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Abstract: A dataset of chloride concentrations frorh analyses of water samples in the
Black Rock Forest, New York watershed for the year 1994 in conjunction with other
available data were used to calculate an estimate of the dry to wet deposition ratio of
chloride aerosols. The drainage area consists of four brooks including Black Rock Brook,
Canterbury Brook, Cascade Brook, and Mineral Springs Brook. Excluding extremes, all
of the Brooks had very sirﬁilar average annual values of chloride concentration of slightly
above 2 ppm. Early in the 1994 year, anomalous high concentrations of chloride were
found in the Black Rock Brook with values as high as 27 ppm. It is most likely a result of
road salting from a nearby highway. Chloride concentrations rise in early October in
Canterbury, Cascade and Mineral Springs brooks.

The maximum sulfate value is 13.95 ppm in Febroary. The minimum is 7.15 ppm
in August and the average sulfate value is 9.80 ppm for 1994. Sulfate is generally high
values in the early wintertime months and drops in concentration in March. Sulfate rises
again tn QOctober and ends the year at almost 10 ppm. Sulfate seems to follow the trend in
chloride ekhibited in Cantérbury, Cascade, and Mineral Springs Brook.

These data which are the result of the author's own analysis, were manipulated in
several ways to estimate the dry to wet deposition ratio, Only limited runoff data were
available for the area in 1994. Thus, estimates of runoff were also made. When using the
best estimate of runoff 12 year precipitation means from West Point, a dry:wet deposition
ratio of 2.39 was calculated for chloride.

Quantifying dry deposition is an important step in understanding the factors
affecting the biogeochemistry of an ecosystem. This better understanding of chloride
deposition will provide iﬁsights about the impact of dry deposition on the forest canopy
and also about the increases in dissolved ion concentrations in surface waters above that
delivered in precipitation due to evaporation and transpiration losses of water vapor to the

atmosphere.
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I. Introduction

Background

One of the reasons it is difficult to make assessments about the impact of human
activities is the lack of information about the numerous inputs and outputs of an
ecosystem. The dry deposition process in which gases and atmospheric particles are
deposited in the absence of precipitation, potentially has a large impact on the
biogeochemistry of an ecosystem because of the interaction between the forest canopy
and the dry deposition which may include beneficial nutrients or harmful pollutants.
However, dry deposition has been extremely difficult to measure or quantify (Hicks ef al.
1986). Attempts have been made using various methods such as needle washing of
native pines in the Emerald Lake Watershed in California (Blanchard, C.L. 1988), or
using a micrometeorological approach where the fluxes of gases and particles are related
to heat and momentum transfer (Droppo, 1985; Neumann and den Hartog, 1985);
gradient.met‘hods where the concentration of a substance is measured at different heights
(Davis and Wright, 1985), the use of surrogate surfaces (Davidson et al. 1985), and high
frequency eddy correlation methods, models coupled to ambient air data (Hicks and Matt,
1988). However, it is possible to derive an estimate of the dry deposition of a nonreactive
ion such as chloride vsing mass baiancc data, if the conditions are suitable. Within a
small watershed underlain by impermeable bedrock there is negligible deep seepage and
subsurface flow which are difficult or almost impossible to measure. Therefore,
measuring inputs and outputs of water becomes simpler.

Most of the important chemical components of Black Rock Forest enter via wet or
dry deposition. Most leave through the surface waters in solution or as suspended
particles. Chloride is very soluble and very unreactive. It does not form important solute
complexes and is not greatly adsorbed on mineral surfaces. It is not active in
geochemical cycling and it has few vital biochemical functions (Hem 1970). Therefore, a

basic assumption is that what chloride enters the forest in wet and dry deposition will exit




the forest in streamflow (Cleaves et. al 1974). Recent data however, indicates that the
assumption that chloride is an inert tracer may be erroneous. Chloride may be involved in
the biological cycle more so than previously thought (Peters 1991).

Dry deposition rates can be estimated using a 12 year mean chloride
concentration from West Point precipitation as a representative of the average delivery of
chloride to nearby Black Rock Forest. Subtracting this figure, representative of wet
deposition only, from surface water data which includes wet and dry déposition, will yield
an estimate of the dry deposition of chloride. By studying a healthy forested watershed,
the effects of deforestation, water management or other types of human disturbances on

an ecosystem can be better understood.

Possible Sources of Chloride and Sulfate

Sources of chloride in river water include several possibilities. Chloride can come
from sea salt, hydrogen chloride (HCl) from precipitation produced by reactions with sea
salt or possibly arising from magmatic gases or industrial sources. Dissolution during
weathering of halite evaporites or halite in dispersed shales, thermal or mineral springs in
volcanic areas and the redissolution of saline crusts in desert basins are possible sources
as well. Pollution arising from domestic or industrial sewage, 0il well brines, mining and
road salt are also possible sources (Feth 1981). The probable inputs at Black Rock Forest
of chloride are sea salt in precipitation, possibly chloride of pollutive origin in rain and
road salt.

Sources of sulfate in river water also include several possibilities. Sulfate can
come from rock weathering. It can also come from natural biogenically derived sulfate in
rain, as well as sulfate of pollutive origin in rain. A very small fraction can come from
cyclic salt and sometimes, a small fraction comes from volcanic activity (Berner and
Berner 1987). At Black Rock Forest, the sources of sulfate include rain, and possibly

rock weathering. Sulfate, however, is not unreactive like chloride. Therefore, deriving an




estimate of the dry deposition is much more complex for sulfate and cannot be done here.
Note that the origin of chloride is unimportant in estimating the dry deposition (unless it
came from a mineral source such as NaCl evaporites, which would alter assumptions
about the chloride budget) and an exact determination of sulfate sources is not necessary
to make comparisons of precipitation concentrations and streamflow concentrations,
| which is the objective here. However, especially in the case of sulfate, the origin is of
particular significance when considering the impact of anthropogenic pollution; namely
the burning of fossil fuels causing the production of sulfur dioxide gas which contributes

considerably to acid rain.

Geographic Setting
_Bilack Rock Forest

The Black Rock Forest is a 3700 acre natural area in the Hudson Highlands.
Located in Cornwall, New York, Black Rock Forest was originally established as a
facility for forest management research in 1928, and was acquired from Harvard
University in 1989 by the Black Rock Forest Preserve. The area has been set aside as a
natural area with a wide diversity of habitats, ranging from young to mature forests, both
deciduous and coniferous, to numerous ponds, natural wetlands, and stfeams.

