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ABSTRACT
Shore, Lawrence R., Spring, 1980 Geology

Uranium Concentration Variations in Stream Water in Response to
Changing Stream Discharge from Paired Watersheds in Western
Montana _ >

Director: Ian M. Lange

Water samples from gaged, paired, third-order watersheds drain-
ing granitic rock of the Idiho Batholith were collected approxi-
mately every two weeks during one annual hydrologic cycle to
determine uranium variation. In addition, five suites of diurnal
samples from each stream were collected to measure the amount of
daily variation in uranium concentration.

Annually, uranium concentration varied over one order of magni-
tude. Diurnal variation during extreme low flow was also greater
than one order of magnitude. The amount of annual and diurnal
variation of uranium concentration in streams is great enough to
cause errors in the interpretation of reconnaissance hydrogeo-
chemical survey data. In effect, mineralized watersheds may
appear to be unmineralized and unmineralized watersheds may appear
to be mineralized.

Anomalous uranium concentrations occur in conjunction with other
anomalous physical and chemical characteristics of the streams.
Much of the variation is explained by dilution during the reces-
sion limb of storm events and spring runoff. However, a signifi-
cant portion of the variation is not explained by dilution.

A technique is presented which attempts to identify water sam-
ples collected when streams are deviating from their long-term
average chemical concentration. By plotting uranium concentra-
tion against calcium concentration, it is possible to account for
the effects of dilution on uranium concentration. Anomalously high
or low uranium values greater than *1 standardized restidual are
recognized in samples collected during or soon after storm events
or during periods of extreme low flow. Anomalously high and low
uranium values can be associated with either high or low pH values
greater than +1 standard deviation. The change in pH is probably
the result of variation in the rate that particular source areas
deliver water to the stream channel. High uranium values may also
be associated with high iron concentrations in stream water. This
occurs only during periods of higher discharge. This appears to be
the result of flushing of uranyl-ferric oxyhydroxide complexes from
the stream bed during the rising limb of storm events.

it
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CHAPTER 1
INTRODUCTION

For the past five years the Department of Energy (DOE) has con-
ducted a National Uranium Resource Evaluation (NURE) program, attempting
to better define the uranium resources of the United States. One aspect
of the NURE program involves a Hydrogeochemical and Stream Sediment
Reconnaissance (HSSR) program in which stream water and stream sediment
samples were collected from small streams throughout the country. Using
sophisticated analytical techniques the chemical concentration of uranium
and a suite of other major and minor cations are determined for each
stream sampled. Cation concentrations are reported on the basis of weight
in parts per billion (ppb) for water and parts per million (ppm) for
stream sediment, rock and soil samples. This study is concerned only
with the stream water portion of the HSSR program.

A hydrogeochemical survey for uranium is an exploration technique
used by geologists that relies on the dispersion of uranium away from an
ore body into stream water which is relatively easy to sample. Ildeally
the technique allows the geclogist to explore large areas of generally
mountainous terrain quickly and inexpensively. By comparing the concen-
trations of uranium in water samples from many streams it is theoretically

possible to target areas having a greater potential for containing
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economic uranium deposits. This is based on the assumption that stream
water containing higher concentrations of uranium comes from water-
sheds in which the rocks contain higher concentrations of uranium.

The technique is useful only if the geologist is able to use the
relative concentrations of uranium and other chemical characteristics
to discriminate between stream water from mineralized and unmineralized
terrain.

The usefulness of the exploration technique depends on a dispersion
mechanism that continuously moves uranium from the point of origin in
the rock to the stream where the water sample is collected. The dis-
persion mechanism should operate at nearly the same rate for all the
watersheds within the area under survey even though the concentration
of uranium in the rock may change between watersheds. This criterium
provides a natural boundary delimiting the area within which stream water
samples can reasonably be compared. The rate of the mechanism should
not vary significantly from day to day within the time frame of the
reconnaissance survey. If it does then two possible errors may occur in
interpreting hydrogeochemical data.

The first error, designated a Type I error, occurs when a sample is
taken at a time when stream water contains a significantly higher amount
of uranium than it does on the long-term average. The watershed is then
considered anomalous and is a potential target for wmore detailed ex-
ploration. This is not a critical problem because further sampling and

observation will determine that the watershed is indeed unmineralized.
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The second type of error, desigﬁated a Type Il error, is made
when a stream sample is taken at a time when concentrations are sig-
nificantly lower than the long term average concentration. In this
case the geologist may assume the watershed is unmineralized when, in
fact, it may contain a uranium deposit. With a better understanding of
uranium behavior in stream water, periods of large variation may be
avoided. The large number of variables and in-field collecting experience
convince the author that enormous difficulties confront the interpre-
tation of the results of a regional hydrogeochemical survey. By studying
uranium behavior in a paired hydrologic system I hope to increase our
understanding of the uranium system and enhance the accuracy of inter-
preting hydrogeochemical results.

To the author's knowledge, a study of the long-term dynamics of
uranium concentration in stream water has not been published. Several
studies of limited duration, Rose et. al. (1977); Germanov et. al. (1958);
Wenrich-Verbeek (1977), suggest that uranium concentrations do change as
a function of discharge but the sample size of these studies are usually
restricted to one or two sample periods spread ocut over one or more years.
Thus, their usefulness for enhancing the interpretation of hydrogeochemical
survey data is limited. This study suffers in several respects as well
because it attempts to monitor the behavior of stream water chemistry only
through one annual hydrologic cycle. One must be careful not to over-
extend conclusions based on one year of stream data because as most
people who work with stream data know, what occurs one year in a stream

may differ quite radically from a subsequent year. [ have attempted to
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alleviate some of the shortcomings by studying two slightly different
but adjacent watersheds. Nevertheless, it is impossible to escape the
fact that weather is the driving force in every hydrologic system, and
as we all know "weather can be very unpredictable".
This study deals with the behavior of uranium in stream water from
two small mountain watersheds. The objectives of this study are:
1. To monitor the rate, volume and chemical nature of
precipitation and discharge of two paired watersheds
draining steep, partially forested, unmineralized,
granitic terrain of the Idaho batholith of western
Montana between September 24, 1977 and September 24, 1978.
2. To examine the relationship between uranium concen-
tration in bedrock and stream water in the two watersheds.
3. To determine if the variations in this relationship
are great enough to make conclusions based on a hydro-
geochemical stream sampling program invalid.
4. If significant variation exists, to speculate on the
nature of the variation, identify the variables that
influence the variation and to develop a methodology
for identifying stream water samples that fail to
adequately predict uranium concentrations in the source

rock.
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CHAPTER 11
GENERAL INFORMATION

Location and Access

The two watersheds studied, Applebury Creek and Steep Creek, are
small tributaries to the East Fork of the Bitterroot River. They are
within the Darby District of the Bitterroot National Forest in South-
western Montana, about 30 km. (18 mi.) southwest of Darby and approximately
2 km. northeast of the West Fork Ranger Station (Figure 1). The two
watersheds are within sections 20, 21, 28 and 29 of T 1 N, R 21 W and
are accessible from the bottom by a private bridge which crosses the
West Fork below its confluence with Boulder Creek. The tops of the
watersheds are accessible by the Piquett Mountain trail number 676.
Flumes installed in each creek to monitor stream discharge are accessible

by roads.

Geology

Three rock types outcrop within the study area. Approximately ninety
percent of the combined watershed area is a pink coarse-grained, massive,
equigranular, biotite-bearing granite (Figure 2, Table 1). The granite
presumedly belongs to the suite of Tertiary age granite plutons forming
a discontinuous,concentric ring around the Bitterroot Lobe of the Idaho
batholith, and are believed genetically related to the Challis volcanics

(Hyndman, 1977). The rock weathers under the present climate to permeable,

5
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coarse-grained gruss. The second rock type, 5 to 10% of the study
area, is a sequence of hypabyssal porphyritic volcanic dike rock.
Angular, partially resorbed, potassium feldspar phenocrysts .4 to .8 cm
in diameter typically occur in the tan to buff colored, aphanitic,
crystalline groundmass. The dike rock clearly intrudes the Tertiary
granite, however complex intergradation of porphyritic dike rock and
medium to fine grained granite is common. The resistant dikes have

a persistant north-northeast strike, following the regional northeast
trend of Tertiary volcanics believed to be related to the late stages
of the Challis event (Hyndman, 1977; Badley unpublished Masters Thesis,
UM, 1977).

The third rock type present is a medium-grained, weakly-foliated,
biotite bearing granodiorite containing conspicuous potassium feldspar
megacrysts. It belongs to the suite of Cretaceous aged plutonic rock
composing the interior of the Bitterroot Lobe of the Idaho batholith.
This rock outcrops to a limited extent along a zone at the mouth of the
two watersheds {Figure 2). The contact between the Cretaceous grano-
diorite and Tertiary granite is not seen in the field because of poor
exposure. However, it is clear from field relationships that the hypa-
byssal dikes cut both granites. A moderate amount of jointing throughout

the watersheds suggests some structural deformation exists.

Topography, Vegetation and Aspect
The Applebury and Steep Creek watersheds are similar topographically

to most first and second order stream drainages (Horton, 1945)
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Table 1. Watershed Data

Applebury Steep

Horizontal Map Area (ha) 211 197
True Area (ha) 234 211
Horizontal Map Area (ac) 520 486
True Area {(ac) 577 520
Slope (ave deg) 26 20
Slope (ave %) 43 34
High Point (m) 2012 2073
Flume ele. (m) 1353 1414
Relief (m) 659 659
High Point (ft) 6600 6800
Flume ele. (ft) 4440 4640
Relief (ft) 2160 2160
Tertiary Granite 89% 91%
Tertiary Volcanics 3% 9%
Cretaceous Granite 8% 0%
Percent of watershed

unforested 42% 31%
Percent of watershed

forested 58% 69%
Percent of area adjacent
to main channel that is
unforested 33% 19%
Percent of area adjacent
to main channel that is
forested 67% 81%
ha = hectares
ac = acres
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one might encounter in a regional reconnaissance stream sampling program
in the mountains of Western Montana, Central Idaho and Northwestern
Washington. The Piquett Creek 7.5 minute U.S.G.S. topographic map
covers the study area and was used with air photos to derive the data in
Table 1 and Figures 2 and 3.

The study area is partially covered by a mixed coniferous forest
typical of the middle elevations of the region. The species present

are Douglas Fir (Pseudotsuga menziesii), Lodgepole Pine (Pinus contorta),

Ponderosa Pine (Pinus ponderosa) and Engelmann Spruce (Picea engelmannii).

Unforested slopes are sparsely covered by brush, various herbs and grass.
The bottom area along the stream margins are overgrown with deciduous
trees and brush.

Applebury and Steep Creek have deeply incised stream channels forming
distinct V-shaped valleys. The valley slopes are steep (21 to 30 degrees)
and the slope profiles are generally straight; however, in pléces
slopes tend to increase toward the stream margin.

The general orientation of the drainages is west-northwest. This
orientation controls the water budget, and therefore the type and density
of vegetation on the northeast and southwest facing slopes. Northeast
facing slopes are wetter and heavily forested. Southwest facing slopes
are dryer and have fewer trees. The Applebury Creek watershed is oval
shaped and generally symmetrical around the trunk stream. This tends to

equalize the proportion of forested versus unforested slopes.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



11

The distribution of vegetation in a watershed can influence its
hydrologic character by altering the rate that precipitation infiltrates
and flows to the stream (Vorenkov, 1970; Reich, 1972; Plamondon, et al.,
1972). Variation in stream water chemistry in a watershed containing
various hydrologic regimes (i.e. grassland and forested land) is more

'complex than watersheds containing only one hydrologic regime
(Vorenkov, 1970). Therefore, it is important to have a better under-
standing of the differences in the distribution of vegetation between
Applebury and Steep Creek. In both watersheds the boundary between
forested and unforested slopes is usually very distinct and results from
differences in slope aspect. Most of the unforested slopes in each water-
shed extend down, almost to the trunk streams. They are separated from
the main channel by a ravine and a zone of thick vegetation, commonly
20 to 50 feet wide. The vegetation consists of about equal proportions
of desiduous brush and conifer (Figure 4). Forested slopes are usually
covered completely with conifers, extending from the trunk stream to the
drainage divide.

The difference in hydrologic behavior between forested and unforested
slopes, during spring runoff when all soils are generally saturated, is
usually small. However, during the summer months, differences in
evaporation and transpiration on slopes having different aspect may
cause large differences in the way each slope releases water to the stream
channel (Kossovich, 1967).

Using the vegetative cover map (Figure 3} I determined the proportion

of forested and unforested area on both sides and directly adjacent
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to the perennial portions of each stream. In general, 4/5 of the
Steep Creek perennial stream margin is forested compared with roughly
a 2/3 forested stream margin in Applebury Creek. The differences are
small but may account for the variation in stream water chemistry

discussed in Chapter VI.

Climate and Weather

A large climatic gradient exists within the drainages of the study
area. This is characteristic of many steep walled canyons within the
region, caused by the limited incidence of sunlight in the narrow valley
floors and the rapid change in elevation. Air temperatures within smalil
watersheds in this region vary significantly. On sunny days air tem-
peratures on the valley floor are commonly 5 - 10 degrees coocler than
slopes several hundred feet higher in elevation. Data from the closest
weather station of comparable elevation (Sula, Figure 1) indicate monthly
mean temperatures for the study period were slightly higher than the
previous 15 year average.

Data from the Sula station (Figure 5) indicate precipitation for
the water year was significantly above the long term average. Pre-
cipitation in the region has a direct, positive relationship with
elevation (Garn and Malmgren, 1973; Patton, et. al., 1970) therefore
precipitation in the study area was greater than at the Sula station.
Based upon data from the Sula station, and a isohyetal map (Garn and
Malmgren, 1973), precipitation in the study area is estimated to be 700 mm

(27.6 inches) per year, 50 to 70 percent falling as snow. An orographic
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computation of total precipitation by Bateridge (personal communi-
cation) also estimates that 700 mm of precipitation fell on the water-
sheds during the 1978 water year. Winds in the area are predominantly
southwesterly and summer evaporation is considerable due to warm drying
winds. Above 6800 - 7000 feet the regional climate bagins to limit

vegetation growth (Garn and Malmgren, 1973), but this is not a significant

factor in this study.
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Soils

Soil thickness in the study area is irregular and varies primarily
as a function of slope and aspect. Depth to bedrock is generally 120 to
180 cm (4 - 6 feet) on north facing slopes and 50 to 150 c¢m on south
facing slopes. Individual horizons are not well developed and the soil
is usually capped by a thin organic layer. All soils within the study
area develop on granitic bedrock, contain much gruss and have a sandy
loam to loamy sand texture. Characteristics common to all the soils
are low fertility, low water holding capacity, high infiltration and

high permeability (Garn and Malmgren, 1973).
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CHAPTER II1
ROCK CHEMISTRY

Representative samples of each rock type in the study area were
collected to determine background concentrations of uranium and
differences in uranium concentration between rock types. Sample
site locations are shown in Figure 6. Elemental concentrations for
each sample collected are given in Appendix 1. Samples were crushed
to ~100 mesh with a Bico disc pulverizer using porcelain plates.
Anatytical techniques used by LASL to determine elemental concen-
trations are:

1. Delayed neutron counting: wuranium

2. Energy dispersive x-ray fluorescence: silver, bismuth,
cadmium, copper, niobium, nickel, lead, tin, and tungsten

3. Arc source emission spectrography: beryllium and 1ithium

4. Neutron activation analysis: aluminum, gold, barium, calcium,
cerium, chlorine, cobalt, chromium, cesium, dysprosium,
eruopium, iron, hafnium, potassium, lanthanum, leutetium,
magnesium, manganese, sodium, ribidium, antimony, scandium,
samarium, stronium, tantalum, terbium, thorium, titanium,
vanadium, ytterbium, zinc.

The techniques for chemical analysis of the rocks are discussed in

Appendix II.

17

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



18
SAMPLE SITE LOCATION MAP

FOR APPLEBURY & STEEP CREEK STUDY AREA

Tmtg/rflmnm (;/\uc.jl e,
WATER APLE
it B

Ov‘dr‘n,fc location

Map Location n
Pquett Creek Ousdrangle u
75 Series

AT o | _ '

SEDIMENT Ho, M,

“w! Ves

L a
g i"

(a21% sve) ‘35
< & A—eb2 - g}
o :

Y18
a-

w1y
-3

a
LM =« 8% 2 METERS

LEGEND
O Steeam waler muv.';lc sife
STEEP CREEK r&w . Stream sedimenT sample sife
WATER SNPLES folu, RIS VI Y) S 4
SEDIMENT SNPLES 2/, oo, sd, dhu, ,/)
Fa Whole rocK sample saTe
- “Seul sample  uile
i ® Pr((.,ufufnnu qavg e (X173
Figure 6.

Sample site location map for the Steep and Appiebury -
Creek study area.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission



19

Table 2. Uranium concentrations in rocks of the study area
according to rock type,with statistics.

Applebury Creek Steep Creek
SN TvZ SN! 763 SN! ¢cG* SN! Tv?Z SN! TG3 SNl CG*
485 3.61 496 2.35 482 1.41}1 467 3.13 450 1.41 443 3.01
498 3.03 483 2.47}) 468 2.96 451 1.70 444 2.55
499 2.81 486 4.58} 469 3.25 456 .66 Y = 2.78
500 2.35 Y =2.82 | 480 4.37 458 2.83 o = .33
476 4.16 o = 1.61 | 481 1.28 460 1.94 N =2
484 1.65 N = 3 494 4.18 463 1.06
487 1.75 497 3.30 464 1.09
488 4.62 453 2.42 465 1.09
489 2.09 454 4.27 471 .98
490 2.21 455 3.15 472 1.78
491 2.03 457 3.75 473 3.92
495 1.29 459 4.19 474 1.98
Y = 2.528 461 5.82 475 1.25
o = .995 462 2.18 478 2.34
N =12 466 2.94 479 3.33
485 3.61° 492 4.9
X = 3.42 Yy =2.02
c=1.05 o¢=1.19
N =16 N 16

l1Sample Number

2Tertiary Volcanics

3Tertiary Granite

“Cretaceous Granite

>Tertiary volcanic data combined

to derive statistics
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Data

The average concentration of uranium in the rocks of the study
area is determined by statistical treatment of the chemical data.
Table 2 gives a statistical breakdown of the uranium concentration
of rock types within each of the watersheds. Cretaceous granite was
not seen outcropping within the Steep Creek watershed. In Applebury
Creek approximately 5% of the total rock exposed is Cretaceous granite.
Its average uranium content is similar to that of the Tertiary granite.
Most groundwater flow from the Cretaceous granite enters the stream below
the flume. It probably does not significantly influence the stream
water chemistry where the samples were collected. Therefore, the
chemical values for Cretaceous granite are left from the calculations

below.

Discussion

The concentration of uranium in Tertiary dikes is generally one
part per million greater than in the Tertiary granite. This follows
the typical trend of uranium enrichment in late stage differentiates.
A T test on the difference of means between Tertiary granite from each
watershed indicates there is no statistical difference at the 90%,

95% and 97.5% confidence levels. A second T test on the Tertiary
dike rock from the two watersheds gives a similar result, suggesting
that the uranium concentration in the dike rocks from both watersheds
is statistically the same. Therefore, a weighted mean average uranium

concentration, accounting for the percentage of each rock type
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outcropping in both watersheds, is computed as follows:

Ugx =(A*B+C*D)+ (M*N+X*Y)

A+ C+M+ X

where
Applebury Creek
A = percentage of Tertiary granite
B = mean concentration of uranium in Tertiary granite
C = percentage of Tertiary volcanics
D = mean concentration of uranium in Tertiary volcanics

Steep Creek

M = percentage of Tertiary granite

N = mean concentration of uranium

X = percentage of Tertiary volcanics

Y = mean uranium concentration of Tertiary volcanics

The weighted mean uranium concentration of the rocks of both watersheds

is 2.35 ppm.
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CHAPTER IV
PRECIPITATION CHEMISTRY

Uranium in the streams may come from several sources other than
bedrock within the watersheds. Some may be dissolved in rain or snow
as it falls on the watersheds and some may deposit on vegetation as
a part of airborne dust. To insure that the principal source of
uranium to the streams was from bedrock, precipitation samples were
collected at the lower precipitation gage throughout the study period
and analyzed for their uranium content.

Six precipitation samples were collected at the lower precipitation
gage. The foilowing list gives the sample numbers and dates in which

samples were collected.

Precipitation sample numbers and dates of collection

Sample Number Date
452 10-22-77
445 12-18-77
447 1-14-78
446 1-29-78
342 7-16-78
431 9-16-78
22
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To prevent evaporation, precipitation was collected in a polyethylene
system consisting of an uncovered funnel, tubing and reservoir. The
system is identical to the one described by Liken et al. (1967) and
used at Hubbard Brook. Samples were filtered and acidified. Specific
conductivity pH and temperature of each sample were not measured.

The chemical concentration of precipitation was extremely low and
concentrating by evaporation was necessary before analysis. Samples

were analyzed by LASL according to procedures described in Appendix II.

Data
The results of chemical analyses for the six precipitation samples
collected are given in Appendix III. Figure 7 displays the variability

of uranium and other metal cations through time.

Discussion

A small amount of contamination of the precipitation samples by
dust fall was expected, however the higher elemental concentrations
recorded in sample numbers 452, 342, and 431 indicate that a larger
amount of contamination occurred when conditions were very dry or the
collection periods were sufficiently long. This allowed dust to build
up on the collection apparatus which then was washed into the collection
bottle.

Sample numbers 445, 447 and 446 were collected during periods when
snow covered the ground. Presumably, ambient dust was at a minimum

during this period and these samples probably represent the typical
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chemical input into the hydrologic system. Under these conditions,
uranium concentration of precipitation falls in the range of .03 to
.06 ppb, with slightly higher concentrations possibly occurring in the
late summer and early fall. The uranium concentration in rain water
is extremely low and is at least one order of magnitude less than mean
concentration in the stream water. Because of uranium's low concen-
tration in precipitation, and its chemical activity upon entering the

mineral soil, its influence on stream water is considered negligible.
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CHAPTER V
HYDROLOGY

Data Collection

Stream discharge was monitored continuocusly for each stream
throughout the water year 24 September 1977 to 24 September 1978,
except for a portion of the winter when the stream gaging devices were
frozen. The discharge data for both streams is listed in Appendix
IV. Discharge was monitored with strip recorders attached to v-notch
flumes. The flumes were anchored securely in the stream channels,
banked and sealed with bentonite to prevent leaks through the porous

bank material.

Time of Precipitation

Precipitation falling into the watersheds was measured with two
precipitation gages, one near the Applebury Creek flume (Figure 6)
and one near the headwaters of Applebury Creek. The lower gage con-
tinuously recorded both the amount and time of precipitation of each
storm. The temporal relationship between precipitation and discharge
provide a better understanding of the hydrology of the watersheds,
therefore the amount and period of recorded precipitation are included
in both sets of hydrographs (Figures 8 and 9). The actual precipitation
data is necessary for calculating lag times (discussed below) and
is listed in Appendix V.

26
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Characteristics of the Hydrographs

The annual stream hydrographs with recorded precipitation events
are presented in Figures 8 and 9. Also plotted are uranium values and
sample numbers of all samples collected for each stream. The sampie
numbers reference the data listing in Appendix VI. The streams flowed
continuously throughout the study period. Several times during the
year one or both discharge gages stopped recording because of freezing
temperatures or mechanical failure. At those times the record is
inferred by combining static discharge readings taken at water sampling
times with the three day running average of the mean daily high tem-
peratures of the Sula and Darby weather stations. Using the static
discharge data, and assuming, with snow on the ground significant in-
creases in discharge occur only when temperatures go above freezing,
then it is possible to create hydrograph data for periods when the
recorders were frozen.

The stream hydrographs are characterized by one distinct period
of peak discharge beginning with the onset of spring runoff near the
first of March, peaking on April 1 and diminishing to base flow over
the next 4 months. The variation in discharge during this period
spanned 2 orders of magnitude. In late November and early December
several storms dropped above normal amounts of snow on the watersheds.
These storm events are reflected in the precipitation histogram in
Figure 5. Neither discharge gage was recording during that period,
nevertheless, it is apparent that discharge response to these storms

was perhaps greater than 50% bank full stage.
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In addition to the overall seasonal trends, the storm hydrographs
are characterized by rapid rises and falls in response to individual
rainfall events. This rapid response is related to the ease with
which water is transmitted through the porous and shallow soils into
the streams.

A significant diurnal variation in discharge beginning in May
and sustained through early September results from the uptake of soil
water by trees during their daily growing cycle. In general, minimum
evapotranspiration occurs in the dark, early-morning hours when air
temperatures are low. Evapotranspiration increases to a maximum in mid-
afternoon and then decreases again towards a minimum in the late evening,
completing the diurnal cycle. There is a good correlation between
maximum evapotranspiration and minimum discharge. An example of this
is shown in Figure 14.

The growing cycle of trees is extremely sensitive to soil water
conditions and they adjust their growing cycles accordingly {(Devlin,
1969; Daubenmire, 1974). Once soil moisture conditions fall below some
critical level trees stop growing and the diuranl variation in dis-
charge ceases. Early in the summer the streams are still on the recession
curve of the spring runoff peak and the percentage of the total discharge
withdrawn daily by evapotranspiration is on the order of 5 - 10%.

As discharge continues to decrease towards base flow the percentage
change in daily discharge becomes extremely significant approaching
100%. This change in flow appears to have a some influence on the

chemistry of the stream water late in the summer,
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The data indicate that discharge in Steep Creek is more sensitive
to this diurnal variation than Applebury Creek, For instance, on
August 11, one of the lowest discharge days of the year. Steep Creek
experienced an 80% reduction in flow while Applebury Creek showed a
60% reduction. This relationship is typical throughout the growing
season and indicates that the greater amount of vegetation adjoining

Steep Creek may be causing larger diurnal fluctuations in discharge.

