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PREFACE

The study reported herein was conducted from 1 August 1975 to
20 April 1977 at the U. 5. Army Engineer Waterways Experiment Station
(WES) by personnel of the Envircnmental Systems Division (ESD), Mobility
and Environmental Systems Laboratory (MESL), and of the Instrumentation
Services Division (ISD).

The work was authorized by LTC E. R. Hall, Directorate of
Facilities and Engineering (DFAE), Fort Carson, Colorado, and supports
the Fort Carson Long-Range Environmental Program. The overall Program
Managers at Fort Carson were Messrs. D. W. Davis (now retired), Land
Management Branch, and M. E. Halla, Environmental Office. SGT D. L.
Carpenter and SP4 R. L. Wilson, Environmental Office, weekly maintained
the water-quality sensors used by the two WES field stations located at
Ciover Ditch.

The instrumentation and methods used to acquire on-site environ-
mental baseline data on water quality and meteorology were developed
under a Department of the Army Project LA162121A896 "Environmental
Quality for Construction and Operation of Military Facilities;" Task 01,
"Environmental Quality Management for Military Facilities;" Work
Unit 006, "Methodology for Characterization of Military Installations
Environmental Baseline," sponsored by the Directorate of Military Con-
struction, Office, Chief of Engineers (OCE), U. S. Army. Partial cost
of the Fort Carson work that pertained to environmental monitoring with
automated field stations was assumed under the auspices of the OCE pro-
gram mentioned above as research necessary to field-test and further
refine the equipment and procedures.

This is one of six reports of a series entitled "Environmental

jaseline Descriptions for Use in the Management of Fort Carson Natural
Resources." The individual reports are as follows:
Report 1. Development and Use of Wildlife and Wildlife Habitat
Data

Report 2. Water-Quality, Meteorologic, and Hydrologic Data
Collected with Automated Field Stations




Report 3. Inventory and Assessment of Current Methods for
Rangeland Conservation and Restoration

Report 4. Analysis and Assessment of Soil Erosion in Selected
Watersheds

Report 5. General Geology and Seismicity

Report 6. Description and Use of a Computer Information System
for Environmental Baseline Data

The work was conducted under the direct supervision of
Messrs. H. W. West, Project Engineer, and J. K. Stoll, Chief, Environ-
mental Simulation Branch (ESB), ESD, and under the general supervision

of Messrs. B. 0. Benn, Chief, ESD, and W. G. Shockley, Chief, MESL.
Messrs. H. M. Floyd and D. E. Tingle, ISD, were responsible for

the installation and monthly maintenance of the automated field stations

used to collect water-quality, meteorologic, and hydrologic data.

Ms. M. H. Smith, ESB, was responsible for processing the water-quality,
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This report was prepared by Messrs. H. W. West and H. M. Floyd.
COL G. H. Hilt, CE, and COL J. L. Cannon, CE, were Directors of the
WES during the study and report preparation. Mr. F. R. Brown was

Technical Director.
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JONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI) AND
TO U. 8. CUSTOMARY UNITS OF MEASUREMENT
nit f measurement used in this report can be converted as foll

Multiply By To Obtain
. S tomary to Metric (SI)
1Che 25,k millimetres
nohe .54 centimetres
feet 0.3048 metres
. 8. statute) 1.6093k44 kilometres
pound mass) 0.453592)4 kilograms

parts per million

mile :» B« statute)
e

legrees (angular)

Fahrenheit degrees

micrometres
centimetres
metres
kilograms

litre

grams per

per

Metric (SI) to U. S

1.0

1.609344

0.017Lk5329
0.555

milligrams cubic

metre

per

kilometres per hour
radians

Celsius degrees or
Kelvins*

._Customary

3.937007 X 1077
0.3937007
3.280839
2.20k622
8.3L5

inches
inches
feet

pounds (mass)

pounds
1000

per
gallons

* 70 obtain Celsius (C) temperature readings
ings, use the following formula:

(K) readings, use:

K = 0.555 (F + 459.67).

from Fahrenheit (F) read-
C = 0.555 (F=32).

To obtain Kelvin
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r pr » and retrieval; and (c) display the recorded data ir
perates automatically and substantially reduces the cost
incurred i anual data recording and handling. 'his system,
ed casional manual samplings, was used to measure and record
water quality, meteorology, and hydrol for the program de-
Purpose and Scope

3 his report describes the rationale used in selecting the
juality, meteorologic, and hydrologic parameters that were mea-
nd recorded and the system of instruments used for data collec-
Also included are examples of the detailed data that were
ted and sent to AE, Fort Carson, Colorado, at approximately
t intervals during the study, i.e. from 20 November
hrougt April 1977. Example data are presented on selected
ters and analyses made during the data compilation.




4
pha

: |




o

1
’

;i

. Water-quality parameters. The water-quality parameters se-

»

1

lected for study were dissolved oxygen (D.0.), water temperature, hydro-
gen ion concentration (pH), and conductivity. OSurface water normally
contains considerable amounts of oxygen in solution, the amount being
strongly dependent on the water temperature and the oxygen demand of
polluting material. Natural streams, however, can reaerate or replenish
oxygen as the oxygen-deficient water surface comes in contact with the
atmosphere. The reaeration rate increases directly as a function of the
amount of oxygen deficiency and stream turbulence. If the stream has
submersed plants, photosynthesis may increase oxygen content signifi-
cantly during the daytime, but respiratory activities of plants and
animals and oxidation of organic matter often offset this contribution:
Also, oxidation from inorganic material will tend to deplete the D.0. in
the stream. Under stable conditions, the oxidation process will exhibit
a diurnal cycle reflecting temperature fluctuations and photosynthesis-
respiration relations. Thus, monitoring of D.0O. in surface waters
provides a good indicator of stream conditions, and radical changes
signal the need for further monitoring and investigation.

8. In general, solubility of oxygen varies with temperature;
therefore, interpretation of D.0O. values must always be made with the
corresponding temperature values in mind. Also, temperature has a
significant impact on metabolism, diffusion, and chemical and biochemi-
cal reactions.

9. Monitoring of pH has wide applicability for the study of water
and wastewater. Extremes in pH can result in fish kills and other
significant changes in the flora and fauna in streams. Also, extreme
pH levels can cause modification in nutrient solubility and formation
of precipitates, etc. A pH range from 6.5 to 8.0 is considered normal
for biological life, and values ranging from 6 to 9 are acceptable for
many aquatic animals.

10. The electrolytic conductivity of a solution is a measure of
its ability to carry a current and is therefore directly proportional
to the concentration of all ions from whatever source in the solution.

Monitoring conductivity provides a way to detect gross changes in water




‘onditions such as might occur because of a major spill of a soluble

chemical.
11. Meteorologic parameters. The meteorologic parameters that

were selected for data collection included rainfall, wind speed and
lirection, air temperature, and solar radiation. The rainfall pattern
arson Reservation is not well known, and attempts to ex-
"apolate rainfall from existing gages have been unsatisfactory. Addi-
local rainfall conditions is needed both to select
he vegetation species and irrigation sites that enhance wildlife feed-
ing areas and to improve the design of sediment basins, dams, etc. Wind
speed and direction patterns were selected to provide data for locating
windbreaks, extrapolating rainfall patterns, and estimating the amount
of material removed by wind erosion. The air temperature and solar
radiation data will aid in selecting vegetation species that correspond
to the temperature and solar radiation patterns at Fort Carson.

