarily be operated to respond to peaking of individua member systems demands. Pumping rates
in the trangmisson system are planned to match the peak day rate (reserved capacity) of the
downstream member systems plus transmisson pipeine loss. The pump stations may have to be
configured to have the capacity to handleavariety of flow demands— however itiscurrently envisoned
the pump gtationswill ddliver a pesk demand rates and run time will be adjusted. Thisflow condition,
and perhaps other scenarios, should be evauated during find design to take into account the lower
demands anticipated during the early years of project operation before full demands develop.

Booster pump stations will be designed to deliver the pesk day rate with a least one pump out of
sarvice (the largest pump for gtations with various szed pumps). Each station will have aminimum of
two service pumps to provide redundancy and the ability to cycle run time on pumps. Some pump
gations may aso require a“jockey pump” to provide alow rate flow in
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order to maintain pressure in the transmission pipeline system (after the main pumps shut off), to meet
pressure requirements of members systems between pump gations or reservoirs or to meet system
operating requirements. Fina design activitieswill include an andysisto sdect an efficient combination
and types of pumps.

The trangmisson sysem will indude two classfications of booster pump gtations: main line pump
gations and service line pump dations. Each booster pump gtation would consst of a structure
adequately sized to house and maintain the following equipment:

> Pumps, piping and control/isolation/air valves,

> Control panels,

> Fow meter(s);

»  Hydraulic surge protection equipment;

> Indrumentation and telemetry equipment;

> Back-up power at sdlected pump gations; and

> Chemical feed equipment at selected pump stations.

Booster pump stations will be above ground block or pre-cast concrete buildings. The use of above
ground pump gations sgnificantly reduces safety concerns and should diminate OSHA regulatory

documentation and entry permitsinvolved with confined space entry. Prefabricated pump stationswill
be consdered. Prefabricated pump dtations offer severd advantages, primarily to the congtruction

contractor, including: 1) delegation of coordination to the pump station supplier; 2) use of consstent and
compatible equipment; and 3) speed and smplicity of indalation for the congruction contractor.

Booster pumping stations will be sized and located to limit discharge pressure to less than 250 ps

(exception: the booster station west of Sioux Fals pressure will be gpproximately 300 to 310 ps).
Most of the pump gations will have a discharge pressure of between 175 to 225 psi.

Pumps will be horizontd split case centrifugd pumps for pumps greeter than approximately 50

horsepower. Vertica turbine pumps (can unit) would be used for Szes|essthan 50 horsepower. This
50 horsepower break point is somewhat dependent upon a number of factors and the use of either
pump type should be determined during final design based on economics, rdiability and operationd

requirements.

During find design, condderation will be given to prefabricated direct bury pump sation units for
smaller main and service line booster pump gtations (pumps less than 15 to 20 horsepower).
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However, direct bury pump stationswill not be considered for locations where chemicd fead eguipment
could be required.

Inmost cases, thelocation of booster pump stationsfor thisproject isfairly flexible. However, ations
must be located in order to not alow theinlet pressure (or high points aong the pipeline) to drop below
20 ps if posshble (some variaions may occur). Locations should aso provide adequate access for
operation and maintenance.

It is possible in some locations to incorporate two, or more, project requirements into one structure,
For example, in one location it is possible to incorporate a service line boogter into amain line booster
pump gation building. The functions of a service connection can be combined with a service line
booster Sation a severd locations. Also, provison for chemica feed (particularly for boosting chlorine
resdua) may be incorporated into some booster pump stations.

3.3.9. Service Connections

A sructure will be required a each member’s service connection to house various equipment. As
mentioned in paragraph 3.3.8, some service connection functions can beincorporated into other project
dructures. Also, where ddlivery is made to a member’s water treatment facility, certain functions
(especidly chemicd storage and feed equipment) may be housed in the member’ sfacility.

A sarvice connection facility would include the following components:

> FHow meter;

> Control and isolation vaves,

> Backflow prevention vave;

»  Hydraulic surge protection equipment;

> Fping;

»  Indrumentation, telemetry and control equipment; and
> Chemical feed equipment as required.

Fiping configurations and equipment requirements a each member’s service connection must be
determined on a case-by-case bas's, as each system’ s connection requirements are unique.
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Fipdine and pump dation design criteria will include alowance for pressure |0sses across meters,
backflow prevention valves and rate of flow controllers.

The sarvice connections fal into three generd categories. ddivery to a clearwel or ground storage
reservoir at aweater treetment facility; delivery to aground storagereservoir, tandpipe or e evated tank;
or into awater main pipdine. Table 2.4-5 provides alisting of each member’s service connection
description and pressure requirements.

As mentioned in paragraph 3.3.7, chlorine booster stations may be required to maintain adequate
chlorineresdud. Ammoniafeed may asoberequired. InsysemswhereLewis& Clark water will be
blended with an existing supply, pH adjustment may be required prior to delivery to the member. The
blending analyssfor each member isincluded in Section 5.5.

Service connection buildings will be above ground block or precast concrete buildings. Ddlivery
pressures are generdly less than 70 ps, with the exception of some of the rural water systems where
ddivery is made to a distribution system with pressures between 100 to 125 psi. During fina design,
congderation will be given to fabricated direct bury units for smdler (less than 1 MGD) service
connections. However, direct bury connections will not be considered for locations where chemica
feed equipment could be required.

3.3.10. Electrical Service and Emergency Power

Power loss at booster pump stations can be a result of many causes: weether related, power system
failures or accidenta interruption. Due to the extent of the water transmission pipeline system and the
number of eectrica utility companies that would provide power to the project, it is unlikely power
would be unavailable throughout the entire pipeline system. Storage reservoirs have been placed
throughout the transmisson pipeline system to provide flow under gravity conditions to most of the
member systems should an interruption of eectrica service occur.

Standby power will be provided at the water trestment plant for operation of the plant and high service
pumps to permit ddivery of average day flows. It is recommended standby power generators be
included at selected mainline booster pump gations in the interior of the transmission pipeine system.
Standby power should be provided at strategic locationsin the wdll fidd. It is further recommended
Lewis& Clark procure and maintain one or two trailer mounted portable el ectric generatorsthat could
be used for emergency power supply at other pump stations and the well field.

Banner/HDR/TRC Mariah 3-29



Lewis & Clark Water Supply Project Final Engineering Report

3.3.11. Telemetry and Controls

The proposed water supply system will be equipped with a Supervisory Control and Data Acquisition
(SCADA) system that will permit monitoring and control of remote pump stations, valves, meters, and
reservoirs from a master control pandl as well astheremote sites. The remote siteswill be connected
to the magter viaadatacommunication sysem. Typica instrumentation and control devicesat asteare
summarized asfollows

Typicd processindrumentation & a remote Ste:
> Flowmeter
»  Suction and discharge pressure transmitters
> Chlorine resdud anayzer (tota chlorine resdud)
> pH monitor (at more distant service points)
> Leve tranamitter (in customer's reservoir or water tower designated as controlling level)

Other ingrumentation and devices for panels a remote Sites.
> Unauthorized entrance or intruson sensor
> Building high/low temperature sensors
> Utility power status (including voltage and phase monitoring)
> Generator atus (if required)
> Chemica feed pumps for supplementa chlorination or pH adjustment

Boogter pump and vave control for remote booster gation and control valve Stes.
> Monitor operating status of each booster pump - typicaly 2 to 3 pumps
> Monitor vave position of isolaion vaves - typicaly 6 isolation vaves
> Monitor vave position of surge control vaves - typicdly 2 to 3 vaves

Communications systems reguired at each remote Site;

»  Radio tdemetry for loca communications with reservoir
> UHF radio, microwave, fiber optic or data line connection to computer network for Lewis &
Clark Rural Water System

Type of hardware anticipated for Loca Control Pand!:
> PLC - typicdly Control Logix, or equd
> HMI - color CRT, either touch screen or keypad verson
> Radio - loca communications - spread spectrum
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> Computer network interface - fiber optic junction, data line connection or data radio

A schemétic of the arrangement of the telemetry and control system at aremote siteis presented in
Figure 3.3-1, Schemdtic of Controlsand Instrumentation a Remote Sites. A preliminary listing of
the remote stes and the control and instrumentation functions a eaech of those Stesisincluded in
Appendix A-3.

The bulk of the project construction will be based on the traditiona design/bid competitive bid
method of delivery. One exception to ke considered is for the acquistion of equipment and
congtruction for the telemetry and control system. It will beimportant for thetelemetry and control
system equipment to be provided by a single source for a project of this complexity. This
importance is compounded by the fact the project congtruction will take severd years. It is
suggested the telemetry and control s contractor be solicited through acompetitive bid or negatiation
with the intent of issuing an indefinite ddivery type of contract early in the project.

