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COST OF STORM WATER TREATMENT FOR THE
;5 L0OS ANGELES COUNTY NPDES PERMIT AREA

An analysis was performed o determine the cost of treating storm water runoff in the Los
Angeles County watershed. Treatment costs were developed based upon different treatment
levels required to meet water quality objectives. The costs in this report were prepared as a basis
for a further analysis of the economic impact of storm water treatment on the community. The
costs in this report arc intended to be used in the economic analysis and will be refined as the
economic impact analysis progresses and the data needs are refined.

All costs for reatment Wwere calculated in the same manner as the treatment costs in the Calrrans
Storm Waier Facilities Retrofit Evaluarion (1). That report described the evaluation of the costs
of treating storm water runoff from Caltrans facilities in the Los Angeles area.

DESIGN STORM CHARACTERISTICS

The design storm selected for this study is the one-year storm for a 24-hour period in most of the
Los Angeles area. The selected storm allows the storm water treatment facilities to capture most
of the runoff for a normal rainfall year, The capacity will be excecded only when storms greater
than the one-year retum frequency are experienced. On a long term, scveral year basis, the
design storm will result in treatment of 80 to 90 percent of the runoff. The storm rcpresents a
compromise between the cost of aempting to design for a higher intensity storm and desire to
maximize pollutant capture. The one year, 24-hour storm is the minimum rainfall with a
statistical probability of reoccurring onc or more times per year. Rainfall varies depending on the
Los Angeles terrain and averages approximately 1.25 inches for the area included in this stdy.

Treaument systems ' in this report are designed to contain all of the flow generited by the design
storm, and treat and releasc this volume within a 24-hour period. Therefore, to calculate the
average release rate, the volume of water generated by the design storm in 24-hours is calculated
and then divided by 24-hours. A treatment period of 24-hours was chosen rather than a longer
treatment period such as 72-hours to permit the collection and treatment of two consecutive

storms.

The design storm concept is similar to storm water design assumptions made by flood control
agencies within Los Angeles County, California. However, flood control designs use longer
return frequency storms and greater quantities of runoff. This approach incorporates input from
the Caltrans/UCD/CSUS Oversight Committee provided on the previous Retrofit Evaluation.

. R0O006135
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Cost of Storm Water Treatment for the Los Angeles County NPDES Permit Area 2

SIZE OF DRAINAGE AREA WITHIN LOS ANGELES COUNTY

The entire urban Los Angeles County watershed that drains directly .10 the Pacific Ocean
measures approximately 1,702,404 acres. The area has been divided into seven drainage basins
and the areas for ecach obtained from the Southern California Area Governments (SCAG) GIS
Land Use Data Base. The size and descriptive name of cach basin is listed below:

Table 1. Los Angeles Drainage Basins

Drainage Basin Drainage Ares,
Description acres
Dominguez 69,091
Los Angeles River 522,061
Malibu 98,729
San Gabriel - 370,468
Santa Ana (Part) 15,680
Santa Clara 491,947
Santa Monica Bay 134,429
Total 1,702,404
STORM WATER RUNOFF

The volume of storm water runoff was devcloped using a modified coefficient of nunoff. The .
runoff cocfficient estimates the percentage of the precipitation that will becomne runoff based on
the land usc and the imperviousness associated with each land use. This method is similar to the
mcthod described in the California Storm Water Best Management Handbook, Municipal
Volume (5) The modified runoff coefficient predicts 90 percent of the precipitation will runoff
from impervious arca and 15 percent from the pervious area as described in the Handbook..
Below is the formula used to calculate the modified runoff coefficient. :

Runoff Coefficient = 0.90 x (impervious fraction) + 0.15 x (1-impervious fraction)

In addition, the first 0.06 inches of precipitation was assumed to pond in localized depressions
and not be available as runoff. The runoff coefficients and formula above can be found in
Appendix D of the California Storm Water Best Management Handbook, Municipal Volume. The
imperviousness for each type of land vse was assumed to be similar to the values reporied by the
Santa Monica Bay Restoration Project (4). Listed below are assumed imperviousness and land
uses:

m:\;ouwsmdmz.doc
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Cost of Storm Walcr Treatment for the Los Angeles County NPDES ~Pt:rmjl Area 3

