" GEFICIAL LIBRARY
COPY

PROPERTY OF Research and
Planning Fund Grants Mngmt.

O A C

.

North Bosque River
Phosphorus Removal Study for
Six Wastewater Treatment Plants

May 2001

Final Repor:

HECEIVED
YN T 429

Ay Bu{ -
GRANTS MANAGEMENT



Brazos River Authority

North Bosque River
Phosphorus Removal Study

May 2001

Prepared for:

Brazos River Authority
4400 Cobbs Drive
Waco, Texas 76710

Prepared by:

Camp Dresser & McKee Inc.
9111 Jollyville Road, Suite 105
Austin, Texas 78759




Contents

Executive Summary
INTOAUCHON ...ttt vrem b et b e sbs e s sr bt ese b e tetae e senenemee st amenenessessnasens viii
TrEatent FACIIHES. .. .oveceieeceiveeieecee e ceeeseeemeresssonseeessesesssesseeteesecss e eseeesaeesseesssnsssrsasensessss viii
Phosphorus Removal Methods ...ttt issssssssisssssssssessssesss ix
COSt ANALYSIS ..ottt et e e s s et b e e ix
SUIMMATY 1.ttt et e bt b s sa et sa e e b st et ecntsas euastesee et ensnsasesassessees xi
AUAAEIIAUITL ettt avess e e e s s r s st e st s e st sa e seent e seassesnses samsanmeensresmnnnson xii

Section 1: Description of Existing Treatment Facilities

1.1 INEOQUCHON oottt e et r e st r st snss e et s sesassaessessessnenras 1-1
1.2 Plant DesCriptons....... e eisessssessisssenstassstassessssessssssssesssens 11
CLEON WWWTP......oeeeetccerecteecte et seas e s arse e aeses e sssaassessesesesesssensreasens 1-1
HECO WWTE ..ottt cetstee st sstes e nssssss s s sesmsss sl s st e sbasres s besmtesmeessasane 1-4
Tredell WWWTP ...ttt eneete st caremees st sansa st sbes e ese e e seenean 1-6
Meridian WWTP......covreceeetereeeeeeas e enestesses s st s arates e besasose s te e eaeaban 1-8
Stephenville WWTP ...ttt e 1-10
Valley Mills WWTP..........ccoviiiminieieisscsssisis s ssesetenesareasens 1-12
1.3 CONCIUSIONIS .c..cnvrireitenieee e vtesieeensie e seesss e ensseesssensassesssonsessnentesarsensssasessenssentssnneas 1-14

2.1 INEOAUCHON ...ttt s s s e 2-1
2.2 Permit SUMIMATY .....oovirrireereiriesenre et e st 2-1
CHFON WWTP....oooirtc i et srees e e semsee s meene 2-3
HiCO WWTP ...ttt st s srsss s asertesen s snerasenens 2-3
Iredell WWTP ... sisnnicsssssssscasisesessssssnassssssonsesesanssasssnsmscas 2-3
Meridian WWT ...t sssse s sessaeass s eesss s tensees 24
Stephenville WWTP ... ssesmsesssssenssesssisnsssessininns 2-4
Valley Mills WWTP.......ooomectsiri i esmssssnsss s sssasanes 24
2.3 Wastewater Characterization ......cummiicicnnininincisnescssesstressssse e csssnsssns 2-5
Influent Data ANalysis.......ccccoienniiimnneisss e s 2-6
Effluent Data ANalysis.......coeeiemisiisiieine s sssessssnses 2-8
24 Data GAPS ..cveveecerireteieecet e sttt s b a e e b e 2-9
2.5 Proposed Wastewater Treatment Design Criteria.........cccoemrerecieiiennsensecncnne 2-10

Section 3; Nutrient Removal Alternatives

31 INETOAUCHON ..ottt ettt ensssen e sen s sem e eme st 3-1

3.2  Chemical Phosphorus Removal........ccciiiiiinicicie s 3-1
Stoichiometric Chemical Requirements...........ccoveeceieriieeneeenisnemncinssnseanens 3-2

Dosages and Achievable LIMIts ... e 3-2

Sludge Production.......cneniiceceeeecee st e 3-4

GIDM  Carnp Dresser 5 McKee Inc. i

A4241_TOC.doc



3.3  Biological Phosphorus RemOval ...t ssesssassessssesse e 3-4

Basic Process DesScTiption..........ccoeeiiiecceciieesrisnninene s e essnesssesesenes 3-5
Biological Phosphorus Removal Options ...........cccceecinnveencsrerecnnnennns 3-6
A/ OTM PIOCESS....cviveurueneoesirnserntisssasssassstesessssesssesasanssssesssessessssssssssesesearossrens 3-6
Modified Aeration CONtrol.......cccimeirreererinenrreninnnire e seceesese s eeerasesens 3-8
34  Biological Nutrient Removal ...t sasesseses 3-9
Basic Process DescTiption........oeovinnniiii it sesesesssnenns 3-10
A2 [OTM PIOCESS....c.tocneeemenrerererrcesessnssenesseseessisssnsssssassassssissesssanssesmstessmsssseten 3-10
BardenphoT™ PrOCESS......oirieisivrisitiesicioecsesreesasessiscsessssssasssssssssssessenns 3-11
35 Sequencing Batch Reactors ...t 3-14
3.6 Wetlands Treatment .........ccoviieerinminice et eercsaseni e asessee s aesesesensssssnnens 3-14
3.7 Land Treatment.....coccvvceiivcererecerrreeeseserisseniessseneeesseessssesssnssseressessssrseraessnseneos 3-17

Section 4: Phosphorus Removal Process Design

41 INEPOAUCHON ..o vttt cbeseiesins s s snteasanssessssssnessesanessessesrtsssnsssssseshasentanatoneneranes 4-1
42 Design Methods ...ttt saenese s 4-1
Chemical Phosphorus REMOVaL ............orrereeerereeosommmesessssereeescesseesrsese 4-1

Biological Nutrient Removal ... nnneeneensinsssenesressseesesnes 4-2

Sludge Handling.........cccocremiireccietcti s cenaeas e ssens 43

4.3  Facility DeSigh.....ccmmimimmrercmctircminecnstses i e esssae st sseseas s e s ssa e sesssassnsanns 4-3
CHEEON WP o eeeeeeeirreereetr e remrerr et srssseestessesas st stem b esbeentes e esmesaanemeeenenee 4-4

HECO WWTP ... reereserie s vse s msse s st sm e s e et et enemnee e e 4-5

LIredell WWWTTE ... oeeeceecicee v escaressssae s esnennsss s anae s s tsn s b assnssassabenacs 46

MeETTAIAN WINTT .o ievsts s rennsin s sseressssnbsebeeasenbessneseesreaenenamesenn 4-6
Stephenville WWTP ... nstenrs e seesessesaraas 4-6

Valley Mills WWTP.......ccoiimiiniiiiessensssieesssnssesscstsssnmssssane 4-7

Section 5: Evaluation of Nutrient Removal Alternatives

5.1 TN OAUCHON ..ot ercreieeeesinssnrenee st crnsssassisssessnnse shsesasrssasassnessnsnsesssostonsasssssnean 5-1
5.2 Chemical Phosphorus Removal Improvement...........ccouvvviiiiinncnnnccnisennnes 5-1
HICO WWTP et cteete et ertenaesssnsesnssesassae s sesmsnsssssesansbsessesnssnsrnsansan 5-2

TE@AEIL WINTP .. crecetisernsvceeessteseneenssestssmranssesstesmsaassassesnssnnsssssnsenses sans 5-2

Meridian WWWTP ...t crerreee e cteses st sennsseessae s se s s sas st e s ssasanasnssmsenen 5-5
Stephenville WWTP........ccoiimnii e 5-5

Valley Mills WWTP.....ccomccnsie i mssses b ssnses 5-8

53 Biological Phosphorus Removal with Effluent Polishing ...........ccccvverieinennnee 5-8
CHION WWWTP.....ceieceeeieereercecnerserasnesseessseeseessesaemssnsasessssssssnessessesnsnnen sasssan 5-8

HECO WWTE ...oeceitemesneiecnessresassaersssssssse seessaesssssassaessasssersessnsn sesssanssssans 5-11

IEEQAEll WWWWTP ... rceesc e srensestsessssestesse sesesamearasnsesnss sonsenssoasnssesonns 5-11

MeTidian W TP ...ttt siresiesirese s tssssaesssssssssssessas ssnrenssanssnnssnsasnss 5-14
Stephenville WWTP.........ocoieicrimiieceinn st essa e 5-16

Valley Mills WWTP.......ooviiii s nnsssissesannss 5-16

54 COSE ESHIMALES ....oiieie i ceeeecieesreeeetcescteecaneensbe s ssmne satestnes sesaeesermsaanansrasanssnsnsnsses 5-19
55 Nutrient Trading ........ccoimiiimiiinsisi i e e s 5-22
CDM Carnp Dresser & McKee Inc. it

A4241_TOC doc



5.6 Nitrogen ReEmMOVAL.......c.oestereeniern e s s 5-24

CLIEON WWTP.ociiieereeerescmeeeeesesaeiestestestes e ssssnessssensestsssssssasasesessesnesassen 5-25

HICO WIWTP et eres st eeereeas s e se st et meses e s st s ese s ssmsensns ssmansoes 5-25

Tredell WINTP .o eeeiiisreeretssneesners e sessnnsssasssestessssesessseesemssessersenessone 5-25

Meridian WWTP.....cc.iiiivmeceecrnceeinesssseseses e e ete st stssssssessss sisaesassssentors 5-25

" Stephenville WWTP.........oeeee s 5-26

Valley Mills WWTP........ccooirmmmrinimennnierne s sresseeessssesasesess sasenses 5-26

SUIIINATY ..ucviveieirmiererereainisscninsessssessssessaesness st s s ssaebessissssssassssstessnsassens 5-26

5.7 Wetlands Treatment ... ieceienee e asere s riseresssse esaebeses sesbesssessassansssessssnsessnns 5-26

5.8 Land TTEAMMENE ... eeeieeeeeiie e srtasreesessceessressesseeesbassssantensts sesessms s nssesssesnsessnns 5-28

5.9 RecomMmENdAtioNS .........coiiieeciec vttt s s es e samsemsse s msssnsesassnans 5-28
Appendices

Appendix A Site PROLOS ..ottt s senss A-1

Appendix B Wastewater Characterization..........oocoimecinninienieceeiceteeenaes B-1

Appendix C Design Calculations...........ouvreceimneiemnicenseetscse s snses C-1

Appendix D Cost BSHMALES........ccovuiirteieeeee s D-1

CDM Camnp Dresser & McKee Inc. i

A4241_TOC. doc



Executive
Summary



Executive Summary

Introduction

Due to elevated phosphorus levels in the North Bosque River, the Texas Natural
Resource Conservation Commission (TNRCC) may impose effluent phosphorus limits
on wastewater treatment plants to limit their contribution to receiving streams. A
monthly average limit of 1.0 milligrams per liter {mg/L) of total phosphorus (TP) is
being considered for six treatment facilities, one of the controllable sources of
phosphorus, that currently discharge into the North Bosque River. The enactment of
this nutrient limit presents potential impacts on the treatment plant operation. These
plants are currently not designed for nutrient removal and will require modificaticns
in order to meet the potential new effluent standards.

The objective of this study was to evaluate the current conditions of the wastewater
treatment facilities and determine a feasible means of reducing phosphorus at each
site. Information collected during site visits was utilized to quantify the current
phosphorus loads and develop appropriate design criteria. Conventional chemical
and bioclogical treatment methods, as well as innovative approaches, were identified
and evaluated for potential application or adaptation to the existing treatment
methods. Required additions and modifications for each facility were then developed
based on the most viable treatment methods identified. These designs were used to
estimate annual treatment costs as well as evaluate nutrient trading to identify the
most cost-effective method of meeting the potential phosphorus limits.

Treatment Facilities

As stated previously, this study focused on six municipal wastewater treatment
plants discharging into the North Bosque River north of Lake Waco. The six facilities
being considered are located in the cities of Clifton, Iredell, Hico, Meridian,
Stephenville and Valley Mills. All of the facilities are activated sludge biological
treatment plants which use the oxidation ditch process, with the exception of Clifton,
which uses a sequencing batch reactor. The Stephenville facility, the largest of the six
with a permitted flow of 3 MGD, has some advanced treatment in the form of sand
filters. Four facilities, Hico, Iredell, Meridian, and Valley Mills, have 20/20 mg/L
biochemical oxygen demand (BOD)/total suspended solids (TSS) discharge limits
while two facilities, Clifton and Stephenville, have 10/15 mg/L BOD/TSS discharge

Site evaluations of the treatment facilities identified condition and limitations of the
existing treatment processes as well as the potential for upgrading to remove
nutrients. All of the facilities were identified as having the potential to add additional
treatment basins for biological nutrient removal (BNR}); however, two of the facilities,
Iredell and Meridian, would require site expansion. Meridian also lacks the land area
necessary to accommodate the additional sludge drying beds associated with
phosphorus removal, and the Stephenville plant is already too large for a continued
reliance on sludge drying beds. Since phosphorus removal will result in more sludge
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Executive Summary

production, these two plants will require the addition of new mechanical sludge
handling equipment such as a belt filter press.

Phosphorus Removal Alternatives

Four main treatment alternatives are available for phosphorus removal including
chemical removal, biological removal with chemical polishing, wetlands treatment
and land treatment. The first two methods involve modifications to the main
treatment process through the addition of more treatment units. Phosphorus removal
with chemical treatment entails the precipitation of soluble phosphorus by the
addition of a precipitate such as alum. Biological treatment is based on the A/O™
process that involves the addition of an anaerobic basin before the existing oxidation
ditch at each plant. Chemical polishing with alum is typically included in biological
treatment to ensure more reliable phosphorus removal. Both treatment methods
require effluent filtration due to the increase in suspended solids from phosphorus
treatment. The final two treatment methods, wetlands and land treatment, involve
the application of plant effluent to ponds or agricultural areas that readily uptake
wastewater constituents.

It should be noted that the City of Clifton wastewater treatment plant, with its
sequencing batch reactor process, is already equipped to remove nutrients
biclogically. However, further chemical polishing and filtration would still be
required at Clifton if a total phosphorus limit were added to the discharge permit.

The nutrient removal treatment methods were evaluated for each of the facilities. The
evaluations included the sizing of all equipment necessary for process operation as
well as the estimation of additional operation and maintenance (O&M) requirements
such as chemicals, power, labor, and sludge disposal. Wetlands and land treatment
were evaluated on a general feasibility level since a detailed design of each requires a
more comprehensive site-specific study. In general, wetlands treatment does not
appear to be cost effective for any of the facilities, with the possible exception of
Iredell due to the large pond areas required.

Cost Analysis

An estimate of construction costs and annual operations and maintenance costs were
developed for each of the chemical and biological phosphorus removal alternatives.
Construction costs were then converted to an annualized cost using an effective
interest rate of 3.5% and a facilities life of 25 years. When added to the annual O&M
costs, the effective annual cost is derived which is used to compare alternatives.

The costs for each site to meet a discharge limit of 1.0 mg/L TP are presented in Table
E-1. The most affordable treatment option for each site was identified based on the
lowest annualized cost of either chemical or biological phosphorus removal. The
estimated construction cost for plant modifications is $4,508,000. These modifications
will together require an estimated annual O&M cost of $268,000/ year.

CDM Camp Dresser & McKee Inc. ix



Executive Summary

Table E-1 shows both the total annual cost of phosphorus removal using a current
market interest rate of 6.5%, and the effective annual costs considering the effects of a

3% inflation rate.
Table E-1: Phosphorus Removal Costs
Proposed Additional Total |Effective| Arn o
Facility ;102” Phosphorus Plll{osphogxs Construction, Annual |Annual | Annual l;):unsr
acall ate | Discharged emov, o&M 1 2
(MGD) 4 Method Cost Cost| Cost Cost Removeds
(mg/L)|(Ibs/yr) ($/yr)
Cﬁft,?_rn 065 | 10 | 1,979 BNR $422,000 | $21,000 |$66,000 | $46,000 | $23
P . . ’ ’ ’ 4 1l

I;,‘;‘;TP 02 | 10 | 609 |CHEMICAL| $464,000 | $18,000 |$55000| $44,000 | $21
m 005 | 10 | 152 |CHEMICAL| $445,000 | $10,000 |$45,000| $35,000 | $66
mﬁn 045 | 1.0 | 1,370 |CHEMICAL| $1,287,000 | $47,000 |$151,000/$123,000] $26
m“"ﬂle 3 10 | 9132 BNR $1,352,000 | $134,000 |$244,000$214,000| $7
mpwls 036 | 1.0 | 1,006 |CHEMICAL| $538000 | $38000 |$81,000| $70,000 | $18
Total 14,338 $4,508,000 | $268,000 | 642,000 | $532,000

1Based on a market interest rate of 6.5% .
2 Based on an effective interest rate of 3.5% after inflation.
3Based on effective annual cost.

Nutrient trading between the facilities was also examined, whereby more phosphorus
removal is performed at one or more plants while less is removed at others. Based on
the cost of phosphorus removal on a per pound basis as shown in Table E-1, it would
be more cost effective to concentrate phosphorus removal efforts at Stephenville.
Nutrient trading would entail lowering the Stephenville facility to 0.7 mg/L effluent
phosphorus, modifying the Meridian, Clifton, and Valley Mills plant to achieve a 1.0
mg,/L phosphorus limit, and leaving the Hico and Iredell facilities alone. With this

‘approach, the total phosphorus emitted from the four sites is the same, or less, than

from all six sites with 1.0 mg/L TP discharge levels. The costs associated with this
alternative are shown in Table E-2. The effective annual cost for this treatment
arrangement is $470,000, which represents a savings of $62,000/year compared to the
previous treatment scheme.

CDM Carmp Dresser & McKee Inc. X
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Executive Summary

Table E-2: Nutrient Trading Phosphorus Reduction

Estimated Nutrient Trading
Facili Flow Present Phosph Cost of Opti
ity Rate Phosphorus ospriorus ost o Lption
. Discharge
Discharge
(MGD) ((mg/L){(bs/yr)| {mg/L) | (Ibs/yr} |(Annualized Cost)?
Clifton WWTP 0.65 20 3,957 1.0 1,979 $46,000
Hico WWTP 0.2 45 2,740 4.5 2,740 N/A
Iredell WWTP 0.05 45 685 4.5 685 N/A
Meridian WWTP 0.45 45 6,164 1.0 1,370 $123,000
Stephenville WWTP 3 45 | 41,095 0.7 6,393 $231,000
Valley Mills WWTP| 0.36 45 4,931 1.0 1,096 $70,000
Total 59,572 14,263 $470,000

I Annwal costs are based upon phosphorus removal to 0.5mg/L to assure that a 1.0mg/L effluent standard is
achieved, and using the effective interest rate of 3.5% after irflation.

Summary

To reduce phosphorus loadings on the North Bosque River, an estimated $4,508,000
will be required to upgrade the plants, and an additional $268,000/year will be
required in O&M costs. All six plants could then be upgraded to achieve a 1.0 mg/L
TP effluent limit.

Should it be decided to implement nutrient trading, some cost savings could be
realized. Nutrient trading would entail permitting the Stephenville plant for an
effluent discharge limit of 0.7 mg/L TP, permitting the Clifton, Meridian, and Valley
Mills plants for an effluent discharge limit of 1.0 mg/L TP, and leaving a TP limit out
of the permits for Hico and Iredell entirely. The construction and O&M costs
associated with the nutrient trading are summarized in Table E-3. The ftotal
construction cost of this approach is estimated at $3,602,000, which represents a
capital cost savings of $906,000 compared to medifying all of the facilities.
Additionally, the required total annual O&M cost of $256,000/year would save
$12,000/ year in operational costs by making use of nutrient trading.
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Table E-3 Nutrient Trading Cost Summary

Facility Construction| Annual O&M Total Annual Effective Annual
Cost Cost Cost! Cost2
(Capital Cost) | (Annualized Cost) ($/yr) (Annualized Cost)

Clifton

WWTP $422,000 $21,000 $66,000 $46,000

Hico WWTP $- $- $- $-

Iredell

WWTP $- $- $- $

Meridian $1,287,000 $47,000 $151,000 $123,000

WWTP F. Fa Fa F r

Stephenville

WWTP $1,355,000 $150,000 $260,000 $231,000

Valley Mills

WWTP $538,000 $38,000 $81,000 $70,000
Total $3,602,000 $256,000 $492,000 | $470,000

1Based on a market interest rate of 6.5%.
2Based on an effective interest rate of 3.5% after inflation.

Addendum

Since issuance of the draft final report and publication of the required construction
costs for implementing phosphorus removal at the six wastewater treatment plants,
the authors were made aware of changes being made to the Sequencing Batch Reactor
wastewater treatment system serving the City of Clifton. This plant, in the startup
phase at the time of the site visit for this project, was subsequently determined by the
manufacturer to be in need of modification in order to meet the specified operating
performance. Specifically, the originally installed surface aerators were replaced by a
diffused aeration system, which consists of air blowers, piping, and air diffusers
mounted on the floor of the tanks. The new system will provide better aeration for
ammonia removal, but will not provide a separate mixing without aeration cycle
which is required for phosphorus removal. Accordingly, separate mechanical mixers
will now have to be provided in order to achieve phosphorus removal.

To provide the required mixing, two 5 HP floating mixers could be installed in each
SBR basin, plus a single mixer installed in each of the two prereact zones. The cost of
adding the 6 mixers including motor controls is estimated at $111,000, although some
economies may be possible by reusing the existing controls for the original
mechanical aerators, now removed. The additional cost of this equipment and the
effect on the overall project is summarized below.
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Adzétexmt.doc




Table E-4 Nutrient Trading Cost Summary

Executive Summary

Cost of . Revised Cost of Revised Cost of
.ss Revised Cost of
Additional . all Recommended
Cost Element . Clifton )
Clifton Imoprovements Recommended | Improvements with
Modifications P Improvements | Nutrient Trading
Capital Cost $111,000 $533,000 $4,619,000 $3,713,000
é;‘;“al O&M | 43 000 $24,000 $271,000 $259,000
Sotal Anal | 522,000 $68,000 $644,000 $560,000
1Based on a market interest rate of 6.5%.
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Section 1
Description of Existing Treatment Facilities

1.1 Introduction

Six municipal wastewater treatment plants (WWTPs) along the North Bosque River
were evaluated to determine requirements for reducing effluent phosphorus
concentrations. The six municipalities investigated were Clifton, Hico, Iredell,
Meridian, Stephenville, and Valley Mills. The location of the facilities are shown on
Figure 1.1.

This section describes the characteristics of the existing treatment plants and the
treatment process being used. Site evaluations of each facility were performed to
identify the current conditions of the plant, the general process and equipment used,
basic operating procedures, and historical performance. The plants were also
assessed for process modification potential, including equipment, space availability,
and staffing limitations. This section identifies potential phosphorus treatment
methods for each site; however, the evaluation of the specific methods and concerns
are presented in later sections. Photos taken during the site visits are presented in
Appendix A.

1.2 Plant Descriptions
Clifton WWTP

The City of Clifton WWTP is a new treatment plant constructed in 1999 on the site of
the old WWTP. The layout of the plant and the old process equipment are presented
in Figure 1.2. The new plant was designed for an average flow rate of 0.65 MGD and
a peak flow of 2 MGD.

Wastewater influent is screened by a climber bar screen and then gravity drained into
one of two parallel sequencing batch reactors (SBRs). The reactors utilize the ICEAS
(Intermittent Cycle Extended Aeration System) process that includes a pre-react zone
and a batch reactor. The pre-react zone is used for the adsorption of biological oxygen
demand (BOD:s) into the biomass as well for biological selection. The partially treated
influent then flows under a baffle into the main basin and is treated through a three-
step cycle: aeration, settlement, and decantation. The aeration step involves further
oxidation of BODs and nitrification. During settlement, anoxic BODs reduction,
denitrification and clarification occur. The activated biomass is left at the bottom of
the reactor and the treated supernatant is then decanted off.

CDM Camp Dresser & McKee Inc. 1-1
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Section 1
Description of Existing Treatment Facilities

The normal cycle time for treatment is four hours with six cycles per day. During
storm flows the treatment cycle is cut to three hours with eight cycles per day. The
total cycle time, as well as the length of each treatment stage, can be easily adjusted
through the main programmable logic controller (PLC) based on operator discretion.
The operation of the two basin cycles is such that only one basin is aerated at a time
and the decant periods do not overlap.

The supernatant collected during decantation is gravity drained into an intermediate
surge tank and then into the chlorine contact chamber for disinfection. The final
effluent, with a residual chlorine concentration of 1 mg/L, is discharged from the
chlorine contact chamber through a Parshall flume and into the North Bosque River in
Segment No. 1226.

Activated sludge is wasted from the main reaction chamber when the mixed liquor
suspended solids (MLSS) concentration exceeds roughly 5,000 mg/L. The settled
sludge is pumped from the bottom of the reactor and into a sludge holding tank
(SHT). The wasted activated sludge (WAS) is then pumped from the SHT, thickened
with polymer, and dewatered through a Roediger tower belt filter press.

The treatment plant operator, on site during normal working hours, noted that
operating the treatment plant was fairly simple due to the PLC. Modifications to the
process, for phosphorus removal, could be made through the adjustment of the
ICEAS aeration cycle and through chemical polishing with alum. Space is available
on site for the addition of chemical storage tanks to the north of the main reactor. The
increase in settled solids due to the addition of alum would increase the amount of
wasted sludge. This would increase the frequency of sludge dewatering as well as the
landfifl costs. Phosphorus removal could also potentially require filtration of the
effluent prior to disinfection. Filtration equipment could be added through a process
expansion to the south of the chlorine contact chamber.

Hico WWTP

The City of Hico WWTP, constructed in 1979, is operated by City staff. It is permitted
for a flow of 0.2 MGD and can handle a wet weather flow of up to 0.63 MGD. The
layout of the plant and yard piping is presented in Figure 1.3
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Section 1
Description of Existing Treatment Facilities

Influent wastewater passes through a manual bar screen and grit chamber and is then
treated through an activated sludge process. The activated sludge process consists of
an oxidation ditch with mechanical brush rotor aerators and two clarifiers. The
oxidation ditch has a total volume of 27,585 ft?, which corresponds to an average
residence time of 24.5 hours. The oxidation ditch effluent gravity flows from the
effluent weir into one of the clarifiers. The effective volume of each tank is 2,826 ft3,
corresponding to a detention time of 2 hours. Settled sludge gravity flows to the
RAS/WAS pump station and is either recycled back to the oxidation ditch or wasted
to one of three drying beds.

The clarifier effluent is gravity drained to the chlorine contact chamber for
disinfection. Following an average chlorination time of 72 minutes, the plant effluent
drains from the plant outfall to the Jacks Hollow Branch; thence to the North Bosque
River.

Process modification for phosphorus removal at the Hico WWTP would most likely
be chemical addition or modification of the existing activated sludge process. The
addition of a precipitate such as alum would require on site chemical storage tanks
and chemical feed pumps. Space for this additional equipment is available adjacent to
the sedimentation tanks, near the plant entrance gate. As stated previously, the
addition of alum increases the solids content and the required sludge drying bed area.
It must be determined if the existing drying beds can handle the associated sludge
volume increase.

Iredell WWTP

The City of Iredell WWTP is the smallest of the six facilities evaluated with a
permitted flow of 0.05 MGD. The main treatment train is an activated sludge process.
The plant was constructed on an elevated levee and is tightly laid out, as presented in
Figure 1.4. A contract operator operates and visits the plant a minimum of five times
per week.

Influent sewage is collected in a wet well at the head of the plant. The collected
sewage is pumped from the lift station, through a manual bar screen and into an
oxidation ditch. The oxidation ditch is mechanically aerated with two brush rotors.
Oxidation effluent overflows into one of two clarifiers where solids sedimentation
occurs. Settled solids are either recycled back to the oxidation ditch or periodically
wasted to either of the two sludge drying beds. Clarified effluent drains to the
chlorine contact chamber for disinfection. From the contact chamber, the plant
effluent gravity flows through an open channel into Segment No. 1226 of the North
Bosque River.
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Section 1
Description of Existing Treatment Facilities

While the Iredell WWTP is in good operating condition, its available space is severely
limited. Any modifications to the plant would require the expansion of the levee and
possible relocation of the driveway. The sludge drying beds are fairly small and
wotld not be able to handle any increase in wasted sludge. The access space around
and especially in between each of the clarifiers and contact basin is very limited.
Additionally, the lack of handrails around any of the tanks presents a safety concern.

Meridian WWTP

The City of Meridian WWTP, built in 1986, is designed to handle an average flow of
0.45 MGD and a wet weather flow of 1.0 MGD. The plant property and equipment
layout is shown in Figure 1.5. The plant site is moderately undersized with limited
possibility of expansion beyond the existing fence line. A cemetery borders the plant
on the north, and the property drops severely in elevation to the west and south. A
private residence borders plant property on the east.

For this plant, influent raw sewage is pumped from an offsite lift station to the
influent bar screen. The screened influent then enters a Carousel oxidation ditch
where it is treated through an activated sludge process. The ditch is aerated by
mechanical aerators, which are operated alternately to avoid solids build up on either
end of the ditch. The treated sludge is then drained to one of two clarifiers where the
activated sludge is settled out. The clarified effluent then drains to the chiorine
contact chamber for approximately 22 minutes of chlorine disinfecting. Once
disinfected, the plant effluent is discharged to Moccasin Creek, thence to the North
Bosque River.

The settled activated sludge is sent to the WAS/RAS pump station where it can either
be recycled to the oxidation ditch or wasted to the sludge drying beds. There are six
drying beds with a combined total area of 4,950 ft2. A stand-by polymer feed system
is available for sludge thickening when necessary.

Interviews with the two plant operators revealed areas within the plant that needed
improvement. The operators indicated that the influent bar screen, roughly 1.5 wide
and 1" deep, is too small and gets overloaded when the lift station pumps operate. It
requires manual cleaning which is often difficult due to influent splashing. A
significant amount of screenable material ends up in the clarifier as a result of the
inadequate influent screening. This screenable material is collected during clarifier
skimming and is currently recycled back to the oxidation ditch. It would be
advantageous to redirect the clarifier skimmings through a manual bar screen before
recycling. Also noted was the need for new stems on the oxidation ditch drain valves.
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Section 1
Description of Existing Treatment Facilities

Stephenville WWTP

The Stephenville WWTP is the largest of the six facilities with a permitted flow of 3
MGD. The layout of process equipment and associated structures is presented in
Figure 1.6. The plant is spaciously laid out with ample access space between each
process structure. The plant has three full-time operators for normal working hours
and one on call for after hour emergencies.

The plant influent is pre-treated by screening through a %2” mechanical bar screen and
grit removal in a small rectangular grit chamber. The influent flow is measured with
a Parshall flume and then passes to one of two raw water lift stations. The pre-treated
influent is pumped from the headworks of the plant to the influent splitter box where
flow is divided between two primary clarifiers. The primary clarifiers serve to
remove settleable solids and scum from the wastewater prior to biological treatment.

Following primary clarification, the wastewater flows by gravity into one of two
aeration basins where the activated sludge process begins. The aeration basins at the
Stephenville WWTP utilize the Orbal design in which each basin consists of three
concentric oval channels. The two inner two rings operate in series as an aeration
basin and the third, outer channel is an aerobic sludge digester. Primary clarifier
effluent enters the aeration basin in the outer ring, or the middle channel of the basin.
The aeration basins are mechanically aerated using horizontal rotating discs. There
are a total of six aerators in each basin, four in the outer ring and two in the inner ring,
designed to propel the liquid forward while simultaneously entraining air. Aeration
basin effluent leaves from the inner channel and gravity flows to the secondary
clarifier splitter box.