3.3.12. Land Reguirements

The Lewis & Clark project will have to secure a significant number of easements for the congtruction
and operation/maintenance of the transmission pipeline system. The project will aso haveto purchase
parcels of land for congtruction of reservoirs, buildings, structures and access roads.

3.3.12.1. Pip€ines

Temporary congtruction and permanent operation and maintenance easementswill be required for
the pipelines. The pipdineswill be congtructed primarily on privatdy owned lands. Generdly, the
pipdineswill not belocated in road or highway rights- of-way dueto conflictswith other utilitiesand
possibledisruptions dueto potentia future road construction. An exception would beif the project
would need to occupy aroad or highway right-of-way to avoid other obstructions, sengitive areas
or for road crossings.
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The easement width will vary based onthe sze of pipe. Toillustrate, a48” pipe with abury depth
of 6.5 to the top of pipe would require a trench top width of approximately 30" to 35'. An

additional 50' (approximately) wide strip would be required to temporarily stockpile meaterid

excavated from thetrench and provide abuffer zone between the stockpile and the roadway fence.
Additiona width may be required to segregate and stockpiletopsoil. Another 50° (approximately)
would be required on the other sde of the trench to string and assemble the pipdine. Thiswould
provide a condruction area width of approximately 150°. In order to provide a level of
conservatism, the computed construction width has been expanded by approximately 25’ to 50'.
Consderation must be madeto provide adequate easement width for moving the pipdinewithinthe
easement to account for difficult congtruction conditions and avoidance of wetlands and other
obstructions.

A permanent easement will aso be required to dlow for maintenance of the pipeline. It should be
aufficiently wide to permit maintenance crews an adequate work area under adverse weather
conditions. Typicdly, the permanent easement is centered over the pipeline. The temporary
condruction easement is generdly split equaly on both sides of the permanent easement—in some
cases more congruction area is Stuated on one sde of the permanent easement to facilitate
congruction. Table 3.3-5 provides a guiddine for the acquisition of temporary and permanent
easements for various Sze ranges of pipe.

Table 3.3-5
Preliminary Estimate of Required Temporary and
Permanent Pipeline Easement Widths

Pipe Size (; ?g:ﬁ:;rgn Permanent Total Easement

Range £ ent Width (ft Easement Width (ft) Width (ft)
42" to 54" 90to 120 70to 80 160 to 200
16" to 36" 70t0 90 50 to 60 120to 150
6" to 14" 30 to 60 30to0 40 60 to 100

Accessroadswill berequired for development of thewells. Theroadway would beaprivate road
for access to the pumping plants and well facilities. The collector pipelines can be located in the
roadway section or totheside. Landsfor this purpose (depending upon current ownership) canbe
purchased or gained through a permanent easement agreement. Accessroads may be required at
other project locations to access structures, reservoirs or other project facilities.
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3.3.12.2. Reservoairs

Land purchase requirements for water storage reservoirs will vary based on the size of the
reservoir. Also, certain reservoir Stes may include provision for abooster pump station and land
for a project maintenance storage yard. It would benefit the tank fabricator to provide
approximately 75 on each side of the reservoir for congtruction purposes. At least a30" buffer
between the reservoir and yard fencing should be provided and purchased. The additiond land
could be obtained through a congtruction easement. A minimum sat back from roadway's of
gpproximately 125’ to 150 is aso recommended.

Table 3.3-6 provides a listing of areas required for congtruction and operation for various size
ground storage reservoirs. Tank diameter is based on the economica tank height for the various
Szes—actua reservoir diameters can vary between reservoir suppliersand to meet specific project
hydraulics requirements.

Table 3.3-6
Land Area Requirements for Ground Storage Reservoirs
Reservoir Potential Inside Construction Permanent
Capacity Diameter Range | Area Required Acquisition
(MGD) (ft) (acres) Required (acres)
10.0 195to0 212 3.6 2.5
7.5 169 to 184 3.2 2.1
6.0 160to 179 3.1 2.0
5.0 146 to 164 2.8 1.8
4.0 130to 146 2.5 1.6
3.0 113t0 131 2.3 1.4
2.0 92to 117 2.1 1.2
15 80to 101 1.9 1.0
1.0 66 to 83 1.7 0.9

Note Regarding Table 3.3-6: Areas do not include space for pump stations,
mai ntenance and storage yards or other project requirements.

3.3.12.3. Pump Stations and Service Connections

Building szewill vary for the various pump stations and service connections. Wherepossible, main
line booster dations will be located a dorage reservoir Stes.  The amount of
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land required for these structuresisrdatively small. Land purchase requirementsrangefrom 0.2to
0.3 acres for these structures.  This area does not include provision for sorage or maintenance
yards.

3.3.12.4. Congruction Staging Areas and Pipe Yards

Congtruction of the pipelinesand ancillary structureswill require temporary congtruction contractor
gtaging areasfor officetrailers, equipment storage and maintenance, miscdlaneous materidsstorage
and pipe stockpile/laydown yards. Typicaly, pipeistrangported directly to the construction area
and strung dong the trench in close proximity to its bury ste.

There will be severd congdruction contracts issued for the Lewis & Clark project. Each
congtruction contractor will be responsible to secure lands for its staging area in accordance with
guidelines and other pecified requirements.

Additiond information isincluded in Chapter 2 of the Draft Environmental Assessment for the
Lewis and Clark Rural Water Supply System — South Dakota, Minnesota and lowa.

3.4. Water Treatment Plant

The proposed facility design criteriaand genera requirements for the water treatment plant are discussed
below.

3.4.1. Design Standardsand Requirements

The basis of design for the water treatment plant will follow recognized sources such asthe Ten States
Standards and other published design criteria and recommendations by the South Dakota DENR and
United States EPA. Thetreatment plant will be designed and constructed so that the treatment process
will:

> Meet dl of the requirements of the current Safe Drinking Water Act (SDWA);

> Havethe ability to meet SDWA regulations that will be promulgated in the neer future;

> Provide 2.5-log removd for Giardia lamblia and Cryptosporidium prior to disinfection;
» Bedbleto provide afinished water capacity of 28.6 mgd (includes a 5% pipeline |0ss);

> Minimize the quantity of waste stream; and
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» Beableto treat average day design capacity in the evert of utility eectrica power falure.
3.4.2. Water Quality Issues

Thequdlity of theLewis& Clark finished water issgnificant not only with regard to requirements of the
Safe Drinking Water Act (SDWA), but a so because of possible chemical differences betweenLenis&
Clark water and the water currently supplied by the member water systems. Regarding regulatory
requirements, the Lewis & Clark finished water will be used to supply water systems located in three
gates. South Dakota, lowa and Minnesota. In some instances, one or more of the states may have
more gringent requirements than the SDWA.

34.21. Raw Water Characteristics

Theraw water characteristicswill beimpacted by the surfacewater in the Missouri River aswell as
theaguifer characterigtics. Theraw water quaity will beimpacted by aquifer characterigticsof each
production well and seasond changes in the surface water qudity. The movement of the weter
through the aquifer materids will dampen sgnificant variations in water qudity.

Raw water quaity datafrom 1992, 1996, 1997 and 1999 from the Y ankton WTP was reviewed
to help determinetheraw water quality for Lewis& Clark. Y ankton’ ssupply isthe Missouri River
gpproximately 25 miles upstream of the proposed raw water wells.  Additiondly, groundwater
samples were collected during aquifer pump testing (vertical well ingalation) in the proximity of a
proposed horizonta collector well south of Vermillion. Table 3.4-1 summarizes Missouri river
water qudity and the analytica results from the ground water samples.
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Table3.4-1
Water Qudity from the Missouri River and Groundwater Sampling
Concentration (mg/L)
Parameter Missouri River WQSs-1 WQS-2
Iron 0.18-0.51 3.22 3.18
Manganese 0.03-0.08 041 0.39
Totd Hardness 234 — 260 275 272
Totd Alkdinity 154 - 163 210 211
pH 8.24 —8.40 7.42 7.38
Tota Dissolved Solids 500 — 509 542 552
Sulfates 221 -271 208 209
Sodium 68 — 74 56.8 70.5
Chloride 10-22.5 14.0 14.0
Huoride 0.45—0.56 0.41 0.40
TOC 2.45 2.45

The edtimated raw water qudity for Lewis & Clark is based on the test results and the surface
water qudity in thevicinity. Table 3.4-2 isasummary of the estimated raw water characterigtics.
The secondary maximum contaminant levd (SVICL) for each parameter is dso listed for
comparison, as applicable. SMCL’s are intended for the control of aesthetic factors (not health
related) and are therefore considered guiddines rather than regulations.

