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S4.0 PROGRAM RESULTS

I 4.1 SUI•AM-WAT QUAMTrY ltM

I This section premsts hydrologic information that was obtained during Water Year 1990. This

U infxmiation comprises climati, stream, lake and pond data, including results from each component of
the se monitoring network that was established under previous contracts and newly established

during the 3 years of the surface-water CMP. The components of the surface-water quantity program

addressed in this section are gaging station data, lake and pond data, discharge to streams, lakes or

channels tha originate on RMA, and climatological data. The climatic data includes RMA temperatue,

I precipitation and evapoMtion conditions. Volumes calculated for lake, streams and effluents (e.g.,

Swage Trtment Plant) are presented in this section. Hydrographic analyses are presented for surface-

water trends and extremes for quantity monitoring stations during Water Year 1990. Hydrographic

results of quantity monitoring stations are presented to illustrate surface-water trends and extremes during

I Water Y 1990. Appendix A contains all detailed water quantity information compiled during Water

Year 1990.

4.1.1 1990 CQMALTOOIlCAL CONDXO=S

The prevailing climatic conditions that affect surface-water at RMA include temperatur, precipitation

I and evaporation. Weather statistics have been compiled for Water Year 1990 by the CMP Surface-Water

Element using several sources of data. Precipitation and temperature information was obtained from the

I National Weathe Service Station located 2 miles south of RMA at Stapleton Airport and the CMP air

element of RMA which monitors four weather towers located throughout the Arsenal. An additional rain

I gage near the South Plants area was monitored by the CMP Surface-Water Element, and evaporation data

were obtained by the USACOE from Cherry Creek Reservoir. Table 4.1-1 summarizes Water Year 1990

i weather statistics, which includes monthly totals and averages of temperature, precipitation and

evaporation data. A comparison of precipitation data from Stapleton Airport with evaporation data from

SCherry Creek Reservoir is displayed in Figure 4.1-1; whereas, Figure 4.1-2 compares monthly totals of

precipitation data collected from Stapleton Airport, CMP air element and the South Plants rain gage.

I, There wu minimal variation between the South Plants rain gage and CMP air elements precipitation data

in Water Year 1990, but Stapleton Airport recorded higher monthly precipitation totals for 8 months of

* -79-
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Table 4.1-1 Monthly Temperature, Precipitation and Evaporation Data, Water Year 1990

CMP AIR ELEMENT 1  STAPLEIOMI SOUTH PLANTS CHERRy
AIRPOR'I RAIN GAGE3  CREEK

Total Average Total Total Total
MONTH Aem Precipitation e Precipitation Precipitation Evaporation

(F) (inches) (F) (inchies) (inches) (inches)

October 51.06 0.29 51.3 0.81 0.57 4.30
November 42.73 0.03 42.8 0.15 0.23 2.70
December 27.68 0.22 27.3 0.81 0.16 0.90
January 36.16 0.32 36.4 0.74 0.48 0.70
February 32.44 0.11 33.3 0.55 0.24 0.90
March 38.45 1.97 39.5 3.10 2.22 1.60
A ril 47.47 0.58 49.1 1.01 0.79 3.20

54.89 1.58 56.6 1.51 1.50 6.27
June 71.78 0.28 72.6 0.21 0.29 9.97
July 68.87 2.58 70.8 3.57 2.32 7.72
August 69.70 2.42 71.3 1.96 1.23 7.71
September 65.44 1.18 66.9 1.46 1.01 6.37

Monthly Ave. 50.56 0.96 51.49 1.32 0.92 4.36

YEARLY TOTALS 11.56 15.88 11.04 52.34

1 CMP, Air Element compilation of four meteorological towers on RMA4.
2 NOAA Monthly Summaries, Stapleton Airport Weather Station.
3 South Plant Rain Gage with no temperature recorded, Monitored by CMP Surface-Water personnel.
4 Department of Defense, Corps of Engineers, Cherry Creek Reservoir.
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the year (Table 4.1-1, Figure 4.1-2). Appendix A-i1 contains the daily precipitation records for eachI month in Water Year 1990 based on dam collected by die CMP air element at RMA.

I Temperatures measured at the Stapleton Airport weather station followed a general trend of decreasing

temperatures from September to January and increasing temperatures from January to August. June was

i the hottest month in Water Year 1990 with an average temperature of 72°F, whereas December was the

coldest month with an average temperature of 27"F. The highest daily mean temperature was 86°F

recorded on June 27, and the lowest daily mean temperature was -3OF recorded on December 21 and 22.

The average annual temperature for Water Year 1990 was 51.5 F, based on the Stapleton Weather StationI (Table 4.1-i).

Evaporation followed a normal decreasing trend from September to January and an mncreasg trend from

January to August with a deviation from normal in June which recorded 9.97 in. of evaporation; a high

for Water Year 1990. January had the lowest monthly recording of 0.70 in. of evaporation. Water Year

I 1990 had an accumulated total of 52.34 in. of evaporation which exceeded precipitation by 36 in. and

averaged 4.36 in. of evaporation per month. Total monthly precipitation was lower than total evaporation

U in every month except January and March (Figure 4.1-1). Evaporation values had been determined by

collecting daily pan evaporation readings in conjunction with nomograph data at Cherry Creek Reservoir.

I "The nomograph determined evaporation by using mean daily temperature, solar radiation, mean daily dew

point temperature and wind movement data. Due to freezing, the months of November 1989 through

U April 1990 were estimated from earlier years.

I Based on the National Weather Service records at Stapleton Airport (Table 4.1-1), the total precipitation

for Water Year 1990 was 15.88 inches. This is marginally higher than last year's total and is 1.23 in.

I greater than the Weather Service 30-year normal precipitation. Recent extreme annual precipitation

amounts recorded at Stapleton Airport are a high of 23.3 in. in 1967 and a low of 8.45 in. during 1962.

I The highest monthly total for Water Year 1990 was 3.57 in. recorded in July and the lowest monthly total

was 0.15 in. in November. The most precipitation to fall within a 24-hour period in Water Year 1990

I was 1.34 in. on July 9, which was during a 9-day period of rain, between July 3 and July 11, in which

a total of 1.64 in. of rain fell. Frequent summer thunderstorms contributed significant amounts of

-- precipitation on RMA in July and August.
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During summer thunderstorms some areas of RMA may receive a measurable amount of precipitation

while other areas may receive none at all. TIe acquisition of the CMP air element precipitation record

and the surface-water element South Plants rain gage assist in documenting this phenomena. A 7-day

period of rain from August 14 to August 20 displayed large variations in accumulated rainfall. Stapleton

weather station recorded 0.75 in. during this period, whereas the CMP air element and the South Plants

rain gage recorded 2.03 in. and 0.63 in. respectively.

CMP surface-water personnel observed during the summer that many afternoon storms on RMA were

regionally isolated and covered only sections of the Arsenal, usually moving in from the west. The CMP

air element has four meteorological monitoring stations on RMA (Figure 2.3-2) The meteorological

tower M4 was the primary station used for data collection, but substitutions were made from stations M1,

M2 and M3, if needed. The M4 tower is located near the south boundary of Section 25 about 5 mi north

of Stapleton's weather station, and is 1.5 mi north of the South Plants rain gage. The other

meteorological towers are located in Sections 25, 26 and 36 (Figure 2.3-2). Stapleton's weather stations

recorded higher precipitation for 8 months of Water Year 1990 and lower precipitation for the remaining

4 months. The CUP air element rain gage followed the same precipitation trends as Stapleton, but

recorded less precipitation (4.32 in.) for the year. The South Plants Rain Gage located just south of the

plant near "D" Street (Figure 2.3-2) had fluctuating monthly values compared to the Stapleton Weather

Station and CUP air element records during Water Year 1990 but the yearly total was 11.04 in., less than

0.5 in. difference when compared to the CMP air element's yearly total. Average monthly temperatures

from Stapleton and the CMP air element were consistent during Water Year 1990 and differed by less

than I degree between stations.

4.1.2 HAVANA INTERCEffOR GAGING STATION

Havana Interceptor is located in the Irondale Gulch drainage basin and receives storm sewer runoff from

the southern portion of Montbello and also receives surface runoff from the undeveloped area east of

Montbello (Figure 2.3-2). The drainage area above the station is 5.23 sq mi, of which 2.6 sq mi is urban

storm sewer drainage. Stream stage is monitored with a Campbell Scientific CR-10 (digital) data

logger/bubbler system. This station does not have a staff gage or a Stevens Type F (analog) recorder

backup in place due to the lack of a suitable location for this type of equipment.
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I

4.1.2.1 9twe-isch tn Relationship

The stage-discharge relationship at the Havana Interceptor gaging station is depicted by the rating curve

i for the station. HEC-2 channel analysis (USACOE, 1982) was employed to develop the Havana

Interceptor rating curve. The rating curve is validated and refined by obtaining instantaneous discharge

measurements throughout the year.

E 4.1.2.1.1 Continuous Stage Data

The discharge record for Havana Interceptor was produced by converting the digital stage data of the CR-

10 data logger to computed instantaneous discharge values derived from the newly revised stage-discharge

relationship. The computed instantaneous discharge values are then compiled and reduced to mean daily

discharges (Appendix A-8). Relative accuracy ratings of the daily mean discharges were determined for

each station based on USGS standards, where "excellent" means that about 95 percent of the reportedE daily mean discharges for a specified time period are within ±5 percent of actual; "good" within ± 10

percent; "fair" within ± 15 percent; and "poor" means that approximately 95 percent of the reported daily

I mean discharges have less than "fair" accuracy (Rantz, 1982).

The continuous stage record at Havana Interuaptor for Water Year 1990 is considered poor. Periods of

estimated records include:

e December 4, 10, 11, 13-15, 20-31, 1989;

I* January 1, 31, 1990;

& February 2-4, 15-17, 1990;

- April 1-14, 1990;

* May 1-31, 1990;

* -tne 1-11, 24-30, 1990;

* July 1-3, 10-31, 1990; and3 0 August 1, 7-24, 1990.

Stage data were collected at the Havana Interceptor station throughout the freezing months of Water Year

1990; however, ice conditions in the channel sometimes produced erroneous stage values when flow was

not occurring and the record was estimated during these periods between December 1989 and February
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I

U 1990. A significant portion of data were lost between April and August during Water Year 1990 due

Ito malfunctions in the station's CR-10 data logger. Estimates of stream stage based on observed stage

readings during weekly monitoring rounds and flow at Peoria Interceptor were used to fill in areas of

missing or incorrect data in the Havana Interceptor stage record. Peoria Interceptor's record was used

to make these estimates because changes in stage at the two stations are very similar and the stations are

I also located within the same drainage basin. The CR-10 unit was replaced in August 1990 and performed

satisfactorily the remainder of Water Year 1990.

E 4.1.2.1.2 Rating Curves and Equations

I The methodology for rating curve development and rating curve verification generally followed standard

procedures described in USGS Water Supply Paper 2175 (Rantz, 1982). Rating equations were developed

I to mathematically describe the straight-line segments of the rating curve and are presented in Appendix

A-4.1
The rating curves for each of the gaging stations at RMA have varying degrees of accuracy for the

U defined and extrapolated regions, primarily because of the structure's complex hydraulic behavior at

various stages or the lack of verifiable instantaneous discharge measurements at high and/or very low

I flows as described in Appendix A-3. 1. Havana Interceptor is the only RMA surface-water station that

does not have a structure that controls the water surface profile upstream of the station. Each rating3 equation, therefore, has a unique characteristic curve that represents the combined factors of channel

geometry, channel bed conditions, bank geometry and channel approach conditions, artificial structure

size and type, and streamflow conditions. Structure, channel control and rating curve types for each

station are described in Table 4.1-2.

A theoretical rating curve was previously developed for Havana Interceptor using the USACOE Water

Surface Profile Model, HEC-2 (USACOE, 1982), to predict gage heights and corresponding discharges

from channel geometry. This method of determining the stage-discharge relationship was considered best,

as limited verifiable instantaneous discharge and staff measurements were available for empirical rating

curve development in Water Year 1989. During Water Year 1990, however, nine verified instantaneous

discharge and staff measurements were taken (Appendix A-5). These subsequent measurements indicated

that a slight adjustment was justified in the lower region of the rating curve. Since there were no verified

instantaneous discharge and staff measurements made in the upper region of the rating curve, rating curve
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Table 4.1-2 Surfon-Wati Structures, Clmnu Coltol and Rating Curves at RMA Gaging Station

I
Station Structure Control Rating

I ~Irondale 2MIbh D Ruiae in

i Havana tnterceptor Concrew-iund ( Mano •amiel Tbeoretical

Peoria Interceptor 90- V-notch Weir Plate/Sharp-crested Section Empirical

Ladora Weir Standard Suppressed Rectangular Weir Section Empirical-
Laboratory

South Uvalda Broad-crested Weir with V-notch Compound Empirical

North Uvalda Broad-crested Weir with V-notch Compound Empirical

I Highline Lateral Cipolletti Weir Section Empirical

South Plants Ditch 90- V-notch Weir Plate/Shap-crested Section Empirical-
Suppressed Rectangular Weir Laboratory

iFirst Creek Drainage Basin

E South First Creek V-notch concrete weir Section Empirical

North First Creek V-notch concret weir Section Empirical

I First Creek Off-Post Concrete Triangular-throated flume Section Empirical-

Laboratory

ISouth Plant 'm Ba

I Basin A ,900 V-notch Weir Plate Section Empirical-
Laboratory

Basin F Galvanized sheet-metal 200mm Section Empirical-3 long-throated flume Laboratory

I
l
I
I
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I

m n was confined to the lower region. Ile ajusted rating curve considered good, both in the

I defined and extrplted regions. Ile rating curve for Havana Interceptor is presented in Appendix A-

3.2.

I ~ 4.1.2.2 Surfae-Water HvdmgLot i Conditions

I Havana Interceptor's drainage area is a predominantly urban watershed and flow at the station is

intermittent. Sources of surface-water at Havana Interceptor and other RMA continuous monitoring

stations are presented in Table 4.1-3. Discharge records for Havana Interceptor and all other RMA

surface-water monitoring stations are presented in Appendix A-8. Streamflow conditions for Havana

Interceptor Including mean monthly discharge, maximum daily discharge, minimum daily discharge and

total monthly stretmflow volume are presented in the following sections.I
4.1.2.2.1 Streamflow Characteristics and ExtremesI
Havana Interceptor exhibits flow characteristics typical of stations not influenced by diversions and

I inflows from controlled releases. Flow is derived primarily from off-post sources and contributes to the

overall inflow volume of water to RMA. Precipitation occurr g on RMA does not contribute

I significantly to flow in Havana Interceptor since tributary drainage is limited and poorly defined.

I Maximum flows occur primarily in the spring and summer as the result of snowmelt runoff,

thunderstorms and extended rainfall events. A significant proportion of precipitation produces runoff to

I this station due to reduced infiltration in the urban watershed area. Minimum flows occur primarily in

the fall and winter when conditions are dry or when water in the channel is frozen. The maximum

monthly runoff volume during Water Year 1990 was 220.96 ac-ft (0.79 in. over the 5.22 sq mi drainage

area) and occurred in May 1990. The minimum monthly runoff volume was greater than 0.00 ac-ft but

less than 0.01 ac-ft which is the minimum volume that can be reported reliably. Only trace amounts of

flow occurred in December 1989 and January 1990.

I Diurnal fluctuations were recorded at Havana Interceptor during Water Year 1990. Daily peaks in

streamflow during baseflow conditions generally occur in the evening to early morning, indicating that

reduced evapotranspiration rates and evening or nightly lawn watering may contribute to streamflow

during this time period. Similar diurnal flow conditions are present at Peoria Interceptor and South
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Table 4.1-3 Sr -Wa"er Sources at RMA Gaging Stations

Station of Surfaiewater of Surfac-water

UHavana nrceptor Urban Runoff Direct Precipitation

Peoria Inerceptor Urban Runoff Direct Precipitation

E Ladora Weir Controlled Releases None
from Lower Derby Lake

South Uvalda Baseflow (ground-water Urban RunofflDirect
inflow) Precipitation

North Uvalda Controlled Releases from Urban Runoff/Direct
Highline Lateral and/or Precipitation
South Uvalda

Hi8bhline Latera Controlled Flow diverted None
from South Platte River

South Plants Ditch Watershed Runoff None

U South First Creek Baseflow (ground-water Direct Preciitation/
I inflow)/Watershed Runoff Controlled ow from Highline Canal

North First Creek Baseflow (g round-water Direct Prei itaion/
inflow)/ Watershed Runoff Controldl from Highilne Canal

First Creek Baseflow (ground-water Controlled Flow from
Off-Post inflow)/Watershed Runoff Highline Canal

South Plae r Bsin

Basin A Baseflow (ground-water Watershed Runoffinflow)

Basin F Direct Precipitation Watershed Runoff

I
U
I
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I Uvalda Interceptor; however, direct comparisons are difficult to make due to differences in the storm

i sewers and open channel drainages contained within the respective drainage areas.

i 4.1.2.2.2 Annual Streamflow Analysis

E Streamflow at Havana Interceptor varied considerably throughout Water Year 1990 as illustrated in the

monthly total discharge hydrograph (Figure 4.1-3). Minimal flows occurred from October 1989 through

February 1990; however, streamflow was significantly higher from March 1990 through September 1990.

The mean daily peak flow was recorded in May, 1990 and the instantaneous discharge peak occurred in

IJuly 1990.

Total discharge fluctuated cyclicly from mid-winter to mid-summer with each month varying from high

I water volume to modety low water volume. These fluctuations are reflected in the monthly

precipitation record which also displays a similar pattern (Figure 4.1-2). The initial water volume peak

i of 192.91 ac-ft in March 1990 is indicative of a late winter response to thawing, increased precipitation

and snowmelt runoff. A period of low precipitation reduced flow to only 33.02 ac-ft in April 1990;

i however, high precpitation in May 1990 increased the water discharge volume to 220.96 ac-ft, which

was the maxinum monthly water volume for Havana Interceptor in Water Year 1990. Late spring was

i relatively dry at RMA and the total discharge was reduced significantly in June 1990 to 30.43 acre-feet.

Several long duration storm events occurred during July 1990 and subsequently increased the total

discharge volume to 165.92 acre-feet. Water volumes generally decreased throughout the summer, as

soil moisture was depleted due to increased evaporanspiration and reduced amounts of precipitation. The

total discharge volumes measured in August 1990 and September 1990 were 133.79 ac-ft and 93.60 ac-ft

respectively. A total of 901.45 ac-ft (2.94 x 108 gallons) was measured at the station during Water Year

1990. This is equivalent to 3.11 in. of runoff from the watershed (28.2 percent of the precipitation

measured at the South Plants Rain Gage).

1 4.1.2.2.3 Mean Monthly, Mayinumu Daily and Minimum Daily Flows

i The mean monthly flows at Havana Interceptor ranged from only trace amounts in December 1989 and

January 1990, to a maximum of 3.6 cfs in May 1990. Mean monthly flows were highest in late winter

and mid-spring. Maximum daily flows were generally 6 to 17 times greater than the mean monthly

flows, which indicates that the maximum high flow events are usually short duration and do not
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I

contribute significanty to the mean monthly discharge. Minimum daily flows were as low as 0.00 cfs

I during November and December 1989, and January through March 1990. Maximum daily flows ranged

from 0.76 cf1s in February 1990 to 48.0 cfs in May 1990. A monthly summary of daily minimum,

i maximum and mean discharges for all RMA surface-water monitoring stations during Water Year 1990

is presented in Table 4.1-4. Annual plots for these values are illustrated in Figure 4.1-14 and Figure 4.1-I 25.

i 4.1.2.2.4 Streamflow Storm Runoff Hydrographs

Streamflow storm hydrographs observed at RMA during Water Year 1990 represent flow conditions in

response to precipitation events typical for this area of Colorado. Precipitation data were acquired by

the CMP air element and are used for comparisons with the stream hydrographs. Six high or extended

storm events (March 5, 6, 1990; May 29, 30, 1990; July 7-11 and 29, 1990; August 14-20, 1990;

September 17-21, 1990) were analyzed to describe their effect on flow conditions at Havana Interceptor

(Table 4.1-5). The storms that occurred during late winter and spring produced high accumulations of

precipitation over 2-day periods. Storm duration for the March 1990 event totaled 22 hours, and the

duration of the May 1990 event was 10 hours. Storm events occurring in the summer generally exhibited

high accumulations of precipitation occurring over 5 days or more with several discrete thunderstorms

of short duration (usually 3 hours or less) occurring within these multiday events. The single day event

recorded during the summer (July 29, 1990) was a brief thunderstorm with a very high amount of

precipitation measured.

Havana Interceptor responded to storm events in a manner that is typical of watersheds affected by

urbanization. Stream response occurred shortly after the onset of precipitation, and peak flow was usually

reached in less than 3 hours. Streamflow recession was also relatively rapid, and generally lasted 6 to

10 hours. Other RMA surface-water monitoring stations that exhibit a storm response similar to Havana

Interceptor include Peoria Interceptor, South Uvalda and Basin A.

I
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I
Table 4.1-4 Summary of Daily Minimum and Maximum Discharges, Instantaneous Minimum and Maximum

Discharges and Mma Daily Discharge for Each Month of Record, at RMA Gaging Stations

Daily I - taintanus Daily Itaanos Daily
Mdwn m m in ~ Maimum Maximum Mes

Station iscare Dsarg Di Discharge Di
(Cf)) (Cf() (cES) (cEs) (S)

October 1989

I Haa rceptor 0.01 0.00 3.7 12 0.27
Peori 0.00 0.00 0.77 5.8 0.06
LMora WeIr 0.00 0.00 0.00 0.00 0.00
South Uvalda 0.26 0.22 1.8 4.4 0.40
North Uvalda 0.00 0.00 1.0 6.6 0.07
HgNhilT Ltr 0.00 0.00 0.00 0.00 0.00
South Plants Ditch 0.00 0.00 0.00 0.00 0.00

oSouth First Creek 0.06 0.05 0.42 0.45 0.27
North First Crook 0.00 0.00 0.00 0.00 0.00
First Creek Off-Post 0.00 0.00 0.02 0.02 0.01IBasinA T T T T T
Basin F 0.00 0.00 0.00 0.00 0.00

3 November 1989

E Havana Itrceptor 0.00 0.00 2.8 16 0.16
Peoria -ntrcep-or 0.00 0.00 1.6 11 0.08
Ladora Weir 0.00 0.00 0.00 0.00 0.00
South Uvalda 0.31 0.29 1.2 4.5 0.44
North Uvalda 0.00 0.00 0.00 0.00 0.00
H n 0.00 0.00 0.00 0.00 0.00
South Pimant~c 0.00 0.00 0.00 0.00 0.00
South First Creek 0.46 0.43 0.82 1.7 0.59i North First Creek 0.00 0.00 0.00 0.00 0.00
First Craek Off-Post 0.02 0.01 0.05 0.10 0.03
Bain A NR NR NR NR NR
Basin F 0.00 0.00 0.00 0.00 0.00

1 December 1989

I Havr a Itrceptor 0.00 0.00 T T T
Peoria r 0.00 0.00 0.26 1.6 0.03
Ladora Weir 0.31 0.22 1.2 3.6 0.44
South Uvalda 0.00 0.00 0.00 0.00 0.00
North Uvalda 0.00 0.00 0.00 0.00 0.00
Highline Latr 0.00 0.00 0.00 0.00 0.00
South Plants Ditch 0.00 0.00 0.00 0.00 0.00
South First Creek 0.39 0.35 0.83 1.1 0.63
North First Creek 0.00 0.00 0.00 0.00 0.00
First Creek Off-Post 0.00 0.00 0.09 0.20 0.03I Basin oAo NRo NRo NR Roo
Basin F 0.00 0.00 0.00 0.00 0.00
T(>0.00 cis, < 0.005 cfs)
Reported values rounded to two significant figures.
N - no record
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TaMb 4.1-4 k fDjlI.usad Maxim Discadspa,1 Iutm Udawo ad Uaxý

oDisooar Each Moo&h of Record. at oMA Gaging Stadis3Wir0.df Wa.er 0.00 0.009
Daily Isateus Daily ~atmw Daily

Minimium Minimum Maximum Maximum, menI Station Discharg Dshag Dischrg Dicag Dischr
WSf) (cfs) (Cfs) Wcs) (Cft)

I 0January 1990

Havana Interceptor 0.00 0.00 T T T
Peoria -nterce--o 0.00 0.00 0.34 1.6 0.06

0.00 0.00 0.00 0.00 0.00
South Uvalda 0.29 0.26 1.2 5.3 0.45
North Uvaile 0.00 0.00 0.00 0.00 0.00
Hi ine a fteral 0.00 0.00 0.00 0.00 0.00ISain Pan Ditch 0.00 0.00 0.00 0.00 0.00
South First Creek 0.59 0.51 1.1 1.2 0.83
North Firs Creek 0.00 0.00 0.42 7.7 0.03
First Creek Off-Post 0.00 0.00 0.00 0.00 0.00IBasin A NR NR NR NR NR
Basin F 0.00 0.00 0.00 0.00 0.00

February 1990

Havana Intrceptor 0.00 0.00 0.76 6.7 0.09UPeoria -nterc---o T 0.00 0.37 1.9 0.03
Laor Welr 0.00 0.00 0.00 0.00
South Uvalda 0.30 0.29 0.94 3.2 0.40
North Uvalda 0.00 0.00 0.00 0.00 0.00
Highimn Latera 0.00 0.00 0.00 0.00 0.00

Plants Ditch 0.00 0.00 0.00 0.00 0.00
South Flrst Creek 0.74 0.61 1.2 1.3 0.91
North First Creek 0.00 0.00 0.46 1.0 0.16
First Creek Off-Post 0.00 0.00 0.15 0.16 0.02
Basin A NR NI NR NI NR
Basin F 0.00 0.00 0.00 0.00 0.00

March 1990

I Havan terceptor 0.00 0.00 28 410 3.1
Peoria -----e--or T T 4.6 27 0.86
Ldoa Wel "0.00 0.00 0.00 0.00 0.00

S South Uvalda 0.33 0.31 12 74 1.7
North Uvalda 0.00 0.00 0.00 0.00 0.00
Higbine Lateral 0.00 0.00 0.00 0.00 0.00
South Plants Ditch 0.00 0.00 0.00 0.00 0.00
South First Creek 0.82 0.79 11 24 2.0
North First Creek 0.40 0.28 18 27 2.5
First Creek Off-Post 0.17 0.02 6.3 9.4 1.8I Basin A NR NR Ni Ni Ni
Basin F 0.00 0.00 0.26 1.3 0.02

T n (> 0.00 cfs, < 0.00 (s)
Rported values rounded to two significant figures.
NR- No record
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I
Table 4.1-4 Summary of Daily Mininmum and Maximum Discharges, Instantamous Minimum and Maximum

Discharips #and MeDaily Discharge for Each Month of Record, at RMA Gaging Stations

Duily Intnaos Daily Inatnou Dil
Minimum Minimun Maxmum MaxmuMea
DischargeO Discharge isharew Dicag

I April 1990

UHavanalnturcqeor 0.00 0.00 4.8 59 0.56
o e T 0.00 1.9 25 0.16

0.00 0.00 0.00 0.00 0.00
South Uvalda 0.28 0.15 3.6 40 0.71
North Uvald 0.00 0.00 0.03 0.04 T
HighlneL~mAw 0.00 0.00 0.00 0.00 0.00
South Plants Ditch 0.00 0.00 0.00 0.00 0.00ESouth First Creck 0.80 0.79 1.7 2.3 1.2
North First Crek 0.84 0.77 1.8 1.9 1.2
First Creek Off-Post 0.79 0.74 2.00 2.1 1.2
Basin A NR NR NR NR NR
Basin F 0.00 0.00 0.00 0.00 0.00

May 1990

Havana Intrcptor 0.04 0.00 48 190 3.6
Peoria I T 0.00 6.5 29 0.40
Ladora Welt 0.00 0.00 0.00 0.00 0.00
South Uvalda 0.40 0.26 15 83 1.4

* North Uvalda 0.00 0.00 1.7 14 0.09
Highlne Lateral 0.00 0.00 24 29 3.9
South Plns Ditch 0.00 0.00 0.00 0.00 0.00
South First Creek 0.48 0.45 3.1 6.0 1.0
North First Creek 0.20 0.17 1.5 2.1 0.79
First Creek Off-Pbst 0.11 0.07 1.4 1.5 0.63
Basin A NR NR NR NR NR
Basin F 0.00 0.00 0.00 0.00 0.00

June 1990

Havana hntrceptor 0.02 0.00 3.2 45 0.51
Peoria ITereo 0.04 0.01 1.2 18 0.14
LaorWeir 0.00 0.00 19 21 3.8I South Uvalda 0.41 0.26 2.9 33 0.78
North Uvalda 0.00 0.00 18 26 4.6
Highllne Lateral 0.00 0.00 22 30 10
South Plants Ditch 0.00 0.00 0.00 0.00 0.00
South First Creek 0.03 0.01 1.4 1.9 0.40IsNorth First Creek 0.00 0.00 0.84 1.1 0.07

-- First Creek Off-Pos 0.00 0.00 0.92 1.2 0.13
Basin A NIX N NR NR NR
Basin F 0.00 0.00 0.00 0.00 0.00

T - (> 0.00cfs, < 0.005cfs)
Mported values rounded to two significant figures.
1N - No record
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T"4,o4i •41 m• ay (it Mhf and MaXiM aa loM n and MuXh/M100
D'W ~ a Min AlY Diecdrg * ack Moui& of Record, it itMA (3Gl~g StdoatiIaera 1990 (boathined)

Daill ntnaeu alyInstntneus Daily
Minimium Mnmu Ma .mu MxmmmeanI Stiion DiDchrg Discharge Dicharg

July 1990

IHaana Interceptor 0.11 0.00 24 460 2.7
Peoria In-------o 0.05 0.00 6.7 72 0.63

0.00 0.00 0.06 0.06 0.02
South Uvalda 0.34 0.22 14 320 1.4
North Uvalda 0.00 0.00 0.79 6.0 0.05

Hihine Latrad 0.00 0.00 16 18 4.7ISthPlants Ditch 0.00 0.00 0.00 0.00 0.00
South First Creek 0.00 0.00 1.8 8.8 0.58
North First Creek 0.00 0.00 0.00 0.00 0.00
First Creek Off-Post 0.00 0.00 0.05 0.40 0.01IBasin A NR NR NR NR NR
Basin F 0.00 0.00 0.01 0.24 T

August 1990

Havama Itrceptor 0.00 0.00 21 450 2.2
Peoria inter 0.02 0.00 4.7 40 0.49
Lauorra Weir 0.00 0.00 10 33 0.51
South Uvalda 0.39 0.24 19 360 2.3IoNorth Uvalda 0.00 0.00 13 20 0.72
Hightin. Later 0.00 0.00 19 23 4.4

Plants Ditch 0.00 0.00 0.00 0.00 0.00
South First Creek 0.03 0.01 68 310 3.3I North First Croeek 0.00 0.00 9.0 23 1.3
First Creek Off-Post 0.00 0.00 14 18 1.2
Basin A HR HR NR HR HR
Basin F 0.00 0.00 0.04 0.52 T

September 1990

IHavana Interceptor 0.47 0.02 18 370 1.6
Peoria Inerepo 0.02 0.00 5.1 44 0.37

m Ladoaweir 0.00 0.00 11 11 3.1
South Uvalda 0.42 0.34 7.8 82 0.95
North Uvalda 0.00 0.00 18 26 1.3
High•ine Lateral 0.00 0.00 17 20 9.8
South Plants Ditch 0.00 0.00 0.00 0.00 0.00
South First Creek 0.06 0.03 0.82 2.5 0.37
North First Creek 0.00 0.00 2.8 3.1 0.58
First Creek Off-Post 0.06 0.05 2.1 2.2 0.38
Basin A HR NR HR NR HR
Bain F 0.00 0.00 0.00 0.00 0.00

T-(> 0.00 Cs, < 0.00 cfs)
Rpe values rounded to two significant figures.
N No record
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4.1.3 PEORIA IiTUczpTOa GAGING STATION

Peoria Interceptor is located in the Irundale Gulch drainage basin and receives runoff from the industrial

area south of RMA (Figure 2.3-2). The station measures runoff from a 0.644 sq mi area that is

predominantly urban storm sewer drainage, plus a small portion of residential Montbello. Stream stage

is monitored with a Campbell Scientific CR-10 (digital) data logger/bubbler system, a Stevens Type F

(analog) recorder as a backup and a Style C staff gage. The CR-10 data logger/bubbler system was

installed at the station in early December 1989. Prior to the installation of the CR-10 data logger the

station operated an Onmidata DPI 15 Datapod in conjunction with the Stevens Type F recorder.

4.1.3.1 Stan VDirbta, Relaiohig a

The stage-discharge relationship is depicted by the rating curve for the station. Peoria Interceptor's rating

curve was developed using measured instantaneous dischbarge values and corresponding staff gage

readings. The current rating curve is the result of refinements made possible by additional instantaneous

discharge measurements collected during Water Year 1990 that served to more accurately define the

stage-discharge relationship at this station.

4.1.3.1.1 Continuous SAgeData

The water-discharge record for Peoria Interceptor was produced by converting the digital stage data of

the DPI15 Datapod (from October 1, 1989, to December 5, 1989) and of the CR-10 data logger

(remainder of Water Year 1990) to computed instantaneous discharge values derived from the current

stage-discharge relationship. The computed instantaneous discharge values are then compiled and reduced

to mean daily discharges (Appendix A-8). Relative accuracy ratings of the daily mean discharges were

determined for each station as described in Section 4.1.2.1.1.

The continuous stage record for Water Year 1990 is considered poor. Periods of estimated records

include:

9 December 21, 1989;

9 February 15-18, 1990;

* July 30, 31, 1990;
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* August 1, 4-7, 16, 18, 20-23, 1990; and

3 * September 19-22, 1990.

E Estimated records during December 1989 and February 1990 were due to freezing conditions that caused

the recorders to collect erroneous data, however, flows were at or near zero based on staff gage readings.

I Remaining estimates were due to high-water levels at Havana Pond which caused a backwater condition

at Peoria Interceptor during July, August and September, 1990. Estimates approximated baseflowE conditions with diurnal fluctuations during periods when backwater existed at the station. The stage

record contained some other irregularities and inaccuracies caused by the following conditions:

I * Trash and vegetation debris accumulated in the control section, causing stage to increase

slightly;

I o Minor leakage occurred under the metal V-notch plate on the weir; and

o The intake pipes leading to the stilling well accumulated excess silt, causing a minor lag

time in response to stage changes. This problem affected only the strip chart/Datapod

record.I
4.1.3.1.2 Rating Curves and Equations

The methodology for rating curve development and rating curve verification followed the procedures

described in Section 4.1.2.1.2.

3 iPeoria Interceptor's original structure consisted of a flat-crested weir constructed of a narrow plank

positioned perpendicular to flow and embedded into the banks on both sides of the channel. During3- Water Year 1989, a V-notch was cut in the existing wood plank, and a 90" V-notch steel plate was

attached to the wooden control structure. The stage-discharge relationship for the modified control

I structure on Peoria Interceptor was originally developed using the empirical laboratory rating for a 90"

V-notch weir. For flows with water depths greater than the maximum flow through the V-notch, the

previously defined rating curve was adjusted by adding the maximum flow through the V-notch to each

of the previously defined discharge and corresponding gage height values.

I During Water Year 1990, the gage datum was converted from zero on the staff gage to zero head above

the V-notch weir for a more stable datum. Instantaneous discharge measurements made during the year
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I

were used to redefine the lower end of the Peoria Interceptor rating curve using a best fit analysis

I (Appendix A-5). The rating curve is considered poor in both the defined and extrapolated regions. High

water levels in Havana Pond periodically created a backwater condition in the Peoria Interceptor channel,

I and submergence of the Peoria Interceptor structure. No rating has been derived for this highly variable

flow condition, and flow values were estimated. The rating curve for Peoria Interceptor is presented in

I �Appendix A-3.2.

I 4.1.3.2 Surface-Water Hydrologic ndi

Peoria Interceptor receives runoff from a relatively small urban drainage area and flow at the station is

intermittent. Sources of surface-water at Peoria Interceptor and other RMA continuous monitoring

stations are presented in Table 4.1-3. Discharge records for this station during Water Year 1990 are

presented in Appendix A-8. Streamflow conditions for Peoria Interceptor including mean daily discharge,

mean monthly discharge, maximum daily discharge, minimum daffy discharge and total monthly

streamflow voNwe are presented in the following sections.

4.1.3.2.1 Streamflow Characteristics and Extremes

Flow characteristics at Peoria Interceptor are typical of stations not influenced by diversions and inflows

from controlled releases. Flow is derived almost entirely from off-post sources. Precipitation occurring

on RMA has little effect on flow in Peoria Interceptor due to a short channel length and the lack of any

well-defined tributary drainage channels. A significant amount of precipitation that falls in the off-post

urban drainage area, however, results as runoff to the station due to minimal infiltration rates.

Diurnal fluctuations were recorded at Peoria Interceptor during Water Year 1990. Daily peaks in

streamflow during baseflow conditions generally occur in the evening to early morning, indicating that

reduced evapotranspiration rates and evening or nightly lawn watering may contribute to streamfiow

during this time period. Similar diurnal flow conditions are present at Havana Interceptor and South

Uvalda Interceptor; however, direct comparisons are difficult to make due to differences in the storm

sewers and open channel drainages contained within the respective drainage areas.

i Maximum flows usually occur from the late winter through summer as a result of snowmelt runoff,

thunderstorms and multi-day rainfall events. Minimum flows occur primarily during the fall and winter
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I

I
I during Water Year 1990 was 52.88 ac-ft (1.56 in. over the 0.644 sq mi drainage area) and occurred in

March 1990. The minimum monthly runoff volume was 1.57 ac-ft (<0.05 in. over the 0.644 sq mi

I drainage area) and occurred in February 1990. The maximum monthly discharge volume at Peoria

Interceptor was approximately 34 times greater than the minimum monthly discharge volume.

I 4.1.3.2.2 Annual Streamflow Analysis

I Streamflow at Peoria Interceptor varied considerably throughout Water Year 1990 as illustrated in the

Smonthly total discharge hydrograph (Figure 4.1-4). Minimal flows occurred from October 1989 through

February 1990. Streamflow was higher the remainder of the year; however, April 1990 and June 1990

had relatively low discharge volumes. The mean daily peak flow was recorded in March 1990 and the

instantaneous discharge peak occurred in July 1990.

I Peoria Interceptor received low flow volumes during the fall to mid-winter. The total discharge volume

measured from October 1989 through February 1990 was only 15.83 ac-ft (Appendix A-8). Total

discharge fluctuated cyclicly from mid-winter to mid-summer with each month alternating from a

relatively high water volume to moderately low flow volumes. Precipitation records reflect a similar

pattern for total monthly precipitation (Figure 4.1-2). The highest monthly discharge volume for this

station was 52.88 ac-ft in March 1990 which is indicative of a late winter response to thawing, increased3 precipitation and snowmelt runoff. Flow volume was reduced to 9.66 ac-ft during April 1990 in response

to infrequent and low magnitude precipitation events. Although rainfall was still infrequent during MayU 1990, a large magnitude storm contributed a significant volume of water to the station and the monthly

total increased to 24.36 acre-feet. Late spring was relatively dry at RMA and the total discharge fell to3 only 8.25 ac-ft during June 1990. Several long duration rainfall events during July 1990 contributed to

the last flow volume peak at Peoria Interceptor during Water Year 1990, and a total of 38.62 ac-ft was3 measured at the station. Water volumes decreased the remainder of Water Year 1990 as soil moisture

was depleted due to increased evapotranspiration and reduced amounts of precipitation. The total

discharge volumes measured during August 1990 and September 1990 were 30.35 ac-ft and 22.27 ac-ft

respectively. A total of 202.22 ac-ft (6.59 x 10"7 gallons) was measured at the station during Water Year

1990. This is equivalent to 5.39 in. of runoff from the watershed (48.8 percent of the precipitation

measured at the South Plants rain gage).
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4.1.3.2.3 Mean Monthly, Maximum Daily and Minimum Daily Flows

Mean monthly flows at Peoria Interceptor ranged from 0.03 cfs in December 1989 and February 1990

Ito a maximum of 0.76 cf; in March 1990. Mean monthly flows were highest in late winter and early

summer. Maximum daily flows ranged from 5 to 20 times greater than the mean monthly flows, which

I indicates that the maximum high flow events are usually short duration and do not always contribute

significantly to the mean monthly discharge. Minimum daily flows were low as 0.00 cf; during October

I 1989 through January 1990. Maximum daily flows ranged from 0.26 cfs during December 1989 to 6.7

cfs during July 1990. A monthly summary of daily minimum, maximum and mean discharges for all

IRMA surface-water monitoring stations during Water Year 1990 is presented in Table 4.1-4. Annual

plots for these values are illustrated in Figure 4.1-15 and Figure 4.1-26.

I 4.1.3.2.4 Streamflow Storm Runoff Hydrographs

I Streamflow storm hydrographs observed at RMA during Water Year 1990 represent flow conditions in

response to precipitation events typical for this area of Colorado. Six high or extended storm events

U (March 5, 6, 1990; May 29, 30, 1990; July 7-11 and 29, 1990; August 14-20, 1990; September 17-21,

1990) were analyzed as described in Section 4.1.2.2.4.I
Peoria Interceptor responded to storm events in a manner that is typical of watersheds affected by

I urbmnization. Stream response occurred shortly after the onset of precipitation, and peak flow was usually

reached in less than 3 hours. Streamflow recession generally lasted 6 to 26 hours. Streamflow recession

I varied depending on the magnitude and duration of the storm event, and the antecedent soil moisture

conditions. Other RMA surface-water monitoring stations that exhibit a storm response similar to Peoria

3 Interceptor include Havana Interceptor, Peoria Interceptor and Basin A.

3 4.1.4 LADORA WrnR GAGING STATION

Ladora Weir is located in the Irondale Gulch drainage basin and monitors controlled flow that is

discharged from Lower Derby Lake and directed to Ladora Lake or Sand Creek Lateral (Figure 2.3-2).