It is in the three final clarifiers that the activated sludge is settled and recycled back to
the front end of the treatment train. The treatment plant includes two sand filters
with traveling bridge backwash mechanisms, which are used for clarifier effluent
filtering. The effluent is filtered to remove remaining suspended solids, including
particulate BOD, from the wastewater prior to chlorine disinfection.  Chlorine
disinfection occurs in one of two chlorine contact basins, each with a residence time of
22 minutes at peak flow. Due to discharge permit limits, the residual chlorine level
must be reduced to 0.1 mg/L following disinfecion but prior to discharge.
Dechlorination of the plant effluent is performed through the addition of sodium
bisulfite immediately upstream of the contact chamber effluent weir. Once
dechlorinated, the plant effluent gravity flows to Outfall 002 on the North Bosque
River.
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Section 1
Description of Existing Treatment Facilfities

Activated sludge collected from the final clarifiers is periodically wasted in order to
maintain an optimum MLSS concentration in the aeration basin. The WAS and the
primary clarifier settled solids are transferred to the outer channel of the aeration
basin where aercbic digestion takes place. Digestion is performed for sludge
stabilization-prior to solids disposal. Stabilized solids are drained from the digesters
onto the drying beds for dewatering. The plant has two types of drying beds,
conventional and wedgewire. The six wedgewire beds, with a combined area of 2,880
ft2, are the main beds used. The conventional sand drying beds, with a surface area of
7,500 ft2, are operated as a back up.

While the plant is fairly new and the equipment is in good mechanical condition, the
plant operators noted that a specific operational difficulty had been occurring. The
use of a primary clarifier results in low nutrient concentrations in the aeration basins.
This creates a situation in which the activated organisms run out of food and die off,
reducing the potency of the RAS. To avoid this condition, primary sludge is pumped
back into the oxidation ditches rather than into the aerobic digesters. Possible
improvements for this situation include bypassing the primary clarifiers or converting
them to an alternative process.

Due to existing advanced treatment, there are multiple alternatives available for
phosphorus removal. The first alternative is to reconfigure the aeration basins for
increased biological nutrient removal. A second alternative is chemical addition to
the aeration basin effluent. Ample space is available for additional chemical storage
tanks and feed pumps. Available drying bed surface area to handle the increase in
waste sludge may be limited, however, which may require the addition of mechanical
dewatering. Another alternative available is the use of abandoned ponds east of the
plant, which may be feasible for wetlands effluent polishing.

Valley Mills WWTP

The City of Valley Mills WWTP is a small, activated sludge process with a permitted
flow of 0.36 MGD. The plant layout, presented in Figure 1.7, includes an abandoned
oxidation pond and has space available for expansion. The plant has a contract
Operator.

The raw sewage influent is pretreated through a manual bar screen and two parallel
grit chambers. From the grit chamber, the influent flows into the oxidation ditch
where biological treatment begins. The ditch is mechanically aerated through the use
of a single horizontal brush rotor. The ditch effluent drains into a final clarifier where
the activated sludge is settled out. The clarified effluent is chlorine disinfected and
discharged to the Town Creek Branch and thence to the North Bosque River. The
settled solids are either recycled to the oxidation ditch influent or wasted to one of
four sludge drying beds.
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Section 1
Description of Existing Treatment Facilities

Various plant needs were identified during the recent site visit. Currently, the
oxidation ditch only has one brush rotor. In the event that this rotor fails, the
oxidation ditch is left unaerated; therefore, it is recommended that another rotor be
added for aeration reliability. Other needs identified include the replacement of the
effluent v-notch weir and repainting of the final clarifier.

As with the other facilities, multiple alternatives are available for decreasing the
effluent phosphorus concentration. The biological treatment process could be
redesigned to promote nutrient removal. Chemical precipitates could also be added
prior to clarification to promote phosphorus precipitation. There is sufficient space
available to add new chemical storage tanks and feed pumps. However, the most
viable option may be wetland treatment through the use of the abandoned oxidation
pond, which would not require a significant increase in manpower or modifications to
the plant.

1.3 Conclusions

This section has presented the evaluations of the six WWTPs with outfalls along the
North Bosque River. The results of each plant evaluation are summarized in Table
1.1. As stated earlier, the plants were evaluated for the existing treatment method,
current staffing practices, and space availability. These criteria were then utilized to
identify the most probable treatment modifications for the reduction of effluent
phosphorus. All of the plants involve biological treatment of influent sewage through
the use of the activated sludge process. While it is possible to modify this treatment
process to promote nutrient removal, in some cases it may be easier to either add a
chemical precipitate or polish the effluent through land application or wetlands
treatment. The extent of treatment modification also depends highly on the quality of
effluent currently being discharged.
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Section 1
Dascription of Existing Treatment Facilities

Table 1-1: Summary of WWTP Evaluations

a1 Main Treatment Current Available Probable
Facility Method Manpower Space Treatment
' P P Modification
. SBR - Activated Single, Full- . .
Clifton Sludge time Ample BNR!, Chemical
Hico Activated Sludge Part-time Ample BNR?, Chemical
. Part-time - BNR!, Wetlands,
Iredell Activated Sludge (Contract) Limited Chermical
Meridian Activated Sludge Full-time Limited BNR?, Chemical
. Activated Sludge . ‘| BNR1, Chemical,
Stephenville with Filtration 3 Full-time Ample Wetlands
. . Part-time BNR?, Chemical,
Valley Mills | Activated Sludge (Contract) Ample Wetlands

1 Biological nutrient removal (BNR) entails modifying the existing biological treatment
process.
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Section 2
Wastewater Characterization

2.1 Introduction

Six municipal wastewater treatment plants (WWTPs) along the North Bosque River
were evaluated for the potential reduction of effluent phosphorus concentrations. The
six municipalities include Clifton, Hico, Iredell, Meridian, Stephenville, and Valley
Mills, which are located to the northwest of Waco in north central Texas. Each city’s
wastewater effluent discharges into Segment 1226 of the Brazos River Basin, with the
exception of Stephenville, which discharges into Segment 1255 of the Brazos River
Basin. The study area of this reach of the North Bosque River from Stephenville to
Valley Mills covers about 70 river miles. The location of each city and their respective
WWTP is presented in Figure 2-1.

The purpose of this section is to review and evaluate existing wastewater flow and
quality data that were collected from the respective WWTPs. Data was collected from
several sources to create characteristic data sets of the influent and -effluent
wastewater flows for each evaluated facility. Characterization of the influent and
effluent wastewater allows for quantification of existing phosphorus concentrations
and WWTP performance. It further provides the basis for the development of WWTP
design criteria to control and reduce phosphorus loads in future effluent discharges to
the local receiving waters of the North Bosque River watershed.

This section first summarizes the regulatory permit profiles of the six WWTPs
evaluated by this study. Next, the condensed influent and effluent wastewater
characterization data generated from the data compilation effort are presented and
interpreted and any serious data gaps are identified and discussed. Finally, future
recommended WWTP design criteria for achieving effluent phosphorus removal are
presented for each of the six WWTDPs.

2.2 Permit Summary

This section presents the existing wastewater treatment regulatory profiles for each of
the six WWTPs located within the North Bosque River study area. A summary table
of the existing wastewater discharge permits for these six facilities concludes this
section and is presented in Table 2-1. The cumulative average daily flows permitted
from the six facilities is 4.71 MGD.
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Section 2
Wastewater Characterization

Clifton WWTP

The City of Clifton WWTP is a new treatment plant constructed in 1999 on the site of
the former WWTP. Two parallel sequencing batch reactors (SBRs) treat influent
wastewater flows. The Clifton WWTP was designed for an average flow rate of 0.65
million gallons per day (MGD) and a peak flow rate of 2.01 MGD.

The City of Clifton WWTP operates under Texas Pollutant Discharge Elimination
System (TPDES) permit number 10043-001 which has a permit expiration date of
March 1, 2004. The permitted average daily flow is 0.65 MGD with effluent discharge
limitations, expressed in milligrams per liter (mg/L), of 10/15/-/4 (Biochemical
Oxygen Demand (BOD)/Total Suspended Solids (TSS)/Ammonia Nitrogen
(NHs)/ Dissolved Oxygen (DO)).

The permit further requires self-monitoring of Total Phosphorus (TP) for reporting to
the Texas Natural Resource Conservation Commission (TNRCC). The Clifton WWTP
is authorized to discharge effluent directly to the North Bosque River.

Hico WWTP

The City of Hico WWTP was constructed in 1979. It is designed for a flow of 0.20
MGD and can handle a wet weather flow of up to 0.63 MGD. The Hico WWTP is an
activated sludge process facility that consists of an oxidation ditch with brush rotor
aerators and two clarifiers.

The City of Hico WWTP operates under TPDES permit number 10188-001 which has a
permit expiration date of March 1, 2004. The permitted average daily flow is 0.2 MGD
with effluent discharge limitations of 20/20/-/2 (BOD/TSS/ NHs/DQO). The Hico
WWTP is authorized to discharge to Jacks Hollow Branch, a tributary of the North
Bosque River.

Iredell WWTP

The City of Iredell WWTP is the smallest of these six facilities and uses an activated
sludge treatment process. The Iredell WWTP was constructed on an elevated levee
site and is designed for an average flow of 0.05 MGD and a peak flow of 0.12 MGD.

The City of Iredell WWTP is currently operating under TPDES permit number 11565-
001 and National Pollutant Discharge Elimination System {NPDES) permit number
TX0024848. Permit expiration is July 12, 2001 for these permits. The facility must soon
seek a permit renewal that will convert the WWTP to the TPDES program and will
result in the issuance of a single permit (TPDES permit number 11565-001). The
Iredell WWTP should receive a permit term that will expire in the middle of 2004, to
align with the other entities within this portion of the Brazos River Basin. The current
permitted average daily flow is 0.05 MGD with effluent discharge limitations of
20/20/-/2 (BOD/TSS/ NHs/DO). It is unknown if these effluent discharge
limitations will remain the same. The possibility of a permit requirement for the self-
monitoring of Total Phosphorus (TP) for reporting to the TNRCC is a definite
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Section 2
Waslewater Characterization

possibility in the new TPDES permit. The Iredell WWTP is authorized to discharge
effluent to an unnamed, open channel that flows directly to the North Bosque River.

Meridian WWTP

The City of Meridian WWTP was built in 1986 and is designed to handle an average
flow of 0.45 MGD and a wet weather flow of 1.00 MGD. Wastewater treatment is
achieved through an activated sludge process that is performed in a carousel
oxidation ditch with mechanical rotors providing aeration followed by two clarifiers.

The City of Meridian WWTP operates under TPDES permit number 10113-002 which
has a permit expiration date of March 1, 2004. The permitted average daily flow is
0.45 MGD with effluent discharge limitations of 20/20/-/2 (BOD/TSS/ NHs/DOQ).
The Meridian WWTP is authorized to discharge effluent to Moccasin Creek, a
tributary of the North Bosque River.

Stephenville WWTP

The City of Stephenville WWTP is the largest of the six facilities and was designed for
an average flow of 3.0 MGD and a wet weather flow of 9.0 MGD. The plant was
recently built and it is good condition and is very well maintained. The Stephenville
WWTP is an activated sludge facility with filtration.

The City of Stephenville WWTP is currently operating under TNRCC permit number
10290-001 and National Pollutant Discharge Elimination System (NPDES) permit
number TX0024228. The facility is currently seeking a permit renewal that will
convert the WWTP to the TPDES program and will result in the issuance of a single
permit (TPDES permit number 10290-001). The Stephenville WWTP will receive a
permit term that should likely expire in the middle of 2004, to align with the other
entities within this portion of the Brazos River Basin. The current permitted average
daily flow is 3.0 MGD with effluent discharge limitations of 10/15/2/6 (CBOD -
Carbonaceous Biochemical Oxygen Demand/TSS5/ NHs/DO). It is unknown if these
effluent discharge limitations will remain unaltered. The possibility of a permit
requirement for the self-monitoring of Total Phosphorus (TP) for reporting to the
TNRCC is a definite possibility in the new TPDES permit. The Stephenville WWTP is
authorized to discharge effluent to either the Upper North Bosque River (via Outfall
001) or directly to the North Bosque River (via Outfall 002).

Valley Mills WWTP

The City of Valley Mills WWTP was designed to treat an average flow of 0.36 MGD
and a wet weather flow of 1.08 MGD. The Valley Mills WWTP operates as an
activated sludge process facility.

The City of Valley Mills WWTP operates under TPDES permit number 10307-001
which has a permit expiration date of March 1, 2004. The permitted average daily
flow is 0.36 MGD with effluent discharge limitations of 10/15/-/4 (BOD/TSS/
NHai/DQ). The more stringent discharge limitations for this facility are due to its close
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Section 2
Wastewater Characterization

proximity to Lake Waco, a drinking water source reservoir. The Valley Mills WWTP
lies about 12 miles from the headwaters of Lake Waco. The Valley Mills WWTP is
authorized to discharge effluent to Town Creek Branch, a tributary of the North
Bosque River.

A summary of the existing wastewater discharge permits for these six facilities is

presented below in Table 2-1.

Table 2-1 TNRCC Permit Summary

Facility Permit C‘::;‘c‘ii:y Permit Discharge Limits

Name Number (ADEY! Expiration (BOD/TSS/NH3/DO)
Clifton WWTP 10043-001 | 0.65 MGD | 3-01-2004 10/15/-/42
Hico WWTP 10188-001 | 0.20 MGD 3-01-2004 20/20/-/2
Iredell WWTP 11565-001 | 0.05 MGD | 7-12-2001 20/20/-/2
Meridian WWTP 10113-002 | 0.45 MGD 3-01-2004 20/20/-/2
Stephenville WWTP | 10290-001 | 3.00MGD | 9-1-20003 10/15/2/6
Valley Mills WWTP | 10307-001 | 0.36 MGD | 3-01-2004 10/15/-/4

1 Permit Capacity as expressed as Average Daily Flow (ADF) volume in million gallons per day (MGD)

2 Clifton WWTP also monttors Total Phosphorus for monthly Discharge Montoring Reports (DMRs)
3 Stephenville WWTP permit remains in effect until a new TPDES permit is issued by TNRCC

The cumulative permitted effluent flows for these six WWTPs to the North Bosque
River on an average daily flow basis are 4.71 MGD.

2.3 Wastewater Characterization

Wastewater characterization is a vital element used for the development of design
criteria for wastewater treatment plants. The six North Bosque River watershed
WWTPs involved in this study were specifically evaluated for phosphorus removal
capability. Wastewater characterization data of influent and effluent flows were
compiled according to water quantity and water quality parameters. No significant
contributory industrial flows were noted among the reviewed wastewater data, with
the minor exception of the City of Meridian WWTP that is discussed in the influent
analysis below. The City of Stephenville has some small industrial operations which
have no appreciable effects on the plant; a cheese manufacturing facility which
formerly contributed significant industrial loads to the Stephenville facility is no
longer in operation.
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Data sources for water quantity and water quality data that were compiled into
wastewater characterization data sets used for the evaluation of the six WWTPs
included:

® Available self-monitoring data from the individual plants;

m Brazos River Authority (BRA);

m Texas Institute for Applied Environmental Research (TIAER);

m Texas Natural Resource Conservation Commission (TNRCC); and
m United States Environment Protection Agency (USEPA).

Wastewater characterization efforts were based on existing effluent flow and water
quality data collected from BRA, TIAER, TNRCC, USEPA, and the individual
WWTPs, and on a recent sampling of the influent flows to four of the six study area
WWTPs for primary influent flow and water quality data. Parameters compiled and
reviewed from existing effluent data included wastewater flow rates (average and
maximum), 5-day (carbonaceous) biochemical oxygen demand (CBOD/BOD), total
suspended solids (TSS), temperature, pH, conductivity, fecal coliform, nitrite (NO>),
nitrate (NOs), nitrite plus nitrate (NO; + NOs), ammonia (NH3 -N), organic nitrogen
(Organic N), total kjeldahl nitrogen (TKN), total phosphorus (TP), chloride (CL), and
sulfate (5Os). Sampling data derived from influent and effluent grab samples collected
on December 20-21, 2000 were analyzed by the Bio Chem Laboratory of West, Texas
included BOD, chemical oxygen demand (COD), TSS, TN, NHs -N, TP, PO4, and
alkalinity. Condensed versions of the compiled influent and effluent data sets (from
January 1999 to the most recent 2000 records) used for the following analysis are
presented in Appendix B.

Influent Data Analysis

Historical influent data for total phosphorus (TP) is presented for three of the six
WWTPs. Stephenville WWTP provided a data set with a period of record ranging
from July 1999 through December 2000. Clifton WWTP provided a data set with a
period of record from December 1999 through June 2000 and Meridian WWTP
provided a period of record data set for February 2000 through November 2000.
Theses three facilities combine to account for about 90 percent of the average
wastewater plant effluent flows that are discharged by the six WWTPs in the North
Bosque River study area, with Stephenville contributing 67 percent, Clifton
contributing 14 percent, and Meridian contributing 8 percent, respectively, based on
average daily historical effluent flows. A summary of the influent total phosphorus
values recorded at these three facilities is presented in Table 2-2 below.
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Table 2-2
Historical Influent Data Summary
Total Phosphorus
Parameter Clifton Meridian Stephenville
WWTP WWTP WWTP
Total Phosphorus, 8.9 3.3 129
mg/L TP

Influent grab samples were also collected from four of the six WWTPs located within
the North Bosque River watershed study area for influent data characterization. The
four WWTPs that were sampled were Hico, Iredell, Meridian, and Valley Mills. The
influent grab samples were collected on December 20-21, 2000 for laboratory analysis.
The analytical results of this recent sampling event are presented in Table 2-3. Flow-
weighted composite averages from this influent sampling effort are also summarized
in this table.

Table 2-3
Influent Grab Sample Data Summaryl

Parameter Hico Iredell Meridian Valley Mills Weighted

WWTP WWTP WWTP WWTP Average?
BOD 373 276 277 519 396
COD 790 553 831 349 657
TSS 318 249 533 825 281
TKN 65 49 56 42 56
NH;-N 29.6 14.4 243 0.64 19.6
Alkalinity 370 389 381 355 368
TP 12.2 8.0 9.7 4.8 9.5
PO, 37.5 221 29.8 15.1 249

1 All parameters expressed as milligrams per liter (mg/L);
2Data that represents the flow-weighted composite of the 4 WWTPs sampled.

Phosphorus in wastewater typically occurs as either orthophosphate or organic
phosphate. Orthophosphates are mostly inorganic forms originating from detergents
and fertilizers discharged to wastewaters. Organic phosphorus is present in waste
products and food residues contained in wastewater. Total phosphorus is the sum of
the ortho and organic forms, and is reported as phosphorus (TP) or as phosphate
(PO4). To convert phosphate to phosphorus, multiply the phosphate value by 0.326
which is the ratio of the molecular weights, or, more commonly, divide by 3.

Influent data that was available for evaluation for the Cities of Hico, Iredell, and
Valley Mills was limited to the above grab sample results. For the purposes of this
study, the more extensive influent historical data from Stephenville, Clifton, and
Meridian are considered sufficient to provide a wastewater characterization for the
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study area as the contributing service areas for each WWTP facility are substantially
equivalent.

One exception is noted for the City of Meridian, whose WWTP receives variable
influent from a local bakery facility. According to operators at the Meridian WWTP,
the plant occasionally receives slugs of elevated BOD, COD, and TSS.

Effluent Data Analysis

Effluent data was more readily available and abundant than influent data for this
study. Historical data for all six WWTPs were merged and compiled from several
data sources that include BRA, TIAER, TNRCC, and USEPA. Each city's
representative data set contains data from at least January 1995 to about October 2000,
or more than a 5-year period of record. Data generated from each WWTP were
compiled into comprehensive data sets that are condensed and presented for each city
in Appendix B. Average values from each city’s data set is presented for each of the 18
water quantity and water quality parameters and are summarized in Table 2-4 below.
A flow-weighted average value of the six WWTPs for each parameter is also included
in Table 2-4.

CDM Canp Dresser & McKee Inc. 2-8
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Table 2-4
Effluent Historical Data Summary!
Clifton Hico Iredell | Meridian | Stephenville | Valley Mills | Weighted
WWTP WWTP WWTP WWTP WWTP WWTP Average

AveDayFlow? 0.30 0.08 0.03 0.17 141 0.10 1.02
MaxDayFlow? 0.40 0.14 0.22 0.31 2.20 0.20 1.59
BOD 5.3 25 29 3.1 3.9 4.7 45
TSS 30.5 249 459 119 10.9 12.3 14.8
DO 7.0 53 8.5 7.9 8.0 6.2 7.6
TKN 8.1 34 3.8 1.5 21 2.0 29
NH;-N 4.5 0.2 0.7 0.3 0.7 0.4 1.1
Organic N 3.6 32 3.1 1.2 14 1.6 1.8
NO2 0.3 0.1 0.1 0.1 0.2 0.3 0.23
NOs 21 8.4 15.0 16.9 28 22.3 53
NO;+NOs 2.2 9.8 15.1 19.5 5.8 16.9 7.1
TP 2.4 41 4.8 3.6 2.8 31 29
PO4-P? 1.8 3.0 2.5 3.2 24 33 24

c 56.6 65.0 49.5 67.0 147.1 149.0 125.7
SO, 575 49.1 49.7 57.0 65.1 1329 68.5

FC4 421.7 59.6 349.1 122.1 201.0 216.8 746.4
pH 7.8 74 7.9 7.6 7.7 7.5 7.7
Conductivity’ 922 382 837 942 1140 1044 1078
Temperatures 218 204 19.7 19.9 212 20.7 21.1

1 All parameters expressed as milligrams per liter (mg/L) except as noted otherwise

2 Average daily and maximum daily flows are expressed as million gallons per day (mgd)
3 Phosphate expressed as phosphorus

4+ Fecal Coliform is expressed as colony forming units per 100 milliliters (cfu/100 ml)

5 Conductivity is expressed as microsiemens

¢ Temperature is the annual average expressed as degrees celsius ( C)

2.4 Data Gaps

Following the analysis of influent and effluent wastewater data that was provided by
BRA, TIAER, TNRCC, USEPA, and the six participating cities, several data
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deficiencies or inconsistencies were identified and discussed below. The most
significant deficiency was the general lack of influent wastewater data that was
available. Except for Stephenville, no comprehensive historical influent data set was
identified to characterize influent wastewater contributions to the six WWTPs.
Instead, influent data characterization relied largely on the recent sampling of four
study area WWTPs conducted on December 20-21, 2000, plus some historical data
from Stephenville, Meridian, and Clifton. The four WWTPs that were sampled
included Hico, Iredell, Meridian, and Valley Mills.

2.5 Proposed Wastewater Treatment Design Criteria

This section presents recommended design criteria for the six WWTPs located within
the study area, as determined from the wastewater influent and effluent
characterization. A summary of the recommended design criteria for each of the six
North Bosque River study area WWTPs is presented in Table 2-5.

In developing appropriate criteria to use for design, existing influent flows and
concentrations were reviewed and compared to normally expected influent water
quality for small cities with predominantly domestic wastewater flows. The
permitted design flow rates for each plant is indicated as the average daily flow rate
and the peak two-hour flow volume. The maximum month condition is used for
design since the discharge permit specifies monthly average effluent conditions.
Maximum month flows were estimated for these plants as the average flow
multiplied by a peaking factor of 1.5, except for Stephenville where 1.3 was used.

The peaking factors for the maximum month condition were selected on an empirical
basis using CDM’s professional judgment. In Table 2-4, effluent maximum
day/average day peaking factors for flow can be reliably computed based on the
relatively good record of data collected. These peaking factors are:

Max Dav/ Avg Day Peaking Factors

Clifton 1.33
Hico 1.75
Iredell 7.33
Meridian 1.82
Stephenville 1.56
Valley Mills 2,00

The maximum month peaking factor is less than the maximum day peaking factor,
and typically the peaking factor increases with decreasing flow. Clifton, with its SBR
process, provides some dampening of the flow, which may explain its lower observed
effluent peak, and Iredell is considered an outlier. A max month/average day peak of
1.5 seems appropriate for the small plants. Because Stephenville is much greater in
size, a max month peaking factor of 1.3 was used. These peaking factors are
consistent with other similarly sized Texas cities.

CDM  Curp Dresser & McKee Inc. 2-10

Ad241sec2rpt.ioc



P

Sectlion 2
Wastewater Characterization

Influent grab samples shown in Table 5-3 indicate pollutant levels higher than typical
design parameters for BOD and TSS, which more commonly are around 200 mg/L.
Based on the influent grab samples, 300 mg/L should be appropriate for design for
average conditions, with 400 mg/L as a maximum month condition. An accurate
influent polutant concentration value cannot be determined for these facilities
without more detailed wastewater sampling, which would be beneficial prior to final
design of improvements. Additional influent sampling was beyond the scope of this
study. However, all plants are currently meeting their discharge permits, and none of
the plants will be increased in capacity as a result of the phosphorus removal
upgrade. For this reason it appears that adequate BOD removal and TSS settling
capacity exists in all the plants, which would not be expected to change.

For removal of phosphorus, the levels of total phosphorus observed in the grab
samples are well within the capability range of the common removal processes.
Therefore, based on past operating histories, the plants should continue to
successfully treat the wastewater even if the actual concentrations are higher than
typical design. Available influent data from Clifton, Meridian, and Stephenville
averaged 9.6, 3.3, and 12.7 mg/L. TP, respectively. The value for Meridian seems
unusually low, since normal domestic wastewater is in the 5-10 mg/L range. Based
on this data record plus the grab samples shown in Table 2-3, an average influent TP
level of 10 mg/L is recommended for design purposes, except for Stephenville where
13 mg/L TP is used to be consistent with its higher readings.

Influent ammonia data is unavailable except for Stephenville. The influent grab
samples obtained showed a wide variation in ammonia readings. For design
purposes, a value of 20 mg/L is recommended which is at the high end of domestic
wastewater values, which typically ranges from 15-20 mg/L. An exception is
Stephenville, where the data record in Appendix B indicates a much higher than
normal influent ammonia level. For this plant a value of 40 mg/L is used in order to
be consistent with the existing data and to provide a conservative approach.

The data provided in Table 2-5 is used in sizing of nutrient removal facilities, which
are described in Sections 4 and 5.
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Recommended WWTP Design Criteria

Table 2-5

WWTP Design Criteria Clifton Hico Iredell Meridian Stephenville | Valley Mills
WWTP WWTP WWTP WWTP WWTP WWTP

Design (Permitted) Average Daily Flow (MGD) 0.65 0.20 0.05 0.45 3.00 0.36
Design Maximum Month Flow (MGD) 0.98 0.30 0.075 0.68 3.90 0.54
Design (Permitted) Peak 2-Hour Flow (MGD) 2.00 0.63 0.12 1.00 9.00 1.08
Peaking Factor (Peak 2-hour Flow/ Average Flow) 3.08 3.15 244 222 3.00 3.00
Average Influent BOD (mg/L) 300 300 300 300 300 300
Max Month Influent BOD (mg/L) 400 400 400 400 400 400
Max Month Influent BOD (lbs/ day) 3,270 1,000 250 2,300 13,000 1,800
Average Influent TSS (mg/L) 300 300 300 300 300 300
Max Month Influent TSS (mg/L) 400 400 400 400 400 400
Max Month Influent TSS (Ibs/ day) 3,270 1,000 250 2,300 13,000 1,800
Average Influent TP (mg/L) 10 10 10 10 13 10
Max Month Influent TP (mg/L) 12 12 12 12 16 12
Max Month Influent TP (Ibs/day) 170 55 15 85 975 90
Average Influent NH3 (mg/L) 20 20 20 20 40 20
Max Month Influent NH3 (mg/L) 25 25 30 25 50 25
Max Month Influent NH3 (lbs/ day) 335 105 25 170 3,000 180
Average Influent TKN (mg/L) 30 30 30 30 50 30
Max Month Influent TKN (mg/L) 35 35 35 35 60 35
Max Month Influent TKN (Ibs/day) 505 185 40 250 3750 270
Min. Wastewater Temperature ( C) 8.4 7.7 2.9 5.1 8.9 7.4
Max. Wastewater Temperature ( C) 31.2 29.2 31.5 28.4 28.6 30.1
Average Influent pH 7.8 7.4 7.9 7.7 7.7 7.5
Average Influent Alkalinity (mg/L CaCQO3) 350 350 350 350 350 350
CDM  Camp Dresser & McKee Inc. 2-12
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3.1 Introduction

Domestic wastewater is rich in phosphorus compounds. Prior to the development of
synthetic detergents, the content of inorganic phosphorus usually ranged from 2 to 3
mg/L and organic forms varied from 0.5 to 1.0 mg/L. Most of the inorganic
phosphorus was contributed by human wastes as a result of the metabolic breakdown
of proteins and elimination of the liberated phosphates in urine. The amount of
phosphorus released is a function of protein intake, which averages approximately 1.5
g/ day in the United States.

Most heavily synthetic detergent formulation designed for the household markets
contain large amounts of polyphosphates. Many of these detergents contain 12 to 13
percent phosphorus or over 50 percent of polyphosphates. The use of these materials
as a substitute for soap has greatly increased the phosphorus content of domestic
wastewater. It has been estimated from the sales of polyphosphates to the detergent
industry that domestic wastewater probably contains from two to three times as much
inorganic phosphorus at the present time as it did before synthetic detergents became
widely used. Local ordinances limiting the use of phosphate-based detergents have a
significant impact on the quantity of phosphorus in the community's wastewater.

The primary pollution effect of phosphorus in surface waters is eutrophication. Since
phosphorus is the growth-limiting plant nutrient in natural waters, discharge of
wastewater high in soluble phosphates leads to accelerated fertilization. Accelerated
fertilization results in lakes and reservoirs with excessive growth of algae causing
reduced water transparency, depletion of dissolved oxygen, release of foul odors, loss
of finer fish species, and dense growth of aquatic weeds in shallow bays.

3.2 Chemical Phosphorus Removal

Chemicals are used for a variety of municipal treatment applications, including
enhancement of flocculation/sedimentation, solids conditioning, odor control, algae
control, nutrient addition, activated-sludge bulking control, acid/base neutralization,
precipitation of phosphorus, and disinfection.

Phosphorus precipitation generally requires the addition of a coagulant aid
(flocculant) as well as a coagulant. Coagulants typically used for phosphorus
precipitation are:

CDM Camp Dresscr & McKee Inc. 3-1
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u Lime

a Alum

® Sodium aluminate

Ferric chloride

Ferrous sulfate

Of these chemicals, alum is generally less expensive and is the most widely used for
chemical phosphorus removal. Alum would likely also be the chemical of choice for
the North Bosque River Plants.

A schematic of the chemical P removal process is shown on Figure 3-1.

Stoichiometric Chemical Requirements

Aluminum sulfate, commonly known as alum, in addition to coagulating colloidal
and suspended solids, removes an appreciable amount of the phosphorus from
wastewater. The reaction of alum and phosphate is as follows:

A12(504)3 . (14H20) + 2HLPOy + 4HCO;5- — 2AIPO, + 4CO, + 36042 + 18H0O

As seen in the above equation, sulfate ions remain in solution and pH is depressed.
Using the above equation, the calculated weight ratio of alum to phosphorus is 9.6:1
(0.87 Al1.0 P). In practice, more alum is required because of side reactions involving
wastewater alkalinity and organic matter.

Dosages and Achievable Limits

The determination of chemical dosages for alum and other mineral precipitants is the
stoichiometry of the reactions involved. In the case of lime, the degree of phosphorus
removal depends directly on the pH of the system. For aluminum and iron salts,
phosphorus removal efficiency varies directly with chemical dosage up to the point
where mole requirements (molecular weight in grams of any particular compound)
for phosphate precipitation and side reactions have been satisfied. Optimum dosages
cannot be readily calculated because of the ambiguity of the reactions involved. As a
result, laboratory jar tests may be used to determine actual chemical requirements.

The ability to meet a 1.0 mg/L limit for total phosphorus (TP} using chemical removal
is largely dependent on the amount of total suspended solids (TSS) in the plant
effluent, which in turn depends on the efficiency of the secondary clarifiers. For a 1.0
mg/L TP limit, it is customary to provide effluent filters to insure that the limit is not
exceeded.
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It should also be noted that both aluminum and iron salts, when used as phosphorus
precipitants, can increase total dissolved solids (TD5) in plant effluent. However, the
impact of metal salts on TDS is typically not significant unless the TDS of the raw
wastewater is already high and large doses of metal salts are required.

Sludge Production

Addition of mineral salts for phosphorus precipitation can appreciably increase the
quantity of solids generated through production of metal-phosphate precipitates and
metal hydroxides and improved S5 removal. The production of metal-phosphate
precipitates increase the faction of inert solids in the mixed liquor recycle stream.
While this has no adverse effects on the biological treatment, it does decrease the
maximum sludge retention time and hence increase the rate of sludge wasting.