Source Area Model

The water chemistry measured at the flume is influenced by the
kinds of material that precipitation comes into contact with and the
length of time between falling in the watershed and entering the
stream. Both these factors are affected by the route precipitation
takes to reach the stream. Therefore, it is necessary to consider the
mechanisms that deliver precipitation to the two streams.

Overland flow (Horton, 1933), caused by surface soil saturation,
occurs periodically in the early spring at times when the soil is
going through daily freeze-thaw cycles. It is apparent only at places
where the soil is frozen and then when the upper 2 or 3 inches melt
when warmed by sunlight. In these places soil water or snowmelt, pre-
vented from infiltrating by the frozen subsoil, percolate downslope
until the unfrozen soil becomes saturated. At that point soil water
flows overland. The afternoon shadows define a sharp thermal boundary

during this time of year and it is common to observe overland flow
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refreeze on the soil surface upon crossing the shadow interface.
Hewlett (1974) stresses the point that surface flow is only that
rainwater or snowmelt that fails to infiltrate the soil surface at any
point along its path of travel to a gaging station in a perennial
stream. Field observation and hydrograph data indicate it is unlikely
that overland flow ever made a significant contribution to stream

flow in either watershed during the study period.

The contribution of deep groundwater to stream discharge is also
considered insignificant during most of the year for two reasons.
First, deep groundwater flow in these watersheds infers movement
through relatively impervious bedrock and is considered to be relatively
slow. Second, during periods of low flow the large percentage change
in discharge corresponding with the daily evapotranspiration cycle
indicates that the source area during that period is soil water. Al-
though deep groundwater's contribution to discharge is not usually
apparent there are several instances when it appears to have a significant
influence on stream water chemistry, and in particular, uranium con-
centration.

These instances occur when deep ground water makes up a large part
of the total water flowing in the channel. One period in which this
occurs is in mid-summer, before the cessation of diurnal fluctuation
in discharge. During this period, usually in mid-afternoon on hot,
sunny days, evapotranspiration significantly reduces the soil water

contribution to the stream and deep groundwater temporarily becomes the
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principal source of water. Ancther, longer period occurs in late summer
and early fall, after the cessation of diurnal flucturations. During
this period soil moisture is very low, discharge is usually less
than 1% bank full stage, and the lack of diurnal variation indicates
that deep groundwater flow probably contributes the majority of water
to the stream. This period continues until the first storm that adds
appreciable amounts of water to the soil such that deep groundwater no
longer provides the majority of water to the stream.
Subsurface flow appears to be the source of the major portion of
stream flow throughout the hydrologic cycle. However, this mechanism
is complex and several models have been developed to describe the path
in which subsurface flow is delivered to the stream.
The variable source area model, developed by Hewlett and co-workers
(Hewlett and Hibbert, 1967; Hewlett and Nutter, 1970; Nutter, 1973)
has the stream channel system expanding and contracting in response to
rainfall. As the channel system expands, the subsurface flow paths
that join surface water systems shorten, and the effective area con-
tributing to stormflow expands. Freeze (1972) criticizes this model
on the basis that infiltration and subsurface flow rates do not transmit
water fast enough to provide a significant contribution to storm runoff.
An alternative theory, the partial source area concept developed
by Ragen (1968), Dunne (1970), Dunne and Black (1970, a,b) suggests
that stream stormflow is caused by overland flow from partial areas

near the stream channel due to surface saturation from a rising water
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table. Freeze (1972) developed a complex computer program to simulate
the rate and path of stormflow through a sloping soil mass which lends
theoretical support to the partial source area concept. His simu-
lation results show that in the variable source area model, subsurface
flow could only contribute significantly to the storm hydrograph if
saturated soil conductivities were large and steep convex slopes fed
deeply incised channels.

Some hydrologists believe that storm flow to the stream channel is
controlled by pipes (Hursh, 1944) formed in the soil by decay of roots
and animal burrowing. During a rainfall the water passes downward
through these channels much faster than water infiltrating through the
soil. There is widespread evidence that piping flow exists (Aubertin,
1971; Reasley, 1976; Dixon and Peterson, 1971; Feller and Kimmins, 1979;
Jones, 1971). However, measuring the actual contribution to the storm
hydrograph has proven difficult.

Within the study area, especially along the lower margins of the
watersheds, saturated soil conductivities are great enough and the
slightly convex slopes adjacent to the streams are steep enough to meet
Freeze's criteria for Hewlett's variable source area model. The fact
that piping was observed within the study area along cutbanks and road-
cuts suggests that subsurface flow through microchannel networks could
make a significant contribution to stormflow. This study does not
provide conclusive evidence supporting either the variable source area

or the partial source area model. The above observations, combined with
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work published by other hydrologists, suggests that subsurface flow
does make the major contribution to stream runoff according to the
variable source area model. In addition, during periods of high dis-
charge, piping flow probably delivers a significant amount of sub-
surface flow to the stream.

Figure 10, depicts the mechanism believed to explain the flow of
soil water to the streams. A dynamic saturated soil water storage
area, adjacent to the stream, is fed by unsaturated soil water that
moves down slope parallel to the slope surface. This saturated area
is effectively the water table in these steep watersheds and acts as
a buffer between the unsaturated soil and the stream (Dunne, 1978).
The activity of this buffer throughout the annual hydrologic cycle is
better illustrated by observing the variation in lag times between
peak rainfall events and subsequence peak discharge events.

A plot of lag times for a number of storm events throughout the
study period for Applebury Creek is shown in Figqure 11. This graph
indicates that the buffer adjacent to-the stream expands and contracts
in response to both seasional changes in soil moisture conditions and
changes due to individual storm events. During spring runoff this
buffer may be considered full. Rain, infiltrating the soil during this
period, pushes water already in the buffer quickly into the stream
resulting in short lag times. As discharge decreases during the spring
and summer this buffer contracts. Presumedly, during this period the
buffer must expand to some extent, in response to individual storms,

before it begins adding significant volumes of water to the channel.
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As the time involved in filling the buffer increases the lag between the
onset of rain and subsequent rise in stream flow also increases. This
probably explains the longer lag times that occur in late sbmmer and

early fall.
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CHAPTER VI
STREAM WATER CHEMISTRY

Methods of Data Collection

Water samples were collected from Applebury and Steep Creek at
approximately two week intervals throughout the water year. In
addition, five sets of diurnal samplés were collected at random periods
to test if significant daily chemical variations in stream water
occurred. Samples were collected approximately 3 meters above the
flume in accordance with standard LASL field procedures which are
described in Appendix II. Water was filtered through a .45 u-membrane
filter and acidified with nitric acid to a pH of 1.0. The sampling
sites are shown in Figure 5. The following parameters were measured

during each sample collection:

1. Air temperature----- to the nearest 1 degree centigrade
2. Water temperature-----to the nearest .1 degree C°

3. pH-----to the nearest .1 pH unit

4. Specific conductivity----- to the nearest 2 umho/cm

5. Stage of stream-~---- in centimeters

Analytical Techniques

The following analytical techniques are used by LASL for determining

the stream water concentrations of the following elements:

37
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1. Fluorometry; uranium

2. Plasma-source emission spectrography; calcium, sodium,
potassium, cobalt, chromium, copper, iron, magnesium,
manganese, molybdenum, nickle, lead, titanium and zinc.

The accuracy and precision of the techniques are described in

Appendix II.

Data

The chemographs for Applebury and Steep Creek are shown in
Figures 12 and13 respectively. The hydrographs for each stream are
included in the plots to illustrate the relationship between discharge
and various chemical parameters including uranium concentration.
Uranium concentrations are also plotted on the hydrographs (Figures 8
and 9 ) presented in Chapter V making it easier to observe the relation-
ship between discharge, precipitation and uranium concentrations.
Appendix VI contains listings of field data and analytical results for
all stream water samples.

Table 3 provides a statistical summary of the analytical results
in addition to the data recorded at the time of sampling. The values
for copper, nickel. titanium and zinc are not plotted on the chemographs
nor considered in this study because concentrations for these elements

are below the minimum detection limits of the analytical technique used.
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Table 3. Statistical Summary of Stream Water Data for Applebury and Steep Creeks.

APPLEBURY CREEK
(71 samples)

STEEP CRELK
(71 samples)

X , min max Range Variabilityd] ¥ s min max Ranae Variability®

Cheical g a

Jata Y Y
Calcium? 15533 3571 7097 25341 18244 23 18102 5777 8626 30158 21532 .32
Sodiumd 6716 1301 2743 10630 7887 .27 4899 1874 2493 9390 6897 .38
Magnesium? 2233 503 1049 3419 2370 .23 1927 503 956 2979 2023 .31
Potassiume 1308 244 818 1801 983 .19 1115 230 745 1755 1010 .21
Tron2 50 43 25t 189 164 .86 113 131 25! 680 655 1.16
Uraniuym? .03 .56 .30 3.5 3.2 .60 .91 .59 .19 3.03 2.84 .65
Specific3
Conductivity 122 21 68 174 106 17 115 35 60 190 130 .30
pHé 7.5 3 6.9 8.1 1.2 7.5 .3 7.0 8.4 1.4
Physical

Data
Discharge5

L/Sec 12.25 14.4 .60 47.9 47.3 1.18 12.2 16.0 .13 50.9 50.77 1.31
Water Temp

o¢ 6.0 3.0 0 115 115 .5 5.8 2.8 0 12 12 .48
Air Temp

¢ 11 10 -15 35 50 .91 9,8 9.5 -16 30 46 .97

Ltinimum detection for Fe is 25 ppb-values below this limit are reported as 25 ppb.
Al1 themical concentrations -~ opb.

3Specific conductivity is in uhos/cm.

dvariability is the relative

X

Q
1]

mean value for each parameter

standard deviation for each element

variation associated across all parameters.
Statculated only from discharge values recorded at time of sample collection.
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Discussion of Stream Chemical Data

The chemical characteristics of stream water results from the complex
interactions between water, organic matter, soil and bedrock. Attempts
to understand the fluctuations of uranium concentrations in stream water
system requires more than consideration of uranium and discharge alone.
This 1is because uranium is interacting with many other constituents in
the hydrologic system. Some serve to increase uranium solubility while
some interactions tend to remove uranium from solution.

The remainder of this chapter attempts to lay the groundwork for
understanding why uranium concentrations vary by identifying how some
of these interrelated factors behave in the hydrologic system.

The most striking feature of the chemographs is the pervasive
inverse relationship between discharge and concentration of uranium and
the major cations. This inverse relationship is the result of dilution,
a phenomenon common to nearly all cations in solution in Stream water.
Dilution occurs because of the difference in the rate that concentrated
and unconcentrated water enters the stream channel. When discharge is
high the rate that unconcentrated water enters the stream is much greater
than the rate of concentrated water, consequently the concentration of
mixed waters is low. The opposite relationship exists and results in
higher concentrations when discharge is low.

Several studies (0'Connor, 1976; Johnson, et. al., 1969) that deal
with variation of major cations in solution use a mixing model in which

the concentration of water from different source areas (ie. deep ground
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water and throughflow) is constant through time, but that the rate of
water flowing from these source areas change. Thus, the concentration
of the waters mixed in the stream change as the rate of source area
contribution to the stream changes. This allows a convenient mathe-
matical simulation of the change in stream water chemistry. However,
this model probably does not describe the actual mechanics causing
stream water concentrations to change in the system, because it is un-
likely that the concentration of water from individual source areas
remains constant.

Presumedly. some degree of mixing does occur in the Applebury and
Steep Creek watersheds. The source of concentrated waters are bedrock
and low horizons of deeper soils where water is in contact with rock
and soils for a long period of time. These waters mix in the stream
with unconcentrated water derived from zones where infiltration rates
are greater and water spends less time in contact with the soil before
entering the stream. Realistically, the concentrations of water from
unique source areas change as some function of the source area chemistry
and the rate of water flowing through the source area medium. Along
the entire length of the stream many unique source areas probably
exist but measuring concentrations and flow rates from individual source

areas are very difficult and beyond the scope of this study.

Iron in the Stream

Iron is the only element that has a positive correlation with
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discharge, thus, its behavior is different than any of the other elements
studied. The apparent explanation for this is simple. The Eh-pH
conditions of the streams are conducive to the oxidation of iron.
Groundwater carrying reduced iron in solution is oxidized rapidly upon
entering the stream. When discharge is low this oxidized iron pre-
cipitates on the bed of the stream forming a thin veneer of colloidal,
ferric oxyhydroxide. During periods of low flow it is common to
observe accumulations of iron precipitant forming on rocks and gravel
below the stream water surface. During periods of high discharge this
material is taken into suspension and flushed from the system. The
colloidal particles are small and easily pass through the .4 u-millipore
filters. Thus, when samples are collected during periods of high dis-
charge iron concentrations are generally very high. However, the data
indicate that not all samples collected during periods of high discharge
have high concentrations of iron. This appears to indicate that over
extended periods of high discharge much of the ferric iron may be

flushed from the system.

pH Conditions in the Stream

The pH of the stream waters reflects, perhaps better than any other
variable, the dynamic equilibrium which exists between the phsyical,
chemical and biological mechanisms in the watersheds. In Chapter VII
I show that under certain conditions large changes in pH may accompany
anomalously high uranium concentrations, thus it is important to

understand thz dynamics of pH in the stream waters of the study area.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



45

The annual mean pH of both streams is 7.5 with a standard
deviation of .3 pH units. Variation of pH in the streams does not
correlate with changes in air temperature, specific conductivity or
the concentration of the major cations. The waters of both streams
appear to have lower pH during the falling 1imb of spring runoff which
could be the result of lower water temperatures or a greater amount of
water turbulence. Both conditions would increase the amount of dissolved
carbon dioxide (Krauskopf, 1965) and decrease pH. However, the relation-
ship between water temperature, discharge and pH is inconsistent and
these factors do not appear to have a significant influence on the
variation in pH.

The only consistent correlation that appears to exist with pH is
its tendency to vary radically during or shortly after rain storms or
during periods of extremely low flow. The reason for this is unclear.
It appears to be related to a combination of the chemical process that
controls the pH in these streams and the different response of source
areas to changing hydrologic conditions.

The pH of the streams changes as a function of the partial pressure
of carbon dioxide over water according to the foliowing equations.

+ -
COp + Hpo0 &= H2C03 Z= H + HCO3

Thus it can be shown that a general parity exists between bicarbonate

and pH (Krauskopf, 1965; Garrels and Crist, 1965). If bicarbonate is
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he predominate anion in the streams then presumedly pH varies as a
function of the partial pressure of carbon dioxide within the limits
of the buffering capacity of the stream water.

Although no anion concentrations were measured in this study it
is generally assumed that under slightly alkaline pH conditions natural
stream waters flowing from granitic rock are dominated by bicarbonate
anions if sulfide minerals are not abundant in the rock. The closest
example of this, perhaps is Emmett's (1975) data on the concentrations
of anion species in the waters of the Salmon River flowing over rocks
of the Idaho batholith under similar climatic conditions (see footnote).
My analysis of his data from nine streams draining only rocks of the

Idaho batholith shows a mean pH of 7.6 and a ratio of HCO3  : S04 : C17 :
F1~ : PO to be 1: .08 : .0098 : .0043 : .0009 indicating that bi-
carbonate is by far the predominate anion in solution. Examination

of thin sections from the three rock types in my study area showed
virtually no sulfides and only trace amounts of apatite, the principal
sources of 504=, P04E, and F1~ ip natural waters, respectively. Assuming
Emmett's (1975) data may be extrapolated to this study area, bicarbonate
is the predominate anion in solution and the pH in the streams varies

as a function of the partial pressure of carbon dioxide over the

waters of the study area.

The following water data station numbers from Emmett’'s (1975) report
were used for the computation of the anion ratios given above:

13-2924, 13-2932, 13-2934, 13-2950, 13-2956.5, 13-2960, 13-2965,
13-2970, 13-2971.
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Typical COz partial pressures for soil and free atmosphere

10-2.0 P _ ]0‘3-2
* "C0p - air

are: Pcp,-soil
(Devoto, 1978). However, partial pressures of COy in soils are

variable depending on the content and decomposition of organic material
within the soil. More vegetated soils typically have high COp partial
pressures (Kossovich, 1967). Because the water measured at the flume

is a mixture of waters from source areas with different vegetative

cover and carbon dioxide partial pressures, the pH is in transition
between the equilibria developed under various partial pressure con-
ditions.

Short lived "spikes" of anomalously high or low pH values are
recorded periodically in the sampling, suggesting that over short periods
of time, usually on the order of hours, packages of water with unique
chemical histories pass by the flume. Abnormally low pH values appear
to occur most often during periods of low flow. During the period when
evapotranspiration causes large variations in the daily discharge of
the streams, abnormally low pH values are associated with diurnal-
discharge minimums. This suggests that during this period the major
source of water to the streams are springs and seeps that contain
abundant decaying organic material. Spikes of high pH seem to be
associated with pulses of water pushed quickly from unvegetated soils
during or soon after precipitation events. One particularly good
example is shown in Figure 14 which represents one suite of diurnal

samples collected from Applebury Creek in early July.
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Figure 14. Chemograph for diurnal sampling of Applebury
Creek in early July, 1978. By early July the
diurnal variation in evapotranspiration has a
significant influence on discharge and pH. Early
in the morning discharge begins to decrease as
evapotranspiration reduces the contribution of
soil water to the stream. The pH decreases as
the proportion of soil water in the stream de-
creases. Both discharge and pH increase rapidly in
response to a small rain storm at 5:30 pm. Note
the large variation in uranium concentration when
discharge is at a minimum.

Although short term fluctuations in pH occur more frequently
during or soon after storm events there is little reason to believe
that the response is consistant throughout the year. As indicated
in the discussion of hydrology, lag times vary on an annual cycle
primarily as a function of soil moisture. The response of pH to a

particular precipitation event is then a function not only of magnitude
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and duration of an individual storm but also of the prevailing
moisture conditions existing before the storm. This makes it
difficult to predict the precise time and magnitude of pH change

in response to storm events.
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Figure 15. The dark rectangle in the
diagram represents the probable
range of Eh-pH conditions in the
streams of the study area.
(Diagram is from Krauskopf, 1965)

Oxidation Potential

The oxidation potential of the stream environment is high.

Dissolved oxygen concentrations measured at the flumes at various
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times throughout the year was consistantly 18 mg/liter. Based on
mean pH values, calculated Eh values {Krauskopf, 1965) centered around
+ .6 mv. Figure 15 shows the likely range of Eh-pH conditions existing

in the stream channels of the study area.

Cation Concentrations

Concentrations of the major cations are not recognized as having a
significant influence on uranium concentrations in stream water
(Devoto, 1978). However, they provide an adequate means of measuring
the influence of climate on the weathering and release of cations to
the stream, including uranium. For surface waters in the common range
of pH 5.0-8.5, the values for specific conductivity and total dissolved
solids are determined primarily by the concentrations of major cations
in solution. The ratio of mean cation concentrations of the study area
are given in Table 4 . Emmett's (1975) data for the nine streams

mentioned previously are included for comparison.

Table 4 . Ratio of mean cation concentrations in the streams
of the study area.

Ca : Na : Mg : K
Applebury Creek 1 .44 .14 .09
Steep Creek 1 .26 11 .06
Upper Salmon River 1 .22 .12 .04

(Emmett, 1975)
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CHAPTER VII
DISCUSSION

Annual and Diurnal Variation of Uranium in the Streams

Mean uranium concentrations and standard deviations for Applebury
and Steep Creek waters are .93 ppb + .56 ppb and .91 ppb + .59 ppb
respectively. (See Table 3 and Figures 12 and13). Throughout the study
period uranium concentrations for Appelbury Creek ranged between .3 ppb
and 3.5 ppb and Steep Creek values ranged between .19 ppb and 3.03 ppb.
This is a large amount of variation and can lead to errors in the inter-
pretation of hydrogeochemical survey data. This is discussed in greater
detail later in this chapter. More significant perhaps are the results
from the five sets of diurnal sampling which show that large variations
in uranium concentration occur within the time span of a few short hours.

The range bars in Figures 12 and 13 represent variation in uranium
concentration during the diurnal sampling periods. They indicated that on
several occasions the variation in uranium concentration within a 24 hour
period approached one order of magnitude. It is possible that on many
days the amount of diurnal change in uranium concentration is as great
as the amount of variation observed over the entire year. The number of
diurnal sampling periods is small. Also, the sample population for each
set is small (samples usually collected every 3-4 hours), and many periods

of large variation were probably missed.

51
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Variability of Uranium Relative to the Other Cations

Each exploration technique that a geologist may use searching for
uranium involves measuring a unique parameter or set of parameters. In
order to match the proper technique with the field conditions it is
important for the geologist to understand the range of variability
associated with the parameters he is attempting to measure. A comparison
between the variability of uranium in Applebury and Steep Creek and the
variability of the other chemical constituents in the streams may be
useful in evaluatingthe hydrogeochemical technique. Variability is a
useful statistic for comparing the relative amount of change associated
with different chemical constituents in stream water. It is derived
by dividing the standard deviation by the mean concentration of each
chemical constituent for all the samples from each stream. Table 3 shows
the variability for the major cations and uranium in Applebury and Steep
Creeks. The table shows that variation in uranium concentration is
generally 2-3 times greater than the variation in the major cations in
the stream water. This suggests that uranium is generally more sensitive
to the changing conditions in the watershed system. Some of the sensi-
tivity is probabiy related to its much lower concentrations but probably
reflects the greater chemical activity of uranium relative to the major
cations.

The change in uranium concentration of the stream water tends to
progress sympathetically with specific conductivity and the concentration
of the major cations in solution (see Figures 12 and 13 ). Concentrations
are generally lower between the periods of early April and mid-June

because of dilution from snowmelt runoff. From mid-June on concentrations
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begin to rise gradually to a maximum in late September and October.
The chemograph for Steep Creek (Figure 13) shows this relationship
better than the Applebury Creek chemograph (Figure 12). The months
between October and April are a transition period for the streams and
uranium concentration becomes less predictable. Stream discharge is
low and not changing rapidly because of cold weather conditions. Pre-
cipitation falling as snow appears to have little influence on stream water
concentrations. Occasional periods of above freezing temperatures do
deliver short-lived pulses of rain or snowmelt water which appear to
cause large pertibations in uranium concentration. Samples 279 and 28]
collected from Applebury Creek (Figure 8) show this relationship. There
was a heavy snowpack on the ground during this period. A three day
period of above freezing temperatures preceded both of the days on which
these samples were collected. A rapid flushing of uranium from the snow
pack may be the cause of the higher uranium concentrations in these samnles.
Johannessen and Henriksen (1978), studying the chemistry of snowmelt water,
found in Norway that snowpacks tend to accumulate atmospheric pollutants
through the year and that 50-80% of this pollutant load is released with
the first 30% of the meltwater. They suggest that the very first fractions
of meltwater may contain more than 5 times the concentrations the snow-
pack concentrations contain. This phenomenon may explain the higher con-
centrations of uranium in these samples, However, it is not possible to
substantiate this based upon the data collected in this study.

At the beginning of this study it was not known precisely how uranium

concentrations in Applebury and Steep Creek would change through the annual
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hydrologic cycle. The data indicatethat uranium concentrations do vary
through an annual cycle; however, the cycle is not distinct. Random
pertibations do occur which appear unrelated to fluctuations in discharge.
The structure of the sampling program was based on the hypothesis that

the dilution effect (Walling, 1975) resulting from changes in discharge is
the principal mechanism causing uranium concentrations to change in stream
water. The large diurnal variations observed (Figures 8 and 9 ) combined
with the following synthesis of chemical and discharge data suggest that
other factors, in addition to the dilution effect, influence the concen-
tration of uranium in stream water.

Log-log plots of uranium on discharge for each stream are shown in
Figures 16 and 17. If uranium concentration is a function only of discharge
then the data points should define a negative sloping line indicating
that dilution occurs with increasing discharge. Scatter about that line
should be minimal. The data from Steep Creek (Figure 17) does define a
negative sloping trend and supports the dilution concept. However, there
is significant scatter in the points suggesting, that for a given discharge,
another variable or group of variables are acting to alter the expected
uranium concentration. This is much more evident in the Applebury Creek data
(Figure 16) where the scatter of points is too random to decipher a
negative sloping trend. Indeed, these graphs suggest that dilution plays
a less significant roll in altering uranium concentrations in Applebury
Creek than in Steep Creek. In order to better understand uranium's
apparent fluctuations in stream water, it is important to identify these
factors and to try and understand when and how they work to alter uranium

concentrations in a natural hydrologic system.
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Solution and Absorbtion Processes that Influence Uranium Solubility

Various studies on the leaching of uranium from granitic rock
(Pliler and Adams, 1962; Larsen, et al., 1956; Piciotto, 1950) indicate
that uranium partitions in about equal proportions into accessory minerals
and common rock forming silicates, or their alteration products. In an
oxidizing environment, in the presence of water, these minerals are
hydrolized and the major cations go into solution. Uranium combines with
oxygen to form the stable uranyl ion U02++ which is readily soluble in
water. Thus, solution of uranium and the major rock forming elements
proceeds concurrently. It is not surprising then that various studies
find a strong correlation between uranium concentration in stream water
and specific conductivity, a measure of the soluble cations in natural
waters (Dall'Aglioc, 1971, 1964; Dall'Aglio and Tonai, 1962; Lopatkina,
1964).

It is commonly thought that hydrolysis and solution are the principle
chemical mechanisms which determine the concentrations in solution of
uranium and common rock forming elements; furthermore, the longer ground-
water is in contact with bedrock the greater the concentration of these
constituents. However, experiments by Szalay and Samsoni (1969) on the
leaching of uranium from crushed intrusive and extrusive magmatic rock
of different compositions indicate that hydrolysis and solution are not
the only chemical mechanisms that affect uranium equilibrium concen-
trations in water. A discussion of their work provides a better under-

standing of the varying concentrations of uranium in bicarbonate waters.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



58

Szalay and Samsoni's (1969) results from the leaching of powdered
rocks with a 2% NaHCO3 solution show:

1. Uranium concentration in leaching sclutions reached

equilibrium concentrations within a few hours.

