December 2, 2008

Comments on the Los Osos Wastewater Project Draft Environmental Impact Report,
November 14, 2008, by Don Bearden.

I searched high and low in the Fine Screening Report (Att. 1) and the Draft EIR (Att. 2) and
can not find anywhere a 100% vacuum collection system has been analyzed for the Los
Osos Wastewater Project. In fact, the DEIR Table 7-5, “Screening of Collection System
Alternatives” (Att. 2), rules out a Vacuum System due to:

* Highest energy demand.

* Highest maintenance cost.

e Vacuum system pumps and 4,769 vacuum interface valves to maintain.

One supplier of Vacuum Systems, Tom LaHue of AIRVAC, at a town hall meeting in Los
Osos on November 21, 2008, said that they can collect all of the Prohibition Zone with three
Vacuum Stations and 1,590 Valve Pit packages for 4,769 connections (an average of 3

Gravity System (Att. 2)
® 4,769 connections from property line to ® 4,769 connections from property line to

gravity main in street 1,590 valve pits in the county right-of-way
e 907 manholes then to the vacuum main in the county
right-of wa
e 8-18 inch pipeline, most at depths of less | e 4-10inch pipeline at depths less than 6
than 8 feet feet
S duplex pump stations e 3 vacuum stations

2 triplex pump stations

[ ]
®
* 12 pocket pump stations

pump stations

Table 7.4 of the Fine Screening Analysis (Att. 1). If you add contractor overhead, profit, and
30% design contingency, there is still a potential for saving tens of millions of dollars in
construction costs.

As far as high Operation and Maintenance costs are concerned, the EPA Manual on

Alternate Wastewater Collection Systems, October 1991, page 20 (Att. 3) says: “MYTH:
Vacuum sewers are operation and maintenance intensive. REALITY: In general, vacuum
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PDHengineer.com, course No. C-4029, “Vacuum Sewers — Operation and Maintenance and
Management Guidelines” (Att. 4) documents a 2003 survey of O&M data from 22 selected
projects with a total of 49 operating vacuum systems. Page 22 says: “A review of operating
records of systems discussed in this chapter suggests that previously published O&M
figures may no longer apply. Reasons for this are twofold. First, the previous figures were
based on a very limited data on a few early systems. Second, component improvements
have resulted in significantly fewer service calls and lower O&M costs.”

There are many communities that have researched gravity vs. vacuum sewers. Here are
three large communities that opted to install vacuum sewers:

1. Sarasota County, Florida — “Considering the relatively dense urban development in
the project area, Sarasota County selected central sewer collection systems as the
design alternative for all 16 communities within the Phillipi Creek Study Area, with
vacuum collection chosen for approximately 80% of the areas.” From an article titled
“Septic vs. Sewer: A Cost Comparison for Communities in Sarasota County, F lorida”,
by Burden, Daniel G., et al, WEFTEC 2003, pp 319-343 (Att. 5).

2. Albuquerque, New Mexico — “Extensive use of vacuum sewers allowed the City of
Albuquerque to develop a sanitary sewer collection system that would work
effectively and cost efficiently in the unincorporated portions of Bernalillo County.
Over the past 12 years, the City has implemented a program that ultimately has a
construction cost of $140 million. The program will ultimately serve over 8,000
residences as septic systems will all be demolished and the groundwater will be
provided protection from human pollution.” From an article titled “Vacuum Sewers —
Engineered Solution for a Multitude of Problems” by Paulette, Robert J., WEFTEC

2006, pp3609-3620 (Att. 6).

3. York County, Virginia — “The vacuum sewers comprise about 25 percent of our sewer
infrastructure. We have 36 people who are in operations, but only two or three are
required for vacuum sewer maintenance.” From an article titled “Vacuum Sewer
Saves York”, Wwww.govengr.com, Government Engineering magazine, September —
October 2004 (Att. 7).
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In summary, | think the Vacuum System alternative in the DEIR Table 7-5, Screening of
Collection System Alternatives, needs a more extensive evaluation. | would fill in the
vacuum system column as follows:

Baseline Criteria Vacuum System

Level Designation Level A

Groundwater Quality | o Meets RWQCB requirements for elimination of pollution to
& RWQCB Waste groundwater.

Discharge e No exfiltration due to vacuum always in the header.

Requirements * Septic tank effluent that currently recharges aquifer is
removed.

Water Resources e In avacuum sewer system, the only potential source of

inflow and infiltration is the homeowner’s building sewer.
Old piping from house foundation to the valve pit stub out
should be replaced to prevent [/I.

e Septic tank effluent that currently recharges aquifer is
removed.

Energy/Air Quality * 772,227 kWhrlyear

e Odors — minimal due to sealed system and short retention
time.

* Low GHG emissions due to sealed system.
Costs T * 3 vacuum system stations to maintain.
* 1,590 interface valves to maintain.

* Low maintenance costs due to less equipment to maintain
and fewer operators needed.

* Low construction costs due to smaller piping and shallower
depths.

Permitability * Noise — Comparable to gravity during construction.
Moderate operation noise from vacuum pumps, can be
muffled by enclosures.

¢ Cultural Resources - Lowest potential impact due to shallow
trenching , small valve pits and fewest pump stations.

¢ Aesthetics: Least impact. Valve pits below ground like

manholes. Only 3 vacuum station buildings that can be
designed like other buildings in the neighborhood.
————=—— = OMerbuildings in the neighborhood. |

The vacuum collection system appears to be the environmentally superior alternative.
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List of Attachments

Attachment 1 - LOWWP Viable Project Alternatives Fine Screening Analysis, August
2007, pages 1-4, 3-1, 7-8.

Attachment 2 - LOWWP Draft Environmental Impact Report, November 14, 2008, pages
3-50, 3-51, 7-23, 7-24, 7-25.

Attachment 3 - EPA Manual on Alternate Wastewater Collection Systems, October 1991,
pages 17, 18, 19, 20, 93.

Attachment 4 - PDHengineer.com, course No. C-4029, “Vacuum Sewers — Operation and
Maintenance and Management Guidelines”, pages 1-36

Attachment 5 - “Septic vs. Sewer: A Cost Comparison for Communities in Sarasota
County, Florida”, by Burden, Daniel G., et al, WEFTEC 2003: Session 51
through 60, pp 319-343
and Phillippi Creek Septic Replacement Program, Quarterly Executive
Summary, March 2008.

Attachment 6 - “Vacuum Sewers — Engineered Solution for a Multitude of Problems” by
Paulette, Robert J., WEFTEC 2006, pp3609-3620.

Attachment 7 - “Vacuum Sewer Saves York”, www.govengr.com, Government
Engineering magazine, September — October 2004.
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Chapter 3

COLLECTION SYSTEM ALTERNATIVES

3.1 COLLECTION SYSTEM OVERVIEW

3.1.1 Rough Screening Alternatives

The Potential Viable Project Alternatives Rough Screening Analysis (Carollo, March 2007)
recommended three alternatives for further evaluation. The alternatives include gravity
simitar to the system designed and permitted as part of the previous Tri-W Project, septic
tank effluent pumping/septic tank effluent gravity (STEF/STEG) collection, and a combined
gravity/vacuum/low pressure system,

3.1.1.1 Combined Gravity/Vacuum/Low Pressure Collection System

The gravity collection syslem is a mostly passive central sewer system that uses gravity to
move wastewater. Based on topography, it is necessary to employ lift stations at various
locations throughout the coliection system to move wastewater to the treatment facility.

The combined system consists of gravity, vacuum, andfor low-pressure collection systems
depending on the localized topography throughout the system. The combined system
allows for optimization of construction and operation and maintenance (C&M) costs as
compared to a dedicated gravity system. The previously designed gravity system included
elements of a low pressure system (grinder pumps) and would serve as the starling point
for this option. Additional vacuum and low pressure elements would be incorporated in
locations where topography, groundwater, or other site-specific conditions dictate.

Maodifications to the previously designed gravity/low pressure system wiil not be examined
in detail in this fine screening analysis. Modifications are viewed as a value-engineering
alternative where additional vacuum and low-pressure equipment will be employed in the
gravity collection system, if appropriate, to reduce costs. Assessment of site-specific
options requires detailed design analysis and is beyond the scope of this report. Cost
savings for the combined system are expected fo be modest. The previously designed
gravity/low pressure system is assumed to provide a conservative estimate of the capital
and O&M costs.

3.1.1.2 STEP/STEG Collection System

A STEPISTEG collection system utilizes septic tanks to settie solids and provide a primary
level of treatment. The effluent from the tanks is conveyed to an in-street collection system
and the treatment facility via pumping (STEP system) or gravity (STEG system) through
small diameter, pressurized pipes.
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. Competitive bidding and public contracting efforts are optimized for the project,
including options on funding, for example, through private markets.

. The Draft Environmental Impact Report (EIR) will be completed by mid-2008 at which
point a preferred treatment facility site will be identified.

74 COSTS FOR VIABLE PROJECT ALTERNATIVES

Using the lowest and highest treatment costs identified for each disposal alternative in
Table 7.3, the total construction cost and total project cost ranges are developed in Table
7.4 for all elements of the projects including the collection system reuse/disposal, and
siting.

Table 7.4 Viable Project Alternatives Range of Costs, Millions®

Los Osos Wastewater Project Development
San Luis Ohispo County

Seawater Intrusion | Seawater Intrusion | Seawater Intrusion Tri-wW
Mitigation Level 1 | Mitigation Level 2 | Mitigation Level 3 Project

Project Element 90 AFY | 140 AFY [ 190 AFY | 240 AFY | 650 AFY | 600 AFY | ~285 AFY

Collection System STEP $65-81 | $65-81 | $65-81 | $65-B1 | $65-81 | $65- 81 $N/A

Gravity™ | $83-90 | $83-90 | $83-90 | $83-90 | $83-90 | $83-90 | $81-82

Treatment (Liquid and Solids)* [STEP $14-18 | $23-25 | $20-22 | $23-25 | $23-25 | $23-25 N/AT

Gravity $15-22 | $23-26 | $20-22 | $23-26 | $23-26 | $23-26 355

Disposal/Reuse $13-16 | $13-14 | $15-17 | $13-14 | $26-30 | $26-27 | $20-23
Treatment Facility Site™ $1-3 $1-3 $1-3 | $1-3 $1-3 $1-3 $1-3
Permitting/Mitigation'” $1-2 $1-2 $1-2 $1-2 $1-2 $1-2 $1-2
Total Construction Costs STEP $24-120 [$103 -126[$102-125 | $103-126 | $116-142 | $116-139 N/A
Gravity [ $113-132] $121-135 | $120-134 | $122-135 [ $135-151 | $134-148 | $158 - 165
Total Construction Costs STEP $117-150 | $128-157 | $126-156 | $129-157 | $144-176 | $144-173 N/A
Escalated to Mid-Point of Gravity |[$141-164 ] $151-168 | $149-167 | 5152-168 | $168-188 | $167-184 | $197 - 205
Construction™
Project Costs™ STEP $18-24 | $18-24 | $18-24 | $18-24 | $21-26 | $21-26 N/A

Gravity $16-21 $16-21 $16-21 $16-21 $19-23 $19-23 $12-17

Total Project Costs™ STEP $135-174 [ $146-181 | $144-180 | $147-181 | $166-202 | $165-189 N/A

Gravity | $157-185| $167-189 | $165-188 | $168-189 | $187-211 | $186-207 | $209 - 222

{n

(N
(8)

N/A - Not Available.
Notes:

Estimated Construction Costs in April 2007 dollars including contractor overhead and profit and 30% design
confingency (feasibility-level estimate).

From Table 7.3 - shows combined costs of liquid treatment and solids treatment/disposal.

Assumes approximately 40 acres acquired, except for Tri-W Project. Actual acreage may vary depending on the final
site and plant configuration.

Costs do not include land restoration costs at $20,000 to $50,000 per acre.

Assumes mid-point of construction is June 2011. Escalation at 24.5% of construction cost sub-total per the Basis of
Cost Evaluation (Carollo Engineers, May 2007).

Project costs include design, construction management, administration and legal costs, as detailed in the Basis of Cost
Memorandum in Appendix C.

Cost do not include $13 to 25 million for electrical connection premium for separate electricat service that may be
incurred if permitting andfor funding requirements stipulate this requirement and the funding is pursued.

Tri-W costs based on gravity collection system. Treatment Costs for the Tri-W Project with STEP cellection are not
available from bid tab informaticn, Based on other treatment process costs, MBR costs associated with STEP collection
could be approximately 10 to 15% less than when associated with a gravity collection system.

August 2007 7-8

H:AFInahSlo_WCO\7630BOORptDrafi\Chapt7? .doc




o ] Al (i T D P | LN el Ll | e T
SeTESALRyY LPSpamlp PR o5t

WEFQ %3 %63 5 1) 7 sammbay

PO By W 315 -

el

TIPSR EEAIEReNg PR WP ) OO 3500
pas{zed poy s 0] ILAE FU0S s e asdl) .

ol
DG PRI YA TS (RA0RT EIuEN .

PRIy S [[Us OIrg e S (P o o
“syj i Py oy sy s ted OF BT 1500 e DEEISY -
2 sbulnr) plo)) ¥ sl e Ly
= J= emaxdop pow p=C 8 sa0m UOTRY RT | MOQE 3G AL uondmEel AR
[eizans asasl s Ramas ey 7 IORagpr] ApSiang
£q papnazoo = [[iw STEEIT Fummwrmy wyeny gl gpr wwg algdcs ssoomd -amssasd
“spymins PUR 22255 0] padmmbal noaes Seisoan sBndag = sz m dumd ooy
o o pjde gk pr s (SdIy) e g pong ) Eee gy B s opipsaiell pep] Hppy bk
X [ [ROIRS SN LTy e A KR 1STUE] IR HI‘...n mody = TN O JumegEY paEa o LY
o FRESM Ap por smoiep MO WETIE poT AnEIe) NG TSNS 0 PPOSpRy] | TrEl S Jy O e s
Toirap o0 ghm ey freds « PO FEL] YA SO0 S S spopnd j2ienom Suung « .
wormpiaasd pEsuEE | Utpueoay speaond 01 sy e “munated EAIY AV
U R P 0 SEEATITERY PO SANEINOE] QUNTIR-AFEIIeS PRS0 | qEuI-Z] 30 I 007 9 [EEYy . “syrampey (Y B0 oo |0 Boduinsei iy o
winaeg e mensing - (g (1 = Fwe poeg popusding [ “SpEpinds e o M el L] T DI dilind Xy Masmy
A HELL I SPRR FRERR Sepeg) oy = WRRE 1008 0D Sac USRS PATE jiseTsy afeperp paT real ey {30 puw ey (R g Arpanry e
goseem g | nmanyasdle Pdi gL = Budamy Greg afmoay o gty coen Gy sy ope made g many (%R R s pe ) smad g dlasa
B SRR SSERIEER ORISR R ] =ndas wedemn F= WIS UCSSIA gE  wel
PoRan §o A gV org o de lmds o sz, Eeed ] SRedas quen sndsg . SCE() 507 S0Y (M) MIE0ET - dusmnd jan nﬂ.r_._n:ql._.. 2 E3N0L JOEUSNIEy ( STOOTIE
i iEdg nmm 7 Vi = uodanygy ] frae oy (¥ i g 30 gt B dumd nwoppegy pu sl sasdnp
R R L g 5= spejeg pIpEREmy e dend dy () PRy ok TR v ] irzunmny mg) g awod Ggung .
-5 A3 FE mon | il e pns=ind i g = sgiod [ e 100f g7 BATEE) o “smenman dinl 130R s
e pusesS Ju igisgem e ey pssand FISUSIRY Y [eu] AT() FRROAY . 2ATEJI 0 WORISPOI] 1 SO e n worrt dumd e 7 o
gesutnby 99 IOEE PEETI RSN 6 o e 2 R e e AT 5T = LAHd thamsl prozzs pgpsod gasa) @ 1 s vormg denyg . rores dumd ok ¢ -
BopqrLs s Foopsanad PATY 3 LR S5 @ PTEE 3 [ IS . GOW £1 = 2NV rusd® g} go fisedeo ML oz ® ORI L6
e Ay A aop o TN Pag G0N Il = amaay v dusl dq g} FrEEYTETY wdf gpg po dpemde {1234 § wop w5ap o pdap
Sunopwm i pajonens PRGOS JO .E.n:in. _;. WIOJ-T 4) ST - ) 9 1RRSINY 5] AT gopRsgea ARl AR 0] AN paman Furdussd 3FEsE 0 1poe Stpadnd g § |-g, WD
34 1% MU FUR UopQ T yslap prad = ¢ @R, 0005 BOORIMETE AR ST JG1 WOMISG Y [ g (igenaee gy grpd Ayss i s dy-gp O040) st sk AR ) O ET
odapng suenT) 2o 33?53!&“.5. we Paspuadep s oot somapdds dnccepr-aly) mevnid - I g5 po wmames dand § gt wonperg damy (5] i e o) st womgpo
gy ol 00 undey SR IR, PRI B0 el ey it wENE g | DEARD) of eS| It Beuer dmmd grisuy o B YT . 1z m o dmadoid wog AR
PSP | JOAIN Gy Oy | o o o - "R ) 00 SEyDcey T 0und £ =yt T 00y - szem -y ST RS [
el e D R B T PEYETEN BT-Z TN v FiE ey WAG-ALD) [ G TGRS S SSmany DR SO e AU J0 0] (0BT SEIR . 1€ W Ty Y- {sprmiymey
rﬂ.u_,._.a_..!iﬁj PR | SOGINpOS] | JE MU SENIEM BaEn ADEnT = Fopre 64 At} Loy et iq RS sy 01 S 031 0TRT T . e 107 e spmd wng o gy b
_ﬂ.-_.u.q_._.niun.....!._. iporisaleard  pag g ofougy oo SOTEEAY IS . (U el RS e S . THRN]| LR EERE T | R T YL sy UGS 400 USPERY .
R, 5] aRsT _. hﬁuﬂgﬁﬂgﬁﬁg 4V G5 DOEBOY  pAEDDogdn M CNESTI BOULEEDN) 1564, SRy _ o i =milanem o) someg dumy mesapg jtanrny Ty *
A weanp pajee) " memansepm sy aug wmg pafaig
[esodsiqg spRosaia fesods|Q wan|ygy uonesa aberoyg SHOLS JOIRMAI SR PUE S0 JURULENL e m e , WRgsAs uonadjjon sl | | e,
5jop abieg