Solids production increases from 50 to 100% have been observed with the addition of
metals upstream of primary clarification. Overall plant solids mass increase is smaller
because of reduced secondary sludge production from improved primary removals
(for example, a 60 to 70% increase is typical across the entire plant).

For metal addition to secondary processes, waste mixed liquor solids mass may
increase by 35 to 45%, and the overall plant solids mass may increase by 5 to 25%.
Metal addition to either primary or secondary treatment units not only increases
solids mass, but also sludge volume due to a decrease in the settled solids
concentration.

In the absence of definitive bench-scale or pilot-scale data, stoichiometric reactions of
aluminum ions provide a useful estimate of solids production. The overall reaction is
shown below:

AP+ +3H0O — Al(OH); + 3H*

Each mole of cation should react with three moles of water to produce one mole of
metal hydroxide and three moles of hydrogen ions. Therefore, one milligram of alum,
Al2(S04)314H20, will react to produce 0.26 mg of insoluble aluminum hydroxide
while consuming 0.5 mg/L of alkalinity as calcium carbonate. Alkalinity reductions
are important design considerations for low-alkalinity waters or nitrified effluent.
During nitrification, significant alkalinity reductions occur and additional chemical
treatment that further reduces alkalinity should be carefully evaluated. However,
based on the water quality data for the six treatment plants on the North Bosque
River, it appears there is adequate alkalinity available for both chemical P removal
and nitrification.

3.3 Biological Phosphorus Removal

During biochemical oxygen demand (BOD) oxidation, conventional secondary
biological treatment systems take up phosphorus from sclution. Phosphorus becomes
an essential cell component, required in intracellular energy transfer. For this reason,
phosphorus is taken up in an amount related to the stoichiometric requirement for
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biosynthesis. A typical phosphorus content of microbial solids is 1.5 to 2% on a dry
weight basis.

The stoichiometry and kinetics of phosphorus release and uptake are not fully
understood for biological phosphorus removal systems. Therefore, engineers must
rely on empirical observations to obtain information for process design and
modifications.

A sequence of an anaerobic zone followed by an aerobic zone in an aeration basin
promotes the selection of a population rich in organisms capable of phosphorus
uptake at levels beyond stoichiometric requirements for growth. Within this
environment, the biomass accumulates phosphorus to levels of 4 to 12% of microbial
solids. Wastage of these solids results in approximately 2.5 to 4 times more
phosphorus removal from the system than that from conventional treatment. The
organism most often associated with enhanced biological phosphorus removal
belongs to the genus Acinetobacter.

Basic Process Description

The design and operation of a biological phosphorus removal system requires an
understanding of the mechanism by which enhanced biological phosphorus uptake
occurs. The currently accepted mechanism of enhanced biclogical phosphorus
removal (EBPR) is as follows:

m In the anaerobic zone (stage), acetate and other short-chain fatty acids
(fermentation products), produced by fermentation reactions, are stored
intracellularly, most commonly as polyhydroxybutyrate (PHB). In performing the
anaerobic uptake of soluble organic and forming intracellular storage products,
microorganisms must expend energy. These microorganisms obtain this energy
anaerobically through the cleavage of high-energy phosphate bonds in stored
long-chain inorganic polyphosphates. This process produces orthophosphate that
is released from the cell into solution. Thus, removal of soluble BOD with
simultaneous release of phosphorus occurs.

m In the aerobic zone (stage), a rapid uptake of soluble orthophosphate provides for
the resynthesis of the intracellular polyphosphates. Accompanying this uptake,
previously stored PHB is aerobically oxidized to carbon dioxide, water, and new
cells. The aerobic metabolism of residual soluble BOD will also occur in this zone.

The rate and extent of phosphate release in the anaerobic zone are related to the type
and quantity of soluble substrate available for uptake and storage as PHB. It has been
observed that lower molecular weight fatty acids are preferred substrates.
Researchers have found that approximately 1 mg/L phosphorus will be released for
every 2 mg/L acetate as chemical oxygen demand (COD) removed anaerobically. The
actual rate of uptake of readily biodegradable COD (RBCOD) and the rate of release
of phosphorus in the anaerobic zone with municipal wastewater are first-order
reactions with respect to the readily degradable COD. This implies that the division
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of the anaerobic zone into two to four compartments will enhance biological release
and subsequent uptake of phosphorus. The mechanism of phosphorus removal
described above depends on the volatile acid fraction of the readily biodegradable
COD and is controlled by the rate of conversion of degradable COD to volatile fatty
acids (VFAs). Research has also shown that phosphorus removal improves with
decreasing temperature.

The aerobic zone performance for enhanced biological phosphorus removal is
dependent on the amount of phosphorus release achieved and the amount of organic
matter present for growth. If anaerobic detention time is sufficient for complete excess
phosphorus release and a favorable incoming ratio of organic matter to phosphorus
exists, rapid soluble phosphorus uptake can be expected in the aerobic zone.
Phosphorus removal of approximately 2.0 to 2.5 mg PO4+-P/100 mg influent COD (3 to
4 mg/100 mg/L BOD) has been observed.

The ability to meet a 1.0 mg/L limit is primarily a function of influent characteristics,
%P in the activated sludge, and the effluent suspended solids. A plant can achieve
relatively low ortho phosphorus (soluble P) concentrations if there are sufficient VFAs
in the biological process feed. However, the removal of the particulate P fraction is
dependent on the efficiency of secondary clarification. In general, 1.0 mg/L TP
represents the lower limit for biclogical P removal; however, a limit of 2 mg/L is used
for practical design purposes. To insure a 1.0 mg/L TP permit limit, effluent filters
are typically used. Additionally, chemical P removal facilities are also generally
provided in case of upset of the biological P removal process.

Biological Phosphorus Removal Options

For the North Bosque River plants, two basic biological phosphorus removal schemes
are possible. One is to provide an anaerobic basin upstream of the existing aerobic
basins. This process is referred to as the A/O™ (anaerobic/oxic) process, and would
be applicable to all of the cities except Clifton. Clifton has a sequencing batch reactor
(SBR) process, which already incorporates an anaerobic treatment step. The other five
plants use the oxidation ditch process that is typically fully aerobic. Adding the
anaerobic basin upstream of the oxidation ditches would permit biological P removal.
The second approach would be to add precise aerator control to the existing oxidation
ditches to create an anaerobic zone within the existing basins. These two options are
described below.

A/O™ Process

A number of existing facilities in the United States use the A/O Process, which can
attain effluent total phosphorus concentrations as low as 1 to 2 mg/L. The A/O
Process consists of two stages, an anaerobic stage followed by an aerobic stage. Each
stage is typically divided into equally sized, completely mixed compartments.
Clarifier underflow returns to the first stage anaerobic reactor. A schematic of the
A/ O process is shown on Figure 3-2.
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Enhanced biological phosphorus removal processes such as the A/O process have
intrinsic limitations as to minimum effluent concentrations of phosphorus attainable.
It is considered good practice to provide standby chemical storage and feeding
equipment for these processes because standby chemical feed systems will ensure
more reliable phosphorus removal at a capital cost of only a small fraction of the
overall facility cost. Filters and chemical polishing are generally provided to achieve
discharge permits of 1.0 mg/L TP or less. However, because most of the phosphorus
is removed biologically, the amount of chemical required for polishing is small.
Typical dosages of metal salts for chemical polishing will vary depending on
wastewater characteristics and desired effluent concentration. These dosages are
determined by performing simple jar tests. The polishing chemicals are added at
suitable points in the process where the soluble phosphorus is at a minimum; for
example, the end of aeration tanks, before clarifiers, or before effluent filters.

Modified Aeration Control

For oxidation ditch plants, in lieu of adding an upstream anaerobic tank, it may also
be possible to provide precise control of the aerators to achieve biological nutrient
removal within the existing ditches. Oxidation ditch plants use long detention times
to treat wastewater using a variation of the activated sludge process known as
extended aeration. Horizontal brush rotor aerators, horizontal rotating discs, and
vertical mechanical aerators are typical aeration systems used in oxidation ditches.
These plants can be operated to nitrify (convert ammonia to nitrate) and denitrify
(convert nitrate to nitrogen gas) as well as remove phosphorus biologically through
close control of the oxygen transfer into the wastewater, provided the ditch volume is
adequate for the design load.

This control is achieved by operating the ditch aerators to provide a precise amount of
oxygen transfer in order to maintain anaerobic, anoxic, and aerated zones between the
individual aerators. Thus the required anaerobic zone for phosphorus removal would
be maintained within the basin itself. By slowing down the aerators, wastewater
passing through the aerated zone would receive less oxygen, which would cause it to
gradually become anoxic (absence of dissolved oxygen) then anaercbic (absence of
other oxygen sources such as oxygen available in nitrate) before reaching the next
aeration zone. Biological phosphorus uptake by the activated sludge microorganisms
would occur in the anaerobic zone, and phosphorus would be removed from the flow
stream by settling then removing the microorganisms as sludge from the clarifiers.

Although feasible, the degree of aeration control required to create and maintain the
various zones is somewhat complex. As normal diurnal wastewater flow rises in the
daytime, the aerator speed would have to be slowly increased to closely match
oxygen transfer to the influent BOD load in order to maintain the anaerobic zones.
Similarly, the aerator speeds would have to be decreased as flows subside in the
evening. Because there is no real-time indicator of BOD, the speed control would be
based on an algorithm that models the plant diurnal organic loading. Techniques for
controlling the process include oxidation-reduction potential (ORP) monitors,
dissolved oxygen meters, and ammonia/nitrate sensors. Some ditches can be
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converted to step-feed and diffused aeration to make better use of existing tank
volumes. While this approach is feasible, it is clearly more complex than providing
the required anaerobic reactor in a separate tank.

The City of Stephenville has a different style of oxidation ditch known as the Orbal
process. It consists of three concentric channels that can be operated in a nutrient
removal mode, thus allowing much easier control than trying to maintain separate
zones in the same channel. Stephenville currently uses the outer channel as an
aerobic sludge digester. If phosphorus removal were to be implemented using
modified aeration control at this facility, a new sludge digester would need to be
provided.

3.4 Biological Nitrogen Removal

The common forms of nitrogen are organic, ammonia, nitrate, nitrite, and gaseous
nitrogen. Bacterial decomposition of nitrogenous organic matter releases ammonia to
solution that can be described by the following equation:

Organic Nitrogen Compounds —» NHj; (anunonia)

Under aerobic conditions, nitrifying bacteria oxidize ammonia to nitrite and
subsequently to nitrate. In a simplified form, the following equation describes this
process:

NHj; + Oz —» NOjy (nitrate)

Bacterial denitrification occurs under anaerobic or anoxic conditions when organic
matter (AH) is oxidized and nitrate is used as a hydrogen acceptor releasing nitrogen
gas. The following equations can be used to describe this process:

NH, + Oz - NOs (nitrate)

Bacterial denitrification occurs under anaerobic or anoxic conditions when organic
matter (AH?) is oxidized and nitrate is used as a hydrogen acceptor releasing nitrogen
gas. The following equations can be used to describe this process:

NH; + AH2 > A + H:O + Ny

Nitrification of a wastewater is practiced where the ammonia content of the effluent
causes pollution of the receiving watercourse. The process does not remove the
nitrogen, but converts it to the nitrate form. Nitrification - denitrification, which
reduces the total nitrogen content, includes conversion of the nitrate to gaseous
nitrogen. The latter is a more costly process, and is generally performed only where
the receiving watercourse is used as a source for public drinking water supply and the
dilution is not adequate to reduce the nitrate concentration to less than 10 mg/L.
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Basic Process Description

In general, biological denitrification is a two-step process that requires nitrification in
an aerobic environment zone by denitrification in an anoxic zone. As with all
biological activity, these reactions are affected by the specific environmental
conditions in the reactor, including pH, wastewater temperature, dissolved oxygen
concentration, substrate type and concentration, and the presence or absence of any
toxic substances.

Because nitrification only oxidizes ammonium to nitrate, denitrification must be
incorporated to the process to achieve total nitrogen reduction. This denitrification
step is more difficult to achieve than nitrification only because it requires the presence
of both a degradable carbon source and nitrate. However, this can be achieved in
three general ways:

m Supplying an external carbon source such as methanol or acetate to the
denitrification zone or reactor;

m Using carbonaceous BOD in the wastewater as a degradable carbon source by
either: (a) Recycling a large amount of nitrified effluent back to an anoxic reactor
at the head of the flow scheme, (b) Diverting a portion of the raw influent or
‘primary effluent flow to a zone containing nitrate; or

m  Using external carbon present in cell mass as the degradable carbon source.

Several variables have been shown to significantly affect biological denitrification
kinetics, including:

= Carbon substrate type and concentration,
m Dissolved oxygen concentration,

s Alkalinity and pH, and

m  Temperature.

The various suspended-growth processes for nitrogen removal can be grouped into
three categories: single sludge, dual sludge, and triple sludge, of which there are a
wide variety of process variations for each type. The most applicable process options
for the North Bosque River plants would be the A2/O™ process or one of its many
variations, and the Bardenpho process.

A2/O™ Process

The A2/0O (anaerobic/anoxic/oxic) process is similar to the A/O process except that
an anoxic basin is placed in between the anaerobic and aerobic basins. While the
anaerobic basin provides enhanced biological phosphorus removal, the anoxic basin
is designed to provide denitrification. This is accomplished by providing an internal
recycle pump station to return nitrified effluent from the end of the aeration basin
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back to the head of the anoxic basin. The nitrified effluent, rich in nitrate (NO3)
serves as an oxygen source for the activated sludge bacteria returned to and passing
through the anaerobic basin. The bacteria consume the oxygen in the nitrate leaving
N,, or nitrogen gas, which migrates cut of the process flow, thus achieving partial
denitrification. A schematic of the A2/O process is shown on Figure 3-3.

The A2/0O process can attain effluent phosphorus concentrations as low as 1 to 2
mg/L, and total nitrogen concentrations as low as 8.0 mg/L. Total denitrification
cannot be achieved since substantial nitrate, contained in the aeration basin effluent,
remains in the flow and is discharged from the secondary clarifiers.

In addition to the A2/O process, a number of other variations have been developed
which differ from the A2/O process in minor details. These include the Wuhrmann,
the Ludzack-Ettinger, and the University of Cape Town processes. However, the
basic A2/O process can be designed to provide substantially the same benefits as
these process variations.

Bardenpho™ Process

The Bardenpho process consists of a series of four anoxic and aerobic zones with
recycling of mixed liquor from the first aerobic zone to the first anoxic zone at a rate
as high as four to six times the influent flow rate. This process is intended to achieve
more complete nitrogen removal than is possible with a two- or three-stage process.
Complete denitrification cannot be attained with pre-aeration anoxic zones because
part of the aerobic stage effluent is not recycled through the anoxic zone. The second
anoxic zone provides additional denitrification using nitrate produced in the aerobic
stage as the electron acceptor and endogenous organic carbon as the electron donor.

The second (post-aeration) anoxic zone is capable of almost completely removing the
nitrate in the aeration tank effluent. The final aeration stage strips residual gaseous
nitrogen (N2) from solution and minimizes phosphorus release in the final clarifier by
increasing the oxygen concentration. The Bardenpho process can achieve effluent TP
of 1-2 mg/L, and effluent TN of 2-4 mg/L. A schematic of the Bardenpho process is
shown on Figure 3-4.

The ability to successfully use the Bardenpho process to achieve an effluent
concentration of total nitrogen as low as 2 to 4 mg/L depends on the ratio of
oxidizable nitrogen to carbon in the influent to the activated-sludge process.
Researchers have indicated that the total Kjeldahl nitrogen (TKN):COD ratio must be
less than 0.08 to obtain complete denitrification.
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3.5 Sequencing Batch Reactors

Biological nitrogen and phosphorus removal can be accomplished in Sequencing
Batch Reactors (SBRs), which is the treatment process used by the City of Clifton.
SBRs create, in one reactor, the proper combination of aerobic and anoxic conditions
in time sequence. Control strategies for biological nutrient removal take into account
reaction time, tank water level, and mixed liquor dissolved oxygen concentrations.

Sequencing batch reactors are used mostly for relatively small systems with variable
wastewater flow and strength. Similar to conventional processes, successful
operation depends on efficient clarification. To achieve nitrogen removal, fill and
react phases are subdivided into static fill, mixed fill, and mixed react. In this
configuration, carbon oxidation and nitrification will occur in the aerobic react phase,
while denitrification will take place in anoxic fill and react. A carbon source to
support denitrification, needed in the anoxic react phase, is present in the beginning
of each cycle. Nitrification is attained in SBRs, as in any suspended-growth biological
treatment system, by designing for the appropriate aerobic solids retention time.
Denitrification results from selecting static fill, mixed fill, and mixed react periods that
are long enough to allow use of all dissolved oxygen, thus creating anoxic conditions.
For phosphorus removal, the anoxic react phase cycle time is lengthened to allow the
basin to become anaerobic. This results in uptake of phosphorus by the activated
sludge biomass, which is then removed during subsequent sludge wasting. A
schematic of the SBR process is shown on Figure 3-5.

With proper operation, an SBR process can achieve nutrient removal levels similar to
the Bardenpho process, with effluent TP of 1-2 mg/L and effluent TN of 2-4 mg/L.
Chemical polishing and effluent filters are typically required to achieve a TP limit of
1.0 mg/L or less.

3.6 Wetlands Treatment

A significant amount of research has been performed documenting the ability of
wetlands, both natural and constructed, to provide consistent and reliable water
quality improvement. With proper execution of design and construction elements,
constructed wetlands exhibit characteristics that are similar to natural wetlands, in
that they support similar vegetation and microbes to assimilate pollutants. In
addition, constructed wetlands provide wildlife habitat and environmental benefits
that are similar to natural wetlands. Constructed wetlands are effective in the
treatment of BOD, TSS, nitrogen, phosphorus, pathogens, metals, sulfates, organics,
and other toxic substances.
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Constructed wetlands are effective in nitrogen removal, particularly through
denitrification. Nitrification can alsc occur if sufficient pond area is provided. Where
constructed wetlands have not been sized with an adequate degree of conservatism,
nitrification and therefore ammonia treatment has been limited. The nitrification rate
in wetlands is in part controlled by the flux of dissolved oxygen into the system,
which occurs through mass transfer from the atmosphere to the water, and by the
plants into the root zone. The theoretical oxygen consumption for nitrification is
approximately 4.6 grams of oxygen per gram of ammonia oxidized. The oxygen
supply in wetlands is low and the oxygen demand is high for nitrification. Therefore,
the process of nitrification is limited in wetlands and the area requirement for
ammonia treatment is large. For the six North Bosque River plants, this is less of an
issue since the processes used (oxidation ditches and SBR) provide nitrification.

Constructed wetlands are particularly efficient for denitrification. If nitrification is
provided to oxidize the ammonia to nitrate, constructed wetlands have been
documented to achieve 75 to 95 % total nitrogen removal via denitrification. For
effective denitrification there must be an adequate carbon source. Therefore, a start-
up period is necessary to build up a carbon source to achieve optimal denitrification.

Constructed wetlands can also be effective for phosphorus treatment. Whereas
nitrogen processing is largely biologically mediated, redistribution of phosphorus to
internal sinks is a result of adsorption and precipitation reactions. Therefore, the
magnitude of phosphorus retention capacity is finite and varies considerably and is
related to the concentration of aluminum and iron in the soil as well as the organic
matter content. Under aerobic conditions, phosphorus will form complexes with
aluminum and iron hydroxides and thereby be removed from the water column.
Anaerobic conditions can reverse this process. The removal of total suspended solids
involves physical settling processes and therefore minimum detention time is a
critical design criteria and erosion must be avoided.

Several factors are important in determining the appropriate design of a wetland
treatment system. For natural wetlands these include the type of wetlands as defined
by the dominant vegetation and soils, the direction and extent of surface water flow to
and from the wetland, location and type of downstream water bodies, the presence of
protected species, and regulatory requirements. For constructed wetlands these
include a topographic survey, geotechnical determination, water budget
determination, wetland jurisdictional determinations, distribution system and
discharge system design, and a cost estimate. In addition, permits are required to
address dredge and fill activities and stormwater management.

For the North Bosque River watershed, the development of constructed wetlands are
being considered as a nutrient removal alternative to reduce and control total
phosphorus (TP) at the study area WWTDs. Constructed wetlands are very effective
at polishing both total nitrogen (TN) and TP. For example, if the WWTP can remove
TP to an effluent concentration of 2 mg/L following bioclogical and chemical process
treatment, then constructed wetlands may be suitable for further polishing the
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effluent through nutrient uptake by wetland plants to achieve TP concentrations less
than 1 mg/L. Site-specific feasibility analyses is required for the implementation of
constructed wetlands at each plant to achieve adequate phosphorus removal. These
site-specific analyses are required to determine if a given WWTP has an available site
of sufficient-area and with the proper soil characteristics (i.e., enough iron {Fe) and
aluminum (Al) content) for implementing constructed wetlands.

Constructed wetlands must also be evaluated for winter performance. Generally,
constructed wetlands should remain efficient at achieving TP removal during the
winter months in north central Texas due to the usually mild winters, although
removal performance is lower in cold weather. Provisions may also need to be made
to minimize wetland freezing. During the winter months, chemical polishing could be
performed to insure target effluent TP concentrations are met. In summary, more
detailed site characterization is required to accurately determine constructed wetlands
viability for the North Bosque River plants.

3.7 Land Treatment

In lieu of providing a higher level of treatment to remove nutrients, it may also be
possible to convert some of the plants to a land disposal scheme and avoid
discharging altogether. Land application of secondary treated effluent is a
permissible treatment technique used by several municipalities in Texas. Typically,
city-owned land is required for the effluent disposal site so that absolute control over
the application process can be assured. Facilities requirements include an effluent
pump station, force main to the application site, and irrigation equipment.
Additionally, an effluent storage pond is required to store effluent during wet
weather periods.

The size of the land area required for effluent disposal is dependent on achieving a
hydraulic balance to prevent runoff, which in turn is dependent upon soil
permeability of the site. Land application is generally not feasible for clay soils, nor in
flood plains. Additionally, for nutrient removal, effluent application must be tailored
to the crops grown on the application site. Effluent is applied at rates that do not
exceed the agronomic uptake rates for nitrogen and phosphorus. Typically, crops
requiring high nitrogen, such as coastal bermuda hay, are grown on the application
site. Revenue from the crops can be used to offset a portion of the land treatment
costs.

Land treatment may be feasible for the smaller North Bosque River plants. Valley
Mills, for example, has an abandoned pond adjacent to the plant that could be used
for effluent storage, as well as adjacent hay fields. This site, as well as the other
comparable sites for the remaining plants, requires more detailed investigation to
determine suitability for providing land treatment.
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Section 4
Phosphorus Removal Process Design

4.1 Introduction

Section 4 presents the designs of the proposed phosphorus removal schemes for each
of the six WWTPs evaluated. Two designs are described for each plant; one for
chemical removal of phosphorus through alum addition and the other for biological
nutrient removal with chemical polishing. This section also estimates the increased
sludge handling requirements due to phosphorus removal.

A description of the design methods for each removal scheme is presented first,
followed by the designs for both treatment schemes at each plant. These equipment
designs are used in Section 5 for the economic evaluation of the two proposed
treatments.

4.2 Design Methods

The design of each treatment unit was based on recommended design criteria, as
presented in Section 3, and TNRCC regulations. The TP effluent concentrations from
the existing plants vary, but are in the general range from 2-4 mg/L. For design
purposes, it is assumed that the existing plants can reliably produce 4.5 mg/L effluent
TP on a daily basis, so an effluent of 4.5 mg/L is assumed for planning of further
phosphorus removal. Each process design is based on a target effluent of 0.5 mg/L to
insure that the required 1.0 mg/L effluent TP limit is achieved. The amount of
phosphorus to be removed by the additional treatment is determined based on the
difference between the existing plant effluent concentration and the target effluent
concentration. Therefore, while the plant influent is 10 mg/L Total P, the additional
phosphorus treatment is designed to remove 4 mg/L, which is the difference between
the existing effluent concentration of 4.5 mg/L and the target effluent concentration of
0.5mg/L.

The flow used to design equipment is determined by multiplying the permitted flow
times a flow peaking factor. A peaking factor of 1.5 was used for the five smaller
plants, while a value of 1.3 was used for the Stephenville facility due to its larger
overall plant flowrate which results in a lower peak to average flow ratio.

Chemical Phosphorus Removal

Chemical treatment for phosphorus removal is based on the general treatment
schematic shown in Figure 4.1. Liquid alum is added to the oxidation ditch effluent
prior to the final clarifiers. The main equipment associated with this treatment option
is a chemical feed pump, a chemical storage tank and a weatherproof enclosure for
pump shelter.
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Alum
l Feed
Oxidation Final
Influent P Ditch Effluent P = Clarifier Target Effluent
=10 mg/L 4.5 mg/L P=0.5mg/L

Figure 4.1: Schematic diagram of chemical phosphorus removal

An alum dose rate must be determined in order to design the feed pumps and storage
tanks. The dose rate is determined by a ratio of alum added to the total amount of
phosphorus removed. As discussed in Section 3, the theoretical weight ratio of Al to
P is 0.87:1, a feed ratio of 2.2:1 moles Al to moles P is used for wastewater treatment
design. For the example shown in Figure 4.1, the required alum concentration is 84
mg/L (or 21.1 mg/L of alum per 1 mg/L of phosphorus removed). The feed rate of
the alum for each plant is then determined by multiplying the alum concentration by
the plant flow rate and dividing by the concentration of the alum stock solution. For a
peak plant flow of 1 MGD, the alum feed rate is roughly 130 gpd, or 0.09 gpm.
Chemical storage tanks are estimated assuming a 30-day storage; therefore, the
example plant will need a 4,000 gal alum storage tank.

Biological Nutrient Removal

A phosphorus removal diagram for biclogical nutrient removal is presented in Figure
4.2. The BNR begins in the anaerobic basin prior to the oxidation ditch. The
anaerobic basins are designed to remove approximately 2.5 mg/L of P. For design
purposes, it is assumed that BNR will produce an effluent TP of 2.0 mg/L, although
normal operation would be in the 1.0-20 mg/L range. The remaining P,
approximately 1.5 mg/L, is to be removed through chemical polishing with alum.
The equipment associated with this treatment method is an anaerobic basin, a
chemical feed pump, a chemical storage tank, and weatherproof enclosure for pump

storage.
Alum
l Feed
Oxidation Final
BNR \arifi ——p
influent P Ditch BNR Effluent Clarifier | Target Effluent
=10 mg/L P=20mg/lL P =0.5mg/L

Figure 4.2: Phosphorus removal with BNR and chemical polishing

The BNR of 2.5 mg/L of P requires approximately one hour of hydraulic residence
time in an anaerobic basin. Therefore, an average daily flow of 1.0 MGD with a
peaking factor of 1.5 corresponds to a basin volume of 62,500 gals. The chemical
system for chemical polishing is designed using the same criteria as given above;
however, the amount of phosphorus to be removed by chemical polishing is
considerably smaller.
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Sludge Handling

The additional treatment of wastewater for the removal of phosphorus creates an
increase in the process sludge production. This is due to the addition of alum and/or
the increase of biomass during BNR. Waste sludge is generally increased by
approximately 70% when chemical phosphorus treatment is added. BNR increases
the current waste sludge volume by 25%. The current waste sludge production is
estimated using the relationship that one pound of influent BOD results in 0.6 1bs of
waste sludge.

Though many options are available for dewatering waste activated sludge, the two
considered for this study were sludge drying beds and belt filter presses. Sludge
drying beds require enough bed area to satisfy TNRCC Rule 317.12, which requires
7.5 ft2/1b influent BOD. The belt filter press option requires a sludge holding tank in
order to supply sludge to the belt press feed pumps during operation of the press.
The sludge holding tanks are sized assuming a 12-hour retention time since most
sludge storage would continue to be maintained in the oxidation ditches.

The optimum sludge handling methods for each facility were developed based on the
results of the site evaluations. The treatment plants for the Cities of Hico, Iredell, and
Valley Mills were determined to have sufficient space available for sludge drying bed
expansion, although bed expansion at Iredell will be expensive due to the need to
enlarge the elevated site. Enlarging the sludge drying beds at Iredell should still be
less expensive than installing mechanical dewatering equipment. The Clifton facility
recently installed a belt filter press as part of the plant improvements and does not
require any sludge handling upgrades. The Meridian plant existing bed area is
already significantly limited and the site lacks land area available for bed expansion.
Therefore, this plant would require a belt filter press and a sludge holding tank for
any phosphorus removal treatment medifications. Similarly, Stephenville, at 3.0
MGD, is too large a plant for continued reliance on drying beds for any increase in
sludge volume. A belt press and sludge holding tanks would also be required for this
facility. The sludge handling equipment were sized for both chemical and biological
phosphorus removal based on the percent sludge increases presented above, 70% and
25%, respectively.

4.3 Facility Design

This section presents the designs for each treatment process at each facility. The
supporting calculations for the process designs are presented in Appendix C. Tables
C-1 and C-2 present the design and operating calculations for chemical phosphorus
removal while Tables C-3-5 present the design and operating calculations for BNR.
The final table, Table C-6, contains the sludge production calculations for both
treatment schemes. Each plant was designed individually and the current needs were
also taken into consideration. The equipment designed for each facility is
summarized in Table 4.1. The sludge handling equipment is presented in Table 4.2.
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Table 4.1: Summary of Equipment Designs

Chemical Treatment BNR and Chemical Polishing
- ?)1::: Storage Anaerobic Alum Dose Storage
Facility Volume Basin Rate Volume
Rate (gal) | Volume (ft)  (gpm) 1
(gpm) & &P (gal)
Clifton N/A' N/A N/A 0.034 1,500
Hico 0.027 1,200 1,671 0.010 500
Iredell 0.007 400 418 0.003 150
Meridian 0.062 3,000 3,760 0.023 1,000
Stephenville 0.357 2 @ 8,000 21,725 0.156 ' 6,400
Valley Mills 0.049 2,500 3,008 0.019. 1,000

! The Clifton WWTP was only evaluated for BNR with chemical polishing due to the existing
SBR treatment scheme.

Clifton

The City of Clifton WWTP uses a sequencing batch reactor (SBR) that can be operated
for biological nutrient removal through the reconfiguration of the treatment cycle.
Therefore, the design of this plant included only the addition of chemical polishing
equipment and effluent filtration. As presented in Table 4.1, chemical polishing will
be performed through the addition of alum at a rate of 0.034 gpm. This feed rate
requires a 1,500 gal tank for a 30-day chemical storage.

The Clifton facility was not designed with a new sludge handling facility due to the
new belt filter press and sludge holding tanks (SHTs) installed in 1999. The existing
belt filter press and SHTs have the capacity to handle the 25% increase in solids due to
the addition of BNR and chemical polishing. However, the additional treatment for
phosphorus removal creates additional hauled sludge of approximately 197 yd3/yr
and 70 yd3/yr for chemical and biological treatment, respectively.
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Table 4.2: Summary of Required Sludge Handling Equipment

Chemical Phosphorus Removal

| Projected Phosphorus Drying SHT Additional
Facility WAS Removal Bed Area  Volume Hauled Sludge
(gpd)  WAS(gpd) (ft?) (gal) {yd¥/yr)
Clifton 14,625 24,863 N/A! N/A' 197
Hico 4,500 7,650 7,115 N/A® 61
Iredell 1,125 1,913 1,122 N/A 15
Meridian 10,125 17,213 N/A? 8,606 137
Stephenville | 67,500 114,750 N/A? N/A® 911
Valley Mills 8,100 13,770 4,208 N/A® 109
Biological Phosphorus Removal
Projected Phosphorus | Drying SHT Additional
Facility WAS Removal Bed Area  Volume Hauled Sludge
: (gpd) WAS (gpd) (ft?) (zal) (yd¥yr)
Clifton 14,625 18,281 N/A' N/A 70
Hico 4,500 5,625 5,231 N/A 22
Iredell 1,125 1,406 825 N/A® 5
Meridian 10,125 12,656 N/A? 6,328 49
Stephenville | 67,500 84,375 N/A? N/A* 325
Valley Mills 8,100 10,125 3,094 N/A® 39

' Clifton did not need sludge handling renovations due to the belt filter press installed in 1999.