12. Hydrologic rameters. Water levels in two sediment basins

were measured to provide a basis for analyzing the relations of preci-

pitation, surface runoff, and sediment yield for two small watersheds.¥

Methods and fre-
quency of measurements

13. Two methods were used to collect data on the selected param-
eters. The primary method made use of an automated field station con-
sisting of one 32-channel Lockheed Electronics Company** (LEC) 101-R
digital recorder (Figure 1) interfaced with appropriate transducers that
converted the sensed phenomena to a recordable electrical signal.
Appendix A provides a description of all the transducers used with the
LEC field stations during the study. A second method was to use the
same transducers as those used with the automated field station but to

make the measurements manually, i.e., the outputs of the water-quality

¥ M. P. Keown and H. W. West, "Environmental Baseline Descriptions for
Use in the Management of Fort Carson Natural Resources," Technical
Report M=T7- , Report b, "Analysis and Assessment of Soil Erosion in
Selected Watersheds," July 1977, U. S. Army Engineer Waterways
Experiment Station, CE, Vicksburg, Miss.

#* Jockheed Electronics Company, Azusa, California.

10
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. Automated Field Station ¢ Joncluded )
Military
Date Date irid
o e e ation Installed Jisassembled C rdinates
Meteorological Red Devil 12 May 1976 Active at 0606063
ediment the date
1sin of this
report
Meteorol ca 'urkey Creek 12 May 1976 Active at 187544
ediment the date
Basin of this
report
Water-Quality Clover Ditch 20 Nov 1975 Active at 222858
No. 10 the date

water-wuallily

Manu

ally

of this

report

& 1976 at
iat
this

report

Active

the

May

>

Recorded Sites

e

P

225858

“lover Ditch

ite Type Site No. Data Collection Date srid ordinates
Water Quality 1 25 Mar 1976 145860
25 Mar 1976 155861
3 L?‘,l Mar L‘}’l") I"LJH'MJ
4 25 Mar 1976
) 25 Mar 1976
6% 20 Nov 1975
6% LL Dee 185
(% 16 Jan 1976
0% 8 Feb 1976
o 25 Mar 1976 15858
if 25 Mar 1976 235858
8 25 Mar 1976 360853
) 25 Mar 1976 340855

10%
1O*
LO%
10%*
10%

Nov
Dec
Jan
Feb
Mar

1979
L9T7S
1976
L976
1976

R
o5

]

245
“J;';H';‘)
.’r'&‘,)k‘j‘,ﬁ")
245859

L5859

* location of asutomated field

stations.
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15. Water-guality sites. Both the automated and the manual mea-
surement sites were located along Clover Ditch, passing from the north-
west to southeast along the south end of the main cantonment area at

rt Carson. Clover Ditch crosses the eastern boundary of Fort Carson
and empties into Fountain Creek, which flows in a southerly direction
along Fort Carson's eastern edge. Less than 2 miles* from the eastern
boundary, the installation has two sources of effluent that flow into
lover Ditch draining off the reservation into Fountain Creek. These
wo sources are the sewage treatment plant and the military vehicle wash
racks, located at grid coordinates 222859 and 229860, respectively. Two
automatic recording stations were located below the outfalls of the sew-
age treatment plant and the vehicle wash racks (Figure 2) to provide
iata on the relative degradation of water quality in Clover Ditch caused
by each potential pollution source. Figures 3 and 4 show the individual
locations of the two automated stations. Because normal water flow in
>lover Ditch is low, the locations selected for the automated field sta-
tions were in deeper water areas to ensure that the water-quality probes
were always submerged. The eight manual-collection sites (Figure 2)
were selected to provide data on water quality throughout Clover Ditch
from a point above the wash rack outfall to a pcint just before Clover
Ditch empties into Fountain Creek. These data illustrate the fluctua-
tions in water quality along Clover Ditch that can occur with respect
to the locations of the outfalls and the automatic data recording sta-
tions. Additional data of this type are required to develop trends
between flow discharge, automated station recordings, and water-quality
profiles for the appropriate reaches of Clover Ditch and Fountain Creek.

16. Meteorological sites. The meteorological data recording sta-

tions were located at Red Devil (Figure 5) and Turkey Creek (Figure 6)
to provide data on the meteorological conditions along the western and
southern boundaries of the reservation. These data will augment those

meteorological data presently being collected at Canon City, Penrose,

. customary units of measure-

* A table of factors for converting U. ¢
SI) units to U. S. customary

ment to metric (SI) units and metric (¢
units is presented on page 5.

‘

)
‘.
)
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Pueblo Airport, Butts Airfield (Fort Carson), and Colorado Springs
Airport to permit development of a more accurate description of climatic
conditions throughout the reservation. In addition to the two WES
meteorological stations discussed above, a rain gage was installed with
the water-quality sensors at Clover Ditch site 10 (Figure 2). As stated
in paragraph 14, the Red Devil and Turkey Creek automated field stations
were moved to new locations on 11 May 1976. These locations are the
sediment basins that were being used by the WES to study the relations
between precipitation, natural terrain and land-use factors, surface
runoff, and sediment yield.* The relocated field stations (Figures 7
and 8) were used to record water-surface elevations in the sediment

basins and meteorological data (see paragraph 11).

Program Execution

17T. The execution phase of the program included installing and

e dov
44 i

waintaining the automated field stations. This work was accomplished
cooperatively by WES and DFAE (Fort Carson) personnel. DFAE personnel
routinely checked the performance of the field stations and maintained

the water-quality sensors at Clover Ditch sites 6 and 10. WES personne

=

made periodic visits (- to 6-week intervals) to the sites to perform

routine maintenance and make necessary equipment repairs. The program
was conducted from approximately 20 November 1975 to 20 April 1977 and
is continuing. It has resulted in the accumulation of a considerable

amount of data. Data collection periods and sampling intervals are

listed by cassette tape numbers in the following tabulation.

* Keown and West, op. cit.

18
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f data collection. The performances of the field stations are discussed

19. The groups of environmental sensors, which were installed at
e wo meteorological stations and the two water-quality field
ations, acquired data from 20 November 1975 through 22 April 197T.

However, on several occasions during this time, the field stations had

hat resulted in no data being collected. These dates are

indicated 1t raps in the data collection periods listed in paragraph 1T.
T'he performance data for the field stations are summarized as follows:
Total Time Field

Station Collected

Scheduled Number of Hours Data
of Data Collection Percent of
Field Station from 20 Nov 75 to 22 Apr 77 Hours Total Time

Red Devil and Red Devil 12,408 10,968 88
Sediment Basin

Turkey Creek and Turkey 12,408 8,352 67
Creek Sediment Basin
Clover Ditch Site 6 8,232 T,224 B8

Clover Ditch Site 10 12,384 9,168

m s - - - IO S PO o | . - s B
LT aADUVUYC uava 1CT1LLiTCu il
data was recorded by the field station(s), and what is missing at this

point is an indication of the "error rate" or the amount of recorded

=

ata for the different sensors that were considered to be invalid due

to whatever cause, such as sensor malfunction or failure, sensor cali-
bration problems, power supply problems (i.e. low voltage), and contami-
nated water-quality probes.

20. For the purpose of evaluating field station and sensor per-
formance, a satisfactory hourly record for a field station was considered
to be one in which the data for T5 percent of the sensors were reliably
recorded. The performances of the various field stations and sensors
are summarized below in terms of the error rate and major types of
equipment malfunctions and site related problems. The error rate in

percent was computed by the following equation:

23




Numver of hours deployed - numb

er of satisfactory hourly records

Number of

rates and primary caus

o

hours deployed

Rate

tations are tabulated as follows:
Error
13 Chatd A
1eld otatlon /o

s for

invalid data for each of the four

Invalid D
Ocecurrence

Primary Reasons for

Order of

Ranked in

Red Devil and Re

‘ed
ea

lment bac

Clover 19

Ditch Site 6

Clover Ditch Site 10 1h

(1) Recorder power supply failure
(low voltage)
Field

(improper timing sequence

station timer failure

—
«
T

igh winds

{
damage to
and

field

Sensors

stations

failure
quence )

Field station timer
(improper timing se

Cassette tuape transport
failure (improper contact
of recording heading with
magnetic tape)

(3) Sensor calibrations (sclar-
radiation, water level)
(1) Contaminated probes
A

Py ™ A s
VPR Dede s ©

wn Aes ade £ ool by
MAUCviIvivy

Damaged pH and D.0O. probes

Power supply failure (low
voltage) for water-quality
probes*

Contaminated probes
(pH, D.0., conductivity)
Damaged pH
(caused by
debris)
Field station timer failure
(improper timing sequence)

and D.0O. probes
high flows and

* This problem occurred prior to installation of a new power system

(see paragraph 23).

