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1. SEWER NETWORK MODELING

1. Introduclion

The dynamic modeling of scwcr nelwork was carried out for qmlyﬂng the existing and

_ fulure sewer sys{cms it the Puno city. -

' Foundallon of the dynamlc modelmg is computcr snnulauon ‘based on |he soltware
package MOUSE (abbreviation for Modehng Of Urban Scwers) dcvblopcd at the

amsh Hydraullc Institute.

Thc alm Qf the. dynarmc modchng was to study the function and capabilily of the

- sewcrage syslcm A detailed dcscnpilon of the scwerage syslem can be found vnder

the rcspecllvc sccuons of the Main and Supporimg chons
: The dynamlc modclmg aclw;ty compnses thc followmg tasks:
1. Dcvclopmcnt of snmulatlon model for the existing sewer system..

- 2. Bvaluating il_nd analyzing the c)‘(istilng sewer system to .identify the needs for

e ’rehab'iglitatfon_an}d re\p}aceménlrof pipe network.
* This section describes in short terms the above mentioned tasks. -

2.. : Numcncal models

lhc modc]s apphcd tor snnulatnon ot lhc scwcra_g,c syslcm is lhc MOUSE Plpc [*Iow

o Modcl The MOUSF, Pnpc Flow Modcl is a compulanona] lool for sunuhlmns of

o unsteady ﬂows in plpc nelworks w1th allcrmtmg lrcc surhcc and prcssunzcd 110\\."
- reglmcs Thc compulallon is bascd on 1-D, free surlacc flow cqumons (S‘unl Venant

Equatlons)

: (‘onlrary 10 the rallona} mclhod lhe iully dynamic dcscnphon gnvcs a bcllu {hcoreu(,al
' 10undat10n for a flow model bccausc the full equmon of momentum makes it possnb]c
lo describe all forces aiteclmg the ﬂow COﬂdllIOﬂS Thls dcscnonn ‘l“OWS ﬂow lcalurcs

| such as backwatcr cllects and surch'nrgcs to bc prcc1scly snmulatcd

ot Prcs:;unzcd flow compmallons are facnlllatcd lhrough lmplcmmlatwn of a narrow slow, as a vertical

X extenston ofa closed plpc CT083- secllon



[nputs to the model arc descriptions of the clemcnls in the p1pc nclwork 'md boundary
conditions, such as wastewater inflow. MOUSE enables a descnplron of a vamty of
networks clements, such as standard and irregular shaped pipc cross-scctions, man-
holes, basins, weirs, pumps, gates, flow rcguhlion clc.

 The tcaturcs 1mplcmcntcd cnable a realistic 'md rcliable srmu]atron of lhc pcrlormancc
of both existing network systems and those under design. However the reliability. of

sur,h a srmuhlron modol dcpcnd on the 'walhblc data background and data quahty

3. " The Scn crage model

'MOUSB Prpe ﬂow modcls for the ctrstmg and’ lulurc scwer nclworks wcrc creatcd
The modet of lhc existing nelwork was COI]]p‘]l‘Cd with ﬂow momtormg dala in wel and
dry season lo assess hydr’mlrc pcrform'mcc of the systcm D C

31 Data Background
3.1. 1 Nclwork data '

thwork dala was bascd on the ﬁcld surv;y rcsulls from lhe PRONAP delalled dcsrgn '
~ study. Addrlloml mspcclron and ﬁcld survey were performed by the JICA study team
10 supplcmcnt the above data. :

:'_Thc sewered area was dmdcd 1nio sub cwlchmcnls (sub networks) to slmphfy lher
~ model. ' '

The so- called Hazcn Wllllams lormuh was apphed to delcrmlnc lhc irlcuon loss in thc
force m‘un Addmonal hydrqullc Iosscs such as, cntrance and valvc loss werc also,
1ccounled tor Thc cntrancc loss was scl lo lhc, tolal vclocuy head m the lorcc mam and_
lhc valvc loss was scl slatrc to AH\, = 1 5 m ' ' o .

A, - 682X L (")ws
_ - p"

117

: “_'her_e B R .
E LR " = Lcngih of lorcc main (m) _
C o= Hazcn formula ﬂow rale (~110)
D = Force nmn dlamelcr (m)
AH, = TFriction loss (m)

v = vclocrly in torce main (m/s)



The entrance loss AH; is set to:

All, =10—
E 2g
* where o |
g = gravilational acceleration (ca 9.8m/sec?)

The static valvc loss of 1. 5 m is dlrcclly subtracted from lhc pump (Q AH) rclallons

“before lmplcmcntmg the rclal;ons into MOUSE (AH is here the total ¢nergy loss +

lifting between the pump wet- well and the receiving node aflter the force. main in
MOUSE) The entrance loss can be specified. directly - as manhole energy loss in

.- MOUSE. The frnctlon loss is more compllcated and has to be converted into (o the
cquwalcnt loss using - Mannmg s formula. the followmg cxprcssmn for the M'mnmg s
' numbcr can be derived when scumg the H'ven-Wllllams friction loss cqual to the

lncuon loss extracted from lhe Manmng s formula,

M= Jompoe g gggg yors. .

x
- iwhere - - :
M= “The Manmng s number (m”’/sec)
Lag = The force main lenglh defined in MOUSE (m)
g Ly '_= The rcal force main lcnglh (m)
D = , Dlametcr of the force main (m).
v | ] .=_ . I*low velocity in lhe lorcc main (tor pcak t'low) (m).

