4. PERFORMANCE ANALYSIS OF EXTENDED DET ENTION BASIN -
(Based on “Methodology for analysis of detention basins for control of urban runoff
quality” by USEPA, September 1986) |

4.1 General - L o |
Detention basins -that receive storm runoff, but that have ncgligible losses through
infiltration, must rely principally on sedimentation pro'ccsses for pollutant removal.

Of the variety of conﬁguratlons and operattonal modes that have been used stormwater
detention basins that maintain a permanent pool of water, often referred to as “wet
ponds,” are gencrally consrdered to be the most effective for pollutant reduction.

This secuon presents a procedure for pl‘OjCClmg performance of such devrces and a
: compartson of results wrth observed perfornnnce of the operatmg detention basins. -

The mput data requlrements for use of the analysis procedure consist of the followmg
~ ¢ Rainfall - mean and coefﬁcrent of variation of rainfall mtenszty
. Urhangatc_hment aréa and runoff coeficient (ratro of runoff to ralnfall)
e Demceﬁtg.e surface area provrded for percolatlon and storage volume '
| S_elﬂlng_\[elomy - settlmg velocity- of the particulate present in the urban
| runoff The settling velocnty def ines a “irealment Rate”. Representatwe values
“for settlmg velocrty can be assrgned to urban runoff on the basis of a srgmﬁcant
number of settling column tests ' ' )

- The data used in the following sections are mainly based on the aetu_al perf(_')nnanee data
' developed by'the USEPA Nationwide Urban Runoff Prograrn (NURP) in 1980°s. .

4.2 Analytlcal Method a

" A basic aspect of detention basrn is that part of the time (whlle runoff mflows occur)
stormwater is moving through the basm and sedrmentatlon takes p]aee under dynamrc
COII(lllIOIlS Durmg the consrderably longer dry periods bet\xeen stoml events
sedtmentatlon takes place under qu1escent condlttons LY :

4 2 1 Remox al under dynamlc eondrtrons

Removal due 0 sedtmentat;on ina dynamlc (ﬂow through) system is e}(pressed by the
following equauon o - : y _ _
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1 Vs
E3

Rl o . D (4.1)
where: _ _
R= fraction of initial solids removed (R 100 % Removal) '
" Vs=_seitling velocitly of particles o '

QIA = rarc of applied flow divided by surface area of basin (an “overflow
veloclty, often desrgnated the overflow rate)

n= a parameter Wthh provides a measure of the degree of turbulence or
short-ctrcultmg, which tends to reduce removal eftrctency

Empmcal relatlonshlp between performance and the value “n”
Performance C L C“n” value - :
Verypoor. - . . - -]

Good 3
Verygood == -~ | . >§5

~ Source: Fair and Ge)."er (1954) '

In addition, when a value of n = is assrgned (1deal perfonnance), the equatlon reduces to
the fa.mrllar form wherem removal efﬁcren(;) is keyed to detentton time. B

| . Rhl—exp[—y] . .' -' or S (42) ) |
JR:]—exp[—k*r] - S s - {4.3)
' wherei o B
k= Vs/h (sedrmentatlon rate coefﬁcrent)
h= average depth of basm
"“t-' oy residence time * S

V= ::_»volume ofbasrn S

' The two expressrons are equlvalent To use them one must be able to 1dent|fy an' B
: approprlatc value for either setthng velocnty, or for the rate cocfﬁctcnt (k) which will
ultlmately depend on the settlmg velocrty of the particulates present

R Solvmg equatron (4 1) for a range of overﬂow rates and partlele settlmg velocmes and_ o
' 'plottmg the results as shown by Frgure 4.1, 1nd1cates the wide range in removal that can

B expeetcd crther (a) at a constant overﬂow rale for partlcles of different size, or (b) at

: "'drfferent rate_s.of flow for a specrﬂc_SIze fraction. B_oth of these va_rrable factors are
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present in urban runoff applications. The effect of a range of parlrclc seltlmg vclocrucs
is addressed by performing separate computations for a number of seitling veloc:tles
and then using weighted mass fraction to compute net removal. '

Storm sequences result in variable overflow rates each event producmg a different

average rate, and hence, removal efficiency. The prob’lblllstlc analysis procedurc

summarized by the design performance curves in Figure 4.2, is the relcvant analysis to '

apply. This analysis makcs the following assumpuons ;

.~ ® The short-term vqnablhly of flows (within storm events) is small compared with
the varlablhty of average flows belween storms. To the extent that thls is not thc
case, I‘lgurc 4.2 will overestimate long-temr performancc L
¢ Storm flows and po]lutanl concemraltons are mdependcnt It ﬂow rate and