2. Equilibrium values are significantly different for different
rock types of identical grainsize with the highest concen-
trations derived from the leaching of granite and the lowest
concentrations derived from the leaching of gabbros and basalts.
This is due to inherent differences in uranium concentrations
for each rock type.

3. Grainsize has only a moderate effect on the uranium concen-
trations in solution.

The fact that equilibrium occurs so quickly led them initially to
conclude that UQ4 on grain boundaries is oxidized to U02++, complexed
with CO3, and taken readily into solution until all the available U0y
is dissolved. Further experiments however, showed that in subsequent
washings of the same samples, fresh leach solutions consistantly reached
similar equilibrium concentrations. Thus, their final conclusion is that
processes of hydrolysis and solution increase uranium in water and the
process of adsorbtion of uranyl back onto grain boundaries remove it
from solution. The processes act simultaneously, and independently but
in opposing directions and equilibrium between the two is established
within a few hours.

The concentration of various anionic ligands in water tend to increase

the amount of uranium in solution by first increasing its solubility and
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second by inhibiting the amount of uranium removed from solution by
absorbtion onto partical surfaces. Devoto (1978) and Langmuir (1978)
present comprehensive reviews of these ligands and the results of their
interactions with uranyl in solution. They point out that uranyl ions
readily complex with any of the following anion ligands; carbonate,
hydroxide, phosphate, fluoride and sulfate as a function of relative con-
centrations and pH. For typical ligand concentrations of stream water,

the most important uranyl complexes arevformed with fluoride, phosphate

and carbonate under acid, near neutral and alkaline conditions, respectively
(Langmuir, 1978). For the slightly alkaline waters of this study area, in

which bicarbonate anions predominate, Figure 18 indicates the most probable
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Fig. 18. Distribution of uranyl-hydroxy and carbonage complexes
versus pH for P¢g, = 10-2 atm and ZU = 10°° M (2.4 ppb)

at 25°C (Langmuir, 1978).
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As discussed previously, bicarbonate concentrations can be quite
variable in ground water moving through a watershed, depending upon
organic activity and temperature. This, combined with the ability of
bicarbonate to complex with uranyl ions and effectively increasing
uranium solubility, suggests that the activity of bicarbonate in the
system probably is an important factor influencing the uranium concen-
tration of Applebury and Steepn Creek.

Uranyl ions may also complex with humic acids produced by biologic
decay of plant material (Szalay, 1964; Jennings and Leventhal, 1976,
1977, 1978). Because humic acids are inscluble under near neutral con-
ditions, they are relatively immobile in the bioclith. Therefore, they
provide a chemical sink for the uranyl ion. Humic acids complex the
greatest quantity of uranyl ions in the near neutral pH region but the
stability of the uranyl-humic acid complex is strongly pH dependent
(Jennings and Leventhal, 1977). Deviations from neutral conditions can
cause uranium to go back into solution. Because of this phenomenon
changes in pH and biological decay rates probably influence the concen-
trations of uranium of the ground and stream waters of Applebury and
Steep Creek. This interaction is probably more significant during the
summer months because warmer temperatures affect the rate of biological
decay and production of humic acids.

Uranyl ions not complexed with these organic or inorganic ligands are
very susceptible to adsorbtion onto natural colloidal materials, most
notably, ferric and manganese oxyhydroxides (Szalay, 1964). Sorbed uranyl

ions, not chemically reduced by the sorbant, can be desorbed by increasinq
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the pH, or increasing alkaline ion concentrations at constant pH

(Van Der Wiejen, et al., 1976; Van Der Wiejen and Langmuir, 1975).

a change of PH in the stream is a potential source of uranium variation

in stream water. Figure 19 illustrates that uranyl is effectively removed

from solution by adsorbtion onto amorphous ferric oxyhydroxide in the

pH range common in natural waters.

30
Amorphous Fe{Il) Oxide (3.24 g/7)
LU ocdded = | gpm
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Figure 19. Adsorbtion of uranyl onto X-ray amorphous

ferric oxyhydroxide as a funct109 of pH
(oxyhydroxide surface area 285 w"/g,

H,0/Fey03 molar = 1.38, PZC = 8.6), (Langmuir,
1978).
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The large variation in uranium concentration, not explained by
variation in discharge, is probably caused by the activity of the solution
and absorbtion processes discussed above. The following comments by
Langmuir (1978) focus on the relative importance of the two processes
and provide a framework for understanding the behavior of uranium in the
stream waters of the study area.

Both solubility and sorbtion data show uranyl to be
least mobile in the pH range 5-8.5. However, whereas
mineral solubilities limit only maximal uranyl
concentrations, sorbtion 1imits uranyl concentrations
at all levels below saturation with the least soluble
uranyl mineral in a given water. In contrast to
solubility control, the highest percentage of total
uranium in a sediment-water system is sorbed on the
sediment at the lowest dissolved uranium levels.

Rose et. al. (1977) presents evidence to indicate that, in soils
surrounding a sandstone type uranium deposit, the sorbtion of uranyl
onto ferric oxyhydroxides has the greatest influence on the removal of
uranyl dissolved in groundwater followed by the complexing of uranyl with
organic material. Szalay's (1964) mechanism of resorbtion on to grain
boundaries appears to be least important in reducing uranium concentration
in natural waters. All three mechanisms are sensitive to changes in pH.
Higher anion concentrations favor increased uranium mobility and higher
uranium concentrations in solution by; increasing uranyl solubility; in-
hibiting adsorbtion onto ferric hydroxide particles and rock grain boundaries;
and breaking uranyl-humic acid bonds. Any activity in the soil-sediment-
water system that alters pH or anion concentration is a potential factor

that may cause uranium concentrations to change. Several activities that

may result in uranium fluctuation are changes in ground-water levels,
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infiltration of unbuffered acidic rain water, or increased biological
activity in the soil. It is not possible, based upon the kinds of data
collected in this study, to determine how much these factors are actually
acting to alter uranium concentrations. The lack of strong correlation be-
tween uraniun concentration and discharge and the fact that these geochemical
factors are present in the watersheds suggests that the variation of

uranium concentration in the streams is caused by the interaction of mechani-
cal and geochemical processes.

Differences in Scatter Between Applebury-Steep Creek Discharge-Uranium
Concentration Plots

It is not known precisely why such a poor correlation exists between
discharge and uranium concentration for Applebury Creek (Figure 16), or
why the correlation differs so much between Applebury and Steep Creek.
However, the differences in the amount of vegetation along the margins of
each stream is seen as one possible cause. Vegetation in a watershed is an
integral part of the hydrologic regime. Where trees abound evapotrans-
piration can greatly reduce soil moisture during the growing season and the
shade from trees can prolong for many weeks the melting of snow from forested
areas. Differences in slope angles, weathering, infiltration and many
other hydrologic parameters are affected by vegetation. As indicated pre-
viously, the amount of vegetation may inffuence soil water pH which, in
turn, may affect the solution and adsorbtion of uranyl.

In a mixed watershed, there are, in effect, at least two hydrologic

systems acting, sometimes together and sometimes in opposite directions,
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supplying water to the main channel. Each system delivers water to the
stream with a unique chemical signature reflecting the state of the
system at any point in time.

During the early stages of spring runoff, water from unforested slopes
is perhaps much more dilute than waters from forested slopes where snow
melt feeds runoff for longer periods into the spring. The concentration
of elements in water measured at the flumes can represent an entire
spectrum of water mixing from the two, or more, systems. The fact that data
from Steep Creek shows a better correlation between discharge and uranium
concentration than Applebury Creek suggests that the forested hydrologic
system may have a dominate influence on the stream water chemistry during
a greater portion of the year. This is due, perhaps, to the greater pro-
portion of forest directly adjacent to the stream channel. In Applebury
Creek the amount of forested and unforested area adjacent to the channel
is nearly equal such that neither system is dominant over long periods.

The data from this study however, is insufficient to resolve this probliem
and a much more extensive sampling program would be required to define this

relationship.

Uranium Variation in Stream Water -- Implications for the Interpretation
of Hydrogecchemical Survey Data

In this study, uranium concentrations in water are very low because
uranium concnetration in the rocks (weighted mean = 2.35 ppm) is Tow.
However, this does not diminish the significance of the large variation
recorded in the stream water samples. For instance, Germanov et. al.

(1958) studied the differences in variation of uranium with discharge from
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spring water draining unmineralized and mineralized terrain. His in-
vestigations showed that the character of seasonal changes is quite dif-
ferent between the two. In unmineralized watersheds the difference be-
tween minimum and maximum values is seldom less than twofold, much less
than is observed in this study. Much more significant is his finding that
for springs feeding streams in mineralized areas the variation in con-
centration is tenfold or more.

If Germanov's et. al. (1958) conc]usiéns are correct, there exists
a strong possibility that many mineralized watersheds could have mixed
in a hydrogeochemical survey (Type II error). It is very important to
establish if a type I or Type II error can occur. The author has under-
taken a small study to test if uranium variation in stream water can
cause errors in interpreting actual data from a large hydrogeochemical
survey in a mineralized region.

During the spring and fall of 1976 the author supervised a pilot
study designed to test uranium hydrogeochemical sampling techniques in
a mountainous area having known hydrothermal uranium occurrences. The
study {Aamodt, 1978) sponsored by Los Alamos Scientific Laboratories in
support of the NURE program, was directed by Dr. Silverman and Dr. Lange
at the University of Montana, Missoula. The survey area covered all of
the Boulder Batholith of Western Montana comprising an area of approximately
5000 square kilometers. A total of 1046 locations were visited, and from
those locations 917 water samples were collected primarily from streams.
A few samples were also collected from springs and wells. Of the 917

water samples collected, 666 were collected during the spring in April,
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May and June, and 251 samples were collected in fall during October and
November. The samples collected in the fall were taken from identical
locations that were sampled during the spring sampling which makes it possible
to compare the variation in uranium concentration collected from the same
source twice in one year.

In Figure 20 the concentration of uranium from 239 streams that
were sampled both in the spring and the fall are plotted. The data indicate
concentrations for samples collected in the spring and the lines drawn
from the dots represents the variation in concentrations for each stream
during the fall sampling. The mean and standard deviation of all the
stream water samples collected from the Boulder batholith are 3.21 ppb +
6.45 ppb. The mean and 1, 2 and 3 standard deviations are plotted in the
upper portion of the graph.

Geologists typically will use different cutoffs for designating which
streams are anomalous and deserve further investigation. The determination
of a cutoff concentration usually involves a consideration of the distri-
bution of the sample population, climate and general rock compositions.
Commonly the cutoff will be 2 standard deviations above the mean con-
ceptions of all samples collected in the survey.

This plot is important because it shows that for a number of streams
the varjation in concentration between the spring and fall sampling spans
2 standard deviations. For several of the streams the concentrations span
3 standard deviations. In addition, the expected trend of low concen-

tration in spring and higher concentrations in the fall is not consistent.
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Figure 20. Range of variation in uranium concentaot ion in
wiater from 2139 streams studicod in the Boulder Batholith Pilot
Study (Aamesdt, 1978) . Slreams wore sampled twice in one year,

The first sampling of each stream was in the spring botween
April and June and are represcentod by dots o on the bar graphs.
The second sampling of cach stream was done in the fall beotween
Auqust and November. Uranium concentrations for those samples
are represcented by the end of the lines lecading from the dots.
The bar arapbh at the top of the fiqure gives the mean and range
for 1,2 and 3 standared deviations above the mean for all 851
streams sampled in Lhe Boulder Batholith,
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Some streams, particularly those with higher average concentrations,

show a decrease in concentration during the fall sampling. Regardless

of the designated cutoff, the data indicate that variation in uranium
concentration spans a significant range and there is a strong possibility
that Type I or Type Il error would be made from the analysis of stream

water samples collected only once in a reconnaissance survey.

Identifying Abnormal Stream Water Samples

The large amount of variation in uranium concentration raises an
important question about the practicality of using stream water as an
exploration tool. The fact that the HSSR program has relied heavily on
stream water samples, especially during the early stages of the program and
in mountainous terrain where access is limited, dictates that methods be
developed for correctly interpreting stream water samples. The data from
the Applebury and Steep Creek study will be of service in providing a
practical methodology. The problem is how to identify samples that tru}y
reflect high or low concentrations of uranium in the source rock from
samples that appear anomalous but result from variation in uranium concen-
tration in the stream. The method described below may provide an answer.

Variations in discharge apparently have a major influence on the var-
jation in uranium concentration. However, in a reconnaissance sampling pro-
gram it is impossible to collect samples of stream water under uniform dis-
charge conditions. Ideally the explorationist needs an internal chemical
standard to compare uranium against and that adjusts for variations in dis-

charge. This standard must be present in both rock and water, and vary only as
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a function of discharge in the stream. A series of least squares
regressions were run on data from thig study to identify the chemical
variable that best predicts discharge for both streams over the total
range of discharge.

The results of the regressions of discharge on chemical variables is
shown in Table 5. Iron is shown in the table because of the strength
and direction of its correlation; however, in many samples the analysis for
iron is below its lower detection 1imit and thus it is not considered an
adequate predictor of discharge in this study. When the data from both
streams is considered, calcium concentration is deemed the best predictor

of discharge. 1If calcium concentration is, as the data suggests, an

Table 5. Correlation coefficients for least squares
regression of log discharge on calcium, magnesium,
sodium, potassium, iron and specific conductivity.

Applebury Creek Steep Creek

R R? R R2
Ca -.77 .60 -.92 .85
Mg -.61 .38 -.91 .83
Na -.21 .05 -. 77 .56
K .25 .06 -.74 .55
Fe .71 .50 .58 .33
Specific
Conductivity -.67 .45 -.92 .85
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adequate predictor of discharge then by regressing uranium to calcium

it is possible to observe the variation in uranium adjusted for the in-
fluence of discharge. The reason that calcium is used rather than dis-
charge itself is because in a reconnaissance stream sampling program it
becomes very difficult to quantitatively assess the discharge without 1ong.
term flow data from individual streams.

Figure 21 is a log normal plot of uranium to calcium for Applebury
and Steep Creek data combined. Included on the diagram are the statistics
of a least squares regression of uranium to calcium. Also included is
the best fit to the data by a least squares regression. The lines on
either side represent + 1 standardized residual and the envelope between
them represents the volume within which approximately 66% of the values
are expected to fall. The numbers for outlying samples shown on the diagram
reference the data listings in Appendix VI and the information in Table 6

Investigating the other chemical attributes of these outlying samples
greatly enhances the understanding of uranium variation in the streams.
Table 6 is a listing of the outlying samples greater than one standard
residual. Included is a listing of the iron concentrations and associated
pH. In a reconnaissance program, where many streams are sampled, values
may plot out of the standardized residual boundary either because the rocks
are enriched in uranium relative to calcium, or because uranium is varying
according to some internal pertibation in the stream system. However,
in this study the uranium concentration in water is constant. The data
in Table 6 indicate that internal variation may be identified if samples

possess at least one of the following four properties:
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Figure 21. Log normal plot of uranium on calcium for combined water

data from Applebury and Steep Creek. Computations were

done by computer subprogram REGRESSION (Nie, et. al., 1975,
Chapter 20). The upper and Tower line represent one stan-
derdized residual on either side of the best fit line

to the data (center diagonal line). Correlation coef-
ficients for 142 samples are R = .444 , R™ = 1977 .
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Table 6. List of outlying samples from regression of uranium on calcium for combined water
from Applebury and Steep Creek, see Figure 21. Mean pH for all samples is 7.5 + .28
standard deviation. Mean iron concentration is 81.5 ppm + 102 ppm standard deviation.

Predictors of anomalous
Sample Q Fe uranium concentrations Explanation
Number pH Tliter/sec ppb A B C D 3

279 8.1 21.7 147 X X

o 281 7.8 3.11 32 X  Sample had ten times background zinc
i 289 7.4 38.5 121 X concentration
+ 5 298 7.0 43.5 104 X X
s o 317 7.1 5.73 -25 X X
§ £33 7.5 5.46 -25 No explanation
0D 336 7.8 1.02 28 X
X 337 7.7 1.21 -25 X
we 361 7.5 .24 30 X
~333 7.1 .09 45 X
eV364 7.2 .13 27 X
A edle 8.0 .20 36 X

428 7.7 71 35 X
v 293 8.1 43.5 165 X X
=
ZE 332 7.5 .98 -25 X
83 397 8.4 .30 33 X
+ o~ 399 7.3 4,53 223 X
o G402 7.3 7.76 42 X
o _ 407 7.3 3.58 64 X
—T409 7.2 3.21 50 X X
D 270 7.3 .7 -25 X
o 271 7.6 .98 25 X
s 406 7.6 3.58 81 X
A = samples that would be eliminated because of very low discharage
B = samples that would be eliminated because of storm events
C = samples that would be eliminated because of anomalous pH values
D = samples with high iron
E = contaminated samples

el
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1. The pH of the samples are anomalously high or low.
Anomalous pH values are considered to be one standard
deviation above or below the mean of all pH values.
Therefore, samples greater than 7.8 or less than 7.2 are
anomalous.

2. Iron concentrations are greater than one standard
deviation above the mean iron concentration for both
streams.

3. Samples were collected in late summer and early fall
after the period in which discharge ceased to be in-
fluenced by evapotranspiration by trees and when dis-
charge is generally less than 2% of bank full stage.

4. Samples were collected during or soon after rain events.

The reason that samples appear to vary quite drastically when dis-
charge is low is not entirely known, but it follows that these periods
are a particularly poo% time to sample. The potential for measuring widely
varying uranium concentrations may be greater during this period for any
of the following reasons:

1. The production and introduction of organic acids to the

stream is greater because of higher temperatures and
increase of biologic decay.

2. During periods of low flow the sources of water to the
stream may be delicately balanced between deep ground water
and saturated soil water. Moderate changes in the rate of
contribution from these source areas may cause appreciable

changes in water quality.
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3. During low flow the proportion of water evaporated from
the stream channel surface during the day may cause

significant variation in stream water chemistry.

Whatever the reason it seems apparent that stream water sampling should
be suspended during this period if reasonable results are desired in a
stream water sampling program.

The data also suggests that sampling should be suspended during or
within one or two days after rain events. The stream, in all physical
and chemical aspects, is a system tending towards equilibrium. Rain
events disrupt this equilibrium by altering the rates in which source
areas deliver water to the stream. The uranyl ion, because of its affinity
for bicarbonate complexes, is highly sensitive to changes in source areas
that maintain different partial pressures of carbon dioxide. Thus, it is
important that sampling not be conducted when the rate of water flowing
from different source areas is changing rapidly.

When iron concentrations are high the chances of observing high
uranium concentrations are much greater, particularly if the iron has
sufficient time to scavange uranyl ions from solution. For this reason,
not all high iron concentratioﬁs correlate with high uranium. In
addition, any of the three other properties above may be acting so that
high uranium concentrations do not necessarily imply that iron concen-
trations are also high.

As the data in Table 6 indicate, anomalous pH is the property most

commonly associated with high uranium concentrations. The fact that uranium
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is usually high when pH is either high or low suggests that uranium
concentration is changing; sometimes independently of pH as a function

of dilution, and sometimes, concurrently with pH as a result of some
other variable. For the streams of this study, that variable is probably

a changing source area for the water making up the streams.

Application of Method to Reconnaissance Data

In regional uranium hydrogeochemical sampling programs, plotting
uranijum concentrations against calcium concentrations may make it possible
to identify or eliminate stream water samples collected when the '"chemical
signature" of streams are deviating from their average chemical makeup.
However, several conditions are necessary:

1. The streams compared in one survey should flow from one

general rock type so that the weathering and release
of uranium and calcium to the stream is generally the
same throughout the survey area.

2. Climatic conditions, particularly precipitation, should

not change significantly within the 1imits of the survey.

3. Water samples should not be collected during periods

of extreme low flow (generally not less than 2% bank
full stage) or during storm events.

If these assumptions are valid then anomalous pH values are those
values greater or less than one standard deviation from the mean for all
streams surveyed. Anomalous iron values are those greater than one

standard deviation from the mean iron value for all the streams surveyed.
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Mean calcium concentrations may vary between watersheds because of
differences in rock type, differences in weathering rates between water-
sheds or differences in size of the watersheds sampled. Much of the
variation in mean calcium concentration may be eliminated by comparing
only samples collected within one rock type. The variation of mean
calcium concentrations between various watersheds due to differences in
weathering rates should not significantly affect this method because
weathering of uranium and calcium proceed concurrently. Therefore,
changes 1in uranium and calcium concentration with watershed size or aspect
should be relatively similar.

When interpreting the results of plotting uranium concentrations
against calcium concentrations, the geologist should suspect that values
plotting outside of the one standardized residual envelope, and having
anomalous pH or iron values, represent stream water chemical conditions
which deviate from long run equilibrium. In this case, the stream should
be sampled again before drawing any conclusions about the concentrations
of uranium in the source rock.

To the authors knowledge this method has not been tested on recon-
naissance hydrogeochemical data. It is not possible to apply this
technique to the Boulder batholith pilot study because samples were
analyzed only for uranium. The method may be especially useful if applied
to distinct geologic provinces such as the major batholiths of the western
United States. Many of these areas have already been sampled and suf-
ficient data is now available from the NURE-HSSR program that this method

can now be tested.
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CHAPTER VIII
CONCLUSIONS AND SUGGESTIONS FOR FURTHER STUDY

Man commonly looks within the boundaries of watersheds to find
many of the natural resources that sustain his modern society. His
attempt to locate and manage these natural resources is often reduced
to a study of the physical and chemical properties of stream water be-
cause streams tend to integrate and reflect the chemical and physical
properties of the watersheds they drain. Most studies are concerned
with water quality or nutrient cycling in the bicsphere and focus on
the relationship between discharge and the concentration of major cations
in solution. This study is different and perhaps more complex because
it focuses on the behavior of uranium, a chemically unique element
occurring in much lower concentrations in stream water.

This study does provide some insight into the behavior of an
economically important element in a typical unmineralized watershed.
Nevertheless, watersheds are extremely complex, dynamic systems and one
should be careful in drawing conclusions from the 1imited amount of random
stream water data presented in this study.

The concentration of uranium in both unmineralized watersheds is
low which correlates with the low concentrations of uranium in the
rocks of the study area. However, this relationship is not consistent.
Uranium concentrations vary more than one order of magnitude within

the period of one annual hydrologic cycle. Diurnal variation
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approaches one order of magnitude and is probably greater. The amount
of variation observed in Applebury and Steep Creek is consistent with
the amount of variation observed in streams draining mineralized and un-
mineralized watersheds in the Boulder Batholith. This indicates that it
is possible to overlook a mineralized watershed (Type II error) in a
uranium hydrogeochemical sampling program unless a more sophisticated
method is used to synthesize the water data.

Uranium concentrations in stream water is affected by changing dis-
charge and by chemical processes involving uranium within the hydro-
logic system. With respect to the dilution effect, uranium behaves
1ike the other major cations in stream water. However, its greater
chemical activity and its low concentration in stream water sets its
behavior apart from that of the major rock forming elements. Uranium
concentration appears to vary the least during periods of moderate
discharge when soil water is the primary source of water to the stream.
The greatest variation in uranium concentration occurs during periods
of extreme low flow when discharge is generally less than 2% bank full
stage or when storm events disrupt the stream source area equilibrium.

Uranium concentrations in stream water that fail to adequately
reflect the long term relationship between uranium in rock and water
appear to be associated with rapid fluctuations in discharge in re-
sponse to storm events, high or low pH values or high iron values.

To resolve the chemical relationships between uranium, pH and iron
in the stream it is necessary to filter out the variation in uranium

concentration resulting from dilution. One possible way to do this
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is by plotting uranium concentrations aéainst calcium concentrations
and calculating a least-squares-best-fit line to the data. If the
variation in calcium concentration correlates well with variations in
discharge, then the plot adjusts for variation in uranium concentration
caused by changing discharge. Samples greater than one standardized
residual represent anomalous streams which may or may not be miner-
alized. Later, with more detailed chemical analyses of water samples
including anionic concentrations, the chemical state of iron in solu-
tion or suspension, and the concentration of humic acids in solution,
it may be possible to accurately discriminate between streams behaving
abnormally at the time of sampling and streams representing mineral-
ized watersheds.

Further studies directed at understanding the chemical inter-
actions of uranium in the stream should be conducted in mineralized
watersheds. Watersheds containing mixed vegetation should be avoided,
however, because they add an undesirable dimension to the hydrologic

system that is very difficult to resolve.
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APPENDIX I

Whole Rock Chemical Analyses

Results of chemical analyses of rock samples collected from the
Applebury and Steep Creek watersheds. The last three numbers of
the LASL sample numbers correspond with the sample numbers given
in Figure 6 . Negative values indicate concentrations that are
below the lower detection limit of the analytical technique (see

Appendix II).
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? : Concenlrghons reporied in weight parts per million {ppm 1SSIO| E RA
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3‘3 UNITS IN ppm Ag Bi cd Cu Nb Ni Po Sn w Be i
327443 1.}l -5 g -5 14 =20 -15 -5 -10 39 2 16
127404 2499 =5 5 -5 -10 =20 -19 18 -10 -15 2 21
32745490 1.41 -% -5 -5 16 -20 -19 -5 -10 -15 2 217
127451 1.70 -5 -5 -5 22 -20 -15% b -10 24 1 14
327453 2442 -5 & -5 -10 =20 -15 -5 -10 20 2 23
1274454 4.27 -5 8 -5 10 =20 -1% L] -10 31 4 14
32745 1.1 -5 -5 -5 13 =20 -15 -5 ~10 =15 3 33
27454 Qenh -5 -5 -5 12 ~?20 ~15 -9 -10 22 1 17
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327471 0.98 -5 -5 7 23 ~20 ~-15 -5 ~10 5% -1 9
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327473 3.92 -5 -5 -5 16 =20 -19 ? =10 28 k) 16
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APPENDIX II
SUMMARY OF STANDARD LASL HSSR FIELD AND ANALYTICAL PROCEDURES

I. Field Procedures

Water Sampling

Water samples are collected from the fast flowing current away
from the stream bank, filtered through a 0.45- membrane filter
directly into one each, prewashed and sealed, 41-ml reactor "rabbit"
and 25-m1 vial (both polyethylene). Water samples in both the rabbit
and vial are then acidified to a pH _1 with 8N reagent-grade HNOj.
A1l sample containers are doubly labeled with preprinted, adhesive
labels carrying the same sample location number as that preprinted on

the field data form.