Thc lcngth of force main is lyplcally reduccd in MOUSE in order to reducc ihc volume

occupicd in the Pncemann slot2, Furthermorc thc Pricemann slot h‘lS bccn furlhcr becn L

' rcduccd in suc

The volume occup1ed by lhe Pnccmann slot plays an 1mporl'ml rolc durmg start up of _ '

1 the pump station. Since the lluld is 1nc0mprcssxblc the frlcllon loss is 1mmcdlatcly _

_ cslabllshcd in lhc forcc main whcn the pump slarts Sinee somc volume is “hlddcn” i

the Prlccmann slot m lhc MOUSE model, the samc fast rospond as obscrvcd in renllly' _

-' canu_ol= bc expecled i m the MOUSE modc_l.: 'lhus, dccrcasmg the yolumc_occupl_cd_ by the |

_*  More detaifed information on the Pricemann slot can be found in the MOUSE mauval,

1-3



Priccmann slot signit‘icanlly reduces this drawback. Acéordingly the force mains lon’gcr
than 400 m has been set to 400 m and the width of the Pricemann slol has been set to

0.1% of the force main diameter.

Howcvcr the correct energy line is established approximately 60 scconds alter the pump

starts.

3 1 2 Boundary condllmns

The boundary conditions conslsl of waslewater flow. and infi ltratlon Inﬁliration ralc
;was set as 0.1 Ysfkm bascd on the results of the ﬂow survcy Inhllrallon and 1nﬂowr
during ram cvem_s can reach more than 100 percent of-the dally average flow “rates.
Hlegal draiuugé conneclions to the scwéraQe Sys.lcm' from houscs' must accordingly be -
'wmdﬂd since this can cause surch1rgc to the ground durmg rain evems

- The 'wer'lgc pcr-capua wf!slcwater productlon was measured at 107 l/caplla/day wnthoul o

infiltration in 1999." This value is derived from lhc obscrvcd domiestic per-caplta
- wastewater flow of 92 V/d divided by the ra110 to the tolal waslcwatcr ﬂow of 0. 86,
| whtch includes commercial and mduslnal wastewater, * T he same valuc w1|i mcre‘:sc to
- 110 lfcaplta/day in 2008, al the cnd of phase I dev cIopmcnt ' '

The dally wastcw*lter flow patlern is based on lhc Tlow survey conducted in the dry _
' scason (July 1999) The data from this sur\'cy have been 'malyzcd m order to cxiract
reliable waslcwq(cr time’ series. Determination oI the hourly pc1k ﬂow rale phys an

lmpor(am fole in dcsngmng the sewerage system.

The daily peak flow hclor reduces as hrgcr popuhlmns arc l'lkCll mto consldcmllon
The pmk factor reduces duc (o 3 cllccls thcse arc ' ' '

N Rcducuon lhrough the dwcrsﬂy in thc waslcwacr producllon bciwccn dlllcrenl
k households ' SR St : B S SRR

2. Time hg due 1o Innsportallon in !hc syslcm rcducmg thc overhp be{wecn
' dlfterent households pC']k productlon of waslewatcr S TR e

' '_3. Dlspcrsmn c[lccls in the plpCS manholcs retcnllon l:nsm S and pump wel wclls -

These effects are 1llus[raled in Figure 3. 1 Eflccl (1) is mosl Sng[Icant for populailon

sizcs between 2- 500 peoplc after which the efleci fades out, Eftccls 2) and (3) becomc B

more lmporhn! for hrgcr populalmn sizes (1000 pcoplc and up)

T 1-4
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Figure 3.1 Reducing Effects to Daily Peak Flow Factors
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3.2 Simulation resulfs

The following simulations were carried out.

- Present model as July 1999 with an average wastewater flow of 107 llday/PE
(population equivalent). '

- Phasel (year 2008) model wnth average flow of 110 I/day/PE.

The results of interest are:
1. veloemes it the plpes
2. how full the pipes are. : .
*inflow to the B spmar wastewater treatment planl

3.2.1 Present Condition

(1) I‘low veloeities in the pxpes _
Figure 3.2 shows the expected minimum ﬂow veloelty in the plan plot Par.tef the
sewer network has the maximum velocmes lower than 0. 6 /s, which is recommended
minimum veloelty for se]f-cleamng of the plpes Sedlmenlatlon in the plpes may

occur espeelally in the dry seasen as observed in the Puno city. Penodlcal high-
pressure water cleamng is requlred as praetlced by EMSAPUNO to remove sediments.