2k




L. 'To ensure the accurate recording of water-quality data, main-
tenance guidelines for the sensors were developed and put into practice
at Clover Ditch. These guidelines required semiweekly inspection of the
probes. The maintenance after inspection depended on the in situ charac-
teristics of water that was being monitored and the frequency and dura-
tion of local rainfall and surface runoff and debris carried by the

) r

22. The on-site maintenance procedures developed for the water-
juality sensor packages (pH, conductivity, D.0., and water temperature)
included servicing the probes on a weekly basis unless it was determined
from the semiweekly inspection visits that the probes had been contami-
nated or damaged by increased surface runoff or debris carried by the
stream. If the probes were determined to be working unsatisfactorily,
maintenance was performed at that time. Maintenance and servicing of the
probes during each data collection period were performed by Fort Carson
Facilities Engineering personnel; WES personnel performed the servicing
and maintenance of the probes at the time of each monthly visit to the
stations.

23. At the start of the data collection work (20 November 1975),
the WES used a 96 amp-hr wet-cell battery to provide power for operation
of the water-quality probes. This, however, did not prove to be an
adequate source of power, and as a result, a new power system con-
sisting of a lead-calcium wet-cell battery and a specially designed
solar panel (Appendix A, Figure All) was obtained and installed at
site 10 on 3 August 1976 and at site 6 on 18 November 1976. This power
system has proven to be a far superior system, and no power problems

have occurred with the water-quality probes since its installation.

Data Reduction and Presentation

2L, The third phase of the program involved data reduction and

presentation., The cassette tapes with the recorded environmental data

25




were gathered at the end of each data collection period and taken to

the WES for data translation, processing, and display. A 16K-memory
PDP-15/30% digital system was used to process and display the data. A

major step in this procedure involved checking the data for validity and
accuracy and deleting those parameter values that were found to be in
error. The final data were furnished to Fort Carson after each period
f collection and, therefore, are not included in this report. However,

a are n file at the WES and at Fort Carson and are available on

v
i

arameter measured by the automated field station at For

son has been output in tabular and graphic formats as described

a. Tabular data, Tabulations were produced for all sensors
for each 30- or 60-min sampling interval used. ne line
of data in the computer printout represents one sampling

interval of data collection. Table 1 is an example of
the tabular data output for Red Devil meteorological

)

field station for the period 2-24 March 1976.

m}

Graphic data. The data were also produced in three
different graphic formats. The first format includes a

line plot (Figures 9-15) and a bar graph (Figure 16) that
depict the individual parameter values for each respec-
tive sampling interval. These graphs contain data for a
T-day period. The second format is a line plot (Fig-
ure 17) that shows the maximum, average, and minimum
measured sample values for a parameter throughout the
data collection period. For example, the maximum,
minimum, and average air temperatures measured at 1200 hr
were T70.5°, 26.6°, and 52°F, respectively. The third
graphic format is a wind rose (Figure 18) that depicts
the percentage of the time the wind blows from each of
eight directions: north, northeast, east, southeast,
south, southwest, west, and northwest. FKach direction
includes all recorded hourly wind directions in a2 band
22.5 deg on both sides of the principal direction.

* Digital Equipment Corporation, Maynard, Massachusetts.
**%  Contact: Commander and Director, U. S. Army Fngineer Waterways
Cxperiment Station, ATTN: WESFE, Vicksburg, Miss. 39180.
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Figure 9. Line plot of air temperature versus time for
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Figure 10. Line plot of wind speed versus time for T days,
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Figure 14. Line plot of pH versus time for 7 days, Clover
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ire 18. Wind rose for the period 24 June-4 August 1976,
Red Devil station, Fort Carson, Colorado




6. Limited analyses were made of the environmental data collected
n water quality and meteorology, and the results are discussed in the
following paragraphs.
water-qual iata
S water-quality values obtained by the automated fi i
stations and manually by the WES field teams were compared with the
state of Colorado Effluent Standards and Class B-2 Stream Standards, a
well as the parameter value ranges preferred by the important animal
that could inhabit the streams near Fort Carson, i.e. Fountain -
These parameter value standards and animal requirements are listed
below:
Effluent Standards
Parameter State of Coloradoc Effluent Standards®*
Water t erature, “F None
pH o-9
D.O., ppm g
. 3 2 /
Conductivity, umhos/cm None
Stream Standards
State of Colorado Class B-2

Parameter

Water temperature, °F

pH

D.0O., ppm

Conductivity, umhos/cm

Stream Standards*

Max 90; hourly change of 5°F
6-9
>%

None

* Data obtained from Mr.

Quality Board, State of

Derald Land, District Engineer
Colore

, Water-

wdo, Denver, Colorado 80220.
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Animal lLong~Duration Preferred Standards*

D0 Temperature Murbidit
Animals ppm pH oF pprm
warm-water fish (bass) sl 5.5=9.5 32=90 f
ld-water fish (trout) >6.5 6.5-8.5 32-65 60
>rust an | ish) E h-9 32=50
In 1dic
>1 3-9 32-90 10-100
Mo (clam >1 5-9 32-90
* . J. M. Fitzsimons, Department of Zoology and

State University, Baton Rouge, Louisiana.

0. Table 2 cortains the monthly average values and ranges for
D.0., water temperature, pH, and conductivity for sites 6 and 10 on
‘lover Ditch (Figure 2). The monthly average values and ranges were
caleulated for the total number of hourly records obtained for each
month. Figure 19 illustrates typical diurnal fluctuations in the water-
juality parameters for a winter day (8 February 1976) and a summer day
(14 August 1976). The data presented in Table 2, together with some
general observations, are discussed below.

29. Dissolved oxygen. The average values for D.0O. calculated for

site b were always above the State of Colorado Class B-2 Stream Standard
of >5 ppm, whereas at site 10 the average values of D.0. were below the
standard except for the months of October and November 1976.

30. The maximum measured D.O. values usually occurred between
1000 to 1400 hr; the minimum D.O. values, at about 2200 hr. The mea-
sured D.0O. values at both sites were always above 1.7 ppm. The maximum
and minimum summer D.0O. values occurred about the same time of day as
those observed during the winter months. However, the D.0O. values ob-
tained during the summer months were more erratic from day to day than
those measured during the winter months. Also, the diurnal range was
more variable and often larger. For example, at the end of summer the
D.O. values occasionally ranged from greater than 10 ppm to 2.5 ppm.

31. Data on D.O. were analyzed to determine the total time the

recorded values were above and below the State standard of >5 ppm.
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hese results, presented in Table 3, show that at site 10 the D.O. had
ol below the tandard than above for all months except tober
nd whereas at site ¢ the site that is upstream from the poin
here the effluent from the sewage treatment plant enters Clover Ditch
X the nine month howed more hours above the standard.
32. Varying concentrations and the length of e ure to a give
s ncentration inf 1a.1
ec . To evaluate
nd below the standard
111 completed events* were tab S
= » <b, <l&, <24, <(2, or bR
he total number of events was ther f
vents assigned to each category (Fig 20): ‘Fhe relatively numbe
100 ~ ABOVE
STANDARD
S ppm)
LIsl o
w BELOW
:4, /1 STANDARD
S e (< S ppm)
. '
p /
¢ /
- An}- /
<
) /
20 = ‘/
/
i
4
: 1 5 0 1 Tl 1 L I
0 V2 L3 12 ALJ 24 <7 12
TIME DURATION, HR
20. Cumulative percentage of events of D.O.
for different time durations above and below the
Colorado Class B-2 Stream Standard at site 10,
Fort Carson, Colorado
A mpleted event is defined as that time period when the recorded
o becomes >5 ppm until the time it becomes <5 ppm, or that time
period when the recorded D.O. becomes <5 ppm until the time it becor
5 [ r




f occurrences above and below the standard of >5 ppm of short duration
(<12 hr) i lue to the diurnal cycle of D.0O. that relates to water tem-

perature fluctuations and photosynthesis-respiration relations.