2 Meridian and Stephenville require belt presses for any increase in sludge volume.

3 The Hico, Iredell, and Valley Mills WWTPs were evaluated solely for the less costly method of sludge
drying beds.

4 Stephenville does not need a sludge holding tank due to the existing digesters.
Note: WAS= Waste Activated Sludge Projected WAS based on plant operating at full design capacity.

Hico

Designs were made for both treatment options at the Hico WWTP. The main
equipment sizes for each treatment scheme are presented in Table 4.1. Phosphorus
removal strictly through chemical addition requires an alum feed rate of 0.027 gpm
and a 30-day storage volume of 1,200 gals. Biological treatment for phosphorus
removal requires a 1,671 ft3 anaerobic basin prior to the oxidation ditch. The chemical
polishing associated with BNR requires a chemical dose of 0.01 gpm and 500 gals for
30-day storage.
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Phosphorus Removal Process Design

Sludge handling at the Hico facility was designed based on sludge drying beds
because sufficient land is available for the expansion of existing beds. The sludge
drying bed area required for chemical treatment is 7,115 ft2, while only 5,231 fi2 is
needed for biological treatment. The additional hauled sludge volumes are 61 yd3/yr
for chemical and 22 yd3/yr for biological.

Iredell

The equipment designs for each treatment scheme at the Iredell treatment facility are
presented in Table 4.1. Chemical phosphorus removal at Iredell requires an alum
feed rate of 0.007 gpm and a 30-day storage volume of 400 gals. Biological treatment
for phosphorus removal will require a 418 ft? anaerobic basin prior to the oxidation
ditch. BNR chemical polishing requires an alum dose of 0.003 gpm and 150 gals for
30-day storage.

Due to the severely limited space available, either of the sludge handling techniques
evaluated would require expansion of the plant levee at the Iredell WWTP. The
existing beds are much too small for any increase in sludge volume and are further
limited by requiring sludge removal by hand. For this reason, these existing beds
would be replaced with new, larger beds. The sludge drying bed area requirements
for the proposed treatments are 1,122 ft? for chemical and 825 ft2 for biological. The
amount of dried sludge hauled from the facility would increase by 15 yd3/yr and 5
yd3/ yr for chemical and biological treatment, respectively.

Meridian

The Meridian WWTP equipment designs for each treatment scheme are presented in
Table 4.1. Phosphorus removal through chemical treatment requires an alum feed
rate of 0.062 gpm and a 30-day storage volume of 3,000 gals. An anaerobic basin with
a volume of 3,760 ft® must be added prior to the oxidation ditch for BNR of
phosphorus. BNR chemical polishing requires an alum dose of 0.023 gpm and 1,000
gals for 30-day storage.

Space at the Meridian treatment plant is also severely limited, and due to the
topography surrounding the plant few options are available for site modification.
Therefore, the Meridian plant was designed to eliminate the already insufficient
drying bed area and replace it with a sludge holding tank and belt filter press.
Chemical phosphorus removal will increase the existing WAS rate to 17,213 gpd and
will require a 12-hour SHT volume of 8,606 gals. The WAS rate increases to 12,656
gpd for BNR and requires a SHT capacity of 6,328 gals. Chemical treatment will
increase the plant sludge production by 137 yd3/yr, while biclogical increases the
waste sludge by 49 yd®/yr.

Stephenville

Equipment designs for each treatment scheme at the Stephenville WWTP are
presented in Table 4.1. Chemical phosphorus removal requires an alum feed rate of
0.357 gpm and two 8,000 gal tanks for 30-day chemical storage. Biological treatment
for phosphorus removal requires an anaerobic basin volume of 21,725 ft? prior to the
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aeration basins. This basin will be created through the modification of the existing
primary clarifiers, which have a singular volume of 31,705 ft3. BNR chemical
polishing requires an alum dose of 0.134 gpm and 6,400 gals for 30-day storage.

Due to the large capacity of the Stephenville WWTP, the associated increases in the
WAS production would require significant increases in the already considerable
sludge drying bed area. Therefore, the Stephenville plant siudge handling was
designed around the addition of a 2-meter width belt filter press. No sludge holding
tanks were designed because the existing sludge digesters can be used for sludge
storage. However, it is important to consider the increased amount of sludge created
that must be hauled from the treatment facility. Chemical treatment increases the
waste sludge by 911 yd3/yr, while biological increases it by 325 yd3/ yr.

Valley Mills

Designs were made for both treatment options at the Valley Mills WWTP. The main
equipment sizes for each treatment scheme are presented in Table 4.1. Phosphorus
removal strictly through chemical addition requires an alum feed rate of 0.049 gpm
and a 30-day storage volume of 2,500 gals. Biological treatment for phosphorus
removal requires a 3,008 ft? anaerobic basin prior to the oxidation ditch. The chemical
polishing associated with BNR requires a chemical dose of 0.019 gpm and 1,000 gals
for 30-day storage.

Because sufficient land is available for existing bed expansion, sludge handling at the
Valley Mills facility was designed based on increasing the sludge drying bed area.
The sludge drying bed area requirements for the proposed treatments are presented
in Table 4.2. The addition of phosphorus removal results in bed areas of 4,208 ft2 and
3,094 ft2, and hauled sludge increases of 109 yd3/yr and 39 yd3/yr for chemical and
biological treatment, respectively.
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Section 5

Evaluation of Nutrient Removal
Alternatives

5.1 Introduction

This section contains the resuits of evaluation of alternative methods investigated to
remove phosphorus at six existing wastewater treatment plants that discharge into
the North Bosque River Basin. These wastewater treatment plants serve the cities of:

Clifton

Hico

Iredell
Meridian
Stephenville
Valley Mills

Details on the nutrient removal processes being considered are provided in Section 3,
while the sizing criteria for the required additional treatment process units is
provided in Section 4.

Also described in this section are the added requirements for removal of nitrogen, and
the benefits that may be realized by nutrient trading, whereby phosphorus removal
would be eliminated for some smaller plants and increased at larger plants such that
the overall effect on the watershed remains the same. Section 5 also presents costs for
the required nutrient removal improvements, together with recommendations for
implementation.

5.2 Chemical Phosphorus Removal Improvements

This section describes improvement needs at the five wastewater treatment plants
using chemical phosphorus removal technology. The Clifton Wastewater Treatment
Plant uses the Sequencing Batch Reactor (SBR) process that is already capable of
biologically removing phosphorus. Because of this, chemical phosphorus removal
alone at Clifton was not included in this analysis.

As described in Sections 3 and 4, the most appropriate chemical for phosphorus
removal for these facilities is alum. Therefore, all storage tanks, feed pumps, and
pipelines were based on storing, pumping, and delivering alum. In actuality, other
coagulating chemicals could be used with little difference in capital costs, although
operating costs would change due to varying chemical costs.

This section also includes site plans of each treatment plant investigated in this study.
Included in each figure are the existing facilities and required improvements. Also
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included are capital costs, operations and maintenance costs, and total annual costs
for chemical phosphorus removal.

Hico

Figure 5-1 contains a site plan of the City of Hico Wastewater Treatment Plant.
Shown in this figure is the proposed location of additional equipment needed for
chemical phosphorus removal at this plant. These improvements primarily consist of:

®  New 1,200-gallon alum storage tank and metering pumps

* New effluent filters

= Additional sludge drying beds

» Associated piping modifications for chemical feed, effluent filtration, sludge
wasting, and drains

Iredell

Figure 5-2 contains a site plan of the City of Iredell Wastewater Treatment Plant. This
figure shows the required equipment needed if chemical phosphorus removal is used
at this plant. Due to space limitations at this site, implementing chemical phosphorus
at this plant is more involved than at the Hico Wastewater Treatment Plant. Because
of the need to expand the drying beds, it will be necessary to import fill and enlarge
the existing elevated treatment plant levee. The relocation of the beds off of the levee
is not possible due to the potential flooding area surrounding the treatment plant.
The improvements at the Iredell Wastewater Treatment Plant consist of:

»  New 400-gallon alum storage tank and metering pumps

= New effluent filter

= New chlorine contact chamber

* New sludge drying beds

" Associated piping modifications for chemical feed, effluent filtration, sludge
wasting, and drains

In order to install the required effluent filter between the existing clarifiers and the
chlorine contact chamber, it will be necessary to completely demolish the existing
chlorine contact basin due to the very constricted layout of the existing facilities. The
proposed layout depicts a new filter unit/chlorine contact basin structure. Also, the
existing sludge drying beds are undersized and so small as to require sludge removal
by hand. For this reason new, larger sludge drying beds are shown, which will be
capablé€ of handling all sludge from the new process as well as allow sludge removal
using a small front-end loader.
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Section §
Evaluation of Nutrient Removal Alternatives

Meridian

Figure 5-3 contains a site plan of the Meridian Wastewater Treatment Plant. The
principal improvements needed at this plant for chemical phosphorus removal are
similar to those described for Hico and Iredell. These improvements are:

*  New 3,000-gallon alum storage tank and metering pumps

" New effluent filter and chlorine contact chamber

» New mechanical dewatering facility

* Associated piping modifications for chemical feed, effluent filtration, sludge
wasting, and drains

A requirement for Meridian is the addition of a new sludge storage tank and a new
sludge dewatering building containing a new 1-meter belt filter press. These
improvements are needed because of the increased sludge production anticipated
when chemical phosphorus removal is implemented. The existing sludge drying beds
are undersized, and site limitations prevent expansion of the existing beds.

As at Iredell, there is insufficient space between the existing clarifiers and chlorine
basin to install the required effluent filters. To avoid constructing an additional pump
station, the existing chlorine contact basin would have to be demolished and a new
basin constructed further to the east, with the new filters located on the site of the old
chlorine basin.

Stephenville

Figure 5-4 contains a site plan of the Stephenville Wastewater Treatment Plant with
the improvements required for chemically removing phosphorus. The additional
improvements required at this plant are reduced since this plant already contains
automatic backwash sand filters. The principal improvements required for chemical
phosphorus removal are as follows:

=  Two new 8,000-gallon alum storage tanks and metering pumps

» New mechanical dewatering facility

® Associated piping modifications for chemical feed, effluent filtration, sludge
wasting, and drains

The Stephenville plant currently relies on sludge drying beds, which are barely
adequate for existing sludge volumes. To efficiently dewater the additional sludge
resulting from chemical phosphorus removal, a new mechanical dewatering facility is
required. This would consist of a single 2-meter belt filter press, polymer feed unit,
conveyor, and building.
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Valley Mills

Figure 5-5 contains a site plan of the City of Valley Mills Wastewater Treatment Plant.
Proposed improvements for chemical phosphorus removal are also shown in the
figure. These consist of:

New 2,500-gallon alum storage tank and metering pumps

New effluent filter

New sludge drying beds

Associated piping modifications for chemical feed, effluent filtration, sludge
wasting, and drains

* New brush rotor aerator

The Valley Mills plant oxidation ditch currently has only a single aerator, which is
inadequate to insure treatment reliability. When this aerator is taken off line for
maintenance or repair, the treatment process is interrupted. To provide the required
degree of reliability at this plant in accordance with current TNRCC regulations, a
second brush rotor aerator should be installed in the existing oxidation ditch.

5.3 Biological Phosphorus Removal with Effluent
Polishing

In this section, required improvements to the six wastewater treatment plants for
biological phosphorus removal technology are described. The biological process used
for all plants (except the City of Clifton Wastewater Treatment Plant) is the A/O ™
process. A description of this process is provided in Section 3. All plants with
biological phosphorus removal also include chemical addition and effluent filtration
for further polishing to insure that a 1.0 mg/L TP limit is achieved, since BNR
processes can reliably achieve only a 2.0 mg/L TP effluent.

Clifton

Figure 5-6 contains a site plan of the City of Clifton Wastewater Treatment Plant. It
consists of the new SBR process completed in 1999 on the west side of the site. The
old oxidation ditch, clarifiers, and appurtenant facilities have now been abandoned.
As discussed previously, this plant uses the SBR process that is already capable of
biologically removing phosphorus. All that is required to optimize phosphorus
removal is to reconfigure the cycle times for the SBR process using the existing
programmable controls. All that is needed to meet the 1.0 mg/L TP limit are the
effluent polishing facilities consisting of the following:

* New 1,500-gallon alum storage tank and metering pumps

= New effluent filter

*  Associated piping modifications for chemical feed, effluent filtration, sludge
wasting, and drains

No additional sludge processing facilities are required since the nmew plant is
equipped with a belt press for sludge dewatering.
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Section 5
Evaluation of Nutrient Removal Alternatives

Hico

Improvements needed at the City of Hico Wastewater Treatment Plant for biologically
removing phosphorus are shown in Figure 5-7. Additional improvements required
for biological phosphorus removal consist of a new anaerobic selector basin. Piping
modifications will be needed to route the raw wastewater entering the plant to the
new basin where it will be mixed with return activated sludge (RAS). As previously
discussed, effluent polishing is accomplished by the addition of alum and effluent
filtration. Improvements required consist of:

* New anaerobic selector basin

» A 500-gallon alum storage tank and metering pumps

= Effluent filter

* Associated piping modifications for chemical feed, effluent filtration, sludge
wasting, and drains

v Additional sludge drying beds

Since more of the phosphorus would be removed biologically, the alum storage tank
can be reduced in size. Additionally, the excess sludge produced will be less than
with chemical phosphorus removal, but still greater than the existing sludge drying
beds can handle. The required additional sludge drying beds for this alternative are
also shown in Figure 5-7.

The Hico plant does not have an influent pump station. To instail the new anaerobic
selector, it is assumed that adequate head is available to allow gravity flow of the
wastewater from the existing grit chamber through the selector and into the oxidation
ditch without adding a new pump station. This would reduce the operating level in
the oxidation ditch by several inches, and may also require lowering the clarifier
weirs. More detailed hydraulic analysis, including a survey of existing structure
elevations, is necessary to confirm that this approach is feasible.

Iredell

At the constricted site of the Iredell Wastewater Treatment Plant, additional fill to
enlarge the building pad on the west side of the site will be necessary to create space
for a new bar screen and new selector basin. New influent pumps will also be
required to provide adequate head to pump into the selector basin. Additional RAS
piping to the new selector basin will also be required. These improvements are
shown in Figure 5-8 and consist of:

New influent pumps and bar screen

New anaerobic selector basin

A 150-gallon alum storage tank and associated metering pumps

Effluent filter

New chlorine contact basin

Associated piping modifications for chemical feed, effluent filtration, sludge
wasting, and drains

= Additional sludge drying beds
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Effluent polishing is accomplished at the Iredell Wastewater Treatment Plant by
means of alum addition at the oxidation ditch discharge box prior to clarification in
the existing clarifiers. In order to provide effluent filtration prior to chlorination, the
existing chlorine contact basin must be demolished and moved south of its current
location. Toallow for the increased dewatering needs at this plant, additional drying
beds will be required. As with the chemical removal option, entirely new sludge
drying beds are needed to provide the proper area for the anticipated sludge volumes
and to allow more efficient and less labor intensive sludge removal.

Meridian

Incorporating the new selector basin into the process flow scheme and topography at
the Meridian Wastewater Treatment Plant would require the construction of the basin
near the northeast corner of the plant site. Additional fill would be needed to enlarge
the elevated building site to make room for the new basin. Additional RAS piping
will also be required. Other improvements needed are similar to those identified for
chemical phosphorus removal, and consist of:

* New anaerobic selector basin

= New 1,000-gallon alum storage tank and metering pumps

* New effluent filter

» “New chlorine contact chamber and Parshall flume

» Associated piping modifications for chemical feed, effluent filtration, sludge
wasting, and drains

* New mechanical dewatering facility

Because most of the phosphorus is removed biologically, the alum storage tank can be
reduced in size for this alternative. However, addition of a mechanical dewatering
facility would still be required due to the inadequate existing sludge drying bed area.
Improvements required for biological phosphorus removal at this plant are shown in
Figure 5-9.
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Stephenville

Figure 5-10 contains a site layout of the Stephenville Wastewater Treatment Plant
with improvements needed for biological phosphorus removal. Requirements for
new construction are reduced at this plant through the reuse of existing structures.
To create a selector basin at the plant, the existing primary clarifiers, that are
unnecessary for the oxidation ditch process, would be modified to serve as anaerobic
selectors. Only one of the clarifiers would be needed for the new basin; however, due
to the modest expense involved both units should be converted which would improve
reliability. Modifying the primary clarifiers would consist of removing the existing
sludge collection units, installation of a fiberglass baffle to partition the basin into
zones, and installation of a mixer to keep solids from settling in the tank. The
required BNR upgrade improvements consist of the following:

Conversion of the existing primary clarifiers into anaerobic selector basins

One new 6,400-gallon alum storage tank and metering pumps

New mechanical dewatering facility

Associated piping modifications for chemical feed, efﬂuent filtration, sludge
wasting, and drains

Effluent polishing improvements are similar to those for the other plants. Alum
storage can be reduced to a single 6,400-gallon tank in lieu of the two 8,000 gallon
storage tank needed for chemical phosphorus removal. However, a new mechanical
dewatering facility is still required for this option.

Valley Mills

Proposed improvements at the Valley Mills Wastewater Treatment Plant to
biologically remove phosphorus are shown in Figure 5-11. Similar to the
improvements needed at the other plants, a new anaerobic selector basin is required
together with new RAS piping. The additional improvements needed consist of:

=  New anaerobic selector basin

s  New 1,000-gallon alum storage tank and metering pumps

" New effluent filter

=  New sludge drying beds

» Associated piping modifications for chemical feed, effluent filtration, sludge
wasting, and drains

*  New brush rotor aerator

As at Hico, the Valley Mills plant does not have an influent pump station. To install
the new anaerobic selector, it is assumed that adequate head is available to allow
gravity flow of the wastewater from the existing grit chamber through the selector
and into the oxidation ditch without adding a new pump station. This would reduce
the operating level in the oxidation ditch by several inches, and may also require
lowering the clarifier weirs. More detailed hydraulic analysis, including a survey of
existing structure elevations, is necessary to confirm that this approach is feasible.
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5.4 Cost Estimates

An estimate of construction costs and annual Operations and Maintenance (O&M)
costs was developed for each of the chemical and biological phosphorus removal
alternatives described above. Construction costs were then converted to an
annualized cost using an effective interest rate of 3.5% and a facilities life of 25 years.
Adding this to the O&M costs yields the total annual cost, which is used to compare
alternatives.

The interest rate used in the cost estimates (3.5%) is the effective interest rate based on
a market interest rate of 6.5% and annual inflation of 3%. It is calculated as follows:

Effective Interest Rate (i) = The actual growth of money.
Market Interest Rate (i) = Rate of interest obtainable in the general marketplace.
Inflation Rate (f) = Decrease in the purchasing power of money.
The basic relationship between these three is:
i=i'+f (Market = Effective + Inflation)

Solving for i' with a market rate of 6.5% and an inflation rate of 3% yields an
effective interest rate of 3.5%.

Cost estimate summaries are described below. Cost detail for each alternative is
provided in Appendix D.

The construction, annual O&M, and total annual cost for each alternative is
summarized in Table 5-1. The cost totals shown include contractor overhead and
profit (15%), professional services for engineering, surveying, and geotechnical
investigation (15%), and contingencies (25%). As can be seen in the table, the
construction cost to install phosphorus removal equipment ranges from $422,000 at
Clifton to $1,444,000 at Meridian, depending on the alternative selected. It should be
noted that the required increase in annual O&M costs shown are based on the
permitted flow from each plant to allow equitable comparison. Since actual flows are
less than the permitted limit, the actual increase in annual O&M costs for each plant
would be less.
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Table 5-1: Phosphorus Removal Cost Summary

Chemical Phosphorus Removal

Facllity Construction| Annual O&M | Effective Annual

Cost Cost Cost
{Capital Cost) | (Annuaiized Cost) | (Annualized Cost)

Clifton WWTP N/A N/A N/A
Hico WWTP $ 464,000] $ 18,000 | $ 44,000
iredell WWTP $ 445000 $ 10,000 ] § 35,000
Meridian WWTP $ 1,287,000] $ 47,000 | $ 123,000
Stephenville WWTP | § 1,087,000 | $ 205,000 | $ 269,000
Valley Mills WWTP [ $ 538,000 | $ 38,000 | § 70,000
Total $ 3,821,000 | $ 318,000 | § 541,000

Biolegical Phosphorus Removal

Facility Construction] Annual O&M | Effective Annual

Cost Cost Cost
(Capital Cost}!} (Annualized Cost) | (Annualized Cost)
Clifton WWTP $ 4220001 % 21,000 | $ 46,000
Hico WWTP $ 6190001 $ 26,000 ] $ 61,000
Iredell WWTP $ 611000] 3 18,000 { $ 53,000
Meridian WWTP $ 1,444000] % 48,0001 $ 132,000
Stephenville WWTP | $ 1,352,000 | $ 134,000 ! § 214,000
Valley Miills WWTP | $ 653,000 | 5§ 40,000 ] § 78,000
Total $ 5,101,000 | $ 287,000 $ 584,000

To identify the plants that have the most cost effective phosphorus removal, the cost
per pound of phosphorus removed was calculated for each plant and are presented in
Table 5-2. This table shows that the cost of phosphorus removal is most economical
for Stephenville ($7/1b/yr using BNR) and most expensive for Iredell and Hico ($99
and $29/1b/yr, respectively, using BNR).
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Table 5-2: Cost Per Pound of Phosphorus Removed

Chemical Removal -| BNR Removal -
Annual Cost Per Annual Cost Per
Pound Phophorus | Pound Phophorus
Facility FlowRate| Removed Per Year | Removed Per Year
(MGD) ($Miyr) (Bhbyyr)
Stephenville WWTP a0 $8 57
Clifton WWTP 0.65 N/A $23
Valley Mills WWTP 0.36 $18 $20
Meridian WWTP 0.45 $26 $28
Hico WWTP 0.2 $21 $29
lredell WWTP 0.05 $66 $99

The chemical and biological removal alternatives are compared in Table 5-3, which
indicates that chemical phosphorus removal is the most cost effective approach for all
plants except Clifton and Stephenville. However, for Meridian, there is only a 7% cost
difference between the two approaches.

Table 5-3: Comparison of Chemical v. Biological Phosphorus Removal Costs

Most “Percent

Flow Chemical Biological Affordable Cost Cost
Facility Rate | Removal Cost | Removai Cost Option | Difference { Difference

(MGD)| (Annualized Cost)| (Annualized Cost)
Cliffton WWTP 0.65 N/A $48,000 BNR N/A N/A
Hico WWTP 0.2 $44,000 $61,000 CHEMICAL $17,000 39%
Iredell WWTP 0.05 $35,000 $53,000 CHEMICAL $18,000 51%
Meridian WWTP 0.45 $123,000 $132,600 CHEMICAL $9,000 7%
Stephenville WWTP 3 $269,000 $214,000 BNR $55,000 26%
Valley Mills WwWTP | 0.36 $70,000 $78,000 CHEMICAL $8,000 1%

A summary of the total cost associated with phosphorus removal, utilizing the most
affordable methods is presented in Table 5-4. The total capital investment required
using the most economical approach at each plant is estimated at $4,508,000. The total
annual O&M cost is $268,000.

While the effective interest rate of 3.5% is appropriate for making comparisons
between alternatives, the total annual cost derived from the effective interest rate is
not indicative of the true annual cost of debt service. For debt service costs, the total
annual cost using the market interest rate should be used. Accordingly, the total
annual cost based on a market rate of 6.5% is also provided in Table 54, which may
be relevant if the capital costs are financed.

CDM  Curop Dresser & McKee Inc.
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Table 5-4: Most Affordable Phosphorus Removal Option Cost Summary

Total
Flow | Affordable| Construction| Annual Annual Effective
Facility Rate | Option Cost O&M Cost| Cost' | Annual Cost®
' (MGD) ($) {$iyr) ($1yr) {$/yr)
Clifton WWTP 0.65 BNR $422,000 $21,000 $66,000 $46,000
Hico WWTP 0.2 |CHEMICAL $464,000 $18,000 $55,000 $44.,000
Iredell WNVTP 0.05 | CHEMICAL $445,000 $10,000 $45,000 $35,000
Meridian WWTP 0.45 |CHEMICAL| $1,287,000 $47,000 | $151,000 $123,000
Stephenville WNTP 3 BNR $1,352,000 | $134,000 | $244,000 $214,000
Valley Mills WWTP 0.36 | CHEMICAL $538,000 $38,000 $81.,000 $70,000
Total $4,508,000 | $268,000 | $642,000 $532,000

1Based on a current market interest rate of 6.5%.
2 Based on an effective interest ate of 3.5% after inflation.

5.5 Nutrient Trading

To optimize the phosphorus removal scheme for the North Bosque River, the concept
of nutrient trading was also examined. Nutrient trading involves reducing the
effluent phosphorus limit for one or more of the plants while increasing the limit for
other plants, such that the total pounds of phosphorus discharged to the North
Bosque River remain the same. The nutrient trading approach is shown in Table 5-5.
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Table 5-5: Cost Differences with Nutrient Trading

Section 5
Evaluation of Nutrient Removal Alternatives

Alternative 1: Phosphorus Reduction at All Plants
Annual Cost
Estimated Estimated Per Pound
Present Alternative 1 Costof Most { Phophorus
Flow | Phosphorus Phosphorus Economical { Removed Per
Facility Rate | Discharge Discharge Option Year'
(MGD)| (mg/)| (Ibsiyr) | (mg/L)] (lbsiyr) | (Annualized Cost) | ($1ibiyr)
Clifton WWTP 065 | 20 3957 ] 1.0 19791 % 46,000 | $ 23
Hico WWTP 02 | 45 2740] 10 609 ] % 44,000 | $ 21
Iredell WWTP 0.05] 45 685| 1.0 1521 8 35,000 | $ 66
Meridian WWTP 0451 45 6,164 | 1.0 13701 § 123,000 | $ 26
Stephenville WWTP 3 45 | 41,095] 1.0 9,132 ] $ 214,000 | $ 7
Valley Mills WATP | 0.36 | 4.5 48311 1.0 1096 | § 70,000} 18
Total] 59,572 14,338 | § 532,000
Alternative 2: Nutrient Trading Phosphorus Reduction
Annual Cost
Estimated Estimated Per Pound
Present Alternative 2 Phophorus
v Flow | Phosphorus Phosphorus Removed Per
Facility Rate Discharge Discharge Cost of Option Year'
(MGD)| (mail)| (tbsfyr) | (ma/L)| (bsiyr) | (Annualized Cost) ($biyr)
Clifton WWTP 0.65 | 20 3957 1.0 19791 $ 46,000 | $ 23
Hico WWTP 02 | 45 2740 | 45 2740 $ - 1% -
Iredell WWTP 0.05 ) 4.5 685]| 4.5 685 % - 1$ -
Meridian WWTP 045 | 45 6,164 | 1.0 13701 % 123,000 | $ 26
Stephenville WATP | 3 45 | #1095| 07 6,393 % 231,000 | $ 7
Valley Mills WATP | 0.36 | 4.5 4931 1.0 1,09} 9% 70,000 | $ 18
Total| 59,572 142631 $ 470,000

1 Annual costs are based upon phosphorus removal to 0.5mg/L to assure that a 1,0mg/L effluent standard is achieved, and
using the effective interest rate of 3.5% after inflation.

Alternative 1 in Table 5-5 lists the phosphorus discharge and total cost if phosphorus
removal is implemented at all six plants. With a 1.0 mg/L effluent limit at each plant,
a total of 14,338 pounds of phosphorus would be discharged annually based on
permitted flows. Actual phosphorus discharge would be less, since current wastewater
flows at all of the plants are less than the permitted limit, and because the plants would
target a lower level, say 0.5 mg/L, to insure that the permit limit is achieved. This
approach would require an estimated total investment of $532,000/year on an
annualized basis.
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Alternative 2 shows the benefits of nutrient trading. The three most expensive plants
for removing phosphorus on a per pound basis, using the most cost-effective option,
are Iredell, Meridian, and Hico. If Iredell and Hico remain at their existing status, they
would discharge a combined 3,425 Ib/yr of phosphorus based cn current data. This
quantity can be offset entirely by reducing the effluent permit limit for Stephenville
from 1.0 mg/L to 0.7 mg/L TP. Since Stephenville has most cost effective phosphorus
removal scheme and is the largest plant, it would be logical to concentrate further
reductions through nutrient trading at this facility. With this approach, the total
phosphorus discharge from Stephenville at 0.7 mg/L effluent TP and Clifton,
Meridian, and Valley Mills at 1.0 mg/L effluent TP would be 14,263Ib/yr which is
essentially the same as Alternative 1. Total annual cost using nutrient trading would
be approximately $470,000/yr, and that represents a estimated savings of $62,000/yz
over phosphorus removal at all of the plants.

Table 5-6 presents a summary of the implementation costs by incorporating nutrient
trading. The total capital investment required for this approach is estimated at
$3,602,000. Nutrient trading would, therefore, permit a construction cost savings of
$906,000 and an annual O&M cost savings of $12,000 compared to removing
phosphorus at all six plants. Both the total annual cost using a current market interest
rate of 6.5% and the effective annual cost considering inflation are shown in Table 5-6.

Table 5-6: Nutrient Trading Cost Summary

Construction| Annual O&M Total Annual | Effective Annual
Facility Cost Cost Cost' Cost?

_(Capital Cost) | (Annualized Cost) | (Annualized Cost | (Annualized Cost)
Clifton WWTP $ 4220001 % 21,000 | % 66,000 | § 46,000
Hico WWTP $ - 3 - $ - $ -
Iredell WWTP $ - $ - $ - 3 -
Meridian WWTP $ 1,2870001] $ 47,000 | $ 151,000 { $ 123,000
Stephenville WWTP | $ 1,355,000 ] $ 150,000 | $ 260,000 | $ 231,000
[Valley Mills WWVTP [ § 538,000 § 38,000 | § 81,000 | $ 70,000
Total $ 3,602,000 $ 256,000 | $ 558,000 | § 470,000

! Based on a current market interest rate of 6.5%.
2Based on an effective interest ate of 3.5% after inflation,

5.6 Nitrogen Removal

As discussed in TM 3, processes are available to remove nitrogen from wastewater to
meet a TN limit as low as 4.0 mg/L. If a TN limit of 10 mg/L is acceptable, costs for
adding denitrification are reduced significantly, Since drinking water standards
allow nitrate concentrations up to 10.0 mg/L, for purposes of this analysis it is
assumed that a 10.0 mg/L TN limit would be the likely outcome of any future TMDL
studies of nitrogen in the North Bosque River. The means of achieving a 10 mg/L
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nitrogen removal at each of the six plants, together with representative costs, are
described below. To achieve nitrogen removal, it would also be necessary to first
implement the bioclogical nutrient removal alternative for phosphorus at each plant
(A/O process).

Clifton

The Clifton WWTP uses the Sequencing Batch Reactor process, which is already
configured to achieve both nitrogen and phosphorus removal. Thus no additional
cost should be required to achieve a TN limit of 10.0 mg/L, although actual testing of
the process should be performed to verify achievable limits. The chemical polishing
and effluent filters are still required to meet the 1.0 mg/L TP limit. The effect of
adding a TN limit should have no effect on the sludge handling facilities for this or
any of the other plants.

Hico

For the Hico WWTP, a conversion to the A2/O process would be required to achieve
a 10.0 mg/L TN limit. The brush rotor aerators in the existing ditch cannot be
controlled accurately enough to provide nitrogen removal within the basin. The
A2/0 modification would be similar to the A/O process described earlier, except that
an anoxic basin would be added to the A/O anaerobic basin, together with an internal
recycle pump station. The new anoxic basin would be approximately twice as large
as the anaerobic basin. The additional cost of providing the A2/O process is initially
estimated at approximately $387,000 in additional construction costs and $23,000 in
additional annual O&M costs.

To achieve an effluent TN limit of 4.0 mg/L, upgrade to a full Bardenpho process
would be required. This would consist of adding a second anoxic basin and a
reaeration basin between the existing oxidation ditch and the secondary clarifiers. A
second new pump station would also be required to lift the flow into the second stage
anoxic and reaeration basins, since insufficient head is available to flow through the
additional tankage by gravity. The cost of constructing these additional units would
be approximately twice the cost of the A2/O upgrade presented above. This would
also be the case for the other oxidation ditch plants.