Figure 3.2 Maumum Flow Veloclty in the Exlstmg Sewer Network in 1999
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2) W'lter levcls in thc tmnk l]]'llllS

Flgurcs 33-36 show lhc cxpcclcd maximum water lCVClb in the longlludnnl protllc of
the trunk mains, Simon Bolivar, Tacna la Torre, Torres Luna and the principal

mtcrccplor (9900) to the Espinal wastewater (reatment pl'mt

‘The maximum water levels in the pipes are generally low, loss than one third of the pipe
diameters. In a few locations, maximum water levels exceed lhe pipe diameters. At
the time of the ﬂow survcy in the dry season (22 July 1999), pump on/ofT levels in lhc
Canele pump station were sct as 3808.5 m and 3807.8 m A.S.L. respectively, which

caused the high water levels in lltc Simon Bolivar trunk nmn close to the pump station

as shown in Fjgurc 3.3. The sewer p)pcs flowing completely filled pr0v1de conditions

partlcularly f'worablc for sulfide generation.  In. such conditions, very little oxygen
may be lransferrcd to 1hc wastcwatcr from the almosphcrc Resulted amero_blc

condluon causes H S gencrahon which may become a sngnlﬁcant problcm suchas:

- severe corrosive condltlons for unprotcctcd sewer plpCS and ‘manhole walls '
produced from cementitious matcuals and metals occur when sulfuric '101d (H SO4)
is denved lhrough the ox1dalton of hydrogen sulfide by bacterial action.  The

' 'corroswc effects of sulfurlc acid make the surface cemcnlllious material convcr!ed
to a pasty mass wh1ch may- fall away and cxpose ncw surfaccs to corz‘oswc attack :

- H S gas is cxtremely loxu, ' De'uhs havc rcsullcd from an H S conccnlration of as
low as'0.03 % (300 ppm) in the air. Bclorc sewcr lllSpCCIIDnS lhrough manholc‘;

vcnulalmn musl be pr0v1ded to lower H S conccntrauon to the s'ilc level

hgurc 3.3 Longlludmal Pmﬁlc ol' the Slmon Bolwar Trunk Mwm in 1999
' WATER LEVEL BRANCHES - 22-7-1999 08 57 Pun0220? pif -
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l*lgme 34 Longltudm'\l Profile of the ‘Facna la lnrrc'l‘l unk M‘nn in 1999
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Figure 3.6  Longitudinal Profile of the Principle Interceptor in 1999
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(3) Inﬂow lo the Espmar wastewater irealmcnt p]'ml _

. The mﬂow to lhe lrealmcnl plam is shown in Flgurc 3. 7 Thc pcak ﬂow occurs at

o around 9 am as obscrved in ihe ﬂow survey 1n lhc dry season

I*lg,urc 3. ‘7 Expcclcd m[low to th bspmm waslcwalcr llcalmtnl plant in 1999
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3.2.2 Phase I (Year 2008) model
Major irﬁprovement of the sewer network tln01|g11 phase I development is as follows:
1. Extension of collection plpe nelwork by 25 km.

2. Replacement of the part of the trunk mains (Slmon Bolivar, Tacna la Torre Torres
Luna).

3. Iotr_oductiooof El Pue:to'pump station.

4. Diversion of wastewater from Chejona arca to the Aziruhi pump station. B
The above improvement is reﬂected inthe 'deifeloped model.

(l) Flow velocxtles in the pzpes

The velocmes in the pipes durmg the peak ﬂow w111 mcrease from the present condltlon X

{Year 1999) and sedimentation problems will become less pronouneed in Year 2008 as . "
- shown in Flgure 3.7. Maxunum velocnues less than 0. 3 mls are stlll observed mamly _

in the Torres Luna trunk main. ' B ‘ SE o

Flgure 3 8 Maxnmum Flow Velocnty in the Phase I Sewer Network in 2008
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(2)  Water levels in the trunk mains -

- Figures 3.9 — 3.12 show the expected maximum water lcvcls in the longitudinal profile
of the trunk mams in 2008.

In'!hc Simon Bolivar trunk main, the conduit from <B2.0180> to <B2, 0190> has a
negative slope. The pump on/off levels at lhc Cancte pump st'luon are lowcrcd to
address possible corrosmn problems i in the pipes.

Figure3.9 Longitudinal Pm'me 0r the Simon Bolivar Irunk Main in 2008
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"The plpe replacemcnt between B3, 0010 and B3 0080 in lhe Tacna la Torrc lrunk main
lhrough ph‘lSC I dcvclopmenl solvcs flow problems tound in lhc present condition.



