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Approach

tinent Air Force documents and related

earch was done

on constructed wetland technology

ive information sources
je to the UTTR to review and evaluate the wastewater

1 Introduction itesvisis was.made
f t to i rview Hill AFB and UTTF

treatent and disposal facilities, and

b nsible officials in the State of Utuh

Background
Depart X ntal \ ( 158 issues of environmental

stions relevant to the UTTE facility

i {
valuated, and a cost-effective process train was

Hill Air Force Base (AFB) is located on the western desert of Utah

side of the Great Salt Lake, about the same latitude as Salt Lake City, U ! ; llected information was ¢
location typically experiences hot dry summers and cold winters. H:l AFB i ned to augment the existing system with e onmentally friendly tech-
responsible for the operation and maintenance of the Utah Test and Training Rang
(LTTR). The base contains wastewater treatment and dispos t
of two infiltration ponds operated in parallel, followe

basin that safeguards against unexpectedly high flow rate

rapid infiltration basins and all of the water applied is lo

infiltration/percolation

A previous evaluation done for . S. Air Forc

December 1994) concluded that the existing facilitic

initial study considered several alternatives and a recom Mode of Technology Transfer

lined, total containment lagoon for complete evaporation ol
of these alternatives and descriptive information regarding the sewe plans, and specifications for construction have been provided to Hill
Sin FOrsgr AFB: USACERL's wastewater reuse concept 1s planned for implementation at

UTTR

UTTR can be fornd in the Forsgren Associates report.)
recommendation had a relatively high cost and included no pe
water reuse, the Environmental Management Directorate at Hill AFB requested th
U.S. Army Construction Engineering Research | yrator JSACERL) to further
evaluate the system und to suggest cost-effective

in the previous study

Objectives

The objective of this study was to evaluate the design and function of the v
water treatment and disposal facilities at the Utah Test and Training Range, Hill

AFB, for possible applicability of USACERL's concept for the reuse of wastewater
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2 Conceptual Development

Wastewater Treatment Plant Data

The UTTR is in a unique setting. The facility is on tl

Salt Lake, approximately 50 miles west of Salt Lake
western desert and experniences the resulting and climate
proximity to the Great Salt Lake is totally lacking normal potabls
The groundwater table 1s at least 160 feet below the ground su

the base has no fresh surface water sources

As a result, the saline groundwater 1s pumped to the suri
water quality via reverse osmosis (RO) and distributed to
and activities in the built-up portion of the base. The

spent brine from the RO operation is ¢ onveyed to a large Tadle 1. Water production via
reverse osmosis at UTTR, 1993-

containment pond where seepage and evaporatior
1995

dispose of the water. Seepage to the groundwater 1s not
Avrrage Daily

an issue in this location because of the saline character Month Procuction (gpd

of the aquifer. The wastewater from the habitations
and activities at UTTR is collected and conveyed to the
previously described rapid infiltration basins for dis
posal. The potential high quality of this treated waste
water, as compared with the original saline groundwa
ter, makes consideration of beneficial reuse for wildlife
habitat and landscape irrigation attractive. Treating
the wastewater to .l‘ln-;vT.ifr:-‘ reuse q!i.xil?‘. may be more
economical than treating additional volumes of saline

groundwater via RO for the same purpose

The wastewater flow rate 1s not monitored or metered
but can be conservatively estimated from the actual
water production records from the RO operation
(Table 1). Based on the data in Table 1, the average

present flow would be estimated as about 18,200 gallons
Average
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gpd).” The future status of UTTR is undetermined, but for this evaluation,
ible maximum average future flow was assumed to be 37,000 gpd. However,
it appears <ed on discussion with local personnel, that the future flow will
remain close to or even drop below the present rate. This study, therefore focused
a constructed wetland for treatment at the present flow rate. The impact

red. and the possible construction of a future expan

of a future qase was conside

essment

UTTR Technical and Operational Data

In prepar for this evaluation and design, Messrs. Reed and Andrews visited the
{ ite in August 1995, Discussions with site personnel and with appropriate
State of Utah revealed severa! discrepancies within the 1994