Iredell

For the Iredell plant, conversion of the oxidation ditch to the A2/O process would be
more difficult than at Hico due to the constraints of the existing site. Additional fill
and building area would be required to provide room for the required anoxic basin.
A new internal recycle pump to the first stage anoxic basin would also be required.
Cost of this upgrade is estimated at approximately $404,000 in additional construction
costs and $11,000 in additional annual O&M costs.

Meridian

The A2/0 process upgrade at the Meridian plant would require the same additional
basin and pump station as the Hico and Iredell facilities. The Meridian plant is also
constrained by the small developable site that would require additional earthwork
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expense to enlarge the buildable area. The incremental cost of upgrading the
Meridian plant to the A2/O process is estimated at approximately $421,000 in
additional capital costs and $11,000 in annual O&M costs.

Stephenville

It appears that an A2/O process upgrade for Stephenville would be more economical
to achieve a 10.0 mg/L TN limit than reconfiguring the existing multi-channel
oxidation ditches to denitrify, since this would require construction of new sludge
digesters. The A/O process upgrade for Stephenville, described earlier, makes use of
the existing primary clarifiers by converting them to the required anaerobic basins.
Further upgrading the plant to the A2/0O process would require a new stand-alone
anoxic basin between the converted clarifiers and the oxidation ditches, plus
construction of an internal recycle pump station. The incremental cost of the
additional A2/0O units is estimated at approximately $1,322,000 in additional capital
costs and $16,000 in annual O&M costs.

Valley Mills

Upgrade of the Valley Mills plant to the A2/O process would require the same
additional units as Hico, Iredell, and Meridian. The incremental cost of adding the
additional facilities is estimated at approximately $340,000. These additional facilities
would be required together with the A/O facilities described earlier. Annual O&M
cost would also increase by an estimated $12,000 per year.

Summary

In summary, to further upgrade the six plants to achieve an effluent TN limit of 10
mg/L, an additional capital investment of approximately $9.08 million would be
required above and beyond the costs to remove phosphorus, with added total annual
O&M costs of about $73,000 per year.

5.7 Wetlands Treatment

As discussed in Section 3, constructed wetlands could be used to remove nutrients
from the plants along the North Bosque River. To determine the wetlands treatment
area required, a specific first-order area-based model was used to provide a
preliminary estimate of area requirements. The model was based on using Free Water
Surface (FWS) constructed wetland treatment. This model is used to estimate the
constructed treatment wetland area necessary to reduce the wetland influent
concentration of a specific pollutant to a target wetland effluent concentration for that
pollutant. The wetland influent concentration, target wetland effluent concentration,
and the first-order areal rate constant (k), for the specific pollutant are used in the
model equation to estimate constructed wetland treatment area requirements.

CDM Cup Dresser & McKee Inc. 5-26

Ad4241Secomt.doc



Section §
Evaluation of Nutrient Removal Altematives

This area-based first-order k-C* model solves for required treatment area as follows:

A= 0.0365xQ xIn Ci -C*
k Ce-C*

where A= required wetland area in hectares
=  water flow rate in m3/d
= first order areal rate constant in m/yr
Ci= wetland influent concentration in mg/1
Ce= target wetland effluent concentration in mg/L
C*= background concentration in mg/L

These first order processes are dependent on wetland area and are limited to non-zero
pollutant levels that naturally occur in wetlands, as specified for each pollutant in the
model (C*). Knowledge of areal rate constants (k) for specific pollutants from an
empirical database, the wetland influent concentration (wastewater effluent) for the
specific pollutants, and the target effluent concentration indicates which specific
pollutant is critical for estimating constructed wetland treatment area requirements.
The target effluent concentration that has been established for this analysis is a TP
concentration of 1.0 mg/1. This effluent target and an evaluation of the wastewater
effluent data (wetland influent) from the six facilities indicates that total phosphorus
is the critical pollutant for estimating constructed wetland treatment area
requirements. The critical pollutant is used to determine the necessary wetland area.

Table 5-7 is a summary of the pertinent wastewater effluent data. The results of the
model for the six facilities are presented in Table 5-8. The model provides wetland
effluent concentrations for TSS, BOD, and nitrogen species based on the wetland
influent data. The results indicate that the proposed wetlands would provide
excellent treatment of TSS, BOD, and nitrates. Some of the facilities, such as Hico,
Iredell, and Meridian, have an influent BOD concentration that is lower than the
wetland effluent. This seemingly erroneous data is due to the fact that the model
accounts for the BOD background concentration, which is roughly 3.7 mg/L. The
influent concentration of TKN for each of the facilities are considerably lower than the
effluent concentrations due to the denitrification of the nitrite and nitrate species into
ammonia.

Of greatest interest are the wetland area requirements to treat phosphorus to 1.0
mg/l. The phosphorus influent to the wetlands ranges from 2.39 mg/1 to 4.78 mg/L.
As indicated in Table 5-8, wetland treatment area requirements are:
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Iredell 3.5 acres
Hico 12.3 acres
Valley Mills 17.0 acres
Meridian 22.1 acres
Clifton 22.3 acres
Stephenville 129.3 acres

The constructed wetland area requirements indicate the potential of this technology
for phosphorus removal at the six facilities. Because area requirements are large for
phosphorus removal, it may be possible to use wetlands only for polishing after BNR
treatment. This would provide a lower wetlands influent TP concentration which
would reduce the area requirement by approximately one-third.

Except for Iredell, land area requirements for wetlands treatment are rather extensive.
To determine the cost effectiveness of this approach, it would be necessary to identify
specific wetlands sites at each city and then determine the cost to develop the
wetlands, including costs for conveying the effluent to the proposed site. In general,
the cost of constructed wetlands ranges from about $55,000/ acre for a 10 acre pond to
about $35,000/ acre for a 150 acre pond, due to economies of scale, and not including
conveyance costs. Based on these costs, constructed wetlands would only be
potentially feasible for Iredell. Constructed wetlands treatment could be examined
further during the implementation phase of this project, if desired. However, based
on the large area requirements and, with the possible exception of Iredell, it is
unlikely that wetlands polishing would be less expensive than phosphorus removal at
the individual plants.

It should be noted that both Stephenville and Meridian are considering wetlands in
conjunction with the U.S. Corps of Engineers. Should these projects be implemented,
these wetlands would have a positive effect on reducing nutrients in the North
Bosque River. However, some phosphorus removal at the treatment plants would
likely still be required.

5.8 Land Treatment

As with wetlands, the cost effectiveness of land treatment cannot be reliably
determined without more detailed site-specific studies. This would entail identifying
a suitable agricultural area as close to the plant as practical, which the city would
potentially acquire for a wastewater land application site. With the potential site
identified, the cost of conveying treated wastewater to the site and constructing the
required effluent holding pond could be determined. If desired, this approach could
be evaluated in greater detail during the implementation phase of the project.

5.9 Recommendations

To reduce phosphorus loadings on the North Bosque River, the most cost-effective

approach is to employ nutrient trading. This would entail permitting the Stephenville

plant for an effluent discharge limit of 0.7 mg/L TP, permitting the Clifton, Meridian,
CDM  Camp Dresser & McKee Inc. 5-28
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and Valley Mills plants for an effluent discharge limit of 1.0 mg/L TP, and leaving a
TP limit out of the permits for Hico and Iredell entirely. Biological nutrient removal
would be used at Clifton and Stephenville, and chemical phosphorus removal would
be used at Meridian and Valley Mills. Total construction cost of this approach is
estimated at $3,602,000. Since this option would save an estimated $906,000 in capital
costs, or $62,000 annually, the nutrient trading approach is recommended.
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Appendix A: Site Photos
Brazos River Authority
North Bosque River Phosphorous Removal Study

1.1 Clifton WWTP

N/

Figure A-1: Stage batch reactor during the settlement étage of treatment cycle.

Figure A2: Effluent Chlorine Contact Chémber
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Appendix A: Site Photos
North Bosque River Phosphorous Removal Study

A

Figure A-3: Belt Filter Press used for WAS dewatering,

Figure A-4: Plant Operator demonstrating the easy operation of the ICEAS PLC.
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1.2 Hico WWTP

Appendix A: Site Photos
North Bosque River Phosphorous Removal Study
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Appendix A: Site Photos
North Bosgue River Phosphorous Removal Study
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Flgure A-8: Hico WWTP Operator.



Appendix A: Site Photos
North Bosque River Phosphorous Removal Study

1.3 Iredell WWTP

Y
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Appendix A: Site Photos
North Bosque River Phosphorous Removal Study

r '. '
Figure A-11: Mayor of Iredell.

Figure A-12: Limited area in existing sludge ding beds.
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Appendix A: Site Photos
North Bosque River Phosphorous Removal Study

1.4 Meridian WWTP

Figure A-14: Carousel oxidation ditch with vertical rotors at each end.
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Appendix A: Site Photos
North Bosque River Phosphorous Removal Study

Figure A-15: South final clarifier, WAS/RAS pump station, and sludge
drying beds (in background).

Figure A-16: Meridian WWTP Operators.
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Appendix A: Site Photos
North Bosque River Phosphorous Removal Study

1.5  Stephenville WWTP

Figure A-17: Orbal System Aeration Basin and Aerobic Digester.
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Appendix A: Site Photos
North Bosque River Phosphorous Removal Study

e ’f :‘"@‘w‘

il

- Figure A-20: One of three Stephenville WWTP Operators.
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Appendix A: Site Photos
North Bosque River Phosphorous Removal Study

1.6 Valley Mills WWTP

Figure A-22: Oxidation ditch with single rotor brush aerator.
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Appendix A: Site Photos
North Bosque River Phosphorous Removal Study

Figure A-23: Existing sludge drying beds.

Figure A-24: Final clarifier, chlorine contact basin, and abandoned
oxidation ditch.
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Appendix B: Wastewater Characterization
Brazos River Authority
North Bosque River Phosphorous Removal Study
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CDM Camp Dresser & McKee Inc. Table B-1a
Brazos River Authority Clifton WWTP
North Bosque River Phosphorus Removal Effluent BOD Data

—-m-
—m-m-
IIEEEI-IE-
—-m-
—m—
—-m
—

, xf

Cliton WWTP

u i
—-m-
; —lmm-m-

Clifton WWTP

COC = City of Clifton
NR = No Record
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CDM Camp Dresser & McKee Inc.
Brazos River Authority
North Bosque River Phosphorus Removal

ohe wncaton
Clif‘ton WW ¢T:F
Clifton WWTV WTP

Cllfton WWTP_

) ‘cnﬂon WWTP
"”cnﬁ'ori ww*r‘ P_ v
- ’Claﬁon WWTP
—

Cllfton WWTP

%

3§

Cllfton WWTP

Chfton WWTP

— Clafton WWTP '

B |
"COC.
TIAER _
TIAER
GrA
coc —
COC

_BRA |
coc |

TAER
BRA Ll

BRA

09/1999 -

01/1999
01/11/1999

02/09/1999

~03/01/1999

- 04/1999

05/1999

05/05/1999

06/1999

06/15/1999

07/06/1999

SUN ST O8

08/02/1999

Clifton W\NTP
LClifton W FIAER 8119985}
Clifton WVVTP COC 11/1999
%ﬁ:@"t|mﬁﬂf Al M2 E \;f‘ R Y »W A 77\ ts, 19

’ Clifton WWTP COC 12/1999
Clifton WWTP COC 01/2000
Clifton WWTP COC 02/2000
Clifton WWTP cOC 03/2000
Clifton WWTP COoC 04/2000

“Cliftol WWT P e TIARR -2 1041032000 | 15
Clifton WWTP COC 05/2000

S Cliftdr WWER 20

Clifton WWTP
ClTom VT

P HAER BT ;
coc 06/2000
g - km:a?tﬁmﬂ

Cllfton WWTP

08/2000

iy

“TotakSuspend

Table B-1b

Clifton WWTP

" Effluent TSS Data

Total Suspended Solids (rnglL)
Te_tal Suspended Solids (mg/L)
Total Suspended Solids (mg/L)
Tetal Suspended Solids (mg/L)
Total Suspended Selids (mgi/L)
Total Suspended Solids (mg/L)
Total Suspended Selids (mg/L)
Tetal Suspended Solids (m'gIL)

Total Suspended Solids (mgIL)

Total Suspended Sollds (m L) "

Total Suspended Sollds (mgIL) =

rotak
oli

Total Suspended Solids (mgIL)r e

3

Total Suspended_SoIids (mgfL)

Total Suspended Soltds {mg/L) '

Total Suspended Solids (mg/L)

TutaISuspended Solids {mg/L)

Total Suspended Solids (mglLu)'

Total Suspended Sollds (mgIL)

Total Suspended Sol:ds {mg/L)

10/2000

08/2000 %

Total Suspended Sollds (mgIL)

Tolal Suspended Solids (mg/L)

Total Suspended Solids (mgIL) T

shdsi (Mgl

NR

NR

NR

NR

Total Suspended Sol;ds (mgIL) 1

o

173
9 ;
62
~ 32
58
25
6.6
6.73 _
5

COC = City of Clifton

TIAER = Texas Institute for Applied Environmental Research

NR = No Record




CDM Camp Dresser & McKee Inc. Table B-1c
Brazos River Authority Clifton WWTP
North Bosque River Phosphorus Removal _ _ Effluent NH3 Data

TIAER | 01/11/1909 Ammonia-nitrogen (mag/L) [ 041 |

TIAER = Texas Institute for Applied Environmental Research
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CDM Camp Dresser & McKee Inc. Table B-1d

Brazos River Authority Clifton WWTP

North Bosque River Phosph orus Removal Effluent PO4 Data
Clifton WWTP BRA 01/04/1999 Orthophosphate Phosphorus (mg/L) 1.40
Clifton WWTP TIAER 02/09/1999 Orthophosphate Phosphorus {mg/L) 2.19
Clifton WWTP _TIAER | 03/09/1999 Orthophosphate Phosphorus (mg/L) 0.98
Cllfton WWTP BRA 05/05/1999 Orthophosphate Phosphorus (mg/L) |. 0.64
Cllﬂon WWTP _ BRA 06/03/1999 Orthophosphate Phosphorus (mg/L) 2.67

??} ‘?""“ 4 %i 3 le' ?’5 i % « S 2 ?. : bt I RAN S L ‘ & ) ?é@’_’
Clifton WWTP BRA 07/06/1 999 Orthophosphate Phosphorus (mg/L) 2.06
- Clifton WWIP LB | GTERAS 5o Hfdprospiate Ehdtphonis inaloiRe 13 61
CI:fton WWTP TIAER 08/23/1 999 Orthophosphate Phosphorus (mglL) 6.08
10/18/1 999 Orthophosphate Phosphorus (mglL) 1.86

ST ;}f;r g;% E Sarate Ph 3&% 2 @%é »’é}f bR ‘re;'”ﬁ

12/1 3/1 999 Orthophosphate Phosphorus (mgIL)

o |0 {5 Phosphors /L)
TiAER 02!08/2000 Orthophosphate Phosphorus (mglL)

T :&Hi
,' p -ﬁ

TIAER 04/03!2000 Onhophosphate Phosphorus (mglL) .
AER | oatiro00 A Orthaphasanale Phasphors (ol HL| Fo 06

BRA = Brazos River Authority
TIAER = Texas Institute for Applied Environmental Research
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CDM Camp Dresser & McKee Inc. Table B-1e
Brazos River Authority Clifton WWTP
North Bosque River Phosphorus Removal Effluent TP Data

A

TIAER 0111171999 Total Phosphorus mg) | 122 |
TIAER | 03/ooMgse Total Phosphorus (mg/L) _
TAER | os/7/1988 Total Phosphorus (mg/L) m

TIAER 02:‘08/2000 Total Phosphorus (mglL) _
] L i 2 : ! a

TIAER = Texas Institute for Applied Environmental Research
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CDM Camp Dresser & McKee Inc. Table B-2a
Brazos River Authority Hico WWTP
Effluent BOD Data

North Bosque River Phosphorus Removal

COH = City of Hico
NR = No Record
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Table B-2b
Brazos River Authority Hico WWTP
North Bosque River Phosphorus Removal Effluent TSS Data
Hico WWTP COH - 01]1999 Tolal Sus nded Sollds m IL NR
cho WWTP TIAER | 01/11/1399 | Total Suspended Soiids o T= 6
TIAER | 02/09/1999 Total Suspended Solids (mg/L) [ < 6
S5 4 : i i
TIAER | 03/09/1999 | Total Suspended Salids (mg/L) | < 8
BRA 04/05/1999 |  Total Suspended Solids (mg/L) 8
COH | 05/1989 | Tolal Suspended Solids (mg/L NR
TIAER | 05/17/1999 | Total Suspended Solids (mglL) | < 3
BRA | 06/03/1999 | Tolal Suspended Soids (mgl) | <] 4
COH | 07/1999 Total Suspended Solids (mgiL “NR
TIAER "ofiésr1999 Totai Suspended Solids (mg/L) < 4
COr e 14 : S INR
BRA 08/02!1999 Total Suspended Sollds (mgIL) 6
G B /19995 olal Suspe Sol Hligkssta
09/1999 _ Total Sus nded Soﬁds m IL) 4.2
ik o o s S e
10/1999 Total Sus nded Sollds mg/L) 7.2
A0/18£1009: |t e Solids imgllyee flbear 400 |
11/1999 Total Sus ended ' Solids (m IL) 13
: ZEETY wnded Solids (/L)
12/1999 Tolal Sus nded Soﬁds m IL
HAER 230880 Ty - 24
COH 01/2000 Total Sus ended Sollds m IL 71
COH 02/2000 Total Suspended Solids {mg/t 8.5
JAER 2020820000 [ ds.(mofk) hab210 5
COH 03/2000 Total Sus nded Solids (m L 4.9
cho WWTP COH 04/2000 Total Sus ended Sollds m .'L 7.2
= HICOWWITPS LT 510 :HE 2T gk B
i COH 05/2000 Tolal Sus nded Sollds (m IL 10
b TAER S FC Pt Yok A2
COH 06/2000 Total Suspended So!lds (mgIL)
S COH & Eao 072000 ‘Stispendat . Se
COH 08!2000 Total Suspended Soiids (mgIL)

20007 =

“Total Susperded Sdlids (mg/ty

10/2000

Total Suspended Solids (mg/L)

BRA = Brazos River Authority
COH = City of Hico

TIAER = Texas Institute for Applied Environmental Research

NR = No Record
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Brazos River Authority
North Bosque River Phosphorus Removal

FEara R B

iy 3, 7
o

coftelocation: o : :
Hico WWTP TIAER 01/14/1999

ATy

oA X Y

Hico WWTP TIAER 03/09/1999

i

Hico WWTP TIAER 05/17/1999

n a8
Hico WWTP TlAER Q07/26/1989
Hico WWTP TIAER 09/20/1999
w; “Hicg WW.IE argdAfaE : ;
Hico WWTP TIAER 11/15/1999
e e = : ;
Z 4 ICAY ALK ; :

TIAER _01/10/2000

F R

03/06/2000

Phd

IAER
TIAER 05/01/2000

Table B-2¢
Hico WWTP
Effluent NH3 Data

Ammonia-nitrogen (mg/L) 0.88

Ammonia-nitrecgen (mg/L) 0.16

Ammonia-nitragen (mg/L) 0.03

Ammonia-nitrogen (mg/L) 0.10
Ammonia-nitrogen (mg/L) 0.04
Ammonia-nitrogen (mg/L) ) 0.10

25
&

Ammonia-nitrogen (mg/L)
Ammonia-nitrogen (mg/l)
{Ammonia-nitrogen (ma/t) - F Tk -

Ammonia-nitrogen (mg/L)

TIAER = Texas Institute for Applied Environmental Research
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Brazos River Authority

North Bosque River Phosphorus Removal
e R i R 2 el

BRA ‘ 01/04/1999
TIAER 02/09/1999

BRA 04/05/1999
BRA 05/05/1999

i

Be Y Pl " 2
L 1A ~ 07

BRA 06/03/1999

Hico WWTP BRA 07/06/1999

BRA 08/02/1 999

Table B-2d
Hico WWTP
Effluent PO4 Data

-z

. .c.}:-tho.ohosphato Phosphohoo (mgll:) _ 246
thophosphote F;hoophomo (rhglL) | 426
: 6rthophosphot; Phosphoh’.ls (rhg;fL) . 330 ]
.C)rfhophosoha.teV.kPhos_phorus (rhg.'L)t i 406

vbrthophosrpha;e. Phooohoros (mgIL) B _ 3_.29

1801y

Otthophosphate Phosphorus (mg.'L) ' 3.38

Hico WWTP

Hico WWTP

TIAER 05/01 12000

Onhophosphate Phosphorus (mgIL)

BRA = Brazos River Authority

TIAER = Texas Institute for Applied Environmental Research

NR = No Record
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CDM Camp Dresser & McKee Inc. Table B-2e
Brazos River Authority Hico WWTP
North Bosque River Phosphorus Remaoval Effluent TP Data

m
m
m
-I-

TIAER 08/20/1999 Total Phosphorus (mglL) _

TIAER 1 1/15/1 999 Total Phosphorus (mgIL) _
B

x S & L 3

i it

“'7

TIAER 01110/2000 Total Phosphorus (mgIL) 379

cho WWTP TIAER 03/06/2000 Total Phosphorus (mgIL) _ 4.51

ia

Hico WWTP TIAER 05/01/2000 Total Phosphorus (mgIL) 4.13

TIAER = Texas Institute for Applied Environmental Research



CDM Camp Dresser & McKee Inc. Table B-3a
Brazos River Authority Iredell WWTP
North Bosque R:ver Phosphorus Removal Effiuent BOD Data

N g e g 3 e reregr)

:.r £ /i . i : e Fr"‘g% R
_COI Jan-99 BOD (mg/l) Daily Ave. _NR_ _

COIl Mar-99 BOD (mgf) Daily Ave. NR

Iredell WWTP COl May-99 BOD (mg/l) Daily Ave. NR

5 ey i . Sty Yylrenar

B edelNTE ¢ E vcC ueol N
Iredell WWTP col Jul-99 BOD (mg/) Daily Ave. NR
S R T 3 PRI “ 23

o f .,e[ VED kL : * i ' } Aye i ﬁ;g:
Irgdell WWTP COI Sep-99 BOD (mg/) Daily Ave. » 7.25

col _Nov-99 BOD (mg#) Daily Ave. |  3.40

BOD (mgll) Daily Ave. .

Iredelf WWTP COl Sep-OO , BOD (mgll) Daily Ave.
deltl il BODmMGMDalliAve: A TEsNR.
BOD (mg/l) Daily Ave.

L

COl = City of Iredell
NR = No Record
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Brazos River Authority
North Bosque R:ver Phosphorus Removal

Hred

Mi
Iredell TIAER

Table B-3¢
Iredell WWTP
Effluent NH3 Data

p

Iredell WWTP TIAER I 05/01/2000 Ammoma—mtrogen (mg/L)

TIAER = Texas Institute for Applied Environmental Research
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CDM Camp Dresser & McKee Inc. Table B-3d
Brazos River Authority Iredell WWTP
North Bosque River Phosphorus Removal Effluent PO4 Data
Iredell WWTP BRA 01/04/1999 Orthophosphate Phosphorus (mg/L) 3.50
r— e %&? oo - : T z i AT gﬁ
iredell WWTP TIAER 02/09/1999 Orthophosphate Phosphorus (mg/L) 3.27
Iredell WWTPV BRA 04/05/1999 Orthophosphate Phosphorus (mg/L) 3.64
Iredell WWTP BRA 05/05/1999 Orthophosphate Phosphorus (mg/L) 2.22
Iredell WWTP BRA 06/03/1999 Orthophosphate Phosphorus (mg/L) 1.14
.}hww PR e 5 s g T e 3 7 pEcng rE e
f ﬁf ; B A S o b - i B bt ok et B et vk sohsit et u,f?%
Iredell WWTP BRA 07/06/1 999 Orthophosphate Phosphorus (mglL) . 0.84
?El"f?; mw tfv;w | G ; " ; : 7 ‘ AT e e e
Iredell WWTP BRA 08/02/1 999 Orthophosphate Phosphorus (mgIL)
Iredell WWTP TIAER 09/20!1999 Orthophosphate Phosphorus (mg/L)

heR
THRER

TIAER

e

i

: “wﬁﬁggx hal %ﬁrﬁ ; 79 &“ﬁ i

11/15/1999

T %ﬁéﬁb

Orthophosphate Phosphorus (mgIL)

01/1 0/2000

Iredell WWNTP TIAER

05/01 12000

Orthophosphate Phosphorus (mglL)

BRA = Brazos River Authority

TIAER = Texas Institute for Applied Environmental Research
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Brazos River Authority
North Bosque River Phosphorus Removal

%’? = el B b a e
ey i 5 o] i | :

it nihy

Iredell WWTP TIAER

S RN

Iredell WWTP TIAER
T R SRR
IredeII W‘NTP TIAER

e z R
i TS M

Iredell WWTP TIAER
Iredell WWTP TIAER
RO | R AL

Iredell WWTP TIAER
e

redelf WP IS AER
TIAER

S

Iredel! WWTP

01 I_1 "1 I1999
03/69/j 999 |
orresen
ouoreen |
1’,2'1';,;999“[ ‘

01/1 0/2000

Total Phosphorus {mg/L)

Total Phosphorus (mg/L)

Total Phosphorus (mg/L)

Total Phosphorus (mg/L)

Total Phosphorus (mg/L)

Total Phosphorus (mgIL)

03/06/2000

Table B-3e
iredell WWTP

Effluent TP Data

.
2.73
2.04

i
Bk

Iredell WWTP TIAER 05/01 /2000

TIAER = Texas institute for Applied Environmental Research
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Brazos River Authority
North Bosque River Phosphorus Removal

Meridian WWTP COM Jan-99
Meridian WWTP COM | Mar99

Meridian WWTP COM May-99

Mendlan WWTP COM JuI-997

Epgect s

P S DR e O
SN e F 5 g & oA
o] s 5 oY

Mendlan WWTP _ COM Nov-99

2 ”"*"

Mendlan WWTP COM Sep-99

A s : ,: ﬂx
Merldlan WWTP Jan-00

Table B4a
Meridian WWTP
Effluent BOD Data

3

BOD (mg/l) Daily Ave.

‘BOD (mg/l) Daily Ave.
BbD (mgll)ﬁDain Ave.
EOD {mg/) Daily Avé:
BOD (mg/l)‘Dain Av_e. |

BOD (mg/) Daily Ave.

2.20

3.80

3.00

o

3.75

R R

2.40

BOD (mgll) Daily Ave.

COM = City of Meridian
NR = No Record
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Brazos River Authority
North Bosque River Phosphorus Removal

Mend|anWWTP
] [ ETRER e

Meridian WWTP

Meridian WWTP |

M”e'ridianwwrp ~ BRA

Mendlan WWTP
ETMendmrONIVeEP.. | = e BRA
MendlanWWTP

01/1999

01/11/1999 |

03/1999 , '

Solids (mgiL)
Solids (mgiL)

Solids (mg/L)

041999 | Solids (mgil)

LIy

D4/06/1999 _

05/05/1999

35

06/1999 _

06/15/1 999 =

4}

' 07/06/1 999

sl pidaSold

“Solids (mgil)

"Solids (mg/L)

— éblids ('mg/‘i_)"
_ Sollds (mg/L)

'Sollds (mgIL)

Solids (ma/L)
Solids (mgiL)

o &Soisds&(m

Table B-4b
Meridian WWTP
Efﬂuent TSS Daw

Bt b

sk itib s

’m,

Me/r(ld"aa;WWTP

TR
mER

Metidian WWTP ©

- 05/047200

Meridian WWTP

05/01/2000

| Meridian WWITP .

Meridian WWTP

08/2000

Sohds (mgIL)

- Solids (molk).

- Sohds (mgIL)

" nSoxllds&(mglL)

i ﬂ
02/08/2000 Sollds (mgIL) --_

Solids (g/E):

Solids {mg/L)

BRA = Brazos River Authority
COM = City of Meridian

TIAER = Texas Institute for Applied Environmental Research

NR = No Record



CDM Camp Dresser & McKee Inc. Table B-4¢
Brazos River Authority Meridian WWTP
North Bosque River Phosphorus Removal Effluent NH3 Data

0.06

\ , 08000 Gan (e 1B
Mendlan WWTP __I_I:_A_E_R 03/06/2000 0.07
“Menidiar ' 1031300075 |5 "é%ﬁ .'ﬁ%{éﬁf?ﬂm i

05/01/2000

Meridian WWTP TIAER

Ammonia-nitrogen {mg/L) 1.56

TIAER = Texas Institute for Applied Environmental Research
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CDM Camp Dresser & McKee Inc. Table B-4d
Brazos River Authority Meridian WWTP
North Bosgue River PhOSphorus Removal Efﬂuent P04 Data

_ 0110411999 Orhophosphate Phosphoms (mg) -

Orthophosphate Phosphorus (mg/L) 4.44
thophosphate, Phosphorus: (i
Orthophosphate Phosphorus (mg/L)

03/06/2000

05/01/2000 Onhophosphate Phosphorus (mg/L) 5.09

Meridian WWTP TIAER

BRA = Brazos River Authority
TIAER = Texas Institute for Applied Environmental Research
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CDM Camp Dresser & McKee Inc. Table B-5a
Brazos River Authority Stephenville WWTP
North Bosque River Phosphorus Removal Effluent CBOD Data

ks

Stephenvulle WWTP COS Jan-99 CBOD (mg/l) Daily Ave. NR
Frnpl 4 %’* 3 : e T t:. 7;3 . - ,:_z y ’ - :

Stephenvnlle WWTP cOS Mar-98 CBOD {mg/l) Daily Ave. NR
m@ o] Y e g
Gy L

Stephenwlle WWTP COS May-99 CBOD (mg/) Daily Ave. NR

i :%!9

Jul-99 CBOD (mg/i) Daily Ave. NR

Sep-99 1 CBOD {mg/l) Daily Ave. _ 4.80

siemen le WWIP |F |soceoo ol CROPman Dail Av
Stephenwlle WWTP COS Nov-99 CBOD (mgII) Daily Ave, 3.20
5. 0E050 s Docoo | CEOD [mol Bally Ave 5| ifZ 0 s
CBOD (mg/l) Dally Ave 4.30
/|1 CE00 (mom DalivAve [ 35720. 5
CBOD (mgll) DalIy Ave.