Figu re 3.10 Longitudinal Profilc of the Tacna la Torre Trank Main in 2008
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The principle interceptor is Iess ihan 50 % filled during peak hours in the most p

) Figui'e 3,12 Longitudinal Profile of the Principlc Interceptor in 2008
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e _The mﬂow vanatlon to thc lrcalmcnt phnl is shown in Flgurc 3.13. The peak flow

) Iugurc 3 13 Expected mﬂow (0 the Espmar was[ewatcr treatmcnt plant in 2008




)] Overall cvaluation of phase 1 dcve]dpmém -

With proposed development of phase 1, the sewer network will be jn"sound condition
under dry weather. The negative slope in the Simon Bolivar trunk main shall be
investigated. - -

~ Al present, observed wet weather flow is two to three times of the dry weather 'ﬂ_()\-v

because of inflow and infiltration.  This cailscs_waslcwaler_ overflow fr(jm manholcs,
especially in the Simon Bolivar trunk main. Inﬁl_lration"an_d inflow c(:_onlrol program
shall be cstablished to address this problem. ' o
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2. DESIGN PROCEDURE FOR EXTENDED DETENTION PONDS
FOR CONTROL OF URBAN RUNOFF QUALITY

- (Excerpt from “Controllmg Urban Runoff A Practical Manual For Pl'mnmg And
Desrgmng Urban BMPs” by Thomas R. Schueler, July 1987)

1. DESIGN OF EXTENDED DETENTION PONDS (SUM MARY)
. QUANTITY DET AINFD
N At a minimum; the volume of runoﬂ detamed should be cqurvalent to the runoff volume
‘ produced by a one mch storm. This volume is sufﬁctent to achieve both high levels of
' partrculate removal and downstream channel erosion protection for most of the storms
that occur durmg a year. Hrgher levels of control can be achieved when the runoft"
~ volume from the one or two year storm is detamed
e DURATION' _
24 hours of extra detentron are needed for optlmal pollutant removal for the desrgn
detention volume The control devrce should be adjusted so that smaller runoff events
"(0 1 to 0.2 mches), which normally pass through the pond quickly, are detalned for at
least a minimum of six hours In larger watersheds, up to 40 hours of extended detention
may be needed for streambank erosron control As a final check, the runofl velocrty of
| the downstream channel at the extended detention release rate should be computed to
make sure that 1t is not erosrve . ' ' : R
e TWO STAGE DESIGN:
'A two- -stage pond design is recommended when e).tended detentlon is applred to dry
ponds. T he upper stage of the pond is sized and graded (2% minimum) to remain dry
~ except durrng mfrequent large stonns while the bottom stage is expected to be regularly

' 3:__Vmundated The volume of the bottom stage should be set to store the runoff produced by
~the mean stomr (approxrmately 0.45 mches) The bottom stage will frequently be 100

- wet to mow, and is best managed as a wetland or as a shallow pool. Both techniques act

to prevent resuspensron of prevrously deposrted materrals Extra storage over and above
E storrnwater and extended detention requrrements should be provided within the botiom
- _"stage, or at the inlet to account for 20 years of sedrment deposrtron o



s WET LAND CREATION: R ¥ ._ .

Wherever possible, a wetland - marsh -should be created in the bottom stage of an
extended detention pond to help remove soluble pollutants that cannot be removed by
conventional settling. Wetlands also provide wildlife habitat and hide unsightly debris
and sediment deposits that frequently accumulate near the riser. The arca of the wetland
should be adjusted so that the average annual watershed loading (as computed by the
Simple Method) does not exceed.45 pounds of phosphorus or 225 pounds .of nitrogen
per surface acre of wetland. Water depths of 6-12 inches are needed for optimal wetland
growth. The wetland should be planted with native species which arc suited to-that
environment. : T K DR '

. FXTE\lDED DETENTION CONTROL DFVICE . : S
In dry ponds a vertical, mtcmally controlled extensron of the low flow orrﬁce is the
most trouble-free design, since it can wrthstand partial cloggmg and gradual sediment
accumulation, and also can be used to set water levels If the control devrce is below. the '
ground surface, it should be proteeted with filter cloth and/or wire mesh, and encased in
a trench of stone or gravel with a drameter greater than the orifice. lhe device should

also have an above-ground extensxon, ‘with a. tight- ﬁttmg replaceable cap o facrhtate' g

- cloan out. In wet ponds, a negatively- sloped pipe plotected by a wire mesh that extends :
rfrom nser and wrthdraWS water from al least a foot beiow the surf‘tec should be used: :

. PILOT CHANNFLS o : F T AN
A riprap, concrete or paved low ﬂow channel 1s requlred to route water through the
upper stage of the extended detentron pond The prlot channel- should end at the lip of

the lower stage, where rrprap or gabron baffles are placed to reduce veIOCttles and

spread out the flow path Of the runoff rcachmg the lower stage thus preventmg scour
and resuspensron : : :

OSIDESLOPFS 7 L BT Lo .
Stde slopes should be no steeper than 3 1 (h v) and no flatter than 20 1 (h v)

. POND BUI‘I‘ER

A minimum 25 foot wide buffer strip away frorn pond to the nearest lot should be- _' B |
reserved, and landscaped usmg low—mamtenance grasses shrubs and trees A

landscapmg plan should be prepared for the pond- and buffcr " that tmproves the .
appearance for adjacent resrdents, meets specific dt351g_n functlons,_and provides loc_al .