Black Rock Forest is situated on the western banks of the Hudson River at
approximately 41.5 N and 74 W in Orange County New York. New York City is

approximately 45 miles to the south. (see figures land 2)




Figure 1: Black Rock Forest Index Map

Black Rock Forest
Index Map
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Catchments

The Forest contains several watersheds, but this study focused on Black Rock
Brook, Canterbury Brook, Cascade Brook, and the Mineral Springs Brook watersheds.
Some of the water from Black Rock Forest provides the drinking water supply for
Cornwall New York and is collected in reservoirs. The following arcas are

approximations due to map error, etc..

Black Rock Brook
Black Rock Brook flows out of Black Rock Forest to the north and is 299 hectares

of contributory catchment arca above the sampling point at Aleck Meadow Reservoir.
However, about 5% of this is lost to Canterbury Brook through the Tamarack and
Sphagnum Pond, making the total area contribution to the Black Rock Brook watershed
approximately 294 hectares.

The headwaters of the watershed are comprised of several areas. The
Upper Pond accounts for 108 hectares of the watershed. The Arthur's Pond outflow
accounts for 65 hectares, while the Sanctuary outflow accounts for 18 hectares. Birch
Spring constitutes 27 hectares, Swamp Trail which is not part of the Aleck Meadow
Reservoir acdounts for 20 hectares, and the Upper Reservoir Headwaters, for 93 hectares.
The Deer Hill Brook constitutes 98 hectares of contributory area, and the Frog Rock
watershed contributes its share from 32 hectares.

The Lower waters are made up of the Upper Collection, 23 hectares, the Lower
Collection, 25 hectares, and an additional 13 hectares including the Aleck Meadow
Reservoir itself, which is not included in the above watersheds. Not contributory to the
Aleck Meadow Reservoir is Lower Aleck Meadow, 53 hectares, the Upper Reservoir, 62
hectares, and the Lower Upper Reservoir which accounts for 45 hectares. The area has a
northern aspect and is managed heavily. There are several conifer plantations and early

successional deciduous woods within the area, except for about 20 hectares of pure Tsuga




canadensis at the base of the watershed. There are four 8 hectare ponds and one 4 hectare
open wetland. It is also important to note that a highway crosses Black Rock Brook
allowing for potential inputs of contamination such as road salt. None of the other 3

brooks are affected by potential road inputs.

Canterbury Brook
Canterbury Brook flows out of Black Rock Forest to the north also, and is fed by

261 hectares above the sampling point. An additional 108 hectares drains partially into
Canterbury Brook through a pipe in a diversion dam from Tamarack and Sphagnum
Pond. The percentage of flow from this area is between l'% and 10% of the total volume
and therefore, another 5 hectares contributes to the area feeding Canterbury Brook,
resulting in a total of 266 hectares above the sampling point.

The headwaters of the Canterbury Brook are the broken down into a few separate
areas. There is the West Branch, the West Fork, and Canterbury Brook which comprise
48 hectares, The East Branch, the West Fork, and Canterbury Brook comprise 65
hectares. Finally, the Upper Ponds are 108 hectares, but only an estimated 5% of flow
contribution. -

The Lower waters’ are comprised of several arcas. The Lower West Fork and
Canterbury Brook are 48 hectares, while the Lower East Fork, and Canterbury Brook are
45 hectares. The Lower section 2 and Canterbury Brook are 23 hectares and Lower
section 1 and Canterbury Brook are 41 hectares.

The Canterbury Brook watershed has been largely undisturbed for the past 100
years and is composed of a diverse tree comxhunity. The area contains no ponds or
wetlands and there is a significant component of Tsuga caﬁadensis. However, it is not a

pure stand. This area has deep glacial till in the lower reaches.




Cascade Brook

Cascade Brook has 135 hectares contriﬁuting to its waters above the sampling
point. The headwaters are the Upper Cascade Brook, 65 hectares and the Lower waters
are the MiddlerCascade Brook with a contributing area of 70 hectares. Cascade Brook
flows out of Black Rock Forest.

It has a southern aspect and has remained little affected for the past 70 years. The
vegetation is 100% deciduous canopy made up of 80% Quercus species. There are no

ponds and one 8 hectare wooded wetland in the bottom of the basin.

Mineral Sprines Brool

The Mineral Springs Brook flows out of Black Rock Forest to the southwest.
This watershed consists of 309 hectares above the sampling point. The headwaters
consist of the Upper Sufherland Pond and the Northern Mineral Spring, each area
accounting for 34 and 45 hectares, respectively. The Lower waters consist of Lower
Sutherland Swamp, 60 hectares, and Mineral Springs and Lower (section 2), 87 hectares,
and Mineral Springs and Lower (section 1), 83 hectares.

The area has a southern aspect, and the Upper Sutherland Swamp and the Lower
Sutherland Swamp also have been relatively unaffected in the past 70 years. There is a
100% deciduous canopy, except for 12 hectares of pure Tsuga Canadensis at the base of
the watershed. There is one 8 hectare pond and one 8 hectare open wetland. (see figure
3) The Black Rock Forest Preserve varies in elevation from feet to feet. Black Rock

Forest is primarily crystalline bedrock overlain with glacial till of varying depths.




II.  Methods

There are a vartety of techniques used to determine the dry deposition of aerosols.
A hydrologic mass-balance technique was used bere. Data from several sources were
used to to take this approach, including West Point precipitation data, Albany evaporation
pan data, Black Rock Forest streamflow data, and Black Rock Forest stream chemistry
(the latter from the author's own analysis). Also, precipitation data in Black Rock Forest
was also used to compare the 12 year West Point precipitation mean with 1994 data,

A mass-balance approach requires several conditions:

1) aconservative ion within the watershed

2) negligible deep seepage and subsurface flow

3) groundwater storage in equilibrium

4) negligible input from weathering or other sources
i.e. only inputs are wet and dry deposition of aerosols

