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ABSTRACT

in the summer - fall of 1992 and 1993, the University of Idaho conducted an assessment of
surface aquatic resources on the Craters of the Moon National Monument in south-central idaho.
The study covered Leech and Little Cottonwood Creeks on the north end of the Monument and Big

Cottonwood Creek outside of the Monument's northwestern boundary.

Stream water quality was high, with no obvious violations of Idaho State Standards of
temperature, dissolved oxygen (indicating low external organic loading), and turbidity. Total
dissolved solids content of the water as indicated by electrical conductivity was moderate to low.
Stream waters are carbonate-based, of moderately low alkalinity and CO,, and neutral to
slightly basic pH. Stream water nutrient concentrations of total phosphorus were moderately
high with nitrogen limitation indicated. Stream water concentrations of NH,-N are high. High
quality streambanks suggests wildlife use of riparian zones, not cattle, as the source of this
NH.-N. Low to moderate levels of Fecal Coliform with high Fecal Streptococcus bacteria in
streams suggests animal (cattle and/or wildlite influence), rather than human influence to the
streams. Attached algae production in the streams was moderately high. Stream insect
associations are balanced with the exception of the middle reach of Little Cottonwood Creek
where Dipteran dominance suggests metals impacts from Martin Mine although chemical
measurements of heavy metals were not unusually high. Streambank and channel stability is
good with little indication of eroding or collapsing banks. Cave water quality is relatively
enriched with the melt water of some caves showing effects of human visitation and
contamination. Cave water and water for cave ice formation seems to be from surface, rather

than underground sources.



INTRODUCTION

Craters of the Moon National Monument was created in central Idaho in 1924 by President
Coolidge (Sterns 1928). The 217 km? expanse of the Craters of the Moon National Monument is
situated at the northern edge of the Snake River Plain and on the southern edge of the Pioneer
Mountains in south central Idaho (Figure 1). The site is 30 km southwest of Arco, Idaho. Since
most of the Monument is geologically recent (i.e. < 4,000 years) and consisting of lava flows,
cinder cones, and pumice fields, nearly 60% of the area is devoid of soil and therefore, of
significant plant cover. Approximately 30% of the site is vegetated with sagebrush-dominated

communities (Blakesley and Wright 1988).

Water resources in the Monument are scarce, being concentrated in the short stream valleys of
Leech Creek and Little Cottonwood Creek near the northwestern corner of the Monument. Other
surface waters on the Monument are in the form of a few isolated water holes or as ice and melt

water in perennial cave ices.

Livestock grazed the Craters of the Moon before its establishment as a National Monument.
Since lands fell under the jurisdiction of National Park Service, grazing has been restricted,
but continuing sporadic grazing has undoubtedly still occurred from trespassing livestock
(Btakesley and Wright 1988). Since grazing is restricted on the Monument, Leech and Little

Cottonwood Creeks, representative of relatively ungrazed conditions, will be compared to Big

Cottonwood Creek adjacent to, but off and northwest of the Monument.

Approximately 6 miles to the northwest of the Monument lies the drainage of Big Cottonwood
Creek, managed by the Bureau of Land Management and actively grazed. Big Cottonwood Creek

will serve as our comparison site when comparing grazed and lightly-grazed streams.

All three streams are very similar in geology consisting of sagebrush-covered hillsides in short
stream valleys of sand- and clay-type surface soils. Little Cottonwood Creek ranges from

5,960 ft to 6,900 ft in elevation while Big Cottonwood Creek is slightly higher in elevation
ranging from 5,880 ft to 7,200 ft. Big Cottonwood and Little Cottonwood Creeks have both had
deep shaft mining activity in their drainages. The mining activity in the area was associated

with the silver boom in south-central Idaho from 1880 to 1902 (Biakesley and Wright 1388).



The Martin Mine located on Little Cottonwood Creek transferred ownership to the Monument in
1963 and most of the structures associated with the mine have since been removed. The
Paymaster mine iocated on Big Cottonwood Creek still has some outbuildings in place and is

closer to operational mining status.

In June 1992, the University of ldaho was commissioned by the National Park Service to
conduct a survey of aquatic resources as a baseline data set for future evaluation of water

resources on the Craters of the Moon National Monument.

PROJECT OBIJECTIVES
1. Develop a baseline of stream water and cave ice quantity and quality in 1892 and 1993;
2. Provide a baseline description of biological resources of surface waters on the Monument,

including a) attached benthic algae, b) aquatic insects, and ¢} riparian and stream

channel analysis; and,

3. To establish a monitoring system for water and ice quality and quantity to be implemented
in the future by NPS personnel. |



MATERIALS AND METHODS

Leech, Little Cottonwood, and Big Cottonwood Creeks were surveyed for a range of water quality
parameters. Each creek was surveyed monthly from May-October in 1992 and 1993 at
stations established on upper, mid, and lower reaches of each stream. At low flows, lower sites

on Leech and Little Cottonwood Creeks were dry.

Water quality samples were split into two groups; those that could be obtained in the field with
the use of meters or field chemistry kits, and those to be frozen for further analysis at the

University of Idaho Analytical Lab.

Study Stations
Leech Creek -- Upper Site:

immediately downstream of the Monument's upper boundary on Leech Creek at an
elevation of 6,420 ft.

Leech Creek -- Lower Site:
South of and adjacent to the research camp at an elevation of 6,000 ft.

Little Cottonwood Creek -- Upper Site:
On the upstream side of the culvert that Little Cottonwood Creek passes through. This

site has a V-notch flow box installed in the creek and is at an elevation of 6,720 ft.

Littie Cottonwood Creek -- Below Martin Mine:
This station is located on the east side of the road and is located downstream of the Martin

Mine. It is at an elevation of 6,220 f.

Little Cottonwood Creek -- Lower Site:
This station is located in the large meadow at the bottom of the drainage and is located

just upstream of the well sites. It is at an elevation of 6,040 ft.
Big Cottonwood Creek - Below Paymaster Mine:
Below the mixing zone from tailings drainage into BCC at an elevation of 6,840 ft.

Big Cottonwood Creek -- Upper Site:



Immediately below the road that leads to the Paymaster Mine at an elevation of 6,640 ft.
Big Cottonwood Creek -- Lower Site:

Upstream of road bridge over BCC at an elevation of 6,010 ft.

Eield Analyses

All chemical measurements were conducted according to Standard Methods for the Analysis of
Water and Wastewater (APHA 1991). Temperature and dissolved oxygen were determined at
each site with a YS| Model 57 Temperature-Dissolved Oxygen Meter. Temperatures were
recorded as temperature in °C. The meter was calibrated at each site for 100% saturation as a

function of temperature and altitude. The results were reported in mg/l dissolved oxygen.

Electrical conductivity was measured with a YS| Salinity-Conductivity-Temperature Meter.
This meter was calibrated daily. Results were reported as pmhos (microsiemens or

micromhos)/cm?

Measurements of pH were determined with a Orion pH meter calibrated daily against pH 7, pH
10, and pH 4 buffer solutions. The results were reported as pH units on a standardized scale of
1-14.

Turbidity of the water was determined with a Hach 2100-A Turbidity meter calibrated daily
with the use of Hach standards and reported as NTU's (Nephelometric Turbidity Units).

Alkalinity and Carbon Dioxide (CO,) both determined by titration (APHA 1991). Alkalinity was
determined with a 0.02N sulfuric acid solution and methyl orange indicator and reported as

mg/l CaCO,. Carbon dioxide was determined with 0.02N sodium hydroxide and phenolphthalein
indicator and reported as mg/l CO,.

Flow was determined with the use of a Marsh-McBirney solid state velocity meter in
conjunction with depth and width measurements to determine water discharge as cubic feet per
second.



Laboratory Analyses

All samples taken back to the University of ldaho Analytical lab were collected in triplicate in
one-liter acid-washed polyethylene bottles. Each bottle was labeled and fixed with the 2 ml
sulfuric acid to prevent decomposition of the sample and frozen within 12 hours of coliection.
The only samples not fixed with sulfuric acid were soluble reactive phosphorus which were
filtered through 0.45u membrane filters and frozen within 4 hours of collection. Total
phosphorus and soluble reactive phosphorus were determined using the Stannous Chloride
method (APHA 1991). A colorimetric method where molybdophosphoric acid is reduced by

stannous chloride to a brilliant blue color and reported as mg/l TP or SRP.

Ammonia Nitrogen was determined by the colorimetric process of Nesslerization (APHA 1991)
and reported as mg/l NH,-N. Nitrate Nitrogen was determined with the ultraviolet
spectrophotometric screening method which utilized wavelengths of 220 nm and 275 nm to
determine mg/l NO,-N (APHA 1991). Organic Nitrogen was determined using the Kjeldahl
method (APHA 1991).

Samples analyzed for metal concentration were sent to the University of Idaho Analytical
Laboratory for metals determination by atomic absorption analysis. The lab foliowed the
guidelines of (APHA 1991). Results are reported as mg/l of the specific metal. Metals tested
were arsenic, cadmium, copper, lead, molybdenum, silver, and zinc. There were two types of
metals tests performed by the ]ab. First, a metal screening test was performed to determine the
concentrations of several different types of metais and second, a separate test was performed to
determined concentrations of lead and arsenic. Results for the metal screening test are reported

as ppm (parts per million) and lead and arsenic vaiues are reported as ppb (parts per billion).

Biological Resources

Attached Benthic Algae: Five replicated samples of periphyton growth on natural rock
substrate were scraped off the rocks with a stitf brush, filtered through GFC filters on site, and
frozen tor chlorophy!l 2 and ABA biomass analysis at the Ul Limnology Laboratory (APHA
1991). Results are reported as mg chlorophyll a/m? of substrate.

Benthic Macroinvertebrates (aquatic insects): Five replicated one-ft* samples of

stream substrate and benthic macroinveriebrates were taken for determination of



macroinveriebrate density, species composition, and community diversity. Samples were taken
at times of high and low flow at each stream site and distributed randomly within the stream
channel at each site for a representative estimate of the insect community. Rocks and gravel
contained within a 170 u screen from the specific sample area were scrubbed by hand and
stirred thoroughly to dislodge insects. Samples were transferred to jars and preserved in a

solution of 70% ethanol.

All samples taken were identified with Merritt and Cummins (1988), Wiggins (1977), and
Pennak (1978) and numbers of each taxa recorded. When possible, taxa were taken to the

generic level.

S S L& Riparian Habitat A I

Stream channel and riparian habitat assessment analyses were conducted during the summer of
1992 at many sites along the creeks. Starting at the headwaters, an assessment of habitat was
completed at one-quarter mile intervals until the streams disappeared into lava sinks. The
assessment followed that of the United States Department of Agriculture's stream reach

inventory and channel stability evaiuation (Pfankuch 1978).
At each site, the following measurements were made:

1. Streambank slope

2. Streambank and channel stability

3. Stream depth profile

4. Riparian cover
Streambanks and Channel Measurements

Streambank slope (degrees) was visually estimated individually for right and left banks. This
measurement is based on a vertical plane with 100% slope being a 45° slope and 0% slope being
horizontal. Right or left side of bank was standardized for this study as right bank to right side

of viewer when facing upstream and left bank to left side of viewer when facing upstream.

Streambank stability was determined for each site by estimating the percent cover, bank
composition, and slope of both right and left streambanks. Factors such as erodability, type and

variety of cover, amount of sand, silt, and clay, and steepness of slope were used in determining



this feature. Each streambank was designated by excellent, good, fair, or poor as a result of

these factors.

Channel stability was determined for each site in similar ways but relied on streambed
composition, undercut streambanks, and both manmade and natural disturbance as channel

stability indicators.

Stream depth-to-width ratios were determined with a metal tape and were taken at left-,
right-, and mid-channel locations. Wetted stream width as well as full bankflow width were

measured to determine amount of water that could be carried by the channel.
Riparian Cover

Riparian communities were analyzed with the use of a one-meter square quadrat. Ten one-
meter quadrats were systematically selected at each of our sites and piant species identified with
the use of keys (primarily Hitchcock and Cronquist 1973). Each quadrat was assessed for

species composition to characterize the riparian community.



RESULTS AND DISCUSSION

Stream Water Discharge

Water discharge in Little Cottonwood, Leech, and Big Cottonwood Creeks was lower in 1992 than
in 1993. All watersheds had discharge curves typical of basin and range geography in the
intermountain region with high discharge occurring in late spring and early summer due to
snowmelt and low discharge in late summer or early fall. Leech Creek's peak discharge was in
October of 1992 at 0.12 ft%sec at the upper site and 0.13 ft*/sec in May at the lower site.
Peak 1993 discharge occurred in May with values of 0.68 ft*/sec at the upper site and a peak
discharge of 0.89 ft¥/sec at the lower site in May (Figures 2 and 3). Mean discharge through
the summer-fall in Leech Creek in 1992 was 0.07 ft¥/sec at the upper site and 0.13 ft¥/sec at
the lower site. Mean discharge through the summer-fall, 1993 was 0.30 ft%/sec and 0.55

ft*/sec at upper and lower sites, respectively.

In Little Cottonwood Creek, 1992 peak discharge occurred in October at both sites with a
discharge of 0.09 ft*/sec at the upper site and peak discharge below the Martin Mine in October,
1992 of 0.11 ft¥/sec (Figures 4 and 5). Mean discharge rates in Little Cottonwood Creek for
1992 were 0.04 ft*/sec for the upper site and 0.10 ft*/sec below the Martin Mine. Peak
discharge occurred at the upper site in June of 1993 with a discharge of 0.54 ft3/sec. Peak
discharge occurred in June at the site below the Martin mine with a discharge of 1.13 ft*/sec.
Mean discharge rates in 1993 were 0.30 ft¥/sec at the upper site and 0.52 ft*/sec at the site
below the Martin Mine.

In Big Cottonwood Creek, 1992 peak discharge occurred in May at the upper site and in October
at the lower site with 0.41 ft*/sec and 0.77 ft*/sec respectively. In 1993, peaks were in June
at both sites in with values of 3.31 H#{¥/sec at the upper site and 4.44 ft*/sec at the lower site
(Figures 6 and 7). Mean summer-fall discharge for Big Cottonwood Creek at the upper site was
0.27 ft¥/sec in 1992 and 2.14 ft*sec in 1993. The lower site showed a mean summer-fall

discharge of 0.48 ft*/sec in 1992 and 2.17 ft%/sec in 1993. These streams responded to higher



snow pack and precipitation in 1993. The winter of 1991-92 had below-average snowfall and
thus smaller water discharge values in 1992 while the 1992-93 winter had average snowtfall

for the area and is reflected in the higher water discharge rates of 1993.

Water Temperature

Water temperatures ranged from 8.0°C to 15.0°C in Leech Creek with the maximum
temperature of 15.0°C reached during August, 1992 at the upper site (Tables 1 and 2 and
Figure 8). Temperatures in 1993 were lower than those in 1992. Temperatures in 1993
ranged from 8.5°C to 12.5°C with the highest temperature of 12.5°C reached in September at
the lower site (Tables 3 and 4 and Figure 9).

Water temperatures ranged from 8.0°C to 15.0°C in Little Cottonwood Creek in 1992 (Tables 5
and 6 and Figure 10) and from 8.0°C to 15.0°C in 1993 (Tables 7 and 8 and Figure 11). At the
lower site on Little Cottonwood Creek, we found water only during the months of May and June in
1993 (Table 9). Peak water temperature of 15.0°C occurred both in August, 1992 at the
upper site and in July, 1993 at the station below the Martin Mine.

Water temperatures in Big Cotitonwood Creek ranged from 10.0°C to 29.0°C (Tables 10-12 and
Figures 12-14) during the 1992 season with a summer-fall mean of 18.2°C. The high of
29.0°C was reached at the site below the Paymaster Mine during June. Temperatures in 1993
were slightly lower. Temperatures ranged from 8.0°C to 16.5°C (Tables 13-15 and Figures
12-14) with a summer mean of 10.9°C being reached. The high reading of 16.5°C was again

seen in July at the site below the Paymaster mine.

Dissolved Oxygen

Dissolved oxygen levels in Leech Creek ranged from 7.6 mg/l to 13.0 mg/l during the 1992
sampling season with a summer mean of 8.3 mg/l (Tables 1-2 and Figures 15-16). In 1993,
levels ranged from 7.5 mg/l to 10.0 mg/| with a summer mean of 8.9 mg/l (Tables 3-4 and

Figures 15-16). Leech Creek oxygen percent saturation ranged from 72% to 105% in 1992
and from 68% to 86% in 1993.

Little Cottonwood Creek had dissolved oxygen levels ranging from 6.6 mg/i to 10.3 mg/! in
1992 with a summer mean of 7.2 mg/l (Tables 5-6 and Figures 17-18) and from 5.4 mg/l to
9.6 mg/l in 1993 with a summer mean of 7.8 mg/l (Tables 7-8 and Figures 17-18). In
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1993, levels fell below the state and federal standard of 6.0 mg/l only in August at the upper
site where a reading of 5.4 mg/l was observed. Oxygen percent saturation in Little Cottonwood
Creek ranged from 64% to 91% in 1992 and from 48% to 87% in 1993.

Dissolved oxygen levels in Big Cottonwood Creek ranged from 5.1 mg/l to 11.0 mg/l in 1992
with a summer mean of 7.4 (Tables 10-12 and Figures 19-21). The low of 5.1 was below the
state and federal standard of 6.0 mg/l but only occurreq during the month of June at the site
below the Paymaster Mine (largely because of high water temperature at that site). Dissolved
oxygen levels increased slightly in 1993 at all three sites. Levels ranged from 7.4 mg/i to
11.2 mg/l with the low occurring in June at the site below the Paymaster Mine (Tables 13-15

and Figures 19-21). The mean summer dissolved oxygen level for 1993 was 8.3 mg/l.

Oxygen percent saturation in Big Cottonwood Creek ranged from 64% to 100% in 1992 and
from 68% to 94% in 1993.

Electrical Conductivi

Total dissolved solids as measured by the electrical conductivity were typical for the geology of
the area (Harenberg, et. al. 1987). Conductivity ranged from 90 to 197 umhos in the Leech
Creek during 1992 (Tables 1-2 and Figures 22-23) (1992 mean = 148 umhos) and ranged
from 180 to 225 umhos during 1993 (Tables 3-4 and Figures 22-23) (1993 mean = 203

pmhos).