3
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wildlife habitat.

* EMBANKMENT:
At least 10-15% extra fill should be alloned on the embankment to account for pos51blc *
subsndenee‘ The embankment should have at lcasl one foot of freeboard above the
emergency spillway. Anti-seep collars should be used to prevent scepage around the
barrel. The cmbankment should be graded to allow access for heavy eqmpment and
should be mowed twice a year to prevent woody growlh e

o Sl TE ACCESS

Adequate access from pubhc or prlvate nght of way to the poncl should be reserved The =

‘access should be at least 10 feet wnde, on a slope of 5 1 () or less, and stablhzed to
o _wlthstand the passage of heavy equlpmenl. I " . -

j'. MAINTENAI\CE _
;Wet-weather mspecuons ‘should be conducted annually, wuth as- bullt plans in hand
lnspeclxons should emphasi?e the eondmon of the extended detention control dev1ce -
s _' and low ﬂow pilot channel bxtended detention faellltles should be maintained as a i
| : meadow to reduce mowmg frequency (2 times. pcr ycar) and mamtenance costs.

Mamtenance fCSponSlbllllleS should be clearly vesled wnh funds reserved for both :

l.'OUtll’lE and l'lUl‘l-I‘Ol.llll‘lC QCllVlllCS

. SEDIMENT REMOVAL: ‘ _
Lo A five to ten year sedmlent clean- -out eycle is reconnnended Extra storage n the lower
- stage of the pond can be prowded to accommodate sediment deposmon Also, on- -site _ '

sediment dlsposal arcas should be reserved to rcducc removal cosls Do not begm ﬁnal

o pond conslrucllon untll upland area is stablhzed - —

2.3 ..
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2. POLLUTANT REMOVAL

Settling is the primary pollutant removal mechanism associated with extended detention.
As such, the degrec of removal is dependent on whether a given p'ollutaut is in
particulate or soluble form. Removal is lik_ely to be quite’. high if a pollutant is
particulate, whereas very limited removal can be expected for soluble pollutants.
Unfortunately, some of the urban pollutants of greatest concern occur prnnarrly in
- soluble forms (e g, nitrate and ortho phosphorus). Removal of these soluble pollutfmts
may be obtainied if the lower stage of the extended detention pond is managed as a
- shallow wetland to utrhze natural brologlcal removal processes '

' 2 i Settlmg Behavmr of Urban Pollutants _
The settlrng behavior of urban poliutants has been evaluated in a series of laboratory
'and field studles Grlzzard et-al.- (1986) Driscoll (1986), and Wlnpple and Hunter
(1981) have utilized experrmental Settlmg column data to assess pollutant sctthng-
behavior over time. In each study, urban runoff was mtroduced into four to srx foot dccp
plexrglass chambers and the change in pollutant concentration over time was mcasured
- at sampling ports located at.different depths on the column. ‘In addttron the long term
pollutant removal performanees of two extended detentron ponds have been evaluated
' rm_ local field monitoring efforts. During the_ Washington NURP study (M\\(COG, _
1983b) a dry pond (Stel:lwiek) in’ Mo’ntgomer'y County, Maryland was modified to
- achleve 6-12 hours of extended detention, and monitored over a 18 month period.

o _ i_'_lntenm results are also avallable for an extended detentron pond {London Commons)

momtored in suburban Northem Vrrgrma (OWML 19861) Together, these studies
’ 'prowde a basis for ‘estimating the detentron time needed to obtam maxnnum possrble
: removal for specrﬁe pollutants of interest llsted below

[‘3 E

" The settlmg column experlments 1ndieated that 60 70% of urban sedlments settle out

' wrthm the first six hours The remamlng sedrment may take as much as 2 days to settfe |

-+ out (Flgure 2.1). Maxrmum rernoval rates after 48 hours of detention ranged from 80-

o 90%. The rather slow sedlment settlmg rates are prrmarlly due to the very fine- gramedl

' partteie drstnbutron of sedrment in urban runoff (OWML, 1983) W'rshmgton NURP
_ﬁeld monrtonng at the Stedwwk extendcd detention pond generally supports the lab
L ‘measurements The pond was est1mated to remove 65% of i incoming sediment over the

o long term (MWCOG 1983a), wlneh is smular to the 6-12 hour removal rate reported in

o tbe setthng column study (Flgure 2 2) An average storm removal of apprommately



65% was also reported for the London Commons pond (OWML,; 1986a), which also .
experieneed rclatively brief detention times (estimated at 6-12 hours), T