5) long term data

For chloride, conditions 1,2, and 4 are met. It can be assumed that on a long term basis,
groundwater storage is in equilibrium. However, for small catchment groundwater
storage can vary on the short term. Condition 3 is a necessary assumption in this case.
High quality precipitation chemistry and depth data are available from West Point, New
York. The data represent 144 months or twelve years. The evaporation pan data is long
term monthly means from Albany, New York. West Point is close to Black Rock Forest
and is a good representative of chloride delivery to the watersheds under study. However,
Albany data may not be an accurate representative of evapotranspiration in the Black
Rock Forest due to catchment physiography (clevation, slope, aspect), distance, and

possible differences in topography, vegetation, etc.. Also, transpiration is not included in
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the evaporation data.  Although several methods have been used to estimate
evapotrapsiration from meteorological factors such as solar radiation, temperature,
relative humidity, wind speed and surface wetness, there are errors associated with these
types of computations and these computations are not possible with the data available.
Typically, estimates derived in this manner are larger than those associated with the
determination of evapotranspiration from water balance. However, neither are error-free
(Lee 1970). In this case, however, precipitation and evaporation must be used here to
estimate flow. Here it must be assumed that evaporation in Albany is representative of
evapotranspiration in Black Rock Forest. Also, if long term streamflow data were
available, then the streamflow derived from Precipitation- Evapotranspiration could be
checked, and more accurate estimates could be made.

In order to calculate the dry deposition, streamflow estimates must be made. As
mentioned, one method uéed involved Q=P-ET. All precipitation and evaporation data
were converted to meters. The difference between the precipitation and évaporation were
calculated. The resulting runoff was then multiplied by the total area of the 4 catchments.
In the determination of the dry deposition a weighted chloride average was used.

Another method used as a comparison is based on the known streamflow data
from Black Rock Forest. Streamflow measurements for Canterbury and Cascade Brooks
were available for March 1994- March 1995. However, the method used to measure
streamflow is quite crude and in small catchments such as these, the respoﬁse times of
streamflow can be very rapid. The flows were measured at regular weekly intervals and
may not be a accurate representative of the actual flow. The data available for streamflow
in Black Rock Forest consists of weekly instantaneous flow obtained from a surface
velocity reading then multiplied by the cross-sectional area of the stream at the gauging
point. Then this figure must be multiplied by .85 because the velocity measurement is
surface velocity, which is typically faster than the average velocity of the cross-sectional

profile (personal communication with Bill Schuster). The flow each week was calculated

10




as the average of that weck and the previous week. Then it was assumed that this

average was representative of the entire week. Next, the obtained value was multiplied
by the appropriate conversion factor (i.e. x 86400 for m3/day etc.). Finally, the flow for
Black Rock Brook and Mineral Springs Brook were estimated using catchment area
proportions. For weeks where flow was available for both brooks, the value of the flow
in each of the other two brooks was calculated as the fraction of the sum of the
Canterbury and Cascade Brooks flows. When only one stream had available data, the
flow was calculated as a fraction of the area of the known flow. Also, another estimate of
streamflow was made based on the flow ratio from Canterbury: Cascade Brook on a
monthly basis. The flows were calculated as for above, but then the values were
multiplied by the monthly flow ratio of Canterbury flow to Cascade flow. Following is a

table of the area of the 4 catchments.

‘r Table 1: Catchment Area in Black Rock Forest

Catchment AREA

cm2 m2 acres hectares Yo

1

Black Rock Brook 2.94E+10 2940000 727 294 29.3
” Canterbury Brook 2.66E+10 2660000 657 266 28.5
1 Cascade Brook 1.35E+10 1350000 334 135 13.5
Mineral Springs Brook 3.09E+10 3090000 783 309 30.7
total area 1E+11 10040000 2481 1004 100

Chloride export can be calculated for the entire area under study by:

1) estimating Streamflow

a) Streamflow = Precipitation - Evapotranspiration (evaporation only here)

b) Streamflow = Black Rock Brook Streamflow + Canterbury Brook Streamflow
+ Cascade Brook Streamflow + Mineral Springs Brook Streamflow
2) Total Deposition = Streamflow x [Cl-] = Surface Outflow of Chloride
3) Wet Deposition = Precipitation x [Cl-] x Area = Precipitation Input of Chloride

4) Dry Deposition = Total Deposition - Wet Deposition

11




Sampling Frequency

Since chemical concentrations are of primary concern in this study, the accuracy
of the mass fluxes that are calculated must be considered. Clair and Freedman (1986) and
Freedman and Clair (1987) collected data for stream chemistry and hydrology on a daily
basis in the Mersey River catchment in southern Nova Scotia from July 1980- June 1982.
These data were used to illustrate an evaluation of sampling frequency for mass flux
determinations. Using the optimal procedure of Schneider et al. (1979) artificial
sampling frequencies of 1, 3, 7, 14, 21, 28, 42, and 56 days were used to calculate

monthly and annual yields. The effectiveness of sampling frequencies was determined

using a one day sampling frequency as a baseline.

Acceptable Sampling Frequency of Chioride

10Q

=]
o

E2%
B5%
aO10%
@20%

Reference
or
<

% of Months Exceeding

Sampling Interval (days)

based on Clair and Freedman (1986) and Freedman and Clair (1987)
The categories are 2%, 5%, 10%, and 20%. If a researcher is willing to accept a 20%

failure rate to reproduce monthly values within +/- 10% of the baseline levels, then a

sampling frequency of 7-14 days is acceptable for chloride.
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Pomeroy and Orlob (1976) related sampling frequency to catchment size. For
catchments under 26 km2, collection twice weekly is required. Weekly sampling is
justified for streams with max:min flow ratios less than 100.

Discharge is typically derived from continuous or frequent records of water level
or stage and periodic determinations of discharge. The frequency of measurements
generally used in catchments of 1-10 km2 in area is 15 minutes, but more frequent
measurements may be needed for better accuracy since small catchments typically have a
rapid response to flow changes (Rantz 1982). Accurate measurements of discharge are
important because annual fluxes of elements from catchments relate directly to discharge
(Johnson et al., 1968). Clair and Freedman applied the same approach to sampling
frequency to discharge. Notice that sampling must be done more frequently to achieve

the same accuracy of results for chloride.

