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ABSTRACT

Fifteen highway construction sites were monitored by the California Department of Transportation
(Caltrans) to help assess the water quality of stormwater runoff exiting from the sites. This study
was conducted by Caltrans to generate sufficient water quality data to further develop management
strategies and evaluate existing best management practices (BMPs). A wide range of construction
sites were selected for monitoring throughout the State. Both flow-paced composite and single grab
samples were collected and analyzed at these sites for a total of 72 station-storm events during the
1998/99 and 1999/00 wet seasons. Results obtained during the two-year characterization study
indicate that:

» Caltrans’ construction site runoff constituent concentrations detected during this study are
less than typical Caltrans’ and Non-Caltrans’ highway runoff constituent concentrations
with the exception of total chromium, total nickel, total phosphorus, TSS, and turbidity.

* The concentrations of TSS and turbidity are likely due to the disturbed soils present at
most construction sites.
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» The origin of the high concentrations of total chromium, total nickel, and total phosphorus
concentrations is unknown. Concentrations of these constituents varied between sites so it
1s possible site-specific soils and vegetative conditions may have contributed to the con-
centrations of these constituents.

» A correlation (R? values greater than 0.5) was observed between TSS runoff concentrations
and particulate runoff concentrations of chromium, copper, and zinc, indicating that mini-
mizing particulate matter may reduce total metals concentrations.

INTRODUCTION

Construction is performed yearly at hundreds of Caltrans’ highway and freeway sites. Because
construction site activities differ significantly from typical highway/freeway activities, the storm
water runoff water quality characteristics are expected to differ as well.

A two-year (1998-99 and 1999-00) monitoring study was performed to evaluate the quality of
storm water runoff from a variety of Caltrans’ highway construction projects. The characterization
data is being used to estimate constituent loadings to receiving waters, and to help establish a
baseline for construction site water quality and mass loading data. Data obtained was also compared
to highway runoff data and general urban runoff data.

Stringent criteria were used to select these highway construction sites to ensure that a wide range
of Caltrans’ construction activities were represented. During the 1998-99 wet season nine sites were
monitored. Six sites were monitoring during the 1999-00 wet season. A total of 72 station-storm
events were monitored for the two-year period. Figure 1 presents the locations of the 15 construction
sites and Table 1 summarizes the physical characteristics of these sites. The main focus of this paper
is to present the storm water runoff characteristics that were obtained from the California highway
construction sites during the 1998-99 and 1999-00 wet seasons.

METHODOLOGY

Site Selection Process

The following criteria were used to select the 15 construction sites that were monitored during
the 1998-99 and 1999-00 wet seasons:

» The sites should represent a wide range of typical Caltrans construction projects (see Table
1 for the types of construction projects monitored);

» The sites should represent a wide range of geographic areas (see Figure 1);
» The sites should represent a wide range of hydrometeorologic conditions;
» The sites should have active construction planned for the entire monitoring period;

» Storm water from a significant portion of the construction site should flow to one central-
1zed collection point;
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Figure 1 Highway Construction Sites Used for Storm Water Runoff
Characterization Study
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Table 1 Physical Characteristics of Construction Sites

Construction .. . . A Sample Flow .
Site-District Highway Construction Type Construction Activities Location Measurement BMP in Place
1-3 I-80 Roadway Widening/  Bridge embankmentand Pipe outlet Bucket and Silt fence,
Rehabilitation pier, new entrance ramp stop watch vegetative berms,
channel rock
2-3 SR-99 Roadway Widening/  Rail replacement, Bridge Bucket and Gravel bags,
Rehabilitation resurfacing deckdrain  stop watch Filter fabric
3-4 1-80/ Roadway Widening/  Heavy equipment work  DrainInlet  Areavelocity  Sand bags, silt
SR-580 Rehabilitation on highway supports meter fence, gravel bags
4-4 1-80 Roadway Widening/  Bridge embankment Gutter Area velocity  Straw bale
Rehabilitation and pier meter
5-4 [-580/ Freeway Interchange  Highway bridge pier, Pipe outlet Areavelocity = Sand bag dams
I-680 Modification bridge and roadway meter
6-4 SR-237/ Freeway Interchange  New interchange with Drain pipe  Areavelocity ~ Sand bag dams,
I-880 Modification bridge meter channel rock
7-6 SR-168 Roadway Facility Mass grading Concrete Area velocity = Concrete vault
Construction vault meter with steel grate
cover
8-6 SR-168 Roadway Facility Mass grading, wood Draininlet  Areavelocity  Silt fence, sand
Construction work meter bags
9-8 SR-30 New Roadway Facility Site grading Bypass Area velocity  Gravel bags
Construction drain pipe  meter
10-8 [-15/ New Highway Site grading for new Pipe outlet Areavelocity  Silt fence, sand
SR-210  Construction highway meter bags, straw bales
11-8 [-15/ Roadway Widening/  Recent concrete paving Draininlet  Bucket and Sand bags
SR-215 Rehabilitation stop watch
12-11 SR-78 Interchange Roadway excavation, 30-inch Area velocity  Sand bags
Modification storm drain excavation ~ RCPinlet meter
13-12 I-5 Roadway Widening/  Dirt removal, grading, 30-inch Area velocity  Sand bags
Rehabilitation storm drain installation ~ RCP inlet meter
14-12 SR-55/ Roadway Widening/  Construction debrisand  Pipe inlet Area velocity  Silt fence, straw
SR-22 Rehabilitation material stockpile meter bale, channel rock
15-12 SR-55 Widen freeway/ Grading, street approach, Pipe Outlet Areavelocity  Sand bags
Construct New bridge piers and bridge meter
Overpass
I = Interstate
SR = State Route
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* There should be no possibility of co-mingling construction site runoff with runoff from
offsite or nonconstruction areas;

