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EXECUTIVE SUMMARY

Montana Department of Fish, Wildlife and Parks (MDFW&P) has been experiencing a high
level of mortality in valuable broodstock trout at its Washoe Park Fish Hatchery. The cause
of the mortality problem is a water borne fungus which is entering the hatchery via the
Warm Springs Creek water supply. In response, MDFW&P has initiated a study to
determine the feasibility and cost of constructing an ozone disinfection water treatment
system to eliminate the fungus and other pathogens from the incoming creek water supply.
MDFW&P placed a high priority on maintaining gravity flow of water through the entire
hatchery water supply system.

The study results indicate that a functional ozone disinfection system is constructable at the
Washoe Park facility, with relatively minor modifications to the existing facilities. New
infrastructure required includes a 15 lbs/day ozone generation unit, ozone contactor and
retention tankage, and an ozone degassing and destruct system. The performance and
effectiveness of this system will be influenced by the water temperature and turbidity of the
creek. During clean water conditions, ozone dosage can be significantly reduced (an
operational cost savings). A new 850 square foot building is recommended to house and
protect the ozone system components. There are two available sites for this building. The
first site (Option 1) is immediately adjacent to the existing aeration headbox. A second site
(Option 2) for these improvements is available along the incoming 24-inch creek water
supply pipe approximately 100 feet upstream of the existing aeration building.

Modifications to existing facilities entail cutting in 24-inch pipe fittings at two locations
along the creek supply pipe and lowering concrete weirs 1-foot at the self-cleaning screens in
the aeration building.

Construction cost in 1993 dollars, is estimated at approximately $226,000 for the Option 2
configuration. Total project costs are estimated to be nearly $300,000. Option 1 would be
slightly more expensive to implement because existing valves and flow metering would
need to be relocated.
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BACKGROUND

The Montana Department of Fish, Wildlife, and Parks (MDFW&P) is experiencing serious
fish health problems at its Washoe Park Trout Hatchery. West Slope Cutthroat Trout
broodstock held in concrete raceways are developing a fungus infection which results in
high mortality rates. The primary water supply to the raceways is diverted from Warm
Springs Creek. The creek water supply has been identified as the primary source of the
fungal contamination.

As a first step to eliminate the fungus problem, MDFW&P has initiated a study to evaluate
the feasibility of constructing an ozone disinfection system on the incoming Warm Springs
Creek water supply. The Department entered into a Contract Agreement on April §, 1993
with KCM, Inc. to investigate the ozone system feasibility, including a conceptual design
and cost estimate for budgetary purposes.

Personnel from KCM, Inc. reviewed the existing facilities in the field, studied photographs
and “as-constructed” drawings of the existing facilities and communicated with various
MDFW &P personnel to form a basis for this study.

EXISTING CONDITIONS

A screened intake structure located on the southeast bank of Warm Springs Creek in
Washoe Park directs water from the creek into a 24-inch diameter transmission pipeline.
The present water right allows withdrawal of 2,600 gpm through the intake structure. The
transmission pipe is sized for up to 5,000 gpm total flow in anticipation of possible future
water right increases. The transmission pipeline carries the creek water approximately 2,080
linear feet through Washoe Park and upper portions of the Hatchery (Figure 1) to a newly
constructed aeration building. An in-line propeller meter at the pipe entrance to the
aeration building measures the creek water flow rate to the hatchery.

After entering the aeration building, the creek water discharges into a concrete sump, from
which it overflows a weir and through a sloped, self-cleaning stainless steel screen. An 18-
inch pipe carries the screened creek water from the aeration building to two sets of eight
concrete raceways. Broodstock trout may be held in the raceways for several years.

The water supply during spring run-off and severe storm events can have high levels of
turbidity. Some of this material is colloidal while the bulk of the material is sand, silt and
organic matter, such as algae and leaves.

The fungal infection appears to develop during the winter and early spring as fish start to
mature sexually. This is also a period when the creek water temperature is the lowest.