Stream stage is monitored with an Omnidata DP 115 Datapod (digital) recorder in conjunction with a

Stevens Type F (analog) recorder and a Style C staff gage.
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4.1.4.1 Dal•P~i,

The sta discharg relationship for Ladora Weir is depicted by the station's established rating curve,

i which was previously developed using the empirical laboratory rating for the structure (Appendix A-3.2).

I 4.1.4.1.1 Continuous Stage Data

I The discharge record for Ladora Weir during Water Year 1990 was produced by converting the digital

stage data of the DPI I5 Datapod to computed instantaneous discharge values derived from the newly

I refined stage-discharge relationship. The computed instantaneous discharge values are then compiled and

reduced to mean daily discharges. Stripcharts were digitized by hand periodically during the year when

Datapod records were inaccurate or missing portions of data. Relative accuracy ratings of the daily mean

discharges were determined for each station based on USGS standards as described in Section 4.1.2.1.1.

3 The continuous stage record for Ladora Weir is considered poor for Water Year 1990. Periods of

estimated records include:U
* August 30, 31, 1990; and

* September 1-10, 1990.

Estimated records during August and September 1990 were due to reconstruction of the weir in July

1990. Any other irregularities and inaccuracies of the record were caused primarily by the occurrence

3 of minor leakage under and around the weir blade which caused a slightly lower stage than actual at very

low flow.

4.1.4.1.2 Rating Curves and Equations

The methodology for rating curve development and rating curve verification is described in Section

4.1.2.1.2. The stage-discharge relationship for Ladora Weir was previously developed using the

empirical laboratory rating for a 6-ft standard suppressed rectangular weir. Instantaneous discharge

measurements used to confirm the permanence of the rating or to allow any adjustments to be made to

the rating were not collected prior to 1990. Four verified instantaneous discharge and staff

measurements, made during Water Year 1990, were used to more accurately define the rating curve.

g - 101 -
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These measurements indicated that the original rating curve required a slight adjustment to the high end.

I The adjusted rating curve is considered fair when the head is at least 0.20 ft above the weir crest to

prevent the nape from clinging to the crest (USBR, 1974). Flow with heads less than 0.20 ft can only

E be estimated. Reconstruction of Ladora Weir in July 1990 changed flow characteristics at the station,

therefore, a new rating curve must be developed. The current rating curve for Ladora Weir is presented

U in Appendix A-3.2.

I 4.1.4.2 Surface--Water Hyrologe Condi

Ladora Weir receives controlled releases from Lower Derby Lake (Table 4.1-3), therefore, flow at the

station is intermittent. Streamflow records for Ladora Weir including mean monthly discharge, maximum

daily discharge, minimum daily discharge and total monthly streamflow volume are presented in the

following sections.

E 4.1.4.2.1 Streamflow Characteristics and Extremes

I Flow characteristics at Ladora Weir are typical of stations with diversions and inflows from controlled

releases. Flow is derived entirely from Lower Derby Lake. Precipitation occurring on RMA has no

effect on flow in Ladora Weir due to the lack of any tributary drainages. Ladora Weir was dry

throughout most of Water Year 1990; however, flow was recorded during June 1990 through September

3 1990. A maximum volume of 224.67 ac-ft flowed through the station during June 1990.

4.1.4.2.2 Annual Streamflow Analysis

3 Streamflow at Ladora Weir was intermittent in Water Year 1990 and is illustrated in Figure 4.1-5.

Specific analysis of streamflow trends, maximum or minimum flows, or runoff depths is not meaningful

Eat this station since all flow is controlled. A total of 440.00 ac-ft (1.43 x 108 gallons) was measured at

the station during the year.

I
I
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4.1.4.2.3 Moan Monthly, Maximum Daffy and Minimum Daffy Flows

U Mean monthly flows at Ladora Weir ranged from 0.00 cfs during October 1989 through May 1990 to

i a maximum of 3.8 cfs in June 1990. The maximum daily flow was 19.0 cfs in June 1990 and the

minimum daily flow was 0.00 cfs for the majority of Water Year 1990. A monthly summary of daily

I minimum, maximum and mean discharges for all RMA surface-water monitoring stations during Water

Year 1990 is presented in Table 4.1-4. Annual plots for these values are illustrated in Figure 4.1-16 and

I Figure 4.1-27.

U 4.1.4.2.4 Streamflow Storm Runoff Hydrographs

Analysis of response to precipitation events is not meaningful at Ladora Weir since all flow at the station

is controlled (Table 4. 1-5).

4.1.5 SOUTH UVALDA GAGING STATION

i South Uvalda is located near the southern boundary of RMA at 56th Street in the Irondale Gulch drainage

basin and receives runoff from the northern portion of Montbello and from the undeveloped area east of

Montbello (Figure 2.3-2). The station measures runoff from a 7.723 sq mi area of which 4.118 sq mi

is urban storm sewer drainage. The Uvalda Interceptor flows in a northerly direction to Sixth Avenue,

where it is diverted to either Upper Derby Lake or Lower Derby Lake. Stream stage is monitored with

a Style C staff gage, a Campbell Scientific CR-10 (digital) data logger/bubbler system and a Stevens Type

3 F (analog) recorder as a backup.

* 4.1.5.1 Stae Dischar RationshiyA

The stage-discharge relationship is depicted by the rating curve for the station. South Uvalda's rating
curve was developed empirically using instantaneous discharge measurements and corresponding staff

gage readings. The current rating curve is the result of refinements made possible by additional

instantaneous discharge measurements collected during Water Year 1990 that served to more accurately

define the stage-discharge relationship at this station.
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I

4.1.5.1.1 Continuous Stage Data

I The discharge record for South Uvalda was produced by converting the digital stage data of the CR-10

I data logger to computed instantaneous discharge values which are then compiled and reduced to mean

daily discharges (Appendix A-&). Relative accuracy ratings of the daily mean discharges were determined

U for each station based on USGS standards as described in Section 4.1.2. 1. 1.

U The continuous stage record for Water Year 1990 is considered good. Periods of estimated records

include:

I * December 19-22, 1989;

* February 14-16, 1990;

o April 3-5, 1990; and

* June 20-22, 1990.I
Estimated records during December 1989 and February 1990 were due to freezing conditions that caused

i the CR-10 data logger to collect erroneous data. Data backup was not available for these periods because

the Stevens Type F recorder was taken out of service from December 20, 1989, to February 27, 1990,

while the stilling well water was frozen. hne estimates were made based on observations of the staff gage

during weekly visits. Remaining estimates were due to unrecoverable sections of stage data during April

3 1990 and June 1990. The stage record contained some other irregularities and inaccuracies caused by

the following conditions:

* Excess debris, such as vegetation and trash, accumulated in the channel, in the control

3 and around the staff gage; and

e The intake pipes leading to the stilling well accumulated excess silt, causing a lag time

between channel and strip chart response; however, this has no affect on the digital stage

record.

I
I
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4.1.5.1.2 Rating Curves and Equations

The methodology for rating curve developmnmt and rating curve verification is described in Section

I 4.1.2.1.2. The rating curve for the South Uvalda structure was previously derived and was based on

field e of idischarge and corresponding staff measurements. The South Uvalda

I structure is a compound broad-crested weir with a V-notch. Ten verified instantumeos discharge and

staff remret, numade during Water Year 1990, were used to more accurately define the rating curve

I and justify a slight adjustment near the high eand of the radng curve (Appendix A-5). The adjusted curve

is considered good, both in the defined and extrapolated regions. The rating curve for South Uvalda is

I presented in Appendix A-3.2.

4.1.5.2 Surf M-W te drolofic Condi

alda Interceptor is a man-made channel within the Irondale Gulch drainage basin. The channel is deep
-,.ugh to intercept near-surface ground water which causes flow to be perennial. Streamflow at the

South Uvalda gaging station can increase from baseflow conditions to flood stage over a relatively short

I period of time due to a rapid response to precipitaion that is received in urbanized areas of its drainage

basin. Sources of surface-water at South Uvalda and other RMA continuous monitoring stations are

I presented in Table 4.1-3. Streamfiow conditions for South Uvalda including mean daily discharge, mean

monthly discharge, maximum daily discharge, minimum daily discharge and total monthly streamflow

I volume are presented in the following sections.

4.1.5.2.1 Streamflow (laracteristics and Extremes

3 Flow characteristics at South Uvalda are typical of stations without diversions and inflows from controlled

releases. Flow is derived almost entirely from off-post sources. Most precipitation occurring on RMA

does not contribute to surface-water runoff to Uvalda Interceptor because the channel is bermed along

the majority of its length.

I Diurnal fluctuations were recorded on strip charts at South Uvalda during Water Year 1990. Daily peaks

in streamnflow during baseflow conditions generally occur in the evening to early morning, indicating that

reduced evapotranspiration rates and evening or nightly lawn watering may contribute to streamflow

during this time period. Similar diurnal flow conditions are present at Peoria Interceptor and Havana
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]ercsptor[; however, direct comparisonms are difficult to make due to differences in the storm sewers and

i open channel drainages contaned within the respective drainage ream.

I Maximum flows usually occur from the late winte through summer as a result of snowmelt runoff,

t , uun @ and mulidy rainfall avoaw. The maximum monthly runoff volume during Water Year
I 1990 was 140.79 ac-ft (0.34 in. over the 7.723 sq mi drainage area) and occurred in August 1990.

Minimum flows occur primarily during the fall and winter when dry weather can=es streamflow to remain

Eat basefow conditions or when ice conditions exist in t channel. The minimum monthly runoff volume

was 22.10 ac-ft (0.05 in. over the 7.723 sq mi drainage area) and occurred in Fdbra 1989. Tie

I m =m ohmaximum monthly discharge volume at South Uvalda was approximately six times greater than the

minimni montly discharge volumne.

I 4.1.5.2.2 Annal Stremiflow Analysis

I Stramfow at South Uvalda varied throughout Water Year 1990 and is illustrated in the monthly total

discharge hydrograph (Figure 4.1-6). Minimal flows occurred from October 1989 through February

I 1990. Streamflow was higher the remainder of the year, but April 1990 and June 1990 had relatively

low discharge volumes. The mean daily peak flow was recorded in August 1990 and the instantaneous

discharp peak was also recorded in the same month.

I South Uvalda received low flow volumes during the fall to mid-winter and the total discharge volumes

measured from October 1989 through February 1990 ranged between 22. 10 ac-ft to 27.69 ac-ft (Appendix

I A-). Total discharge fluctuated cyclicly from mid-winter to mid-summer with each month varying from

a relatively high water volume to moderately low flow volumes. Total discharge increased substantially

--I during March 1990 to 104.55 ac-ft. The increased flow volume is indicative of a late winter response

to thawing, increased precipitation and snowmelt runoff. Flow volume was reduced to 42.49 ac-ft

during April 1990 due to infrequent and low magnitude precipitation events. Although rainfall was still

infrequeat during May 1990, a large magnitude storm contributed a significant volume of water to theU. station and the monthly total increased to 85.82 acre-feet. Late spring was relatively dry at RMA and

the total water-discharg dropped to 46.27 ac-ft during June 1990. Several long duration rainfall events

during July 1990 contributed to increased flow, and 88.24 ac-ft was measured at the station. Maximum

discharge occurred during mid-summer and a total of 140.79 ac-ft was measured in August 1990. Water

volumes decreased the remainder of Water Year 1990 as soil moisture was depleted due to increased
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I aoAmrt l and redcd asnous of precipiMion. lhe total discharge volume measured duringI September 1990 was 56.35 acre-feet. The cyclical pattern of flow volumes in Water Year 1990 was

similar to the precipitation record except during August 1990, when flow had increased to the yearly high

i of 140.79 ac-ft and precipitation had decreased considerably from the previous month (Figure 4.1-6 and

Figure 4.1-2). A total of 688.72 ac-ft (2.24 x 101 gallons) was measured at South Uvalda during the

year. This is equivalent to 1.67 in. of runoff from the watershed (15.1 percent of the precipitation

measured at the South Plants ram gage).

i 4.1.5.2.3 Mean Monthly, Maximum Daily and Minimum Daily Flows

i Mean monthly flows at South Uvalda ranged from 0.38 cfs in November 1989 to a maximum of 2.3 cfs

in August 1990. Mean monthly flows were highest in late winter and mid-summer. Maximum daily

i flows ranged from 19.0 cfs in August 1990 to 1.2 cfs from November 1989 through January 1990. The

maximum daily flows were generally six times greater than the corresponding mean monthly flows.

I Minimum daily flows ranged from 0.26 cfs to 0.42 cfs during Water Year 1990. A monthly summary

of daily minimum, maximum and mean discharges for all RMA surface-water monitoring stations during

i Water Year 1990 is presented in Table 4.1-4. Annual plots for these values are illustrated in Figure

4.1-17 and Figure 4.1-28.

4.1.5.2.4 Streamflow Storm Runoff Hydrographs

Streamflow storm hydrographs observed at RMA during Water Year 1990 represent flow conditions in

i response to precipitation events typical for this area of Colorado. Six high or extended storm events

(March 5, 6, 1990; May 29, 30, 1990; July 7-11 and 29, 1990; August 14-20, 1990; September 17-21,

i 1990) were analyzed as described in Section 4.1.2.2.4.

i South Uvalda responded to storm events in a manner that is typical of watersheds affected by

urbanization. Stream response occurred shortly after the onset of precipitation and peak flow was often

reached in less than I hour but usually took approximately 2 hours. Streamflow recession ranged from

2 hours to 24 hours but normally lasted 19 hours. Antecedent soft moisture and storm magnituie have

an influence on the streamflow recession rate at the station. Other RMA surface-water monitoring

i stations that exhibit a storm response similar to South Uvalda include Peoria Interceptor, Havana

Interceptor and Basin A.
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U 4.1.6 NoRTH UVALDA GAGING STATION

EItm North Uvalda station is located in the Irondale Gulch drainage basin and monitors flow to Lower

I Derby Lake (Figure 2.3-2). The station receives controlled discharges of water from Uvalda Interceptor

and/or Highline Lateral Canal. Stream stage is monitored with an Omnidata DP 115 Datapod (digital)

I recorder in conjunction with a Stevens Type F (analog) recorder and a Style C staff gage.

II

4.1.6.1 SIMt Ditch=m Relldiobhim

II

The stage-disdharge relationship for North Uvalda is established by the station's newly derived rating
camve. The rating curve for the station was redeveloped empirically during Water Year 1990 by obtaining

instantaneous discharge 111 1 -3 and corresponding staff ma ~ s

4.1.6. 1.1 Continuous Stage Data

The discharge record for North Uvalda during Water Year 1990 was produced by converting the digital

I stage data of the DPI 15 Datapod to computed instantaneous discharge values derived from the current

stage-discharge relationship. The computed instantaneous discharge values are then compiled and reduced

ito mean daily discharges. Stripcharts were digitized for part of the year when Datapod records were

inaccurate or missing portions of data. Relative accuracy ratings of the daily mean discharges were

I determined for each station based on USGS standards as described in Section 4.1.2. 1. 1.

I The continuous stage record for North Uvalda is considered good for Water Year 1990. Periods of

estimated records include:

I * April 17, 1990; and

I May 18, 1990.

I The estimated I-day of record in April 1990 was due to the station's stilling well not responding to the

minimal flow that occurred that day. The estimate made in May 1990 was caused by the malfunction of

the Stevens Type F recorder. Any other irregularities and inaccuracies of the record may be caused by

the following conditions:
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* Exces debris, such as trash and vegetation, accumulated in the channel, in the controa

and around the staff gage at times; and

Il* Mne intake pipes leading to the stilling well accumulated silt, which causes a delay in the

recorder's response to changes in stream stages.

i 4.1.6.1.2 Rating Curves and Equations

The methodology for rating curve develoment and rating curve verification is described in Section

4.1.2.1.2. The rating curve for the North Uvalda structure was previously derived and was based on

field surements of instantaneous discharge and corresponding staff me- remets. The North Uvalda

structur is a compound broad-crested weir with a V-notch. During Water Year 1990 the staff gage

datum was changed and channel aggradation occurred; therefore, it was necessary to develop a new rating

curve. Five verified instantaneous discharge and staff measurements made during Water Year 1990 were

used to develop the new rating curve (Appendix A-5). The new rating curve is considered fair, both in

I the defined and extrapolated regions. The rating curve for North Uvalda is presented in Appendix A-3.2.

I 4.1.6.2 •'£sc-Water Hyrologic Condo

I Flow at North Uvalda is intermittent since it receives controlled discharges from Uvalda Interceptor

and/or Highline Lateral Canal (Table 4.1-3). The channel directs flow to the eastern side of Lower

I Derby Lake. Streamflow conditions for North Uvalda including mean monthly discharge, maximum daily

discharge, minimum daily discharge and total monthly streamflow volume are presented in the following

I sections.

I 4.1.6.2.1 Streamflow Characteristics and Extremes

I Flow characteristics at North Uvalda are typical of stations with diversions and inflows from controlled

releases. Essentially all flow at the monitoring station is derived from controlled releases. Precipitation

I occurring on RMA has little or no affect on flow at North Uvalda because berms that line the channel

prevent surface-water runoff from flowing into the drainage. North Uvalda was dry throughout most of

i Water Year 1990 but received intermittent flows in October 1989 and in April 1990 through September

1990 from Highline Lateral and Uvalda Interceptor. A maximum volume of 270.74 ac-ft was measured

at the station during June 1990. 109-
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I

I 4.1.6.2.2 Annual Streamflow Analysis

I Streamflow at North Uvalda was intermittent during Water Year 1990 and is illustrated in Figure 4.1-7.

I Specific analysis of streamflow trends, maximum or minimum flows, or runoff depths is not meaningful

at this station since all flow is controlled. A total of 406.21 ac-ft (1.32 x 10 gallons) was measured

I during Water Year 1990 at the station.

I 4.1.6.2.3 Mean Monthly, Maximum Daily and Minimum Daily Flows

Mean monthly flows at North Uvalda ranged from 0.00 cfs during November 1989 through March 1990

to a maximum of 4.6 cfs in June 1990. The maximum daily flow was 18.0 cfs in both June 1990 and

September 1990. The minimum daily flow was 0.00 cfs for the majority of Water Year 1990. A

monthly summary of daily minimum, maximum and mean discharges for all RMA surface-water

monitoring stations during Water Year 1990 is presented in Table 4.1-4. Annual plots for these values

I are illustrathd in Figure 4.1-18 and Figure 4.1-29.

I 4.1.6.2.4 Streamflow Storm Runoff Hydrographs

I Analysis of response to precipitation events is not meaningful at North Uvalda since all flow at the station

is controlled (Table 4.1-5).I
4.1.7 HIGHLINE LATERAL GAGING STATION

The Highline Lateral station is located in the Highline Lateral within the Irondale Gulch drainage basin

I and monitors South Platte River water delivered to Upper Derby Lake and/or Lower Derby Lake via

North Uvalda (Figure 2.3-2). Stream stage is monitored with a Stevens Type F (analog) recorder and

I a Style C staff gage.

I
I
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I 4.1.7.1

E MW stag-dishar relationship for Highline Lateral is depicted by the station's rating curve. The rating

i curve for station was developed empirically by obtaining instanumeous discharge measurements and

corresponding staff measurements.

i 4.1.7.1.1 Continuous Stage Data

E m"le Highline Lateral discharge record from October 1989 through April 1990 was based on weekly

observations of the station. mae discharge for the remainder of Water Year 1990 was produced by

converting the daily strip-chart-stage record to a daily digitized-stage record. Digital stage data are then

converted to computed instar.taneous discharge values derived from the current stage-discharge

i relationship. mTe computed instantaneous discharge values are then compiled and reduced to mean daily

discharges. Relative accuracy ratings of the daily mean discharges were determined for each station

i based on USGS standards as described in Section 4.1.2. 1. 1.

i The continuous stage record for Highline Lateral is considered good for Water Year 1990 and no periods

of record were estimated. Some irregularities and inaccuracies of the record are caused by the following

i conditions:

9 Wave action in the feeder channel caused the recorder to produce a broad irregular trace

on the strip charts, making the stage record difficult to interpret; and,

* A staff gage positioned on the weir caused irregular flow.

I 4.1.7.1.2 Rating Curves and Equations

I The methodology for rating curve development and rating curve verification is described in Section

4.1.2.1.2. The rating curve for the Highline Lateral structure was previously derived and was based on

field measurements of instantaneous discharge and corresponding staff measurements. Th'e Highline

Lateral structure is a 6-ft Cipolletti Weir. The Cipolletti Weir laboratory rating equation was not used

because of significant approach velocities and because a staff gage is welded to the weir blade within the

flow field. Sixteen verified instantaneous discharge and staff measurements, made during Water Year
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I 1990, were used to refine the existing rating curve (Appendix A-5). These measurements indicated thatN a slight adjustment was necessary at the high end of the rating curve to give a better stage-discharge

relationship. The adjusted rating curve is considered fair, both in the defined and extrapolated regions.

I The rating curve for Highline Lateral is presented in Appendix A-3.2.

i 4.1.7.2 Sur f-te Hdrologic Codi

The Highline Lateral gaging station is located along the Highline Lateral irrigation ditch which delivers

Army-owned shares of irrigation water diverted from the South Platte River (Table 4.1-3). Flow in the

channel is intermittent and can be directed to Lower Derby Lake and/or Upper Derby Lake. Highline

Lateral contributes to the overall inflow volume of water at RMA. Streamflow conditions including mean

monthly discharge, maximum daily discharge, minimum daily discharge, and total monthly streamflow

volume are presented in the following sections.

I 4.1.7.2.1 Streamflow Characteristics and Extremes

I Flow characteristics at Highline Lateral are typical of stations with diversions and inflows from controlled

releases. Essentially all flow at the monitoring station is derived from controlled releases. Precipitation

I occurring on RMA has little or no effect on flow at the station because berms that line the channel

prevent surface-water runoff from flowing into the drainage. Highline Lateral was dry throughout most

I of Water Year 1990, but received intermittent flows in May 1990 through September 1990. A maximum

volume of 621.06 ac-ft was measured at the station during June 1990.

I 4.1.7.2.2 Annual Streamflow Analysis

I Streamflow at Highline Lateral was intermittent during Water Year 1990 and is illustrated in Figure 4.1-

8. Specific analysis of streamflow trends, maximum or minimum flows, or runoff depths is not

meaningful at this station since all flow is controlled. A total of 2,003.21 ac-ft (6.53 x 108 gallons) was

I measured during Water Year 1990.

I
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I 4.1.7.2.3 Mean Monthly, Maximum Daily and Minimum Daily Flows

I Mean monthly flows at Highline Lateral ranged from 0.00 cfs during October 1989 through April 1990

I to a maximum of 10.0 cfs in June 1990. The maximum daily flow occurred in May 1990 and was 24.0

cfa. Minimum daily flows of 0.00 cfs occurred during every month in Water Year 1990. A monthly

i summary of daily minimum, maximum and mean discharges for all RMA surface-water monitoring

stations during Water Year 1990 is presented in Table 4.1-4. Annual plots for these values are illustrated

i in Figure 4.1-19 and Figure 4.1-30.

I 4.1.7.2.4 Streamflow Storm Runoff Hydrographs

Analysis of response to precipitation events is not meangful at Highline Lateral since all flow at the

station is controlled (Table 4.1-5).

4.1.8 SoUTH PLANTS DrrcH GAGING STATION

E South Plants Ditch gaging station is located in the Irondale Gulch drainage basin and monitors surface

runoff from a small watershed between Lower Derby Lake and the South Plants area (Figure 2.3-2).

Flow is diverted to either the eastern or western end of Lower Derby Lake via 2 weirs that are set at

different elevations. Stream stage is monitored with a Stevens Type F (analog) recorder and a Style C

I staff gage.

I 4.1.8.1 Ste Discharge Relationhio

I The stage-discharge relationship for South Plants Ditch is depicted by the station's previous rating curve.

The rating curve for station was developed empirically by obtaining laboratory measurements for a 90

degree V-notch weir and a sharp-crested suppressed rectangular weir.

i 4.1.8.1.1 Continuous Stage Data

The South Plants Ditch discharge record from October 1989 through March 1990 was based on weekly

observations of the station. The discharge for the remainder of Water Year 1990 was based on the daily

strip-chart-stage record. Since the station did not receive any flow during Water Year 1990 it was not
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necessary to convert the daily strip-chart-stage record to a digital format for reduction. The discharge

I record for Water Year 1990 is presented in Appendix A-8. The continuous stage record for South Plants

Ditch is considered excellent for Water Year 1990 and no periods of the record were estimated. Relative

I accuracy ratings of the daily mean discharges were determined for each station based on USGS standards

as described in Section 4.1.2.1.1.

I 4.1.8.1.2 Rating Curves and Equations

I "nThe methodology for rating curve development and rating curve verification is described in Section

4.1.2.1.2. The rating curve for South Plants Ditch was previously developed using a combination of the

I empirical laboratory ratings for a 90 V-notch weir and a sharp-crested suppressed rectangular weir. The

station received zero flow during Water Year 1990; therefore, the current rating curve could not be

I refined. The rating curve is considered poor, both in the defined and extrapolated regions. The rating

curve for South Plants Ditch is presented in Appendix A-3.2.I
4.1.8.2 $urfstWMtr Hy-drelogi ConditionU
South Plants Ditch receives runoff from an approximately 0.055 sq mi watershed located between Lower

Derby Lake and the South Plants area (Table 4.1-3). Stream flow at the station is rare with only one

flow occurring in the last two water years. Rapid infiltration of precipitation in the watershed prevents

any significant amount of runoff from reaching the ditch. Generally, flow cannot occur at the station

unless antecedent soil moisture is high before a storm event occurs. Conditions for South Plants Ditch

I including mean monthly discharge, maximum daily discharge, minimum daily discharge and total

monthly streamflow volume are presented in the following sections.

I 4.1.8.2.1 Streamflow Characteristics and Extremes

I South Plants Ditch did not receive flow during the year and historically flow has been intermittent.

Essentially all flow at the monitoring station is derived from surface-water runoff.

I
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I 4.1.8.2.2 Annual Streamnfow Analysis

""E m monthly discharge volume hydrograph for South Plants Ditch is presented in Figure 4.1-9. Specific

E analysis of streamflow trends, maximum or minimum flows, or runoff depths is not possible at this station

since zero flow occurred during Water Year 1990.

U 4.1.8.2.3 Mean Monthly, Maximum Daily and Minimum Daily Flows

I Mean monthly flows at South Plants Ditch were 0.00 cfs for the entire water year. Maximum and

Iminimum daily flows were 0.00 cfs for all months. A monthly summary of daily minimum, maximum

and mean discharges for all RMA surface-water monitoring stations during Water Year 1990 is presented

in Table 4.1-4. Annual plots for these values are illustrated in Figure 4.1-20 and Figure 4.1-31.N
4.1.8.2.4 Streamflow Storm Runoff HydrographsI
Analysis of response to precipitation events is not possible at South Plants Ditch since zero flow was

I recorded at the station during Water Year 1990 (Table 4.1-5).

I 4.1.9 SouTH FllTu CREEK GAaING STATION

I The South First Creek gaging station is located in First Creek and monitors flow entering RMA from a

26.38 sq mi watershed that contains 0.197 sq mi of storm sewer drainage from an urbanized area (Figure

I 2.3-2). First Creek enters RMA along its eastern border in Section 8. Stream stage is monitored with

a Style C staff gage, a Campbell Scientific CR-10 (digital) data logger/bubbler system and a Stevens Type

I F (analog) recorder as a backup.

I 4.1.9.1 taMe Dischg Relationships

I The stage-discharge relationship is depicted by the station's established rating curve. South First Creek's

rating curve was developed using instantaneous discharge measurements and corresponding staff gage

readings. The current rating curve is new for Water Year 1990 and is the result of instantaneous

discharge measurements collected during the year that served to more accurately define the stage-

discharge relationship than the previous rating.
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I

4.1.9.1.1 Continuous Stage Data

I The discharge record for South First Creek was produced by converting the digital stage data of the CR-

I 10 data logger to computed instantaneous discharge values derived from the current stage-discharge

relationship. The computed instantaneous discharges are then compiled and reduced to mean daily

I discharges (Appendix A-8). Relative accuracy ratings of the daily mean discharges were determined for

each station based on USGS standards as described in Section 4.1.2.1.1.

I The continuous stage record for Water Year 1990 is considered good. Periods of estimated records

include:I
* December 18-22, 1989; and

3 * February 14-16, 1990.

I Estimated records during December 1989 and February 1990 were due to freezing conditions that caused

the CR-10 data logger to record erroneous data. The analog backup record was not available during this

I period due to ice in the station's stilling well; therefore, the estimates were based on observations of the

staff gage during weekly visits to the station. Other irregularities and inaccuracies were caused by the

I following condition:

* Intake pipes are installed too high to equilibrate the stream and stilling well at periods

of very low flow. This problem affected only the analog record.

I 4.1.9.1.2 Rating Curves and Equations

II The methodology for rating curve development and rating curve verification is described in Section

i 4.1.2.1.2. The rating curve for the South First Creek structure was empirically derived, based on field

measurements of instantaneous discharge and corresponding staff measurements. The South First Creek

structure is a compound concrete weir with a V-notch. Nineteen verified instantaneous discharge and

staff measurements were made during Water Year 1990 (Appendix A-5). These measurements were used

to define and develop a new rating for the station. A high flow extrapolation was performed on the upper

region of the rating curve due to a lack of instantaneous discharge and staff measurements in this region.

The staff gage datum changed in December 1989. Subsequent to this change, an e value (gage height
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of uo flow In fW) of -0.04 was applied to tie new rating relationship. The new rating curve is

I comsided to be good in the defined region and fair in the extapolated region. The rating curves for

South First Creek are presented in Appendix A-3.2.

I 4.1.9.2 Surfaceo.-Wka ydrgologi Coalitions

I The South First Creek gaging station is located on the southeastern border of the Arsenal. Flow at the

I station is intermittent; however, the station is dry for only short periods during the summer. Field

observations indicate that First Creek behaves both as an influent and effluent stream depending on the

season. Sources of surface-water at South First Creek and other RMA continuous monitoring stations are

presented in Table 4.1-3. Water-discharge records for this station during Water Year 1990 are presented

in Appendix A-8. Streamflow conditions for South First Creek including mean daily discharge, mean

I monthly discharge, maximum daily discharge, minimum daily discharge and total monthly streamsflow

volume are presented in the following sections.I
4.1.9.2.1 Streamflow Characteristics and ExtremesI
South First Creek exhibits flow characteristics that are typical of stations that monitor streams in

I watersheds that do not contain a significant amount of urbanization. Flow is derived from ground-water

discharge and surface-water runoff from precipitation. Precipitation that falls in the off-post drainage area

I can affect flow to the station in varying degrees depending on soil and channel bank moisture content,

and recharge to the near-surface ground-water system at different times of the year.

Diurnal fluctuations were recorded on hydrographs at South First Creek during Water Year 1990 from

I mid-spring through the summer. Daily peaks in streamflow during baseflow conditions generally occur

in the evening to early morning, indicating that reduced evapotranspiration rates may contribute to

I streamflow during this time period.

I amMaximum flows occurred during the late winter and mid-summer as a result of snowmelt runoff,

thunderstOrms and multi-day rainfall events. Minimum flows occurred primarily during the fall through

I mid-winter and in the late summer wher onditions are dry or when water in the channel is frozen. The

maximum monthly runoff volume during Water Year 1990 was 203.70 ac-ft (0.14 in. over the 26.38 sq

I -mi drainage area) and occurred in August 1990. The minimum monthly runoff volume was 16.42 ac-ft
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I

I (0.01 in. over the 26.38 sq mi drainage a) and occurred in October 1989. The mayimum monthly

I discharge volume at South First Creek was approxim y 12 times greater than the minimum monthly

discharge volume.

U 4.1.9.2.2 Annual Streamflow Analysis

I Stresmflow at South First Creek varied considerably thmughout Water Year 1990 and is illustrated in

the monthly total discharge hydrograph (Figure 4.1-10). South First Creek received low flow volumes

during the fall through mid-winter and late summer. Total discharge gradually increased from October

1989 to February 1990, a approximately 38 ac-ft per month, but had a relatively sharp volume

increase to 119.76 acft in March 1990. The increase in March 1990 is indicative of a late winter

response to thawing, increased precipitation and snowmelt runoff. Discharge volumes declined after

I March 1990 until June 1990. The total discharge volume in June 1990 was only 23.92 ac-ft which is

indicative of the relatively dry spring that occurred at RMA during Water Year 1990. PrecipitationE increased considerably in July 1990; however, the net effect on discharge volume was minimal at South

First Creek, increasing to only 35.84 acre-fhet. Although net precipitation was minimal, two major storm

I events contribted to the monthly high water volume of 203.70 acft that was recorded at South First

Creek during August 1990. The high water volume was likely due to increased baseflow conditions that

I was created from the high amount of precipitation received the previous month. Flow received during

August 1990 was the maximum at the station for the water year. Total monthly water volume decreased

I considerably to 22.00 ac-ft during September 1990 in response to reduced amounts of precipitation and

increased evapotrasiration rates. The station received a total of 729.11 ac-ft (2.38 x 10' gallons) during

I the year. This is equivalent to 0.52 in. of runoff from the watershed (4.7 percent of the precipitation

measured at the South Plants Rain Gage).

I 4.1.9.2.3 Mean Monthly, Maximum Daily and Minimum Daily Flows

I Mean monthly flows at South First Creek ranged from 0.27 cfs in October 1989 to a maximum of 3.3

I cfs in August 1990. Mean monthly flows were highest in late winter and mid-summr. Maximum daily

flows were generally two times greater than the mean monthly flows, which indicates that the maximum

high flow events are usually short duration and do not always contribute significantly to the mean monthly

discharge. However, the maximum daily flow was more than 20 times greater than the mean monthly

flow in August 1990. Minimum daily flows were as low as 0.00 cfs during July 1990. Maximum daily
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flows ruVd ftrm 0.42 cS during Octobw 199 to 68.0 ch during August 1990. A monhly summary

of dalfy mianum, maximum anM mean discharges for all RMA urfacew Monitoring stations during

SWater Year 1990 is presened in Table 4.1-4. Annual plots for these values are illustrated in Figure 4.1-

I 21 and Figure 4.1-32.

I 4.1.9.2.4 Streamflow Storm Runoff Hydrographa

Stremnflow storm hydrgp observed at RMA during Water Year 1990 represent flow conditions in

responme to precipitation events typical for this area of Colorado. Six high or extended storm events

(March 5, 6, 1990; May 29, 30, 1990; July 7-11, and 29, 1990; August 14-20, 1990; September 17-21,

1990) were analysed as described in Section 4.2.2.4.

I South First Creek responded to storm events in a manner that is typical of natural watersheds. The

response times to precipitation events varied throughout the year depending on the baseflow conditions

I present at the time of the storm and the spatial distribution of rainfall. The response time for the winter

storm event took approximately 8 hours and streamflow recession lasted approximately 24 hours.

I Response times from the mid-spring to the mid-summer months were generally 2 to 4 hours with

streamflow recession times ranging from 24 to 48 hours. Dry soil conditions usually lead to longer

I response times at this station, while conditions of high ground-water levels will contribute to more rapid

response times. Similar responses to storm events are evident at North First Creek and First Creek Off-I ~Pont.

I 4.1.10 Noamr Flair CREK GAGING STATION

I The North First Creek gaging station is located in the First Creek drainage basin and monitors flow

leaving northern RMA (Figure 2.3-2). This 36.70 sq mi drainage area is primarily a natural watershed.

I First Creek enters RMA along its eastern border in Section 8 and flows across RMA to the north were

it exits in Section 24. Stream stage is monitored with a Style C staff gage, a Campbell Scientific CR-10

i (digital) data logger/bubbler system and a Stevens Type F (analog) recorder as a backup.

I
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I

4. 1. 10.1 SI M U-jDKhsrgW Eil gi

I The stage-discharge relationship is depicted by the station's rating curve. ,4orth First Creek's raftm

curve was developed using instantaneou discharge and corresponding staff gage readings

in conjunctn with a HEC-2 analysis (U.S. Army Corps of Engineers, 1982). Th current rating curve

for Water Year 1990 is the result of refinemefta made possible through the collection of instantaneous

discharge- -I, Ia during the year hat served to more accurately define the stage-discharge

I relationship.

4.1.10.1.1 ContinuousStop DataI
The discharge record for North First Creek was produced by converting the digital stage data of the CR-

I 10 data logger to computer instantaneous discharge values derived from the current stage-discharge

relationship. The computer instantaneous discharges are then compiled and reduced to mean daily

I discharges (Appendix A-8). Relative accuracy ratings of the daily mean discharges were determined for

each station based on USGS standards as described in Section 4.1.2. 1. 1.I
The continuous stage record for Water Year 1990 is considered good. Periods of estimated records

I mnlude:

* January 19, 20, 1990; and

e February 15-17, 1990.

I Estimated records were due to freezing conditions that caused the CR-10 data logger to record erroneous

I data. The analog backup record was not available during this period due to ice in the station's stilling

well; therefore, estimates were based on observations of stage during weekly visits to the station. Other

i irregularities and inaccuracies were caused by the following conditions:

"" Intake pipes are installed too high to equilibrate the stream and stilling well at periods

of very low flow. This problem affected only the analog record; and

" Excess debris, such as vegetation and trash, accumulated in the channel upstream of the

weir and around the staff gage.
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I 4.1.10.1.2 Raftn Curves and Equations

I The methodology for rating cur development and rating curve verification is described in Section

i 4.1.2.1.2. The rating curve for North First Croek was empirically derived based on field -

of instantaneous discharge and corresponding staff m u e . The North First Creek structure is a

compound concrete weir with a V-notch. The empirical stage discharge relationship was developed using

one verified instantaneous discharge measurement in combination with a HEC-2 analysis. During the

Water Year 1990, the gage datum was converted from zero on the staff gage to zero head above the weir.

I Nine verified instantaneous discharge and staff meaureent made during Water Year 1990 confirmed

the permanence of the converted rating curve (Appendix A-5). The rating curve is considered good, both

I in the defined and extrapolated regions. The rating curve for North First Creek is presented in Appendix

A-3.2.I
4.1.10.2 SufdaWater Hby~Qaogi Condo

"The North First Creek gaging station is located near the northern border of the Arsenal in Section 24.

I Flow at the station is intermittent and the station was dry for several months during Water Year 1990.

Gain/loss studies indicate that First Creek upstream of the North First Creek station behaves as an

I influent stream and as an effluent stream depending on the season. Sources of surface-water at North

First Creek and other RMA continuous monitoring stations are presented in Table 4.1-3. Discharge

I records for this station during Water Year 1990 are. presented in Appendix A-8. Streamflow conditions

for North First Creek including mean daily discharge, mean monthly discharge, maximum daily

I discharge, minimum daily discharge and total monthly streamflow volume are presented in the following

sections.

I 4.1.10.2.1 Streamflow Characteristics and Extremes

I North First Creek exhibits flow characteristics that are typical of natural watersheds. Flow is derived

I_ from ground-water discharge and surface-water runoff from precipitation. Precipitation that falls in the

off-post drainage area can affect flow to the station in varying degrees depending on soil and channel

I bank moisture content, and recharge to the near-surface ground-water system at different times of the

year. First Creek also has several small tributaries on RMA that can contribute a minor amount to flow

during snowmelt runoff or during large storm events.
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I

Maximum flows occurred during the late winter and mid-summer as a result of snowmelt runoff,

I thunderstorms and multi-day rainfall events. Minimum flows occurred primarily during the fall through

mid-winter and in the late spring when water in the channel is frozen or when conditions a-e dry. Thne

Imaximum monthly runoff volume during Water Year 1990 was 153.78 ac-ft (0.08 in. over the 36.70 sq

mi drainage area) and occurred in March 1990. The minimum monthly runoff volume was 0.00 ac-ft

I in October through December 1989 and July 1990.

I 4.1.10.2.2 Annual Streamflow Analysis

I Streamflow at North First Creek varied considerably throughout Water Year 1990 and is illustrated in

the monthly total discharge hydrograph (Figure 4.1-11). North First Creek received zero flow during

the fall (October 1989 through December 1989) of Water Year 1990. Low water volumes were measured

during January 1990 and February 1990 and were 1.75 ac-ft and 8.91 ac-ft respectively. Total discharge

increased dramatically during March 1990 and a total of 153.78 ac-ft was measured at the station. The

E increase in March 1990 is indicative of a late winter response to thawing, increased precipitation,

snowmelt runoff, and elevated ground-water levels. Water-discharge volumes declined after March 1990

U until July 1990 when the total water volume returned to 0.00 acre-feet. Gain/loss studies indicate that

First Creek was influent during June 1990 and remained in that state until mid-August 1990. Substantial

I amounts of precipitation occurring during July 1990 did not produce flow at the station; however, the

return of flow in mid-August appears to be a baseflow response to the precipitation that was received the

prior month. A total of 77.20 ac-ft was measured in August 1990. Total monthly water volume

decreased to 34.33 ac-ft during September 1990 in response to reduced amounts of precipitation and

increased evapotranspiration rates. A total of 399.94 ac-ft (1.30 x 108 gallons) was measured at the

station during the year. This is equivalent to 0.20 in. of runoff from the watershed (1.8 percent of the

precipitation measured at the South Plants Rain Gage).