Field Measurements

The air temperature, read in the shade at the time of sampling, is
recorded to the nearest whole degree Celsius. The water temperature
is measured in the source water and recorded to the nearest one-half
degree Celsius. The pH of the source water is measured with a calibrated,
portable pH meter and recorded to the nearest one-tenth of a pH unit.
The conductivity (in mho/cm) of the source water is measured with a

calibrated, temperature-compensated (25°C), portable meter.

II. Analytical Procedures

Uranium Determination in Water Samples by Fluorometry

Under normal procedures, the 25-ml water vial is vigorously shaken
92
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and duplicate 0.20-ml aliquots of water are transferred to platinum
dishes. The aliquots are evaporated under heat lamps and a 0.4-g
pellet of 2% LiF-98% NaF flux is added to each dish. The pellets are
first preheated under lamps, then fused over special propane burners.
After each pellet/sample cools, it is excited with ultraviolet radiation
in the fluorometer and the fluorescence is read and recorded. The
uranium concentrations are determined by using a computer routine which
compares the fluorescence from each pellet with those from other pellets,
run at the same time, containing uranium-standard solutions and blanks.
The uranium concentration of the sample, as given in the appropriate
data listing, is then the average obtained from the duplicate aliquots.
The lower limit of detection for each aliquot by the normal procedure
is 0.2 ppb; however, in some areas many samples have uranium concen-
trations below this. Consequently, when a sample run by the normal
procedure is determined to have 0.2 ppb uranium, it is routinely
reanalyzed using new duplicate aliquots that have been put through an
additional evaporative concentration step that provides a 10X concen-
tration factor. This additional procedure, using the same basic
fluorometric method, reduces the lower limit of detection of uranium

in natural waters to 0.02 ppb. When a uranium concentration lower than
0.02 ppb is found in an aliquot, it is arbitrarily assigned a value of
0.01 ppb. If the uranium value given in the data listing is 0.01 ppb,
both aliquots had uranium concentrations below the detection limit.
Whether concentrated or not (which can be determined from the uranium

level in the listing), the fluorometric analytical precision is 30%
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at the lower detection 1limit, 20% at one order of magnitude above
this, and 10% at two or more orders of magnitude above the lower

detection limit.

Uranium Determination in Water Samples by Delayed-Neutron Counting (DNC)

Only waters with 40ppb uranium (as determined by fluorometry at
the LASL, where this is the upper 1imit of detection without re-
calibration) or those with impurities that cause interference with
uranium-induced fluorescence are analyzed using DNC. Samples are received
in 41-ml or 25-ml vials (used exclusively in some of the early work)
and are transferred to clean, labeled, 41-ml rabbits before being
analyzed. Each water sample is weighed, and its weight (less that of the
rabbit) and location number are recorded. The rabbits are then loaded
into a 25-sample transfer clip. The reactor pneumatic transfer system
and background radiation levels are checked and four standards are run
for calibration. The transfer clip is installed on the pneumatic feed
line and the samples are cycled through the system (typically, a 60-s
irradiation, 30-s delay, and 60-s count cycle is used). The uranium
concentration is automatically measured, converted to ppb, and entered
into a computer data base. The lower detection limit for uranium in
water by DNC as used at the LASL is 0.2 ppb. The statistical error of
this method is 20% at a uranium concentration of 1 ppb, 6% at 10 ppb,
and 4% at 40 ppb or greater. Statistical treatments of uranium con-
centrations obtained from the same suites of samples analyzed both by

fluorometry and DNC have shown that there is no significant difference
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between the results of the two analytical methods as used at the LASL.

This analytical comparability is rechecked periodically.

Elemental Determinations in Water Samples by Plasma-Source
Emission Spectrography

The concentrations of Ca, Co, Cr, Cu, Fe, Mg, Mn, Mo, Ni, Pb,
Ti, and Zn in water samples are determined at the LASL by inductively
coupled plasma-source emission spectrography. To allow complete system
equilibration, the inductively coupled plasma and photomultiplier tubes
are powered for at least 1 h prior to making any analyses. Argon coolant
and sample carrier gas lines are adjusted and calibrated using a zinc
standard. The sample solution is taken up from its container, nebulized,
and injected into the plasma source at a rate of 9.2 x 10-9 m3/s. After
the computer determines that the photomultiplier tubes have stabilized,
a 15-s exposure of the resultant spectrum is made on a direct-reading
spectrograph. The resulting signals are read directly into a computer,
and converted automatically to give the elemental concentrations.
Corrections for interferring elements are made simuitaneously'by com-
puter. When high (off-scale) results are obtained, the computer calls
for the insertion of a filter between the plasma source and the
spectrograph, repeats the readings, and then converts and stores the
corrected elemental concentrations. The lower analytical detection
Jimits generally achieved are (in ppb): Ca (20), Co (55), Cr (25),
Cu (4), Fe (25), Mg (2), Mn (3), Mo (25), Ni (25), Pb (200), Ti (4),
and Zn (50). When an analysis results in an elemental concentration

that is below the detection 1imit, a minus sign preceding the value of
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the detection limit for that element is inserted in the data listings.
Analytical precision for the elements as determined in water by this
method is 50% at the lower detection limit, improving to 10% one
order of magnitude above the lower detection 1imit and to 5% two orders

of magnitude above the detection limit.

Uranium Determination in Sediment Samples by DNC

A1l sediment samples are analyzed for total uranium by DNC. A split
of each sample (dried and sieved as described) is transferred to a clean
4-ml rabbit, weighed (less the tare), and its weight recorded along with
the appropriate location number. These rabbits are then loaded into a
50-sample transfer clip. The reactor pneumatic transfer system and
background radiation levels are checked, and standards are run for
calibration. The transfer clip is installed and the samples are cycled
through the system (typically, a 20-s irradiation, 10-s delay, and 30-s
count cycle is used). The uranium concentration is automatically measured,
converted to ppm, and entered intc the data base. The lower limit of
detection of this method is 20 ppb (not ppm) uranium, below the range
of uranium concentrations in natural sediment samples. Above the 1 ppm
level, the uranium values in sediment measured by DNC at the LASL have
a one-sigma error of less than 47%.

Elemental Determinations in Sediment Samples by Energy Dispersive
X-Ray Fluorescence

A computer-controlled, energy-dispersive x-ray fluorescence system

is used to determine Ag, Bi, Cd, Cu, Nb, Ni, Pb, Sn, and W in sediments.
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The system consists of an automatic 20-position sample changer, a
1tthium-drifted silicon detector, a pulsed molybdenum transmission-
target x-ray tube, a multi-channel analyzer, and a minicomputer. The
sediment samples are prepared for analysis by grinding 6 g of each
minus 100-mesh sample to a minus 325-mesh powder. A computer program
positions the 6-g samples in the x-ray beam, unfolds overlapping peaks,
determines peak intensities for each element, and calculates the ratio
of the intensity of each peak to that of the molybdenum K Compton peak.
Concentrations of each element are then calculated using equations
obtained by analyzing prepared standards. Detection limits are:

5 ppm for Ag, Bi, Cd, and Pb; 10 ppm for Cu and Sn; 15 ppm for Ni and
W; and 20 ppm for Nb. When an analysis results in an elemental con-
centration that is below the detection limit, a minus sign preceding
the value of the detection Timit for that element is inserted in the
data listings. The relative standard deviation is 10% or less at the
100-ppm level and 20% or less at the 20-ppm level.

Beryllium and Lithium Determinations in Sediment Samples by Arc-
Source Emission Spectrography

A 7.5-mg portion of the minus 325-mesh sample that has already been
analyzed by x-ray fluorescence is mixed with 7.5 mg of a buffer con-
sisting of one part graphite and one part 5i0,. The sample/buffer
mixture is placed into a graphite electrode that is used as the anode of
a dc arc having a short circuit current of 17A. A 60-s exposure of the
resulting spectrum is made on a direét—reading spectrograph. Photo-

multiplier tubes are used to measure the second order 313.0-nm line of
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Be, the first order 670.7- and 610.3-nm lines of Li, the background
spectra near these lines, and the 327.6-nm line of V. The 670.7-nm

Li line is used for Li concentrations up to 30 ppm and the 610.3-nm

line of Li is used for concentrations above 30 ppm. The V line is used to
correct the Be value when V is above 1000 ppm. The signals from the
photomultiplier tubes are read by a digital voltmeter and are processed

by a desk-top calculator. The results are simultaneously printed on

paper and written on cassette tape for later transmission to a computer
data file. The elemental concentrations of Be and Li are determined

from the spectra, based on the results of previously run calibration
standards. The lower detection limit for both elements is 1 ppm. When

an analysis results in an elemental concentration that is below the
detection limit, a minus sign preceding the value of the detection limit
for that element is inserted in the data listings. Precision at the lower
detection 1imit is 50% for both and improves to 25% at one order of
magnitude above the lower limit.

Elemental Determinations in Sediment Samples by Neutron Activation
Analysis (NAA)

Immediately upon completion of the uranium analysis of sediment
samples by DNC, the same 4-ml sediment splits are entered into the NAA
sequence. The concentrations of 31 additional elements are determined
by this procedure. The full DNC/NAA timing sequence used at the LASL for
each sediment sample is: 20-s irradiation, 10-s delay, 30-s, DNC
analysis, 20-min delay, 500-s y-ray count for short-lived radionuclides,

96-s re-irradiation, l4-day delay, and finally a 1000-s -ray count for
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Tong-lived radionuclides. The -ray counting is done by lead-shielded
Ge(Li) detectors; the 4096-channel -ray data are recorded and subse-
quently analyzed for each individual element by computer. The
analytical data for each sample are automatically printed out along
with the associated statistical errors. The lower detection limits for
the various elements as reflected by the "less than" values (denoted by
a minus sign in front of a concentration) in the data listings are the
values for the individual elements at which the statistical counting
error approaches 50%. Current "typical" lower detection limits for the
elements determined by NAA are reported in Nunes and Weaver (1978);
however, the actual detection limit for an element depends upon the
composition of the sample and this limit may be higher or lower than the
“typical" value. At concentration values one order of magnitude above
the lower detection limits, the relative errors are generally less than

10%.
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No. MEDIA ELEMENTS METHOD
. H0 U(initia] run) Fluorometry
2. H20 Ca, Co, Cr, Cu,
Fe, Mg, Mn, Mo, Emission Spectroscopy
Ni, Pb, Ti, In
3. Rock Al, Ba, Ca, C1, Neutron Activation Analysis
Dy, K, Mg, Mn, (short counts)
Na, Sr, Ti, V
4. Rock Au, Ce, Co, Cr, Cs,
Eu, Fe, Hf, La, Lu, Neutron Activation Analysis
Rb, Sb, Sc, Ta, Tb, (long counts)
Th, Yb, In
5. Rock Be, Li Arc-Source
Emission Spectroscopy
6. Rock ﬁg: ﬁ;: gg: gg: W X Ray Fluorescence
7. Rock U Delayed Neutron Counting

00l
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LOS ALAMOS SCIENTIFIC LABORATORY
LIMITES OF DETFCTION IN MULTIELEMENT ANALYSES IN SEDIMENTS

® Minimum Minimum
Detection Analytical Detection Analytical
Elemcnt (ppm) Method Elcment {ppm) __Method
NEUTRON ACTIVATION ANALYSIS X~-RAY FLUORESCENCE
Al 200 NAA Ag 5 IRF
Au 0.01 NAA Bi 5 IRY
‘Ba 300 NAA Cu 10 XRF
. Ca 4000 NAA M 20 XRF
Ce 10 NAA Ri 15 IRF
C1 200 RAA Pb S , XRF
Co 2 RAA Sn 10 XRF
Cr 20 RAA w 15 XR¥
Ccs 2 NAA cd s ‘ XRF
Dy 2 NAA
Eu 0.8 NAA
Fe 2000 NAA ¥MISSTON SPECTROSCCHY
Bf 1 NAA Be 1 E3
K 2000 NAA L1 1 ES
La 6 NAA
Lu 0.3 NAA
Mg 3000 NAA
¥n 10 NAA
Ra 150 KAA #* Because of clemental inter-
Rb 30 NAA for those elcmencs conersined
Sb 1 NAA by MAA will shift as a finction
Sc 0.1 NAA of the composition of the sedinment.
Su 0.5 HAA
Sr 300 NAA
Ta 1 NAA
Tb. 1 RAA
Th 0.8 NAA
TS 200 NAA
v 3 NAA
Yb 3 NAA
Zn 20 NAA
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APPENDIX III

Results of Chemical Analyses for Precipitation Samples

Concentrations reported in weight parts per billion (ppb).

Sample

Number 342 431 446 447 445 452
Element
U .21 .40 .03 .04 .06 54
Ca 274 342 69 51 121 93
Co -55 -55 -55 -55 -55 -55
Cr 50 52 43 40 30 52
Cu 14 14 9 -4 10 23
Fe -25 41 -25 27 36 -25

K 173 119 -100 -100 - 100 -100
Mg 55 31 4 5 8 6
Mn 7 13 4 8 8 11
Mo 43 -25 -25 -25 -25 55
Na 1202 160 120 230 -100 -100
Ni 168 -25 -25 -25 -25 39
Pb -200 -200 -200 -200 ~-200 321
Ti -4 16 12 9 8 18
Zn 104 -50 -50 -50 -50 -50

Minus sign indicates concentrations below low

Appendix I1)

detection limit (see
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APPENDIX 1V 103
Listing of Discharae Data

The data l1istings that follow record the amount of water
flowing through the flume at two-hour intervals on each day
of the study period. Columns 6-17 are the two-hour readings
given in liters per second. Values in! olumn 5 are the daily
average in liters per second. Columns 2-4 are the date of
record, and values in column 1 are a sequer e number for
reference. The days in which a -1.00 appears in the last
six columns represent perieds when the flumes were not
working an «stream discharge is inferred from weather data
as described in the text. Where a -1.00 occurs in columns
6-11, the daily record is incomplete.

S A

E v

Q M D E

0 y A R Applebury Creek

] N D E I A TIME OF DISCHARGE READING

U T A A L G

M H Y R Y E 2 4 6 8 10 12 14 16 18 20 22 24

1 @ 24 T Jebh =14U7 =1.09 =1400 =190 «1.0C «1.00 =1,C0 DL D F4  G.hA T, F4 A nE
2 09 24 77 Dol N ,68 J.AA 0,54 0,TD GL,ID Q.4 O0,TT L.80 (R0 0,092 0,00 S,RC
3 9 e 17 U, 74 TR0 QLM QJRG 0.,RO0 U RU L.Fe N T4 (.74 J,TA Q.6 .64 0.6 4
4 Q9 21 Je k5 Ju+d JeH 4 }e5 4 JehAa V.74 C(ehg VLY ) Jehd 7.F4 (.h4 L, F4 Caer 4
5 9 2?2« 77 Je 1 ([ LT74 2T Ju.TA 0,74 Ou7a4 UdtA Q0,7 u,TE DT DLHE T892 1. 1F
4 9 26 T ie97 150 146 1.21 l1.11 leUs 1.11 1.11 le11 1.21 266 .11 2.17
i R T Y Y o 4 1.11 1e52 1.1% 1.21 1.11 1el1l 10?2 1462 1.07 1.2 0.97 (.02 2,27
4 10 1 T C,HA N ,Q2 2,92 9,92 (.92 J.H2 Ue9Z2 D R0 {87 JL.P) G H( (AP LA N
9 19 PARE | Je M0 Coal7  0.40 3,30 J.HD  2.KU QN 0,847 Q,RL 0 ,MN 0,9 G_od) T R0
neé 9 R ¥ ] D i} CeRT Gt L.R0 G.PN Da490 Q4 HN 0.°C (e AN t.9n Qe RN 0, an V07
il 123 4 117 GoKI Cat¥l TeHY Lo GeMHT Jetl C[WaHBO 0,RM Q.80 J.HL 0,87 T,.%y P A
ne 1o S 17 JeHJ 0H.°) Ou.rf)  UJRC 0.0 UeHD 0LRO (8T J.,8C .0 (.87 R0 Qed”
i3 19 ~ 77 T Q8 Ja2? U ) J.R0 Jo.HO Ve HND O, RO Ce BN 0, &f 0. FU 1.6G2 1. &h 1.71
14 10 {11 1.14 1.%9 1.33% 1.721 1.11 1l.11 1.11 1,02 1.02 1.21 1.21 1.11 1.11
s 10 L I ) 0.99 1.11 1.02 1.72 1.02 1.02 1.02 1.02 0,097 §$,92 DH,97 Je 97 C.??
1+ 10 9 77 f.04 2,02 Q.92 (.92 d.92 ODe¥2 (.92 0,92 0,92 G,692 0,92 lec 2 }.uz
17 19 10 17 Qe d 1oo? 1,072 0492 0492 2.92 0492 0.02 €727 0£0.92 2,92 0.92 (.77
13 19 11 *17 2.92 8,92 0.972 0492 2492 0492 Ua92 0.97 0.972 0e%2 .92 (,02 0,97
19 19 12 77 J.92  3.97  A.32 0,92 0.92 §.92 0,92 06,92 J.972 0.92 0,92 0,92 .97
29 10 13 7 Je 2 De92 N.92 09,92 (.92 J.Y2 3,92 0.92 0.9 £.G2 0.9?2 6.9 N, a2
21 10 14 77 3.92  D.92 2097 G.92 J.92 .92 .92 0.92 N, 0,92 0,92 0,92 (,u°
22 10 1~ 17 2.R8Q% N0 6727 0,92 C.92 0,972 0.92 0,92 9,92 0.%2 ¢C,aCl L.“r aun
23 10 1n 7711 De92 (oYv2 Ne17 0692 392 D492 UL9¢ 0.92 C.92 G.92 0,97 G.Qf (A= Be
24 10 Y1 711 Ge 2 92 Je97 QL2 .92 Ue¥2 V.92 0.92 .22 0.92 0.9? C.Qg c.0"
2% 10 1w 17 0,92 0,87 1,97 0,92 3.97 0,92 (.92 ¢.92 0,97 6,92 0.92 (.72 ?.97
26 19 14 711 0,92 J.92 T.492 0.92 2.92 0.92 G492 0.92 06,92 0,92 0,942 r,032 §,07
21 19 20 T J. W2 D2 Des .92 0.92 JeQ2 (a¥2 0,92 1,92 0.92 (.02 002 L.97
2H 10 21 T 0.72 6,02 ).97 .92 0,92 0.92 .92 0.92 6,92 0,92 0,92 .91 (.92
29 1) 272 11 JeW2 N,G2 D402 U 72 .92 (.92 .42 0.9 C.“? 0.02 D2 f."? PRt
3Cc 12 23 11 S0 DeF T2 0.92 Lo UL92 ULM2  0.97  D.N2 0,92 .97 (.92 DD
41 10 ~a 17 e 02 .92 (o072 M v n,Q? 0.92 G442 0.92 0.92 Q.C2 Oe 4?2 C.?? A ud
32 10 25 7117 2,10 JLRD 0,HD 3,80 0,92 0,92 1l.11 2.02 1,74 1,79 3.,%9 .54 2,11
33 1) 2b 71 1e53 2.33 2,02 1.%7 1.59 1.46 1l.4% 1.33 1.3 1,33 1.21 1.21 1.721
34 10 271 77 141 121 121 1?21 1.721 1.21 teln 1.1 1.15 t.11 1.11 1.11 1.1%
49 19 2r T 1.11 1.11 1.11 1.11 1.11 1«11 1.11 1.11 1.11 i1.11 1.11 1.11 1.1}
36 10 29 117 1.11 1.11 la11 1.11 1.11 1.11 1.1l 1.11 1.11 1.11 1.11 1.11 I.E;
37 19 30 17 1.03 1.11 1.92 1.92 1.02 1.02 1.02 1.02 1.97 1.92 1.02 1.02 1.¢7
38 10 31 11 1.01 1.02 le92 1.72 1.02 1.,v2 1.02 1.02 1.22 9.5H 0,99 U0.9% Q.47
39 11 1 77 1.27 1.22 1.4 1.33 1.21 1.21 1.21 1.2t 1,32 1.23 1.33% 1.33 1.2
40 11 2 77 1.08 1.21 1.1% 1.11 1.11 1.11 1.11 1:.06 1.902 1.02 1.02 1.32 1.91
41 11 T 77 1e 02 1a02 l1e¥2 1loN2 1.02 1,02 1.072 1.02 1,02 1,72 1,22 1.02 1.32
42 t1 4 17 1.02 1.02 102 1.92 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.0 g2
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S A 104
E v
Q M D E Applebury Creek
0 Y A R
N N D E I A TIME OF DISCHARGE READING
u T A A L 6
M HY R Y E 2 4 6 8 10 12 14 16 18 20 22 24
|43 11 5 77 127 1411 1le21 1.4F 1.45F 1le4h 1.37 1.27 1«21 1.71 1+21 1.1 1.11
144 1t & 77 t.1p t.1it 1l.11 1.11 1,11 1.11 1.1 1.1!v 1.11 i.1t 1.1!' 1,11 1.11
T Y | lev? loeit 1,311 3.13 1,11 1411 1.113 1,0f 1,0 1,02 1.7 1,72 1.u?
46 11 L 1.2 1.02 1402 1402 1402 192 1eU2 132 132 1.02 1.2 .22 o7
a7 11 9 77 1.2 1.02 1722 1.02 1.02 l-UI‘_ 1.02 1. 02 1.02 1-02 1.072 leud led 7
49 11 1r 77 1e02  1e02 1402 1422 10?2 1e92 1,02 1,02 1,72 1.62 1.22 1,32 1.07?
49 11 11 71 ief2 10?2 1432 1622 102 1.072 1.02 L.02 1.02 1.02 1,97 122 1430
S0 11 12 17 1.00 1,00 130 1,00 1.00 100 1.00 =1.00 =1.00 =1.0C ~1,9" =1,C0 =-1.3"
K1 11 13 77 JoHn Y MY G, JL,RO D40 J.HU ULRU =1.00 =1.00 =-1,.0C -1.00 ~1,.0L ~1.9C
52 11 14 17 Jetd Cefd K0 U.60 D.AD JobU  Wehf) =1.0"N =1.0C0 =100 =100 =120 =1.C7
53 1t 15 717 CaBd) CofN D40 0430 042N T,80 D.HO <=1,00 =1,07 =1.05 =107 =107 =1l,0"
54 11 16 17 Jo R BeRE 04HD U R0 D.HY  J,AU QMO =i 00 =1,00 =1.00 =1.3F =1,.C" =1.,0"
5 11 17+ 77 Jed0 5400 QA0 0.R0 IR0 J.HU JLRO =1.0F =]1.00 «1.00 =1.00 =1.C02 =1.¢7
6 11 18 17 0. HY 5.27 3,87 (.83 0.8° 13,29 (.49 =1.00 -1,.00 =1,.06 =-1.70 =1,0 =-1.%"
57 11 19 17 QoMY 0,85 Q80 JeHOU  JeHD 3,20 UeHD =1, ~1.,00 =1.00 -1,.9% -1,0¢ ~1,.0"7
SHR 11 20 17 Derl 0.F2 TJehld (bl Gt Jehl Uebl =1.C0 =1eC0 =100 =162 =1.C0 =1.0%
59 11 21 T¢ Dol L,700 0,497 QR0 D.,80 J,RU QMO «],00 =1,00 =1,00 =1,07 =1,00 =1,.0"7
60 11 22 17 1lavl  1e50 1,499 1,22 LoD 140U 1.00 =1.0C 21,00 =100 =1.07 =1.00 ~1.0G
61 11 2 17 1.0 1.0 1429 1.0 1.0C LoV  1aC0 =1.00 «1,00 «1,09 =1,00 «1.07 =1,07
62 11 24 717 1eaD 1,40 1,42 1.40 1.47 1.40 1,40 «1,00 =1,.G0 -1,0C «1,00 =-1.0% -1,.87
64 11 2% 71 l.FD 1.8C 140 1.°¢ 1.80 L+4u LeHT =1,00 =1.00 ’1-(-0 =1.30 =1.00 ‘1.0“‘_
4 11 2+ 77 e )] €O AT .96 3,00 3,00 3,00 ~1,C0 «1.0C =160 =1, 00 =1.C0 =1,0°7
6% 11 2+ 71 1. 27 4,29 4,20 4,20 4.27 4.4V 420 =1.00 =1,00 =1.00 =1.27 =1.07 -31.07
6 1L 28 77 hehd) AR F0 H.50 KL,ARL KR hD Beh) Behd =1.06 =170 =1.00 =1.00 =] =1,0C
&T 11 9 17 4, 40 He 4 &, 40 H_ 406 R, 40 4,40 H,40 «1,00 =1,00 =1,00 =1.33 =1.00 =1.07
68 11 2C 77T 10.90 10.00 12.00 10,00 10,00 1000 19.00 ~1.00 =1.0G 1,00 =1.3" =1.6" ~1.0C7
A9 12 1 77T 13,47 1,47 173,1) 13.40 13,40 149,40 13,42 «1.017 =1.0" «1.00 =1.97 =1,00 =137
70 12 2 717 1A, 60 1ALRD 1h B0 1A AD 16,0 16,60 1660 =1,00 =1,00 «1,00 =1.00 =1.C0 -1.37
71 12 3 77 19,50 12,50 19.50 19,50 1%.50 13.50C 19,50 «1.00 =}1.00 =1.C0 =1.0G =1.00 =1.9¢C
T2 12 4 T 22.63 22.R% XV2.R0D 27.60 22.609 22,40 22.R0G =1.00 ~1.00 ~1.00 =1,00 =-l.C0 -1.0"
T3 12 5 77 21. 60 21,40 21,437 21,40 21.40 21,1 21.40 =1,00 =1,02 =1,.0G0 ~1.0f =1.0C =1.0°
T4 12 ~ 77 17.00 17,60 17,60 17,60 17.60 1/7.6C 17.60 =1.00 =1.0" =1.00 =1.20 =1.00 -1.6G°7
Ty 12 4+ 7T 14.40 14.A0 14.47 13,40 14.40 14,40 14,40 =1.00 =1.00 «1.07 =«1.0N =1.C" «1.0°¢
To 12 H 7T 14,63 14,60 14,50 14,A0 14.60 11,60 14,60 =1.00 =1,00 =1,00 =1.0C =1.07 =1.07
T1 12 9 77 19,60 15.60 19660 15,60 15,60 132.60 15,60 =1,00 «1.02 =1.00 =1,.00 ~1.20 =1,47
74 L2 1¢ Y 13.H80 17,80 13,490 13.Rt0 13.80 131,40 13.H0 =1.00 =1.00 «1.CN =1.N2 ~1.C07 =1,2(
TO 12 11 77T 12.¢0 12720 12420 12,20 12,20 12,20 12420 =1.00 =1,)0 =1.00 =1,07 =1.6C ~1.07
RO L2 12 717 14629 14,20 14.20 13,20 14,20 14.2V 14.20 =1.00 ~-1.,00C =1,60 -1.00 =1.00 ~1,.00
R1 12 12 77 15.80 15440 15440 1%9.40 15.40 19,4V 1%.40 =1.00 =1.00 =1.00 =1.00 =1.0% =-1.00
R 12 14 T7 1%.49 19,4) 19,40 149,40 18,40 19,480 10,40 =1.0% =1,00 =1.00 =192 =1.00 =1.27
83 12 19 77 21,20 2120 21429 21420 21420 2L.20 21420 =1.07" «1.0" =1.00 ~1,00 -1.37 «1.05¢
RG 12 16 77 24.29 24.20 24,20 24,20 24.20 21,20 24.20 -1.00 =140 «1.CN =-1.0" =1.0"7 ~1le0”
RS 12 1+ 7Y 21e 70 =100 2170 21,70 21.70 21,70 217C =1,00 =1,90 -1.00 =1.,6G( =i.0C =1,00
B 12 I8 77 19.20 19.20 19.20 19,20 19,20 19,20 19,20 =-1,00 ~-1.90 =-1.00 =-1.00 =1.9G =1.C"
BT 12 192 77 17.23 17720 17,70 £7.2¢ 1729 17420 17429 =1.00 =1,00 «1,00 =1,00 «1,00 =1,0"
A8 12 20 77 15.0D0 15.00 15,00 15,00 15,00 15,00 15,60 =1.00 «1,00 «1.00 -1.07 =-1.02 ~1.¢7
a9 12 21 T 1240 12.80 12,96 12,90 12.80 12,40 12.8D =1.00 =1.00 =1.00 -1.0C =1.0GC ~-1,0°
Q0 12 27 77 12.97 12.RC 12,90 12,80 12,90 12.40 12.80 «1.00 «1,00 «1,6C0 =-1.062"=-1.0" =1.,2"
91 12 23 117 14,20 14.20 14,20 14.20 14.20 14.20 14,20 =1.00 ~1.37 -1.00 =1.00 -1.07 =-1.G"
02 12 28 T1 15.47 15.40 15.40 15.40 15-.40 15.40 19.40 =1.00 =1.07 «1.00 -1.07 =1,00 -1.C"
03 12 25 77 1700 17.5C 17.09 17,00 17.00 17,00 17.C0 =1.00 =1.00 =1,00 =1.C0 =1.0y =1.("
94 12 26 77 14.60 14.00 14,0 14.0C 14,90 14.60 14.0C -1.00 =1.00 =1.00 -1.0¢ -1,00 -1.07
ay 12 2+ 117 BoH) KJRY A HYG  KAN R,AG R RN B HC =1,00 =1,00 =1.00 =1,00 =1,00 =-1.u7
QK 12 24 M 402D .20 3420 3.20 0 .20 4,20 3,20 =1.00 -1,69 -1,00 -1,07 =-1,0n -1,0°
97 {2 29 117 4,2y 4.,2¢C 4.2 4,20 4,20 4.20 4.2 -1.00 -1.00 -1,00 -1.00 -1.02 -1-0?
98 12 A0 7 4.0 4.R0 4.80 4.RC 4,90 4. HN 4, HU «1,00 1,30 =1,0C ~1.00 =1.06 =1.0¢
99 12 31 77 4,10 4,10 4.10 4.10 4,10 4.10 4.Iv =1.00 =1.00 -1.00 ~1.30 =1.50 -1.0"
100 1 1 7H 3.2 3e2U 3e2% .20 3.20 1,20 3,20 -1.00 =1.00 -1.00 =1.00 =1.27 =1,0"
101 Tt 2 74 2,60 2460 2,60 2,60 2.87 2,60 2.60 =1.00 -1.,00 -1.00 -1.00 -1.0" -1,0%
162 1 3 7H 3.H0 3 80 3.4 3.R0 .40 3.HU  ILRU =1.00 =-1.00 ~1.00 =1.00 -1.0C0 -1.0¢€
103 1 4 7R S.2) S,.23 5,20 5,20 5.20 S,20 5.20 -1,00 -1.00 -1.00 -1.60 -1.00 =1,0"
104 1 & 74 F.00 6,00 607 65,00 6.00 6,00 H.0¢ =1,00 1,60 =1.00 =-1.GH -1.00 =1.0"
16 1 [y Fo 20 7420 T.20 1420 TeldD 120 Tedtt =1.00 =1,00 =«1,00 =1.90 =1.00 =-1.9"
100 1 T TR 0,7 9.00 9,00 9,00 9,00 9. Yy Y. UU -1.00 -1.G0 -1.02 -1,0C -1.90 -1.3°7
107 1 ® 8 9.L0 9.00 9,00 9,00 9,00 Y.,90 9.07 -1.00 -1.30 -1.00 -1.00 -1.00 ~-1.00
108 1 9 14 9,03 9.0 9.070 9.00 9.00 w.0C 9.0 -1.00 «1.00 -1.€0 -1.00 -1.9ﬁ -1.00
10+ 1 1¢C 78 feB) .80 6K,490 6,80 AAD K KO b.HD =1,00 -1.00 -1,00 -1.00 -1.G0 «1.5C
110 1 1Y T4 5.47 5.40 5.40 5.47 5.40 9.4U 9.4C =1,00 =1.00 =1.00 -1.90 -1.00 -1.9"
111 1 12 7% 4. 0 4,00 4.00 4.00 4.00 4,00 4.0n =-1.00 -1,00 «1,(0 ~1.00 =1.00 =-1,30
112 1 13 74 3.60  F.6Y  3.60 3,60 I.AN 3,60 F.60 =1.,00 =1.00 =1.C0 -1.90 -1.Q00 -1.07
113 1 14 78 3.12 3.10 3.10 3.10 3,10 3.10 3.19 3,10 3,1C -1,.,00 ~1,00 -1.00 -1.0°
114 _2 15 TH . 2a8). 2600 24560 2,60 2.60 2.%0 2eb0 ~1.00 =1,00 -1.00 -1,00 -1.00 =1,0"