(dAA0T) 1afaly sapesmajaciy sos 08._ siasfaid pasodaid jo swiwng {(1uon) i #jqeL

uopdLrasag Fafody U LEnT 199010 RIEMIISEL SOS0 SU7

T frUY



T R T N DD TRa— ¢TI TR T el e
SRSy ISR PEOR 5t

) 1) ey | mndey e i i | .ES-R.-HH.E Loz ey sy LALNO ST Bondiesmag o g cpesdly samog
. . irary el e sodag sty s pe ) cads - ORISAALS T jormar) ) Sy, [ty = GI0WY uel] SRy Fig Sy T = M sy T sl - P

A 12 Weop ROT| = QOGN 155 T = JT e = S| RO = DAY Saiadiss e s (g2 | 4 i ol e - e e sl deeipe . el el i P . Y MY = 3 Mo Iy, A, A0 Meny < aAaY e 1epes g, i) Sac] alemay = DY T
[Lae EEL]

iy ey wndmsg Pefong g xpasddy asg 95 41 o8 £ WDON 1m0 { W S| POE 1e [ 01 6 0 jRoed gy RSI 00 103 POl o i jstead oy O wen G1-Gi 39 e smeaad PO AL WA-Z) OF -l 9 o matad ¢ g TE-g 0 in s s soroprs ke go el e €
rpymsy oo semog oy sy daid g S| Jsuss jo s sied @ Saneoyed Dl g cwno Gradoly Rl O S 1S M o Fupyee o smoy moy

RV a0 36 1500 S40d 1eTRis Bonaa)ee O SdILS 1Y UM (snly Tsitlg Pesadaly ([ sy 1t Rumbend G4 [l §) e 0 pEcGE 196 N FUT [T A A PRI SISEAnmiE) R apo g Seiiecane) Jed e pee opon sods B Tusegemge 1o 500 1

fesodsig dsiq yen 07 95 - L Jepinaned IS e vafard
1Q spljesorg 1 [0} uoged e MO T 2 SEI00U- MIBLITERL ooao; !
i P Ehge -l J it SURAlSAS asuRAanuon ¥ Nz b 2 Juauyead) pasodotd

(5 Jopabed
{dMM0O1) 193laud IREMNSER SO5Q 50 S12afald pasodold jo Aewwng ((Juo)) 2-¢ 3jqBL

uopdiasa asfass = TS U] Bl RIEAIETM TS0 50T
odsp0 SJA7 ues fo Hunos



P SRWIRWAY G025 WIT Croe TInmonces (VAT EE T T TN -Nd) WeRDvH

SAIL[IOSSY UBLIPURIG [SEUIIY £z-L
pieA
juoL 0] paAoll Jo pase[dal syue ]
‘[eAOwal udSonu
10} UOHIPPER uoqles sannbay
‘uonIppe agedas Aq jasgo Ajenred
s1 jueqd jusugean ur uonyonpal 33pojg -uononpoid [Ed1WaYD $59] poe
-Buney a3e1dss pue Funuaa ey antdas Jo aouasqe
Tenjualod 21RISPOJA - SIOP)) e uonanpold [BIWIYD “FunUIA JuUE) 0] 2NP SUOISSILU2 OHD) 13m0
sdumnd 4918 audas 03 anp suoIssiua HH) JaySiy [BlIU3jO4
1B 0TS ss9f sdwnd ISpIny o | [eNU0d 919A3S O] JJRISPOIN - SIOPO QJRIIPOJN 0} [EUIUTIA! - SIOPQ) Lnend
pueuop A510U3 1S9UFIH o ®240mY 000°6T o TedAIymy 000 5T 1ea Ay 000°00% Iry/43s9uy
‘pasowrar 51 rayinbe safreyoar
AQIuan Jeyl sniga yuey ogdag
"3]qE] J:Em MO[2q
PaAOWAI 51 Jamnbe saBreyoa pasowral st sayinbe saBreyosol JIB SR[OYUEW pUe SIUTfUIB
Apuaims e 1wanggs yuey ondag e APTmaLING ety Juaniys yuer sndeg 213Um [erualo] - TOLRRju|
“K[9NI[uUr] - uoneN|iJul - “K|ayrjup) - Tonenjyuj 2300pal UED 3DUBUI)NEW
"SUOIIIIUUOD UO[IRIS “suiof yue) En3ay -smof autjurew
dumd 15pUIS puw SUOTIILUOD DF18/dTLS pUeB SUOI}IIUTO0D [BIE] PUE ‘S3[OYUBLI ‘SUCQEOULOD
[E12]B] 351104 Je JN520 UBD MmOJu] 3500y JB M3I00 eI moOpIuT ‘safe [EI2)] JB INI30 TR MO[JU] 5324N05Y
"PAJBOYBAD JON ‘5038 WalsAs §d SV - mOyju[ e wasAs O [S/dALS SV - MOpuj ‘523 WolsAS ANARIS SV - moOpJu] NEL LYY
paaowas st apinbe sa8reyoas paaowar sl 1apnbe sagreyoas
Apusimy yey) juan|ys Jjuey sndag e Apuaim) ey} 1UsTg e yuel oudag paaomal st 135inbe safreyoas sjmawasmbay
‘wasAs Aaerd uey) 210w ‘saunjadid Apmauns yeqs Juaniga yuel sydag af1egISI
IayRMpUNOIS ‘dALS UBY]l UOHIBIIJXD SS9 o pazunssald yjisa UOREN[OXI W08 UOLET[1J-X3 1589 J1SBAN
01 uonnjjod Jo uoyERUIUI|3 I2jEMpUnoLs RempunoIs laresspunold a70M4d
10} sjuawrannbaa 0] uonnjod JO UONBUILID 0} uonnijod jo uoLeuTwI[3 03 uonnjjod jo uoyEUILTG|D » Aend)
00MY 122 o 10§ sjuswannbar gIOM Y SIS e 10 sjuswaiinbar g m S9°W 10] sjusannbal goOM A S1eaN NEILEWLE LY ESY
) uopeasisaq
D RAY] J P V [2427] ¥ [2497] [oAa]
walsAg (9318) Aiaesg Juanyg
wesis wanaes w3sig :oamwﬂwm._%:mmmi MO Juel andas f(d31s) Buiduing Jumess mm:_.___.a.m«»_w.wum

juany)3 yue] spdsg pauiguon

SaA(leUIa)Y WalSsAS uoIajjon 1o Buluaaisg 1g-7 3qel

HIF Heiq 120f0id JALBMIISEAL SOS0 507
odsiqp s ues jo AJunod

198f0l4 pasodoid syl €) SOARBLIB)NY



20p STARLAANY B L02S YA Z00ETLNSIAIES U0 TTIFI IO IND-NA) TITRH

SALEIJOSSY URIUPLRIG 38U

pZ-L

pRiEn[eAS JON

yyda¢] 1amojeys e
‘TiejaTew
0] SIATBA J0BLIAUT
wIinnoea 69y pue

sdumnd WISAS WINNJBA »

100 JOUBUSITIBL }52YSTH e

D PAY]

wajsAg wnnaep

‘s3] pue swiepe
"yjey $53208 o) snp suoneiado

Sunp wedwr a10)y SIIAYISIY @
-spae£ 21eaud U1 vogeaeoxd dwnd

1apunid woy spedw jpuajod
1ag31H - 1S22mMosaY [edry|n)
‘sdumd 431§ Uelp

Iz1stou sdumd rspunsy “suiwje
dumd sopupid [eas pue 3523

wioy) 25100 suonesado 13gdiy
"uoyINNSu0d Junnp HJ LS/dILS
0 s]qeredwoy) - 510N

"3oURUIUTEL

dwnd sapuris s03 pannbad
1uswses snqnd Juaueutiag
Imempunoid

MO[[EYS Lpim SBAE Ul

wajsAs AUARLZ Ylim pasn 3q ue)
-‘uonejeysur dumd rapuus Sutmp
uondnisip preA sjeand 1ejealn
‘WIS AS

uo1}03]03 Jo suoiyod 10] pasn
a4 ued AF0]0UYI2] SSI[YDUIL

os autjadid 107 ipdacy 19mo[[eys »
‘utejurew 0 sdumd 1apulis g9.°p

D PAY]

(s047)
wasAg UoRISN0) NSS4 MO

'$1Y31] pue suire[e ‘spl|

SpRIB Yol-H7 T 03 anp suoyeaado
Furmp 1oedwn 210 SOIAYISIY
"spieA s1eatid Ul uOIBABIXD

Auel HFLS/dALS wog spoedwl
Tenuatod 1ayBIY - $90iN0S3Y [RINND
-Surdwnd

a3e)das pue suee YU O3 LS/JALS
[eaI puE 35[€) WOL ISLOU

suoyeiado I3YSlY "UOHINISUOD
Buunp Lraerd o sjqereduro)) - 210N

‘30UBUDIUTEW YU) DT LS/AALS 10
pannbay juawases orgnd juauewiag

‘$1509

Furprey 5Fedas pue ssurusITEW
13y S1 INq 1502 UOYITLJSUOD 1aMO7]
“UoIR|[RISUT e DT LS/dI LS Suunp
uondnistp pred sealid 1ages10
"Wa1sAs uo1o3(jod Jo suonod

107 pasn aq ued AZ0[0UYIR) SSIIUAL)
os autjadid 107 pda] Ismoreys
‘SiEak ¢ AIDAD ISR

e syuey 47 LS dumd sismey a8edag
“urgjuleLw

o1 syjue) g9 1§ pue sdund 59,

V [pAd]

waisig (93L5) Mmels Juanyg
yuey amdas d431s) Burdwng

yusniy3 jue) sndag pauiquion

015 ‘SaI0Y w0y AemB JSyLTYy
pa1200] 34 pmos nq ‘s1oedan
Areiodwa) 07 pea] pjnos wIsAs
A11ARIZ B JO UonONNSTO.) - J1eL |
‘punosZiapun
IV S3M1I[to8} ANUTLINOOY 1S0W
9ouls Joedini SS37 ISOHAISIY e
“spoedun jeusiod
19M0 - SAAUMO0SIY fRINN] @
‘suogerado Fuunp Is13Ind)
"uol2NNSUOd Sulnp DF 1S/dALS
03 3jqeIedllo)) - 2SION e

*SJUAL3INbal
33UBUUIRUI pue Surfjels
12M0[ 0} 3NP 1500 N 2P () 1amO|
INQ 502 UOTIOMISUGD 19Y3IY »
‘uorangsuod Surinp vogdnisip
Ia1ea18 3nbal 519/ 13da3(] .
‘wigyuew o) sdwnd
1p0od 71 pue suone]s dumd £ e

¥ PaY]

Janero

SaAljeula)|y walsAg uonaajjoo jo Buuzaioag :{"uo9) g-2 ajqe]

Smqenmiag

51507y
aoyeudsa(g

! [PA]

CITEH VRS
aujjaseg

138faid pasodoid 3y} 0) SaAELIAYNY

H13 ueiq afoud raiema)sess S0S0 507
odsigo $ing ueg jo Ajunog



AP SANICWILY (M- LS W SISO RS [WTE 003 T L SN M) w1 H

SOJeI0SSY UBWIPpURIY [REYMY sz-2

QL00T Euuc_.mrm .o:o.alm .a.%\m\m._uoﬁmcmﬁ. o__o..a\u onom .mmﬁouumu. ‘vonenjeag usuodwosy mEBm\nw SjURNSUC)) mxmd....am.u&:ux Z-d x_u:wnnz 1S20MOS

"SUOTIPUOD TONBARIXS LMY PUB S31RAPIMOLT YJHy Yilm SBATEQNS [fEUIS 10) $O47 © [[BISW LR 1Bl pLqAY & 51 WalsAS vonoapjoo Aaerd pssodoud aq |

‘SELON
"S3SN puej 3A1Isuas 0] Apunxosd *S3SN PUR| SATISUIS
350[2 Ul UONE|[EISUT SULINp 01 Ajwinxord 350[9 UT INY20 PINOM
spordwi sigen HJ1S/dALS pue Gone[[Esu SUTmp M50 pinom
01 9jqeredwon) —oyger] »  sPedwi oWyen HJ1S/JALS -SRI .
IADY \ A 94D L] \ ﬂoﬁw:.w_moﬁ— ‘
O 1pAY] D Paa] V PAT V RAYT A
washs (93Ls) Aness Juanyg
{sodn) CE )
waysAs Wnnaea } sue) andas /(d31s) Burdwng Aiaein s
wa)sAg UOHI3[[0Y) INSSAId MO Juaniya yue) ondag pauIqWon t aujjaseg
SIAIIBLIAY Y WAlSAG UOI39j0a Jo Buiuaaiong :(("Juon) ¢-7 ajqe
12afoud pasodoly ays o) seAgelsa)y I3 Wriq 109l0lg 191EMI)SEM SOS() SOT

odsjq0 5107 ves jo Alunoad



fment 3
ﬂ CrNMeA 7 epamas-aron

October 1961

Manual

Alternative Wastewater
Collection Systems

U.S. Environmental Protection Agency

Office of Research and Development
Center for Environmental Research Information
Risk Reduction Engineering Laboratory
Cincinnati, Ohio

Office Of Water

Office of Wastewater Enforcement and Compliance
Washington, DC

@ Printed on Recycled Paper



1.3.23 Operation

Vacuumornegative-pressure sewersystems usevacuum
pumps at central collection stations to evacuate air from
the lines, thus creating a pressure differential ' Innegative
pressure systems, a preumatically operated valve serves
as the interface between the gravity system from the
individual user and the vacuum pipelines. Pressure
sensors in a wastewater holding tank open and close the
interface valve to control the flow of wastewater and air
into the vacuum system.

The normal sequence of operation is as folkws:

« Wastewater fromthe individual service flows by gravity
10 a holding tank.

» Asthe level in the holding tank continues to rise, airis
compressed in a small diameter sensor fube. This air
pressure is transmitted through atube to the controller/
sensor unit mounted on top of the valve. The air
pressure actuates the unit and its integrai 3-way valve
which allows vacuum from the sewer main to be
applied to the valve cperator. This opens the interface
valve and activates a field adjustable timer in the
controller/sensor. After a set time period has expired,
theinterface valve closes." This happens as a result of
the vacuum being shut off, atiowing the piston to close
by spring pressure,

« Thewastewaterwithin the vacuum sewer approximates
the form of a spirai rotating holiow cylinder traveling at
38-45 cm/s (15-18 fps). Eventually, the cylinder
disintegrates from pip& friction, and the liquid flows to
low points (bottom of lifts) in the pipeline.

« The next liquid cylinder and the air behind it will carry
theliquid from the previously disintegrated cylindersup
over the sawlooth lifts designed into the system. Inthis
manner, the wastewater is transpornted over a series of
lifis to the vacuum station.

The principles of operation of a vacuum sewer system
are not completely understood. An early concept was
that of liquid plug flow. In this concept, it was assumed
that a wastewater plug completely sealed the pipe bore
during static conditions. The movement of the plug
through the pipe bore was atirbuted to the pressure
differential behind and in front of the plug. Pipe friction
would cause the plug to disintegrate, thus breaking the
vacuum. With this being the situation, reformer pockets
were located in the vacuum sewer 1o allow the plug to
reform and thus restore the pressure differential {Figure
1-12}. Inthisconcept, the re-gstablishment ofthe pressure
differential for each disintegrated plug was a major
design consideration.