* The collection points should be located downstream of any BMPs commonly used at the
sites.

Figure 2 presents photographs of a typical highway construction site and a typical sample location
point.

Storm Event Monitoring
All storm events were monitored in accordance to the Caltrans “Guidance Manual: Storm Water

Monitoring Protocols,” (1). Depending on the site location, two to seven storm events were monitored
during the 1998-99 and 1999-00 wet seasons.

The minimum criteria used to consider each storm event as a representative event were as follows :

* Depth of storm rainfall must be greater than 0.25 inch accumulation

» At least 24 hours must have elapsed since the last storm

Figure 2 Typical Monitoring Site: (a) Typical Highway Construction Site, (b)
Enclosed Pipe for Sample Collection.
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Sample Collection

Flow-paced composite samples were collected for all constituents except for coliform and oil &
grease, which were collected as single grab samples. For storm events that lasted 8 hours or more,
a composite sample was prepared from a series of aliquot samples collected every 20 minutes for
up to 8 hours. If the storm lasted less than 8 hours in duration, aliquot samples were collected every
20 minutes until the end of storm water runoff. Manual sample collection was performed at all sites
and portable flow/velocity meters and rain gages were used to continuously measure flow rate and
rainfall volume. Composite samples were prepared on a flow proportional basis with the amount
taken from each aliquot calculated from the flow volume that occurred during each sampling interval
and the percentage of total flow volume during the storm event.

Grab samples were collected when the flow rate was typical of full site flow (when the entire drainage
area is contributing flow). Grab samples were not intended to represent first-flush conditions or
peak flow conditions.

Constituents and Analytical Methods

The constituents, the analytical methods and reporting limits used for this study are presented in
Table 2. As shown, the analyzed constituents were organized in six major groups: (i) metals (total and
dissolved), (i1) nutrients, (iii) conventional, (iv) oil & grease, (v) biological, and (vi) pesticides. All
laboratory analyses were conducted in accordance to Standard Methods and the USEPA analytical
methods.

Standard lab QA/QC procedures were performed in accordance with the sampling and analysis plan
(2, 3). Analytical results were qualified as necessary based on the results of the QA/QC evaluations.

RESULTS AND DISCUSSION

Results of the California highway construction site stormwater runoft characterization study conducted
during the 1998-99 and 1999-00 monitoring seasons are summarized in Table 3. As shown, a simple
statistical analysis was used to determine the range of values, mean, and coefficient of variance
(CV). In addition to the data presented in Table 3, herbicides, pesticides (other than diazinon and
chloropyrifos), and semi-volatile organic compounds were analyzed during the 1998/1999 monitoring
season and more than 90% of the samples collected were reported as non-detect. To provide a better
perspective of this raw data set, an evaluation was performed as follows:

* Comparing the highway construction site runoff data with historical highway runoff char-
acteristics in California and other states in the nation as well as National Urban Runoff
Program (NURP) data.

* Determining the influence of BMPs applied at these construction sites.