Pioure 4: Sampli 1

Sampling Frequency of Discharge

100
(1)
E
o 80
]
8 o
b g so
E o 40
o
En:
“
o 20
&

0-

3 7 14 21 28 42 56
Sampling Interval (days)

based on Clair and Freedman (1986) and Freedman and Clair {1987)
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II. Results
Chloride
Black Rock Brook  note that ppm=mg/L

Chloride concentrations were high in January averaging 16.12 ppm (figure 5). In
February, the samples taken for the last two weeks were lost. The first two weeks data
are the highest analyzed at 22.65 for February 2nd and 27.63 for February 9th. March is
also missing a sample for the second week, but the average drops down to within a range
more representative of the values found throughout the rest of the year and for the three
other brooks for the entire year. The average for March is 2.70 ppm and in April the
concentration drops down to 2 ppm. For the rest of the year chloride concentrations
remain at approximately' 2 ppm. The average annual concentration of chloride in Black
Rock Brook is 4.03 ppm including the high values from the start of the year. Without
those values the average is brought down to 1.93 ppm (figure 6). These high values are
attributed to road salting and occur only in Black Rock Brook. No road salting affects the
other 3 brooks.

Please note that the water year-October-September is typicall for northern
temperate forests. The beginning of the water year is generally defined as the time when
the variation in storage between years is at a minimum. Since I do not have any
knowledge of the water storage in Black Rock Forest and the available data run from

January-December, results will not be presented as the water year.

14
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Canterbury Brook

Canterbury Brook averages 2.75 ppm in January of 1994, February and March
values are only slightly lower with an average of 2.54 ppm and 2.16 ppm respectively.
the decline stops in April at 1.86 ppm and picks up again to 2 ppm and stays within .1
ppm until October when the average monthly value rises to 2.48 ppm Cl-. November
concentrations at 2.45 are similar to October and the year ends in December with an
average monthly concentration of 2,22 ppm.  August 22nd, the last week in September
and October 19 have concentrations of 1.31, 1.30 and .69 ppm respectively with standard
deviation of replicate tests being under .15 for all three of these samples. The week of
O;:tober 12 had an unuvaually high chloride concentration of 4.5 ppm. This is the highest
concentration seen in the samples excluding those to road salting in Black Rock Brook.

The annual average concentration for Canterbury Brook is 2.22 ppm.

Canterbury Brook Cl- 1994

Cl- ppm
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Cascade Brook

Cascade Brook begins 1994 with a monthly average chloride concentration of
2.87 ppm. February values drop to 2.40 ppm and values continue to drop slightly to
about 2 ppm where they hover around until October, which sees an increase in average
monthly chloride concentration to 2.45 ppm with November at 2.51 ppm and December
ending 1994 with an average monthly concentration of 2.14 ppm. August 22nd had a low
concentration of 1.26 ppm with a standard deviation of replicate tests of .09, In the last
week of September, the stream chloride concentration was 1.21 ppm +/ .05. This is
consistent with the low values in Canterbury Brook during those weeks. The annual

average for Cascade Brook is 2.19 ppm.

Cascade Brook Cl- 1994
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Mineral Springs Brook has a monthly average chloride concentration close to 3
ppm like Canterbury Brook. February has a monthly average of 2.66 and the monthly
values decline to 1.76 ppm in April. Monthly averages from My until September remain
very close to 2 ppm and in October, the average monthly chloride concentration rises to
2.61 ppm. The November value is 2.52 ppm and in December, the monthly average was
2.03 ppm. August 22nd and September 25th have concentrations of 1.19 +/- .15 and 1.77

-++/- .03 ppm respectively. This occurs in Canterbury and Cascade Brooks for the same

- weeks. Although the September concentration of 1.77 ppm is not as low as those for the

other 2 brooks, it does represent a decline from the concentrations in the previous weeks
which had concentrations over 2 ppm. The average annual chloride concentration in

Mineral Springs Brook was 2.23 ppm.

in hlori 4

Mineral Springs Brook Cl- 1994
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Sulfate
Sulfate values in Black Rock Brook also are highest at the beginning of 1994, In

January, the average sulfate concentration is 13.8 ppm. In February the average drops
negligibly to 13.63, but because the same samples were analyzed for both anions, there
are two February data points missing for sulfate as well as for chloride. March begins the
decreasing trend in sulfate concentrations from around 12 ppm to 8 ppm in July. The
sulfate concentrations then hover around 8 ppm until October when they begin to rise

slightly, ending the year with a concentration of 9.41 ppm in December.

Figurel0: Black Rock Brook Sulfate 1994
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Sulfate and Chloride

Chloride has a wider range of values in Black Rock Brook in 1994 than sulfate.
However, excluding the high values attributed to road salt in January and February,
sulfate has a wider range. The maximum value of chloride is 27.63 ppm if the highs are
included. Without the highs, the maximum value is 3.13. The minimum chloride value
is 1.31 ppm in July. Without the highs, the range is 1.31-3.13 ppm or 1.82 ppm. The
maximum sulfate value is 13.95 ppm in February. The minimum is 7.15 ppm in August.
The range of sulfate is 7.15-13.95 ppm or 6.8 ppm. The average chloride values are 4.03
pbm including the high values, but they drop down to 1.93 ppm if the highs are excluded
as mentioned previously. The average sulfate value is 9.80 ppm for 1994. Both chloride

and sulfate follow the general pattern of high values in the early wintertime months.

These anions then drop in concentration in March. Whereas chloride tends to remain

around 2 ppm from April throughout the rest of the year, sulfate rises again in October
and ends the year at almost 10 ppm. Sulfate seems to follow the trend in chloride

exhibited in the other 3 brooks, which have concentrations that also rise in QOctober.
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Overall Trends

Canterbury Brook, Cascade Brook, and Mineral Springs Brook exhibit similar
trends in chloride concentrations throughout the year with the year starting of slightly
higher and making a slight and steady decline to about 2 ppm from early spring until
autumn when the values increase slightly to end the year at about 2.5 ppm. All 3 of these
brooks have concentrations of chloride lower than average during the weeks of August
22nd and September 25th. During October, Canterbuty and Mineral Springs brooks had
high concentrations of chloride around 4 ppm followed by a subsequent decline in
concentration in Canterbury brook only the following week to .69 ppm.

Black Rock Brook has unusually high values for January and February with
monthly averages of 16.13 and 25.14 respectively. Then values for the rest of the remain
close to 2 ppm without the slight increase in concentrations at the end of the year that the
other three brooks experienced.