U 4.1.10.2.3 Mean Monthly, Maximum Daily and Minimum Daily Flows

Mean monthly flows at North First Creek ranged from 0.00 cfs in October through December 1989 and

July 1990 to a maximum of 2.5 cfs in March 1990. Mean monthly flows were highest in late winter and

mid-summer. Maximum daily flows averaged six times greater than the mean monthly flows, which

indicates that the maximum high flow events are usually short duration and do not always contribute

significantly to the mean monthly discharge. Minimum daily flows were 0.00 cfs during October 1989
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through February 1990 and June through August 1990. Maximum daily flows ranged from 0.42 cfs

I during January 1990 to 18.0 cfa during March 1990. A monthly summary of daily minimum, maximum

and mean discharges for all RMA surface-water monitoring stations during Water Year 1990 is presented

I in Table 4.1-4. Annual hydrograph plots for North First Creek are illustrated in Figure 4.1-22 and

Figure 4.1-33.

U 4.1.10.2.4 Streamflow Storm Runoff Hydrographs

r Streamflow storm hydrographs observed at RMA during Water Year 1990 represent flow conditions in

response to precipitation events typical for this area of Colorado. Six high or extended storm events

(March 5, 6, 1990; May 29, 30, 1990; July 7-11, and 29, 1990; August 14-20, 1990; September 17-21,

1990) were analyzed as described in Section 4.1.2.2.4.

North First Creek responded to storm events differently throughout the year. Although only two of the

storms analyzed induced a flow response at the station, the response times to precipitation events varied

depending on the baseflow conditions present at the time of the storm and the spatial distribution of

I rainfall. Storm events occurring in July and September 1990 did not produce any flow at the station

when it was initially dry. The response time for the late-winter storm event took approximately 4 hours

I and approximately 30 hours for flow to peak which is indicative of a the lag time for watershed drainage

to reach the stream. Streamflow recession lasted approximately 36 hours. The station responded almost

I immediately to the August 1990 storm event and peak flow occurred approximately 8 hours after the first

response. Streamflow recession lasted for 3 days.

4.1.11 FImR CREBK OFF-POsT GAGING STATION

I The First Creek Off-Post gaging station is located in the First Creek drainage basin approximately 0.5

3 mi north of 96th Avenue and monitors streamflow that has exited RMA (Figure 2.3-2). This 37.32 sq

mi drainage area is primarily a natural watershed. First Creek enters RMA along its eastern border in

Section 8 and flows across RMA to the north where it exits in Section 24 and continues to the northwest.

The First Creek Off-Post station is located directly upstream of First Creek's confluence with O'Brian

Canal. Stream stage is monitored with a Omnidata DP115 Datapod (digital) recorder in conjunction with

a Stevens Type F (analog) recorder and a Style C staff gage.
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I

I 4.1.11.1 agnahM gnDRI njabp

E m stage-discharg relationship i represented by the station's rating curve. First Creek Off-Post's rating

Icurve was developed empirically in the laboratory, and was verified for Water Year 1990 with

i nstantes discha meaurements collected throughout the year.

I 4.1.11.1.1 Continuous Stage Data

E T he discharge record for First Creek Off-Post during Water Year 1990 was produced by converting the

I digital stage data of the DPI15 Datapod to computed instantaneous discharge values derived from the

current stage-discharge relationship. The computed instantaneous discharges are then compiled and

reduced to mean daffy discharges (Appendix A-8). The station did not have a Stevens Type F recorder

installed until November 1989 and the DPI 15 Datapod was retrofitted in late February 1990. Stripcharts

were digitized by hand periodically during the year when datapod records were inaccurate or missing

portions of data. Relative accuracy ratings of the daily mean discharges were determined for each station

based on USGS standards as described in Section 4.1.2.1.1.I
The continuous stage record for Water Year 1990 is considered good. Periods of estimated records

3 include:

3 * October 11-31, 1989;

* November 1-6, 1989;

3 * December 16-19, 1989;

* February 7-26, 1990; and

3 * June 6-28, 1990.

3 Estimated records during October 1989 and November 1989 were made because the station was receiving

very low flows (based on observations of stage during weekly visits) and did not have a Stevens Type

F recorder operating at that time. The estimates during December 1989 were due to freezing conditions

that caused the Stevens Type F recorder to collect erroneous stage data. The recorder was removed from

the station late in December 1989 and was returned to service at the end of February 1990, therefore,

estimates made during February 1990 are due to the missing records during that time. These estimates

are also based on observations of stage during weekly monitoring of the station.
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Other irregularities and inacracines may be caused by the following conditions:

* no intake pipe to th stilling well accumulated sediment an had to be flushed

occasionally. Sediment slows the response time to stage changes.

* Algal growth in the notch of the flume restricted flow somewhat and had to be removed

3 once during the year.

I 4.1.11.1.2 Rating Curves and Equations

i The methodology for rating curve development and rating curve verification is described in Section

4.1.2.1.2. The stage-discharge relationship for First Creek Off-Post was developed using the empi.'-A

laboratory rating for a triangular-throated flume with 3:1 sloping sidewalls in the throat. Eight verified

inmstantaneous discharge and staff measurements made during Water Year 1990 confirmed the permanence

of the rating curve (Appendix A-5). The rating curve is considered good in both the defined and

extrapolated regions. The rating curve for First Creek Off-Post is presented in Appendix A-3.2.

U
4.1.11.2 Surface-W Hydroogic Condi

"The First Creek Off-Post gaging station is located in off-post Section 14 approximately 0.5 mi north of

3 RMA. Flow at the station is intermittent and the station was dry for several months during Water Year

1990. Gain/loss studies indicate that First Creek behaves as an influent stream and as an effluent stream

3 depending on the season. Sources of surface-water at First Creek Off-Post and other RMA continuous

monitoring stations are presented in Table 4.1-3. Discharge records for this station during Water Year

3 1990 are presented in Appendix A-8. Streamflow conditions for First Creek Off-Post including mean

daily discharge, mean monthly discharge, maximum daily discharge, minimum daily discharge and total

3 monthly streamflow volume are presented in the following sections.

3 4.1.11.2.1 Streamflow Characteristics and Extremes

First Creek Off-Post exhibits flow characteristics that are typical of natural watersheds. Flow is derived

primarily from ground-water discharge. Surface-water runoff, precipitation and effluent from the Sewage

Treatment Plant located on RMA contribute minor amounts to flow at the station. Precipitation that falls
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I

in the off-post drainage area and on RMA can affect flow to the station in varying degrees depending on

soil and channel bank moisture content, and recharge to the near-surface ground-water system at different

times of the year. First Creek also has several small tributaries on RMA that can contribute a minor

amount to flow during snowmelt runoff or during large storm events.

Maximum flows occurred during the late winter and mid-summer as a result of snowmelt runoff,

thunderstorms and multi-day rainfall events. Minimum flows occurred primarily during the fall through

I mid-winter and in late spring through early summer when water in the channel is frozen or when

conditions are dry (Figure 4.1-12). The maximum monthly runoff volume during Water Year 1990 was

111.45 ac-ft (0.06 in. over the 37.32 sq mi drainage area) and occurred in March 1990. The minimum

monthly runoff volume was 0.00 ac-ft in January 1990.

E I 4.1.11.2.2 Annual Streamflow Analysis

I Streamflow at First Creek Off-Post varied considerably throughout Water Year 1990. The station

received very low flow volumes during the fall through mid-winter (October 1989 through February

3 1990) of Water Year 1990. Total discharge volume during this period was only 4.92 acre-feet. Total

discharge increased substantially during March 1990 and a total of 111.45 ac-ft was measured at the

3 station. The increase in March 1990 is indicative of a late winter response to thawing, increased

precipitation, snowmelt runoff and elevated ground-water levels. Water-discharge volumes steadily

declined after March 1990 until July 1990 when the total water volume fell to 0.79 acre-feet. Gain/loss

studies indicate that First Creek was influent during June 1990 and remained in that state until mid-

3 August 1990. Substantial amounts of precipitation were received during July 1990 and produced only

minimal flow at the station; however, the return of flow in mid-August appears to be a baseflow response

3 to the precipitation that were received the prior month. A total of 71.86 ac-ft was measured in August

1990, which was the second highest flow volume during the water year. Total monthly water volume

decreased to 22.81 ac-ft during September 1990 in response to reduced amounts of precipitation and

increased evapotranspiration rates. The station received a total of 329.00 ac-ft (1.07 x 10s gallons)

during the year. This is equivalent to 0.17 in. of runoff from the watershed (1.5 percent of the

precipitation measured at the South Plants rain gage).
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I
4.1.11.2.3 Mean Monthly, Maximum Daily and Minimum Daily Flows

i Mean monthly flows at First Creek Off-Post ranged from 0.00 cfs in January 1990 to a maximum of 1.8

E cfs in March 1990. Mean monthly flows were highest in late winter and mid-summer. Maximum daily

flows averaged approximately five times greater than the mean monthly flows. Minimum daily flows

i were 0.00 cfs during October and December 1989, and January, February, June, July and August 1990.

Maximum daily flows ranged from 0.02 cfs during October 1989 to 14.0 cfs during August 1990. A

U monthly summary of daily minimum, maximum and mean discharges for all RMA surface-water

monitoring stations during Water Year 1990 is presented in Table 4.1-4. Annual hydrograph plots forI First Creek Off-Post are illustrated in Figure 4.1-23 and Figure 4.1-34.

4.1.11.2.4 Streamflow Storm Runoff HydrographsI
Streamflow storm hydrographs observed at RMA during Water Year 1990 represent flow conditions in

3 response to precipitation events typical for this area of Colorado. Six high or extended storm events

(March 5, 6, 1990; May 29, 30, 1990; July 7-11, and 29, 1990; August 14-20, 1990; September 17-21,

3 1990) were analyzed as described in Section 4.1.2.2.4.

First Creek Off-Post responded to storm events differently throughout the year. Station response to the

late winter storm was relatively rapid, approximately 2 hours, but after an initial small flow peak at 8

hours and recession of nearly 40 hours, the station exhibited a delayed high magnitude response 3 days

after the initial precipitation. Streamflow recession lasted for 2 weeks. Response to the spring storm

3 took approximately 4 hours; however, peak flow did not occur until 2 days after the onset of the

precipitation event. Stream flow recession took approximately 4 days. The station responded to the

3 extended event during early summer in approximately 16 hours after the onset of precipitation and flow

remained at a relatively consistent stage for 2 days after the storm had ended. Recession was rapid and

took only 8 hours for flow to terminate. Late July 1990 produced a high magnitude thunderstorm and

the station exhibited peak flow within only 2 hours and recession lasted approximately 2 days. Mid-

summer had an extended storm event lasting 7 days. The station did not have a significant response to

the storm until the 6th day when heavy rain produced a flow peak in 12 hours followed by 3 days of

recession. Finally, the late summer extended storm event did not produce any discernible change in flow

at the station.
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I
Generally, First Creek Off-Post's flow peaks occurred much later than the precipitation peaks of a given

I storm event. The station's delayed response times are attributable to its spatial relation within the

watershed. Flow peaks occur as a result of surface-water runoff that has a considerable length to travel

E before it reaches the station. Th'is fact in conjunction with other factors such as baseflow conditions,

storm proximity, antecedent soil moisture and channel bank moisture content all affect the resultant storm

I hydrograph.

I 4.1.12 BASIN A GAGING STATION

Basin A is located in the South Platte drainage basin and monitors baseflow and storm sewer drainage

from the northwest side of the South Plants area (Figure 2.3-2). Stream stage is monitored with an

Omnidata DPI 15 Datapod (digital) recorder in conjunction with a Stevens Type F (analog) recorder and

I a Style C staff gage.

34.1.12.1 SIM Discharge Relationsha s

The stage-discharge relationship for Basin A is depicted by the station's rating curve, which was

previously developed using the empirical laboratory rating for the structure.U
4.1.12.1.1 Continuous Stage Data

The discharge record for Water Year 1990 was produced by converting the digital stage data of the

DPI 15 Datapod to computed instantaneous discharge values derived from the current stage-discharge

relationship. The computed instantaneous discharge values are then compiled and reduced to mean daily

discharges. Flow was usually below the reportable limit of 0.01 cfs and, therefore, is reported as trace

(T= > 0.00 cfs but < 0.005 cfs). Stripcharts were digitized by hand periodically during the year when

datapod records were inaccurate or missing portions of data. The majority of the stage record for Water

Year 1990 is missing because a section of concrete channel upstream of the station collapsed, causing

flow to be diverted away from the recorder. Flow was diverted from the station from November 1,

1989, to June 21, 1990, when the collapsed channel was repaired. Repair of the channel did not last long

however, and subsequently collapsed again on July 9, 1990, diverting flow the remainder of the water

year. Relative accuracy ratings of the daily mean discharges were determined for each station based on

USGS standards as described in Section 4.1.2.1.1.
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I
Mwe coutinuous stpe record for Basin A is considered good for periods when flow tumgh the station,

U occurred, but poor for the remaindr of the year. Insaccracies of the stage record were caused primarily

by the occurrence of debris that periodically accumulated in the notch of the weir.

U 4.1.12.1.2 Rating Curves and Equations

I The methodology for rating curve development and rating curve verification is described in Section

i 4.1.2.1.2. The st4Wdischarge relationship for Basin A was developed using the empirical laboratory

rating for a 90" V-notch weir. No instantaneous discharge measu e were made during Water Year

i 1990 to confirm the permanence of the rating or to allow any adjustments to be made to the rating

(Appendix A-5). The rating curve is considered fair when the head is greater than 0.20 ft above the V-

notch and the nape is prevented from clinging to the crest (USBR, 1974). Note that flows with heads

less than 0.20 ft can only be estimated, therefore, the rating is considered poor. The rating curve for

I Basin A is presented in Appendix A-3.2.

4.1.12.2 Surfa-Water..HyQ1Mgig.ndjimI
Basin A receives baseflow and watershed runoff from the South Plants area (Table 4.1-3). The drainage

S3area to the station is 0.055 sq miles. Streamflow conditions for Basin A including mean monthly

discharge, maximum daily discharge, minimum daily discharge and total monthly streamflow volume

i are presented in the following sections.

I 4.1.12.2.1 Streamflow Characteristics and Extremes

Flow characteristics at Basin A are relatively conswt with only minor fluctuations throughout the year.

Except for large magnitude storm events, precipitation occurring on RMA has little affect on flow in

3 Basin A. Usually, only trace flows occur at the station at any given time. Due to the stream bank failure

and the subsequent diversion of water away from the recording station for the majority of the year, any

3 flow analysis of the Basin A station would be meaningless.

I
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4.1.13 BAsiN F GAGNo STATION

IEThe Basin F station is located in the South Platte drainage basin and monitors flow derived from surface-

I water runoff in the former Basin F IRA area (Figure 2.3-2). The station is new for Water Year 1990

and was constructed in October 1989. Stream stage is monitored with an Omnidata DPI 15 DatapodI (digital) recorder in conjunction with a Stevens Type F (analog) recorder. The station operated the

Stevens Type F recorder from November 1989 and was retrofitted with the Onmidata DP 115 DatapodI in late April 1990.

I 4.1.13.1 Stage Discha Relationshin

The stage-discharge relationship for Basin F is depicted by the station's rating curve, which was

I previously developed using the empirical laboratory rating for the structure.

n 4.1.13.1.1 Continuous Stage Data

3 During periods of flow at Basin F, the water-discharge record for Water Year 1990 was produced by

digitizing stripcharts and converting the resultant digital stage data to computed instantaneous discharge3 values derived from the current stage-discharge relationship. The computed instantaneous discharge

values are then compiled and reduced to mean daily discharges. The digital record of the DPI 15 Datapod3 proved unreliable and was not used to produce discharge records during the year. Relative accuracy

ratings of the daily mean discharges were determined for each station based on USGS standards as

3 described in Section 4.1.2.1.1.

3 The continuous stage record for Basin F is considered good for Water Year 1990 except for the estimated

period which is considered fair. The estimated period of record was:

3 * March 9, 1990.

U The estimate was due to an unexplainable flow peak that resulted from a moderate storm event occurring

several days earlier.
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I
IE 4.1.13.1.2 Rtating Curves and Equations

The methodology for rating curve development and rating curve verification is described in Section

I 4.1.2.1.2. The stage-discharge rating equations for Basin F were developed using the empirical

laboratory rating table for a 200 mm RBC flume. A low-flow extrapolation was performed to extend the

I rating relationship below 0.0367 cfs (0.07 ft of head). No verified instantaneous discharge measuremet

and staff measurements were made during Water Year 1990 to confirm the permanence of the rating or

ito allow any adjusutme to be made to the rating. The rating curve is considered good in both the

defined and extrapolated regions. "Ihe rating curve for Basin F is presented in Appendix A-3.2.

U 4.1.13.2 Surbee-Water Hydmigti o

i Basin F receives flow from direct precipitation and natural watershed runoff from the former Basin F area

and surrounding area in Section 24 (Table 4.1-3). Streamflow conditions for Basin F including mean

I monthly discharge, maximum daily discharge, minimum daily discharge and total monthly streamflow

volume are presented in the following sections.I
4.1.13.2.1 Streamflow Characteristics and ExtremesI
Flow at Basin F is intermittent and only received flow several times during the water year. Except for

3 very large magnitude storm events, precipitation occurring on RMA rarely produces flow at the station.

A maximum volume of 1.31 ac-ft was measured at the station during March 1990.

4.1.13.2.2 Annual Streamflow Analysis

Streamflow at Basin F was very low in Water Year 1990 and is illustrated in Figure 4.1-13. The station

received maximum flow during March 1990, (which accounted for 93 percent of the total flow at the

station during Water Year 1990. A total of 1.41 ac-ft (4.59 x 105 gallons) was measured at the station

3 during Water Year 1990.

I
1 - 131 -

SWAR-90.4
Rev. 02/27/92



I

4.1.13.2.3 Mean Monthly, Maximum Daily and Minimum Daily Flows

U Mean monthly flows at Basin F ranged from 0.00 cfs for most of the year to 0.02 cfs during March

I 1990. T"he maximum daffy flow was 0.26 cfs also during March 1990. The minimum daily flow was

0.00 cfs and occurred in every month of Water Year 1990. A monthly summary of daily minimum,

I maximum and mean discharges for all RMA surface-water monitoring stations during Water Year 1990

is presented in Table 4.1-4. Annual plots for these values are illustrated in Figure 4.1-24 and Figure 4.1-

I 35.

I 4.1.13.2.4 Streamflow Storm Runoff Hydrographs

The Basin F station responded to dhe storm events during the water year (Table 4.1-5). The station

I responds to storm events in a manner that is typical of natural watersheds and varies depending on storm

magnitude and soil moisture conditions at the time of the precipitation event. The station had a 3-day

response time to the precipitation that occurred on March 5, 1990. Flow was intermittent after the flow

peak and recession took approximately 6 days. This event was the first flow recorded at the station and

3 appears to have been in response to snowmelt runoff in conjunction with a significant storm event when

antecedent soil moisture content was high. Storm response, peak and recession of the July 29, 1990,

U event took approximately 2 hours. This response is indicative of the high runoff rate that results from

a very short duration/high magnitude thundershower, typical of Colorado weather during the early

I summer. In August 1990 an extended storm pioduced a similar hydrograph at Basin F; however, the

response did not occur until 5 days after the onset of precipitation. This response appears to have been

U caused in part by low antecedent soil moisture conditions in the watershed prior to the storm event. After

several days of steady precipitation the ground became saturated and runoff to the station occurred for

I a short time period.

1 4.1.14 STREAMPLOW INFw/OuTFLow COMPARXSON

Surface-water inflow from off-post sources enters RMA via Havana Interceptor, Peoria Interceptor,

Uvalda Interceptor, Highline Lateral and First Creek. The inflow sources encompass a total drainage

area of approximately 40 sq mi, not including the Highline Lateral drainage area. The maximum monthly

surface-water inflow volume was 778.75 ac-ft (2.54 x 108 gallons) during September 1990. The
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mnnm moft inflow volm was 61.91 Ca2.0 xi1 7 gallons) during October 1989. A summary

I of mothly inflow volumn amiring RMA from these sources i illustrated in Table 4.1-6.

I Surface-water exits RMA via First Creek in Section 24. Outflow is measured at the Sewage Treatment

Plant and at the North First Creek monitoring station. The maximum surface-water outflow volume was

measured in March 1990 and totaled 155.58 ac-ft (5.07 x 107 gallons) during December 1989. Outflow

volumes are summarized in Table 4.1-7.

E The total volume of water entering RMA via Havana Interceptor, Peoria Interceptor, South Uvalda,

Higbline Lateral and South First Creek was 4524.71 ac-ft (1.47 x I0' gallons). However, the volume

of water flowing off-post was only 419.85 ac-ft (1.37 x 108 gallons). The inflow volume of water

exceeds the outflow volume approximately 11 times. A comparison of inflow and outflow volumes

I measured during Water Year 1990 is presented in Figure 4.1-36.

I 4.1.15 LAKM AND POND TUE NDM EXTREmNs

I South Plant Lakes and Havana Pond storage volumes have been calculated for Water Year 1990 using

area/stage relationships established by previous contractors (Ebasco Services, Inc., et al., 1989a). These

I water bodies are all located in the Irondale Gulch Drainage Basin, but the storage volumes from Lake

Mary have not been established and cannot be presented because the lake area has never been surveyed.

I In the Water Year 1989 report, previously established and surveyed stage/elevation information did not

correspond to the Water Year 1989 survey information that was compiled for the Surface-Water CMP.

U All elevation data in the Water Year 1990 report is referenced to the newer stage/elevation information

from the Surface-Water CMP 1989 survey used in the RLSA Surface-Water CMP FY89 report (Appendix

I A-1.1). Net average volumes were calculated for each water body based on previously determined

elevation/volume relationships with the revised stage/elevation relationships presented in the FY89 report.

I Average net volumes for each water body were determined for the weeks with sufficient data. The lakes

and Havana Pond are typically frozen or below gage in December, January and February, hence there

are several weeks with no volume calculations.

Estimated precipitation and evaporation volumes were calculated by multiplying the average monthly

lake/pond areas by the precipitation or evaporation depth in feet to yield an acre-feet value. Table 4.1-8

summarizes average storage volumes for the South Plants Lakes and Havana Pond.
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Table 4.1-8 Averae Stora, Prec~itation and Evaporation Volumes for South Plants Lakes and Havana

I
Averag Averagemonth Storag Volume Storage Volume Precipitation Evaporation

(ac-ft) (gallons) (ac-ft) (ac-ft)

Lower Derby Lake

I October 275.38 89,602,975 3.59 19.03
November 278.70 90,906,291 0.67 12.03
February 244.90 79,828,105 2.29 3.74
March 248.80 81,131,421 12.99 6.71

247.50 80,642,678 4.22 13.37
244.66 79,717,323 6.26 26.00

June 232.70 75,820,408 0.85 40.28
July 226.82 73,904,534 14.21 30.74
August 228.05 74,305,303 7.83 30.80
September 234.30 76,341,735 5.89 25.72

I *10 Month Average 246.18 80,212,583 5.88 20.84

U Ladora Lake

October 280.10 91,264,703 3.53 18.75
November 287.00 93,512,923 0.67 11.99
March 315.28 102,730,000 14.71 7.59

305.25 99,377,845 4.68 14.83
fay 279.52 91,075,722 6.57 27.30I June 298.45 94,243,665 0.96 45.36

July 311.82 101,600,000 16.81 36.35
August 270.68 88,195,394 8.33 32.79
September 328.18 106,930,000 .13 31.12I
*9 Month Average 297.36 96,888,511 7.04 25.12

H Differences in months are due to early freezing or below gage stages reflected by individual lakes.

I
I
I
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"�"Tbl 4.14 Volums Oex South Plants LAkes and Havana

Cnl seYar I99 (,,€ovsoutoiVouesfu S•

Average AverageU Month Storage Volume Storage Volume Precipitation Evaporation
(c-ft) (galons) (ac-ft) (ac-fl)

Havana Pond

IOctober 18.05 5,881,214 0.79 4.22
November 11.18 3,642,768 0.11 2.02
February 11.72 3,818,716 0.43 0.70
March 35.68 11,625,579 4.49 2.32

22.29 7,262728 1.14 3.62
Y 23.23 7,569,008 1.70 7.06

June 25.97 8,461,779 0.26 12.35
July 39.30 12,805,080 5.54 11.97
Augu 47.81 15,577,884 3.45 13.56
Septmber 33.86 11,032,570 2.10 9.16

I *10 Month Aveage 26.91 8,768,058 2.00 6.70

SUpper Derby Lake

March 15.70 5,115,515 2.69 1.39
*A 13.40 4,366,109 0.80 2.52

56.60 18,441,921 2.91 12.07
June 187.15 60,978,897 0.91 43.15U July 217.38 70,828,708 16.77 36.27
August 241.88 78,811,519 9.78 38.47
Septmber 222.98 72,653,350 6.95 30.33

*7 Month Average 136.44 44,456,109 5.83 23.46

I * Differences in months are due to early freezing or below gage stages reflected by individual lakes.

I
I
I
I
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4.1.15.1

Based on the Water Rmedial Investigation (Ebasco Services, Inc., et al., 1989) storage volume

I information, the average storage volumes for Havana Pond ranged from a low of 7.15 ac-ft in December

to a high of 63.58 ac-ft in August (Appendix A-9, Table A-9.5). During moit of December 1989 and

I January 1990 the pond water was below gage and/or frozen, and storage volumes could not be calculated.

The average monthly net storage volume for the 10-month record of no solid freezing on the pond was

I 26.91 ac-ft or 8,768,058 gallons (Table 4.1-8, Figure 4.1-37). No water was released to Sand Creek

Lateral from Havana Pond in Water Year 1990.

I The storage volume relationship for Havana Pond appears to be erroneous when comparing inflow

volumes for Havana and Peoria Interceptors (Table 4.1-6). In March 1990, there was a total of 245.8

ac-ft of inflow through these interceptors which discharge into Havana Pond. This creates a water

balance problem at Havana Pond because, based on weekly staff gage readings which are used in the

I storage volume table (Ebasco Services, Inc., et al., 1989a), the pond averaged only 35.68 ac-ft in March

1990. Havana Pond has a high infiltration rate but it is unlikely that this much water is infiltrating.

I Based on field observations, it appears that the pond has a greater average depth than that used in the

storage volume calculations, which could be giving erroneously small storage volume values for Havana

* Pond.

4.1.15.2 UVVer= ey Lke

Upper Derby Lake had large volume fluctuations in Water Year 1990. Water from Upper Derby Lake

can be released by Army personnel into Lower Derby Lake through a culvert that stretches under the3 Lakes Road. When Upper Derby Lake reaches a staff gage of approximately 6.80 ft, water is spilled into

Eastern Upper Derby Lake through a culvert under E Street. Throughout most of July, August and

September 1990, Eastern Upper Derby Lake was at a high stage, taking in a large volume of water from

Highline Lateral. Only minor amounts of Upper Derby Lake water could be released to Lower Derby

Lake during the construction of the new Lower Derby Lake spillway. This caused a large volume of

water to spill into Eastern Upper Derby Lake. There is no staff gage at Eastern Upper Derby Lake, but

when Upper Derby Lake reaches a staff gage reading of approximately 9.0 ft, Eastern Upper Derby Lake

will begin to spill over into a ditch on its northwest bank. The ditch runs a northeast course until it
connects with First Creek approximately 1 mile away. Several discharge measurements were taken in
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I July 1990 where the lake spills over into the ditch and near the confluence of the ditch and First Creek,

I where a new sampling location station (SW06002) was surveyed. Flow rates were approximately 0.29

gpm to 0.57 gpm at the site where Eastern Upper Derby Lake water enters the ditch. Near the

i confluence of the ditch and First Creek, flow rates ranged from 0.02 gpm to 0.07 gpm indicating a net

loss of surface-water to ground-water as water flows through the ditch. I rough estimate of the volume

of lake water that eventually entered First Creek ranged from 2,000 gal to 7,500 gal during this period.

Average weekly storage volumes for Upper Derby Lake ranged from a minimum of 3.70 ac-ft in

November 1989 to a maximum of 291.60 ac-ft in September 1990 (Appendix A-9, Table A-9.2). During

most of October 1989 through February 1990, Upper Derby Lake was below gage and/or frozen;

therefore, storage volumes could not be accurately calculated. The average monthly net storage volume

for the 7-month record was 136.44 ac-ft or 44,456,109 gallons (Table 4.1-8, Figure 4.1-38).

I 4.1.15.3 Lower DrbyLk

SDuring the summer months of Water Year 1990, Lower Derby Lake was maintained at a low volume due

to the construction of a spillway on its northwest bank and reinforcement work on its western dam. The

i lake was filled to a gage reading of 16.8 ft on September 28, 1990, to test the spillway. Lower Derby

Lake's average weekly storage volume ranged from a low of 199.00 ac-ft in early September 1990 to a

high of 293.30 in October 1989 (Appendix A-9, Table A-9.3). During most of December 1989 and

January 1990, the lake was frozen, and storage volumes could not be accurately calculated. The average

monthly net storage volume for the 10-month record of no freezing on the lake was 246.18 ac-ft or

80,212,583 gallons (Table 4.1-8, Figure 4.1-39).

4.1.15.4 LadoraLake

i The storage water at Ladora Lake is derived primarily from Lower Derby Lake via Ladora Weir and

secondarily from Havana Pond via Sand Creek Lateral. During Water Year 1990, no water was

discharged into Sand Creek Lateral downstream of Ladora Weir, and in most of July and August, water

was not discharged into Ladora Lake through Ladora Weir due to construction activity at the weir. A

spillway was completed on the west side of the lake in the Fall 1989. The spillway was designed to

handle overspill at a stage of 12.8 feet. Average weekly net storage volumes at Ladora Lake ranged from

a minimum of 246.90 ac-ft in early June to a maximum of 346.80 ac-ft in late June (Appendix A-9, Table

A-9.4). In most of December 1989, January 1990 and February 1990, the lake was frozen, and storage
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I volumes could not be accurately calculated. The average monthly net storage volume for the 9-month! record of no solid freezing on the lake was 297.36 ac-ft or 96,888,511 gallons (Table 4.1-8, Figure

4.1-40).

I4.1.15.5 LakeMWz

U Stage at Lake Mary is monitored weekly from observed staff gage readings. Lake Mary's water is

derived from Ladora Lake. Storage volumes are not calculated here because the lake area has never been

surveyed. Water levels at Lake Mary ranged from 0.08 ft in February 1990 to 1.02 ft in May and July

1990.

4.1.16 SEWAcG TnATMEnT PLANT TRENDs A ExwmnsI
Water discharge from the Sewage Treatment Plant (SIP) originates from treated water that is used on

IRMA. The water is discharged from a 6-in. PVC pipe into a plastic-lined channel which leads to First

Creek. The discharge water from the plant is monitored daily by Army personnel and observed routinely

I by RLSA personnel. Discharge records are summarized in Table 4.1-9 and presented in detail in

Appendix A-10.

A total of 6,485,700 gal of water was discharged from the STP during Water Year 1990 (Table 4.1-9).

I The monthly discharge varied from a minimum of 351,900 gal during February to a maximum of

831,800 gal in July. The average monthly discharge for Water Year 1990 was 540,475 gal (17,728 gal

I per day). A minimum of 66,100 gal wa& recorded during the week of March 3, 1990, and a maximum

of 214,700 gal was recorded during the week of July 14, 1990 (Appendix A-10). A graph displaying

total weekly and cumulative weekly discharge data from the sewage treatment plant (STP) (Figure 4.1-41)

shows a fluctuating monthly record with generally higher values in the summer months.

I 4.2 SURFACE-WATER QUALITY RBSULTS

m The results of the CMP Water Year 1990 surface-water quality monitoring program are presented in this

section. Results are segregated into the following major categories for discussion: (1) target organic

compounds, (2) nontarget organic compounds, (3) trace inorganic constituents, (4) field parameters, and

(5) major inorganic constituents. Table 3.2-1 lists the sites from which surface-water samples were
I~- 140-

SWAR-90.4
IRaw. 02/27/92



I

I Table 4.1-9 Sewage Treatment Plant Monthly Flow Summaries, Water Year 1990

I Monthly Monthly Daily Daily
Month Total Total Average Average

(gallons) (acre-feet) (gpd) (gpm)

E October 546,400 1.68 17,626 12.24
November 419,300 1.29 13,977 9.71
December 360,700 1.11 11,635 8.08
January 457,600 1.40 14,761 10.25
February 351,900 1.08 12,568 8.73
March 587,300 1.80 18,945 13.16
A 537,700 1.65 17,923 12.45

ay 481,300 1.48 15,526 10.78D June 624,200 1.92 20,807 14.45
July 831,800 2.55 16,832 18.63
August 727,500 2.23 23,468 16.30I September 560,000 1.72 18,667 12.96

AVERAGE FOR YEAR 540,475 1.66 17,728 12.31

TOTAL FOR YEAR 6,485,700 19.90

I
I
I
I

I

I
I
I
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I
collected during Water Year 1990. Table 3.2-2 summarizes analytical methods and certified reporting

I limits (CRLs) that were used by Data Chem and ESE laboratories. An evaluation of quality control

samples, including blanks, duplicates, and confirmatory analyses, is provided in Section 4.5.

4.2.1 SURFACE-WATM QUAUr, PROGRAM OvERVmw

I The CMP Water Year 1990 program for analysis of a target list of organic and inorganic chemical species

U is described in the CMP Surface-Water Technical Plan (RLSA, 1989). This list includes organic

compounds, major inorganic constituents, trace inorganic constituents, and field parameters. Gas

I chromatography/mwam spectrometry (GC/MS) analyses were performed on samples of surface-water

inflows to the south and southeast boundaries of RMA and a sample of the outflow

from RMA in First Creek. Several other surface-water samples were randomly selected for GC/MS

confirmatory analyses. The purpose of the GCUMS program was to confirm results for analytes reported

by GC methods and to further characterize the quality of surface water at RMA by identifying the

presence of nontarget compounds. Analytical results reported include those listed in Appendix B.

Analytical results are included for 27 samples collected during the spring, 22 collected during high

I events, and 13 collected during the fall.

3 Separate discussions are presented for (1) target organic compounds, (2) nontarget organic compounds,

(3) trace inorganic constituents, (4) field parameters, and (5) major inorganic constituents for each

drainage basin. Trace inorganic constituents, as defined herein, are constituents reported at

concentrations generally less than 0.1 milligrams per liter (mg/l). Major inorganic constituents are

3 constituents reported at concentrations generally greater than 0.1 mg/l. Calculations for carbonate and

bicarbonate concentrations and an ion balance analysis are included in the major inorganic constituent

3 discussion.

4.2.2 OCCURRENCE OF TARGET ORGANIC COMPOUNDS

The occurrences of target organic compounds are presented in this section. The target organic

compounds for this study have been grouped according to the method of analysis and are listed in

Table 4.2-1. The concentrations reported in the following sections are concentrations that exceeded the

Certified Reporting Limit. Table 4.2-2 provides a tabulated summary of the occurrence of target organic

compounds, including the sampling locations within the RMA drainage basins, sampling event, target
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I Tab" 4.2-1 CUP Surface-Water List of Target Organi Compounds by Malbod,

U1,1-ihood eAdi
1,1, l-Tricbloroothanke DicidrinI 1,1 ,2-Trichloroehma Endrin

1,2-Dichloroethane Hexachorocyclopentadiene
1 ,2-Dichloroediene Lsodrin
Carbon tetabuhioride 2,12-Bis(parachlorohanyl)-1,1-
Chlorobenzene dichloroethene (VPDDE)I aChloroform 2,2-BýisQParachlorohg)111
Methylene, chloride trichioroechane PID1T))

ITrichioroethene rw onMtd

Vyldle AWt1M hda ei Dicyclopentadfiene (l)CPD)
Mfethylisoý ketone (MbUK)I Benzenecloh(BCIIPD)

Ethylbeuzene -

Toluene Q =PQ Qu etcdsCm n
Xylenes (oM)

Xylene (pp)Atrazine
Ora~u = udMto Malathion

Parathion
1,4-Dithiane Supona
1 ,4-Oxathiane Vapona
BeazothiazoleIDimethyldisulfide Po-w S

p-hOro nnletysloe
p-chorohenlmetylslfoideDi roymcthylphosphonate,

p-iorpenletysufide (M1l4'
Dimethylmethylphosphonate

(DMMP)

3BPMto
Dibromochioropropane (DBCP)
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I Table 4.2-2 Ocu"rc of Target Organic Compounds in Surface-Watow Samples, Water Year 1990

nSampling Sampling Target Concentration

I Location Event* Compound (pg/i)

Irondale Gulch goa Basin

SWO1002 Spring CL6CP 0.317
Dieldrin 0.149
DMMP 0.679
Endrin 0.213
PPDDE 0.227
PPDDT 0.189
Parathion. 35.3

3 High Event 1 Aldrin 0.914
March 13, 1990 Atrazine 74.7

BTZ 7.73
CCLA 1.87
CHCL3 72.6

CPMS 8.47
CPMSO 258
CPMSO2 79.0
DBCP 201
DIM? 3.14
Dieldrin 4.96
DMMP 1.86
Endrin 2.34
Isodrin 1.20
PPDDE 0.313
Parathion 69.7
Su na1.93I

SWO1004 Spring Aldrin 0.0936
Chlordane 0.211
DIM? 0.978

SW02006 Spring CHCL3 5.76

SW11001 Spring Atrazine 8.10

Dieldrin 0.138

High Event 1 Atrazine 11.2
March 6, 1990 Dieldrin 0.0583

Isodrin 0.0777
Vapona 0.718

II
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U Ta"l 4.2-2 Occuaca of Tget Oqnic COmpounds in Surface-Water Sample$, Watr Year 1990 (cotimtied)

U samln ampling Target ConcentrationI LoAcation EctCompound ,g)

kg1kue -Gucbh•Dia in (continued)

i SW1lOO (continued) HighEvent 2 Atrazine 22.1
March 13, 1990 CL6CP 0.0685

Dieldrin 0.0796

3 Fall 12DCE 14.4
TCLEE 14.8
TRCLE 14.3

I SWI 1002 Spring Atrazine 10.2
Chlordane 0.293
PPDDT 0.0880

High Event 1 Atrazine 13.1
March 6, 1990 CHCL3 2.45

High Event 2 Atrazine 79.7
March 13, 1990 CL6P 0.0731

PPDDE 0.305
Parathion 1.33

High Event 3 IlITCE 4.82
July 9, 1990

I SW12004 Spring Chlordane 0.418
Endrin 0.0787
PPDDT 0.0674

SW12005 High Event 2 Aldrin 0.0914
March 13, 1990 Atrazine 5.26

High Event 3 Atrazine 11.4
March 28, 1990 CL6CP 0.104

SW12006 High Event CL6CP 0.566
July 21, 1990

SW12007 Spring DIMP 0.521

I
I
U
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I Table 4.2-2 Occurrences of Target Organic Compounds in Surface-Water Samples, Water Year 1990 (continued)

U am in Sa~mgTarget Concentration

First Creek f e Basin

I SW24001 Spring Aldrin 0.0703

SW24002 High Event Aldrin 0.0880
March 9, 1990

SW24003 Spring DIMP 1.65

I SW30002 Spring CHCL3 0.764

SW37001 High Event 1 Atrazine 9.43
Nov. 29, 1989 Chlordane 0.236

I)CPD 48.4
DIMP 160TCLEE 0.878

Spring Ch•ordane 0.319IDCPD 12.9
DR"P 38.5

High Event 2 DIMP 14.1
March 9, 1990

Fall Atrazine 12.2
DCPD 19.5
DIMP 124
Endrin 0.230IParathion 1.35

South Platte DAWainp Basin

SW26001 High Event I Endrin 0.311
MarchE 13, 1990

High Event 2 Dieldrin 0.734
August 19, 1990 Endrin 0.284

SW36001 Spring 112TCE 1.16
11DCE 4.63
12DCE 15.1
Aldrin 0.783
Atrazine 39.1
BCHPD 22.1
C6H6 44.8
CHCL3 198
CL6CP 0.258
SCLC6H5 993
DBCP 15.2

I
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U Ta"le 4.2-2 Occurrences of Target Organic Compounds in Surfe-Water Samples, Water Year 1990 (continued)

I Smplng ampingTarget ConcentrationILcion SEvn (Compound (Ug/i)

South Platte2 ~mN (continued)

I SW36001 (continued) Spring DCPD 47.8
Dieldrin 2.13
DMMP 1.31
Endrin 0.171SETC6115 65.2
Iaodrin 0.935
ME -6H5 16.7
MIBK 783
PPDDE 0.195
PPDDT 0.561
Parathion, 61.5

78.2
TRCLE 42.7
XYLEN 75.0

Fall 11DCE 2.08
12DCE 9.02
Aldrin 1.02
Atrazine 7.12
C6H6 3.96

CHCL3 92.8
IL6CP 0.0718
CPMSO 17.0

CPMS02 194
IDBCP 5.43

DCPD 20.4
Dieldrin 3.99
DMMP 0.771
Endrin 1.39
ETC6H5 16.1
Isodrin 0.516
MEC6H5 3.23
Parathion 43.2
Supona 11.6
TCLEE 34.5
TRCLE 15.3
XYLEN 29.6

*Spring = April 12 through April 19, 1990
Fall = September 4 through September 7, 1990
i Lg/l = micrograms per liter

I
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I

I organic compound reported and concentration. A geographical representation of the target organic

I compound concentrations by drainage basin is provided in Figures 4.2-1, 4.2-2, and 4.2-3. The

following discussions summarize the analytical results by method and sampling event for all sample

i results that met CMP Quality Assurance/Quality Control (QA/QC) requirements. A discussion of the

QA/QC protocol and a summary of the rejected data are provided in Section 4.5.