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



S A

£ v 105

g M D E Applebury Creek

0 Y A R

N N D E I A TIME OF DISCHARGE READING

u T A A L G

M HY R Y E 2 4 6 8 10 12 14 16 18 20 22 24
115> 1 1+ 178 2o 0D 2,60  2,h3 2,60 2,80 2,00 2ob0 =1,39 =1,00 «1.C0 =l =leul el.2”
116 1 17 14 2,60 2.60  2.60 2.80  2.60 2.60 2.60 =1.00 =1.37 =1.00 =1.0C ~1.G0 =1,3°7
117 1 1# 74 2403 2R Teh) TWBC QR0 AN VAL 21,00 1,00 =1.00 =1.00 1,00 ~1.00
119 1 19 74 2. HD 2.R872 2, k9 2,60 2,60 2,00 2¢60 =1,00 ~1.,(0 <1,0C -1.07 -i.OO -1.J¢0
119 1 2r 74 24 6D 2.69 2 et 2.60 2.60 dehl 2:60 =1,0f =1.00 =1.00 «1.07 =1,y =1,07
120 1 21 74 20 M 2,80 2.R0 2.R0 0,077 MO 2,40 =1,00 -1.00 =1,(0 =1.0% «1,G0 =1,0G7
121 1 22 74 oD 2,30 Z,HD 2,80 Q,R0 0 2.0 2495 =1,00 =1.0C «1.00 =-1,0"7 -1.30C =-1.C"
122 1 23 74 4.233 3.0 3.389 0 .00 3.0 3.00 B0 =1.00 =1.00 1,00 1,30 =1.0C =1.07
1243 1 724 78 1.7 WD) 00 1.CE 00 .90 1,00 =1,.00 =1,.00 «1.60 ~1.,09 =1,00 1,00
124 1 2% 78 Le b 2.F0 2.0 26N 2.670 2, hO 2,6 =1.07 «1,00 «1,00 ~1,00 ~1,30 1,00
12% 1 26 74 2,60 2,60 2.H0  24F75  2.60 2450 2400 =1,00 <1.0( ~1,00 1,00 =1.6G5 ~1.07
126 1 21 78 2e 8D 7.0 2.9 2.RC 2.8" TaHO 2.R( =]1ef0 «1,00 =«1.097 «1.00 =1,0¢ =1.0"
127 1 ¢ 74 2e RO 2. RO 2.080 2.R0 2,80 Z2eHM0 2.UT =1,00 =1,30 =1.00 ~1.07 -1.00 ~1,00
128 1 2v 74 2.4%3 "3  2.3%  2.8% 2443 2.1 2.83  2.H3 =1,00 -1.00 ~1.09 =1,0L =~1,9C
129 1 30 74 2.4 2,R) 2.4Nn 2.90 2.8D 2490 24KH0 =1.00 =1,30 «1,00 «1.0" ~1.80"7 =1.04
130 1 31 74 .03 1,02 2.00 1. 00 3.00 RPRIAY 30U =1.060 «1.0C «1.0u =1.00 =1,{0 «i.07
131 2 1 74 3,69 3,67 3.60 3,60 .60 3.60 I.60 =1.C0 =1,00 =1,U00 =1.0C =1.00 -1.C"7
132 2 2 18 Sewd 5437 R S5.00 5.09 970 SeQU =100 «1.07 =1.00 =100 ~1.50 =1.0G0
133 2 1 7% R 20 RN RLIN RLID RL20 AL 20 R, 20 =1,00 =1,0C ~1,00 =1,00 =1,00 =1.0"
134 2 4 78 Tedd T.4C  T,3) 1,40 T.40 Ted40 1440 =1,50 =1.05 =1,.00 ~«1,0C =1,C¢ -1.9F
135 2 S TH Yedd 9,37 9.00 Q.00 9.00 9,0n 9.,0C =1.00 =1.0N «1.00 =-1.00 =1.0" =1.0r
136 2 TR 1.3 10.30 17.00 10,00 10,00 10,00 10eV0 =1.00 «1,5C ~1,00 =-1,00 ~1.Cv =-1,07
137 2 7T 74 1u.w® 10490 10.00 10,00 12,90 15,0V 10.00 =100 =1.4906 =1,00 =-1.GC =1.20 =1.,57
134 2 H 74 9, 4N Q.1 1,00 BeDN 9,00 DU 9,00 =1,00 =1.00 =1,0C =100 =100 =1.37
139 2 ¢ 78 b.4d A,40 5.9N  H, 40 KA,47 H,40 Hea40 =1,00 «21,70 =1,00 =-1.00 1,07 «1.0F
140 <2 1¢ 74 4. HD 4,729 4.4 3,0 4,47 4.4 4,40 -1.07 -1,00 =1.60 -1.00 =1.60 =-1.00
141 2 11 7w 3.90 3,90 3.490 3.9 3,490 30490 390 1,00 ~1.50 -1.00 ~1.C0 1480 =1.G3
142 2 172 78 .72 3L.TY ALID 2,TY 3,70 1.0 4.0 LT A,D «1,00 -1,307 =1,00 ~1,0"7
143 2 13 7n 4,00 4,00 4,30 4,60 4,00 4,00 4.(7 1,00 =~1,00 <-1.00 =-1.30 =1,03 ~1.0"
144 2 14 18 4.02 4,CD 4.9¢v 4.40 4.30 4,00 4.00 «1.00 «1,30 =160 =107 =1,0C¢ «1.G7
145 2 15 78 4,47 4,43 4,47 4,4~ 4,40 4,49 4,40 <1,00 ~1.00 -1.€% =1.0" =-1.00 -1.0F7
14A 2 1+ 1R 4,40 AR 4,40 4,90 4,00 4,Hu 4,40 =1,00 -1.G3 -1.,00 ~1.07 =-1,30 -1.07
147 2 1t 7Y 523 %.20 5620 9.720  5.29 520 9420 =1.00 «1.30 «1.00 =1.97 =1.0J =1.G¢
144 2 1H TH GehT  Heh)  [.60 K,FC S.A0 9.h0 M A0 «1,060 «1.00 -1.00 =1.99 =1.£0 «1.0°
149 2 19 T4 Ao} RLAD BALOD AL AL0C B,0N B LU =1,0C =1.10 =1.90 -1.90 -1.G9 -1.u"
150 2 ¢o TH Fahl GoFhY  EehDd  B.AD FLART A KD bB.hY =100 «1.0C =1.00 =1.20 -1.C00 ~1.G¢
181 2?2 21 74 7.9% 7T.9%2 <00 Te®5 Te0C 1e0N 71,00 =1,00 «1,07% =1.00 =1.00 ~1,G0 =1,.0°
152 2 22 14 Torh  Tebd  T6D B AU T80 Fohd  TokU =1,00 =1,00 =1.00 =1,90 =1,00 =1,0°
153 2 23 78 Hed HL2) Ra20 HL,20 3,20 4420 B.20 «1,.00 =1.0C «1.00 =1,00 «1.00 =1eud
154 2 24 7H Ha8) Q.5) HeHY H,SC R,50 Hat) HebN =1.00 «1,060 =1,00 =1.07 =1,27 =1.0"
L5%9 2 25 7R A, 10 9,10 0,10 Y,1C 9,18 9,19 9,10 =1.70 =1,97 =1.00 =1.0C =1.1C =1.47
156 2 2+ MM 3,20 9,27 Q.0 W20 Q.20 9,20 9Y.20 =1.00 ~1.0C =1.C0 -1.00 =1.04 ~1.(°7
157 2 27 TR 1J.20 10420 15272 12620 10.23 10,20 10.20 =100 -1.07 =1.00 =120 =1,0G7 -1.23°
158 2 2?8 TH  11.U0 11.00 1109 11.0C 11,00 11,v0 11.00 =1,00 =1,00 =-1,00 =1,37 =1.00 =-1.9"
1959 3 1 79 11.40 11.90 11.40 11.80 11,80 11,40 1140 =1.00 =1.00 -1.09 =1.00 =1.00 1,07
160 3 2 T8 12.40 17.40 12.47 12.40 12.40 12.40 12,40 =1.00 =190 =100 =1.2% =1, =1,0¢
161 k| K. 1320 13,20 13,40 14,259 13,20 119,40 13,20 =100 =1.00 =1.060 =1.0" 1,00 =1,3°
162 3 4 78 14.20 14,20 14.2C 14.20 14.20 14.20 14.20 =1.00 =1,00 -1.060 =1.00Q =1.460 -1,57
163 3 5 TH 15.20 15422 15.20 19,20 1527 15420 15629 «1.00 =1.00 =100 =100 =1.52 =1.3"
1hd 1 A TR 1h.4) 1F.8) 14,10 16,40 15,40 1A A0 16,40 =1.07 -1,00 ~1.60 -1,00 ~1.00 -1.0°0
19 3 T TR 17.H0 17.HC 17.40 17.R0 17,80 17,40 17490 =1.,0C =1,00 =1.00 -1.0% =1.06 -1.3°
166 3 o TH 19.00 1900 17.00 i9,00 19.00 17.00 19.00 =1.00 =1.00 =1.(7 =1.)" =1.00¢ =1.0(
17 3 9 TH 19.K0 19,57 19.A0 19.60 19.A0 19.60 19,00 100 «1,00 =1.00 1,00 =1,00 «-1.(¢
164 3 10 7H 20623 20,20 23020 20423 2020 20.20 20,20 ~1.00 =-1.07 =-1.,00 =1,00 ~1.09 «1,0%
169 3 11 7H 20,40 ~1.20 =1.00 =1.00 =1.00 -1.00 ~1.0% 20.40 20.42 20,40 20,40 20,40 3G, 40
170 3 12 78 20,27 2).40 20,49 20,40 20,40 2.4¢ 20.40 20,40 26,40 25,4C 19.,”C 19,90 19,90
171 2 13 79 1928 19,90 19.99 19,70 19.70 19.70 19.3C 19.30 19.30 1R,.90 18,77 19,70 19,27
172 3 14 7R 17.26 10,20 1R, 20 17.°9 17.60 11,60 17,60 17,10 17,10 16,70 16,47 16,40 1F,45
174 71 15 TR 14.54 15,37 15.30 14,90 14.90 14,90 14.50 14.30 14,30 14,30 14.10 13,97 14,30
174 T 16 TH  L3.HT 13.90 13099 13.90 17.90 13.9¢ 13.70 13.70 12,70 13.70 13,90 17,60 14,14
LTS 4 17 TH 19,07 14,50 14,90 15,730 15,50 1610 1HL 20 19,730 19,90 20,170 23,02 24,90 25,20
116 3 1K IR 13,00 258 DAL 40 26.60 2410 3).90 33.10 25.10 37,40 IR, 30 3HLB) M0 3776
177 219 TR A4HA ATTY 47,40 ¥1.40 37,40 VILT0 3R.AD A7.TH 7.7 6,0 AR, 31 30,90 0, 39
17H 3 20 78  39.HH JH.9) 9,80 39,60 3H,.40 39,60 39,40 39,60 1, RN 39,69 40,00 41.97 42,70
179 3 21 TH  45.34 43.3) 44.A0 44,A0 44,60 44.b60 44.hV 4A.60 44.00 45,70 46.70 4T.5C 44,714
1RO 3 22 TR 49,49 4A.70 4R.73 4H.T0 49,00 440U 44,u0 49,00 49,00 50,60 <0,AC S0,.R0 51,27
1R1 3 23 79 S2.43 92.77 52.70 53.20 93,20 "4.10 53.20 92,70 52,70 51.50 91.59 50.9%0 R3.499
1R2 3 24 TH  47.08 50.00 50.00 49,00 4R.70 44,70 47.50 4670 45.770 45,710 45.00 44.60 4.4
L1R3 3 25 TR 4J.92 43.4) 42,70 42,70 42,70 41,90 41,20 40, R0 39, R0 39,60 3H,A) JH, RO 3w, a0
184 3 26 TR 37.44 34,80 3H.80 34,30 3H 30 37.70 37,70 37.70 37.10 36.50 36,50 35.80 15.4°
1R 3 27 TR 43,30 39.90 -1.00 41.90 ~1.00 43.5V0 47T.90 =1,00 «1.00 =1.00 -1.9C =-1.00 =1.0"
186 .1_23"13_.ﬁ&uﬂi_gﬂ.ﬂﬂLﬁl‘ﬂﬂ,hﬂ.ﬂﬂ“bﬁAnﬂubﬂ.ﬂﬂ_bﬂgﬂﬂ-:d-Qaﬂrl.ﬂﬂ.elxQD_:L~QQ_;1~£Q"=LJML
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LAT 3 29 TR 76,31 =1,07 =-1.00 =-1,030
LAY 3 30 TR 19,19 TARL,4Y 18,40 Th,04
199 3 21 TH  HI /K H4E,TY KA, A3 RT7,00
L9 4 1 /8 O HH_ Y2 HO,2) 49,.7( H9,7C
191 4 2 TR MY K HH 1) A5 A0 494,79
192 q 3 7n Hle?4 KT,TY 5,5 HH, 10
193 & 4 Tw 49,45 HA,23 H1,.5) Sy
194 4 S5 18 32.7> 42,71 ai. 0 11,29
199 a4 +~ Tx 35,41 37,10 1KR,5) 148,50
196 4 7T TR 32, RT 32,90 42,57 33,190
197 4 ¥ Td FL.15 B1.72) l.l2t 41,20
198 4 9 TR 31,73 ). L9 19,07
1949 4 16 TH 31.4% 31,50 dl.ho 31,90
200 4 11 I# A3e 2T 32.57 33.5y Y3.1¢C
201 4 12 TH .55 34,10 4.1 33,10
202 4 13 TR 347, H1 33,10 33,10 2,80
204 4 14 78 3i.12 231,.¥0 11,37 31,99
204 4 15 T8 29, 08% 29,05 29,90 3y,
205 4 1+~ TH Ju. 11 29,97 29,499 249.K0
200 4 171 74 23,13 29,67 29,47 23.30
207 a 14 TH 20197 28,75 24,49 2H,4C
201 4 1N TR Vs k] 27,77 26,1 2H.90
204 4 20 7H  2h.6H 20,87 27,47 26.4"
21¢ 4 21 7H ¢ha. 32 26,97 2A.R) Th RO
211 8 22 TH 25,75 25.,R) 5.9 25,5¢
212 4 2 74 24,27 24,90 24,450 24,99
213 4 24 78 2317V 23,40 23.Rh0) 23,.,A0
214 4 25 MM 22.M5 22,75 22,73 22,70
215 a 2k IR 29,491 23,97 24,10 24,10
21h 8 2t TIn J3.41 29,77 29,90 ] .87
217 4 v T8 40,79 37,47 23,0) 14,89
214 4 29 TH  44,3%) 43,00 43,43 43,80
21Y 4 4y TR 34,472 43,11 A, 4) A43,R0
220 S 1 TR Ak, 45 46,70 4A.TQ 44,70
221 0% 2 7R A1 KD a6JTa aT,.10 4, 1u
222 5% 3 14 Al.n7 QAR Aq.75 44,70
222 5 a Ta  a4q,34 45,77 45.7) 45,00
224 H s 7R JO, 03 41,2 Q)42 10,RY
22% 9 o+ T4 4.3 36.5Y 3$19.90 3H.R0O
22h S 7 TR 3044k AL.9) 31.7C I0.90
227 5 H ITH  21.fFR 20,3 2H,To 2H, 4D
224 5 LY A | 29515 26,47 2h.4) 26.4N
229 05 10 TR 29443 25.2) 25420 25.90
230 5 11 TH b TR 25,80 2R, AD 2, 20
231 95 12 78 2H. 48 27,87 27,40 27,90
232 5 12 TR 29,938 J9.%U 3J.30 29.90
233 5 14 TH 0. SH 30.90 10.70 2.6V
2434 > 15 74 31,20 41,20 311.20 41.20
235 5 1F TR 2R.20 264,20 2R.20 20,20
236 5 11 TR 2R,20 26,70 2R 20 26,20
231 5 1H 78 29.60 25,60 25.60 29.60
234 9 1Yy TH 2820 24.20 24,20 24,2y
239 A 26 TH O 23,2) 22,720 13,20 23,20
244 > 21 In 24,10 24.17Y 24.10 Z24.10
241 h 27 TH2UL23 27020 2T.00 V1. 29
242 5 241 M 29,00 290,52 29.u 29,00
243 24 78 Bl HO 31 .50 41 .90 3).90
244 5 25 T 33,00 33,00 43.yv 3200
24% 9 A T 30,00 36,00 0.00 W.CY
246 % 27 TR 2T.8D 2T ,R)Y 2T.40 27 .50
24T 5 24 TR 2T.20 2729 2T.20 ?21.720
24H 5 29 TH 25.RY 25,7 25.90 IN.ARY
249 2 30 TH 28,60 24.60 24.60 24,6C
290 5 31 TR L3.R] 23.H1 23,99 24.90
251 6 1 79 22,23 22,70 22.2) 22.20
252 b 2 74 20.40 20.47 20.40 20.40
253 5 K 19.67 =1.00 -1,.00 ~-1.00
254 hH 4 TH 1R, 97 10,70 19.30 19,30
256 A N M8 1T.RT 12,20 19,20 14,20
35 R & TR LRLRB 1T.A3 17460 17.60
257 6 T TR 15.+7 16,40 16,10 16,00
F3-F: N JONN. W 1.