Table 2. Runoff Coefficients by Land Use

Land Use Imperviaus Runoff
CoefTicient
Single family residential ‘ 42% 0.46
Multi family residential 68 % : 0.66
Commercial N % 0.84
Public : 80 % | o
Industrial 91 % 0.83
Otherurban 80 % 0.75
Vacant Developable . ) 0% 0.15
Open 0% ' 0.15
Unknown 65 % 0.63

Based on a land use pattem in Los Angeles County, the runoff cocfficient for each drainage
basin was determined. In turn, this coefficient is used to determine the amount of storm water
runoff as related to precipitation.,

Table 3. Runoff Coefficient by Basin

Drainage Basin Runoff Coefficient
Description .
Dominguez 0.599
Los Angeles River - 0452
Malibu 0.299
San Gabriel 0.403
Santa Ana 0.423
Santa Clara - 0.294
Santa Monica Bay 0.504

DESIGN STORM WATER QUALITY

In addition t0 the storm water quantity, typical storm water quality is an important consideration
in determining the types of appropriate treatment. Design storm water quality values were
developed by examining the storm water quality data generated from Los Angeles County
monitoring and Caltrans statewide sampling which contained a significant amount of Los
Angeles arca data. Treatment processes were developed from water quality objectives.

mjobs\6482001542.doc _ _
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Cost of Storm Water Treatment for the Los Angclés County NPDES Permit Area 4

( ' The following table shows the typical water quality objectives for Los Angeles and the range of
sampling data for various constituents.

Table 4. Water Quality Objectives and Monitoring Results

WATER QUALITY OBJECTIVES RAINFALL MONITORING DATA
(mag/L or MPN/IOO ml ) (mg/l or MPN/1DOmL)
1-How Toniciry Musscapal O Calrans LA Co. DPW"
CONSTITUENT (Aquanc Life) Stewade” mnsi FUR7Y
- 1997

Iniand’ |Estarine JOceanic ] Supplv* [ Use Range Min Max
GENERAL QUALITY |ir 2323 manamdion — = e R
Total Dis. Solids so0| 250 <10-20,000 26 1760
Total Sus. Solids 15%"= _ <4-1410 4 8728
. Turbidity _ 225 17-1,300| 0.9 1800
- Hardness o _ 1396 10 930
Chloride 250 10 <1.0-52.8} 198 147
Nitrate-NO, , 45 0.39-42.5 1.03 422
Sulfate 500 0| <104 2.54 . 758
Oil & Grease 75 No Film <0.11-48 1 17.8
Ammonia 25 "6 . 0.5-9.2] 083 4.47
Coliform. fecal . ¢ ¢ 200° 27-160.000 80 16.000.000
Coliform. tota! . S . 80-300,000| 340 16,000,000

METALS YT
Antimony . ’ . <0.015-0.090
Arsenic 0360f 0.069] 0.032 0.05 <0.004-0.033] 0.011 0.028
Barium 1 <0.001-2.01 [ 0.101 0.723
Eh Cadmium 0009 0043 o0004] 0.008 <0.003-0.01S| 0.031 0.048
Chromium Il 3.064 33 <0.002-0.102| 0.01 0.364
, Chromium V1 - 0.016)| 1.100| o0.008| 0.0% .

' ( _ ~ Copper 0.034] 0003] 0012 1.3 <0.01-048] 0011 . 0639
: Lead 0.197| 0.140{ 0008] 0015 <0.001-045| 0.0] 0.188
Mcrcury 0.002| 0002] 0.0002] 0.002 <0.0002-021{ 0.001 0.085
Nickel 2.549| 007s| o0.020 0.1 <0.002-0.136| 0.01 .30
Selenivm 0.005{ 0300 0060] 0.3 <0.001-0.036| 0.0 .20
Zinc 0211}  0.095| 0.080| s' <0.005-388] 0.05) 0.876

{b) Caiculaiod metals values are based on 200 mg/L. hardness (SWRCB 1993).

(c) Oceanic limits are daily maximum allowed (SWRCR 1990).