» Correlating total suspended solids (TSS) concentrations to other pollutant concentrations.
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Table 2 Constituent List for Construction Site Runoff Characterization Study

Constituent

Metals

Cadmium

Chromium

Copper

Lead

Nickel

Silver

Zinc
Nutrients

Phosphorus

Nitrate

Nitrite

Ammonia

Total Kjeldahl Nitrogen
Conventional

Hardness

Total Suspended Solids

Total Dissolved Solids

Turbidity

Chemical Oxygen Demand

Specific Conductivity

pH

Temperature
Oil and Grease
Biological

Total Coliform

Fecal Coliform
Pesticides

Chlorpyrifos

Diazinon
Other Pesticides/PCBs?
Herbicides®

Semi-Volatile Organics®

Reporting Limit Analytical Methods

Units

ug/l 0.5
pg/l 1
ug/l 1
pg/l 1
pg/l 1
pg/l 0.5
pg/l 1
mg/I 0.1
mg/I 0.1
mg/I 0.1
mg/I 0.1
mg/I 0.5
mg/I 2
mg/I 4
mg/I 1
NTU 1
mg/I 5
pS/cm 1

pH units 0.01
£ 0.1
mg/I 1
MPN/100 ml 20
MPN/100 mi 20
ug/l 0.03
ug/l 0.03
ug/l 0.05-1
ug/l 1-100
pg/l 5-50

EPA 200.8
EPA 200.8
EPA 200.8
EPA 200.8
EPA 200.8
EPA 200.8
EPA 200.8

EPA 365.2,365.3
EPA 300

EPA 300

EPA 350.1

EPA 351.2

EPA 130.1
EPA 160.2
EPA 160.1
EPA 180.1
EPA 410.1
Field Meter
Field Meter
Field Meter
EPA 1664

SM B9221/C9221
SM B9221/C9221

ELISA
ELISA
EPA 608
EPA615
EPA 625
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*These constituents were analyzed for the first monitoring season and over 90% of the results were
below the reporting limits. These analyses were discontinued for the second monitoring season.

For the purpose of comparison, constituent concentrations detected from Caltrans highways during
the 1997/1998 and 1998/1999 wet seasons are provided in Table 3. In addition, Figure 3 presents a bar

Table 3 Statistical Summary of Caltrans Construction Site Storm Water Runoff
Quality and Highway Runoff Quality.

Construction Site Runoff (1998-2000)  Caltrans Highway Runoff (1997-1999)

Constituent Units Min. Max. Mean® cv Min. Max. Mean® cv

g?ig‘l'vuerg ug/L 025  0.25 NA NA  0.02 6.1 045 127
Cadmium

o ug/l 025 4.1 063 114  0.10 13 125 104
S‘;‘;’:\’/‘:{;“ ug/L 050 30 517 123 055 50 301 1.09
%{;mlum ug/L 680 210 3890 099 046 100 1208  1.02
g%zgf\/re g ug/lL  1.00 25 677 081 100 140 1584  0.90
%t‘;'fer ug/L 380 128 3207 080 210 770 5025 127
E‘?jfolve g ug/l 025 15 075 246 020 300 734 320
Lead Total ug/L 100 291 4435 131 1.0 1530 12083 1.69
g;gi‘sl've g ug/L 0.0 15 315 083 047 50 485  1.03
NickelTotal  ug/L 250 266 3645 154 091 317 1455 164
é'i';’glve g ug/L 025 05 036 035  0.04 1.0 058  0.36
SilverTotal  ug/L 025 530 115 548 0.5 820 243 448
é'i':golve g ug/L 100 800 1359 119 656 13000 8946  1.35
Zinc Total ug/l 690 609.0 14086 0.89  11.00 24000 23199  1.04
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Phosphorus

) mg/L 0.05 0.9 0.33 0.63 NA NA NA NA
Dissolved

Phosphorus
Total

Nitrate @sN)  mg/L 0.05 39 0.89 0.87 0.20 8.3 1.55 0.83
Nitrite @sN)  mg/L 0.05 2.8 0.17 2.10 0.01 1.7 0.22 1.13
Ammonia mg/L 0.03 4.0 0.36 1.49 0.19 10.0 1.79 0.94
TKN mg/L mg/L 0.25 19.9 246 1.20 0.17 57.0 2.81 1.53
Hardness mg/L 13.0 1680  114.51 1.88 3.30 365.0 59.29 0.89

mg/L 0.05 10.7 0.95 1.19 0.01 3.3 0.29 1.19

gz;z‘:”ded mg/L 120 3850 49921 146 400 48000 16084 198
SD:ifgs'V‘?d mg/L 220 1270 19474 095 1400 4700 11836 0.67
Turbidity NTU 150 16000 70161 277 990 1400 5949  0.74
COD mg/L 120 380 8606 067 1000 4800 121.16 0.73
Oil&Grease mg/L 05 227 273 116 100 2260 1442 150
Coliform MPN/ 50 sa0000 31970 3 30 500000 30573  2.05
(Total) 100 ml : :
Coliform MPN/ 50 205000 4544 6 2 160000 8172  3.28
(Fecal) 100 ml