PROJECT OBJECTIVES

The Montana Department of Fish, Wildlife, and Parks (MDFW&P) wishes to accomplish
the following specific objectives with this study:
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»  Determine if an ozone disinfection system can be constructed to treat the
entire 2,600 gpm creek water supply while maintaining gravity flow
through the supply system (no pumping).

»  Develop a hydraulic profile and conceptual design for a workable ozone
disinfection system.

+  Develop a preliminary project cost estimate to construct the ozone
disinfection system for budgeting purposes.

These objectives are addressed in detail in the following sections.

QZONE DISINFECTION SYSTEM PARAMETERS

Research by Tipping (1988) has indicated the critical parameter for cold freshwater ozone
disinfection effectiveness is a design that results in a contact dosage and time (CT) value of
0.8 or greater.! The CT value is a product of the aqueous ozone concentration (C in mg/1}
and retention time duration between dosing and degassing (T in minutes). Ozone demand
to achieve full disinfection will vary depending on turbidity levels and water temperatures.
High levels of turbidity increase ozone demand, as does colder water temperatures. Ozone
is still an effective disinfectant under these conditions, in contrast to ultraviolet disinfection
which would not be effective unless debris and turbidity were removed by filtration.

For the purpose of this study, the following parameters were used for ozone system sizing:
e Size system for CT value of 1.0.
*  Size hydraulic structures for retention time of 5 minutes.

*+  Use an ozone mass transfer efficiency of 50%. Transfer efficiencies are often
much higher, (in the 90—95% range). Using 50% efficiency allows safety
factors for high turbidity levels, low water temperatures, some short
circuiting through hydraulic structures, and treating higher flow rates in the
future.

Based on the above, a dosing rate of 0.4 mg/], or 15 Ibs/day will be needed to achieve full
disinfection of the 2,600 gpm (3.744 MGD) creek water supply.

Another critical parameter for the Washoe Park facility is to size the ozone system hydraulic
components to minimize headlosses and preserve gravity flow of the creek water supply.
Qur preliminary calculations indicate that a headloss of six to seven feet through the ozone
system is the maximum allowable without having to pump.

1 1. M. TIPPING. Ozone Control Of Ceratomyxosis: Survival And Groswth Benefits To Steelhead And
Cutthroat Trout, 1988, Volume 50, No. 4, Progressive Fish Culturist.




To help keep headlosses low, the pipe runs between the existing 24-inch creek water supply
and ozone system must be as short as possible. It appears that a good location for the ozone
system is an open area approximately 100 feet west of the aeration building (Figure 2),
adjacent to the 24-inch creek supply pipe. An equally effective location is immediately
adjacent to the existing aeration headbox. We feel it is best to group the system components
in a centralized area and protect them from the elements with a new building structure.
Electrical power and potable water (for cooling the ozone generator) can be extended to
serve this location relatively easily.

HYDRAULIC PROFILE AND CONCEPTUAL DESIGN

According to the drawings provided by MDFW&P, the water level at the creek intake
structure is 5313.80. The weir elevation at the screen in the aeration building is at 5,306.5 %,
for a total difference of 7.3 £ feet. About 1.4 to 1.6 feet of head is required to drive 2,600 gpm
through the 2,100 feet of 24-inch transmission pipe. This leaves a hydraulic head of
approximately 5.5 feet available to move water through the ozone system. At least 50t0 55
feet of drop through a degassing tower will be needed to effectively strip residual ozone.
This results in less than 6-inches of head remaining for gravity flow through the remainder
of the ozone system. To ensure gravity flow, we recommend the concrete weirs at the self-
cleaning screen be modified as described below. With properly sized piping and hydraulic
structure design, a hydraulic profile similar to the illustration in Figure 3 should be
achievable.

We recommend the following measures be considered to improve gravity flow hydraulic
profile characteristics:

+ Remove 1-foot from the tops of the existing concrete weirs at the self-
cleaning screen in the aeration building.

¢ Leave the 24-inch butterfly valve upstream of the meter pit in a full open
position.

»  Use long radius bends and carefully size baffle openings in the ozone system
hydraulic structures.