I 4.2.2.1 Volatile OrMhAlo8M

I Compounds in the volatile organohalogen group are listed as follows:

3 1,1, 1-Trichloroethane (11 1TCE)

1, 1,2-Trichloroethane (1 12TCE)

I, l-Dichloroethane (I IDCLE)

I, l-Dichloroethene (I 1DCE)

1,2-Dichloroethane (12DCLE)

1,2-Dichloroethene (12DCE)

3 Carbon tetrachloride (CCIA)

Chlorobenzene (CLC6H5)

I Chloroform (CHCL3)

Methylene chloride (CH2CL2)

Tetrachloroethene (TCLEE)

Trichloroethene (TRCLE)

The analytical results for volatile organohalogens are summarized below.

I Volatile organohalogens at concentrations exceeding the CRLs were reported in three samples collected

during the spring sampling event. The compounds II2TCE, I IDCE, 12DCE, CLC6H5, CHCL3,

TCLEE, and TRCLE were reported in one sample collected from the South Platte drainage basin

(Basin A; SW36001). The concentrations of these compounds were: 1.16 micrograms per liter (ag/L)

of 112TCE, 4.63 pg/L of IIDCE, 15.1 ug/L of 12DCE, 993 1g/L of CLC6H5, 198 %g/L of CHCL3,

78.2 #g/L of TCLEE, and 42.7 1tg/L of TRCLE. CHCL3 was reported in one sample collected from

the First Creek drainage basin in First Creek near North Plant (SW30002; 0.764 #g/L) and one sample
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coellcted from the IrendaIe Gulch drainage basin from South Plants steam effluent ditch (SW02006;

I 5.76 #g/L).

i Volatile organobalogens at concentrations exceeding the CRLs were reported present in two amples

collected during the fall sampling event. The compounds I IDCE, 12DCE, CLC6H5, CHCL3, TCLEB,

i and TRCLE were reported present in one sample collected from the South Platte drainage basin (Basin A;

SW36001). Tne COnce tS of these compounds were 2.08 jg/L of 1 IDCE, 9.02 pg/L of 12DCE,

I 327 pg/L of CLC6H5, 92.8 /g/L of CHCL3, 34.5 pg/L of TCLEE, and 15.3 /g/L of TRCLE. Tihe

compounds 12DCE (14.4 /,g/L), TCLEE (14.8 pg/L), and TRCLE (14.3 ;g/L) were reported presentI in one sample collected from the Irondale Gulch drainage basin in Peoria Interceptor (SWI1001).

Volatile organohalogeas at concentration exceeding the CRLs were reported present in three samples

collected during high event sampling. IIITCE (4.82 /g/L) was reported present in the Irondale Gulch

drainage basin at the Havana Interceptor (SW1 1002; July 9, 1990). CHCL3 (2.45 pg/L) was reported

present in one sample collected from the Irondale Gulch drainage basin at the Havana Interceptor

(SWI1002; March 6, 1990). The compounds CCLA (1.87 jg/L), CHCL3 (72.6 /g/L), and TCLEE

i (6.69 &g/L) were reported present in a sample collected from the Irondale Gulch drainage basin in the

South Plants Water Tower Pond (SWO1002; March 13, 1990). The compound TCLEE (0.878 jg/l) was

reported present in a sample collected from the First Creek drainage basin at First Creek Off-Post

(SW37001; November 29, 1989).

i4.2.2.2 Volatile Aromatics

Compounds in the volatile aromatic group ar listed as follows:

i Benzene (C6H6)

Ethylbenzene (ETC6H5)

m-Xylene (13DMB)

Toluene (MEC6HS)

Xylenes (op) (XYLEN)

3 The analytical results for volatile aromatics are summarized below.
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I

Volatile aromatic compound at concetrations exceeding the CRI were reported present in one sample

Icollected durig the spring sampling event- Mw compounds C6H6 (44c8 ogcL), trC6H5 (65.2edg/L),

MEC6H5 (16.7 jtg/L), and XYLEN (75.0 FgAL) were reported present in one sample collected from the

I South Platte drainage basin at Basin A (SW36001).

I Volatile aromatic compounds at oncetramions exceeding the CRLs were reported present in one sample

collected during the fall sampling event. The compounds C6H6 (3.96 I4L), ETC6I5 (16.1 •g/L),

I MEC6H5 (3.23 pg/L), and XYLEN (29.6 pg/L) were reported present in one sample collected from the

South Platte drainage basin at Basin A (SW36001).

I No concentrations of volatile aromatic compounds above the CRL were reported present in samples

collected during any high events.

4.2.2.3 OrQanosulfurr Comp ndaI
Compounds in the organosulfur group are listed as follows:

p-Chlorophenylmethyl sulfide (CPMS)

p-Cilorophenylmethyl sulfoide (CPMSO)

p-Chlorophenylmethyl sulfone (CPMSO2)

1,4-Dithiane (D1TH)

3 1,4-Oxathiane (OXAT)

Dimethyldisulfide (DMDS)

Benzothiazole (BTZ)

iThe analytical results for organosulfur compounds are summarized below.

No concentrations of organosulfur compounds above the CRLs were reported present in samples collected

during the spring sampling event.

i Organosulfur compounds at concentrations exceeding the CRLs were reported present in one sample

collected during the fall sampling event. The compounds CPMSO (17.0 Jtg/L) and CPMSO2 (194 /g/L)

were reported present in one sample collected from the South Platte drainage basin at Basin A

(SW36001). 
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iiI,

Orsanosulfur compounds at concentatlons exceeding the CRLs were reported prest in one sample

I collected during high eveat sampling. The compounds BTM (7.73 pg/L), CPMS (8.47 pg/L), CPMSO

(258 pg/L), and CPMSO2 (79.0 •Ig/L) were reported present in one sample collected from the Irondale

I Gulch drainage basin at the South Plants Water Tower Pond (SWO1002; March 13, 1990).

I 4.2.2.4 Ormnnoclrine Pesticides

Compounds in the organochlorine pesticide group are listed as follows:

Aldrin

Chlordane

3 Dieldrin

Endrin

3 Hexachlorocyclopentadiene (CLI6CP)

Isodrin

2,2-Bis(paracblorophenyl)- 1, 1-dichloroethene (PPDDE)

2,2-Bis(parachlorophenyl)-1, 1, 1-trichloroethane (PPDDT)

The analytical results for organochlorine pesticides are summarized below.

Organochlorine pesticides at concentrations exceeding the CRLs were reported present in eight samples

collected during the spring sampling event. The compounds aldrin (0.783 ptg/L), dieldrin (2.13 Ipg/L),

endrin (0.171 pg/L), CL6CP (0.258 jug/L), isodrin (0.935 #g/L), PPDDE (0.195 ug/L), and PPDDT

(0.561 ug/L) were reported present in one sample collected from the South Platte drainage basi.

(Basin A; SW36001). Organochlorine pesticides were reported present in five samples from the Irondale

Gulch drainage basin: the sample from South Plants Water Tower Pond (SWO1002) contained dieldrin

(0.149,ug/L), endrin (0.2131&g/L), CL6CP (0.3171&g/L), PPDEE (0.227 &g/L), and PPDDT

(0.189 pig/L); the sample from Upper Derby Lake (SWO1004) contained aldrin (0.0936 p&g/L) and

chlordane (0.211 1g/L); the sample from Havana Interceptor (SWI1002) contained chlordane

(0.293 #g/L) and PPDDT (0.088 p&g/I); the sample from Peoria Interceptor (SW 11001) contained dieldrin

(0. 138 p4g/L); and the sample from the Storm Sewer (SW 12004) contained chlordane (0.418 pig/L), endrin

(0.0787 ptg/L), and PPDDT (0.0674 /g/l), Two samples collected from the First Creek drainage basin

3 were reported to contain concentrations of organochlorine pesticides; aldrin (0.0703 ptg/L) was reported
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I

present in the sample collected from the Sewage Treatment Plant (SW24001) and chlordane (0.319 pg/L)

I was reported present in the sample collected at the First Creek Off-Post monitoring station (SW37001).

i Organochlorine pesticides at concentrations exceeding the CRLs were reported present in two samples

collected during the fail sampling event. In the South Platte drainage basin, aldrin (1.02 pg/L), dieldrin

i (3.99 pug/L), endrin (1.39 pg/L), CL6CP (0.0718 pg/L), and isodrin (0.516 p&g/L) were reported present

in one sample from Basin A (SW36001). In the First Creek drainage basin, endrin (0.230 ptg/l) was

I reported present in one sample collected from First Creek Off-Post (SW37001).

Organochlorine pesticides at concentrations exceeding the CRLs were reported present in six samples

collected during high event sampling. In the Irondale Gulch drainage basin, samples collected from South

Plants Water Tower Pond (SWO1002), Peoria Interceptor (SWI 1001), Havana Interceptor (SW11002),

I South Uvalda (SW12005), and Army Reserve Storm Sewer (SW12006) contained organochlorine

pesticides. Aldrin (0.914 #g/l), dieldrin (4.96 pLg/l), endrin (2.34 pg/l), CL6CP (1.06 #g/1), isodrin

(1.20 ptg/l), and PPDDE (0.313 pg/i) were reported present in one sample from South Plants Water

Tower Pond (SW01002) on March 13, 1990. A sample from Peoria Interceptor (SW 11001) on March 6,

1990, was reported to contain dieldrin (0.0583jug/1) and isodrin (0.0777 pg/1). A second sample from

Peoria Interceptor (SWI1001) March 13, 1990, was reported to contain dieldrin (0.0796 ptg/l) and

I CL6CP (0.0685 g/i). CL6CP (0.0731 pg/i) and PPDDE (0.305 pg/i) were reported present in the

sample from Havana Interceptor (SW11002) March 13, 1990. Aldrin (0.0914 pg/i) was reported present

3 in a sample from South Uvalda (SW12005; March 13, 1990). CL6CP (0.104 pg/I) was reported present

in another high event sample from South Uvalda (SW12005) on March 28, 1990. CL6CP (0.566 ptg/l)

3 was reported present in a sample from the Army Reserve Storm Sewer (SW12006; July 21, 1990).

Aldrin (0.0880 pg/i) was reported present in a sample from the First Creek drainage basin at North First

3 Creek (SW24002) on March 9, 1990. Endrin (0.311 pg/i) was reported present in a storm sample from

Basin F in the South Platte drainage basin (SW26001; March 13, 1990). Dieldrin (0.734 ptg/i) and endrin

(0.284 jg/l) were reported present in a high event sample from Basin F (SW26001; August 19, 1990).

Chlordane (0.236 pg/l) was reported present in a sample collected at First Creek Off-Post (SW37001;

November 29, 1989) in the First Creek drainage basin.

4.2.2.5 Hydrocarbons

Compounds in the hydrocarbon group, are listed as follows:
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B (BCHD)3 ~Dicyclopeintadimui. ()CPD)

Methylisobutylketoe (,MIBK)

EThe analytical results for hydrocarbons are summarized below.

UHydrocarbons were reported preset at concentrations exceeding the CRLs in two samples collected

I during the spring sampling event. BCHPD (22.1 #g/L), DCPD (47.8 pg/L), and MIBK (783 pg/L) were

reported present in one sample from Basin A in the South Platte drainage basin (SW36001). DCPD

(12.9 jg/L) was reported present in one sample from the First Creek drainage basin at First Creek Off-

U Post (SW37001).

I DCPD was reported present in two samples collected during the fall sampling event. One sample from

the South Platte drainage basin at Basin A (SW36001) was reported to contain DCPD at 20.4 pg/L. OneE ~sample from the First Creek drainage basin at First Creek Off-Post (SW37001) was reported to contain

DCPD at 19.5 ~Ig/L.

A hydrocarbon concentration above the CRL was reported present in one sample collected during high

Sevent sampling in the First Creek drainage basin. DBCB (48.4 pg/L) was reported present at First Creek

Off-Post (SW37001: November 29, 1989).

4.2.2.6 Orgmlafhnlph us Qompgouds

I Compounds in the nitrogen phosphate pesticides (organophosphorus) group are listed as follows:

mAtrazine

Malathion

Parathion

Supona

Vapona

I hMe analytical results for organophosphorus compounds are summarized below.
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Organophosphorus compound concentrations exceeding the CRLs were reported present in four samples3 collected during the spring sampling event. One sample from the South Platte drainage basin (Basin A;
SW36001) was reported to contain atrazine (39.1 /g/L), parathion (61.5 ug/L), and supona (5.84 tg/IL).
Two samples from the Irondale Gulch drainage basin were reported to contain atrazine. The sample
from Peoria Interceptor (SWI 1001) was reported to contain 8.10 pg/L of atrazine, and the sample from
Havana Interceptor (SWI 1002) was reported to contain 10.2 /g/L of atrazine. Parathion (35.3 Jsg/L) was

reported present in one sample from the Irondale Gulch drainage basin (South Plants Water Tower Pond;I SWo1002).

I iTwo samples collected during the fall sampling event were reported to contain concentrations of
organophosphorus compounds that exceeded the CRLs. One sample from the South Platte drainage basin
(Basin A; SW36001) was reported to contain atrazine (7.12 /g/L), parathion (43.2 1&g/L), and supona
(11.6 jg/L). One sample from the First Creek drainage basin (First Creek Off-Post; SW37001) was
reported to contain atrazine (12.2 jzg/L) and parathion (1.35 /g/L).

Organophosphorus compounds at concentrations exceeding the CRLs were reported present in samples
I collected from four locations in the Irondale Gulch drainage basin and from one location in the First

Creek drainage basin during high events. A high event sample from North Uvalda (SW01002) on
n March 13, 1990, was reported to contain atrazine (74.7 pg/L), parathion (69.7 p&g/L), and supona

(1.93 1tg/L). One sample collected from Peoria Interceptor (SW1 1001) on March 6, 1990, was reported3 to contain atrazine (11.2 pg/L) and vapona (0.718 jig/L). A high event sample collected from Havana
Interceptor (SW11002) on March 6, 1990, was reported to contain atrazine (13.1 /g/L), and another
sample from Havana Interceptor (SW11002) on March 13, 1990, was reported to contain atrazine
(79.7 j&g/L) and parathion (1.33 pg/L). Atrazine was reported present in two high event samples3 collected at South Uvalda (SW12005) at concentrations of 5.26 /g/L on March 13, 1990, and 11.4 pg/L
on March 28, 1990. A high event sample collected at Peoria Interceptor (SWI 1001) on March 13, 1990,
was reported to contain atrazine (22.1 Ag/L). An organophosphorus compound was detected in one
sample collected in the First Creek drainage basin during a high event. Atrazine (9.43 ptg/L) was

n reported present at First Creek Off-Post (SW37001; November 29, 1989).

4.2.2.7 Phosphonnat

Compounds in the phosphonate group are listed as follows:
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I

I Diisopropylmethylphiophonae (DIMP)

Dimethylmethylphosphonate (DMMP)

I n e analytical results for phosphonates are summarized below.

I Phosphonates at concentrations exceeding the CRLs wer reported present in five samples collected during

the spring sampling event. Three samples from the Irondsle Gulch drainage basin were reported to

i contain phosphonates. DIMP was reported present in Upper Derby Lake (SW01004; 0.978 pg/L) and

Highline Lateral (SW12007; 0.521 #g/L), and DMMP was reported present in South Plants Water Tower

Pond (SW01002; 0.679 pig/L). Two samples from the First Creek drainage basin were reported to

contain phosphonates. DIMP was reported present in North Bog (SW24003; 1.65 j#g/L) and First Creek

Off-Post (SW37001, 38.5 pg/L). DMMP (1.31 "&g/L) was reported present in one sample from the South

SPlatte drainage basin (Basin A; SW36001).

E Phosphonates at concentrations exceeding the CRLs were reported present in two samples collected during

the fall sampling event. DIMP (124 "g/L) was reported present in one sample from the First Creek

I drainage bai (First Creek Off-Post; SW37001). DMMP (0.771 pg/L) was reported present in one

sample from the South Platte drainage basin (Basin A; SW36001).

Phosphonates at cncentrations exceeding the CRLs were reported present in three samples collected

during high events. One sample from the Irondale Gulch drainage basin at South Plants Water Tower

Pond (SW01002) on March 13, 1990, was reported to contain DIMP (3.14 /&g/L) and DMMP (1.86

ig/L). DIMP was reported present in two samples from the First Creek drainage basin at First Creek

Off-Post on November 29, 1989 (160 #&g/L) and on March 9, 1990 (14.1 /g/L).

1 4.2.2.8 DibroQmciomQrane= MDBCP)

i Tne analytical results for DBCP are summarized below.

i DBCP was reported present at a concentration exceeding the CRL in one sample collected during the

spring sampling event. One sample from the South Platte drainage basin (Basin A; SW36001) was

reported to contain DBCP at 15.2 Itg/L.
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I
DBCP was reported present at a concentration exceeding the CRL in one sample collected during the fall

U sampling event. One sample from the South Platte drainage basin (Basin A; SW36001) was reported to

contain DBCP at 5.43 pg/L.

i DBCP was reported present at a concentration exceeding the CRL in one sample collected during a high

E event sampling. One sample from the Irondale Gulch drainage basin at South Plants Water Tower Pond

(SW01002) on March 13, 1990, was reported to contain DBCP at 201 ptg/L.

i 4.2.3 OccuRRuNcE op NoNTARcer ORGANIC COMPOUNDS

IC/MS analyses were performed to confirm CMP target compound analyses and to provide information

regarding the potential presence of nontarget compounds at specific locations. Confirmational GC/MS

results for CMP target compounds are discussed in Section 4.5. The results of GC/MS analyses for

nontarget compounds are discussed below, including identification of the nontarget compounds, sampling

i locations, sampling events, and reported concentrations.

Si Seven samples were collected for GC/MS analyses during the spring sampling event. Of these seven

samples, no nontarget organic compounds were reported present.l
Three samples were collected for GC/MS analyses during the fall sampling event. Of these three

I samples, a single nontarget compound, n-nitroso-di-n-propylamine (7.01 ;g/L), was reported present in

a sample collected from South Platte drainage basin at Basin A (SW36001).

One sample was collected for GC/MS analysis during a high event. No nontarget organic compounds

3 were reported present in this sample.

4.2.4 OCCURRENCE OF TRACE INORoAC CONSTrrUENrS

Trace inorganic constituents analyzed for this study include six trace metals and arsenic. Trace metals

generally occur in natural waters at concentrations less than 0. 1 mg/L (Hem, 1989). Trace metals for

which analyses were performed include cadmium, chromium, copper, lead, mercury, and zinc. Twenty-

seven sites were sampled during the spring sampling event, 13 sites were sampled during the fall

sampling event, and 22 samples were collected at 12 sites during high events. Samples from all events
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I

were submitted for total recoverable analyses. The occurrence of reported trace inorganic constituents

I in surface-water samples is presented in Table 4.2-3. A geographical represntation of

the reported trace inorganic constituent concentrations is provided in Figures 4.2-4, 4.2-5 and 4.2-6. The

I following discussions summarize the analytical results by constituent and sampling event for all sample

results that meet CMP QA/QC requirements. A discussion of the QA/QC protocol and a summary of

I rejected data are provided in Section 4.5.

I 4.2.4.1 Arsenic

A total of 27 samples collected during the spring sampling event were analyzed for total arsenic. Of

these 27 samples, there were three reported concentrations exceeding the CRL. The maximum reported

concentration (73.1 pg/L) was for a sample collected from the First Creek drainage basin at the Sewage

Treatment Plant (SW24001). Other reported concentrations were for samples from the Irondale Gulch

drainage basin at Upper Derby Lake (SWO1004; 2.49 /g/L) and the South Platte drainage basin at Basin

A (SW36001; 71.6 tg/L).

A total of 13 samples were analyzed for total arsenic during the fall sampling event. Of these 13

samples, there were three reported concentrations exceeding the CRL. The maximum reported

concentration (81.9 ,g/L) was for a sample from the South Platte drainage basin at Basin A (SW36001).

Other reported concentrations were for samples from the First Creek drainage basin at North First Creek

(SW24002; 2.75 pg/L) and the Sewage Treatment Plant (SW24001; 70.6 pg/L).

A total of 22 samples were analyzed for total arsenic during high event sampling. Of these 21 samples,

3 there were seven reported concentrations exceeding the CRL (Table 4.2-3). The minimum (2.92 pg/L)

and maximum (92.2 tg/L) reported concentrations were for samples from the First Creek drainage basin

I
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I Table 4.2-3 Occuffence of Trace Inorganic Constituents in Surface-Water Samples, Water Year 1990

Sampling S ConcentrationI LOcation EntTrace Metal (jUg/l)

krondale Gulch Dralns Basi

U SWOI001 Fall Zinc 33.5

SWO1002 Spring Copper 29.7

High Event I Arsenic 32.5
March 13, 1990 copper 39.8

I SWO1004 Spring Arsenic 2.49

SWilool Spring Cadmium 9.80
Copper 21.3
zinc 115

High Event I Zinc 61.6
March 6, 1990

High Event 2 Chromium 17.4
March 13, 1990 Copper 24.3

Ler 52.3
"zinc 152

Fall Zinc 33.7

I SWI1002 Spring Zinc 106

High Event 1 Zinc 80.5
March 6, 1990

High Event 2 Copper 22.9
March 13, 1990 Zinc 144

High Event 3 Chromium 19.7
July 9, 1990 Copper 24.3

Lead 63.6
Zinc 188

SWI1003 Spring Zinc 20.8

I SW12001 Fall Zinc 46.3
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I

I Table 4.2-3 Occurrence of Trace Inorganic Consatuents in Surface-Water Samples, Water Year 1990 (continued)

Sa Concentration
Locamptlio~gg Trace MewaWII

ohnda-o Gulch' - n (continued)

SW12004 Spring e 29.3
65.4

High Event Zinc 74.2

Fall Zinc 60.9

SW12005 High Event 1 Zinc 29.4I March 8, 1990
High Event 2 Chromium 20.5

March 13, 1990 Zinc 24.9

SW12006 High Event C 19.6
July 21, 1990 Zin 63.6

First Creek D Bas, Iin

I SWOSOO3 High Event I Arsenic 3.01
May 30, 1990

High Event 3 Zinc 127
July 9, 1990

Fall Zinc 21.1

SW24001 spring Arsenic 73.1

Fall Arsenic 70.6

SW24002 Fall Arsenic 2.75
Zinc 54.7

I SW37001 High Event 1 Arsenic 4.10
November 29, 1989

High Event2 Arsenic 2.92U March 9, 1990

Fall Zinc 21.2

I
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STable 4.2-3 Occuwmm ofTrace bIorpak Consdumets in Surface-Water Samples, Water Yeor 1990 (cowinied)

sapln Concentration
Loctio Trace Metal (j9g/1)I
Sout Platte DrsnjA Basin

i SW26001 High Event I Arsenic 39.9
March 13, 1990 copper 23.6

Zinc 30.0
High Event 2 Arsenic 92.2
August 19, 1990 Chromium 38.2

coper 102
Lead 80.5

zinc 184
SW36001 Spring Arsenic 71.6

i Fall Arsenic 81.9
Zinc 33.6

iSAW Creek Drain Basin

SW04001 High Event Arsenic 11.1
July 9, 1990 Chromium 32.2CO~r 137

Lead 585Zinc 530

I *Spring-April 12 through April 19, 1990
Fall - tber 4 through September 7, 1990
Ig/1 -mcograms per liter

II
I
I
I
I
I
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at First Creek Off-Post (SW37001) on March 9, 1990, and Basin F (SW26001) on August 19, 1990,

I reaectively.

I 4.2.4.2 Qmiun

i A total of 27 samples were analyzed for total cadmium during the spring sampling event. Of these 27

samples, there was one reported concentratio exceeding the CRL for a sample from the Irondale Gulch

I drainage basin at Peoria Interceptor (SWI 1001; 9.80 1&g/L).

A total of 13 samples were analyzed for total cadmium during the fall sampling event. No concentrations

of cadmium exceeding the CRL were reported present In these samples.

I A total of 22 samples were analyzed for total cadmium during high event sampling. No concentrations

of cadmium exceeding the CRL were reported present in these samples.I
4.2.4.3 QmmiumI
A total of 27 samples were analyzed for total chromium during the spring sampling event. No

i coMncetrations of chromium exceeding the CRL were reported present in these samples.

i A total of 13 samples were analyzed for chromium during the fall sampling event. No concentrations

of chromium exceeding the CRL were reported present in these samples.

A total of 22 samples were analyzed for total chromium during high event sampling. Five concentrations

I exceeding the CRL were reported present. The minimum reported concentration (17.4 tg/L) was for a

sample from the Irondale drainage basin at Peoria Interceptor (SW11001) on March 13, 1990. The

I maximum reported concentration (38.2 pg/L) was for a sample from Basin F in the South Platte drainage

basin (SW26001) on August 19, 1990.

I
I
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I
4.2.4.4

E A total of 27 samples were analyzed for total copper during the spring sampling event. Of these 27

I samples, three concentrations exceeding the CR1 were reported. The minimum and maximum

concentrations were reported for samples from the Irondale Gulch drainage basin at Peoria Interceptor

i (SW11001; 21.3 tg/L) and South Plants Water Tower Pond (SWO1002; 29.7 /gAL), respectively.

i A total of 13 samples were analyzed for total copper during the fall sampling event. No concentrations

of copper exceeding the CRL were reported present in these samples.

I A total of 22 samples were analyzed for total copper during high event sampling. Eight concentrations

exceeding the CRL were reported present. The minimum reported concentration (19.6 /g/L) was for a

sample from the Irondale Gulch drainage basin at Army Reserve Storm Sewer (SW12006) on July 21,

1990. The maximum reported concentration (137 jtg/L) was for a sample from the Motor Pool in the

I Sand Creek drainage basin (SW04001) on July 9, 1990.

I 4.2.4.5 Lead

I A total of 27 samples were analyzed for total lead during the spring sampling event. One concentration

exceeding the CRL was reported for a sample from the Irondale Gulch drainage basin at Storm Sewer

S(SW12004; 65.4 tpg/L).

A total of 13 samples were analyzed for total lead during the fall sampling event. No concentrations of

lead exceeding the CRL were reported.

A total of 22 samples were analyzed for total lead during high event sampling. Four concentrations

exceeding the CRL were reported. The minimum reported concentration (52.3 jpg/L) was for a sample

from the Irondale Gulch drainage basin at Peoria Interceptor (SWIO001) on March 13, 1990. The

maximum reported concentration (585 vig/L) was for a sample from the Motor Pool in the Sand Creek

drainage basin (SW0400l) on July 9, 1990.
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I

U 4.2.4.6

IA total of 27 samples were analyzed for total mercury during the spring sampling event. No

I con aons of mercury exceeding the CRL were reported.

i A total of 13 samples were analyzed for mercury during the fall sampling event. No concentrations of

mercury exceeding the CRL were reported.

U A total of 22 samples were analyzed for mercury during high event sampling. No concentrations of

i mercury exceeding the CRL were reported.

4.2.4.7 Zj=I
A total of 26 samples were analyzed for zinc during the spring sampling event. Three concentrations

I exceeding the CRL were reported. The minimum (20.8 pg/L) and maximum (115 /g1L) reported

concentrations were for samples from the Irondale Gulch drainage basin at Havana Pond (SW 11003) and

SPeoria Interceptor (SWI1001), respectively.

I A total of 13 samples were analyzed for total zinc during the fall sampling event. Eight concentrations

exceeding the CRL were reported. The minimum reported concentration (21.1 #g/L) was for a sample

I from South First Creek (SW08003) in the First Creek drainage basin. The maximum reported

concentration (60.9 /g/L) was for a sample from Storm Sewer (SW12004) in the Irondale Gulch drainage

basin.

A total of 22 samples were analyzed for total zinc during high event sampling. Thirteen concentrations
exceeding the CRL were reported. The minimum reported concentration (24.9 /g/L) was for a sample

from South Uvalda in the Irondale Gulch drainage basin (SW12005) on March 13, 1990. The maximum

reported concentration (530 i&g/L) was for a sample from the Motor Pool in the Sand Creek drainage

basin (SW04001) on July 9, 1990.

I
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4.2.5 FiuL PARAMR MLABUUMEM

I Field parameters measured for this study included alkalinity, specific conductance, pH, and temperature.

I Field data were collected from 27 sites during the spring sampling event, 13 sites during the fall sampling

event and 22 sites during high events. Appendix B presents field water-quality data for each sampling

I period. The following discussions summarize the field parameter measurements by parameter and

sampling event.

I 4.2.5.1 Total kalink

I Alkalinity is the capacity of water to neutralize a strong acid. Alkalinity is used in this report to indicate

total alkalinity as calcium carbonate (CaCO3) in milligrams per liter (mg/L) of CaCO3. Alkalinity was

measured by titrating the sample with sulfuric acid to a pH endpoint of 4.3. During field operations,

titrations to four pH endpoints were measured and reported when the starting pH of the sample was above

I 8.3. A pH endpoint of 4.3 was used in subsequent calculations of carbonate species in accordance with

Standard Method 403 (APHA, 1985).U
A total of 27 measurements were reported for alkalinity during the spring sampling event. The minimum

(30 mg/L) and maximum (475 mg/L) reported measurements were for samples from the Irondale Gulch

drainage basin at Havana Pond (SW 11003) and at South Uvalda (SW12005), respectively.

A total of 13 measurements were reported for alkalinity during the fall sampling event. The minimum

reported measurement (48 mg/L) was for a sample from the Irondale Gulch drainage basin at Storm

Sewer (SW12004). The maximum reported measurement (420 mg/L) was for a sample from the First

Creek drainage basin at North First Creek (SW24002).

A total of 18 measurements were reported for alkalinity during high event sampling. The minimum
reported measurement (13 mg/L) was for a sample from the Irondale Gulch drainage basin at Army

Reserve Storm Sewer (SW120006) on July 20, 1990. The maximum reported measurement (282 mg/L)

was for a sample from the First Creek drainage basin at North First Creek (SW24002) on March 9, 1990.

I
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I
U4.2.5.2 SafcC

A total of 27 measurements were reported for specific conductance during the spring sampling event.

I The values reported herein are corrected to 25*C. The maximum reported measurement (4598

junhos/cm) was for a sample from South Plants Water Tower Pond (SWO1002). The minimum reported

I measurement (200 tmhoslcm) was for a sample from the Irondale Gulch drainage basin at Havana Pond

(SW 11003).

I A total of 13 measurements were reported for specific conductance during the fall sampling event. The

maximum reported measurement (4361 pmhos/cm) was for a sample from the First Creek drainage basin

at North First Creek (SW24002). The minimum reported measurement (189 ptmhos/cm) was for a sample

I from the Irondale Gulch drainage basin at Peoria Interceptor (SWI 1001).

A total of 21 measurements were reported for specific conductance during high event sampling. The

maximum reported measurement (1916 tmhos/cm) was for a sample from the First Creek drainage basin

at First Creek Off-post (SW37001) on November 29, 1989. The minimum reported measurement

(58.2 /mhos/cm) was for a sample from the Irondale Gulch drainage basin at Army Reserve Storm Sewer

(SW12006) on July 21, 1990.I
4.2.5.3I
A total of 27 measurements were reported for pH during the spring sampling event. The maximum

3 reported measurement (9.77) was for a sample from the Irondale Gulch drainage basin at Havana

Interceptor (SW 11002). The minimum reported measurement (6.64) was for a sample from the First

Creek drainage basin at South First Creek Boundary (SW08001). The majority of the samples were

basic.

A total of 13 measurements were reported for pH during the fall sampling event. The maximum reported

measurement (10.48) was for a sample from the Irondale Gulch drainage basin at Havana Interceptor

(SW 11002). The minimum reported measurement (7.44) was reported for two samples from the First

Creek drainage basin, at Sewage Treatment Plant (SW24001) and North First Creek (SW24002).
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IA tota of 21 - i were reported for pH during high event sampling. The maximum reported

E measurement (14.62) was for a sample from the Sand Creek drainage basin at Motor Pool (SWO400I)

on July 9, 1990. The minimum reported measurement (6.90) was for a sample from the Irondale Gulch

I drainage basin at Havana Interceptor (SWI1002) on March 6, 1990.

I 4.2.5.4

I A total of 27 measurem were reported for temperature during the spring sampling event. The

maximum reported measurement (18.6*C) was for a sample from the Irondale Gulch drainage basin at

South Plants steam effluent (SW02006). The minimum reported measurement (5.90*C) was for a sample

from the First Creek drainage basin at First Creek North Boundary (SW24004).

I A total of 13 measurements were reported for temperature during the fall sampling event. The maximum

reported measurement (32.1 *C) was for a sample from the Irondale Gulch drainage basin at Havana

I Interceptor (SW11002). The minimum reported measurement (16.5*C) was for a sample from the

Irondale Gulch drainage basin at South Uvalda (SW12005).U
A total of 21 temperature measurements were reported during high event sampling. The maximum

I reported measurement (25.3*C) was for two samples from the Irondale Gulch drainage basin at Army

Reserve Storm Sewer (SW12006) on July 21, 1990 and the First Creek drainage basin at Eastern Upper

I Derby Lake Ditch (SW06002) on April 27, 1990. The minimum reported measurement (8.40°C) was

for a sample from the Irondale Gulch drainage basin at Havana Interceptor (SW 11002) on March 6, 1990.

1 4.2.6 OCCURtMCB OF MAJOR INORGAnIC CONSfrrWM

Major inorganic constituents that occur naturally at concentrations greater than 0. 1 mg/L include calcium,

chloride, fluoride, potassium, magnesium, sodium, nitrate-nitrite, and sulfate (Appendix B). The

following discussions summarize the occurrences of each major inorganic constituent by sampling event

for sample results that met CMP QA/QC requirements. A discussion of the QA/QC protocol and a

summary of rejected data are provided in Section 4.5.

U4.2.6.1 calcium
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I
A total of 19 samples were analyzed for calcium during the spring sampling event. There wereE 19 reported concentrations exceeding the CRL. The maximum reported concentration (639 mg/L) was

for a sample from the Irondale Gulch drainage basin at South Plants Water Tower Pond (SWO1002). The

I minimum reported concentration (8.13 mg/L) was for a sample from the Irondale Gulch drainage basin

at Havana Pond (SW11003).

A total of 13 samples were analyzed for calcium during the fall sampling event. There were 13 reported

I concentrations exceeding the CRL. The maximum reported concentration (477 mg/L) was for a sample

from the First Creek drainage basin at North First Creek (SW24002). The minimum reported

concentration (22.3 mg/L) was for a sample from the Irondale Gulch drainage basin at South Plants steam

effluent (SW02006).

I A total of 21 samples were analyzed for calcium during the high event sampling. There were 20 reported

concentrations exceeding the CRL. The maximum reported concentration (173 mg/L) was for a sample

from the South Platte drainage basin at Basin F (SW26001) on August 19, 1990. The minimum reported

concentration (3.11 mg/L) was for a sample from the Irondale Gulch drainage basin at Peoria Interceptor

U (SWI 1001) on March 6, 1990.

I 4.2.6.2 Chlorid

A total of 27 samples were analyzed for chloride during the spring sampling event. There were 27

reported concentrations exceeding the CRL. The maximum reported concentration (667 mg/L) was for

a sample from the Irondale Gulch drainage basin at South Plants Water Tower Pond (SW01002). The

minimum reported concentration (33.0 mg/L) was for a sample from the Irondale Gulch drainage basin

at Highline Lateral (SW12007).

A total of 13 samples were analyzed for chloride during the fall sampling event. There were 13 reported

concentrations exceeding the CRL. The maximum reported concentration (453 mg/L) was for a sample

from the First Creek drainage basin at North First Creek (SW24002). The minimum reported

concentration (15.1 mg/L) was for a sample from the Irondale Gulch drainage basin at Peoria Interceptor
(SW11001).
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A total of 22 samples were analyzed for chloride during the high event sampling. There were 22 reportedU concentrations exceeding the CRL. The maximum reported concentration (250 mg/L) was for a sample

from the First Creek Drainage basin at First Creek Off-Post (SW37001) on November 29, 1990. The

I minimum reported concentration (0.482 mg/L) was for a sample from the Sand Creek drainage basin at

Motor Pool (SWO4001) on July 9, 1990.

E 4.2.6.3 Eluoide

I A total of 27 samples were analyzed for fluoride during the spring sampling event. There were 27

reported concentions exceeding the CRL. The maximm reported concentration (4.96 mg/L) was for

a sample from the Irondale Gulch drainage basin at South Plants Water Tower Pond (SW01002). The

minimum reported concentration (0.233) was for a sample from the Irondale Gulch drainage basin at

SI Havana Pond (SWI 1003).

i A total of 13 samples were analyzed for fluoride during the fall sampling event. There were five reported

concentrations exceeding the CRL. The maximum reported concentration (2.51 mg/L) was for a sample

i from the First Creek drainage basin at First Creek Off-Post (SW37001). The minimum reported

concentation (0.91 mg/L) was for a sample from the Irondale Gulch drainage basin at Storm Sewer

i (SW12004).

3 A total of 22 samples were analyzed for fluoride during the high event sampling. There were 17 reported

concentrations exceeding the CRL. The maximum reported concentration (3.34 mg/L) was for a sample

from the First Creek drainage basin at First Creek Off-Post (SW37001) on November 29, 1989. The

minimum reported concentration (0.165 mg/L) was for a sample from the Irondale Gulch drainage basin3 at Army Reserve Storm Sewer (SW12006) on July 21, 1990.

4.2.6.4 Potass,

A total of 27 samples were analyzed for potassium during the spring sampling event. There were 27

reported concentrations exceeding the CRL. The maximum reported concentration (53.3 mg/L) was for

a sample from the Irondale Gulch drainage basin at South Plants Water Tower Pond (SW01002). The

minimum reported concentration (2.53 mg/L) was for a sample from the Irondale Gulch drainage basin

at Highline Lateral (SW 12007).
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II

A total of 13 samples were analyzed for potassium during the fall sampling event. There were 13

I reported concentrations exceeding the CRL. The maximum reported concentration (7.23 mg/L) was for

a sample from the First Creek drainage basin at First Creek Off-Post (SW3700 1). The minimum reported

* concentration (3.26 mg/L) was for a sample from the Irondale Gulch drainage basin at South Plants steam

* effluent (SW02006).

I A total of 22 samples were analyzed for potassium during the high event sampling. There were 21

i I reported concentrations exceeding the CRL. ne maximum reported concentration (19.2 mg/L) was for

a sample from the South Platte drainage basin at Basin F (SW26001) on August 19, 1990. The minimum

reported concentration (1.92 mg/L) was for a sample from the Irondale Gulch drainage basin at South

Uvalda (SW12005) on March 8, 1990.

I 4.2.6.5 Mamig

SIA total of 27 samples were analyzed for magnesium during the spring sampling event. There were 27

reported concentrations exceeding the CRL. The maximum reported copr- ration (202 mg/L) was for

I a sample from the Irondale Gulch drainage basin at South Plants Water Tower Pond (SW01002). The

minimum reported concentration (0.814 mg/L) was for a sample from the Irondale Gulch drainage basin

at Havana Pond (SW11003).

3 A total of 13 samples were analyzed for magnesium during the fall sampling event. There were 13

reported concentrations exceeding the CRL. The maximum reported concentration (134 mg/L) was for

a sample from the First Creek drainage basin at North First Creek (SW24002). The minimum reported

concentration (2.59 mg/L) was for a sample from the Irondale Gulch drainage basin at Havana Interceptor

(SWI 1002).

A total of 22 samples were analyzed for magnesium during the high event sampling. There were 22
reported concentrations exceeding the CRL. The maximum reported concentration (60.5 mg/L) was for

a sample from First Creek Off-Post (SW37001) on November 29, 1989. The minimum reported

concentration (0.488 mg/L) was for a sample from the Irondale Gulch drainage basin at Peoria Interceptor

(SWl001) on March 6, 1990.
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i

E 4.2.6.6 Sodiuh

I A total of 27 samples were analyzed for sodium during the spring sampling event. There were 27

i reported concentrations exceeding the CRL. The maximum reported concentration (417 mg/L) was for

a sample from the Irondale Gulch drainage basin at South Plants Water Tower Pond (SW01002). TheU minimum reported concentration (34.3 mg/L) was for a sample from the Irondale Gulch drainage basin

at Higsline Lateral (SW12007).

U A total of 13 samples were analyzed for sodium during the fall sampling event. There were 13 reported

concentrations exceeding the CRL. The maximum reported concentration (626 mg/L) was fo nple

from the First Creek drainage basin at North First Creek (SW24002). The minimur )rted

concentration (11.3 mg/L) was for a sample from the Irondale Gulch drainage basin at Peoria Interceptor

I (SWi 1001).

H A total of 22 samples were analyzed for sodium during the high event sampling. There were 22 reportm'

concentrations exceeding the CRL. The maximum reported concentration (380 mg/L) was for a sample

i from the First Creek drainage basin at First Creek Off-Post (SW37001) on November 29, 1989. The

minimum reported concentration (1.59 mg/L) was for a sample from the South Platte drainage basin at

I Basin F (SW26001) on August 19, 1990.

I 4.2.6.7 Nitate-Nitrite (as hD-

A total of 27 samples were analyzed for nitrate-nitrite (as N) during the spring sampling event. There

were 27 reported concentrations exceeding the CRL. The maximum reported concentration (6.42 mg/L)

was for a sample from the First Creek drainage basin at First Creek Toxic Yard A (SW31001). The

minimum reported concentration (0.0210 mg/L) was for a sample from Ladora Lake (SW02003).