_ concentration are negatively correlated (hlgh ﬂows produce lower concemrallons),

pcrformance will be belter than mdrcated For posrtwe correlauons perfommnce'

will be poorer than mdrcated

. Removal efﬁcrency isan cxponenlral funciron of flow

' Removal fractrons for a range Of setthng Velocrllcs representatlve of urban runoﬂ" as" L
Lomputcd by equation (4 1), are prcsented in Frgure 4lasa semi- log plot on whrch 1}10

exponential approxrmallon equatlon (4 2) would plot asa stralght lme

_ Long-tenrr average removal of a pt)llulant tmde_r dyriamic oonditions can, thereforé; bc'

estimated from the statistics (mean and coefficient of variation) of runoff flows, basin
surface area, and representalive particle settling Velocit_ies for urban rurroff.

Figure 4.1 . Fffcct of Scttling Vclocrt) and Ovcrﬂow Rate on Removal Ffﬁcrcncy
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- Figure 4.2 -. LongTel m Performance of a Device Where Removal Mechanism is

Scnsitive to Flow Rate
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Figure 4.3 Flow-Removal Rela(ionship for Exponential Approximation
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4.2 2 Removal under qulescent condltmns L & _
The volume of a basm relatlve to the volumes of runoff evems routed lhrough it is the :
prmcnpal factor influencing removal effectweness under qunescent conditions.

The probablllsllc computahon summanzed by dcs:gn pertormance curves in Flgurcs 4.4

and 4.5 is used to estimate removals under qmescent conditions. Thls analy31s assumes

' that physical volumes are removed from lhe basm durmg the dry perlods between
storms. ' ' ' L

The term may be thought of as a processmg rate.” For a sedlmcntalton devxce it may

" be lhought of as a pamcle removal rate Usmg this mterpretatlon the term A*Q _':

(“average interval between storms” x “rate al whlch basin emptles ’) can be consuiered
1o represent that portlon of the basm volume from whlch sollds with a selected settlmg
_ vclocxty have been complctely rcmovcd Instead of the TSS concentranon of the entire -

volume dlmmlshmg with ume under qu:escent setlling, the conccntratlon is assumcd to

_temain constant, while the remalnmg volume w1th ‘which thlS concentratlon is
associated dnmmshes wnth time. The sohds removal ratc is lhen
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Figure 4.5 * Effect of Previous Storms on Long-Term Effective Storage Capacity
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CQ=vrd . - S X

where:
v, = patticle settling velocity (ft/hr)
A= basin surface arca (square feet)

4. 2:3 Combining dynamic and quiescent effects ;

The procedures described above can be used to compute scparate long-term removal
efﬁcreneics under dynamlc and quiescent conditions. Since each type of condmon
prevatls in a detention basin at dlffcrent times, the overall efficiency of a basin is the
result of the combmed effect of the two processes at work. 'lhc simple model used to
mtegrate these effects i lS illustrated by Flgure 4.6.

Five 1_dentlcal storms 'wr_th an mterval between event midpoints (A) of 3.5 days are

routed through a ba'sin‘ assuming plug flow. Each storm has a duration of 12 hours 0.5

. day), and a volume whlch is 25% of the basm volume (VBN R=4). The plotted lines

track the resndencelclrsplacement pattern in the basin for the leading edge, midpoint, and

' trarhng edge of Storm #1 The shadmg hlghhghts the fraction of the total residence time :
~ when dynamrc condmons prevail, For this srmphﬁed case, and for actual COI]dlliOllS '

where both storm volumes (VR) and mtervals (A) ﬂuctuate the fraction of time under'_ _

dynamlc condltlons is estlmated by

'.Fracti.on of residence time under fdy’namic conditions = DIA (4.5:_a)-
Fraction under quiescent conditions = 1-(D/4A) . (4.5b)
| __ where

* D =mean storm duratlon . )
A= mean mterval between storm mldpomts -

| _ ?lns snnple schematlc 1llustrates several relevant features of the operauon of this lype _

of device. When the basm is as large as that mdlcated (which is not uncommon for

cuncnt praetlce) the outﬂow volume during an event represents a dlfferent parcel of
' water than that for the storm that causes il (o be dtsplaced Assessmg performance by
comparmg palred mﬂuent and effiuent loads for individual storms is less appropnate
- than the comparison of overall influent and cffluent loads for a long term sequence of
' 'storm events. '



Figure 4.6 llustration of Quiescent vs. Dynaniic Residence Time in a Storm
Detention Basin
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All runoff volumes which enter the basin undergo the dynamic removal process one or
more times before discharge. For the large basin illustrated, this is broken up into four
different perlods of displacement, For a basin with a volume small enough that the

- runofl’ passes all the way through there would be only one such period of dynamic
~removal. Performance et’ﬁeteney is atTeetcd snmply on the basis of the “overflow rate"

that the basin size provides.