(d) Based on recreasonal use for whole-body waser contact (RECH),

(¢) Based on food consumption linststions (SHELL),

() Based on secondary drinking water standards (22 CAC 64449.1; Table 64449.A),

(z) Based on primary drinking water standards (22 CAC 64672 3a-b).

(h) From Caluans, 1997 Summary of Water Quality Dats Associated with Run-Off from Caltrans Highways and Freeways.
(i) From LA Co. DPW, 1997 S y of Datsbase of Sampling Resulx obtained from M. Ramox, LA Co. DPW,

* Based on Los Angeles Basin Plan, Table 3.5 (RWQCB 1994), unless otherwise noted.
=* Infers a required minimum of 73% sobids removal from waste seam,

m:\jobs\4BNI0 1 542.doc
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Cost of Storm Water Treatment for the Los Angeles County NPDES Permit Area 3

There are scveral constituents indicated that would potentially violate the water quality
objectives. Treaument systems discussed in this report have been developed to treat storm water
1o meet the objectives. '

* The monitoring values were then combined to obtain a typical constituent concentration expected

in County of Los Angeles. runoff. These water quality values were considered in developing

levels of treatment which meet the water quality objectives of the receiving water body. The

design storm water quality values in the table below are typical urban runoff in Los Angeles
County. The values are the average values from a database of county storm water monitoring
from 1988 to 1995. .

Table 5. Typical Storm Water Runoff Quality

Constituent Typical Value, mg/L

Total suspended solids - 510
Total dissolved selids . 285
Biochemical oxidation demand 50
Nitrate 1.9
Phosphate .05
Cadmium 0.001
Copper 0.03
Lead 0.04
Zinc 0.19
Oil & grease 2
Fecal coliform, MPN/100 mL 180,000
Total coliforrmn, MPN/100 mL 750,000

The quality data shows that storm water treatment should address suspended solids, which is
basically the dirt picked up during runoff, the high levels of bacteria indicated by the coliform
tests and the vanable levels of metals. The coliform indicates a high potential for contamination
by disease carrying bacteria. Metals requirements are especially difficult because of the large
variation in sampling results, the stringent requirements that are both existing and proposed and
the high cost of removing small concentrations of metals from large quantities of water.

STORM WATER TREATMENT

Storm water treatment was developed to meet the basic requirements of the Los Angeles Basin
Water Quality Control Plan (6). Three progressive levels of potential treatment are proposed to
meet higher levels of water quality objectives required to preserve potential beneficial uses of
receiving .waters. Beneficial uses of receiving waters are further discussed in the Basin Plan,

m:yobs\e4 8201 542 .doc R0006139 .
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Cost of Storm Water Treatment for the Los Angeles County NPDES Permit Area 7

.RUNOFF QUANTITY AND TREATMENT FACILITY SIZE

Drainage from cach basin within Los Angeles County is based a 24-hour, one-year storm

cqualing 1.25-inch and the modified runoff coefficient described above. The total

cach drainage basin is shown on the following table.

Table 7. Storm Water Runoff by Drainage Area

Drainsge Basin Description { Druinage Area, Total Runofl,
‘ acres Millior Gallons

Dominguez 69,091 1,337
Upper Los Angeles River 522,061 1,572
Malibu 98,729 ) 956

San Gabriel 370,468 4,774
Santa Ana 15,680 214

Santa Clara 491947 4,641
Santa Monica Bay 134,429 . 2,190
Total 1,702,404 21,684

Considering the economy of scale that is

building numerous small treatment facilities
 large regional treatment plants. Although political or land use
smaller facilities, the economics favor larger plants. Therefore,
cost estimates arc based upon the assumption that a few large r
built. The capacity and number of treatment plants is shown on

m\jobs\eAB N0 $42.doc
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evident in the construction of treatment facilities,
is not as cost effective as the construction of a few

requirements may require some

treatment selection, design’ and

cgional treatment plants will be
‘the following table:
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Cost of Storm Water Treatment for the Los Angeles County NPDES Permit Area 8

