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PREFACE

The focus of highway runoff ﬁonitofing programs is on.the'identifi-'
catién of highway contributions to nonpoint source degradation of surface
and groundwater quality{ " The results of such.stﬁdiéé willlassist the
Iowa Department of Transportation (DbT) in the development ofgmaiﬁtenance
practices that will minimize fhé impact of highway transportatibn net-
works on water quglityywhile at the same fime‘maintain‘public safety.

; Highway runoff monitoring résearch will be usefﬁl in developing a
‘basis tq address issues in en§ironﬁenta1 impact Statements for future
highway network expansions. Furthef, it will lead to optimization of
cost effectiveness/eﬁvironmental factors.related to deicing, weed and
dusp control, highway dréinage, construction methods, etc.

.In this réport, the authors preseﬁt the dé@a;accumulatéd‘from a
,one-yéar‘étudy.of runoff qﬁan;ity and.quality f:om,ty?‘sectioné:of
" Interstate Highway 35 near Ames with an interpretation of the signifi-
cance of the:dafa. The report will discuss thg site setup, oéerational
aspects of data collection,-and problems encountered. In additiog,
recommendations are included to oﬁtimize information gainedvfro@ the

study.




1. INTRODUCTION

The Federal Highway Administrafion (FHWA), in cooperation with
department of transportation personnel at the state level, has conducted
research in a number of United States geographic locations in an effort
to determine the environmental impact of highway transportation systems
and highway maintenance practices currently in use. The inforhation
gathered in this program--known as FHWA Demonstration Projéc; No. 56--
will ultimately serve as a guide in the engineering design, construction,
operation, and maintenance of highway systems to maintain public safety
and minimize surface water and groundwater degradation. As part of
that FHWA Demonstration Project No. 56, the Iowa Department of Transpor-
tation contracted the services of lowa State University for the design,
management, and operation of a highway runoff monitoring study ‘as well
as the evaluation of water quality and hydrologic data gathered in the
one-year study.

In order to maximize the information that could be obtained from
such a study, a unique topographic setting was selected that allowed
the simultaneous, continuous monitoring of runoff quality and hydro-
graphs from a flat (0.24 percent) highway median grade and a steep
(2 percent) highway median grade. The study site was equipped to
allow the-simultaneous collection of continuous flow quantity data for
eéch topographic setting during any given runoff.evgnt.v Simultanéous
(dual median slopé) collection of discrete (grab) water samples through-
out runoff events to observe the variation of runoff water quality at

time intervals was also possible. In most cases, the discrete samples




were cdmpésited_on a flow proportional basis prior to ahalysis to
observe the overall runoff event contaminant loadings..

The study was designed to incorporate three composited-sample
runoff events for each of the two highway median slopes. In addition,
discrete runoff samples from one event were to 5e collected and
analyzed for each highway median slope to observe Qater quality vari;-
tion during the runoff event. The water quality parameters selected
for analysié were pH, conductivity, temperature, total sbiids, total
suspended solids, chlorides, nitrate plus nitrite nitrogen, kjeldahl
nitrogen, total phosphorous, chemical oxygen demand (COD), total
organic carbon (TOC), oil and grease, fecal coliform, fecal strepto-
cocci, copper, lead, zinc, and iron. Polychlorinated biphenyls (PCB),
hydrocarbons, Tordon, and 2,4~D parameters were limited to a one-time
sampling and analysis because of the cost associated with the laboratory
analytical pfocedures.

The automatic ISCO 2100 samplers sélected for use allowed samples
to be collected by three modes: (1) flow proportional mode, (2) constant
time igterval mode, and (3) variable time interval ﬁode. This allowed
the operato; to exercise judgment in the determination of the appropriate
sampling method for any given ruﬁoff.event.

This study was unlike previous highway runoff studies because it
included monitoring of the unsaturated soil zone and groundwater beneath
the site. " Lysimeters were installed in the uﬁsaturated soil zone at
depths of 5 feet and 10 feet within the median and near the dual culverts

through which the highway median runoff waters discharge. The lysimeters




allowed the monitoring of contaminants as they ﬁigrated downward to the
shallow groundwater table.

Three stainless steei.monitoring wells were installed at the site
‘to monitor watér quality in the groundwater table aquifer below the
site. One of the Qells was installed up gradient of the sité;-and
the other two were installed in 1ocationsfthought to be down gradient
of thelsite. These locations did prove to be down gradient of ﬁhe.

site.




2. PROJECT SITE LOCATION AND DESCRIPTION

The project study site is located near Ames, Iowa, along Iﬁ;erstate
,ﬁighway 35, approximately three and one-half miles south of Highway 3Q
in the north-central and central portions of T 83-N, R 23 W, Section 31.
The site location and topography is showﬂ on the United States Geological
Survey (USGS) quadrangle, Fig. 1. The site is near Iowa DOT 1—35 Station
344400 where runoff from the north and south is monitored as separate
discharges using a ‘dual flow monitoring station. The flat slope aﬁd
steep slope areas contributing to the flow drain a section of Inter-
state 35 Between the centerliﬁes of the northbound and southbéund
traffic lanes to the median and downstream to éulverts leading to the
flow monitoring station.

The north drainage'aréa contains 1.70 acres. The south drainage
area contains 1.87‘acre$. Approximatelf 49 percent of each drainage
area is paved. The highway median ditch grade slopes downwérd from
the north (Station 353+80) ‘to the double 24~inch concrete culvert site
(Station 344+00) at approximately 0.24 percent and downward from the
south (Station 333+00) to the culﬁert (Station 343+60) at approximately
2 percent. The topogréphy at the 24-inch culvert discharges is rela-
tively flat, sloping downward to the west and south. Runoff from the
'southern, steep slope is monitored with an H-flume. Runoff from the
northern, flat Sl?Pe is monitored with a Parshall flume.

Drainage on the east side of the interstate highway from Statiop
340+00 to Station 366+50 is controlled by the rerouted old Skﬁnk River

channel. Any highwayﬁrelated runoff south of Station 340400 and north
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of Station 318+03, excluding median flow north of Station 333+00,
reaches the rerouted old Skunk River channel flowing south or a creek
flowing east and is not monitored. Drainage along the west sid¢ of
Interstate 35_fromAStation 340400 to Station 366+50 is controlled both
by flow in relatively flat ditches and topographic depressions, channels,
and cuts that intersect the ditches near the right of way. From infor-
mation collected in a topographic survey by the Iowa DOT, it appears
.that runoff from this portion of Interstate 35's west lane and west
right of way flows toward the west onto. a relatively flat adjacent
property and south into a émall creek. Eventual discharge of Inter-
state 35 runoff in this area is to the present day Skunk River located
east of the study site.

Local climatological history and relatively low permeability soils
indicate that the -100-year storm may produce median ditch flows up to
approximateiy 8 cubic feet per second (cfs) from the areas monitored.
Fo; normal runoff events, peak flows of 1 cfs to 3 cfs were anticipated
and subséquently observed.

.Thé average daily traffic (ADT) at the site is approximately 12,600
vehicles per day. Thus, the site is representative of relatively low
volume traffic. The vehicular classification mixture is not known.

The Iowa DOT deicing operations use a blend of equal weight frac-
tions of sand and deicing compound. The normal appliéation raﬁe is
300 pounds of the mixture per two-lane mile per application event.

The deicing mixtures may be of two types. One is sodium chloride and
sand con;aining's% inert impurities and anticaking additives,‘ferro-

cyanide and ferric ferrocyanide. The second is calcium chloride and




sand with 26% impurities. A calcium magnesium acetate mixture has
been developed by the Iowa DOT but is not widely used as an alternative
deicing compound Bgcause of cost considerations.

Pesticides are not used by the Iowa DOT. The herbicides in use
are 2,4-D and Dow Chemical Tordqn (4 Amino-3,5,6 Trichloropicolinic
Acid or Picloram). The 2,4-D is applied as needed for spot control of
weeds at_mixfures of 1 pint per 30 gallons to 2 quarts per 15 gallons
per acre. Tordoﬁ is used more frequently for control of Canadian
Thistle. The composition of Tordon used by the Iowa DOT includes 16%
disodium petraborate pentahydrate, 16% disodium petraborate dechaz-

drate, and 2.3% Picloram.




3. SITE SETUP AND GENERAL OPERATIONS

Construction at the site began on September 19, 1983. A‘site

plan, Fig. 2, shows the location of all pertinent equipment, structures,

and existing site features.
A fiberglass shed to house the flow monitoring/sampling equipment

was placed on its foundation on September 19, 1983. The flumes were

installed; leveled, planked, and backfilled by Septehber 22. Existing

drainage channels from the flumes to the edge of the right of way were
improved and seeded on September 23. An adequate free drainage situa-
tion existed at both flume locations.

Installation of the flumes and provision of adequate drainage was

more difficult than anticipated before construction began because exten-

sive siltation of the west ditch had occurred since the completion of

the highway. Up to 12 inches of silt had to be removed to allow flume

placement at the culvert flowline elevations. This in turn required

drainage improvements. The runoff flow from the southern 2.0 percent

‘grade was monitored at the H-flﬁme installation. The runoff flow from

the northern 0.24 percent grade was monitored at the Parshall flume
installation.
Groundwater monitoring wells and lysimeters were instélled on

September 28 ‘and 29, 1983. The installation was directed and super-

vised by Harvey Gullicks, Project Manéger. No significant difficulty

was encountered. The boring logs and construction details are given

in Figs. 3; 4, 5, and 6.
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CLIENT: I0WA DEPARTMENT OF TRANSPORTATION

PROJECT: HIGHWAY RUNOFF MONITORING PROGRAM

PROJECT NO.: 474-20-15-00-1680

LOCATION: INTERSTATE HWY. 35, STATION 344, SOUTH OF AMES

DRILLED: SEPTEMBER 29, 1983 BY SHIVE HATTERY AND ASSOCIATES

BEETH, FT. TOP OF SS RISER T—2

SURFACE ELEVATION 863.62

ELEV. 866.04—

SILTY CLAY, TRACE SAND AND ROOTS, SLIGHTLY
ORGANIC--TOPSOIL - DARK BROWN TO BLACK -

3.0 N=3 MOIST - (CL-OL) QP = 1.75 TSF

5.0 VERY FINE HORIZONTAL SAND SEAMS FROM 5' TO '8'

BROWN AND BROWNISH GRAY MOTTLED BECOMING GRAY
WITH BROWN MOTTLING AT 5.0'-MOIST TO WET -

8.0 N=4 (ML-SM), LOOSE

| SILTY CLAY, TRACE VERY FINE SAND AND ORGANIC
N=3 LENSES-MODERATELY PLASTIC-BROWNISH GRAY WITH
BROWN MOTTLING-WET TO SATURATED-(CL-CH)

QP = 0.5 TSF

10.0'

% N=8 SANDY SILT, TRACE CLAY-NUMERQUS THIN- FINE TO

11.3’

N=5 SILTY CLAY AND CLAYEY SILT WITH 2 TO 3 INCH
HORIZONTAL FINE SAND SEAMS (MORE FREQUENT
FROM 13.5' TO 14.5') AND TRACE ORGANICS-GRAY-

14.5! N=4 SATURATED (CL-ML & SP SEAMS) SOFT TO FIRM

I .
15.0 FINE TO MEDIUM SAND, TRACE TO LITTLE SILT-

16.0" N=10 GRAY-SATURATED-(SP-SM) MEDIUM DENSE

N=18 FINE TO COARSE SAND, LITTLE GRAVEL (20%)
TRACE SILT AND TRACE HORIZONTAL THIN SILT
| N=6 SEAMS-GRAY-SATURATED-(SW) MEDIUM DENSE
20.0 :

END OF BORING AT 20.0 FEET. BORING AUGERED
TO FULL DEPTH USING HOLLOW STEM AUGERS. NO
WASH WATER OR DRILLING FLUID USED.

WATER LEVEL DATA*

DATE: © 12/19/83 2/1/84 4/11/84 5/3/84 7/20/84
WATER LEVEL: 9.68' 11.58' 8.63" 5.79' 9.50'
GR. WTR. ELEV.: 856.36 854.46  857.41 860.25 856.54

DATE: 9/23/84
WATER LEVEL: 12.94"
GR. WTR. ELEV.:  853.10

GROUT//a

NATIVE
MATERIAL | »
FILL
BENTONITE F
PELLETS

WASHED
SAND

PACK ~—_]

S.S.
- SCREEN

NATIVE
SAND
CAVE-IN—]

CAP— |

WELL CONSTRUCTLON
RISER - 2' 1.D. SCH. 5 STAINLESS
STEEL
SCREEN - STAINLESS STEEL WIRE
WOUND NO. 10 SLOT.
LENGTH 10.3 FT. INCLUDES
0.4 FOOT WELDED CEUPLE

BOTTOM
OF
SCREEN - ELEV. 845

DRAWN BY: HAG
DATE: 12/21/83

*NOTE: ALL WATER LEVELS REPORTED RELATIVE TO THE TOP OF THE S:S. RISER PIPE.

Fig. 3. Log of northwest well (NWW).
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CLIENT: I0WA DEPARTMENT OF TRANSPORTATION
PROJECT: HIGHWAY RUNOFF MONITORING PROGRAM
PROJECT NO.: 474-20-15-00-1680
LOCATION: INTERSTATE HWY. 35, STATION 344, SOUTH OF AMES
DRILLED: SEPTEMBER 28, 1983 BY SHIVE HATTERY AND ASSOCIATES
DEPTH, FT. : TOP OF SS RISER []
0.0 SURFACE ELEV. 862.78 ELEV. 864.90—
SILTY FINE TO MEDIUM SAND, TRACE CLAY AND 5
N=11 | ROOTS, A FEW HORIZONTAL THIN SEAMS OF CLAY- GROUT”/’A
25! TOPSOIL-BROWN TO DK BROWN-(SM-OL)-MED. DENSE :
N=13 | SILTY CLAY, TRACE SAND & ROOTS-TOPSOIL-DARK NATIVE
: BROWN-MOIST TO WET (NR. 6 FT.)-(CL-0L) MATERIAL
5.0 QE = 3.25 TSF  PROBABLE ORIG. GRADE AT ~2.5' FILL
6.3 DEPTH ‘ BENTONITE |
N=6 SILTY FINE SAND (~10-15% SILT), TRACE CLAY AND PELLETS
ROOTS-LT. BROWN TO BROWN-WET-(SM-SP) GRADING
10.0" TO FINE TO MEDIUM SAND, TRACE SILT-BROWN-
: 2| N=2 SATURATED-(SP-SM) - LOOSE NA
N=3 | FINE TO MEDIUM COARSE SAND, TRACE SILT-GRAY- gﬁvg L -
SATURATED-(SP)-L0OSE - L SGREEN
14.0" A FEW SILT AND CLAY HORIZONTAL SEAMS
15. 0! N=13 | FINE TO COARSE SAND, LITTLE GRAVEL (~20%),
TRACE SILT-GRAY-SATURATED-(SW)-MEDIUM DENSE
N=18
CAP
N=15 B
20.0"
END OF BORING AT 20.0 FEET. BORING AUGERED WELL CONSTRUCTION
TO FULL DEPTH USING HOLLOW STEM AUGERS. NO RISER - 2" I.D. SCH. 5
WASH WATER OR DRILLING FLUID USED. STAINLESS STEEL
SCREEN - STAINLESS STEEL WIRE
) WOUND NO. 10 SLOT.
WATER LEVEL DATA* LENGTH 10.3 FEET,
INCLUDING 0.4 FOOT
DATE: 9/29/83 12/19/83 2/1/84 4/11/84 5/3/84 WELDED COUPLE.
WATER LEVEL: 11.18! 8.96' 10.92' 7.56' 4,79 BOTTOM
GR. WTR. ELEV.: 853.72 855.94 853.98 857.34 860.11 OF
SCREEN - ELEV. 844
DATE: 7/20/84 9/23/84
WATER LEVEL: 8.46" 11. 86"
GR. WTR. ELEV.: 856.44  853.04
DRAWN BY: HAG
DATE: 12/21/83
*NOTE:

ALL WATER LEVELS REPORTED RELATIVE TO THE TOP OF THE SS RISER PIPE.

Fig. 4. Log of northeast well (NEW).