Conductivity ranged from 150 to 900 umhos during 1992 in Little Cottonwood Creek (Tables
5-6 and Figures 24-25) (1992 mean = 209 umhos) and ranged from 95 to 240 umhos during
1993 (Tables 7-9 and Figures 24-25) (1993 mean = 170 umhos). The high reading of 900
umhos occurred in October, 1992 below the Martin Mine after three months of no surface
water discharge in the stream channel at this site (Figure 25). First discharge following the
three-month dry period apparently carried a high concentration of dissolved minerals below the

Martin Mine.

Electrical conductivity levels in Big Cottonwood Creek ranged from 80 to 455 umhos in 1892

(Tables 10-12 and Figures 26-28) (1992 mean = 139.2 umhos). in 1993 conductance was
lower with a range of 46 to 270 umhos (Tables 13-15 and Figures 26-28) with a 1993 mean
of 92.4 umhos. The lower levels of conductivity in 1993 can be attributed to dilution with

higher water runoff from the watershed into the stream,
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Alkalinity was moderate and ranged from 136 to 177 mg/l in Leech Creek during 1992 (Tables
1-2 and Figures 29-30) with a mean of 152 mg/l and from 147 to 210 mg/| with a mean of
173 mg/l in 1993 (Tables 3-4 and Figures 29-30). Alkalinity in Littie Cottonwood Creek
was somewhat lower with levels ranging from 94 to 170 mg/l with a mean of 128 mg/l in
1992 (Tables 5-6 and Figures 31-33) and leveis ranged from 84 to 172 mg/l with a mean of
130 mg/l in 1993 (Tables 7-9 and figures 31-33). Alkalinity in Big Cottonwood Creek was
also in the moderate range. Levels ranged from 16 to 77 mg/l in 1992 (Tables 10-12 and
Figures 34-36) with a mean of 51 mg/l. Big Cottonwood Creek showed similar characteristics
in 1993 with levels ranging from 20.6 to 63.6 mg/l (Tables 13-15 and Figures 34-36) with
a mean of 47 mg/l. These figures were consistent with the findings of Omernik and Griffith
1986. They found lower alkalinity readings associated with higher elevation streams in alpine

meadows or flowing from mountain peaks.

Carbon dioxide levels were reiatively low for all three watersheds with a low of 0 mg/i in
August of 1993, at the lower site on Leech Creek and a high of 16 mg/l in October of 1992, in
Little Cottonwood Creek below Martin Mine (Groundwater influence is obvious at that latter
site). The mean annual level of CO, in Leech Creek for 1992 was 10 mg/| (Tables 1-2 and -
Figures 37-38) and 7 mg/| in'1993 (Tables 3-4 and figures 37-38). The mean annual CO,
level CO, ,in Little Cottonwood Creek was 8 mg/l in 1992 (Tables 6-7 and figures 39-40) and
7.6 mg/l in 1993 (Tables 7-9 and Figures 39-40). The mean annual level of CO,.in Big
Cottonwood Creek in 1992 was 5.3 mg/! (Tables 10-12 and figures 41-43) and 4.3 mg/l in
1993 (Tables 13-15 and figures 41-43). The low amount of CO, in most surface stream sites
on COM suggests minimal groundwater influence except for the apparent groundwater flow

influences below the Martin Mine.

The waters of all three creeks showed slightly acid to slightly basic qualities most of the time
(Figures 44-50) with the pH ranging from 5.80 to 8.66 (Tables 1-15). Leech Creek had a
mean pH in 1992 and 1993 combined of 8.11; Little Cottonwood Creek had a mean pH of 7.81;
and Big Cottonwood Creek had a mean pH 7.67. All means were true means i.e. calculated on
antilogs of pH readings taken on site and monthly readings combined to determine true site

means of pH.



Turbidi
Turbidity readings were relatively low with most less than 3.0 NTU (Nephelometric Turbidity
Units). Levels in Leech Creek ranged from 1.1 to 8.5 NTU in 1992 (Tables 1-2 and Figures
51-52) with a mean of 2.1 NTU and ranged from 1.1 to 5.0 NTU in 1993 (Tables 3-4 and
Figures 51-52) with a mean of 2.3. Levels in Little Cottonwood Creek were somewhat lower
with values ranging from 1.3 to 3.4 NTU in 1992 (Tables 5-6 and figures 53-54) with a mean
of 1.9 NTU and from 0.7 NTU to 2.3 NTU in 1993 (Tables 7-9 and Figures 53-54) with a mean
of 1.6 NTU. Turbidity in Big Cottonwood Creek was similar to the other drainages. Levels
ranged from 1.0 to 5.5 NTU in 1992 (Tables 10-12 and Figures 55-57) with a mean of 1.8
NTU. Levels in 1993 were slightly higher and ranged from 1.4 to 7.0 NTU (Tables 13-15 and
Figures 55-57) with a mean annual reading of 2.8 NTU. There were a few readings that were
higher than 3.0 NTU but these occurred during or after rainstorms which would increase the
amount of suspended sediments, thereby discoloring the water. The higher readings occurred in
Leech Creek at the lower site during June of 1992 with a reading of 8.5 NTU. This reading is
most likely due to large amounts of sediments and terrestrial organic debris suspended in the

water column at the time of sampling.

Nutrients

Nitrate-nitrogen (NO,-N) levels were quite low in all three of the streams studied. .None of the
streams had levels exceeding 0.036 mg/l (Tables 15-16) either year of the study. NO,-N
levels for Leech Creek ranged frgm 0 mg/l to 0.036 mg/l in 1992 (mean = 0.007 mg/l NO,-
N) and ranged from 0 mg/l to 0.002 mg/l in 1993 (mean = 0.002 mg/l NO,-N). Levels in
Little Cottonwood Creek ranged from 0.001 mg/l to 0.010 mg/l for 1892 (mean = 0.003 mg/l
NO,-N) and ranged from 0 mg/l to 0.002 mg/l NO,-N in 1993 (mean = 0.001 mg/l NO,-N).
Levels in Big Cottonwood Creek ranged from 0.001 mg/! to 0.010 mg/l NO,-N in 1992 (mean =
0.003 mg/l NO;-N) and levels ranged from 0.002 mg/l to 0.006 mg/l NO,-N in 1993 (mean =
0.004 mg/l NO,-N). These very low levels of NO,-N suggest that these streams are relatively
unpolluted because they fall in the bottom end of the ultra-oligotrophic range of 0 - 0.200 mg/!
NO,-N (Wetzel 1983).
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Ammonia nitrogen (NH,-N) levels for Little Cottonwood, Leech, and Big Cottonwood Creeks
ranged from 0.02 to 1.67 mg/l NH,-N during the course of the study (Tables 15-16).
Ammonia levels in Leech Creek ranged from 0.09 to 0.35 mg/l in 1992 (mean = 0.19 mg/l
NH,-N) and ranged from 0.04 to 0.18 mg/l in 1993 (mean = 0.11 mg/l NH,;-N). Levels in
Little Cottonwood Creek ranged from 0.08 to 0.26 mg/l NH,-N in 1992 (mean = 0.17 mg/I
NH,-N) and ranged from 0.08 to 1.66 mg/l in 1993 (mean = 0.32 mg/l NH,-N). Levels in Big
Cottonwood Creek ranged from 0.10 to 0.61 mg/l NH,-N in 1992 (mean = 0.19 mg/l NH,-N)
and ranged from 0.10 to 1.50 mg/l NH,-N in 1993 (mean = 0.19 mg/l NH,-N). Increased
levels of either NO,-N or NH;-N were not seen in Big Cottonwood Creek, the stream receiving
most grazing of the three study streams. Ammonia, the parameter most responsive to cattle

grazing, was little different between the three streams.

Total phosphorus (TP) levels were moderate in all streams (Tables 15-16). Phosphorus
levels in Leech Creek ranged from 0.012 mg/l to 0.100 TP mg/l in 1992 (mean = 0.050 mg/l
TP) and levels ranged from 0.025 mg/! to 0.124 mg/l in 1993 (mean = 0.047 mg/l TP).
Total phosphorus levels in Little Cottonwood Creek were similar to those found in Leech Creek.
Levels ranged from 0.010 mg/l to 0.158 mg/l in 1992 (mean = 0.065 mg/l TP) and ranged
from 0.013 mg/l to 0.071 mg/l TP in 1993 (mean = 0.041 mg/l TP). Total phosphorus
levels in Big Cottonwood Creek were similar to those found in the other two streams. Levels
ranged from 0.020 mg/l to 0.150 mg/l TP in 1992 (mean = 0.050 mg/I TP and levels ranged
from 0.006 mg/i to 0.070 mg/l TP in 1993 (mean = 0.033 mg/l TP).

Although most unpolluted surface water streams have total phosphorus levels of 0.010 - 0.050
mg/l TP and phosphorus levels are generally lower in mountain streams compared 'to lowland
streams (Wetzel 1983), the values we observed on COM streams are not as low, relatively
speaking, as are the nitrogen levels. The following table summarizes annual levels of NO3,
NH3, and TIN (Total inorganic nitrogen) over the two study years, then compares TIN to TP
values and ratios for both annual and two-year trends. TIN:TP ratios < 8 indicate nitrogen-
limited waters; the very low ratios observed in this COM study (3.2 - 5.2) indicate nitrogen-
limited stream waters. Nitrate-nitrogen is very low in all streams with the unusual situation
of almost all TIN contributed by ammonia. but the low ratios are most likely a manifestation of

relatively high NH,-N and moderate TP concentrations. The stream watersheds are all
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geochemically diverse (as indicated by the mining activity) mixes of igneous, basaltic, and

metamorphic rock types, conditions generally yielding higher TP concentrations in runoff

water. No unusual man-caused sources of phosphorus to the streams were seen.

1992 1993
NO3 NH3 TIN NO3 NH3 TIN
ﬁ "“_
Leech Creek 0.007 0.19] 0.197] 0.002 0.11| 0.112
Littie Cottonwood Cr.] 0.003 0.17| 0.173| 0.001 0.32] 0.321
Big Cottonwood Cr. 0.003 0.19] 0.193] 0.004 0.191 0.194
1992 1993 Study
TIN TP N:P TIN TP N:P |Mean N:P
#=——
Leech Creek 0.197 0.050, 3.940( 0.112] 0.047]| 2.383 3.2
Little Cottonwood Cr.| 0.173[ 0.065 2.662] 0.321] 0.041( 7.829% 5.2
Big Cottonwood Cr. 0.193| 0.050| 3.860{ 0.194| 0.033] 5.879 4.9

Nutrient concentrations from the three springs on Little Cottonwood Creek were assessed four

time in 1992 and six times in 1993 (Table 17).

Concentrations were similar to stream values
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and the three springs were similar to each other except for moderately high concrations of NH,-
N found in Spring 1. Spring 1 NH,-N values were always higher than Springs 2 and 3, reaching
concentrations of 1.17 mg/l. Organic contamination is the probable source of high NH,.

Bacteria

Fecal coliform concentrations were relatively low with all samples falling below 100 colonies
per 100 mi of water (Table 18). Although these numbers seem low, they often did not meet the
Idaho State Water Standard of <1 fecal coliform/100 ml for drinking water (Idaho Division of
Environmental Quality 1992). Fecal coliform concentrations in Leech Creek generally did not
meet drinking water standards in 1992 and not at ali in 1993 (ranging from 22 to 60
colonies/100 ml). Fecal coliform levels in Little Cottonwood Creek were all less than 100 in
1992 and ranged from less than 1 to 10 in 1993. Fecal Coliform concentrations in Big
Cottonwood Creek were 100 colonies or less for 1992 and ranged from less than 1 to 8 colonies
per 100 mi. in 1993. When high values were present, they were in lower Leech Creek or Big
Cottonwood Creek.

Fecal streptococcus samples were fairly high during the 1992 season and fell off drastically
during the 1993 season. Concentrations in Leech Creek ranged from 200 - 700 colonies/100
ml in 1992 and from 3 - 25 colonies/100 m! in 1983. Fecal streptococcus levels in Little
Cottonwood Creek ranged from 200 - 1,300 colonies/100 mi in 1992 and from less than 1 -
37/100 ml in 1993. Fecal streptococcus concentrations for Big Cottonwood Creek ranged from
100 - 600 colonies /100 ml in 1992 and from 1 - 9/100 m! in 1993. A fecal coliform to
fecal streptococcus ratio of less than 4.0 usually indicates that domestic livestock and other
animals are the predominant source of bacterial loading to the water (Gary et. al 1983). Our
FC:FS ratios in this study were always very low, indicating livestock or wildlife contamination
of the streams. The higher bacteria counts found in Little Cottonwood Creek and Leech Creek
might be attributed to higher riparian wildlife use of area where the public is denied access.

Wildlife favor these riparian zones for refuge and resting (Stuart et al. 1971),



16

Metals

Dissolved metals analyses (EPA 200.7 screening tests to determine presence or absence of
twenty different species of metals) was conducted at high and low fiows in both Leech and Little

Cottonwood Creeks. Results of this testing are shown in Tables 19 and 20.

It appears the Martin Mine is minimally influencing the metals content of Little Cottonwood
Creek. Sampling in October, 1992 does show concentrations of lead and arsenic that were
slightly above detection limits (Table 20). Arsenic reached a level of 6.8 ppb (parts per
billion) and lead reached a level of 2 ppb. During the 1993 season, lead fell below the detection
limits of the test but arsenic still showed up with levels reaching 4.2 ppb. These levels are
still well below EPA's criteria for domestic and irrigation water supplies (arsenic = 36 ppb
and lead = 140 ppb). No samples from Big Cottonwood Creek were analyzed for metal

concentrations.
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Aftached Benthic Algae

Attached benthic algae (ABA) levels were assessed by the indicator chlorophyll a concentrations
in the biofilm scraped from stream substrate rocks. Leech, Little Cottonwood, and Big
Cottonwood Creeks were all analyzed at both high and low stream flows. ABA chlorophyll a
values were slightly higher in 1992, the lower flow year, than in 1993. Concentrations in
Leech Creek ranged from 0.3 mg/ m? to 18.9 mg/m? in 1992 and from 0.3 mg/m? to 1.7 mg/m?
in 1993. Levels in Little and Big Cottonwood Creeks ranged from 0.7 mg/m? to 7.7 mg/m? in
1992 and from 0.4 mg/m? to 3.8 mg/m? in 1993. This decrease in chlorophyll a
concentrations from 1992 to 1993 is most likely due to increased water discharge between the
two study years, resulting in diluted or lower nutrient concentrations in 1993. Levels of
chlorophyll a in both 1992 and 1993 were not high enough to be considered “nuisance levels”
(100-150 mg/ m?) as described by Weich et al. 1986. Attached benthic algae chlorophyll a
levels are in line with the NH, and TP concentrations suggesting that these are relatively rich

streams.

Insects

Insect communities in the three drainages showed differences in community composition
reflecting subtle water quality differences between the streams. Leech Creek, the smallest of
the three streams, showed a relatively even balance of Ephemeropterans (mayfiies), Dipterans
(two-winged flies), and Plecop}erans (stoneflies). in Leech Creek, Plecopterans comprised
30.8% of the community, Dipterans 21.7% of the community, and Ephemeropterans comprised
20.2% of the community. The rest of the community structure consist of Trichopterans
(caddisflies), Coleopterans (beetles), Oligochaetes (freshwater earthworms), and Planarians

(flatworms).

Little Cottonwood Creek showed a slightly different pattern of insect community composition.
The community structure of Littie Cottonwood Creek was dominated by Dipteran larva at 64.7%
of the insects found in this stream. Dipterans are generally more tolerant of metals
concentrations than are the other groups. Plecopterans comprised 11.7% of the population with
other groups poorly represented. The remainder of the Little Cottonwood Creek community
structure consisted of Ephemeroptera, Trichoptera, Coleoptera, Hemiptera, Oligochaetes, and

Planarians.
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Big Cottonwood Creek had an insect community more similar to Leech Creek than to Little
Cottonwood Creek. In Big Cottonwood Creek, the insect community was predominantly
Dipterans, Ephemeropterans, and Plecopterans. Dipterans comprised 40.9% of the community,
Ephemeropterans 35.7%, Plecopterans 14.7%, and the remainder of the community comprised

of Trichopterans, Coleopterans, Oligochaetes, and Planarians.

Often insects are used as indicators when assessing stream condition for fish (mostly
salmonids) habitat. For the stream to be assessed as g&)od habitat, the EPT (Ephemeroptera:
Plecoptera:Tricoptera) component should be high compared to the rest of the community.
Another use for the EPT ratio is to characterize the streambed. An insect population comprised
mostly of Dipterans i.e. with a low EPT ratio, would indicate a streambed dominated by sand or
silt or a stream possibly receiving metals inputs. Streams with a high EPT ratio would indicate

larger substrate composition.

ICE CAVES

During the two-year study, ice caves containing ice and water of sufficient quantity were
sampled each year in August. Caves that were studied were Bear's Den Waterhole, Little Prairie
Waterhole, Moonshine Cave, and Boy Scout Cave. All other caves were visited and determined

not to have sufficient ice or water for sampling.

Bear's Den Cave

Bear's Den Cave, located in the wilderness area of the Monument, was one of the caves sampled
during both years of the study. This cave is unique to the Monument due to the fact that it has a
large slab of ice near the back of the cave with an ice siide that drops about six feet in elevation.
It is the only cave on the Monument with this feature. Water quality parameters were taken
from the large pool near the entrance to the cave. Water temperature was 4.2°C in August,
1992 and 4.5°C in August, 1993. Dissoived oxygen in the water pool of the cave was 7.4 mg/l
in 1992 and 8.0 mg/l in 1983. Electrical conductivity declined from 75 umhos in 1992 to 30
pmhos in 1993, suggesting that the higher snowpack of the preceding 1992-93 winter diluted
surface runoff in 1993, resulting in a lower conductivity compared to 1992. The pH reading
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for both years was in the neutral range with a pH of 7.1 in 1992 and a pH of 7.3 in 1983.
Alkalinity and CO, in 1992 had means of 17.3 mg/l and 4.3 mg/l, respectively, declining
slightly in 1993 with alkalinity and CO, means of 14.6 mg/l of 2.3 mg/l, respectively. The low
alkalinity and CO, levels also suggest, that the water in the cave is from surface water sources
(with condensate and snowmelt most likely predominating) and not from groundwater seeps.