The qu:escent removal process then opemtes on (a) those porttons of the total runoff
volume that remain in the basin durmg the dry mterval that follows an ‘event, and (b) on .
that fraction of the mﬂuent pollutants that remain in the water column after operatlon of
the dynamic process. In the srtuatlon lllustrated the average runoff volume is exposed
to four different pertods of qmescent setthng, amountmg to an extended period under

* this condition. In a very small basin, the relatlve effect of the qurescent removal process -

may be msrgmﬁcant simply because such a small fractlon of the total runoff remams m '

,the basm at the end of each storm

The removal efﬁcreney for the basm under the eombmed effeet of both dynamle and

qureseent processes can be computed by applymg the removal efﬁeleney of either the .
dynamle or quteseent process to the pollutant fraetlon remammg aﬁer the operatton of |
the other If the fraettons not removed by the dynamlc and qulescent proeesses operatmg

' lndependently are f and fQ, respecttvely

COMB]NF %REMOVAL-— ;'0'0:[1-(&,'* fQ)j S ('_4.6)”'

It should be noted that in the targer basms erther process operatlng alone wrll be
capable of hrgh dcgrees of removal One mnght consrder the qulescent process to be the N
domlnant one m large basms beeause htgh pameulate reducttons can be produced even
1f there were no removal durmg dynamle perrods and because the qurescent perrods

B provrde the condttlons in ‘which the removal processes other than sedlmentatlon can
. come info play In small basms the dynamle process will be the dommant one because
' only small fraetrons of the runoff mll remain 1n the basm subject to the quteseent _

: pl’OCCSS
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43 VALIDATION

4.3.1 Settling Veloctt) of Partlcles in Urban Runoi‘f L .
Figure A- S in Appendm illustrates best estimates (at present) for the drslnbntron of .
- particle setthng velocities in urban runoff from any site, For the eahbmtlon testsand .
subsequent projections, computations are performed for five size fraettons havmg the -
following average scttling velocities (based on the dlstrlbutlon sh_own by Figure A-5):

Siz¢ Fraction % of Particle Mass in . | . Average Setthng
T Urban Runoff mn Velocrty (fthr)
1 0-20% 003
2 C20-40% o b 0.3
i 3  40-60% - ..l LS
4 60-80% ‘ 1
5 8_0'-_100%. . 65.

43, 2 Actual Performance Results

Performance characteristics of aetual basms have been amly7cd and used to compare '
observed removals to those predlcted usmg the methodology deserrbed earllcr IR

Table 4 1 summart?es s such size relationshlps for the wet basms whlch ate arranged m :

: Order of mereasmg performance expectatlons Based on the analysrs presented m the

prevrous seclion, one shoutd expect that Tower’ overﬂow rates (QR/A) and htgher '

volume ratios (VBNR) would tencl to produce better ‘romoval efﬁexencres by

sedlmentanon Therefore, these ratios are used i in Ta‘ole 4 1 as quahtallve mdlcators of -

performance The wide range provnded by the data set is apparent Basm #1 has an

average overﬂow rale durrng the mean storm of about six tlmes the median settlmg -
vclocrty (1 5 ftfhr) of partrcles in urban runoﬂ Further less than 5% of the mean storm
volume remains in the basin’ a[ter the evmt to be suseeptlble to addmonal removal by S

qmescent settlmg Al the other end of the scale the mean storm dlsplaces only about
_ 10% of the volume of Basm #9, and the average overﬂow rate is a small fracuon of the
: mcdlan particle settlmg velocnly ' S o '

' " Table 4 2 summanzes the observed overali average perfomranee of the NURP detentron S
basins over all momtored storms. Removal efhcreney is dctermmed from the sum of
pollutant masses entering and leaving the devree for all storms At some siles, there
were an apprecrable number of events for whtch momtormg data were only avatlable for -
cither inflows or outﬂows In such cases, a reduced data set (consrstmg of only those |

events for which both intet and outlet data were avarla'ole) was usecl in the computatlon

2-26
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Table 4.1': Size Relationships for NURP Detention Basins (Bascd on Monitored
Storms)

No.