BHQSEHQKQS

Both scttling column studles mdlcated a maximum upper lumt of about 40 50%
removal for total phosphorus after 48 hours, with most of the removal oecurrmg within
the first 6 to 12 hours. Ihe upper limit for phosphorus removal by seltling is due tothe
fact that soluble forms comprise over half of all phosphorus found in urban runoff K
Nearly all the partrculale phosphorus settled out in the OWML experrments, accountmg
for the majorrty of observed removal. In addition, a small fraction of soluble phosphorus
adsorbed to sediment and evcntually settled out durmg the e‘(perrments , :
| lhe ficld studics showed variable performance in removmg phosphorus Less than 15%
of total phosphorus was removed at the Stedwick: site over.the loug—term where'ts,-
initial results at the London Commons site indicated much hlgher average (70%) total
phosphorus removal (OWML 19863) However it is very llkelythat the long-term total : |
phosphorus removal at the ‘site. is much lower, since very fow  (or even negatrve) o
removal rates were reported for larger storms. Resuspenslon of total phosphorus Was -
cited as the lrkely cause. : : ;

' Figure2,1 . Removal R_ete_ VS, Deten_tion._"l‘ime_.lf'or‘ Selec_te'd:l’ollute_uts
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Figure 2.2  Urban Pollutant Removal after 6 to 12 Hours Detention Time
. Comparison of Lab Studies and Ficld Measurements
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': In the OWML (1983) settimg column experlments the upper limit on mlrogen removal
achleved after 48 hours of detention was about 40%. Again, this is due to the

predominance of soluble forms of nitrogen that compnse about 70-80% of the total

~ nitrogen found in the Washington, D.C. area urban runofl (NVPDC 1983).- Ficld |

sludlcs at the Stcdw1ck extended detention pond suggested a long-term total mtrogen

“removal rate of about 25%, which compares well with the lab studies (I' igure 2.2).

Almost all of the pamculate mtrogen settted out from the pond but only limited settling

-.,"_of soluble mtrogen forms was reported. A higher average storm removal of total
: mtrogen was reported (52%) at the London (,ommons site (OWML 1986&) allhough
the long-term removai rates may not be as hlgh S

- 'MLQMAHER

Orgamc matter, as mcasurcd by BOD in Whlpplc and Huntcr (198!) and COD in

- OWML (1983) exh:bited snmllar settlmg behawor in the column ests. Average -



maximum removal after 32 and 48 hours; respeclively, was about 40-50%. Organic
mater exhibited rapid scttling rates over the first 6-8 hours, followed by gradual but
steady removal thereafter. Long-term COD removal rates at the Stedwrck site were on
the order of 30%, which compare favorably to the six- hour detentlon removals observed :
in the lab (Flgurc 2.2). '

TRA_CJLM_JALﬁ _ _
Settling of most trace metals in the column tests was mlttally qulte raprd Iead u.luch
~ has a close afﬁmty wrth suspended sediment, exhibited essentially smnlar seltling
behavior (Fi 1gure 2.1) (Wlupple and Hunter 1981). Maximum average removal after 48

hours was greater than 90%, with about two-thirds of the settlement occurrmg within
 the first six hours Long tcn‘n lead removal measurcd in the field was even greater with
84% removal recorded aﬁcr the first 6 hours Maximum removal of zmc was much
lower averagmg about 50% in the OWML experlments and about 30% ll'l Whtpple S.
Unlike tead, most of the zine (< 70%) m urban runoff isin soluble form (NVPDC 1983).
However, a sngnlﬁcant portlon of the soluble zinc appears to adsorb to sedlment
B particles and settle out of the water column Tl'llS appeared to be the case at the
Stedwick snte where long term removal rates w ere estimated to be near 60%, desplte '
- the fact tlﬂt less than 20% of the i mcommg zinc was in partlculate form al the site.

Whrpple and llunter (1981) noted an order of magmtude rcducuon in bacterlal counts
after 32 hours of detentron Also, about 60-70% removal of hydrocarbons was reported '.
' over the same mtcn'al o

2.2 Additional Removal by Blologleal Means L :
Blologlcal removal of soluble pollutants can be achleved by creating arhﬁcral wetlands :
in lhe lower stage of a dry extended detention pond Marsh plants, algac : and bacterla_'-
that grow on the shallow, orgamc rich sediments can take up soluble fonns of nutrients
needed for their growth. “Also, the marsh sedlments are an excellent substrate for
. pollutant sdrptlon The degree of pollutant removal attamed in shallow “etlands is
- uncertain, but appears to be dependent on the size of the wetland in relation to poltutant |
: load delwered {o it (Nlchols 1983). Removal varles seasonally, with the most removal

during the growmg season, and thc least removal occumng in the late fall and wmter :
after the plants have died back g



&

Wetlands can sometimes become a net source of nutrients in the fall and winter months,
as nutrients stored in above-ground plant tissue are “pumped out” to the water column
during seneseence. Indeed, the only permanent sinks for pollutants in an artificial marsh
are graduval burial in the sediments, harvesting, and occasional episodes of
de_nitri_ﬁéalidn. However, even though much of the incoming nutrient-load may only be
tempora_rily stored in wetlands, the nutrients are released at a time of the year when they
will havé_thé least direct impact on recciving Watc_rs.