rren Associates report

he Forsgren report states the present rapid infiltration (RD) basin facility is
requently overwhelmed by influent flow in excess of capacity " Discussions with
¢ system operator in August 1995 indicated that the RI basins had not overflowed
s 14-vear tenure on the job. Even if the basins do discharge, the final over
wsin would catch and infiltrate the spillage so there would be no uncontrolled
harge from the system. Visual observations during the August 1995 wisit
vealed no evidence of recent flow into this final overtlow Lasin
lieved that the existing pair of Rl basins has more than adequate capacity to

infiltrate the entire present flow successfully. The existing basins also have several
.t of unused freeboard; if the flow rate does increase in the future, the water level
but this will expose additional sidewall surface for infiltration. It is not

sible to predict the ultimate capacity of these two basins However, the combined
\dditional freeboard in the existing basins and the use of the existing overflow basin
ild provide more than adequate capacity for the possible future flow of 37,000 gpd
states that the existing facilities “do not comply with

regulatory requirements and do not protect groundwater resources, and were not
constructed in accordance with any applicable criteria.” The existing facilities
function as rapid infiltration basins. Mr. Reed, the prime author of this report,
helped the USEPA to develop ciiteria for the RI concept and authored a USEPA
n manual on the topic (USEPA 1684). Examination of this Process Des:gn

Manual and more recent sources (Reed, Crites, and Middlebrooks 1995) indicates

USACERL TR 97/34

that the RI basins at UTTR were constructed and are functioning acceptably

Protection of groundwater resources typically applies to fresh water aquifers, whicl
have a potential for use as a drinking water aquifer. In those cases, pollution of the
aquifer with nitrates, from any source, can have an adverse impact. At UTTR, the
aquifer is saline and the reverse osmosis treatment effectively removes these

dissolved contaminants so the present operations would have no impact

Regulatory Data

During 1weir August visit, Mes Reed and Andrew

ry compliance with State officials (Mr. Jay B. Pitkin, Manager

ind Water Quaiity Management Branch; Mr Vo :, Manager

r Pruiection Section; State of Utah, DEQ)
governed by the Administrative Rules for Groun
tive Code (20 March 1995), and water reuse
317-1-4, “Utihization and | tion of Domestic
January 1995) was indicated
harge permit
water The present practice
groundwater completely accept
cause of the saline character of wquifer and the remo
Consequently, the current use of RI basins at UTTR does not

any regulatory reason

UTTR Wastewater Treatment Plant Upgrade Concept

These discussions and ob ations revealed no technical or regulatory justificatior

for modifving the existing infiltration basin system. Contrary to the recommenda
15 of the Forsgren report. the Action™ option is completely acceptable, and the
t economical choice. If the future flow ever increases to the rate of 37.000 gpd

ind the existing three-basin complex proves inadequate, it would be a simple matter

to excavate a fourth basin with locally available equipment

The only reason to modify the existing system is to take advantage of the re

potential for the water. The reuse options include an enkhiziced wildhife habitat
based on a wetland with an open pond, and/or landscape irrigation in the built-up
portion of the UTTR complex If the first option were incorporated us part of the
final disposal near the existing basins, the plan would probably not require approval

by the State, except for a construction permit for the treatment wetland since
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human ex t would be negligaible. However, the second option, using
landscape irrigation close to the habitations and other related activities. 1s more

complex, and would. according to the State, require additional tresntment and

They would consider such an irrigation operation a Type 1 reuse constructed Wet'ands fOI’ Wastewater

vith human exposure to be likely, and would require filtration, disinfection
wr momitoring. These additional treatments and monitoring would signifi Treatment

the cost and complexity of this reuse option. Water quality require

The use of wetlands for weste treatment has increased exponentially
d (BOD) 10 mg 1980s. Dy tions are used to treat municipal, domestic, industrial
landfill leachates, u | wast tormwater runoff,

fecal coliforms 100 inl tweekly) r mbined sewer overflows. Wetlan r esirable for the