[ lA total of 13 samples were analyzed for nitrate-nitrite (as N) during the fall sampling event. There were

13 reported concentrations exceeding the CRL. The maximum reported concentration (4.30 mg/L) was

for a sample from the First Creek drainage basin at Sewage Treatment Plant (SW24001). The minimum

reported concentration (0.275 mg/L) was for a sample from North First Creek (SW24002).
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A total of 22 samples were analyzed for nitrate-nitrite (as N) during the high event sampling. Theme were

I 22 reported concentrations exceeding the CRL. The maximum reported concentration (6.78 mg/L) was

for a sample from the Irondale Gulch drainage basin at Havana Interceptor (SWI 1002) on July 9, 1990.

I The minimum reported concentration (0.178 mg/L) was for a sample from the Irondale Gulch drainage

basin at Storm Sewer (SW12004) on March 8, 1990.

I 4.2.6.8 Sul

I A total of 27 samples were analyzed for sulfate during the spring sampling event. There were 27

reported concetraons exceeding the CRL. The maximum reported concentration (2570 ing/L) was for

a sample from the Irondale Gulch drainage basin at South Plants Water Tower Pond (SWO1002). The

minimum reported concentration (43.7 mg/L) was for a sample from the Irondale Gulch drainage basin

mEat Upper Derby Lake (SWO1004).

SIA total of 13 samples were analyzed for sulfate during the fall sampling event. There were 13 reported

concentrations exceeding the CRL. The maximum reported concentration (2000 mg/L) was for a sample

E from the First Creek drainage basin at North First Creek (SW24002). The minimum reported

concentration (27.2 mg/L) was for a sample from the Irondale Gulch drainage basin at North Uvalda

n Interceptor (SW01001).

I A total of 22 samples were analyzed for sulfate during the high event sampling. There were 22 reported

concentrations exceeding the CRL. The maximum reported concentration (480 mg/L) was for a sample

I from the First Creek drainage basin at First Creek Off-Post (SW37001) on November 29, 1989. The

minimum reported concentration (1.52 mg/L) was for a sample from the South Platte drainage basin at

I Basin F (SW26001) on August 19, 1990.

4.2.7 TcYrAL WATBR CHEMISTRY CALCULATIONS FOR MAJOR INORGANIC CoNsmmrs.

Water chemistry calculations that were performed on field and major inorganic constituent results from

the spring, fall, and high sampling events are presented below. Calculations include carbonate and

bicarbonate concentrations and an ion balance analysis. Table 4.2-4 summarizes these calculations.

These calculations provide information for comparative interpretation of the surface-water chemical

characteristics of investigative samples and for validation of the analytical and field program results for
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Tibk 4.2-4 Calultfom aor organic Constitw", Wtr Yewr 1990

Cation Anion Actal AbsoluteI C 3  umn sum inu]valu
Smln odn(mginjl) ( m) (meq/I) (%) M%

SWO1001 NA 306 8.80 9.19 2.1 2.1

SWO1002 NA 382 68.14 78.91 7.3 7.3

SW02006 45.6 155 9.17 9.83 3.5 3.5

SWIHOM NA 148 5.15 4.80 -3.6 3.6

SWH00M 63.6 95.2 13.66 11.73 -7.6 7.6

SWI1003 NA 36.6 2.17 4.37 33.7 33.7

Firstk ek a Basi

SWO0O8 I NA 311 8.83 8.48 -2.0 2.0

SW08003 15.6 292 9.30 8.86 -2.4 2.4

SW24001 NA 204 8.12 7.28 -5.4 5.4

SW24002 NA 379 13.60 13.03 -2.2 2.2

I SW24003 108 0 26.12 23.17 -6.0 6.0

SW24004 24 349 14.29 13.51 -2.8 2.8

SW30002 NA 401 12.62 13.10 1.9 1.9

SW31001 14.4 361 11.50 11.86 1.5 1.5

SW31002 NA 460 10.79 12.94 9.1 9.1

SW37001 56.4 318 18.01 17.82 -0.5 0.5

South PlmmDatte mb

I SW36001 NA 279 9.78 9.64 -0.7 0.7

I
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I

I Table 4.2-4 Calcutlom for Msjor Inoranic ConsdtOn, Water Year 1990 (contnud)

I
f•ta-Malace Erro

Cation Anion A Absolute

(meq/1) ()

SWO1001 NA 112 2.53 3.15 10.9 10.9

SWO2001 9.6 139 5.80 6.82 8.1 8.1

SW02006 38.4 29.3 5.69 7.02 10.4 10.4

SWIHOM 45.6 32.9 1.98 3.33 25.3 25.3

SWI1002 54 0 3.06 4.28 16.5 16.5

SWI2001 NA 273 7.19 8.06 5.7 5.7

SWI2004 NA 59 2.23 2.43 4.3 4.3

3 SW12005 NA 224 6.12 6.05 -0.6 0.6

I
SW08003 NA 372 9.46 10.58 5.6 5.6

SW24001 NA 149 4.76 5.65 8.5 8.5

SW24002 NA 512 62.29 63.40 0.9 0.9

SW37001 NA 350 19.99 18.45 -4.0 4.0

i U M 'Ijmg Bin

SW36001 NA 157 7.74 7.48 -1.7 1.7

I ~Hish M= Sumfti

SWI IlOiST 03/069 NA 20.7* 0.60 0.75 10.5 10.5

I SW1100IS72 03113/90 NA 30.5 1.64 1.72 2.4 2.4

SWI1002ST 03/06/90 NA 21 0.68 0.73 4.0 4.0

I
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TaUS 4.2-4 Caladso fo jor ftwgic CointIIs, Wowr Year 1990 (motioned)

I • (•hRSOre-Blanwe Erro
Cation Anion Actual Abslute

Sampling Location (M ) (meqg( ) (M (%) (%)

I SWI1002ST2 03/13190 28.8 8.5* 1.44 2.14 19.5 19.5

SWI2004ST 03/06190 NA 20* 1.44 1.48 1.4 1.4

SWI2005T 03/06190 NA 51' 1.92 2.25 7.9 7.9

SWI2005ST2 03/13190 NA $1* 2.25 2.63 7.7 7.7

SWI2006ST 07/21M90 NA 16 0.56 0.46 -9.9 9.9

SW06002 07/18/90 NA 123 4.51 4.52 0.1 0.1

SWO6002ST1 07/27/90 NA 110 3.86 3.98 1.5 1.5

SWO8003ST 03/09/90 NA 328* 8.69 9.68 5.4 5.4

SWO8003sST2 0/30/90 NA 205 5.27 5.75 4.4 4.4

I SWO8003ST3 07/10/90 NA 217" 5.30 6.28 8.4 8.4

SW24002ST 03/09/90 NA 344* 11.16 12.08 3.9 3.9

I SW37001ST 03/09/90 NA 276* 12.30 12.63 1.3 1.3

SW26001ST 03113/90 1.2 148" 3.63 4.29 8.3 8.3

SW2600ISI2 08/19190 80.4 62.2* 11.23 3.96 -47.9 47.9

COk M Bcarbonate
HCD~ BCarbonate

NA pH less than 8.3
mg/mlsrIm per liter
meq/1 miliequivaleats per liter

fbr calculation of bicarbonate concentration.

I
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i

I major inorganic constituents. Calculations were performed on 47 samples for which carbonate system

U species concentrations could be calculated and for which major inorganic constituent

analyses results were available. An explanation of methodologies used in the calculations is also

I provided.

I 4.2.7.1 tboft an= S DOWN

Ma contribution of carbonate species to an aqueous system is dependent on the pH of that system.

Phenol]thaleln and total alkalinity we terms that relate to the acid-neutraizing capacity of the aqueous

system caused by the presence of carbonate and bicarbonate ions. Phenolphthalein and total alkalinity

are measured, and the carbonate species are then calculated according to the relative results. For

example, waters with pH less than 8.3 have no phenolphthalei alkalinity, and the bicarbonate

concentration (as CaCO3) is the total alkalinity (APRA, 1985). The actual bicarbonate concentration (in

mg/L) in waters with pH less than 8.3 is a factor of 1.22 higher thani the total alkalinity to account for

i the stoichiometric conversion from CaCO3 to bicarbonate. In this study, 33 samples had a measured pH

les than 8.3, and the corresponding bicarbonate concenrations were calculated. Waters with pH greater

E than 8.3 have a phenolphthalein alkalinity and a total alkalinity. The concentration of the carbonate

species is dependent on the magnitude of the two alkalinities. In this study, the phenolphthalein alkalinity

was less than one-half the total alkalinity, and the calculation of the carbonate species was as follows:

[COI = (2 x P) x 0.60

[HCO"3 - (T-2 xP) x 1.22

where ECO-31 is the concentration of the carbonate ion, P is the phenolphthalein alkalinity, 0.60 is the
stoichiometric conversion factor for carbonate, [HCO'3 is the concentration of the bicarbonate, T is the

total alkalinity, and 1.22 is the stoichiometric conversion factor for bicarbonate. Thirteen samples had

measured pH values greater than 8.3, and the corresponding carbonate and bicarbonate calculations were

performed.

U The results of the calculations for the carbonate system species are shown in Table 4.2-4. One sample

collected during the spring sampling event (SW12005) and three samples collected during high events

(SWO1002ST2, March 13, 1990; SWO4001ST, July 9, 1990; and SWI 1002ST, July 9, 1990) had a

measured pH greater than 8.3, but the phenolphthalein alkalinity was not measured in the field; therefore,
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I

I accurate carbonate and bicarbonate ion concentrations could not be calculated. Bicarbonate alkalinity

I concentrations were calculated using a pH endpoint of 4.5 for I I high event samples that were not titrated

to a pH endpoint of 4.3. These samples are as follows: from the Irondale Gulch drainage basin, Peoria

I Interceptor (SWI 1001, March 6, 1990), Havana Interceptor (SWI 1002, March 13, 1990), Storm Sewer

(SW12004, March 8, 1990), and South Uvalda (SW12005, March 8, 1990 and March 13, 1990); fromE the First Creek drainage basin, South First Creek (SW08003, March 9, 1990 and July 10, 1990), North

First Creek (SW24002, March 9, 1990), and First Creek Off-Post (SW37001, March 9, 1990); and from

the South Platte drainage basin, Basin F (SW26001, March 13, 1990 and August 19, 1990). The results

of the carbonate and bicarbonate calculations are reported below by sampling event.

I Calculated carbonate concentrations for samples collected during the spring sampling event range from

14.4 mg/L to 108 mgIL. The minimum value (14.4 mg/L) corresponds to a sample collected from First

E Creek drainage basin at First Creek Toxic Yard A (SW31001), and the maximum value (108 mg/L)

corresponds to a sample collected from First Creek drainage basin at North Bog (SW24003). CalculatedE bicarbonate concentrations for samples collected during the spring sampling event ranged from 0 mg/L

to 460 mg/L. The minimum value (0 mg/L) corresponds to a sample collected from First Creek drainage

I basin at North Bog (SW24003), and the maximum value (460 mg/L) corresponds to a sample collected

from First Creek drainage basin at First Creek ToxiF Yard B (SW31002).

E Calculated carbonate concentrations for samples collected during the fall sampling event range from 9.6

I mg/L to 45.6 mg/L. The minimum value (9.6 mg/L) corresponds to a sample collected from Irondale

Gulch drainage basin at Ladora Weir (SW02001), and the maximum value (45.6 mg/L) corresponds to

I sample collected from Irondale Gulch drainage basin at Peoria Interceptor (SW11001). Calculated

bicarbonate concentrations for samples collected during the fall sampling event range from 0 mg/L to 512

I mg/L. The minimum value (0 mg/L) corresponds to a sample collected from Irondale Gulch drainage

basin at Havana Interceptor (SW1 1002), and the maximum value (512 mgIL) corresponds to a sample

I collected from First Creek drainage basin at North First Creek (SW24002).

Calculated carbonate concentrations for samples collected during high event sampling range from 1.2

mg/L to 80.4 mg/L. The minimum value (1.2 mgIL) corresponds to a sample collected from South Platte

drainage basin at Basin F (SW26001ST; March 13, 1990), and the maximum value (80.4 mg/L)

corresponds to sample collected from South Platte drainage basin at Basin F (SW26001ST2; August 19,

1990). Calculated bicarbonate concentrations for samples collected during storm sampling event range
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I

SI from 8.5 mg/L to 344 mg/L. The minimum value (8.5 rag/L) corresponds to a sample collected from

i Irondale Gulch drainage basin at Havana Interceptor (SWI 1002ST2; March 13, 1990), and the maximum

value (344 mg/L) corresponds to a sample collected from First Creek drainage basin at North First Creek

i (SW24002ST; March 9, 1990).

I 4.2.7.2 Ion Balance Calculations

Ion balance calculations are based on principles of electroneutrality for which a balance of molar

I concemtrations of positively and negatively charged ionic species can be derived. Ion balance calculations

consist of converting major inorganic constituent results to milliequivalents per liter (meq/l), summing

I the cation and anion fractions, and statistically comparing the results. Parameters used in performing ion

balance calculations included reported concentrations for calcium, magnesium, sodium, potassium,

U chloride, sulfate, fluoride, nitrate-nitrite (as N), carbonate, and bicarbonate. It should be noted that the

ion balance analysis presented herein is based on total recoverable analyses for major inorganic

U constituents, whereas the principles of electroneutrality apply to dissolved concentrations. "he basis for

the performance of the ion balance analysis is the observation during Water Year 1988 and 1989 that,

i in general, there were no appreciable differences between the dissolved and total concentrations of major

inorganic constituents (RLSA, 1990a and 1990b).

IA summary of the ion balance calculations is shown in Table 4.24. Complete information regarding ion

I balance calculations is provided in Appendix B. Summary Table 4.2-4 shows the cation and anion totals

for each sample in meq/l and the percent difference between these totals. Percent differences are known

ias the "charge-balance error," commonly expressed as the difference between the anion and cation totals

divided by the sum total (Freeze and Cherry, 1979). The actual charge-balance error and the absolute

i value of the calculated charge-balance error are listed for each sample. The charge-balance error

indicates the magnitude and direction of deviation between cation and anion species, with positive

numbers representing samples in which the anion total exceeds the cation total. A review of the actual

values for the charge-balance error listed in Table 4.2-4 indicates the anion total exceeded the cation total

in 32 samples and the cation total exceeded the anion total in 15 samples. The absolute value of the

charge-balance error indicates the magnitude of the difference between the two totals.

"* A criterion of less than 5 percent is generally accepted as indicative of favorable analytical results with

respect to the absolute charge-balance error (Freeze and Cherry, 1979). Ion balance calculations indicate
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that 51 percent of sample results mee this criteria. Twenty-four samples had absolute charge-balance

I errors that were less than 5 percent. Of the remaining ion balance calculations, 15 samples had absolute

charge-balance errors between 5 and 10 percent, and eight samples had absolute charge-balance errors

I greater than 10 percent. Eighteen samples had absolute charge-balance errors greater than 6 percent,

which are assumed indicative of analytical error. Fourteen of the 18 samples had positive charge-balance

I errors, indicating the anion total exceeds the cation total. This type of charge-balance error may occur

for the following reasons: (1) the analytical suite may not include all positively charged species that

U contribute to the sum of cation charges (i.e., iron, manganese, aluminum, etc., were not analyzed in the

surface-water samples) or (2) concentrations that are close to the method concentration limit are subject

to larger potential errors in analysis than concentrations that greatly exceed the method concentration

limit. A third factor that may bias the results of the charge balance is the potential for error in field

alkalinity titrations. Laboratory titrations of alkalinity on samples with alkalinity concentrations of

approximately 800 mg/L (as CaCa3) and 1000 mg/L (CaCO3) may be subject to analytical error of up

to plus or minus 10 and 8 percent, respectively, at the 95 percent confidence level (APHA, 1985). Errors

I in field titrations may be expected to be greater than those observed in the laboratory because of natural

interferences in sample composition and variations in field sample handling. The positive charge balance

I errors may be explained, in part, by these factors.

I Ion balance calculations were used to cross-check database values and field results. Initial ion balance

calculations indicated a cation sum problem for sample SW26001ST2. A review of the database revealed

I a high concentration of TSS (1900 mg/L). It is likely that particulates contributing to the TSS had cations

sorbed onto charged surfaces that were released to the ionic state upon acidification of the unfiltered

sample. This process results in an increase in the measured cation concentration and is a plausible

explanation of the significant negative charge-balance error.

14.3 SEDMNT TANSMrr

I This section presents the Water Year 1990 results for total suspended sediment quantity and stream

I bottom sediment quality at RMA. TSS analyses were performed on 72 samples obtained at 29 sites with

flowing water. Three methods of collection were used for TSS sampling. Analyses of stream bottom

sediment quality were performed on 16 samples and one duplicate that had been collected at nine sites

during the fall and spring sampling events.
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4.3.1 SEDIeNBT QUANrry

TSS samples were collected during the spring, fall and high event sampling periods of Water Year 1990.

Table 3.2-1 lists the sites from which TSS samples were collected. TSS samples were also collected

during the surface-water/ground-water interaction study (gain/loss) along First Creek in June 1990.

Results of the TSS samples that were collected, corresponding flow rates and flow characteristics are

summarized in Table 4.3-1.

Eighteen TSS samples were collected during the spring using the grab method, seven of these samples

had TSS concentrations greater than the certified recording limit (CRL = 4.00 mg/L). Twenty-six TSS

samples were collected at 13 locations in the fall using the grab method in conjunction with the DH-48

method. Nine samples out of the 26 were below the CRL during this sampling period with five below

CRL from the grab method and four below CRL from the DH-48 method. Nineteen high event TSS

samples were collected in Water Year 1990 during summer thunderstorms, snowmelt periods or when

there was flow of water at locations normally dry most of the year. The high event TSS samples were

collected predominantly using the grab method, although two samples were collected by the ISCO

automated sampler. Of the nineteen high event TSS samples that were collected throughout Water Year

1990, only two were below the CRL. During the Gain/Loss study along First Creek conducted in June,

all nine TSS samples were collected by the DH-48 sampler and five were above the CRL.

A comparison of TSS collection equipment was performed during the fall sampling event. Thirteen TSS

samples were collected using a DH-48 sampler and 13 were collected using a grab method at the same

location. Methodology of these sampling methods is detailed in Section 3.0. Out of 13 grab samples

eight samples were above the CRL and out of 13 DH-48 samples nine were above the CRL. The TSS

concentrations of these samples are summarized in Table 4.3-1. The average TSS for the grab method

samples that were above the CRL was 253 mg/L. The average TSS for the DH-48 method samples that

were above the CRL was 236 mg/L. Out of the thirteen sites, four sites had equal TSS concentrations.

Out of the remaining nine sites, one site had a difference in TSS concentration of 96 mg/L and the

remaining eight sites had a net difference of 4 mg/L.

A comparison of TSS quantities versus flow rate RMA wide indicates no correlation. At RMA TSS

amounts are more dependent on the nature of the drainage and when the flow occurred than on the

amount of flow. Basin F had a TSS concentration of 1900 mg/L at a flow rate of 0.57 cfs when a high
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event sample was collected in August 1990 (Table 4.3-1). This station has sparse vegetation in Its

I drainage area hence a significant amount of TSS was transported. Havana Interceptor had a TSS

concentration of 320 mg/L in a sample collected at a flow rate of 125 cfs during a July rain storm.

I Havana nterceptor's drainage area contains mainly commercial and light industrial zones with a large

amount of pavement, hence a small amount of TSS was transported even with a very high flow.

i 4.3.2 SBnDIMEN QUALrrY

i Stream bottom sediment samples were collected at eight sampling locations during the 1990 spring

sampling event and at three sample locations during the fall. Table 3.2-1 lists the sites from which stream

bottom sediments were collected during Water Year 1990. Table 3.2-2 summarizes analytical sediment

methods and CRLs that were used by DataChem and ESE laboratories.I
The distributions of target organic compound and trace inorganic constituent concentrations during the

I spring and fall 1990 sampling events are discussed below. The concentrations that exceeded the CRLs

are reported in this section. Table 4.3-2 lists the target organic compounds for which sediment samples

* were analyzed. Target organic compound concentrations that exceeded the CR es ar summarized in

Table 4.3-3, and target trace inorganic constituent concentrations that exceeded the CRIs are summarized

I in Table 4.3-4. Figure 4.3-1 shows the geographic distribution of target organic compounds and trace

inorganic compounds that were reported during the spring and fall 1990 sampling events. The following

i discussions summarize the analytical results by compound and sampling event for all sample results that

met CMP QA/QC requirements. A discussion of the QA/QC protocol and a summary of the rejected data

I are provided in Section 4.5.

4.3.2.1 Organi Cmuounds

The sediment s,-ples were analyzed for the groups of target organic compounds listed in Table 4.3-2.

Several compounds from the organochlorine pesticide group and DBCP were reported at concentrations

exceeding the CRLs in the sediment samples. The concentrations of these compounds are discussed

below by sampling event.
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Table 4.3-2 CMP Sedimnwt List of Target Organic Compounds by Method

1, 1 -Dichloroethane Di clopeuitadie (DCD)
1 ,1-Dichloroethent abtleo.(IK
I B, 1, i.rclreiaeBqihptdw HD)
1, 1,'21-Trclrein
1 ,2-Dclrehn
1,2-Dichloroedie nge~b esidsQ~w
Carbon teftracorid. edo
Oalorobenzene Arzn
Chloroform Arzn
Metyesclrd Malathion
Tetrac'iOoroeten Parathion
Trichloroethene, Supna

V aon

IBenzene PohntMto
Mtylbezene- Diis or¶methylphosphonate

xyleme (o10) DimtylmethIphosphonate

1 ,4-Oxathiane Dibromochloropropane (DBCP)
BeazothiazoleI Dimethyldisulfide
p-Chlorophenylmethylsufn
p-Oiorophenylmefthl ufxide

p-horophanylmethylsufd

Aidrin
Chlordane
Dicidrin
Endrin
Hexachoroqctcopentadiene
2,2-Bis(parachlorophenyI)-1,1I-

dichioroethene (PDDB)
2,2-Bis(parachlorohy)1 PD , 1-

trichioroediane, (PPD
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I Tile 4.3-3 Omreo. of Targt Or•ak Compownd in StrUm Bottom Ssinmut Sample, War Year 1990

H Saplin San~h~gConcentration

I (PSI:)•Drinm mi

3 SWO1002B Spring Aldrin 3.30
Chlordane 0.340
DBCP 0.0132
Dieldrin 1.20
Endrin 0.0410
hIodrin 0.0300

3SWO206B Sprin Aldrm0 0.5n
Chlorda 0.880
Dieldrin 0.880
Endrin 0.0550
IKodrin 0.0360
PPDDE 0.0160

Fall Aldrin 0.881
ablordane 0.160ICL6CP 0.00287
Dieldrin 0.291
Endrin 0.0180
Isodrin 0.0207
PPDDE 0.0168
PPDDT 0.132

I SWI1OO1B Fall DBCP 0.00667

SWI2004B Fall Chlordane 0.0358
Dieldrin 0.00240

SWl2005B Spring Aldrin 0.0540
Isodrin 0.00880

First QmkDraWa*Ruin

SW080B Aldrin 0.0100
Dieldrin 0.00504

I SW24002B Spring Dieldrin 0.00383

SW37001B Spring DBCP 0.0145

I
I
I
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I ~ T* 4.3-3 Occrrmos of Ta"g Organi Compounds in Strom Bottom SodinW~i Samples, Waeer yeaw 1990

PHI
=3 Lo'inEA.Wt' Compound (pag/)

SW36001B Spring Aldrin 4.90
Chlordane 11.0
DBCP 0.110IDiuidrin 1.70

3 PDDE 0.100

Arl12 t*roog April 19, 1990
AI etmer4tri Sephember 7, 1990

ndcogUm per gramI PPDDE -2,2-UMUMN., ~~1 %*"0,1-dichloroedwcee
CL6XOP -hacorycoentadime

PPDDT -2,2-bisaracborpbesyl)-1, 1, 1-richoroethae
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I ~Tib 4.3-4 Oe0 u. of Trm luigmic Conutnitumb in Strum Doetom Sedimnt* Samples, Water Year

1990

I
Sampling aMnlift ConcentrationIL.ocaltion Evn'Compound (Pg1g)

SWOIOO2B Sprin Anc 1.g5
copper187

27.9
Mercury0.137

114

SWO2006B spring -opr131
96.7

c 4.30
zinc30

IFall Lead 28.2
Merury 3.67
Zinc 74.3

SWIIOO1B Spring Lead 25.5
Zinc 67.9

I SWI2004B Pall Lead 13.1
zinc 88.8

SW12005B Spring Lead 17.4Izinc 112

m ~ ~First Creek ria Bsn

SW24002B Spring Arsenic 2.28
Lead 9.36

SW37001B Spring Arsenic 2.27
Lead 13.1
Mercury 0.0382

outh Platte Drab= Basin

I SW36001B Spring Arsenic 28.0
Lead 87.0
Mrr0.9403 zinc 264

ping - April 12 through April 19, 1990
m s-g 4through Septemer 7, 1990

m1crograms per gram
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I

i Five concentrations exceeding the CRLs were reported during the spring sampling event. The maximum

I reported concentration (4.90 pg/L) was for a sample collected from the South Platte drainage basin at

Basin A (SW36001; 4.90 jpg/g). Other reported concentrations included three samples collected in the

i Irondale Gulch drainage basin at South Uvalda station (SW12005; 0.0540 pg/g), South Plants steam

effluent (SW02006; 0.500 •gIg), and South Plants Water Tower Pond (SW01002; 3.30 pg/g). The

minimum concentration (0.0100 #g/g) was for a sample collected from the First Creek drainage basin

at South First Creek monitoring station (SW08003).

I There was one reported concentration that exceeded the CRL during the fall sampling event for a sample

from the Irondale Gulch drainage basin at South Plants steam effluent (SW02006; 0.88 1 ug/g).

I

Of eight samples, no concentrations of CL6CP above the CRL were reported during the spring sampling

event.

I One concentration exceeding the CRL was reported during the fall sampling event for a sample collected

from the londale Gulch drainage basin at South Plants steam effluent (SW02006; 0.00287 pg/g).U
lhor

Three samples with concentrations that exceeded the CRL were reported during the spring sampling event

at concentrations ranging from 0.340 pg/g to 11.0 pg/g. T'e maximum reported concentration

(11.0 ;tg/g) was for a sample collected from the South Platte drainage basin at Basin A station

(SW36001). 0 her reported concentrations were for samples obtained from the Irondale Gulch

drainage basin at South Plants Water Tower Pond (SW01002; 0.340 ptg/g) and South Plants steam effluent

(SW02006; 0.880 tglg).

Two samples with concentrations that exceeded the CRL were reported during the fall sampling event

were collected from the Irondale Gulch drainage basin. The maximum reported concentration
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(0160 P915) waS IN a ample from South RansM a ffuet (5W020. The other reported
I a~mcentratlon (0.0358 MWs) was for a sample from Storm Smwer location (SW12004).

I
E Threeconcetratons exceeding the CRL were reported during the spring sampling event. Themaximm

reported conentration (0.110 WS/g) was for a sample from the South PlMatte drainage basin at Basin A

I station (SW3MI0). Other reported concentratios were for samples from the hIondale Gulch drainage

basin at South Patn Water Tower Pond (SW01002; 0.0132 ,glg) and the First Creek drainage basin atI First Creek Off-Ponat station (SW37001; 0.0145 4g/g).

I ~One concentration exceeding the CRL was reported during the fall sampling event for a sample from the

Irondale, Gulch drainage basin at Peoria Interceptor (SW 1100 1; 0.00667 pglg).I 
Idd

I Five co ans exceeding t., CRL were reported during the spring sampling event. The maximum

reported concentration (1.70 jg/g) was for a sample from the South Platte drainage basin at Basin A

I station (SW36001). Other reported concentrations in the First Creek drainage basin include the minimum

reported concentration (0.00383 ;/g) for a sample from North First Creek station (SW24002) and a

I reported concentration for a sample from South First Creek station (SW08003; 0.00504, g/g). Two

concentrations of dieldrin were reported'for samples from Irondale Gulch at South Plants steam effluent

I (SW2006; 0.880 pig,/) and South Plants Water Tower Pond (SWOlOO2; 1.20 pgtg).

I Two concentrations above the CRL were reported during the fall sampling event for a sample from the

Irondale Gulch drainage basin. The maximum reported concentration (0.291 •g/g) was for a sample from

the South Plants steam effluent (SW02006), and the other reported concentration was for a sample from

the Storm Sewer (SW12004; 0.00240 pgg).

I Two concentratio above the CRL were reported during the spring sampling event for a sample from

the Irondale Gulch drainage basin. The maximum reported concentration (0.0550 Ig/g) was for a sample

-190-
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from the South plants steam effluent (SW02006), and the other reported concentration was for a sample

i from the South Plants Water Tower Pond (SW01002; 0.0410 ig/g).

I O e concentration above the CRL was reported during the fall sampling event for a sample from the

Irondale Gulch draima basin at South Plants steam effluent (SW02006; 0.0180 #tg/g).

I

U Four ctrations exceeding the CRL wer reported during the spring sampling event at concntratin

ranging from 0.00880 pg/g to 1.30 gg/g. The maximum reported concentration (1.30 pg/g) was for a

sample from dt South Platte drainage basin at Basin A station (SW36001). Other reported concenaftiions

were for samples from the Irondale Gulch drainage basin at South Uvalda station (SW12005;

0.00880 #gg;), South Plants Water Tower Pond (SW01002; 0.0300 #g/g), and South Plants steam

effluent (SW02006; 0.0360 pglg).I
One concentration above the CRL was reported during the fall sampling event for a sample from the

E Iromdale Gulch drainage basin at South Plants steam effluent (SW02006; 0.0207 jag/g).

I
i Two concentrations above the CRL were reported during the spring sampling event. The maximum

reported concentration (0.100 pgg) was for a sample from the South Platte drainage basin at Basin A

i station (SW36001). The other reported concentration (0.0160 jgg/g) was for a sample from the Irondale

Gulch drainage basin at South Plants steam effluent (SW02006).

One concentration exceeding the CRL was reported during the fall sampling event for a sample from the

I- Irondale Gulch drainage basin at South Plants steam effluent (SW02006; 0.0168 pg/g).

PPDDT

No concentration of PPDDT exceeding the CRL was reported during the spring sampling event.
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1One nc•a •atm exceeding do CIL wua reported during th fall sampling even for a sampl fiom the

I Iomdale Gulch drainip basin at South Plants steam effluent (SW02006; 0.132 W,/g).

I 4.3.2.2 in S D Sediments

Stream bottom sediments were collected from eight locations during the spring sampling event and from

three locations during the fall sampling event. Samples were analyzed for the trace inorganic

Iconstitents: arsemc, mercury, cadmium, chromium, copper, lead, zinc, and cyanide. The reported

w occureanes of these constituents in streamn bottom sediment samples during the spring and fall sampling

events ae summarized in Table 4.3-4 and shown on Figure 4.3-1. The following discussions summarize

I the occurrtmces of each inorgamic constituent by sampling event for sample results that met the CMP

QA/QC requirements. A discussion of the QA/QC protocol and a summary of rejected data are provided

I in Section 4.5.

I
I Four concentrations exceeding the CRL were reported during the spring sampling event. The maximum

reported concentration (28n.0 g/g) was for a sample from the South Platte drainage basin at Basin A

* station (SW36001). Other reported cntantions were for samples from the First Creek drainage basin

at First Creek Off-Post station (SW37001; 2.27 pg/g) and North First Creek station (SW24002;

I 2.28 WgS). The minimum reported concentration (1.85 p#gg) was for a sample from the Irondale Gulch

drainage basin at South Plants Water Tower Pond (SW01002).

I No concentration of arsenic exceeding the CRL was reported during the fall sampling event.

I dmium and Chmmium

I No concentration of cadmium and chromium exceeding the CRLs was reported during either the spring

or fall sampling event.

I
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I

I Two concentrations exceeding the CRL were reported during the spring sampling event for a sample from

i the Irondale Gulch drainage basin. The reported concentrations were at South Plants Water Tower Pond

(SW01002; 187 Ig/g) and South Plants steam effluent (SW02006; 131 gig/g).

I No concentration of copper exceeding the CRL was reported during the fall sampling event.

I Seven concentrations exceeding the CRL were reported during the spring sampling event. The maximum

reported concentration (96.7 g,/g) was for a sample from the Irondale Gulch drainage basin at South

Plants steam effluent (SW02006). The minimum reported concentration (9.36 /g/g) was for a sample

from the First Creek drainage basin at North First Creek station (SW24002). Lead was reported for a

sample from First Creek drainage basin at First Creek Off-Post station (SW37001; 13.1 /g/g). Lead was

also reported in a sample from the South Platte drainage basin at Basin A (SW36001; 87.0 #g/g). Three

additional concentrations of lead were reported in samples from the Irondale Gulch drainage basin at

South Uvalda station (SW12005; 17.4 tg/g), Peoria Interceptor station (SWI 1001; 25.5 pg/g), and South

Plants Water Tower Pond (SW01002; 27.9 jg/g).

3 Two concentrations exceeding the CRL were reported during the fall sampling event for a sample from

the Irondale Gulch drainage basin. The maximum reported concentration (28.2 jg/g) was for a sample

from South Plants steam effluent (SW02006). The other reported concentration (13.1 /g/g) was for a

sample from Storm Sewer (SW12004).

IMercury

I Four concentrations exceedinr the CRL were reported during the spring sampling event. The maximum

reported concentration (4.30 /tg/g) was for a sample from the Irondale Gulch drainage basin at South

Plants steam effluent (SW02006). Other reported concentrations were for samples from the First Creek

drainage basin at First Creek Off-Post station (SW37001; 0.0382 Isg/g), the Irondale Gulch drainage basin

at South Plants Water Tower Pond (SW01002; 0.137 ;&g/g), and the South Platte drainage basin at Basin

A station (SW36001; 0.940 pg/g). -193 -
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One conceutration eoxeeding die CRL was reported during doe fadl sampling event for a sample from the

IIronlale Gulch drainage basin at South Plants steam effluent (SW02006; 3.67 s/g).

I Five concentraios exceeding the CRL were reported during the spring sampling event. The minimum

(67.9 1g/X) and maximum (306 pgS/) reported co-centrations were for samples from the Irondale Gulch

I drainage basin at Peoria Interceptor station (SWI1001) and South Plants steam effluent (SW02006),

respectively. Other reported Irondale Gulch concentrations were for samplee from South Uvalda

(SWI2005; 112 WSgg) and South Plants Water Tower Pond (SWO1002; 114 #ag/g). Zinc was reported

for a sample from the South Platte drainage basin at Basin A station (SW36001; 264 g•g/g).

I Two oncentratioLs exceeding the CRL were reported during the fall sampling event for samples from

the Irordale Gulch drainage basin. The maximum reported concentration (88.8 pg/g) was for a sample

I from Storm Sewer (SW12004), and the minimum reported concentration (74.3 gig/g) was for a sample

from South Plants steam effluent (SW02006).I
4.4 %URACB-WATIWQGROUNWAT IMTRATON

In order to assess contaminant migration onto and off of RMA, it is necessary to study the surface-

water/ground-water interaction. The surface-water element investigated three areas on RMA where

surface-water/ground-water interaction may be occurring. Water levels obtained from Havana Pond, the

South Plants Lakes and adjacent wells were compared and are presented as hydrographs in Figures 4.4-1

to 4.4-5. A gain/loss study was performed along First Creek in which instantaneous discharge

3 measurements were obtained in conjunction with water level data from nearby wells to determine whether

the creek was receiving ground-water discharge or recharging to ground water. Figure 3.4-1 shows the

location of the wells and surface-water sites that were used in this study. Table 3.4-1 lists the wells that

were used in the surface-water/ground-water interaction study.

I Lake water levels were observed on a weekly basis and water levels from First Creek were monitored

continuously at three gaging stations. Instantaneous discharge measurements for gain/loss analysis were

obtained in April and June 1990 and well water level data were collected in February, March, April,

June, July, August and September 1990. Ion data and %aganic data from surface-water and ground-water

3 o-194-SWAR-90.4

Rev. 02/27/92

S• ,w, R i t 0H.4



I

samples were not obtained at the same time in Water Year 1990 hence water chemistry was not

I compared. Th lakes were sampled in the spring of 1990 and wells in the am were sampled in the fall

of 1989. The three areas that are addressed in this section of the report are First Creek, South Plants

I Lakes and Havana Pond.

I 4.4.1 SURPACB-WATsR/GwOUND-WATBR INTRACr[ON IN THE Soum PLANT LAKES AND

HAVANA POND ARtEAS

I The hydrograph of Havana Pond and nearby wells that are completed in the alluvium (11002 and 11007)

I suggests an interaction between the pond and ground water (Figure 4.4-1). The water levels in the wells

were lower than those of the pond, suggesting that the pond is recharging the ground water to the north

and west. A lack of wells on the east and south sides of the pond precludes a determination of water

I movement there. A calculation of Havana Pond water that had entered the pond after a storm indicated

that 35.12 ac-ft infiltrated within 7 days.I
The water levels that were obtained from Upper Derby Lake and adjacent alluvial wells (01001, 01069,

E 01070 and 01073) indicate interaction between the lake and ground water (Figure 4.4-2). The water

levels from adjacent wells were lower than the lake indicating that the lake recharges the ground water.

I Wells 01070 and 01073 had the lowest water level elevations suggesting a greater potential for the lake

to recharge the ground water to the west and northwest in the direction of these wells. Upper Derby

m Lake had a high water level in July when a large volume of water was transported to the lake from

Highline Lateral. The well water levels did not mimic the lake during this month indicating a possible

I lag time before the ground water was recharged.

I The hydrograph of Lower Derby Lake and nearby wells (01024, 01028, 01049, 01070, 01073, 01074,

01075 and 01076) also indicates a correlation between the lake and the ground water (Figure 4.4-3). Two

I of these wells (01028 and 01076) are screened in the Denver Formation and the remainder are completed

in the alluvium. Water levels elevations in Wells 01028, 01049, 01075 and 01076 were similar to Lower

I Derby Lake's water level most of the year. The water levels from Wells 01070 and 01073 located to the

east and north were generally higher than the lake levels. Ground-water levels from Wells 01024 and

01074, located southwest and west of the lake, were lower than the lake levels. This data indicates that

ground-water discharges to the lake from the northeast and the lake recharges the ground water to the

southwest. Lower Derby Lake was maintained at a low stage during the summer of Water Year 1990
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to allow construction of a spillway on its northwest bank. Due to this activity, Wells 01075 and 01076

I wer not used In the study in August and September.

EThe water levels of Ladora Lake and nearby wells (02001, 02026, 02034, 02050, 02052, 02055, 02059

and 02060) show a relationship between surface water and ground water (Figure 4.4-4). All wells are

i screened in the alluvium except Well 02060 which is screened in the Denver Formation. Water levels

in this well mimicked lake levels but were higher than the lake levels and water levels in the other wells,

I including adjacent Well 02059. The water level of Ladora Lake was higher than the wells located on its

west side and lower than those along its northeast side. This suggests ground-wat discharges to the lake

I from the east and northeast recharges from the lake to the ground water towards the west.

The hydrograph of Lake Mary and adjacent alluvial wells (02008, 02050 and 02056) indicates ground-

water and surface-water interaction (Figure 4.4-5). In relationship to Lake Mary water levels, ground-

water levels were higher southeast of the lake (02050) and lower northwest of the lake (02008). These

I data suggest that ground-water discharges to the lake from the southeast and the lake recharges the ground

water to the northwest.I
4.4.2 SUPRFACB-WATER/GROUND-WATmR INTmRACTION ALONG Fn CREEK

Instantaneous discharge measurenients were obtained during April 1990 and June 1990 along First Creek

I to determine the gain-loss relationships and the degree of ground-water/surface-water interaction along

this creek. Discharge measurements were obtained at II sites in April 1990 and 10 sites in June 1990

I during periods of base flow along First Creek; concurrent water levels were taken at 10 adjacent ground-

water wells during the June study (Figure 3.4-1).

U In April the data indicate that First Creek was effluent (gaining). Flow rates progressively increased from

0.89 cfs near the south boundary of RMA to 1.08 cfs at the North First Creek monitoring station near

the north boundary of RMA where First Creek exits the Arsenal (Figure 3.4-1). First Creek displayed

an influent (losing) behavior downstream from the Arsenal to the First Creek Off-Post monitoring station

(SW37001), which had a flow rate of 0.97 cfs.

I Gain-loss relationships on First Creek change according to the seasons. In June 1990 the creek was

influent from the south boundary in Section 8 with a flow rate of 0.21 cfs to Section 5 where flow
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I -terminated. From Section 5 through Section 31, 30 and 24 the stream characteristics fluctuated. The

I creek displayed stagnant, dry or very low flow conditions and where the creek exited Section 24 to the

north, it was dry once again. During this time, the creek had stagnant water from RMA's northern

boundary to a private pond located one-fourth mile north of the Arsenal. Downstream from the pond,

First Creek began to flow again with 0.17 cfs at site SW37012 but it became influent as flow rates

I progressively decreased to the First Creek Off-Post monitoring station (SW37001) which had a flow rate

of 0.01 cfs.

I Generally, the majority of First Creek on RMA was effluent in the spring and influent in the summer.