Far greater values of both parameters would be expected in groundwater. This was further
supported by the August, 1993 observation of a large mound of snow still remaining in the cave
entrance. It is apparent that snowfall has a dominant influence on the amount of ice that is
formed in the caves each year. Measurements were taken on the depth of the ice pack in the rear
of the cave and compared between the two sampling years. An increase of 12-14" was observed

in the depth of the ice from summer 1992 to summer 1993.

Turbidity was relatively low with means of 1.5 NTU in 1892 and 1.9 NTU in 1993. Nutrient
analyses were performed on cave water in 1993. Nutrients measured were NO;-N, NH;-N,
TKN, and total phosphorus. NHga-N levels were 0.127 mg/l, NOg3-N levels 0.026 mg/l, and
TKN less than detection at 0.02 mg/l. The water in Bear's Den Cave had levels of total
phosphorus up to quite high levels of 0.182 mg/l.

Chlorophyll a concentrations on submerged rocks in the cave were measured in August, 1992.
Levels of chiorophyll a in 1992 averaged 9.5 mg/m? . These samples were highly variable,
probably largely due to variability of shading in the cave, as indicated by 80% confidence

intervals of 1.1 to 11.3 mg/mZ.

i Prairi

Little Prairie Waterhole is located southeast of Bear's Den Cave in the wilderness area of the
Monument. Little Prairie Waterhole is not as large as Bear's Den and has more of a vertical
entrance and therefore receives direct light. The small amount of ice present in the cave was
under four to five feet of water and therefore was not measured or sampled during the study.
Water quality parameters were taken and they are similar to that of Bear's Den. Temperature
was 4°C in 1992 and 4.5°C in 1993. Dissolved oxygen was 7.4 mg/l in 1992 and 8.4 mg/l in
1983. Conductivity for both years was relatively low with conductivity in 1992 of 40 pmhos
and 30 umhos in 1993. The pH for both years was in the neutral range with a measurement of

7.0 in 1992 and 7.8 in 1993. Total alkalinity was quite low, ranging from a mean of 19 mg/l
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in 1992 to a mean of 19.8 mg/l in 1993. CO, was also low with a means of 4.0 mg/! in 1992
and 2.4 mg/l in 1993. This again suggests that water in the cave is from surface and not ground
water sources. Turbidity of Little Prairie Waterhole water was quite low with means of 1.6
NTU in 1992 and 1.5 NTU in 1993.

Nutrient concentrations of Little Prairie Waterhole water were lower than those found in Bear's
Den. Levels of NO,-N in the Waterhoie were 0.012 mgl/l, NH,-N levels were 0.093 mg/l, and
TKN levels were less than 0.02 mg/l. Total phosphorus concentrations in Little Prairie
Waterhole were 0.050 mg/l. Chiorophyll a concentrations of ABA in Little Prairie Waterhole
averaged 26.5 mg/m? with 80% confidence intervals of 22.8 to 30.1 mg/m?. These were
considerably higher than in Bear's Den Cave but still well below the nuisance level of 100 to
150 mg/m? as reported by Welch et al. 1986. This cave is in a remote location and poorly
accessible to the public.

Moonshine Cave

Moonshine cave is a small cave located southwest of the spatter cones and contained a small
pocket of water with some ice near the back of the cavern. There is a narrow opening through
which one must crawl to reach the pocket of water and ice. Water overlying the anchor ice was
too deep to permit ice sampling. Water temperature was cold in the cave with a temperature of
4.0°C in 1992 and 5.0°C in 1993. Dissolved oxygen was 8.0 mg/l in 1992 and 10.2 mg/l in
1993. The oxygen reading in .1992 was slightly below saturation but the oxygen of 10.2 mg/
in 1993 was at 100% saturation for that temperature and altitude. Conductivity was fairly
low with readings of 60 wmhos in 1992 and 50 umhos in 1993, suggesting little influence of
dissolved solids leached into groundwater. The pH was around the neutral range with vaiues of
6.4 in 1992 and 7.4 in 1993. Total alkalinity was low in both years with means of 36.3 mg/l
in 1992 and 30.0 mg/l in 1993. Carbon dioxide concentrations for both years were low with
means of 3.6 mg/l in 1992 and 2.6 mg/l in 1993. These low measurements once again suggest
water in the cave is from surface and not from groundwater sources. Turbidity in both years
was low with means of 1.8 NTU in 1992 and 2.0 NTU in 1993. Nutrient levels in Moonshine
Cave were similar to those observed in Bear's Den but higher than those found in Little Prairie
Waterhole. Nitrate-nitrogen was 0.016 mg/l, NH,-N was 0.070 mg/l, TKN levels less than
0.02 mg/l, and TP was 0.105 mg/i.
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Boy Scout Cave

Boy Scout Cave is a cave on the public tour and tends to get heavy foot traffic from visitors on
the Monument. This cave was sampled during both study years and was found to have no water
during the 1992 season when only ice was found in the cave. During the 1993 season, large
amounts of water were found near the back of the cave and water quality measurements were
taken. Temperature of the water was 4°C. Dissolved oxygen levels were 10.2 mg/l (97%
saturated). Conductivity was fairly low at 70 umhos. The pH of the water was on the basic side
in Boy Scout Cave with a reading of 8.2. Total alkalinity and CO, were low with means of 30
mg/l and 2.3 mg/l, again suggesting that the water is from surface water sources. Turbidity in
the cave was high compared to all of the other caves with a reading of 5.0 NTU. In-cave traffic
stirring up dirt and debris was indicated. Boy Scout Cave had the highest level of nutrients of
all the caves tested. Ammonia-nitrogen was 0.971 mg/l, NO;-N was 0.04 mg/l, TKN was 1.20
mg/l, while TP levels in the cave reached 0.200 mg/l. These very high levels of nutrients in
this cave are apparently related to visitor activity. It was observed during our 1993 trip that
the cave had been recently receiving heavy visitor traffic. In addition, while sampling the cave,
we were approached by approximately 30 people in the thirty minutes we were in the cave.

With ammonia levels nearing 1.0 mg/l, it is apparent the cave is receiving human wastes.

RIPARIAN HABITAT ANALYSIS
Stream Channel Evalyation
The stream reach inventory and channel stability evaluation was determined using the Pfankuch
(1978) method and the results were in the "good" range for all three streams. This analysis
takes into account the force of the water necessary to shape the stream channel during times of
high flow. Since most of all three creek lengths are in steep canyons, there is littie opportunity
for high flows to alter stream course. Appendix C lists the criteria used in the habitat analysis.
Most stream reaches were in the "good" range with a score of 39-76. Mean score for Leech
Creek was 63.5 with a range of 48-74. Mean score for Little Cottonwood Creek was 65.4 with a
range of 52-88. Mean score for Big Cottonwood Creek was 60 with scores ranging from 46 to
71. The lower station Six on Little Cottonwood Creek was the only station that did not receive a
"good" rating. |t was rated only fair due to steep banks, very large rock content, and lack of

consolidation of the substrate (i.e., low substrate stability).
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One section of the habitat analysis was to conduct a plant survey for the riparian areas of both
streams. Resulting plant lists are in Appendix D. The plant species found are typical of the high
mountain desert and dry grasslands environments in the Great Basin. Because the north end of
the Monument is the only area with flowing water on it, plants found in riparian zones of this

area tend to absent or rare in the rest of the Monument.

During our study at the lower station on Littie Cottonwood Creek, water flow was present for
only a short time, in early 1993. This station was dry for the entire 1992 sampling season
(May-October). The lower station is located west of the well site on Little Cottonwood Creek and
flows through a meadow of grasses and sagebrush. This community of perennial plants is more
xeric and plant ages indicate that xeric communities have obviously has dominated the area for
some time. It is apparent that the springbox diversions reduces the downstream surface and
subsurface water volumes at the lower site. However, if water were allowed to flow through
this lower section of stream, one should see a change in plant community to a more moist
riparian community, similar to communities found higher in the drainage. More water in Little

Cottonwood Creek would extend the riparian vegetation further downstream.

During the 1992 sampling season, the middie site on Little Cottonwood Creek was also dry. The
middle site is located downstream of the Martin Mine and was dry from July through September,
1992. This middle site held a number of moist species of plants such as seep-sprihg monkey
flower and should be watched carefully in the future to track riparian community change. To
maintain a balanced riparian community representative of the area, flow should ideally be kept

sufficient in Little Cottonwood Creek to allow tiow to reach below the Martin Mine.
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Stream water quality is high, indicating no obvious violations of Idaho State Standards of

temperature, dissolved oxygen (indicating low external organic loading), and turbidity.

Total dissolved solids content of the water as indicated by electrical conductivity is

moderate 1o low.

Stream waters are carbonate-based, of moderately low alkalinity and CO,, and neutral to
slightly basic pH.

Stream water nutrient concentrations of Total Phosphorus are moderately high with
nitrogen limitation indicated.

Attached algae production in the streams is moderately high.

Stream water concentrations of NH,-N are high. High quality streambanks suggests

wildlife use of riparian zones, not cattle, as the source of this NH,-N.

Low to moderate levels of Fecal Coliform with high Fecal Streptococcus bacteria in
streams suggests animal (cattle and/or wildlife influence), rather than human influence

to the streams.

Stream insect associations are balanced with the exception of the middie reach of Little

Cottonwood Creek where Dipteran dominance suggests metals impacts from-Martin Mine.

Streambank and channe! stability is good with littie indication of eroding or collapsing

banks.

Cave water quality is relatively enriched with some caves showing effects of human
visitation and contamination. Cave water and water for cave ice formation seems to be

from surface sources.



FUTURE WATER MONITORING

ON THE CRATERS OF THE MOON MONUMENT

Because of year-to-year variation in water quantity and quality, a regular (perhaps aiternate
year) water quality survey for physical parameters and nutrient analysis should be
implemented. Minimal analyses should be at peak hydrograph (June) and at iow flow (August).

Stations at each creek should be established on upper and lower sites on the streams and a middle
site on Little Cottonwood Creek to monitor mine drainage. Due to the short length of Leech

Creek, two stations would be sufficient.

Leech Creek--Upper Site:
Immediately downstream of the Monument's upper boundary on Leech Creek at an
elevation of 6,420 ft.

Leech Creek--Lower Site:
South of and adjacent to the research camp at an elevation of 6,000 ft.

Little Cottonwood Creek --Upper Site: ,
On the upstream side of the culvert that Little Cottonwood Creek passes through. This

site has a V-notch flow box installed in the creek and is at an elevation of 6,720 fi.

Littte Cottonwood Creek--Below Martin Mine:
This station is located on the east side of the road and downstream of the Martin Mine. It

is found at an elevation of 6,220 f#.

Little Cottonwood Creek--Lower Site:
This station is located in the large meadow at the bottom of the drainage and just

upstream of the well sites. It is located at an elevation of 6,040 ft.
Big Cottonwood Creek--Below Paymaster Mine:

Below the mixing zone from tailings drainage into BCC at an elevation of 6,840 ft.
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Big Cottonwood Creek--Upper Site:

immediately below the road that leads to the Paymaster Mine at an elevation of 6,640 ft.
Big Cottonwood Creek--Lower Site:

Upstream of road bridge over BCC at an elevation of 6,010 ft.

Water Discharge

Discharge in Little Cottonwood and Leech Creeks should be monitored monthly during ice-free
months. Stations used to determine water discharge should ideally be consistent with those used
by the University of Idaho study to facilitate comparisbns of year-to-year water flow volumes
in each creek and of water yields from these watersheds. This can be accomplished with the use
of some type of shallow water velocity meter such as a hand-held Marsh-McBirney meter in
conjunction with depth and width measurements to determine discharge. A staff gage is
impractical in Little Cottonwood and Leech Creeks due to the small amount of water. The use of a
V-notch weir might be useful to concentrate low water flows and permit more accurate
measurement of water flows. A V-notch weir has been installed at the upper station on Little
Cottonwood Creek. To determine discharge of a stream, some type of shallow water flow meter
will need to be obtained. Discharge measures volume (cubic feet of water per second) flowing
in the channel at any one time,‘ and is the product of depth, width, and velocity. Discharge (Q) of
a stream reach is equal to 2(W-D-V.r) where W is width of a stream segment, D is the depth of
the stream segment, V is the velocity of each stream segment, and r is the roughness coefficient,

varying from 0.98 for smooth clay to 0.60 for large cobbles.

Physical - Chemi r

Stream water parameters such as temperature, dissolved oxygen, conductivity, pH, alkalinity,
CO,, and turbidity. These measurements can be obtained in a couple of different ways. If cost is
a major concern, Hach Inc. (Loveland, CO; 800-227-4224) makes some inexpensive field
chemistry kits that allow these parameters to be measured. These kits are inexpensive but do
sacrifice some accuracy. Yellow Springs Instrument Co. (Yellow Springs, OH; 800-765-

4974) makes a very reliable, field-hardy, and accurate line of meters for temperature,
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dissolved oxygen, and conductivity. Solomat Instruments (Norwalk, CT; 800-765-6628)
produces a reasonably priced, accurate, and also field-hardy line of instruments for
temperature, dissolved oxygen, pH, conductivity, and turbidity. Forestry Suppliers (Jackson,
MS; 800-647-5368) distributes all of the above meters in addition to field chemical test kits
for all of our measured nutrients, although the field test kits will suffer some sacrifice of

accuracy and precision relative to standard methods run in a laboratory.

These parameters should also be collected twice each year at high and low flows (July and
August) to track stream response to long term patterns of weather and other environmental

conditions on the drainages.

Nutrient Analyses

Nutrient analyses should be run from water samples collected in one-liter cubitainers that are
obtained from any IDEQ lab in Idaho. Water samples should be collected in triplicate to establish
estimates of variability. Nutrient analysis would measure concentrations of nitrate-nitrogen,
ammonia-nitrogen, Kjeldahi-nitrogen, and total phosphorus in the water. Regional IDEQ labs
that do these analyses are found in Boise, Twin Falls, Pocatello, or in Idaho Falls. The

University of Idaho has used the Boise IDEQ lab commonly with good results. The Boise IDEQ lab
(2220 Old Penitentiary Road,-Boise, I1D: 208-334-2235) is recommended. This lab is capéble
of doing any nutrient analysis needed by the Monument. Periodic evaluation of these nutrients
and of ratios between them will detect subtle changes in watershed health. Along with these
nutrient analyses, separate samples should be taken from each of the streams for metals
analysis. With the mining activity associated with Little Cottonwood Creek, samples should be

taken to monitor potential outflow effects from the Martin Mine.

Insects

Insects should be sampled alternate years at times of low flow (usually August or September) to
determine long term trends in insect communities. Insects should be sampled at established
stations with the use of Surber or Hess samplers (Wildlife Supply Co., Saginaw, Ml}). Both are
good shallow water samplers for obtaining one-sq. ft. stream bottom samples and are easy to use
to provide quantitative analyses of benthic stream insects. To remain consistent with the work

done by the University of Idaho, a three-minute sampling procedure should be used. This
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method is simply where the sampler is placed in the creek and the substrate in the sampler is
agitated for three minutes to collect the insects from the enclosed one-sg. ft. bottom area to

document trends in insect community structure, biomass, and diversity.

lce Caves

Park personnel should implement a water quality monitoring program in caves. This program
should consist on nutrient analysis of the water found in the caves as well as bacterial tests for
fecal streptococcus and fecal coliform bacteria. Data from this study suggest that recreational
use of the caves by the public is having an impact on water quality within the caves. Because of
the public health issues, once-per-year samples should be taken from the caves in mid- or late
summer to determine water quality. Cave visitors might tend to think of ice melt water as
pristine and potable just because it's ice melt and in a remote location. Things to watch for
would be an increase of bacteria counts over the heavy use periods as well as increases in

ammonia levels. Both would indicate contamination of the caves by human or animal wastes.

Caves that do not have heavy use, such as those found in the wilderness area should also be tested
to determine early onset of water quality changes from baseline data.. Cave ice can be directly
linked to snowfall on the Monument and will increase or decrease with the amount of
precipitation received during the winter months. To monitor cave ice, yearly visits would
consist of a visual description of the size of the ice slab as well as information about the ice
growing or shrinking. We recommend establishment of photo points and annual photographs of

the ice pack to document the condition of the ice pack for long-term reference.

Riparian Habitat A
Riparian analyses should be continued on both Little Cottonwood and Leech Creeks. These would
entail survey of plants found in the riparian area of both creeks, as well as documentation of
changes in riparian plant communities. Areas of concern would be the lower part of Little

Cottonwood Creek where water does not always flow. This survey should be done every five years

to determine long term climate patterns on the riparian zones of the streams.
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We characterized the riparian area of both Monument creeks at one-quarter mile intervals
from the headwaters downstream to the larger grass meadow northwest of Sunset Cone. To

determine plant community type, a one-meter square quadrat was utilized. Individual plant
stems were not counted but every type of plant in the square was recorded. Along with plant

type, a visual percent composition was used to determine abundance of plants.
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Figure 1. Craters of the Moon National Monument showing placement of the three study

streams Cottonwood Creek (CC), Leech Creek (LL.C), and Little Cottonwood
Creek (LCC) and study sites in the 1992 - 93 water resources study.
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Figure 2.

Monthly water discharge at upper site on Leech Creek, May through

October, 1992 and 1993.
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Figure 3.

Monthly water discharge at lower site on Leech Creek, May through

October, 1992 and 1993.
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Figure 4. Monthly water discharge at upper site on Littie Cottonwood Creek, May
through October, 1992 and 1993.
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Figure 5. Monthly water discharge at site below Martin Mine on Litile Cottonwood

Creek, May through October, 1992 and 1993.
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Figure 6. Monthly water temperature at upper site on Big Cottonwood Creek,
May through October, 1992 and 1993.
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Figure 7.