In the current design concept, the reformer pockets are
gliminated sothat the wastewater does not completely fill
or “seal” the pipe bore. Air flows above the fiquid, thus
maintaining a high vacuum condition throughout the
length of the pipeline (Figure 1-13). In this concept, the
liquid is assumed to take the form of a spiral, mtating,
hollow cylinder. The momentum of the wastewater and
the air carries the previously disintegrated cylinders over
the downstream sawlooth lifis. The momentum of each
subsequent airfliquid slug and its contribution to the
progressive movement of the liquid component of the
previous slugs are the major design considerations.

Both of the above design concepls are approximations
and oversimplifications of a complex, two-phase flow
system. The character of the flow within the vacuum
sawer varies considerably. The plug flow concept is
probably a reasonable approximation of the flow as it
enters the system, whereas the progressive movement
concept is probably a better approximation of the fiow
throughout the vacuum main.

The significance of the air as a driving force cannot be
ovaremphasized. The atmospheric air expands within
thevacuumsewer, thus driving the liquid forward. The air
affects not only the liquid Inthe associated air/liquid slug,
but also the liquid downstream.

1.3.3 Potlential Applications
Below are the general conditions that are conducive to
the selection of vacuum sewers.

= Unstable soils

Flat terrain

Roliing terrain with small elevation changes
High water table

Restricted construction conditions

« Rock

Urban development in rurai areas

Experience has shown that for vacuum systems 1o be
cost eftective, a minimum of 75-100 customers is needed
per custom vacuum station. Package vacuum stations
have proven to be cost-effective for service areas of 25-
150 customers. The average number of customers per
station in systems presently in operation is about 200-
300. There are a few systems with fewer than 50 and
some with as many as 2,000/station. There are
communities which have multiple vacuum stations, each
serving hundreds of customers.

Hydraulically speaking, vacuum systems are fimited
somewhat by topography. The vacuum produced by a
vacuum station is capable of lifting wastewater 4.5-6 m
(15-20 ft}, depending on the operatinglevelofthe system.
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Flgure 1-12. Early deaign concepi- reformer pockels,

REFORMER POCKET

Figure 1-13. Current deslign congept - pips bore not sealed.

SEWAGE AT REST
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This amoun of lift many times is sufficient to aliow the ~ Tabls 14, Operating Vacuum Systems inthe United States
designer lo avoidthe lift station(s) that would be required

, . . Project Name P I Locatiol Systal
in a conventional gravity system. joct rojec " ystem Typa
Martingham St. Michaels, MD AIRVAC
1.3.4 Extent of Use in the Unlted States Foxciilt Estates Martinsvilig, IN AIRVAC
Table 1-4 shows the operating residential vacuum sewer ﬁﬁmﬂﬁﬁ m':“a::m\?:- IN ﬁ::x:g
systems in the United States as of January 1980. There ;e Pralnville. IN AIRVAC
are another dozen or so presently in the construction  Eestpoint Eastpoint, FL AIRVAC
phase, with more being planned and deslgned. Westmoreland Westmoreland, TN AIRVAC
Fallan Leaf Lake South Lake Tahos, CA  AIRVAC
- . . Falmont Somereat County, MD  AIRVAC
In addition to the above residential systems, several  gygen Anne's County  Guesn Anne's Co., MD  AIRVAC
industrial facilities use vacuum systems to collect  LaFargevile LaFargevilie, NY AIRVAC
wastewater.’* These companies include the Scott Paper  Charlotie Charlotle, TN AIRVAC
Company pulp and paper mill in Mobile, Alabama, with 25 gz gg- - g"d"’ ';“3‘:1"‘5 W’“'{::g- m’, g::xﬁg
AIRVAC va!v_es: Stquﬁer Chemical Company in Baton g co . sm“'sc,oek M" hao ing. WV AIRVAG
Rouge, Louisiana, with 7 AIRVAC valves; and Keystone = Friandly PSD Friendly, WV AIRVAC
Steel and Wire Company in Pecria, lllincis, with 2§  Central Boaz PSD Parkersburg, WV AIRVAC
AIRVAC valves. ENVIROVAC type systems using amzcmﬁg e PSD \mﬁﬁd‘& m’dg v ::mg
vacuum toilets are usedl _ilj remole oonstruc.tion Camps  codar é,m Lsx,ngtgn Park, MD AIRVAC
and park restroom facilities, and along with another  Lake Chautauqua Celeron, NY AIRVAC
vacuum system manufacturer, Jered Industries, inmany  iLag Marina Norfolk, VA AIRVAC
shipboard installations. These types of instaliations are g:‘mt E’"""’g;’:;l“zn 2]23?3
beyondthe scope ofthis reportand will notbe addressed. 4, Afton, KY AIRVAG
White House White House, TN AIRVAC
1.3.5 Myths vs. Reality Morriatown Morrtstown, NY AIRVAC
Many myths exist concemning vacuum sewer systems. In ~ Lake "s":“""“ m;hw‘ ::gmg
realll_y, a vacuum system is not unlike a mnveptpnal Sanama Sanford, FL AIRVAC
gravily system. Wastewater flows from the individual  claywood Paik Parkersburg, WV AIRVAC
homes and utilizes gravity to reachthepointofconnection  New Cumberland New Cumberland, WV AIRVAC
to the sewer main. The equipment used in the vacuum  B% Sm\%age C“a"rfgl’lkg";"ﬂ ::23:8
station is similar lp mechanical complexity to that used in Pmaum'a':‘m "”Pm'a reontown. FL AIRVAC
a conventional lift station. The most common myths  Bgalisville Baallsville, PA AIRVAC
concerning vacuum sewer technology are discussed  Salmon Beach Puget Sound, WA AIRVAC
below. Noorvik Noorvik, AK ENVIROVAC
Big Bear Lake Blg Bear Lake, CA ENVIROVAC
. Centartown Centartown, KY ENVIROVAC
MYTH: Vacuum sewers are only to be considersdwhere  stafford Township Manahawkin, NJ ENVIAOVAC
flat terrain exists. Ocean Pinos Bartin, MD VAC-Q-TEC
Lake of the Woods Locust Grove, VA VAC-Q-TEC
, Shipyard Plantations  Hiton Head lsland, SC  VAC-Q-TEC
REALITY: Vlacuum sewers should be considered in  pymans Dunes Hilton Head Islard, SC  VAG-Q-TEG
level, downhill, and uphill terrain. The practical limit of  Captaln's Cove Greanback, VA VAC-Q-TEC

uphilltransponrt historically has been 4.5-6 m (15-20 fi) of
vertical lift, although experimental systems are being
tested which may Increase the feasible vertical lift limit.

MYTH: Vacuum sewers should not be considered whan
the potential for gravity flow exists.

REALITY: Many times a broad view of an area’s terrain
automatically rules out vacuum sewers as an aiternative
to be considered. However, a closer ook may reveal
many small advantages, that, when considered
collectively, add up to a significant savings.
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An example of this occurrad in the Ohio County PSD-
Peters Run project in Wheeling, West Virginia. in that
project, # only seemed logical 1o the designer to use
conventional gravily sewers. The area was tural with
residential development following a creek. However,
upon closer inspection, it was evident that the gravity
main wouild be required to crass the creek in various
places, since the development was on both sides. With
the creek bank being 3-m (10-ft) deep and the creek
crossing requiring 1 m {3 ft) of cover, the gravity sewer
would have been 4-m (13-ft) deep for most of its length
(Figure 1-14). Atthe terminus of the systam, a lift station
was needed to pump the wastewater to a plant, which
was located above 100-yr flood elevation.

By utilizing vacuum, the designer used “lifts” 1o raise the
main above the bedrock level to a depth of 1.2-1.5 m (4-
5 ft) {Figure 1-15). The vacuum station that was required
was nathing more than the lift station that was required
In the gravity layout, with the excaption of the addition of
vacuum pumps. This additional expense was more than
offset by the savings of the line installation. The
‘inexpensive™ conventional gravity system would have
required deep, difficult excavations with much rock. The
vacuurn altemative had much shallower excavations
with little rock. In essence, the vacuum system was
installed as a “vacuum asslisted-gravity sewer” with
significant cost savings.

MYTH: Since vacuum sewers are mechanized, they
undoubtedly are unreliable.

REALITY: Early vacuum systems wera not without their
problems. Howeaver, component improvements, design
advancements, and experiencawith thetechnology have
resulted in systems that are very refiable,

MYTH: Vacuum sewers are operation and maintenance
intensive,

REALITY: In general, vacuum sewers may be less costly
to construct than conventional sewers, but may be more
expensive 1o operate and maintain. However, the
magnitude ofthe O&M etfort has beengreatly overstated.
This is due largely to the little historical data that exist
coupled with the conservative nature of most engineers.

MYTH: Replacement paris are expensive.
REALITY: The components of the vacuum station are

not unfike those of a conventional pumping station. The
small pans of the vacuum valve that are subjected 1o

wear are very inexpensive. Avacuumvalve and controller
canbe rebuilt for about $30. Rebuild frequency is 5-10 yr,

MYTH: The vacuum pumps mus! run 24 hr/d to keep
vacuum on the system.

REALITY: The typical vacuumstation is designed so that
the vacuum pumps operate about 3-5 hr/d.

MYTH: ft takes a tremandous amount of ensrgy to keep
constant vacuum on the systems.

REALITY: The average slzed vacuum station cortalns
20-hp vacuum pumps. Considering a run-time of § hr/d
andthe costof slectricity at $0.08/kWh, the costof power
for the vacuum pumps is about $185/month. A system
this size canandtypicalily does serve 200-300 customers.

MYTH: The operation of a vacuum system requires a
person with a college degree.

REALITY': Any person that is mechanically inclined can
operate a vacuum system. Most of the systems in
operation inthe U.S. have operators with no more than
a high school education.

MYTH: l{the vacuum valve fails, wastewater willback up
into my house.

REALITY: Vacuum valves can fail in either the open or
closed posttion. One failing in the closed position will
resultin backups. This would be analogousto ablockage
or surcharging of a gravity sewer. Fortunately, failure in
this mode is rare. Almost all valve failures happen in the
open pasition. This means that the vacuum continues to
try to evacuate the contents of the pil. The vacuum
pumps usually run continuously 1o keep up, as this failure
simulates alinebreak. Inthese cases, a talephone dialer
feature available in vacuum stations notifies the operator
of this conditicn. Gorraction of the problem can generally
be made in less than an hour after the operators arvive al
the station.

In short, many of the major objections fo the use of
vacuum systems are not well founded, These systems
have been acceptable in a variety of applications and
locations. Any hypothetical or abstract difficulty that can
be applied to the vacuum system can also be applied to
the more conventionalsystems, Inany evenl, the vacuum
system offersthe same convenience as any othertype of
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CHAPTER 3

Vacuum Sewer Systems

3.1 Introduction

The use and acceptance of alternative wastewater
collection systems have expanded greatly in the last 20
years. One of these alternatives, vacuum sewers, has
been used in Eurcpe for cver 100 years. However, it has
beenonlyinthelast 25 years orsothatvacuumtransport
has been utilized in the United States.

In this period of time, significant improvements have
been made in system components. In addition,
experlence with operating systems has led to
advancements in design, construction, and operational
techniques. These factors have altcontributed to vacuum
sewer systemsbeing areliable, cost-effective alternative
for wastewater conveyance.’

Vacuum sewerageisamechanized systemofwastewater
transport. Unlike gravity flow, it uses diferential air
pressure to move the wastewater. it requires a central
source of power to run vacuum pumps which maintain
vacuumn on the collection system (Figure 3-1). The
system requires a normally closed vacuum/gravity
interface valve at each entry pointto sealthelines sothat
vacuum is maintalined. These valves, located in a pit,
open when a predetermined amount of wastewater
accumulates in the collecting sump. The resulling
difterential pressure between atmosphere and vacuum
becomes the driving force that propels the wastewater
towards the vacuum station.

A vacuum system is very similar to a water distribution
system, only the flow is in reverse (Figure 3-2).2 This
relationship would be complete if the vacuum valve was
manually opened, like awater faucet. With proper design,
construction, and operation a vacuum sysiem can be
made to approach a water system interms of reliability.

The choice of collection system type is usually made by
the consulting engineer during the planning stages of a
wastewaler facilities project. This choice is the result of
a cost-effectiveness analysis. Where the terrain is

applicable to a gravity system, the vacuum system many
times is not even considered. While gravity may be cost
effective Inthese situations, many small factors considered
collectively may result in a vacuum sysiem being the
proper chaice. Vacuum sewers should be considered
where one or more of the following conditions exist:

« Unstable soil

» Flat terrain

Rolling land with many small elevation changes
» High water table

» Restricted construction conditions

* Hock

» Urban developmemt in rural areas

The advantage of such systerns may include substantial
reductions in water use, materal costs, excavation costs,
and treatment expenses. In short, there is a potentlal for
overall cost effectiveness. Specifically, the following
advamages are évident:

« Small pipe sizes, usually 7.5-, 10-, 15-, and 20-cm (3,
4, 6, 8-in) are used.

» No manholes are necessary.

+ Field changes can easily be made as unforeseen
underground obstacles can be avoided by going over,
under, or around them.

« Installation at shallow depths eliminates the need for
wide, deep trenches reducing excavation costs and
environmental impact.

» High scouring velocities are attained, reducing the risk
of blockages and kesping wastewater aerated and
mixed,

« Unique features of the system eliminate exposing
maintenance personnel to the risk of H,S gas.

+ The system will not aliow major leaks to go unnoticed,
resulting in a very environmentally sound situation,

» Only one source of power, at the vacuum station, is
required.

« The elimination of infiftration permits a reduction of size
and cost of the treatment plant.
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. INTRODUCTION

From the time the very first public sewer system was constructed until the 1960's,
a conventional gravity system was the only choice US engineers had when
considering a public sewer collection system. This changed about 40 years ago
when the USEPA challenged the industry to developed alternative collection by
providing special funding for such endeavors. One of the alternative coliection
systems is vacuum sewers.

At one time, vacuum sewers were regarded as “new” and only to be used as a
system of last resort. Improvements in the technology later led to acceptance as
"alternative” sewers, but still only to be used when significant savings would
result. Now, vacuum sewers have become an acceptable alternative in the
proper application and are providing efficient and reliable sewer service to
communities all around the world. In addition to proper design, proper operation
and maintenance (O&M) is of utmost importance for these systems to perform
efficiently.

This course is Part Il of a three part series on vacuum sewers and will focus on
operation & maintenance and system management considerations for vacuum
sewer systems. Part | discusses the basics of vacuum sewer technology by
providing a broad overview of the technology while Part Il focuses on the design
and installation aspects related to vacuum sewers.

Il. EVALUATION OF OPERATING SYSTEMS

A Operating history of vacuum sewers

Early vacuum systems were often plagued with consistent operational problems.
Small diameter vacuum mains, improperly planned vacuum main profiles, too
large liquid slug volumes, and insufficient air all resulted in transport problems’.
Adding to the difficulties was the fact that they were installed without sufficient
field experience, and with system components that were not yet fully reliable. In
addition, operation and maintenance guidelines were not yet available. Frequent
service calls and high power bills were common during this era.

Vacuum Sewers: O&M and System Management Guidelines
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Several breakthroughs occurred in the 1880's that led to significant
improvements in the technology. These included the introduction of the saw-
tooth profile, an improved valve controller, the use of gasketed pipe and the use
of larger pipe and vacuum pumps. Many feel that more progress was made in the
vacuum sewer industry during this decade than in other time. Service calls were
less frequent, systems were more energy efficient, and overall the systems were
becoming more reliable.

Improvements in the technology continued throughout the 1990’s to the present
day. A better understanding of vacuum sewer hydraulics, improved system
components, and established operation and maintenance guidelines have
combined to lead to significant operational improvements.

Today's vacuum systems are significantly different than the systems of the
1970’s. Efficiency and reliability are the two areas where the most improvement
has occurred. Continuing research and development is expected to further
improve the technology.

B. O&M data: 2003 Operator Survey

In 2003, a survey form was sent to selected operators of vacuum systems. An
attempt was made to survey systems that would give a good cross section of the
technology. Age of the system, topography, geographical location and size were
considered in the selection process. O&M data from 22 projects, with a total of
49 operating systems, was gathered (see Table t}. This represents about 20%
of the operating systems in the U.S.

To be consistent with the O&M data previously reported in the 1991 EPA Manual,
Alternative Wastewater Collection Systems?, the survey requested information on
labor, power and service call history.