33. Water temperature. The water temperature in Clover Ditch was
warmer at site 10 than at site 6 (Table 2b). The largest difference in

the monthly average temperatures at the two sites occurred after October,
during the winter months of November, December, and January, and ranged
from 12° to 19°F. The monthly average temperatures and the maximum
yecurring values were within the State standard for maximum temperature
f 90°F. The average hourly change in temperature at the two sites
varied between 1.1 and 2.1°F (Table 4) and is also within the State
standard of 5°F.

34. pH. The water in Clover Ditch showed little variation in pH
throughout the data collection period (Table 2c). The monthly average
pH value at site 10 was between T.U and 8.0 but at site 6 it was some-
what higher, ranging from 7.6 to 8.1. These measurements are all within
-he State standard of 6-9. The limits of the range of variation in pH
rized in Table 2¢ for the period of record also are within the
State standard.

35. Conductivity. Table 2d presents the electrolytic conductivity

of the water as measured at the two sites on Clover Ditch. At site 10,

‘o et P i S
the monthly average value was between 480 and 1020 umhos/cm and at
site 6, between 521 and 1066 pumhos/ecm. There is no State standard for
ronductivity.

36. Additional water-quality data. Manual sampling (profiling)

was conducted at 10 sites (1 through 10, Figures 2 and 21) along Clover
Diteh during daylight (=1000-1400 hr) on 25 March 1976. The data that
were obtained are plotted in Figure 21. The impact of the sewage treat-
ment effluent (data from site 5) is reflected by a significant increase
in water temperature and a decrease in D.0O. at the downstream sites
(sites T, 10, 9, and 8). This is not surprising considering the high-
temperature and low=D.0. levels of the sewage effluent (site 5) and

the normally very small flow in Clover Ditch. On 25 March 1976, the

water in Clover Ditch was very low, as the following tabulation shows:
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Bottom Depth Water Width Water Depth

Width of of' at Time of at Time of

Channel Channel Measurement Measurement

it 't Bt £t

] 0 T 33 0.0
¢ 3.0 ;NS ). OO
LG 6.0 9.2 L.97
4 3. 3.0 6.6 0.49
: 10. 7.0 9.8 2551
{ 29.6 10.0 L,9 0,02
{ 2062 3.0 0.0 O-()(l
6.6 6.0 6.6 0.98
Q 6.6 6.0 6.7 0.82
10 8.2 5.+ G2 0.85

37. Figure 22 compares daytime measurements of water quality taken
at Clover Ditch sites 6 and 10 on 20 November 1975, 11 December 1975,

16 January 1976, and 8 February 1976. Site 6 is located approximately
00 m upstream from the point where the effluent from the sewage treat-

ment plant enters Clover Ditch; site 10 is located approximately 200 m

iownstream on Clover Ditch from the effluent entry point (Figure 2). The
lata presented in Figure 22 show that the sewage treatment plant effluent
loes not have a large effect on the pH and conductivity measurements but

consistently increases the temperature and decreases the D.0O. values in
Clover Ditch.

According to the preliminary data analyses, the D.0O. in the

A

Clover Ditch flow at certain times during the 2h-hr day is often lower
than that preferred by some of the common freshwater aquatic animal
species (see paragraph 27). However, further investigation is needed to
identify the aquatic animal species, including benthic organisms, that
inhabit Clover Ditch and Fountain Creek where it joins Clover Ditch. The
presence or absence of certain species is an indication of the overall
juality of streamflow. The potential hazards of the water quality to
terrestrial wildlife and public health also should be investigated (see
paragraph L5).

Meteorological data

39. Precipitation data. During this study precipitation data

were obtained at the WES Red Devil, Turkey Creek, and Clover Ditch
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rainfall measurements. The annual rainfall inereases from scuth to
north across the reservation. For example, the WES Red Devil and Turkey

‘reek stations show total precipitation amounts for 1976 of or

and B8.71 in.,* respectively; whereas, the precipitation values at Butts
Airfield and Colorado Springs Airport were 18.48 and 20.34 in., respec-
+ T

vely. Also, during 1976 the annual precipitation was above average

mpared with past years of record (Table 5). Further discussion

f precipitation amounts and distribution in the

Fort Carson area is
contained in Report 3 of this series.

40. Although these general trends are interesting, they do not
provide data that can be of direct use to the Fort Carson natural re-
sources management programs. Therefore, a more meaningful analysis and
portrayal of the rainfall data for the reservation are needed. It is
anticipated that long-term records from the nearby weather stations can
be used to establish the frequency duration and intensity of rainfeall
for each month and that the areal distribution over the Fort Carson
installation can be determined by correlating the individual storm

durations and intensities from all of the available weather stations.

cause of the mountainous topography that borders on Fort Carson and
its effect on precipitation and wind currents, establishing the areal
distributions of the various storms will not be straightforward. How-
ever, the data obtained by the three WES field stations during this
study, in conjunction with other long-term meteorological data, should
provide a more adequate picture of rainfall and wind conditions through-

out the reservation.

L1. Surface wind direction data. Wind roses (see paragraph 25)

AL

were prepared for the WES Red Devil and Turkey Creek stations for each
period of data collection, as listed in paragraph 1lb, and were sent to
Fort Carson periodically throughout the study. These data were used to
prepare a summary of the predominant directions from which the surface

wind was blowing for the period 20 November 1975 through 27 January 1977

* These values represent incomplete totals for the year due to the loss
of a few days' data.

hl




( Table 6). In general, the surface winds for the period of December
through mid-May blew generally from a south (S5) to southeasterly (SE)
lirection, although at various times they varied significantly from the
5-5E directions. During the period mid-May through November, which in-
*ludes the high precipitation months of July, August, and September, the
surface winds blew primarily from a westerly to northerly direction.
However, these data should be analyzed in detail to provide areal distri-
butions of the wind currents over the southern part of the reservation.
. Surface wind speeds., The surface wind speed as measured at
the Red Devil and Turkey Creek stations are summarized in Table T in
terms of the average value and range. In general, the strongest surface

winds occurred during the winter months of November through February

reaching a high average of 12 mph in March 1976. The

wind speed recorded at the Red Devil station was 30 mph and at Turkey

8l )

reek, 24 mph.

43. OSolar radiation. The solar radiation as measured at the Red

n
™

Devil and Turkey Creek field stations reached a high of

1.73 Langley (Ly)/min during the summer months and averaged between

1.40 and 1.58 Ly/min (Table 8). The daily maximum reading usually
ccurred between 1200-1300 hr. During the winter months of November
through February, the maximum radiation ranged between 0.82 and 1.28 Ly/
min, with the maximum occurring during 1200-1300 hr. The winter average
values were between 0.77 and 1.36 Ly/min.

LL. Air temperatures. The measured air temperatures at the Red

Devil and Turkey Creek sites were significantly different for some months

(m,

(Table 9). The monthly average temperature during the winter months

O

ranged from 48B° to 60°F at Red Devil and from 29° to 50°F at Turkey

Cr=ek.