Monthly water discharge at lower site on Big Cottonwood Creek, May
through October, 1992 and 1993.
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Figure 8. Monthly water temperature at upper site on Leech Creek, May through
October, 1992 and 1993,
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Figure 9.

Monthly water temperature at lower site on Leech Creek, May through

October, 1992 and 1993.
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Figure 10. Monthly water temperature at upper site on Little Cottonwood Creek,
May through October, 1992 and 1993.
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Figure 11. Monthly water temperature below Martin Mine on Little Cottonwood Creek

May through October, 1992 and 1993.
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Figure 12. Monthly water temperature at upper site on Big Cottonwood Creek,
May through October, 1992 and 1993.
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Figure 13. Monthly water temperature at lower site on Big Cottonwood Creek,

May through October, 1992 and 1993.
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Figure 14. Monthly water temperature below Paymaster Mine on Big Cottonwood

Creek, May through October, 1992 and 1993.
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Figure 15.

Monthly dissolved oxygen at upper site on Leech Creek, May through
October, 1992 and 1993.
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Figure 16.

Monthly dissolved oxygen at lower site on Leech Creek, May through

October, 1992 and 1993.
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Figure 17. Monthly dissolved oxygen at upper site on Littie Cottonwood Creek,

May through October, 1992 and 1993.
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Figure 18. Monthly dissolved oxygen below Martin Mine on Littie Cottonwood
Creek, May through October, 1992 and 1993
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Figure 19.

Monthly dissolved oxygen at upper site on Big Cottonwood Creek, May

through October, 1992 and 1993.
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Figure 20. Monthly dissoived oxygen at lower site on Big Cottonwood Creek, May

through October, 1992 and 1993.
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Figure 21. Monthly dissolved oxygen below Paymaster Mine on Big Cottonwood

Creek, May through October, 1992 and 1993.
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Figure 22. Monthly conductivity at upper site on Leech Creek, May through
October, 1992 and 1993.
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Figure 23.

Monthly conductivity at lower site on Leech Creek, May through October

1992 and 1993.
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Figure 24. Monthiy conductivity at upper site on Little Cottonwood Creek, May
through October, 1992 and 1993.
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Figure 25. Monthly conductivity below Martin Mine on Little Cottonwood Creek,
May through October, 1992 and 1993.
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Figure 26. Monthly conductivity at upper site on Big Cottonwood Creek, May
through October, 1992 and 1993.
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Figure 27. Monthly conductivity at lower site on Big Cottonwood Creek, May

through October, 1992 and 1993,
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Figure 28. Monthly conductivity below Paymaster Mine on Big Cottonwood Creek,
May through October, 1992 and 1993.
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Figure 29.

Mean total aikalinity at upper site on Leech Creek, May through
October, 1992 and 1993.
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Figure 30. Mean monthly total alkalinity at lower site on Leech Creek, May
through October, 1992 and 1993.
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Figure 31. Mean monthly total alkalinity at upper site on Little Cottonwood Creek,

May through October, 1992 and 1993.

F16




TOTAL ALKALINITY BY MONTH

81992
250 B 1903
©
E
E
<
-
<
x
ur
<
-
<
[
(@)
[
MAY JUNE JuLy AUG. SEPT. OCT.
MONTHS
Figure 32. Mean monthly total alkalinity below Martin Mine on Little Cottonwood
Creek, May through October, 1992 and 1993.
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Figure 33. Mean monthly total alkalinity at upper site on Big Cottonwood Creek,

May through October, 1992 and 1993.
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Figure 34. Mean monthly total alkalinity at lower site on Big Cottonwood Creek,
May through October, 1992 and 1993.
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Figure 35.

Mean monthly total alkalinity below Paymaster Mine on Big Cottonwood
Creek, May through October, 1992 and 1993.
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Figure 36. Mean monthly carbon dioxide at upper site on Leech Creek, May -
through October, 1992 and 1993.
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Figure 37. Mean monthly carbon dioxide at lower site on Leech Creek, May

through October, 1992 and 1993.
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Figure 38.

Mean monthly carbon dioxide at upper site on Little Cottonwood Creek,
May through October, 1992 and 1993.
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Figure 39.

Mean monthly carbon dioxide below Martin Mine on Little Cottonwood

Creek, May through October, 1992 and 1993.
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Figure 40. Mean monthly carbon dioxide at upper site on Big Cottonwood Creek,
May through October, 1992 and 1993.
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Figure 41.

Mean monthly carbon dioxide at lower site on Big Cottonwood Creek,
May through October, 1992 and 1993.
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Figure 42. Mean monthly carbon dioxide below Paymaster Mine on Big Cottonwood
Creek, May through October, 1992 and 1993.
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Figure 43. Monthly pH at upper site on Leech Creek, May through October, 1992

and 1993.
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Figure 44.

Monthly pH at lower site on Leech Creek, May through October, 1992

and 1993.
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Figure 45. Monthly pH at upper site on Little Cottonwood Creek, May through

October, 1992 and 1993.
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Figure 46. Monthly pH below Martin Mine on Little Cottonwood Creek, May
through October, 1992 and 1993.
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Figure 47. Monthily pH at upper site on Big Cottonwood Creek, May through

October, 1992 and 1993.
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Figure 48. Monthly pH at lower site on Big Cottonwood Creek, May through
October, 1992 and 1993.
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Figure 49. Monthly pH below Paymaster Mine on Big Cottonwood Creek, May

through October, 1992 and 1993.
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Figure 50. Mean monthly turbidity at upper site on Leech Creek, May through
October, 1992 and 1993.
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Figure 51. Mean monthly turbidity at lower site on Leech Creek, May through

October, 1992 and 1993.
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Figure 52. Mean monthly turbidity at upper site on Little Cottonwood Creek,
May through October, 1992 and 1993.
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Figure 53.

Mean monthly turbidity below Martin Mine on Little Cottonwood Creek,

May through October, 1992 and 1993,
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Figure 54. Mean monthly turbidity at upper site on Big Cottonwood Creek, May
through October, 1992 and 1993.
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Figure 55.

Mean monthly turbidity at lower site on Big Cottonwood Creek, May
through October, 1992 and 1993.
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Figure 56. Mean monthly turbidity below Paymaster Mine on Big Cottonwood
Creek, May through October, 1992 and 1993.
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Figure 57. PFANKUCH stability rating for Big Cottonwood Creek, sites 1 through
8, May through October, 1992 and 1993.
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Figure 58. PFANKUCH stability rating for Leech Creek sites 1 through 3, May

through October, 1992 and 1993.
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Figure 59.

PFANKUCH stability rating for Little Cottonwood Creek sites 1 through
7, May through October, 1992 and 1993.
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Table 1. Leech Creek water quality data, 1992 at upper site (200 yards downstream from
Monument boundary at an elevation of 6,420 feet msl).

MAY JUNE ~ JULY AUG. SEPT. OCT.

Time 1115 AM 12:15 PM_ 8:20 AM 11:15 AM 11:.00 AM 10:00 AM
Temperature (°C) 10.0 8.0 9.2 15.0 8.2 7.0
Oxygen (mg/1) 9.2 89 8.4 7.6 8.2 13.0
Conductivity (umhos) n/a 120.0 130.0 180.0 170.0 140.0
pH 7.34 7.28 7.95 6.80 5.80 8.66
Total Alkalinity (mg/1) 154.0 164.0 136.0 143.0 139.0 149.0
Carbon Dioxide (mg/) 9.0 9.6 8.6 11.0 10.0 15.0
Turbidity (NTU) n/a 1.44 1.05 1.40 1.10 1.60

Table 2. Leech Creek water quality data, 1992 at lower site (near research camp at an elevation

of 6,000 feet msl).
MAY JUNE JULY AUG. SEPT. OCT.
Time 1.22PM  2:20 PM DRY DRY 12:26 PM 11:30 AM
Temperature (°C) 12.7 9.0 11.0 8.5
Oxygen (mg/!) 9.2 83 11.2 8.9
Conductivity (pmhos) va 197.0 160.0 90.0
pH 7.44 7.40 6.30 8.45
Total Alkalinity (mg/l) 160.0 177.0 146.0 159.0
Carbon Dioxide (mg/l) 40 6.3 14.6 12.0
Turbidity (NTU) nva 8.50 1.13 1.34
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Table 3. Leech Creek water quality data, 1993 at upper site (200 yards downstream from
Monument boundary at an elevation of 6,420 feet mis).

MAY JUNE JULY AUG. SEPT. OCT.
Time 11.00AM 7:30AM 11:14 AM 11:10 AM 2:32PM 11:30 AM
Temperature (°C) 8.6 9.0 9.5 10.9 10.2 8.5
Oxygen (mg/) 9.2 89 9.6 88 8.5 9.4
Conductivity (umhos) 172.0 200.0 210.0 215.0 180.0 210.0
pH 8.15 8.28 8.35 8.00 8.00 8.00
Total Alkalinity (mg/]) 147.3 173.6 175.0 179.6 175.6 170.3
Carbon Dioxide (mg/) 9.0 126 126 23 6.7 8.6
Turbidity (NTU) 1.60 1.14 1.25 2.00 210 1.40
Table 4. Leech Creek water quality data, 1993 at lower site (near research camp at an elevation

ot 6,000 feet msl).

MAY JUNE JULY AUG. SEPT. OCT.
Time 1:00PM 830 AM 12:19PM 12:25PM 3:30 PM 12:20 PM
Temperature (°C) 96 9.0 10.5 11.1 125 8.5
Oxygen (mg/l) 9.40 8.40 9.40 9.20 7.52 10.00
Conductivity (umhos) 186.0 200.0 210.0 225.0 225.0 21.0
pH 7.7 84 8.6 8.3 82 8.0
Total Alkalinity (mg/l) 157.0 163.3 177.0 182.6 210.0 178.0
Carbon Dioxide (mgft) 6.0 11.6 4.0 0.0 32 26
Turbidity (NTU) 23 3.1 24 5.0 3.2 26

T2




Table 5. Littie Cottonwood Creek water quality data, 1992 at upper site (located at the head
of Little Cottonwood Creek at an elevation of 6,720 feet ms!).

MAY JUNE  JULY AUG. SEPT. OCT.

'T'ime 11:00AM 3:21 PM 1043 AM 1245PM 130PM 1:10PM
Temperature (°C) 8.0 9.0 11.0 15.0 10.5 10.0
Oxygen (mgl) 9.10 7.50 7.20 6.60 10.30 8.25
Conductivity (umhos) n/a 150.0 170.0 170.0 160.0 165.0
pH 7.55 7.26 7.50 6.20 6.40 7.79
Total Alkalinity {(mg/1) 11.0 134.0 106.0 112.0 94.0 115.0
Carbon Dioxide (mg/l) 8.0 7.0 120 10.0 14.0 8.0
Turbidity (NTU) n/a 340 1.26 1.47 1.30 1.50

Table 6. Little Cottonwood Creek water quality data, 1992 at middle site (located downstream
the Martin Mine at an elevation of 6,240 feet msl).

MAY JUNE JULY AUG. SEPT. OCT.

Time ' 12.30PM 404 PM DRY DRY DRY 3:.00 PM
Temperature (°C) 10.0 100 e 8.5
Oxygen (mgl) 54 84 - 8.6
Conductivity (umhos) 186.0 2000 - 900.0
pH 7.7 -7 Jp— ‘ 6.7
Total Alkalinity (mg/l) 157.0 1633 - 15650
Carbon Dioxide {mg) 6.0 116 e 16.0
Turbidity (NTU) 2.3 31 —ememee 1.6
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Table 7. Littie Cottonwood Creek water quality data, 1993 at upper site (located at the head
of Little Cottonwood Creek at an elevation of 6,720 feet msl).

MAY JUNE  JULY AUG. SEPT. OCT.

Time 830 AM 10:21 AM 1:37PM 1:16 PM 12:02PM 2:15PM
Temperature (°C) 8.0 8.0 11.0 10.5 8.5 9.0
Oxygen (mg/l) 8.6 84 78 54 8.0 9.6
Conductivity (umhos) 95.0 115.0 140.0 150.0 155.0 145.0
pH 7.21 7.70 8.00 7.80 7.60 7.60
Total Alkalinity (mg/l) 843 104.3 120.0 120.6 132.2 111.6
Carbon Dioxide (mg/l) 7.6 103 13.0 50.0 6.6 5.6
Turbidity (NTU) 1.30 1.30 0.76 0.80 1.10 0.90

Table 8. Little Cottonwood Creek water quality data, 1993 at middie site (located downstream of
the Martin Mine at an elevation of 6,240 feet msi).

MAY JUNE JULY AUG. SEPT. OCT.

Time 10:.00 AM 11:15AM  220PM  2:15PM 1250 PM 3:15PM
Temperature (°C) 9.0 10.0 15.0 13.0 12.0 11.0
Oxygen (mg/l) 88 8.3 76 9.2 9.4 9.4
Conductivity (umhos) 130.0 185.0 240.0 240 235.0 210.0
pH 7.42 8.20 8.40 7.80 7.80 8.00
Total Alkalinity (mg/l) 107.6 142.0 155.0 166.7 171.3 172.3
Carbon Dioxide (mg/l) 8.0 7.3 120 40 7.0 6.0
Turbidity (NTU) 1.8 23 1.5 1.2 1.3 1.2
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Table 9. Big Cottonwood Creek water quality data, 1992 at station below Paymaster Mine
{located at an elevation of 6,840 feet msl).

May June July Aug. Sept. Oct.
Time 3:18 PM 11:18 AM  4:20 PM DRY DRY DRY
Temperature (°C) 19.3 29.0 24,0 ceeeseee emeeeees eeeees
Oxygen (mg/l) 9.1 7.5 20 J
Conductivity (umhos) n/a 150.0 170.0 ceeccene emmemeae ceeaaaan
pH 7.55 7.26 7.50 ccececce ceciicer ceccaanes
Total Alkalinity {mg/l) 110.0 134.0 106.0 <-ccemees cemmemer emaeeann
Carbon Dioxide {mg/l) 8.0 7.0 12,0 ccecveme mmmemmae eieooan
Turbidity (NTU) n/a 3.40 128 ccmicmnc cmmecaee deicee.

Table 10. Big Cottonwood Creek water quality data, 1992 at upper site (located at an elevation of

6,640 feet msl).

Oct.

May June July Aug. Sept.
Time 342 PM 1226 PM 3:13 PM 11:45 AM 425 PM 4:30 PM
Temperature (°C) 15.4 16.2 13.5 15.0 11.5 12.0
Oxygen (mg/l) 8.5 8.0 7.3 8.0 11. 9.2
Conductivity (pmhos) n/a 80.0 80.0 80.0 80.0 455.0
pH 7.23 7.14 7.10 7.20 7.20 7.50
Total Alkalinity (mg/l) 57.0 56.0 48.0 47.0 55.0 5§3.0
Carbon Dioxide (mg/l) + 3.6 3.6 4.0 5.5 7.6 5.0
Turbidity (NTU) n/a 1.30 1.40 1.40 1.70 5.46

Table 11.  Big Cottonwood Creek water quality data, 1992 at lower site {located at an elevation of

6,010 feet msl).

MAY JUNE JULY AUG. SEPT. OCT.
Time 8:20 PM 1:36 PM  4:14 PM 1:.00 PM 532 PM 5:25 PM
Temperature (°C) 12.8 16.0 15.0 17.5 11.0 10.0
Oxygen (mg/l) 7.6 §.2 8.0 7.7 8.4 8.6
Conductivity (pmhos) n/a 95.0 100.0 105.0 80.0 310.0
pH 7.14 7.27 7.40 7.20 7.60 7.50
Total Alkalinity (mg/l) 72.0 77.0 61.0 56.0 59.0 62.0
Carbon Dioxide (mg/l) 3.3 4.0 6.0 5.0 6.0 6.0
Turbidity (NTU) n/a 1.63 2.10 1.20 0.96 1.60
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Table 12. Big Cottonwood Creek water quality data, 1993 at station below Paymaster Mine
(located at an elevation of 6,840 feet msl).
MAY JUNE JULY AUG. SEPT. OCT.

Time 200PM  1:13PM 11:03 PM 11:00 PM DRY DRY

Temperature (°C) 15.4 16.2 13.5 T J
Oxygen (mg/l) 8.5 8 7.3 . J SRR U,
Conductivity (umhos) n/a 80 80 BO ~meomm meeeeee-
pH 7.23 7.14 71 y - J
Total Alkalinity (mg/l) 57 56 48 .y
Carbon Dioxide (mg/l) 3.6 3.6 4 B.5 cocmee eemmeme
Turbidity (NTU) n/a 1.3 1.4 1.8 coeeeeee s

Table 13. Big Cottonwood Creek water quality data, 1993 at upper site (located at an elevation
of 6,640 teet msl).
MAY JUNE JULY AUG. SEPT. OCT.