CLIENT: IOWA DEPARTMENT OF TRANSPORTATION

PROJECT: HIGHWAY RUNOFF MONITORING PROGRAM
PROJECT NO.:  474-20-15-00-1680
LOCATION:  INTERSTATE HWY. 35, STATION 344, SOUTH OF AMES
DRILLED: SEPTEMBER 29, 1983 BY SHIVE HATTERY AND ASSOCIATES
DEPTH, FT. ' TOP OF SS RISER
0.0’ SURFACE ELEV. 862.55 ELEV. 864.85—]
| Ne10 | SILTY CLAY, TRACE TO LITTLE SAND, TRACE ROOTS, | goo oo
SLIGHTLY ORGANIC-TOPSOIL-DARK BROWN TO BLACK-
/1| - | MOIsT-(cL-O0L)
NATIVE .
5 o N=g Qp = 1.5 T0 2.25 TSF MATERIAL | <] 336k
FILL—
: N=4 ' BENTONITE
7.0° PELLETS—]
N=4 | FINE TO COARSE SAND, LITTLE GRAVEL (~20%),
10.0" si.~ | TRACE TO LITTLE SILT AND CLAY-GRAY-WET TO D 5.5,
/) | Tuse | SATURATED-(SW-SM).  LOOSE. CAVE-TH._ L SCREEN
N=1 B
12.5'
FINE TO COARSE SAND, LITTLE GRAVEL (~20%),
15.0' N=19 | TRACE SILT-BECOMING COARSER BELOW 16 FEET-
GRAY=SATURATED-(SW). MEDIUM DENSE.
N=17 '
CAP
20.0" N=16
END OF BORING AT 20.0 FEET. BORING AUGERED WELL CONSTRUCTION
TO FULL DEPTH USING HOLLOW STEM AUGERS. NO RISER - 2" I.D. SCH. 5
WASH WATER OR DRILLING FLUID USED. STAINLESS STEEL.
SCREEN - STAINLESS STEEL WIRE
WOUND NO. 10 SLOT.
WATER LEVEL DATA* LENGTH 10.3 FEET
) INCLUBING 0.4 FOOT
DATES: 9/29/83 12/19/83 2/1/84 4/11/84 5/3/84 WELDED COUPLE.
WATER LEVEL: 11.18' 8.92' 10.83' 7.57' 4.79' BOTTOM
GR. WTR. ELEV.: 853.67 855.93 854.02 857.28 860.06 OF
. ' SCREEN - ELEV. 844
DATE: 7/20/84 9/23/84
WATER LEVEL: 8.46' 11.89'

GR. WTR. ELEV.: 856.39 852.96

DRAWN BY: HAG
DATE: 12/21/83

*NOTE: ALL WATER LEVELS REPORTED RELATIVE TO THE TOP OF THE SS RISER PIPE.

Fig. 5. Log of southeast well (SEW).
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CLIENT: IOWA DEPARTMENT OF TRANSPORTATION
PROJECT: HIGHWAY RUNOFF MONITORING PROGRAM
PROJECT NO.: 474-20-15-00-1680
LOCATION: INTERSTATE HWY. 35, STATION 344, SOUTH OF AMES
DRILLED: SEPTEMBER 29, 1983 BY SHIVE HATTERY AND ASSOCIATES
DEPTH, FT. :
0.0' SURFACE ELEVATION SOUTH NORTH
SANDY CLAY, SOME SILT, TRACE GRAVEL - FILL - TEFLON€£L= r.____-.4
BROWN-(CL) VACUUM 1t
LINES _
2.5 : ,
TEFLON(:) ”
DISCHARGE
4.0 LINES //4
5 gt SILTY CLAY, TRACE TO LITTLE SAND, TRACE PVC PIPE] ‘
. ROOTS, SLIGHTLY ORGANIC-TOPSOIL-DARK BROWN 5.0
TO BLACK - MOIST - (OL-CL)
POROUS
CERAMIC=<]
. PROBABLE ORIG. GRADE AT 4.0’ CUPS \\\\\\\\\\\\-
.5
10.0" : ,
A 10.0° \/

END OF BORING AT 10.0 FEET. BORING AUGERED
70 FULL DEPTH USING HOLLOW STEM AUGERS. NO

~ WASH WATER OR DRILLING FLUID USED.

NO WATER ENCOUNTERED WHILE DRILLING PER
SHIVE-HATTERY CREW.

LYSIMETER CONSTRUCTION*
BACKFTLL AROUND POROUS CERAMIC
CUPS IS OTTAWA SILICA SAND.

FILL ABOVE SILICA SAND IS WASHED
SAND.

IMPERMEABLE SEAL AT GROUND
SURFACE.

DRAWN BY: HAG
DATE: 12/21/83

*NOTE: EACH LYSIMETER INSTALLED IN A SEPARATE BORING, RATHER THAN IN ONE DRILLED

HOLE.

Fig. 6. Log of Tysimeter boring.
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The rain gauge, flow meter, and automatic samplers arrived between
October 17 and October 21, 1983. When ISU pgrsoénel began their instal;
iation on Octdber‘24, 1983, it was disovered that the liquid level
sgmple actuators were only 22 feet long. Building placenment féquired
by the Iowa DOT made this length unsuitable since the bujilding was
40 feet from the flumes. 'Additioﬁally, the liduid level samplélactu-
ator was not compatible with’simultaneous:use of the flow ﬁeter to
actuate the sampler. The situnation was remedied by ordering a 50-foot

.liéuid level samplé actuator for the H-flume installation and using
only the -flow meter to actuate the Parshall flume sampler.

During dual flow monitoring events; the H-flume sampler.(ISCO 2100)
was actuated by the liquid level sample.actuator when the water depth
in the flume reached the actuator probe. Then, samples were collgcted
immediately and at regular,‘timed intervals programmed into the sampler.
A“Steven'é type-F water level recorder recorded the water level in the
flume;

The Parshall flume sampler (ISCO 2100) was actuated on a flow

. proportional basis by signéls from an ISCO 1870 flow meter (bubble
type); A sample was collected each time a programmed volume of runoff
passed.through the flume.

The equipment was operational but not tested until Novehber 14,H
1983. Small precipitation events showed phat the timbers used by the .
Iowa DOT to plank the eﬁtrance to the flumes (for safety reasons) were
leaching detectable oil and grease on contact with the water. Tﬁere-
fore, ISU personnel proposed that the flume entrances be lined with

plastic to minimize water-to-plank contact. The plastic was installed
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between Novémbég 21, 1983, and January 5, 1984. This appears to have
been effective.

After July 26, 1984, flow was monitored and saﬁpléd only at the
H;flume wﬁich collected runoff from the steeper 2% southern slope.
The ISCO 1870 flow meter was moved from the Parshall flume to the
H-flume to provide continuous, reliable flow monitoring and flow

proportional sampling capability.

3.1. Bottle Washing and Sampler Preparation

The procedures used for preparation of the samplers and sample
bottles during the study are detailed below. Field sample blanks were
periodically returned to the analytical laboratory for analysis to
check the effectiveness of the washing and preparation procedures.
Normal Wash:

1. Wash with hot soapy (Alconox) water.

2. Rinse with hot tap water.

3. Wash with 25% to 50% H,S0, solution.

4. Rinse 5-6 times with distilled water (high purity source¥).

5. Air dry in inverted position. -

6. Cap and store ﬁntil use.

Organic Parameter Sample Bottles Wash:

1. Wash with hot soapy (Alconox) water.

2. Rinse with hot tap water.

*
Iowa State University, Engineering Research Institute Analytical
Services Laboratory (ERI-ASL) reagent grade triple distilled water.
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Rinse 5-6 times with distilled water (high purity source).

‘Rinse with pesticide grade methylene chloride or reagent grade

hexane depending on the parametér of interest.

Air dry in inverted position.

Cap and store until use.

Sampler Preparation:

1.

Automatic sampler flushed with deionized water; tﬁbing changed

between runoff events.
Teflon bailer for groundwater sampling washed in same manner

as bottles for parameters of interest.

3.2. Sample Preservation

{

The preservation methods used for the various parameters in the

study are shown below. Preservation was done in the field at the time

B of cpllectioﬁ.

Parameter Preservation Method

pH,,Temperature Taken in field or within 1 hour

Conductivity, Chloride, Total

Solids, Suspended Solids Plastic bottles, 4° C storage

Herbicides, Hydrocarbons, PCB's Dark glass bottles, 4° C storagé,

Teflon caps ‘

Total Kjeldahl N, Plastic bottles, H SO, to pH < 2,

(NO‘3 + N02),- N, Total PO,, . 4° C storage 24
CoD, TOC
0il and Grease Glass bottles (when possible),

H2804 to pH < 2, 4° C storage
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Fecal Coliform and Fecal
Streptococci

Total Metals

Filtérable Metals

Glass bottles (when possible),
4° C storage (analyze as soon
as possible)

Plastic bottles, HNO3 to pH < 2,
4° C storage

Field filter through 0.45 pm
filter, Plastic bottles,

HNO3 to pH < 2, 4° C storage

3.3. Analytical Methodology

All samples were analyzed by the ISU Engineering Research Institute

Analyticai Services Laboratory (ERI-ASL). Where applicable, the methods

used were those found in Standard Methods for the Examination of Water

and Wastewater, 15th Edition. The method used fér 2,44D and Tordon

analyses was that presented in Methods for Organochlorine Pesticides

M

and Chlorophenoxy Acid Herbicides in Drinking Water and Raw Source'Water,

USEPA-~-EMSL, 1978, pages 20-35. Similar methodology was used for the

PCB analyses. The hydrocarbon analyses consisted of a 24-hour extrac-

tion with methylene chloride, Kuderna-Danish concentration, and capillary

gas chromatography followed by comparison to known laboratory distilled

water-hydrocarbon mixtures.

i
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4. MONITORING DATA

4.1. Highway Maintenance

Deicing activities during the months of November 1983, December

1983, and Janﬁafy 1984 required the application of app;oximatgly |
l,AOO‘pognds'of_salt to thé two traffic lanes comprising the south

(steép) drainage area. App;oximately 1,520 poﬁnds of salt were applied

to the two traffic lanes comprising the north (flat) drainage area.

Approximately 280 pounds of additional salt were applied to each of

the areas in February and Mérch.

The equivalent salt 1oading per acre in each of the drainage
areas was approximately 750f775 pounds per acre prior ﬁo the'fifst
sﬁowmelt runoff. The annual ioading rate was 900-940 pounds'per acre.

Between. January 13 and 24, 1984, the asphéltic concrete patches
in the study area were oiled using Styrelf oil.

On April 4? 1984, the median ditch on the south (steep) slope was
observed to be rutted from a vehicle.which left the pavement. Subgrade
. drainage was installed by construction crews in the test area between
Ma§ 18 and ﬁay 30, 1984. The median and shoulders were mowéd bgtween
Seéptember 14 and 23, 1984. ﬁowiﬁg had not been done since late September
1983. It is not known if hefbicides were applied in the study.area

during the monitoring period.

4.2. Precipitation

Between November 14 and December 14, 1983, field mice damaged the

" insulation in the tipping bucket rain gauge. A hole built into the
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bottom of the gauge hdusing serving as their entrance was covered to
prevent mice from entering. fhe insulation damage continued to cause
problems by interfefing with the tipping bucket operatién-until
Februaryvls, 1984, when the problem with the erratic rain gauge
behavior wés solved. Precipitation data collected after February 15,
1984, have been reliable.

Local.climatological data from the National Oceanic and Atmospheric
Administration augmented with the project manager's daily weather notes
were used to estimate test site precipitation prior to February 15,
1984. The data were glso used to augment data obtained by the rain
gauge at the site subsequent to Februnary 15.

D;ily precipitation from November 1, 1983, to- October 31, 1984,
is shown in Table 1. Air temperature patterns are also shown.

4

4.3. Runoff

Bitter cold and heavy snow precipitation occurred in December
1983. A warming trend occurred between January 3 and 8, 1984, but no
runoff occurred at the site during this.time. The flumes were completely
plugged with snow from the December storms and had to be shoveled out.
on January 5, 1984. Also, the stilling wells were frozen solid making
flow measurement impossible, had it been necessary. These problems
plagued snowmelt runoff sampling efforts during the spring of 1984 as
noted below.

Brief warming trends occurred in 1984 from January 24 to 28 and

from January 31 to February 3. Highs were 35° F to 45° F during these




Table 1. Temperature® and precipitatio

ot

n** data.

November 1983

December 1983

January 1984

February 1984

_'__Temp . Temp. Temp. Temp .
Date Precip. H. L. Precip H L. Precip. H. L. Precip. H. L
1 0.62 R 65 51 0.00 . 22 3 0.06 S 30 17 0.00 40 18
2 0.04 R 64 55 0.00 25 12 0.24 S 27 13 0.00 39 30
3 0.00 62 42 0.00 o 25 2 0.00 35 14 Tr 38 28
4 0.17 R 46 31 0.00 33 22 0.00 39 24 Tr 37 18
5 0.00 53 30 0.03 S 32 18 0.00 42 23 0.00 29 -5
6 Tr 53 46 0.09 S 21 15 0.00 39 30 0.00 17 -7
7 0.00 56 38 0.00 24 6 0.00 37 22 0.00 24 4
8 0.02 R 55 45 Tr 23 3 0.00 35 22 0.00 41 14
9 0.10 R 52 35 0.00 24 12 0.00 28 20 0.00 44 27
10 0.80 R 36 31 0.00 26 10 0.00 22 -5 0.00 40 31
11 0.00 37 28 0.02 S 33 25 0.00 19 -1 Tr 38 33
12 0.12 R-S 36 29 Tr 33 9 Tr 19 13 0.00 44 36
13 0.15 R 38 31 0.00 29 15 0.08 S 18 3 Tr 37 32
14 Tr 44 37 0.09 S 31 18 Tr 14 3 0.00 52 29
15 Tr 41 34 0.05 S 26 10 Tr 18 2 0.07 R 57 36
16 0.00- 40 26 0.01 s 12 -7 Tr 18 6 0.20 R 55. 39
17 0.00 48 26 0.03 S 2 -12 Tr 12 -5 Tr 40 32
18 0.00 52 31 Tr' : -2 =17 | 0.00 7 -15 0.97 R 37 22
19 1.76 R 60 48 0.00 -9 -18 0.00 9 -13 0.05 R 37 30
20 0.02 R 58 36 0.00 1 -18 0.00 1 -18 Tr 45 25
21 0.00 43 30 0.15 S 11 -4 0.00 13 ~-17 0.00 52 26
22 0.00 39 32 0.00 -3 -18 0.00 29 0 0.00 62 31
23 0.41 R-S 37 22 "0.00 -11 -18 Tr 32 21 0.00 58 33
24 0.54 R 30 20 0.00 -13 -21 0.03 S 33 14 0.00 43 28
25 0.00 36 10 0.00 -2 -20 0.00 39 14 0.00 48 28
26 0.00 35 26 0.00 15 -7 0.00 37 27 0.00 46 29
27 0.24 R 33 32 0.00 19 14 0.00 28 8 0.00 41 26
28 0.96 R-S 33 27 0.05 S 15 1 Tr 37 17 0.00 33 24
29 0.06 S 29 15 0.00" 5 -8 0.00 32 20 0.00 35 18
30 Tr 18 11 0.00 18 -5 0.11 R 27 10
31 0.00 26 16 0.00 32 8
Site
Total 5.81 . 0.52 0.52 .1.29
Precip. (Ames ‘data) (Ames data) (Ames data) (site data)
Total A Note: Soil
Precip. . - ' temperatures
2 mi. SE Note: Frozen soil above freezing
of Ames 5.81 0.52 on 12/4/83 0.52 Note: Frozen soil 1.27 on 2/11/84

.Note: Precipitation in inches.