residual ( inexpensive to buile
ibitation r human exposure in
RI basin 0 1 v. the addition of a treatment and Vetlands are defined as land
it this sit ' bject to the Type 1 require long enough each year to maint
vegetation, Marshes, bogs, ar
Is. A “constructed wetlar
g of the L nd waste mana
wduce a por st treatment wetlands placed in
lands. Although the constructed wetland tech
United States, there 1s limited guidance on d
ted wetland lor further wetland l.‘ll\l:l«-\'lel\th‘l.k['ﬂ\hl-‘”.'\
\ @ pump statior Process Design Manual for Land Treatment, Supplement o
Overland Flow (1984), Wastew ater Treatment ! Disp

would be at the built-ug (1992), Guidelines for Watcr Reuse (1992), and Constructed ! ind Aqua

Plant Systems for Municipal We t {reatment (1988), and the European

Community/European Water Control Association’s [
Water Pollt ntrol (1990). This project u
¥ poncneart Management and Treatment (Reed, Crites, and Mid
th benton to increase th referenice
percolation t agh the t
A} disposal ofthe.wastewates The two basic types of constructed wetlands aie the frec
nstructed treatment wetland and the subsurlace flow (SF) wedand. Poth type
would be planted wi vegetation and are similar in appearance to a marsh
Ve LO provide gmficant wadhile
wastewater. The treatment wetland The free water surface wetiand typically consists of «
signed to provide yw levels of BOD and total suspended sohd type of barrier to prevent seepage. to support the r
(TSS) during the summer irngation season in case the optional landscape irrigauon vegetation, and water at a relatively shallow depth flowing throu

pathwayv s ected
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vater surface here i t sphere 1 ¢ intended flow path i :
wa face h phere, and the intended flow patk Functional Components in the Wetland
through tl Vst 11 rizontal

The biological components in the wetland system with gnificant potential for

The subsu flow wetland also consists of a basin or channel with a barnier to . '
wastewater renovation include vegetation and microbial orgamisms, either

yrevent seepage, but the bed then contains a suitable sth of porous media. Rock ' .
f ¥ ¢ ¥ ¥ suspended in the water or attached to the surface of the media (in SF sys

or gravel are the most cormmonly used media types 1a the Unied States The medi .
Rra i ! ! d . 1 type " ; nane the submerged plant parts (in FWS systems)

structure of the emergent vegetation. The de 1 of these

wiiter he bed w 1 below the top " the - The vegetation in the wetland may be a major s)
Vihe operat kD 2 the United minor role in the direct renoy
stants does occur, but most of
1

enescence and decompositi

vpe of wetland has several ¢ iages over

the FWS type e W

surface maintained below the me urface, there is little risk ) S for leis:ihan 10 percent . by thh - olaiarve
OF MOS(UILO In addition, it ieved that the media prov would ther
face ea ‘or treatment than the FWS conc fises i
faster for the SF type and refore it can be smaller
wrea than an FWS 1 designed for t same wastewater condition
ssition of the water and the accumulated plant debris on the surface of
the SF bed offer greater thermal protection in cold climates than surface conditior

of the FWS type

These potential advantages are offset by the signitieant additional cost for procuning

delivering. and placing the gravel or rock media in the SF bed. The selection of the s 5

i

t will depend on site conditions, operational requirement
ol . = o 1 ! media and tem, and the subme

opriate concep

ind the 1l costs for the media and for ind involved. In situat er aterinls in the FWS concept. In effect, t

public access, odors, or vectors are a critic 1l issue, the SF type may be preferred "
t with similar react

despite cost. When the system can be at a remote site here these issues are of ) - | .
y trickhng 1 nd other conventional tre
lesser concern. the FWS system can typically be constructed for a lower cost. A .
z ] ur in the SF wetland
further advantage for the FWS type is improved habitat values since the water

urface is exposed and accessible to birds and animals

I reactions are. ar

Some systems in Europe tha treat domestic or municipal eMuents accept untreated - . vithout enhancer lat
0 1 without enhancement or stimulation v UXINg