~ Code N o
. Project and Site

Ry,

Detention Basin Size

Approx.
Averaqge

Relative to Mean -
Monitored Storm

Average
- Basin.
. Depth

Rate

QR/A
- {ft/bry

Overflow

. Volume
Ratio

VB/VR -

Relative to
Size of Yrban
Catchment (Surf
Area/Orain Area

X7 100%)

Lansing - _
Grace.Street N.

Lahsing '

: Grace Street S..

7 Anh Afbo? ”

© Pitt-AA
Ann Arbor
' Travgr  T

~ Ann Arbor

;pSwift Run . .-

'_‘Loﬁg [sland = &
~: Unqua .

“Washington, D.C.

Westieigh

' Ldnﬁing .

- MWaverly Hi]1§'

© Northern [Vinois
o Lake ElVyn - .

8.75

1,86

'0,39-“
| bfzo"
-;0.68 i
 0.65-5
10,09

0.10

0.045

0.17

0.52 .

531

7.57

1070

1.02

'f3.07 -

.510}0655%'
| fo;§3§x'."
oo
- i.i§% :
| ;EE f.sai
o

L 1.76%
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The thtatrve mdrcatrons of relative performance suggested by the ranking (based on
siz¢) are supported by the tabulated results. However, the vanablhty in actual
performancc results tends to confuse the picture somewhat such that the perfonmnce
relatronshlps may be better seen in the 1llustrfrtrons prcscnted in the followmg sectlon '

4.3. 3 Callbratron Results '

The probablhstrc methodology was used to compute the expected removal by
sedmlentatron of a number of pollutfmts The surface area and volume of each of the
nine detention devices was - determined from the project reports The statistics (mean and :
coeﬂrcrent of \farratlon) of runoff ﬂow rate and volume were computed from momlormg

_ _data for storms entermg the basin. A value of n =3 was arbrtrarlly assrgned for the |
' short crrcurtmg factor for all of the analyses whrch follow '

Because of the wide 1t/'alriabil-it),'r in particle selifing velocities, and their irnpo'r'tanteffeCt .
on removal by sedrmentatron mdependent removal efﬁcrency eomputatrons were
performed for separate size fractions and resulis combined for the overall removals
dercated All five size fractlons (Section 4.3.1) were assrgned for TSS, total lead, and
' total P computatrons For the other heavy metals (Cu Zn), for TKN and for BOD and
COD it was assumed that there would be no srgmﬁcant assocrauon wrth the largest size
' fractlon and computatrons were performed using four size fractrons '

~ Most analyscs of pollutant concentratrons measured the total quantrty, and drd not
. drstmgulsh between soluble and partrculate fractrons Sedimentation computatlons are
based on the partrculate or setileable fraction. However, overall removal i is expresscd in .
terms of total quantlhes of pollutant, whrch is both the most relevant way to express
_ rcsults for control decisions as well as the basis for reporting observed results to be used
for companson with computatrons l~or the analysrs therefore, it is necessary o assign
“the fractron of the total concentratron or load whrch is settleable For TSS, total P. and
tolal lead there is a relrablc basis for doing 50. Suspended solids are p'trtrculates by .
deﬁmuon Data developed through the NURP program mdtcate that lead consrstently
eshrblts very hlgh partrculate fractrons Thus, although no speelﬁc measuremcnts of
-' soluble and parucul'tte forms were made at detentron basm srtcs, a partrculate fractlon of
3 0.9 can be assrgned to lead wrth conﬁdence All but one of the sites (Basm #6)

| momtored both total and soluble phosphorus and the actual parhculate fraction for the
sitc was used in the computatlon A settleable fraction of 0 6 was assrgned for Basm #6,
gurded by results from the entrre NURP data base '

2.2



Por these lhree pollutants for whlch rellable esllmates of partlculate fractions are

available and for wlnch a SIgmﬁcant fraction of the total is seltleable the companson

between observed removal emclency and removals computed by lhe methodology'

described earlier is presented in Figure 4.7. There are a tew obwous outliers; however,

in general predlctlons are within 10% to 15% of observcd perfounance results

Addmonal conﬁdenee is dcnved from the fact that bolh observed and computed results

span the entlre range of performance possnblhues from less than 5% to 10%, lo 90% or

betler

In the absence of appropnate Iocal data, the parhcle fr'lcnon for Iead (O 9) and total P
0.67) are typical values for urban area. For TKN Cu, Zn, BOD and COD the esllmates

of pamele fraction (0.5) are basedrofn mere limited data are_less.cerl_am.