For the labor component, operators were asked to breakout their maintenance
effort into 3 categories: routine (day-to-day), preventive (planned/scheduled) and
emergency (service calls). Adjustment to the raw data was required in some
cases as several operators reported preventive maintenance as routine
maintenance or vice-versa. The data was reduced to the ranges and averages
shown in Tables 2 thru 5.

Vacuum Sewers: O&M and System Management Guidelines
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Table 1

2003 Operator Survey

# #vacuum | #vacuum | Houseto Yr

Project connections stations valves Pit ratio operational
Plainville, IN 270 1 163 1.66 1975
Westmoreland, TN 1000 4 550 1.82 1979
Fairmount, MD 238 | 1 159 1.50 1981
Queen Anne's Co, MD 6250 14 2299 272 1981
White House, TN 1177 2 575 2.05 1987
Alton, KY 430 4 210 2.05 1987
Theresa, NY 237 1 141 1.68 1989
Beallsville, PA 235 1 127 1.85 1991
Silver Lake, IN 492 2 192 2.56 1992
Waverly, WV 140 1 114 122 1092 |
Montpelier, OH 300 1 120 | 230 1993 |
Crystal Lake, OH 975 2 438 2.23 1994
Pine Grove, WV 380 1 184 2.07 1994
York County, VA 2238 5 1049 213 1995
Gien Park, NY 166 1 110 1.51 1985
Wolcottville, IN 725 2 390 1.86 1996
Crisfield, MD 258 1 162 1.59 1997
Kotlik, AK 102 1 75 1.36 1998
Jimmersontown, NY 200 1 98 2.04 1998
Iron Mountain Lake, MO 368 1 241 1.53 2000
Stanfield, NC 190 1 129 1.47 2001
Forest, OH 146 1 85 2.25 2002
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Labor

The Operator Survey showed that labor associated with the vacuum station was
Most viewed the labor effort for a vacuum

relatively minor and predictable.
station as similar to that required for a lift station in a conventional system (see

Table 2).

Table 2

Labor: Vacuum Station
(from 2003 Operator Survey)

Range reported Average
(hrs/yr/station) (hrs/yr/station)
Category Low High Average
Routine 100 600 250
Preventive 0 90 o0
Emergency 0 85 30

Labor associated with the vacuum mains varied widely, as this was generally
was a function of whether any major line problems occurred in the past year.
While the upper values shown on Tabie 3 did occur, the vast majority of
operators reported few, if any problems with the vacuum mains. The average

values are a more realistic view of a normally operating system.

Table 3

Labor: Vacuum Mains
(from 2003 Operator Survey)

Range reported Average
— (hrs/yr/isystem) _ (hrs/yr/system)
Category Low High Average
Routine 0 100 30
Preventive 0 100 20
Emergency 0 110 10

Vacuum Sewers: O&M and System Management Guidelines

5




For the labor associated with the vacuum valves, some operators reported
preventive maintenance as routine and vice-versa. Others reported no
preventive maintenance at all. The raw data was reduced and the resulting

ranges and averages shown in Table 4.

Table 4
Labor: Vacuum Valves
(from 2003 Operator Survey)
Range reported Average
~ (hrsfyrivalve) (hrs/yrivalve)
Category Low High Average
Routine 0.20 0.90 0.50
Preventive 0.00 1.00 0.40
Emergency 0.10 1.35 0.60

Power

In most cases, the operators reported their power consumption in dollars (year
2003). Very few reported the unit charge for electricity ($/KwHr). An average
cost of $0.07/KwHr was assumed, and the power costs were converted to the
power consumption figures shown in Table 5. Because of the large disparity in
power consumption between older and more recent systems, the data was

broken into 2 eras.

Table 5

Power Consumption
(from 2003 Operator Survey)

Range reported Average
(KwHr/yr/conn) (KwHr/yr/conn)
Category Low High Average
Pre- 1990 systems 430 570 500
Post-1990 systems 200 400 300
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C. Mean Time Between Service Calls (MTBSC)

MTBSC is calculated by dividing the number of valves by the number of service
calls over a 1-year period. For example, a system with 500 valves that required
50 service calls in a year would have a MTBSC of 10 years.

An EPA Technology Transfer Seminar Publication, prepared in 1977, detailed the
failure rate (MTBSC) of some of the early vacuum systems. In general, the
MTBSC of the early systems ranged from less than 1 year to more than 8 years;
all but one of the systems had a MTBSC of less than 4 years (EPA, 1877). In
the 1991 EPA Manual, Alternative Wastewater Collection Systems, the MTBSC
of the 6 systems visited ranged from 1 year to 22.5 years (EPA, 1991), with an
average MTBSC of 2.2 years.

The 2003 Operator Survey showed a range of MTBSC of 2 to 27 years, with the
average being 5.1 years. This survey included many of the early systems that
have lower MTBSC values. Even with these included, the overall MTBSC figure
has increased over the years.

Table 6

Mean Time Between Service Calls (MTBSC) Trend

Era _____Source MTBSC

6 systems 1991 EPA Manual 2.2 yrs
(1970-1989)

49 systems 2003 Operator Survey 5.1yrs
(1970 - 2003)

D. Historical problems

Each of the systems visited as part of the 1991 EPA Manual effort experienced
some type of problem that predominated as a demand on O&M staff time.
However, most were short lived. The results of the 2003 operator survey indicate
that many of these early problems have vanished (see Table 7).
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Table 7

Summary of Historical Problems

Pre - 1990 systems

As reported in the
19891 EPA Manual

Post -1990 systems

Per the

2003 Operator Survey

Component defect

Broken centroller spring
Unreliable controller
Shaft/seal

Plug valve

Design shortcomings

Pump cavitations
Leaking check valves
Qversized vacuum pumps

|solated cases
Until the mid 80’s
Until the mid 80’s

|solated cases

N¢ longer a problem
No longer a problem
No longer a problem
No longer a problem

isolated cases
Until mid 80's
Mid 80’s

Not as frequent, but still a concern

No longer a problem
No longer a problem

Operator Error
WW into vacuum pumps

“Gonstruction related

Line breaks
Broken fittings
Construction debris
Heat in station
Broken cleancut

Fairly common

Mcre safeguards now, but still a

concern

Common w/solvent weld
Common w/solvent weld
Common after startup
Isolated cases
Fairly commen

Rarely w/gasketed plpe
Rarely

Not as common due to operator

training

Still a concern when VFD’s are used
Less frequent wifewer cleanouts

Equipment malfunction

Faulty level control
Faulty telephone diaier

Isolated cases
Isolated cases

Rarely; improved technology
Rarely; Improved technology

Extraneous water

System waterlogging
Water in controller
1&

Mcre iikely before saw-tooth
# 1 component problem
Root cause of most problems

Less likely now, but still a concern
Less frequent, but still a concern
Still the root cause of most problems
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As is the case with other system types, extraneous water (I/]) is the root cause of
most problems, whether it is heat build-up in the station due to excessive pump
run-times or problems with the valve controller due to excessive cycles. In a
vacuum sewer system, the only potential source of I/l is the homeowner's
building sewer, where even a small amount of I/l can have a detrimental effect.
Accepting flow from an existing gravity system, where I/l is common, further
exaggerates the problems. (see box below).

The number one component-related problem remains “water in the controller’,
however, the incidence rate of this happening has drastically fallen over time, as
is evidenced by the increasing MTBSC values of the recent systems. Water in
the controller is a by-product of system problems that occur as a direct result of
extraneous water (I/l) that is allowed to enter the system.

SITUATION TO AVOID!
ACCEPTING FLOW FROM AN EXISTING GRAVITY SYSTEM

Of all of the potentially bad situations that can occur, perhaps none is more damaging to a
vacuum system than excessive flow that enters a vacuum system via an existing gravity system.
Problems ranging from sluggish, inefficient flow transport to temporary system failure have
resulted. With new construction, one can fairly accurately predict average and peak flow and
design the vacuum mains and vacuum station accordingly. By accepting flows from an existing
system, another element is introduced intc the equation: infiltration & inflow {I/1).

Should it be possible to accurately predict 18], this situation can be considered, but still with
caution. An analysis of the existing gravity system must bhe done. This would include having flow
records that identify the magnitude of flow that can be expected during normal periods as well as
rain events (minimum 1 year of flow data). Even then, should there be a large difference between
normal daily flow and flow during a rain event, it is recommended that the existing gravity flow be
handled by other means.

(AIRVAG, 2005)
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lll. OPERATION & MAINTENANCE CONSIDERATIONS

A. Staffing Requirements

Because they are mechanized, vacuum systems have a reputation as being
O&M intensive.  This may have been true of the early vacuum systems;
however, information from system operators suggests that the effort to operate
and maintain a modern vacuum system is typically overstated.

One key to a successfully operating system is the attitude, training and skill of the
system operator. An even more important consideration may be how the
maintenance staff is structured and organized. Maintenance staffs that divide
operating responsibility by system components, €.9., one division responsible for
the vacuum station, another responsible for the vacuum mains and a third
responsible for the valves are rarely successful.  Successful operations are
those that have at least one operator who is responsible for the entire system
(see box below).

KEY TO SUCCESSFUL OPERATION
THE SYSTEM APPROACH

The major components of a vacuum system...the interface valves, the piping network, and the
vacuum station... are interrelated and must be designed to work as a sysfem. Even more
importantly, they must be operated as a system, not as individual components.

Making a change at the vacuum station affects not only the station components, but also the
hydraulics of the vacuum mains and the operation of the valves. Cause and effect can only be
learned by understanding how the entire system works and not by concentrating solely on one
particular component.

For this reason, the most successful systems are those that are operated by a group with a single
thought process. There is nething wrong with several operators working together as long as they
all know how the system responds to their actions.
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B Operator Training

It is desirable for the management entity to hire the system operator before or
during the period when the system is under construction. This alfows the
operator to become familiar with the system, including the locations of all lines,
valve pits, division valves, and other key components. Also, the operator may
assist the construction inspector as a means of becoming more familiar with the
system.

Further training may be offered by manufacturers at their facilities and
management should take advantage of it. By viewing a small-scale vacuum
system that includes clear PVC pipe with various lift arrangements, trainees can
watch the flow inside a clear pipe during a wide variety of vacuum and lift
conditions. Faults can be simulated so that the trainee can gain troubleshooting
experience. Manufacturers also provide schooling where he operator is taught
valve operation and overhaul and vacuum station maintenance.

The best training is actual operating experience. As sometime happens, the best
knowledge is often gained from operating mistakes. This is especially true at
startup time. During this time, the engineer, who provided day-to-day inspection
services during construction, is gradually spending less time on the system. The
operator is busy setting vacuum valves and inspecting customer hookups.
Complicating the situation is the fact that the operating characteristics of the
system continually change until all of the customers are connected and all of the
valves are fine-tuned. However, with the operator(s) being preoccupied with
other tasks, this fine-tuning sometimes is not done and problems develop. The
biggest concern during this period is that community confidence in the vacuum
system not be lost.

This training gap is present at the startup of virtually every vacuum system. One
solution is for the engineer to budget a 3 to 6 month on-site training service
during the start-up period to aid the system operator in the fine tuning and
troubleshooting any early problems. The operator will benefit from the engineer's
systematic approach to problem solving. This most likely will instill a certain
degree of confidence in the operator(s) concerning the system. Operator attitude
is vital to the efficient operation of a vacuum, or any mechanically based, system.
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C. Maintenance

There are two major classifications of maintenance: normal and preventive
maintenance and emergency repairs or maintenance. A well-conceived asset
management program emphasizes the former and minimizes the latter.

Normal & Preventive Maintenance

Vacuum systems operate and must be maintained 365 days a year. Variations in
operation and maintenance workloads occur, making it imperative that preventive
maintenance be planned and scheduled. This will ensure that there is no idle
time during non- peak workload periocds. Inspection and maintenance planning
and scheduling involves time, personnel, equipment, costs, work orders, and
priorities.

A preventive maintenance schedule for all major equipment should be
developed. To initiate the preventive maintenance tasks, a work order system
should be established. This system identifies the required work, priority of task,
and any special information, such as the tools or parts required for the job.

Vacuum Station

A properly designed vacuum station will be equipped with a fault monitoring
system, such as a telephone dialer or a telemetry system. These systems
monitor the operation of both the vacuum station and the collection system, and
automatically notify the operator of low vacuum, high levels of sewage in the
collection tank, and power outages.

Normal operation includes visiting each vacuum station daily. Some daily
maintenance procedures include the recording of pump running hours and oil
and block temperature checks. Once an operator is familiar with the operating
characteristics of the system, a simple visual check of the gauges and the charts
in the station will provide an adequate alert of any problems. This visual check
along with recording operating data generally takes about 30 minutes.

Daily, weekly, monthly and semi-annual tasks associated with the vacuum station
are shown on Table 8.

Preventive maintenance for the major equipment at the vacuum station should be
done in accordance with manufacturers’ recommendations. In addition to the
items in Table 8, yearly (annual) maintenance might include removal from service
and comprehensive inspection of check valves, plug valves, vacuum pumps,
sewage pumps, generator, and the telephone dialer.
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Collection system piping

On a normal day, the operator will not be required to visit the collection system.
Normai station gage and chart readings are an indication that the collection
system is fine.

Scheduled maintenance on the collection piping should be minimal. Areas where
difficult or unusual conditions were encountered during construction shouid be
visited periodically.

At least once a year, the division valves should be checked. This is done by
moving the valve through the entire opening and closing cycle at least once.
This procedure is known as “exercising” and will keep valves in good operating
condition. In addition, it will famiharize any new operating personnel with the
location of all these valves.

Vacuum Valve

Depending on a system's history of emergency valve breakdown maintenance,
some periodic inspection may be required. As with pressure sewer systems,
certain on-lot units are prone to more problems than the rest of the system.

Access to valves for maintenance reasons is gained by removing the manhole
cover on the valve pit. Routine maintenance is easily performed inside the
standard valve pit from the ground surface. The only tools required are a
manhole cover pick and a sensor pipe puller to drain any ground water that may
have accumulated in the valve pit.

All vacuum valves should be inspected at least once each year®. They should be
manuaily cycled to see that they are operating properly. The controller timing
cycle should be recorded and compared to the original setting. If necessary, the
timing should be reset and recorded. The operator should check for dirt or water
in the controller, valve or tubing. i used, the above ground vent screens should
be checked to see that that are clear of debris, spider webs, etc.

Table 8 summarizes the normal daily, weekly and monthly tasks for the system.
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Table 8

Normal Vacuum System O&M Tasks
And Frequencies

Frequency Task
Visually check gauges/charts
Daily Record all pump run times

Check oil level in vacuum pump sight glass
Test cycle the AIRVAC sump valve in station

Test cycle the AIRVAC sump valve in station
Weekly Change chart on chart recorder
Exercise generator

Change oil and oil filters on vacuum pumps
Monthly Remove and clean inlet filters on vacuum pumps
Test all alarm systems

Check all motor couplings and adjust if needed
Clean all sight glasses

Exercise all shut off valves (vacuum station)

Exercise isclations valves (vacuum mains)
Semi-annually Conduct external leak test on all vacuum valves
Check vaive timing and adjust if needed

Every 5 years, each controller should be removed and re-built®. For valves that
cycle more frequently, the controller should be rebuilt every three (3) years or
500,000 cycles. These would typically be valves installed in buffer tanks or other
high-use locations. The controller should be replaced with a spare and the
removed unit returned to the owner's workshop. Rebuilding typically involves
replacing the shaft seals, greasing the shaft, and cleaning all components.

Every 10 years, each vacuum valve should be removed, a spare put in its place,
and the old vaive returned to the workshop®. The valve should be taken apart
and inspected for wear. If worn, the valve seat should be replaced and a new
shaft seal and bearing should be fitted during reassembly.

Table 9 summarizes the preventive maintenance tasks and their frequencies.
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Table 9

Other Preventive Maintenance Tasks
And Frequencies

Frequency Task = ﬁ
Exercise Division valves (station & vacuum mains)
Every Year Inspect Vacuum and sewage pumps for wear

Visual inspection of all vaive pits and valves
Check valve timing and adjust if needed

Every 3 years Rebuild Controller (buffer tank valves only)
Every 5 years Rebuild Controller (most valves)
Every 10 years Rebuild valve

Normally the operator will remove a valve or controller and replace it with a
spare. The removal and replacement procedure takes about 5 to 10 minutes.
The valve or controller is then taken to the maintenance show where rebuilding
takes place. The time required to rebuild controllers and valves is shown on
Table 10.