Table 8. Storm Water Treatment Plant Capacity

Size and Number

Location and Description Million Gallons (MG)
Dominguez '
Total Runoff to be Treated, MG 1,337
Number of Treatment Plants Required 27
Los Angeles River : i
Total Runoff to be Treated, MG . 7572
Number of Treatment Plants Required , 173
Malibu ’ ’ .
Total Runoff to be Treated, MG - 956
Number of Treatment Plants Required 20
San Gabriel ’ ‘
Total Runoff to be Treated, MG 4,774
Number of Treatment Plants Required 107
Santa Ana
Total Runoff to be Treated, MG ) 214
Number of Treatment Plants Required 5
Santa Clara
Total Runoff to be Treated, MG 4,641
Number of Treatment Plants Required 104
Sants Monica Bay _
Total Runoff to be Treated, MG 2.150
Number of Treaiment Plants Required 44
Entire Los Angeles Area '
Total Runoff, MG 21,684
Number of Treatment Plants - 480

The maximum size of any individual treatment plant is assumed to be 500 million gallons.
ESTIMATED COSTS FOR STORM WATER TREATMENT IN LOS ANGELES

The ucatment cost estimate for the entire Los Angeles area was done by preparing composite

- cost curves to represent relative cost savings for construction of a few large treatment plants

versus construction of small treatment plants. The cost curves were developed by using the cost
determined from the Van Nuys quadrangle study area contained in the Calirans District 7 Stonm

 Water Retrofit Plan (1).

m:\jobx\b-l!?\lOlﬂZldoc . . . R0006141



Cost of Storm Water Treatment for the Los Angeles Coumy NPDES Permit Area "9

The total flow within the Los Angeles County drainage area is significantly larger than the flow
from the Van Nuys quadrangle study area. There are no existing costs available for large storm
water treatment facilities which would be required for the larger drainage area, so it was
necessary develop new cost curves based upon the cost curves used in the Van Nuys study area.
The new treatment cost curves are intended for estimating the cost of treatment for capacities
ranging from 10 to 500 million gallons. As a comparison, 1o test the accuracy of the new cost
curves for Los Angeles County, storm water treatment costs were compared with other similar
treatment systems. This comparison was done by using the cost estimating curves developed for
the City of San Dicgo (San Diego Wastewater Programs Managers Technical Advisory Board
San Diego Metropolitan Sewerage Sysiem Preliminary Cost Estimaring Curves, December 8,
1988) (8). All costs estimate are based upon an ENR Index of 6710 .

The costs of the treatment facilities were developed from representative designs and then scaled
up for the watershed. Simplifying assumptions were made that part time staff-would be available
during storm events by drawing municipal labor forces, means for disposal of residual solids
would be available through municipal landfills and waslewater plants, and the large Jand needs
for the sites could be accomplished through purchase. These simplifying assumptions may lead
to lower costs than would be possible for a large scale treatment project but should not
compromise cost estimate for undertaking a storm water treatment program. These are planning
level costs and the accuracy is reflective of the preliminary nature of the designs and the general
assumptions made. Shown in the table below are capital and operation and maintenance (O & M)
costs for each drainage basin within Los Angeles County. Costs were prepared which include
and exclude collection costs. '

Separate costs estimates were prepared including and excluding collection costs. This was done
because of an uricertainty in the locations of large treatment plants proposed.

Costs without collection represent a system where large treatment plants arc located at the
downstrcam discharge of major drainage areas. The exisling conveyance system is used to bring
storm water to the treatment locations. Some of the conveyance systems are actually local
channels and waterways that will not receive the benefits of treatment.

Costs with collection represent an effort to parallel important tributary streams and channels with
collection systems to protect them from storm water pollution, The parallel collection systems
would divert flow to the treatment locations. Obviously, building parallel storm water collection

systems is expensive.

m:ﬁmﬂﬁm1ﬂ2.dx
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Table 9. Treatment Costs by Drainage Area