Table 3.4-2
Estimated Raw Water Characteristics
Parameter Concentration (mg/L) SMCL (mg/L)
Iron 1.0-20 0.3
Manganese 0.1-0.3 0.05
Tota Hardness 250 — 260 N/A
Tota Alkdinity 175-185 N/A
pH 75-85 6.5-85
Totd Dissolved Solids 520 - 530 500
Sulfates 235-245 250
Sodium 62 — 67 N/A
Chloride 15-20 250
Fuoride 0.45-0.55 2.0
TOC 2-3 N/A
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3.4.2.2. Source Water Classification

Dueto the proposed location of thewell fieldswith respect to the Missouri River and the depth and
type of wels, the possihility exigsthat some or dl of the wells may be under the influence of the
river. Classfication of the raw water from the wells as groundwater or groundwater under the
direct influence of surface water (GWUDI) will determine what regulations are applicable for the
treatment plant and what extent of treatment is required.

Determination of a groundwater source as GWUDI can be made in a number of ways.

> Fdd evauation of well congruction characterigtics, Site geology, proximity of the well to
surface water, and the depth of the well.

> Significant and rdatively rgpid shiftsin water characterigtics such asturbidity, temperature,
conductivity, or pH that closely correlate to climatologica or surface water conditions.

> Microscopic particulate andysis (MPA) indicating sSgnificant occurrence of surface weater
“bioindicators’ such as insects, dgae, distoms, or large-diameter pathogens such as
Giardia.

Based on discussions with South Dakota DENR personnd, the state relies heavily on MPA to
determine whether a groundwater source is to be classfied as GWUDI. Evduation of each well
andfind classfication of thegroundwater source will be made after each well isconstructed and put
into operation. Since the determination cannot be made &t this time and the possibility exists that
the welswill be under the influence of Missouri River water, the water treetment plant design will
be based on the assumption that the raw water is GWUDI as this classfication entails more
stringent trestment requirements.

3.4.2.3. In-Stream Water Quality Standards

Any wastewater generated by the water treatment processes must either be maintained on-sStein
complete retention ponds, discharged to a sanitary sewer or directly to anearby receiving stream,
gther the Missouri or Vermillion Rivers. A Nationd Pollution Discharge Elimination System
(NPDES) permit will be required if wastewater is discharged to a receiving stream.  In-stream
water quality standards must not be exceeded. Table 3.4-3 summarizesthewater qudity sandards
for the Missouri and Vermillion Rivers
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Table 3.4-3.
In-Stream Water Quality Standards

Missouri Vermillion

Parameter River River Special Conditions

Total Alkalinity (as CaCOs) 750 750 30-day average
1,313 1,313 daily maximum

Total Dissolved Solids 1,000 2,500 30-day average
1,750 4,375 daily maximum

Conductivity (at 25°C -

micromhos/cm) 2,500 2,500 30-day average
4,375 4375 daily maximum

Nitrates (as N) 10 50 30-day average

88 83 daily maximum

pH (standard units) 6.59.0 6.0-9.0

Total Petroleum

Hydrocarbon 10 10

Oil and Grease 10 10

Sodium Adsorption Ratio 10 10

Totd Coliform (/100 mL) 5,000 geometric mean of aminimum of 5 samples during separate

24-hour periods for a 30-day period and may not exceed this
value in more than 20% of the samples examined in the same

30-day period
20,000 in any one sample
Barium 10
Chloride 250 30-day average
438 daily maximum
Fluoride 4.0
Sulfate 500 30-day average
875 daily maximum
Un-ionized Ammonia
Nitrogen (asN) 0.04 0.05 30-day average
Dissolved Oxygen 35.0 35.0
Undisassociated Hydrogen
Sulfide 0.002 0.002
Total Suspended Solids 0 150 30-day average
158 263 daily maximum
Temperature (°F) 80 0
Feca Coliform (/100 mL) 200 1,000 geometric mean of aminimum of 5 samples during separate
(May 1- September 30) 24-hour periods for a 30-day period and may not exceed this
value in more than 20% of the samples examined in the same
30-day period
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3.4.2.4. Safe Drinking Water Act Rule

The SDWA regulations are very dynamic and severd regulations have been recently promulgated.
In addition, there are anumber of proposed and anticipated future regulations. The design of the
WTP will be based on compliance with exigting, proposed, and anticipated future SDWA

regulations. Asdiscussed above, the classification of the source water as groundwater or GWUDI

will impact the gpplicableregulationsfor the plant. Table3.4-4 summarizessaverd specific SDWA
regulations that are reviewed in the following sections and their applicability to the source water
classfication. Although the plant will be designed to comply with regulations required for systems
tresting GWUDI, the possibility exists that future classfication of the source water as groundwater
will reduce trestment requirements. Therefore, theregulations gpplicableto thiscdassificationwill be
reviewed aswell.

Table 3.4-4.
Applicable Regulaions
Regulation Groundwater GWUDI

Groundwater Rule X

Interim Enhanced Surface Water Treatment Rule X
Stage 1 Dignfectant/Disinfection Byproduct Rule X X
Filter Backwash Rule xX® xX®
Arsenic Rule X X
Radionuclides Rule X X
Radon Rule X X
Long Term 2 Enhanced Surface Water Treatment Rule X
Stage 2 Disinfectant/Disinfection Byproduct Rule X X

Note:
1. Applicableonly if recycle employed.

3.4.24.1. Ground Water Rule

The Ground Water Rule (GWR) specifies gppropriate use of disinfection for groundwater
supplies to assure public hedth. This rule will require source water and distribution system
disinfection and monitoring for al groundwater supplies. The rulewas proposed in May 2000

andthefind ruleisexpectedinlate 2001 or 2002. Thefollowingisasummary of the proposed
rule

> The State will be required to perform water system sanitary surveys to determine if
ggnificant deficiencies exig in the water sysems of ther sate.  Systems must

Banner/HDR/TRC Mariah 3-40



Lewis & Clark Water Supply Project Final Engineering Report

provide the State, at their request, pertinent information that will alow them to perform
thesurvey. Thismay include ongitereview of thewater source, identification of possible
sources of contamination, facilities, equipment, operation, maintenance and monitoring
compliance records.

> The gtate must conduct a one-time hydrogeologic senstivity assessment of al sysems
that do not provide a 4-log virusinactivation/removd to identify those sysemsthet are
located in sengitive aquifers. The EPA consders senditive aguifers to be located in
karst, gravel or fractured bedrock.

> Monthly monitoring of source water for fecd indicators will be required for dl
groundwater systems that are considered sendtive and do not provide a 4-log
inactivation of viruses. The sampling frequency may be reduced after twelve negative
samples.

> Corrective actions will be required for al PWS with a sgnificant deficiency or source
water contamination. Corrective actions may include eiminating the contamination
source, providing an dternative source of water, or installing a treatment process that
reliably achieves 4log removd or inactivation of viruses. All systems that provide
treatment must monitor their processesso that at least 4-1og virusinactivation or remova
IS occurring.

> Compliance monitoring will be required for dl groundwater systems that disinfect in
order to avoid source water monitoring, or to systems that disinfect as a corrective
action. Systems sarving less than 3,300 people must monitor disinfection once dally,
and systems serving 3,300 or more people must monitor their disinfection continuoudy.

The key to the proposed GWR is neeting a 4log inactivation or remova of viruses if a
system’ swater sourceis contaminated or determined to be sensitiveto contamination. A 4-lag
inactivation/remova means that 99.99% of viruses must be removed and/or inactivated.

Effect on the Lewis & Clark WTP: The GWR will gpply tothe Lewis& Clak WTPonly if
the source water is determined to not be under the influence of surface water. In addition, the
various Surface Water Treatment Ruleswill not gpply with a groundweter
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classfication. If this occurs, pathogen removad/inactivation will be limited to 4log vird
removal/inactivation. As aresult, disinfectant requirements would be reduced.

3.4.24.2. Interim Enhanced Surface Water Treatment Rule

The Interim Enhanced Surface Water Treatment Rule (IESWTR) was promulgated on
December 16, 1998 and became effective on February 16, 1999. This rule affects systems
treating surface water or GWUDI serving 10,000 or more people. The IESWTR builds upon
the treatment technique approach of the SWTR. Some key components of thisrule are as
follows

> Combined filter water turbidity leve limit of 0.3 NTU in at least 95% of monthly
measurements.

> Turbidity levels shdl not exceed 1.0 NTU at dl times (maximum ingtantaneous).
> Individud filters shal have continuous monitoring.