KCM also investigated the headloss through the existing 24-inch propeller meter and found
that less than 1-inch of loss is expected through the meter at peak flow rates. Therefore, no
changes in the metering process are recommended.

To meet the ozone system parameters discussed above, we have developed a conceptual
design (Figure 4) consisting of the following major components:

e A six foot diameter by 25 foot tall fiberglass contactor tower with center
baffle and fine pore diffusers for efficient ozone gas introduction.

¢ A ten foot diameter by 23 foot tall fiberglass tank to provide 5 minutes
retention of ozonated water at 2,600 gpm.
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e A six foot by six foot square vented packed column to strip residual ozone
from the creek water supply after the retention period.

s A fifteen pound per day air feed ozone generator with air preparation
equipment.

e A 25 foot by 34 foot (850 S.F.) building to protect equipment from the
elements.

The contactor and retention tanks are shown partially buried (x 6 feet) to reduce building
height and floor area requirements. The contactor and retention tanks could, as an
alternative, be constructed using baffled cast-in-place concrete. This option should be
considered during the design phase if MDFW&P goes ahead with the project.

COST ESTIMATE

Table 1 below includes a summary of probable construction costs and of related project costs
for the recommended structural and mechanical improvements necessary to implement
the ozone disinfection system. The costs shown herein are for 1993 construction. An
escalation factor must be included if construction occurs in 1994 or later. A common
method of indexing costs is to use the Engineering News Record (ENR) Construction Cost
Index which is at 5,262.02 as of May 3, 1993.
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TABLE1
MONTANA DEPARTMENT OF FISH, WILDLIFE AND PARKS
WASHOE PARK FISH HATCHERY

PROJECT COST SUMMARY

PROBABLE CONSTRUCTION COST

24-Inch pipe, fittings and valves $40,000
6-Foot diameter Contactor $15,000
10-Foot diameter Retention Tank $25,000
Packed Column Assembly (including support) $12,000
15 Ibs per day Ozone Generator (with air preparation) $60,000
Ozone Destruct System $12,000
Degas Exhaust Fan $9,000
850 square foot building and paved driveway $35,000
Electrical, Plumbing and Ventilation $15,000
Maodify concrete weir $3,000
1993 PROBABLE CONSTRUCTION COST $226,000
PROJECT RELATED COSTS

Contingencies at 15% $33,000
Survey/Geotech Study (may not be necessary) $4,000
Engineering Plans and Specifications $25,000
Construction Management Services $5,000
Substantial Compiletion Review $2,000
Permits $3,000
SUBTOTAL $72,000
TOTAL PROJECT COST $298,000

T-1
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APPENDIX B.
CALCULATIONS
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SPECIFICATIONS
OREC “AR” SERIES OZONATORS
PARENT GAS: AR

(See footnote explanation of ferms)