Recommendat ions

L5, Based on preliminary analysis of some of the water-quality

and meteorological data collected during this study, the following work




ommended to better aid Fort Carson in its long-range natural

resource management programs:

a. Analyze further the WES meteorological data collected
during this study, together with data from nearby weather
stations, to determine by statistical analysis the
return frequency, duration, and intensity of seasonal
rainfall that might be expected to occur in different
geographical areas of the reservation, and to provide
areal data on surface wind currents (speeds and direc-
tions) for the southern half of the installation.

b. OStudy the WES water-quality data collected on Clover
Ditch, together with data from nearby water-quality
stations on Fountain Creek, to determine the effects of
the surface wvaters in Clover Ditch on the aquatic life
that would be expected to occur in Clover Ditch and
Fountain Creek.

. ‘onduct additional long-term monitoring at Fort Carson

¥ with the WES automated field stations to provide the data
needed to support a feasibility-type rangeland restoration
program dealing with vegetation reestablishment, erosion
rontrol, and improvement of native wildlife habitats.
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RED DEVIL METEROLOSICAL STAHTION
NILITARY COORDINATES 1445356
FT CARSON COLORALD
MEASURENENT INTERVAL S &0 MINUTES
RECORD FERIODS 02 MAk - 24 MAR 1976

SAMPLE A X * X ATk % ) X
LATE TINE ¥ PRECIF= % WIND X UIND X TEMFEK- % SOLAR ¥ SULAR
DA MO YR HR MNk ITATION X SFEED ADIRECTICN: ATURE  #RAVIATIGH v SADIATIL ¢
el IN. ¥ MI/Hx % DEG,N 4 DiGsF  >LANG/MIN *LANG/MIxN »
(SENSOR. NOw ) $=~—mDm e S — e e e e G e e e K e )
2 3 26
12% 0 0.60 12,39 109.0 61.5 £

12% 0 0.00 15.01 1£68.5 £0.6
142 0 0.00 14.65 155 L

15% © 0.00 1471 £89.5 PRI 1.0
16% © 0.00 15,07 315.5 440,46 0.7
17% © 0.00 8.94 334.0 35.4 0.2
18% © 0.00 8.68 29505 33.4 0.02
19% 0 0.00 9.64 0.0 29 .5 0.00
20% ¢ 0.00 1425 5.5 V7 o7 0.0%
21% 0 0.00 11 AS 103.0 g, a 0.00
20% 0 0.00 11.45 53,5 27.0 0,00
23% 0 0.00 11.648 44.0 25.5 0.00
¢« 3 76

0% 0 0,00 11 .31 79.0 23,4

1¥ 0 0.00 B.50 76.5 94,3

2% 0 0.00 ¥.90 9.5 23,0

3x © 0.00 11,31 770 23.0

4% O 0.00 11,04 1345 39,

9% 0 0.00 10.50 LY .0 240

¥ O 0.00 10.16 105.0 295

7% 0 0.00 14.27 £5.0 PRed

84 O 0.00 9.3 97.0 25.5

9% 0 0.00 10.16 129.0 253

10k © 0.00 12,01 385 24,8

11% 0 0.00 12.01 50.5 26,4

12% 0 0.00 703 51.0 266

12x © 0.00 .80 29.5 25.3

14x O 0.00 7.30 23.5
15% 0 0.00 8.63 0.0 22.8
16%x O 0.00 8.23 17.0 22.¢
17%x © 0.00 /.08 14.0 21.9
18x © 0.00 11.69 0.0 217
19 © 0.00 11.18 217
20x ¢ 0.00 ?.07 247,59 219
21%x 0 0.00 7.463 197.0 21.7
22% 0O 0.00 6.860 301.5 21.4
25x%x O 0.060 7.786 201.0 21.7

4 3 76
Or © 0.00 720 233.0 21.2 0.00 0.00
1» 0 0.00 7.16 243 .5 2041 0.00 0.00
2% 0 0.00 7:26 205.0 20.7 0.00 0.00
3x 0 0.00 7.63 282.0 20.86 0.00 0.00
4% 0 0.00 10.90 0.0 16.9 0.00 0.00
% 0 0.00 16,35 L7.0 18.3 0.00 0.00




Table 2

Monthly Average Values and Ranges of D.0., Water Temperature,
pH, and Conductivity for Clover Ditch Sites 10 and 6*
Clover Ditch Clover Ditch
Site 10 Site 6 |7}
Total Total
Hours Hours
of Valid of Valid
Month Data Average Range Data Average Range

a. Dissolved Oxygen, ppm

Feb 76 575 3.0 1.7-5.0 *x ity i
Mar 76 527 4.0 2.0-6.0 *k % ek
Apr 76 153 3.5 2.5-5.5 %K *k X
May 76 5y 35 2.:5=5.0 370 Tfiridi 3.0-9.5
Jun 76 237 4.5 3.0-6.0 201 t ¥
Jul 76 356 5.0 205=7.5 628 5.9 3.0-8.0
Aug 76 P 5.0 4.0-8.0 612 SieD 2.5-9.5
Sep 76 266 t T 602 6.0 265955
Oct 76 689 Sl ¥ 3.0~9.0 545 6.0 4.0-11.0
Nov 76 700 6.0 3.0-9.9 445 6.0 3.0~10.5
Dec 76 656 5.0 3.0-6.0 648 7:40 3.0-8.5
Jan 77 308 4.3 3.0-7.0 214 6.5 3.0-8.5
b. Water Temperature, t_
Feb 76 915 55 40-65 Lt k% "k
Mar 76 538 55 40-60 *x S K%
Apr 76 164 60 50-67 Xk xX *k
May 76 384 63 45-75 443 56 45-75
Jun 76 454 65 60-75 535 62 50-75
Jul 76 579 68 60-75 631 66 55-80
Aug 76 438 68 60-75 674 65 55-75
Sep 76 691 65 50-75 628 60 45-75
Oct 76 728 60 45-70 572 52 40-67
Nov 76 709 53 45-65 496 41 35-54
Dec 76 731 49 40-55 661 36 <32-42
Jan 77 340 48 50-50 337 33 <32-35
(Continued)
* Values for averages and ranges are based on the total number of

hourly records of valid data obtained for each month.

* k

No data (field station was not established until 12 May 1976).
Insufficient valid data for determining monthly average.
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Table 2 (Concluded)

Clover Ditch

Clover Ditch

Site 10 Site 6
Total Total
Hours Hours
of Valid of Valid
Month Data Average Range Data Average Range
Hydrogen Ion Concentration, pH
Feb 76 516 7.4 6.7=17.5 ik A A
Mar 76 504 1.6 6.8-7.9 i K B
Apr 76 168 Uichl) 7.5-8.0 L 50 s
May 76 373 1.1 1.2-841 391 8.1 7.5-8.6
Jun 76 327 7.8 7.5-8.5 492 o) 7.5-8.3
Jul 76 525 8.0 7.8-8.4 628 7.8 7:2-8.2
Aug 76 438 T 7.3-8.3 646 el 7.3-8.3
Sep 76 479 7.6 7.0-8.0 594 7.6 7.3-8.2
Oct 76 455 Jiels 7.4-8.5 565 bl 7.3-8.2
Nov 76 573 7.9 7.7-8.3 432 7.9 7.4-8.2
Dec 76 7530 8.0 7.5-8.5 650 7.6 7.4-7.9
Jan 77 434 8.0 7.7-8.3 352 ol 7.4-7.9
Conductivity, umhos/cm
Feb 76 515 830 750-950 ke ke *k
Mar 76 519 800 560-1100 *% A% *x
Apr 76 164 1020 910-1110 *k g *
May 76 405 860 330-1270 385 1066 341-1570
Jun 76 386 840 400-1320 511 950 390-1450
Jul 76 579 884 325-1450 670 703 424-946
Aug 76 438 685 520-880 457 737 425-1335
Sep 76 687 663 200-920 617 859 400-1880
Oct 76 731 679 420-928 576 935 600-1260
Nov 76 697 600 466-740 482 695 360-1108
Dec 76 728 516 385-675 637 610 420-750
Jan 77 466 480 280-565 332 521 450-624
**% No data (field staticn was not established until 12 May 1976).
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Table 4