wastewater and typically have an inlet zone dedicated to solids separation Most Hias " .
recirculation, or need for sludge ment. In effect, the « icted wetland

constructed wetland systems in the United States have some form of preliminary ) " ¢ X
concepts trade time and space detention time and |

treatment prior to the wetland component This ranges from septic or Imihoff tanks )
1" ¢ operation and maintenance requiremen A treatn

for small services, to primary treatment, lagoons, anc full-scale biological secondary
¥ ted sl
] i activated sludge process may require several
where s e land 1s available at

treatments such as activated sludge, trickling filters, oxidation ditches, etc a locatior
cconomics will tend to favor the constructed we
o more robust and more forgiving of upsets occurring prel
as compared with more finely tuned and intensive mechunica

activated sludge
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The major nitrogen removal pathway in these wetlands is microbiological. The
pathway includes mineralization of organic N and release of ammonia, nitrification
of ammonia, and finally denitrification of the resulting nitrates. In a system where
all of the necessary components and support elements are available, nitrogen
removal can be very effective. The eritical step seems to be the nitrification reaction
and, in some operating constructed wetlands, this step appears to be limited due to
oxygen deficiencies in the system. In the FWS, the major source of oxygen is atmo-
spheric reaeration at the exposed water surface. This source can be reduced in a
wetland as compared with a pond since the wetland vegetation suppresses wind
action, and floating plants, such as duckweed, can effectively seal the water surface
The lower depths in the FWS wetland are typically anaerobic

The zent wetland plants used in these systems can transmit air and oxygen to
their root systems. This capability has evolved since these plant roots grow in an
anoxic environment and would die without some oxygen source. It is believed that
the oxygen level responds to the stress level at the roots, but is limited so very high
organic ioadings can exceed that capacity. The plant would then die. This oxypen
does not diffuse into the soil or the gravel matrix, and so converts the surroundings
into an effervescent aerobic environment. This oxygen is believed to be only avail

ible on the surfaces of the roots. As a result, microsites on these roots are believed

» of supporting aerobic organisms. When the organic loading is low enough

t

these aerobic microsites may be dominated by nitrifying organisms. When waste-

water contacts such a microsite, nitrification can occur followed by denitrificaticn
in the largely anoxic environment in the SF bed. Since this oxygen does not diffi
from the roots. it is probably not available to the flowing wastewaer in an FWS

wetland

Physical and chemical responses also play an important role in constructed wet
lands. Sedimentation and filtration account for removal of a large portion of the
BOD and TSS in the front part of the wetland bed. Volatihization of ammonia and
susceptible organics can also occur during the reiatively long detention times. Pre
plexation reactions effectively remove most met aind similar

ubstances. Many refractory organic compounds can al favorably due to

the generally anoxic conditions and the longer detention t Adsorption a

exchange reactions can also occur, but unless another mechamsm rele:
converts the adsorbed substance, these re tion sites may b2 exhausted soon

the system 15 put into operation

USACERL TR 97/34

Performance Expectations

Purameters of concern in wastewater treatment

fecal coliforms, nitrogen, phosphorus, metals

mance data for each of these are briefly summ

BOD Removal

EMuent concentrations of le
detention time or less, despits
mg/L.. Figure 1illustrates th

nunity at Hardin, KY

Preliminary treatment 1s provided
plant, with a design flow of abe
component con of two parallel. identically
v growth of Phragmites (commor

of differences in tlow distribution

HRT) in the Phragmaites cell

The vertical scale on the figure is logarithmi

and trace organ

tems may include: BOD, TSS

of the

veniently. Over the period shown, the wetland influen

to a'most 500 mg/L, primarily due to sludge |

Ir

t BOD r

the

Actual perfor

—ar— T

——  srrimwr
e

Figure 1. BOD removal in a constructed watland
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plant In | f these wide excursions, the effluent BOD from both cells "
abcut 10 to 500 mg/L over the period of record. Again, in spite of these excursion

consistently remained below 6 mg/L throughout the period. Similar results have - 8 )