Dominguez Cost without Collection, Cost with Collection,
_($1,000,000) ($1,000,0600)
Capital Costs
Collection System . 3628
Level 1 $1.234 $1.861
Tevel 2 $1.950 $2.578
Level 3 » 33,643 $4.271
O &MCosts -
Collection System $0.5
Level 1 $3.5 $4.0
Level 2 36.4 $7.0
Level 3 S114 $11.9
thout Collecti ion,
Los Angeles Cost ‘fs]’omgm) on, C“‘(;'l‘:(‘)‘oo‘:’"ogoj‘”“'
Capital Costs -~
Collection System ] 34,098
Level 1 $7,386 $11,484
Level 2 511,679 315,777
Level 3 . 521.810 $25,908
O & M Costs
Collection System $3.5
Level } 320.3 5238
Level 2 $37.9 $41.4
Level 3 $67.6 $71.1
) Malibu Cost without Collection, Cost with Collection,
(§1,000,000) ($1,000,000)
Capital Costs ‘ _
Collection System 3634
Level 1 3894 31,529
-Level 2 51414 $2,048
Level 3 52,641 33.276
0 & M Costs i
Collection System 30.5
Level ] 325 $3.0
Level2 347 $52
Level 3 $8.3 $8.8
e jobSARNI01 542.doc R0006143
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Cost of Storm Water Treatment for the Los Angeles County NPDES Permit Arca

San Gabriel "Cost without Collection,. Cost with Collection,
(81,000.000) (31,000,000)
Capital Costs
Collection System $2,755
Level ] 34,441 $7.166
Level 2 $6,975 ~ $9.730
“Level 3 $13,028 $15,783
O & M Costs
Collection System 323
Level 1 $12.4 $14.8
Level 2 323.0 $25.3
Level 3 $40.8 $43.1
thout
Santa Ana Cost zis Ilguoo J%;:cﬁon, _Cost(;v]i:.(l;oo C’ool(l)oet;tfom
Capital Costs
Coliection System $120
Level 1 $210 $329
Level 2 5331 3450
Level 3 3619 - - $739
0 & M Costs
Collection System $0.1
Level 1 $0.6 $0.7
Level 2 511 $1.2
Level 3 519 $2.0
o - .

Sants Clara Cost ‘Z’s‘l';o'(;;f.gg;cﬂon, Cosc(;vl:’t‘l;ogfol(lme;uon.
Capital Costs
Collection System $3.130
Level ) . 34,301 37,431
Level 2 $6,801 $9,931
Level 3 $12,703 315,833
O & M Costs
Collection System $2.6
Level | $12.1 $14.7
Level 2 $225 $25.1
Level 3 $39.8 $42 4

m:\jobs\A8 70! 542.doc
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l')

L. Cost without Collection, Cost with Collection,
Santa Monics Bay ($1,000,000) ($1,000,000)
Capital Costs
Collection System 31121
Level 1 32,017 $3.138
Level 2 $3.189 $4,310
Level 3 35,956 $7.077
O & M Costs
Collection System $0.9
Level 1 $5.7 $6.6
Level 2 $10.5 $11.5
Level 3 $18.7 $19.6
. Cost without, Collectio C ' ion
Entire Los Angeles Area (sl,oolé,oom o, “‘(g%,‘(’}';o";“?"' »
Capital Costs
Collection System $12,500 -
Level 1 $20,400 $32,900
Level 2 $32,300 $44 800
Lcvel 3 $60,400 $72,900
O & M Costs
Collection System $10.4
Level 1 $57.2 $67.6
Level 2 $106.3 $116.7
Level 3 $188.5 $198.9

The construction and land purchase was assumed to take place at the beginning of the project in
year one and the annual cost was assumed to stay constant over the life of the project. All costs
are based upon the 1998 calendar year. The capital costs for the project levels include 100 acres
for cach 500 million gallon level 1 treatment facility at an average cost of approximately

* $900,000 per acre. The level 2, 500 million gallon facility includes an additional 100 acres at the

same unit cost. Level 3 is assumed to not require additional land. Land use for smaller treatment
plants is assumed to be proportional to capacity.

The background for the cost estimates is included in the attachments. Attachment 1 is the design
basis for a typical 500 million gallon facility and includes a schematic layout. Attachment 2 is
the design basis for a typical 200 million gallon facility. Attachment 3 includes the standardized
cost estimation curves for stormn water treatment facilities. Attachment 4 includes the
standardized cost estimation curves for wastewater treatment facilities to 10 million gatlons.

m:\jobs\648 7001 542.doc R0006145
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DISCUSSION

The cost estimates developed in this analysis include several assumptions needed to build the
capital cost estimates and develop the operating and maintenance costs. Historical data for the
costs is based on municipal utility construction projects which have not been developed
specifically for storm water treatment. The assumptions and general municipal background of the
estimates result in costs that are potentially low for the storm water treatment project. Potential

concerns are:!