Table 10
Time Requirements for Rebuild Tasks
Maintenance Personnel Labor
tem Interval Required (hours)
Physical Inspection Every year 1 man 0.50 hrs
Controller Rebuild Every 5 yrs 1 man
Sanitize 0.25 hrs
; 0.50 hrs
Rebuild
QC tests 0.25 hrs
1.00 hrs
Valve Rebuild Every 10 yrs 1 man
Sanitize 0.25 hrs
Inspect 0.25 hrs
Rebuild 1.00 hrs
QC tests 0.25 hrs
1.75 hrs
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Emergency Maintenance

Although very little effort is required on a day-to-day basis, there will be times
that emergency maintenance is necessary. This effort usually requires more
than one person, particularly when it involves searching for a malfunctioning
valve. Many times problems develop after normal working hours, requiring
personnel to be called out on an overtime basis. Emergency or breakdown
maintenance can occur in the piping system, at the vacuum station, or at the
vacuum valve.

Vacuum Station

Malfunctions at the vacuum station are generally caused by pump, motor, or
electrical control breakdowns. Redundancy of most components allows for the
continued operation of the system when this occurs.

Collection System Piping

Assuming proper design and construction, there is very little physically that can
go wrong in the piping system. Occasionally, a line break will occur, due to
excavation for other utilities or landslides, causing a loss of system vacuum. By
closing and opening division valves in a logical sequence in key areas along the
piping route, the operator can easily isolate the defective section.

Other potential problems include system waterlogging or even a complete loss of
vacuum that renders the entire collection system inoperable. Fortunately, these
instances are very rare and usually shor-lived. The AIRVAC Instaliation,
Operation and Maintenance Manual® provides detailed procedures for correcting
these system anomalies.

Vacuum Valves

Most emergency maintenance is related to maifunctioning vacuum valves caused
by either low system vacuum or extraneous water. While failure of the valve is
possible in either the open or closed position, virtually all (99%) occur in the open
position.

When open-position failure happens, a loss of system vacuum occurs, as the
system is temporarily open to atmosphere. The fault monitoring system will
recognize this low vacuum condition and alert the operator of the problem. A
common cause of failure in this position is the entrance of extraneous water into
the controller.

Vacuum Sewers: O&M and System Management Guidelines
16



Valve failures, if not located and corrected quickly, may cause failures in other
parts of the system. A valve that is hung open or that continucusly cycles will
cause system vacuum to drop. If the vacuum pumps cannot keep up with this
vacuum loss, the result is insufficient vacuum to open other valves. This may
lead to backups. When vacuum is finaily restored, a large amount of sewage, in
relation to the amount of air, will be introduced into the system, possibly resuiting
in waterlogging.

A valve failing in the closed position will give the same symptoms as a biocked
gravity line, that is, the customer will experience problems with toilet flushing or
backup of sewage on the property. A phone call from the affected party makes
identification of this problem easy.

Some systems in Europe have used individual, hard-wired alarms at each valve
pit. This practice is not done in the U.S., as the costs of such systems generally
outweigh the benefits, especially considering the increased reliability of the
modern vacuum valve. Future vacuum systems may include a wireless alarm
system, as there has been some recent progress in the development of such
systems.

D. Spare Parts Inventory

Valves and Valve Pits

For optimum operating efficiency, it is necessary that a sufficient inventory of
spare parts be kept. Some of the spare parts, such as fittings and pipe, can be
purchased through local builder's supply companies. However, there are parts
that are unique to vacuum systems that cannot be purchased locally. For
convenience, these spare parts many times are included as part of the
construction contract.

Table 11 is a recommended list of spare parts. As previously described, faulty
valves and controllers are not repaired in place, but rather are removed and
replaced with a spare. The rebuilding procedure is then done at the maintenance
facility. The 3% spare valves and controliers and rebuild kits shown in Table 11
are for this purpose (i.e. — for emergency maintenance).

The spare parts in Table 11 are not intended for use in the wholesale rebuilding
of valves and controllers that is associated with the preventive maintenance
program. For that, inexpensive rebuild kits are typically purchased by the
operating entity prior to this scheduled maintenance.

Vacuum Sewers: O&M and System Management Guidelines
17



Table 11
Spare Parts List Per Every 100 System Valves
Quantity Part
Jea 3" Vacuum Valve
Jea Sump breather unit assembly
Jea Sump breather installation parts bag
3Jea Controller
3ea Controller rebuild kit
6 ea 3" No-hub couplings
1ea 3/8" clear vacuum tubing (8 ft long)
1ea 5/8" clear vacuum tubing {12 ft long)
Jea 3" grommets
3ea &" grommets
Gea Vacuum valve rebuild kits
12 ea Controller mounting G-Ring
2 ea Tube controlfer grease
4ea Tube vacuum valve grease
Jea Surge suppressor
12 ea Tubing clamps
3ea Controller mounting key
3ea Cycle counters

Vacuum Station
The vacuum station also requires spare parts. These range from spare pump
seals to fuses. Specialty items that should be considered are given in Table 12.

Table 12
Vacuum Station Spare Parts
Quantity ltem j
15 gal Oll
1ea Overhaul kit (vacuum pump)
1ea Filter Kit {vacuum pump)
t ea Motor-pump coupling set (vacuum pump)
1ea Seal kit for sewage pump
2 ea Motor coupling (sewage pump)
1ea Gasket set (sewage pump)
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Special Tools
In addition to spare parts, certain specialty maintenance tools and equipment are
needed and are listed in Table 13.

Table 13
Specialty Tools and Equipment
(1 set per Project)
Quantity _| ltem
1ea Portable vacuum chart recorders
100 ea Vacuum charts
3Jea Chart pens
2ea 0-20 in W.C. Magnehelic gauges
1ea 0-50 in W.G. Magnehelic gauges
1ea Sensor pipe puller
1ea Valve repair stand
1ea Na-hub targue wrenches
1 ea Vacuum gauges
1ea Controller test box

E. Record Keeping

Good records are important for the efficient, orderly operation of the system.
Pertinent and complete records provide a necessary aid to control procedures as
they are used as a basis of the system operation. The first step of any
troubleshooting procedure is an analysis of the records. A wealth of information
is contained in the basic records.

Records should be kept on all normal, preventive and emergency maintenance
as well as on operating costs. These should be preserved and filed where they
are readily available to operating personnel. All records should be neat and
accurate and made at the time the data are obtained. It is good practice to
summarize this data in a brief monthly report and a more complete annual report.
Ideally, the information can be entered into a computer program that can be
accessed prior to the O&M staff initiating a call.
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Normal Maintenance Records
The following information should be recorded on a daily basis:

Date & weather conditions

Personnel on duty

Routine duties performed

Operating range of vacuum pumps
Run-times of vacuum pumps, sewage discharge pumps & generator
Flow data

Complaints received and the remedies
Facilities visitors

Accidents or injuries

Unusual conditions

Alterations to the system

Preventive Maintenance Records

Adequate records provide information that tells operational personnel when
service was last performed on each system component and indicates
approaching service or preventive maintenance requirements. Efficient
scheduling of these maintenance tasks can be made which avoid interference
with other important aspects of system operation.

Results of periodic inspections should be kept. This would include a list of all
potential problems, the likely cause of these problems, the repairs necessary to
solve the probiem, and recommendations for future improvements to minimize
recurrence.

Emergency Maintenance Records
Records should be kept concerning all emergency maintenance, including:

Date and time of occurrence

Person(s) responding to problem

Description of problem

Remedy of problem including total time to correct problem
Parts and equipment used

Recommendations for future improvements
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Operating Cost Records

To insure budget adequacy, it is very important to keep accurate information
concerning the costs of all operation and maintenance items. Costs include:

Wages and fringe benefits

Power and fuel consumption
Utility charges

Equipment purchases

Repair and replacement expenses
Miscellaneous costs

F. Operation and Maintenance Manual

To properly operate a vacuum sewer system requires proper training. Operation
and Maintenance (O&M) Manuals are a vital part of this training process.
Problems arose in some of the early vacuum systems due to the lack of such
aids. Manufacturers and engineers are now recognizing this fact and are
reacting accordingly with improved technical assistance and Q&M Manuals.

While an O&M Manual is a valuable tool, it should not be viewed as the ultimate
solution to every problem. The efficiency of the system depends on the initiative,
ingenuity, and sense of responsibility of the system's operation/maintenance
staff. Also, the manual should be constantly updated to reflect new operational
experience, updated equipment data, and previous problems and implemented
solutions. Typical information that should be contained in the O&M Manual
includes:

Design data

Equipment manuals

Shop drawings

Permits & Standards

Operation & Control information
Personnel information

Records

Preventive maintenance schedules
Emergency operating & response program
Safety information

Utility listings

Vacuum Sewers: O&M and System Management Guidelines
21



IV. SYSTEM O&M COSTS

A Basis of O&M estimating charts

Fifteen years ago, very little historical O&M cost data existed on vacuum sewers.
This lack of data led many to the conclusion that vacuum sewers must be O&M
intensive. A review of operating records of systems discussed in this chapter
suggests that previously published O&M figures may no longer apply. Reasons
for this are twofold. First, the previous figures were based on very limited data
on a few early systems. Second, component improvements have resulted in
significantly fewer service calls and lower O&M costs.

The U.S. EPA did a study on alternative collection systems, including vacuum
sewers, in 1989 and 1990. Part of this effort included visits to operating systems
in order to obtain information on operation and maintenance costs. The report
containing this information, called the Alternative Wastewater Colfection Systems
Manual (EPA/625/1-91/024) was published in 1991.

It is important to note that a wide variety of projects were visited by EPA,
including some of the earliest systems built, as well as systems that utilize design
concepts and system components other than those used by modern systems.
As one would expect, the earliest systems had the highest O&M costs (see
Section It for discussion).

Design advancements coupled with component improvements have led to
modern vacuum systems that are operated at much higher levels of reliability
than their predecessors.

Information from the 1991 EPA Report, as well as information from recent (post-
1990) systems gathered from the 2003 Operator Survey was used in the
formation of the estimating tables that follow. For each particular O&M item, a
cost range is given. With proper design, installation, and maintenance, the O&M
costs at lower end of the cost range can be achieved.

B. Operation and Maintenance Cost Estimating

A discussion of the typical O&M cost components that must be considered
follows.
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Labor

To estimate labor costs, the number of person-hours required is multiplied by the
hourly rate. Fringe benefits are then added. The annual person-hour
requirements are made up of normal, preventive, and emergency maintenance.
Judgment must be exercised in interpreting other projects for use in labor
estimates (see box below).

For most systems normal maintenance does not require an operator 24 hours a
day. Monitoring of the system is provided by the telephone dialer/telemetry
system. However, someone must at least be on call around the ¢lock in case the
telephone dialer calls with a probiem. In this respect, vacuum systems are
unigue. Very few problems in a vacuum system can go uncorrected for any
length of time without causing a cumulative effect. Therefore, rapid response
time is a key reguirement.

Typically, the normal workforce does preventive maintenance during off-peak
working hours. As such, preventive maintenance is usually reported as normal
maintenance.

EFFORT TO OPERATE A SYSTEM
ACTUAL VS. BILLABLE TIME

The operating Utility's overall responsibilities should be considered when estimating labor costs.
For example, the Utility is likely to be responsible for other sewage treatment/disposal facilities,
and possibly even water facilities. In these cases, operating personnel are usually shared. At the
end of the year, the time charged to the operation of the vacuum system will relate exactly to the
effort required (e.g., one (1) hour per day for each vacuum station plus some hours charged to
other preventive and emergency maintenance). [f the overall facilities are large enough to
warrant more than one shift, emergency work most likely will be done without overtime being
required.

An entirely different situation exists for the Ulility operating nothing but a vacuum system.
Typically, a full-time operator is hired. This person charges 8 hours a day to the maintenance of
the system although most days he will spend much less than this. Should a problem develop
after normal working hours, he most likely will be paid overtime. Even though the primary
operator and part-time operator assistants will spend the same amount of actual vacuum sewer
maintenance time as the staff with broader responsibilities above, the amount of billed time will
appear be entirely different.

The engineer should carefully analyze the client's overall management responsibilities, taking into
consideration the possibility of shared duties, prior to making an estimate of the labor costs.
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Emergency maintenance many times requires personnel after normal working
hours. The result is overtime pay. Emergency maintenance typically requires two
operators or one plus an assistant.

Table 14 provides a range of labor hours required per year. These factors were
based on an analysis of the O&M data from the 2003 Operator Survey described
in Section Il, which included systems of all ages, including some of the earliest
systems. The mid-range values shown in Table 14 represent the average of all
of these systems, while the high and low values shown have been slightly
modified to correct for unusually low or high figures that could skew the analysis.
The values shown should be considered as realistic estimate for new systems
with proper design, construction, and management.

Table 14

Labor Estimating Factors
(Based on 2003 Operator Survey)

Vacuum Station Vacuum Mains Vacuum Valves
(hrsfyr/station) (hrs/yr/system) (hrs/yrivalve)

Mid- Mid- Mid-
— Range range Range range Range range
Normal 100 - 400 250 20-40 30 0.20-0.80 0.50
Preventive 20- 80 50 10-30 20 0.20-0.60 0.40
Emergency 20- 40 ~30 _5-15 10 0.20-1.00 0.60
TOTAL | 140 -520 330 35-85 60 0.60 - 2.40 1.50

When a full-time operator is to be hired, regardless of anticipated workload, the
values in Table 14 should not be used. In this case, the estimated annual
person-hour requirements should include the full-time hours of employment plus
an estimate of the overtime (emergency maintenance) hours, taking into
consideration overtime work generally requires two people. No allowance is
needed for normal or preventive maintenance since these tasks can be
performed during normal working hours.
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Power

Power is required for the vacuum pumps, the sewage pumps, and the heating,
lighting and ventilation of the vacuum station. For planning purposes, values
shown in Table 15 can be used to estimate the annual power consumption for
the vacuum station.

Similar to the economy of scale in capital cost, there is an economy of scale
pertaining to power costs. The smaller vacuum stations typically have the
highest power consumption per connection and the larger vacuum stations have
the lowest power consumption per connection.

Table 15

Vacuum Station Power Consumption
Estimating Factors
Range Monthly Cost Monthly Cost
| (KwHriyr/conn) | @ $0.08/KwHr | @ $0.10/KwHr

Low 200 $1.33/mofconn | $1.66/mo/conn
High 400 $2.66/mofconn | $3.34/mo/conn
Ave 300 $2.00/mo/conn $2.50/mo/conn

Utilities

Utilities at the vacuum station generally include water, telephone, and fuel.
Water may be required for sinks and hose bibs. A telephone is required for the
fault monitoring system.  Fuel may be required for the standby generator. The
cost of these utilities generally is less than $85 per month (4" gtr 2008).

Clerical

This item includes wages for the clerical staff as well as billing costs such as
envelopes and stamps. Like labor costs, the value of this item most likely will
depend on whether the operating Utility has an existing, ongoing operation which
requires office staff. If so, the total costs need to be allocated between the
administrative responsibilities.
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Transportation

Vehicle expenses to maintain the system will be incurred. For estimating
purpcses, a mileage rate multiplied by the estimated annual miles wilt suffice.
This rate should include vehicle amortization, depreciation, taxes, and similar
expenses.

Supplies/Maintenance

As with a conventional system, certain supplies will be required. Restocking of
spare parts and inventory is included in this item, as are ¢il, fuses, charts, and
chart pens. Initial purchase of items on quantity discount shouid be maximized to
take advantage of the lower unit costs when compared to subsequent prices for
replacement.

Service contracts for emergency generators, as well as fuel for the generators,
may also be included in this item.

Miscellaneous Expenses

Miscellaneous expenses include insurance and maintenance on the system
structures as well as professional services (engineering, accounting, legal) that
may be required during the year.

Equipment Reconditioning and Replacement

A set-aside account should be established to generate sufficient funds on an
annual basis for major equipment reconditioning and replacement. The annual
cost of these needs is initially estimated by dividing the replacement cost by the
useful life. This amount is generally set-aside in an interest bearing account until
needed. Present doliars can be used in the estimate since the interest earnings
most likely will offset inflation. Alternative methods dictated by regulatory
agencies also can be employed. This annual cost estimate should be reviewed
regularly to assure that sufficient funds are available to keep the systems running
optimally. Table 16 lists the major equipment items and their useful life.
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Table 16
Typical Reconditioning & Replacement Costs
For Major Equipment (4™ gtr 2006)
Expected Life Annual R&R
Cost range * (yrs) ~ (Blyr/sta)
Vac Pumps (2) $10,000-$34,500 15-20 yrs $ 500-$2,300
Discharge Pumps(2) | $ 6,000-$19,200 15-20 yrs $ 300-31,280
Collection Tank $ 5,000-$11,000 25-50 yrs $ 100-% 440
Control Panel $ 5,000-$21,200 20-25yrs $ 200-31,060
Misc equip : $ 2,000-% 3,300 15-20 yrs 100-% 220
TYPICAL RANGE $1,200-$5,300

* function of equipment size

Valves and controller can be rebuilt very inexpensively (see Preventive
maintenance section). For this reason, R&R funds are not required for total

replacement, but rather just for the rebuild costs. Table 17 shows these
operating costs.