Jan 00

CBOD (mglr) Darly Ave.
i vif @ ;,wf Hal TR

CBOD (mgll) Dally Ave

Nov-oo CBOD (mgll) Dally Ave NR

COS = City of Stephenville
NR = No Record
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CDM Camp Dresser & McKee Inc. Table B-5b

Brazos River Authority Stephenville WWTP
North Bosque Rlver Phosphorus Removal Effluent TSS Data
Stephenville WNTP COS - 01/1999 Total Suspended Solids (mg/l.) NR
Stephenville WWTP TIAER 01/11/1999 Total Suspended Solids (mg/L) < 3
AT e % =Tt P

~ Stephenville \7VWTP TIAER 03/09/1999 |  Total Suspended Solids (mgil) | < 3

Stephenville wwni “SRA 04/05/1999 |  Tolal Suspended Soids (mg/L) T 1
i e HIALR . S e i3
Stephenvnlle WWTP BRA 05/05/1999 Total Suspended Solids (mg/L) < 4

Stephenwlle WWTP BRA 06/03/1999 Total Suspended Solids (mg/l) 10
Stephenwlle WWTP 08/1999 Total Suspended Solids (mg/l) | | NR
B it - : : o e e TS
Stephenvnlle WWTP TIAER 08/23/1999 Total Suspended Solids (mg/l.) < 4
Stephenville WWTP TIAER 09/20.'1999 Total Suspended Solids (mg/L) < 4
; oo e T SORIB /LYy | v
Stephenvnlle WWTP TIAER 101 811999 Total Suspended Sol'lds (mgIL) < 4
EStephenvile WWITE: |- COBRE 14 98- AR
Stephenvrlle WWTP 11l15/1999 Total Suspended Sollds (mglL) < 4
¢ 1Y St 21188008 FahiT R g D
_ﬂephenvulle WWTP TIAER 12/13/1999 Total Suspended Sollds (mglL) < 6 ‘
=xStephenville WP ks [ 01/200025 3 e L R e
Stephenwlle WWT 01/1 0/2000 Total Suspended Sohds (mgIL) < 6
2 . j Sl 202020007 5]t Total Suspended Solids (mg/l) - = [ldie 5,070
02!08/2000 Total Suspended Sollds mglL)

rotal Suspended Solids (mgIL)

| Stephenville WWTP

" 03/06/2000 '

- Stephenille W T PL [/ COS v fi T2 Toler Suspended BOMs MU/E ) |7
Stephenvulie WWTP Total Suspended Sohds (mglL)

‘ "Stephenwlle WWTP
:Stephenville WWITE |- “TIAER. |5

Stephenvulle WWTP TIAER 07/26/2000 Total Suspended Soﬁds (mgIL) n-_
z WTTP. SFded 50 A5

Slephenvnlle WWTP TIA R 08/08/2000 Tolal Suspended Sohds (mgIL) -“
« ; TEE

StEnhenie Wik S pendet SOOS {TEIE
Stephenville WWTP COS 09/2000 Total Suspended Solids (mgIL) --ﬂ_

~AER

W?TolaI_SuspendedSollds (mglL) -+ > )

09.'20/2000 '

~Stephonvils WWTF

BRA = Brazos River Authority

COS = City of Stephenville

TIAER = Texas Institute for Applied Environmental Research
NR = No Record
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CDM Camp Dresser & McKee Inc. Table B-5¢
Brazos River Authority Stephenville WWTP
North Bosque Rivet_' Phosphorus Removal Efﬂuent NH3 Data
o VT AT T 1 ] E - S 7 ‘""’f’*; T, ; T

S‘ephet‘vi','f WWTP TIAER 01111 999 1 Ammonia Nitrogen {mg/L}) 0.18

TIAER 03/09/1999 | Ammonia Nitrogen (mg/L) 0.80

TIAER 05/17/1999 Ammonia Nitrogen (mg/L) 1.77

TIAER 07/26/1999 Ammonia Nitrogen (mglL) 0.56

TIAER 09/20/1999 | Ammoma N|trogen (mgIL) 0.11

TR 1@@3@

1 1_/‘1 5/1 999

nonia Nitrogen (mgIL)::
Ammonta Nltrogen (mgl!.)

07/26.’2000 Ammonla Nltrogen (mgIL) m

”?;'ivfau & Nitroger

09/20/2000 Ammonla Nltrogen (mglL)

Stephenvulle WWTP

TIAER = Texas Institute for Applied Environmental Research
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CDM Camp Dresser & McKee Inc. Table B-5d

Brazos River Authority Stephenville WWTP
North Bosque Rlver Phosphorus Removal Effluent PO4 Data

BRA 01/04/1999 Orthophosphate Phosphorus (mg/L) 1.50

Stephenville WWTP _ TIAER 02/09/1999 Orthophosphate Phosphorus {(mg/L) 1.23
Stephenwlle WWTP TIAER 03/09/1999 Crthophosphate Phosphorus (mg/L) 0.85
S e BRA TS [ OO jphate Pr Moy | 336
TIAER 04/06/1999 Orthophosphate Phosphorus {mg/L) 0.58
TIAER 05/17/1999 Orthophosphate Phosphorus (mg/L} 0.96
TIAER 06/15/1999 Orthophosphate Phosphorus (mg/L)
2 BRAS L E n7ogH e | ophosphate PRosphonis (no/k) £
Stephenvnlle WWTF’ TIAER | 07/26/1999 Orthophosphate Phosphorus (mglL)

08/23/1 999 Orthophosphate Phosphorus (mglL)

S f Fen Yx“».g&

Stephenwlle WWTP TIAER 10/1 8/1 999 Orthophosphate Phosphorus (mg/L) 2.75

5
g
=

hosphate Phosphorus (mglL) .
Stephenvulle WWI'P TIAER 02/08/2000 Orthophosphate Phosphorus (mg/L)

Orthop

W

_stephenville WWTE L S TIAERS | 08/0612000° | Orihophoephate Bosphariis (malt )i b ek 00 e

rStephenwlle WV\rrP TIAER 04/03/2000 Orthophosphate Phosphorus (mglL) 1.04

i StéphenvilewWTR | s TAERIEEE 0501000 | | oM ophoSphater PRDSARdIRITR/L A IR
Stephenwlle WWTP TIAER 06/13/2000 Onhophosphate Phosphorus (mg/L) 2.11

R T i Y e, s

S(ephenvnlle WWTP TIAERV 071 1/2000 Orthophosphate Phosphorus (mglL) .
sphenville WWTP | 32 | 07126/5000: | 5 Ortiophosphiéte Pho [Lis [ e

Stephenville WWTP TIAER 0810812000 Orlhophosphate Phosphorus (mglL)
: v TIRER - | #0672 thophiosphate: Phospliars (mg/l. 17

TIAER

BRA = Brazos River Authority
TIAER = Texas Institute for Applied Environmental Research
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CDM Camp Dresser & McKee Inc.
Brazos River Authority
Norrh Bosque R:ver Phosphoms Removal

=0l V” w;\ m
it

TIAER 01/11/1699

Stephenvnlle WWTP TIAER 03/09/1999
it g : : : g iw% 7 w ;@ % ]

Stephenvdle WWTP TIAER 7

TR

05/17/1999

%i B S

Stephenwlle WWTP TIAER 07/26/1999
Stephenwlle WWI'P TIAER 09/20/1999
- StephenvileWWiTP: B TIAERI | oM 8lie0
Stephenwlle WWTP TIAER 11/1 5/1 999
o AR i oliuroegs T T

TIAER 011 0/2000
ISR

e

i

Total Phosphorus (mg/L) 2 72
Total Phosphorus (mg/L) 1.33
Total Phosphorus (mg/L) 1.20

Tptal Phosphorus (mg/L) 3.20

EehL

Total Phosphorus (mgIL) 3.81

Effluent TP Data

03/06/2000

Table B-5e
Stephenville WWTP

S
e £ g ~?
ik a5

G
v 2 it
+ted L

05/01/2000
72 00 1312'{)60
06/26/2000

09/20/2 000

Stephenwlle WWTP TIAER

Total Phosphorus (mg/L) 3.42

TIAER = Texas Institute for Applied Environmental Research
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CDM Camp Dresser & McKee Inc. Table B-6a
Brazos River Authority Valley Mills WWTP
North Bosque River Phosphorus Removal Effluent BOD Data

e

Valiey Mills WWTP COVM Jan-99_ BOD {mg/) Daily Ave. NR
Valiey Mills WWTP COVM Mar-99 7 BOD (mgd) Daily Ave. NR
Valley Mills WWTP COVM May-99 BQD (mg/) Daily Ave. NR

"Nfﬁ‘;» L o ; = R

Valley Mrlls WWTP COVM Jul-99 BOD (mg/l) Daily Ave. NR
; i E% e
e WUHE VUV o i e FOREAfY :

ks

Valley Mills WWTP COVM Sep-99 BOD ({mg/) Daily Ave, 5.37

Svalley Mils WWIRTIERCOUN T 00 ¢ B0 (oMl Ave Bl a0
Valley Mills WWTP COVM Nov-99 BOD (mgll) Daily Ave. 2.26

EValleyMils WWTEE R0V [ #iDec 00 i THOD (na TRV AVe BT Song!
Valley Ml"s WWI’P BOD (mgll) Dally Ave

BOD (mgll) Dally Ave. .
785t faf,;fé’**@%@ T B 50

COVM

Valley Mllls WWTP COVM Sep-00

R T,
.a’

BOD (mg/l) Daily Ave.

B RS ET S : = ; ST e

: Valley Mllls WWTP COVM Nov-00 BOD (mg/) Daily Ave. NR

Vailei Mils MR EEaUM: - [ EdBe oo &} S BoD mahi Dl Ave i i NR

COVM = City of Valley Mills
NR = No Record
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CDM  Camp Dresser & McKee Inc. Table B-6b
Brazos River Authority Valley Mills WWTP
North Bosque Rlver Phosphoms Removal Effluent TSS Data
A%s ﬁwmw : Taklate Lol 5C % e
Valley Mills WWTP BRA - 01/04/1999 Total Suspended Solids (mg/L) < 4
Valley Mlils WWTP TIAER 02/09/1999 Total Suspended Solids (mg/L) < 6
5 Zeone GO H ohis g E
Valley Mills WWTP ‘ BRA 03/01/1 999 Total Suspended Solids (mg/L) < 4
é B i ron ‘~ l . T et
Valley MI"S WWTP COVM 04/1999 Total Suspended Solids (mg/L) NR
Valley Mills WWTP TIAER 04/06/1999 Total Suspended Sollds (mg/L) <
HiVallay MilEWWITR - A 9
Valley Mllls WWTP TlAER 05/04/1999 Tolal Suspended Sohds (mgIL)
Valley M|lls WWTP TlAER 05/17/1999 Total Suspended SOIIdS (mgIL)
Valley M|IIs WWTP BRA 06/03/1999 Total Suspended Sollds (mglL)
= Valley MIBWWIEF: | = COUN FO71999: [S U TOlRESIRbended Solide mg/) |
Valley Mills WWTP | BRA 07/06/1999 Total Suspended Solids (mg/L)
& Valley MIS WWTFL: | TIAER G [L07/126/1899, [ =
Valley Mills WWTP COVM 08/1999 Total Suspended Sollds (mgIL)
[ Valiey Mills WWTP |5+ BRAT:" |- 08/02/1999" | 2 Total Suspended:Salids (mg/l) =15 [
Valley Mills WWTP TIAER 08/23/1 999 [ i
2 Vallay Mills WWITP:- [ y i 999« | " Total! '
Valley Mills WWTP 10!1999 Total Suspended Sollds (mg.’L)
Valley MillS WWTP: i Total Stispended Solide (mg/L):
Valley Mills WWTP Total Suspended Solids {mg/L)
= Malley: Mills WWIE 'T véahotaleu”épﬁﬁdédeuiuisj malt) i
Valley Mills WWTP
[ Valley Mills WWTP = | = COUM . [F770%
Valley Mills WWTP TIAER 01/1 0/2000
- Valley Mifis WWIE | £ COVM .| 02/2000;

2 Valley Mills WA

Valley Mills WWTP

TIAER

02/08/2000
20005 |

Valley Mills WWTP 03l06/2000 Total Suspended SDlIdS (mgIL) <
2 Nalley MillS WWITP. 04/2000 % [=E Totak suspen Simyk) il e
Valley Mills WWTP 04/03/2000 Total Suspended Sohds (mglL) 269

L Valley Mills W1
Valley Mills WWTP

05/01/2000

Total Suspended Sollds (mg/L) <|
i Totaloe R B R ) e

L) ke

= Vailey Mills Wi

Valiey Mills WWTP

Total Suspended Sollds (rhg/L) 7

TV allay Mils VT

Valley Mills WWTP

[ 09/20004

Total Suspended“Sohds (mgIL)

BRA = Brazos River Authority

COVM = City of Vailey Mills

TIAER = Texas Institute for Applied Environmental Research
NR = No Record
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CDM Camp Dresser & McKee Inc. Table B-6c
Brazos River Authority Valley Mills WWTP
North Bosque River Phosphorus Removal Effluent NH3 Data

. @ T 5 TeR]

Jaliey Mils i tge '
Valley Mnlls TIAER 02/08.'2000 Ammonia- nltrogen (mglL) 0.06
av;-q i

TIAER = Texas Institute for Applied Environmental Research
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CDM Camp Dresser & McKee Inc.
Brazos River Authority
North Bosque River Phosphorus Removal

Val!ey Mills WWTP BRA 01/04/1999
S R
Val[ey Mtlls WWTP TIAER 02/09/1999

Valiey Mill WWTP TIAER 03/09/1999

R E e

Valley Mills WWTP _TIAER

R

07/06/1999

08/02/1 999

“L.BRAT i ddosntonil
TIAER | 04/08/1899 |

Orthophosphate Phosphorus (mgIL) 2.81
05/17/1999 |
e

Orthophosphate Phosphorus (mglL) 4.48

Table B-6d
Valley Mills WWTP
Effluent PO4 Data

Orthophosphate Phosphorus (mglL)

Orthophosphate Phosphorus (mg/L) 3.8

Onhophosphaie Phosphorus (mg/L) 3.565

PR i e @E‘
g o FAnEe
o R T Y W

Orthophosphate Phosphorus (mgIL)
A SHI n fm Ao S
Orthophosphate Phosphorus (mgIL)

H@fﬁﬁ” ﬂig*rﬁ%“!ﬂg%ii%%% e

03/06/2000

Valley Mills WWTP

05!01/2000 Orthophosphate Phasphorus (mg/L) 3.73

BRA = Brazas River Authority

TIAER = Texas Institute for Applied Environmental Research
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CDM Camp Dresser & McKee Inc. Table B-ge
Brazos River Authority Valley Mills WWTP
North Bosque River Phosphorus Removal Effluent TP Data

‘ ga.éém,

TIAER Total Phosphorus (mglL) m
=

V
Vauey Mllls TIAER 07/26!1 999 Total Phosphorus (mglL)

VaIIey MI“S WWTP

TIAER = Texas Institute for Applied Environmental Research
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CDM Camp Dresser & McKee Inc.
Brazos River Authority
North Bosque River Phosphorus Removal Study

Influent /Effluent Phosphorus Data

Table B-7
Clifton WWTP

0

b bayhie

T,,V7/99_ e S 10 04/05/00

04/18/0
04/25/00"

Estimated Infiuent Influent Total Effluent Total Estimated Influent Total Effluent Total
Date PO4 Phosphorus Phosphorus Date Influent PO4 Phosphorus Phosphorus
(mmddyy) (mgll) (mg/l) (rlgll) (mmddyy) (mg/l) {mg/l) . (man)
17.8

05/04/00

02/09/00

02/23/00

X!

03/08/00

03/22/00

58 ... 045
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CDM Camp Dresser & McKee Inc. Table B-8

Brazos River Authority Meridian WWTP
North Bosque River Phosphorus Removal Study Influent /Effluent Phosphorus Data
Estimated ' Estimated
Date Influent PO4 Influent Total P Effluent PO4 Date Influent PO4 Influent Total P Effluent PO4
{(mmddyy) (mg) (mg/l) (mgll) {mmddyy) (mgll) (mgh) ‘ {mgf)
02/15/00 14.9 4.9 17.0 07/18/00 115 3.0 9.15
£ 02/22/007 - . 17.3 57 - 2713 07/25/00 109 A0 o 42,00
02/29/00 220 7.3 , 9.3 08/01/00 5.05 1.1 335
03/07/00. 124 41 106 08/08/00 114 B 0c TN RN RN ) R
03/14/00 8.77 2.2 9.1 08/15/00 11.5 3.0 8.94
03/21/00 . 10.0 33 . - 865 - 08/2200 . 105 - 00 .. 0.0 i
03/27/00 10.8 3.6 11.0 08/24/00 NR 3.9 1.9
04/04/00 129 43 98 08/29/00 1.0 - 27 814
04/11/00 10.3 3.4 13.5 09/08/00 118 29 8.74
04/18/00 S 91 3.0 8.68 - 09/12/00 102 34 0 403
04/25/00 1.0 3.6 130 09/19/00 9.76 3.0 9.16
_0510/00°0 - 144 - 48 129 | 09/26/00 805 42 i A2
05/16/00 130 4.3 - 138 10/03/00 928 25 7.45
05/23/00 126 - 42 12.0 10/10/00 - 10.8 v B4 T o104
05/30/00 11.1 3.7 11.9 10/17/00 8.39 31 9.39
06/06/00  8.06 27 286 10/24/00 757 8.0 | 899
06/13/00 8.44 2.8 4.01 10/31/00 T 3.4 10.2 |
06/20/00° ~  6.12 20, 87 ~ 11/07/00 40 o280 0 o785 T
06/27/00 8.03 2.6 111 11/14/00 477 29 8.81
07/05/00 . . 101 S 33 . . 13 S s A DU
07/11/00 7.26 2.4 11.1 Ave. Values 10.28 3.33 10.06
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CDM Camp Dresser & McKee Inc.
Brazos River Authority

North Bosque River Phosphorus Removal Study

Influent /Effluent Monitoring Data

Table B-9
Stephenville WWTP

' 07/1 5/99

07/17/99 325 10.7
| 108103719 D! 18.2
 08/10/99 50.0 16.5

/21799

o R A

- 10/26!99

10/28/99

12/08/99“

2Z/08]9¢
0112100

e 8"1“”

xxxxxx et

03/07/00

014100

Estimated Estimated
Influent Influent | Effluent Effluent Influent Influent Influent
Date PQ4 Total P PO4 Total P CBOD TSS NH3
(mmddyy)| (mg/l) (mgh) (mgrl) (mg/l) mg/l mg/l mgil
07/14/99 400 13.2 NR NR NR NR NR




CDM Camp Dresser & McKee Inc.

Brazos River Authority

North Bosque River Phosphorus Removal Study

Table B-9 (Cont'd.)

Stephenville WWTP
Influent /Effluent Monitoring Data

Estimated Estimated
Influent Influent | Effluent | Effluent (Influent Influent Influent
Date PO4 Total P PO4 Total P (CBOD TSS NH3
(mmddyy) {mg/l) {mg/) (mg/l) (mg/l) mg/l mg/l myg/l
| 03/18700 [~ NR —— ~ NR NR NR 232 258 325

03/21/00

03/29/00

‘ Averages 39.0

129

1.0

NR = No Record
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Appendix C: Design Calculations
Brazos River Authority
North Bosque River Phosphorous Removal Study

CDM  Cucp Dresser & McKee Inc.

Appendix C Fly Sheet.doc



CDM Camp Dresser & McKee Ine. Table C-1
Brazos River Authority
North Bosque River Phosphorus Removal Study

Chemical Treatment Sizing Calculations

Chemical Phosphorus Removal THIS SHEET USED FOR EQUIPMENT SIZING (Pumps and Storage Tanks)

Liguid aluminum sulfate, alum, is available as 4.37% aluminum, 8.3% Al,SO, or 49% Al,(S0,), 14H,0. The unit weight is 11.1 1b/gal.
The molecular weight is 594,

The stoichiometric molar ratio of Al:PO, is 1:1. The stoichiometric weight ratic of Al:P is 0.87:1, and for alum:P is 9.6:1,

Chemical treatment with Alum at a rate of 2.2 mole of Al/mole of P removed.

Design Flow Aeration Basin Target Required  Paak Alum

Tank
Facility Rate' Influent P Effluent P EffluentP  Alum Conc. Dose Storage® Diameter
(MGD) (mgiL) {mgiL) (mg/L) (mg/L) {gpd) (gals) (ft)

Clifton WWTP 0.975 10

45

129

05 7.8

redell WWTP

' Design Flow Rate = Average Daily Flow Rate * Peaking Factor of 1.5, (Stephe
% Based on 30 day storage

Note: This table computes the peak chemical demand and is used for sizing pumps, tanks, and piping.
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CDM Camp Dresser & McKee Inc.

North Bosque River Phosphorus Removal Study

Table C-2

Brazos River Authority Chemical Treatment Operating Calculations

Chemical Phosphorus Removal THIS SHEET USED FOR OPERATING COST ESTIMATION

Liquid aluminum sulfate, alum, is available as 4.37% aluminum, 8.3% ALSO; or 49% Al,(SO,); 14H,0. The unit weight is 11.1 Ib/gal.
The molecular weight is 594.

The stoichiometric molar ratio of Al:PQ, is 1:1. The stoichiometric weight ratio of Al:P is 0.87:1, and for alum:P is 9.6:1.

Chemical treatment with Alum at a rate of 2.2 mole of Al/mole of P removed.

Average Average Average
Daily Flow Aeration Basin Target Required Alum Alum
Facility Rate Influent P Effluent P EffluentP  Alum Conc. Dose' Use'
(MGD) (mglL) (mg/L) (mglL) (mg/L) {gpd) gp

0.65 10

Clio WWTP‘ 7 05

45«

Iredell WWTP

H
Stephenville WWTP

' Dose rate bsed a 48% Alum soiution with a density of 11.1 Ib/gal

Note: This table computes the average chemical demand and is used for computing the annual operating cost.
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CDM Camp Dresser & McKee Inc. Table C-3
Brazos River Authority Biological Nutrient Removal Design Calculations

North Bosque River Phosphorus Removal Study

Anaerobic basin volume requirements to remove phosphorus to the effluent concentration

Average Assumed Estimated P Anaerobic
Daily Flow Peaking ' Existing BNR Effluent Removed by Anaerobic Basin
Facility Rate Factor Influent P Effluent P P BNR HRT Volume?
(MGD) _ _(mg/L) _(mglL) (mglL) (mg/L} __(hr) (gal)

Clifton WWTP 0.65 15 10 45 2.5 N/A' N/A!

! Existing SBR capable of BNR without further modifications except chemical p.olishing filtration. Existing effluent P of 4.5 mg/L assumed as a
conservative design parameter.

? Basin volume determined using Permitted Average Daily Flow * Peaking Factor
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CDM Camp Dresser & McKee Inc. Table C-4
Brazos River Authority Chemical Polishing Design Calculations

North Bosque River Phosphorus Removal Study

BNR - Chemical Polishing Dose and Storage Requirements " THIS SHEET USED FOR EQUIPMENT SIZING

Liquid aluminum sulfate, alum, is available as 4.37% aluminum, 8.3% Al.SO; or 49% Al,(SO,); 14H,O. The unit weight is 11.1 Ib/gal.

The molecular weight is 594.
The stoichiometric molar ratio of Al:PQO, is 1:1. The stoichiometric weight ratio of Ai:P is 0.87:1, and for alum:P is 9.6:1.

Chemical treatment with Alum at a rate of 2.2 mole of Al/mole of P removed.

t  Tank
+ Diameter
ft)

5.3

Design Flow BNR Effluent Target Required Peak Alum |
Facility Rate’ Influent P P EffluentP  Alum Conc. Dose’

(MGD) ___ (mgl) _ (mgll) (mglL) (mgfL) (gpd)
10 2 0 32 48

Storage’

Clifton

Iredell WWTP

Stephenville WWTP®

! Design Flow Rate = Average Daily Flow Rate * Peaking Factor of 1.5, (Stephenville = 1.3)
% Based on 30 day storage
® The Stephenvilie WWTP will reguire a 6,800 gal storage tank for an effluent limit of 0.7 mg/L TP.

Note: This table computes the peak chemical demand and is used for sizing pumps, tanks, and piping. -
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CDM Camp Dresser & McKee Inc. Table C-5
Brazos River Authority Chemical Polishing Operating Calculations
North Bosque River Phosphorus Removal Study

BNR - Chemical Polishing Dose and Storage Requirements * THIS SHEET USED FOR OPERATING COST ESTIMATION

Average

Average Daily BNR Effluent Target Required Average Alum
Facility Flow Rate  Influent P P EffluentP  Alum Conc. Alum Dose’ Use’
(MGD) (mg/L) (mg/L) (mg/L) {mgiL) (gpd)

0.65

Clifton WWTP 1"()

' Dose rate based on a 48% Alum solution with a density of 11.1 Ib/gal
2 Based on 30 day storage

Note: This table computes the average chemical demand and is used for computing the annual operating cost.
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CDM Camp Dresser & McKee Inc. Table C-7
Brazos River Authority Siudge Production Calculations

North Bosque River Phosphorus Removal Study

Biological Phosphorus Removal Sludge Production:
Phosphorus removal through Biological treatment and chemical polishing results in an estimated 25% increase in the total solids produced

Projected Phosphorus SHT? Existing Drying Phos. Removal Additional Hauled
Facility WAS Removal WAS  Volume Bed Area Bed Area Sludge

(gpd) (gpd) __{gal) (ft) (ff) (yd’lyr)
18,281 4

Clifton WWTP

Iredell WWTP

e

Stephenville WWTP
]

'The Stephenville WWTP sludge digesters will serve as the sludge holding tanks.
ZSHT = Sludge Holding Tank

3The Stephenville facility will have 586 yd*/yr of additional sludge for an effluent limit of 0.7 mg/L. The additional 0.3 mg/L removed results in an overall
increase of 30%.

* Sludge holding tank not required at Clifton due to reliance on mechanical dewatering.
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Appendix D: Cost Estimates
Brazos River Authority
North Bosque River Phosphorous Removal Study

CDM  Caxp Dresser & McKee Inc.
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/A

Table D-1

Chemical Phosphorus Removal at Hico WWTP

Preliminary Cost Opinion "

Estimated
Item Ne.  Unit  Unit Cost Raw Installation Installation Itern
Capital Costs Cost Factor Cost Cost
Equipment
Insurance, Bonds Move-In, etc. 1 L.S. 5% 57,818 NA $0 7,800
Site Preparation 1 L.S. 5% $7,443 NA $0 7,400
1 - 1200 ga! Alum Storage Tank 1 Each $3,000 $3,000 35% $1,050 §4,100
1" Alum Feed Line 10 L.F $20 $200 NA $0 $200
Alum Feed Pumps 2 Each $4,800 $9,600 35% $3,360 $13,000
2-Disk Filter Unit 1 Each | $115,000 $115,000 35% $40,250] $155,300
Filter Piping 40 L.F. 30 1,200 NA $0 1,200
Siudge Drying Bed 1" Water Line 100 | LF. 20 2,000 NA $0 2,000
Sludge Drying Bed 6" RAS Piping 100 L.F. $35 $3,500 NA $0 }3,500
Electrical Junction Boxes 1 L.S. $5,000 $5,000 NA $0 $5,000
Electrical Conduit to Alum Feed Pumps 200 L.F. $30 $6,000 NA $0 $6,000
Electrical Conduit fo Filters 50 L.F. $30 $1,500 NA $0 $1,500
Motor Controls, Instrumentation, Misc. 1 L.S. $30,000 $30,000 NA $0 $30,000
Sedimentation/Erosion Control 900 | L.F. $2 $1,800 NA 30 $1,800
Loaming/Hydroseeding 56 S.Y. $1.20 367 NA $0 $100
Subtotal $239,000
Prof. Services @ (15%)  $36,000
Contingencies (25%)°  $60,000
OH&P (15%) $36,000
Total Equipment Cost  $371,000
Structures
Insurance, Bonds Move-In, etc. 1 L.S. 5% 2,874 NA $0 $2,900
Site Preparation 1 L.S 5% 2,737 NA $0 $2,700
Concrete Pad for Chemical Tank 2 CY. 350 $635 NA $0 $600
Concrete Pad for Filter Unit 4 C.Y. $350 $1,225 NA $0 $1,200
Siudge Drying Beds 151 1 CY. $350 $52,889 NA $0 $52,900
Subtotal $60,000
Prof. Services ¥ (15%) $9,000
Contingencies (25%) $15,000
OH&P (15%) $9,000
Total Structures Cost $93,000
Totai Capital Cost  $484,000
Annual Operation and Maintenance (O&M) Cost
Alum 9,490] GAL $1.00 $8,490 NA] 30 $9,500
Maintenance 1 |Per Yea 3% $5,049 NA 30 $5,000
Power 4,355 kW-HR $0.07 $305 NA $0 $200
Labor 104 | hrsiyr $20.00 $2,080 NA $0 $2,100
Additional Sludge Disposal 81 C.Y. $15 $315 NA) $0 $500
Total Annual O&%M Cost $18,000
. Annualized Cost
Annualized Capital Cost $ 26,000
$ 18,000

(1) Estimates do not include:

- legal and administrative axpenses
- easemantsiand acquisition

- permits and fees

- private uiility adjustments

TOTAL ANNUALIZED COST

Cast per Pound Phosphorus Removed Per Year®

{2} Includes engineering, surveying, gectechnical and other professional sarvices R
{3) Item costs and sublotals are rounded 10 an appropriate number of significant figuras.
(4) Based on a discharge of 0.5 ppm.