| Figure_4.-7_ _ri_(:f_ol.lllpar_isen_ef _Obsehred \s Computed Remeval_tfﬁcieﬂcies o

 Avowe

B 'Bas}'ﬁ'_P'e'rlorrn;

" % REMOVAL OF POLLUTANTS : ,
‘ DURING MON!TORED STORMS RIS Emeela(_nor_t
100 - s
_ o 1 Below
L@ - T8S SR - @] Expectavon -
. . A& TP e el T
TR R SR I S i s
gk P Y o B c
: . Site'd
ce 60 L @
® .
B & B
. @ A
I~ _
@ P i
-9 aof
. g & Site 9
Q- A o
o o
20
. o 111.;,: T
Site5 - . .
A ©Sited
Y, - H L 1 1
0 20 a0 60 . 80 100

COMPUTED %A

2-30



0

h area is calculated ast’

5. EXAMPLE DESIGN CALCULATION

5.1 Conditions : : o : ,
“Floral” drainage area, tohl area of 2.058 kn'®, has a average runoff cocflicient (Rv)

estimated at 0.74. (Table VIL2.6 “Supporting chort”) All stormwater runoff from the

area is to be routed to a extended (wet pond) detention basin. :

- The volume of runoff detained is sct as equlvalent to the runoft volume produced b) a

one-mch (25. 4 mm) storm. - The total detention volume is: '
Via = 254/1000{1\*074*?058* 10°m? .
. = 38 ,700 m’ Lo
Therefore Vm, 40,000 m

“The volume of the lower stage (VL) is equal to:-

I

[(Rm)(Rv)/ 12](A) o
[€0. 45 mches*25 4/1000 m/rnch)(074)](2 058 * 106 m )
17 400 m’ :

VL

I

: The depth is set as 12 mches (6 - 12 mches for optrmal wetland growﬂr) I’he surface

_ 17 400 m l(12 mchcs * 25 4 11000 mfmch)

. AL
57100m 1 71-60,000 m? -

_ The surface area of the pend is 60 000 square meters wrth the basin dimensions of 200
- by 300 meters The basin will have an average depth of 0.67 m. Physical storage
. , yolume of the_ l_ower stagc (the perr_na_nent pond) is 17,400 cubic meters (VB).

Ramfall stanstlcs for the Puno area are presently not avallable The statistics of

: Northeastem reglon of the United States are used instead for this examplc Lo

_ ' unit “ mean . | cocf. of vanatron
:Volume ' (V) inch 0.14 142
Intensity -~~~ (1) |in/hr | 0031 | . 091
Duration -~ (D). hr 45 - | 092

InterVal (A) hr 94 - _j l.39

' Partlcle settlmg vclocrtres as tabulated in Sectlon 4 3 l are 1ssumed to apply for thrs
'_snte SEEEEN DN o _ _

= | :.:.__2_-.3-1 :



5.2 Requlred

Estimate the Iong-lerm average reductlon in total suspended solids (TSS) in storm
runoff that can be obtained from the specified basin size. + . . -

53 Procedure o . L - .
Sigp_l Compute runoff p'trameters for mean storm ﬂow rate (QR) and volume (VR)
| QR = (D(RV)* (Area) L . . o
| = 0.031 inches/hr * 25, 4!1000 mlmches *Q, 74 *2.058 * 106 m’
= 1,200 o : . -
VR = (\’) (Rv) * (Area) |
| = 0.14inches * 25. 4/1000 m/inch* 074 * 2,058+ 10°m
=5 400 m’

_ Assume that the variabihty of runoff paramcters is the same as for the correspondmg
ramfall parameters : o

Ccvq = 091 and ]'CVV = 1..42'

Step 2 - Compute the removal under DYNAMIC condltrons
“The o'.rerﬂow rate during lhe mean storm (QRI A)is A R AR
QRIA = 1200m31hr15400m3_ 022mfhr -_ = 0.74 fvhr _'

If esumales of “2” are 100% for all sxze fractions (a reasonable estlmate in tlus case), |
lhe long-term average removals (RL) can be scaled d:rectly from Figure 4. 2. Since the

 size [ractions are mass \\CJghtcd the overali l" SS removal will be the average of the ﬂve i
size fracllons ' ' :

Results u'sing the graphic ap'proaeh are as follows: | _ o

Size Fraction | . Average Settling . S RM(%) RL(%) o
- Velocity (ft/hr) (Flg 43) (an 42)' N
K 003 | 4 R
2 03 o ,,_,23 i
-3 15 ] '85 R Y T
4 7. | ._100 b0
5 65.° .. 100 100