.

wk

" Ames temperature data, °F

Tr = trace, R = rain, S = snow.
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Table 1. Continued.
March 1984 April 1984 May 1984 June 1984
Temp. Temp . Temp . Temp.
Date Precip. H L. Precip H. L. Precip. H. L. Precip. H. L.
1 0.00 43 25 0.00 51 28 0.00 59 35 0.00 : 82 62
2 0.00 42 27 0.11 R 50 37 0.15 R 61 42 0.06 R - 80 55
3 Tr 44 27 0.78 R 48 32 0.10 R 59 43 0.00 . 79 53
4 0.09 S-R 43 28 0.00 48 33 0.00 55 36 0.26 R - 78 60
5 0.00 33 23 0.00 56 - 34 0.00 65 39 0.00 86 64
6 0.00 25 2 0.00 59 33 0.04 R 65 50 0.13 R 86 67
7 0.05 S 24 11 0.03 R 59 39 0.04 R 58 44 0.45 R 81 67
8 0.01 S 24 8 0.33 R 50 41 0.00 53 33 0.00 82 63
9 0.00 20 -5 0.02 R 47 39 0.00 63 38 0.72 R 83 62
10 0.00 32 3 0.00 55 43 0.00 72 44 0.00 74 57
11 0.10 S 30 6 0.10 R 54 44 0.04 R 73 53 0.00 78 53
12 0.04 8 23 9 0.18 R 55 48 0.00 72 46 0.37 R 78 65
13 0.00 29 18 0.09 R 48 40 0.00 76 57 2.35 R 80 68
14 0.00 36 30 0.05 R 47 42 0.00 71 44 1.83 R 81 60
15 Tr 36 28 0.04 R 57 41 0.05 R 71 52 0.00 80 60
16 Tr 32 22 0.00 60 43 0.00 73 50 0.57 R - 84 63
17 0.08 S 33 24 0.00 57 38 0.00 86 51 0.22 R 84 69
18 0.00 30 23 0.00 59 33 0.16 R 85 66 0.00 82 66
19 0.20 8 29 24 0.00 57 32 0.33 R 73 60 0.00 83 60
20 0.02 S 31 25 0.00 58 38 0.00 78 53 0.00 83 63
21 Tr 34 29 0.70 R 56 41 0.00 79 53 0.36 R 83 65
22 0.00 38 26 0.11 R 42 32 0.30 R 78 58 0.06 R 86 64
23 0.00 45 25 0.00 58 34 0.00 72 46 0.00 86 63
24 0.00 46 26 0.00 65 40 0.41 R 79 65 0.00 81 58
25 0.00 49 28 0.00 69 41 0.92 R 68 49 0.01 R 86 62
26 0.03 R 48 32 0.00 81 57 0.00 62 42 0.39 R 90 66
27 0.00 41 34 0.39 R 80 56 0.35 R 63 48 0.00 89 60
28 0.00 48 33 0.00 59 36 1.52 R 62 44 0.00 82 58
29 0.00 45 28 2.08 R 58 40 0.00 62 41 0.00 82 59
30 0.00 43 26 0.07 R 47 34 0.00 69 42 0.00 78 57
31 0.00 47 26 0.00 78 49
Site
Total 0.62 5.08 4.39 7.68
Precip. (site data) (site data) (site data) (site data)
Total Note: Soil
Precip. temperatures :
2 mi. SE " predominently Note: No frost
of Ames - 1.40 above freezing 6.84 in soil 6.49 11.18 (5.56" on 6/13/84)
Note: Precipitation in inches. gfmziz: wsw 6.58 (2.12" on 6/13/84)

*

bt
r

Ames temperature data, °F

Tr = trace, R = rain, 5 = snow.
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Table 1. Continued.
July 1984 .August 1984 September 1984 October 1984
Temp. Temp . Temp.. Temp .
Date Precip. H. L. Precip. H. L. Precip. H. L. Precip. H. L.
1 0.00 79 56 0.00 84 60 0.00 97 72 0.00 67 32
2 - Tr. 82 57 0.00 85 67 0.35 R 93 62 0.00 74 41
3 0.11 R 82 62 0.00 86 62 0.00 72 52 0.00 73 48
4 0.00 85 64 0.00 88 68 0.19 R 78 51 0.09 R 72 43
5 0.16 R 84 58 0.00 90 67 0.00 76 45 0.00 69 53
6 0.00 78 57 0.00 92 67 0.00 71 55 0.11 R 68 56
7 0.00 75 49 0.24 R 92 69 0.00 91 68 0.09 R 67 56
8 0.09 R 88 60 0.00 90 66 0.45 R 88 55 0.00 66 48
9 0.00 92 77 0.00 89 64 0.29 R 76 53 0.00 70 48
10 0.71 R 92 79 0.00 85 59 0.32 R 70 53 0.00 73 53
11 0.00 84 60 0.00 84 59 0.00 75 51 . 0.17 R 67 57
12 0.00 86 62 0.00 84 60 0.00 91 67 0.00 73 59
13 0.00 86 62 0.00 84 58 0.07 R 91 63 0.00 73 56
14 0.68 R~ 92 67 0.00 87 61 0.00 70 53 0.34 R 67 58
15 0.00 86 58 0.00 90 60 0.00 64 40 0.77 R 65 46
16 0.30 R 84 58 0.00 90 69 0.00 66 38 0.69 R 48 41
17 0.01 R 84 59 0.05 R 81 70 0.00 73 41 0.00 56 32
18 0.00 78 55 0.00 82 65 0.00 81 50 0.33 R 54 46
19 0.03 R 86 59 0.00 82 55 0.00 91 52 0.00 56 41
20 0.14 R 85 67 0.00 81 54 0.00 91 56 0.00 57 38
21 0.00 87 65 0.00 80 62 0.00 83 52 0.00 54 35
22 0.00 91 70 0.00 78 60 0.00 82 63 Tr 54 33
23 0.00 91 68 0.00 74 47 0.00 79 55 0.00 52 28
24 0.00 91 67 0.00 75 50 0.16 R 83 64 Tr 57 29
25 0.07 R 82 65 0.00 83 52 1.22 R 65 40 Tr 54 43
26 0.88 R 76 - 60 0.00 90 63 0.00 50 31 0.00 67 38
27 0.00 77 61 0.00 97 69 0.00 52 39 0.00 68 57
28 —--- 0200 78 57 0.00 97 60 0.00 51 39 0.00 58 33
29 0.00 78 56 0.00 97 64 0.00 59 29 0.00 60 27
30 0.00 80 55 0.00 94 56 0.00 62 34 0.86 R 51 33
31 0.00 83 56 0.00 87 50 : 54 28
Site ANNUAL
Total 3.18 0.29 3.05 3.45 . 35.88
Precip. (site data) (site data) (site data) (site data) (site data)
Total
Precip.
2 mi. SE
of Ames 3.87 0.12 3.19 3.38 44 .59

Note: Precipitation in inches.

=
Ames temperature data, °F

Rente
x

Tr = trace, R = rain, S = snow.-
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Warming tfénds. ‘Betweén Febrﬁary 8 and 15 a‘warming t;end.withvhighs -
from 4O°AFHtQ 60° F oécurred and melted allAsnow from the medians. A'
February étsﬁowfall combined with high winds completél& plugged the
flumes once égain;:méking automatic flow measurement and sampling
impossible. Thé'stilling wells were still f:ozén becauﬁe 6f the pro-
teétion'provided"by.the earth'backfill requiféd around ‘the flumes for
safety reasons. Manual grab samples were obtained on Febfuary.Q at
both the'inlet'and ponded discharge from the culver;s; Ponding(had
6ééurred because the right-of-ﬁay fenéeliﬁe'wasAstiil laden with»snoﬁ
_prgventiﬁg free drainage of tﬁe median'ruﬁoff discharged through the
,éulVerts:

Warm (3§§‘F‘to 62° F) weather continued”from'Febfuary‘15 té March 4
with brief cold spellé-and temperatures'dropﬁing below ffeeéing at
night. Below freezing femperatures and snow occurred from March 4 to
'Mafch 21. Temperatures were in theA40° F range on March 22 and, gener-
ally, the 1984 spring‘season temperatures remained above freezing
thereafter. The frozen stilling wells were freed of ice on April 4,
1984, making the site completely operational for the first time.

During the month of April, above average amounts of precipitation
occurred, including a significanfirunoff event on April 29. ‘Conditions
‘during this event allowed ISU personnel to collect éxcelléﬁﬁ data.

"The project manager was on site from the beginning vathe_eveﬁt until
its completion. Thus,.manualvés weil>as automated data were gétheredL
The mgnuél ;nd automated flow measurement data were in excellent agree-~

ment..
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Officially, Ames received only 0.5 inch more precipitatién fhan
the long-term average in the first three months of 1984. However,
ﬁrecipitation for April and May were 6.84 inches and 6.49 inches,
respectively--well above the long-term average values of 2.49 inches
and 4.28 inches, respectively. In addition, the precipitation in June
also set‘a new record; 11.18 inches were recorded in Ames versus a
long~term average of only 5.21 inches. August was'exceptionallytdry.
Ames received only 0.12 inch of rain in August.

Precipitation'recorded at the site in 1984 has been as follows:

January through March 2.43 inches
April 5.08 inches
May 4.39 inches
June 7.68 inches
July. 3.18 inches
August 0.29 inch

September 3.05 inches
October 3.45 inches

" The precipitation recorded at the site was significantly below that
recorded in Ames but was still well above average.

4.3.1. Snowmelt Data

The first spring thaw t§ contribute surface runoff because of
snowmelt occurred from February 8 to 15, 1984. Runoff from snéwmelt
_ probably began late on February 8. Two random grab samples of the
runoff from each flume were obtained on February 9. The analytical
results are shown in Table 2. The samples are identified as foliows:

HI (steep slope) and PI (flat slope) represent H-flume and Parshall
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REPORT OF CHEMICAL ANALYSIS
TO: HARVEY GULLICKS
PROJECT: DOT 0209
DATE: FEB 16, 1984

Table 2. Report of chemical analysis 2/16/84. Grab samples collected 2/9/84.

DOT 0209 HI HO PI

COND 2910 2870 580
TOT SOLIDS 173 ok kK 328
SUSP SOLIDS 8.5 * kkk 21
CHLORIDE 46.1 . 46.8 136
NO3+NO2-N .06 ok kK .19
KJEL-N o 1.41 >k kk 2.37
TOTAL P .28 * ok ok ok .41
COD 21.8 Hokk ok 43.2
TOC 13 11 19
TO0T CU 6.8 . 6.6 5.0
TOT FE 28.7 75.7 62.5
TOT PB 9.8 9.2 7.7
TOT ZIN 16 15 6.8

pH | 7.03

*
micromhos per centimeter.

*
milligrams per liter.

*k%k .
micrograms per liter.

PO

530

% ¥k k

kk kX

127

* % Kk

*k k%

*kkk

*kkk

14
5.0

UM

MG/L
MG/L

MG/L

UNITS
HO/CM*
MG /L%
MG/L
MG/L
AS N
AS N
AS P
MG/L
MG /L
UG /L%
UG/L

UG/L

'UG/L
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flume influent from the median, respectively. HO and PO represent
pbnded water samples downstream from the H-flume and Parshall flume
outlets, respectively. The ponding downstream from the flume outlets
was caused by snow collecting along the right-of-way fenceline that
had not melted at the same rate as that in the right of way aﬁd ﬁedian.
Ponding of runoff, however, occurs naturaily at the site oﬁly a short
distance beyond the right of way in any case.

The snowmelt runoff from the flat me&ian (PI and PO) had substan-
tially higher concentrations of chloride than that of the steeper median
(HI and HO). This may be a result of the first flush phenomenon since
the highly soluble chloride would be transported rapidly with the first
" runoff. Runoff was observed to be more complete on the steeper slope
at the time of sampling. The chloride concentration in the flat median
runoff was approximately half the Environmental Protection Agency (EPA)
drinking water standard of 250 mg/l. It is likely that the first flush
concentrations were substantially higher than 125 mg/l and may have
exceeded the drinking water standard.

Snowmelt in February 1984, while it occurred in a relatively short
tiﬁe, did not create large flow rates through ﬁhe flumes at the site.
Although'the flow measuremeﬁt equipment was not operational, the authofs
observed a fairly continuous flow rate of 0.1 cfs to 0.2 cfs based on
visual observations. As a result, suspended solids loadings were low.
Concentrations of parameters which may be associated with suspénded
solids loadings were a156 f;irly low, notably the metals andloxygen
demand. The Kjeldahl nitrogen level, which is likely to be largely

organic nitrogen based on the chemical oxygen demand (COD) results,
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was»significant.\“However, it is unlikely that exéessive 1evéls of
free ammonia exist [1].

Snoﬁmelt in ﬁarch 1984 was.not sample&‘because of the nonopera-
tional status oflthe flow measurement equipment. The Iowa DOT gathered
additionél snowmeit déta in the spring of 1985. Those data are found
in the Aépendik of this report.

4.3.2. April 29, 1984, Runoff Event

The April 29, 1984, rainfall event was preceded by light showers
from 11:45 a.m. to 1:45 p.m, Heavy raiﬁfall began at 1:45 p.m. and
continued with some variation in intensity until 5:12 p.m. Approxi—
mately 1.60 inches of rain.fell between 1:45 p.m. and 5:12 p.h. for an
average intemnsity of about 0.43 inch per hour. The intensity after
2:55 p-m. waé about 0.52 inch per hour. The range of intensities during
the event was from about 0.1 inch per hour to 0.6 inch per hour. Cumu- "
lative rainfall versus time is shown in Fig. 7.

Figures 8a and 9 show the hydrographs for the H-flume (collecting
runoff from the steeper slope median) and the Parshall flume (collecfing
runoff from the flat median), respectively. The two flumes réached |
peak flows at nearly the same time, but the steeper slope rqnoff (H;flqme)
was considefabiy more responsive to changes in rainfall intensity.
Actually, two separate peaks occurred early in the,eQent for the stéeper
slope because of a brief reduction in rainfal¥ intensity at about 2:20 p.m.

The ﬁeék flow rate recorded by the H-flume was 1.37 cfs_and‘existed‘

only momentarily. The peak flow recorded by the Parshall flume was

"0.95 cfér The basin lag time for the hydrographs is the time from the

center of mass of the rainfall to the peak. Thus, the basin lag time
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Fig. 7. Cumulative rainfall versus time 4/29/84 rainfall event.
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Ccl, Fe, and Pb) versus time 4/29/84 event.
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was ébout fﬁ minﬁtes“fqr the Parshail flume Qaﬁersﬁed. For the H-flume
watérshed; the basin'lgg ;ime‘was 40 minutes to 50 minﬁtes, based{on,
the data of the thfeé.sepa?ate peaks oh-the.hydfograph. Total runoff
frém the:flat median area was appréximately 9,800 cubic feet or 1.59
inches per acre from 1:45 p.m. to 8:00 p.m.' Total runoff from the
steeper slope was approximately 8,200 cubic feet or 1.21 inches per
aére from 1:45 p;m. to 8:00 p.m. The relative volumes df‘rupoff from
éach”areg were undoubtedly the result bf a highef degree of saturation
and a leséér.infiltration in.the flat slope ‘soils and/or lateral varia-
tion of fainfall.

Runoff samples‘wgre collected at discrete time intervals by the
IsCO éamplefs. "Four sampies were collected fro@ the Parshall flume.
Sixteen‘samples were collected from the H-flume. In additioh, one
manual sample; sample 17, was collected from the H-flume. The chrono-
logical locations of the samples are shoﬁﬁ'on the hydrographé, Figs. 8a
and 9. H-flume samples 1, 2, 4, 6, 9, 12, 13, 14, 15, and ‘17 were
analyzed. Parshall flume éamples p-1, P-2, P-3, and 2-4 were analyZed.
The_listbof analytical parameters and results are shbwn iﬁ Table 3.
The H-flﬁhe sample analyses were also plotted chronologically to show
trends related toAthehpgak fiow; see Figs. 8b, 8c,:and 8d.

Notable cbrrelations of-flow aﬁd anélytical pé;ameter.values for
the ijlﬁme‘éamples are |

1. The highe;t valug for all parémeters occurred in_the‘first

.sahple representing a first flush phenomenon.
2. Chloride and conductivity values 5ot§ exhiﬁited decreasihg

éppfoximately straight line behavior. Figure 10‘dempnstrates




ANALYTICAL SERVICES LABORATORY
REPORT OF CHEMICAL ANALYSIS

TO: ' HARVEY GULLICKS
PROJECT: DOT 0430
DATE: May 8, 1984
BY:

Table 3. Repdrt of chemical analysis 5/8/84. Discrete samples collected 4/29/84 and 4/30/84.

DOT 0430 1 2 4 6 9 12 13 14 15 17 P1 P2 P3 P4 UNITS

PH 8.10 8.05 8.04 8.04 8.04 7.93 8.00 8.04 8.05 7.91 7.84 7.98 7.93 7.94 -LOG Ht+

COND 433 433 415 384 346 285 249 199 158 166 248 192 172 172  UMHO/CM*
TS 658 452 282 312 © 262 280 280 246 224 172 186 ©151 213 146 MG/L**
88 399 260 100 74 110 136 156 114 134 72 59 44 28 23 MG/L
CL 49.0 45.7 40.0 38.0 30.9 22.4 20.3 15.0 10.8 11.6 20.9 14.8 12.5 11.2 MG/L

N03+N02N 0.17 0.12 0.13 0.07 0.07 0.08 0.08 0.11 0.06 0.05 0.07 0.07 0.06 0.07 MG/L N

TKN ~ 1.80 1.32 0.86 0.85 0.76 0.70 0.74 0.64 0.76 - 0.49 0.66 - 0.66 0.47 0.49 MG/L N

TOT P 0.41 0.33 0.17 0.15 0.19 0.19 0.22 0.20 0.22 0.15 0.15 0.12 0.11 0.075 MG/L P

CcoD 72.4 55.5 46.0 41.7 40.4 52.0 40.0 29.5 27.2 22.5 34.2 25.4 22.5 20.9 MG/L Ej
TOC 22 19 16 14 13 13 12 11 9.4 7.4 11 9;2 9.8 7.8 MG/L
OIL&GR 11 3.8 2.6 3.4 7.8 3.2 <2 <2 <2 . <2 14 2.4 <2 <2 MG/L
F. COLI 7 13 wikK 27 FhIR 30 FhRH wA% >1100 whkk wvkk >125 >980 ek #%%%  ORG/.1L

F. STREP >2000 k& >2000 *ekk >2000 ik Ak >2000 Rk Fhkk >200  >2000 FHwk F&%%  ORG/.1L

TOT CU  19.3  12.1 6.2 5.9 7.1 6.6 6.6 8.0 6.7 3.7 4.3 3.3 3.5 2.1 UG/ L
TOT FE  21.5 12.7 5.04 3.8 5.99  6.55 7.58 6.18 6.23  3.05 1.79 1.39  1.03  0.87 MG/L
TOT PB .78 51 32 26 29 28 31 36 29 25 9.8 10.0 7.5 6.6 UG/L
TOT ZN = 101 . - 47 20 16 20 21 24 127° 23 12 22 8.6 6.1 - 5.1 UG/L

X

micromhos per centimeter.

*k ’
milligrams per liter.

St

micrograms per liter.