¢ AIR FLOW ; | EsT. | S§TD.C
OZONE QUTPUT' | AT 1% WT. | MAX | DIMENSIONS | GROSS | NOMINAL,  STANDARD

MODEL ER7HR - LBS. /DAY L/MIN ., CFM | PSIG® | woxH"xD” | WT. LBS. ' VOLTAGE  EQUIPMENT
03V53-AR 2.5 i a3 ] s ar b5 25x14x23 165 ¢ 110 1-11, 23 !
G3V10-AR 3 .25 5.3 22 | 13 25x14x23 175 0 120 ! 1-11, 23
SPS-AR 9.3 3 13 | 48 30 27x45x15 255 1 120 1-15
SP19-AR 19 1 26 | .62 30 | 27x45x13 275 120 1-15
SP38-AR 2 1.85 30 39x53x25 500 120 | 1-19
SPI-AR 3 2.75 30 3ox53x25 1 700 1 120 1-19
(3DV4-AR 3 I 3.7 30 P 33x76x49 1200 | 230-1 | 1.25
03DV3-AR 5 4.6 30 33x76x49 1250 230.1 1.25
03DVE-AR ‘ 6 5.5 30 33x76%x49 1300 230-1 1-25
03DVE-AR 8 7.4 30 33x76%49 1400 2301 1-25 ;
03DV 1G-AR 10 9.2 30 30x78xB0 2000 2301 | 1-25 ;
03DV12-AR 12 11.2 30 30x78x80 2300 230-3 1-25, 29
030715-AR 15 13.9 10 30x78x80 2600 2303 1-25, 29 f—
030D20-AR 20 18.3 30 72x74x63 3500 230-3 | 1-25, 29 |
03DVZ5-AR 23 231 1 30 T2x74x63 4200 460-3 1-23, 29 '
03H30-AR 30 28 15 ¢ 90x60x36 | 2500 460-3 | 2-18, 20-28
03ME0-AR 50 46 15 92x60x45 4300 450-3 ¢ 2.18, 20-29
02H125-AR 125 115 15 98x100x74 11500 450.3  { 2-18, 2029 |
03H250-AR’ 230 231 15 100x100x96 20000 260-3 | 2-18, 2029 |
O3H500-AR 500 462 15 160%100x%6 35000 460-3 1 218, 2026 |

NOTE: ALL “AR” OZONATORS ARE PROVIDED WITH COMPLETE AIR PROCESSING EQUIPMENT AND CAN BEPROVIDEDR FOR
OPERATION FROM OXYGEN TO ACHIEVE TWICE THE LISTED OZONE QUTPLT — “AR/O” SERIES.

EXPLANATION OF TERMS

a. Rated output at 60 Hz. Qutput reduced 16% at 50 d. Price adjustment for ordering other than standard
Hz. Maximum concentration is 4% wt. voltage.

b. Maximum pressure at which ozonator may be e. Seeequipmentlisting by code number. 1-7 means 1
operated. through 7 inclusive. Qzonators can be provided

c. GPM cooling water flow is equal to LBS/DAY with various additional non-standard equipment:

Q7ZONEx 208t 70PF Coaiing water temperature, As guto:}“ﬂazc controls, measurement instrumentation,
water temperature decrezses, required flow de- IrHEriarxs, erc.

creases; e.g. flow is reduced 33% at 50°F cooling f. 60%, 80%, 100% voltage taps in lieu of variable vol-
water temperature. tage transformer.

EQUIPMENT LISTING (Code Numbers in Standard Equipment Column)

1. Cabinet enclosed ozonator, 11. Gas pressure regulator. 20. Drying towers ammeter.
2. Stainless steel ozone generator 12, Compresscr pressure gauge. 21, Cooling water pressure gauge.
with dielectrics, 13. High temperature limit switch. 22. Drying tower cycling signal lights.
3. Variable voltage control. 14. Gas pressure refief valve. 23. External compressor.
4. High volage transiormer, 15, Water flow meter. 24. Vohimeter, czone generator.
5. Ammeter, ozone generator. 16. Humidity limit switch on 25. Running time meter.
6. Gas flowmeter. air dryer system. 26. Tank type ozonator.
7. CGas flow vaive. 17. Horn and signal light indicating 27. Water pressure relief valve,
8. Qzone generator pressure gauge. cause of auto shutdown. 2B. Low water flow switch,
9, Air compressor with filters. 18. Air pressure limit switch. 29, Phase monitor relav.
10. Automatic air drving towers. 19. Water pressure limit switch, ’

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE



OREC COM-CT Series Ozene Catalylic
Destruct Modules caraivtically convert
exhaust ozone o oxygen for dis-
chargs to the otmosphere, These
modules gre infegrel self-confaingd
units 1O which the user need oniy pro-
vide an elecirtic powsar source.