Hourly Water Temperature Changes* at Sites 10 and 6

on Clover Ditch

Total Average Hourly Total Average Hourly
Hours Temperature Hours Temperature
of Valid Change at Site 10 of Valid Change at Site 6

Month Data ca AR Data OF

Feb 76 515 15551 it s

Mar 76 538 2.0 *% e

Apr 76 164 L5 Kk k

May 76 384 1o 443 IR

Jun 76 454 1.6 535 1.5

Jul 76 579 ek 631 2.0

Aug 76 438 ZlL 674 2.0

Sep 76 691 2.2 628 e

Oct 76 728 231 572 Lo

Nov 76 709 2.0 496 165

Dec 76 731 1.7 661 oS

Jan 77 340 1.3 337 1.2

* In most cases, the hourly changes were a result of increasing

*k

temperatures, although changes were also observed when the tempera-
Most of the larger hourly temperature changes

ture was decreasing.
occurred between 0700 and 1000 and 1200 and

No data (field station was established at site 6 until 12 May 1976).

1500 hr.
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Table 5

the Vicinity of Fort Carson from 1945-1976

_Annual Precipitation, in. Number Years
R =7 | L o Minimum  Average  Maximum  of Record
Canon City 5.11 12.43 23.49 31
Colorado springs 14.84 750l 19.18 2
Colorado Springs Airport** 859 14.86 25,163 28
Fountain 8.43 14.14 26.61 32
Fountain (9 miles NE) 8.99 1336 24.35 11
Penrose (3 miles NNW) 4.70 1233 20.11 28
Pueblo (3 miles SW) (o045, 12.36 115557 )
Pueblo (6 miles SSW) 8.45 Ol 10.72 3
Pueblo Airport*# 6.27 1. 36 2309 22
Pueblo Army Depot Blelil 2 10.47 1616 17
Pueblo Fire Station 2 8.85 12021 1551 6
Pueblo Fire Station 5 13.05 15.08 1793 4
Pueblo Reservoir 6.80 0D 18.18 20
Butts Airfield, Fort Carson 8.69 1287 1907 74

* Precipitation measured hourly.
** Precipitation measured daily (once per 24 hr) at all stations,
except Colorado Springs Airport and Pueblo Airport.
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Table T

1

Wind Speeds for Red Devil and Turkey Creek

Wind Speed, mph

Total Total
Hours Hours
f Valid of Valid
Month Data Average Range Data Average Range
Red Devil Station* Turkey Creek Station**
Nov 7° 248 18 6-23 250 10 $=2k

Dec 75 109 11 8-22 Ll s 2-23
Jan T¢ 35 10 5-15 154 10 726
16 70 10 0-30 10k 10 0-18
Mar Tt T06 11 1P 659 12 0-2k
Apr Tt 666 10 0-11 718 6 0-15

Red Devil Sediment Basin* Turkey Creek Sediment Basin*

May T¢ LL8 7 1-11 Le8 5 1-13

=
I

-

1y 76 696 10 0-15 696
Jul 76 Thy 9 1-1k L3 + +

-+
+

Aug T¢ Tho 10 1-11 The
Sep T6 120 9 0-10 686 5 =0
et 16 325 8 0-10 145 6 1-10

Nov 76 32k G 0-10 270 5 0-13
Dec 76 Thl 74 0-11 35k L 0=-10
631 9 0-11 + + +

Feb T7 255 8 0-11 218 | 1-15
Mar T7 + + + Thi 9 0-16

* Wind speeds were measured at a height of 15 ft above ground.
¥#% Wind speeds were measured at a height of 6 ft above ground.
+ Insufficient or no valid data for determining monthly average.

s ——————— - - . - R
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aximum O

r Radiation for Red Devil and Turkey Creek

Table

8

Maximum Solar Radiation,

Ly

/m i

min

Total

Hours

f Valid f valld
Month 1ta Average ange Data verage Range
Red Devil Station Turkey Creek tion
eb Tt ¢ Yo ) U8=<1. 2: 103 .94 .91-0.98
Mar Tt @y 1.31 ). 41~1.50 659 7 .31-1.5:
:‘\,i' L 003 1.40 0.5 l—l.l)\' {.‘&,"z | 5 ) DDO=1,01
Red Devil Sediment in Turkey Creek Sediment Basir
May T¢ Ll ¢ 1.40O 0. 54%~1 .57 456 Lo .63-1.62
un Tt HEl 152 0.32-1.63 I i *
ul 76 605 1.58 0. FT=L.T3 % z d
Aug T¢€ 640 L. 47 0. b1-1.65 * * *
sep 16 68¢ 1.46 0.68-1.71 682 1.38 ) Lh=-1.49

7¢ 676
Ty &)
(8 64

0.96-1. 46

0.39-1.23

o

N 1
Qs [O=1

0.64~1.28

T-1.31
-1.13
c_0) /1)

*

Insuf'ficient valid data for determining monthly average.




Table 9

emperatures for Red Devil and Turkey Creek

. P (o}
Air Temperature, °F
Total Total
Hours Hours
f Valid of Valid
Month Data Average Range Data Average Range
Red Devil Station Turkey Creek Station
{ 4 ) ~62 50 ) ~-65
¢ {1 U );-'("/ 390 4t 3=-T0
il t ‘.. 50 y/‘ L—It' 1. i + L O=6¢
et { 670 60 o I (’)4 0H 43 -69
Mar Tt (L7 595 -T2 659 37 -5=7T3
Apr ¢ 660 69 24-8 718 45 L9-79
Red Devil Sediment Basin Turkey Creek Sediment Basin
May T¢ L 3¢ 35-83 LTl * %
Tun T6 696 80 )U,)—\)éﬁ 0Y6H * *
Jul Tt [La Of 52-102 7Ly * *
Aug 76 739 82 50-92 T30 * *
Sep 16 720 TS 38-95 686 1 41-90
Sl Ve 158" i LT
¢t Tt 32¢ 3 32=01 145 O 20-T9
.y y o N " 1 4 y
Nov T¢ 275 50 20-T2 266 40 =10-7
Dec T¢ 671 L8 20-64 356 38 5-5
Jan T7T wu'r 50 L“’)—";éﬁ * * *
Feb TT 259 23 20-65 271 50 20-6¢
iy ‘ * * * LD 60 20-6T

* Inoufficient valid data for determining monthly average.




APPENDIX A: GSENSORS USED WITH MANUALLY OPERATED AND AUTOMATED
FIELD STATIONS AT FORT CARSON, COLORADO

1. All sensors used by the WES at Fort Carson for environmental
data collection, together with appropriate mathematical conversions of
the raw field data into engineering units, are described in the follow-

ing paragraphs.

Rainfall

)

2. Rainfall was measured continuously with a Weather Measure*
Model P-501 rain gage. All internal parts are aluminum, chrome-plated
brass, or stainless steel. The rain gage has an 8-in.-diam orifice
protected by a heavy brass ring and uses a tipping-bucket mechanism
coupled to a mercury switch to produce an electric output signal. The
tipping~bucket mechanism (Figure Al) uses balanced polyethylene buckets
suspended on stainless steel pivots.