" %yorm in sample 14.
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Fig. 10. Chloride concentration vs. specific conducténce, of
Interstate Highway 35 runoff. Data from all runoff
events. - ' o
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that the conductivity and chloride concentrations are directly
related if snowmelt data are ignored.

3. The metals (Fe, Pb, Cu, and Zn), total solids (TS), and sus-
pended solids (SS) all éxhibited peaks coinciding épbroximately
with the peak flow. The value of total solids less suépended
solids, however, was constantly decreasing. Thus;‘metals
concentrations appear to be related primarily to suspended
solids loading. This is demonstrated further by Fig. 11,
which includes data from all runoff events. The correlation
between iron and suspended solids concentrations is excellent.
The correlation of copper, lead, and zinc.concentfations to
suspended solids concentrations is fair.

4. TFecal streptococci and fecal coliform'analyses indicate an
animal (nonhuman) source.

5. All analytical parameter values were lower in the Parshall
flume runoff than in the H-flume runoff. Furthermorg; trends
relating flow rate to parameter concentrations were not evident,
except for the first flush phenomenon.

6. First flush sample parameter values were oc;asionally.in excess
of the EPA drinking water maximum contaminant levels.

The pH of the steeper slope runoff was of the order of 7.9 to

8.1, slightly higher than that of the flat slppe runoff. This is
likely due to the buffering effect'of the suspended sediment load
differences. Conductivity and chloride in the runoff apbeared to be
" related. -Chloride levels observed in the first flush were elevated

{

above background levels. The chloride levels observed during this
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Fig. 11. Metal conicentrations vs. suspended solids concentration.
Data from all runoff events. S
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;qnoff‘evént were, however, substantially lower than those;obsérved in
random grab samples of snowmelt runoff collected on February 9, 1984.

‘Hiéhway maintenance and opergtions did not éontribute significant
amounﬁs,of nitroéen and phosphorus to surface waters at the test site
_qﬁ;ing the April 29 event. O0il and grease were observéd”té.be ;ignifi‘
.cant in the first flush. It was also obégfved‘that oil and”gfease
leveis may‘fluctﬁate significantly. This may be.because of fluéhing
of oil and grease as '"rafts'" of contaminants rather than ﬁy discrete
_particle flushing.' Tofal organic carbon (TOC) and chemicai oxygeﬁ
'deﬁand (COD) wefe elevated above béckground levels in>the first flush
samples. COD also éxhibited\a secondarﬁ péﬁk in conéent:atién that
d&és not appear to bé directly related Fé‘the peak fléw or suépended
sedimenﬁsload.' ’ | |

4.3.2. Other Runoff Events

A&ditional runoff events occurred in May, June, September; and
Octﬁbgr 1984. The runoff flow rate from some events was recorded, and
the runoff was saﬁpled. For some events, howevef, ope;#tional and
equipmént-problems prevented complete data collection. For these
e?en;s,_the data collected were evaluated to maximize thé intérprepaf
tioh of runoff events in wh;ch samples were ¢ollécted and,aﬁalyéeq,

" There wé;e ﬁwo major operétionélland equipmenﬁ malfunctioné;@uring
the'warﬁer weaﬁher monitoring program. Fi?sf, earthworm penetration.
‘and rapid aigai'build;up at the ISCO flow meter bubble tube.negated
s;me éf the'Par;hall flume hydrbgfaph dafa. The_earthwo?m problem was
gorrgcted ty éurrounding the tube with wire mesh. The,algal'build-up

required more frequent summer maintenance visits. Secondly, the
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mechaﬁical clock used in tﬁg éteven's reéordef‘occaéidnaily étoépgd;“
piesuﬁéﬁly~bécause of humidity build~-up or bec;use-of a roﬁgh géar
tooth. ‘Andther SteVeﬁ's recordér became availqblé fhat'was substituted
for the one¥fréﬁiously.u;éd.

| ‘in drder to-gather mOré-hydrological'data from the stéeper SLoﬁe
drAinage area, the iSCO flow meter bubble tube was instélléd;in'thel
H-flume on July 26,*1984, so tﬁat the runoff flowvfrom-the 2lper§ent
gfédé waé’mdnitored cpntinuoﬁsiY'wiéh fewer mechaﬁical ﬁalfﬁnctions.
Excellenﬁ_dété hadfbeen;éollecfed from.the.fiat (0.24 percent) diainage
‘area up.ﬁofJul§-26 and was deemed to be sufficiénﬁ from a‘hydrqlogical
évaantioh standpoint. |

The daﬁa’for the important rﬁnoff events of May, June; September,
and‘Octdbef 1984 are presented in Figs. 12 thrdugh[ég}and Tables 4
.through.ll. Figures 12 thréugh 17Aprésentvthé cumﬁlative preéipitatiqn
' versus ﬁimelfor the évents of‘May 24-25, June 13, June 14-15, June 16,
September 24-25, and October 14;15{,1984, respectively. Figure$‘18
through 25 presént the hydrographs for these runoff events.

Table 4 presents suspendeé.solids_andaconhuctivity data for four
discrete samples f;om the May 24-25 runoff'eveht._ The analytical valﬁes
lin Table 4nmayrbevused to apﬁroximateichloride and metals concgntrations.
from Figé. 10 and 11. Table; 5, 6, 7, an& 8. present éample aﬁalyses for
events~§f iune 14-15, Septembef iO, Sepﬁember124-25! and Oc;ober.14-15,>
1984, regpeétively. ‘The daﬁa in Table 6 gfe for a grab samﬁle of the
first.runoff after July_26,.1984. The fldw duringwthe September iO

runoff did not exceed. 0.001 cubic feet per second.
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REPORT OF CHEMICAIL ANALYSIS

TO:. HARVEY GULLICKS
PROJRECT: DOT 0525
DATE: MAY 30, 1984

; RY:
!

Table 4. Report of chemical analysis 5/30/84. Discrete samples
collected 5/25/84. :

- COND SUSP.SOLTID
. | UNHO/CM* MG LA

Parshall flume ' A 337 .50
Parshall flume , - 237 291 21
Parshall flume 3A 243 14
Parshall flume 4A 236 S 12
H-flume 1B 490 84
H-flume 2R 512 : 30

*
micromhos per centimeter.

%
milligrams per liter.
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ANATLYTICAL SERVICES LARDORATORY

REPORT OF CHEMICAT, AMALYSIS

TO:

 PROJECT:

JUNE 25,

noT™ 0618

HARVEY GULLICKS

1984

Table 5. Report of chemical analysis 6/25/84. Cqmposite'éamples

collected on 6/14/84 and 6/15/84.

DOT 0618
PH

COND

TS

SS

cL
NO3+NO2N
TKN

T™OT P
con

TOC
OIL&GR
F. COTI
F. STREP
mOT €U

TOT FE

TOT ZN

PARSHALL

7.35

13

H FLUME
7.52

93

184

111

.19
.65
L7

24.8

<2
N0
2700

9.6

SAMPLES WERE COLLECTED ON 6/15, BUT WERE NOT

UNITS
—Loé H+
UMM /CM*
MG /T R
MG /T,
MG /T,
MG /T N
MG /T, N
MG /T, P
MG /T,
MG /T,
MG /T,
ORG/.1T,
ORG/.1L
UG /T ERE
MG /T
UG /L

UG /L

AVATILARBL® FOR

ANALYSIS UNTIL 6/18. THIS IS BXCRSSIVE HOTLNDING TIME TOR

PH AND BACTERIA.

*
micromhos per centimeter.

%% '
milligrams per liter.

hkd .
micrograms per liter.
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O s ' HARVEY GULLICKS
PROJECT: DOT 0910
DATE: SEPTEMBER' 27, 1984
BY:
Table 6. Report of chemical analysis 9/27/84.
. CPAB :
SAMPLE
DOT 0910 RUNOFF ? UNITS
TOTAL SOLIDS ' 338 | , MG /T, %
VOLUME * ok k T,
TOT IRON .11 MG /T,
TOT T.EAD 9.54 UG /L **
OIL & GREASH 1.4 MG /T,
CHLORIDF 33.56 MG /T,
SUSP. SOLIDS 3.7 MG /T,
pH 8.1 ' -LoG H'

*
milligrams per liter.

B
micrograms per liter.
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REPORT OF CHEMICAL AMALYSIS
TO: HARVEY GULLTNXS
PROJECT: pom™ 0925
DATE OCTOBER 5, 1984

RY s

Table 7. Report of chemical analysis 10/5/84.

COMPOSITE DISCRETE

DOT 0925 fl FTUVE saMor™ 1 NTTS
P 7.20 kK ~TOG T4
SPEC COND 103 %k kk TIMU0 /CH*
TOT SOLIDS S 188 278 MG /T k%
SUSP SOLIDS 33 | lél ‘ wé/L
CHLORIDE 16.2 23.9 M3 /T,
FECAL COTT 430 * ok ko OR73 /100MT,
FICAL STREP 19,000 ok ORA /1.00MT,
MO 34N02-H .31 *okkk M /T AS N
TEN 1.35 *kokk MG/T, AS N
TOC 22 *ok ke MG 7T,
con 42,7 ' Kk MG /T,
m_po4 1.48 * ok ok ok MG /T, AS PNA
TOTAL QU - . 6.3 * ok ok ok ~ 115 /Todkek
TOTAT, F® A.74 1.48 MG /T,
TOTAT i’B ‘ <10 17 e /T
TOTAL 7N | 12 hokk ug/m
OIL AND GREASE 1.9 ko kK MG /T,

% *% : Fkk
micromhos per centimeter. milligrams per liter. micrograms per liter.
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ENGINEERING RESEARCH INSTITUTE
ANALYTICAL SERVICES LABORATORY
REPORT OF CHEMICAL ANALYSIS

TO: HARVEY GULLICKS, P.E.
PROJECT: DOT 1015
DATE: NOVEMBER 6, 1984
BY:.‘J. A. GAUNT
Table 8. 'Report of chemical analysis for composite H-Flume sample
11/6/84.
Composite
DOT 1015 H-Flume 1015 Units

Total Solids 216 mg/L
Suspended Solids 23 mg/L

. Chloride ) 13.3 mg/L
Spec. Cond. 276 UMHO/ cm
CcoD | 43 mg/ L%
TOC ‘ 18 mg/L
0il & Grease a 18 mg/L
NOS + Noz'f N S 0.02 - ng/L as N
KJEL - N 0.71 mg/L as N
Total - P 0.19 mg/L as P
Total CU | 7.6 pg/L***
Sol, CU Wk ug/L
Total FE 1.10 mg/L
Sol. FE ik mg/L
Total PB 12 ug/L-
Sol. PB Hdeick ug/L
Total Zn 36 pg/L
Sol. Zn ekl Hg/L

*

micromhos per centimeter.

‘milligrams per liter.

ik

micrograms per liter.




Table 9. Imﬁortant contaminant concentrations in flow proportional composite samples of highway

runoff.’

Contaminant Parame;ers-Aﬁalyzedi

COD

‘ : TS 8S - Chloride " 0il and Grease Iron Lead
Date. and’ Flume mg/L mg/L mg/L: mg/L mg/L mg/L pg/L
- 4/29184-4/30/84
H-£lume 285 139 40 24 3 7.0 34
Parshall flume 170 39 26 15 5.5 1.3 8
6/14/86-6/15/84 ;
H-flume 184 11T 25. <2 <2 4.6 23
Parshall flume 122 41 22 <2 2.4 1.3 14
9_/24/84-9/25/.84_ '
H-flume ' " 188. 38 43 16 1.9 4.7 <10
16/14/8'4'-10/15/84.. |
‘ ﬁ-flﬁ;ne 216 23 43 13 18 1.1 12

‘09




Table 10. Summary of hydraulic data for runoff events.

Basin Lag Total Event

Rainfall Intensity Time - Peak Flow Total Event 3 Runoff
Date Flume (Terrain) . Inches/Hour Minutes® cfs Precip. Inches Runoff ft ’ Inches/Acre
4/21/84 H (steep) 0.07 (9.4 hrs) 456 0.103 0.70 ~2,700 . 0.40
Parshall (flat) 0.07 (9.4 hrs) 264 0.16 0.70 ~3,500 0.57
4[29/84 H (steep) Overall 0.43 (3.35 hrs) 2.15 (1.60)%* ~8,500 (~8,200)%*% 1.25 (1.21)%%
and : 1. 0.6 (0.58 hrs) 40 0.57
4/30/84 2. 0.47 (2.10 hrs) 49 1.37
3. 0.28 (0.83 hrs) : 38 0.26
Parshall (flat) Overall 0.43 (3.35 hrs) 74 0.95 2.15 (1.60)** ~11,000 (~9,800)%%* 1.80 (1.59)%*
5/24/84 H (steep) 1. 1.6 (~9 minutes) 73 0.085 0.41 435 0.07
and . . 1.33 ’
5/25/84 2. 0.45 (39 min) 51 0.526 0.92 4,632 0.68
Parshall (flat) Overall 0.10 (9 hrs) 110 0.32 1.33 ~5,300 0.86
5/27/84 Avg. 0.21 (7.13 hrs) 1.87 Not Available Not Available
and Max 2 0.4 to 0.5 inches/hr for brief periods '
5/28/84
6/7/84 H (steep) 1.5 (Brief period) Not Available 0.28 0.36 Not Available Not Available
- ~12 minutes
Parshall (flat) 1.5 (Brief period) 20 0.18 0.36 1,440 0.23
6/9/84 H (steep) 0.1 (3.87 hrs) Not Available Not Available 0.72 Not Available Not Available fo)
Parshall (flat) 0.1 (3.87 hrs) Not Available Not Available 0.72 - Not Available Not Available =
6/13/84 H (steep) Avg. - 0.98 (2.12 hrs)
Duration . . . .
Max. 1.53 (1.57 hrs) Not Available 2.79 2.49 Not Available Not Available
Parshall (flat) 0.98 (2.12 hrs) 13 to 18%%% 2.60 2.49 ~16,200%%% 2.63%F%
6/14/84 H (steep) 1.67 (1.01 hr) 39 3.87 1.83 ~12,500 ) 1.84
Parshall (flat) 1.67 (1.01 hr) 32 2.00 1.83 ~11,735 1.90
6/16/84 H (steep) 1.80 (16 min) " Not Available 0.80 cfs 0.57 Not Available
Parshall (flat) 1.80 (16 min) 24 0.55 cfs 0.57 3,900 0.63
6/21/84 H (éteep) . 0.60 (25 min) Not Available Not Available 0.25 Not Available Not Available

Parshall (flat) ©0.60 (25 min) Not Available <0.10 cfs 0.25 Not Available ' Not Available

Note: Drainage areas are ~49 percent paved surface.
TOTAL AREAS H-Flume (steep slope) ~ 1.87 acres
Parshall flume ~ 1.70 acres

%

+5 minutes

Pt
Related to precipitation between 1:45 p.m. and 5:12 p.m. on 4/29/84

- Equipment malfunction because of earthworms; therefore this is the best estimate of flow. Rain gauge clock was fast and correction was substantial
 for this event.




Table 10. Continued.

Basin Lag Total Event
Rainfall Intensity Time Peak Flow - Total Event en Runoff

Date Flume (Terrain) ) Inches/Hour Minutes® cfs Precip. Inches " Runoff ft3 Inches/Acre

7/10/84 Parshall (flat) Avg. 0.31 (2.5 hrs) " 60-80 0.11 0.71 : 392 0.06
H-flume (steep) Max. 0.6 to 1.2 (18 min) . 47-67 0.09 0.71 196 0.03
7/14/84 Pafshall (flat) _ Avg. 0.13 (5 hrs) 40 0.15 0.68 ’ 1021 o T0.17
. Max. 0.64 (0.55 hr)
7/26/84 Parshall (flat) ~0).2 estimated Not Available 0.18 : 0.88 . 1093 0.18
(time discrepancy)
7/26/84 H-flume (steep) _ 0.33
9/25/84 H-flume (steep) Overall 0.19 (7.1 hrs) 1.38 3900 0.57
1. 0.42 (1.1 hrs) 140 0.4
2. 0.42 (0.98 hrs) 38 0.4
10/15/84 H-flume (steep) Overall 0.07 (15 hrs) ) 1.09 2680 0.39
. 1. 0.31 (2 hrs) 55 0.3
10/16/84 H-flume (steep) - 0.2 (1.67 hrs) 32 0.3 0.69 2500 0.37
10/18/84 H-flume (steep) 0.7 (0.18 hr) 58 0.17 0.33 i 1500 0.22
’ 0.82 hrs No Precip.

0.24 (0.67 hr)

10/30/84 H-flume (steep) Not Available Not Available - 0.85 0.86 5700 : 0.84

29



Table 11. Contaminant loadings in flume discharges.