14, 63.15.30 154301530 15,30 1 e 914 oS0 2eds 30- .
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8

-‘-00
TH+59
H7.00
19629
“4,10
R4, 10
.00
41.292
15 ,RH
14,10
11420
10.99
11.20
33.10
13,190
N2 G
31.50
29,37
29,60
2%.30
28.10
b,k
26 .40
25 .40
25,50
24.90
21,060
22.7N
24.40
31.90
394D
44.A0
43, R0
45.70
a7.%0
MR, 7%
45,00
40,00
35.1¢0
3«90
2R.10
25.80
25.50
2R, 90
29.10
29.90
3u, 90
31.20
268420
2h, 20
25.60
24.20
231,20
24.10
27.20
29.00
31 .40
13..01
iL,00
27.40
27.40
25,8
24,60
23,80
22.20
234490
-1.00
19.30
17.20
17.60
16,00

10

“l.ud¥
.29
Q'f. OC
du.2¢
HRe.ay
&1, 00
49,00
dJeHU
15,
14,1v¢
3LelV
0. 490
31440
3110
34.1°¢
13,11
11.2C
29, IN
29,60
29,39
M1.12
2h. KO
25.40
2h,. 40
2%, 20
744430
23440
22,41
24,07
R %1
19, 10
1. 60
LRS- 1%
45, Tu
at, »n
aTe
44.b7
39,60
34,40y
2D YD
ZHL1C
2% <40
2590
26, 90
24.19
29.90
RB PRI
11.20
2n. 20
26, 20
29 .H0
24,20
2%, 40
?4-10
27T 20
27,00
31 .40
33.0u
Wauv
2T HD
2T 2V
25, HU
24,060
2.4y
27 20
2v.4U
-l-UU
19. 40
14,20
17.10
1h. D0

12

'1 « 0V
H . 20
GR. 1D
B9 .20
42449
br.20
S0L.0N
Y. 00
35. 8D
J4.10
41.2¢C
3 un
31. 20
43.19
33,50
3350
.92
294 37
A I
29,480
2F,nr
b, RO
26 .95
26440
25. 20
24, 4u
245.v0
22,40
26 .49
JJ. 1‘)
494 h7
44,60
441,49
ah, 10
Q.90
aj.w)
44, 60
3H, HO
3%.10
1G. 9D
2110
29 .50
19.50
26,60
24 .40
29 . 90
30, 0
31.2¢
6,40
26,4 20
29 .60
24,20
24, 40
21.10
LT, 20
20.uY
31 . HO
343.90C
J0. 00
2t.H0
2420
25 80
24 .60
23 K0
22, 20
20 .40
-1.G0
18. 90
l I.H(‘
16.71C
15. %0

14

14,17
HO. 20
HH, 12
HY 20
K022
£0. 50
48.70
3P RO
i5,9¢C
12.¢"
31.20
M.
31.20
33.1n
33. 59
2.4
A0 U}
26. 130
32.50
28 .30
27. 90
iR, AN
26 .40
2+,40
2% 20
29.1"
22,70
22.7¢2
26,47
34,1C
1C. 90
44, A0
43,40
46, TN
47,90
47-"“
FEN
n, 19
34.50
6.0
27,8¢C
25.20
5. 20
26,40
2R, 40
29,95
29, 90
-1.00
-1.20
-1.00
~1.0¢
-1.00
-1.00
24.12
-1.0n
-1,60
~l.00
~-1.00
-1.C?
-1.00
-1.490
-1.00
~1.00
-1.0°
~-1.00
-1.060
19.9¢
18.70
17.60
16,40
15. %0

16

76,47
0. 29
aq, N
A 2
12,59
59, 64
46,73
e, an
1:. 1‘)
12.4592
11.20
1. 27
11.20
13,17
11.1:5
12,80
31'1"
7.000’!
G, Qf
29,37
27.99
2‘.4’)
26,40
Ph.an
2q| 2‘1
24.1%
23.7%
22,10
?6He a0
4.1
a0, 99
44,60
41, AS
4F, 79
47.90
4T7.1"0
13, 49
12, 3,
.‘a.lﬁ
20,00
77,20
2520
5. 20
26,90
24,11
20,09
29, 0
‘1-\‘."‘:
-1e 0N
-1. GO
-1 .O"‘
-1.00
-1.J¢C
=1.40
-1.(n
-1,%0
-1.67
-1.00
-1.0°0
-1.300
-1.00
-1.Cn
-1.06
~1«00G
-1. 00
~laud
19.7¢
19,70
17.60
1%.40
15,130

i4.10-14,.10-

18

76 .90
41,30
ga, 20
6,245
Tr,. ar
53,7
15,70
34.30
14.50
I2.50
31.20
31. R0
J1 .07
31,0
23,50
32.%0
16 .99
3020
33,32
249.19
27, 8¢
2R, 0"
26 .41
26,43
24,60
23 .90
23.00
21,00
26,5V
14.50
41.7C
41.6)
41.+G
46,727
47,00
47,10
42.C6
39,C0
3%.10
20, €4
2k, 60
25,20
5.7
2¢,99)
27,710
29,91
33,30
-1.09
“«1.G0
=1.00
-1.00
-1.60
-1.C0
-1.60
-1.¢0
-1.¢9
"1 +00
-1-0(‘
-1.60
~1.0C
-1.4¢n
~1.€0
-1.L0
=1.00
-1.9¢C
"'1 «00
19,.7¢
12.70
17.60
16.40
1%.230

20

TH.Q2
Hla 32
49, 20
4,17
T3R80
57.52
15.32
38.132
14, 1,
J1.40
31.20
1. HN
J1.HY
33.52
3,10
42,50
30,20
1. 20
Q07
24,70
27.91
26,40
26.69)
25. 95
24,93
23.67
21.00G
24,70
27.29
18,10
A41. 6%
44,69
4610
L L )
AR, 1"
ARLTO
42,700
3t
32.H42
28,91
LIS
725, R0
25,20
26,92
29.3%
29,90
30,30
-1.0°
-1.00
-1.00
-1 00
-1.00
-1.40¢C
-1.0°
~-1.29
-1.00
-1.00
-1-0\1
-1.0%
~l.G0
-1.00
-1.07
-1.,900
-1.00
~1.90
-1.0¢
19.70
1R, 70
17.60C
16.20
15,30
1440

106

22

TheAe
47,40
46, 2¢
44,11
Tle7H0
5%, ap
413,43
37.7¢C
4,1
.82
I, WY
et
31,92
1,50
I, 1"
312,80
354070
1. 23
29,460
2RI
27. 87
dF . Ar
27. 2%
2% 9
z‘ﬂno‘J
23,60
21,96
2, R
27.492
3%, 29
41, 20
14,00
45.C0
3F, TN
44,79
AF, TC
47,70
4Te 30
37.60
20, Q4
2R k7
28, R0
25. R0
27,27
27, 30
29, 9
0. Ou
-1.€0
-1.0N
‘1.0'3
"I.GO
-1.00
-1.0n
~1i.0C0
-1. 00
-1 04
"1-00
-1.00
-y,
-1.00
-1. 0N
-1' Qo
~-1.CH
-1.¢0
-1, Y
‘1.0"
19,70
19,75
17.60
1h. 40
15, 30
14e 10

24

T6.90
CEI
nQ_ 2’
SV
RO LY

42,70
17,77
1,10
.2n
30.9°
N, a0
31.17
34,10
]1-1'-
A2.5"
29,97
2qQ, 0"
29,40
22,74
27,727
P
2(‘-9:‘
5,82
z4,4”
23.5

22,77
PR
29,41
ELES-1
42,1°
a4, R0
4T.4¢0
AF.T0
13,77
T
Al 97
37.14°
32,51
20,1
Zhe dl
25.5%
35.R”7
3T H"
20,30
i T
32,490
-I-Cr
'1-‘0.‘
-1.0"
~1.0C
-100"
-1l.3°
“1l.CC
-1.("
-1 .30
“lauf
-1.9%
-1.9"
-1.ur7
-1.70
~1.C7
-1.0"
-1l.60"
-1.6"
-1.97
i9,3"
1R.7€
17.6¢
16,47
15, a¢
L4, A6
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FLX!
264
25>
2bh
267
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269
270
271
272
273
274
27Y
27hH
1
274
27y
289
2R1
282
2R3
2R84
2Ry
2Rh
29
2R84
289
290
291
292
294
294
294
296
297
298
299
300
301
302
304
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30%
300
307
300
309
310
311
312
313
314
319
316
311
EB L]
319
320
321
322
323
324
325
326
327
324
329
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MOPDM D

13.¢0
13. 22
12,48
11.79
11.12
10,53
1v.13
9, &1
q.yb
M, B
“. 11
H, 21
T.6d
1s 36
T.113
L]
Telb
~e HS
A, 10
held
Sa. R
be b2
Se 9
S, H e
Ry 2N
A.H3
LY
Ye54
1.2
be 4%
h, HY
S. 20
4okl
4,95
4, /9
d'u$
N, Uk
4.N2
JoHO
A, 4n
3,47
. 4
Y, 15
2. 99
2, #2
2499
2.H2
7. 41
2. 29
tedh
2. 4%
2. v8
1. HH
1.80
1.61
1./}
1.‘;?
1s 35
1.35
1. /74
1.24
1.18
1.11
J. Q7
3‘”"
1eHH
1.79
labb
1. +4
L
l. &0

330 K 19278 .1.40

2 4

14,170 14,140
1.7 13,78
12.99 12,99
12.10 12.19
11.750 11.70
13,37 11.vv
1373 164740
9,90 2,914
Q.3 .32
R,R1T A K
A A3 Y, 51
H.J” 11.49
TaTd 7,79
TedT 717
Te27 T.27
TalH Toan
Tl T.16
Talt TelAn
AT BLHh Y
HaSY F.59
Se0H S,9R
9.P6  H.A
S¢73 Se4n
S. T3 R,74
“YeRb S .HA
AeBh LI
[P T L3P T
S8~ S.13m
S5.24 S,k
Teds &Gont
ha9N A9
R, A4 K, 46
d.94 5,22
4.1~ ALK
4,472 4,42
4,21 1,21

1,92 4,11
4.11 4,11
=-1.60 -1.00

-]l «1.00
3.‘..‘3“ 5“}“
I .52 ?.ﬁﬂ
1,20 3,21
3.10 329
2.2 2.42
2eT% 2™
275 271
7.49 2.59%
2.41 2.41
2017 2-25
T RhR 2.R5
2.07 1.v4
1.97 1,73
1.7 1.599
16F 159
1e45 1.4%
1.7 L.
1.71 1.21
1.4" l."’"‘
1.3 1.44
l.3q 1.‘0
1.31 1.33%
127 1.4

.21 1.21
1.07 1.36
1.02 1.1
W29 2.41
1.52 1452

1.7 1.73
1.6 1.66
1.72 .11

1ed40. 1.t Le4d.

6

14,30
13.70
12.90
12.10
11.4¢
11,00
1¢ .30
4,99
9,32
H.a?
H,6513
R,8
T« TH
Te63
T+27
P05
Tl
Telb
hoh3
be50
5.98
.96
5.8h
Y, 86
H.Rb
g 2h
[P L
b.qb
5.456
helh
ha50
4, 4K
.22
4.7k
3,42
4.21
.11
4,11
-1100
~1.00
3.58
EC |
3.29
3.20
J. 11
2.92
2.93
o L
2.49
2,33
2.F5H
1.937
1.73
1.59
1.59
1.46
1.4h
=-1.060
.54
1.5¢2
1.46
1.23
133
lal%
1.11
t.11
1. 87
1.59
1.73
1.72
1.72

Applebury Creek
TIME OF DISCHARGE READING

8

14,10
13,70
12,90
12.10
11.4¢C
11.900
10.30
Q'gﬂ
9.32
R,A%
He51
R.38
T.7R
7.18
T.27
T.08
1.16
Telbh
6.69%
.50
5.9R
5.4
9.73
5,86
LR A
f,36
f.36
Sﬂqﬁ
5.7%
6.1l
L T8
9e 45
S.22
1.76
4,42
4,37
4.11
1.11
-1.00
-1.03
J.5%
3.54
3,39
.‘.20
3.11
2.4%
2.81%
2.6A
2.492
2.33
2.8R
1.94
1.890
L.66k
1.33
1.52
1.44
-1.00
1.5%9
l1e92
1.446
1.39
1.27
1.15
l.t1
l.15
1.7“
1.59
1.73
1.73
1.73

10 12

14.90 13.7¢
13.70 13,70
12,3 12,3V
liev¢ 11,90
11.40 11.00
13.730 10,50
19+ %0 Lyl
v, Yy 9, 492
4.32 H.u4
.83 H,Y5)
.54 H, 4H
Hedtt 7,93
TeTH  ta 3t
T8 141
Fe 2t .21
Teud b It
Tl 1.1t
Teld Te0D
Hheb3 boeb3
LY 1, HeWH
DeSb  S.773
hall H.17
ned4 H.22
NDe Hh He Ut
5,94 6H.11
hell A.11
haib 6,11
D973 KR,
Yela  5,2?7
ET L - L]
a1l Se9R
S 1h e 34
.22 A.HT
1ehh9 4,69
A h S 4,42
.32 4.2
4,11 .19
4,11 4.11
~1sV =100
$.79  4.HM
JeHY 30029
.94 3. 49

3.3y 3,27
3.20 3d.11
4011 3.1l
2.3 2.5
2,493 2.715

2.bh 2,49
LedY 2.49

241 2.33
o ht 2. hH
2.32 2.09
1.9t 1.94
1«73 1.R0

2,34 1.734
1.54 1l.bh
1le4b6 1,59
-leU =~1l.VV
1.46 1.27

1.19 l. 21
le33 1.10
1.21 1l.06
l.15 1.02
L.02 BDeuH
Lol 102
lelhm 1lo9Yy

lobb  1.5Y
La5DQ 1.4%6
] 1.73
le73 1lebb
L.bO 199

14

13,20
13.70
14.30
11.70
11.00
10.3¢0
Y. 99
9,12
[
HoeS 3
8,04
T1R
T.759
T.16
T.16
6,67
7016
6, F1
6.11
Se R
he 34
5.34
5.22
5e A
S.0%
T.05
5,98
.24
522
S.HO
S. 16
e 22
4.65
A.472
a, 21
a4.11
3.58
3,79
.80
3.39
.54
2. 20
3.11
3.11
2,75
2.58
2.58
2. 31
2.33
2.25
2. 5%
2.17
2.02
1.87
1.K¢
l.73
1.50
~1.00
1.15
1.11
1.04
1.02
0.92
.92
C.92
1. 466
1.59
1.39
1.6A
1.73
1.52

5.22
5,96
K, 8%
4, 39
4,A%
4,22
A, 11
1,79
7,59
1.69
FJ, AN
3. 37
1,12
2011
2.32
2.913
2.5A
2.41
2.1
.17
2‘17
7.49
2.33
2.17
2.02
1.94
1.90
1.72
1. A%
l."n
1.11
1.06
1.Ch
1.92
:Q q’.
0. Q0
Q.87
1.52
l.qz
1.29
1. 50
1.FF
1.464

18

13.39
L?.90
12.3¢C
il.40
it, 80
1¢.720
a, 62
a,32
R,FA
a, 2
7.€3
7.63
T.37
Te16
k3
L
Talb
h.qo
6011
5496
R.xl
5 .34
E.7072
L
S .Rh
he R
s, %6
Kedl
12.10
S .HE
5.34
q,R7
4,42
4,37
1,11
)
1.9
=-1.C0
1. PO
3.2
3.9

.11
?.%3
2.65%
2,49
2'3‘
2.2
2.09
2.92
2.°3
2.17
2.2%
2.09
2,02
187
1.A80
1.72
1.40
1.16
1.11
1.06
1.2
G‘Qﬁ
0.7
J 77
1.37
!.4h
1030
1.5%9
l.ﬁh
1l .46

20

13.7¢
12.90
12.10
11.40
17. 50
10.390
9. Q9
9,137
HehH
A, R
7.9
Te53
Te A7
7.16
7.5
b.63
T. 16
LT 2y
6.1l
BeaF
6, 30
S5.34
.11
Ge 04
Telb
6. b3
LT
S.34
1a,an
8.34
5.34
4. H7
4,45
4, 11
a.11
3.779
4,472
=-1.00
3. A2
3, 49
3.720
.11
2.72
2.FR5
2.49
2,212
2. 37
2,17
2.02
264
4,09
2.25
2.04
4.02
1.37
1.40
1. AA
1.40
121
1.15
l1.11
1.11
172
0.77
0.77
4, S
1.46
1,39
1.50
1.h6
l.46€

107

T. qo
lebh
leb?

5.314
4.90
LI
1,47
.11
A, 370
4.1
-IOCF
1.0f
z.qh
X, 10
.27
3.1t
?.q"
2JRF
2.41
2,40
2,32
2.07
?.FF
7.7%
Q.02
1.37
1.77
L, 8"
l.45
1. 217
led”
1.3_‘
127
le27
1.21
.11
0.72
0.97
3.0
1.44
re G 2
1. RA
1.71
1.59
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332
333
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335
336
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339
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141
342
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144
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kX1
347
3an
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150
v
152
353
iS4
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InA
157
i
159
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363
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466

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

COLCLEL L VDOLCLCODLOLLELLLCLECCLLITIILILELEIXLXIX [T~203

DB A
~
x

EXT =~
-3
&

-]
F

A
v
D E
A R
I A
L 6
Y E 2
1.25 =1,.07
1.3 1.33
1.43% 1.27
1.27 144
le24 1.7}
1.14 1.21
1.1., l'll
1.44 1,39
1.14 1.15
1.1% .11
1.11 1.0~
v 121
1«50 1.2%
1.14 1.02

1edb 1,37
1. 24 1?1
1+23 1.15%
l.40 1.313
203  2.HK
1.7 2.2%
ie87 1.52
1. 20 1,22
i.40 1.40
T ) DAL
1.00 1.0%
1eu0 1.60
laun 1.00
VeHD =1,.350
Je 04 N, RE
1.12 0,94

1.12 1l.1%
1.11 1l.11
l.uH¥ 1.11
1.01 1.36

Je93 DA

Do-dd.—0.32 .

4

-leJdu
1.3
127
l. 1"
1.34
la21
1.1%
1.3
.21
1.1‘)
l.11
le?1
1.11
1.3“
1e3v
1.127
1.21
l.39
P |
2072
1.57?
1.29
1+48
322
1.00
1.0v0
leuv

—1.0\)
J o HE
o QH
1.15
1.11
1.1t
1.u%
4.0
He 32

6

-1.00
1.37
1.3%
1.446
1.39
l'?.’
1.15

Applebury Creek
TIME OF DISCHARGE READING

8 10 12 14

~1.00 =1,00 =1.00 1,37
1.37 1.46 1.39 1.31%
1.33 1.49 1.33 1.50
1.4 1,52 1.46 1.733
139 1.39 1,27 1.2t
1.27 1.27 1.15 1.06
l.21 .21 1.11 1.11
1.33 1.33 1.33 1.21
1.2 1.27 1.21 1.15
1.15 .21 1.1 1.1
lol% 1.15 1l.11 1.ChK
1.21 1.21 1le.l19% {.9R
1.11 1.11 1.06 ¢C.9°
1.06 1.06 C.92 1.11
Le®B2 1lab2 Llob2 1.52
1.33 1,3 1,39 1.731
1.27 1.33 1.33 « 27
ledh 1.4 1.46 1.9
1.73 1.74 1.73 1.80
1.3 1.50 1.0 1.99
159 1.99 1l.%Y =1.00
1e20 1,20 1,40 ~1.00
1.40 l.40 1.40 -1.00
.80 .90 D.H) =1.00
130 1.vv 1.00 -1,30
1.00 1.90 1.00 -1.00C
1.0 1,00 1.C0 -1.00

=130 =iLed9 =1.00 =1.0C
.92 (.32 0¢.494% 0,99
1.11 1.1% 1.15 1l.15§
1.15 1l.1% 1.15 1.195
.11 1l.1% 1.15 1.15
1.1t 1.11 1.11 1.1l
1.96 1.11 1.uv6 1.07
1.02 1.0¢ 1.0 06.917

.=1a0b0 71.00 =l.bU ~1.0C

16

1. 47
1.27
1.hA
1. 27
1.11
1.7
1.52
1.15
1.11
1. 0F7
1.1%
Ce D
a2
1.1
1,19
1.71
1.15
1.33
1.1‘
1.52
-IOCC
=-1.C0
-1.09
-1.00
-1.C2
~l.G1M
«1.00
1.0
(. 0%
1.15
1.1%
1.11
1.06
fia@H
A, 07

18

1. 21
1.21
1 .50
1.27
1.086
1.02
2. 060
1.11
1.0%
1.672
1.11
0.R%
0, PH
1.27
1.21
1.11
1.11
1.7
1etE
1.456
-1.€0
=1.20
-1.00
~1l.0¢
-1.C6
-1.C0
“1.00
0 «8C
L
1.15
1.15
1. 11
1.02
0492
0.RH

20

1.21
1.15
l.4¢
1. 21
1.11
1.02
I. Q9
l.11
1.02
1.02
1.11
De¥A
0. 46
1.27
l.15
1.11
l.1%
1. 21
1.46A
1.4%
-1003
=-1.00
-1.00
-1.00
-1.9"
-1.020
-l.G0
G.40
0. %A
1.21
1.21
I.Of\
1.02
¢.92
0. R4

~1.00 ~1.0Q.-1.00

108

22

1. 21
1e1%
1o 4f
1. 21
1.11
1.0F
1o 7
i.11
l.4h
1.$7
lo11
Je Ak
L - 4 )
1.77
1.18
le11
1.21
1.71
2, 3%
1.4A
-1.0C
-1.3°7
-1.Cf
=-1le 0L
_1000
-l. G0
~1.0¢
O, R
fe QD
1.1%
O.20
1.0k
177
fa937?
C, RE
-1.0G0