Time 3:00 PM 151 PM 11:31 AM  3:00PM 8:.05 AM 8:00 AM
Temperature (°C) 8.8 11.0 12.0 11.0 6.5 4.5
Oxygen (mg/l) 9.4 8.2 8.0 9.0 11.6 9.0
Conductivity {(umhos) 46.0 85.0 90.0 115.0 60.0 60.0
pH 7.8 8.0 7.6 8.0 7.4 8.0
Total Alkalinity (mg/f) 35.3 45.0 53.0 63.6 58.0 62.0
Carbon Dioxide (mg/l) 4.0 2.3 3.0 3.3 3.3 4.0
Turbidity (NTU) 1.5 3.0 2.6 3.6 1.3 1.5

Table 14. Big Cottonwood Creek water quality data, 1993 at lower site (located at an elevation
of 6,010 feet msl).
MAY JUNE JULY AUG. SEPT. OCT.
Time 3:45 PM 2:30 PM  12:41 PM 4:30 PM g:28 AM 9:17 AM
Temperature (°C) 10.9 12.5 13.5 12.0 8.0 6.0
Oxygen (mg/l) 8.7 8.0 7.6 9.4 11.2 8.6
Conductivity (umhos) 70.0 85.0 270.0 110.0 75.0 80.0
pH 7.8 7.8 7.9 8.0 7.6 8.3
Total Alkalinity (mg/l) 43.3 49.3 57.3 57.6 63.6 58.3
Carbon Dioxide (mg/l) 4.0 3.6 5.6 3.0 3.3 3.7
Turbidity (NTU) 1.4 1.5 3.1 2.1 1.8 2.4
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Table 15. Nutrient concentrations (mg/l) in Leech, Little Cottonwood, and Big Cottonwood Creeks,
May through October, 1992.
TOTAL

PHOSPHORUS  NH3-N NO3-N TKN

DATE LOCATION (mg/l) (mg/l) (mg/l) (mg/l)
05/31/92 Leech Creek, upper 0.03 0.15 0.04 0.18
05/31/92 Leech Creek, lower 0.08 0.14 0.00 0.34
06/01/92 Little Cottonwood Crk., upper ‘0.05 0.12 0.01 0.38
06/01/92 Littie Cottonwood Crk., middle 0.09 0.26 0.00 0.22
06/01/92 Little Cottonwood Crk., lower Site Dry  cemeeees e e
06/01/92 Big Cottonwood Crk., below mine 0.12 0.18 0.01 0.08
06/01/92 Big Cottonwood Crk., upper 0.06 0.18 0.01 0.40
06/01/92 Big Cottonwood Crk., lower 0.15 0.23 0.00 0.64
06/16/92 Leech Creek, upper 0.04 0.24 0.00 0.12
06/16/92 Leech Creek, lower 0.10 0.24 0.00 0.42
06/16/92 Little Cottonwood Crk., upper 0.16 0.17 0.00 0.38
06/16/92 Little Cottonwood Crk., middie 0.1 0.23 0.00 0.32
06/16/92 Little Cottonwood Crk., lower Site Dry  eeeeem 0 eeeeen e
06/21/92 Big Cottonwood Crk., below mine 0.03 0.00 0.18
06/21/92 Big Cottonwood Crk., upper 0.03 0.00 0.38
06/21/92 Big Cottonwood Crk., lower 0.04 0.00 0.22
07/13/92  Leech Creek, upper 0.01 0.10 0.00 0.06
07/13/92 Leech Creek, iower Site Dry  cemmeemm emveees e
07/13/92 Little Cottonwood Crk., upper 0.06 0.08 0.00 0.08
07/13/92 Little Cottonwood Crk., middle Site Dry  cseeeeee eeeeeen e
07/13/92 Little Cottonwood Crk., lower Site Dry  csmememe et e
07/13/32 Big Cottonwood Crk., below mine "BDL 0.1 0.00 0.15
07/13/92 Big Cottonwood Crk., upper *BDL 0.1 0.00 0.24
07/13/92 Big Cottonwood Crk., lower 0.06 0.1 0.00 0.28
08/08/92 leech Creek, upper 0.03 0.12 0.00 0.02
08/08/92 Leech Creek, lower Site Dry  seemeees et e
08/08/92 Little Cottonwood Crk., upper 0.04 0.24 0.00 0.16
08/08/92 Little Cottonwood Crk., middie Site Dry  emememes e e
08/08/82 Little Cottonwood Crk., lower Site Dry  seeemmen eemeeeen e
08/08/92 Big Cottonwood Crk., below mine Site Dry ~ cermeees emeeeen mmeeeens
08/08/92 Big Cottonwood Crk., upper 0.03 0.19 0.00 0.20
08/08/92 Big Cottonwood Crk., lower 0.03 0.12 0 0.01
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Table 15. Continued:
TOTAL
PHOSPHORUS  NH3-N NO3-N TKN

DATE LOCATION (mg/l) (mg/l) (mg/l) (mg/l)
09/19/92 Leech Creek, upper 0.04 0.13 0.00 0.06
09/19/92 Leech Creek, lower 0.05 0.26 0.00 0.01
08/18/92 Little Cottonwood Crk., upper 0.02 0.11 0.01 0.16
09/19/92 Littie Cottonwood Crk., middie Site Dry - e el
09/19/92 Little Cottonwood Crk., lower Site Dry = c-eeeeem et e
09/19/92 Big Cottonwood Crk., below mine Site Dry  sseeees s e
098/19/92 Big Cottonwood Crk., upper 0.03 0.19 0.00 0.32
09/19/82 Big Cottonwood Crk., lower 0.03 *BDL 0.00 0.16
10/24/92 Leech Creek, upper 0.03 0.18 0.00 0.16
10/24/92 Leech Creek, lower 0.09 0.35 0.00 0.22
10/24/92 Little Cottonwood Crk., upper 0.01 0.19 0.00 0.02
10/24/92 Little Cottonwood Crk., middle 0.06 0.16 0.00 0.06
10/24/92 Little Cottonwood Crk., lower Site Dry e s e
10/24/92 Big Cottonwood Crk., below mine Site Dry = cmeeeee et e
10/24/92 Big Cottonwood Crk., upper 0.03 0.61 0.00 0.44
10/24/92 Big Cottonwood Crk., lower 0.04 0.18 0.00 0.22

‘BDL: Below Detection Limits
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Table 16. Nutrient concentrations (mg/l) in Leech, Little Cottonwood, and Big Cottonwood Creeks,
May through October, 1993.

TOTAL
PHOSPHORUS NH3-N NO3-N TKN

DATE LOCATION (mg/l) (mg/l) (mg/1) (mg/1)
06/03/93 Leech Creek, upper 0.03 0.08 0.00 0.32
06/03/93 Leech Creek, lower 0.03 0.09 0.00 0.16
06/02/93 Little Cottonwood Crk., upper 0.02 1.10 0.00 0.08
06/02/93 Little Cottonwood Crk., middle 0.03 1.67 0.00 0.14
06/02/93 Little Cottonwood Crk,. lower 0.03 0..19 0.00 0.10
06/03/93 Big Cottonwood Crk., below mine 0.01 0.08 0.01 0.02
06/03/93 Big Cottonwood Crk., upper 0.01 1.53 0.01 0.16
06/03/93 Big Cottonwood Crk., lower 0.02 0.17 0.00 0.15
06/21/93 Leech Creek, upper 0.03 0.11 0.00 0.09
06/21/93 Leech Creek, lower 0.05 0.11 0.00 0.04
06/21/93 Little Cottonwood Crk., upper 0.01 0.11 0.00 0.02
06/21/93 Littie Cottonwood Crk., middle 0.04 0.14 0.00 0.14
06/21/93 Little Cottonwood Crk., lower 0.02 0.12 0.00 0.06
06/21/93 Big Cottonwood Crk., below mine 0.01 0.08 0.01 0.02
06/21/93 Big Cottonwood Crk., upper 0.03 0.07 0.00 0.12
06/21/93 Big Cottonwood Crk., lower 0.03 0.07 0.00 0.08
07/18/93 Leech Creek, upper 0.03 0.09 0.00 0.19
07/18/93 Leech Creek, lower 0.04 0.04 0.00 0.14
07/18/93 Little Cottonwood Crk., upper 0.03 0.03 0.00 0.26
07/18/93 Little Cottonwood Crk., middle 0.06 0.12 0.00 0.28
07/18/93 Little Cottonwood Crk., lower Site Dry  cemmeee e B
07/18/93 Big Cottonwood Crk., below mine 0.02 0.01 0.01 0.02
07/19/93 Big Cottonwood Crk., upper 0.04 0.03 0.00 0.20
07/19/93 Big Cottonwood Crk., lower 0.03 0.02 0.00 0.10
08/09/93 Leech Creek, upper 0.04 0.14 0.00 0.05
08/09/93 Leech Creek, lower 0.06 0.14 0.00 0.24
08/09/93 Little Cottonwood Crk., upper 0.04 0.21 0.00 0.04
08/09/93 Little Cottonwood Crk., middie 0.05 0.27 0.00 0.08
08/09/93 Little Cottonwood Crk., lower Site Dry  eemeeee et e
08/09/93 Big Cottonwood Crk.. below mine 0.03 0.09 0.00 0.01
08/09/93 Big Cottonwood Crk., upper 0.05 0.02 0.00 0.14
08/09/93 Big Cottonwood Crk., lower 0.04 0.21 0.00 0.16
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Table 16. Continued:
TOTAL
PHOSPHORUS NH3-N NO3-N TKN

DATE LOCATION (mg/l) (mg/l) {mg/l) (mg/l)
09/17/93 Leech Creek, upper 0.04 0.13 0.00 0.14
09/17/93 Leech Creek, lower 0.05 0.18 0.00 0.16
09/17/93 Little Cottonwood Crk., upper 0.04 0.00 0.1
09/17/93 Littie Cottonwood Crk., middie 0.05 0.00 0.1
09/17/93 Little Cottonwood Crk., lower Site Dry = emereeme ceemeeee e
098/17/93 Big Cottonwood Crk., below mine Site Dry -
09/17/93 Big Cottonwood Crk., upper 0.04 0.09 0.00 0.1
09/17/93 Big Cottonwood Crk., lower 0.04 0.24 0.00 0.1
10/22/93 Leech Creek, upper 0.12 0.14 0.00 0.1
10/22/93 Leech Creek, lower 0.04 0.06 0.00 0.1
10/22/93 Little Cottonwood Crk., upper 0.07 0.08 0.00 0.08
10/22/93 Little Cottonwood Crk., middle 0.06 0.14 0.00 0.36
10/22/93 Little Cottonwood Crk., lower Site Dry e
10/22/93 Big Cottonwood Crk., below mine Site Dry  semeeeen memmee e
10/22/93 Big Cottonwood Crk., upper 0.07 0.08 0.00 0.22
10/22/93 Big Cottonwood Crk., lower 0.03 0.12 0.00 0.20
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Table 17. Nutrient concentrations {mg/l) at spring box on Little Cottonwood Creek,
May through October, 1992 and 1993.
TOTAL

PHOSPHORUS NH3-N NO3-N TKN

DATE LOCATION (mg/l) (mg/1) (mg/i) (mg/l)
08/08/92 Spring 1 0.00 0.17 0.00 >.01
08/08/92 Spring 2 0.00 0.05 0.01 >.02
08/08/92 Spring 3 0.00 0.04 0.00 >.02
09/19/92 Spring 1 0.01 0.10 0.01 >.02
09/19/92 Spring 2 0.01 0.09 0.01 >.02
09/19/92 Spring 3 0.13 0.15 0.01 >.01
10/24/92 Spring 1 0.02 0.27 0.00 >.02
10/24/92 Spring 2 0.00 0.07 0.01 >.02
10/24/92 Spring 3 0.02 0.10 0.00 >.02
06/02/93 Spring 1 0.00 117 0.01 >.02
06/02/93 Spring 2 0.00 0.14 0.01 >.02
06/02/93 Spring 3 0.00 0.13 0.01 0.02
06/21/93 Spring 1 0.00 0.09 0.00 >.02
06/21/93 Spring 2 0.00 0.02 0.01 >.02
06/21/93 Spring 3 0.01 0.03 0.00 >.02

07/18/93 Spring 1 . 0.01 0.13 0.00 0.02
07/18/93 Spring 2 0.00 0.00 0.01 >.02
07/18/93 Spring 3 0.02 0.00 0.01 0.06
08/08/893 Spring 1 0.02 0.11 0.00 >.02
08/08/93 Spring 2 0.02 0.06 0.01 >.02
08/08/93 Spring 3 0.03 0.06 0.01 >.02
09/17/93 Spring 1 0.04 0.12 0.01 0.02
09/17/93 Spring 2 0.03 0.07 0.01 >.02
09/17/93 Spring 3 0.03 0.07 0.01 0.02
10/22/93 Spring 1 0.03 0.10 0.01 0.02
10/22/93 Spring 2 0.07 0.02 0.01 >.02
10/22/93 Spring 3 0.03 0.06 0.01 >.02



Table 18. Fecal streptococcus and fecal coliform concentrations for Leech, Little Cottonwood,
and Big Cottonwood Creeks, June 1992 and 1993. ’

MLS FECAL FECAL
DATE LOCATION SAMPLE  STREPTOCOCCUS  COLIFORM

06/17/92 Leech Creek, upper 100 700 <100
06/17/92 Leech Creek, upper 100 400 <100
06/17/92 Leech Creek, upper 100 400 <100
06/17/92 Leech Creek, lower 100 300 <100
06/17/92 Leech Creek, lower 100 500 <100
06/17/92 Leech Creek, lower 100 200 100
06/17/92 Little Cottonwood Creek, upper 100 1300 <100
06/17/92 Little Cottonwood Creek, upper 100 300 <100
06/17/92 Little Cottonwood Creek, upper 100 1100 <100
06/17/92 Little Cottonwood Creek, below mine 100 200 <100
06/17/92 Little Cottonwood Creek, beiow mine 100 300 <100
06/17/92 Little Cottonwood Creek, below mine 100 300 <100
06/17/92 Big Cottonwood Creek, below mine 100 100 <100
06/17/92 Big Cottonwood Creek, below mine 100 300 <100
06/17/92 Big Cottonwood Creek, below mine 100 100 <100
06/17/92 Big Cottonwood Creek, upper 100 200 100
06/17/92 Big Cottonwood Creek, upper 100 200 100
06/17/92 Big Cottonwood Creek, upper 100 200 100
06/17/92 Big Cottonwood Creek, lower 100 600 <100
06/17/92 Big Cottonwood Creek, lower 100 300 _ <100
06/17/92 Big Cottonwood Creek, lower 100
06/24/93 Leech Creek, upper 100 25 34
06/24/93 Leech Creek, upper 100 10 60
06/24/93 Leech Creek, lower 100 3 56
06/24/93 Leech Creek, lower 100 22 22
06/24/93 Little Cottonwood Creek, upper 100 <1 <1
06/24/93 Little Cottonwood Creek, upper 100 2 <1
06/24/93 Little Cottonwood Creek, below mine 100 36 10
06/24/93 Little Cottonwocd Creek, below mine 100 37 2
06/24/93 Little Cottonwood Creek, lower 100 20 4
06/24/93 Little Cottonwood Creek, lower 100 13 4
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Table 18. Continued:
MLS FECAL FECAL
DATE LOCATION SAMPLE STREPTOCOCCUS  COLIFORM
06/24/93 Big Cottonwood Creek, below mine 100 6 <1
06/24/93 Big Cottonwood Creek, below mine 100 6 <1
06/24/93 Big Cottonwood Creek, upper 100 4 6
06/17/92 Big Cottonwood Creek, upper 100 1 6
06/24/93 Big Cottonwood Creek, lower 100 9 8
06/24/93 Big Cottonwood Creek, lower 100 7 8
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Table 19 . Metal concentrations (ug/ml=ppm) in Leech Creek, June 1992- September 1993.
1992 1993
Metal EDL June June September  September June June September September
Upper Site  Lower Site Upper Site Lower Site | Upper Site Lower Site  Upper Site Lower Site
Aluminum 0.067 BDL BOL 0.120 BDL 2.700 0.120 0.090 0.090
Barium 0.004 0.075 0.021 0.019 0.020 0.023 0.020 BDL 0.017
Beryllium 0.006 BDL BDOL BDL BDL BDL BOL BDL BDL
Cadmium 0.024 BOL BDL BDL BDL BDL BDL BDL BDL
Calcium 0.057 30.000 59.000 57.000 62.000 59.000 44.000 63.000 63.000
Chromium 0.023 BDL BDL BDL BDL BDL BDL BOL BDL
Cobalt 0.021 BDL BDL BDL BDL BOL BDL BDL BDL
Copper 0.032 BDL BDL BDL BDL 0.060 BDL BDL BDL
iron 0.027 BDL 0.440 0.160 0.130 6.900 0.290 0.250 0.150
Magnesium 0.031 4.100 5.300 4.300 5.800 4.900 3.600 4.900 4.700
Manganese 0.005 BDL 0.010 BDL BDL 0.170 0.010 BDL 0.010
Molybdenum 0.111 BDL BDL BDL BDL BDL BDL BDL BDL
Nickel 0.098 BDL BOL BDL BDL BDOL BDL BOL BDL
Potassium 0.022 1.300 1.900 2.100 3.200 3.600 2.200 3.100 1.600
Silicon NA NA NA NA NA NA NA NA
Silver 0.158 NA NA NA NA NA NA NA NA
Sodium 4.400 5.800 6.700 5.600 7.200 7.100 6.400 6.400 5.800
Titanium 0.130 NA NA NA NA NA NA NA NA
Vanadium 0.082 BDL BOL BDL BDL BDL BDL BDL BDL
Zinc 0.014 BDL BDL BDL BDL 0.230 0.020 0.020 BOL
Arsenic 1* BDL BDL
Lead 1°* BDL BDL
* = Concentration in ug/L or ppb.
BDL = Below detection limit.
EDL = Estimated detection limit.
NA = Not applicable
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Table 20. Metal concentrations (ug/mi=ppm)

in Little Cottonwood Creek, June 1992- October 1993.

1992 1993
Metal EDL June June October QOctober June June October October
Upper Site  Below Mine Upper Site Below Mine | Upper Site Below Mine  Upper Site  Below Mine
Aluminum 0.067 0.200 0.210 BDL BDL BDL 0.140 0.090 0.130
Barium 0.004 0.020 0.016 0.015 0.016 0.011 0.014 0.016 0.019
Beryllium 0.006 BDL BDL BDL BDL BDL BDL BDL BDL
Cadmium 0.024 BDL BDL BOL BDL BDL BDL BDOL BDL
Caicium 0.057 43.000 61.000 44.000 70.000 26.000 35.000 43.000 61.000
Chromium 0.023 BOL BDL " BDL BDL BDL BDL BDL BDL
Cobalt 0.021 BDL BDL BDL BDL BDL BDL BDL BDL
Copper 0.032 BOL BOL BOL BDL BDL BDL BOL 0.040
fron 0.027 0.290 0.490 0.040 BDOL 0.040 0.160 0.200 0.150
Magnesium 0.031 3.400 8.400 4.300 9.200 2.800 4.700 4.400 8.700
Manganese 0.005 0.020 0.070 0.010 BDL BDL 0.030 0.010 0.020
Molybdenum 0.111 BOL BDL BOL BDL BDL BOL BOL BDL
Nickel 0.098 BOL BDL BDL BDL BDL BD; BDL BDL
Potassium 0.022 1.700 2.800 2.400 2.700 1.400 2.300 2.400 2.600
Silicon NA NA NA NA NA NA NA NA
Silver 0.158 NA NA NA NA NA NA NA NA
Sodium 4.400 3.000 7.200 3.700 8.100 3.000 4.400 3.900 6.800
Titanium 0.130 NA NA NA NA NA NA NA NA
Vanadium 0.082 BDL BDL BDL BDL BDL BDL BDL BDL
Zinc 0.014 BDL 0.030 BDL BDL BDL 0.020 BDL 0.030
Arsenic 1 6.8 4.2
Lead 1* 2.0 BDL
* = Concentration in pg/L or ppb.
BDL = Below detection limit.
EDL = Estimated detection limit.
NA = Not applicable
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Appendix A

Attached Benthic Algae Chiorophyll a in Streams of the

Craters of the Moon National Monument



Appendix Table A. Attached benthic algae chlorophyll a (mg/sq m) in Leech, Little
Cottonwood, and Big Cottonwood Creeks,1992 and 1993.