Contaminant Loadings Expressed as lbs/acre of Drainage Area/Event
(lbs/acre of drainage area/inch of runoff)

Flume and Date of 0il & ‘
Drainage Area Event TS SS CoD Chloride Grease . Iron Lead
H-flume © 4/29/84- 80 . 39 11.3 6.8 0.85 2.0 0.010
4/30/84 (64) (31) (9.0) (5.4) (0.68) (1.6) (0.008)
6/14/84~ 76 46 10.4 <0.8 <0.8 1.9 0.010
6/15/84 (42) (25) (G.7) (<0.5) (<0.5) (1.0) (0.005)
9/24/84~ 24 5 5.6 2.1 0.25 0.6 <0.001
9/25/84 (43) (9) (9.8) (3.6) (0.4) (1.1) (<0.002)
: o
10/14/84~ 19 2 3.8 1.2 1.6 0.1 0.001 w
10/15/84 (49) (5) (9.8) (3.0) (4.1) (0.2) (0.003)
Average¥ 50 23 7.8 ~2.7 ~0.9 1.2 ~0.005
(50) (18) (8.6) (~3.1) (~1.4) (1.0) (~0.005)
Parshall Flume 4/29/84~ 68 16 10.0 6 2.2 0.5 0.003
4/30/84 (38) (9) (5.8) (3) (1.2) (0.3) (0.002)
6/14/84~ 52 18 9.4 <0.9 1.0 0.6 0.006
6/15/84 (28) " (10) (.1) (<0.5) (0.6) (0.3) 0.003
Average* 60 17 9.7 ~3.4 1.6 0<6 0.004
' (33) (10) (5.5) (~1.7) (0.9) - (0.3) (0.003)

“Note: The>average values may be biased. The 6/14/84 to 6/15/84 event was preceded by a major run-
off event on 6/13/84. The 6/13/84 event was not sampled because of mechanical malfunctions.
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:Tablé”é sﬁmﬁarizes the c6ntéminaﬁt‘concentrationSVOf mdst impor-
tance for the coﬁioSited saﬁpleé of June 14-15; éeptember 24-25, and'
_Octébér 14-15, 1984. It also shows céiculéted cdmpééite.Contaminant‘
concenfrétions for the April 25-30 runoff event derived from the
discrete sémple‘énalyges of Table 3. In all caéeé;thgﬂc0mposit¢d
values are based on fiow proportional Qéightgng;procé&ures..

Table 10 summafizes the hydrological data for all the runoff
eVentsvmonitpred'during the study. It contains réinfall intensity,
basin lag tiﬁes, peak flows, total event'preéiﬁitation; and total
event runoff data for both the steep and flat drainage_éreas.

Table 11 summarizes the contaminant loadings in the flume dis-
charges during the runoff eVents-sampled. Loadings are eipréSSed as
pohnds of contaminant per ﬁcre of drainége area pe;4event and also as
poﬁnds of contaminant per acre of drainage ‘area pef inch of runoff.

The authors believe that the follbwing stateménts.can'be made
regardiﬁg';hé data in fable 10.

1. For unsaturated topsoil conditioﬂs, the basin lag times for
the two drainage areas vary with the intensitylof the fain-
fa11, the duration of thevrainfall, and the slope qf the
'drainage area.

a) For rainfall intensities of 0.1 inch pér hour (long
durétion) fo 1.6 inches per hqur §short.duration)'énd
unsaturated topsoil cbnditions, the basin lag time for
the steeper (2 percent) slope may vary from 40 minu;es to

400‘minutes.




" 65

b) Fof rainfall intemsities of 0.1 inch per hour (long dura-
‘tion) to 1.6 inches per hour (short duration) and unsatu-
rated t6p5011 conditions, the flat (0.24 percent) grade
basin‘iag time va;ies 1ess.than the baéin lag time of the
steep (2.0 percent) grade; For the events observed at
the flat grade drainage area, an average event intensity
was used to determine'the basin lag time. This situation.
is valid because the short duration, high intensity precipi-
tation did not cause corresponding peaks on the flat slope
hydrogrgph that were distinguishable from the overall
event peak. Typical basin lag times were from 110 minutes

.to 260 minutes for unsaturated conditions.

. . .For saturated topsoil conditiomns, the basin lag times for the

two drainage areas were nearly identical for high intensity

precipitation of substantial duration (greater than one quarter

hour). |

For high intensity precipitation exceeding one quarter hour

duration and saturated topéoil conditions, the_baéin'iég times

gene;ally ranged as follows:

a) 0.24 percen£ slope--13 minﬁtes to 35 minutes

b) 2.0 percent slope--~35 minutes (two events 6/14/84 énd
9/25/84) |

For low to medium intensity‘(~0.1 inch per hour to 0.6 inch

per hour, medium to long duration) precipitation aﬁd saturated

topsoil conditions, the basin lég times generally ranged as

follows:
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é)- 0.24 peréenﬁ slope--40 minutes to 110 minutes
} b) 2.0 pércent slope--35 minutes to 70 minutes
5. For saturated topsoil cbnditidhs, runoff in inéhés per acre -
is virtually identical to precipitation in inches per acre
'fofvali but‘;hé ioﬁ rainfall intensitieés or short duration
.réiﬁfélls.' . |
6. TFor unsiturated topsoil cohdiﬁioﬂs, thé fatio of the runoff
in inches to the totai event precipitation in inches was
observed to range froﬁ'aﬁdht 0.1 to 0.8 with 0.4 to 0.7 being’
coiimoni ratios for overall events. For low intensity and/or’
short diiration rainfalls and saturated topsbils, the ratio of
runoff to total evént precipitation was usually in the range
of 0.4 to 0.7. '
7. For precipitation-intensitiés of 1.5 incheés per hour to 1.8
itichés pér hour and ‘saturated soil conditions, peak flows of
0.8 cfs to 3.87 cfs were obsérved from the steep slope. Peak
" flows of 0.55 cfs to 2.6 cfs were observed from the flat slope.
The flat slope to steeép slope peak flow ratios were génErally
about 0.52 t6.0.6§ for most storm events. However, the ratio
;wé§1as high 4s 0.9 for the June 13, 1984, runoff event.

4.3.3. .DustbicKet Analyses

Dustbuckets were installed at the site in;accofdénte with the
American Society for the Testing of Materials -(ASTM) procedure ASTM
D-i739-62.] The dustbucket contents were periodically analyzed for

total solids. Deionized water was used for the setup so that the

total sbiias‘anhlbses results were essentially the same as suspended
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éolids analyses. The total solids amalytical results are shown in
Table 12. |

Tﬁe auﬁhors believe that the dustbucket results are unreliable.
Bird droppings and insects collecting in the dustbuckets were a con-
tiﬁual problem. Despite attempts to remove these interferences~priqr~
to total solids analysis, it is believed that their effects were
substantial. It is unlikely that a meaningful relationship between

~

runoff contaminant loadings and dustbucket analyses can be drawn.

4.4. Groundwater

The site is underlaid by a shallow alluvial aquifer consisting
priﬁarily of fine ﬁo coarse sand and'apprbximately 20 percenf'éravel.
The aquifer is overlaid by 6-10 feet of lower permeability soils and
ﬁopsoil. Three stainless steel monitoring weils and two lysimeters
were installed at the site. The locations of these installations are
shown on Fig. 2. The detailed boring logs and installation details
aré shown in Figs. 3, 4, 5, and 6.

Because of the flat site terrain, ponding of runoff frequently

occurs just west of the highway. Thus, significant downward percolation

of runoff to the aquifer occurs. The relative variability and thickness

of the less permeable surface soils and the probable variation of their
extent and integrity presents a substantial potential for groundwater.
contamination in the event of a spill or long~term accumulation of

contaminated runoff.



Table 12. Dustbucket analyses.

68

Total Solids Solids
Volume Concentration Accumulated
Dates of Collection mL mg/L mg/day
3/2/84-4/3/84 740 933 3
. (95% confidence)
4/3/84-7/19/84 2290 546 12
434 346 3

7/19/84—9/10[84
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The direction of groundwater migration at the site is somewhat
variable depending on recent climatological conditions and water 1évels
in surface waters (i.e., the channel reroute and the creek) located
adjacent to the site. Water levels have been monitored at the three

well locations and indicate a northwest to southeast migration of

\ " page 54.

variations in time and conditions is shown on Fig. 26|,/ The best esti-

groundwater at the site. The range of observed flow directions with

mate of the flow direction nearly bisects the angle included by the
observed range.

After installation by the contractor, the wells were pumped at an
approximate rate of five gallons per minute for approximately one half
hour (until clear). Prior to sampliﬁg, but in no case more than 15 pours
prior, the wells were developed by bailing. Approximately 20 gallons
to 40 gallbns were removed from each well during each presampling devel-
opment period.

During development, water from wells NEW and SEW were observed to

have substantial amounts of red (presumed iron) precipitate. ' The pre-

cipitate was noticeable for the first 5-10 bailer volumes (5 liters
to 10 liters). Following development by bailing, however, the water
was observed to be relatively clear and any suspended solids were gray

s

in color.

Samples were obtained from the ground water wells on three occasions:

Decémber 19, 1983, April 12, 1984, and October 19, 1984. The chemical

analyses of the samples are presented in Tables 13, 14, and 15, respec-

tively. The water is a hard (contains high concentrations of calcium

and magnesium) bicarbonate-type water.
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REPORT OF CHEMICAL ANALYSIS
TO: HARVEY GULLICKS
PROJECT: DOT 1219
DATE: DECEMBER 21, 1983

- //wam

Table 13. Report of chemical analysis 12/21/83. Samples collected 12/19/83.

DOT 1219 . NEW NAW SEW FIELD BLANK UNITS

CHLORIDE 4.2 24 2.9 .8 MG /T*
COND 1090 935 960 3 UMHO/CM**

COD ©40.9 42.4 36.1 <10 MG /L

TOC 17 15 14 2.3 MG /L,

OIL & GR <0.1 14 35.0 .3 MG /L
TOT CU 44 .4 28 49.3 2.7 UG /1X%*

SOL CU - 3.1 4.1 3.4 *kk ok UG /L

TOT FE 52.1 13.4 49.3 <0.02 MG /T,

SOL FE 10.2 .10 5.12 Ak MG /L

TOT PB 52 32 59 <4 ‘UG/L

SOL PB : 26 16 19 *kok ok | UG /L

TOT 7N 145 © 93.3 131 <2 . UG/L

28 3 0y

*
milligrams per liter.

*k :
micromhos per centimeter.

kkk .
micrograms per liter.
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Table 14. Report of chemical analysis 4/30/84. Samples collected 4/12/84.

DOT 0412
CHLORIDE
SPEC COND
COD

TOC

OIL & GREASE
TOT CU
SOL CU

TOT FE

SOL FE

TOT PB

SOL PB
TOT ZN
SOL ZN
SULFATE
PHENOL-ALK
TOTAL ALK
SOL CA

SOL MG
SOL NA

SOL K

NO3 + NO2 - N

3
milligrams per liter.

NEW
28.5
900
1.2
6
3.0
2.9
0.4
9.24
8.65
21

17

15

# 9% 2 %
xunn
HHRN
R KM
HHNM
RRER

#% 3% 3

*%k
micromhos per centimeter,

NWW
15.7
430
7.3
6
1.9
3.3
<0.4
.095
.013
<9
<9

19.0

160
57.1
16.1
12.6

.61

0.31 mg/L
as N

SEW

6.8

3.5

4,6

52/.63
1.87(CONTAM)
15

18

6

9

#RRN
%% R
HXXR
KREN®
L2 2.2 ]
L2 22

HRXR

k&%

UNiTs
MG/L*
UMHO/ CM**

MG/L

MG/L

MG/L
UG/L***
UG/L
MG/L
MG/L
UG/L
UG/L
UG/L
UG/L
MG/L
MG/L AS CACO3
MG/L AS CACO3
| MG/L
MG/L
MG/L

MG/L

micrograms per liter.
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Table 15. /Report of chemical analysis 11/6/84.
North-South
Composite
DOT 1015 & 1019 BLANK 1019 NWw 1019 SEW 1019 LYS 1019 UNITS
TOTAL SOLIDS Tx KKk TIY] Kk k& *ok ok ok MG /L*
SUSP SOLIDS *k k% *kk ok ke e ke Rk ok MG /L
CHLORIDE <0.5 20.7 <0.5 639 MG/L
SPEC COND 10 9206 906 405 UMHO/CM#**
COD <5 11 59 *kokk MG/L
TOC 1 6 24 ek k MG/L
OIL & GREASE 1 16 31 *h kK MG/L
NO3+NO2-N xkkk hkk Ahkk *k ok MG/L AS N
KJIEL-N *kkk *kkk Kk k *kkk MG/L AS N
TOTAL-P Kk kK Kk ok k Xk k xRk K MG/L AS P
TOTAL CU .49 6.4 28.6 20.3 UG /Lx%%
SOL CuU *kkk 5.7 2.6 *kok & UG /L
TOTAL FE 1.21 1.20 75.5 21.1 MG/L
SOI, FE ok .24 9.31 *hkx MG/L
TOTAL PB <3 24 49 37 UG /L
SOIL PB kK 25 18 *k ok Kk UG /L
TOTAL ZN “.4 18 78 86 UG /L
SOL_ZN e A kk 26 18 LR E

EIPE .
7mllllgrams per liter.

micromhos per centimeter.

£33

micrograms per liter.

UG /L

(474




In addition, lysimeters, porous ceramic cups in the unsatufated
soil zone, were installed in the highway median just south of the dike.
_TheAlysimeteré were evacuated ;nd discharged twice prior to sampling.
The lysimeters were sampled on July 20, 1984, and October 19, 1984.
The samples obtained were visibly free of sediment but were yellowish
in color. The sample volumes obtained for each sémpling event.were
smali, on the order of 700 mL per lysimeter. Thus, in most cases the
analyses were limited to chloride, conductivity, and metals. The
chemical analyses results are shown in Tables 15 and 16.

.Based on the observed lysimeter and groundwater well sampling
data, it is probable that highway activities are affecting chloride,
1ead, iron, and oil and grease concentrations in the groundwater. The
lysimeter data clearly show migration of high levels of chloride, lead,
and iron downward to a depth of at least ten feet below ground level.
The lysimeter data also demonstrate elevated TOC and COD lgvels in the
unsaturated zone at a depth of.five feet. The chloride, lead, and
iron contaminants definitely reach the groundwater table in concentra-
tions greatér than background'levels; It is probable that oil and
grease also reach the groundwater table in concentrations g:éater.than
background 1evé1s based on thevlysimetér TOC and COD levels obéerved.
Despite steam cleaniné and subs;antial.bailing and pumping, it ié
possible that the stainless steel pipe used in construction of the
wells may account for the oil and grease observations in the ground-
'water samples.

The observed impact of highway activities on chloride aﬁdAlead

levels in the groundwater down gradient of the highway is not great.
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Table 16. Report of chemical analysis 7/30/84. Samples

S
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HARVEY GULLICKS

poT 0723

LY 30, 1984

collected 7/20/84.

. DOT 0723 NORTH
TOT CU
TOT FE
TOT PB
.TOT ZN
CL
COND
TOC
COoD
* TOTAL SOLIDS

VOLUME

*
micrograms per liter.
* -
milligrams per liter.

K&k
micromhos per centimeter.

LYS
16
13
48

160
106

1870

;***

% % %k %

% % k Kk

*k ik

SOUTH LYS
23

48

126

54

1230

5300

54

131

*xk k%

kkk*k

UNITS

UG /L *

MG /L **

UG /L

UG /L

MG /L
UMHO/CM *#**

MG /L

MG /L

MG /L

ML




The soluble (0.45 pm filterable) lead concentra;ions were nof greater
than the 1975 EPA Interim Primary Drinking Water Maximum Contaminant
Levels. Furthermore, despite the very high chloride‘concentrations in
the unsaturated zone, the chloride concentrations in the groundwater
down gradient of the highway were not significantly different from
those in the up gradient well. Concentrations of iron in the ground-
water down-gradient of the highway were very high and consistently
‘éxceeded the levels in the up gradientiwell. |

The high levels of iron in the down gradient wells, SEW and NEW,
ha?e only two possible sources. Either they are the direct result of
up gradient highway activities or they are ﬁhe result of localized
iron precipitation in the soil interstices bordering the channél
reroute. The latter mechanism is also highway related since‘fortions
. of over 2,700 feet of I-35 drain directly into the channel reroute.
The runoff has already been demonstrated to be high in iron. A
patented in situ iron and manganese removal procesé makes.use of the
mechanisms of iron and manganese filtration of oxidized floc. by
periodic injection of aerated, degassed water into soils located
peripherally around a groundwater supply well [2]. It is possible
that the channel reroute has over its period of existencé provided

enough diffusion of aerated water during periods of temporary ground-

water gradient reversals to the zone along its banks to develop a zone
of iron filter cake on which iron precipitate continually deposits
itself. In order for this mechanism to affect the monitoriﬁg wells,

the zone must be of considerable 1aterél extent, on the order. of 25 feet

or more. This mechanism is less plausible than the first.
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Possible sources of the high concentrations of iron a;e the anti-
caking‘cémﬁound used in the deicing compound and sand,ﬁixture;~the
deterioration of vehicle bodies, engine, and exhaust components; the-
deteriofation'of reinforcing steel used in road construction, and the
attack of the sbil matrix and concrete by acids formed as combustion

byproducts and by acid rain.