3. As rainfall enters the orifice, it is drained to the gage's
interior into one of the two buckets in the tipping mechanism. When one
bucket is full, the weight of the water causes it to tip and the second
bucket swings into place beneath the entry funnel. As each bucket tips,
the water drains out through the base of the gage where it can be ac-
cumulated and analyzed, if desired. The tipping action causes a mercury
switch beneath the tipping-bucket mechanism to close momentarily. The
gage is calibrated such that one switch closure is produced for eact
).01 in. of rainfall. The number of switch closures during an interro-
gation interval is counted, and the total is transferred to the cassette
tape. Later, appropriate software is used to calculate the total rain-

fall (in inches) for the interrogation interval. The conversion is

Rainfall = number of switch closures (counts) for the specified
recording period x 0,01

* Weather Measure Corporation, Sacramento, California.

Al
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|
R=av + b
where
R = radiation, Ly/min
a = slope (=0.02) of the calibration curve (Figure A3), which is
dependent upon the individual sensor
v = output of sensor, mv
b = zero offset (*0.04), which is dependent upon the individual
sensor
(1]
84
p
-
3
t 3
z 56
o]
;
<«
o
<
a 42
a
<«
e
o
w
28
4
& 1 I 1 1 1 L 1 | ol 1
o] 10 20 30 40 50 60 70 80 00 100
METER OUTPRUT, MV
Figure A.3 Example calibration curve for Matrix Mark I-G
Sol-A-Meter
Air Temperature
9. Air temperature was measured with a Lockheed (LEC) Model S1081
sensor (Fipure AW4). This sensor incorporates a thermolinear thermistor
network as the sensing element. The network is a composite device con-
sisting of resistors and thermistors configured to produce an output
resistance that is related to temperature as follows:
Al
' - . 2 i




where

eliminates
the s
ambient

tempe

temperature, °F
sensor resistance, ohms

hms /O F

;'-" = total

4 o l",}.((

k. =127 olms/ =P
LO. Fhe

ensing element. A

air around

rature sensor produces a linear output of

ture sensor
temperature sensor

a. Temperature range:

Figure Al.

sensor enclosure is

the effect of

range of -72° to +1LO°F.

"chimney"

0~1.0v

Characteristics

are given below.

~T2% to +180°K.

both direct and reflected solar

radiat

design creates a smooth flow

the sensing element without forced aspiration.

constructed with a triple shield that

ion upon
of the

The

over a tempera-

of Model S1081

The LEC Model $1081 air-temperature

sensor
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ir temperature

b. ‘alibrated accuracy #0217 .
c
3 ensitivity 1¢ hms/°F.
Air temperature n i letermined by the following

1"
b—
.

set constant

Wind speed was measured at 6.5 ft above ground level con-

with a Climet* Model 011-2B wind-speed r (Figure AS),

Figure AS.

Climet Instruments Model 0l11-2B wind-speed sensor

et

Instruments, Sunnyvale, California.

A6

“r

i




accurate, durable, 3-cup-type, 0- to 100-mph anemometer. As the
anemometer rotates, it activates a sealed magnetic reed switch by means
f a magnet attached to the sensor shaft. The output signal is a series
of contact closures at a frequency proportional to wind speed. Reli-
ability of the sensor is ensured by incorporation of rugged materials;
namely, Lexan anemometer cups, a stainless steel shaft, Teflon-sealed
stainless steel bearings, cast and machined anodized aluminum housing,
etc., and careful selection of seals and weatherproof connectors.

13. Detailed characteristics of the wind-speed sensor are as
follows:

a. Range: 0-100 mph.

b. Calibrated accuracy: #+2 percent or 0.25 mph, whichever
is greater.

¢c. Output: 2 switch closures per revolution.

14. The switch closures during each preselected sampling time
interval are counted, and the total number is transferred to magnetic
tape. An average speed over the time interval (in mph) is then obtained

by applying the appropriate constant in the equation:

Average wind speed = number of switch closures X (Xi)

where

¥. = the constant for time interval i

i = time interval in minutes; for i = 15 min, X = 0.001753 ; for
i = 30 min, X = 0.000876 ; for i = 60 min, X = 0.000438

Wind Direction

15. Wind direction was measured at 6.5 ft above ground level
by a Climet Model 012-2B wind-direction sensor (Figure A6), which is a
companion to the 011-2B wind-speed sensor (Figure AS5). An airfoil wind
vane and precision potentiometer assembly deliver a resistance analogous
to the azimuth bearing from which the wind is blowing. The wind-
direction sensor is made of the same rugged materials and has the same

type of seals as the wind-speed sensor,

AT




Figure A6. Climet Instruments Model 012-2B wind-direction sensor
16. Detailed characteristics of the wind-direction sensor are
listed below.

a. Mechanical azimuth range: 0-360 deg.

b. Electrical azimuth range: 0-35h4 + 2 deg.
¢. Calibrated accuracy: +5 deg.

i. Resolution: 0.5 deg.
e. Minimum wind speed for direction measurement: 1.25 mph
17T. A sensor output of 15,000 ohms corresponds to an azimuth of
) dep (tape value = 0), and 5,000 ohms corresponds to an azimuth of
356 deg (tape value = 712). A "dead band," 357-359 deg, exists for
which the sensor has no output, and all azimuths in this range are
interpreted as 358 deg. The conversion of the recorded tape value to

wind direction in degrees from north (clockwise) is expressed as:

5 ; » recorded tape value
Wind direction Y 4

A8
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. Water leve W measured with a Universal Engineered Oy me ¥

a. Range of measurements:

el T-60 tion L1 we .
&
rure AT. versa.l .'Ax'ih' ered 31 € Model [-6¢ water—-1eve 1 Y
). As installed in the field, the water-level sensor (Mode ~
mounted on a h tal platform above the water surz e to be
wred. A polymer float ride n the water surface and nnected
a sta Le teel tape to the tape wheel and gearbox, which, in turn,
tion a precision potentiometer as the water rise and fal . pti-
ensitivity provided by antibacklash gears and preci n stain-
teel bearings. The T-66 is contained in an all-weather cast
minum enclosure and has a tripod mounting for level adjustment. ['he
*tion of the still well is to provide a plane surface fre¢ f ripples
n which the float can ride.
). Characteristics of the T-66 water-level sensor are as tollows:

0D=10 f't.

jniversal Engineered Systems, Pleas

A9

anton, California.




b. Calibrated accuracy: 0.2 percent.

¢. bLensitivity: 0.05 percent.

i. Resistance: potentiometer, 10,000 to 15,000 ohms.

g, PFloats: extruded polymer, 12 in.
f. OGtandard tape wheel: 2-ft circumference; aluminum with

+
stainless steel indexing pins spaced 6 in. apart.
g. Dimensions: 9 in. wide by 18 in. high by 9 in. deep.

h. Weight: approximately 20 1b.

21. The T-66 linear resistance range of 10,000 to 15,000 ohms
corresponds to a range of 100 to 900 mv recorded on the magnetic tape.

The following equations were used to compute water level (W_), in ft,
L

in the two Fort Carson sediment basins:

W. = (recorded value - 100) x 0.033 for the Turkey Creek site

W. = (recorded value - 100) x 0.02% for the Red Devil site

Water-Quality Sensors

22. Two different sensor packages were used by the WES on Clover
Ditch to determine selected characteristics of the surface waters. At
site 10 on Clover Ditch at which the WES automated field station was
established on 20 November 1975, a Martek* Mark V water-quality sensor
package (Figure A8) containing sensors for measuring pH, conductivity,
temperature, and D.O. was used. For the manual station that was estab-
lished at site 6 on Clover Ditch on 20 November 1975, a Martek Mark II
sensor package (Figures A9 and AlQ) containing the same four types of
sensors was used until the WES installed an automated field station at
site 6 on 5 May 1976. At the time the automated field station was
established, a Martex Mark V sensor package was installed at site 6,
and the Martex Mark 11 sensor package was moved to another location at
Fort Carson.