Table 17

Typical Rebuilding Costs
For Valves & Controllers (4™ gtr 2006)

Rebuild frequency Annual R&R

Cost range (yrs) ($fyrivalve)
Vacuum valves $27.00-$38.00 8-12yrs $2.25-% 4.75
Controller $27.00-$38.00 4- 6yrs $4.50-% 9.50
TYPICAL RANGE | $6.75-$14.25
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V. SYSTEM MANAGEMENT CONSIDERATIONS

A. Sewer Authority Responsibilities

Customer connection to system
Table 18 shows the normal sequence of events, from construction of the system

to home-hcok-up. Note that the contractor does not install the vacuum valve
during the construction phase (see discussion later in this section). When all
contractual obligations are fulfilled, the system is accepted by the Utility and the
homeowners are notified that the system is ready.

Table 18

| Normal sequence for connection

Tasks Responsible party
Lines, pits & vacuum station Installation Contractor
installed

Final 4 hr vacuum test & line Installation Contractor

flushing . 3
System acceptance & Utility

notification to homeowners that
system is ready

Building sewer & air intake Homeowner's plumber
installed
Vacuum valve installed Utility

Recommended: Utility installs the vacuum valve after construction phase
The vacuum valve is not instalied unti] the customer is ready to connect to the
valve pit setting (see Figure 1). it is common for the contractor to install the valve
pit/sump, including all of the necessary piping, during collection system
construction. The valve is supplied to the Utility for their installation at a later
date. In this manner, the Utility can systematically install the valves as each
customer requests connection.
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Not recommended: Installing the vacuum valve during construction phase

In an effort to relieve the Utility from installing the vacuum valve, some engineers
set up their bid documents to require the Contractor to install the vacuum valve
during construction. This is not recommended for the reasons shown in Table 19.

Table 19

Potential Problems
If valve is installed during construction phase
Potential Problem Reason

Cycling the vacuum valve without the homeowner's

Pit collapse or | building sewer and 4-inch air intake installed can result
implosion in the bottom sump collapsing. This would require the pit

to be re-excavated and replaced.

The intent of the final 4-hour vacuum test is to test the
Difficulty contractor's workmanship in installing the vacuum lines.
assigning blame | Testing with the vaive in place introduces one more
if 4 hr vacuum | variable: the valve may leak. Failure due to a ieaking
test fails valve is not the contractor's responsibility.

With a complete system available, the homeowner may
Homeowner may | connect to the valve pit without the Utility’s knowledge.
illegally hook-up | This action would preclude the Utility from doing the

early normal inspection of the homeowner's gravity lateral, air
intake, etc. This could lead to some serious problems
such as sump collapsing, |&l problems, water in the
controller, etc.

A further complication may occur if a failed vacuum test is due to a combination
of a valve leaking as well as a line leak(s). This could cause some real
difficulties in troubleshooting to determine where the problem really is and in
subsequently assessing liability. Contractor liability versus manufacturer liability
is clear-cut when the testing is done without the valve in place.
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Operating personnel

Once all customers are connected, the Utility's only focus should be providing
reliable, efficient service to their customers. To achieve this, the operating
personnel must be capable, dependable, and knowledgeable. Of utmost
importance is aftitude. An operator that does not believe in the system will
ultimately cause the system to operate below its potential, in terms of reliability
and costs. Conversely, one with a good attitude uses creativity to get more out
of the system than was originally planned.

Sewer Use Ordinance

To operate any system at a high level of efficiency requires a Sewer Use
Ordinance. This document sets consistent rules for all users to follow. Included
are material specifications, minimum slope requirements and air-intake locations
for the building sewer. Of extreme importance to the Utility is a limitation of use
of the vacuum sewer to convey sanitary wastes only, as extraneous water (illegal
discharges or ) will cause operational problems.

An active program for the identification of extraneous water sources should be
developed. This may include smoke testing and dye testing, but the simplest
approach to quantify sources of extraneous water in a vacuum system is to use
cycle counters. This device, when connected to an interface valve, will record
the number of times the valve opens in a given period. Knowing that each cycle
is approximately 10 gallons, the Utility can estimate, based on water
consumption records, the number of cycles expected over that period. A count
significantly in excess of the expected number of cycles usually implies that
extraneous water is entering the system.

The Utility's other major concern during this full-operational phase is its
responsibility for future extensions of the system. This includes proper planning,
design, and construction of such extensions. Utility, in accordance with the
provisions of the Sewer Use Ordinance, is also responsible for implementing
future connections to the existing system.
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Private vs Public ownership of equipment serving house

There are two issues to consider: 1) actual ownership of the valve/valve pit and
2) maintenance the valve/valve pit. In the case of vacuum systems, the valve
and valve pit are both owned and maintained by the public operating Utility as
discussed in the following paragraph.

Because of the “system” nature of vacuum sewers, the maintenance of a vacuum
system, including the valve pit and the valve, must be done by the Utility.
Improper maintenance at a single valve pit could affect the entire system,
including the line hydraulics and the operation of the station. Obviously this
would jeopardize the system and affect other customers. So, it is not prudent to
put this in the hands of the homeowner. The only way to guarantee maintenance
of the valve and valve pit is by the Utility actually owning it.

B. Homeowner Responsibilities

The homeowner's responsibility usually begins at the end of the vaive pit stub-out
and includes the building sewer, the air intake and any in-house needs.

Most Utilities reguire the homeowner to replace the building sewer from the
house foundation to the stub-out connection, since vacuum sewers are not
designed to handle extraneous water. By accepting old, possibly defective
building sewers, the Utility would be taking a serious risk on increased operation
and maintenance problems.

The homeowner is also responsible for the installation of the 4-inch air-intake.
The air-intake is necessary for the proper operation of the valve. It is desirable
for this to be located against a permanent structure, such as the house itself, a
fence, or a wall.

All of the work reguired by the homeowner must be inspected by the Utility prior
to final connection. This ensures the proper and efficient operation of the
system. Compliance with the Sewer Use Ordinance is the only remaining user
responsibility. Typical reguirements include that the homeowner should not drive
or build over the valve pit, and should protect the facilites from damage.
Discharge of flammables, acids, and excessive amounts of grease, sanitary
napkins, or other non-sewage items is forbidden. This requirement differs little
from user ordinance requirements for conventional sewers. Proper use of the
system results in lower user charges and improved reliability.

Vacuum Sewers: O&M and System Management Guidelines
32



C. Other Entities

During the planning, design, and construction of wastewater management
systems, there are many different entities involved. Two vitally important ones
are the regulators and the engineer. It is during these times that critical decisions
are made and details finalized. :

Engineer
Historically, engineers have often viewed the startup cof a wastewater system as

their final involvement. Whiie this attitude is economically understandable, it is
not acceptable where local management programs are minimal. Continuing
invelvement should be provided to help the Utility develop an experience base
with newer systems that permits intelligent applications in the future.

The engineer should spend a significant amount of time assisting the Utility
during the startup of the system. Tests should be run and problems simulated to
see if the system is operating as designed. On a regular basis (often annually),
the operating records should be analyzed for budget sufficiency purposes.
institution of EMS practices can assure that any problems and their solutions will
be identified and addressed by the Utility. In short, the engineer shouid be
prepared to assist the Utility in using the operating experience of the system to
help develop improvements in future designs.

Requlatory agencies
Likewise, regulatory agencies must, as part of their oversight responsibilities, be

aware of the potential impacts of the operation of a new collection system on
environmental compliance of the entire wastewater management program.
Information on problems, including causes and the remedies, should be gathered
by the Utility for review by the regulatory agency. Cost and other data should be
obtained and used accordingly by the regulators in counseling future potential
users of this type of collection system.

It is this present lack of useful capital and operational costs and other pertinent
information that causes many engineers and regulatory agencies to shy away
from new technologies. Continued use of conventional solutions that are well
known and codified is far easier for regulators and engineers than seeking lower-
cost, new solutions to solve wastewater pollution problems.  Therefore,
implementing new solutions, no matter how cost-effective, will continue to be
difficult.
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D. Education Process

Prior to 1990, very little written documentation existed on vacuum sewers. Much
of the recent growth in the vacuum sewer industry can be attributed to the ever-
increasing amount of information regarding the technology. Sources of this
information can be found in technical presentations, papers that have been
presented at conferences, articles that have appeared in trade journals, and
factory & project tours.

Papers and trade journals

Since 1990, there have been several papers on vacuum sewers presented at the
Water Environment Federation's (WEF) annual conference as shown on Table
20.

Table 20
Papers on Vacuum Sewers
Presented at WEF Conferences since 1990
Feature Project Year | WEF Conference Primary Author
Update of Operating Systems 1990 Washington, DC Rich Naret, P.E.
Cerrone & Associates
Salmon Beach, WA 1991 Toronto George Norby, P.E
PE| Barrett.
Queen Anne's Co, MD 1993 Anaheim Gary Moore
Queen Anne's County
Albuguerque, NM 1994 Chicago E.D. Whitis, P.E.
HDR
Englewood, FL 1997 Chicago Jonathan Cole, P.E.
Giffels-Webster
Beach Road MUD, TX 2000 Anaheim George Neill, P.E.
Neill Engineering
Provincetown, MA 2002 Chicago James Sullivan, P.E.
Meftcalf & Eddy
Plum Island, MA 2002 Chicago Theresa McGovern
Camp Dresser & McKee
Sarasota Co, FL 2003 Los Angeles Dan Burden, Ph.D, P.E.
‘ Hazen & Sawyer
.| Vashon Island, WA 2003 Los Angeles John Wilson, P.E.
] PEI Barrett ]
Plum Island, MA 2004 New Orleans Don Mauer, P.E.
Camp Dresser & McKee
Albuquerque, NM 2008 Dallas Robert Paulstte, P.E.
Wilson & Co
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Most of the major trade journals have published articles on vacuum sewers.
These include Water Environment & Technology (WE&T), Public Works, Civil
Engineering, Civil Engineering News (CE News), Government Engineering,
Underground Construction, Land Development Today and the National Small
Flows Clearinghouse (NSFC).

Technical presentations

For consultants and prospective system owners to learn more about vacuum
sewer systems, vacuum manufacturers typically provide technical training
through presentations. These presentations range from planning (vacuum
basics) to detailed design to construction and O&M.

Factory and project tours

In addition to the technical seminars, vacuum manufacturers also conduct factory
tours and tours of operating systems. The intent of the factory tour is to increase
the comfort level of those considering the use of vacuum technology.
Specifically, the factory/project tour does the following:

» Provides a basic understanding of vacuum sewer system principles.

¢ Demonstrates the actual components used in a real system.

s Provides participants with firsthand knowledge of vacuum systems by
visiting those who've designed, constructed, and operated these types of
systems.

The primary reason for a Utility or its engineer to attend a factory/project tour is to
find out firsthand whether or not they, as responsible officials, can recommend
this technology for their particular situation. Feedback from these groups
indicates that the visit to the factory and/or an operating system ultimately
allowed them to make an intelligent, educated decision.
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Abstract:

In April 1997, the Sarasota Board of County Commissioners aqreed that aging septic
systems and small wastewater package plants were factors contributing to the pellution
of Phlllippi Creek, a major tributary to Sarasota Bay which has been designated as 2
Natioral Estuary. In 1998, planning efforts were initiated whereby a total of sixteen
(16) communities, within the urkanized, unincorporated area of Sarasota County were
identified as requiring improvements to existing wastewater treatment practices to
improve the water quality of Phillippl Creek and Sarasola Bay. Within the 50+ square
mile watershed, a total of 14,000 parceals were utllizing septic systems, typically older
systems situated on small parcels with sandy <oils and a high groundwater table. These
systems discharge wastewater volumes of approximately 3 mlllion gallons per day
{gpd) to the subsurface envirgnment.

An ass=ssment of avallable and appllcable onsite wastewater treatment system (OWTS)
upgrades and coliection system technologies was completed to develop alternatives to
improve the current wastewater treatment and disposal practices In these sixteen
communlties, Based on the aszzssment, cost comparisens of the various alternatlves
were made to determine whether exlsting OWTS should be upgraded or replaced by
central sewer systems to provide needed water quality improvements In Phillippi Creek
and Sarasota Bay. Cost analyses were performed based on the range of residential lot
gizes in the area and included the following categorles: Low Density (> 0.5 acre
average lot size), Medlum Density (0.25 - 0.5 acre average lot size), and High Density
(= 0.25 acre average lot size), Three of the sixteen communities wers selectad as
represent ative communlities for low, medivm, and high density communities,
respectively.

The assessment of OWTS upgrade alternatives was completed based on thelr relative
costeffactiveness, treatment perfurmance and land area requirements within tha
speclfic limitations of the study area. The capital and O&M costs for the selected
altematives were estimated based on information obtained from equipment
manufacturers and lecal contractors, recent bid Information, and general englineering
experience. All treatment system sizes were based on a 3- bedroom single family
residence with a flow of 300 gallons per day (gpd).

Wastewater collectlon alternatives were reviewed on the basis of numerous factors
including technical feasibility, compatibillty with the existing Infrastructure in the
project area, public acceptance, and cost of Implementation. Three sewer collection
altematives were selected for detalled cost analysis: (1) conventional gravity sewers,
{2) low pressure/grinder pump systems, and (3) vacuurmn sewers. Conceptual (ayouts
for the same three communities (low, medium and high ¢ensity) were develeoped for all
collection alternatives and detailed cost analyses were parformed,
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Based on a comparison of estimated uniform annual cest per connection, the most cost
effective alternative for a community depended significantly on density of development.
The collection system costs for the different communities varied widely, not only
because of the effects of development density, but also due to the differance in the
total number of connections and existing street layouts used in the analyses. The
vacuum collection system was the most costeffective alternative for both the medium
and high density areas, while the OWTS alternative {septlc tank with mounded
dralnfleld) was found to be the lowest cost alternative for low density areas. Results of
this analysis were utilized for further definition of the collection system requirements
under the preliminary design phase of the project. While selection of & wastewater
alternatlve based on density was found to appropriate, this methodology did have
limitations where development densily is non-uniform and not contiguous. These
situations required further detalied analysis during final design, considering existing
Infrastructure and the Individual densities of sub-areas.

Considering the relatively dense urban development in the project area, Sarasota
County selected central sewer collection systems as the deslgn alternatlve for all 16
communities within the Phillippl Creek Study Area, with vacuum: collection chesen for
approximately 80% of the areas. The design, constructlon, and operation cf central
sewers proved te be the most costeffective option for improving the current wastewater
treatment and disposal pracuices (n the Phillippi Creek study area.
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Phillippi Creek Septic System Replacement Program (PCSSRP)
Quarterly Executive Summary
March 2008

Completed to Date:

Area The Area E project, consisting of 578 connections, was completed in February 2003, As
of March 31, 2008, 526 customers have connected to central sewer.

Arca It The Area F project, consisting of approximately 1,063 canncetions, was substantially
complete in October 2005, As of March 31, 2008, 955 customners have connected to central sewer.

Area A The Area A project, consisting of 1,125 connections, was completed in April 2007, As
of March 31, 2008, 840 customers have connected to central sewer,

Construction Activities:

Area C The Area C project will make central sewer available to approximately 694 homes.
Construction completion is scheduled for July 2008.

Arca K The Areca K project will make central sewer available to approximately 2,650
connections. The project is integrated with a Public Works sidewalk project. Wastewater flow from
Areca IC will be pumped to the Bee Ridge Water Reclamation Facility with a transfer pump station
located just south of the Atlantic Water Reclamation Facility, Construction of Area K, east of McIntosh
Road, began in May 2007 and is expecled to be completed in January 2000. Construction of the area
west of Mclntosh Road began in October 2007 and is expected to be completed in June 2009.

Ongoing Activities:

Area Dl The Area D project will make central sewer available to approximately 1,485
connections. The projcct will be bid and constructed in phases wilh the first phase construction
anlicipated to begin in the fall’ of 2008. Successive phases will be constructed as the designs are
completed. A small, northern portion of Arca D has some franchise territory issues with the City of
Sarasota. An inter-local agreement for proposed sewcr service in this northerly section of Area D will
be drafted for the City of Sarasota’s review once the design and estimated costs have been determined.
The majority of this area is currently scrved by cily water. It is expected that this area will be designed
as a gravity system with collected flows pumped 1o cither the fulure South Gate Master Pump Station or
to the City of Sarasota, depending on the directives of the City/County inter-local agrecment. The
remaining areas will be served by vacuum collection and directed to the future South Gate Master Pump
Station.