4.5, PCB, Herbicides, and Hydrocarbon Analyses

Water samples were obtained on September 23, 1984, from the SEW
monitoriné well and the lysimeters for PCB (Polychlorinated biphenyls),
2,4-D, Tordon, and hydrocarbon analysis. The SEW well sample intended
for PCB'analysis was lost because of a flaw in the glass sample bottle.
The SEW ﬁelllwas resampled on October 19, 1984, to allowlcompletion pf
the PCB.analysis. The sample from the north 1ysiméter (unsaturated
soil zoné St 10 feet below ground surface) was aﬁalyzed for hydrocarbons.
The sample from the south lysimeter (uﬁséturated soil zone at 5 feet
below ground surface) was analyzed for PCB, 2,4-D, and Tordon.

On September 10 and 25, 1984, the first significant runoff events
since July 26, 1984, occurred. Grab samples of the runoff wére obtained
for PCB, 2,4-D, Tordoﬁ,fand hydrocarbon énalysis. fhe total volumg of
flow on September 10 was about 300 cubic feet. The September 25 samples
were obtained between 3:45 p.m. and 4:50 p.m. |

The analytical results for PCB, 2,4-D, Tordon, -and hydrocarbon
contaminants are shown in Table 17. The concentrations of the above

contaminants were less than the analytical detection limits im all
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Table 17. Report of chemical analysis 12/11/,84.

jO’ Hav‘\lny Gullicks date= Dec. 11, 1984
| pr0|eC1" DOT Organics 0924 |
LESAMPLE I.D Grab Sample ST unoty ¢l Field . ﬂ
Tt SEW Runoff lys_ Aggﬁg Blank :
0925

_PCR'S ND __ND —ND- _ND ND

2.4-D acid LT .8 LT 1 1IT1 | LT3 D

Tordon ~ ND ND ND ND- ND

Hydrocarborf __ ND ND ND ND ND

Note

Resylts are exptessed in mi¢rograms per|liter.

Detection

| Limits SEW Runoff Lys 0010
PCB'S .08 .08 .08 3 .08
2,4-D 8 1 1 3 8
Tordon 13 21 16 48 13.
Hydrocarbons| 1 3 2 4 1.
REMARKS:

Detection 1imits varied due to variations in sample volumes extracted. .

APPROVED FOR RELEASE: //W o L,




cases. Based on the recorder plots, it would be acceptable to say
that in many‘cases the contaminant concentrations werxe much less than
the analytical detection limits. Thus, highway activities appear to

contribute little, if any, of the above contaminants at the study site.




5. RESULTS-FROM OTHER RUNOFF STUDIES

A study was conducted at Harrisburg, Pa.;‘[3], on the quality of
runoff from six-lane Interstate Highway 81lin a rural area with an
average dail& traffic count of 24,000 vehicles. Twenty~seven percent
of the total 18.5 acre drainage area consisted of concrete pavgd surface.
The hiéhway was opened for traffic in 1975 and‘has a 0.5 percent grade.
The Harrisburg area has an annual precipitation total of about 40 inches
- per year. The annual snowfall was reported to be 20-30 inches of snow.
These conditions allow some ;omparison with the Ames site.

The average runoff coefficient at the Harrisburg site was 0.43,
based on 16.nonwinter events. The range of runoff coefficients was

reported to be 0.04 to 0.95. T#bles_lS and 19 show the total, sus-
pended, and volatile solids concentrations and loadings observed at
the Harrisburg site and other sites [3]. Note that except for the
volatile fraction data winter values typically exceed the nonwinter
values in the axeas where deicing operations are used.

Tables 20 and 21 show the heavy metal concentrations and loadings
observed at Harrisburg and other study sites [3]. It wa; reported
that most of the metals in the runoff %ere associated with the particu-
late fraction based on data displayed in Table 22 [3]. Table 23 presents
the chloride concentrations and loadings observed at Harrisburg and
other sites [3]. Winter chlorideland metals levels were significantly
righer than nonwinter levels. Approximately 15-30 percent of the

chlorides applied were accounted for in the runoff sampled.
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Table 18. Concentration of total, suspended and
: volatile solids in highway runoff [3].%

Jotal solids, mg/l
Overall 1976-77 Non-winter

monitoring period periods?@ Wintetgperiodsb
o v Avg. _Range ~ Avg. _Range  Avg. _ Range
Milw.-Hwy. 794 1400 1h45-21640 378 145-1130 4594 80k4-21640
. Milw.-Hwy. 45 2038 350-11402 992 350-2145 3750 835-11402
Milw.-Grassy site 1110 268-2401 957 268-1850 1447 651-2401
Harrisburg 791 180-3696 360 180-560 1261 301-3696
Nashville 461 223-1001 424 223-698 568  246-1001
Denver 686 295-1334 686 295-1334 -~ c
Total volatile solids, mg/1
Overall 1976-77 Non-winter
monitoring period periods? Winter periodsb
Avg. Range Avg. Range Typical valued
Milw.-Hwy. 794 138 55-320 127 55-320 233
Milw.-Hwy. 45 319 80-816 323 80-816 299
Milw.-Grassy site 297 70-1522 298 70-1522 284
Harrisburg 204 52-364 177 52-364 363
Nashville _ 219 26-595 213 26-595 332
Denver 264 88-395 264 88-395 c
Suspended solids, mg/1
Overall 1976-77 Non-winter
monitoring period periods?@ Winter periodsb
. Avg. Range Avg. Range Avg. Range
Milw,-Hwy. 794 268 26-1576 138 26-475 656  20i-1576
Milw.-Hwy. 45 Lys 146-1656 396 146-1260 526 151-1656
Milw.-Grassy site 303 25-938 big 43-938 L7 25-75
Harri§burg 53 L4-163 47 4-136 60 4-163
Nashville 209 13-478 187 13-475 271 89-478
Denver 259 118-1029 259 118-1029 -- c
Volatile suspended solids, mg/l
Overall 1976-77 Non-winter
monitoring period periodsd Winter periodsb
Avg. _ Range _  Avg. _Range Avg. _Range
Milw. -Hwy. 794 84 14-393 53 14-144 150 33-393
Milw.-Hwy. 45 98 27-510 101 34-510 93 27-274
~ Milw.-Grassy site 95 10-837 134 18-837 16 10-25
~ Harrisburg 14 1-148 15 3-48 13 1-23
Nashville 78 11-397 89 11-397 45 23-70
Denver 103 10-240 103 10-240 - c

aRepresents monitoring periods between April through October, 1976-77.
Actual number of months may vary between sites. :

bRepresents monitoring periods between November through March, 1976-77.
Actual number of months may vary between sites.

“©No storm events monitored during winter at Denver site due to lack of
sufficient precipitation. .

dTotal volatile solids examined on a cursory basis only.

Metric units: 1b/ac x 1.12 = kg/ha.
*Reproduced from page 56 of Research Report No. FHWA/RD-81/045.



% Table 19. Loadings of total, suspended and volatile °
solids in highway runoff [3].%*

Total solids, pounds per acre per event

Overall 1976-77 Non-winter
monitoring period periods@ Winter periodsb
Avg. _Range  Avg. _Range  Avg. _ Range
Milw.-Hwy. 794 60  2-535 34 2-82 143 39.5-535
Milw.-Hwy. 45 72 4-96 29 4-82 142 9.1-384
Milw.-Grassy snte 30 0.04-99 23 0.04-99 45 0.8-99
Harrisburg 78 2-191 17 2-73 144  5.8-199
Nashville 28 1-91 33 1-58 43 17.2-91
Denver 21 2-65 21 2-65 -- ¢
Total volatile solids, pounds per acre per event
Overall 1976-77 Non-winter
ménitoring period periodsd Winter periodsb
Avg. Range Avg. Range Typical valued
Milw.~Hwy. 794 12 .3 1.8-44.0 16 |.8-44 9.1
Milw.-Hwy. 45 4.3 0. h -35.0 13 0.4-28 20.0
Milw.-Grassy site 7.3 0.01-22.0 6 0.01-21 22.0
Harrisburg L.3  o0.03-14.0 3 0.03-14 12.3
Nashville 9.7 0.76-43.0 i0 0.8-43 6.0
Denver 4.2 0. 714 10.1 4 0.7-10 [
Suspended solids, pounds per acre per event
Overall 1976-77 Non-winter
monitoring period periodsd Winter periodsb
. Avg. Range Avg. Range Avg. Range
Milw.-Hwy. 794 19.6 0.95-80 15 0.95-52 32.0 6.7-80.4
Milw.-Hwy. 45 18.6 0.77-96 15 0.77-58 24,0 1.7-96
"Milw.-Grassy site 7.8 0.01-46 10 0.01-46 3.0 0.01-5.2
Harrisburg 4.7 0.02-32 4 0.02-28 5.9 0.04-31.5
Nashville 14,0 0.54-57 It 0.54-33 21.9 one sample
Denver 13.7 0,88-47 14 0.88-47 c
Volatile suspendedisolids, pounds per acre per event
Overall 1976-77 Non-winter
moni toring period periods@ Winter periodsb
Avg. _Range = Avg. _Range Avg. Range
Milw.-Hwy. 794 6.2 0.48-20 5.5 0.48-20 7.8 1.0-16.7
Milw.-Hwy. 45 4.3 0.17-24.7 4.2 0.17-25 4.6 0.4-12.9
Milw.-Grassy site 2.0 0.004-12 2.6 0.004-12 1.0 0.004-1.6
Harrisburg 1.1 0.005-5.3 0.9 0.005-5 1.2 0.01-4.1
Nashville 4.5 0.09-28.2 4.9 0.09-28 3.4 1.4-6.9
Denver - 2.6 0.20-6.63 2.6 0.20-7 c

aRepresents monitoring periods between April through October, 1976-77.
Actual number of months may vary between sites.

bRepresents monitoring periods between November through'March 1976-77.
Actual numbar of months may vary between sites.

®No storm events monitored during winter at Denver site due to lack of
sufficient precipitation. .

dTotal volatile solids examined on a cursory basis only.

Metric units: Ib/ac x 1.12 = kg/ha.

*Reproduced from page 57 of Research Report No. FHWA/RD-81/045.
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Table 20. Concentration of lead, zinc, iren and copper
in highway runoff [3].*

~Lead, mg/1
Overall 1976-77 Non-winter
monitoring period periodsa@ Winter periodsb
Avg. Range Avg. Range Avg. Range
Milw.-Hwy. 794 - 2,90 0.80-13.1 1.50 0.80-3.10 5.53 1.8-13.1
Milw.~Hwy. 45 1.20  0.40-6.6 0.78 0.40-1.50 1.88 0.5-6.6
Milw.-Grassy site 0.2l 0.05-0.70 0.26 0.10-0.70 O0.Il 0.05-0.20
Harrisburg 0.!10 0.05-0.20 0.09 0.05-0.10 0.1l 0.05-0.20
Nashville 0.50 0.02-1.70 0.50 0.02-1.70 0.50 0.30-0.70
Denver 0.45 0.30-1.80 0.45 0.03-1.80 c
Zinc, mg/1
Overall 1976-77 Non-winter .
| . monitoring period  periods@ Winter periodsb .
| Avg. Range Avg. Range Avg-, Range
Milw.-Hwy. 794 0.69 0.14-3.40 0.35 0.14-0.86 1.32 0.47-3.40
Milw.-Hwy. 45 0.55 0.20-1.90 0.39 0.20-0.70 0.80 0.24-1.90
Milw.-Grassy site 0.18 0.07-0.34 0.21 0.10-0.34 0.12 0.07-0.15
Harrisburg 0.08 0.01-0.23 0.06 0.01-0.12 0.1l 0.02-0.23
Nashville 0.28 0.10-0.61 0.28 0.10-0.61 ,0.29 0.11-0.4)
Denver 0.72 0.33-1.50 0.72 0.33-1.50 c
lron, mg/1
Overall 1976-77 Non-winter
monitoring period periodsa@ Winter periodsb
Avg. Range Avg. Range Avg. Range
Milw,-Hwy. 794 1.5 2.5-43.0 7.5 2.5-39.0 18.9 7.0-43.0
Milw.-Hwy. 45 4.6  5.6-45.0 13.3 5.6-38.6 16.8 6.5-45.0
Milw.-Grassy site 14.9 1.1-43.6 19.9 2.7-43.6 3.9 I.1-10.0
Harrisburg 2.0 0.1-6.6 1.8 .0.1-6.4 2.3 0.1-6.6
Nashville 5.5 1.5-12.0 5.2 1.5-12.0 6.4 3.1-9.2
Denver 16.5 6.5-37.0 16.5 6.5-37.0 c
Copper, mg/1
Overall 1976-77 Non-winter
moni toring period periods@ Winter periodsb
_ Avg. _Range ~ Avg. _Range Avg. _Range
Milw.-Hwy. 794 0.159 0.01-0.66 0.10 0.01-0.22 0.27 0.11-0.66
Milw.=Hwy. 45 0.135 0.01-0.88 0.08 0.01-0.14 0.22 .0.07-0.88
Milw.-Grassy site 0.083 0.01-0.23 0.07 0.01-0.14 0.11 '0.05-0.23
Harrisburg 0.045 0.01-0.10 0.04 0.01-0.10 0.05 0.02-0.09
Nashville 0.070 0.01-0.20 0.07 0.01-0.20 0.07 0.05-0.09
Denver 0.110 0.03-0.26 0.HI 0.0310.26

aRepresents monitoring periods between April through October, 1976-77.
Actual number of months may vary between sites.

bRepresents monitoring periods between November through March, 1976-77.
Actual number of months may vary between sites.

©No storm events monitored during winter at Denver site due to lack of
sufficient precipitation.

*Reproduced from page 63 of Research Report No. FHWA/RD-81/045.
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Table 21. Loading of lead, zinc, iron and copper in
highway runoff ([3].*

Lead, pounds per acre
Overall 1976-77

monitoring period Nonwinter pericds® Winter periodsb
Avg. Range Avg. |1n-3Range 1a-3 Avg. Range

Milw.-Hwy. 724 0.210 0.009-0.45 180 9-430 0.260 0.080-0.48
Milw.~Hwy. 45 0.0h6 0.002-0.205 28 2-30 0.076  0.008-0.205
Milw.-Grassy Site 0.007 0.00001-0.25 7 0.01-230 0.00C 0.00002-0.02
Harrisburg 0.007 0.001-0.33 6 1-30 0.002 0.001-0.023
Nashville 0.036 0.0016-0.10 25 2-90 0.040 0.010-0.10
Denver 0.023 0.001-0.1 23 1-100 c

Zinc, pounds per acre
Overall 1576-77

. . . . . a . .
monitoring period Nonwinter periods \Minter periods
Avg. Range Avg. Range Avg. Range

Milw.-Hwy. 794 0.05 0.005-0.12 ko 5-110 0.060 0.02-0.12
Milw.=Hwy. 45 0.027 0.001-0.090 12 1-30 0.036 0.004-0.09
Milw.-Grassy Site 0.006 0.000001-0.02 5 0.001-20 0.007 0.00002-0.02
Harrisburg 0.006 0.00005-0.03 4 0.05-10 0.009 0.005-0.03
Nashville 0.016 0.0009-0.05 14 0.09-40 0.020 0.006-0.05
Denver 0.019 0.002-0.06 19 2-60 c

lron, pounds per acre

Overall 1976-77

monitoring period Nonwinter periods® Winter periodsb

Avg. Range Avg.x10”3 Range x 10-3  Avg. Range
Milw.-Hwy. 794 0.83  0.024-2.4k4 780 2L4-2440 0.93 0.25-2.12
Milw.-Hwy. 45 0.653 0.037-3.59 490 37-1770 0.92 0.06-3.50
Milw.-Grassy Site 0.44h 0.0000004-2.42 510 0.0004-2420 0.30 0.0002-0.77
Harrisburg : 0.193 0.001-1.28 150 1-1130 0.24 0.002-1.28
Nashville 0.380 0.0097-2.05 300 10-240 0.61 0.12-2.05
Denver 0.48 0.04-1.76 430 ko-1760 ¢

. Copper, pounds per acre
Overall 1976-77

monitoring period Nonwinter periodsa Winter periodsb
Avg. ‘Range Ava.x10"3 Range x 10-3  Ava. Range

Milw.-Hwy. 794 -0.011 0.001-0.29 10 1-29 0.012  0.005-0.024
Milw.-Hwy. L5 0.006 0.000018-0.02¢9 3 0.02-9 0.010 0.001-0.029
Milw.-Grassy Site 0.003 0.000003-0.00C 2 0.003-8 0.004 0.00001-0.n03
Harrisburg . 0.003 0.0004-0.01€ 2 0.04-¢ 0.005  0.0002-0.016
Nashville 0.005 0.0004-9.02 5 0.0L-29 0.006  0.001-0.02
Denver 0.004 0.000€-0.017 4 0.06-17 c

aRepresents monitoring periods between April through October, 1976-77;
Actual numbers may vary between sites.

bRepresents monitoring periods between November through March, 1976-77.
Actual numbers may vary between sites.

“No storm events monitored during winter at Denver due to lack of sufficient
precipitation. .

‘Metric units: pounds per acre x 1.12 = ka/ha.

*Reproduced from page 66 of Research Report No. FHWA/RD-81/045.