2-9



3. DESIGN TIPS FOR ENHANC[NG POLLUTANT RLMOVAL
3.1 Detention Time

For water quality purposes detenuon times of at least 24 hours are probably necessary |

to achieve maximum removal of most polluiants While most of the seltlmg occurs

~ within the first 12 hours in the settling column cxper‘rments rt is advisable to provrde

further detention since several hours may be needed before ideal settling c¢onditions

develop in a pond. Slightly longer _detenlion times may be needed for ‘downstream |

channel erosion.

3.2 Achrevmg Adequate Detention For AII Storms

One of the most difficult problems in extended detenuon desrgn mvolves srzmg the

comrol devrce so that it provrdes adequate detention time for lhe enlne speclrum of
storms. For e:\ample, if an extended de_tentron pond is designed to store jmd release the

ong-year storm over a 24 hour period, storms smaller than the one year storm cvent will -
~ pass through the orifice much more rapldly, and in some cases, may onl}' have an
average detention time of a few hours. Unforlunately, small storms delwer a mzuorrty of

the annual nunoff volume to the pond (Flgure 3. l) As a result, the annual pollulant

removal of the extended dctentlon pond may be reduced if the small storms are not

adequately detained.

Therefore, it is reconunended that the pond designer 'perform’ several sto:ra"ge.routing |
calculations (TR-20 method or equivalent) to determine the approxunate detenuon time .
for the smaller more frequent runoff evenis. Grrz,zard el al, (1986) suggest that as a -

target the average detention time in the pond should be 24 hours for the entire spectrum
of storms each year. This can be done if the maxrmum detentron time for the maxrmum
detention volume is about 40 hours, I‘lgure 3.8, which shows the approxrmate size

distribution of storm runoff events in the Washmgton D.C. area for moderately,

developed small watersheds, can be used o eslunale mﬂow hydrographs for small
storms for the routing calcutations (1 e, thc runoff volumes can be converted to SCS
Trrangular Unit Ilydrographs) '

As a general rule, rt is reeommended that lhe average detenuon lime for snnll runoff R

events (0.1-0.2 inches) should be no less than six hours

s
R s
i
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Figure 3.1 Frequency Distribution of Runoff Events in Moderately Developed
Watersheds :
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33 Quantlty Detamed

. Thc amount of runofl detamed heavnly influences the pollutant removal performance of
an extended detentlon pond lncommg runoff is only partially treated if a storm exceeds
- the dctcntlon storage volume prov1dcd in the pond. At a minimum, extended detention

ponds should be sized to accommodate the runoft produced by the mean storm, and

. preferably should be capable of storing the runoff volume of a one-inch storm. However,

in many cases, the stricter storage requarements recommended above for streambank

©erosion’ control (l 0-1.5 mches * Rv) wrll govem how much extra detention storage is

needed

-3 4 Pond Shape Tno Stage Desrgn
'A two stage extended detention pond is recommended to improve pollutant removal and
S ‘rcducc mamtenance requircments. Bas1cally, the upper stage of the pond is intended to
e dry except during large infrequent _stomls? whereas the lower slage is sized to accept



regular inundation. As a general rule, the lower stage should have a minimum volume
cquivalent to: . : o
(EQ3.1) Vol b = [(Rm)(Rv)/12] (A)

where . : o

:_Volb = ~ volume of bottom stage (acre-feet).
‘Rm = volume of mean storm (0.4 to 0.5 inches).
7 Rv = - rainfall/runoff coefficient (see Chapter 1).

A = area of contributing watershed (acres).

- The lower stage volume will be the site of the bulk of the poliutant removal as it will
normally handle about 50- 90% of storms in a given year (see hgure 3.1). Care must be
_taken to prevent the resuspensron of prevrously deposrted materrals in the lower stage
This can be done by creatmg an artlﬁc:]al wetland to stabilize the bottom sedlments or
by modrfymg the extended detention control to create a permanent pool The nsk of
resuspendmg pollutants can be further mmnm?ed by installing a rrprap apron or gabron
baffle bet\\een the the pilot channel of the upper slage 'md the bottom of the lower stage.
The two stage desrgn (Frgure 1. 1) helps to reduce the VCloerty of runoff as it enters the
'lower stage, prevents concentrated flows from scouring or resuspendmg ‘deposited
_ scdlments, and improves the overall settlmg characterlstrcs of the lower stage.

_' 3 5 Marsh Estabhshment _

) Wetland vegetatron in the lower stage of an cxtended detentton pond enhances removal
" of soluble nutrients and has several other benefits as well. Emergent marsh plants such
- as three-square, sedges, spatterdock switchgrass and bulrush provrde an attractive
habitat for. both wildlife and waterfowl, enhance sediment trappmg, prevent sediment
resuspensron and coneeal trash and debrrs that normally accumulate near the riser.