OZONE CATALYTIC
DESTRUCT MODULES

OREC COM-OT SERIES

AR b T T S K

SR

Wegtherprocf, tThey are designed o
operate outdoors in any climate. The
user provides ducting of choice from
the ozone source, cocmmenty the top
of the fank where on ozone procsss
has occurred, fo the Czone Desfruct
Module inlet which is af negative
prassurs. The entire cotalysis takes
ploce under nagaiive pressure in the
systern; only ot the module aexhaust s
the pressure posifive. The user's duct-
ing need not ce dir tignt: air leakage
will be nto the system, nat cul Duct-
ing matericls may be cluminum or 304 55
standord gir conditioning tubing, depending
uzon such factors Qs flow routs, structural re-
guirerments, exhcust ozone concentration,
efc. Aluminum is an sccenomiccl and safisfae-
tory option for many exhaust ozone ducting
cpplications. Normally the Cotatytic Destruct
module is olocaed cbhove the top of tank level,
on g piatform at the top of the fonk If the fank
top is not coverad, it should have ¢ secure, not
necessarily air tight, fid attached. There should
be a hole in the lid about Y inch greater than
the 47 OD cuct diameter 1o accept the duct-
iNg, assuring the top of the tark te be af atmo-
spheric pressure. Four inch diagmeter tubing,
not pipe, is recommended o match with the
Module inlet. High weter leve! should not be
lass than 1 foct below the duct terminus.
COM-OT Series Czone Cataiytic Destruct
Modules are availabie in 2 Standard Model
Sizes. Model selection is g function of exhaust
ozere SCFM and the lowest annual tempera-
ture to be encountered Model COMBC-OT
operates at ¢ fixed flow of 5O SCFM. Model
COMICO-0OT operates at @ flow that may be
fixed between 5O and 100 SCFM. The users
exhaust ozone enters the fixed flow as @
diluent. For sxampie, if the users exhaust
ozone flow is 1 or 45 SCFM, the fiow through

Model COMEQ-OT is 32 SCFM, the baiance s
makeup air. Each mode! is designed 1o freaf
fis specified ar flow at air temperatures s low
as O Deq. C (32 Deg. 7). For cir temperatures
melow O Deg. C. select Mogs! COMICO-OT
and derate the maximum flow of thot Mode! 2
SCFM for every | Degres C teicw O Deg. C.
Specicl Order Modules can be proviced for
SCFM reguirement above Standard Models,

PRINCIPLE OF OPERATION:

The motive force for air flow is a high effi-
ciency pressure bicwer at the outlet end of
the Cataiyst Cestruct Module. Qzonized air
flows via ducting to the inlet of the moduie
where It passes through ¢ dust filter and over
fubular hecting elerments which raise the tem-
perature to 190 Deg. F The hecated air then
oasses through a caiclyst chamber which
confains beads of @ proprietary cataiyst, pre-
ceeding thence to the inlet sice of the tlower
and discharge 1o the atmosphere.

DESIGN FEATURES:

OREC CDM-OT series Cgataiyst Destruct
Modules cafaivlically decomoose not less

OZONE RESEARCH & EQUIPMENT CORPORATION

3840 NCORTH 40TH AVENUE « PHGENIX, ARIZONA 285019 « (602) 272-268]

FAX (6C2)272-483%



than 99% of the ozone presented ina
standard afrmospheric air stream inde-
pendently of varying ambient temper-
ature or humidity. The flowing ozone/
air is heated by & 316 §§ fubular heater
in which is encased 8C/20 nickeil/
chroemium resistance wire surrcunded
by densely packed magnesium oxide
insulagticn. The powser conserving
termmperature control circuit maintaing
maxirnum catalyst bed femperature
at 00 = 10 Deg F. power Consump-
tion thus a direct function of inlet am-
bient air temperature. All materiais in
contact with ozone are 304 /316 SS or
ozone resistont polymers. The high effi-
ciency pressure blower, o standard produc-
Hlon modei featuring cast giuminum consfruc-
tion and teflon sedls, is directly driven by a
TEFC motor. An extended drive shaft mounted
on pillow biocks connects the blower fo the
motor via a flexible coupling which inccrpo-
rates an insulating Hyirel spider, thus assuring
temperaiure isoiation of the motor from the
operating blower. The motor/blower
assembly is hood-mounted on the top of the
module to faciitate annual lubrication and
service. The module cabinet is constructed of
16-gauge paintiock steel, primed and coated
with gray acrylic enamel. Removal of the siti~
cone rubber gaskefed front panel provides
clear access to all internal components, in-
cluding the control box which houses ali eiec-
tronic components and the catalyst tank
assembly. The tank and the internal ducting
are enveloped in 32" of R ficerglass insula-
tion The fwo connections the user is required