. efMuent was generally below 10 mg/L for the entire period. No consisteat differ

been observed from other systems: this response 1s a strong indication of the robust
in performance between the two cells were seen and none should be expected because

the removal of TSE is a physical response and should not be related to the pla

The Hardin data indicate that the Phragmite
h the HRT was almost

pecies used
over the long term. This is more critic

character of constructed wetlands
The inorganic residues from the TSS will accumulate in t

erally performed better than the Seirpus cell althe
al in the SF ¢ t since the water flow

void in the media. Based on experience, detnmental clogging of the

cell ¢
he Phragmites side. This may be due to an enhanced oxygen supply

re extensive Phragmites ro
i

15 not expected during the ign hfe of th ity if r rly operate

SF and FWS types of wetland systems are unique compared with ther forms

Both
astewater treatment in that BOD is produced within the system due to the

Pathogen Removal

of w

decomposition of plant litter and other natural organic materials. As a result, these

vatems ran never achieve complete BOD removal, and a residual of 2 to 7 mg/L is
tvpically present in the final effluent. A seasonal difference in BOD removal 1s not
observed for this system in western Kentucky, but is apparent in colder climates
The 3- to 4-day HRT provided in this ientucky system is enough to compensate for

the reduced reaction rates at their winter temperé ures

TSS Removal

The TSS removal for the same Kentucky system discussed above for an 11 month
period 15 show y Figure 2. The vertical scale on the Figure is again logarithmic
that all data may be displayed. The TSS of the wetland influent vaned fr

Table 2. Pathogen removal in SF and FWS wetlands

Concentration (# 100 mi)

Location Type HRT(d)  Organism In Out

—a— INFLUENT —&— EFFLUENT ~&— EFFLUENT
Phragmites

anure; C;n;u;:;ea wcll.\r;mﬂuem and ;-muen{ ?SE
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Metals Removal

Constructed wetland systems can rer metals very effect y. In this case, the
processes are believed to be precipitation ind complexation reactions, which should

be equally effective in both SF and FWS systems. Figure 4 shows metals removal

for two Sk 16 The Santee svstem, with its longer HRT. achieved almost 100

percer r the parameters measured. The Hardin sy achieved nearly

the sa th oniy a 4-day HRT for copper and zin ) ystems were

ter, but the meta r he wetland

imparable nany indust v biole il treat

1 ;m]:H

Organic Priority Pollutant Removal

—— INFLUENT —&— EFFLUENT ~@— EFFLUENT
Phragmites Buirush

Figure 3. Fecal coliform removal in constructed wetlands.

of pathogens in these w d systems 1s not available

to use a relationship develop iltative pond

Phosphorus Removal

Phosphorus removal 1s somewhat limited in be v of constructed wetlands due

to the limited contact with the soil and oxides of iron and aluminum. Removal 1

icpendent on the detention time in the sy m and generally ranges from 30 to 50

percent. Additional removal will occur in the soil when in ground disposal 15 the

ended discharge pathway

AL

3 waromw. xv D sawree ca

I I HAT 8 dHRT

Figure 4. Removal! of metals in constructed wetlands
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Table 3. Remova! of organic priority pollutants in

Nitrogen Removal
constructed wﬂlands

} Initial Concentration Removal in |
| Compound* (mg/L) 24 hrs(%) |
systems can be a combination of ————— S— S