OVBRALL AVERAGE RTMOVAL
fraetlon NOT r_emovcdr 1

ol

(100-61)/100= 039



Step 3 - Compute the removal under QUIESCENT conditions.
Basin Volume ratio (VB/VR) '
(VB/VR) = 17,400/5,400= 3.2

The long-term average. removal efficiency is defined by Figurc 4.4. This is based on the
coefficient of variation of runoff volumes (estimated at 1.42 in Step 1) and the
“Iffective” Volume ratio (VE/VR), rather than the volume ratio computed immediately
above, which is based on physical size of the basin. ' '

The destred ratio (VENR) is scaled from I‘lgure 4.5 usmg the ratio VB/VR = 3.2
computed above, and the Emptying Rate ratio (F)

- E=AxQf VR
o Als the average mterval between storms . = © 94 hr -
= 5,400 m*

VR is the mean storm runoff volume L

Qs the sohds removal rate as defined by equatlon (4 4) in Section 4.2.2, and is the
'product of basin surface area (60, 000 sq meters) and the settling veloc1ty (v )} '

Q=v *4

Each of the five size fracllons has a dlfferent settlmg velomty, and therefore different
values for Q, E the effectwe volume ratlo VE/VR, and fi nally the qu1esccnt removal _

: eﬁlelency The table below lists the results of the foregomg proeedure for eshmatmg

removals under qulescent settlmg

E (CAQVR)

- VE/VR

- % REM

SIZE FRACTiON VS, Q(= Vs A),
NO. fhr(m/hr) - m/hr e (Plg 45) (Flg 44)
1| 00300091 | 55 .96 3.0 86
2| 0300 55 - 96 32 87
3 1.5 (0.46) 276 - 480 32 .| 87
e 72.1) 1,260 | 2,190 32 | 87
5 65200 | 12000 { 20900 | 32 | 87
~ OVERALL AVERAGE REMOVAL =87
fraction NOT removed f, = (100-87)100= 0.13

2:1




Step 4 - Compute the COMBINED temoval under both dynamlc -and qmescent
condmons ' ' :

Overall removal accomplished by the combination of dynamic and quicscent computed
directly from the fractions NOT removed by cach process. '

A careful examination of the results is mslmctlve When a basm volume is about equal
to the mean storm runoff volume (VBN R=1.0), a significant percentage of storm

Fraction NOT removed by quiescent seitling -
. Fraction NOT removed by dynamic settling -
% Removed (overall)

f=013
£y =0.39
=, *f[,)]* 100% -
[lm(013*039)]*100% '
L 95% g

[T

event runoff volumes are glealer than the basin capac;ty Then, the quiescent process -

"hasa lesser effectiveness for the removal of pamcles w:lh the hlgher scttlmg velocities, -

compared with dynamic removals This is not because the process provides less
:_cfﬁolent sedimentation. The indicated qulescent removals feflect the fact thatsonie -

: fractlon of the total runoﬁ' does not remam in the basin to undergo qu;esccnt settlmg

fhe efﬁmency and lmportance of the qu1escent process is rcﬂected by its sngmﬁcantly '_ R
hlgher effectlveness in removmg lhe slower scttlmg fractions. .. : O

E % REMO_VAL :

Yo REMOVAL

SIZE .FR_ACT_ION VS, % REMOVAL +
NO. Vhr(m/hr) - DYNAMIC QUIESCENT  COMBINED -
1| 0.03(0.0091) 4 86 - 87 g
2 0.3 (0.091) 23 87 90 . €
3 1.5 (0.46) 97 87 97
4 S 7(2.1) 100 - 87 B ([
-5 - 05(20) 100 _ 87 100 -
CAlL 61 87 95 -

 Trial and error is required to find opt_ii‘nal pond size and pollutants’ romo‘\.f_a]. e

2:34



APPENDIX

DATA ON INPUT PARAMETERS . .. . .~ - «

1.0 GENERAL

This Appendix presents inforr‘nation on representative values for parameters uscd in the
computations. It is intended to serve as a reference that wrll permit the user to make
prelmunary estimates for usc'in a screening analysis, and for comparing local values

: agamst those developed from a broader database.