24
1.27
1.2
1s4%
1. 27
l.1¢
1.1:3
le 3¢
l.11
.04
1a3°
l1.11
},98
T 9
127
1.15%
1.11
1.727
1.°7
2,49
1.4F
-1-Cr
=-1.0%
wlegf
-1.07
-1.9"%
-1.0"
«-l.0f
0,87
D e QH
1.1%
1.11
1.NF
1.32
0,99
N.97
-1.07
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M H Y R Y E 2 4 6 8 10 12 14 16 18 20 22 24
T3 12 S 71T 404079 G0.0) A%3.00 40,00 40.00 MU 00 40.00 =1.90 =1,00 «1.00 =1,00 =1,00 =1.07
T4 12 +» 771 35,00 35.2) 15,90 15,00 35,00 35,00 39,00 =1,00 =1.97 «1,00 =1.00 =]1.00 =1.)"
T 12 , 77 14, Jg 34.6"‘ ""00’,‘ '{4000 34-00 34.00 34000 -1000 -1030 “106’:’ ‘1000 -I-C'n -lnl "
TH 12 8 Tt 3360 33.A0 33.A) V3,80 33460 33.A0 32,40 «1,00 210" =1,00 =100 1,60 =1.5"
Tr 12 9 T7T 304460 30,00 36.01 30,00 30.00 29,00 30.00 =1,%% =1,90 =1,00 =1,07 «1.CC =1,6¢
TH L2 10 11 29,03 25497 25,00 2900 25,00 29400 2%.9U =1.00 =1.40 =1 €0 =1.30 =1.9%9 =1.5"
TR 12 11 TP 21.K0 2148} 20 a4 21e®0 21490 21 .40 2100 =1,00 =1.00 =109 =1.0" =1,08 =1,0"
Q0 V2 12 7T 2245003 22080 22.R0 22481 22460 22,60 22,60 =1,00 =1.00 =1.02 =1.00 <1.,50 =1.2"
R1 12 13 71 24,062 24.F5 23,60 74,60 24.60 24,60 24,6U =1,00 =1,00 <1 ,00 =1.00 «1,0C =-1.0"
A2 12 14 771 2h.0) 2A.00 2603010 20400 2R.02 29,00 28,00 =1.00 =1.00 =1.C0 =1,00 =1.%7 =1.0"
AT 12 1% 77T 27,00 27.75 27400 21,08 27,00 21,00 270l =1,00 «1,30 <=1,00 =1.09 «1,.3u¢ =1.90"
B4 12 16 7T 25.H87 25,60 29.60 29.R0 25.60 29,60 29.60 =1,00 =~1.00 =1.60 =1.36 =100 =1.0°¢
A% 12 71 1M 24.4) 24,40 24,40 24,40 24,40 24,40 24,40 «1.00 =1.070 =1.G0 =1.02 =1.02 -1.¢0
Ro 12 1= 717 21080 21 .89 21,80 21 4,R0 21,80 21.HU 2l HU =1,07 «1,00 «1,00 =1,9C =1,0¢ =1,97
BT 12 19 77T 19,80 19,40 19.H°) 19,90 19.80 19.HU 19,80 =1,00 «1,00 =1.00 <1.,00 =1.59 =l.00
R L2 20 77 1R8.4% 17,40 1H.40 14,40 18.40 19,49 1H.40 «1.00 =1,30 «1,00 =1.00 =1.0n =-1.C0
RO 12 21 77 1E,HD 16,90 1A,R0 16,80 164HC 16,80 16,80 =1,00 =1.09 =1.00 =1.00 =1.00 =1.3%
Q0 12 22 FT 17.00 17.00 17.0G0 1700 17,00 17,00 17400 =1,{C =1.00 «1.00Q =1,00 ~31.00 =1.(F
9L 12 23 77 1R.0D 18,20 19,07 14,00 19,06 18.00 1H, 00 =1,00M =1,00 =1.00 =-1,09 =-1.07 -1,0"
G2 12 24 77T 1H.060 13.60 13,060 14,60 18,60 14,60 LY.580C =100 =100 =140 =1.67 =1409 ~1.0¢
93 12 25 77T 1M.%0 18.50 18,50 14,50 1R.50 14.90 1H.SC =1.07% =1,07 =1.00 =1.30 =1.CF =1.4"
93 12 260 77T 17,47 17,29 1T,20 17,20 17420 17,20 27,20 ~1.,00 «1,00 «1,(0 «1,00 «=1,00 =1,5%
99 12 21 7T 12.HD 12440 12,70 12,80 12.90 12,80 12,H0 =1.0C =1.00 =1,.00 =-1.00 =1.CC ~1.0"
Qn 12 2R 17 T.3Y 9.3 R.30 9,00 9,00 Q9,00 9,07 -1.00 -1.09% -1.0C =-1.C" ~=1,0% ~-1,8"
QT 12 294 ¢ Haldll 6,27 AL2T 6,20 6420 6,20 65420 =1.00 ~1.0C =1.00 =1,30 «1,20 -1,4°
94 12 30 17 4.47) 4,82 4.9 4.80 4.R39 Q.80 J,R} «]1,00 =1,00 «1.00 =1,90 =1,00 «1.0F
Qe 12 31 77 .73 A,.7) 2,710 2,Tn 2,70 170 3.1 3,90 =1,00 «1.060 =1.0C «).CV =127
100 1 1 74 327 3429 V423 3.20 3,20 3.2) 3.20 =1.00 «1.00 «1.C0 «1.00 =1.90 =1.uf
101 1 2 TH 2.HT 7,87 J.HN 2,90 2480 .40 .HO «~1.00 «1.C0C ~1.00 «1.07 <1, 00 1,00
102 1 3 74 2.0 2.7 2,710 2,700 2,73 2,710 2.1 w1.0N +1,.00 =-1,00 =1,20 =1.00C =1,07
103 1 4 78 4.1 4,23 4,40 8.47 4,40 4.30 4,40 =1.30 =1,0) «1.,00 ~1.0C =1.00 =1,07
164 1 5 74 R G RLDY ARLDD RL00 RLDD ALY K 00 1,00 1,00 =1,00 «1.00 =1,00 =1,.07
105 1L & TH Q,30  F407 9,03 9,00 Q.00 .07 9,00 «1,00 =1,09 «1.,00 «1,00 =1,00 -1,Ch
106 1 TR 11,40 11.20 11.40 11.40 11.40 11.40 11.40 «1.G9 <1.00 =1.00 =1.0C =1.5C =1.0f
167 1 K TR 12,40 12,40 12,27 12,40 12,40 12,40 12,40 =1.07 =1,07 =100 =1,09 =1,00 =1.0°7
108 1 ¢ 74 11.w0 11.%0 11.00 11.C0 11.00 11.900 11,00 =1.00 =1.00 =1.00 =1.9C =1.C0" -1.GY
109 1 14 7w Ho R G,80 Rk B,A0 H,b60 Q.60 H,60 1,00 =1,.%0 =1.00 =-1.0% =1,060 =1,.02
110 1 11 7R .10 B,.T0 KRLTO 6. T0 B.TO 6,10 6,70 =1.00 =1.00 =1.00 «1.00 =1,00 =1.5"
111 1 12 74 9.00 5.7 S.0U He00 S.00 Heul HeUU =1,00 -1,60 =1.00 -1.00 =1,00 ~1,07
112 1 13 TR LAY T, RLH) O FL,ED A,R) F,80 4.HO <1,09 «1.,00 «1,00 -1.00 =1.C0 -1.G°
113 1 124 7n A 2D 2,20 o200 3420 2,20 1,20 3,20 3,20 ~1l.uf =1,00 =1.00 =1.%6 ~1,u"
114 1 15 7R 2. R0 2.6 24H0 2.6C 2.60 2abhU 2ebU =1,0f =1.,00 «1.00 ~1.9C -1.00 =1,49°"
119 1 1A 7% 2637 2470 2,70 2,0 2.3 1,30 2,30 21,00 1,00 =-1.00 ~1.21 ~1.020 =1,0F7
116 1 14 T4 2e 20 2. 20 2. 20 2420 2. 20 24 20 2020 «1,C00 «1,00 =1,00 =1.,00 ~1,vG ~-1.0?
117 1 1% 7% 220 2420 2429 2.20 2.20 2,20 2420 =1,00 =-1.00 -1.0C -1.01 -1.G% ~1,.6GC
118 1 19 74 230 2.0 2.353  7.70  2.30 2,30 2.0 =1.0C ~1.C% ~1.00 21,00 =1.00 ~-1.0"
119 1 2t 7H 2.3 230 2.0 2,30 2,30 2,40 Z.3IC -1,00 =1.3C =1,60 -1.0" -1,00 =1.9"7
120 Lt 21 79 2647 2447 2441 2,40 2,42 2.0 2,40 «1,.00 ~1.00 =1.00 -1.0C =1.00 -1.07
12 L 272 IR 2640 2440 .80 2.40 2,40 2.4 2.1" «1,00 1,00 =1,00 ~1.0F =1,0" =1,.0"
122 1 723 7H 2.90  2.50 2,90 2.50 2.57 2.5%0 2.50 =1,00 =1,00 ~1.,02 ~1.00 ~-1,C0 ~1.0°7
123 1 24 78 260 2.6) 2.60 2.63 2.60 2.60 2.60 =1.07 =1.,00 «1.00 -1.00 -1.60 =-1.C0
124 1 2% 714 2¢A8) 483  Pohy 2450  2.K0 2eH0 To b} «1,00 21,00 21400 =107 =1,01 1,37
125 1 2% 7H 2eTD 2.7 2.0 2.TC 2,70 4,10 2.0 +<1,00 ~1.00 -1.C0 -1.06 -1,00 -1,00
126 1 271 1R 2eF T3 DN 2.H0 2,80 2.80 2.40 2.H0 «1,0C ~1.00 -1.00 -1.07 -1.00 -1.00
127 1 28 7R 3,00 3.00 .09 3.00 .00 .00 .00 «1.0N =1.069 «1.00 ~1.00 =1,00 -1,90
124 1 2v 7H 1% 3,20 3.2 3,20 .40 1,20 3,20 3.11 ~1.9C =1.00 ~1.90 =1.00 -1.C2
129 1 3¢ T8 3,00 379  1.00  3.00 3.37 3.00 3.00 =-1,00 =1.99% -1.00 -1.00 -1.0¢ -1.0C
130 1 31 7% 2297 2,90 2,90 2.0 2,99 2. Z2.9h =1.00 =-1.09 -1.00 -1.00 -1.07 -1.00
111 2 1 Tu EPRTY 3,00 3.09 3,00 V.00 4,00 3,00 =1.C0 =-1,00 =-1.€C0 ~1,00 =-1,2C -1,00
132 2 2?2 78 FeH)  FoHN T HE A HD FL.RN FI.H0 J.HU =1.0C =1.00 =-1,0C =-1.00 =-1.063 =-1.0°
133 2 1 78 helD 5o10 541U 9410 Sel0 950l Se10 «1eC0 «1,00 =1,00 -1.00 ~-3.60 «1.20
134 2 4 7 Q,30 4,953 8,00 .00 9,00 H.U0 PRA.uL ~1.0C -1,00 ~1,00 ~-1,.99 =-1.0C ~1,9"
135 2 9 7% 12,00 12.060 12,00 12.00 12.00 12,30 12.00 ~1eCO =108 ~1.€0 -1.00 -1.00 -1,.3"
136 2 A TR 14.00 14.00 14.00 14,60 14.00 14,00 14.0U =1.00 =1.00 =-1.09 =-1.90 =1.0% =1.00
137 2 0 TRO1S.TI 15,73 15479 15.7C 15.70 15,79 15,7V =1,00 -1.00 -1,00 -1,02 -1.00 =-1.0%
138 2 H TR  1a,RK0 14,07 14,30 134,80 14,40 14,40 13.HC «1,00 -1,00 =-1.00 =-1.00 -1.00 ~-1.0%
130 2 ¢ 7TH  1L.G0 11.00 11.00 11,00 11.20 11.vV 11.00 =1.60 =1.00 -1.60 =1.00 ~1.00 -1.00
140 2 12 ¢ T MY TaRD  TFo®Y 4,80 TR 7,80 4.HG =1.00 -1.00 ~1.00 -1.00 =-1.0¢C ~1.0"
141 211 718 5. D G.60 S.HhU “.F0 Se. 60 560 9,60 =1,00 «1.60 «1,00 =1.20 =1.50 -1,4°
142 2 12 TR 4, 45 4,32 4.30 4.30 4.4C q.5U 4.5%5 4,60 4,65 «1.00 =1.017 =-1,00 =-1.C%
143 2 132 78 3,AC LAY A A0 LR0 AR5 .80 3,80 =1.00 ~1.00 -1.00 -1.00 -1.00 -1.0"
144, 2. 14.18.... 00 _A.00 o 400 4,00, 4,00, .00 . 2.00 21,00 =1.00_ 1,00 1,00 2100 =100
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18,00
21. G0
2h, 49
27,00
25.00
27, 40
1.8
21.3H
19, 34
17.18
15.27
13.93
15.20
22. 17
35. A0
40' 7q
45, 46

%0.99
S6.16
57. 39
93.53
47.14
4R, 70
T5. 4D
TH, 5
84,00
Hﬂ.bo
RO, 01
85, 73
10.78
54. 66
44,59
37. 4%
Ji.c4
il. 24
d2.01
32.H9
35. 72
35.HB
35.h4
33.19
31. 05
31.06
29.47
2H. 00
26.61
26.74
Zh.18
24. 69
23,07
21.12
20.84
23.53

2

4.4)
4,39
5,22
5.60
h. 00
hedd
7.00
7.4C
qn Oﬂ?
H.6N
9.20
Q. Ff)
10, 40
11.A0
12.80
14.0C
15.40
16.F9
18,00
21.00
2Hhe40
27.03
25.00
27, 4)
-1l.00
21.70
20.720
18,20
16.00
14,11
13.90
IR.70
33.90
3R. ™)
43,40

408, TD
$5.00
57.C0
56.50
50.90
42,70
715.09
19,50
H4,00
HR .60
#9,720
-1000
19.60
f0eHN
49,50
40.00
3k,.10
32.R0
12.50
31.80
34, R0
35.R0
36.10
34,590
31.80
30.90
30.30

2. 40

27.20
2,90
26.60
24.90
24.19
21.70
20.990
22.20

4

4,40
4.A0
Se 2
5.60
6.0
f, 30
7T.00
To.42
q.t““
9,20
Q, A
10,10
11.60
12.10
14.990
15.4¢
16.60
13.00
21.00
26.40
27.00
?25.00
'1 «00
2170
19,90
1R.20
16.00
14.10
19,70
31.30
3%,92

49,09
5%.00
57.00
55.00
50,90
56.00
15.00
78.590
94,00
H3.60
AO,.00
-1.00
17.30
sg.‘ia

CAH . T0

19.30
35 .%9
32.990
32.50
Il.40
15, RO
35.80
3A.10
1,10
31,50
30.90
30.30
28.40
27T.2)
26,60
26.49
24.90
23.90
21,70
20.90
22.720

6

4.140
4,.R0
e ?0
5.6V
hoOR
h,4aD
T.00
1.40
B, 00
He6(
9.20
9,60
10.49
11.60
12.%7¢
14,00
15.40
1b.R0
18,00
21.00
25.40
27.0C
25.00
27, 49
-1 000
21.70
19,70
17.90
19.70
13.90
14.1¢
20.90
32.80
32,30
45.30

49,50
9%.50
54,00
55.0u
50.00
-1.00
T5.00
T78.50
84,00
HB .60
RY.00
~1.00
79.30
59,00
47.10
38.80
34.80
J2.50
A2.50
31.80
9. R0
I5.80
36.10
34.10
31.50
30.90
29,90
28,40
26,90
26,60
26.40
24.40
22.90
21.40
20.90
22.20

8
4.40
4.R"
.20
5.560
Re D
fo 40
7.00
7.490
R.00
H.60
9.20
e, /D

10.40
11.50
12.80
14'00
15.49
18,60
19,90
21.00
26.40
27.00
25.00
27. 40
-1.00
21.70
19.70
17.60
15.30
13.90
14.30
21.70
35.90
40.00
45, 30

5V.00
55.90
51,00
55.00
49.50
49,59
75.00
TR.50
R4.00
AR, 60
R3.00
-1.00
73.90
6. 30
46,70
38,80
.10
31.R0
A2.50
31.R0
35, R0
35.90
38,10
33,50
31.20
30.90
29.60
20.10
26.60
26.60
26 .40
24.40
23.60
21,20
20.40
22.20

Steep Creek
TIME OF DISCHARGE READING

10

4,480
4. HY
N, 20
9. HU
Ao OO
he AL
1.00
T« 40
H.oo
H.60
4. 20
9, KD
13.40
11.50
12.H40
14,00
l:. 19
16,60
14,00
21.00
26, 40
27.99Y
25,90
27, 40
=-1.90
21. 70
19,70
17. 40
1510
13.490
14,10
2. 20
36,40
40.80
45, 30

50.H0
57.00
S5B.00
53.70
49.50
90. 40
75.00
7H. 50
H4.00
HH . b0
Q4,00
=1.00
T1.190
55«5V
45, 3V
371.70
33.50
3l. %
3l.A0
31.80
I5.8Y
35.80
36.10
33.10
30.90
30, 30
29.640
28.10
2b.560
26,060
25.H0
24.40
23.60
21.20
20.20
22.20

48400, 20400

12

4. 40
4. Hn
9. 20
S.h0
b. Oc
b, A7
/.00
T.40
H.0U
H# .60
9. 20
Yo b
10.40
11.60
12,80
14.00
15.44
16,00
19.00
21.00
26. 40
27,400
2501
21, 40
-1.00
21710
19. 30
17.10
14.990
13.90
14..’0
242,20
36 .40
40. H0
45,00

S0 .40
56, 20
54,00
53.7V
47,90
50,90
15,0V
TR, 50
84,00
83,60
R9.00C
A7, 90
69.20
5%.09
44, 60
31.40
32.H0
31.50
31.50
31.80
35. HO
32 .80
39. 40
32. 80
30.90
30.30
29,130
27.4C
26.490
26. R0
25450
24,40
23,60
20.90
20,2V
23.60

14

-1.09
-1.00
-1.00
-1.C0
-1.00
-1.00
=-1.00
~l.00
~1.,00
-1.00
-1.00

9.kC
-1.00C
~1.00
-1.00
~1.0N
~1.00
~1l.C0
=-1l.00
=-1.6G0
-1.00
-1.,00
-1.00
42.20
21.70
19.30
17.18
14. 490
13,90
14,90
22,70
37,40
41. 20
a5, 30
51420
56,30
58,00
53.20
43. 40
~1.C0
-1.00
"1000
-1.00
-1.00
-1.00
B, 50
-1.00
53.7¢C
43, RO
36.80
32.%50
31.20
31.18¢
32.%0
35. 80
35.R0
3S.R0
3J2.R0
30.90
32.50
429. 30
27.80
26. 40
6,49
“1.00
24.40
22.70
20,99
20.20
22. 60

16

-I.CC’
-1.00
-1.00
-1.00
-1.00
-1.00
-1.06
~1. 00
~1.,3°
“1.0¢
-l.00
-1.0"
-1.01
"1-0"
-1.09
-1.00
-1.09
~1.97
-1.99
-1.00
-1.C0
-1.0°0
-1.00
-1.900
21.70
21. 20
19,33
1F.90
14.90
13.90
15. 39
23, £N
37.47
a]1. k0
45,79

51.50
She 20
5R.00
52.70
44,50
-1.C0
-1.,00
-1.00
-1.00
~1.00
-1.0C
H7, 50
-1.C0
S1. 90
43,00
16.50
12.50
31.20
I1.RO
32. R0
15, RO
35,80
354 R0
12, 8D
30.30
31.50
29,130
27,90
26.40
2F. 40
-1.00
24,90
22.40
20.9C
20,40
23,90

18

-1.00
~1.00
-1.C0
'1000
-1.00
-1 .On
"1.00
-1-00
“1.00
"1 .CQ
-1000
'1 —cc
-1.00
-1.0“
~1.C7
-1 'oo
"1.00
~1.060
-1.00
'1.00
-1.00
-1.C0
-l.C0
-1000
21.70
21.29
1R,90
16.50
14.70
13.90
15.70
23,90
37.40
41. A0
45,70

51.90
57.60
57.50
52.70
46,70
"1-00
-1.00
-1.00
-1.00
-1.00
-l- OC
B7.00
-1.00
51. 20
42,70
36.10
32.%¢G
31,50
31 .40
31. 50
3s5.°P0
35 .80
35.19
32,80
30.3C
31.50
29, 3¢
27.80
26,40
264 R0
~1.09
24,90
22.40
20.90
20.90
24,49
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20 22

-1.00 -1.00
-1.30 -1,0r
=1.00 =1,0¢
-1.00 -1.Cn
-1.00 "'I.Gr-
=1.30 =1.00
=1.00 =1,un
"loon "lo";C'
=-1,00 =-1,07
=1.00 ~1.0"
—1.0(.‘ -1'0(}
-1.0C =-1.07
-1.00 -1.0v
=1.00 =-1.05
“1.G0 =1.0C0
-1.00 -1.5¢
“«1.6C ~-1.0°7
-1,0C =1.00
=1.90 =1.00
=1.00 ~1l.0"
~1.00 =1.GL
~1.90 =-1,0C
-1.30 =-1.09
~1.00 ~1,.0G6G
21.70 21,70
20.9C 20,90
14,70 19,70
16.40 15,40
14.°70 14,737
13.30 13.90
16720 1F,904
24,487 25,50
37.40 37,45
41. A0 42,7C
45,70 46, 7¢

Y1.90 52.7C
57.90 56, 3C
$7.00 56,30
%2.70 S51.9¢
‘1:00 ﬂﬂ. an
~1.00 ~1,00
-1.0C =1.00
-l.OC‘ -1.09
-1.00 ~1.C0
-1.0" -1,06
-1.00 -1.00
HG, 3N R, &G
65.10 623,70
50.R) 52,70
11.60 41,20
36.10 35,PR0
32.50 27,50
41 . HO 32,50
31.80 J1.RD
34.10 34.10
35.80 35.P0
36,10 36.10
15.10 34.80
32. R0 32,50
31.50 30.99
31.20 30.90
49,30 28.70
27.80 27.89
26.40 2h.60
27. R0 26,90
-1.00 ~1,00
24.90 24,93
22.20 22.20
20.90 20,90
21.20 21.70
24,90 25.50

24

-le.ul
-1.39
-1.0°
-1.07
-1.9°0
-leGT
"110’:
-1l.0"
-1.01
-l et)id
~l.0"7
-t 0T
-1.00
“1.0"
~1.07
-1.40
-t 00
2 PR AL
'10‘)'1
-1.2%
-1. 0.
=1leu?
-lnn
-1.0"
21.77
2’.\.0 45
14,770
1he2N
14.3"
13.90
17.R0
ctr.9"
37.70
40,717
47,50

53.7¢
She 37
59.3C
51.2¢C
-1.0¢
-1-0’:
-1.00
-1es0"
-1.0"
°1'°n
'100(‘
R1,.9n
6£1.90
58.R0
40 .80
LTS A
318
J?2.50
31.86
24.50
5.8
36,16
14.8%0
32.5¢C
30.9C
Ac.99
28,10
27.30
26,97
-1.00
24.90
22,20
20.9¢
22.20

£Ee99..24280.28,7C 29,30 29.9C 30.39 39,30



2313
234
235
236
217
Z3K
23y
240
241
242
243
244
245
246
247
288
249
250
251
252
2513
254
255
256
257
254
259
260
261
262
463
264
265
256
267
268
269
210
271
272
273
274
275
276
271
278
2719
2R0
2R1
292
273
2R4
285
286
28
288 1.

SHNNNNNP?OOITIPIIOIOIIIIICITICOTIOITCITIOS ARSIV INTUN ST AURCSURIV IV SO SV STV adad 2

11 74

et p e s

T ODWNTOC LT AT LI
~3
I

L S SR SR U i
BAND LT >
- -y =t ~J 1
x X T X T @<

e NN
-3 T
~~
=X

- N A
DLX
~ =)
I X

LT I K S
~J
[* <]

74

mMO>OMaT>

.10

2

30,20
31.R0
48,10
AR50
15,23
14,17
31.50
28,75
26,47
23.¢7
23.00
2173
22420
22.29
21.7n
21,70
29.493
21.49
22.4"
21.20
29,99
19.70
14,90
1R. 20
13,70
19.30
19.79
23.9)
27420
27.20
25 .83
25.23
24,97
24.19
23.810
21.70
20,20
13.70C
17.40
16,20
14,20
13.99)

-12.90

11.99
11.90
10.80
.97
A.63
R.513
T.93
T.37
6.77
T.27
f. 46
5.96
5.04
S22
4.87
5.22
4.909
4,12
3.9
J.58
.79
A.60Q
3.48
3.79
4.65
4.7
4,00
3.39

4
15.32
1.R0
=1.60
19,09
-.1‘:.'*',
14, 1v
31.20¢
2R .40
254 49
?3.62
22.710
21. W
21.79
22.290
:!1.."1
22.29
2} .90
21.42
22.40
21a 29
21.29
19.719
1R, 7Y

18, 20
20,2
19,7
19.70
24,19
27,20
2h 20
29.8)
25,20
24,97
24.19
23.00
21.710
23,20
18.°1)
t7.40
14,90
172.9C
12,90
11.90
11.490
1V .HU
Y .99
A, MY
H,57
7.94
Te ¥t
7435
T.1b
6, VA
Sefh
S Rh
S5.22
4 .47
4,99
4,99
4,712
1.9¢
.54
1.99
].b‘;
3.44
3.79
4.7h
4.76
4.00
3.9

6

30.30
T1.R0
-1.C0
EL Ly
15,10
2,10
IJ.90
24.10
29,50
23.6¢0
22.44
21. 20
21.70
22.70
?1.79
Z1l.4C
2Ue90
21.40
22.20
20.92
?l.40
1v.70
14,70

14,20
’u"’o
19.30
19.70
24.90
27.90
27.29
25.R0
24.90
24,90
24,10
23.90
21.70
19.90
14.790
17.40
16,20
14.90
17,90
13.190
11.90
11.90
tv.20
9.90
"‘.q_—;
B.53
"'Q“
T4 37
,.16
To16
£,50
4. R6
5.R6
5.34
4.99
4,909
4.99
4.32
3.90
1e5M
4.00
3.69
3.54
3.90
4.76
4.76
4,00
3.39

Steep Creek

TIME OF DISCHARGE

8
30.32
31.50
-1.00
37.49
T4.40
33,59
V.90
27.82
24,90
23,00
22.20
21. 20
21.49
22.20
21. 40
20.90
20.90
21.40
22.20
2V0.90
21.40
19,30
19.70
18,20
19,70
19.30
19,70
24,90
27 .40
26.990
25.2%
24.90
24.90
23.90
22.70
21.40
19.°10
18.70
17.40
16,290
14,90
13.90
13.10
12.10
11.70
10.RO

9.99
R.4%13
B.53
T.93
T.37
T.05
7«16
6,57
5806
5.86
5.34
4,499
S22
4.99
4.32
3.40
3.69
4.11
3.69
3.79
3.90
4.65
4.65
4.00
3.48

10
303V
3l 50
=-1.0V
36,40
11 QO
33, 1v
30090
27.9¢
24, Yy
22.7vV
2220
2 e HU
21l.74V
2L.1U
21. 4u
23,30
2Je AL
21. 30
22.20
2090
21. 20
19.30
14.20
18 20
149.30
19.7¢
20.90
24,90
27.R0
2R, AV
24,90
24.90
24,90
23.9
22.40
?1..'.0
19,770
1L4.70
17,40
16.0V
14.9V
13.90
14,90
12.30
11.7¢
19.4Y

QobHb

o HH

He 3

Te9]

Te 21

belt

Talb

by QU

S5e.94

Se98

2+4b

4,949

Y. 44

4,99

4. 32

1.00

3-H9

4,21

J.4d

3719

.90

4.605

4. 065

1, QU

3.44

12
30 .30
31.20
=-1l.00
36.12
34.H10
32.4Y
du.30
7. 26
24,90
23.63
21.70
24U, Y2
41.20
21.719
41. 20
2).20
20.20
21.40
22,.2¢C
20.49
20,90
19,30
14.2v

18, 20
19.30
20.20
20, 90
27 .40
2h. 40
24,90
44,90
24,40
235,60
22.20
20,90
1H., 90
14,20
17,16
15.70
14,30
12.7¢
12.30
12,790
11. 40
10.30
Y.49
4,59
B0
1.78
7.16
6.77
7.14
6- 36
5. b
5.Hh
5.2?
4. 41
he 22
a.¢1
4. 21
J.un
344
q. 11
3.48
34719
3,90
4.05
4.42
3., 09
3.39

READING

14

30,140
21,26
40,230
5,40
A, R
42,50
30.37
2. 99
i5.90
23,00
21.70
0, 40
20.90
21.40
21,70
20,20
20,20
21,79
21,70
20,40
20,90
18,990
149.20
18, 20
19.3n
19,490
21,20
25.40
27.R0
Ih, a0
24,99
24.40
24,10
23.6"
21.70
20.49
1H.9C
17.90
16,70
15,10
14.10
13,20
12.10
12.30
11. 40
10,10
9.32
f,5%
R, 04
Te03
7.95
6.7
he77
5,098
5.99
5.46
4,99
4.4
5. 22
4,7A
4,11
3.69
3.14
1, 9¢
3. .‘a
3.70
3. OO
.22
4.1312
3.59
3.20

16

10.90
1. 50
11.582
IS, AL
14, A
32.5C
29,40
AL, R0
25,0
22.09
21. 70
20, 40
2¢ .30
21.40
21, 29
20 .47
20.49
22427
21,70
20,40
20.92
18,99
1R.29
1R, 20
19.3C
1,10
22,20
26,40
27.19
26, AT
24,96
24,49
24,1¢C
23,60
.70
20, 27
18,710
17.A/0
1F. 20
14,990
13,90
12.90
11.90
12.3¢
11.20
1v.19
9,14
R, &3
7.01
7.37
6. 17
6,71
Fo RO
R, RF
Qe AR
€. 34
4,97
4. RS
S. 27
4,65
4' On
T, 58
WO?Q
2,69
3.20
3.69
3. /9
4,99
.21
2, 48
3,20

18

11 AC
35.1¢
31.FR0
35 .70
3J4.FG
J2.=0
29 .60
2h. €D
24.9¢
23 .60
21"’0
21.20
21.2C
21.49
21. 40
23 .40
22.90
i2. 82
21.40
20,90
20. 40
14,90
1P.20