The nitrogen entering
organic nitrogen, ammonia (the ;
combination expressed as TKN)

and nitrate. Septic tanks, primary

treatment systems, and facultative

lagoon efMluents do not usually

contain nmitrate but can have si

cant

s of ammonian
effluent, but often contain
concentrations of organt
ited with the algae |
the effluent.  Aerated seconc

itment system effluents

lants and the

the tempera

5 for the sy n Kentucky do not

a signmificant respor » winter conditions, but more northerly locations will
Systems designed by the senior auth this paper in northwestern Canada use the

wetland during the nonths and the partially treated wastewater 1s stored in

USACERL TR 9724

—a— /INFLUENT —O— EFFLUENT

~&— EFFLUENT

Phraom/tes Buirvah

Figure 5. Nitrogen r=moval in constructed wetlands

d can b

f BOD. nitroger

1 result, detern

tatior

wailable in Reed, Crit ind Middlebr:

i
in cold climates are critical. The system ds

necessary pollutant removal can occur at the low winter temper:

compl freezing does not occur in the system. The hydraulic des
1s equally important to ensure that the water flows at the desire

desired direction and that the entire wetland bed 1s effectively o

rate
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These successful experiences suggest that a constructed wetland can
ITTR. All of the FWS system
and Showlow systen

designed for successful performance
op

Treatinent Wetlands in Arid Climates

onstructed wetlands in arid climates is the high ¢ NApe list have very significant habitat values; the Pinet
ths. ( ot dry -

the. On hot dr designed specifically for this purpose

An additional concern for ¢
tran ation rate and lack of precipitation during the summer n
ntration of the dissolve

Wetland Design for UTTR

1 the conce
wdified ex

na ensating increase in « (
The proposed system would retain the twe

process

and bottom to induce a discharge
n series. The tl
12 days. At the possible

irs f ev ri
A bentonite treatment would be used to at leas
car-round ba the d i .
1des ind the resulting ponds would
ultative pond with two cells retical HRT at the
flow rate of 18,200 gpd would be about I
flow rate the HRT would be 16 day

tewater Assumed v

00

watlable

f the untrea wi
ues for the lagoon efMluent are g ve

critical design parameter for n
eMuent to n

yma level in the

UTTR syst

tandscape irngatior
ction will b

itment steg

TSS les
it be required duning the colder wi

than 10 my

ind TSS to these |
hould not be necessary. Removal of nitrogen and phospt
15 not required for either of the reuse options irient

irable for the irnigation option, ane

sfully operating treatment wetlands in .wqiu S. climates
n-situ aquifer

Table 4. Su: sslul
Wetland Type Design Flow Area

Location

Concentration (at the 18,200 gpd present flow rate)

Lagoon Effluent

Table 5. Assumed UTTR wastewater and lagoon effluent characteristics.

Summer Winter
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to 2/3 the size of an FWS wetland depending on pollutant removal requirements, but

caipitation, and evaporation all influence
the costs of the gravel media result in higher SF wetland construction costs. The SF

A search was of Utah weather
12:07 (at the wetland also has little habitat value since the water surface i1s not exposed

As described previously, BOD is the imiting design parameter for this project The
wetland will therefore be sized to produce the desired levels of eMuent BOD. using
appropriate design models (Reed, Crites, and Middlebrooks 1995) T'he removal of
BOD. TSS, nitrogen and phosphorus have been described with first order plug flow
models. In addition, the removals of BOD and mitrogen are temperature dependent

reactions. The basic models take the form

ep(-K, 1)

678d " (for BOD in FWS wetiands

For UTTR, use a 20 percent safety factor, so

Climatic data for design of UTTR
Average Temg Precipitat Pan Evap © Net:08

c n n

The wetland surface area can be determined with

QinC,-InC

K, (y) (n)

where

A bottom surface area of wetland, sq ft (1 sq ft = 0.093 m*)

Q design flow, cu fuday (1 cu ft = 0.028 m")

( influent concentration, mg/L

efMuent concentration, mg/L

rate constant, at temperature T, d
design depth of water in the system, m

“porosity” of the wetland, 0.65 to 0.75
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For the initial case, it is assumed that it is desired to produce an effluent BOD of
about 30 mg/L in the winter, with 0.4 ft of ice on the FWS wetland. The operational
water depth would then be 1.6 ft. Based on the tabulated climate data and appro-
priate thermal calculations, the bulk water temperature in the wetland would be
approximately 3 C. According to the data in Table 5, the influent BOD to the

wetland would be 154 mg/L. Application of these data in Equation 4 will produce

days

a required wetland area of about 15,000 sq ft. at the present flow rate of 18,200 gpd
That total area would be divided into two parallel cells, eacl about 50 ft wide and