2. 0 RAINFALL STATISTICS
The analysis procedures used in this manual are based on the statistical characteristics

_ of storm “cvents.” As illustrated by Figure A-1, the hourly record may be converled to
~an “event” record by the specrﬁcatlon of a minimum number of dry hours that defines

the separation of storm events. Routme statistleal procedures are then used to compute

' the statistical parameters (mean, standard devratlon eoefﬁcrent of varratron) of all
: eventsmthe record for the ramfa]l propertres of mterest o

From th’ej‘statisties of the storrn event _parameters, other values of interest may be
- determined. The'ratio of mean storm duration (D), to the mean interval between
- storms (A), reflects the percent of the time that storm events are in progress

- %trme that 1t is raining . 5, .‘.‘,'D/A -

T he average number of storms durrng any perrod of trme IS deﬁned by the ratio between
_ | the total number of hours in the selected porlod and the avcrage interval between storms
K (A) For example on an annual basrs ' :

' *
Avg number of stonns per year = 26—552 4

~ The stonn event parameters of mtcrest have been shown to be well represented by a

) '.gamma drstrrbutron T he results mdrcate that the coefﬁcrent of variation of the event

| parameters generally falls between 10 and 1.5, Flgure A- 2 plots the probability

,'drstnbutlon of gamma drstnbuted vorrables with coefﬁcrents of variation of 1.0, 1.25,

' and 1. 5, in terms of probabrlrty of oceurrence as a functron of the magmtudc expressed

. asa multlple of the mean This plot can be used to approxunate the magnitude of an
o event wrth a specrﬁed frequency of occurrenee



Figure A-1  Characterization of a Rainfall Record

(a) HOURLY RAINFALL VARIATION

FENY

_ (b) STORM EVENT VARIATION - -
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Figure A-2 Probability Distribution for a Variable with a Gamma Distribution

o PERCENT EQUAL OR GREATER
9 80 70 80 50 40 30 20 10 5 2 1 05 02 0.i

MULTIPLE OF THE MEAN (; y.

‘10 20 30 4 50 60 70 8 80 95 . 98 990999
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For example, consider a site where storm events have volume statistics for mean and
coefficient of variation of 04 inch, and 1.5 respecuvely Figure A-2 can be used to
cstimate that 1 percent of all storm evcnts have vo]umes that exceed about 7.5 times the
lnean (or 75%04 =3 mches) If the same location has an average. interval belween
“storms (A) of 87.5 hours, there will be an average of:

| A‘”(365 ‘l‘24)f87.'5 =100 events/year

'_ and the 1 percentlle event (3 mches) reﬂeets a storm ‘volume exceeded on average once
* per year. ' '

3.0 SFTTLING VEL 0(,1 1 IES _ _

The settling velocrty of parnculates in urban runoff is a key determmant of the

- efficiency of pollutant removals by. sadrmentalron Settlmg veloc;ly measurements were

" conducted on approximately 50 drfferont runoff samples from seven urban srles in USA.
- These data may be used to gurde estrmates rn the abscnce of local sctlllng column study :

 results.

There i isa wide range of partrcle srzes and hence settlrng velocrtres in any sample of
stormwater runoﬂ T hIS range can be descnbed by a probabrhty drstrrbutron of pdllutant
‘ "settlmg velocities and determrned by an appropnate ana!ysrs of the data obtamed from
standard settlmg column tests as descnbed farther below When the settlmg v’elocrty R
distributions obtained from the NURP studies were analyzed it was found that there
‘were differences between separate storms at a site, and d;fferenees belween mdrvrdual
storms at drfferent sites. Srte-to srte drflerences were of the same order as storm to-
~ storm varratrons at a partrcular site, Justrfymg lhe combmauon of all dala The result of

~ such an analysis, rlluslrated by Figure A-3, mdrcated that it is reasonable to make |
_ estrmates of “typ1cal” urban runoff seltlmg characterrstrcs and expect: that in an
~ appropriate analysrs short-term variations will average out. 'lhrs assumptron and tlre

: relauonshrp shown proved lo work out qurte well in lhe analysrs of the performance of -
* nine dri‘ferent detention basms in dlfferent paris of the couniry and dlffenng radrcally in

. srze

For analysrs purposes the mdrcated range of seltlmg velocmes can be broken down into
five equal fractlons that have ihe charactenshcs lrsted in Sectron 4 of thrs document

:2—38
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While the “typical” values provided here are considered to be satisfactory for initial
cstimates, and for screening analyses, additional settling column studies are encouraged
to expand the database and improve site-specific estimates. The test procedure is quite

simple, and utlhzes equlpment and procedures that have been in general use for many

- years and frequently applied in water and waste treatment appllcatlons The only

dlfference is the technique suggested for analyzing the data to increasc its utlhty for

stomlwater runoff appllcattons

The 'eq'uipment and proi:é"dure are shown schematically by Figure A-4. The scttling
column typically Lucite and about 6 inches in diameter by 6 feet high, is fitted with a