> Storm facilitics will be operated intermittently and seasonally. Treatment levels 2 and

. 3 require operators skilled in treatment equipment; however, they are only needed for

storm events. The availability of these operators is difficult 1o arrange since they

would have 1o have other more full time positions within the managing municipality

or utility. The cost of labor would be higher because of inefficiencies. Level 1 also

requires intcrmittent operation but it may be able 10 be contracted out to the private”
censtruction industry.

> Power costs are rclatively more expensive on an intermittent basis and the utility’s
cost of supplying the seasonal loads imposed by pumps and the equipment in levels 2
and 3 will have to recovered in higher per energy unit costs. Chemical costs will also
be higher do to scasonal purchasing needs and the need to not store some chemicals,
such as chlorine, during the dry scason. There are also risks with chemical storage
and delivery in residential and. commercial neighborhoods that must be mitigated.

» Land costs have been assumed to represent an average cost in the Los Angeles area.
However, a storm water treatment project would need to acquire large tracts of
contiguous land to build the facilities. No matter how much community: suppont there
is for clean water, residents always want the facilities somewhere away from their
property and certainly do not want their land taken. Acquisition of the necessary land
would be difficult and expensive. More numerous smaller facilities would increase
the number of impacted communitics and residents. The treatment units simply
cannot be built without Jand and there is not much available land in metropolitan Los
Angeles. ‘

> As indicated in the cost analysis, the protection of the drainage channels and natural
waterways that are currently used to convey storm water from storm water pollutants
would either require a vast number of small treatment units at every discharge or a
parallel collection system for the design storm. The numerous facilities sacrifice the
economy of scale found in larger units and the alternative paraliel collection system is
very expensive. Decisions would have to be made as to where paralle]l systems were
needed based on the streams to be protected.

> The analysis assumes conventional costs for the removal of residual products such as

solids and brine. Again they would be seasonal and would require the additional costs

+ of setting up disposal procedures for only seasonal use. In addition there may be the
potential requircments for the disposal of hazardous waste,

m:?jobu\(u!?\ml“ldoc ’ . . . R0006146 .



Cost of Storm Water Treatment for the Los Angeles County NPDES Permit Area 14

( “ Although the costs may be conservatively low, they arc relatively large. The following table
summarizes the Los Angeles area costs with a limited amount of collection facilides.

SUMMARY
Capital Costs

Level 1 - Detention and setiling including limited collection 33 billion dollars
Level 2 - Filiration and disinfection in addition to Level 1 45 billion dollars
Level 3 - Advanced treatment for toxics in addition to Level 2 73 billien dollars

Land Regquired
9,300 10 18,600 acres depending on treatment level
Operating and Maintenance Costs

Level 1 - Detention and settling including limited collection

68 million dollars per year
Level 2 - Filtration and disinfection in addition to Level 1

117 million dollars per year
: Level 3 - Advanced trcatment for toxics in addition 16 Leve] 2- 199 million dollars per
. N ycar .- )
( vy
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ATTACHMENT 1

. DESIGN BASIS FOR A
TYPICAL 500 MILLION GALLON FACILITY
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Definitions and Abbreviations Contaiped in Cost Estimates:

LF - Linear feet

INCH - Inches of rainfall

MGD / mgd - Million gallons per day
LS ~ Lump sum

SF - Square feet

MG - Million gallons

AC - Acres

gpm - Gallons per minute

CFS/ cfs ~ Cubic feet per second
RO - Reverse osmosis

fi. - Feet

kWh - Kilowatt per hour

MWh - Megawatt per hour

fps — Feet per second

mg/L — Milligram per liter

O & M - Operation and maintenance
5q. — square

mi — miles

Quad - Quadrangle
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DESIGN BASIS FOR A TYPICAL
200 MILLION GALLON FACILITY
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