L
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Table D-2

Chemical Phosphorus Removal at Iredell WWTP

Preliminary Cost Opinion

Estimated
Item No. Unit  Unit Cost Raw Installation Installation Iltem
I.  Capltal Costs Cost Factor Cost Cost
Equipment
Insurance, Bonds Move-In, etc. t L.S. 5% $6,528 NA $0 $6,900
Site Preparation 1 L.S. 5% $6,800 NA $0 $6,600
1 - 400 gal Alum Storage Tank 1 Each $1,350 1,350 35% $473 1,800
1* Alum Feed Line 100 L.F. $20 2,000 NA $0 $2,000
Alum Feed Pumps 2 Each $4.800 $9,600 35% $3,360 $13,000
1-Disk Filter Unit 1 Each [$110,000 $110,000 35% $38,500] $148,500
Filter Piging 20 L.F. $30 $600 NA 30 $600
Electrical Junction Boxes 1 LS. $5,000 b5,000 NA $0 55,000
Electrical Conduit to Alum Feed Pumps 40 L.F. 30 $1,200 NA $0 51,200
Electrical Conduit to Filters 20 L.F. $30 $600 NA $0 $600
Motor Controls, Instrumentation, Misc. 1 L.S. $26,000 $26,000 NA $0 $26,000
Sedimentation/Erosion Control 260 L.F. $2 $520 NA $0 $500
Loaming/Hydroseeding 933 S.Y. $1.20 $1,120 NA $0 $1,100
Subtofal  $214,000
Prof. Services ¥ (15%)  $32,000
Contingencies (25%) $54,000
OHS&P (15%) $32,000
Total Equipment Cast  $332,000
Structures
Insurance, Bonds Move-In, etc. 1 L.S. 5% 53,486 NA $0 3,500
Site Preparation 1 LS. 5% $3,320 NA $0 $3,300
Concrete Pad for Chemical Tank 1 CY. 350 $324 NA $0 $300
Concrete Pad for Filter Unit 4 C.Y. 350 $1,225 NA $0 $1,200
Deme Chlorine Basin 1 LS. $10,000 10,000 NA $0 510,000
New Chlorine Contact Basin 40 C.Y. $500 20,069 NA $0 $20,100
Sludge Drying Beds 55 CY. $350 $19,185 NA $0 $19,200
Fence Modifications 180 L.F. 20 $3,600 NA $0 $3,600
Structural Fill 1,000 C.Y. 12 $12,000 NA $0 $12,000
Subtotal  $73,000
Prof. Services 2 (15%) $11,000
Contingencies (25%) $18,000
OH&P (15%) $11,000
Total Structures Cost  $113,000
Total Capital Cost  $445,000
Il. Annual Operation and Maintenance (0&M) Cost
Alum 2,555] GAL $1.00 $2,555 NA $0 $2,600
Maintenance 1 1 PerYear 3% 54,845 NA $0 §4,800
Power 4,355] kW-HR $0.07 $305 NA $0 $300
Labor 104 hrsfyr $20.00 $2,080 NA $0 $2,100
Adpditional Sludge Disposal 15 C.Y. $15 $225 NA $0 $230
Total Annual O&M Cost $10,000
ill. Annualized Cost
Annualized Capital Cost $ 25,000
$ 10,000
TOTAL ANNUALIZED COST
Cost per Pound Phosphorus Removed Per Year®

(1) Estimates do not include:
- legal and administrative expenses
- easements/land acquisition
- parmits and faes
- privale utility adjustments
{2) Includes engineering, surveying, geotechnical and other professional services
(3) item cosis and subtotals are rounded 1o an appropriate number of significant figures.
(4) Based on a discharge of 0.5 ppm,
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Chemical Phosphorus Removal at Meridian WWTP
Preliminary Cost Opinion

Table D-3

[21]

Estimated
ltem No. Unit  Unit Cost Raw Instaliation instaflation Itarn
LCapital Costs Cost Factor Cost Cost
Equipment
Insurance, Bonds Move-in, efc. 1 L.S. 5% $22,056 NA $0 $22,100
Site Preparation 1 LS. 5% $21,006 NA $0 $21.000
1. 3,000 gal Alum Storage Tank 1 Each $7.000 7,000 35% $2,450 $9,500
1" Alum Feed Line 100 LF, $20 $2,000 NA $0 $2.000
Alum Feed Pumps 2 Each $5,200 $10,400 5% $3,640 $14,000
4-Disk Filter Unit 1 Each ]$135,000 $135,000 35% $47.,250 $182,300
Filter Piping _ 40 L.F. $30 $1,200 NA $0 $1.200
1 - 10,000 gal Siydge Storage Tank 1 Each | $14,500 $14,500 35% $5,075 $19,600
Siudge Feed Pumps 2 Each | $15,000 $30,000 35%|  $10,500 $40,500
4" Sludge Feed Lina 20 L.F. $30 $500 NA $0 $600
Polymer Faad Unit 1 Each $15,000 $15,000 35% $5,250 $20,300
Conveyor 1 Each $25,000 $25,000 35% $8,750 $33,800
1-Maler Belt Press 1 Each | $160,000 $160,000 65%| $104,000 $264,000
Elecirical Junction Boxes 1 L.S. $5,000 $5,000 NA $0 $5,000
Electrical Conduit to Alum Fead Pumps 100 LF. b30 b3,000 NA $0 $3,000
Electrical Conduit to Filters 50 L.F. 30 1,500 NA $0 1,500
Electrical Conduit to Beit Filter Presses 100 L.F. $20 $3.000 NA sol 3,000
Moator Controls, Instrumentation, Misc. 1 L.S. $93,000 $93,000 NA $0 $93,000
Refocate Yard Piping 80 L.F. $50 $4,000 NA $0 $4.000
Sedimantation/Erasion Control 1,400 L.F. $2 $2,800 NA $0 $2,800
Loaming/Hydroseeding 101 SY. $1.20 $121 NA $0 $100
Sublotai $743.000
Prof. Services % (15%) $111,000
Contingencies {25%) $186,000
OH&P (15%) $111,000
Total Equipment Cost  §1,151,000
Structures
Ingurance, Bonds Move-in, etc. 1 L.S. 5% 54,175 NA $0 54,200
Site Preparation 1 LS. 5% 53,976 NA $0 54,000
Concrete Pad for Chemical Tank 4 C.Y. $350 1,296 NA $0 1,300
Concrete Pad for Fiiter Unit 4 C.Y. $350 1,497 NA $0 1,500
Belt Filter Pross Building 900 S.F. $50 $45,000 NA $0 $45,000
New Chlorine Contact Basin 56 CY. $500 $27,833 NA $0 $27,800
Paving 111 5.Y. $35 $3,889 NA $0 $3,900
Subtotal $88,000
Prof. Services  (15%) $13,000
Contingencies (25%) $22,000
OH&P (15%) $13,000
Total Structures Cost $136,000
Total Capital Cost 1,287,000
Annual Operation and Maintenance (O&M) Cost
Alum 20,051 GAL $1.00 $20,051 NA $0 $20,100
Palymer 730 LB $2.50 $1.825 NA $0 $1,800
Maintenance 1 Per Year 3% $16,647 NA $0 $16,600
Power 32,351} kW-HR $0.07 2,265 NA S0 $2,300
Labor 208 hesiyr $20.00 34,160 NA $0 $4,200
Agditional Sludge Disposal 137 C.Y. $15 $2,055 NA $0 b2,100
Total Annuat O&M Caost $47,000
. Annualized Cost
Annualized Capital Cost $ 76,000
$ 47,000
TOTAL ANNUALIZED COST
Cost per Pound Phosphorus Removed Per Year®

{1) Estimates do not include:

(2

{3) ltem costs and Subtotals are rounded to an

- legal and administrative expenses
- easementsAland acquisition

= permits and fees

- private Wity adjustments

G %, surveying, ical and ather

number of

(4) Based on a discharge of 0.5 ppm.

figures.
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Table D4

Chemical Phosphorus Removal at Stephenvillo WWTP

Preliminary Cost Opinion ‘¥

Estimated
{tam No. Unit  Unit Cost Raw Installation Instatlation ltem
1. Capital Costs - Cost Factor Cost Cost
Equipment
Insurance, Bonds Move-in, etc. 1 L.S. 5% 18,558 NA $0 $18,600
Site Preparation 1 L.S. 5% 17,673 NA $0 b17,700
2 - 8,000 gal Alum Storage Tanks 2 Each $14,500 29,000 35% $10,150 39,200
1* Alum Feed Line 50 L.F. 820 $1,000 NA $0 $1,000
Alum Feed Pumps 2 Each $5,200 $10,400 35% b3,640 14,000
Sludge Feed Pumps 2 Each $5,200 $10,400 35% 3,640 j14,000
4" Sludge Feed Line 500 L.F. $30 $15,000 NA $0 15,000
Polymer Feed Unit 1 Each $15,000 $15,000 35% $5,250 $20,300
Conveayor 1 Each 525,000 525,000 35% $8,750 $33,800
2-Meter Belt Press 1 Each | $225,000 $225,000 65% $148,250 $371.300
Electrical Junction Boxes 1 LS. $5,000 $5,000 NA $0 $5,000
Electrical Conduit to Alum Feed Pumps 400 L.F. $30 $12,000 NA $0 $12,000
Electrical Conduit to Belt Filter Presses 100 L.F. 530 $3,000 NA 30 $3.000
Motor Controls, Instrumentation, Misc. 1 L.S. $78,000 $78,000 NA $0 $78,000
Sedimentation/Erosion Control 1,260 L.F. $2 $2,520 NA $0 $2,500
Loaming/Hydroseeding 111 S.Y. $1.20 $133 NA $0 $100
Subtotal $646,000
Prof. Services ' (15%) $67,000
Contingencies (25%) $162,000
OH&P (15%) $87,000
Total Equipment Cost  §$1,002,000
Structures
Insurance, Bonds Mave-In, etc. 1 L.S. 5% $2,608 NA $0 $2,600
Site Preparation 1 L.S. 5% 2,484 NA 30 2,500
Concrete Pad For Chemical Tanks 4 C.Y. $350 1,569 NA 30 b1,600
Belt Filter Press Building 900 SF. $50 $45 000 NA $0 $45,000
Paving a9 SY. $35 $3.111 NA $0 $3,100
Subtotal $55,000
Prof. Services ¥ (15%) $8,000
Contingencies (25%) $14,000
QH&P (15%) $8,000
Total Structures Cost $85,000
Total Capital Cost $1,087,000
#l. Annual Operation and Maintenance (QO&M) Cost
Alum 144,540f GAL 51.00 $144,540 NA $0 $144,500
Polymer 3,285 LB b2.50 $8.213 NA $0 $8,200
Maintenance 1 Per Year 3% $13,602 NA $0 13,600
Power 261,8381 kW-HR $0.07 $18,329 NA $0 $18,300
Labor 312 hrsfyr $20.00 $6,240 NA $0 $6,200
Additional Sludge Disposal 911 C.Y. $15 $13,665 NA $0 $13,700
Total Annual O&M Cost $205,000
il. Annualized Cost
Annualized Capital Cost $ 64,000
~Anoual Q&M Cast $ 205,000
TOTAL ANNUALIZED COST

Cost per Pound Phosphorus Removed Per Year’
{1) Estimates do notinclude:
- legal and administrative expensas
- easements/land acquisition
- parmits and fees
- privata ulility adjustmenis
{2} Includes engineering, surveying, geotechnical and other professional services
{3) Item costs and subtotals are rounded to an appropriate number of significant figures.
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Table D-5
Chemical Phosphorus Removal at Valley Mills WWTP

Preliminary Cost Opinion ™

Estimated
ltem No. Unit Unit Cost Raw Installation Installation tem
Lapital Costs - Cost Factor Cost Cost
Equipment
Insurance, Bonds Move-In, etc. 1 L.S. 5% $9,970 NA $0 $10,000
Site Preparation 1 L.S. 5% $8,305 NA $0 $8,300
QOxidation Ditch Rotor and Wiring 1 Each $25.000 $25,000 35% $8.750 $33,800
1 - 2500 gal Alum Storage Tank 1 Each $6,000 $6,000 35% $2,100 $8,100
1" Alum Feed Line 20 L.F. $20 $400 NA $0 $400
Alum Feed Pumps 2 Each $5,200 $10,400 35% $3,640 $14,000
4-Disk Filter Unit 1 Each _ 1$135,000 $135,000 35% $47,250] $182,300
Filter Piping 40 LF. p30 $1,200 NA $0 $1,200
Relocate Chlorine Lines 40 L.F. 20 $800 NA $0 $800
Electrical Junction Boxes 1 L.S. $5,000 5,000 NA $0 $5,000
Electrical Conduit to Alum Feed Pumps 100 L.F. 30 $3,000 NA $0 3,000
Electrical Conduit to Filters 100 L.F. 30 3,000 NA $0 53,000
Motor Controls, Instrumentation, Misc. 1 LS. $42,000 $42,000 NA $0 $42,000
Sedimentation/Erosion Control 620 L.F. $2 ~$1,240 NA $0 $1,200
Loaming/Hydroseeding 50 SY $1.20 260 NA $0 $100
: Subtotal  $313,000
Prof. Services ¥ (15%)  $47,000
Contingencies (25%) $78,000
QHA&P {15%) $47,000
Total Equipment Cost  $485,000
Structures
Insurance, Bonds Move-in, etc. 1 L.S. 5% 51,598 NA $0 $1,600
Site Preparation 1 L.S. 5% b1,471 NA $0 1,500
Caoncrete Pad for Chemical Tank 3 CY. 350 1,050 NA $0 1,100
Cancrete Pad for Filter Unit 4 CY. $350 1,497 NA $0 1,500
Relocate Chlorine Building 1 L.S. $5,000 $5,000 NA $0 5,000
Sludge Drying Beds 55 CY. $350 319,081 NA $0 $19,100
Paving 110 SY. $36 $3,850 NA 30 $3,900
Subtotal $34,000
Prof. Services ‘P (15%) $5,000
Contingencies (25%) $9,000
OH&P (15%) $5,000
Total Structures Cost $53,000
Total Capital Cost  $538,000
Annual Operation and Maintenance (O&M) Cost
Alum 17,520 GAL $1.00 $17,520 NA 0 $17,500
Maintenance 1 Per Year 3% $6,903 NA b0 $6,900
Power 135,002] kW-HR $0.07 $9,450 NA 0 $9,500
Labor 104 hrsiyr $20.00 $2,080 NA 30 2,100
Additional Sludge Disposal 108 C.Y. $15 1,635 NA, $0 1,600
Total Annual O&M Cost $38,000
Annualized Cost
Annualized Capital Cost $ 32000
Annual Q&M Cost $ 38,000
E ]
TOTAL ANNUALIZED COST
Cost per Pound Phosphorus Removed Per Year*
Estimates do not include:
- tegal and administrative axpenses
- easements/land acquisition
- permits and fees
- private ulility adjustments
Includes engineering, surveying, g hnical and other professional services

Item costs and subtotals are rounded to an appropriate number of significant figures.

Based on a discharge of 0.5 ppm.



Table D-6

Biological Phosphorus Removal at Clifton WWTP

Preliminary Cost Opinion "

Estimated
ltem Na. Unit Unit Cost Raw Installation Instaliation ltem
i Capital Costs ) Cost Factor Cost Cost
Equipment
Insurance, Bonds Move-In, etc. 1 LS. 5% 511,431 NA, 50 311,400
Site Preparation 1 LS. 5% 510,887 NA $0 10,800
1 - 1500 gal Alum Storage Tank 1 Each $4,000 $4,000 35% $1,400 $5,400
1" Alum Feed Line 50 L.F. $20 $1,000 NA, 30 31,000
Alum Feed Pumps 2 Each $5,200 $10,400 35% $3,640 $14,000
4-Disk Filter Unit 1 Each | $135,000 $135,000 35% $47,250] $182,300
Filter Piping 40 L.F. $30 $1.200 NA $0 $1,200
Ten Mixers for Anaerobic Cycle 8 Each $6,976 841,856 35% $14,650 $56,500
Additional Electrical for Mixers 1 L.S. $12,000 12,000 NA $0 $12,000
Electrical Junction Baxes 1 L.5. $5,000 $5,000 NA $0 $5,000
Electrical Conduit to Alum Feed Pumps 80 L.F. 530 p2,400 NA $0 $2,400
Electrical Conduit to Filter Unit 150 L.F. 330 b4, 500 NA $0 84,500
Mator Controls, Instrumentation, Misc. 1 L.S. $48.000 $48,000 NA $0 $48,000
Sedimentation/Erosion Control 160 LF. $2 $320 NA $0 5300
Loaming/Hydroseeding 50 3.Y. $1.20 $60 NA $0 3100
Subtotal  $355,000
Prof. Services @ (15%)  $53,000
Contingencies (25%) $89,000
OH&P (15%) $53,000
Total Equipment Cost  $527,000
Structures
Insurance, Bonds Move-in, etc. 1 L.S. 5% $162 NA $0 200
Site Preparaticn 1 L.S. 5% 5155 NA $0 5200
Concrete Pad for Fiiter Unit 4.1 C.Y. 350 $1.,426 NA 30 $1,400
Concrete Pad For Chemical Tank 1.3 C.Y. $350 $467 NA 30 $500
Fence Modifications 80 L.F. $20 $1,200 NA $0 $1,200
Subtotal $4,000
Prof. Services ¥ (15%) $600
Contingencies (25%) $1,000
OHA&P (15%) $600
Total Structures Cost $6,000
Total Capital Cost  $533,000
fl. Annual Operation and Maintenance (O&M) Cost
Alum 11,680 GAL $1.00 $11,680 NA $0 $11,700
Maintenance 1 Per Year 3% $5,889 NA $0 $5,900
Power 4,355 1 kW-HR $0.07 $305 NA 30 $300
Labar 104 | hrsir 20.00 $2,080 NA $0 2,100
Additional Elec. For Mixers 1 LS $3,000 $3,000 NA $0 b3,000
Additional Sludge Disposal 70 C.Y. $15 1,050 NA $0 51,100
Total Annual O&M Cost $24,000
ill. Annualized Cost
Annualized Capital Cast $ 32,000
Annual O&M Cost $ 24000
]
TOTAL ANNUALIZED COST

(1) Estimates do not Include:
- legat and administrative expenses
- gasementsdand acquisition
- parmits and faes
- private utility adjustments

(2) includes engineering, surveying, geotechnical and other professional services
(3} Item costs and sublotals are rounded to an appropriate number of significant figures.

(4} Based on a discharge of 0.5 ppm.

Cost per Pound Phosphorus Removed Per Year*



Table D-6a
Chemical Phosphorus Removal at Clifton WWTP

Preliminary Cost Opinion i

Estimated
ltem No. Unit Unit Cost Raw Instaltation Installation Item
I. Capital Costs Cost Factar Cost Cost
Equipment
Insurance, Bonds Move-In, etc. 1 L.S. 5% $8,919 NA $0 $8,900
Site Preparation 1 L.S. 5% $8,494 NA 30 $8,500
1 - 4000 gal Alum Storage Tank 1 Each $10,000 $10,000 35% $3,500 $13,500
1" Alum Feed Line 50 L.F. $20 $1,000 NA $0 $1,000
Alum Feed Pumps 2 Each $5,200 $10,400 35% $3,640 $14,000
4-Disk Filter Unit 1 Each $135,000 $135,000 35% $47,250] $182,300
Filter Piping 40 L.F. $30 $1,200 NA $0 1,200
Electrical Junction Boxes 1 L.S. $5,000 $5,000 NA b0 5,000
Electrical Conduit to Alum Feed Pumps 80 L.F. $30 32,400 NA $0 2,400
Electrical Conduit to Filter Unit 150 L.F. $30 $4,500 NA $0 b4, 500
Motor Controls, Instrumentation, Misc. 1 L.S. $37,000 $37,000 NA $0 $37,000
Sedimentation/Erosion Control 160 L.F. $2 $320 NA $0 $300
Loaming/Hydraseeding 50 SY $1.20 $60 NA $0 $100
Subtotal $279.000
Prof. Services 9 (15%)  $42,000
Contingencies (25%) $70,000
QH&P (15%) $42,000
Total Equipment Cost  $433,000
Structures
Insurance, Bonds Move-In, etc. 1 LS. 5% $206 NA $0 $200
Site Preparation 1 L.S. 5% $196 NA 30 $200
Concrete Pad for Filter Unit 4.1 C.Y. $350 $1,426 NA $0 $1,400
Concrete Pad For Chemical Tank 4 GC.Y. $350 $1,296 NA 1] $1,300
Fenca Modifications 60 L.F. $20 $1,200 NA i $1,200
Subtotal 54,000
Praf. Services @ {15%) $600
Contingencies (25%) $1,000
OHB&P (15%) $600
Total Structures Cost $6,000
Total Capital Cost  $439,000
. Annual Qperation and Maintenance (O&M) Cost
Alum 31,310 GAL $1.00 $31,310 NA $0 $31,300
Maintenance 1 Per Year 3% $5,889 NA 50 $5,900
Power 4,355 | kW-HR $0.07 $305 NA $0 $300
Labor 104 hrs/yr $20.00 $2,080 NA $0 $2,100
Additional Sludge Disposal 70 C.Y. $15 $1,050 NA $0 $1,100
Tota! Annuai O&M Cost $41,000
Hl. Annuafized Cost
Annualized Capitai Cost $ 27000
—Annual O8M Cost $ 41,000
E — ——  — — ]
TOTAL ANNUALIZED GOST

Cost per Pound Phosphorus Removed Per Year*
(1) Estimates do not include:
- legal and administrative expenses
- easements/land acquisition
- permits and fees
- private utility adjusiments
{2} Includes engineering, surveying, geotechnical and other professional services
(3) ltem costs and subtotals are rounded tc an appropriate number of significant figures.
{4) Based on a discharge of 0.5 ppm.



Table D-7
Biclogical Phosphorus Removal at Hico WWTP

Preliminary Cost Opinion "

Estimated
Item No. Unit  Unit Cost Raw Installation Instafiation item
i Capital Costs - Cost Factor Cost Cost
‘Equipment
Insurance, Bonds Move-in, etc. 1 L.S. 5% $10,320 NA $0 $10,300
Site Preparation 1 LS. 5% §9,828.19 NA $0 $9,800
1 - 500 gal Alum Siorage Tank 1 Each $1,600 1,600 35% $560 2,200
1° Alum Feed Line 100 L.F. 320 $2,000 NA $0 2,000
Alum Feed Pumps 2 Each $4,800 $9,600 35% $3,360 $13,000
2-Disk Filter Unit 1 Each ]$115,000 $115,000 35% $40,250| $155,300
Fiiter Piping 40 L.F. $30 $1,200 NA $0 $1,200
Mixers in Anasrobic Digester 2 Each | $15,000 $30,000 35% $10,500 $40,500
8" RAS/Raw Water Lines 390 L.F. $35 $13.650 NA 1) $13,700
Sludge Drying Bed 1" Water Line 100 L.F. 20 $2,000 NA b0 2,000
Sludge Drying Bed 6" RAS Plping 100 L.F. 35 $3,500 NA $0 3,500
Electrical Junction Boxes 1 L.S. $5.000 $5,000 NA $0 $5,000
Electrical Conduft 1o Alum Feed Pumps 200 LF. 30 $6,000 NA $0 $6,000
Eiectrical Conduit to Filters 80 L.F. 30 $1,500 NA $0 $1,500
Electrical Conduit to Anaerobic Mixers 120 L.F. 30 $3,600 NA $0 $3,600
Motor Controls, Instrumentation, Misc. 1 L.8. $43,000 $43,000 NA 30 $43,000
Sedimantation/Erosion Control 900 L.F. $2 $1,800 NA $0 $1,800
Loaming/Hydroseeding a5 S.Y. $1.20 $114 NA $0 $100
Subtctal  $315,000
Prof. Services ¥ (15%)  $47,000
Contingencies (25%) $79,000
OH&P (15%) $47,000
Total Equipment Cost  $488,000
Structures
Insurance, Bonds Move-In, etc. 1 LS. 5% $4,020 NA 0 $4,000
Site Preparation 1 L.S. 5% $3,829 NA/ $0 $3,800
Anaerobic Basin 44 C.Y. 8500 $22,000 NA Y $22,000
Concrete Pad for Filter Unit 4 C.Y. 350 $1,225 NA $0 $1,200
Concrete Pad For Chemicat Tank 1 C.Y. 350 $467 NA ] $500
Sludge Drying Beds 151 C.Y. $350 $52,889 NA 50 $52,900
Subtotal $84,000
Prof. Services @ (15%)  $13,000
Contingencies (25%) $21,000
OH&P (45%)  $13,000
Total Structures Cost  $131,000
Total Capital Cost  $619,000
#l. Annual Operation and Maintenance (O&M) Cost
Alum 3,650 GAL $1.00 $3,650 NA 30 $3,700
Maintenance 1 Per Year 3% $6,264 NA $0 $6,300
Power 200,325] kW-HR $0.07 $14,023 NA $0 $14,000
|abor 104 hrs/yr $20.00 $2,080 NA 50 $2,100
Additional Sludge Disposal 22 C.Y. $15 $330 NA $0 $330
Total Annual O&M Cost $26,000
#l. Annualized Cost
Annualized Capital Cost $ 35,000
TOTAL ANNUALIZED COST

Cast per Pound Phosphorus Remaved Per Year*

(1) Estimates do not include:
- legal and administrative expenses
- gasaments/and acquisition
- permits and fess
- private utility adjustments
(2) Includes engineering, survaying, geotechnical and other professianal servicas
(3) flam costs and subtotals are rounded lo an appropriate number of significant figuras.
(4) Based on a discharge of 0.5 ppm,

D-7



Table D-8

Biologlcal Phosphorus Removal at Iredelt WWTP

Preliminary Cost Opinion o

Estimated
item No. Unit  Unit Cost Raw Installation  Installation item
. Capltal Costs _ Cost Factor Cost Cost
Equipment
Insurance, Bonds Move-in, setc. 1 L.S. 5% $10,050 MNA $0 $10,100
Site Preparation 1 L.S. 5% $9,609 NA $0 $9,600
1 - 150 gal Alum Slorage Tank 1 Each $1,000 1,000 35% $350 $1,400
1* Alum Feed Line 100 LF. $20 §2,000 NA $0 $2,000
Alum Feed Pumps 2 Each $4,800 $9,600 35% $3,360 $13,000
1-Disk Filter Unit 1 Each | $110,000 $110,000 35% $38,500 $148 500
Filter Piping 40 L.F. $30 $1,200 NA $0 $1.200
Mixers in Anaerobic Digester 2 Each $15,000 $30,000 35% $10,500 $40,500
4" RAS Line 2060 L.F. $30 $6,000 NA| $0 $6,000
4" Influent Line 20 L.F. $30 $600 NA $0 $600
Electrical Junction Boxes 1 L.S. $5,000 $5,000 NA $0 $5,000
Electrical Conduit to Alum Feed Pumps 20 L.F. 30 $600 NA $0 $500
Elecirical Conduit to Filters 20 L.F. 30 $600 NA $0 $600
Electrical Conduit to Anaarobic Mixers 200 LF. 30 $6,000 NA $0 $6,000
Motor Confrols, Instrumentation, Misc. 1 LS. $42,000 $42,000 NA $0 $42,000
Sedimentation/Erosion Control 1,000 LF. $2 $2,000 NA $0 $2,000
Lecaming/Hydroseeding 1,319 S.Y. $1.20 $1,582 NA $0 $1,600
Lift Station Pumnp Madifications 1 LS. $15.000 $15.000 NA $0 $15,000
New Bar Screen 1 LS. $1,000 $1,000 NA $0 $1,000
Subtotal $307,000
Prof Services @ (15%)  $46,000
Contingencies (25%) $77,000
OH&P (15%) $46,000
Total Equipment Cost  $476,000
Structures
Insurance, Bonds Move-in, atc. 1 L.S. 5% 4,136 NA $0 }4,100
Site Preparation 1 LS. 5% }3,939 NA $0 $3,900
Anaerobig Bagin 10 CY. $500 5,243 NA $0 $5,200
Concrate Pad for Filter Unit 4 CY. $350 1,225 NA $0 $1,200
Demo Chloring Basin 1 L.S. $10,000 10,000 NA $0 £10,000
New Chlorine Contact Basin 40 C.Y. $500 $20,068 NA $0 520,100
New Sludge Drying Beds 55 C.Y. $350 $19,185 NA 0 19,200
Fence Modifications 320 L.F. $20 $6,400 NA hO $6,400
Structural Fitt 1,389 c.Y. $12 $18,667 NA $0 $18,700
Subtotal $87,000
Prof. Services @ (15%)  $13,000
Contingencies (25%) $22,000
OH&P (15%) $13,000
Total Structures Cast ~ $135,000
Total Capital Cost $611,000
{l. Annual Operation and Maintenance {O&M) Cost
Alum 730 GAL $1.00 $730 NA $0 $700
Maintenance 1 Per Year 3% $6.080 NA $0 $6,100
Power 135,002 KW-HR $0.07 $9,450 NA $0 $9.500
Labor 104 hraiyr $20.00 $2,080 NA $0 $2.100
Additional Studgs Disposal 5 cY. $15 $75 NA $0 $80
Total Annual O&M Cost $18,000
iil. Annualized Cost
Annualized Capital Cost $ 35000
_—Annual O&M Cost $ 18,000

TOTAL ANNUALIZED COST

Cost per Pound Phosphotus Removed Per Year®

(1} Estimates do notinclude:
- legal and administrative expenses
- easementsiand acquisition
- permits and fees
- private utility adjustments
{2) Inciudes engl ing, surveying, tical and other i services

{3} Hem costs and subtotals are rounded to an appropriate number of significant figures.

{4) Based on a discharge of 0.5 ppm.
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Table D-9

Bioleglcal Phosphorus Removal at Meridian WWTP

Preliminary Cost Opinion "

Estimated
ltem No. Unit  Unit Cost Raw Installation Installation Itam
L Capital Costs Cost Factor Cost Cost
Equipment -
Insurance, Bonds Mave-in, etc. 1 L.S. 5% $23,739 NA 30 $23,700
Site Preparation 1 LS. 5% $22 609 NA $0 $22,600
- 1,000 gal Alum Storage Tank 1 Each $2,800 32,900 35% $1,015 $3,800
1" Alum Feed Line 100 LF. $20 £2,000 NA 30 $2,000
Alum Feed Pumps 2 Each $4,800 $9,600 35% $3,360 $13,000
4-Disk Filter Unit 1 Each |$135000 $135,000 35% $47,250 $182,300
Filtar Piping 40 L.F. $30 200 NA $0 $1,200
1- 7300 gal Siudge Storage Tank 1 Each | $12,500 $12,500 36% $4,375 316,900
Sludge Feed Pumps 2 Each | $15,000 $30,000 35% $10,500 $40,500
4" Sludge Feed Line 20 L.F. $30 $600 NA 30 $600
Polymer Feed Unit Each $15,000 5,000 35% $5.250 20,300
Conveyor Each $25000 25,000 35% $8,750 }33,800
1-Meter Balt Press Each | $160,000 $160,000 55% $104.,000 $264,000
6" RAS Line 120 L.F. 35 4,200 NA 30 4,200
Mixers in Anaerobic Digester 2 Each $15,000 ( 35% $10,500 $40,500
Elactrical Junction Soxes LS. £5,000 $6,0( NA 30 $5,000
Electrical Conduit to Alum Feed Pumps 100 L.F. 30 33,001 A 20 53,000
Electrical Conduit to Filters 50 L.F. 30 1,500 NA $0 500
Elactrical Conduit to Beit Filter Presses 100 L.F 30 33,001 A $0 3,000
Electrical Conduit to Anaerobic Mixers 150 LF 30 }4,50 NA $0 34,500
Motor Controls, instrumentation, Misc. 1 LS. $100,000 $100,00( NA 50 $100,000
Relocate Yard Piping 80 L.F. $50 34,000 NA $0 $4,000
Sedimentation/Erosion Controé 1,368 L.F §2 $2,738 NA 30 $2,700
Loaming/Hydroseeding 365 S.Y $1.20 $438 NA 30 $400
Subtotal $794,000
Prof, Services ¥ {15%)  $119,000
Contingencies (25%) $199,000
OH&P {15%) $119,000
Total Equipment Cost  $1,231,000
Structures
Insurance, Bonds Mova-in, elc. 1 LS. 5% $6,506 NA $0 $6,500
Site Preparation 1 L.S. 5% 36,196 NA 0 $6,200
Anaerobic Basin 67 C.Y. $500 $33,630 NA 0 $33,600
Concrate Pad for Filter Unit 4 [oh s $350 31,487 NA 0 $1,500
Concrete Pad For Chemical Tank 1 C.Y. §$350 $467 NA 30 $500
Bait Filter Press Buiiding 200 S.F $50 $45,000 NA $0 $45,000
Fenca Modifications 100 L.F. $20 $2,000 NA $0 $2,000
Structural Fiil 300 C.Y. $12 $9,600 NA $0 $0,600
New Chiorine Contact Basin 56 C.Y. $500 $27,833 NA $0 $27,800
Paving 111 S.Y. 335 33,889 NA $0 53,800
Subtotal $137,000
Prof. Services ™ (15%) 321,000
Contingencies {25%) $34,000
OH&P (15%) $21,000
Total Structures Cost $213,000
Total Capital Cost ~ $1,444,000
il. Annual Operation and Maintenance (D&M} Cost —
Alum 8,030 GAL $1.00 $8,030 NA $0 $8,000
er 548 LB $2.50 $1,368 NA 50 $1,400
Maintenancse 1 Par Year 3% $17 832 A 50 $17.800
Power 228.321] kW-HR $0.07 $15 9A7 NA $0 $16.000
Labor 208 | hrsiye | §20.00 54,160 NA $0 84,200
Additional Siudge Disposal 49 [ $15 $735 NA $0 §740
Total Annual OEM Cost $48,000
. Annualized Cost
Annualized Capital Cost $ 84,000
$ 4SIOOO
TOTAL ANNUALIZED COST
Cost per Pound Phosphorus Removed Por Year*
(1) Estimates do not include:
- gl and administrative expenses
- eagementsAand acquisition
- perits and feas
- private utility adiustmants
(2) Inchudes. surveying, and ather sarvices

{3) Kem costs and subtotats are rounded ta an apgroprishe number of significant figures,

{4) Based on a dischage of 0.5 ppm.
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Table D-10
Biological Phosphorus Removal at Stephenville WWTP

Preliminary Cost Opinion

Estimated
ltem No. Unit Unit Cost Raw Installation fnstallation ltem
I Capital Costs . Cost Factor Cost Cost
Equipment
fnsurance, Bonds Move-In, etc. 1 L.S. 5% 24,393 NA $0 524,400
Sile Preparation 1 L.S. 5% 17 803 NA $0 $17.800
Demo Clarifier Mechanism 2 Each $10,000 $20,000 NA $0 20,000
Selector Basin Fiberglass Baffle Wall 2 Each | $20,000 540,000 35% $14,000 $54,000
12" RAS Line 400 L.F. $60 24,000 NA $0 24,000
Selector Basin Mixers 2 Each $15,000 30,000 35% $10,500 p40,500
1 - 6,400 gal Alum Storage Tank 1 Each $12,000 12,000 35% $4,200 16,200
1" Alum Feed Line 50 L.F. $20 $1,000 NA $0 $1,000
Alum Feed Pumps 2 Each $5,200 10,400 5% $3,840 14,000
Sludge Feed Pumps 2 Each $15,000 30,000 35% $10,500 p40,500
4" Sludge Feed Line 500 L.F. $30 15,000 NA $0 15,000
Polymer Feed Unit 1 Each $15,000 15,000 35% $5,250 20,300
Conveyor 1 Each $25,000 25,000 35% $8,750 p33,800
2-Mater Belt Press 1 Each |$225,000 $225,000 85%]| $146,250 $371,300
Electrical Junction Boxes 1 L.S. $5,000 $5,000 NA $0 $5,000
Electrical Conduit to Alum Feed Pumps 400 L.F. $30 $12,000 NA $0 $12,000
Electrical Conduit to Belt Filter Presses 100 L.F. $30 $3,000 NA $0 $3,000
Motor Controls, Instrumentation, Misc. 1 L.S. |$102,000 $102,000 NA $0 $102,000
Sedimentation/Erasion Control 1.260 LF. §2 $2,520 NA $0 $2,500
Loarning/Hydroseeding 111 S.Y. $1.20 $133 NA $0 $100
Subtotal $817,000
Prof. Services @ (15%) $123,000
Contingencies (25%) $204,000
OH&P (15%) $123,000
Total Equipment Cost  $1,267,000
Structures
Insurance, Bonds Move-In, etc. 1 L.S. 5% 2,608 NA $0 2 600
Site Preparation 9 L.S. 5% 2,484 NA $0 2,500
Concrete Pad For Chemical Tank 4 C.Y. $350 b1,569 NA| 30 51,600
Belt Filter Press Building 900 S.F. $50 $45,000 NA $0 $45,000
Paving a9 S.Y. $35 $3,111 NA $0 $3,100
Subtotal $55,000
Prof. Services @ (15%) $8,000
Contingencies (25%) 314,000
OH&P (15%}) $8,000
Total Structures Cost $85,000
Total Capital Cost  $1,352,000
. Annual Operation and Maintenance (O&M) Cost : .
Alum 54,020 GAL $1.00 $54,020 NA, $0 $54 000
Poiymer 3,103 LB §2.50 $7,756 NA S0 $7,800
Maintenance 1 Per Year 3% $15812 NA $0 $15,600
Power 653,505] kW-HR $0.07 $45,745 NA $0 $45,700
Labor 312 hrsiyr $20.00 $6,240 NA $0 $8,200
Additional Studge Disposal 325 C.Y. $15 $4,875 NA $0 $4,900
Total Annual Q&M Cost $134,000
iif. Annualized Cost
Annualized Capital Cost $ 80,000
3 134!000
TOTAL ANNUALIZED COST
Cost per Pound Phosphorus Removed Per Year* $ 6.70
(1) Estimates do not include:
- legal and administrative expenses
- easements/land acquisition
« permits and fees
- private utility adjustments