> Produce afilter profile on individud filter within seven daysif: 1) turbidities are greater
than 1.0 NTU based on two consecutive measurements fifteen minutes apart, or 2)
turbidity measurements are greater than 0.5 NTU after the initia four hours of filter
operation.

> Anexceptionsreport must be made and a self- assessment of afilter must be conducted
if aparticular individua filter produceswater with turbidity greater than 1.0 NTU based
on two consecutive measurements fifteen minutes gpart a any time within three
consecutive months.

> A Comprehensive Performance Evauation (CPE) must be performed by the primacy
agency or an gpproved third party if a particular individud filter produces water with a
turbidity greater than 2.0 NTU based on 2 consecutive measurements fifteen minutes
gpart at any time in each of two consecutive months.

> When conditions trigger filter profiles, filter salf-assessments, or CPEs exi, then the
monthly report to the primacy agency must include this information.
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> AnMCLG of zerofor Cryptosporidiumwas st to protect heath. A minimum of 2-log
removd of Cryptosporidium will be required.

> Didnfection profiling and benchmarking must be performed if one of the following
occurs:
- Significant changes to the disinfection process are made.
- Thetota trihdlomethanes (TTHM) annud averageisgreater than or equal to 0.064
mg/L.
- Thetotd of thefive hd oacetic acids (HAAS) annud averageisgrester than or equd
to 0.048 mg/L.

Effect onthe Lewis& Clark WTP: Thisrulewill requirethet individud filtersbe continuoudy
monitored for effluent turbidity to provide compliance with the rule. Filter sdlf-assessments
and/or CPEsmusgt be performed if filter effluent turbidity levelsexceed thelevelsset by therule.
The Cryptosporidium remova requirements will be met by the processes proposed for the
plant.

34.24.3. Stage 1 Disinfectant/Disinfection Byproduct Rule

The Stage 1 Disnfectants/Disinfection Byproducts (D/DBP) Rule gpplies to dl community
water systems and non-transient non-community systemsthat use adisinfectant at any point of
the trestment process. The rule was promulgated on December 16, 1998. The compliance
date for systems serving 10,000 or more peopleis January 2002. The following are some of
the key components of thisrule.

> Maximumresdud disnfectant levels(MRDLS) for three chemicd disinfectantswere sst

asfollows

- Chlorine 4.0mg/L asCh,

- Chloramine 4.0mg/L asCh,

- Chlorine Dioxide: 0.8 mg/L asClO,

> DBPsin digribution sysems must be reduced to the following MCLs.

- Totd Trihndomethanes (TTHMS): 0.080 mg/L (running annud average)
- FveHaoacetic Acids (HAAS): 0.060 mg/L (running annual average)

- Bromatelon: 0.010 mg/L (running annud average)
- Chlorite lon: 1.0 mg/L (three-sample average)

Banner/HDR/TRC Mariah 3-43



Lewis & Clark Water Supply Project Final Engineering Report

> Sygems must meet the required TOC remova by enhanced coagulation and/or
enhanced softening as st forth in the following:

Table 3.4-5.
TOC Remova Requirements
Source Water Source Water Alkalinity (mg/L as CaCOy)

TOC < 60 mg/L 3 60 mg/L - 120 mg/L 3 120 mg/L
2.0—-4.0 mg/L 35% 25% 15%
4.0 —8.0 mg/L 45% 35% 25%
> 8.0 mg/L 50% 40% 30%
Note:

Systems practicing enhanced softening must meet TOC removal requirements of the last column on

theright.

> Sysdems may meet one of the following dternaive compliance criteria to be in
compliance with the TOC remova requirements above:

Source or treasted water TOC islessthan 2.0 mg/L.

Source water TOC islessthan 4.0 mg/L, source water dkainity isgreater than 60
mg/L (as CaCOs), and the DBP levelsfor TTHM and HAAS are less than 0.040
mg/L and 0.030 mg/L, respectively.

The sysem is using only chlorine as its disinfectant and the DBP levels for TTHM

and HAAS are less than 0.040 mg/L and 0.030 mg/L, respectively.

Source or treated water specific ultraviolet absorbance (SUVA) prior to any

treetment islessthan 2.0 L/mg-m.

System practices softening and removes a least 10 mg/L of magnesium hardness
(as CaCoO:s).

System practices softening and lowerstreated water dkdinity to lessthan 60 mg/L
(as CaCoO:s).

Effect on the Lewis & Clark WTP: The Lewis& Clark project includes alarge distribution

sysem with long detention times, which will be conducive to the formation of DBPs.
Chloramines, which formonly low levels of DBPs, should be used asthe disinfectant resdua to
reduce DBP formation and aid in compliance with the Stage 1 D/DBP Rule.
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The groundwater source for Lewis & Clark will most likely have low levels of TOC, and the
system may have problems mesting the TOC remova requirementsof thisrule. Thesystemmay
be able to meet one of the following dterndive criteria

> TOCleveslessthan 2 mg/L.

> TOC leveslessthan 4 mg/L and TTHM and HAAS leves less than 0.040 mg/L and
0.030 mg/L, respectively.

> Softening dternative of providing a least 10 mg/L. of magnesium hardness remova.
34.24.4. Filter Backwash Rule

The Filter Backwash Rule (FBR) was promulgated on June 8, 2001. This rule will require dl

water systemns using rapid sand filters with surface water or GWUDI suppliesto return filter
backwash, thickener supernatants, and liquids from dewatering processes to alocation such
that the recycle stream will be treated by al processes of a plant’s conventiona or direct

filtration systemincluding coagul ation, flocculation, sedimentation (conventiond filtration only),
andfiltration. Alternativerecyclelocations may be approved by the State, however, it must be
demondtrated that the dternative location is required to provide optimd finished water quality,
the plant needs the recycle flow as an intringc component of the process, or that the plant has
unique treatment requirementsor processes. Under the FBR, backwash water equalization or
trestment is not mandatory before it isrecycled.

Specific requirements of the rule include:

> Sygemsthat recycle backwash water must notify the state and provide flow details,
filter details, and a plant schematic by November 2003.

> Sygemsmust comply with the recycle return location requirements by June 2004 or by
June 2006 if capital improvements are required

Effect on the Lewis & Clark WTP: Thisrulewill requirethat any recycle streamsemployed
at theLewis & Clark WTP be returned to the head of the plant, prior to any coagulant or lime
addition. No treatment of the recycle stream will be required prior to its addition to the raw
water; however, treetment of the recyclewater may be desirableto prevent possible deleterious
effects on downstream processes resulting from the return of the recycle stream.
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3.4.245. ArsenicRule

The Arsenic Rule published in the Federal Register on January 22, 2001 lowered the existing
MCL for Arsenicfrom50 pg/L to 10 ug/L.. EPA announced on May 22, 2001 that it will delay
the effective date for the rule until February 22, 2002. Thedeay will alow EPA to performa
reassessment of the Arsenic standard so that it is based on sound science and accurate cost
estimates.

The lowered standard set under the Arsenic Rule aims at further protecting public hedth by
reducing the risk of chronic effects of long-term exposure to arsenic in drinking weter. The
long-term consumption of water with low concentrations of arsenic canlead to variousforms of
cancer including bladder, skin, and lung. Other noncancer adverse hedlth effects include
cardiovascular disease, diabetes, developmenta and neurological effects.

In September 2001, the National Academy of Science (NAS) released a report which
edimatestherisk of bladder and lung cancer from ingested arsenic ismorethan EPA’ sorigind
esimates. In November, the EPA announced that the arsenic limit would be lowered to 10

gl

Effect onthe Lewis& Clark WTP: Thetreatment processes being considered for the Lewis
& Clark WTP are effective a removing arsenic or can be dightly modified to enhance arsenic
removd if it isdetermined that Sgnificant arsenic removd is necessary to comply with thisrule.

3.4.2.4.6. RadionuclidesRule

The Radionuclides Rule was promulgated on December 7, 2000 and will become effective on
December 8, 2003. Theruleappliestodl community water sysems. The purposeof theruleis
to reduce therisk associated with exposure to radionuclides (excluding radon) in drinking water
induding combined radium-226/-228, (adjusted) gross apha, beta particles and photon
radioactivity and uranium. Hedlth effectsfrom exposure to radioactive compoundsincludesthe
ionization process that can damage chromosomes or other parts of cdls, potentidly leading to
cdl death or unnatura cell reproduction leading to cancer. Certain dementscan accumulatein
specific organs, such asiodinein the
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thyroid and radium in the bones. In addition, exposureto uranium can cause damageto kidneys,
potentidly leading to kidney falure. The rule will st the following MCLs.