150 ft long

tion Time

Having determined a potential wetland area, determining a water balunce is then
possible based on prea 1 1 e Finally, actual total flow
through the wetland and

presents the expected wetlar peratures during a full annual cycle
Figure 7§ ntst \r r water depth and detention time. Operat 0l —d——— i —a i " N ) o
iz thie W i v wat juring the winter to provide sufficient JAN FEBMARAPRMAY JUN JUL AUG SEPOCTNOVDEC
detention t ind ar 0w [ formation is necessary; a 1-ft depth in the Month

ummer months 1s more de le for nt development and habitat valu
—&— Wates Depth +— HRT

The expected effluent BOD, at the present flow rate, is shown in Figure 8 for o Figure 7. Wator depth and HRT in the UTTR treatment wetland

complete annual cycle. The wetland influent BOD ranges from 154 mg/L in the

coldest part o winter t= 16 mg/L in the warmest part of the summer The efllu

ent BOD is shown on the figure at a steady 6 mg/L from May through September

mgil

Effluent BOD

\
1 0 . . P .
E JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 0 -
|

|

L

JAN FEB MAR APR MAY JUN UL AUG SEP OCT NOV DEC

Montn
Mouth

F-gl’:vre 6 E;;;acled water temperatures in the UTTR treatment wetland Figure 8. Predicted effluent BOD, UTTR treatment wetland
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A unique aspect of » wetle cystems is that BOD is generated within the Figure 10 presents the predicted effluent nitrogen concentration for the UTTR tre
ystem by decomposition of the vegetation ind deposition of wastes from r sident ment wetland. At this site. mitrogen removal 1s not a enitical design requirement
The wetland removes essentially all of the wastewater BOD during the since protection of surface or ground waters is not a ¢ Ifthe
ths: the efMluent concentrations are this residual BOD, which can range option 1s selected, the presence of mificant mtrogen in the effluer
m2to7 my
Wetlands of both FWS a Sk
The efMuent BOD from mid-* _ Al to mid-September should ¥ » below 10 mg/L and removal as compared with BOD and

therefore satisfy 1 . rements for landscape irngation. Such wetland range ym about 7 da

water 15 also mo fur enhancement of wildlife habitats. While the summer month 1 more than

tandard during the winter months, Type 1 ind TSS, but 1s not quate to p
I ¥

The essentially secondary effluent times of about 12 days or morc

the present Rl basins immonia concentrations, which
where toxicity 1 concern

than 10 mg

y Type 1 reuse re
in assumed b r

CXPErICNCe SOmu

MAR APR MAY JUN JUL

AR APH MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB

Month Month

Figure 10. Predicted effluent nitrogen c;ncenuahons. UTTR wetland.

Figure 9. Predicted effluent TSS for the UTTR wetland.
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ind on detention time the v nd. Maintaining the wetland water depth at 2 ft
during the summer months might reduce the fecal coliforms to less than 2000 /100
mL so the improvement would be marginal. Filtration and disinfection wou ull
be required for the irmgation reuse option. Sel 1 of suitable
fection equipment is beyond the scope of this rej

requires a chlorine residual in Type 1 reuse water

not optional

Figure 13 shows the response, for BO, w increase to the possible

17.000 gpd level The curve labeled "two cell nts the response if the 37.000

gpd flow were applied to the presently prop wo cell w Here the BOD

ow 30 mg/L from April through mid mber ¢ should stiil be
ifter filtration for Tvpe 1 irnigation rey winter BOD values
1 be compatibl in-ground disposal in inal modified overflow
ve label
e added to the

cted eMfluent phosphorus concentration, UTTR wetland

formance, t

7.000 gpd, but
onsideration. An alternat

f the flow rate incre wol * to add aeraty

mg/L

Effluent BOD

Tl

n " I i

MAR APR MAY JU'4 JUL
Month

—©— Two Cells === Thiee Cells

Figure 13. Eftiuent BOD a;;?.—OOO gpd in @ two and a three cell wetland
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Table 7. Preliminary estimated costs for The landscape irngation reuse option 1s not i passive system Based on dis

cell of the lagoon This would sigmficantly
wetland modifications at UTTR cussions with officials from the State of Utah, the system would be classified

reduce the BOD concentration at that point in [
{tem Cost as a Type 1 reuse activity «nd would require filtration, disinfection, m