{2) Includes engineering, surveying, gectechnical and other professional services
{3) ltem costs and sublotals are rounded to an appropriate number of significant figures.
{4) Based on a discharpe of 0.5 ppm.
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Tabie D-10a

Biological Phosphorus Removal to 0.7mg/L at Stephenville WWTP
Preliminary Cost Opinion

Estimated
ltem No. Unit  Unit Cost Raw Installation Installation Item
i. Capital Costs - Cost Factor Cost Cost
_Equipment
Insurance, Bonds Move-in, stc. 1 L.S. 5% 24 419 NA $0 24,400
Site Preparation 1 L.S. 5% 17,828 NA $0 17,800
Dema Clarifier Machanism 2 Each | $10,000 $20,000 NA $0 20,000
Selector Basin Fiberglass Baffle Wall 2 Each | $20,000 440 000 35% $14,000 $54,000
12" RAS Line 400 L.F. $60 24,000 NA $0 $24,000
Selector Basin Mixers 2 Each | $15.000 $30,000 3I5% $10,500 $40,500
1 - 6,800 gai Alum Storage Tank 1 Each [ $12.500 12,500 35% $4,375 16,900
1" Alum Feed Line 50 L.F. $20 $1,000 NA $0 $1,000
Alum Feed Pumps 2 Each $5,200 10,400 35% $3,640 14,000
Sludge Feed Pumps 2 Each | $15,000 30,000 35% $10,500, 40,500
4" Sludge Feed Line 500 L.F. $30 15,000 NA $0 15,000
Polymer Feed Unit 1 Each | $15.000 $15,000 35% $5,250 20,300
Conveyor 1 Each | $25,000 $25,000 35% $8,750 533,800
2-Meter Belt Press 1 Each |$225,000 $225,000 65%] $146,250 $371,300
Elactrical Junction Boxes 1 L.S. $5,000 $5,000 NA $0 $5,000
Electrical Conduit to Alumn Feed Pumps. 400 L.F. $30 $12,000 NA 30 $12,000
Electrical Conduit to Belt Filter Presses 100 L.F. $30 $3,000 NA $0 $3,000
Motor Controls, Instrumentation, Misc. 1 L.S. [$103,000 $103,000 NA $0 $103,000
Sedimentation/Erosion Control 1,260 L.F. $2 $2,520 NA $0 $2,500
Loaming/Hydroseeding 111 S.Y. $1.20 $133 NA $0 $100
Subtotal $819,000
Prof. Services ' (15%) $123,000
Corttingencies (25%) $205,000
OH&P (15%)  $123,000
Total Equipment Cost  $1,270,000
Structures
insurance, Bonds Move-In, efc. 1 L.S. 5% 52,608 NA $0 §2,600
Stte Preparatian 1 LS. 5% 2,484 NA $0 $2,500
Concrete Pad For Chemicat Tank 4 C.Y. $350 1,569 NA $0 1,600
Belt Filter Press Building 900 S.F. $50 $45,000 NA $0 $45,000
Paving 89 SY. $35 $3,111 NA $0 $3,100
Subtotal $55,000
Prof. Services ™ (15%) $8,000
Contingencies (25%) $14,000
OHE&P (15%) $8,000
Total Structures Cost $85,000
Total Capital Cost  $1,355,000
H. Annual Operation and Maintenance (O&M) Cost
Alum 63,145 | GAL $1.00 $83,145 NA $0 $63,100
Polymer 3,700 LB $2.50 ~ $9,250 NA $0 $9.300
Maintenance 1 Per Yeal 3% $15,612 NA $0 $185,600
Power 653,778 kW-HR $0.07 $45,764 NA $0 $45,800
Labor 384 hrs/yr $20.00 $7.280 NA $0 $7.300
Additional Sludge Disposal 586 CY. $15 $8.790 NA $0 $8.800
Total Annual O&M Cost $150,000
Hl. Annualized Cost
Annualized Capital Cost 3 81,000
$ 150,000
TOTAL ANNUALIZED COST

(1) Estimates da nat include:
- legal and administrattve expenses.
- easementsfand acquisition
= permits and lees
- peivate utility adjustments
and other

(2) Includes eng g, surveying,

Cost per Pound Phosphorus Removed Per Year*

i services

(3) Item costs and sublotals are rounded ¥ an appropriate number of significant figures.

{4) Based on a discharge of 0.5 ppm.
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Table D-11
Biological Phosphorus Removal at Valley Mills WWTP

Preliminary Cost Opinion '

Estimated
Item No. Unit  Unit Cost Raw Installation Instaitaticn tem
I Capital Casts - Cost Factor Cost Cost
Equipment
Insurance, Bonds Move-in, etc. 1 L.S. 5% $11,577 NA $0 $11,600
Site Preparation 1 LS. 5% $9,835 NA $0 $9,800
Oxidation Ditch Rotor and Wiring 1 L.S. $25,000 $25,000 NA $0 $25,000
1 - 1000 gal Alum Storage Tank 1 Each $2,800 2,800 35% $980 3,800
1° Alum Feed Line 100 L.F. $20 $2,000 35% $700 2,700
Alum Feed Pumps 2 Each $4,800 $9,600 35% 53,360 $13,000
4-Disk Filter Unit 1 Each | $135,000 $135,000 35% $47,250 $182,300
Filter Piping 40 LF. 330 $1,200 NA $0 $1.200
Mixers in Anaerobic Digester 2 Each | $15000 $30,000 35%|  $10,500]  $40,500
Relocate Chiorine Lines 40 L.F. $20 $800 NA $0 3800
Electrical Junction Boxes 1 L.S. $5,000 $5,000 NA $0 $5,000
Electrical Conduit to Alum Feed Pumps 100 L.F. $30 $3,000 NA $0 $3,000
Electrical Conduit to Filters 100 L.F. 30 $3,000 MNA $0 $3,000
Electrical Conduit to Anaerobic Mixers 100 L.F. $30 $3,000 NA 30 $3,000
Motor Controls, Instrumentation, Misc. 1 L.S. $49,000 $49,000 NA $0 $49,000
Sedimentation/Erosian Control i 620 L.F. $2 $1,240 NA $0 $1,200
LoamingiHydroseeding 50 S5.Y. $1.20 $60 NA $0 $100
) Subtotal  $355,000
Prof. Services @ (15%)  $53,000
Contingencies {25%) $80.000
OH&P (15%)  $53,000
Total Equipment Cost  $550,000
Structures
insurance, Bonds Move-In, efc. 1 L.S. 5% $3,120 NA $0 $3,100
Site Preparation 1 L.S. 5% $2,972 NA 0 $3,000
Angerobic Basin 59 C.Y. $500 $29,537 NA 30 $29,500
Concrete Pad for Filter Unit 4 CY. $350 $1,497 NA 30 $1,500
Concrete Pad For Chemical Tank 1 c.Y. $350 $467 NA $0 $500
Relocate Chiorine Building_ 1 LS. $5,000 $5,000 NA $0 $5.000
Sludge Drying Beds 55 C.Y. $350 $19,081 NA 0]  $19,100
Paving 110 S.Y. $35 $3,850 NA $0 $3,900
Subtotal $66,000
Prof. Services ¥ (15%)  $10,000
Contingencies (25%) $17,000
OH&P (15%)  $10,000
Total Structures Cost  $103,000
Total Capital Cost  $653,000
Il. Annual Operation and Maintenance (O&M) Cost
Alum 8,570 GAL $1.00 $6,570 NA $0 $6,600
Maintenance 1 Per Year] 3% $7,074 NA $0 $7,100
Power 330,871] kW-HR $0.07 $23,168 NA $0 $23.200
Labor 104 | hrsiyr | $20.00 $2.080 NA $0 $2.100
Addiional Sludge Disposal 38 C.Y. 315 $585 NA| $0 $600
Total Annual O&M Cost $40,000
. Annualized Cost
Annualized Capital Cost $ 38,000
$ 40,000
e __ ]
TOTAL ANNUALIZED COST

Cost per Pound Phosphorus Removed Per Year*

{1) Estimates do not include:
- legal and administrative expenses

- easementsAand acquisition
- pefmits and fees
- private utllity adjusiments
(2) Inciudes engl g, surveying, g ical and ather p Yal services
(3) Item costs and sublatals are rounded 13 an appropriate number of skgnif Rhgures.

(4) Based on a dischare of 0.5 ppm.
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Table D-12
A2/0 Phaosphorus and Nitrogen Removal at Hico WWTP

Preliminary Cost Opinion

Estimated
item No. Unit  Unit Cost Raw Installation instaltation Item
Capital Costs Cost Factor Cost Cost
Equipment
Insurance, Bonds Move-in, seic. 1 L.S. 5% $12,268 NA $0 $12,300
Site Preparation 1 L.S. 5% $11,673.89 NA $0 $11,700
1 - 500 gal Alum Storage Tank 1 Each $1,600 1,600 35% $560 $2,200
1" Alum Feed Line 100 L.F. $20 2,000 NA $0 $2,000
Alum Feed Pumps 2 Each $4,800 $9,600 35% $3,360 $13,000
2-Disk Fiiter Unit 1 Each | $115,000 $115,000 35% $40,260 $155,300
Filter Piping 40 LF. $30 $1,200 NA $0 $1,200
Mixers in Anaercbic Digester 2 Each $15,000 $20,000 35% $10,500 $40,500
6" RAS/Raw Water Lines 390 L.F. p35 $13,650 MNA $0 $13,700
Sludge Drying Bad 1" Water Line 100 L.F. 20 2,000 NA $0 $2.000
Sludge Drying Bed 6° RAS Piping 100 LF. 35 3,600 NA $0 $3,500
Anoxic Basin Pumps 3 Each $10,000 $30,000 35% $10,500 $40. 500
10" Anoxic Basin Lines 100 L.F. $50 $5,000 NA 50 $5,000
Electrical Junction Boxes 1 L.S. $5,000 $5,000 NA b0 $5,000
Electrical Conduit to Alum Feed Pumps 200 L.F. b30 $6,000 NA $0 $6,000
Elactrical Conduit to Filters 50 L.F. b30 1.500 NA $0 1,500
Electrical Conduit to Anaerobic Mixers 120 L.F. p30 33,600 NA $0 53,600
Elactrical Conduit to Anoxic Pumps 100 LF. }30 $3.000 NA $0 $3,000
Motor Controls, Instrumentation, Misc. 1 L.S. $52,000 $52,000 NA $0 $52,000
Sedimentation/Ercsion Conirol 1,800 L.F. 32 $3.600 NA $0 $3,600
Loaming/Hydrosesding 190 S.Y. $1.20 $228 NA $0 $200
Subtotal $378,000
Prof. Services @ (15%) $57,000
Contingencies (25%) $95,000
OH&P (15%) $57,000
Total Equipmeant Cost $587,000
Structures
Insurance, Bonds Move-in, etc. 1 L.S. 5% 7,622 NA $0 $7,500
Site Preparation 1 L.S. 5% 7,259 NA $0 $7,300
Anaerobic Basin 44 CY. $500 $22.000 NA $0 $22.000
Anoxic Basin 132 GC.Y. $500 $66,000 NA $0 $66,000
Concrete Pad for Anoxic Pumps 7 CY. $350 $2,593 NA $0 $2,600
Concrete Pad for Filter Unit 4 C.Y. 350 $1,225 NA $0 $1,200
Concrete Pad For Chemical Tank 1 CY. 350 $467 NA S0 $500
Sludge Drying Beds 151 C.Y. $350 $52,889 NA $0 $52,300
Subtotai $160.000
Prof. Services ¥ (15%} $40,000
Contingencies (25%:) $40,000
OH&P (15%) $24,000
Total Structures Cost $264,000
Total Capital Cost $851,000
Annual Operation and Maintenance {C&M) Cost
Alum 3850 | GAL $1.00 $3,650 NA $0 $3.,700
Maintenance 1 Per Year 3% $7.479 NA $0 $7,500
Powar 396,295| kW-HR $0.07 $27,741 NA $0 $27,700
Labor 104 hrsfyr $20.00 $2,080 NA $0 $2.100
Additional Sludge Disposal 22 C.Y. $15 $330 NA $0 $330
Total Annual O&M Cost $41,000
HI. Annualized Cost
Annualized Capital Cost 3 47,000
_Anpual O&M Cost $ 41,000
TOTAL ANNUALJIZED COST $ 88,000
Cost per Pound Phosphorus Removed Per Year*
(1) Estimates do not Include:
- legal and administrative expenses
- gasements/fand acquisiion
+ permits and fees
- private utiity adjustments
surveying, and other p S8rvices
{3) Item costs and are rounded o an number of figures.

{4) Based on a discharge of 6.5 ppm.
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Table D-13

A2/0 Phosphorus and Nitrogen Removal at Iredell WNTP

Preliminary Cast Opinion ™
Estimated
Itern No. Unit Unit Cost Raw Installation Installation ltem
I Capitai Costs Cost Factor Cost Cost
Equipment
Insurance, Bonds Move-in, efc. 1 L.S. 5% $11,215 NA 30 $11,200
Site Preparation 1 LS. 5% $10,681 NA $0| __$10,700
1 - 150 gal Alum Storage Tank 1 Each $1,000 $1,000 35% $350 $1,400
1" Alum Feed Line 100 LF. $20 $2,000 NA $0 $2,000
Alum Feed Pumps 2 Each $4,800 $9,600 35% $3,360 $13,000
1-Disk Filter Unit 1 Each_ {§110,000 $110,000 35%|  $38,500f $148,500
Filter Piping 40 L.F. $30 $1,200 NA $0 $1.200
Mixers in Anaerobic Digester 2 Each $15,000 $30,000 35% $10,500 $40,500
4" RAS Line 200 LF. $30 $6,000 NA $0 $6.000
4" Influent Line 20 L.F. $30 $€c0 NA 30 $600
Anoxic Basin Pumps 2 Each $7.500 $15,000 5% $5,250 $20,300
6" Anoxig Basin Lines 100 L.F. $35 $3,500 NA $0 $3,500
Electrical Junction Boxes 1 L.8. $5,000 35,000 NA $0 $5,000
Electrical Conduit {o Alum Feed Pumps 20 L.F. 30 3600 NA $0 $600
Electrical Conduit {o Filters 20 L.F. $30 $€00 NA $0 $600
Electricai Conduit to Anaerabic Mixers 200 L.F. 50 36,000 NA $0 $6,000
Elactrical Conduit to Anoxic Pumps 100 L.F. b 30 $3,000 NA $0 $3.000
Motor Controfs, Instrumentation, Misc. 1 L.S. $48,000 $48.000 NA $0 $48,000
Sedimentation/Erosion Control 1,680 LF. $2 $3.360 NA $0 $3,400
Loaming/Hydroseeding 2,638 S.Y. $1.20 $3.165 NA $0 $3,200
Lift Station Pump Modifications 1 L.S. $15,000 $15,000 NA| - $0 $15,000
New Bar Screen 1 L.S. $1,000 51,000 NA $0 $1,000
Subtotal  $245,000
Prof. Services @ (15%)  $52,000
Contingencies {25%) $86,000
OHE&P (15%) $52,000
Total Equipment Cost  $535,000
Structures
Insurance, Bands Move-In, etc. 1 L.S. 5% $5,962 NA $0 $6,000
Site Preparation 1 L.S. 5% $5.678 NA $0 $5.700
Anaerobic Basin 10 C.Y. $5S00 $5.243 NA $0 $5,200
Anoxic Basin 31 C.Y. $500 $15,729 NA $0 $15,700
Concrete Pad for Anoxic Pumps 7 C.Y. $350 32,593 NA $0 $2.600
Demo Chiorine Basin 1 L.S. $10.000 10,000 NA $0 10,000
New Chlorine Contact Basin 40 CY. $500 20,069 NA $0 20,100
New Sludge Drying Beds 55 C.Y. $350 19,185 NA, 50 19,200
Fence Modifications 370 L.F. $20 $7,400 NA| $0 $85,000
Structural Fill 2,778 C.Y. $12 $33,333 NA/ $0 $33,300
Subtotal  $203,000
Prof. Services ' (15%)  $30,000
Contingencies {25%) $51,000
OH&P (15%) $30,000
Total Structures Cost  $314,000
Total Capital Cost  $849,000
. Annual Opaeration and Maintenance (O&M) Cost
Alum 730 GAL $1.00 $730 NA 30 $700
Maintenance 1 Per Year 3% $6,669 NA $0 $6,700
Power 167,663| kW-HR $0.07 $11.736 NA 30 $11,700
Labor 104 hrsiyr $20.00 $2,080 NA $0 $2,100
Additional Sludge Disposal 5 cY. 315 $75 NA $0 $80
Total Annual O&M Cost $21,000
. Annualized Cost .
Annualized Capital Cost $ 46,000
$ 21,000
L ]
TOTAL ANNUALIZED COST
Cost per Pound Phosphorus Removed Per Year*
(1) Estimates do not Include:
- legal and administrative expenses
- easements/land acquisition
- permits and fees
- private ity adjustments
) gl surveying, and other ) services
{3) Hem costs and subtotals are rounded 10 an appropriate number of figures.

(4) Based on a discharge of 0.5 ppm.
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Table D-14
A2/0 Phosphorus and Nitrogen Removal at Meridian WWTP

Praliminary Cost Opinion

Estimated
ltem No. Unit  Unit Cest Raw Installation Installation ltem
L. Capital Costs Cost Facior Cost Cost
Equipment
Insurance, Bonds Move-in, efc. LS. 5% $25,251 NA $0 $25,300
Site Preparation L.S. 5% $24,048 NA 30 $24,000
- 1,000 gal Alum Storage Tank Each $2,800 62,800 36% $530 3,800
* Alum Feed Line 100 L.F. $20 52,000 NA S0 52,000
Alum Fead Pumps 2 Each $4,800 9,600 35% $3,360 $13,000
3-Disk Filter Urit 1 Each_[$135,000 $135,000 35%|  $47.250 $182,300
Filter Piping 40 L.F. $30 200 NA| $0 200
1 - 7300 gal Sludge Storage Tank 1 Each $12,500 $12,500 5% $4 375 $18,900
Sludge Feed Pumps 2 Each | $15,000 $30.000 36%| 510,500 $40,500
4" Sludge Feed Line 20 L.F. $30 $800 NA| $0 $6500
Polymer Feed Unit Each 15,000 $15,000 35% $5.250 $20,300
Convayor Each 25,00 325,000 35% $8,750 $33,800
1-Meter Beil Press Each_[5160,000 §160,000 65%| $104,.000] _$264,000
6" RAS Line 120 L.F. [XT ,200 NA 30 4 200
Mixars in Anaerobic Digester 2 Each $15,001 000 35% $10,500 $40,500
Anoxic Basin Pumps Each $10,000 $20,000 35% $7,000 $27,000
10* Anoxic Basin Lines 100 L.F. $50 $5,000 NA $0 §5,000
Electrical Junction Boxes 1 LS. $5,000 35,000 A $0 35000
Electrical Conduit to Alum Feed Pumps 100 L.F. 30 3,000 A §0 3,000
Elactrical Conduit to Filters 50 L.F. 530 500 1A $0 500
Elactrical Conduit 10 Belt Filter Presses 100 L.F. 30 000 A $0 3,000
Electrical Conduit to Anaerobic Mixers 150 L.F. 30 4,500 A £0 4 500
Electrical Conduit to Anoxic Pumps 100 L.F. 30 3,000 A $0 3,000
Motor Controls, Instrumentation, Misc. 1 LS. ]$107.000 $107,000 A ) $107,000
Ralocata Yard Piping 80 L.F. $50 $4,000 A $0 $4.0i
Sedir ion/Erosion Conirot 3,006 L.F. $2 182 A $0 $8,
Loaming/Hydroseeding 730 S.Y. $1.20 3878 A $0 $50
Subtotal $843,000
Prof. Services ® (15%)  $128,000
Contingencies {25%) $211,000
QHA&P {15%) $126,000
Total Equipment Cost  $1,306,000
Structurss
Insurance, Bonds Move-in, elc. 1 LS. 5% 2,337 NA] $0 2,300
Site Preparation 1 LS. 5% 750 NA, $0 1,700
Anaerobic Basin 87 c.y. $50 33,630 A $0 33,600
Anoxic Basin 202 C.Y. 3500 $100,889 A $0 $100.900
Concrete Pad for Anoxic Pumps 7 C.Y. 350 $2,593 NA 30 $2,600
Concrete Pad for Filler Unit 4 C.Y. 350 $1,497 NA $0 1,500
Concrete Pad For Chemical Tank 1 c.y. 350 $467 NA 50 $500
Beit Filter Press Building 200 S.F. $50 $45,000 NA $0 $45,000
Fance Modifications 120 L.F. $20 $2 400 NA $0 2,400
Structural Fill 1400 | CY. $12 $16,600 NA $0 $16,800
New Chlorine Contact Basin 56 CY. $500 $27,833 NA $0 £27.800
Paving 111 SY. $35 $3,889 NA $0 $3,900
Subtatal $258,000
Prof. Services ? {15%) $38,000
Contingencies (25%) $65,000
OH&P (15%) $39,000
Total Structures Cost $402,000
Total Capital Cost  $1,708,000
#l. Annual Op jon and Mal) (O&M) Cost -
Alum 8,030 GAL §$1.00 ,030 A %0 000
Polymer 548 L8 $2.50 1 38¢ A $0 $1,400
Maintanance 1 Per Year 3% £18,64. A $0 $13,600
Power 368,867| kKW-HR $0.07 $26,12| A $0 $25,100
Labor 208 hrsfyr $20.00 34, 160 NA $0 $4.200
Additional Siudge Disposal 49 cY. $15 $735 NA 30 $700
Total Annual Q&M Cost $58,000
. Annualized Cost
Annualized Capital Cost $ 96,000
_Annual O&M Cost 3 __ 58000
TOTAL ANNUALIZED COST

Cost per Pound Phosphorus Removad Per Year*

(1) Estimates 30 not inchude:

- gM and admipistrative axpanses

- assemantsdand acquisition

« permmita and fees

- private utiity adjusiments
(2} Inchadaa snginweri g, and gthef p sarvicas
(3} ltem costs and sublotals are rounded to an appropriats number of aignificant figures.
(4) Based on a discharge of 0.5 ppm.




Table D-15
A2/0 Phosphorus and Nitrogen Removal at Stephenville WWTP

Preliminary Cost Opinion !

Estirmated
ltem Na. Unit  Unit Cost Raw Instaflation Instaliation Item
1. Capital Costs Cost Faclor Cost Cost
Equipment 3
Insurance, Bonds Mave-In, elc. 1 L.5. 5% 527,787 NA $0 $27.800
Site Preparation 1 LS. 5% 21,035 NA $0 $21,000
Demo Clarifier Mechanism 2 Each $10,000 $20 000 NA $C $20,000
Selector Basin Fiberglass Baffle Walt 2 Each $20,000 $40,000 5% $14,000 $54 000
12" RAS Line 400 L.F. $50 24,000 NA $0 $24,000
Selector Basin Mixers 2 Each $15,000 £30,000 35% $10,500 $40,500
1 - 6,400 gal Alum Starage Tank 1 Each $12,000 $12 000 35% $4,200 $16.,200
1° Alum Feed Line 50 LF. 520 $1.000 NA $0 $1,000
Alum Feed Pumps 2 Each $5,200 0,400 35% $3,640 14,000
Sludge Feed Pumps 2 Each 315,000 30,000 35% $10,500 40,500
4" Sludye Feed Line 500 £.F. $30 15,000 NA $0 15,000
Palymer Feed Unit 1 Each | $15,000 15,000 35% $5.250 20,300
Conveyor 1 Each | $25000 $25,000 35% $8,750 533,800
2-Meter Beit Press 1 Each §%$225,000 $225 000 85%)  $146,250 $371,300
Anoxi¢ Basin Pumps 4 Each $12,500 $50,000 35% $17,500 $67 500
24" Anoxic Basin Lines 100 L.F. $120 $12.000 NA 30 $12,000
Electrical Junction Boxes 1 L.S. $5,000 $5.000 NA $0 $5,000
Electrical Conduit to Alum Feed Pumps 400 L.F. $30 $12,000 NA $0 $12,000
Electrical Conduit 10 Belt Filter Presses 100 L.F. 530 $3,000 NA $0 $3,000
Electrical Conduit to Anoxic Pumps 100 L.F. 30 $3.000 NA $0 £3,000
Motor Contrals, instrumentation, Mise. 1 LS. ]$117,000 $117,000 NA $0 $117,000
Sedimentation/Erasion Control 2,520 L.F. $2 $5.040 NA $0 $5,000
Loaming/Hydroseeding 222 S.Y. $1.20 $267 NA $0 $300
Subtotal $924 000
Prof. Services @ (15%) $139,000
Contingencies (25%) $231,000
OH&P (15%) $139,000
Total Equipment Cost  $1%,433,000
Structures
Insurance, Bonds Mave-In, elc. 1 L.S. 5% 338,123 NA $0 $38,100
Site Preparation 1 L.S. 5% $36,308 NA $0 $38,300
Concrete Pad For Chemical Tank 4 C.Y. $350 51,569 NA $0 $1.600
Anoxic Basin 1,345 C.Y. $500 $672,653 NA $0 $672.600
Concrete Pad for Anoxic Pumps 1 c.Y. $350 $3,889 NA $0 $3,900
Belt Filter Press Building 900 S.F. $50 $45,000 NA $0 $45,000
Paving [ S.Y. $35 53,111 NA $0 $3,100
Subtotal $801,000
Prof. Services @ (15%) $120,000
Contingencies (25%) $200,000
OH&P (15%) $120,000
! Total Structures Cost  $1,241,000
Total Capital Cost  $2,674,000
/. Annual Operation and Maintenance (O&M) Cost
Alum 54,020 GAL $1.00 $54 020 NA £0 $54,000
Polymer 3,103 LB $2.50 $7,758 NA 50 $7.800
Maintenance 1 Per Year 3% $17.637 NA 30 $17,600
Power 849,475 kW-HR $0.07 $50,463 NA $0 $59,500
Labor M2 hrsiyr $20.00 $6,240 NA $0 $6,200
Additional Sludge Disposal 325 cY. $15 $4,875 NA 30 $4,900
Total Annual O&M Cost $150,000
M. Annualized Cost
Annualized Capital Cost $ 140,000
$ 150,000
TOTAL ANNUALIZED COST
Cost per Pound Phosphorus Removed Per Year* $ 9.07
(1) Estimates do not include:
- tegal and administrative expenses
- easementsand acguisition
~ permits and fees
- private utiity adjustments
(2) tndudes engineering, surveying, g and other prof services
(3) Item costs and subtotals are rounded to an number of significant figures.

4) Based on a discharge of 0.5 ppm.
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Table D-16

A2/0 Phosphorus and Nitrogen Removal at Valley Mills WWTP

Preliminary Cost Opinion "

Estimated
item No. Unit  Unit Cost Raw Instailation Installation item
I. Capital Costs Cast Factor Cost Cost
Equipment
Insurance, Bonds Move-in, atc. 1 LS. 5% 12,958 NA $0 13,000
Site Preparation 1 L.S. 5% 11,150 NA $0 11,200
Oxidation Ditch Rotor and Wiring_ 1 (5. | $25000 25 000 NA $0 25,000
1 - 1000 gal Ajum Storage Tank 1 Each $2.800 $2,900 35% $980 $3,800
1" Alum Feed Line 100 LF. $20 $2,000 5% $700] __ $2.700
Alum Feed Pumps F] Each $4.800 $9.600 35% $3,360 $13,000
4-Disk Filtsr Unit 1 Each |$135,000 $135,000 35% $47,250] $182,300
Filter Piping 40 LF. $30 $1,200 NA $0 $1,200
Mixers in Anaerobic Digester 2 Each | $15,000 $30,000 35% $10,500 $40 500
Relocate Chiorine Lines 40 L.F. $20 $300 NA $0 $800
Anoxic Basin Pumps 2 Each $10,000 $20,000 35% $7,000 $27,000
10" Anoxic Basin Lines 100 L.F. $50 $5,000 NA $0 _$5,000
Electrical Junction Boxes 1 LS. $5,000 $5,000 NA $0 $5,000
Electrical Conduit to Alum Feed Pumps 100 L.F. 530 $3,000 NA $0 $3,000
Electrical Conduit to Filters 100 L.F. 30 3,000 NA $0 $3,000
Elgctrical Conduit to Anaerobic Mixers 100 L.F. 30 $3,000 NA $0 $3,000
Electrical Conduit to Anoxic Pumps 100 L.F. 30 $3,000 NA $0 $3,000
Motor Controls, Instrumentation, Misc. 1 LS. $55,000 $65,000 NA/ $0 $55,000
Sedimentation/Erosion Conirol 1,240 | LF. $2 $2,480 NA $o| _ $2500
Loaming/Hydroseeding _ 100 S.Y. $1.20 $120 NA 30 $100
Subtotal  $400,000
Prof. Services ® (15%)  $60,000
Contingencies (25%) $100,000
OH&P (15%)  $60,000
Total Equipment Cost  $620,000
Structures
Insuranca, Bonds Mave-In, efc. 1 L.S. 5% $7.908 NA $o $7.900
Site Preparation 1 L.S. 5% _$7,532 NA $0 $7.500
Anaerobic Basin 59 C.Y. $500 $29,537 NA $o[ — $29,500
Anoxic Basin 177 CY. 500 $88.611 NA $0 $88.600
Congrete Pad for Anoxic Pumps_ 7 C.Y. b360 ~$2,593 NA $0 $2,600
Concrete Pad for Filter Unit 4 C.Y. 350 $1.497 NA $0 $1,500
Cancrete Pad For Chemical Tank 1 CY. 350 $467 NA $0 $500
Raiocate Chioring Building 1 LS. $6,000 $5,000 NA $0 $5,000
Sludge Drying Beds 55 CY. $350 $19,081 NA $0 $19,100
Paving 110 S.Y. $35 $3,850 NA $0 $3,900
Subtotal  $166,000
Prof, Services ¥ (15%)  $25,000
Contingencies (25%) $42,000
OH&P (15%) $25,000
Total Structures Cost  $258.000
Total Capital Cost  $878,000
Hl. Annual Operation and Malntenance (0&M) Cost
Alum 6,570 | GAL $1.00 $6,570 NA $0 $6,600
Maintenance 1 Per Year 3% $7.884 NA $0 $7.900
Power 461818f kW-HR $0.07 $32,313 NA $0 $32,300
Labor 104 hrafyr $20.00 $2,080 NA $0 $2,100
Additional Sludge Disposal 35 C.Y. $15 $585 NA $0 $600
Total Annual O8M Cost  $50,000
Iil. Annualized Cost
Annualized Capital Cost $ 49,000
_Annual Q&M Cost $ 50,000
gt
TOTAL ANNUALIZED COST
Cost par Pound Phosphorus Removed Per Year®
{1) Estimates do not Inciude;
- iggal and administrative expenses
- easemams/and acquisition
- permits and fees
- privats Lty adjustments
{2) Includ i surveying, and other p services

(3) Item costs and sublotals are rounded 10 an apprapriate number of significant figures.
{4) Based on a discharge of 0.5 ppm.
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