All of the Brooks had very similar average annual values except for Black Rock
Brook. However, when the high concentrations measured early in the year were
excluded, the average value for Black Rock Brook dropped to 1,93 ppm, much closer to
the average annual chloride found in Canterbury Brook, 2.22 ppm, Cascade Brook, 2.19

ppm, and Mineral Springs Brook at 2.23 ppm.
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Monthly Chloride Averages in Black Rock Forest 1994

@ Black Rock Brook ppm Cl-

H Canterbury Brook ppm Ci-

0 Cascade Brock ppm Cl-

E Mineral Springs Brook ppm Cl-

Chloride ppm

Table 2: Summary of Monthly chloride concentrations in Black Rock Forest- 1994

Black Rock Canterbury Cascade Mineral Springs

Brook Brook Brook Brook
Month ppm Cl- stdev * ppm CI- stdev * ppm Cl- stdev * ppm CI- stdev *
Jan 1742 292 269 015 277 030 285 0.15
Feb 15,38 17.33 253 023 242 024 256 0.32
March 255 041 209 030 194 024 192 0.19
April 197 013 186 013 190 008 176 0.16
May 192 013 203 019 193 014 201 027
June 1.74 014 206 019 208 023 199 0.16
July 1.67 028 220 018 2143 017 1.94 0.12
Aug 1.81 012 190 034 1.92 040 203 050
Sept 169 008 200 047 197 053 206 025
Oct 191 026 240 136 242 013 261 084
Nov 196 010 246 016 232 028 246 021
Dec 191 010 226 030 214 02t 203 0.1
annual '
averaged.03 2.21 217 222
stdev 5.92 0.51 0.36 0.50
w/o highs 1.93

0.33

* stdev's of replicate sample tests
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4 Brooks Chloride Concentration 1994

ECant ppm Cl- ACasc ppm G- QMSB ppm Cl-

4 BRB ppm Ck-

.EO

30.00

25.00 +

20.00 |

X XL

16.00 +

wdd -5

10.00 +

5.00 %

Eguﬂu?

46800

nuﬂaaﬁuﬁnaangsauunnuguccgauBUQQQQOUUUQBU

1T PSE¥6
+ OFgr6
! geere
1 21eve

B 962v6

+ ¥8eirt
1 04276
i 95ePh
1 orevs
- 82crh
i rlavrs
¥ 002r6
i 1842
P SLLYE
=13
- Yrive
T OEL¥6
T 94196
T 20krE

+ 8806

4

- #LOVE
1 09076
i 9r0P6
I 2e0v6

1 BLOVE

¥00¥6

0.00

Pay of Year

4 Brooks Chloride Concentrations 1994

(excluding BRB Jan-Feb)

—— Cant ppm Cl-

—&—BRB ppm Cl-

—O—MSB ppm CI-

—A— Casc ppm Ck

3

bamafoarrefamaaranich

4.50

Day of Year

=
od




Analytical Quality of Chemistry Data

Samples from January until July were tested by my predecessor on this project,
Michael Gresko. Several of the sample values were questionable not because of any
suspect in measuremeht, but because the values seemed unusvally high. These were
retested by myself along with other values that did not fall within the 1-3 ppm range.

Those values that were tested by two different technicians agree quite nicely.

ri f Resul

Comparison of test results for chloride concentration in 4 Black Rock Forest Brooks
1994 Barbara Kantzos Mike Gresko

Sample date ppm Cl- stdev * ppm Cl- stdev *
cant 09 94060 2.38 0.04 245 0.04
cant 18 94123 2.02 0.08 216 0.04
cant 27 94186 2.05 0.18 2.10 0.06
casc 18 94123 1.85 0.04 1.93 0.02
casc 27 94186 1.93 012 1.5 0.04
msb 09 94080 3.70 0.04 3.59 0.21
msb 18 94123 1.97 0.09 2.12 0.04
mshb 27 94186 1.86 0.09 1.79 0.08
brb 01 E.)4004 16.33 0.05 15.79 0.08
brh 02 94011 16.15 0.32 16.02 0.22
brb o3 94018 16.15 0.05 16.10 0.25 .
brb 04 94025 - 16.18 014 16.09 0.12
brb 05 94032 22.91 0.42 22.39 0.04
brb 06 94039 27.87 0.16 27.40 0.17
brb 18 94123 2.32 0.10 2.14 .12
brb 27 94186 1.61 0.01 1.51 0.12

* of replicate sample tests
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Comparison of Data Cl- ppm 1994
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Precipitation at West Poi

The average annual monthly chloride concentrations in West Point precipitation
have remained relatively stable over the past 12 years. There was a peak in 1981 of .75
mg/L, but otherwise the annual monthly mean concentrations hover around .5 mg/L.
Values for chloride concentration in West Point precipitation exceed 1 mg/L in
September of 1979 with a value of 1.27 mg/L., January, February, and March of 1982 with
values of 1.82, 2.47, and 1.1 mg/L respectively. In 1983 and 1984 have values exceeding
1 in February and December and February and November respectively, but they do not
exceed 1.6 mg/L.. Values of chloride in precipitation do not exceed 1 again until
November of 1990 when they reach 1.32 mg/L..

Sulfate in Black Rock Forest has a small range of annual monthly averages as
well, From 1979-1980 the sulfate monthly average was 2.98 ppm, From 1981-1982 the
annual monthly averages are 3.36 and 3.12 respectively. In 1983-1984 the annual
monthly average drops to 2.10 and 2.03 respectively. In 1985 the monthly average is 2.44
ppm and jumps to above 3 in 1986 at 3.12 ppm. In 1988 the annual monthly average
remains near 3 at 2.89 ppm and falls to 2.58 in 1989. In 1990 the sulfate monthly
concentrations average 2.08 ppm and in 1991 and 1992 the annual monthly sulfate
averages are 2.28 and 2.43 ppm respectively. The range of annual monthly sulfate
averages from 1979-1992 is 2.03-3.36 ppm or 1.33 ppm.

The average monthly annual depth of precipitation in Black Rock Forest varies by

several.centimeters from 1980-1992. The monthly average for 1979-1980 is 11.19

centimeters. It declines in 1981-1982 to 9.26 and 8.58 cm respectively. The average
jumps to 14.02 in 1983 and drops again in 1984 to 12.64 cm. The average declines to
8.8 cm in 1985 and rises in 1986 and 1987 to 9.72 and 11.04 cm respectively. The
average drops to 9.51 cm in 1988 and rises to 10.49, 11.61, and 11.81 cm in 1989, 1990,

and 1991 respectively before dropping to 10.23 ¢m in 1992.
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There doesn't seexﬁ to be any direct correlation between thé level of precipitation
and chloride or sulfate concentrations. Neither is there an anticorrelation. Concentrations
of chloride and sulfate are influenced by factors other than just the level of precipitation.
If chloride concentrations and sulfate concentrations remained constant in the
atmosphere, an anticorrelation would be expected. Higher levels of rainfall will dilute the
chloride and sulfate. However, these ions are not present at constant concentrations.
There are variable sources as explained in the introduction and the inputs from these
sources fluctvate.