]

|

—
5

l

the system. Based on discussions with Hill
AFB personnel, it appears unlikely that the 3,875 nance of residual chlorine, and routine water quality monitoring. Al
activities would sigmificantly incre yperational and maintenance

flow rate will ever increase to the 37.000 gpd ow $D 2819
requirements as compared with the nt system, or the passive

3681 .
modification.  Construction of a treatment wetland and r

construction costs would increase significantly for the pumps. distnibutior

piping, storage tank, filtration, and disinfection units required

Wetland System Costs

|
|
|
|
‘ existing overflow basin would still be necessary for this option, und the total
|
|
|

Table 7 hists the preliminary estimated cost
the modifications to the UTTR syst

wetland habitat Recommendations
¢ the landscapear

This study recommends that

Levond the scope of

wluded. These ¢
Before any commitment to the landscape irrigation option i cost COmparsor
stion: m should be made between wastewater reuse as defined

ind the costs of an increase in fresh water production via the present RO

IrTgation re
process for this purpose. Landscape irngation with or from the present RO

wuld require all of the system con
process would not need the filtration, disinfection, or the monitoring required

sssed previously plus a pump
if treated wastewater 1s used for this purpose

eMue buiit-up port

i of the

It is recommended that suitable valving and piping be installed ahead of

equipment, ane r distnbution pump

ilso be required. These components
tw - existing RI basins to permit their operation either in series or parallel in

srational complexity of this reuse option
the proposed conversion

It is also recommended that Hill AFB base its implementation of the water

Design Specifications 3
¢ reuse concept on the USACERL-provided design drawings and construction

drawings and constructior specifications
rure 14 shows an existing
Figure 15 shows a system profile

land systems
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4 Conclusions and Recommendations

Conclusions

This study evaluated the design and function of "he wastewater treatment and

at the Utah Test and Traming Range, Hill AFB, UT, and

r regulatory basis exists for replacement or modification of the

infiltration basin disposal practice at the UTTR. The present Rl

apparent'y performed adequately for many vears and should

continue to do so for the future. It 1s beheved that the exisuing emergency
verflow basin has the capacity to receive and dispose of excess flow if the

UTTR flow rate ever increased to 37,000 gpd from the present 18,000 gpd
This capacity could be confirmed with additional infiltration testing in the
hottom of this overflow basin.  If 1t proves inadequate, it could easily be
enlarged with available on-site equipment. The only other concern with the
present operation is the potential accumulation of sludge in the two RI basins
[t is recommended that the depth of sludge be measured annually, and the rate
of increase be determined. At some point in the future, removing this

accumulated sludge may be necessary to allow the bottom of each RI basin to

.rv, to restore infiltration capacity

There is an environmental basis to consider modifying the system with a con-
structed wetland for additional treatment and reuse of that water. Sucl: reuse
would enhance wildlife and bird habitats and could also provide landscape irmi-
gration at the built-up portion of UTTR. Both the FWS treatment wetland and
the conversion of the existing emergency overflow basin to a wetland/pool
would provide a significant area of green vegetation at UTTR throughout the
warm months of the year. This vegetation and the exposed water surfaces
would provide significant habitat values for animals and birds. This portion
of the system would be almost completely passive and would not require
frequent operational or maintenance attention, only a semiannual adjustment
in treatment wetland water depth. If landscape irrigation is also wanted, an
optional pump station can be sited after the treatment wetland to return most

of the treated effluent to the built-up part of UTTR
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Figure 16. Longitudinal section.
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Figure 17. Cross section of wetland system
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