Area N The Area N project will make central sewer available lo approximately 1,949
connections. Design of Area N bepan in June 2006. Construction is expected to starl in early 2009 and
be completed in tate 2010. Wastewater collected {rom Area N will be pumped to an existing force main
in Proctor Road and then directed to the Central County Waler Reclamation Facility.
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Arcal The Area I project will make central sewer available to approximately 929 connecticns.
The vacuum pump station and some main line vacuuin are under design in order to determine the sizing
requirements needed for the shared structure housing the Bahia Vista Strect interconnect booster pump
station. Construction of the vacuum pump station and the collection system are not funded at this time.

Area J The Arca J project will make central sewer available to approximately 307 connections.
The project has been moved outside of the current 5 Year CIP until additional funding is available.

Area O The Area O project will makc central sewer available to appreximately 809 connections.
The project has been moved outside of the current 5 Year CIP until additional funding is available.

Area P The Area P project will make central sewer available to approximately 661 connections.
The project has been moved outside of the current 5 Year CIP until additional funding is available.

Area B The Area B project, which includes approximately 106 connections, has been placed on
hold and has been moved cutside ol the current 5 Year CIP until additional grant or supplementary
funding is available.

Areas G, H, M and Q Certain sub-areas of Areas G, I, M and Q may be included in other project
areas and will be analyzed on a case by case basis. Affected residents will be notified as these sub-areas

are identified.

Wastewater Transmission & Treatment:

A number of critical transmission and treatment plant ¢xpansion projects arc needed to collect and treat
wastewater from the PCSSRP. The Ceutral County Water Reclamation Facility will underge expansion
from 4.0 to 8.0 million gallous per day in twe phases. Construction of the Phase 2 expansion began in
April 2007 and is scheduled for completion in December 2008. The construction of Phase 3 will
immediately follow the completion of Phase 2 and is scheduled for completion by December 2010.

Transmission projects include several new pump stations and force mains. The South Gate Advanced
Wastewater Treatment Plant (AWWTP) is to be replaced with a master transfer pump station.
Construction began in late Novemnber 2007 and scheduled to be in operation by June 2008. Construction
of the Gulf Gate AWWTP began in late September 2007 and is also scheduled to be in operation by
June 2008,

The Bahia Vista Force Main Project, from Hines Avenue te Cattlemen Road, is complete, including the
booster pump station bypass. Construction of the booster purnp station at Honore Avenue and Babia
Vista Street is expected to begin in late 2008,

Both phases of the University/[-75 Force Main project are complete, The wastewater (ransmission 1nain
begins east of 1-75 near the center of Lakewood Ranch Comorate Park and extends southward along an
extended Lakewood Ranch Boulevard, Tatum Read, Palmer Road, and Jona Read, ultimately ending at
the County’s regional Bee Ridge Water Reclamation Facility for treatment and reuse.

Construction started for the Area A Force Main Interconnect project in July 2007 and is scheduled for
completion in April 2008. The project consists of construction of 7,850 linear feet of 12" parallel force

Page 2 of 3



main from North County Pump Station No. i, inside Longwood Run Park, to Honore Avenue, where it
will be connected to a parallel 12 force main and a single 18> force main to be constructed by the
developer of the SIPOC property. The 187 force main will extend to North County Pump Station No. 3.
The developer- constructed force main will continue south to connect to the University/1-75 Force Main
project, which will transmit flow to the Bee Ridge Water Reclamation Facility,

Budyget Activities:

Schedule A, attached, depicts the current PCSSRP Budpet. As shown, the total Budget is $183 million,
an increase of $27 million over the FYO07-FY1]l Budgel. The increase is atliibutable to rising
construction costs.

Funding Review:

Schedule A shows the total estimated funding for the PCSSRP by arca, Areas E, A, I, C, and K (all
complete or under construction) have a total cost to date of $65.1 million for an average cost per CDU of
$10,664, The funding breakdown for these five areas is State Revolving Funds (SRF) debt 39%, grants
22%, Surtax 31% and rates §%.

The current cost per EDU for Area K, reflective of the most recent construction cost, is $11,515.

Rising construction costs and lhe uncertainly of futurc grant revenue are impacting this program. A
recent program evalualion resulted sn putting scveral areas on hold unti) further funding can be evajuated.
These areas are shown on Schedule A.

Page 3 of 3
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Transpartation Planning
Vacuum Sanitary Sewer Systems

Transporation Engineering Albuguergque, New Muxico

Wilson & Company has been g technical laader in the development of vacuum
sewer 3ystems in the A(buquerque melropolitan area, Vacuum sewer sysiems are
a cost-effective choice in areas of extremaly flat terrain, high groundwater or rocky
soil. Where traditional sewers are located 8-10' in tha ground and increase in depth

i at approximately a foot for each 250' of length (8" sewar at 0.4% slope), installation

Highways and Sridges
Architeciurne &
Facilliy Design

Water, Wastowotor anc
Reclamad Wistes

Storm Water Managemant
& Land Developrsnd

Survey. Mapping, GIS

coats can he very expensaive for installation. In addition, after ¥ - ¥ mile, the depth
of sewer becomes somewhal cost prohibitive, In such a case, sewage must be
lifted by pumps to the more economical depth of 8-10°, thus creating additional
cost. Vacuum sewsrs ulilize the common vacuum pump station 1o transport
sewage and are much shallowsr. Generally, ihe vacuum sewer Is approximately 5'

Real Eatate deep and can maintain this depth for over 1 % miles. This keeps the sewer shallow
Program | Canstruction and eliminates the need for intermediate lift slations. "?"f'l_E'_ BF '..hu._-.‘u,\m Biation -‘1;;..;.;1.”‘.
Wanagemen the vacuum =t |.|a:)nB!rir:llpu=f.lu ar Areas

Wilson & Company has been involved with the development of vacuum systems :

throughout the metropolitan area since the early 1990’'s. VWe have assisted the city

in developing 'standard’ footprints for vacuum stations as well as establishing

standards of design and construction City- and siate-wide, Such slandardization

Includad overall buildiag layout, two-vacuum tank design for reliability & ease of

maintenanca, uniform sizing of vacuum pumps City-wide for uniformity of spare

parts, and compost biofilters for odor control. Our experience tolals over has

Included:

. Service tatus (as of early
Location lArea Servlcea"Cost [E;M)
Ares B & F USF& 900  $3,500,000 In operation since 2000
Area E (sewer only) cgﬁ::y 100 $900.000 In operation since 2003
Areas O North 950  $8,000,000 Complete late 2004 +
Vallay I
North Vec Stalion under
Arga K Valle 440 $3,000,000 construction
Y Vac Sewsrs under bid

La Cuentista (vac :
station anly) VWest Mesa 665 $1,100,000 In Design

Areg B, F, O, E, and K are designated areas in the North Valley where shallow
groundwater and flat terrein conditions are perfect for the application of vacuum
systems. Areas B & F are served by a single centrally-located vacuum station and
have 4 main vacuum sewer lines extending in a service area of 2 milas by 1 mile in
size. The Area E project extendad sewers from an existing vacuum station
{previously constructed in 1995}, Tha Area D project included ovar 18 miles of
vacuum lines served by a single vacuum station. Area K includad a vacuum station
ihat needed to blend inle the existing resldential area, including extensive
landscaping and building modifications. The Le Cuentista vacuum system, located
on the west mesa area, utilized vacuum sewers becausa of the extensiva lava rock
in 1ha proposed subdivision. This design took a different approach to the vacuum
statlon design, ralying on a mora slimmed down station with the tops of vacuum
lanks at-grade for easier access.

Work included design end ¢onstruction services as well as public information
programs, environmanial assessment and documentation, and starlup assistance
and system optimization.

To Top of Page

http://www.wilsonco.com/projects/areadeenveng.asp 11/29/2008



WEFTEC®.06

necessarily a problem. For topographically flat terrain, lift pumping stations are required to
overcome the sewer depth which increase the sewer system initial costs as well as add significant
O/M costs. Problems with flat terrain are exacerbated when combined with the shallow
groundwater conditions, generally decreasing the depth to which the sewers can be constructed
or just increasing the construction cost.

Accessibility

Accessibility within the unincorporated portions of Bernalillo County is a problem that is
historically derived from the expansion of development in the area. Many parcels originated as
family farms and were subdivided within the family, not as large tract developments. As parcels
continued to be subdivided, the tracts became less accessible, and many residences became
landlocked with access through other properties. Thus, many of the roadways within the valley
are narrow and are located on access easements. Often utility easements followed after the
physical structures were in place. Block or adobe walls are traditionally constructed at the
boundaries of properties in the Southwest. So traditional access to properties utilizes a road/lane
that is not dedicated right-of-way and is as narrow as 12-15 feet. Utility easements were often
required to be executed and the technical difficulties of installing a sanitary sewer compounded
the accessibility problems.

ENGINEERED SOLUTIONS

in order to meet the challenge of the initial state legislature funding, the City of Albuquerque
responded by devcloping a consortium of design consultants. Wilson & Company was selected
to be the program manager and provide construction observation and management. Several other
consulting engineering firms were also selected to provide design of major project components.
First task was a three-day brainstorming session to evaluate all alternatives reasonable for the
conditions. City public works staff and consultants talked at length about the pros and cons of
several alternatives:

Gravity Sewers
Pressure Sewers
Vacuum Sewers
Combination Sewers

The conclusion based upon both the brainstorming session, detailed total cost analysis, as well as
several trips to view systems across the country, the decision was unanimously in favor of
vacuum systems when gravity sewers were not feasible. Trips to both Indiana and Tennessee
allowed City staff and consulitants to see the operations as well as discuss the advantages and
disadvantages with other operators.

Detailed systems were laid out in both the North and South Valleys of Bernalillo County and
encompassed the entire projected sewer system that would be required to meet legislative goal of
“sewering the valleys”. Priorities for each system were identified and a order of

Copyright ©2006 Warer Environment Foundation. All Rights Reserved
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design/construction was established. Several of these project areas did include gravity sewers,
but the vast majority were vacuum sewer systems.

Overall, each vacuum sewer system generally extended approximately a mile in each direction.
Where possible, the vacuum station was centrally located in order to provide collection in all
directions. ‘

VACUUM SEWERS - HOW THEY WORK

The concept of vacuum sewers has been around since the late 1800s and used in Europe for
years, but only in the last 30 years has the technology been widely utilized in the United States.
AIRVAC is the pioneer in vacuum sewer system technology. Their systems have been installed
thoughout the US as well as many installations throughout the world. AIRVAC played a
significant role in assisting the City and consulting engineers in the development of a high-
quality comprehensive design for Albuquerque.

How
AIRVAC |

wran ALRNVAC

WOrks: | vl pir pachape coniins o ih

1) (2

Cultpzmes Tk

-

As shown in this AIRVAC figure, vacuum sewer systcms first
rely on gravity to move wastewater from each house to a nearby
valve pit, usually located at the interface of Right-of-Way and
the private property. The valve pit houses a collection sump and
a vacuum/gravity interface valve. There is typically one valve
pit for every two houses attached 1o a vacuum system, although
each pit can usually service up to four residences. When
wastewater in the sump reaches a predetermined level, usually
about 10 gallons, the interface valve is activated and the sewage
enters the collection line. One of the great features of the
AIRVAC differential valve is that it works pneumatically, no
electricity is required. That makes installation simpler. The
valve itself is separated from the collection sump in a sealed
fiberglass enclosure, so routine valve maintenance does not
involve contact with raw sewage.

Copyright ©2006 Water Environment Foundation, ALl Rights Reserved
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Differential pressure of about 16-20"Hg within the collection line propels the wastewater slug at
relatively high velocity, about 15-18 feet per second, to the vacuum station where it collects in a
tank, The velocity of the sewage slug through the line provides a scouring effect that prevents
grease buildup common to gravity sewers. The wastewater collected at the vacuum station is
then transferred through a force main to the nearest treatment plant.

One major benefit of the vacuum system is that it provides gravity flow from the residence while
maintaining the vacuum conditions in the mainline in the street. This allows standard plumbing
construction on the private property, and an understandable system for the property owner.

The differential air pressure associated with vacuum provides additional energy compared to
natural gravity flow, thus level or even uphill transport is possible. The net result is that
collection lines can be buried much shallower, typically about 3-5 feet. This was a significant
design feature for the Albuguerque design team.

Copyright ©2006 Water Environment Foundation. All Rights Reserved
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FUNDING PROGRAM FOR ALBUQUERQUE SEWERS

Municipal wastewater collection systems don’t come cheap. They are typically big-budget,
long-term projects. Accomplishing them requires vision and cooperation.

Albuquerque first began to address the wastewater problems in rural Bernalillo County in the
1970s, but the efforts typically were small band-aids when major surgery was needed. In 1993
the state legislature approved the first $12 million for a new sewer system, then followed it with
$15 million more in 1994.

By 1995 there were three vacuum pumping stations on line, hundreds of homes connected and
several more sewer and water projects on the drawing table. But the wave of money that was
available in '93 and "94 became harder to come by in later years. With capital budgets tight,
various state and local officials lobbied for funds to get work done in their districts, and
competition for the funds became intense. The vision of sewering the valleys was faltering.

In 1999, a comprehensive plan was re-established for a phased approach to the monumental
project. All water and sewer needs were identified valley-wide, combined into one project, and
phased over several years. The phasing allowed other legislators to support both projects within
their districts and the valley water/sewer program as well.

The 1999 estimated cost for needed water and sewer system extensions to serve existing
development was $119 million. Thanks to thosc cooperative meetings, proposed fund sharing
was set at $48 million federal, $20 million from the State Legislature, $30 million from
Bernalillo County and $21 million from the City of Albuquerque. Unique legislative clauses
were required to allow fund matching to be spread over the 10-year project life. Ongoing
cooperation at all government levels toward this shared vision has proven very successful in
prioritizing and completing Albuquerque’s much needed water and sewer improvements.

Due to these efforts throughout the past 10-12 years, a much greater share of the water and sewer
system are located outside of the City limits. To address the beyond-City-limits factor of the
facilities, a change has recently
occurred in the organizational
structure of the public utilities.
Several years ago, the state
legisiature mandated that the
water and sewer systems be
owned, operated and
maintained by a combined
City-County entity. Thus the
Albuquerque-Bernalillo
County Water Utility
Authority was established to
provide to the combined needs
of City and County residents.

Copyright 2006 Water Environment Foundition. All Rights Reserved
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APPLICATION IN ALBUQUERQUE

Several unique applications of vacuum systems
are found in the pump stations and sewer
system in the Albuquerque facilities. There are
several ‘generations’ of vacuum station layouts
that are the product of design evolution as the
City siaff continued to operate and maintain the
first vacuum stations. This evolution has
produced several design issues that are fairly
unique to the Albuquerque facilities.

Uniform Vacuum Pump Used

All the vacuum stations throughout the system utilize the same vacuum pump with a capacity of
430 cfm. Using this single vacuum pump throughout ajl facilities allows the City to minimize
spares required.

i

o
x

;

Capyright ©2006 Water Environment Foundation. All Rights Reserved
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Vacuum Tank Redundancy

Redundancy in vacuum tanks is also unique to Albuquerque. As shown in the figure on page 4,
most vacuum stations rely on a single vacuum tank. The City concept evoived to provide two
tanks each with about 60% of the capacity
required for efficient operation. There are
occasions when the vacuum tank is taken off
line for cleaning (not often) or repair (has yet
to occur after 10 years). When this occurs,
the entire system can continue operation,
although the cycling of vacuum pumps is
much quicker due to the loss of the one tank.

Sewage Pump Dcsign

The Albuquerque vacuum stations are also
deeper than other locations. The City has standardized generally on Flygt pumps which require a
slightly higher NPSH for operation, and the NPSHR problem is compounded by the 5000 foot
elevation of Albuquerque. In order to utilize Flygt pumps as the discharge pump from the
vacuum station, they must be further below the vacuum tank than other pumps. Thus, the
sewage pumps are set in a sump about 5-6 feet below the vacuum tank floor level. This is
evident by comparing the AIRVAC figure on page 4 with the section drawing on page 7.

Odor Control

Odor control at each vacuum pump station is
also fairly unique to Albuquerque vacuum
stations. As the first few vacuum stations came
into operation, odor control became an issue not
previously anticipated. The vacuum pump
stations concentrated the withdrawal of air from
the sewerage system in one spot. When the
sewage had been sitting in the vacuum sewers
for a while, H,S odors became a problem for 8
residents adjacent to the vacuum stations. Various odor conlrol methods were constructed and
modified at the various locations. Biofilters using city sludge compost eventually became the
‘standard’ for use at each new vacuum station. The biofilters included concrete construction,
corrosion resistant coating, and open side so that the compost material could be maintained and
replaced at regular intervals. These facilities have worked well and seemed to have withstood
the corrosive atmosphere, although use of fiberglass grating may be suggested for use below the
compost bed rather than aluminum grating as shown in the photos below (used in the Area B/F
vacuum station biofilter. The Area D biofilter abandoned the concrete structure and utilized a 4-
foot deep compost bed heaped on an air piping system embedded in lava rock, all contained
within a 60-mil polypropylene liner.