Reg1 Re_g_z Regs Reg4 Regs Mean

21-Jun-92
Leech Creek, upper site
Leech Creek, lower site
Little Cottonwood Ck, upper
Little Cottonwood Ck, middle
Little Cottonwood Ck, lower
Big Cottonwood Ck, < mine
Big Cottonwood Ck, upper
Big Cottonwood Ck, lower

8-Aug-92
Leech Creek, upper site
Leech Creek, lower site
Little Cottonwood Ck, upper
Little Cottonwood Ck, middle
Little Cottonwood Ck, lower
Big Cottonwood Ck, < mine
Big Cottonwood Ck, upper
Big Cottonwood Ck, lower

8-Aug-93
Leech Creek, upper site
Leech Creek, lower site
Little Cottonwood Ck, upper
Little Cottonwood Ck, middle
Little Cottonwood Ck, lower
Big Cottonwood Ck, < mine
Big Cottonwood Ck, upper
Big Cottonwood Ck, iower

0.2

3.2

2.5

3.4
5.4

1.4
0.2
0.5
0.5

2.5
0.4
0.3
1.2

3.5
2.4
0.6

Site

7.3
3.3
0.3

Appendix Table A

0.4
6.5
5.2
2.0

1.3
5.5
0.4

Dry

0.6
4.2
1.3

19.4

1.1
0.6
4.9

2.2

0.9
2.3

0.9
0.3
2.3
0.3

2.2
0.8
0.3

S
0.3 0.2
3.6 2.2
2.4 1.8
7.7 8.2
3.5 2.7
5.7 2.9
0.7 0.4
18.9 16.0
3.1 1.7
2.8 2.1
4.5 2.2
1.7 0.6
0.3 0.1
1.1 1.1
0.6 0.4
3.8 2.1
1.5 1.3
0.4 0.2



Appendix B

Benthic Macroinvertebrates in Streams of the

Craters of the Moon National Monument



Appendix Table B.  Composition of aquatic macroinvertebrates found in Leech, Little Cottonwood, and Big Cottonwood
Creeks, 1992 and 1993 composite.
Leech Creek
Order Diptera Ephemeroptera  Plecoptera Tricoptera Coleoptera Hemiptera Oligochaeta
Family / Genus Brachyceridae Baetidae Chloroperlidae Glossosomatidae Elmidae Planaria
Chironomidae Ephemereliidae Nemouridae Lepidostomatidae Hydrophilidae
Dixidae Heptageniidae Peltoperlidae Limnephilidae
Phoridae Leptophlebiidae  Perlodidae Polycetropodidae
Simuliidae Psychomyiidae
Tipulidae . Rhyacophilidae
Count (per sq ft Surber samplc) 131 122 186 11.8 6.4 38 108.6
Percent 21 7% 20.2% 30 .8% 1.9% 11% 6.3% 18.0%
Little Cottonwood Creek
Order Diptera Ephemeropiera  Plecoptera Tricopters Coleoptera Oligochaeta
Family / Genus Ceratopogonidae Baelidae Capnidae Brachycentridae Dytiscidae Carabidae Planaria
Chironomidae Ephemereliidae Chloroperlidae  Glossosomatidae Elimidae
Pelecorhynchidae Heptagenidae Nemouridae Limnephilidae Hydrophilidae
Simulidae Leplophlebiidae  Peltoperlidae Rhyacophilidae
Tipulidae Siphionuridae Perlodidae
Count (per sq ft Surber sample) 615.0 33.2 111.2 42.8 11.2 1.0 12.4 124.0
Percent 64.7% 3.5% 11.7% 4.5% 1.2% 0.1% 1.3% 13.0%
Big Cottonwood Creek
Order Diptera Ephemeroptera  Plecoptera Tricoptera Coleoptera Oligochaeta
Family / Genus Chironomidae Baetidae Chloroperlidae Brachycentridae Chrysmelidae Planana
Simuliidae Ephemereliidae Nemouridae Glossosomatidae Elmidae
Stratiomyidae Heptagenidae - Perlidae Limnephilidae Hydrophilidae
Tabanidae Leptophlebiidae  Perlodidae Rhyacophilidae
Tipulidae Siphionuridae
Count (per sq ft Surber sample) 153.6 134.2 55.2 13.6 9.2 5.6 4.4
Percent 40.9% 35.7% 14.7% 3.6% 2.4% 1.5% 1.2%

Appendix B



Appendix C

Riparian Habitat Evaluation Criteria

As part of the watershed management plan, we conducted a stream reach inventory and channel
stability evaluation. We followed the United States Department of Agriculture’s methodology of
Pfankuch (1978) and Kappesser (1991). All streams in the study were surveyed over their

entire length at one quarter mile intervals.

DEFINITION OF TERMS,

Upper Bank --
That portion of the topographic cross-section from the break in the general slope of the
surrounding land to the normal high water line. Terrestrial plants and animals normally

inhabit this area.

Lower Bank --
The intermittently submerged portion of the channel cross section from the normal high water

line to the water's edge during the summer low flow period.

Channel! Bottom --

The submerged portion of the channel cross section which is totally an aquatic environment at

summer low flow.
DESCRIPTION OF KEY #
Upper Channel Banks

1. Landform Slope --

Excellent - Side slopes to the channel are generally less than than 30% on both banks.




God - Side slopes up to 40% on one or occasionally both banks.
Fair - Side slopes up to 60% common on one or both banks.

Poor - Steep slopes, over 60%, provide larger volumes of soil to stream for

downstream sedimentation.

Mass Wasting Hazard --
This represents the potential of banks sliding or slumping into creek channel.

Excellent - There is no evidence of mass wasting.
CGocd - There is evidence of infrequent and/or very smail slumps.

Fair - Frequency and/or magnitude of the mass wasting situation increases to the

point where normal high water aggravates the problem.

Poor - Mass Wasting is not difficult to detect because of the frequency and/or size of

existing problem areas.
Debris Jam Potential (the floatable objects that are deposited on the stream bank) -

Excellent - Debris may be present, but there is no chance that the steam will float it

away.

Cood - The debris present ofters some bank protection, but is small enough to be

fioated away in time.

Fair - There is noticeable accumulation of all sizes and the stream is large enough to

float it away leaving the bank exposed, thus decreasing bank protéction.

Poor - Moderate to heavy accumulations are present due to fires, insect attack,

windthrow, or logging slash. High flows will dislodge most of this material.

Vegetative Bank Protection --

Excellent - 80% of the ground is covered by plants.
God - 70-90% of the ground 1s covered by plants.
Fair - 50-70% of the ground ts covered by plants.

Poor - Less than 50% ot the ground is covered by plants.



Lower Channel Banks

5. Channel Capacity --

This is the ratio of channel width to channel depth.

Excellent - Width to depth ratio less than 7; i.e., (36" wide/6” deep = 6).

Cod - Width to depth ratio 8 to 15.

Fair - Width to depth ratio 15 to 25.

Poor - Width to depth ratio 25 or more.
6. Bank Rock Content --

Excellent - Rocks make up 65% or more of the volume of the banks.

Cod - Rocks make up 40-65% of the volume of the banks.

Fair - Rocks make up 20-40% of the volume of the banks.

Poor - Rocks make up less than 20% of the bank volume.
7. Obstructions To Flow --

Excellent - Logs, rocKs, and other obstructions are firmly embedded and
produce a pattern of flow.

Cxd - Obstructions to flow and sediment traps are present, causing

minor bank and bottom erosion.

Fair - Moderately frequent and quite often unstable obstructions,

cause noticeable seasonal erosion of the channel.

Poor - Obstructions and traps so frequent they are indivisible, often
unstable to movement and cause a shift of sediments at all

seasons.



8. Cutting (the process of washing away the bank material due to a bend or
obstruction in the stream channel)

Excellent - Very little or no cutting is evident.

Gd - Some intermittent cutting along channel outcurves and at

prominent constrictions.

Fair - Significant bank cutting occurs frequently in the reach.
Poor - Nearly continuous bank cutting.
9. Deposition --

Excellent - Very little or no deposition of fresh silt, sand, or gravel.
Good - Some fresh deposits on bars and behind obstructions.

Fair - Deposits of fresh, coarse sands and gravels observed with

moderate frequency.

Poor - Extensive deposits of predominantly fresh, fine sands, some silt,

and small gravel.

Channel Bottom

10.  Angularity --

This refers to the shape of the rocks. As they spend more time in a
water system they get rounded due to the tumbling motion. The more

angular the rock, the more stable the channel bottom.

Excellent -  Very angular.
Coaod - Somewhat angular.
Fair - Sub-angular.
Poor - Rounded.



11. Brightness --
Rocks in motion do not collect algae nor become stained.

Excellent -  Less than 5% of the total bottom should be bright.

CGod - 5 to 35% of the bottom appears bright.

Fair - About a 50/50 mixture of the rocks appear bright.

Poor - Bright, freshly exposed roci;s predominate 2/3 or more of the

bottom.

12. Consolidation or (Particle Packing) of Bottom Material --
Excellent - An array of sizes are tightly packed and wedged with much

over-lapping.

CGood - Moderately tight packing of particles with fast water parts of
the cross section protected by overlapping rocks.

Fair - Moderately loose without any patter of overlapping.

Poor - Rocks in loose array, moved easily by less high flow conditions.

13. Bottom size distribution and percent stable materials --
Excelient - There is no noticeable change in size distribution. The rock

mixture appears to be normal for the kind of geologic sources in the

basin.
Good - Slight shitt in either direction.
Fair - Moderate shift in size classes.

Poor - Marked, a pronounced shift.



14. Scouring and/or Deposition --
Excellent - Neither scouring nor deposition is much in evidence. Up to 5% of

either or a combination of both.

Gxd - Affected length ranges from 5 to 30%.
Fair - Moderate changes are occurring; 30 to 50%.
Poor - Both cutting and deposition are common; 50% or more of the

1

Bottom materials are moving during all seasons of the year.

15.  Aquatic Vegetation --
Excellent -  Clinging plants are abundant throughout the reach from bank
to bank.

CGod - Plants are quite common in the slower portions of the reach

but thin out or are absent in swift water.
Fair - Plants are found but their occurrence is spotty.

Poor - Clinging plants are rarely found anywhere in the reach.



Appendix D

Lists of Riparian Vegetation



Appendix Table D-1. Scientific and common names for plants in the Leech Creek riparian

area.
AGropyron SPICAIUM .......c.eicesuiceerssissisissensssissssrsansiesenissessssnsssases bluebunch wheatgrass
Artemnisia tridentata Spp. VASEYANA.........c.ccceersiisissosssmnresstanesesinsisssns mountain big sagebrush
Artemisia ripartita...........ccoevviieiimrcvonneneeriiiisnenneenianes reereenrenans three-tipped sagebrush
Balsamorhiza SAgittala ...........ceoveeerveereeeeeisceniressecsesretsssis s essrsssannens arrowleaf balsalmroot
CArEX SPP eureceriererisneseersresnsssreserasasssrenesssrasnssorsssssannesessesssssnnsassssssansanes sedges
Chrysothamunus NAUSEOSUS............c.cccvueeierriiieesrcsenssssreccsntssseseresessnsans rubber rabbitbrush
CIrSIUM SPP ceeeererreeririssterasircsieetaesresecsstrscsesatressssssessssssssssesesnssssessaes thistle
Festuca idahOenSIs ........c.cccccvumiierccinnniiriniineer e eesssee s s sennes Idaho fescue
Heracleum [aNAtUM..........ccoveeerreiiiieiniiinneneiesn i sssaessesssonnsnns cow parsnip
Lepidium CAMPESITE .....cueeeveeecrieneiceeeeeeer e et ssasses s anae e pepper grass
Mentha SPICALA..........ovceeiireiviiieiiiiiecieeiric et cssar e s e raas e e sesee wild mint
MiImulus QUHAMNS. ........covveieneiiirecciieirtci i ccter e st e es seep-spring monkey flower
DYV oT:ToT {13 ToloTg o) (o] [o - 1- 3TN forget-me-nots
PO@ PratenSiS........covuueeeneivinniiniiiiiiiiiis e e sesnre s s se e s aseanas Kentucky bluegrass
POPUIUS trICNOCAMDIA .....oeeeeeeeeeiiriieeeeeee e st st e ssns e s seanne e black cottonwood
RUODECKIA SPP -.eereeecerreeeeiirisiseeeeeeniiieariseesissstaee sresesntassssnesassnssessarsssses coneflower
SONECIO SEITA. ...cuueueeeiecteeeeceeeiereie ettt ree e e eseerae e essressaae s mneas groundsel
Symphoricarpos 0reoPhilus ..........ccoooeeveeieeeceriinreeeeeennreeeesenannns mountain snowberry
UrtiCa iDICA ......ovviiiiiinriniiinieeie it resbaae s ts s ee s e s e stinging nettle

VErbasCUM thAPSUS «....cciceeeiveeeeiiiterieatieeeeeie e e e e ee e e aesessnessassaraaenenanes common muliein



Appendix Table D-2. Scientific and common names for plants found in the Little Cottonwood
Creek riparian area.

AChillea MINEIOIUM.......cerrieeeeeriiirie st s s common yarrow
AQGIrODYION IBPONS ...ccveiecrereretiisssireisieiiisnrsinssistesanssessssintaessassssnaensns quackgrass
AQGropyron SPICAIUIM .....ceecueeerieeeieeenrrereeieneesssesseessteerstsseneessssessenssanas bluebunch wheatgrass
AQUIEEGIA fONMOSA.....ecoiviirinsirinieiniineriectisaccssre s eereessnaee s Sitka columbine
Artemisia tridentata Spp. VASEYaNA.......ccccccvvvinririririsissssssssssemnesseneeas mountain big sagebrush
Betula glandUIOSA...........cveveeieeieeeeenereeceenriasssesneeanteracseaanrass st e nenas bog birch

(07 1= ) g o T OO sedges
Chrysothamnus NAUSEOSUS ........ccccocrreeerctniesirieeiiiesisissscsssaesesssssesasas rubber rabbitbrush
CirSIUM SPP .ceiecrneericseniiseaseriesesasnacasaaiessasessssssnrssssnsnssssassessssassssassses oo thistle

Heracleum I@NAIUM........cocoovviiveececiiirneccer st sse s aaes Cow parsnip
Hydrophyllum SPP....coeeviimiciiiioniiiiniiiccieinee st sssesssneeissesesesesasnenes waterleaf

KOBIBIIA SPP..erieeecenrrresarimsiaeasiriiasenseesieistcsranessssansssssees snsessssssesessssnas Junegrass

LACHUCA SPP .veevveennrisreesssecnaessntrsseanseestasetrsessnssstsssesessassessassnsssssesasees prickley lettuce
Lepidium CAMPESITE .......c.ceceveeceriecemieen bttt sssbe st e s basssne pepper grass

MENtha SPICALA. .....coeeeriieriirieircacie e seas e s ssbee e e s e sannae wild mint

MimUulUuS QUHALIUS.....eeiriicinrieicciiiitin it st s e e seep-spring monkey flower
Pershia tridentala .........cccoovmvvvereeriiciiiiiii e eeecsre s s eaes Antelope bitterbrush
PO PratenSiS..ccueeceueaemrceiirirratiieereioeerreeieeeniistre e sssissntasssessenesesssesanens Kentucky bluegrass
Prunus VirQini@na@.........ceeieveeireerenicncieeeiieiiaiesieeessisssssmsessesessessassssns choke cherry
PSeudotsuga MENZIESii.......u.cceueveiorieeinieiariaiiiieecieeaesiraeessvessasasres e s Douglas fir
BAnuNCIUIUS @CIIS......uoveereeieariiiaiiiiie et eteeesnrnt e canse s e vesanas tall buttercup
RUADECKIA SPP +vvvvseeasennttinneersieeeinieesaenriereeesaetarnesteraeasarenssesssenasssresees coneflower

Senecio serra..........cceeennens ettt eaeeeeieaeeiretierean—rroeater ey asenaaaannsas groundsel

SMUIACINA SPP e ceviereerieeeesmtectte ettt ettt e e sis et eesssaaeb e sssseasnneas Solomon's plume
SOlAAGO SPP +evereierercerutenscersiassreeessisemicesreresssinsreeeosssresssnmenssssssnssssesese golden rod
Symphoricarpos 0reophilus............c....ccoveiiiiiiiciiciicriicee e var mountains snowberry
TAraxaCuim SPP.....veeirereciiiiiiieeiiiitie e ac et e s sran e sesees dandelion

TRAHCHUM SPP .eeeeeiriieeiieereeerieeirte e ee st ea e e sitreeaea e s s eavaees e sesnnas meadow rue

UrtICA QIOICA ......covceeeiieiiecciiiie it te e e e e s sra e s stinging nettle
VEIAITUIM SPP.ceriieieerrtirenrtiernereeressearee st srranetetteeeeaeeeesaesesvansersesnsnnnes false helebore

Verbascum thBPSUS .......cocuueeeeoeieiiiiiiie et ceiee et ee e sre e s enaeen e common mullein



Appendix Table D-3.  Scientific and common names for plants found in the Big Cottonwood
Creek riparian area.