to make, electrical and ozong/air inlet, are
lccated on the outside back of the moduie.
The electrical connection is to a %" conduit
elbow with gasketed cover. The ozone/air in-
st is o 4" OD stainless stee! tube, which is
recommended o be attached to the user's 47
duct via a short lengfth of flexcduct and two
duct clamps. Again, a significant feature of the
OREC Ozore Coatalytic Destruct Moduies s
that the negafive pressure ducting system
obviates the requirement for leck-tight duct-
ing. Modules are base-mounted using 3/87
anchor bolts through pads located af the
base. Branch circuit protection and switching
are fo be user-provided at a convenient loca-
fion near ground level. CREC COM-QT Ozone
Catatytic Destruct Modules are ne-nonsense,
workhorse products designed for remote
smplacement with no gauges or vaives to
monitor or adjust, OREC products are backed
by 30 years' experience in Ozcne Technology.

* SPECIFICATIONS:
OZONE/AR  MIN. AMBIENT MIN/MAX  MOTOR W,
MODEL  SCFM FLOW  TEMPERATURE VOLTAGE HEATER KVA  KVA  DIMENSIONS  LES.
COMEC-OT 1 50 OC (32 F | 2407480 3 Ph. 773 6| BwWxa3Hx27D | 250
COMIOO-OT | 50-100 OC(32F | 2407480 3 pH. 776 6 | BIWK3HXITD | 275 let—

* Specifications subject to change without prior notice.

|

OZONE RESEARCH & EQUIPMENT CORPORATION

3B4CT NORTH 40TH AVENUE » PHOENIX, ARIZONA 8801 « (602) 272-2681 FAX (6021 272-4839
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MODEL 03DM-100

OZONE MONITOR

ULTRAVIOLET ABSORPTION OZONE MEASUREMENT

ABSCLUTE CALIBRATION

BASED ON
BEER-LAMBERT
ABSORPTION LAW

TWO MINUTE
WARM-UP TIME

NO CHEMICALS
REQUIRED

AUTOMATIC
ZEROING

AUTOMATIC
TEMPERATURE
COMPENSATION

CALIBRATED
PRESSURE
COMPENSATION

DIRECT READING
DIGITAL
DISPLAY

SPECIFIC
TO OZONE

RAPID AND
ACCURATE

G-1000 PPM
MEASUREMENT

THREE OPERATING
RANGCES

DESCRIPTION

OREC Model 03DM-100 Ozone Monitor is a continuous ozone mea-
surement instrument for the determination of ozone in air or oxygen.
The standard instrument provides the range 0-1000 pom (parts per miition)
by volume, displayed on a panel-mounted digital readout meter. Alter-
nate display of ozone concentration in millipascals is included in the
OREC 030M-100 Czone Monitor.,

The principle of ozone measurement is the absorption of ultraviolet light by
ozone as determined by the Beer-Lambert Absorption Law, inconjunction
with the standard gas laws for temperature and pressure correction:
b= I exp |-LCX273(P)
T 760

B

Light intensity with ozcne

Light intensity without ozone

Pathiength of absorption cell

Orzone concentration

Absorption coefficient for ozone at 254 nm
Sample temperature, °K

Sample pressure, mm Hg

e R T T
LN I I I |

This principle of measurement is recognized by EPA as the method used
in the calibration of ambient czone analyzers,

ASTM DA4575-86 states “UV absorption is adopted as the reference
method against which other ozone measurement instruments shall be
calibrated.”

1
|
|

OZONE RESEARCH & EQUIPMENT CORPORATION
3840 NORTH 4OTH AVENUE » PHOENIX, ARIZONA 835Q19 » (6072) 272-2681
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APPENDIX B.
CALCULATIONS

OZONE SYSTEM FEASIBILITY STUDY
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