Note that the sulfate to chloride ratio averages 7.05 for the 12 years of data and
the low is 4.32 while the high is 10.76.
. i ipitati Is: -

year 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
Ppt-cm 134.3 111.1 103 168.2 151.7 105.6 116.6 132.4 114.1125.8 139.3 141.8 122.8

max- 168.2 min- 103 average- 128.2 stdev- 19

i : in ipitation ! -

West Point Annual Precipitation Depth 1979-1992

180
160 4
140 4
120 +
100 +
80
60
40 4
20 +

Precipitation cm

1980




Table 5: Annual Monthly Precipitation Averages at West Point 1979-1992

June-May year Cl S504-- Ppt S04--/Cl-

mg/l mg/1 cm  ratio
1980 0.48 2.98 11.19  6.21
1981 0.70 3.36 9.26 4.8
1982 0.29 3.12 8.58 10.76
1983 0.39 2.10 14.02 5.38
1984 0.47 2.03 12.64 4.32
1985 0.36 2.44 8.80 6.78
1986 0.37 3.12 9.72 8.43
1987 0.37 2.80 11.04 7.57
1988 0.33 2.89 9.51 8.76
1989 0.44 2.58 10.49 5.86
1990 0.41 2.08 11.61 5.07
1991 0.47 2.28 11.81 4.85
1992 0.42 2.43 10.23 5.79
max 0.70 3.36 14.02 10.76
min 0.29 '2.03 8.58 4.32
ave 0.39 2.53 10.77 7.05
stdev 0.05 0.37 1.58
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Poin n nthly Average Precipitation 1979-1992 ’
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Precipitati West Point 1979-199

Chloride in West Point precipitation averages .61 mg/L in January and peaks at
.79 mg/L. in February (table 6, figure 20). Chloridé concentrations then decline from .45
mg/L in March to .21 mg/L in August. In September chloride concentrations rise to .34
mg/L and rise to .65 mg/L in October, November and December values are .54 and .63
mg/L respectively. Chloride values are higher in the wintertime months and are lowest in
the summertime.

The monthly sulfate concentrations in West Point precipitation follow the

opposite trend that chloride concentrations follow. That is sulfate values are higher in the

summer months and lower in the winter months. January concentrations are on average -

1.63 mg/L. Concentrations rise to 2, 2.21, 2,67, 3.23, 3.52, and 3.8 mg/L in February,
March, April, May, June, and July respectively. After the July peak, concentrations
decline in August to 3.46 mg/L. In September, sulfate concentrations average 2.5 mg/L,
but rise slightly in October to 2.79 mg/L and fall to 1.68 mg/L in November. December
values rise again to 1.9 mg/L and values drop in January to 1.63 mg/L.

Precipitation depth ranges from 7.56 cm in January to 13.54 cm in November
spanning 5.98 cms. From a low 7.56 ém in January, precipitation levels rise to 8.4 in
February. Springtime values are higher with 12.16, 13.42, and 12.88 centimeters in
March, April, and May respectively. Precipitation remains high in June and July at 11.96
and 12.11 centimeters respectively. In August, precipitation depth is 10.74 cm and is
9.55 cm in September. In October and November precipitation is 10.67 and 13.54 cm
respectively. In December precipitation falls to 8.89 cm and a low of 7.56 cm in January.

Note the ratios of sulfate to chloride (table 6). On a monthly basis there is a wider
range than the annval basis. A low ratio of 2.53 occurs in February and a high of 17.27
occurs in July. The average is 7.94. This is .89 higher than the average ratio obtained

using the average of the annual monthly averages of sulfate and chloride.
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le 6: hly 12 r i int Precipitati

month . cl S04 Ppt S0O4--/Cl-
mgl mg/t cm ratio
January 0.61 1.63 756 267
February 0.79 2.00 840 253
March 0.45 2.21 1216 4.91
April 0.38 2.67 13.42 7.03
May 0.27 3.23 12.88 11.96
June 0.24 3.52 11.86 14.67
July 0.22 3.80 1211 17.27
August 0.21 3.46 10.74 16.48
September 0.34 2.50 855 7.35
October 0.65 2.79 10.67 4.29
November 0.54 1.68 ‘ 13.54 3.1
December 0.63 1.80 8.89 3.02
sum 131.87
average0.44 2.62 10.99 7.94
stdev-ann 0.20 0.75 2.01
max 0.79 3.80 13.54 17.27
min 0.21 1.63 7.56 253

West Point Precipitation monthly averages 1979-1992

EEE2 Clmg/l =804 mg/ —&—Pptcm

14.00
- { 12.00

] g

i 10.00
T 8.00

1]

{600°
+ 400
{200

- 0.00

may g
june A
july E
aug 2

jan
feb
march
april
sept
oct
nov

month




i : r nthly Chlori ns of Poin ipitation

West Point average monthly chloride concentrations 1979-1992
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The precipitation data from both sources seem fairly consistent. There are
however, a few exceptions. January 1994 had 5.31 centimeters of rain above the 12 year
‘West Point mean at 12.87 centimeters. February is about 2 centimeters lower than the
mean and March is very close to the mean. April 1994 had 4.25 centimeters less rain than
the 12 year monthly mean at 9.17 centimeters. May of 1994 is slightly below the 12 year
mean of 12.88 centimeters at 11.06 centimeters. June is somewhat above the West Point
monthly mean at 14.76 resulting in a difference of 2.8 centimeters. July sees an increase
in the deviation from the monthly mean. July values are 12,11 centimeters for West Point
and 17.29 centimeters for Black .Rock Forest. August experiences the largest deviation
from the West Point data. It rained 23.14 centimeters in August of 1994 compared to a
10.74 centimeter 12 year mean for that month. September is above the 12 year monthly
mean by 3.09 centimeters. October-December have monthly means within 2 centimeters
of the West Point data.