> Combined Radium-226 and Radium-228: 5 picoCuries per liter
> Gross Alpha (excdluding radium and uranium): 15 picoCuries per liter
> BetaParticles and Photon Reactivity: 4 millirem per year

> Uranium: 30 pg/lL

Effect on the Lewis & Clark WTP: The sourcewater for Lewis& Clark will most likely not
have significant levels of radionuclides. If high levels are detected, the processes being
evauated for use a the WTP can be optimized to provide some remova of radionuclides.

3.4.24.7. Radon Rule

Radon isanaturally occurring radioactive gas that has been shown to beamgjor contributor to
lung cancer. According to a1999 report by the Nationa Academy of Science, theinhalation of
radon from indoor air contributes to gpproximately 20,000 lung cancer deaths in the United
States each year. The release of radon from drinking water contributes an estimated one to
two percent of thetotal radon of indoor air, increasing the risk of lung cancer. In addition, the
consumption of drinking water with radon poses asmal risk of stomach cancer.

Based upon the cancer risks associated with radon in drinking water, the Radon Rule was
proposed in the Federal Register on November 2, 1999 and is expected to befindized in the
second hdf of 2001. The rule will require the following:

> AnMCL of 300 picoCuries per liter for radon in drinking water.

> Anadternate MCL of 4,000 picoCuries per liter for radon in drinking weter if the Sate
implements a Multimedia Mitigation (MMM) program.

The MMM program is aimed at a cost- effective method of radon reduction by addressing the
s0il source of radon inindoor air, while also addressing high levels of radon in drinking water.
The god of an MMM program is to reduce the public hedth risk from
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radon by an amount comparable to that achieved by treeting drinking water to the 300
picoCuries per liter MCL.

Effect on the Lewis & Clark WTP: High concentrations of radon are not anticipated to be
present in the Lewis & Clark source water. In addition, the State of South Dakotawill most
likdy implement an MMM program, which would result in the higher MCL of 4,000 picoCuries
per liter for radon. Asaresult, theLewis& Clark WTPisanticipated to bein compliance with
the requirements of thisrule.

34.24.8. Long Tem 2 Enhanced Surface Water Treatment Rule and Stage 2
Disinfectants/Disinfection Byproducts Rule

A negatiative rulemaking process for the Long Term 2 Enhanced Surface Water Treatment
Rule (LT2ESWTR) and the Stage 2 D/DBP Rule cameto aconclusonin theform of aFederd
Advisory Committee Act (FACA) committee agreement approved September 29, 2000. The
agreement in principle resulting from this negotiative process served as the basis for the
Environmenta Protection Agency to formaly propose the Stage 2 D/DBP rule and
LT2ESWTR in late 2001 and issue afind rule in 2002.

The Stage 2 D/DBP rule and LT2ESWTR will contain the principle of smultaneous
compliance. This means that water systems will address the Stage 2 D/DBP rule and
LT2ESWTR requirements concurrently in order to protect public health by ensuring aproper
ba ance between microbid and DBP risks while optimizing technology choice decisons.

Long Term 2 Enhanced Surface Water Treatment Rule

The requirements of the LT2ESWTR will gpply to dl public water systems that use surface
water or GWUDI. The LT2ESWTR will be proposed to provide further protection from
Cryptosporidium contamination of drinking water. Based upon the recommendations of the
FACA committee agreement, the following are the anticipated requirements of the
LT2ESWTR:

> Thetotd Cryptosporidium remova requirement for a system will be based upon the
source water quality.
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Conventiond trestment plants in compliance with the IESWTR will be given a 3-log
remova credit for Cryptosporidium.

Source water monitoring for Cryptosporidiumwill be required to determine the” bin”

classfication of the system. Monitoring will be conducted using EPA Method 1622/23
and no less than 10L samples. Bins are categories of additiond treatment (beyond
conventional treatment) required based upon source water Cryptosporidium
concentrations. Cryptosporidium, E. coli and turbidity source water sampling will be
carried out on a predetermined schedule for 24 monthswith one of two choices: 1) bin
cassfication based on highest 12 month running average if monthly samples, or 2)

optiond bin classfication based on two year mean if facility conducts twice per month
monitoring for 24 months (i.e. 48 samples). Anticipated bin classficationsare provided
in Table 3.4-6.

Table 3.4-6.
Bin Classfications
Bin Average Cryptosporidium Additional treatment requirementsfor systemswith
Number Concentration conventional treatment that arein full compliance with
IESWTR

1 Cryptosporidium< 0.075/L No action.

2 0.075/L £ Cryptosporidium< 1.0/L | 1-log treatment (systems may use any technology or
combination of technologies from toolbox aslong as total credit
isat least 1-log).

3 1.0/L £ Cryptosporidium< 3.0/L | 2.0-log treatment (systems must achieve at least 1-log of the
required 2-log treatment using ozone, chlorine dioxide, UV,
membranes, bag/cartridge filters, or in-bank filtration).

4 Cryptosporidium3 3.0/L 2.51og treatment (systems must achieve at least 1-log of the

required 2.5-log treatment using ozone, chlorine dioxide, UV,
membranes, bag/cartridge filters, or in-bank filtration).

?

Systems have three years following initid bin dassfication to meet the treatment
requirements associ ated with the bin (see Table 3.4-6). The primacy agency may grant
sysems atwo-year extenson to comply when capitd investments are necessary.
System currently using ozone, chlorine dioxide, UV, or membranes in addition to
conventiona trestment may recelve credit for those technologies towards bin
requirements.
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> Thetotd Cryptosporidium remova requirement depending upon bin classification will
be 3, 4, 5, or 5.5-log removal.

> Treatment options acceptable to meet the additiona removal requirementsarelisted in
Table3.4-7.

Effect on the Lewis & Clark WTP: Lewis& Clark will be required to monitor their source
water for Cryptosporidium. Although the source water may be under theinfluence of surface
water, it is very unlikely that high concentrations of Cryptosporidium will be detected.
Therefore, no improved trestment or disinfection should be necessary to meet the requirements
of thisrule

Stage 2 Disinfectants/Disinfection Byproducts Rule

To further protect the public from the adverse hedlth effects of disnfection byproducts, the
Stage 2 D/DBP Rule will build upon the requirements of the Stage 1 D/DBP Rule. The
following summarizes the anticipated requirements of the rule based upon the September 29,
2000 FACA committee agreement.

> Compliance monitoring will be proceeded by an initid ditribution systlem monitoring
(IDSE)/study to sdlect site-specific optima sample points for capturing pesks. All
systems conducting | DSE monitoring must monitor during the peak historica month for
DBP leves or water temperature. TTHM and HAAS samples will be taken at each
gte.

> MCLsfor TTHMs, HAAS, bromate, and chlorite will not be reduced from the Stage 1
levels. The bromate level will be reviewed as part of the 6-year review process to
determine whether areduction to 0.005 mg/L or lower concentration is required.
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Table3.4-7.
Microbid Toolbox

APPROACH Potential L og Credit
05 | 1 | 2 [ >25
Watershed Control
Watershed Control Program ¢ | | |
Reduction in oocyst concentration ® As measured
Reduction in viable oocyst concentration ® As measured
Alternative Source
Intake Relocation As measured
Change to Alternative Source of Supply As measured
Management of Intake to Reduce Capture of Oocystsin Source As measured
Water &
Managing Timing of Withdrawal © As measured
Managing Level of Withdrawal in Water Column As measured
Pretreatment
Off-Stream Raw Water Storage w/Detention ~ X days® *
Off-Stream Raw Water Storage w/Detention ~ Y weeks™ *
Pre-Settling Basin w/Coagul ant * =
Lime Softening @ e
In-Bank Filtration I * e
Improved Treatment
Lower Finished Water Turbidity (0.15 NTU 95% tile CFE) L 4
Slow Sand Filters® X
Roughing Filter @ *
Membranes (MF, UF, NF, RO) ) X
Bag Filters” * e
Cartridge Filters® * |
Improved Disinfection
Chlorine Dioxide ® * *
Ozone ¥ * * *
uv @ *
Peer Review/Other Demonstration/Validation or System Performance
Peer Review Program (ex. Partnership Phase |V) | * | |
Performance studies demonstrating reliabile specific log
removals for technol ogies not listed above. This prpovision As demonstrated
does not supercede other inactivation requirements.

Notes:
1. Criteriato be specified in guidance to determine allowed credit.

2. Inactivation dependent on dose and source water characteristics.
3. Additional monitoring for Cryptosporidiumafter this action would determine new bin classification and whether

additional treatment is required.
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?

?

?