"The well water levels obtained in June were compared with stream stages at adjacent monitoring stations

I in order to determine the ground-water/surface-water relationships. The only surface-water monitoring

station with a sufficient amount of nearby wells is North First Creek (Figure 3.4-1). The station was dry

in the channel during this time of year, but there was water in the stilling well. North First Creek has

an elevation of 5,141 ft at the zero mark on the staff gage. Approximately 1,000 ft downstream from

E the station, Well 24183 had a water level elevation of 5,132 feet. Well 24106, adjacent to the station,

had a water level of 5,141 ft, indicating that ground water was very close to the surface here. Wells

I 24096 and 24107 are located southeast of the North First Creek monitoring station. T"he water levels in

these wells were 5,147 ft, 6 ft higher than the surface-water station. The data suggests there is a steep

ground-water gradient between these wells and the surface-water station.

4.5 OUALrTY AssuRANcB/OuAIrY CoNTROL RsULTs OF WATBR-OUALrTY DATA

I QA is defined for the CMP as the program for assuring and documenting the reliability of monitoring

and measurement data. The QA program functions to assess the precision, accuracy, and comparability

of the analytical results generated by the Surface-Water CMP. QC is the routine application of

procedures for attaining and maintaining the QA-prescribed standards of performance in the sampling and

analysis process. The QA/QC program implemented during the Surface-Water CMP is based on the

CMP Surface Water Technical Plan (RLSA, 1989a), the RMA Chemical Quality Assurance Plan

(PMRMA, 1989), the requirements of the CMP contract (PMRMA, 1989), and the QA programs of the

subcontract laboratories.

I The requirements of the QA/QC program include the collection and analysis of field QC samples, which

consist of field blanks, trip blanks and duplicate (split) samples. Additional samples are collected for
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I confirmatory GC/MS analysis. Field sampling procedures for QC samples follow the same protocol used

I for investigative samples, including sample collection, handling, storage, preservation, docum n atio nd

shipping procedures. The QA/QC Plan stipulates the frequency at which field QC samples are to be

I collected and submitted to the program laboratories.

Laboratory QC data are also generated according to the QA/QC Plan, and all such data are reported

weekly to PMRMA in a QA Status Report accompanied by precision and accuracy control charts for each

sample lot. Laboratory QC procedures include the delineation of control limits for matrix spike and

surrogate spike recoveries and the evaluation of method blank data. QC data are examined in relation

to the criteria established for these procedures during the analytical certification process. Deviations from

I the established QC criteria during routine analyses are identified by the laboratory and appropriate

corrective actions are taken. The data are then reviewed for reliability by the Program QA Officer. Any

I data deemed unacceptable by project management QA personnel are not entered ito the Installation

Restoration Data Management System (IRDMS). Rejected data are transferred to a rejected database file

I for informational purposes only. Table 4.5-1 catalogs the analytes and samples rejected during the Water

Year 1990 Surface Water CMP on the basis of laboratory QC data. Because the data rejection process

I is strictly concerned with laboratory aspects of the QA/QC Plan, it is not discussed further in this Annual

Report.

4.5.1 EVALUATION Op FIELD QC BLANK DATA

I Field QC data are generated by collecting field and trip blanks at a rate of 5 percent each of the total

I number of investigative samples collected. Field blanks are sample bottles filled in the field with

distilled, organic-free water during sample collection. Laboratory analyses of field blanks indicate

E whether ambient site conditions or sampling procedures may have introduced extraneous contaminants

into the investigative samples. Trip blanks are samples of distilled/deionized, organic-free water

I transported to the field site and returned with the investigative samples to the laboratory unopened. Trip

blank analysis reveals whether contaminants may have been introduced into samples during transport and

i handling.

Three field blanks and two trip blanks were collected and analyzed during the Water Year 1990 Surface-

I Water CMP. No volatile organic, semivolatile organic, or trace metal target analytes were detected in

these blanks. Low-level major ion contamination (e.g., calcium, chloride, and/or nitrate) was detected
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I

I Table 4.5-1 Surface-Water Rejected Data, Water Year 1990

i Number of Sample Sample
mpo nd Rejections me

i Aldrin 6 SW06002 07/18190
SW08003ST2 05/30/90
SWIIOOIB 09/04/90
SW11001B 04/16190
SWI2004B 09/04/90
SWI2005B 04/16/90

4 SWO4001ST 07/09/90
SW1000SI3 07/09/90
SW11002ST 07/09/90

SWI2006ST 07/21/90

U Bene 7 SWO8003ST 03/09/90
SW11001ST 03/06/90
SW11002ST 03/06/90
SWI2004ST 03/08/90
SWI2005ST 03/08/90
SW24002ST 03/09/90
SW37001ST 03/09/90

Bicyclo[2.2.1] 2 SWO6002ST1 07/27/90
hept-2,5-diene SWI2006ST 07/21/90

2,2-bis(p-iorophenyl)- 2
1,1,1-tricbloroethane SW11001B 04/16/90

SWI2005B 04/16/90

Dibromochloropropane I SWI2005B 04/16/90

Dimethyldisulfide 12 SWO1001 09/06/90
SW02001 09/05/90
SW02006 09/04/90
SWO8003 09/07/90
SWO8003FB 09/07/90
SWO8003TB 09/07/90
SWH1001 09/04/90
SWI 1002 09/05/90
SWI2001 09/06/90
SW12004 09/04/90
SW24001 09/06/90

1 SW24002 09/07/90

Dimethylmethylphosphonate 1 SW06002 07/18/90

i Diisopropylmethylphosphonate 1 SW06002 07/18/90

I
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I TO* 4-5-1 Surlm-Wder Roacted Dam, Water Yar 1990 (condime)

I R*xted Number of Sample Sml

Compound Rejections Location DateI"
Ethylb 7 SWO8003ST 03/09/90

SWIIO0IST 03/06M90
SWI1I002ST 03/06190
SWI2004Sr 03/08/90
SWI2005ST 03/08/90
SW24002ST 03/09/90
SW37001ST 03/09/90

I Hexachlorocyclopentadiene 1 SW06002 07/18/90

Malathion 4 SWO4001ST 07/09/90
SWO8003ST3 07/09/90
SW11002ST 07/09/90SWI200)6ST 07/21/90

Parathion 4 SWO4001ST 07/09/90
SWO8003ST3 07/09/90
SWI1002ST 07/09/90
SWI2006ST 07/21/90

Supona 4 SWO4001ST 07/09/90
SW08003ST3 07/09/90
SWI1002ST 07/09/90
SW1200*ST 07/21/90

Toluene 7 SW0M03ST 03/09/90
SW11001ST 03/06/90
SWI1002ST 03/06/90
SWI2004ST 03/08/90
SWI2005ST 03/08M9

SW24002ST 03/09/90
SW37001ST 03/09/90

Vapona 4 SWO4001ST 07/09/90
SWO8003ST3 07/09/90
SW11002ST 07/09/90
SW12006ST 07/21/90

U-Xylem 7 SWO8003ST 03/09/90
SW11OO1ST 03/06/90
SW1 1002ST 03/06/90
SWI2004ST 03/08/90
SWI2005ST 03/08/90
SW24002ST 03/09/90
SW37001ST 03/09/90

UI
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I

I T�~T 4.5-1 Surfac-WaWt Rejected Data, Water Year 1990 (contied)

I Rejected ~~Number of SapeaplI Cu~ywiRejctions LoatogDt

Xylem 7 SWOS003ST 03/09/90
SWI1001ST 03/06/90
SW11004ST 0/8

SW1200SST 03/0&/90
SW24002ST 03/09/90
SW37001ST 03/09/90

Cacum 9 SW01004 04/12/90
SW0100s 04/12/90
SWO2003 04/12/90
SWO004 04/12/90SW07001 04/13M9

SW07002 04/13/90
SWI2001 04/13/90SWI2004 04/13/90

SWI2005M 03/23/90

U Zinc 2 SW12004 04/13/90
SWI200SST3 03/28/90

I
I
I
I
I
i
I
U
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Ein All d*mo field blanks ad in one trip blank, but because of the pervasiveness of these ions and the low

I m cPm1u-das observed relative to the investigative samples, th observed blank artifacts were judged

not to indicate significant potential problems with investigative sample data. The generally very low

i incidence of field QC blank artifacts implied that the Water Year 1990 surface-water and sediment data

were not compromised by field or laboratory practices.

i 4.5.2 EVALUATION OP DuPcATs ANALYS=S DATA

E Duplicate samples are defined under the CUP as two identical sets of sample bottles submitted to the

laboratory for the same analyses. Duplicates are collected by alternately filling pairs of identical sample

bottles at the sampling site. The analyses of duplicate samples provide a measure of the data variability

resulting from the sampling and analytical methods and can serve to identify potential problems in field

iand laboratory protocols. In compliance with the CMP Technical Plan, six of the sites in the Water Year

1990 CMP Surface-Water Network (or approximately 10 percent) were selected at random for duplicate

I sample collection and analysis.

E Duplicate sample results are summarized statistically using the standard USEPA relative percent

difference (RPD) parameter. Included in this summary are only those duplicate analyses for which at

i least one positive identification and quantitation was recorded. The RPD for each detection pair is

calculated by calculating the absolute value of the difference between the two matched values, dividing

E this difference by the average of the two values, and then multiplying this quotient by 100. The RPD

for a matched pair of results is, therefore, expressed as the percent difference that one duplicate result

I deviates from the average of the two matched results; an RPD value of 67 percent represents a reported

concentration that is a factor of two different than that of the duplicate. In general, RPD values are

E meant to provide a general indication of reproducibility and should not be evaluated quantitatively.

Target analyte detections and RPDs for the duplicate samples collected during the Water Year 1990

Surface-Water CMP are shown in Table 4.5-2. The RPD values ranged from a low of 0 percent

(observed for multiple organic and inorganic analytes) to a high of 105 percent (observed for fluoride).

Other RPDs in excess of 67 percent, representing duplicate results that differed by more than a factor of

two, were calmlated for the two reported pairs of zinc detections (94 and 67 percent) and for an isolated

copper detection pair (76 percent). The highest RPDs observed for organic analyte detection pairs were

96 and 52 percent, calculated for chlordane and DBCP, respectively. However, these two detection pairs
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I

I were near the method CRLs for these analytes, and reproducibility of results near the CRLs is not

generally as good as for results well above the CRL. In general, RPDs appeared higher in duplicate

sediment samples than in the duplicate surface-water samples, which is reasonable considering the greater

heteogeneity of the sediment samples.

Average RPD values were calculated for each clas of target analytes to minimize outlier bias and render

a better general assessment of sampling and analytical precision. As shown in Table 4.5-2, average RPDs

of 12.1 percent, 18.2 percent, and 15.3 percent were calculated for the volatile organic, semivolatile

i organic, and inorganic analytes, respectively. These values indicate a similar degree of precision for the

three chlses of analytical data. The overall weighted (geometric) mean of the RPDs over all the classes

I of anaytes is 15.1 percent. On average, duplicate analytical results deviate by a factor of 1.2 from each

other for the Water Year 1990 Surface-Water CMP. This modest average deviation indicates that Water

i Year 1990 Surface-Water investigative data are of acceptable precision and that sampling and analytical

methods can be considered reliable.

4.5.3 EVALUATION OP GC/MS CONIUMATION RIsULTS

The QA/QC Plan requires the collection of additional duplicate samples for confirmatory GC/MS analyses

i at approximately 10 percent of the sites included in surface-water sampling events. These analyses are

used to verify GC method detections of volatile and semivolatile organic analytes and, hence, serve to

E measure the efficacy of the routine GC methods used for all organics analyses under

the CMP. Neady all organic analytes routinely analyzed by GC techniques can also be determined by

iH O C/MS methods for confirmation purposes. For some samples; however, GC/MS cannot verify GC

results because the CRLs for GC/MS methods are generally higher. The greatest disparity in CRLs

E between OC and GC/MS analyses occurs in the semivolatile analyses of pesticides.

"IThe GC detections and accompanying GC/MS confirmation data are presented in Table 4.5-3 for 11

surface-water and sediment samples collected during the Water Year 1990 sampling events. Table 4.5-4

summarizes these data and presents the total number of confirmed and unconfirmed detections for each

E sample and for volatile and semivolatile analyses in general. Using the historical guidelines of previous

RMA investigations, detections are considered confirmed if the GC and GC/MS concentrations are within

INone order of magnitude of each other.
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Table 4.5-2 Sumtmary of Surfm-Waw Duplicate Sm=V Analys, War Yew' 1990

Relative
I Sampling

Ls DuplicA DiffereweI ~ nAnalyte ResutI t(t-PD)

m yOLTILEORGANICS

I SWH1001 1,2-Dichloroethiee 14.4 14.4 0
Tetrachloroethene 14.8 12.7 15.2
Trichloroethie 14.3 13.7 4.29

U SW36001 1,1,1-Trichloroethane 1.16 0.992 15.9
1,1-Dichloroethew 4.63 4.28 7.86
1,2-Dichloroethene 15.1 14.5 4.05
Benzeane 44.8 32.1 33.0
Chloroform 198 198 0
Chlorobenzene 993 1030 3.66
Dibromocbioropropane 15.2 14.7 3.34
Dcyclopentadiene 47.8 56.0 15.8
EthylbenzIe 65.2 67.5 3.47
Methyl isobutyl ketone 783 754 3.77
Tetracdoroethene 78.2 63.0 21.5
Toluene 16.7 14.0 17.6
Trichloroethene 42.7 37.3 13.5
Xylene 75.0 77.1 2.76

I ~Sediment Samples

SW1I10IB Dibromochloropropane 0.00667 0.0113 51.5

I Average 12.1

I SEMIVOLATIL ORGANICS

Surface-Water Samoes

E SW36001 Aldrin 0.783 0.642 19.8
Atrazine 39.1 41.1 4.99
Bicyclo[2.2. l]hepta-2,5-diene 22.1 23.8 7.41
2,2Zbis(p-Chlorophenyl)-

1,1-dichloroethene 0.195 0.168 14.9
2,2-bis(p-Chlorophenyl)-1,1, l-trichloroethane 0.561 0.465 18.7
Dieldrin 2.13 2.34 9.40
Diisop ethylphosphonate <0.392 0.433 9.94
Dimethyetyphosphonate 1.31 1.35 3.01
Endrin 0.171 0.145 16.5
Hexachlorocyclopentadiene 0.258 0.175 38.3
lsodrin 0.935 0.807 14.7
Parathion 61.5 62.0 0.810
Supona 5.84 5.87 0.512
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I

Table 4.5-2 Summary of Surace-Water Duplicate Sample Analyses, Water Year 1990 (continued)

Relative
n s~plPercent

SDifference
Analyte ResultDlef % , DifCPD)

SW11001B Chlordane <0.138 0.0486 95.8

i Average 18.2

I
I ~Surfaco-WAter Sanmles

E SWO1005 Chloride 44200 47300 6.78
Fluoride 1070 1050 1.89

ium 19600 19900 1.52
itrate 1070 1070 0

Potassium 4780 4460 6.93
Sodium 58600 61600 4.99
Sulfate 96300 104000 7.69

SW1001 Calcium 22300 22300 0
Chloride 15100 16500 8.86Fluoride 3000 928 105

M neium. 3410 3410 0
110826 31.1

3760 3900 3.66
Sodium 11300 11300 0
Sulfate 29100 31500 7.92
Zinc 33.7 67.8 67.2

SW12005 Calcium 86400 87100 0.807
Chloride 47700 42500 11.5
Fluoride 1380 1430 3.56
Magnesium 27300 27800 1.81
Nitrate 4650 4490 3.50
Potassium 4080 3860 4.79
Sodium 89200 89200 0

Sulfate 12900 111000 15.0

I
I
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I Table. 4.5-2 Summary of Surface-War Duplicate Sample Analyses, Water Yer 1990 (continued)

I Relative
percent

Duplica DifferenceLocPalio Anlytet Result' % 't (RPD)

I W300 Ase~c71.6 72.8 1.66Calcium 66200 65200 1.52caloride 76100 76500 0.524Fluoride 2140 2240 4.57Floie25200 24500 2.82Magnu521 566 8.30Nitrate 5530 5340 3.50
PSodium 97700 96100 1.65I Sulfate 133000 133000 0

I WO00B oper<58.6 131 76.4L2ad 79.7 96.7 19.3Zinc 110 306 94.2
SWIz001B Lead 6.62 10.2 42.6

I Average 15.3

ii I tConcentration units aren IgI for surface-water samples and #g/g for sediment samples.

I
I
I
I

ii
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I Table 4.5-3 GC and GC/MS Confirmation Results for the Surface-Water Monitoring Program, Water Year
1990I
Sampii SamleGC CCUMS

Loain Eavenpt Analyte CR.SUuXt ry C S

I VOLATILE ORGANCS

Surface-water Sanmles

SW36001 4/90 1,1,2-Trichloroehane 1.16 < 10.0 3
1,1-Dichioroethene 4.63 < 10.0 3
1,2-Dichloroethem 15.1 <50.0 3
BeIe•ne 44.8 < 10.0 2
Chloroform 198 220 1
Cblorobenzene 993 29.8 2
Dibromochloropropane 15.2 19.0 1
Dicyclopentadiene 47.8 40.3 1
Ethylbenzene 65.2 < 10.0 2
Methyl ethyl ketone 783 < 14.0 2
Toluene 16.7 < 10.0 2
Tetrachloroethene 78.2 53.7 1
Trichloroethene 42.7 37.0 1
Xylene 75.0 83.2 1

SW36001 9/90 1,1-Dichloroethene 2.08 <1.00 2
1,2-Dichloroethene 9.02 <5.00 2
Benzene 3.96 < 1.00 2
Dibromochloropropane 5.43 < 12.0 3
Dicyclopentadiene 20.4 <5.50 2
Toluene 3.23 < 1.00 2

Xylene 29.6 <2.00 2

I SW02006 4/90 Chloroform 5.76 4.10 1

SW37001 11/89 Dicyclopentadiene 48.4 34.0 1
Tefw oroeten. 0.8.8 <0.560 2

9/90 Dicyclopentadiene 19.5 <5.50 2

Sediment SA4mla0

SW01002B 4/90 Dibromochloropropane 0.0132 <0.360 3

SW36001B 4/90 Dibromochloropropane 0.110 <0.360 3
ISW37001B 4/90 Dibromochloropropane 0.0145 <0.360 3

I
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I Table 4.5-3 GC and GC/MS Confirmation Results for the Surface-Water Monitoring Program, Water Year 1990
(continued)

CC C/MS
Samplng Smple na~j¶1,~Co~frmionSLocation Event Analyte t t Resnrt ry Sta on

I ~SEMIVOLATILE ORGANIC•S

I ~Surface-Water Sampes

SW36001 4/90 Aldrin 0.783 < 13.0 3
Atrazine 39.1 40.8 1
Hexachlorocyclopentadiene 0.258 <54.0 3
Dieldrin 2.13 <26.0 3
Dimethylmethyl Phosphonate 1.31 < 13.0 3
Endrin 0.171 < 18.0 3
Isodrin 0.935 <7.80 3
2,2-bis(p-Chlorophenyl)- 0.195 < 14.0 3

1, 1-dichloroethene
2,2-bis(p-Chlorophenyl)- 0.561 < 18.0 3

1,1, 1-trichloroethaneParathion 61.5 < 37.0 2Supona 5.84 < 19.0 3

SW36001 9/90 Aldrin 1.02 < 13.0 3
Atrazine 7.12 <5.90 2
Hexachlorocyclopentadiene 0.0718 <54.0 3
p-Chlorophenyl methyl sulfoxide 17.0 < 15.0 2

ZIorophenyl methyl sulfone 194 252 1
eldrin 3.99 <26.0 3

Dimethylmethyl Phosphonate 0.771 < 13.0 3
Endrin 1.39 <18.0 3
Isodrin 0.516 <7.80 3

SWI1002 4/90 Chlordane 0.293 <37.0 3
2,2-bis(p-Oulorophenyl)- 0.088 < 18.0 3

1,1-dichloroethene
Atrazine 10.2 <5.90 2

SW24001 4/90 Aldrin 0.0703 < 13.0 3

SW37001 11/90 Atrazine 9.43 <5.90 3
Chlordane 0.236 < 37.0 3
Diisopropylmethyl Phosphonate <0.392 160 2

9/90 Atrazine 12.2 <5.90 2
Di'so.propylmethyl Phosphonate 124 113 1
Endrm 0.230 < 18.0 3
Parathion 1.35 < 37.0 3

I
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I Table 4.5-3 GC and GC/MS Confirmation Results for the Surface-Water Monitoring Program, Water Year 1990
(continued)I

GC CCUMS

Samping ampl Con=fiomn
SLo~captio~n Event Analyte tateC'~eul r

I SEMIVOLATILE ORGANICS (continued)

SWO1002B 4/90 Aldrin 3.30 7.20 1
Chlordane 0.340 <0.670 3
Die.drin 1.20 <0.560 2
Endrin 0.0410 <0.270 3
4 sodrm 0.0300 <0.270 3

SW02006B 4/90 Aldrin 0.50 <0.670 3
Chlordane 0.880 <0.670 2
Dieldrin 0.880 <0.560 2
Endrin 0.0550 <0.270 3
Isodrin 0.0360 <0.270 3
2,2-bis(p-Chlorophenyl)- 0.0160 <0.510 3

1, 1-dichloroethene

SW36001B 4/90 Aldrin 4.90 15.7 1
Chlordane 11.0 <0.670 2
Dieldrin 1.70 2.72 1
Isodrin 1.30 0.965 1
2,2-bis(p-Chlorophenyl)- 0.100 <0.510 3

I, l-dichloroethenoU 1,

Concentration units are pg/l for surface-water samples and pug/g for sediment samples.

I2 A "less than" value in this column indicates a nondetect in the analysis; the reported value is the CRL for
that analyte.

3 1=
CC result confirmed by GC/MS within one order of magnitude.

2 = GC result not confirmed by GC/MS.
C- GC result not confirmable because of higher CC/MS CRL.

I CRL =-Certified Reporting Limit
GC =gas chromatography
MS = mass spectrometryI mg i =mcrograms per liter

~g/g =micrograms per gram
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U Tabe 4.5-4 Summary of Surface-Water Confirmation Results, Water Year 1990

I Number of Number of Number of Number of
Sampling Of GC Confirmed Unconr- d Unconfirmable
Location Detections Detections Dions

SW36001 4/90 14 6 5 3

SW36001 9/90 7 0 6 1

SW02006 4/90 1 1 0 0

I SW37001 11/89 2 1 0 1

9/90 1 0 1 0

I SWO1002B 4/90 1 0 0 1

SW36001B 4/90 1 0 0 1

I SW37001B 4/90 1 O O

Total 28 8 12 8

*SEMIVOLAI ORGANICS

I SW36001 4/90 11 1 1 9

SW36001 9/90 9 1 2 6

I SW11002 4/90 3 0 1 2

SW24001 4/90 1 0 0 1

I SW37001 11/89 3 0 2 1

9/90 5 1 1 3

I SWO1006B 4/90 5 1 1 3

SWO2006B 4/90 6 0 2 4

I SW36001B 4/90 5 3 1 ..

Total 48 7 11 30

K 1 GC detections that could not be confirmed because of higher GC/MS CRLs.

CRL = Certified Reporting Limit
GCC =gas chromatography
MS =mass spectrometry

I
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As shown in Table 4.5-4, a total of 28 volatile organics detections were reported by GC methods in
samples also analyzed by GC/MS. Eight of these detections (29 percent) were confirmed by the

GCUMS data within the order-of-magnitude historical criterion, whereas 12 detections (43 percent) werei not confirmed. An additional seven (29 percent) of the 28 volatile organic detections could not be
confirmed because the reported GC concentrations were below the GCCMS method CRLs.

i Of 48 total semivolatile GC detections summarized in Table 4.54, seven were confirmed and eleven were
not confirmed by GC/MS analyses based on the order-of-magnitude historical guidelines. The remaining

I 30 GC results were unconfirmable because of higher GC/MS CRLs. Thus, 15 percent of the semivolatile
GC detections were confirmed, 23 percent were not confirmed, and 63 percent were too low-level to be

i confirmed by the existing certified GC/MS methods.

I In summary, GC/MS confirmation of routine GC analytical data was sometimes not possible because of
the low concentrations of target compounds generally encountered in the investigative surface-water and
sediment samples. The GC/MS analyses were most successful in confirming volatile organics data
because the GC/MS method CRLs more closely approached the GC method CRLs for volatiles analyses

i than for semivolatile analyses.

I

I
I
I

I

i -211 -

SWAR-90.4
Rev. 02/27/92



IW

5.0 DATA ASSESSMENT

i 5.1 UA WATER OUA=T Q A me BNT

I Surface-water quantity results obtained in Water Year 1990 are discussed and compared to Water Years

1988 and 1989 surface-water CMP results. Significant differences from previous years, apparent trends,

anomalies, etc., are identified.

I 5.1.1 STREAM•FLOW DATA

I Itens of interest in a stream flow monitoring program include relative flow rates and volumes as well as

variability of flow. Stream flow at RMA gaging stations and lake volumes have been monitored during

the 3 years of the CMP and comparisons of these data are presented in the following sections.

5.1.1.1 Rates and Volumes of Flow

The stations that had the largest rates and volumes of flow during Water Year 1990 were those measuring

inflow to RMA, totaling 4,681 ac-ft for the year and 3,861 ac-ft for the 6 months of April through

September, 1990. Surface-water inflow during these 6 months in Water Year 1990 was similar to inflow

during Water Year 1988, but was considerably larger than inflow during Water Year 1989. The Irondale

Gulch drainage basin received about 84 percent of the total inflow into RMA with only 38 percent of that

inflow coming from natural runoff because of the large importation of water via Highline Lateral during

3 Water Year 1990. During the months of April through September, Highline Lateral contributed 46

percent of the RMA inflow in 1988, 23 percent in 1989, and 57 percent in 1990. The natural runoff

inflow in the Iondale Gulch drainage basin (South Uvaka, Peoria Interceptor, and Havana Interceptor

stations) was 1758 ac-ft in Water Year 1990 (38 percent of all RMA inflow). First Creek contributed

i only 16 percent to the total RMA inflow during Water Year 1990.

Of the three Irondale Gulch drainage basin natural inflows, the Havana Interceptor conveyed the largest

volume of water to RMA: 901 ac-ft during Water Year 1990 and 678 ac-ft (96 percent) during April

through September. This annual volume represents a unit runoff from the 5.227 sq mi drainage area of

3.23 in., about 29 percent of the precipitation measured at the South Plants Rain Gage during the year.

I -212-
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I

Ith runoff for the months of April through September was 678 ac-ft in 1990 compared to 543 ac-ft for

I the same period in 1989 and 734 ac-ft for the same period in 1988 (rable 5.1-1. The volume of inflow

to RMA via the Havana Interceptor was 51.3 percent of the total Iroudale Gulch drainage basin natural

I inflow in Water Year 1990, although the Havana Interceptor drainage area is only about 38 percent of

the total Irondale Gulch drainage area.

E During Water Year 1990, the second largest Irondale Gulch natural inflow to RMA was recorded at the

I South Uvalda gaging station and measured 689 ac-ft. During the 6 months of April through September

an inflow to RMA of 460 ac-ft was measured compared to 439 ac-ft in 1989 and 386 ac-ft in 1988 (Table

5.1-1). The unit runoff from Uvalda Interceptor's 7.723 sq mi drainage area was 1.67 in., 15.1 percent

of the precipitation measured at the South Plants rain gage. These figures are approximately one-half of

comparable figures for the Havana Interceptor, a relationship consistent with 1989 and 1988. mhis
relationship infers that significantly more infiltration of precipitation takes place in the South Uvalda

watershed than the Havana Interceptor watershed, although both are about 50 percent urban. Although

the drainage area contributing to the South Uvalda station is about 57 percent of the Irondale Gulch

drainage basin south of RMA, the volume of runoff produced was only 39 percent of the total natural

3 runoff in Water Year 1990.

The Peoria Interceptor station measures flow on the smallest drainage ar (0.644 sq mi) and measured

the smallest inflow (168 ac-ft) during Water Year 1990. The unit runoff of the Peoria Interceptor

drainage area was 4.89 in., about 44 percent of the precipitation measured at the South Plants rain gage.

The runoff for April through September 1990 was 122 ac-ft, which is only 41 percent of the volume

measured during the same period in 1989 and 44 percent of the volume measured during the same period

in 1988. Although the watersheds of Uvalda Interceptor and Havana Interceptor are considerably larger

3 than the Peoria Interceptor watershed, the runoff volume at Peoria Interceptor has been proportionally

larger than the drainage area would suggest. This is an anomaly that was also present during 1989 and

3 1988 and currently is unexplained.

The runoff volume entering RMA via First Creek during Water Year 1990 was 729 ac-ft. Tmis annual

volume represents ; unit runoff of 0.52 in., which is only 4.7 percent of the precipitation measured at

the South Plants rain gage. The low percentage is likely caused by the higher rate of infiltration that

occurs in a largely undeveloped watershed of this area during storm events. An intense storm centering

i -213-
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T*IS.-1 S o IrMA Inflow WAw Volumes, April draq Sqomiuu, Wow Yem 1938,1939

1988 1989 1990
(acft)(aC-ft) (ac-ft)

* NATURAL INFLOW
IkQ9Adl•mQ _ 1-mlh rnamb_]ib

E Havan Interceptor 734 543 678

Peoria Interceptor 257 275 112

ISouth Uvalda 386 439 460

Soul First Creek 417

ESub-Total 1878 1520 1667

I CONTROILE INFLOW
SL~rondale uc ria Basin

High•lne Latrl J2 -2m1
Total RMA Inflow 3470 1981 3861

II
1
I
1
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on a developed watershed as opposed to an undeveloped watershed can result in a significantly differentI runoff. Historically, the unit runoff measured at South First Creek gaging station has represented a minor
p ercePago of precipitation measured at the Stapleton Airport rain gage. The April through September

I 1990 runoff measured at the South First Creek gaging station was 417 ac-ft, considerably greater than

the 263 ac-f measured during the same time period in 1989 but similar to the 501 ac-ft measured during

I the same time period in 1988 (Fable 5. 1-1).

I iHighline Lateral contributed 2,194 ac-ft of the 3,952 ac-ft of water measured from the Irondale Gulch

drainage area during Water Year 1990; however, the water in Highline Lateral is controlled flow diverted

I from the South Platte River and is not representative of watershed runoff. The amount of water released

to Highline Laterl is dependent on the utilization of Army-owned shares of irrigation water. The amount

I has varied considerably during the 3 years of the Surface-Water CMP and is illustrated in Table 5.1-1.

Highline Lateral accounted for approximately 47 percent of all inflow to RMA during Water Year 1990.

I n The measured outflow of First Creek at the North First Creek monitoring station, which includes 10.32

additional sq mi of drainage area, was significantly less than the inflow at South First Creek (400 ac-ft

3 vs 729 ac-ft). This relationship is typical of previous years and represents about a 45 percent loss of

surface-water flow to infiltration, evaporation and transpiration. However, the 6 month flow from April

through September at North First Creek was approximately 5.5 times less than flow at South First Creek

during Water Year 1990 compared to only 1.5 times less during Water Year 1989. North First Creek

records do not exist for 1988; therefore, it is unclear what amount of surface-water loss is normal

between South First Creek and North First Creek. The 400 ac-ft volume is a unit runoff of only 0.203 in from the 36.70 sq mi drainage area, about 1.8 percent of the precipitation measured at the South Plants

rain gage during the same time period.

5.1.1.2 Variability of Flow Rates

i The variability of flow rates affects the accuracy of measurement. The more variable flows are generally

the most difficult to measure accurately. The ratio of the daily maximum discharge to the mean daily

discharge is an index of variability, and was calculated monthly for April through September during

Water Years 1988, 1989, and l1 ,Table 5.1-2) for the 12 stream gaging stations. In 1990, the greatest

variability occurred at the Peoria Interceptor station (May = 18.8), the Ladora Weir (August = 19.6),

1 -215-
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U t oeN Uvalda station (May - 18.9), and die South First Crok station (August 20.6). Th. ratios

I of daily maxinum dtmcharge to mean daily discharge have va.:ed moderately each year at RMA surfa-

water monitoring stations. However, the gaging stations located on First Creek had the least variability

I during the observed 6-month period for 1988, 1989, and 1990 (Fable 5.1-2).

I A second index, the ratio of the nstantaneous maximum. discharge to the mean daily discharge from April

to September 1990, displays somewhat the same pattern (Table 5.1-3). Ratios exceeded 200 at the

I Havana ntKmqptr station in August (205.5), and the Peoria Int or station in June (225.0) and at

the South Uvalda station in July (M27.8). Instantaneous maxinmm discharges at all of the First Creek

stations were relatively small in comparison to the mean daily discharge. The average ratios of computed

isatnosmaximum discharge to mean daily discharge have remained relatively consistent from year

to year (Table 5.1-3.). Havana Iterceptor has historically displayed the greatest variability while stations

Eon First Creek and stations monitoring controlled flow typically possess the least variability.

U 5.1.2 LMK AmD POND STAGB DATA

I Average monthly stag values for Upper Derby Lake, Ladora Lake, Lake Mary, and Havana Pond for

Water Years 1989 and 1990 are presented in Table 5.1-4. Weekly stage readings were started by the

I CMP in April, 1988.

I 5.1.2.1 UNe Derb Lake

3 Upper Derby Lake receives water from the Highline Lateral during the summer months, therefore, it is

typically at maximum stage from June to September and at minimum stage during the winter months.

Because Highline Lateral deliveries were considerably larger and storage was limited in Lower Derby

Lake in Water Year 1990 compared to 1989, the stages in the summer of 1990 were approximately 3 ft

to 4 ft higher than in 1988 and 1989. The high stage in Upper Derby Lake produced outflow to eastern

Upper Derby lake. Once eastern Upper Derby Lake reached its maximum capacity, overflow was

directed to First Creek via the Upper Derby Lake Overflow ditch.

I
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5.1.2.2 Lower Deby Lake

E The stage of Lower Derby Lake is normally held fairly constant throughout the year. This was the case

iduring Water Year 1990, although the stage was held at about 12 ft, due to spillway construction

activities, compared to 15 ft to 16 ft through most of Water Years 1988 and 1989.

I 5.1.2.3 LaorLak

I Consistent with the historical record, the Ladora Lake stage varied by only about 1 ft during Water Year

1990. The stage of Ladora Lake is maintained at a relatively constant level in order to meet the process

I water needs at RMA.

I 5.1.2.4 LakekdMM

I The measured stages of Lake Mary during Water Year 1990 were consistent with the historical record,

varying between a low in the winter and highest stages in the summer.I
5.1.2.5 avanaI
The measured stages in Havana Pond during Water Year 1990' -. consistent with the historical record.

The stage reached its maximum in August in response July and August thunderstorms.

5.1.3 EvAPoRrITON AmD PRECIPITATION DATA

Monthly evaporation and precipitation data for Water Years 1988, 1989 and 1990 are presented in Table
5.1-4. Evaporation measured during Water Year 1990 was essentially same as Water Year 1989;

however, evaporation was approximately 30 percent less during Water Year 1988.

Precipitation measured at Stapleton Airport during Water Year 1990 was about the same as during Water

Year 1989, and 1.67 in less than Water Year 1988. However, as shown in Table 4.1-1, the precipitation

measured on RMA during Water Year 1990 was significantly less than the Stapleton precipitation. More

years of record are needed to determine if there is a consistent difference between the two locations.
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I 5.2 SuURA~c-WATBR OuALrrY AsMaINT

i This section provides an assessment of Water Year 1990 surface-water quality results, as presented in

I Sections 4.2. The discussion utilizes and compares historical surface-water quality and the assessment

presented in the FY89 Surface-Water Data Assessment Report to identify spatial and temporal trends in

U surface-water quality during the reporting period. The quality and accuracy of the pre-RI data are not

entirely known; therefore, comparisons between CMP and historical data, including the pre-RI data,

should be made with this in mind. Contamination is also assessed on the basis of interpreted upstream

baseline conditions. In Section 6.0 of this report, conclusions are drawn regarding the trends identified

in this section as related wo potential RMA and off-post source areas and the possible relationships

between stream discharge and contaminant concentration.

Mechanisms for the distribution and concentrations of chemical constituents iw surface water and stream

sediments are diverse and can complicate interpretation of data. Concentrations of chemical constituents

can vary both spatially and temporally.

Spatial variations in concentrations of chemical constituents can occur over large areas as the result of

varying physical factors along a stream reach and in local areas within a channel cross section as a

function of depth and flow velocity. Factors affecting large-scale spatial variations in constituent

concentrations include proximity to contaminant source areas, dilution as the result of changes in stream

Iflow/discharges volume, and chemical degradation/transformation as a function of exposure to sunlight

and biological mechanisms.

I Temporal variations in concentrations of chemical constituents at a given location can occur as a function

of seasonal discharge changes, bed load transport, changes in base-flow chemistry, deposition of wind-

blown particulates in the channel, and/or washing of these particulates into the reach during high events

and seasonal environmental fluctuations (e.g., temperature).

With respect to data assessment, surface water must be considered a dynamic system capable of producing

wide fluctuations in concentrations of chemical constituents, both temporally and spatially. Current

chemical/discharge data must often be assessed in concert with historical chemical/discharge data to
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recognize the physical and chemical mechanisms influencing contaminant detections and basic water

I chemistry at a given location.

I For inorganic constituents, water-quality baseline ranges are defined as concentrations in water entering

RMA that may represent naturally occurring conditions and/or anthropogenic influences. Elevated

I concentrations of inorganic constituents are defined as concentrations that are elevated with respect to

water-quality baseline ranges.

I For the purposes of clarity and consistency, the water-quality assessment will be discussed according to

the major drainage basins described in previous sections of this report. The drainage basins include the

First Creek drainage basin (Section 5.2.1), Irondale Gulch drainage basin (Section 5.2.2), South Platte

drainage basin (Section 5.2.3), and Sand Creek drainage basin (Section 5.2.4). Conclusions are discussed

I in Section 6.0.

3 5.2.1 Fsw CREBK DRAIAGE BAsw

3 Surface-water CMP locations sampled for water-quality analysis in the First Creek drainage basin are

listed in Table 3.2-1 and shown on Figure 2.3-3.

5.2.1.1 Organic Compounds in Surface Water.

Samples collected froni five of the 11 First Creek drainage basin surface-water sampling locations during

Water Year 1990 contained concentrations of organic compounds exceeding the CRL (Figure 4.2-2 and

Table 4.2-2). Four of these five sites, however, yielded only a single organic compound detection each.

Vapona, which was the compound most frequently detected above the CRL during Water Year 1989

within the First Creek drainage basin, was not reported in samples collected during Water Year 1990.

I The fu-rthest upstream organic compound detection in the First Creek drainage basin during 1990 occurred

at the First Creek Near North Plants (SW30002). Chloroform was reported at this site during the spring

sampling event. Historical data indicate that vapona was the only organic compound previously reported

in samples collected from this location.
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.
Aldrin wa reported In samples collected at the Sewage Treatment Plant (SW24001) during the spring

i sampling event and at the North First Creek monitoring station (SW24002) during a high event (March 9,

1990). Historical data indicate that aldrin has been previously reported at the Sewage Treatment Plant

i location, but not at the North First Creek monitoring station.

i DIMP was reported in samples collected from the North Bog (SW24003) and First Creek Off-Post

(SW37001) monitoring stations. At the First Creek Off-Post monitoring station (SW37001), DIMP was

detected above the CRL in all four 1990 samples (high event I (November 29, 1989), spring, high event

2 (March 9, 1990), and fall) collected from this site. Historical data confirm the presence of DIMP in

surface water at both of these locations.

In addition to DIMP, several other target organic compounds were reported at concentrations above the

mi CRL in samples collected from the First Creek Off-Post monitoring station (SW37001) during the high

event 1, spring and fall sampling events. During the November 29, 1989, high event sampling, atrazine,

i chlordane, DCPD, and TCLEE were reported. During the spring event, DCPD and chlordane were

reported. During the fall event, DCPD, endrin, atrazine, and parathion were reported. Historical data

indicate the presence of all the compounds reported at this site in 1990 except parathion and TCLEE.

However, parathion was not analyzed as a target compound prior to 1989.I
5.2.1.2 Ingnic Constituents in SurfaceW

Inorganic constituents in surface water within the First Creek drainage basin during Water Year 1990

have been evaluated by comparison with established baseline concentration ranges that have been

interpreted to represent concentrations entering RMA in the surface water. Surface water samples

collected where First Creek enters RMA at the South First Creek Boundary (SWO8001) have historically

been interpreted to be representative of baseline concentrations. CMP Water Years 1988 through 1990

and historical WRI data (Ebasco, 1989a) have been tabulated in Table 5.2-1 and were used to identify

the presence of elevated inorganic constituents elsewhere within the First Creek drainage basin. Because

dissolved fraction analyses were not conducted on samples collected during Water Year 1990, only the

total recoverable water-quality baseline concentration ranges were established. Baseline ranges established

for the First Creek drainage basin have not been segregated by flow rate because of incomplete records.

""Mne maximum assumed values for Water Year 1990 water-quality baseline ranges were represented by
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Table 5.2-1 Baseline Surface-Water Quality Concentration Ranges for Inorganic Con Ent RMA in
the First Creek Drainage Basin at First Creek South Boundary (SWOSO0)iI

Total Recoverable Units
Analyte Concentrations

i oIc OnmrLMus

Calcium 24.4-117 mg/i

m Magnesium 17.5 - 26.9 mg/I

Potassium 3.84-5.64 mg/I

I Sodium 58.1-92.6 mg/l

Chloride 32.0 - 63.3 mg/I

I Fluoride 1.10- 1.22 mg/l

Sulfate 11.8-141 mg/I

m Nitrate 0.0805 - 1.28 mg/I

TcMea
Arsenic <2.35 - 6.56 jpg/l

C Cadmium <6.78 - <8.40 pg/I

Chromium < 16.8 - <24.0 pg/l

c Copper < 18.8 - <26.0 pg/I

Mercury <0.100 p4g/I

3 Lead <43.4- <74.0 9g/I

Zinc < 18.0 - <22.0 9g/II
1Represents CMP and WRI Report (Ebasco, 1989a) data
mg/l =milligrams per liter
Fg/I = micrograms per liter< Zls than:

I
I
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I the ithes onc atios reported in surface water where First Creek ente RMA at the South First

I Creek Boundary (SWOSO01) for each constituent.