Copyright ©2006 Warter Environment Foundation. All Rights Reserved
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Area B & F Vacuum Station
Compost Odor Control Facility

Copyright ©2006 Warter Environment Foundation. All Rights Reserved
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With the success in odor control at the newer ‘generation’ vacuum stations, several of the
vacuum stations were retrofitted with odor control facilities. At the Los Padillas Vacuum Station
there was insufficient room to install the larger compost biofilter, so various evaluations were
made and several types of odor control facilities were considered. Eventually the control
equipment chosen was the use of circular tray type compost biofilters manufactured by EG&G,
Inc under the name “Biocube™”, Consisting of a series of large round trays filled with special
compost material, air is pre-humidified then discharged through the compost trays in a down-
flow pattern. Depending on the total airflow and total odors for removal, multiple Biocubes™
are used in series and/or parallel. The Los Padillas facility uses three Biocube™ modules
connected in parallel. Each module contains five trays of media. One of the key reasons for
choosing Biocubes™ at the Los Padillas facility was their relative compact size. Land
availability at the time of decision was considered at a premium and such odor control equipment
would fit within the land constraints of the station site.

However, the Biocube™ s designed for normal operation on the suction side of an air biower.
The fouled air is, essentially, sucked through the trays, and the entire system is under a slightly
negative pressure. This mode of operation tends to pull the trays together, tightening the seal of
the O-rings between each tray. The operations at the vacuum station required that the
Biocubes™ be placed on the discharge side of the vacuum pumps, placing the overall system
under a slightly positive pressure. This tended to drive the trays apart and created air leaks at the
O-rings. Tightening the units and various caulking arrangements were attempted, with limited
permanent success. To remedy this, two spring-loaded pressure relief valves were installed in
front of the Biocubes™ because experience indicated the airflow rate discharged from the
vacuum pumps could be highly variable. At times the airflow rate excceded the capacity of the
Biocubes™.,

Odors from the Los Padillas station have reportedly continued from severat sources:
o HVAC discharge from the interior of the vacuum station itself
o Dry condensation traps in the interior of the station discharging odor into the station
o Occasional relcases from the Biocubes™ on failure of the O-rings or caulking

On several occasions the Biocube™ units have been measured for the amount of actual H;S
discharged. Removal rates of H2S of 95-100% were observed. From these measurements, it
appears that the Biocubes™ themselves are performing as designed, as long as the seals between
the trays are working. One problem that has occurred, however, is when the vacuum station is
taken off line for maintenance or repair to equipment. If the system is depressurized, initial
vacuum pump flow rates have been much higher than the Biocubes™ were designed to receive,
creating high headloss and thus higher pressures within the units. This tended to place more
stress on the seals, sometimes creating leaks that would discharge odorous gasses. PLC
operations changes have minimized the higher pressures by staggering vacuum pump startup
times under such conditions.

Another component of the Biocube™ was a standard humidity control accessory called a
Moisture Integrator. To assure the biota in the compost were at the optimum humid conditions,
the humidity control system was intended to add humidity by bubbling incoming air through a
water tray. However, the air being sucked from the vacuum sewers already had more than

Capyright €2006 Water Environment Foundartion. All Rights Reserved
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enough warm, moisture-saturated air. Thus use of the humidity control system was eventually
discontinued.

Vacuum sewers are very adaptable to the narrow lanes of the North and South Valleys. In
almost all locations, the vacuum sewer was the last utility to be installed. With many narrow
lanes that were 12-15 feet in width, maintaining a 10 foot separation with water lines was
impossible. The inherent characteristic of the vacuum sewers, however, is to maintain a constant
vacuum into the sewer. Since this constant vacuum is maintained by the vacuum pumps which
have redundancy backup, there is no real concern of cross contamination as one would find in a
gravity sewer. Therefore, the New Mexico Environment Department (NMED), the state
regulatory agency, has allowed installations of vacuum sewers as close as a foot to potable water
lines — a real plus in the tight quarters of the North/South Valleys.

Alameda Vacuum Station

Area K Vacuum Station
embankment on the side of building where

vacuum sewers came above ground to cnter

the station)

Capyright ©2006 Water Environment Foondation. All Rights Reserved
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Synopsis of Vacuum Stations in the North/South Vaileys

Vacuum Status COA |Residences Served|  Vac Equipment Sewage Pumps Discharge
Station No. | Existing Ultimate[Pumps ~ Tank(s)  No.  Q{gpm) To
South Valley B e | T R T £
Los Padillas Complete 1995 63 610 750 3 2 3000gal 4 34049264° 5 mi. force main
Gun Club | Complete 1995 | 61 [ 545 GO0 | 3 1, 2400gal 2 309G 51" 6,000 force main
Giun Club 2 Complete 1997 64 231 SO0 31, 2400gal 2 309@ 51" forboth L &2
_I’olk } 7@@3_!11[}!0?9_21‘.'!]2 1 : 444 &00 i 2, 2400 gal 2 350 @S0 19,901')' i@[c_gnmin
Polk 2 Complete 2002 533 600 incl nbove for both 1 & 2
Pajarito Complete 2003 761 1000 4 2,3300gal 3 5,000 force main
[Coors ___ Under Construction | | 428 588 | == 26,000' force main
North Valley -~ - i3 =0
Alameda/Area £ Complete 1995 | 62 628* 822 | 3 1, 2400gnl 2 27235
Arca B/F Complete 1999 05 AL 1000 | 4 L 1500gel X 350@@ 30 10" grav, swrnexttosta
| Area D Complete 2004 Bl 849 1000 | 4 2 4000l 3
Area K Under Construction 202 1000 2.2000gal 3 220 gpm 400’ force main
| Total 8460

Irrigation ditches criss-cross the valleys providing much needed
water to the once rural North and South valleys. The ditches
feeding irrigation water are higher and sometimes much higher
than ground level in order to provide gravity tlow of the
irrigation water. However, the waste drains are often much
lower than ground surface in order to drain away the unneeded
irrigation water, The irrigation ditch system is vital 1o the area.
Vacuum sewers, however, have the ability dive under the
ditches, then climb back up through a series of lifts back to the
same elevation and continue. This is one of the reasons that
vacuum sewers were so conducive to this location — the ability
for sewage to flow uphill.

OPERATION & MAINTENANCE

City of Albuquerque line maintenance
and pump station maintenance staff
quickly adapted to the requirements of
operating and maintaining the vacuum
scwers and pump stations. They have
noted that the maintenance calls required
average 4-5 per month. Most of these
calls are minor adjustments to the
automatie opening settings for the
vacuum valve. If any major repair is
required, the vacuum valve can be
removed and replaced with a spare and
further maintenance can be completed at the shop workbench. Most line maintenance issues are
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completed |5 minutes without ever coming into contact with the raw sewage. The City staff
consider this a significant time savings in personnel cleanup as well as a smoothly running sewer
system.

Operation/Maintenance of the vacuum stations has met similar success. Power failures are
handled by the reserve capacity in the system itself — 10 gallon holding capacity at each valve
pit, several thousand gallon holding capacity at the pump station itself. When all else fails each
two pump stations are served by a trailer mounted electrical generator.

SUMMARY

Extensive use of vacuum sewers allowed the City of Albuquerque to develop a sanitary sewer
collection system that would work effectively and cost efficiently in the unincorporated portions
of Bernalillo County. Over the past 12 years, the City has implemented a program that
ultimately has a construction cost of $140 million. The program will ultimately serve over 8,000
residences as the septic systems will all be demolished and the groundwater will be provided
protection from human pollution. Implementation of the projects has been smooth and effective.
Vacuum sewers played a key role in the success of ‘sewering the valleys” in the Middle Rio
Grande region of New Mexico. It is a innovative sewer alternative that should be considered
whenever similar conditions exist.
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Vacuum Newer Saves York

As public works officials like to say, if the toilets flush, nobody cares

about the sewers. True.

ost citizens dont know or
care abour the state of cheir
sewer infrastructure unless
there is a tax issue invalved or
cthey are buying or selling
property. s a classic case of out of
sight, out of mind. Many professionals,
however, sincerely appreciate the impor-
tance of properly functioning sewers.
Consider York County, VA. In the
L980s many York County residents had

primictive wastewarer freacmenr merh-

ods. Most had septic systems that were
either ineffective or downrighr offensive
o the senses and the environment.
Homeowners often had o deal with
sewer backups. Uncreated wastewater
regularly made ics way into the creeks
and rivers in rthe area, and from chere,
into the Chesapeake Bay. The pollution
was so bad rhar ic was illegal 10 harvest
shellfish from many of the county’s local
warerways.

Today, many York County residents
are connected fo a stare-of-the-arr vacu-
um sewer system. There is no longer any
stench from on-site sewape disposal sys-
tems. Shelllish harvesting has returned
ro somne areas again. Property values
have increased and more land is avail-
able for development. Real estate offi-
cials in York County estimare that more
than 200 lots chat were non-buildable

dug to sewer issucs now have homes on
them. All this came as a result of a mod-
ern cost-effecrive sewer construction
efforr,

“There have heen a lot of intrinsic
benefirs associared wirh our new wasre-
water systems,” said Mark Swilley, an
engineer with the York County Depart-
menr of Enviconmenral and Develop-
ment Services. “The neighborhoods are
nicer, you don't have odors and puddles
from septic tank systems. People don'
have roilers backing up inco cheir bath-
tubs. Most of the neighborhoods gor
new roads out of the deal and the rural
aura of the neighborhoods remains
intact. The prevailing thought around
here is chat even with the connection fee
and the cost of installing a lateral pipe,
the investment in new wastewater sys-
rems was money well spent.”

A Better Alternative

York County has completed 12 sepa-
rare vacuum Sewer COnSLruction projects
over the past 11 years in seven different
communiries. When engineer Michael
Elam joined York County in 1984 the
county was already rrying co address its
sewage problem. This was scill four years
before the Virginia legislarure passed the
Chesapeake Bay Preservation Ace that
mandated all Virginia countics border-

ing the bay and its triburaries ro address
their warer pollution issucs.

“We began by prioritizing the arcas
by need,” said Elam. “Topography was
cerrainly an issue. We have a loc of flar
land and a high water able. For gravity
sewers we were looking at a lot of deep
rrenches, a lot of dewartering and many
pump stations.”

Elam said a cosr projection was done
in the carly 1990s for a graviry-flow sys-
tem. When the bids came in rhe cost
worked out to abour $10,000 per house
connection. Elam had experience wich
vacuum sewer technology in 2 previous
job and encouraged the county o exam-
ine vacuum sewers as an option. Anath-
er cost analysis was done and che vacu-
um system ¢ame in at about $7,500 per
conngction.

“Wich vacuum technology we saw
significant savings, fewer maintenance
requirements, and shallower trenches,”
said Elam. “Instead of four or five pump
starions, we would need only one vacu-
um station.”

The number of pump stations
required for a gravity sewer was a signif-
icanr factor in the decision process.
Properry in York Counry is exrremely
expensive. Chief of Utilities Brian
Woodward, PE., explained rhe cosr
comparison.

Wastewater flows by gravity from each horse to a valve pit. Each pit is equipped with a
normally closed vacin interface valve that prevents system vacinum from entering the

“In many arcas we would need
three o five pump stations ar a cost
of $300,000 ro $350,000 each,”
explained Woodward. “A single vacu-
um sracion can scrve the same area ar
a cost of abour $800,000. Obviously
the vacuum system was more cost
effecrive.”

Much of rhe sewer construction
work in York County has been accom-
plished in existing, mature neighbor-
hoods. Vacuum lines can he buried

house plumbing. When 10 gal of wastewater accumulate in the sump, the interface valve
opens, the contents of the sunp are evacuaied, and the wastewater enters the vacuion main,
Wastewater then travels through 1he vacum mains to the pacunm station where it is
collected and prmped to the trearnent plant.

much shallower than pravity lines, so
the prospect of shallower rrenches was

also appealing. The York Counry engi-
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County

Mucl of the instalintion work was done by
band becauss most vacuum sewer components

are Lightweight.

neers also uored that much of the PVC
pipe used for the vacuum systems was
laid in place by hand.

“With vacuum technology you're dig-
ging rrenches 5 or 6 (1 deep compared o
20 to 25 ft decp for a graviry system,”
explained Jim Tobler, project manager
for York County s Division of Utilicies.
“From my poinr of view ['d racher see 2
vacuum system any day compared 1o a
praviry system because there is levs dis-
ruption, you don' have the spoil piles,
and there is a greater safery facor”

A Reliable Partner

AJRVAC (www.airvac.com), a pio-
neer in vacuum sewer technology, has
been York Councy’s supplier on all of the
COUNCYS vacuum Sewer PrOjects since
1993. Vacuurn sewers have been around
for decades. In a vacuum sewer syscem,
a cenceal vacuum starion maintaing vac-
uum pressure within the sewer collec-
rion lines. Wastewater flows from each
house by gravicy line ro a vacuwn valve
pit ncarby. Up to four homes can be
comnected to a single valve pir.

Each valve pit is equipped with a vac-
uum interface valve chac activates when
wastewater in the lower sump reaches a
predetermined level, ypically 10 gal.
When the valve acrivates, waseewarer
enters the collecror line followed by a
volurue of air. The wastewarer forms a
slugy that is driven by the air due ro dif-
furential pressure. Qperation of the valve
pit is complerely pneumaric, so external
power is not required. The sewage
moves so rapidly through the line rhar
buildups of grease or sludge are rare.

“l was concerned abour prease
buildup in the lines,” said Elam, recall-
ing his thoughes in 1993, “The way the
vacuum system worls, the wastewarer
shoots through there so Fast thar rhere is
no chance for grease 1o settle in che sys-
tem and clog it up.”

Thar inidal project in York County
was in the Seaford community in 1993,
Abour 400 residencs were connecred to
the new system thac year. There were
some small inirial glitches wich siltin the

WWW. govengr.com

valve pits, bur otherwise the first installa-
rions went smoothly and have continued
ro work well after a decade of use.

“We had AIRVAC field service repre-
sentatives with us for the first chree vae-
uum sewer systems we installed,” said
Tobler. “They raughr us abour proper
installation rechniques and gave us
insrallation crireria to follow,
Since then we've developed che
criceria a bit to fir our own cir-
cumstances. We feel like our sys-
tems are some of the best around
hecause of the way they were installed.

A Thing of the Future

Since the Seaford system was insralled
in 1993, York County has expanded its
use of vacuum sewers to six orher neigh-
borhoods Dandy (1994), Dare (1994),
Pacrick’s Creck (1996), Piney Point
{1998), Calthrop Neck (1999), and
Marlbank Farm in 2004. loday abouwr
2,000 York County residences are con-
nected to vacuum sewers.

The Urtilities Department of York
County estimates it mainrains some 52
miles of vacuum sewer lines
vacuum stations, with anotber about to
g0 inte construction, A crew of two 1o
tbree personnel maintain the vacuum
sewers, which operate 24/7 because each
pump starion includes scandby power
should commercial power go out.

“The vacuum sewers comprise about

and five

25 percent of our sewer infrastrucrure.
We have 36 people who are in opera-
tions, bur only two or three are required
for vacuum sewer mainrenance,” said
Woodward, the county’s udlities chief,
“I would say the maintenance is less
than we anticipated in the beginning.”

Earl Stewarr has been on the vacuum
maintenance team for more than eight
years. He was trained on vacuum sewer
technology by the manufaccurer’s staff
5o he's thoroughly knowledgeable about
the system’s nuances,

“We do a starion check three times 2
week, and each check kes about 30
minutes,” said Stewarl. “We rake read-
ings on the vacuum pumps and check the

oil in them.
We also rake a

licele

<
rime o
sweep and clean the station building. The
rest of our time is spent doing inspections
for new connections or an occasional
repair of a vacuum valve. We do most of
our own repair work.

“[ see vacuum systems as being a ching
of the furure,” Stewart conrinued. I
think more and more people will go to
vacuum systems because it’s 4 sealed sys-
tem and if you have a problem you know
abour it right away. With gravicy systeins
you usually don't know about a problem
unless someone calls and complains.”

Satisfied Customers

The most important endorsement of a
produce is always the customer. After ten
years the citizens of York Counry are now
completely farniliar wich the benefics of
vacuum technology. “A lot of residents
were skeptical of a vacuum sewer system
at first,” noted Tobler. “They just didn
understand how it works. We ook the
time to explain ic. ‘There are a Jor fewer
headaches from the residents poinc of
view. It’s easier o install and ic works
well. The homeowners we've spoken with

GE

seem to like it very much.”
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