Table 22. Total and dissolved analysis for lead, zinc and iron at various sites [3].%*

Storm Storm _ Lead, mg/1 Zinc, mg/l lron, mg/1
Site no, date Type of sample Total Dissolved Total Dissolved Total Dissolved
1-794 - 3/8/77 Composite 13.1  <0.05 3.4 0.21 43,0  0.03
Mi Iwaukee Discrete 160.0 - <0.05 25.0 0.58 39.0 0.48
Discrete 17.0 <0.05 3.3 0.20 52.0 0.09
Discrete 2.5 <0.05 0.8 0.34 10.0 0.08
Discrete 0.2 <0.05 0.1 - 0.09 0.4 0.07
Hwy. 45 17 3/8/77 Composite 6.6 <0.05 1.9 0.36 35.0 0.1}
Mi lwaukee . Discrete 8.6 <0,05 2.8 0.25 k3.0 0.12
Discrete 9.3 <0.05 3.0 0.29 51.0 0.14
Discrete 2.3 <0.05 1.2 0.48 14.0 0.20
18 3/11/777 Composite 2.2 <0.05 0.94 0.39 15.0 0.23
Discrete 6.5 <0.05 2.35 0.33 39.0 0.13
Discrete 6.4 <0,05 2.00 0.37 34.0 0.24
Discrete 0.! <0,05 0.35 0.34 .1 0.16°
Grassy Site Ol 2/23/77 Composite <0.05 <0.05 . 0.14 0,08 2.9 0.25
Mi lwaukee ' Discrete 0.20 <0.10 0.16 0.08 3.6 0.19
i Discrete 0.40 <0.10 - - 2.1 0.20
Discrete <0.10 <0.10 - - 1.5 0.15
1-81 15 2/24/77 Composite <0.05 <0.05 0.15 0.02 6.6 0.13
Harrisburg , Discrete <0.05 <0.05 0.09 0.08 1.9 0.05
1-40 03 2/23/77 Discrete 2.0 <0.05 .10 0.20 27.0 0.05
Nashvi)le :
04  2/26/77  Composite 0.5 <0.05  0.36  0.03 6.3  0.34
Discrete 2.2 <0.10 1.30 0.16 32.0 0.43
Discrete 0.8 <0.l10 0.40 0.14 7.9 0.04
Discrete 0.3 <0.10 . 0.19 0.01 3.7 0.05

%8
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Table 23. Concentration and loadings of chloride in
highway runoff [3].%*

Chloride, mg/1

Overall 1976-77 Nonwinter

monitoring period periods?@ Winter periodsP

Avg. Range Avg. Range Avg. Range
Milw.-Hwy. 794 856 10-13300 63 10-118 2343 62-13300
Milw.-Hwy. 45 645 bo-3413 229 4o-828 1327 150-3413
Milw.-Grassy site 315 Lo-1165 168 : 4o-366 610 219-1165
Harrisburg 195 20-800 56 20-110 347  20-800
Nashville 21 5-55 17 5-45 28 7-55
Denver . 36 8-an 36 8-90 c

Chloride, pounds per acre per event
Overall i976-77 . Nonwinter

monitoring period periodsd Winter perjodsb

Avg. Range - Avg. Range Avg. Range
Milw.-Hwy. 794 23.0 0.95-329 2.7 0.95-76 61 10-329
Milw.~Hwy. 45 24.8 0.91-188 4.6 0.91-15.2 58 3-188
Milw.-Grassy site 6.3 0.008-34.4 2.4 0.008-7.6 14 0.3-34
Harrisburg 1.2 0.32-82.8 2.6 0.32-8.6 21 1-83
Nashville 1.2 0.054-4.55 0.8 0.05-1.6 2 0.6-5
Denver 0.8 0.11-2.38 0.8 0.11-2.4 c

aRepresénts monitoring periods between April through October, 1976-77.
Actual number of months may vary between sites.

bRepresents monitoring periods between November through March, 1976-77.
Actual number of months may vary between sites.

®No storm events monitored during winter at Denver site due to lack of
sufficient precipitation.

Metric units: pounds per acre x 1.12 = kg/ha

*Reproduced from page 71 of Research Report No. FHWA/RD-81/045.
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The data aceumulated'aﬁ Harrisburg and other sites also indicated
that pathogenic baéteria werlerom nonhuman sources. Furthermore,
4 levels of fCB's, herbicides, and péstiéides were very low. ‘Tables 24 .
and 25 show,the.oil and grease concentrations aﬁd ldadings observéd'at
Hérrisburé and other éites [3].

Thé Ames study site runoff cpntaminant loadings?in_Table 11 are

generally similar to those of the Harrisburg study. .The total solids, '

suspended solids, and chloride loéding differences are likely the result

of the method of deicing material appiidation.' The Iowa DOT practice

of ‘'using a 50/50 mixture of sand and salt increases the suspended solid
1oadihg but lowers the chloride and total solids loadings for most 4
runoff events. The iron loading differences may be the result of the
length of highway service time, deicing compound additives, and basic
native soilvcbmpositioﬁ. The oil and gfeasé loading differences cannot
be expiaiﬁed easily. The higher oil and grease loadihgé at the Ames

site may bé the result of the percentage of paved drainage area, sho#lder
construction, length of service timg, and méintenance praétices.

A French study [4] indicated that up to 30 percénf of the total
annual p&llution load from motorway runoff waters may occur in a few
runoff events. The Ames site data shown in Tables 9 and 11 seem to
bear that prédiction out. The French study site was charactérized‘by
a séﬁi-cdhﬁinental climate, a 2.1 percent‘gradg, a.bitﬁminoﬁs-paved,.
1,470 square meter drainage area, and_5,500.vehic1es_per day tr#ffic.
The ave?age poliutant concentrations and annual loadslare'shown in

Table 26.




Table 24. Summary of composite 0&G data for monitored sites [3].%*

Nonwintera 058 concentratlons, mg/1 Winterb 066 concentrations, mg/! Overall 1976-77 08G concentration, mg/|
) Number of Number. of Number of

events events events

Site Avg. Max. . Min. sampled Avg. Max. Min. sampled Avg. Max. Min. sampled
1-794; Milw. 8 12 3 6 43 104 9 3 20 104 4 9
Hwy. 45; Milws 6 72 5 6 15 2 5 6 17 1 10
Grassy site; Milw. 1 2 1 4 <1 1 1 2 <1 5
Harrisburg 3 6 1 9 3 10 1 10 3 10 1 19
Nashville 4 9’ 2 4 27 57 1 4 16 57 1 8
Denver® : 14 55 3 15 0 14 55 3 15
All 6 sites 6 55 1. 43 16 104 <1 23 10 104 <1 66

Nonwinter: April through October perlods (1976-77):
bwln;er: November through March periods (1976~77).

c . . . .
No storm events monitored during winter at Denver due to lack of sufficlent precipitation.

*Reproduced from page il9 of Research Report No. FHWA/RD-81/045.

A



Table 25. Monitored oil and grease loadings in highway runoff [3].%

Overall 1976 - 1977 loadings, — Nonwinter® loadings, 
lb/acre/event lb/acre/in. runoff
Events Events ‘ »
Monitoring sites monitored Avg. Min. Max. monitored Avg. Min. Max.
1-794, Milw. 9 1.04 0.08 2.62 6 1.96  0.82 3.00
Hwy. 45, Milw. ' 10 0.24 0.01 0.84 5 1.53 0.42 3.87
Grassy site, Milw.. 5 0.03 0.00007 0.06 4 0.3 0.22 0.46
Harrisburg 19 0.16 0.002 0.55 "9 0.46 0.02 .1.15
Nashville 8 0.52 0.13 1.82 N 1.02 0.45 2.16
Denver 15 0.35°  0.02 1.55 15 3.12  0.72  12.40

88

Metric units: To convert lb/acre/event to kg/ha/event multiply by 1.12.

@Nonwinter : April through October pefiods (1976-77) .

b " . . . . - .
No storm events monitored during winter at Denver due to lack of sufficient precipitation.

*Reproduced from page 121. of Research Report No. FHWA/RD-81/045.
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Table 26. Pollutant concentrations and annual loads for the A4
motorway in France [4].

Mean Annual Load

Me#n Conc. grams/kilometer
Pollutant mg/L of 2-Lane Highway
CoD : 208 4714
SS _ ' 182 » 6550
| Zn 0.85 . 51
Pb 0.18 ‘ 5.9

Bydrocarbons : 2.2 69
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4

6. ENVIRONMENTAL IMPLICATIONS

Based on examination of the runoff data, the authors have drawn

the following conclusions.

"

The primary-contaminants contributed ‘to surface waters by the

I-35 runoff are suspended solids, metals, chloride, oil and

‘grease, and an elevated bxygen-démandﬂ

The metals concentrations are directly proportional to the

suspended sediment load in the highway median runoff based on

a plot of metal concentrations versus suspended solids.

Chloride,‘oil and grease, and oxygen demand values maj also

be affécted by suspended sélids loading but‘do not exhibit a

diréct ;orrelation with suspended solids.

Reduction of highway.runoff impacts dependsAto a large extent

on suspended sélids reduction. This may be accomplished by

the following means: |

e maintaining vegetative cover

e reducing median and right-of-way mowing activities

e repairing turf damage from vehicular and construcﬁion
activities

e maintaining strict‘gediment retention procedures at con-
struction}sites

e evaluating the quantity and gradation of'deiciné»mgterials

used
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o consiné:ing median and riéhi-df-yay.gfading (dikes and
terracing slopes) or netanding3(16w, narrow fipvrap strips
" on intérvals)_étrnctnfes in some cases.

The Skunk River.hns a typicnl flow range of 4-8 million galions
per’dny (500,600-1;000,060 cubic fééﬁ_nér da&) nt Amés based on limited
examination of flow records for 1982 and 1983. The total recorded
runoff from the I-35 sites (3.5f aéres)‘between April 21, 1984, and
October 31, 1§é4x was about 163;000 cnbié feen;' Between the dates of
November 1,H1§83, and April ‘21, 1984, when the flow monitoring equipment
was icebnund_or nonoperational, the authors estimate the runoff to -
nave béen‘on’ﬁhe order of 6.7linches or 86,000 cubic feet. Thus, the
annual'rnnpff volume per acre of highway dréinage area was nbOut 70,060
cubic feet (19}2 inches). Of.this volume, a significant fraction infii-
trated intolthe soil in the flat land locaﬁedeest of the monitoring
station and &id not flnw into the receiving surface water. This would
not be the case in many drainage areas.

Totn1 so1ids, suépended‘solids, ammonin-nitfogen; nitrite plus
nitrate nitrogen, and total phosphorus data for the Skunk River at
Ames indicate concentrations in the river consistently e@uallto or
greater than those observed in the highway runoff.:'Based on the
contaminant concentrations observed in runoff an the nite and in thé
Skunk Riven and on their relative flow-volumeg, it i; the authors'
'opinion that the environmental impact of the If35 site on surface
waters is minimal.

The highway runoff suspended solids and»no;al lead data can be

manipulated to obtain an estimate of the lead concentration in the

Y
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highway right-of-way soils if it is assumed that all lead in the rﬁnoff
is associated with the solids; The autﬁoré have made this agsumption'
in preparétion of Table 27. Lead levels in the highway right-of-way
soils were estiﬁated to be about 300lpartslper million.

Eased on the October 1983 Environmental Protection Ageﬁcy (EPA)V
Process Design Manual for Land Application of Municipal Sludge, the
‘majority of crops d6 not accumulate lead [5]. The concern is tﬁat
animals ingesting the grasses from highway right of ways might indi-
rectly ingest lead via dust and dirt that might adhere to and contami-
nate the grasses. For application to fruit and vegetable,production
lands, the EPA restricts high-quality municipal sludge to a maximum
leaq cqncentration of 1000 mg/Kg (1000 parts per million) and,a.maximum
accumulated application of 800 kilograms of lead per hectare [5]. For
agricultural cropland, the EPA recommends a cumulative limit for Lead
apﬁlication of 560-2240 kilograms per hectare, depending on the cation
' exchange capacity of the native soils [5]. The higher cumulative
applicatioﬁ limipé apply to silt and clay type soils, such as those at
the site.

On this basis, it is the authors' opinion that cutting the right-
_of-way grasses at the site or similar sites for use as livesﬁock feed
probably does not present a health concern. However, at'sites.where
: £raffic_volumes are higher or solids accumulation is high, the cutting
of‘right;qf-way grassés for use as livestock feed probably should not
be éncouraged as evidepced by data in Tables 18, 20; aﬁ& 26.

Bésed on the vadose zone and groﬁndwater monitoring data accumu-

lated at the site, the ponding-and infiltration of highway runoff can
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Table 27. Estimated lead concentrations in the sediment carried in

‘the runoff at. the Ames site.

Approx. Lead Conc. of

Total . -Solids Assuming all
SS Lead Ratio of Lead to be Associated
mg/L mg/L Lead/SS with Suspended Solids
139 0.034 2.45x10"" 245 ppm
39 - 0.008 2.05x10"% 205 ppm.
111 © 0.023 2.07x10"" 207 ppm
41 0.014 3.41x10"" 341 ppm
38 <0.010 <2.6x10"% 260 ppm
23 0.012 5.2x10™% 520 ppm

Avg. 296 ppm




cause migration of contaminahts to the groundwater table. fhis‘is
particularly true in éfeas where the surficial soils overlaying a
éhaliow aquifer are thin and/or sandy. Where shaliow po;ab1e>water
. | o
supply wells may be located immediately down gradient of sdqh infil-
trgtion points, periodic water quality testing for ironm, lead,

chloride, and 0il and grease may be desiréble, particularly for high

traffic volume highways.
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- 7. SUMMARY

The highway runoff project results to date indicaﬁe th#t_highway
activitieé.do:contribute suspended solids, chloride, oil and grease,
metals, and oxygen demand to runoff waters and groundwater. .HOWEver;
-thé contaminant contributions observed at the study site have not
degraded the quality of the receiving sfream or the groundwater, with
the poSsible'exceptions‘of spring snowmelt runoff, the first spring
rainfall event,‘and the first runoff following a long dry periodi
Even at those times, it is the'authofs' opinion that the enviréﬁmental
impact on the receiving stream and groundwater is minimal.

The runoff volume from the flat (0.24 percent) medianrwith.saturated
soil gonditions frequently exceeds that of the steep (2 perFentjvmedian
with unsaturated soil conditioné (i.e., when the flat slope soils are
relatively more saturated than the steep soil slopes). However; for
most sﬁorm events  the peak flows fog the flat area are generally 52-69
' percent of the steep area peak flows. .The flat area:to steepﬂaréaﬁpeak
. flow ratio approéchéd 0.9 for the June 13, 1984; precipitatibn event
with an approxim#te intensity of'l.Q inch per hour fo; a two-hour
durétion.

When saturated soil conditions existed, the total runoff for medium
to'heavy precipitation events nea;ly equaled and in some caseé slightly
- exceeded total precipitation. This is due to both latergl p;ecipitation
Qariation and highway traffic effects. For unsaturated soil éonditioﬁs
and for low intensity and/or short duration rainfalls on,safuxated soil,
the runoff wés generally 40-70 percent of the precipitation.




o8

Baéiq.lég-timés were obsérvédvto be. highly deéendéntvOH the basin
slope, the,degfge of soil satﬁraéipn, and the ;ainfall‘ihténsify.;,v
ﬁowever;'fdr the woréﬁ obsefvedvconditiops;‘i;é.;.saturated éoils‘aﬁd
1.0-1.6 inches per hour rainfall intenéity; basin"l#g tines for boih
the flét éhq'the steep slopeé-Were'obsérVed to be on thé:ordér of
13-35 minutes. | |

'Whilé the éﬂQirohmental impact at the study site was'fquﬁd to be
minimal,_thejéhﬁironhgﬂﬁal'impﬁcts at other éités,With'higher traffic
loadings or'ﬁithIdiffering'gainﬁenéﬁce, céﬁstructidn, and'drainagé‘may
not be minimal. The reduction of highway runoff envirohhéntalAimpacts
depends to ; 1éfgé‘éxtent on suspehded soiids reductioﬁ. - Recomnienda-
tions regarding methods for sdépended'séiids contirol are’éivén in the

report text..'Cthride,‘anothef contaminant in highway runoff, is highly

" soluble and ndt.strpngly adsorbed in soil matrices. Théref@re,‘the

coptrOI of chloride reverts to'stringenp-appliCaFidhvccntrolf It is
probable that some of the recbﬁmendaﬁidgs for suspended solids control
would“redistribute the final imééctslbf soluble contaminants.' The
reéommendatidns would increasé’baSin lag times for most storm events
and encdurage iﬁfiltration over larger iand,éurfaCes. Thus, runcff
volumes to streams would be reduced, iﬁfiltrhtion iﬁ isolated ponding
areas would be reduced, and thg soil bulk available for adsorption'og'
contaﬂinanﬁ; would be maximized. '
Wheré shallow potable watér supply wells may bé ibcatéd immediately
down grédient of runoff infiltr;tion bésiqs‘or ﬁondipé aréas_fOr high
traffié leume highways, periodic Watei'quaiity testing for iroﬁ, lead,

chloride, and oil and-érease may be desirable based on the data accumulated
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in this study, depending on thg type and thickness of soils overlaying |,
the aquifer and the depth of the down gradient supply well.