Chlorpyrifos ug/L 002 05 029 083 002 100 058 077
Diazinon ug/l 002 24 041 109 004 240 065 075

CV = Coefficient of Variance
NA = Not Applicable

* All Highway Related Runoff Data Collected by Caltrans from 1997 to 1999
® A vaue equal to one half of reporting limit was used when a value was reported as non-detect

graph comparison of the construction site data to data available from other highway or urban runoff
characterization studies (4, 5, 6, 7, 8). As shown in Table 3 and Figure 3, Caltrans’ construction site
runoff constituent concentrations are generally less than Caltrans’ and Non-Caltrans” highway runoff
constituent concentrations with the exception of total chromium, total nickel, total phosphorus, TSS,
and turbidity. The generally higher highway runoff constituent concentrations are assumed to be
due to typical highway activities (average daily traffic > 60,000) that are more likely to contribute
pollutants than construction activities. Likewise, the higher concentrations of TSS and turbidity
are likely due to the disturbed soils present at construction sites. The origin of the total chromium,
total nickel, and total phosphorus concentrations is unknown. Concentrations of these constituents
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varied between sites so it is possible that site-specific soils and vegetative conditions may have
contributed to the higher concentrations of these naturally occurring constituents.

Types of best management practices (BMPs) used at each of the construction sites monitored during
this study are presented in Table 1. Photos of the typical types of BMPs used at the construction sites are
presented in Figure 4. The main purpose of these BMPs is to minimize the amount of sediment being
discharged from the sites. As expected, the TSS concentrations detected in the construction site runoff
indicate that the BMPs did not contain all of the sediment. However, the importance of these BMPs

600

500 M .
g i O Highway Construction Runoff (Current Study)
% = O Highway Runoff (Barrett et al., 1995, Texas)
= 400 i @ Highway Runoff (Wu et al., 1998; Nort Carolina)
‘d:J Highway Runoff (Driscoll et al., 1990; FHWA)
8 B Highway Runoff (Caltrans, 1997-99)
8 300 Urban Runoff (USEPA NURP Study, 1983)
] o
(@]
o
(l>> 200
x

100

0

COD (mg/L) TSS (mg/L) Cu(Total, Pb (Total, Ni (Total,  Zn (Total,
ug/L) ug/L) ug/L) ug/L)

Figure 3 Comparison of Construction Site and Highway Storm Water Runoff
Concentration for Selected Constituents

was apparent as visual observations during field activities indicated that silt fences, vegetative
berms, sandbags, gravel bags, and straw bales were effective at containing significant amounts of
sediment. Because BMPs are among the most useful and important tools in the Caltrans Stormwater
Program (9), runoff characterization data from this study will be used to further develop management
strategies and to evaluate and optimize existing BMPs.
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(c) Vegetative berms (d) Silt fence

Figure 4 Typical BMPs Used at Construction Sites to Contain Sediments

Because higher TSS runoff concentrations were expected and observed in the storm water runoff
from construction sites, a potential relationship between TSS and constituents reported in the 1998
—2000 data set was evaluated. Because no linear correlation between TSS concentrations and total
concentrations were observed, a relationship between TSS and particulate concentrations was
assessed. Particulate values were obtained by subtracting the dissolved concentrations from the
total concentrations. Although better correlations were found, no strong correlations were evident
for most constituents. However, R? values greater than 0.5 (see Figure 5) were observed between
TSS and particulate concentrations of copper, chromium, and zinc. This correlation indicates that
minimizing particulate matter in stormwater runoff may reduce total metals concentrations; further
indication that effective BMP implementation and sediment removal is essential for reducing pollutant
loads discharged in runoff from construction sites.
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CONCLUSIONS

The following conclusions are based on the two years of construction site runoftf water quality
monitoring data discussed above:

» Caltrans’ construction site runoff constituent concentrations detected during this study are
less than typical Caltrans’ and Non-Caltrans’ highway runoff constituent concentrations
with the exception of total chromium, total nickel, total phosphorus, TSS, and turbidity.

» The higher concentrations of TSS and turbidity are likely due to the disturbed soils that
construction site runoff is exposed to before exiting the site.

* The origin of the total chromium, total nickel, and total phosphorus concentrations is
unknown. Concentrations of these constituents varied between sites so it is possible that
site-specific soils and vegetative conditions may have contributed to the constituent con-
centrations.

* A correlation (R? values greater than 0.5) was observed between TSS runoff concentrations
and particulate runoff concentrations of chromium, copper, and zinc, indicating that mini-
mizing particulate matter may reduce total metals concentrations.

» The correlation between TSS concentrations and constituent concentrations may be useful
when further developing best management practices.
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