- series of sample ports It ls filled with the runoff sample then small samples are

wnthdrawn from the ports at scheduled intervals of time. Concentrations of pollut’mts of
mterest are compared with the mttlal concentratlon and the pattern of percent removal
versus porl depth (H) and time ('l) 1s determmed Since each port depth and sample time

a corresponds toa setiling veloclty each measurement (expressed as percent removal) can
~ be mterpreted as the percent of the total that have settlmg velocities equal to or greatcr

than that cha:acterued by port locauon and samplmg tnne

: Test results are oﬂen somewhat erratlc because of lhe sensrtmty of analytlcal tests
(espemally TSS at low concentratlons) and thermal currents and other dlsturbances in

the column. The use of multiple ports and Seltlmg times provides data on a range of
settlmg velocmes and prowdes duplicate measurements for many settlmg velocmes and
thercfore an opportumly to averagc out vanatlons 1nherent in the test procedure



Figure A-3  Probability Distribution of Settling Velocities in Urban Ranoff — -
Typical Based on Pooéled Data - SR - _ o

SETTLING VELOCITY (ft/he)

100 _
o T e 100 :
450
. " Mean and 95% - ,
,'0.1 - © Confidence Interval | - .
= ]0 -
¢
€
L2 .
. 45
S _
S
d
w
> -
© L
[
[ L
no 5
102
41
—0.5
103 SRR 4 7 A0 TN S T G Tt B! IR PR
o 10 20 30 40 50 60 70 80 90 - -

 PERCENT WITH SETTLING VELOCITIES -
EQUAL TO OR LESS THAN INDICATED VALUE



Figure A-4 Estimating Seitlmg Velocity Dlstubutlons from Settling Column

- Tests
e 1)
Hy
L1 H, - O O 0 '9)
. | Hi _ )
Moo o o o
: - O O o O
r
E - O 0] o O
i L } A
SETTLING COLUMN -~ ELAPSED TIME TO SAMPLE WITHDRAWAL

" O = Data Point - Record % removed based on observed
vs. inflial concentration

" Settling velocity V) for that removal fraduon is determined
from the correspondmg sample depth {h) and time (1)
R

Observed % removed reflects the lracuon w-th velociuies
cquil or greater than computed Vo

(3 .
A probability ptot of results from all samples v

describes the distribution of particle seulmg 5
uelocuy in the sample :

PROBABILITY
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3 AGRICULTURAL NONPOINT POLLUTION SOURCE SURVEY
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3. Agricuitural Nonpoint Pollution Source Survey

I GENERAL

Tn order to estimate pollu(ion load of agricultural nonpoint source to the Puno Interior
Bay, questlonnalre survey in the study area was conducted to obtaln statistics
information on crop and livestock farming. i ‘

I. Survey Dutation '

February 13-25, 1999

2. Survey Area

Sui'vey area is compos'ed of the following sub-elrcas in the catchn.lent‘u;reu of the Puno
Interior Bay . . ' : L
X0 Huaje
- @ Dos de Mayo
@ Ventilla
@ Orkopata .~
" ® Pucamayo
' ® Chacarilla
@ Santa Rosa
- ® San Marﬁn o
Q) Alto manto
© Huayna Pucan
@ Capullam
) @ Jaylhhuaya
| @ Chlmu |

o '_3 Survey Method

In the above survey area 1nterv1ew survey was conducted using auached quesuonnmre
~ In some sub-areas where the mterwewers did not cover all the farms in the sub-area,
; _total ﬂgures are estlmated from the coliected samp]es



1. CROP FARM.ING‘SURVEY_ -
1. Survcycd variablcs
n Type and number of crops
- The foiloﬁring types of crops grown on farms in the study area. - - :
@ Poﬁaio_
® Broad be:an '
: @Oat
- @ Barley
® Oca
® Quinua
. @Com . S
Onion
@ Cebolla
@ Flores -
@ Olluco

@ _Tdtai area of farm

3 Suritablc.a'rea for culti_vétioﬁ on farm

(@) éultivated area

& - k'I."ype ellh.d éniount éf fe.l.'lili.ze.r ai)piied  _ -

- (6) | Typé and amount of pesticide used

2. Rcsulls.

The rc_:s'ul;ts‘-o_f the s‘_l‘jrvey ware sum:ﬁari_zcd in the fqlloﬁfi;}g t_a_blc's_: |
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Summary table of applied fertilizer on farms
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