23. The Martex Mark IT and V sensor packages (pH, conductivity,

* Martek Inc., Newport Beach, California.
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this is accomplished by a temperature-sensitive resistor or thermistor
included in the pH amplifier cireuit.

m »

26. 'he two Martek Instruments used by the WES are characterized

Lelow.
Mark 11 Mark V
Range, pH 0-12 0-12
Calibrated accuracy, pH +0.1 +0.03
Resolution, pH 0.01 U OL
Operating temperature range, °F 0-122 0-122
Output, mv 0-500 0-1000

27. ©Signal conditioning for the Mark V pH sensor was set up so
that the output range is from 0 to 1000 mv recorded on the cassette
tape. The tape value is converted to pH by the following computation:

pH = recorded value x 0.01k

Dissolved oxygen

28. Martek polarographic D.0. sensors are used; each consists of
a silver anode and a gold cathode enclosed in a PVC (polyvinylchloride)
housing. A solution of potassium chloride is used as the electrolyte.
A membrane, permeable to oxygen, is placed over the cathode. The mem-
brane material is a special, tough Teflon, which has the characteristic
ultrasmooth surface that helps prevent foreign materials, such as
sludge, slime, grease, and marine organisms, from clinging to it. Aside
from diffusing oxygen and other gases, it effectively shields the
cathode and anode from contamination, prolonging their service life.
When oxygen diffuses through the membrane to the cathode, a chemical

reaction takes place:

0, + 2H,0 + Lo e LOH

The related reaction at the silver anode in the electrolyte chamber is
UAp 4 LU() et LA CL + lie

ALk




A voltage applied across the two electrodes results in a current flow
that is proportional to the partial pressure of oxygen at the probe
tip, and the sensor produces an output signal as long as the electrolyte

is exposed to oxygen. A pressure-equalizing diaphragm, on the side of

the probe housing, flexes as necessary to provide pressure equalization

Mg, §

across the Teflon membrane (

(in between the water sample and the electro-
lyte chamber), which is necessary when a closed electrolyte chamber is
operated to and from water depths up to 328 ft.

29. The two sensor packages (Martek Mark IT and V) are primarily
intended for use in natural water bodies. ' The Mark II provides fast
response to changes in D.0. level because of the use r.i\f' a special
stirrer mechanism and a very thin, rapidly responding membrane. A
similar fast response is obtained with the Mark V by use of a special
scraper, which is actually more effective in preventing contamination
f the probe than is the stirrer.

30. A separate underwater temperature probe supplied with the
Martek units is used to measure water temperature for the primary pur-
pose of calibrating oxygen partial pressure values (as sensed by the
D.O. probe) in terms of ppm. The temperature probe uses a factory-
calibrated and aged disc-type thermistor with a time constant of ap-
proximately 10 sec as the sensing element. It forms part of an automatic
temperature-compensation circuit, which corrects D.0. readings for both
temperature effects on the oxygen probe membrane permeability and varia-
tion in oxygen solubility in natural waters as a function of temperature.

31. The two Martek D.0. sensors are compared below.

Mark 11 Mark V

Range, ppm 0-2, 0-10, 0-20 0-20

Calibrated accuracy, ppm 41.0% of full scale +0.05
Resolution, ppm 0.05 0.01
Operating range, °F 0 to +104 ~22 to 158

Output, mv 0-500 0-1000

32. ©8ignal conditioning for the Mark V D.0. sensor was set up so

that it produces a 0- to 1000-mv output for O- to full=-scale input from

AlS
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the D.0. sensor. The recorded tape value is converted to D.0O. in ppm
by the equation:
D.0. = recorded value x Q.02
water ‘rI.iLl,’A.ivJ
33. Electrolytic conductivity of solutions is a nonspecific

o

asurement of the ions in a solution. The values obtained are a func-
%

tion of the number of ions, their electrical charge, and their rate of

£ +

vement , which is also a function of temperature and the nature of the

Moreover, the magnitude of the temperature effects is different
for the different ions and changes with concentration. Finally, it
should be pointed out that the conductivity is not a linear function of
the number of ions in the solution. For example, the use of electrical
conductivity to obtain the exact concentration of salts in solution is
restricted to solutions of known compositions such as seawater. When
seawater is diluted by fresh water such as in an estuary, errors caused
by changes in salt composition and dilution will result in less than
accurate results. The use of conductivity data in very dilute solutions,
as in fresh water to obtain concentration of dissolved salts, is an
estimate at best. This measurement is based on a variation of Ohm's
law:

current
voltage

Conductance in pmhos =

Thus, if the voltage drop across two electrodes is kept constant, con-
ductance is directly proportional to the current through the cell. This
is the principle employed in the Mark II and Mark V packages.

3k, The conductivity-measuring circuit in the Mark II and Mark V
units consists of a very closely regulated 1000-Hz sine wave generator,
which feeds its output (0.5v) to the conductivity cell. The current
passing through the cell is fed to a current-to-voltage converter, where
it is changed to an a-c¢ voltage proportional to conductance. This a-c

voltage is then converted to a pulsating d-c voltage by a phase detector,
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and the resulting voltage can be read on a display meter supplied with
1e Mark IT and Mark V and, by suitable signal conditioning, simultan-
eously output to the field station. ©Since the phase detector is sensi-

tive only to that part of the signal that is in phase with the applied

voltage, the overall circuit sees only the cell resistance, not the cable

capacitance, which would cause large errors. ‘“Yhe conductivity cell has

large nickel electrodes, which are coated with platinum black to increase

the surface area, reducing resistive effects at the electrode surfaces.

3%. Characteristics of the two Martek conductivity sensors are

listed below.

Mark 11 Mark V
Range, umhos/cm O=100; 505 25 108, 5y 2.5 0~1000 or 0-100
Calibrated accuracy 2% of full scale +5.0 or +0.5 umhos/cnm
Resolution 0.1% of full scale 1.0 or 0.1 umhos/en

36. Signal conditioning for the Mark V conductivity sensor was

to

set to produce a recorded output of 0 to 1.0v, analogous to 0- to full-
scale sensor output. Therefore, the recorded value equals conductivity
in pymhos/cm, and no conversion is required.

Water temperature

37. Water-temperature sensors are included in both of the Martek
sensor packages, but two different tranducers are used. The Mark II

ses a thermistor, and the Mark V uses a thermolinear array.
38. The following are the characteristics of the two Martek

temperature sensors:

Mark Il Mark V
Range, °F 0 to +10k +23 to +113
Calibrated accuracy, °F +0.5 #0,.1

Resolution, °F 0.01 0.01

39. ©Oignal conditioning for the Mark V water-temperature sensor

was set up to produce a range of 0 to 1.0v recorded on the magnetic tape

for 0= to full-scale output of the sensor. The conversion to water

temperature in °F is obtained as follows:
I

Water temperature = [(recorded value x 0.04%5) x 1.8] + 32.0
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In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

West, Harold W
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of Fort Carson natural resources; Report 2: Water-quaiity, me-
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stations / by Harold W. West, Herman M. Floyd. Vicksburg,
Miss. : U. S, Waterways Experiment Station, 1977.

43, 105, 17 p. ¢ 4)1. & 27 em. (Technical report - U. S.
Army Engineer Waterways bExperiment Station ; M-77-4, Report 2)

Prepared for Directorate of Facilities and Engineering, Fort
Carson, Colorado, and Office, Chief of Engineers, U. S. Army,
Washington, D. C., under Project 4A162121A896, Task 01, Work
Unit 006,

1. Data collection systems. 2. Environmental data. 3. Envi-
ronmental management, 4. Fort Carson, Colo. 5. Hydrologic
data. 6. Instrumentation. 1. Floyd, Herman M., joint author.
II. Fort Carson, Colo. Directorate of Facilities and Engineer-
ing. IIl. United States. Army. Corps of Engineers. 1V. Series:
United States. Waterways Experiment Station, Vicksburg, Miss.
Technical report ; M-77-4, Report 2.
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