Compliance with TTHM and HAAS5 will be determined based on Locationd Running
Annua Average (LRAA) asopposed to averaging acrossthedigtribution systemthat is
required under the Stage 1 D/DBP Rule. Compliance will bein two phases. Phase 1
will requirethat al systems must comply with 120/100 (TTHM/HAAS) LRAA based
on Stage 1 monitoring Sites and adso continue to comply with Stage 1 80/60 running
averageswithin three yearsafter promulgation. Phase 2 requiresthat large and medium
systemsmust comply with an 80/60 LRAA based on new sampling Stesidentified under
IDSE within Six years after promulgetion.

Sampling points to determine compliance with the rule will be identified by an initid
digtribution system evauation (IDSE). Monitoring will be required every other month
(approximately 60 days) for one year a eight distribution stes that are different from
Stes monitored under the Stage 1 requirements.

Based upon the IDSE, compliance monitoring will be required & four locations.

- Onefor the representative average from the Stage 1 locations.
- Onea the high HAAS gte location as identified by the IDSE.
- Two a the highest TTHM site locations as identified by the IDSE.

Compliance sample frequency will remain quarterly.

Effect onthe Lewis& Clark WTP: The Stage 2 D/DBP Rulewill place dricter requirements

for DBPlevelson systems. Asdiscussed under the Stage 1 D/DBP Rule, thesize of the Lewis
& Clark digtribution system will be conducive to DBP formation, and chloramines should be
used as the secondary disinfectant to reduce DBP formation to the extent possible. If the
systemn has problems complying with thisrule, use of UV disinfection asaprimary disinfectant
may be judtified, as this technology produces no known DBPs,

3.4.25.

Chemical Differences

Thefinished weter at the Lewis& Clark plant should be dightly scaleforming. Theprincipa scde-
forming substance in water is cacium carbonate. Water is consdered stable when it will neither
dissolve nor deposit calcium carbonate. Thisisreferred to as the calcium carbonate sability, or
equilibrium, point. Thus, the reactions and behavior of calcium carbonate and calcium bicarbonate
are important in water supplies. The actud

Banner/HDR/TRC Mariah 3-52



Lewis & Clark Water Supply Project Final Engineering Report

amount of cacium carbonate that will remain in solution in water depends on five basic factors:

cacium content
dkdinity

pH

temperature, and
total dissolved solids

ks owDdNE

Severd methods can be used to determine the calcium stability of water. A popular method isthe
Langdier Saturation Index (LI, adso referred to as the Langdier Index). The index is equa to
measured pH (of thewater) minus pHs (saturation). The pHsisthetheoretica pH at which calcium
carbonate will neither be dissolved into or precipitate from water. At the pHs water is stable.
Therefore, if pH - pHs =0, thewater isin equilibrium and will naither dissolve nor deposit calcium
carbonate on the pipes. If pH - pHs > 0 (pogtive vaue), the water is not in equilibrium and will
deposit cacium carbonate on the pipes. If pH - pHs < O, (negative vaue), the water is not in
equilibrium and will dissolvethecacium carbonateit contacts. No coating will be deposited onthe
distribution pipes. However, if pipes are not protected, they may corrode.

The calcium carbonate stability of water is maintained in the didtribution system by adjusting the
saturation index of the water to adightly postive value.

If the temperature, tota dissolved solids, calcium content, and dkalinity are known, pHs can be
caculated. The following expresson may be used:

pHs= A + B—log (Ca'®) — log (akainity)

In the equation, A and B are congtants, and calcium and dkalinity valuesare expressed in terms of
mg/L as cacium carbonate equivaents.
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Table 3.4-8.
Congtants A and B
Congtant A asFunction of Water Constant B as Function of Total
Temperature Dissolved Solids
mg/L A mg/L B

0 2.60 0 9.70
4 2.50 100 9.77
8 2.40 200 9.83
12 2.30 400 9.86
16 2.20 800 9.89
20 2.10 1,000 9.90
24 2.00

{Source: AWWA, Volume 4, Introduction to Water Quality Analysis— Principles and
Practices of Water Supply Operations, 1982.}

Table 3.4-9.
Estimated Langdier Stability Index for Lewis & Clark Finished Water
o pH | Temp | TDS| Ca |T.Alk
Description SU |Deg. C|mglL | mglL | mglL pHs | LI
Conventionad — Average 86 | 10 | 400 | 60 70 | 86 | 0.0
Membrane — Average 7.8 10 | 225 | 60 90 | 84 |-06

The pH;s for the Lewis & Clark finished water is estimated to be approximately 8.3 to 8.6 for
conventiona treatment and 8.3 to 8.5 for membranefiltration. The Lewis& Clark finished water
should be ddlivered a pH 8.6 to 8.9 for the transmisson mains. Oncethe Lewis & Clark water
reaches the member system connection, pH and/or akdinity adjusment may be required to
minimize ingtability problemsin the member didtribution system.
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Table 3.4-10.
Edtimated Langdier Stability Index for Lewis & Clark Members
Ca T.Alk
L CWRSMember ETJ T(egp (;Sf) (asCaC0y) | (asCacos) | pHs | LS
(mglL) (mg/L)

Beresford, SD 93 | 13 502 130 31 85 | 07
Boyden, IA 72 | 13 529 109 301 76 | -04
Centerville, SD 75 | 13 728 320 276 72 | 03
Clay Regional RWS, IA 74 | 13 42 190 240 75 | -01
Harrisburg, SD 76 | 13 o4 420 289 71| 05
Hull, 1A 77 | 13 593 376 1,200 65 | 1.2
Lennox, SD 79 | 13 517 117 266 77 | 02
Lincoln Co. RWS, SD 73 | 13 868 433 367 70 | 03
Lincoln-PipestoneRWS, MN | 74 | 13 378 160 168 77 | 03
Luverne, MN Filter #1 78 | 13 499 242 314 73 | 05
Luverne, MN Filter #2 7.6 13 592 270 324 72 | 04
Madison, SD 76 | 15 | 1191 283 10 87 | -10
MCWC, SD 87 | 13 376 79 29 88 | -01
Parker, SD 73| 13 895 338 279 72 | 01
Rock County RWS, MN 70 | 13 500 313 245 73 | 03
Rock Rapids, 1A 7.7 13 657 250 280 73 | 04
Rural Water #1, 1A 75 | 13 947 320 310 72 | 03
Sheldon, IA 75 | 13 510 222 310 73 | 02
Sibley, IA 76 | 13 570 320 230 73 | 04
Sioux Center, |A 72 | 13 808 170 312 74 | -02
Sioux Falls, SD 79 | 15 491 178 31 84 | -04
South Lincoln RWS, SD 76 | 13 612 82 299 77 | 01
Tea, SD 71| 13 | 1982 733 376 6.7 | 04
Worthington, MN 70 | 13 570 210 250 74 | 04
AVERAGE 76 | 13 695 257 283 75 | 01
MAXIMUM 93 | 15 | 1,982 733 1,200 88 | 1.2
MINIMUM 70 | 13 376 79 10 65 | -1.0
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3.4.3. General Water Quality Requirements as Ddlivered (Mixing)

Member systems that will blend Lewis & Clark water with their water may experience stability
problems for a period of time related to existing scale deposition and tuberculation in the distribution
pipes. This problem may be exacerbated by the continua change in blending ratio between Lewis &
Clark and member systems water. There may be a need to adjust pH and akalinity at the system
connection point, as the Lewis & Clark water enters the member’ swater digtribution system so that
initidly the water has a Langdier Stability Index (LSl) smilar to the water supplied before Lewis &
Clark water. Changes could be madeto water chemical characteristics over aperiod of time, in order
to minimize problems of sability.

3.4.4. Design Unit Flow Capacity

The totd reserved capacity of Lewis & Clark membersis 27.19 million gdlons per day (mgd). The
trestment process units will be sized to provide a nomind finished weter flow of 27.2 mgd on a
continuous basis. Asaresult, the in-plant usage of water (i.e, filter cleaning, dudge withdrawd, etc.)
and system losses must be accounted for inthe overdl facility Sizing. In order to produce 27.2 mgd of
flow, the syssemraw water supply and treatment units must be Sized greater than 27.2 mgd. Typicaly,
water trestment facilities utilize from 2 to 10 percent of the water supplied to the plant for in-plant uses.

Therefore, this additiona water requirement will need to be added to the 27.2 mgd production
capacity. This percentage will vary depending upon the treatment processes sdlected for
implementation.

Lewis& Clark isawholesdewater system and the piping indudestransmisson mainsonly. Water loss
from this type of system should be subgtantidly less than a system that serves individua customers.
Normd lossin amunicipa system can be 5 to 6 percent or more, however, this is an entirdly new
system and the transmission losses are estimated to be ingignificant (2%, or less). A 5% lossfigurehas
been included in the transmissions pipedine system to account for system losses.