Achillea millefolium.........cvvuueevrvnnnienrnrieinneniienresinnacnaes PO common yarrow
AQGropyron SPICALUMT ...........cveerereieinvisnreresesseisssntessssserisssssssssnssnassses bluebunch wheatgrass
AQrODYION FEPEIS c..u.eeevueeetirreeerniisssesecssosssessesnssstssssssssssssssssssnasseen quackgrass

W Yo IV]1=To 1T I8 (o g 11 To LT NN Sitka columbine
Artemisia tridentata Spp. VASEYANA.........cccvvmrereeeeisssnnsressssenssssssssanesns mountain big sagebrush
Betula glandulosa...........eeeeivrevceveeivicnncinineneinisennenin i ssssassessssesens bog birch

BrOMUS tECIOMUM....uveeerererereeeerrieranaeiesaeseneeeeneersressassasibessssssssssss sonesens cheatgrass

CATBX SPP. cevveevveeerrerireriecsesssensisaressstesereenesstessssassnsssrssesessssnsanassssssnaseens sedges

(071717 1= o o T U thistie

GaliUM SPP ..viiceiicsiirieiiiirisiir e s e s a e e s s e ar s s bedstraw

Heracleum [ANAIUM.........ccccovieeinrreiiteccrcccnitr s ses e e sssasssssssssnne cow parsnip

LACHUCA SPP cvvvveeerrreeraerenessesseemessieessassreesasssssesssessessssssssssanasssssssssssananee prickley lettuce
MimuIUS QUHAUS..cc.ccovveiiiiiienicnnes et csssssssnans s ssas s sasenes seep-spring monkey flower
OCNONEIA SPP wvvevrrrrcierieircieressieeeaeee s se s senese s s sssabrsesesessnsesasosensnns primrose

Philadelphia fle@bane .............c..ovcevuvrvimmiiiiniiiiiiiiiiinisiiescisessseessnns pink daisy

PO& PratenSiS.....c.cceuvvureereeiraieineireiinecent s s cvasassssasaesssss s sassssnans Kentucky bluegrass
Popuius tremMulOIdES............uueeeeiineeiiieeeniiirieieee et stee s s sesenns quaking aspen
Potentilla glanaulOSa ..................cccccoevvvoiiiiiiiiiiiiiinecncsese e sticky cinqufoil
Prunus Vir@ini@na.......c.....c.ccccovconeiiiiiiicciiene et chokecherry

SOlOAGO SPP ..vvvvreereerriirerectenrtag e e ettt e e e sereeees e s ssrer e e e es s ar e e anananan goldenrod
Symphoricarpos Or@OPRIIUS .......c.c.oovveeiiii et reee e e rere s mountain snowberry
(8] g1 [oF: Mo [To] o7 - N RO USROS stinging nettle
VOIAITUM SPP.ueeticeiiiirireeriiiretee e e sitiiee e e e e seesreersesasttrneeaeaasarasasnanns false helebore
Verbascum thAPSUS.......ccovuvererueviionieeiiriieii e sssrsessstaess st aessseneeess common mullein

VEIroNICA CUSICKII...ccovevrieeeiiiiieeiieiceeieectes e ettt s re s s e saee s sanraeanas Cusick's speedwell



Appendix E

Riparian and Stream Channel Surveys on the

Craters of the Moon National Monument



Reach Locg;;on. Date: '7_31;14_\1_7__ Time: _// 00 Obs.:

Ao DownsTecam. OF Coegd
Stream Bie ColT snwigy Sta-_ﬁz_‘ftélxzm;%m Uiy
‘ — — Jer
vl
AT

EXCELLENT
Bis Arg LEss Tl 207,

MD EViDENCL OF  SLumpunrc
IN THis REach

DCBrus> 15 PresewnT But /5
70 L#nrec 7o RLCARRILD
AN A

BAULS  MLE  wtl PRefrcTeD
Eyﬁ ERA%HS + NLCD‘.v <‘?O’)o

RZpmwoigoocC

Cﬂwua, copmg
len’no

oM E Ot

OBsTR T 6vws Ape Pesssur
B\A«T AR FI‘Mﬂ /MBCDDI:O

B
A
N
K

NO CutTive AppoagunT
IN THIS Rewoh

No PerPositiow Dur 1o
SWNFINESs 02 WATC R

?m',k': A, Vf—L* R"N(.u.,ﬂ'

Somt oF THE Rocks,
Aer BeiewT DurTe
FrRaT wearell

FPACks AZ. Mpcrar
PAckLo ﬁNDbn\\/sza

3

BalTom 5120 15 nNoa
oo AZch

UO sM/\/l’ tn Treo
ootk

/4—;«4.7:'@ Plarnis ap:

Vuﬂ-:j ABwrN OoNN1

EXCELLENT TOTAL 22 GOOD TOTAL &
Ad% values in each column and record 1n spaces below, add column scores.

E_524+G.8__+F. 6 _+P.p 6 Reach Score.
Adjective ratings: <38—Ebccellent, 77 -114=Fair, 1l15+=Poor*

*(Scores above may be locally adjusted by C.H.F)

God P AT ING- 4



each Loga;; n: Date: I:Z,S;QE 42 _ Time: 11 0D Obs nd
Locaed D
Streamw sta. DA D o e
Key Stability Indicators by Classes
#
EXCELLENT GOOD
U 1
P 2 No Slumpive IV Thn 2cacy
P 1- sTeLAm 5
E
R 3 No DCBLis N 3TRchwn Gawis
B ONLY YE&TIATIVE Piawrs o
A
N 4 Geowrp Covig HERE AiAw
K oo Gy MOSTLY ELASSLS 3
L 5 CHANNG. CRPALTY Ratip
- £t it
0 35 % x 18'd =2 /
g 6 Kocks HNees Aze woT
Mumetous Bur ALcoF TN 4
R SUZC cdAvs - 12°
B " Rotks Arc The ouLY ogsTRu
VD THEY FRC FUZMiYy € oD Z
A I8 TNC sTREAM.
N
Somc CarTwe t5 Fis
K 8 IN THIS STREAm chv;'a( g
YeQw LITTLL o2 N DLPowi TS
3 o DIMINT IN TS Peacn é/
Kacks HAE vty Pew,an
g 10 Fogm N THio gcvt.cﬂ
T
T 11 Locks Are Duce 1w
0 Colok .
M
12 | Rocks Aec Tickmy paceco
PO LAYELRLD onN Bar RNSTREL Z
13 BoTiom\ Si2€ o Notua. Fo
BrsV, %
14 Nd SCOURING EUID(JT Iy
THIS CeACH 0F >Tuinm. é
15

EZ29 +G.

1Z- +F.

EXCELLENT TOTAL

g +p. O =

Adjective ratings:<38=Excellen
*(Scores above may be locally

gﬁ’l’[

29

GOOD TOTAL

adjusted by C.M.F)

/Z

Add values in each colum and record in spaces below, add column scores.
50 _ Total Reach Score.

t(c, 39-76=Gogd, 77-114=Fair, 115+=Poor*

. of Rewd
Tiev. G4



Time: /700 Obs. :
Locatro Yy smice Down sToen

Reach 1 QQI;J onp: Date: I'7July 92

Stream BIG CpTIo N WD Ceecx Sta. g OF $+ATin 3.
Key Stability Indicators by Classes €l 6250
$
EXCELLENT GOOD
GAVK S10RL 30 -40 Jb on) 4
U 1 oML 0Z BOTH BANKS
P NO CVIDENKE oF Ay SiuapPie-
P 2 IN THis Agik, J Sy 3
E
R
B 3
A 3
N 4 Eﬁwf}”%‘fu’iﬁ"‘oy Crrcil é
K BUT  RDT S +5TZAs RemBw .
CHANNK Cwm
L 5 [ZnTio ’32 « ’j /
0
w
E 6
R
B 7
A
N
K 8 No Curlinve visigue o
THS Reath 4
[f X~ FEW PLPoriTy oF
9 “—D'QWT ¥ TS e /%
B 10 Kocts Aec veey Aneu.nn
o o APPCARANIK . /
T
T 11 ?obl‘s Apc Duwe ANDO T A p
0 8Y The wwreg /
M
12 @UT,}LS frec pPaceco T NT 1y
TeGLTNIR AL AR( AL 2
To DisLoDes
13 BoTloan S12c 15 Mo smaL L/
14 AMD SlouR,ve Ppoycu
(N This 2eaca é
15
EXCELLENT TOTAL 26 GOOD TOTAL (O
Add values in each column and record 1n spaces below, add column scores.
EXo +G. O 4F._b +P. 20=__ b2 Reach Score.
Adjective ratings:<38=Excellent, 38=76=Go 7-114=Fair, 115+=Poor¥*

*(Scores above may be locally adjusted by C.M.F)

Roreg oo =025
I —


http:OlJs.:~=fAo:;5.:;S

Reach Locatijon: Date:_/ July 92

Time:_Jo.o0 Obs.: 58
Locatep ‘/‘/ At DownseT ReAne
Stream Bic CoTionwmpd CReek Sta. 5_ OF ST R,
Ertv.glze
Key Stability Indicators by Classes
$
EXCELLENT GQOOD
U 1
p
p 2
E
R Song DL@ewn 15 PrreaT
3 BuT wowid oNcy FoLwa 4
B
A O5MBLL Taans
v
Ny i L W
K (ASpew — Birch
CHANNVEL CAPAci1y Rate
L > 29 :z’—‘-\J, 3 /
0
g 6 A5 -0 Roti conrenT
IN BN 512/ cinsg 9/
R 3I-”
50MmS 0 BSTRULT
B 7 Mgc':n'r CHune :;ijng,f:w 1%
A + SipimtwT Tanes .
N
Veg LITT L CuiTinve
K 8 IV THIS RonoH 17/
9 Some DtPorizions Oots
OLCUE BLNIND oR3STRucliors g
B 10 Q“LS Appiap To B¢
OF A a2uB-ANGu.
0 Snane, o e Z
g 11 Pobkﬁ Anc ULQ—; Duwoe o
o CoLok /
M . Kocks AR MOOQBALLL
12 Paciks) AND b“jﬁztt;) %
CRee v Bto APpLag-, Yot wa
13 For sweIowNe e ALy L/
14 | Mosiewv o swwe vt
IwTHRiS Renacy é
15
EXCELLENT TOTAL L GOOD TOTAL 37,
Add values in each colum and record in spaces below, add column scores.
Ell +G. 32 +F. 3 +pP.20 = 17 Total Reach Score.
Adjective ratings:<{(38=Excellent, 39¢7T6= ~J71-114=Fair, 115+=Poor¥
*{Scores above may be locally adjust M.F)

Foreo G = T

*- CO»J: Have NAD p 3lc INFLUENES on STEEAM BaVL 1w THIS RQemc



Reach Loc ;; on: Date. /ﬁJ ly ‘12 Time:_/2 ./p Obs.:Kus,

Locn—rr,o Yy Mie PowusTeom i or

Stream B’G‘ Collo Sta. é S ] SusT wOSTerma 0F Wopsy Beipec
oy s . EZlry.
Key Stability Indicators by Classes éorso
#
EXCELLENT GOOD
SlppL S 135 w0 K0 "l &&ﬂ‘
U 1 D2 Saawe SLeTion NEAC 60 % 4
P 2 Mo MASS WRST /NG 140
P TR ReaH 5
E
R 3 DCBr\s s B PeriwT Bur
B 15 (aeer CNone% THAT T 2~
A CAN'T D2 FloaTd AwhY
N 4 Gy Geoanso tovig oF TRCES
K AND G RASSES 3
Eatio ¢
L 5 ! -2
0 g 2
W
E 6
R
B 7 ORSTRUCTIoNS AL PRcgearr
SN JIGNS oF TRAPF G
A gﬁ(mcvf. ﬁ/
: 8 THEEL (5 No currpu.
VISIBLE IF T STRCAA 2CATH H/
9
g 10 Eﬁfi? Agg Véﬂ-j AN Gurml /
T
T | 11 |Kocxs Aee viey Ouc
o) in CoLok /
M
12 Kotk= 6F Uagisus 13¢5 fec
Pﬁwco Tienl vy Toettmer 2
13 Bor‘DM Dizg 15 Nogaa,
ot whrceemer L/'é
NoO ARias o8 Seouii
14 IN TNIS 2emeN ! é
Clivgine Piaris AC L
15 ABUNOANT Thious ™~ our
THNZ RERCH /
EXCELLENT TOTAL 27 GOOD TOTAL /0

Ad values in each column and record in spaces below, add column scores.
EX]+G. /10 +F. b 4. le_= S 7 Tatal Reach Score.

Adjective ratings:<38=Excellent, 33-76=Go 77-114=Fair, 115+=Poor¥*
*(Scores above may be locally adjus Y C.M.E

%Tia Good = S7

¥ Cows Aec Ais Prginr v T
CAUSLD MU N DAM Aot

T e,

REACIH  Bur WYL A1



Locaren 4T p. &wmy sea, # ) p)

Stream C
Key Stability Indicators by Classes
i
EXCELLENT GOOD
U 1
4 THERE /5 Some Evi DENE
P 2 o B Slumpive, BuT é
E Docsn! Appeae T B APt
R THCCE 15 SMPL DEBRIs SCATTERED
B 3 Agyr But 15 5F A SI12¢ ks Z
A [TRAT DDLoNT Dpse. A THEEAT —
- y
N 4 o gfnﬁrfﬁ ON%“\/M&E :e‘g; é
K :::fs 0
kuTio Fieures 7o 8¢
g ° 21066 > B-IS Class 2.
W
E 6
R

?Gﬁs - MosTLY SmaL Grav.e - T+

B 7 75 NLLL EmBropep 30 a7 To BC
A WRSHLD p}wny
N THis REACH TF STRiRM. 15 vl
K 8 <TRA Gair = WRLy 19 To SlewT” L/

To Prooucs Cutiv g

THE2E 15 ND EUipENS IF DLPOS.

9 IN This REACH. MNoT EVEN BLAN MWD 4

LAZGE OB/STRUCT IDNS.
B 10 kocks Do KA &m0
0 ANG uwheiTY Bui NAV Z
T JA NLELGONL som€ BOuNOI NG
T 11 /\)DCK5 INTHIS Reacw Al Covcel>
0 NN Noss | ALeAL ave Apoal
M 5TR(@

12 SUBSTEATL 15 SMae Bur s€cars
SUFECienTVY PACLLY To wiTasTID

IMES oF HNieK FDw.

13 Moss Avo Plerz CAv A_

STEcAr. gavt Ao 1> ULl CoRM

14 |Leo> T s9, 05 &no~

VAR To BE AfFecrec by

Y
FounD Flom STIZEAM BANKTD %
SConpiNG é

15 Kecus Aoe CompLEresy Costen D
WiTh YeeETaTIon

/

]
EXCELLENT TOTAL 724 GOOD TOTAL b

Add values in each column and ?record in spaces below, add colum scores.

E2§ +G._Jp +F.]) +P.0 =5 Tatal Reach Score.
Adjective ratings:<{38=Excellent, -76=Go 77-114=sFair, 115+=Poor¥*

*(Scores above may be locally adjusted by C.M.F)

40_‘]1205

LEV. Of)




EXCELLENT

THE BAnvk 15 Coveded wi i
3 SMALL LimBS Bur PEE SITusmy

A To ANOT™ PosC A THECAT

& Pound Ctht G0 ol GREATLE
? v;{ C/Wo Cauﬁzs-rw& oF

?4470 af tnis Lorch - 4¢

Kacl CoMTEnT Gcarct THAY
65 7 « MANY AL cansce

Naw 12"

7 Thicre AL SMBi Twies
LYine 1N CRLLl CHAwmEL' //

D Cout U B DisoocCp
1 TUpao DF 4IGY Elpw)

mHEOr fxzrwomovc

No Currive 15 PResenT W This
8 STECAM Pgack, P> AZe €88y ﬁ/

Ricnr vexT Tp WHTCLS €06 €

~Zyw

?m:yb Aﬂg CLTCEA meny Artsu g
AN UNIDEAL [ MOECT I Lidity
Dut To SLow CurgenTs

B
C
T
T 11 Fa:ks N THE BaTroa of
8]
M

THE CHAVNEL AL STA .S
AID RPPCAR OUuu

12 | Pocts Awc staceco guo
ARt NARD To Distopel

Buie 1265 o£ Pocxs ArL [ny,,
Neeg Floam 12" 1o Peeas sizceo
GeAstL

i3

14 THis Rcacw NS Some
PLéos,T> OF SicT AND SCDumsnT /2

BLninD Smoce Twies + Rocke

15 VEccraTIoN 1y PregenT
BuT DOLoAT STRCACH Feom

g{flﬂ#m SAni. TO STEEM AN

EXCELLENT TOTAL 19 GOOD TOTAL
Add values in each column and record 1n spaces below, add colum scores.

E/] +G.10__+F. 15 +p.lb_=_ (A Reach Score.
Adjective ratings:<38=Excellent, 38-76=Good, J77-114=Fair, 115+=Poor*
*(Scores above may be locally adjust y C

Ovenhdw




Date: 0&/22/‘?2 Time: /2. 3Z Obs.:

Reach nggt;og
16¢H¢h>,uc4ﬂ Eescmecr CArD
Stream /—&ZQQ ngg@ Sta. 'f£3 ar & 4
Key Stability Indicators by Classes
$
EXCELLENT GoOoD
TH BANVIS A2 NCAL A
U 1 %D% Slopg 2
P o |TRere 15 wo EviDemccor
P MAss wWrSTING Negl Due 10 3
E THE Fisrnrss oF Tre Bavis
R TNE DEQRI> 1S LAZGL LNBUGH
B 3 THAT TR WRATECR Evin Purws
ITIMES 68 KiGH Fiows WDwLOWNDT Z
A cAeL Ak
N 4 |90 % or eRaup 15 Covetin 3
K BY Teccs AvD lonises,
L 5 OIWIVCL Qﬁ-f’o - 925- L
0
w
E 6
R
B 7
A
: 8 Ny EviDewcl oF Cummmwe
IN THIS Perrch Dug To Lverz 7/
QuAv, Ty gF STREGM.
9
THoSL ThaT AEL fduﬂ? ARE vEE, /
8 ANGw L AT
T 11 Kocks THAT Are Fouwp
0 Aog. Bie AT Duc 7o tAcl Z
oFf WATCLZ.
M TeLZ .
12
13 | Keet> Apotan 7o Be
NoZmA. v S1ZE [0 TrE //
GAsIN .
Some SCOu@iwes 19
14 OVIDENT I THIS RELATH
MOST Ly ARsunD TaEC Roo7s /Z
15
EXCELLENT TOTAL /9 GOOD TOTAL /6

Add values in each column and rfford in spaces below, add column scores.
E_9 +c. /b +F. /5 .24 =[] Total Reach Score.