_ Studres of the capacrty of wetlands to assrmrlate wastewater mdrcate that they perfoml_ _
best when e)(posed to relatrvely dilute nutrrent loads. Nichols (1983) presents summary
data from many sites around the nation that suggests {hat maxrmum levels of nutnent
removal can be achieved rf loachngs do not exceed 45 pounds of phosphorus or 225
* pounds of mtrogen per surface wetland acre per year Untrl moré accurate criteria are
- developed from ongomg research on actual extended detention wetlands, these
guidelines may be used tos size artrﬁcral wetlands (see example 3- 1) '

.Th.e inlet-_eontrolled' slotted_ standpipe (Figure 3‘2a). is 'probably the_best control device



0

for creating shallow wetlands in extended detention ponds because it can regulate water -

levels within the lower stage, and also maintain target detentron times cven when

partnlly clogged

3.6 Pilot Channcls .
~ Erosion will often occur wrthm the low flow channel through the upper stage of an
~ extended detention pond, unless itis stabrlrzed by riprap. The lack of channel protection

within the pond can actually make a pond ‘a net scdrmcnt source (Schaefer, 1986;
MWCOG, 1983b). However, po]lutant removal is mrparred if the prlot channel extends
all the way through the lower stage to the riser, as sediment and other pollutants are

- often deposrted on the p1lot channcl and can be subsequently resuspended. Optimally, in

a two stage pond desrgn the stabilized low ﬂow channel should extend to the lip of the

. iower stage of the pond.

3.7 Pond Slopes

The slopes leadmg to the pond should be gentle enough to prevent gully crosion of the
banks durmg larger storms. Most local SWM guidelines suggest that side-slopes be no
greater than 3:1 (h v), and preferably flatter. Banks steeper than 2:1 (h v) should be

o 'stabrhzed with riprap to prevent erosion. (Jentle slopes make Touline mowing of the

banks easier and safer, atlow easier pond access and are preferred by wildlife and
waterfowl (Adams et al., 1983). The slope of the upper stage of an extcnded detcntion
pond should be betwecn 2 and 5% to promote rdptd dramagc

3. 8 Injet and Out!et Proteetron

The stream channel immedrately below the pond outlet should be Imed wrth large stone

': nprap and graded to a slope of approxlm'ttely 0.5% (MNCPPC 1984) to prevent
"scourmg during large storm events. A layer of ﬂltcr cloth should bc laid down that '

confon‘ns to the natural dlmensrons of the channel, and then anchored wrth 18-30 mch _ :

g stone nprap Smaller sized rrprap (9-12 mches) can be used if the diameter of the pipe
: _outfall is less than 24 mches Stlllmg basms can also be helpful in reducing the runoff o

velocuy from the pond

f' The mvert elevatron for mlet plpes should be as close to the surfaee of the upper stage

as feasible. ’lhe outfall plpe should cllscharge at the bottom of the embankment directly
to the outﬂow channel Plpes that drscharge above thrs level may cause erosion and

s undercuttmg of the embankment

2:13 ;'



Figure 3.2 Methods for Extending Detention Time in Wet Ponds
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EXAMPLE 3-1: DETERMINING THE FEASIBILITY OF USING A WETLAND l()
AUGMENT EXTENDED DETENTION POLLU IANT REMOVAL .

Given a 30 acre, 35% impervious townhouse development in a watershed that drains to
an extended detention dry pond, calculate the volume of the lower stage of the pond and
assess the feasrbllrly of using the lower stage as an artificial wetland to augment
poltutant removal:

STEP 1. The volume of the lower stage is cqual to:
[(Rm)(RV)/ 12)(A) - .
[(O 45)(0 36)! 12](30) = 0.4 acre- feet. .

: STEP 2. The annual nutrient load to the lower stage is given by

. L= [(P)(PJ)(RV)f’l2]((3)(!*&)(2 72)

where _ ,
o P= o ramfall depth (inches) over desrred time mterval
. Pj= | factor that corrects P for storms that produ(‘e no runoff
- Rv= runoff eoelﬁcwm ‘which cxpresqes the fraction of ramfall which i is

. converted into mnoff

o Ce - ﬂow—welghted mean concentrahon of the pollutant in urban runoft
R (mg/l) o o
A= area(acr65)~ SV

 for N = [(40)(0.9)(36)121(2.00)(2.72)(30) 176 1Bs_ryr
. for P- = [_(40)(0_.9)(.36)/12](0.26)_(2.72)_(30) =23 lbs/yr

STE?3 Assume lhat the lowe1 slage will be six mches deep to promole optimum
;Wetland condmons The area of the bottom slage is then (0 4)!(0 5) 0 8 acres

The average annual loadmg per wetland acre is:
. (176)!(0 8)-— 220 lbs/acre/yr of mtrogen
- (23)/(0.8) 29 lbs/aere/yr of phosphorus

STEP 4. Smce the average annual wetland loadmg is below the rccommended lnmls of
225 lbs/acre and 45 lbs/aere of N and P, respecu\ely, the 0.8 acre arhﬁcra!
' wetland should be large enough to provrde srgmﬁcant pollutant removal
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