Tablev27 showed the estimated lead concentration in the_sédiment
carried by runoff at the site to be about 300 parts per millioh. These
lead levels in right-of-way soils probably do not exclude right-of-way
grasses from cutting and use in feeding livestock. However, lead
leyelé in soils in higher traffic volume ﬁighway right of ways could be
higher as evidenced, by the data in Tables 18, 20, and 26. Therefore,
traffic volume should be considered when evéluating the use of right-

of-way grasses for livestock feed.
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10. APPENDIX:

SPRING 1985 HIGHWAY RUNOFF SUMMARY

Information accumulated during the period of November 1, 1984, to
.April 24, 1985 is p:esented and discussed in this appendix. ﬁasedvon"
the recommendations of ISU personnel, the Iowa DOT elécted to extend
‘thé collection of ;unoff data from the steep (2.0 percent) gradé beyond
the first year of data}collection originally contracted to provide a
better snoﬁmelt and early spring runéff data.base. Iowa DOT personnel
were to collect oﬁ-site precipitation data and sample spring snowmelt
and rainfall runoff. ISU personnel.were to set up tﬁe automated
sampling equipment for the rainfall runoff data collection.

_The‘precipitation.record for the time period of November 1, 1984,
'to'April 24, 1985, is contaiqed in Table A.1. The data are mostly
those.from the Ames apd Des Moinésvﬁeather s;ations. The totél precipi-
tation in this period was 7.94 inéhes. anwfall accounteé for 3;8 inches
of the total.

Wéather records show that gnowfall prior to January 1985 did not
accumuiate appreciably because of occasional un;easonably w&rm weather.
The surféce soi}s in the Ames area remained frozen from December &,
1984, to about February 23, 1985. Thus, ény snowmelt or rainfall during
>t£at period_would h;vg resulted in little, if any, infilt:ation.} Rain-
fall andvénqwmelt prior to December 4, 1984, and subsequent to February 23,
1985; would have contributed both to infiltration and runoff.

| Snowmelt occurred several timgs during the winter, but flow rates

and quantities for each event were very small. The largest snowmelt




Table A.1. Precipitation from 11/1/84 to 4/24/85.
Date ~Nov. 1984. Dec. 1984 Jan. 1985 Feb. 1985 Mar.' 1985 Apr. 1985
1 1.31 R 0 0.05 § 0 0 0.07 R-S
2 0 Tr 0 0 o 0
3 0 Tr 0 0 . 0.55 R 0
4 0 0 4] 0.06 S 0.08 R 0.06 R
5 Tr 0 o 0.08 S 0 0
6 0 Tr Tr 0 0 0
T 0 0 Tr 0 0 0
8 0 0 0 0 0 0
9 0.05 R 0 0.07 S Tr 0 0
10 0.43 S 0 0.15 S 0.02 S 0 0
11 0.17 S 0 0.03 S 0.08 S Tx 0
12 0 0 0 0 0 0
13 0 Tr 0 0 ~0.1 8* Tr .
14 0 0.84 S 0 0 0 Tr
15 0 Trx 0 0 0 0
16 0 0.17 R-S 0 0 0 0
17 0 0.05 S 0 0 0 0
18 0.01 S Tr 0 0 0 0
19 0 Tr 0 0 0 0
20 0 0 0 Tr 0 Tr
21 Q 0.40 S 0 0.31 R 0 ~0.18 R
22 0 0.29 8§ (4] 0 Tr* ~0.05 R
23 0 0 0 0.33 R-S ~0.34 R* Tr
24 0 0.01 8 Tr 0.05 R-8 Tr#* 0
25 0 Tr Tr 0 0
26 0.02 R Tr 0 0 0
27 0.02 R 0.33 R 0 0 0.20 R
28 0.24 S Tr 0 0 (4]
| 29 Tr Tr Tr 0
30 0.01 S- 0 0.05 S 0.09 R
31 ’ Tr 0 0.44 S
Total 2.26 2.09 0.35 0.93 1.80 0.36
(Ames data) (Ames data) (Ames data) (Ames data) (site data) (site
2 mi. SE 2 mi. SE 8 mi. WSW 8 mi. WSW *Supplemented data)
with Ames last day
data 8 mi. WSW of record
4/24/85
Frozen 0.64 Soil
soil on Des Moines no longer
12/4/84 frozen
~2/23/85
‘ Note: Precipitation in inches.

| R = rain, S

snow,

Tr = trace.
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runoff occurred February 16-18 and 23-28, i985. As a result of the
above conditions, Iowa DOT persomnnel collected no snowmelt data in 1985.

The automated equipment was set up by ISU and Iowa DOT pefsonnel
on March 1, 1985. On that day a grab sample of runoff from the H-flume"
'(~0.001 cfs flow) was obtained from the ponded runoff at the flume by
ISU peréonnel. The runoff Qas iikely representative of the latter
stages of the snowmelt runoff. ISU and Iowa DOT éersonnel also sampled
the'lysimgters (composited) in the median and groundwater monitoring
wells NWW and SEW on Maxch 1. The analyfical data for these samples
are shown in Table A.2. ﬁased on the H-flume grab sample analysis, it
'appears that in the majority of the snowmelt chloride concentrationms
.were on the order of 250-300 mg/L.

The first precipitation following spring snowmelt was the rainfall
event of March 3., The cumulative precipitation versus time piot for
the event is shown in Fig. A.1. The runoff hydrograph for the event
is shown in Fig. A.2. A total of 0.63 inch of rain occurred, resulting
iﬁ a total flow of 3;500 cubic feet (0.52 inch) from tﬁe 1.87 acre
south (steep sl;pe) drainage area. The ratiolof runoff to precipitation
was 0.83.

The peak flow rate was 0.22 cfs, and the observed basin lag time
Qas 58 minutes. The maximum rainfall intensity was 0.34 inch/hour.
Five samples (S-1 to S-5) were collected from the H-flume by the flow
proportional sampler, and samples T-1 to T-21 were collected by the

liquid level actuated H-flume sampler. The analyses performed on

discrete runoff Samples from the event are shown in Table A.3..
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Table A.2. Analysis of samples obtained 3/1/85.
GRAB
COMPOSITED SAMPLE
pDOT 0301 LYSIMETERS H-FLUME NWW SEW UNITS
PH 8.14 7.98 7.18 6.81 -LOG T+
CHLORIDE 714 289 1 13 MG /L *
SPEC COND 4330 1640 979 957 UMHO /CM **
OIL & GREASE *k Kk *kkk 3 6 MG /L
TOC kKK ok Khkk 8 11 MG /L
COD ok ok k * % gk 26.4 29.5 MG /L
TOT FE * ok Kk k *kkk 8.17 28.7 MG /L
SOL FE *kkok * %k * * % Kk 18.7 MG /L
TOT PB *okk Kk * &k k 47.2 34.9 UG /L ***
SOL PB *kk ok * ok k& * ok kK 28.0 UG /L

%
milligrams per liter.

%% '
micromhos per centimeter.

Kkk .
micrograms per liter.




RAINFALL, INCHES

0.1

0.0 L 1 l L
10 A.M. 11 A.M. 12 P.M. 1 P.M. 2 P.M. - 3 P.M.

3/3/85

Fig. A.l1. Cumulative rainfall versus time 3/3/85 rainfall event.

Note: Light precipitation continued between 2:35 p.m. and 1:33 é.m. of
3/4/85 adding 0.17 inch precipitation for a total event precipitation of
0.63 inch. ' ‘




110

—— DISCRETE SAMPLE

3
w
H

--5-3
t--5-5

:00 2:00 3:00 4:00

-

3/3/85

H-flume hydrograph 3/3/85 event. Samples S-1 to S-5 were
taken at' 500 cubic feet flow intervals. Basin lag time =
11:28 to 12:25 = 58 minutes. Maximum rainfall intensity =

0.34 inch/hour.

3/3/85 - H-FLUME RUNOFF
DISCRETE SAMPLES FROM THE LIQUID-LEVEL ACTUATED SAMPLER.

Sample Time Taken p.m. 3/3/85
T-1 12:25
T-2 12:27
T-3 12:29
T-4 12:32
T-5 12:35
T-6 12:39
T-7 12:43
T-8 12:48
T-9 12:53
T-10 12:58
T-11 1:03
T-12 1:08
T-13 1:13
T-14 1:18
T-15 1:23
T-16 1:33
T-17 1:43
T-18 1:53
T-19 2:03
T-20 2:13
T-21 2:23
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Table A.3. Discrete samples from H-flume during 3/3/85 runoff event.

DOT 0304 Pl COND CL FE PB T.SOL. S.SOL. COD TOC OIL&GR
s1 7.91 1097 250 760 22.9 553 15 *kk ok *k ok ok * ok kX
s2 7.96 1286 296 1360 31.0 733 50 Fhkk *hkk *kok %
sS4 7.91 1352 291 2480 34;9 856 92 rkk *kkk * ok k
S5 7.94 1113 252 1150 17.6 530 28 * ok koK * k& % Ckxkk
Tl 7.82 1365 304 2740 33.6 855 95 *okk ok kkkk *kkk
T2 *kkk * % %k * %k k% *kkk *kk*k *kkx kk ok Kk 40.1 ll 2
T3 7.91 1322 299 1830 33.0 813 66 Tk *okk ok kk ok ok
T4 *k Kk *k kK *kkk Kk Kk kkkk *kkk ok kk 44.6 11 LT .2
T5 7.89 1293 296 1520 31.3 866 45 * K&k *kkk *okk ok
T6 Kk kk k&K k% kk Kk kk Rk ok k Kkxk *okk ok 40.5 12 2
T7 7.93 1337 297 10890 28.3 808 29 EEEES *kkk *dk ok ok

m10 * ok k * kKK kK *kkk * ok kk *kkok *kkok 34.8 10 4.9
Til 3.00 .1159 262 3350 31.3 8904 98 kA Ek * %k k& *kk ok
T14 kkkk kkkk Kkkk *kkk Kk &k KhkKk Kkkk 34_9 11 2.2
T15 7.96 1076 253 1180 28.8 816 28 Fk Kk *kkok *okdkk
T18 ****- kkkk dokk ok * ok ok ok ;*** *ok kK *okok ok 42.1 9 5.7
T19 7.87 1076 242 830 25.7 656 16 F*kkk ok kk *kkk
UNITS ~-LOG H+ UMHO/CM#% MG /Toxk Beyar UG /L MG /1, MG /L MG /L MG/L MG/L

E3R
micromhos per centimeter.

%k X
milligrams per liter.

EX I ,
micrograms per liter.

ITT
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‘The chloride concentrations remained very unifbfm throughout the
runoff event, ranging frdm,242 to 304 mg/L. 1Iron concentrations ranged
from 0.76 to 3.35 mg/L. Lead concentrations ranged from 17 to 35 ug/L,
"below the EPA maximum contaminant levels. The total and suspended
solids concentrations ranged from 653 to 894 mg/L and 15 to 98 mg/L,.
respectivély. COD and TOC were relatively uniform'throughoutlthe event.
The oil and grease céncentrations, howéver, fluctuated Eetween <0.2
and 5.7 mg/L. |

Runoff_after~March 3 was caused only by low inteﬁsity, small quan-
tity precipitation events and by snowmelt (3/30/85 to 4/1/85). Table A.4
clearly shows that once the surficial soils of the two percent median
' ‘slope were saturated, the ratio of rumoff to precipitqtion is high even

for low intensity precipitation.

Table A.4. Runoff subsequent to 3/3/85 from low intensity rainfall
and snowmelt.

Precipitation Runoff Associated with
Date ~(inches) _ Prgcipitation,(inches)
3/27/85 0.20 Rain 0.07
3/30/85 A
to 0.60 Mostly Snow 0.52
4/1/85
4/4/85 0.06 Rain . 0.06

Deicing opéfationS‘were not required for the snowfall event of
3/30/85 to 4/1/85.
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The data collected in 1985 substantially reinforce the conclusions
tnat were drawn by the authors based on the data collected in'1§84.
Those conclusions are given in the main body of this report.

The 1985 data confirm that chloride noncentrations in snowmelt
and initial ;ainfall-induced runoff will exceed the EPA drinking water
maximum connaminant chloride concentrations. High total solids;concen-
‘trations pnrallel high chloride concentrntions in snowmelt and early
spring rainfall-induced runoff. Lend concennrations in the runoff
were a function of the suspended solids concentrations, but’the lead
concentratinns were below the EPA drinking water maximum contaminant
levels.

The Iowa DOT applied 1,510 pounds of deicing salﬁ (3,020 pounds
of 50/50 sand/salt mix) to the south (steep) drainage areavbetween
November 10, 1984, and April 2, 1985. Assuming that the salt was either
sodium chloride or calcium choride, the salt contained 61-64 percent
chloride by weight. Thus, 930 pounds of chloride were applied to
1.87 acres of drainage area during this time period. Six and one;half
pércent of the chloride applied was in the runoff associated with the
March 3, 1985, runoff event. The authors estimate tnat snowmelt and
precipitation between November 10, 1984, and March 1, 1985, nccounted
for a total stegp slnpe runoff quantity of 27,000 cubic feet. Assuming
that this volume had an average chloride concentration of 275 mg/L (as
did the 3/3/85 runoff), the chloride in runoff for this time périod
.was an additional 460 pounds. Thus, the total chloridé in runoff through

March 3, 1985, was about 56 percent of the total 930 pounds applied.
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From November i, 1983, to March 31, 1984, the Iowa DOT applied
900 pounds -of deicing salt per acre of drainage area.. Assuming that
the salt was either sodium chloride or calcium chloride, the salt
contained 61-64 percent chloride by weight. This amounts to 560 pounds
of chloride applied per acre of drainage area. The chloride in runoff
actually collected and sampled in 1984 accouniéd for 39 poundé of
chloride bervacre of ‘drainage area. The authors esfimate that the
snowmelt and eérly spring rainfall runbff volume not measured and
sampled. was ;24,000 cubic feet per acfe.' Assuming that this volume
had an average chloride concentration of 125 mg/L as observed in a
1984 grab sample of snowmelt runoff, an additional 190 pounds of
chloride per acre of drainage area was accounted for. Thus, the total
chloridé load in 1984 runoff_was about 40 percent of the total 560 pounds
applied per acre of drainage area.

Based oﬁ two years of limited snowmelt and early spring rainfall
runoff monitoring and sampling, it appears that about 40-56 percent of
the total chloride applied in deicing operations left the highway median
in surface water runoff. The remainder infiltrated into the soils in
the median. Most of the chloride loading that leaves the highway right'
of way occurs in low flow rate runoff resulting froﬁ snﬁwmelt and/or
very low to low intensity spring rainfall. The chloride loadings aré
often undetected because therlowAflows (often }ess-than 0.01 cfs) do
not repré;ent "significant runoff events" and are, therefore, not
sémpled.:

Ev;potranspiratiOn appears to concentrate the chlorides in the

upper soil zones as evidenced by the lysimeter analyses to date.
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.Howevér, no significant chloride difference appeared in the ménitoring
wells located uﬂ and down gradient of the site.

The 1985 groundwater data (Table A.2) indicate that the pH of the
up gradieht (NWW) well water is higher than that of the down gradient
(SEW) well water. The iron concentrations in the down gradient wells
(NEW and SEW) have been consistently higher than those of the up grad-
ient well (NWW). The relative pH and iron concentrations in the up-
and down gradient well locations are related. The elevated iron
conéentration down gradienf of the highway is the result of a combina-
tion of the following sources: | |

e Acid attack of soils and concrete in the highway right of way

(Acids are emitted by automobiles, particularly those with |
cafalytic converters, as a byproduct of the combustion process.)

e Iron compounds used in the Iowé.DOT deicing operation as anti-

vcgking compounds

e Iron deposition‘from‘vehicular engine and body dete?ioration

e Iron from deterioration of reinforcement used in the construction

of concrete pavement.

The antiéaking compounds (ferrocyanide and ferric ferrocyanide)
are quite étable; do not dissociate appreciably, and are not materially
toxic;* Exposure of dilute iron-cyanide compléx ion solutions to exten-
sive direct sunligﬁt causes photolysis to yield toxic HCN. However,

photodecomposition yielding HCN is very slow ih deep,_shaded,‘or turbid

% .
Standard Methods for the Examination of Water and Wastewater,
15th Ed., pages 313-314. ‘ i
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receiving wéters{ Furthermore, HCN isvlost to the atmospheré and bio-
logical and chemical destruction so that harmful levels are not.likely
ﬁo occur.* |
Comments in the main body of this report related to the overall
. environmental impact of highway activities at the study site are still
valid. Howéver, it is important to recognize that runoff at this site
does not discharge directly into a éurfaéé water body. Rather, the
majority of the runoff generated at the study site eventually infil-
tfated éhe soils adjacent to.the site and entered the groundwater
reéime. Areas with higher traffic, different construction, a#d more
direct diécharge into surface wafers may»have a greater environmentai

impact..

*
Standard Methods for the Examination of Water and Wastewater,
15th Ed., pages 313-314.