Overall, 1994 experiences about 24 centimeters above the gnnual mean of 128.2
centimeters, resulting in 152.35 centimeters of precipitation.  This amount of
precipitation is at the high end of the range experienced at West Point from 1979-1992.
1983 and 1984 is the only year of that 12 year record with a similar amount of
precipitation with 168.2 cm and 151.2 cm respectively. The annual range of precipitation

was 103 cm- 168.2 cm,
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Figure 22: A Comparison of Precipitation

Precipitation (cm}

West Point vs. Black Rock Forest Precipitation
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Month West Point BRF 1994

Precip cm Precip cm difference
Oct 10.67 9.73 0.94
Nov 13.54 11.66 1.88
Dec 8.89 8.42 0.47
Jan 7.56 12.87 531
Feb 8.40 9.32 0.92
March 12.16 12.29 0.13
April 13.42 9.17 4.25
May 12.88 11.06 1.82
June 11.86 14.76 2.80
July 12.11 17.29 5.18
Aug 10.74 23.14 12.40
Sept 9.55 12.64 3.08
annual 131.87 152.35 20.48
average 10.99 12.70 1.71
stdev 2.01 2.84 0.83
max 13.54 23.14 9.60
min 7.56 0.00 7.56
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Estimating Stream{low

stimati f Runoff based on F ion Pan T
Using the basic water budgeting equation outlined earlier
Runoff = Precipitation - Evapotranspiration.

In the Table 8, all negative runoff and streamflow values are assumed to be zero.
These values result froml the above equation. Therefore, evapotranspiration doesn't
exceed precipitation and runoff or streamflow cannot exceed zero.

As expected, evaporation is lower in the winter and steadily increases throughout
the spring to peak in the summertime. The evaporation then declines steadily to low
wintertime values.

Precipitation ranges from 758,952 m3/month to 1,359,361 m3/month delivered to
Black Rock Forest. Precipitation is low in January and rises to 1,220,434 m3 in March
and 1,347,368 m3 in April. Precipitation then declines to 1,200,354 m3 in June and rises
slightly in July to 1,292,650 m3 and in August precipitation falls to 1,078,296 m3.
Precipitation is lower in September at 958,820m3 and rises to 1,071,268 m3 in October.
In November precipitation peaks with an average delivery of 1,359,631 m3 and
precipitation decreases in December and January with 892,607 m3 and 758,952 m3.

The following is a graph of evaporation from Albany, New York, representative
of evapotranspiration in Black Rock Forest, monthly averages from West Point 1979-
1992 and the resultant estimated streamflow in Black Rock Forest. Streamflow and
evapotranspiration are fairly well anticorrelated in this estimation. Streamflow values are
highest when evaporation is lowest. Snowmelt lag-time is not taken into account in this
estimation. Probably, total annual streamflow would not be different, but streamflow in
the coldest months when precipitation falls as snow would Be lower while the spring

months would have higher streamflow as the snow melts and increases total streamflow.
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Estimation of Streamflow in Black Rock Forest
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0.0150 150600 0.0756 758852 0.0606 608352

0.0180 180720 0.0840 843288 0.0660 662568
March 0.0280 281120 0.1216 1220434 0.0936 939314
April 0.0510 512040 0.1342 1347368 0.0832 835328

0.0810 813240 0.1288 1292650 0.0478 479410
June 0.1090 1094360 0.1186 1200354 0.01068 105994

0.1320 1325280 0.1211 1215829 -0.0108 _ -109651

0.1190 1194760 0.1074 10782986 -0.0116 -116464
Sept 0.0860 863440 0.0955 958820 0.0095 95380

0.0610 612440 0.1067 1071268 0.0457 458828

0.0360 361440 0.1354 1359631 0.0994 998191

0.0200 200800 0.0888 892807 0.0689 691807

0.7560 7590240 1.3187 1323930 0.5852 58Y5172

0.0630 632520 0.1099 110327 0.0885 522193
stdev 0.0417 418867 0.0201 202260.03102 398642

0.1320 1325280 0.0201 202260.0994 1305054

0.0150 150600 0.0756 758950.0000 74705
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There is one full year of flow data available for Canterbury and Cascade Brooks
starting in March 1994 and ending March 1995. Preferably, flow data would have been
available for all four of the brooks and on a time scale corresponding to the stream
chemistry data (January 1994 - December 1994). However, since this is not the case, the
first months of 1995 were used to represent early 1994,

Using an area based proportion, streamflow was estimated for Black Rock and for
Mineral Springs Brook. A second estimate was made based on the ratio of actual flow

measured at Canterbury and Cascade Brooks.

Streamflow Estimates
(based on available streamflow data)
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Obviously the major problem with the Albany evaporation pan data estimates are

that they do not account for snowmelt lag-time. The largest difference in the estimates

are in spring streamflow. The actual measurements in Black Rock Forest at that time

indicate that streamflow is quite high with volumes of about 1,500,000 m3 leaving the
forest in March, Aprii and May. Otherwise, there is a peak in streamflow in January of
more than 2,000,000 m3 exiting the forest while the evaporation estimates have only
about 800,000 m3 being discharged in January. Also, streamflow in the fall is actually

higher in November and December than what is predicted by the evaporation estimates.

s .
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A Comparison of Streamflow Estimates
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Clearly the difference in using the 12 monthly means as compared to just one year
of precipitation data can be seen in the estimates made for June, July, August and
September. In Black Rock Forest August 1994 had an unusually high input of rain: 23.14
cm compared to the 12 year monthly mean for August of 10.74 ¢cm making a difference of
124 cm of rain. This evidently results in high streamflow for August. From the
comparison made earlier with the streamflow volume based on actual streamflow
readings and the streamflow volume based on evaporation pan data, it is seen that there is
quite a disparity in the numbers. As explained earlier there are many assumptions made
to estimate the flow. 1994 does have a higher than usval amount of precipitation
especially in August. June, July and September also have higher than normal inputs of
precipitation with 3-5 cm of rain above the 12 year means for those months. These 4
months alone account for 99% of the precipitation input in 1994 above the annual mean.
Therefore, using 1994 data makes the estimates using evaporation pan data more similar
to the estimates based on actual streamflow, but this is probably not representative of the

average output of the area.