Table 5.2-2 presents the elevated inorganic constituents reported in the First Creek drainage basin for

Water Year 1990 with respect to baseline ranges listed in Table 5.2-1. All monitoring stations except

Eastern Upper Derby Lake Ditch (SW06002) sampled in 1990 contained elevated concentrations of

inorganic constituents. Elevated concentrations of trace metals, however, were limited to three sample

locations.I
Zinc was reported above baseline concentrations in samples collected from the South First Creek monitor-

I ing station (SW08003) during a high event (July 9, 1990), and at the North First Creek monitoring station

(SW24002) during the fall sampling event. Neither sampling location reported concentrations of zinc

I during previous sampling events.

I Arsenic was reported above baseline concentrations in samples collected from the Sewage Treatment Plant

(SW24001) during both the spring and fall sampling events. Historically, elevated concentrations of

UI arsenic have been reported at this sampling location.

I A fall 1990 surface-water sample at North First Creek monitoring station (SW24002), however, contained

concentrations of these major ions exceeding 1990 and historical CMP levels at all sites within the First

I Creek drainage basin. Historical data indicate the continued existence of major ions above baseline

ranges within the First Creek drainage basin. Water Year 1988 and 1989 CUP data indicated that the

E North Bog (SW24003) had the highest concentrations of most of the major ions in the First Creek

drainage basin. Water Year 1990 concentrations of calcium, magnesium, sodium, chloride, fluoride, and

sulfate at this location agree with historical levels.

In addition to identifying inorganic constituents above baseline levels, surface-water samples collecte

from the First Creek drainage basin were also characterized by water composition type. Approximately

15 percent of the samples collected were not included in this assessment because ion balance errors were

greater than 10 percent or analytical results did not meet CMP QA/QC requirements. This

characterization allowed for assessment of seasonal changes in composition within the First Creek

3 drainage basin and comparison to a similar ion characterization from the Water Year 1989 CMP data.
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A list of surfa-water samples characteied by chemical composiao is presened by sampling eveft in

I Table 5.2-3. First Creek surface water entring RMA was characterized as calcium bicarbonate water.

Within eastern-central RMA, First Creek surfaco-water composition changes to a sodium bicarbonate

I water. Surface water at the North Bog (SW24003) and First Creek surface water downstream of RMA

were characterized as sodium sulfate water.

H A variation in the trends in water composition noted above occurred during the spring 1990 sampling

i event. At this time, First Creek surface water at First Creek North Boundary, was characterized as

calcium bicarbonate water. This may have been anomalous because calcium was only slightly higher than

sodium in concentration, and construction activities affecting the First Creek channel were occurring

approximately 150 yards upstream during sampling.

I As shown in Table 5.2-3, few changes in water composition have been identified at sites sampled during

1989 and 1990. Where these changes occur, they appear to be related to the flow rate. At North First

3 Creek monitoring station (SW24002), surface water was characterized as sodium sulfate rather than

sodium bicarbonate during extremely low flow (<0.01 cfs) in the fall of 1990. At First Creek North

3 Boundary (SW24004), surface water was characterized as calcium bicarbonate when discharge was 1. 1 cfs

and as sodium sulfate when discharge was 0.14 cfs. These data indicate that portions of the reach having

different water compositions and may shift as a result of variable stream discharge. Thus, water

composition may change as the result of varying dilution of baseflow at times of high versus low stream

discharge.

3 5.2.2 IRONDALE GuLCH DRAINAGE BASIN

3 Surface-water CMP locations sampleri in the Irondale Gulch drainage basin during Water Year 1990 are

listed in Table 3.2-1 and shown in Figure 2.3-3.

i 5.2.2.1 Organic Compounds in Surface Water

i Target organic compounds reported in surface water entering RMA at the southern boundary during

i Water Year 1990 sampling events include the organochlorine pesticides, aldrin, chlordane, dieldrin,

endrin, isodrin, hexachlorocyclopentadiene, PPDDE, and PPDDT; the organophosphorus compounds
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I Tllbl 5.2-3 Finit Crook Drainage Basin SurfwooWater Chemicd(arll~ilf for Wate-year 1990 MOOPI nd Wow-Yew 19819

Surhac-Water FY90
"" oi FYM0 FYM0 High Event FY89

Station Spring Samples Fall Samples Samples Samples

3 SWOsoot CaHco-3  CaHCO3

SWO8003 CmHco, CaICO3  CHCo3 CaHCOi

CaHCO3

I SW24001 NaC3 N CO3

SW24002 N.HCO3  NaSO 4  NaHCO3  NaHCO3

SW24003 NaSO4- NaSO4

ISW24004 CaHCO3  NaSO4

SW31002 CaHCo 3  CaHO:o

I SW31001 NAlC0 3  NaHCO3

SW37001 NaSO4  NaSO4  NaSO4  NaSO4I
Wate pe was not characterized because samples were not collected or the analytical results did not meet

A requirnemen.

w Surfacf-waer samples from the following sites were not included in this assessment due to charge balance
errors in excess of 10 percent or other QA/QC problems:

SW06002 High Event (07118190)

SW06002 High Event (07/27/90)

3 SW30002 Spring

I
I
I,
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1urlm prarbion, and vapona; and the volatile organobalogen compounds chloroftom, 1,1,1-

I tam 1,2-didhloroedie, tranhioroethe, ad tetrachiorOethe (Figure 4.2-1 andTable4.2-2).

Organic coMpond were reported in samples collected from six of 10 sites sampled in 1990 along die

IRMA southern boundary in Sections 7, 11, and 12.

I Atrazine and the organochlorine pesticides were the most frequently reported surface-water contaminants

at the southern RMA boundary locations. Atrazine was detected above the CRL in the spring and high

event (March 13, and March 28, 1990) and samples collected from the South Uvalda (SW12005), Peoria

Interceptor (SWI1001), and Havana Interceptor (SWI1002) monitoring stations. Organochlorine

lOesticides were reported in spring and high eveat samples collected at the Storm Sewer (SW 12004), South

Uvalda (SW12005), Peoria Interceptor (SWIl001), and Havana Interceptor (SW11002) monitoring

stations. The organochlorine pesticide hexachlorocyciopentadie was reported in a high event sample

collected from the Army Reserve Storm Sewer (SW12006) on July 21, 1990.

I The organophosphorus compounds parathion and vapona were reported in high event samples collected

from the Havana Interceptor (SW11002) on March 13, 1990, and Peoria Interceptor (SWII001) on

U March 6, 1990, respectively.

I Chloroform and 1,1,1-trichloroethane were each reported once in high event samples collected from the

Havana Interceptor (SWI1002) on March 6, 1990, and July 9, 1990, respectively. The volatile

organohalogens 1,2-dichloroethene, trichloroethene, and tetrachloroethene were reported in a single high

event sample collected from the Peoria Interceptor (SWI 1001).

There appears to be very little temporal consistency in organic compound occurrences in surface water

along the southern RMA boundary during the last two Water Years. Several compounds previously

reported in samples collected at southern boundary locations in Water Year 1989 (including DMMP,

CPMSO, and xylenes [o,pD were not reported in Water Year 1990. In addition, many of the organic

compounds reported in samples collected during Water Year 1990 have historically not been reported for

these sampling locations.

Atrazine was the most temporally consistent organic compound reported above the CRL at sites during

Water Year 1990 sampling events. Dieldrin was detected above the CRL at three sites during Water Year
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I

I 1990 and was temporally consistent at two of the three sites where the sites were sampled more than

I once. The most consistent organic compound occurrence from 1988 through 1990 at southern RMA

boundary sites was hexachlorocyclopentadiene. The occurrence of hexachlorocyclopentadiene was

U reported along the southern RMA boundary at the South Plants Water Tower Pond (SWO1002; 1990),

Uvalda Ditch A (SW07001; 1989), Peoria Interceptor (SWIIOO1; 1989 and 1990), Havana Interceptor

I (SWI1002; 1988, 1989, 1990), Havana Pond (SW11003; 1988), South Uvalda (5W12005; 1988 and

1990), and the Army Reserve Storm Sewer (SW12006; 1990).

I Of the six monitoring stations located in the South Plants Lakes area in Sections 1 and 2 sampled during

Water Year 1990, only one location had concentrations of target organic compounds exceeding the CRL.

Aldrin, chlordane, and DIMP were reported at Upper Derby Lake (SWO1004) during the spring. Pre-

CMP historical data indicate that these compounds have not previously been reported in surface water

I in the South Plants Lakes area. Compounds reported during historical CMP sampling events in this area

include dieldrin, endrin, isodrin, and DMMP.I
The remaining surface-water sampling locations in the Irondale Gulch Drainage Basin are located in the

South Plants area. Water Year 1990 samples were collected from the South Plants steam effluent

(SW02006) and South Plants Water Tower Pond (SWO1002) monitoring stations. Several organochlorine

3 pesticides, parathion, and DMMP were reported in a sample collected from the South Plants Water Tower

Pond (SW01002) during the spring. A high event sample collected in March at this location contained

3 19 target organic compounds. Most of the compounds detected above the CRL were also reported for

a sample collected at this location in Water Year 1989. Historical data indicate that most of these

3 compounds have previously been reported at this location.

Chloroform was the only target organic compound reported at the South Plants steam effluent monitoring

station (SW02006). Historical data indicate that both chloroform and DMMP have previously been

reported at this location.

5.2.2.2 Inorganic Constituents in Surface Water

Samples collected from the upstream locations SW07001, SW07002, SWIlO01, SWI1IO02, SWI1003,

SWI2001, and SWi2005 during Water Year 1990 were used in conjunction with 1988 and 1989 CMP
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rmula at these sites to establish representatve inorganic wawe-Viality baseline concentatin ranges for

I the Irondale Gulch Drainage basin. Baseline concentration ranges were established for both low flow and

elevated flow conditions. Because dissolved fraction analyses were not conducted on samples collected

I during Water Year 1990, only the total recoverable water-quality baseline concentration ranges were

established. These baseline concentration ranges are presented in Table 5.2-4. The maximum assumed

I values for Water Year 1990 water-quality baseline ranges are represented by the highest concentration

reported in upstream RMA southern boundary locations for each constituent during Water Years 1988

E through 1990.

An exception to the method of establishing maximum concentration for baseline ranges is the assumed

maximum value for sulfate during base flow. The sulfate concentration at Uvalda Ditch A (SWO7001)

during the spring sampling event was 1,340 mg/L. This value was considered anomalous with respect

3 to baseline concentrations and was not used to revise the maximum baseline concentration for sulfate

during base flow. This reported value will therefore be considered elevated with respect to established

3 baseline concentration ranges in subsequent discussions. Table 5.2-5 presents the inorganic constituents

reported at elevated concentrations with respect to baseline ranges (Table 5.2-4) in the Irondale Gulch

Sdrainage basin for Water Year 1990.

Sulfate and copper were reported at elevated concentrations in individual samples collected along the

southern RMA boundary. Sulfate was reported above baseline concentrations at Uvalda Ditch A

(SWO7001). Although the data from this location were used with other data to establish baseline levels

this concentration was considered anomalous, as previously discussed, and is considered elevated with

respect to baseline concentrations. Copper was reported above baseline concentrations at the Storm

Sewer (SWI2004). A trend of consistent detections of sulfate and copper above baseline concentrations

at these locations is not supported by historical data; however, the elevated copper concentration is only

slightly higher than the historical CRL for copper.

n At the South Plants Water Tower Pond monitoring station (SWO1002), elevated concentrations of all

major ions plus arsenic and copper were reported in 1990 samples. Historical data from the Water Year

1988 CMP and the WRI Report (Ebasco, 1989a) similarly show the occurrence of all these constituents

above baseline levels except copper.
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U Table 5.2-4 Baseline Surface-Wster Quality Concentration Ranges for Inorganic Constituents Entering RMA
in the Irondale Gulch Drainage Basin During Base and Elevated Flow Conditions

Total Recoverable Concentration

Analyte Base Flow Elevated Flow Units

Mor IU•~ Constituent

I Calcium 14.7 - 86.4 6.32 - 17.5 mg/I

magnesium 1.91 - 34.2 0.931 - 5.33 mg/i

Potassium 1.93- 23.2 1.97-6.70 mg/l

Sodium 6.47 - 202 2.38 - 27.0 mg/I

Chloride 4.85 - 200 0.740 - 37.5 mg/I

Fluoride 0.484 - 3.00 <0.482 - 1.22 mg/1

Sulfate 17.0-210 2.49-30.0 mg/l

Nitrate 0.021-19.0 0.400-7.08 mg/I

Trc Metals

Arsenic <2.35 - 2.64 <2.35 - 4.74 Pg/1

Cadmium < 8.40 - 9.8 <6.78 Wg/i

3 Chromium < 16.8 - <24.0 < 16.8 - <24.0 g/

Copper < 18.8 - 21.3 < 18.8 - <26.0 pg/I

3 Mercury < 0.100 - 0.229 < 0.100 19g/I

Lead <43.4- <74.0 <43.4- <74.0 pg/l

I Zinc < 18.0 - 115 < 18.0 - 190 Ag/I

Cyanide <5.00 - 6.91 <2.50 - <5.00 ag/I

Note: Data incorporated from sites SWO7001, SW07002, SWI1001, SWI1002, SWI1003, SWI2001,
SW12002, and SW12005 for Water Years 1988, 1989, and 1990. Water Year 1990 data were not
available for site SW12002.

mg/l - milligrams per liter
p •I = micrograms per liter

-- lessthanI
I
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I

Fluoride was reported above baseline concentrations in a sample collected from the South Plants steam

effluent (SW02006). Historically, elevated concentrations of fluoride have apparently not been reported

at this site.

In addition to assessing elevated inorganic constituents, surface-water samples collected from the IrondaleI Gulch drainage basin were also characterized by water type. Approximately one-half of the samples

collected were not included in this assessment because ion balance errors were greater than 10 percent

Ior analytical results did not meet CMP QA/QC requirements. A list of the characterized surface-water

types is presented in Table 5.2-6.

I In general, the composition of surface water in the Irondale Gulch drainage basin was characterized as

either a calcium or sodium bicarbonate water. Only one surface-water sample, collected from the South

Plants Water Tower Pond (SWO1002), was characterized as a calcium sulfate water. The water type

Ifrequently changed during high events from what it had been characterized during lower flow-rate

conditions. Three high event samples, which had been characterized as calcium or sodium bicarbonate

water during lower flow-rate events, were characterized as sodium chloride water at the higher flow rate.

E Surface water at the Havana Interceptor monitoring station (SWI1002) was characterized as sodium

chloride during low flow-rate condition and as sodium bicarbonate during high event conditions. This

I condition may be the result of dilution of baseflow by surface runoff during high events and indicates that

surface runoff is contfibuting bicarbonate to these water bodies.I
5.2.3 SourH PLATFE DRAINAGE BASINI
The surface-water CMP locations sampled in the South Platte drainage basin are Basin A monitoring

3 station (SW36001) and Basin F monitoring station (SW26001) and are shown in Figure 2.3-3.

5.2.3.1 Organic Compounds in Surface Water

Samples collected from Basin A (SW36001) during the spring sampling event contained 26 target organic

compounds and samples collected during the fall sampling event contained 23 target organic compounds.

Samples collected during the fall sampling event contained organic contaminants at generally lower

concentrations than samples collected during the spring sampling event. Water Years 1988 and 1989
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I Table 5.2-6 Irondale Gulch " e Basin Surface-Water Chemical Characterization for

water Year 1990RI
Surface-Water 1990

Monitoring 1990 1990 Storm Event
Station Spring Samples Fall Samples Samples

SWO1001 NaICO3

SWOIWo2 CaSO4

3 SW02001 CaHCO3

SWo2006 NaHCO3/CO3  -

I SWll001 NaHCO3  NaCI

SWI 1002 NaCI NaHCO3

I SW12004 CaHCO3  NaCI

SW12005 CaliCO3  NaHCO3

NaCI

SW12006 CaliCO3

I - Water type was not characterized because samples were not collected or the analytical results did

not meet QA/QC requirements.

1 Surface-water samples from the following sites were not included in this assessment due to charge
balance errors in excess of 10 percent or other QA/QC problems:

Location Event Location Event

SW01001 Fall SWi1001 High Event (03/13/90)
SWO1002 High Event (03/13/90) SW11002 Fall
SW01004 Spring SWI1002 High Event (03/13/90)
SWO1005 Spring SWi1002 High Event (07/09/90)
SW02003 Spring SW1 1003 Spring
SW02004 Spring SW12001 Spring
SW02006 Fall SW12001 Fall
SW07001 Spring SW12004 Spring
SW07002 Spring SW12005 Spring
SWi 1001 Fall SW12005 High Event (03/29/90)
SWi 1001 High Event (03/06/90) SW12007 Spring

I
I
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I
CMP data indicate a temporal trend in the presence of a large number of organic constituents that persist

N at this location.

i At the new Basin F monitoring station (SW26001), samples were collected only during high events. In

the two samples collected, endrin was reported in both high event samples and dieldrin was reported in

one high event sample.

i 5.2.3.2 Inranic Constituents in Surface W

The concentrations of inorganic constituents reported at Basin F (SW26001) and Basin A (SW36001)

monitoring stations were compared with established water-quality baseline levels for the adjacent Irondale

Gulch drainage basin (Table 5.2-4) to determine concentrations that were elevated with respect to baseline

I concentrations. Elevated concentrations are listed in Table 5.2-5.

i The new Basin F monitoring station (SW26001) had elevated levels of the major ions calcium,

magnesium, and potassium during both high events. A slightly elevated detection of sulfate was also

i reported at this location during the first high event. The apparent presence of elevated inorganic

constituents at this site may be due to its location at an undefined channel, where recently disturbed soil

i was observed immediately upstream from the station. As evidence of this condition, the sample collected

during the second high event had a very high concentration of TSS (1900 mg/L).

The trace metals arsenic, lead, copper, and chromium were detected above baseline levels at the Basin F

i monitoring station (SW26001). Arsenic was reported above baseline levels during both high events and

chromium, copper, and lead were detected above baseline levels only during the second high event.

i The only inorganic constituent reported above baseline levels at Basin A (SW36001) was arsenic.

i Elevated arsenic levels were reported during both spring and fall sampling events. Water Year 1988 and

1989 CMP data indicate the consistent presence of arsenic at the Basin A monitoring station (SW36001).

i In addition to identifying inorganic constituents above baseline levels, surface-water samples collected

from the South Platte drainage basin were also characterized by water type. One of the four samples

collected during Water Year 1990 was not included in this assessment because the ion balance error was
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S greater than 10 percent. Surface water from the South Platte drainage basin was not characterized by

I chemical composition during Water Year 1989 therefore no comparison was made with the Water Year

1990 characterizations.

iA list of surface-water samples characterized by chemical composition is presented by sampling event in

Table 5.2-7. South Platte surface water at the Basin F monitoring station (SW26001), which was sampled

only during high events, was characterized as calcium bicarbonate water. Surface water at Basin A

(SW36001) was characterized as sodium bicarbonate water during the spring sampling event and sodium

sulfate during the fall sampling event. The difference in chemical composition of the surface water at

Basin A (SW36001) appears to be related to variable flow rate. The flow rate was measured at 0.0113

i cfs during the spring sampling event and at 0.03 cfs during the fall sampling event.

i 5.2.4 SAND CREEK DRAINAGE BAsIN

i The surface-water CMP location sampled in the Sand Creek drainage basin is Motor Pool (SW04001) and

is shown in Figure 2.3-3. This monitoring station was sampled only during one high event.

5.2.4.1 Organic Compounds in Surface Water

There were no organic compounds reported in the high event surface-water samples collected at this site.

I 5.2.4.2 Trace Metals in Surface Water

The concentrations of inorganic cortituents detected in the high event sample from the Motor Pool

i (SW04001) on July 9, 1990, were compared to the water-quality baseline levels established from the

adjacent Irondale Gulch drainage basin listed in Table 5.2-4. Elevated concentrations of arsenic,

chromium, copper, lead, and zinc were reported in this high event sample. These reported detections,

however, are not supported by the 1989 high event sample from this location.

I
I
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I Table 5.2-7 South Plate and Sand Creek D ge Basias Surface-Water Chemical
Characterihaton for Water Year199 CaI&,1

Surface-Water FY90
Monitoring FY90 FY90I Storm Event

Station Spring SamplesIFall Samples Samples

South Platte Dain t Basin

I SW26001 CaHC 3

SW36001 NaHCO3  NaSO4U
Sand Creek Drainape Basin

SW24002

I

i- Water type was not characterized because samples were not collected or the analytical results did
not meet QA/QC requirements.

1 Surfaco-water samples from the following sites were not included in this assessment due to charge
balance errors in excess of 10 percent or other QA/QC problems:

3 oEvent

SW06001 High Event (08/19/90)

SSWO4001 High Event (07/09/90)

I
I
I
I
I
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S.3 Sm1mur

ITis section assesses sediment transport quantity and quality results for Water Year 1990, as presented

I in Sections 4.3. The discussion utilizes and compares Water Year 1990 total suspended solids results and

bottom sediments quality results with Water Year 1989 results.

I 5.3.1 SEDISM•M QUANTFY

I The number of surface-water CMP sites sampled for total suspended solids was increased considerably

for Water Year 1990 and is presented in Table 4.3-1. Only five TSS sampling sites were common to

Water Years 1990 and 1989. Streanlow and temporal conditions differed considerably between 1989

and 1990 sampling events, therefore, correlation between CMP sediment quantity data is not considered

I practical without further sampling.

I Comparisons of TSS concentrations to corresponding flow rates collected during sampling events in Water

Year 1990 do not indicate that a strong correlation exists between the two parameters (Table 4.3-1). For

S example, TSS values for samples collected during the gain/loss study on 6/28/90 at SW37012, SW3701 1,

SW37010 increase in the downstream direction, with a value of 8.0 mg/L at SW37012 to a maximum

I value of 380 mg/L at SW37010. However, a sample collected at First Creek Off-Post (SW37001) has

a value less than the CRL (4.00 mg/L) and is located approximately 500 ft downstream of SW37010.

I Since all flow rates were very low, the abrupt downstream decrease in TSS may be attributable to

decreased stream eddies allowing suspended sediment to settle rapidly.

Generally, TSS concentrations are approximately five times greater in samples collected during high

I events than samples collected during base flow conditions. However, high flow rates do not always

directly relate to high TSS values, but are more correspondent to the nature of the drainage area (i.e.,

i vegetation, urbanization etc.). For example, the highest TSS value recorded during Water Year 1990 was

1900 mg/L at the Basin F monitoring station (SW26001), however, the corresponding discharge was only

I 0.57 cfs. The lack of vegetation in the surrounding watershed had a significant effect on TSS.

Conversely, a high event during March 1990 produced a discharge of 4.51 cfs at the First Creek Off-Post

monitoring station (SW37001), but the TSS value reported for this flow was only 7.5 mg/L. The First

Creek drainage basin, like the Basin F watershed, is not affected by urbanization; however, significantly
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more vegetation canopy in the First Creek drainage basin may have been one reason for such a low TSS

U concentration. As shown in Table 4.3-I, TSS versus discharge is highly variable at each station with

more than one sampling event.

iIto concentration of TSS in surface water can be affected for a number of reasons. Although higher

E flow rates can increase TSS, a variety of conditions can have a strong influence on TSS concentration

i.e., sampling technique, temporal variation, stream depth, stream bed material, vegetation canopy, wash

load (amount of material washed into the channel during rainfall or snowmelt runoff) and turbulent

streamflow fluctuation. Two methods of collection were used to obtain TSS samples during the fall

event. Samples were obtained directly into sample bottles and also collected with a DH-48 sampler.

Comparison of the two methods indicates that samples acquired with the DH-48 had TSS concentrations

approximately 39 percent greater than samples obtained directly into sample bottles.

5.3.2 STRm -Borrom SEDMnmNT QuurY AssEsMEwrI
This section provides an assessment of Water Year 1990 stream-bottom sediment quality results as

I presented in Section 4.3.2. The discussion utilizes and compares historical data along with the assessment

presented in the FY89 Surface-Water Water Data Assessment Report to identify spatial and temporal

I trends in stream-bottom sediment quality during the reporting period. In Section 6.0 of this report, the

trends identified in this section are related to potential RMA and off-post source areas.

For purposes of clarity and consistency, stream-bottom sediment quality assessment will be discussed

I according to the major drainage basins as described in previous sections of this report. The drainage

basins include the First Creek drainage basin (Section 5.3.2.1), Irondale Gulch drainage basin (Section

i 5.3.2.2), South Platte drainage basin (Section 5.3.2.3), and Sand Creek drainage basin (Section 5.3.2.4).

Conclusions are discussed in Section 6.0.

E 5.3.2.1 First Creek Drainage Basin

E Surface-water CMP sites sampled for stream-bottom sediment quality analysis in the First Creek drainage

basin during Water Year 1990 are as follows; South First Creek (SW08003), North First Creek

(SW24002), and First Creek Off-Post (SW37001) and are shown in Figure 1.3-2.
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I 5.3.2.1.1 Organic Compounds in Stream-Bottom Sediments

i Only three organic compounds were detected above the CRLs in the stream-bottom sediment samples

I collected during Water Year 1990 (Table 4.3-2). The distribution of organic compounds in stream-

bottom sediment is shown in Figure 4.3-1. Dieldrin was reported at both the South First Creek

I (SW08003) and North First Creek (SW24002) monitoring stations. Aldrin was also reported at the South

First Creek monitoring station (SW08003). DBCP was detected above the CRL at the First Creek Off-

Post monitoring station (SW37001). However, aldrin, dieldrin, and DBCP were not reported in any of

the surface-water samples collected from these monitoring stations during 1990.

i Stream-bottem sediment sampling results from Water Year 1989 indicate that atrazine was detected above

the CRL during the spring at both the South First Creek (SW08003) and First Creek Off-Post (SW37001)

i monitoring stations. In addition, dieldrin was detected above the CRL in the fall Water Year 1989

sample collected from South First Creek (SW08003). No organic compounds were detected above the

I CRL in Water Year 1989 at the North First Creek monitoring station (SW24002). Thus, the only stream-

bottom sediment sample result from Water Year 1990 that confirmed historical results was the detection

Si of dieldrin above the CRL at South First Creek (SW08003).

i Surface-water and stream-bottom sediment samples collected from the South First Creek (SW08003),

North First Creek (SW24002), and First Creek Off-Post (SW37001) monitoring stations did not have

3 occurrences of any organic compounds in common.

I 5.3.2.1.2 Trace Metals in Stream-Bottom Sediments

The occurrence of trace metals exceeding the CRLs in stream-bottom sediment samples was limited to

two monitoring station locations (Table 4.3-3). The distribution of trace metals in stream-bottom

I sediment is shown in Figure 4.3-1. Arsenic and lead were reported in samples collected at the North

First Creek (SW24002) and First Creek Off-Post (SW37001) monitoring stations. In addition, mercury

E was also reported in the sample collected at the First Creek Off-Post (SW37001) monitoring station.

Surface-water samples collected at these locations during the spring 1990 did not contain trace metals

above the CRL; however, a fall 1990 surface-water sample at North First Creek (SW24002) did contain

i arsenic.
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Ith lead detection at North First Creek (SW24002) was the only 1990 trace metal detection confirmed

i by Water Year 1989 results. Water Year 1989 trace metal detections of chromium, copper, and

were not confirmed in sediment samples collected during 1990.

U Surface-water and sediment samples collected at the North First Creek (SW24002) and First Creek Off-

i Post (SW37001) monitoring stations had reportable concentrations of arsenic. However, the arsenic

concentrations reported in the surface-water samples were approximately three orders of magnitude lower

than concentrations reported in the sediment samples. The surface-water and sediment samples collected

at the South First Creek monitoring station (SW08003) did not have similar occurrences of trace metals.

The sediment sample collected at this location had no reportable concentrations of trace metals, while the

surface-water sample had reportable concentrations of arsenic and zinc.

I 5.3.2.2 Irondale Gulch Drainage Basin

i Surface-water CMP locations sampled for stream-bottom sediment quality analysis in the Irondale Gulch

drainage basin during Water Year 1990 are South Plants Water Tower Pond (SW01002), South Plants

i steam effluent (SW02006), Peoria Interceptor (SWiIOOI), Storm Sewer (SW12004), South Uvalda

InteM eptor (SW12005) and are shown in Figure 2.3-3.I
5.3.2.2.1 Organic Compounds in Stream-Bottom Sediment

Stream-bottom sediment samples were collected from five of the 18 sample locations within the Irondale

I Gulch drainage basin. The distribution of organic compounds in stream-bottom sediment is shown in

Figure 4.3-1.

EThe three sediment samples collected from locations along the southern RMA boundary all contained

E organic compounds. DBCP was reported in sediment samples collected from the Peoria Interceptor

(SWI1001). Aldrin and isodrin were reported in sediment samples collected from the South Uvalda

E monitoring station (SW12005). Chlordane and dieldrin were reported in a sediment sample collected

from the Storm Sewer (SW12004).

I
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ISurfc&-war samples collected at the southen RMA boundary during 190 contained chlordane,

I dieldrin, and aldrin at the same locations tiese compounds were reported in stream-bottom sediments.

The concentrations reported in surface-water samples were at least two orders of magnitude lower than

I concentrations reported in sediment samples. Thbis is not unexpected, but may be observed due to the

greater tendency of these compounds to sorb to soils rather than occur in solution in water, as a function

I of their low solubility and high partition coefficients.

Historical 1989 CMP stream-bottom sediment results indicate that the compounds reported at the Storm

Sewer (SW12004) and South Uvalda (SW12005) monitoring stations in 1990 have not previously been

reported at these locations. This condition may be attributable to the dynamics of sediment bed load

transport. At the Peoria Interceptor (SWI1001), however, the 1990 reported occurrence of DBCP was

similar to a reported occurrence at this site in 1989.I
Target organic compounds were reported in sediment samples collected in the South Plants area at the

I South Plants Water Tower Pond (SWO1002) and South Plant steam effluent (SW02006) sample locations.

A sediment sample collected from the South Plants Water Tower Pond (SWO1002) had reported concen-

I trations of aldrin, chlordane, dieldrin, endrin, isodrin, and DBCP. Surface-water samples collected at

this site in 1990 contained all these compounds except chlordane. A sediment sample collected at the

E South Plants steam effluent ditch location (SW02006) during the spring contained aldrin, chlordane,

dieldrin, endrin, isodrin, and PPDDE. These same compounds were also reported along with PPDDT

mHand hexachlorocyclopentadiene in a sediment sample collected at this location during the fall. Surface-

water samples collected at this location in 1990 did not contain any of the organic compounds reported

K in sediment.

I Water Year 1989 stream-bottom sediment data indicate that aldrin, dieldrin, isodrin, and DBCP are

consistently reported above the CRL in sediment samples collected at the South Plants Water Tower Pond

I (SWO1002). At the South Plants steam effluent ditch location (SW02006), Water Year 1989 data indicate

the consistent presence of aldrin, dieldrin, endrin, and isodrin.

I
I
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I 5.3.2.2.2 Trace Metals in Stream-Bottom Sediments

i The distribution of trace metals in stream-bottom sediment in Water Year 1990 is shown in Figure 4.3-1.

i Lead and zinc were the only trace metals reported in sediment samples collected along the southern RMA

boundary in Water Year 1990. These trace metals were reported in samples collected from the Peoria

I Interceptor (SWI1001), South Uvalda (SW12005), and Storm Sewer (SW12004) locations. Water

Year 1989 data indicate the repeated presence of these trace metals at the southern RMA boundary except

for lead at the South Uvalda (SWI2005) sample location. Water Year 1989 reported occurrences of

arsenic, copper, and chromium along the southern RMA boundary were not repeated in 1990 sediment

data, although copper and chromium were reported in surface-water samples collected in 1990 in this area

at SW12004 and SW12005, respectively.

I Five trace metals were reported in sediment samples collected in the South Plants area in Water Year

1990. Arsenic, copper, lead, mercury, and zinc were detected above the CRLs in a sediment sample

I collected from the South Plants Water Tower Pond (SWO1002). Copper, lead, mercury, and zinc were

reported in sediment collected at the South Plants steam effluent sample location (SW02006).

I Comparison of Water Years 1989 and 1990 CMP data indicate a consistent trend over time in the

occurrence of the reported trace metals at the South Plants steam effluent sample location (SWO200E

I Comparison of South Plants Water Tower Pond (SW01002) data from Water Years 1989 and 1990

indicate an inconsistent trend in the occurrence 3f trace metals. Because Water Year 1988 sediment

samples were not collected from these monitoring locations, data are not available for comparison.

i 5.3.2.3 South Platte Drainane Basin

I One surface-water CMP location was sampled for stream-bottom sediment quality analysis in the South

Platte drainage basin during Water Year 1990 (Basin A; SW36001) and is shown in Figure 2.3-3.

U5.3.2.3.1 Organic Compounds in Stream-Bottom Sediments

I Six organic compounds were reported in a stream-bottom sediment sample collected at the Basin A

monitoring station (SW36001) during the spring sampling event. Five of these six compounds were also

reported in the spring surface-water sample from this location. There was no corresponding surface-water
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I detection of chlordan at tw Basin A montorng station (SW36001). DBCP wa the ouly organic

I constitu in strams-bottom sediment ati tis site confirmed by Water Year 1989 analytical results.

I 5.3.2.3.2 Trace Metals in Stream-Bottom Sediments

Sediment collected at the Basin A monitoring station (SW36001) contained arsenic, lead, mercury, and

zinc. Arsenic, lead, and mercury were also reported in 1989 sediment data results at this site. Arsenic

and zinc were the only trace metals with a corresponding occurrence in surface water at this site during

1990.

I

I
I
I
I
I
I
I
I
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I
5.3.2.4 Sand Creek Drainage Basin

I Stream-bottom sediment samples were not collected from the Sand Creek drainage basin during Water

I Year 1990.

U 5.4 SUpAcz-WAT Am GgOUND-WATEi INTl..AcToN AswSSMwN

The data collected during Water Year 1990 helped to determine the RMA surface-water sites that interact

with ground water as presented in Section 4.4. "he discussion of the assessment has been divided into

sections for the First Creek drainage basin and the Irondale Gulch drainage basin and utilizes prior CMP

information for comparison when possible. Figure 3.4-1 illustrates the locations of wells that were used

in the surface-water/ground-water interaction study.

5.4.1 FIumr CREWK DRAIAGE BASINI
Instantaneous discharge measurements were collected for the gain/loss studies along First Creek twice

I during Water Year 1990. Water levels were also obtained from monitoring wells located near First Creek

during one of the gain/loss studies. However, the number of wells proximal to First Creek was

I insufficient for a reliable determination of surface-water/ground-water interaction. Discharge data,

however, indicate that First Creek fluctuates from effluent conditions during the spring to influent during

I the summer. These apparent conditions are in agreement with Water Year 1989 gain/loss results. First

Creek's interaction with ground water is also apparent at other times of the year. Fic a& observed

mEat the First Creek Off-Post monitoring station while zero flow was observed approximately , mi upstream

at the North First Creek monitoring station. This condition existed during the collection of a high event

I sample on November 29, 1989, and indicates that a surface-water/ground-water interaction was present

north of RMA.

I 5.4.2 IRONDALB GULCH DRAINAOE BA•iN

I Ground-water and surface-water interaction is indicated by the water levels in Havana Pond, Upper Derby

E Lake, Lower Derby Lake, Ladora Lake and Lake Mary in conjunction with adjacent wells. The relation
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I�bewe lake and pond levels with adjacent monitoring well water levels are depicted in Figures 4.4-1

I to 4.4-5.

Water levels indicate that Havana Pond is recharging ground water to the north and west; however, the

conditions to the south and east are unknown since wells are not present in this area. The CMP data

i from Water Years 1988 and 1989 also support this assessment. Recharge to ground water is significant

at Havana Pond. Calculation of the infiltration rate after an August storm event indicated that 46 percent

I of the pond's storage volume was lost to ground-water recharge and evaporation within 10 days.

Monitor well water levels near Upper Derby Lake indicate that ground water is being recharged to the

west and northwest of the lake. A similar recharge to ground water occurred during Water Year 1989

based on water level data from the same monitor well network.1
Lower Derby Lake. based on Water Years 1988 and 1989, recharged ground water to the northwest and

I the west, and received discharge from ground water from the southeast and east. However, the direction

from which recharge and discharge occurred during Water Year 1990 differed from previous years.

I Lower Derby Lake recharged ground water to the southwest and ground water discharged to the lake

from the northeast in Water Year 1990. This difference from previous years may have been partially due

I to the lower stage the lake was maintained at during the year while construction of the Lower Derby Lake

spillway was underway. The high stage that Upper Derby Lake was maintained during Water Year 1990

I may also have contributed to the change in direction of recharge and discharge to and from ground water.

Ladora Lake appears to recharge ground water to the west and receives ground-water discharge from the

east and northeast based on Water Year 1990 water level data. Water level data collected during Water

I Years 1988 and 1989 support similar assessments.

I During Water Year 1990, Lake Mary recharged ground water to the northwest and received ground-water

discharge from the southeast. This is consistent with the assessments made in Water Years 1988 and

I 1989.

I

S_-248-
SWAR-90.5-7
Rev. 02/7192



I

i 6.0 CONCLUSION

U 6.1 $u•Aci-WATr• OuANrry COmusmOS

I The surface-water measurem-1 s obtained during Water Year 1990 represent the most complete and

accurate data which have been obtained to date at the RMA. The completeness and accuracy of flow

measurements was improved principally by the installation of bubbler and Datapod systems. Most of

these systems were installed during the previous water year, thus Water Year 1990 was the first complete

year of operation and records.

I Likewise, Water Year 1990 was the first complete year of on-post precipitation measurements. Such

records contribute significantly to the hydrologic information base of RMA and will improve trend

i analyses of the flow data in future years.

I The major volume of surface-water inflow onto RMA occurs in the Irondale Gulch drainage basin with

most of the flow conveyed via the Highline Lateral. Since flow is controlled in Highline Lateral,

E fluctuations in discharge are minimal compared to the urban natural inflows conveyed through Havana

Interceptor, Peoria Interceptor, and Uvalda Interceptor. Conversely, discharge in First Creek is also

I natural but exhibits minimal fluctuations. This is primarily due to the low percentage of urbanization in

the First Creek drainage basin.

A large proportion of surface water flowing onto RMA is lost to infiltration, evaporation, and

transpiration (RMA inflow - 4,681 ac-ft, outflow = 329 ac-ft). Most of the surface-water flowing onto

RMA is stored in the South Plants Lakes and Havana Pond where it is allowed to evaporate and infiltrate

I into the ground-water system. The ground-water and surface-water interaction data collected during

Water Year 1990 showed that at various times of the year First Creek fluctuates between being a gaining

and losing stream throughout RMA. However, inflow was approximately two times greater than outflow

during the year.

I Digital acquisition equipment (data logger/bubbler systems) have proven to be accurate and reliable under

most conditions at RMA. This equipment has increased the amount of stage data being accurately

collected throughout the year at active stations during periods of freezing.
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I

I 6.2 SURIAC-WAM•Q•ALIMY CONCLUSMION

I This section provides a discussion of the possible relationships between discharge and contaminant

I concentration and the potential sources of contamination of surface-water quality. An attempt will be

made to relate the contaminant distributions and trends assessed in Section 5.2 of this report to potential

RMA and off-post source areas.

Two idealized relationships between concentrations of chemical constituents and stream discharge are

shown in Figures 6.2-1 and 6.2-2. Figure 6.2-1 represents physical conditions that produce a direct

relationship between concentration and discharge. This direct relationship exists in cases in which a

I constituent having a constant or negligible base-flow concentration becomes elevated as the result of

overland flow containing high concentrations of the constituent into surface water during high events.

I This relationship has been demonstrated in other studies in the United States (Milligan, et.al., 1984;

Novotony and Chesters, 1981) in situations representing nonpoint source runoff (e.g., gasoline and

I petroleum products washing from city streets to surface water during high events). In such cases,

concentrations of given constituents at a sampling location can be transient, and chemical constituents can

I be introduced into the channel in either dissolved and/or particulate form. The second idealized

relationship, shown in Figure 6.2-2, represents physical conditions producing an inverse relationship

I between concentration and discharge. This relationship exists in cases in which a constituent having a

relatively constant base-flow concentration is diluted by surface runoff having a lower or negligible

concentration of that constituent.

I A third physical condition affecting concentrations (not depicted) would involve windblown deposition

of particulates directly into the channel, causing fluctuations in chemical concentrations independent of

I discharge.

I Throughout the United States, nonpoint source water pollution has been shown to be a potentially signi-

ficant source in introducing organic and inorganic contaminants to surface water. The Colorado Nonpoint

I Source Task Force and the Colorado Water Quality Control Division (CWQCD) recently published an

assessment of Colorado nonpoint pollution sources (CWQCD, 1989). The state's assessment focused on

nonpoint sources of sediment, salinity, metals, bacteria, and nutrients that may impact surface-water

quality. To date, baseline ranges for expected concentrations have not been established for nonpoint
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I
sources of inorganic or organic constituents. The state's assessment does, however, demonstrate that

SI nonpoint pollution has impacted Colorado surface-water quality.