The number and capacity of the treatment process units will be determined using criteria from Ten
States Standards and manufacturers' recommendationsfor their equipment systems. If design criteria
are not available in Ten States Standards for the proposed process units, the proposed sizing will be
based on criteriafrom other water trestment plant texts and manuas. Also manufacturersinput will be
evduaed. Find szing of evolving technologies such as membranes would require pilot testing to
confirm the design parameters.
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3.4.5. Telemetry and Controls

Norma operation of medium and large water treatment plants is performed from a centra location—
typicdly, a the treatment plant itsdf, athough it can be located esewhere. The control system
implemented for the Lewis & Clark facilities will consst of microprocessor based controllers
(Programmable Logic Controllers and/or Remote Termina Units), acomputer based HMIs (Human
Machine Interface), radios and locd instruments.

Instrumentswill be utilized to measure process variables such asleves, flow rates, pressures, chemica
feed dosages, pump speeds, vibration levels, motor temperatures, etc. The measured values will be
trangmitted to PL Cs (programmablelogic controllers) and/or intelligent RTUs (Remote Termind Units).

PLCsor RTUslocated remotely from the trestment plant’s control room will communicate viaradio
with the master PLC/RTU located at the Water Treatment Plant.

Redundant computer-based HMIs located in the Water Treatment Plant’s control room will provide
operators an interface with the capability to both monitor and control the entire system. Measured
variables can be viewed, trended and saved viathe computer. Compact disks or tapeswill be utilized
to automatically save data from the computer’ s hard-drive for higtorica data archiving.

Informeation that must be collected and managed by the Lewis & Clark ingrumentation system is
particularly important. This information can generdly be placed into one or more of four broad
categories.

> Treatment process data, to maintain the plant operation within established parameters and notify
plant personnel of out- of- limit conditions.

»  Technicd information to provide operating cost and efficiency information and produce routine
reports.

» Higtorica data, to identify long-term trendsin water quality and plant performance that can be
used for evauating optimization or upgrade of plant facilities.

> Pressure, flow, levels, and water quality information in the transmission, storage and distribution
sysem.
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The computer-based HM s provide indication of equipment status and centraized darm management.
Alarmsare displayed, prioritized, time stamped, acknowledged, and reset viathe HMIs. Printoutsare
generated to provide awritten ligting of al darms and their time of occurrence.

In addition to the monitoring functions noted above, operators will have the ability to change vave
openings, adjust pump speeds, start and stop equipment, and make other process and equipment
adjustments from the HMI s located in the centra control room.

Alsp, it isoften desirable to integrate mai ntenance monitoring and dispatch functions, inventory control
for chemicals, and laboratory andysis functions into the system.  These off-line functions require the
capability to combine operational data with operator entered data to produce necessary reports.

A computer-based ingrumentation and control is recommended. This type of system provides
sgnificant operationa advantages over the discreet system, particularly in plant automation and data
retrieva. With the use of computer-based systems, there are severa system architecture options. The
two principa system architecture types are distributed and non-distributed control systems.

Non-digributed systems rely on a single centra computer, interlinked to al the system devices. A
standby computer is often needed to assure system rdiability, sgnificantly increesing the cost of the
system. Sysemintdligenceiscentraized, with the remote devicessmply serving for datagathering and
command implementation.

Digributed control systems utilize severd different computers or processors to perform the control

functions. The processorsareinterconnected, with each processor dedi cated to a separate functionto
minimize the impact on the overdl facility operation in the event aprocessor fails. The processorscan
be arranged into one of three different schemes: dataacquisitioning systems, networked programmable
logic controllersand ditributed control systems. A distributed control system will be necessary for the
wellsand transmission pipeline system. It isrecommended the distributed control system be considered
for the water trestment plant as well.
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3.4.6. Emergency Power

Therdiability of theLewis& Clark sysemiscritical sncemany of the system customers are dependent
on the system astheir primary or sole source of water. If utility power isnot available, sandby power
must be cgpable of dlowing operation of thefacilities. Not dl dectrica loadsare critical, but the system
must be capable of pumping and processing water for the following key functions:

> Raw Water Supply
> Water Treatment Fecilities
»  Digribution System Repump Station

Ten States Standards requires adequate standby power to meet average day demands. The design
capacity of the facilities is 28.6 mgd and the estimated average day demand is 22to 23 mgd. The
various pumping and treatment facilitieswill have the minimum standby power generatorsto operatethe
required equipment at the average day demand. The proximity of various standby power locationswill
require emergency generators a each of the key locations. A second power source to provide the
required reliability will be evauated on the mgor eectrica loads.

3.4.7. Pipingand Valves

3.4.7.1. Pipe Materials

The pipe materids sdlected for usein the process piping at the Lewis & Clark WTP will be based
on experience gained from their use at other water treatment facilities and technical congderations.
Materias used for buried and exposed process piping within plantsusualy consigt of ductileiron or
ged. Chemicd sysemswill use materid that is chemica resstant such as PV C or fiberglass. A
pipe schedule liging the various process piping and chemica systems with recommended pipe
maeridsisshown in Table 3.4-11.
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Table 3.4-11.
Pipe Schedule
Service Size Range (in) Type Comments
v ard Piping 472 Ductile Iron AWWA C151
Steel AWWA C200
Ductile | AWWA C151
In-Plant Process Piping 4-72 tetite ron
Steel AWWA C200
To2 Rigid Copper ASTM B88, TypelL or K
Potable and Nonpotable Water 2%-3Y Stedl ASTM A53, Schedule 40
4 and larger Ductile Iron AWWA C151, Class 53
AWWA C151, Class 53 w/
In-plant Sludge All Ductile Iron -
grooved joints
AWWA C151, Class 50
Buried Sludge All Ductile Iron s
w/ cleanouts
Plant Compressed Air All Stainless Steel | ASTM A269
pPvC ASTM D3034, SDR 35
Buried Sanitary Sewer All -
Ductile Iron AWWA C151, Class 50
ASTM AS53, Schedule 40 w/
Dry Chemica Unloading System All Steel S
coupling joints
Fiberglass
Lime Solution All - g Molded trough with open top
Stainless Steel
Chemical Solution Lines All PvC ASTM D1785, Schedule 80
Pr ized G Liquid Chlorine,
ESSLINzEd 5as or LigUid Lhvonne Al Sted! ASTM AB53, Schedule 80
Ammonia, and Carbon Dioxide

Internal operating pressuresand externd |oading conditionsfor the piping systemswill betakeninto
condderaion during the find design. Process piping in the plant will be flowing under gravity
conditions so the maximum pressures will usudly be less than 10 ps. For the buried pipdines,
gpecid congderation will have to be given for the bury depth and increased live loadingsin aress
such asroad crossings. Yard piping will be buried with aminimum of 5.5 feet of cover. Thiswill
prevent freezing of the lines and minimize the impact of live loads. Ductile iron pipdines will be
placed on granular bedding similar to Type 4 per AWWA C600 for support.
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The bedding will be provided a a minimum depth of 1/8 the pipe diameter, and sdected
compacted backfill will be used to the top of the pipe. Similar granular support bedding to a
minimum depth of 1/2 the pipe diameter will be used for sted piping.

The chemica feed systems will be designed to minimize or diminate any buried chemicd lines
wherever possible. Thisisdesirableto minimizetherisk of any lesks of chemica directly into the
ground surrounding the pipe. If buried chemica pipes become necessary, a double containment
piping system will be used.

3.4.7.2. Pipe Joints

Ingenerd, dl exposed ductileiron piping sysemswill have flanged joints unless otherwise noted in
Table 3.4-11. One exception noted will be the dudge piping, which is recommended to use
grooved couplings. This will dlow for easy remova of the dudge piping for cleaning. Large
diameter exposed sted piping will be welded with flanges provided at valves and selected jointsto
dlow for remova. Couplingswithtierodswill dso be dlowed for joints. Exposed copper piping
systemswill utilize soldered joints. Exposed PV C piping systemswill use solvent welded socket
joints. All large diameter interior piping sysemswill be evauated for expansion and contraction
and will have couplings provided where needed to dlow for this flexibility. The coupling will be
harnessed with tie rods to prevent separation of the pipe. Couplings will also be placed near
valves, if required, to alow for remova. Jointson the exterior piping sysemswill be bell and spigot
type design. Asrequired at valves, tees, and bends, the pipe will have restrained joints severa
lengths from the fittings or provided with thrust blocks to prevent separation of the pipe.

3.4.7.3. Liningsand Coatings

Linings and coatings will be specified on piping systems as required to protect the pipe from
corrosion. See Table 3.3-3for additiona discusson concerning corrosion control. All ductileiron
and stedl process piping will be cement mortar lined in accordance with AWWA C104 and C205,
repectively. Ductile iron pipe used for sewer service will have a polyethylene lining.  All other
piping systems will be unlined since the piping materids used are competible with the type of
service.