12,20
19.39
19.70
22,710
26 .00
27T.RO
2h, 40
24.90
24.40
24.19
23,60
21.70
20.70
18,70
17.40
1A, CC
14.90
13.90
12.9%
1t.90
12.10
11.00
19.10
R.R13
g.‘}
T.7H
7.27
6,77
6,77
he B0
9.86
5. Ph
Se?72
1.87
4. FS
Re 22
4,42
1. 60
.59
3.k9
1, 69
3.29
3.6q
S. 22
4.76
1.11
3.39
t A,0R

20

3la50
15. 17
32.80
15,49
14,40
42,50
29,7
26, AN
24,70
24.729
21.7N
21.77%
21.49
21.495
21. 40
20.79
21,20
?23. A2
21.40
2¢.90
20. 20
18,99
1H.20
14,70
19.70
23.072
26.60
27.80
26. 40
24.990
24.40
24.17
23.69
21.70
2070
18,70
17.10
16.00
14,90
13.90
17. ¢
11.90
11.90
11.00
9,99
H.R3
P53
T.23
Fe27
6,17
6.77
fisa H)
5. RE
S5«H6H
5. 2?2
4.87
14. 76
5.22
4,42
1. 99
3.““
3.r9
. A9
3.29
3.79
Se 22
4.76
.11
3. 49
9.14

112

22

1. 8L
I 10
Ja, R
35, A7
14, AN
31,80
29, 3y
2€. 448
24,40
21, A7
21.77)
272.2¢
21,7¢C
Tl
21. 10
23434
21.48
22,17
21. 49
2C.90
2u, 2C
12,90
1P.7C
19.7¢C
18,730
13.7¢
21 FC
26,00
27. 80
5, 40
24.99
24, A0
24,1°
23.R7%
21.79
0. 29
18,70
17.10
1f. 00
14.9¢C
13.9n
17,92
11.90
11.90
104 R0
9,09
R, a3
R, 83
T.93
Te 27
F, 77
F. 17
. R0
5. 00
Co fik
R v
4,17
4, 99
Sed2
A, V2
1, en
1.8
1, R
1, +9
3.972
I.79
A, 1A
4,87
4. 11
7, 48
Q'lb
5«88

24

31.40
.17
b Ko
A5, H™
14, RY
31,47
26,130
TFR.80
24,17
21,40
170
22,27
22.20
27,727
21.7¢
20 .07
1. 40
22,47
?21.40
20,90
19,97
12,47
12,77
1R 7
12,37
14, 9"
<3, Qr
26,9C
zv.qr
PL P Lo
25428%
24,497
24,17
23,6(
21.7C
M, 2¢
id. 0
17,47
14,20
14,437
13,4940
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Q M D E Steep Creek

0 Y A R

N N D E I A TIME OF DISCHARGE READING

u T A A L G

M HY R Y E 2 4 6 8 10 12 14 16 18 20 22 24
360 L 1H 73 . 1.06. 3685 0492 102 .1sD6 Le06.-1aD6.. 1all..1a15..1.15 . 1.11 lealdl 1ald
3Rl 4 1Y TH 1124 1,11 1.15 1415 1435 1.15% 1.1% 1.15 1.15 1.1 1.1t 1.15 1.15
362 9 2¢ TH 1019 1.15 1419 14185 1415 1427 1.27 1.27 1.1% 1.1% 1.15 1.1% 1.1%
363 9 21 74 1eld 1015 1lel9 1e15% 1015 1.15% 1«15 1.15 1.31 1.0 1.0F 1.11 1.11
364 9 27 79 l.v4 1.11 1411 1411 1eil 2el1 1.11 1,66 1.02 0,92 Q.92 1,92 1.3?
365 9 272 Ty De®6  1a02 1402 L1e32 1406 1logb 1402 1,02 0.45 0,86 0,44 9,9 7,.8F
166 9 24 738 JeBh 0.8 D4R Y RE JeRA «1.00 =100 =1.00 =1.27% =1.00 =1.00 =1.9% «1.un
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Appendix V

Precipitation Data

The following data is taken from the precipitation gaae strip
chart records. The data indicate the beginning and end of storm events
in which the recorder was working properly {(columns 2 and 4). In
addition, the time of maximum precipitation and total precipitation for
each storm event in cm. of water are shown (columns 3 and 5).

Beginning Time of Time at Total

of storm maximum end of precipitation

event precipit- storm in cm. of
Date ation event water
9/283/77 21:00 1:00 4:00* 1.4
9/29/77 19:30 20:30 24:00 1.9
10/6/77 21:00 23:00 2:00% 1.0
10/25/77 12:00 16:00 24:00 4.0
11/1/77 14:00 15:30 16:30 .8
11/2/77 4:00 4:20 6:00 .5
3/14/78 18:00 22:00 1:00* .8
4/4/78 15:00 15:15 15:45 .6
4/7/78 14:00 16:00 18:00 1.0
4/11/78 2:30 2:45 3:15 .3
4/15/78 19:45 20:00 20:30 .6
4/16/78 12:45 13:00 14:00 .9
4/20/78 1:40 2:00 2:30 .2
4/20/78 19:00 19:30 20:40 .8
4/26/78 11:30 12:15 13:00 1.0
4/30/78 17:00 18:00 6:00* 1.8
5/6/78 14:30 15:15 16:00 .6
5/7/78 20:00 20:45 21:00 .9
5/12/78 0:15 0:30 0:45 .3
6/18/78 23:30 24:00 1:00* .4
6/29/78 19:00 19:30 20:00 .3
6/30/78 11:00 11:15 11:20 .3
7/1/73 22:00 22:15 22:30 .5
7/15/78 19:30 19:45 20:00 .4
7/28/78 13:00 14:15 15:30 .2
8/13/78 13:00 13:30 14:00 .4
8/13/786 20:45 21:00 21:30 1.8
8/15/78 23:20 24:00 1:30* .4
8/22/178 15:00 15:15 15:30 .3
9/6/78 22:45 23:00 1:00* 1.2
9/7/78 20:00 21:15 23:00 .8
9/18/78 4:00 7:00 12:00 .8

* jndicates that storm continued into following day
115
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Appendix VI

Stream Water Data

The data that follows is a listing of the pertinent physical
and chemical information associated with each water sample
collected from Applebury and Steep Creek. The hour of collec-
tion is rounded to the nearest even whole hour. Air and water
temperatures are fn degrees Celsius. Discharge is that ob-
served at the time of sampling and is given in liters per
second. Speicfic conductivity is reported in umho/cm. All
element concentrations for water samples are reported in

parts per billion {ppb).
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Applebury Creek

d
i
S
5 n C
au m w h
mm o y h t at a s C
pb n d e o ae te r p o
le t a a u im em a en
er h ¥y r v rprpe e c.d pH U fe Ce LS Ma Ma Cu Ni Ti Zn
270 3V 24 77T 16 9 K0 2.Tv 160 7.3 LS9 ~25 21415 1666 3117 BI06 -4 -25 -4 127
271 10 8 77 14 10 4,5 9.98 150 l.o .57 -5 20233 16%0 2R44 5748 -4 =25 -4 -5Q
272 1n 21 77 10 2 4.0 0.77 152 7.5 1.05 -25 19347 1624 2287 6306 -4 =25 -4 207
273 10 23 17 24 0 3.8 0.92 155 T.4 .81 -5 19377 1615 2604 10630 =4 =25 -4 =5C
274 10 22 T 2 =1 3.8 0.94 155 7.6 LAY =25 20600 1610 2685 1862 -4 =25 -4 99
275 1u 22 77 16 6 1.3 0.46 148 6.9 .92 -i5 20609 1633 2530 13563 -4 -25 -4 71
276 11 % 7T 12 A 3.0 1.06 140 7.1 .59 -,5 19365 1633 2509 8422 -4 143 -4 81
271 11 20 77 14 =15 0.0 0.50 174 7.4  .TT -i5 25341 1801 3419 7455 =4 <25 -4 Al
2786 12 3 77 12 5 3.5 19.40 73 7.8 .72 164 12846 1647 1496 6265 -4 -25 -4 642
279 1217 11 19 7 2.0 21.7¢ 12d 8.1 2.%2 147 14644 1558 2255 5134 i1 B8 13 -5¢
280 12 31 7T 12 -12 0.u  4.11 141 7.8 .46 36 15858 1404 2388 7846 & 19 5 19¢
201 1 14 7 16 5 1.5 J.11 198 7.8 2.27 32 15668 1401 2297 7444 S 26 5 15%7
22 1 29 78 14 =1 0.0 2Z.83 140 7.4 .76 -25 16663 1500 2556 172890 -4 49 -4 10€
283 2 12 74 16 =7 0.2 3.A9° 148 7.9 .30 -2%  7¢97 818 1093 <867 -4 60 -4 177
284 2 26 7TH 12 35 1.0 9.16 132 7.4 .68 -35 16254 1541 2375 6%66 -4 62 -4 -5C
29% 311 78 12 4 3.1 20,29 140 7.2 .93 48 17244 1623 2532 6238 -4 19 -4 98
2/h 1 20 TH 12 14 4.2 17.90 122 7.6 .39 Y6 14663 1563 27296 6394 21 731 -4 a2
RT3 26 78 16 17 4.3 3,20 120 7.4 1.05 64 14894 1530 2362 79%4 14 87 8 62
283 3 26 T4 1A 4 4.2 34.80 129 7.3 .87 114 15196 1547 2400 7679 7 58 -4 -50
209 1 26 78 26 2 4.0 39.50 120 7.4 1.67 121 15624 1598 2677 6324 7 91 8 69
299 YV 26 78 24 0 4.0 39.30 120 7.3 1.00 168 14972 1546 2539 8316 10 150 S ~-5¢C
291 3 27 7v 2 1 4.3 319.9v 120 7.5 .93 126 13988 1512 2302 BR918 9 101 & =50
292 3 27 18 6 =1 3,9 11,.3C 120 7.6 .62 133 13%97 1515 2251 7080 9 86 1€ -50
293 4 27 73 10 2 4.0 43.50 120 &,1 1.38 1S 14362 1529 2512 6316 10 146 11 ~S¢
294 1V 27 19 12 7 4.0 47.90 120 1.4 L9 19 13990 1530 2330 7834 7 110 7 -5¢C
299 4 9 7H 12 11 4.5 30,7 130 7.7 .88 103 11332 1440 1834 7757 12 160 -4 =50
296 1 1% 74 12 14 4.0 29,30 0 7.4 .90 66 10265 1343 1600 8650 11 129 -4 =50
297 4 2: 78 11 9 5.2 25.26 89 7.9 .85 76 10369 1387 1659 8490 11 142 -4 -5¢
298 3 30 18 14 15 k.0 43.50 70 7.0 2.41 1C4 7620 1283 1077 8290 10 104 -4 112
299 % 7718 172 15 5.0 30.%0 2% 1.4 .19 &8 7646 1200 1115 7891 15 1172 -4 =50
300 5 13 79 12 15 6.5 29.70 79 7.5 .49 48 #1631 1215 1077 2619 -4 94 -4 =50
301 5 21 78 14 18 T.5 24.10 648 7.4 .41 34 8408 1274 1049 2996 <-4 115 -4  6C
302 5 24 78 12 1% 6.3 27.20 82 7.3 .50 37 9958 1298 1211 2743 -4 135 -4 -50
303 5 3 I 12 17 7.0 20.20 85 7.3 .71 26 10059 1334 1362 3949 5 131 -4 -S¢
304 n 11 74 12 14 6.5 12.50 95 7.3 .46 =.,5 11102 1394 1562 3895 11 173 -4 =50
305 5 18 74 12 26 H.0 A.38 100 T.4 .69 -5 12330 14134 1788 6574 9 197 -4 =50
306 H 24 7 10 14 H.8 6.91 111 7.2 .42 -5 13364 1577 1963 7T871 9 198 -4 -5¢C
367 % 24 74 14 10 Y.0 6.63 110 7.T ARl 3R 15003 1478 2047 5453 -4 AT -4 60
308 0 24 7% 16 20 Y.1 6.6F 110 7.3 .74 -2% 14039 1515 1951 3528 7 44 -4 =50
309 v 24 7H 20 20 3.%  6.59 110 7.2 .93 -.5 14061 1500 2024 3921 17 108 -4 -SC
310 5 24 74 24 3 4.1 7.27 110 7.2 .44 -25 14731 998 1977 4R06 11 126 -4 =50
311 » 25 7% ? 9 T.4 7.27 110 7.2 .70 -25 13943 997 2087 5983 10 145 -4 7S
312 & 30 74 24 10 9.2 5.34 1i8 7.7 .75 -25 14769 1097 2219 8534 10 129 -4 6€
313 7 1 74 6 7 8.5 %.,73 120 7.7 .83 -:5 14028 1029 2196 7519 13 11B -4 66
314 7 1 M H 8 9.0 5,73 119 7.8 .64 30 15123 1043 2233 5221 8 112 -4 &C
31y 7 1 7% 10 14 H.2 S.73 115 7.8 1,07 -5 15010 1054 2134 4503 7 133 -4 =5¢
J1s 7 1 74 12 25 H.3 S.73 117 7.1 .69 S1 15594 1015 2142 A232 8 137 -4 =50
317 7 1 TH 14 24 9.7 5.7 115 1.1 1.71 -25 15671 1035 2115 4810 T 94 -4 -5¢C
318 7 1 79 14 19 9.9 5.15 119 7.2 .6G 44 15572 1094 2239 5173 14 163 -4 130
319 7 1 79 19 1Y 9.8 4.39 118 7.2 1.24 33 16069 1124 2199 4315 11 156 -4 111
320 7T 1 1% 20 14 10.0 5,10 11% 7.8 .82 -i5 15743 981 2209 5579 11 115 -4 102
321 7 1722 15 9.8 5,10 117 7.2 .83 -2% 15495 1020 2152 S0062 10 141 -4 80
322 01 2 74 12 14 9.1 S.73 115 1.7 .71 32 16347 1003 2123 SH92 12 192 -4 10¢
324 1 9 M0 16 27T 10.8 S.46 113 7.5 1.64 =25 16159 1057 2106 4316 12 200 -4 715
324 T 16 TH 12 25 11.0 .69 125 7.9 .90 -i5 15912 1001 20A4 5050 10 198 -4 -S¢
3259 7T 14 Ty 12 1H 9.0 d.69 123 7.1 .60 -z5 17029 1000 2374 9516 13 189 -4 99
326 7 2% 1M 12 24 11.5 2.9%H 150 7.8 1.01 -2% 17R93 1161 2418 SB94 10 164 -4 87
39T 4 11 79 14 33 16.7 1.00 114 7.3 .64 =5 196884 1184 28031 8304 92 163 -4 127
324 4 20 74 14 24 9.8 1,43 133 7.7 .60 59 1B752 1295 2762 6261 17 219 -4 144
. .9 . 6 7.5 .79 -25 18438 1164 2693 7531 14 193 -4 -5¢C
3 0139 14 11 8o 117 125 704 1003 -5 19803 1481 3054 6620 <-4 -25 -4 144
333 } 16 74 16 11 7.2 0.u% 130 7.5 .60 31 19347 1010 2566 7554 19 206 5 -50
a 14 74 10 7 4.2 0.9%9 131 7.5 .79 -25 18409 1063 2599 @ai31 12 191 -4 -50
35 218 78 14 10 4.4 0,98 130 7.5 .40 -5 18462 1038 2550 7769 13 128 -4 -50
5 )14 714 16 H 5.5 0.9 129 7.5 .61 -29 18859 1132 2704 7210 1S 214 -4 61
333 18 1% 1K L, b.% U.9R 136 /.8 1.04 ZA 17894 1075 2648 6457 14 205 S 61
JJ? a 18 R 20 4 S.6 1.02 190 7.7 .70 -2% 1B263 1077 2610 6737 16 195 -4 93
B 9 14 T8 24 3 S.4 1.02 130 7.8 1.99 L8 17802 1103 2707 8516 21 245 11 ~5¢C
338 919 78 # 2 4.5 1.21 130 7.7 3.50 -25 18021 1094 2586 6851 14 182 -4 73
33; 219 78 10 5 3.8 1.21 130 7.7 1,39 -2% 17794 1097 2647 8600 23 265 7 =50
;gq 2 24 78 14 26 7.0 0.80 130 7.5 1.47 -.5 17543 1094 2599 9995 18 188 7 -50
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Steep Creek 118

d
i
5
S n <
Ay m W h
mm o y h t at a $ ¢
nb nd e o ae te .r p o
u im em a en o
3‘-—‘ :oh y roor rp rpep e cdpt U Fe Ca K Ma Ha €y NI Ti Zn
361 9 24 77 16 3 6.3 D0.24 190 4.5 2.57 30 27895 1755 2979 8302 12 -25 -4 86
362 17 8 77 14 8 5.5 0.9y 170 7.7 .38 34 22985 1300 2492. 4885 =4 =25 -4 17
36319 21 77 22 6 4.0 0.09 175 7.1 1.99 45 23911 1279 2544 6531 S -25 € 101
364 19 21 77 24 1 4.0 ©0.13 177 7.2 1.89 27 24103 1248 2606 6040 6 =25 =4 71
365 10 22 77 2 -1 0.0 0.13 179 7.7 1.83 42 24526 1304 2719 569 5 =25 6 13C
360 17 22 77 14 5 4.0 0.13 176 4.1 1.51 39 23472 1173 2590 8011 10 -25 6 128
367 11 5 77 14 A 1.0 9.90 160 7.7 .86 26 21897 1234 2369 3804 8 41 -4 413
368 11 2¢ 77 14 =16 0.0 0.9 153 7.9 1.38 41 20858 1028 2325 6G32 -1 =25 -4 352
369 12 3 77 14 S5 4.0 3H.50 92 7.9 .43 246 10776 1073 1273 13035 8 -25 16 66
370 12 17 77 12 -5 3.5 24,43 60 7.7 .64 333 12391 1375 1294 3661 @ -25 & 10
371 12 31 77 11 =13 1.0 3.90 =93 8.4 .56 o2 14710 786 1536 4831 -4 -25 -4 68
372 1 1478 14 6 1.5 3.20 140 7.9 .A1 34 18347 953 1810 4831 -4 -25 -4 =~SC
373 1 29 78 14 -5 1.0 3.11 120 8.1 L.R4 32 18373 917 1R17 3757 -4 =25 -4 436
374 21278 18 -10 1.7 4.A5 120 7.7 .73 33 16892 793 1591 3552 =4 =25 -4 =50
375 2 26 7R 14 4 1.0 9,15 110 7.3 .83 68 16402 B49 1560 3649 S =25 9 102
376 11178 14 5 3.1 21.90 100 7.2 .90 77 14649 845 1508 3181 =4 -25 S5 =50
377 3 26 T 14 B 4.5 44.10 40 7.4 .67 315 11424 922 1327 2602 T -25 1C ~5C
379 126 79 16 B 4.0 44.53 40 7.5 .91 358 11972 953 1388 3218 23 -25 19 =50
379 52678 18 2 3.5 4.7V 40 7.9 .50 680 11599 351 1364 2833 10 -25 32 =50
380 1 26 T3 22 2 3.5 33.80 40 7.4 .40 Jeo 12117 926 1389 3621 21 -25 25 13€
3RL 3 27 78 2 0 3.0 42.70 40 7.3 .90 312 11799 917 1366 7R05 B -25 10 104
W2 3 27 73 A4 =1 3.5 90,00 40 7.5 .64 333 11752 949 1360 2742 9 =25 S 118
383 4 27 73 w0 3.2 49.%0 w0 7.5 .77 266 11299 951 1364 2646 7 -25 12 120
34 127 T4 10 3 3.2 §0.40 80 7.6 .25 279 11028 967 1260 3183 11 -25 13 109
385 3 27 74 12 8 3.8 50.00  Ad 7.5 .65 569 11111 951 1289 2861 6 -25 12 113
380 1 9 78 14 9 4.0 31.50 73 7.5 .38 2e4 10371 980 1200 2864 71 -25 1 =50
387 115 78 14 15 4.0 30.60 70 7.7 .43 275 9987 859 1146 2493 12 -25 18 16
383 1 22 78 14 6 S.2 24.90 70 7.7 .52 249 10527 1003 1181 3304 9 =25 1C =50
3RS 1 3¢ M 14 15 %.0 30.30 62 7.3 .45 141  #626  B03 956 1273 17 =25 11  -50
39C % 7 7B 12 14 4.% 23.60 66 7.2 .19 1% 9191 769 96R 2639 13 -25 15  -5C
391 5 13 73 12 15 6£.0 20.20 72 7.3 .22 125 10114  B32 1034 2891 71 -5 € =50
3192 5 21 78 11 17 6.9 14.20  »5 7.2 .19 104 10374 757 1059 13094 7 =25 T -0
393 2 28 18 14 16 6.0 24,90 70 7.1 <37 166 10882 745 1117 2631 B -25 -4 -5C
304 5 3 MM 14 19 6.5 18.90 75 7.1 .47 65 11415 890 1194 2854 5 =25 5 ~50
395 6 11 M 14 14 6.5 11.40 90 7.1 .52 49 12701 8RB 1289 3093 11 -25 -4 =50
39 & 18 78 14 26 7.5 6.77 90 7.4 .46 46 14960 905 1547 3001 10 -25 § =50
397 ~ 24 78 14 25 A.2 4.5) 109 8.4 .30 33 16505 973 1657 2976 B -25 12 =50
398 n 24 TH 16 21 H.1 4.47 100 7.3 .41 =25 16388 1034 1653 3908 9 -25 14 =50
399 4 24 784 18 20 12.0 4.53 120 7.3 .47 2:3 19830 1477 1553 3617 24 -25 1C  ~-SC
400 6 24 76 20 16 #.3 4.3 130 7.3 .54 36 17179 1017 1835 4213 14 =25 10 -50
401 5 24 78 22 9 7.9 4.6% 100 7.3 .78 28 17363 1011 2012 4869 11 -25 S =50
402 % 24 74 24 8 0.0 4.7% 100 7.3 .23 42 17181 990 1992 6121 11 =25 =4 =S¢
403 6 2578 2 B 7.5 5.10 100 7.2 .61 44 17183 1032 1898 6121 17 -25 21 -5C
404 5 30 78 24 10 H.0 1.54 110 7.8 .A4 44 19318 1152 2172 6502 12 ~25 17 =50
40 7 174 4 B H.c 3.58 110 7.6 .79 SC 19086 1146 2143 4540 21 -25 14 -~5C
406 7 174 8 8 7.6 3.48 111 7.6 .48 61 19002 1055 2123 -3500 12 -25 18 -5C
407 7 1 TR 10 17 8.0 3.5 110 7.3 .32 64 18523 1040 1996 6991 14 44 21 -5S0
403 7 1 78 12 20 8.2 3.4% 110 7.3 .65 73 18827 1100 2041 4647 17 -25 1€ =50
409 1 1 78 14 22 #.a 3.29 108 7.2 .44 50 18813 1175 2016 5194 9 -25 13 =50
410 7 1 7% 16 18 9.0 3.29 110 7.2 .75 101 18685 1157 2044 S517 14 =25 18 =50
410 7 1 74 19 17 9.1 3.27 129 7.7 .72 53 18971 1194 2009 5521 17 =25 13 =-5C
412 7 178 20 16 9.0 .22 110 7.4 1.24 53 18602 1094 1961 332 11 -25 18 -50
413 7 1 7% 22 14 8.9 1.29 110 7.8 .93 44 18928 1188 1989 SBAR 20 -25 19 -S0
414 7 2 78 12 19 8.3 3.79 138 7.7 1.05 40 18522 1159 1891 7265 37 -25 13 =50
397 7 5 78 16 28 9.9 4.50 105 7.4 .80 43 16715 1111 1870 6810 5 -25 1 -50
3o6" 7 16 14 14 25 10.5 2.7 125 7.6 .79 =25 18484 1130 1960 SB91 <-4 =25 5 =50
215 7 19 78 12 19 8.9 2.07 128 7.2 .65 =25 21403 1244 2230 370 9 -25 1z =-SC
368 7 49 7 12 24 11.0 1.40 155 7.7 .84 37 21596 1385 2336 6867 7 -25 9 65
116 w11 78 16 30 9.8 0.20 171 8.0 2.52 36 30158 1575 2946 5958 11 =25 20 -50
va 9.2 0.9% 1%3 7.0 1.48 65 25263 1346 2588 6827 14 37 28-S0
417 9 20 74 14 24 9.2 Bl e 1n 1018 29 26562 1498 2584 6067 10 -25 11 -50
a18 4 27 7% 14 B0 e 148 7.6 1.16 =25 24731 1392 2465 S57R 9 =25 14 =50
419 ~ 16 78 16 A0 d- 4 e 145 7.7 1.70 49 25267 1387 2651 7210 19 -25 2i =5C
420 + 18 78 10 4 6.1 0-93 141 1.6 .96 49 27075 1377 2877 93%0 14 -25 19 =50
421 9 1878 14 B O-L -0 05 7.6 1.42 37 26226 1375 2750 6993 13 -25 25 -SO
422 018 78 A6 D e s 150 7.6 1.57 35 26070 1414 2745 7756 11 =25 21 -SC
123 018 78 18 s e e 145 7.7 1.85 42 26996 1511 2912 7156 18 -25 25 =50
424 5 18 78 200 O. S 119 7.7 1.56 68 25998 1423 2699 7372 14 27 19 =50
425 0 18 7H 24 B Ol GloR 145 7.8 1.31 52 25787 1394 2767 8736 12 =25 20 -5¢C
126 4 19 08 % 2 Sla 1.0z 113 7.6 1.53 4B 25849 1358 2805 7319 16 56 28 -50
:;g ) 54 78 14 19 7.1 ©.71 140 7.7 3.03 35 25993 1435 2800 8464 17 -25 19 -S0
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