IThe discussion of potential contamination sources and conclusions for the surface-water evaluation will

be presented according to the major drainage basins described in previous sections. These drainage basins

I include the First Creek drainage basin (Section 6.2.1), Irondale Gulch drainage basin (Section 6.2.2),

South Platte drainage basin (Section 6.2.3), and Sand Creek drainage basin (Section 6.2.4).

I 6.2.1 FIRST CRtM DRAMNAGE BAM

I 6.2.1.1 Orgnni Compod in Surface Water

I Target organic compounds were not reported in First Creek surface water entering RMA or along

southern reaches of First Creek during Water Year 1990. This would appear to indicate the inconsistent

I nature of Water Year 1989 detections of dieldrin, endrin, DBCP, and vapona in First Creek surface water

near the southeast RMA boundary. These historical detections suggest an inconsistent source, such as

windblown material originating either on-post or off-post or other nonpoint source origins.

I Detection of chloroform at First Creek Near North Plant (SW30002) was the furthest upstream organic

compound occurrence in 1990 in the First Creek drainage basin. Historically, chloroform has not been

I reported at this location and its occurrence in 1990 suggests an inconsistent mechanism for introduction

of this compound into the stream reach, such as nonpoint source runoff or surface-water/ground-water

I interaction. Chloroform ground-water contamination has been identified in the North Plants area (RLSA,

1990c).

I Aldrin was reported in samples collected at the Sewage Treatment Plant (SW24001) and North First

I Creek (SW24002) monitoring stations in 1990. The occurrence of aldrin at the Sewage Treatment Plant

(SW24001) is supported by similar detections in pre-CMP historical data. This inconsistent occurrence

I may be related to small amounts of chemical infiltration into the sanitary sewer system. The anomalous

detection of aldrin at North First Creek during a high event suggests an inconsistent source, such as

nonpoint source runoff.
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I

I DIMP was the only target organic compound reported in a sample collected from the North Bog

I (SW24003). Historically, this compound has been reported at this surface-water location in

approximately 50 percent of the samples collected. The presence of DIMP in the North Bog (SW24003)

I may be attributable to the possible seasonal changes in the gaining/losing nature of First Creek along this

reach of the stream.

I DIMP, DCPD, TCLEE, atrazine, parathion, endrin, and chlordane were reported in samples collected

at the First Creek Off-Post monitoring station (SW3700 1). The absence of these compounds in upstream

samples and their presence in ground-water samples collected from nearby Monitoring Well 37343

indicate that ground water is discharging to First Creek along this reach of the stream. The concentra-

I tions and number of compounds reported appear to be inversely related to the discharge measured at this

location. This substantiates the conclusion that ground water/base flow contribution to the creek accounts

I for the presence of the reported organic compounds. These observations are corroborated by historical

CMP data.

6.2.1.2 InorMUnc Constituents in Surface WaterI
The occurrence of a large number of major ion detections above established baseline concentrations in

I the First Creek drainage basin during Water Year 1990 is consistent with historical data. In general,

however, these elevated levels are less than two times the established baseline concentrations and may

I represent natural variations in water chemistry unassociated with RMA activities.

I The highest concentrations of major ions were reported at the North First Creek (SW24002), North Bog

(SW24003), and First Creek Off-post (SW37001) monitoring stations. Elevated major ion concentrations

i in these areas may be related to variations in surface-water/ground-water interaction.

i Major ion concentrations in the First Creek drainage basin generally show an inverse relationship between

concentration and discharge. A few exceptions to this trend, however, have been observed. Potassium

i concentrations, for example, were frequently higher during high events in 1990.

I
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Arsenic P above baslinO at the Sewag Treatment Plant (SW24001) during

I 1990 an consistent with historical dat. The presence of arsenic at this site and not elsewhere in the First

Creek drainage basin indicates that arsenic may be related to RMA sources.

I 6.2.2 IRONDALB GULCH DRANAGB BAsIN

I 6.2.2.1 OMmic CQonMW in Surface e

I Sixteen organic compounds were reported in surface water entering RMA along the southern boundary.

Atrazine and the organochlorine pesticides were the most frequently reported compounds. Parathion,

vapona, and organohalogen compounds were also reported.

I Most of the reported compounds at the southern RMA boundary are not exclusive to RMA activities and

are, or have been, commercially available. Therefore, their occurrence at the southern RMA boundary

I may or may not be related to RMA activities. The spatial and temporal inconsistencies in the occurrence

of these compounds indicates discontinuous nonpoint sources. Potential sources for this contamination

I include: (1) windblown sediment from on-poj t or off-post sources and (2) nonpoint source runoff from

areas south of RMA. The volatile nature of the organohalogen compounds may reduce the likelihood that

I windblown sediment is the mechanism for their distribution. Their occurrence suggests surface runoff

or nonpoint source pollution from off-post areas.

There appears to be a direct relationship between discharge and the concentration of atrazine in surface

I water along the southern RMA boundary during 1990. Atrazine concentrations increased during high

events as compared to concentrations reported during base flow conditions. This may indicate that an

H off-post nonpoint source of contamination may be responsible.

i The occurrence of organic compounds at Upper Derby Lake (SWO1004) in Water Year 1990 is not

temporally consistent with historical data from this site. The inconsistent nature of this contamination

suggests that the occurrence of these compounds may be attributable to a nonpoint source.

Consistent 1990 and historical detections of chloroform have been reported at the South Plants steam

effluent ditch (SW02006). This occurrence may -be related to chloroform ground-water contamination,
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I

which occurs in the South Plants because underground steam pipes may interset the shallow ground-
I ~water table. Thse continued presence of chloroform may also be related to the use of chlorinated potable

water for steam generation at South Plants.

I Consistent 1990 and historical detections of several organic compounds have been reported at the South

Pmant Woat Tower Pond (SWO1002). Many of the same compounds generally occur at higher

concentrations in the nearby ground-water monitoring Well 01061. This suggests that contamination at

this site may be the result of contaminated ground water discharged into the pond.

6.2.2.2 Imran Constituents in SurfaceWI
The concentrations of inorganic constituents reported at southern RMA boundary locations in the Irondale

I Gulch drainage basin were used to establish baseline concentration ranges. These baseline ranges for

surface water were compared to inorganic constituent concentrations in the South Plants and South Plants

I Lakes areas to assess the distribution of inorganic contaminants at elevated levels with respect to baseline

ranges. Because baseline ranges indicate concentrations of inorganic constituents representative of surface

I water entering RMA, concentrations of inorganic constituents reported above these baseline ranges may

indicate potential surface-water/ground-water interaction. Elevated inorganic constituent detections were

I limited primarily to samples collected from the South Plants Water Tower Pond (SWO1002) in Water

Year 1990. Concentrations of the major ions, plus arsenic and copper, were reported above baseline

I concentration at this site. As with organic compound occurrence at this site, the mechanism for the

elevated inorganic constituents may be contamination caused by discharge of ground water into the pond.

I In general, major ion concentrations in the Irondale Gulch drainage basin showed an inverse relationship

I between concentration and discharge during 1990. Some exceptions, however, did occur. Nitrate

concentrations at the Havana Interceptor monitoring station (SWI1002), for example, showed a direct

i relationship between concentration and discharge during 1990. Trace metal occurrence in the Irondale

Gulch drainage basin during 1990 shows no clear relationship between concentration and discharge.

I 6.2.3 SourT PLATE DRmNAU;B BASIN

I

* -254-
SWAR-90.5-7
iw. 02/27192



I 6.2.3.1 OrfQauc Compounds in Surface Water

I Bain A (SW36001) is the sampling site generally having the highest organic compound concentrations

within the CMP surface-water sampling network. The two samples collected at this site in 1990

contained a variety of organic compounds from each of the organic analytical methods listed in Table

4.2-1. Surface water at Basin A (SW36001) emanates from a storm sewer, which apparently intercepts

i ground water beneath the South Plants. The surface water leaving Basin A (SW36001) infiltrates and/or

evaporates in Basin A.

The two samples collected at Basin A (SW36001) during 1990 indicate a general inverse relationship

I between contaminant concentration and discharge. Organic contaminant concentrations were generally

lower during the fall sampling event when flow was approximately two-thirds higher than the spring.

I This inverse relationship between discharge and the concentration and number of organic compounds has

been observed during both Water Years 1988 and 1989 CMP at this site (RLSA, 1990ab) and lends

i credence to the hypothesis that relatively high concentrations and large numbers of compounds are related

to the ground-water contamination observed in this area.

Dieldrin and endrin were reported at the Basin F monitoring station (SW26001) in Water Year 1990

i during high events. This station monitors surface-water runoff that occurs only during a high event.

Because other waste-pile related organic constituents were not detected and have higher solubilities in

I water relative to dieldrin and endrin (i.e., VOCs), the dieldrin and endrin detections suggest an

inconsistent source, such as windblown material. The physical location of this monitoring station also

I supports the conclusion that windblown material may be the potential source of dieldrin and endrin

observed in these samples. This site is located west of the Basin F waste-pile and consists of a wide,

I poorly defined drainage that collects water only during high events.

I 6.2.3.2 Inorganic Constituents in Surface W=

Arsenic was the only trace metal reported above baseline levels at Basin A (SW36001) in Water Year

1990. Historically, arsenic has consistently occurred at this site and is probably related to RMA sources.

I
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I

I There does not appear to be a clear relation between arsenic concentration and discharge at the Basin A

I ulmtoring station. Arsenic concentrations varied only slightly between the two 1990 sampling events,

even though discharge varied by approximately a factor of three.

I At the Basin F monitoring station (SW26001), 1990 data indicate the presence of elevated concentrations

i of the major ions calcium, magnesium, potassium, and sulfate. In addition, elevated concentrations of

the trace metals arsenic, lead, copper, and chromium were also reported during at least one of the two

i Sampling events.

Elevated occurrences of calcium, magnesium, potassium, and arsenic at Basin F monitoring station

(SW26001) were reported for both 1990 sampling events and showed a direct relation to discharge.

Higher concentratioMs were reported in the sample collected when discharge was greater. This

relationship suggests nonpoint source runoff may be contributing to these elevated inorganic constituents.

The inconsistent detections of chloride, sulfate, lead, copper, and chromium also appear to suggest an

I inconsistent RMA nonpoint source contribution of these constituents. Given the nature of flow at this

site, which occurs only during high events, overland flow from the drainage area containing the Basin

H F wastpile appears to be the most likely mechanism for the nonpoint source contribution of these

inorganic constituents.

6.2.4 SAND Cu DRAjNAGE BASN

I 6.2.4.1 Ormni ompounda in SIrface Wda te

There were no organic compound detections above CRLs in surface water at the Motor Pool monitoring

I station in 1990. One detection of dieldrin at this site in 1989 suggests that an inconsistent source, such

as windblown material, may be responsible.

I 6.2.4.2 Inorgnic Constituents in SurfaceW

I The elevated levels of arsenic, chromium, copper, lead, and zinc at the Motor Pool monitoring station

I (SWO4001), detected in 1990, suggests an inconsistent source because elevated levels of these compounds
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wasnot detctedIn1989. Because disarge was not measured at this aite during the 1989or 1990

3sampling even, it is unknown whether tha devoted levels of thse compounds am related to flow rates.

I6.3 Sm T Ar CoNcumos

IThis section provides a discussion of the total suspended solids results and the sediment quality results

that were assessed in Sections 5.2 and 5.3. When applicable, contaminant distributions and trends willI be related to potential RMA and off-post sources.

6.3.1 Simnanw QuAmTry CbcsL'ioN

The fictors that control the concentration of total suspended solids in surface water are highly variable.

IComparison of TSS cncentration to discharge rate did not reveal any significant correlation at RMA

sampling sites. Samples collected with a DH-48 had TSS concemnttons approximately 39 percent greater

I than samples obtained directly into sample bottles.

I6.3.2 STRBAM-Borrom SEDIMENT QuALrry CONCLUSION

IIbTis section discusses potential sources of contamination and conclusions for the stream-bottom sediment

evaluation and is presented according to the major drainage basins as described in previous sections. The

I drainage basins include the First Creek drainage basin (Section 6.3.2.1), Irondale Gulch drainage basin

(Section 6.3.2.2), South Platte drainage basin (Section 6.3.2.3), and Sand Creek drainage basin (Section

I 6.3.2.4).

I 6.3.2.1 First Creek DrainagJasi

I6.3.2.1.1 Organic Compounds in Stream-Bottom Sediment

IAldrin, dieldrin and DBCP were reported in stream-bottom sediments collected along First Creek. These

compounds were not reported in surface-water samples collected from the same sampling locations. In

I addition, historical data indicate a lack of consistency in the types and locations of organic compounds

in First Creek sediments. These observations indicate that organic contaminants in First Creek sediments
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I

are not widespread and are probably attributable to an inconsistent source, such as windblown material

I or other nonpoint sources. The dynamic nature of bed load transport may possibly contribute to their

inconsistent occurrence. These data may also indicate that the sources of the compounds in each medium

i are different or that the source of the stream-bottom sediment contamination does not contribute to

surfaco-water contamination.

I 6.3.2.1.2 Trace Metals in Stream-Bottom Sediments

I Trace metals were not reported in stream-bottom sediments collected along the southern reach of First

Creek. Arsenic, lead, and mercury were reported in samples collected along the northern section of First

U Creek. Arsenic was the only trace metal reported in both surface-water and sediment samples collected

at the same sampling locations (SW24002 and SW37001). The concentrations of arsenic reported in the

I surface-water samples were approximately 1,000 times lower than that measured in the sediments. The

occurrences of these trace metals in sediments from the northern reaches of First Creek and not the

I southern reaches indicate that they may be related to RMA activities.

I 6.3.2.2 rondale Gulch Drainag Basin

I 6.3.2.2.1 Organic Compounds in Stream-Bottom Sediments

I Concentrations of aldrin, chlordane, dieldrin, isodrin, and DBCP were reported in stream-bottom

sediments from Irondale Gulch drainage basin sites along the southern RMA boundary in 1990. MostE of these detections are inconsistent with Water Year 1989 stream-bottom sediment data. Water Year 1989

data reported several other organic compounds at the same locations. DBCP, however, has beenI consistently reported in stream-bottom sediments from the Peoria Interceptor. The general lack of

consistency in the type and location of organic compounds in stream-bottom sediments along the southernIR.MA boundary indicates that an inconsistent source, such as windblown material, may be responsible.

The dynamic nature of bed load transport may also contribute to these inconsistencies. Because the

compounds reported in sediment along the southern RMA boundary were commercially available, it is

unknown whether they are directly related to RMA sources.
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I

Organic compounds reported in stream-bottom sedhnent samples collected from the South Plants at the

South Plants Water Tower Pond (SWO 1002) and South Plants steam effluent (SW02006) sample locations

during 1990 are relatively consistent with Water Year 1989 results. Both the persistent occurrence of

organic compounds at these sites and their location within South Plants indicates that contamination is

probably related to RMA sources.

I 6.3.2.2.2 Trace Metals in Stream-Bottom Sediments

Relatively consistent detections of lead and zinc have been reported in stream-bottom sediments from the

Irondale Gulch drainage basin at the three sites along the southern RMA boundary where bottom

sediments were collected during Water Years 1989 and 1990. These metals have also been reported in

surface water at these sites. Their consistent occurrence may represent natural baseline levels or sources

south and upstream of RMA.

3 Arsenic, mercury, copper, lead, and zinc were reported in the two stream-bottom sediment samples

collected from the South Plants area. Lead and zinc concentrations at these sites were slightly higher than

Ithose reported at southern RMA boundary sites in 1990. Water Year 1989 data indicate that arsenic and

copper have previously been reported at sites along the southern RMA boundary. The existence of

I mercury only at South Plants sampling sites indicates mercury is related to RMA sources. Relatively high

levels of mercury have consistently been reported in all four sediment samples collected during 1989 and

I 1990 at the South Plants steam effluent sample location (SW02006).

6.3.2.3 South Platte DrainaVe Basin

6.3.2.3.1 Organic Compounds in Stream-Bottom Sediments

A majority of the organic compounds detected in a stream-bottom sediments from Basin A monitoring

station (SW36001) were also detected in surface-water samples collected from this location. The presence

of the organic compounds is probably related to RMA activities.
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he pr e of chlordane in sediments, but not in surface watr, is inconsistent with 1989 CW data.
I Chlordane was detected in surface water during both 1989 sampling events but was not detected in

sediments.

U 6.3.2.3.2 Trace Metals in Stream-Bottom Sediments

I Arsenic, lead, mercury, and zinc were detected above CRLs in stream-bottom sediments during 1990 at

i the Basin A monitoring station (SW36001). Elevated levels of arsenic, lead, and mercury were also

reported for the 1989 sediment sample collected at this site. These trace metals are likely to be the result

I of RMA activities. Only arsenic and zinc had corresponding surface-water detections at this site in 1990.

6.3.2.4 Sand Creek Drainage Basin

Stream-bottom sediment samples were not collected from the Sand Creek drainage basin during Water

I Year 1990.

I 6.4 SUR,•¢E-WATBR/GROUm-WATzR INTRx•cnON Co UwlON

I Gain/loss studies conducted along First Creek during Water Year 1990 indicate that interaction between

surface water and ground water occurs. Flow in First Creek varies temporally and spatially, generally

behaving as an effluent (gaining) stream during the spring and early summer months and as and influent

(losing) stream during the late summer through winter months.

The South Plants Lakes had interactions of surface water with ground water that were similar to previous

CMP results. Generally, the lakes (Upper Derby Lake, Lower Derby Lake, Ladora Lake, and Lake

Mary) recharge ground water to the west and northwest. However, Lower Derby Lake appeared to

recharge ground water to the southwest during Water Year 1990, which is not consistent with previous

years. Ground-water discharge to the lakes generally occurs from the east and southeast. Again, Lower

Derby Lake was not consistent with previous years and appeared to receive ground-water discharge from

the northeast during Water Year 1990. The recharge/discharge direction change from previous years at

Lower Derby Lake may have been caused by the low water level maintained in the lake during the year

in conjunction with a high water level that was maintained at Upper Derby Lake. Construction of the

* -260-
sWAR-90.5-73xv. 02/27192



- Lower Derby Lae spillway required that laWs stage be held lower than normal. Upper Derby Lake

accepted flow from Highline Lateral and Uvalda Interceptor which is normally directed to Lower Derby

Lake. T'he resultant high stage at Upper Derby Lake could have influenced the direction of ground-water

E recharge. Upper Derby Lake does not appear to receive any significant discharge from ground-water.

""le hydrograph of Havana Pond and adjacent monitoring wells indicate that the pond is recharging

ground water to the north and west; however, the lack of wells on the east ani south sides of the pond

precludes a determination of the water movement there. Based upon infiltration calculations, a high

percentage of pond storage volume is lost to ground-water recharge.

-261 -

SWAR-90.5-7
Rev. =2/7/9n



I

1 7.0 REFERENCESI
American Public Health Association et al., 1985. (APHA,) Standard Methods for the Examination of

Water and Wastewater, 16th Edition.

Blackwell, P.A., 1973, August. Army Material Command Contamination Survey, Rocky Mountain
Arsenal, Colorado. U.S. Army Technical Escort Center. RICIS1339R20

Colorado Aerial Photo Service (CAPS) 1986, October 16. Negative No. 10, Order Number 8587.

I Colorado Water Quality Control Division, (CWQCD) November 1989. 1989 Addendum, Colorado
Nonpoix2 Source Assessment Report. Prepared in association with the Colorado Nonpoint Source3 Task Force, Denver, Colorado.

Ebasco Services, Inc., 1987a, July. Final Phase I, Contamination Assessment Report, Site 24-6, Sewage
Treatment Plant. Version 3.2.

Ebasco Services, Inc., 1987n, May. Contamination Assessment Report, Site 6-2, Eastern Upper Derby
Lake Upper Derby Lake (Upper Derby Lake Overflow), Phase 1, Final, Version 3.2.

Ebasco Services, Inc., 1987c, June. Contamination Assessment Report, Site 1-2 Upper and Lower Derby
Lakes. Phase I, Final, Version 3.2.

Ebasco Services, Inc., 1988a January. Contamination Assessment Report, Site 24-7, North Bog. Final,
Phase 1. Version 3.1.

Ebasco Services, Inc., 1988b, April. Final Contamination Assessment Report, Sanitary Sewer
Interceptor Line. Version 3.2.

I Ebasco Services, Inc., et al., 1989a, July. Final Water Remedial Investigation Report,
Version 3.3.

I Ebasco Services, Inc., et al., 1989b, May. Proposed Final Remedial Investigation Report, Southern
Study Area, Version 3.2

I Environmental Science and Engineering, Inc., (ESE) 1985, July. Water Quantity/Quality Survey Draft
Technical Plan. Task 4.

I Environmental Science and Engineering, Inc., (ESE) 1986a, February. Continued Off-Post Ground
Water Monitoring Program (Revision 111 -360° Monitoring Program), Rocky Mountain Arsenal.
RIC#87016R0

Environmental Science and Engineering, Inc., (ESE) 1986b, August. Draft Final Source Report, Source
26-5. Task Number 6.

-262-

SWAR-90.5-73Rev. 02/27/92



Environmental Science and Engineering Inc., (ESE) 1987, December. Final Phase I, Contamination
Assessment Report, Site 26-3: Basin C (Version 3.3).

Environmental Science and Engineering Inc., (ESE) 1988a, May. Final Screening Program Third and
Fourth Quarters, Final Report (Version 3.1). Water Quantity/Quality Survey, Task 4.

Environmental Science and Engineering Inc., (ESE) 1988b, May. Final Technical Plan, Task Number
44.

Environmental Science and Engineering Inc., (ESE) 1988c, May. Final Phase I, Contamination
Assessment Report, Site 26-6: Basin F (Version 3.3).

I Freeze, R.A., and Cherry, J.A., 1979. Groundwater. Prentice-Hall, Inc.

Graff & Riley, 1943, June 19. Report on Storage Drums for Process Water. Letter to Area Engineer
RMA. MIRMA 30S 1679-1682.

Hem, J.D., 1989. Study and Interpretation of the Chemical Characteristics of Natural Water, U.S.
Geological Survey Water-Supply paper #2254. U.S. Geological Survey.

Larsh, J.L., 1969, May 22. Storm Drainage Channel Montebello Development, Letter to U.S. Army
Corps of Engineers, Omaha District. MF RNA 019 0016 0017.

Milligan, J.D., Wallace, I.E., and Betson, R.P., March 1984. The Relationship of Urban Runoff to
Land Use and Groundwater Resources. Technical Report Series, Tennessee Valley Authority,
Office of Natural Resources and Economic Development, Division of Air and Water Resources,

Chattanooga, Tennessee. TVA/ONRED/AWQ-84/1.

Morrison-Knudsen Engineers, Inc., 1987. (MKE) Phase I Literature Review Aquatic Resources
Investigation, Rocky Mountain Arsenal.

Morrison-Knudsen Engineers, Inc., 1988, (MNE) January. Geology of the RMA, Adams County,
Colorado, Prepared for Holme, Roberts and Owen, Denver, Colorado.

I National Oceanic and Atmospheric Administration (NOAA) 1990, Local Climatological Data Annual
Summary with Comparative Data, Denver, Colorado.

U Novotny, V. and Chesters, G., 1981. Handbook of Nonpoint Pollution, Sources and Management. Van
Nostrand Reinhold Company. New York, New York.

I Program Manager, Rocky Mountain Arsenal, (PMRMA) July, 1989. Chemical Quality Assurance Plan.
Version 1.0. RIC#82295R01

I Radian Corporation, 1987, October. Contouring and Plotting System for Personal Computer, Version
4.1, Austin, Texas.I

I -263-

$WAR-90.5-7
Rev. 02/27/92



U
I

Rantz, S.E., 1982. Measurement and Computation of Streamflow: Volume 1. Measurement of Stage
and Discharge; Measurement and Computation of Streamflow: Volume 2. Computation of
Discharge. U.S. Geological Survey Water-Supply Paper 2175. Washington, D.C.

Resource Consultants, Inc., (RCd) 1982, 1983, 1984, 1987, March. Surface-Water Hydrologic Analysis,
Rocky Mountain Arsenal, Denver, Colorado. Prepared for: Stearns-Rogers Engineering
Corporation, Denver, Colorado and USATHAMA, Aberdeen Proving Ground, Maryland.
RIC#82096R01

I Riverside Technology, Inc. 1986. (Customized Software).

R.L. Stollar & Associates Inc. (RLSA), 1988, September. Comprehensive Monitoring Program - Draft
Final Field Procedures Manual Surface Water. Version 2.1.

I R.L. Stollar & Associates, et al., (RLSA), 1989a, September. Comprehensive Monitoring Program -
Final Technical Plan, Version 3.1.

I R.L. Stollar & Associates, at al., (RLSA), 1989b, September. Draft Surface-Water Assessment Report,
Comprehensive Monitoring Program, prepared for U.S. Army Program Manager for Rocky
Mountain Arsenal.

R.L. Stollar & Associates, et al., (RLSA), 1990a, May. Final Surface Water Data Assessment Report
for 1988, Comprehensive Monitoring Program, prepared for U.S. Army Program Manager for
Rocky Mountain Arsenal. Version 2.0.

R.L. Stollar & Associates, et al., (RLSA), 1990b, June, Final Surface Water Data Assessment Report
for 1989, Comprehensive Monitoring Program, prepared for U.S. Army Program Manager for
Rocky Mountain Arsenal. Version 2.0

R.L. Stollar & Associates, et al., (RLSA), 1990c. Draft Ground Water Data Assessment Report for
1990, Version 1.0 for Conprehensive Monitoring Program.

R.L. Stollar & Associates, (RLSA), 1991. Draft Surface Water Historical Report for 1990, Version 1.0

I for CMP.

Stearns-Roger Engineering, 1989. Personal Communication, Commerce City, Colorado.

I United States Army, Geohydrology Division, 1977. Water Monitoring at Rocky Mountain Arsenal
(A Review of 3600 Monitoring Program).

United States Army, 1989, July. Chemical Quality Assurance Plan, Version 1.0, Rocky Mountain
Arsenal, Commerce City, Colorado.

United States Army Chemical Warfare Service, 1945. History of Rocky Mountain Arsenal - 1945, RSA
008 0572.

3 United States Army Corps of Engineers, (USACOE) 1982. HEC-2 Water Surface Profiles, User's
Manual. The Hydrologic Engineering Center, Davis, California.

-264-

SWAR-90.5-7
Rev. 02=27/92



United States Amy Corp of Engineers, (USACOE) 1983a, March. Evaluation of the Existing ad
Future Flood PMuOlal on the Rocky Mountain Armen, Denver, Colorado. U.S. Army Enginer
District. Omha.

United States Army Corps of Engineers, (USACOE) 1983b. Inspection Report, Mary Dam and Lake,
Rocky Mountain Armeal, Adams County, Colorado.

United States Army Corps of Engineers, (USACQE) 19.•c. Inspection Report, Basin C, Rocky
Mountain Aenal, Adams County, Colorado.

United States Army Corps of Engineers, (USACOE) 1983d, July. Inspection Report, Havana Street
Interceptor Basin, Commerce City, Colorado.

United States Army Corps of Engineers, (USACOE) 1984, June. Basic Information Maps. Rocky
I Mountain Arenal.

United States Army Corps of Engineers, (USACQE) 1987. Annual Inspection Report Lower Derby Dam
and Lake, Rocky Mountain Arsenal, Commerce City, Colorado.

United States Bureau of Reclamation, (USBR) 1974. Water Measurement Manual - A Manual Pertaining
Primarily to Measurment of Water for Irrigation Projects. U.S. Department of the Interior,
Denver, Colorado.

Ward, G., 1984. lhe 360- Monitoring Proram, 1983 Review, Rocky Mountain Arsenal, Commerce
City, Colorado.
RICO88R01

W Water Engineers,I 1988 May First Creek, Irondale Gulch, and DFA 0055 fallSystems
Hydrology Report.

I Wright-McLaughlin Engineers, 1969, November. Master Plan for Major Drainage, Stapleton
International Airport, North of Sand Creek with Emphasis on New North-South Runway and
Environs. MF RMA071,2222-2260.I

I

I -265-
S WAR-gO 5-7
RFe. 02/27/92



* -o 0I - c000)

oc

a -. C

Q 0 7*-00

0 %-

0 L-> 4
0- .. 3I~C II .0

* rr

-S7

-0.
5,. U)

C* '5, 0oIt

(ul) VA3/103&

.. .. . .. . .... .. . ... --- --- -- ---------



001

z0 0)

0 0

CLa

aI)

z

04 C14

UOVlI3



Iw
a-:* 0

40

0 13

I 90 L x SuOIgDb) 308VHDSIG iv-lVJ

- L

ND

(0

E

ta

z

Ill~~~llilF 1-111 1I lii .. 1 11 1 lii 1mi 1 1 a II I

o) V~ ) 0 -to 0 0 0 C) to C) (
to (N 0 - to ¶- 0LO C3(11-01)) 308VHOSICIO V~



0 0.

0

(90 L x suo>Iiob) 308VHDSIGI '*iViQ
N 0

w~ It CD
7 I I I II

-- z

(I-0 30IOS~ IVI'



OC 0'

4L

3L 0

a.~

a. 0.IE

U-
0 )a0 0 0 0 0 0

C%4 CCJ -N 0-T- q

(1-0 39 V O I -I I -



q2 u 0

90 ~ ~ ~ ~ ~ ~ .L. x 3,0)38V:S( VOI 0

" Ea. .
La...4 '

~ cr~I 0. 0IE

tai

Im
-jIw

Uz

I~0z
0 0 0 0 0 C0 0 0 0 0 0 0 0
14- CN. 0 w (0 11 C'l 0 w w0 'I CN

(11-3D) 308JVHOSIO ilvioi



c2 o

00

* 4 ~ 01

C) 0.0-0 0

0> 0
C'4 EN -

3 ~~(1130 30VHSI x uob)3 VHIOi1.O



100
41f

1~23* N9)0(0 -t N 0

I" -A

0 2

a. a. 0 * 0>-

(11-:3Duoio) 308VHOSIO IViolI



Uo
00

* CC

0 w

CC

CL 0.

~ ~coE

tAJ
(0

0

39VOSC -JIO



* C)

Ao -- CD

I IE
0- 00

U 00 0 0'a

II

00 0 0

I1-0 30 I H S I -li I



ILI
0_

CL ) 0' -

CL

<2 E
... .. .. . .. .. .. .. . ...... ... ...-

~. 4 *

30ýIHOSI -' a~



- -. 4

00

I,*IL

0 0 
0

1!. 
0-

Ia 00

0 0 0

(0

0 0 0 0Ul 0 
DwC

(I-0 0JHO II-~~



* c 431u

pp 0 0)
c0

4 0
oEI £ B.

* * h. l 2L
0~ C. ~ 00-

Iz
(~o X SOII~) 3~VHZ1IO iI~i

I t~) "J q-0

30VII -li~



II
iifv 0-

*o C

00>

*C 0

(L3 0J

IE
z

w

I C4

I (sp) JdVHOSIO



o 3 i 0

"I" ,. 4 U. ,

i U .O'D- LI ) Cr 93:e

I

I - J-

I _ 0"

- --- I-

I z0z
I U' , .4 ,) ' , ,

I
i
I



*0

I0
46 0

to- o

II

aa-

0~
Li

I ~C.
L-J

I _ _

z

I I--
to C4 c

(SP)308VOSI(



*0 C

*~ q0

0. 06 0

I0

I 0

LL.

z

I 4c
2 (4

(SP) 38VHOS0



*~ J U

10 c

0 0>

0. a-

3 0.
0~

zI-
10~~ Cn c

C14 0*SO 08HS~



TIM
00U US

Oil - ! a i

C* cl- l

* m wmr

.- 0l~ ~
308VHOS '*



cc 0

I~r 0, 4.L..L~

I 0

I e3

* zIM
0

IE

0 0z
ISO 30VOSC



IL
-5U t C L

40

CL

I 4I

I ~ 0
(101 .

30NVHOSI0



*0

010)Il IL

-c0

0. o.

Iw
-a

0

z

Ic
(SP) 38VHOSI



4r 0
* I L

Il

WI4
(I)38VOI



I c c

0 00

L-.

C.)

*r 0

Ix

Id

II

to 0 tn 0 ,
ei0

30VISC



I 500

U .)
CYC

oc 0

0 c
z * idc%-I

0
zI0

C) tf 0 L 0 Lr LO
Nr~~ LUCN C

(SI. I.LIVH SI



E 'u
It. ! 5.9

.1 4- 0"0

I, E

s~if1 4.. .- 'o

~ _ A
-~ L ~c O

U 00

0 GO04C

ISO MOOI



t tY

.3.

IL w
LL-m oc

irCL

0.

z

(0

0 LO LO0

CN -,

(SP)30ýJHOSw



U 44

0 V 0 E

C.L

Ia-D

I ui

0

I --

tn~ LOW

*P 308VOS-



II E

-3> 0

1 1. w Ž~

DI 2

7-C~ 3
D0- (

1 xn

0.
(I)

I- 0t
(SP)308VOSI0



-9 -C'
0. a

- L & 0

U 0IE
Iw

U') 0re*% C4T
(SIO)308VOSI,



II
co o

*I

c Eu
CL cI I

2 ~ W o C

zz

0~

Io w
F-

z

0 0I0C1
(SP)~~ 30VHSI



1 7 91 77 T'117 -7

0 0 0 0

(L

4 6 D

* * tL 2

Lii 3-D

a. a. IL LAQ
LL

0
(S)30IHOI



- CC

-0I iE
A C)

z 01
< 

L0C c

0
Ix~I z .- o E

- * I ZCLJ

LU . . ~ LO~0
0. 0.0

308VH zIo



00

I~EU
4c 0

zi CLL
4A Z 2- o~

C-,
*w

0

I 2I

I -z0

I - i(SP) 308VHOSIG



E C

I. a. .oo0 >

* ~ CE

00

U- 0
C; C; 6

(SJO) WHOSI



ti 0

0.
0 La. LA. 9,i

Eva,
LIU-. 0 0

I(gotI x suoliob) 3i-0
I)0 to 0 to 0 LO) 0 0, 0

0~4 ON- itO e4 1%- t NO in 0 itO
K) n) C4 N~ (N (N w -q -- 0f N 0

I0
I I I I I I I I I IE

a3

I
0 0 0 0 0 0 00IY o r D L t n C

Ij-D 3i-0



*a 0

0-

i -0I 4 C0

a~~ ~, 0'n n

T. T

0)

0IX

II
(11-3)) 3in-iA 30ýJOI



*C
. 0E

ý 00 00

03.0)C
*M

(90it x SUollob) 3vqfl1OA 3DVVOiS

*0
C.
w

ID

0

z

C4.U1-D 0m-0 O8i



I0 >

CL C. C

(gOL x SUOII0b) 3v~4fl1QA 3Z)V8O.S
N0 0 a0 in 00 0 to

(07 V) P1 T40 0 ' 0 0

0

'0IE
-J

(I-0 vn1A3VJI



Nj 0

8t a

AC*

3 E
cc -

CD9S

int C4

(1-:* 3vn-0 30N



IE 0
2IE C

10

m &m
is ( C L

0000 0

* 8C-

*
D ~

.c*r~ !

U0 a10a

8. a.Vi _ _ _ _ _

I8 (s4b

I § § § § § §4
(>19m/I06 30JVHSSN



0 oo " wk o',0 MM4 4ov .4- a. p 46 o40 na - -

30 C

a30

as 9

fill

14 i.q
I %it 0

* o*03 on

7" 1

_ _ _ _ _ _ _I COL

1400



SW24003Second Crook Drainage

South~ Platte Draina~ge

FIRST CREEK DRAINAGE BASIN

Irondle Glch ra a* ~ S

-. WC**Nd ireia,01

OCPO. Olyl.PO~dle Or 200091

SW3000e 0 SwisoWe. $60010 Loaio. N oentoi21"91

, ** Snlow' 5 g. III

*., ea ~.Oeerale a CPSutee-net * -.

CHin 3 Che for 
S111,06ef0eOs0e1d I

* . .w a eum. o mycoenei o 2000OekOtlageSe
.DeMe a omla aeme epm. oh itea -41

COT.....................



7t. 7%. ----

,%WV~Be5?00 Crook Drainage

8 k0

'~~ / SOUTH PLATTE ' \

0.P DRAINAGE BASIN W USWz'ooe

/ m -Sa
*A-oo 30.1

-C ~ a sasci1L3 one 3W/ macpw owa -. *

0450w . 1.iS6~e.
%iss #wa

1~so 40e,4m -JSW 3000i
11sc111re o SW 30001
NNW ?as

/ PP..T 0.6"1

la.m 0.04

oin~sm l..19 iS SI 10

Irondate, Gulch ngu. - V"

StDEW or7 Ditc Fiitt Clreerkei

DrWnagf 00 "0

- -CI Arenalý SOOnNar&

$uponn1m.
arcs 011,111
,OCIL9 ".SSaS

50Cc .s-0wnes00.in

nCX euut~se45ctio Nuber...0
Lake. Po#or@@i W20 %uN. T

stf*GM~~Pepre orotn ihFlwrreto
Abandone S"..n ofritchSWOIM01

CW60i.e eMSUSAryPorm an er r

---1 Area boundary9A Roc200 0~ni AAsna
OUCSe& iiSaptin

Dring agi Commerce Cit Co0lortadO0
irAm C ,....

OcLt 2-D~til6B,Wgm'/n

Peat Sot PAtme Droraimnager Basi
CUPSW Y6



-Noo
CC.

Z 0
CC 4 C0 0 4)I

C, ocu 00

SO 0

-Ae

00

0 0

0 ty

* I I L
* £ A

- - U I

ay
* 0 C-

~: !! *GM

* * :n a"

.4z

04

a 

a



3*24003Second Crook Drainage

NI'

10 soat. logo Arsenio 70.6

South Pl81t4 Drainage

Osloiln umo

SS 3301002-

S%%0000

Poetal Gulch Diett goAeoi 3

?rmo teorgefln Numberuti III

7 LlO Pend or Basi



- 30CS* 0 %1% Seon Cro Drainage

d / cW 4S24

J___ aasf4

__________SOUTH PLATTE DRAINAGE B3ASIN
00 ___ ____SW60

/ High Event I Asoomie S::-:4 u

/ High Event 2 Arsenio 92.2

C~ posts POR .ý F3w00r0;ou

Ltrad $0. Ditch wit

Abindne Srem fZinch14

/ rondale Gulch nai w202 5W10

A D eteirailnage ,I rpre e

U.S Ary Progam M ragrinag
AIRock Mouta0 Araenai71.

Sept.Pepre by0Areic $.

Sectiondin Lawben AS100ociates00I Figureo 4.2-6t Fo Drcto
0~~curneo M Surface-Water Smoo A AVi

-- 0fefe #000r SW02001 Trae Inoarg i Cooptut i~n &

FeSot PlteDrainage BasinudryS090 11110

cMPloo SW RYSO



n--

... .. . . ... .. ---- a ---- - - -

------------ :3

MI OWN-'-~

III~ ~ -' -~ ---j -f ----



0

CL -C

0 =Ic a4 CL _

00 LJLaJ
3c0.0 0 - 0 I

aQ~ a t
11 o : 0 -0 (7,

0L a. srJ 0 c -

0~J0

I IIgIH
I0- 1
I4C 40 4e

wl 4)IIW 1)NIV3:



00

F, w C

A: C-4*f -

- - - , >'C,

41 ' ' CL-V- 0)

4L a. 0' Q.>- 0

0

-0

0 0

in C~-JU~ l 4C
in onn 0to z

IIW-1 NO-)D1



o 0 -

ODI7 >o re) i-tin o >2 .

-0~~~~ c- t-tr- -rti - -

u0 0 0 00000 n-,

I-J-J- -J I 
o

U -J ...J .. J .I..J LAJ ...J Wj I . U 0  C

0

a-

z

0IE
%-/

II
0w

z

1 111111 loll111 1111 J111 J l loll 1111111 I li l i 1111 1 141111111 1l~l II I 8

0 0 a 0 0 0 0- a

wn tol lt- sl IA

(ISW-11) NOUi.VA313



I w (~0 0t 0 n4 to 0 0 I
300000000 LJ

-0 Z!0

IIUc

a.
wI

0kr E
LA-

0
z

.1) i it)%n it) W)i)i

(ISw-J-1) NOILVA313



0 -- 0 )4

I . 6-A ':_uZ C
w.o U') - -3

(OOO LA 'L:j 4
1
Q 0if -

000

I 0. 0- C>- 0

I.-I ~0C

LAJ

-4:

z

3C

1n 04

I" ~ N N I NI

1n %n %n

*Iu-J NOIV3z



3

I
a

IC
0ga

I

I

I

Prepared for':

U.S. Anny Proracm Monaqqw for

flkcty Monti Arsna

Iomec Ciy ,lrf

Prepared by :

R.L. Stolior G Associates. Inc.

EXPLANATION Herding ,o Associates

- D issolved Concenfralion in Water Figure 6.2-1

Direct Relationship
Between Discharge and
Concentration

CMP SW FY,-0



II

Ti

*C

I

C

C

Prepmed fo
i ~ U.S. Army Pfcomm MonoqW for

Rocky Moiftain Arsenal
CoIerce City.C

Prepared by :

EXPLANATION AL.Sfttk a Assodat .* Iac.
Harding Lawson Associates

----- ,mOlisolved Concentrtion in Water

Figure 6.2-2
Inverse Relationship

Between Discharge and

Concentration

CUP SW FY90