An exterior coating or method of corrosion protection will be provided on al exposed and buried
piping. For exposed piping, it will be painted in accordance with the Ten States
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Standards guiddinesfor color identification with ahigh quality epoxy paint sysem. Buried ductile
iron and sted pipe materias will be evauated for corrosion protection during find design. There
are three basic methods that will be evaluated to control corrosion on these pipelines as follows.

> |solate and dectricaly insulate the pipe from the surrounding soil with aprotective coating.
For sted, this will be a protective tape wrap or polyurethane coating with heat shrink
deeves at the joints. For ductile iron, thiswill be a polyethylene membrane encasemert.

> Provide bonded joints with sacrificid galvanic anodes.

> Provideéectric currentsto the piping system to counteract the gal vanic currents associated
with corroson.  This is usudly done by bonding the joints with impressed current and
having energized sacrificid anodes.

3.4.7.4. Pipe Support Systems

Severa methods can be used to support exposed large diameter piping. Pipes located near the
finished floor (1 to 4 feet) will be supported from the floor. These supports would consist of
concrete saddles or stedl framework. All other piping will be supported with hangersfrom above,
from the wall, or a combination of both.

Support hangers from above can be provided by either the upper concrete floor/roof system or
from a stedl support beam. The sted support beam has been popular with contractors on some
projectsbecauseit alowsfor easer ingdlation of thepiping. A sted support system dlowsthetop
of apipegdlery areato remain open before placement of the floor or roof above, thusalowing the
gdlery piping to be placed by crane. Thisdiminates having to ingd| the piping without thead of a
crane aswould berequired if thefloor or roof aboveis placed first to provide connection locations
for hangers. Placing the concrete floor or roof above firgt usudly results in a more difficult and
expendve method of ingalation.  In addition, the upper floor/roof supported system, concealsthe
hanger connections, which makes them inaccessible for ingpection. Because of thesereasons, itis
recommended that the structura stedl beam support system be used for the find design.
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3.4.75. Valves

Thereare many sizesand typesof vavesthat will berequired for theLewis& Clark WTP. Vaves
will be needed for isolation, on-off, throttling, and pump check operations. Many of these valves
will aso require automatic actuators. Speciaty valves, such asair/vacuum and air release will have
to be provided at high pointsin pipeines. Surge rdlief vaves may haveto be provided in thehigh
service dischargeto protect againgt high-pressuresurges. Therequirementsfor specidty vaveswill

be evaduated during the find design.

3.4.7.6. Valve Operators

Each vave provided at the Lewis & Clark WTP will have either amanua or autometic actuated
valve operator. A manua operator, either lever or hand whed, will be provided on dl vavesthat
do not require remote or automatic operation and are only used for isolation. The vavesthat will
have automatic actuators will be determined during the find design. All automatic vaves will be
provided with a manua override in case the automatic operator fails. In addition, careful
condderation will be givento thefaluremode of dl automatic vavesduring find design sothet over
pressurization of piping systems does not occur.

3.4.7.6.1. Manual Operators

Manua operators to be used for dl vaves will ether be lever, hand whed, or operating nut.
Lever operators will be provided for dl plug vaves, butterfly valves, and bdl valves smdler
than 4 inches. Gear operators with hand whed swill be provided for dl plug vaves, butterfly
vaves, and bal vaves4 inchesand larger. Chain operatorswill be furnished where necessary
for dl vaves6 feat or higher fromthefloor. Buried vaveswill have 2-inch operating nutsto be
used with a standard vave wrench.

3.4.7.6.2. Automatic Operators

There are three types of automatic valve operators that have commonly been used in water

plants, which are:
> Hydraulic
> Pneumdic
> Eledtric
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Hydraulic operators use weter or oil asthedriving force. Thewater hydraulic operators have
decreased in popularity due to the leakage and maintenance problems associated with them.
Hydraulic vavesusing oil aredill used but involve some negetive aspects. These actuatorsare
potentia maintenance problems dueto oil lesks from the pressurized lines that run throughout
trestment facilities. Theseleakscould dso causeapotentia water contaminationrisk. Thereis
aso a higher safety risk involved due to the high hydraulic operating pressures. Because of
these reasons, it isrecommended that hydraulic valve operators not be considered for use at the
Lewis& Clark WTP.

The remaining two types, pneumatic and d ectric, are the more common categories of actuators
used inwater plantstoday. These arerecommended for useat theLewis& Clark WTP dueto
the generd accepted use of them at other water treatment facilities. Thefind decison on the
type of actuator will be determined by cost during find design. In generd, economicswill most
likely favor dectric valve operators for remotely located and smdl vaves and air actuators for
ar actuators for areas that have a high concentration of larger vaves. All actuators will be
provided in accordance with AWWA C540. |n addition, dl autometic actuators will be
provided with a manudly operated hand whed for emergency operetion.

3.4.8. Sitelmprovementsand Land Requirements

The purpose of this section isto present the criteriato be used for sdlecting the water trestment plant
dgte. The criteria incdlude nontmonetary and Ste-specific cost factors. The categories are
floodway/floodplain issues, access, utilities (power, telephone, gas), Ste development cogts, land
cod/availability, zoning/public acceptance, Corps of Engineers 404 Permit, connecting pipeline costs
(process and drain), environmental issues, and location for system growth.

Floodplain/Floodway | ssues

Thefirg category, FHoodplan/Floodway, determineswhether the siteisin thefloodplain or floodway or
out of both the floodway and floodplain. If agteisin thefloodway, mitigation requirementswill leed to
increased costs and increased permitting requirements. A water treatment plant sitein the floodplain
region can result in increased congtruction codts to keep the treatment system above flood levels,
increased probability of poor soils and aso represents a potential accessibility risk, which is
unacceptable.
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Access

This category rates transportation routes to the sites. The distance to paved roads, gravel roads, and
the City of Vermillion are congderations. Obvioudy stes with good qudity al-weather roads have
more religble access than dites with lower qudity roads. Sites with low quality roads will require
upgrading, whichwill increase codts. Sitescloser to Vermillionwill involvelesstravel timefor treatment
plant personnd.

Utilities (power, gas and telephone)

Siteswith power and gas utilities nearby will have lower utility development costs as compared to Sites
with utilities ardaively longer distance away.

Site Development Cost

Site Development Cost category involvesrating the Sites based on the anticipated preparation of the Site
needed for facility congruction. Factors in this category include ste grading, degree of earthwork
required, whether or not aspecia foundation system (such as piling) is required due to poor soils, and
whether Site dewatering is expected. All of these factors impact costs.

Land Cost/Availability

Land cost and availability are based on what is perceived to be the rdative va ue of land depending on
location and willingness of landowner to sell the property. Land adjacent to existing development is
generdly considered more expensive than generd agriculture land. Land out of the floodplain is
consdered more expensive than land in the floodplain. Another consderation is whether the required
property can be purchased without leaving the property owner asmall, inefficient piece of land to farm.

Land is much easier to obtain from a landowner willing to sdl property than from a nortwilling
landowner.

Zoning/Public Acceptance

Zoning/Public Acceptance category will be eva uated based upon the anticipated difficulty in obtaining
zoning and congruction permits for the treetment facility. Sitesin rurd areas are percelved as having
little difficulty in receiving permits as compared to those Sites closer to developed property. Siteswith
dwellings will require people to be relocated, which is not desirable.
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Corps of Engineers 404 Per mit

The Corps of Engineers 404 Permit category was inserted to evauate the sengtivity of the Sites to
wetlands, wetlands mitigation or thefilling of water bodies. Generdly, if wetlands vegetation or water
bodies areidentified on asite, itwill be considered as having wetland areas and some type of mitigation
is required which impacts costs.

Connecting Pipdine Costs

The Connecting Pipeline Costs category is a subjective comparison of the various Stes regarding
additional pipeline costs dueto location. These pipelines are defined as the connecting pipelineto the
water trestment plant from planned transmission lines from thewd fidd and to the distribution system.
The connecting pipdines will be large diameter, with line costs likdly to be several hundred thousand
dollars per mile.

Environmental | ssues

Congtruction problemsdueto noise, dugt, loss of vegetation, and agenerd disruption of theareawill be
evauated under Environmenta Issues. Cultural resource issues, if known, will be considered. Also,
aesthetics and visud effects such as vishility and prominence from key locations will be evauated.

L ocation for System Growth

The last category, Location for System Growth, rates each Site based on how advantageousiit is to
provide high service pumping into the expanding digtribution system.
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