Adjective ratings:<38=Excellent, 39-76=Good, 77-114=Fair, 115+=Poor*
*(Scores above may be locally adjusted by C.M.F)

This ReAcH Efm:g@




EQE.QD..L_QS_ELLQ_& Date-Qa,Lzz_,lZL_ Time: {300  Obs.:

| TTs CoTonwmon C o | Locace AT'SPK/N‘C—.-&H&; oW
Stream Sta. l L/TTes S IToN WIDD Cfeck

. (X A4
Key Stability Indicators by Classes £ces. 4t
,
EXCELLENT GOOD
N SIDCS DF STCLAM A€
U 1 BQ o5 _THAN _J0 7o Z
) SMa“"’ e TEML
2 I THIS ZCACH Mipwss
P PeTenTIfL Fot A Snidu é
E AmounT 6F SLumpPive
R THCee FRE umerons Twies
B 3 AD DBRANCN &5 ISuT. g ACE OF 2
A | |peragen s o e
N CBRWD Cover 15 ExCiLLE~T
K 4 90%% ox GreaTk. 3
Ll s Brcco on  KaTw Twis
o EACH 15 Civch A vALUL 2_
e oF 6 (407, S )
E 6
R
Soms Besncegs #Aec w
B 7 s CRanwee Awd Lok - 4
A 10 3L M"CAIGLGN To move .
N VTHIS GTREAM. CutiB(T> MO
K 8 VAT a7 TRis SmTION Frow is
NOT ENOW6H TO CAWSE TRI5 N uqren/
g {owty A FEv SPsTS oF Fegor
B/ur Avp SavD DEPOSIT> AL %
PacstnT,
B 10 Kascks Heocag vens Aneucst
o Heae Due To Laci & Frow /
T
T ll ack,g AAYE & Duce Aﬂﬁma
0 Dus To waver s1ains /
M
12 f{;-_k, Ay Fackp v
A FAiRy TIGHT Frameen/ ﬁ/
Qur A¢c Mo Lece LinT.
13 ?ack: AZL OwsioranT IV $i2¢
Fo SutRSUNDING RLLA . 4
14 THIAE 15 AIDT Earrage iy
GrAapt HEE To Caearm X aliNG . é
™ e - AVD
15 vkt Ryl )
LT in D FRosm GANL To oMk,
—
EXCELLENT TOTAL 27| @oop ToTAL /7
Add values in each column and record in spaces below, add column scores.
EZ7 +G. 4 +F. O +pP. F =53 otal Reach Score.

Adjective ratings:<38=Excellent, 39-76=Good, ¥7-114=Fair, 115+=Poor*
*(Scores above may be locally adjusted by C.M.F)

av/uc, Good = 53




Reach Locatjion: Date:

EL¢v. bLbo

Skt Blus
wawacau

&gcﬁ Choke CHea
Cow Aéﬂlp ~

0b/22/9 Time: _(i-2n Obs.:
LoCATCD Y% muce BELOW
Stream__é@f_fmamm____ Sta-i/.Z__éﬂ.zM_;_L_
Key Stability Indicators by Classes
EXCELLENT GOOD
¥ 1
P
p 2
E
R NOT MucH DEBRIS HELE oy
B 3 Lirt veeeraTive mance. > Z
A
N AANTS Covee  Qo- 90 % oF
4 (Y WY ]
K TansioTiow Zonl
L 5 NAVN L Cﬂﬁmfj
AT &' w0z
; SaTie 6l 2
W
E 6 Bavt Kack CowtenT 15
R Grop mAvYy BEWE IV ﬁ/
$i22 Clnss 6p b-12"
B 7 THi> KeAcw corranrs Rocts
A AND LD65 THAT ARL Filmby ya
N BeoeD AND Pomt MO TRRIFT S oy,
K 8 [Thees 1s No Eviteny oF
FuTﬁAkf IN THIS ReAch f%
g |7Heet Are M Depesis 4
ST ot sAVD I THis BEACH 7/
B 10 ock  HEC vc@ ANGu AL
0 : /
T
T 11 /?aztb ﬂppmrz DAL tn
0 Cstod Ao ABE Qveeed w/hes; /
M
12 | MAvy DifrenT Sizss oF Boci,
Ay ‘Ayoeto muv Mk Z
Tientiy
13 5/ZZ 15 Consist. wilt SuBdsunins
Kotks O DBanes . L/
14 | M scueive b Presiur
IN This ZeacH é
AGw Plants ACC
15 CDMMT} EJMDT’ CxeLiienT Z
EXCELLENT TOTAL 24 GOOD TOTAL /

Add values in each column and record in spaces below, add column scores.

EZ +G. /¢{ +F. O +P. 20 = b0 J:ntfl Reach Score.
- ’ = - = ]

77-114=Fair, 115+=Poor%
*(Scores above may be locally adjusted by C.M.F)

Ajective ratings:<38zExcellent, 3%-76=Co




M Date: DQ/ZL/W Time: __‘-'i__Obs..

1zv, 6460

L 3 Locsrep 4 ML Borow
Stream_ I/ TTLEC Sta. StAT
Key Stability Indicators by Classes
#
EXCELLENT GOO0D
v 1
P Some BANK §fpmp wic Has
P oCCuL Lo 1w THE PesT BT A
E DotsNt Popeag 1D Be A-Prokiv
R 3 DrBeis (5 Pegocwr Bur Dowut
B Nfve PoTewtine 7o caten sTeem~| 2
A OMAMYEY Dyr Yo Sizf
N THepe 15 VERY Srodl BANL PedT,
K | 4 e vatcs Feow trodwe 3
L 5 CHanmer caphcity Rarine
4 -10d = /
o
w
E 6 Bouldues Avp Codaues Aee
GmmoN (N THIS RCACK BuT 6[
R Dovt make wp A oF STockw .
B 7 Theee AL Some oporeucriass
a THAT HML TRAPILD SCPiaenrs [/
N —
K 8 THERL 15 NO  EV)DIné 67
CuTiive ¢y THis STRCACH & é[
STeean.
9 Tucps Aec + Few Piicrs WiTN
oicT  fu7 THE GCCul@fact v L/
MV AL,
B | 10 | Aveursmry 15 tuccetur
0 . /
T
T 11 | Kok~ Arc Duw AV Haee
o Co WhTze sTAINING 1
M
12 ?octs IV CHANNEG. ARE Consg it
WiTe Those (8 THE BAsy ANIDAFC 2
PATLCO TIGHT Ly
PONCL 0F S fufeqmhe
1 l”/\o/ %‘15 LAt Due To ﬂoCLﬁ 1/
boTmom .
N - -
14 | BorTom oi2e Apor#ls woema
Fol Tht Bhs é
15 Vecerarnn (5 Pegsent Bur
15 NOT CONTINUSAS . Z—
—
EXCELLENT TOTAL 28 GOOD TOTAL lb
Add values in each column and record In spaces below, add column scores.
EZ8 +G. lp +F. 0 4p. E = S1 Tatal Reach Score.

Adjective ratings:<38=Excellent, 39-76=Go 77-114=Fair, 1l15+=Poor¥*
*(Scores above may be 1 justed by C.M.F)

Cwol Barive = S2




SInkAM

K

Reach Location: Date: ob

Stream_/Limz CormwmDd Cleek . Sta. i_&m_amﬂmm M i

ACH iNVENTORY & ChANNEL STABILITY EVAL

Time:_ /535 Obs.:

LoCated JTusT WOSTEEAmM,

Add values in each column and record in spaces below, add column scores.
Reach Score.

E23 +G. /o +F./8 +P. 4 = &7

Ajective ratings:<38=Excellent,

*(Scores above may be locally adjusted by C.M
Fotlo Good = 677

Key Stability Indicators by Classes
$
EXCELLENT GOOD
SLoPC 15 GReATER 209, bar 6/
U 1 LL TaaNy A0 7e
P 2 Mo Eyibcwce or  prse
P WIRTING (& THi> SEcTr én 3
E
R 3 THcke 15 ¥or mucck OecBus
B AT THNIs geRAcH Mcs'n:j [<FPIOUN Z
A o2 S¢p6cs
N 4 Grownd CovLEL ov Trr Beve 3
K IONEML 1670 ~Grags,s Asn Scoors
L 5 C""P”&""ﬂ Ratio ~ 4
: /
W
E 6
R
B 7 Alrmost Mo dbstchios
A Aprean (v Tis Kewcw 2—
N
K 8 Mo Cuttide Loipeus o
TN STECAM. Rrpc 4
9
5 | 10 | Fcts 7o due riwrs ricee
0 Aet viry Avsachn /
r =
T 11 octs Apprhnz Daire/5TA. uin
0 B\J The watre | /
M "
12 /Poc/c: Aec Mooee»ruj #
Tienr|y Pactep
13
14 Mo Cvixwee o S¢S _
Nor MUuln CNANGTy o PO é
15 Aﬂuw"/é WLCDS Ape
ING /N CNANNLL- L
(Ravuppcatys |
EXCELLENT TOTAL 23 GOOD TOTAL 10

-76=Good, >77-114=Fair, 1l15+=Poor*

Elev. 62


http:G�..lIL-+F.Lf

B.ga;_h_uu;&m Date: _Qé.LLﬁz__ Time: /6. 04  Obs.:
Stream Llﬁ‘:z _@ZMQ C’m;g Sta.

&S‘ AOC'?T' {/4_ MiLg SCteow)
Z/ﬁt/,

Key Stability Indicators by Classes 6l
Ao 200"
EXCELLENT GOOD Cuivenr
U 1
P 2 Mo Cviprawer s THNus RTLL
P Du:r To & ZAos Covemzed slopls 3
E
R 3 MoT Muck DEBris on BAavg
2 2
A
N Geassrs Covige G ROUND
K 4 Comprere /
L 5 Cnmner Crpaciry  Raskio
o) = 2.08 /
w
E 6
R
B 7 TwWies v Chmncc
A Cav form. pBSTRUCTISW ‘7/
N DU NG Ricr Fiow
K 8 No z2vibence oF Cutriwe
IN THNIS Zrach %
9
B 10 g%iis Aec vee. Avcucng
0 : /
T
T | 11 | mocts Apmon Duc
0 otB N BY Th: wateg /
M "
12 Kocks Aec Mopzmp?
LAYCED Avb Ppckep L//
13 Koeks Appeat 1o Be ov %
Mo s, 51z
14 Vo Stowgive 2 THo
FART o 1ig ST R4 A A 6
15

EXCELLENT TOTAL

Z5

GOOD TOTAL

Add values in each colum and record in spaces below, add column scores.

EZ5 +G. P _+F.[2 +P.20 = {5 Tptal Reach Score.
jecti ings:<38= ’ 3& -114=Fai

Adjective ratings:<38=Excellent
*(Scores above may be locally adjusted by C.M.F)

247149 Geob = 65

7-114=Fair, 115+=Poor*

6ad‘u



http:LI7Tt..f

» YA

Reach Locatjon: Date: _pQe/23/92 Time: (3:io Obs.:
& LOCRTLY Yy milt Feon S AnD
Stream Ll?Tw ColfomwepD CReLy Sta. > 6 wWesror wes
sy s . Licy 6000
Key Stability Indicators by Classes
#
EXCELLENT GOOD
U 1
P
P 2
E
R 3 DCStas OFfLRs BaL
B PZoTicr SV But CRuP B¢ 4
A FloAreoAvni Y,
N 4 B Prorcerior 15 gwod é
K Qo—"ioflg Moatiy Geasss
L | s CHanvee Capperry
O é’wx -S’d = Z /
1
E 6
R
B 7 MOST BBSTRUCT N .
A NELE PEE 67 VG . Pipnrs
N
K 8
9
Vg FEw Rotds sa Tri>
B 10 sz}r Bur Trose Fo—u;/-z Aoy /
0 Ary e Ag
T
T 11 EJTTM\, S Duct i’ WLo7
0 /
M
12
13 )acl_ AV LT IRE 15 MoQaAo
70 dSuarounND NG Aren l7/
14 ANO CVIPENLE oar DI &.a
N T Hs ZCRCM é
15

EXCELLENT TOTAL

/3

GOOD TOTAL

73

Add values in each column and record 1n spaces below, add colum scores.

E_|3 +C. /ﬁ
Adjective ratings:<38=Excellent, 39-76=Good,

+F. 3% +p. 28 = £8

Total R

*(Scores above may be locally adjusted by C.M.F)

rFAe = BR

eac ore
[ATE T SIS



W Date Ob /2 ;[‘11 Time: /£~ <5 Obs.:
Locaren Yy mie DownSTRC A

Stream Z;mg Corrnywmg g £l sta. o

EXCELLENT

THNERL Arc A FcO
ARERS bE SLuampPiNe 1u
This Rcacw

DR s PeceaT BUT 15

SITWATRED AS AT To DAw~
STRLAM

PIanvT Covil CQowsisT
oF Mosﬂ,j Gva&:sz';

1 Cumme copery
3w » I1'd = Ty .45

smgor IxZrmwwmuooca

A/o OBSTRUCTISNS 1) TH/S
KeacH

Soms Perosimor 15 Fresen—
Bur v s vt¢_~> brmee

VZRy ANEWLAR

)?od&j Aec U{,Zi Ddan
W Colorl

XO0O-330MwW

BsTToM  S;2L ArorAls Noca,
Fol Baoin ALzA.

Mo SXOWEING [y Tiss
Keach

EXCELLENT TOTAL 2l GOOD TOTAL 'z

Add values in each colum and7r§cord in spaces below, add column scores.
E_2 +G._IL +4F.J2 _+P. 4 Total Reach Score.
Adjective ratings:<38=Excellent, g3




S.noalM Sooach ainnveENIURKL & CAANINDGL STimabDiiiil Lve o Uiy
Reach Location: Date:42g§hé+iiz__ Time:_16.00  Obs.:_¥XinA
Stream_Dle Corrsaiwoon coeev  Sta.ZF | Prumerres must Lumvere

Key Stability Indicators by Classes g;zé
$
EXCELLENT GOOoD
TAHNLC Sl HNear Agpren.
U 1 ’Lo%op[ NP J
P 2 Mo Tvipewee oF Mass
S WHRST (NG 5
R 3 DCgeis (5 Prese~T BurTis
B LAE S L tooaeH AS woT 70 OE l
A ChHER D NAVJ.
N
K 4
L 5 CHANN Cﬁ'pﬂcrry
13 - 2 = .
0 “s /
W
E| 6 | B cousisr MoSTIy o
R Rocle Dut T orsr wifiwe 2
B 7 Sonsy Kocts Arc tAngr
ENDUEN TD CREATY . %
:; SLo/menT T2 aps
K 8 THNELE 15 WO ViDenet o=
Curripe Nerg, /%
9
B 10 Pocl’s Ares uirzs
0 ANGUCLAPD . /
T
T 11 /éauj’ ARE Dus (n AOPrazAGC
0 ANVD STA(MLD W/ Taen OXt xs /
M -
12 FoTicess Aee moo.
13 BDTTM S12¢ Aporais NDZm o /_/
14 MO Stowe Ne 15 Loy
15
EXCELLENT TOTAL 2.4 GOOD TOTAL /2
AqaLyalues in each column and record in spaces below, add column Scores.
E +G. /7 +F. /S +P. _f2 = L3 Total Reach Score.

M3jective ratings:<38=Excellent, (39-76=Go 77-114=Fair, 115+=Poor*
*(Scores above may be locally adjus by C.M.F)

Zreo




Appendix Table F-a Calculation of Manning’s “n” or roughness coefficient from field
observation on Craters of the Moon stream sites.

n=(n+n+n+n,+n)m

n T, n, n, D, n, m
Leech Creek Upper Station 0.053 0.028 0.015 0 0.010 0 1.00
Leech Creek Lower Station 0.058 0.023 0.015 0 0.018 0.002 1.00
Little Cottonwood Creek 0.054 0.032 0.015 0 0.007 0 1.00
Upper Station
Little Cottonwood Creek 0.042 0.020 0.010 0 0.005 0.007 1.00
Lower Station
Big Cottonwood Creek 0.083 0.040 0.015 0 0.008 0.020 1.00
Upper Station
Big Cottonwood Creek 0.056 0.024 0.012 0 0.008 0.012 1.00
Lower Station

Appendix Table F-b. Key used to derive “n” components. From: Cowan, W.L. 1956. Estimating hydraulic roughness
coefficients. Agricultural Engineering. 37: 83-85.

Channel condition Value
Additive factors.......
Material involved n,
Earth 0.020
Rock Cut 0.025
Fine Gravel 0.024
Coarse Gravel 0.028
Cobble 0.030-0.050
Boulder 0.040-0.070
Degree of irregulanty n,
Smooth ’ 0.000
Minor (slight scour) 0.015
Moderate (slumping) 0.010
Severe (eroded banks) 0.020
Vanation 1n channel cross section (location of thalweg) n,
Gradual 0.000
Alternating occasionally 0.005
Alternating frequently 0.010-0.015
Effect of obstructions n,
Negligible 0.000
Minor (15% of area) 0.010-0.015
Appreciable (up to 50%) 0.020-0.030
Severe (> 50% is turbulent) 0.040-0.060
Vegetation n,
None 0.000
Low (grassiweeds) 0.005-0.010
Medium (brush, none tn streambed) 0.010-0.025
High (young tees) 0.025-0.050
Very high (brush in streams, full grown trees) 0.050-0.100
Multiplicative factors.......
Degree of Meandering m
Minor 1.000
Appreciable 1.150

Severe 1.300