Streamflow Estimates in BRF
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Evaporation Pan Data estimates

m3/month

Flow weighted estimates vs. ET estimates
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As stated previously, the largest disparity in the estimates is in the spring months
when snowmelt would contribute to streamflow. However, there is also a large difference
in the volume of streamflow estimated in the winter months. The estimates using the
known flow data are substantially higher than those using the evaporation estimates.
Because so many assumptions were made using both methods, an average of the weighted
Black Rock Forest streamflow estimate and the estimate made using the evaporation pan
data and Black Rock Forest precipitation data were used as the best estimate of

streamflow. Therefore, the best estimate values fall between the weighted estimates and

the

evaporation pan and Black Rock Forest precipitation estimates,
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“Wloride Budeei
Chloride export can be calculated for the entire area under study now that

streamflow estimates have been made. The following table is in units of kg/ha per

month. As stated previously:

Total Deposition= [Cl-] x Q = Surface Outflow of Chloride
Wet Deposition Flux = rainwater [CI-] x P x A

Dry Deposition Flux = Total Deposition - Wet Deposition

The dry deposition of chloride is high in .January at 3.59 kg/ha. The delivery of chloride
declines in February to 1.39 kg/ha. The decrease continues throughout March, April,
May and June with values of .91, .71, .69 and .11 kg/ha each month respectively. In July
the delivery of chloride vid dry deposition increases to0.24 kg/ha and increases further in
August to 1.08 kg/ha. In September the dry deposition of chloride remains close to 1
kg/ha at .97 kg/ha. In October, there is a drop in the chloride delivery via dry deposition
with .45 kg/ha. Values in November and December are above average at 1.23 and 1.34
kg/ha respectively. The range of monthly delivery of chloride is .11 kg/ha- 3.59 kg/ha
and the average is 1.06 kg/ha.
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Table 9; Estimate of Dry Deposition

Month Chloride Export Chlaride Impoirt Dry Depaosition Dry:Wet Ratio
kg/ha month  kg/ha month  kg/ha month
January 4.05 0.46 3.59 7.82
February 2.05. 0.66 1.39 2.10
March 1.46 0.54 0.91 1.67
April 1.22 0.51 0.71 1.40
May 1.04 0.35 0.69 1.99
June 0.39 0.28 o.11 0.39
July 0.50 0.27 0.24 0.88
August 1.31 0.23 1.08 4.73
September 1.30 0.32 0.97 3.03
October 1.15 0.70 0.45 0.85
November 1.97 0.74 1.23 1.68
December 1.90 0.56 1.34 2.39
sum 18.3 5.61 12.72
average 1.52 0.47 1.06 2.39
stdev 0.95 0.18 0.90 2.07
max 4.05 0.74 3.59 7.82
min 0.39 0.23 0.11 0.39

Figure 29: An Estimate of Chloride Flux in Black Rock Forest
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VI. Discussion and Conclusions

Canterbury Brook, Cascade Brook, and Mineral Springs Brook exhibit similar
trends in chloride concentrations throughout the year with the year starting off slightly
higher and making a slight and steady decline to about 2 ppm from early spring until
autumn when the values increase slightly to end the year at about 2.5 ppm.

Black Rock Brook has unusually high values for January and February with
monthly averages of 16.13 and 25.14 respectively. Then values for the rest of the year
reﬁmin close to 2 ppm without the slight increase in concentrations at the end of the year
that the other three brooks experienced.

All of the Brooks had very similar average annual values except for Black Rock
Brook. However, when the high concentrations measured early in the year were
excluded, the average value for Black Rock Brook dropped to 1.93 ppm, much closer to
the average annual chloride found in Canterbury Brook, 2.22 ppm, Cascade Brook, 2.19
ppm, and Mineral Springs Brook at 2.23 ppm. The overall average of stream water
exiting Black Rock Forest using a weighted average is 1.45 ppm 'without the highs and
1.78 ppm with the Black Rock Brook highs. The unweighted average for all 4 brooks is
2.72 ppm including the highs and 2.16 without the highs.

Seasonal variability in chloride concentrations are due to changes in input unless
chloride is more involved in biological cycling than assumed (Peters 1991). In 3 of the 4
brooks, concentrations increased on the fall months. Christopherson et. al 1990 measured
stream [CI-] which demonstrates an autumnal increase in October at Birkne, southern
Norway as well. The increase in stream water chloride concentrations was attributed to
scasonally elevated Cl- concentrations in precipitation due to storm sources and partly to
evaporative concentrations of soil solutions during the preceding months.

In the Hubbard Brook Experimental Forest, chloride concentrations in bulk
precipitation ranges from .25 mg/L to 1.07 mg/L. In the stream water chemistry, the

chloride concentrations range from .37 mg/L to .70 mg/L. Bulk precipitation as explained
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contains dry and wet deposition because the collector doesn't close during precipitation
events. Bulk precipitation collectors do not efficiently collect dry deposition (Eriksson
1954). Therefore, it makes sense that there is more chloride in the streamwater than in
the precipitation for 75% of the year at Hubbard Brook. One would expect the input to
equal the output in this sitwation. The average input at Hubbard Brook has a
concentration of .47 mg/L in 1967-1974. The output for the same period had a very
similar concentration of .55 mg/L.  Even though bulk precipitation collectors do not
cfficiently capture dry deposition of aerosols, the similarity of the input and output
concentrations in Hubbard Brook suggest that dry deposition of chloride is probably a
small fraction of bulk precipitation. Notice that the average value for precipitation
chloride concentrations art;; similar in Black Rock Forest and Hubbard Brook with values
of .44 mg/L. and .47 mg/L respectively. There is also a seasonality to chloride input at
Hubbard Brook attributed to a larger influence from marine aerosols during this time of
the year in the eastern United States (Likens et. al 1977). The fact that dry deposition is
higher in Black Rock Brook could be due to the fact that Hubbard Brook measurements
were made 20-27 years ago. Perhaps the chloride aerosols are a result of recent increases
in pollution. Also, it could be due to spatial differences, distance from the coast, climatic

influences etc.. Hubbard Brook is in New Hampshire.
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Hubbard Brook Black Rock Ferest

[Cl-]  Bulk Precipitation Stream water Waest Point Precipitation Stream water BRF
Month (dry dep. only)

mg/L mg/L mg/L mg/L
Jan 0.29 0.54 0.61 2.78
Feb 0.32 0.51 0.79 2.52
March 0.33 0.54 0.45 1.71
April .31 _ 0.51 0.38 1.46
May 0.42 0.46 0.27 1.51
June 0.83 0.38 0.24 1.49
July 0.25 0.37 0.22 1.51
August 0.39 0.43 0.21 1.45
Sept 0.44 0.57 0.34 1.45
Oct 1 0.56 0.65 1.72
Nov 1.07 0.7 0.54 1.73
Dec 0.3 0.49 0.63 1.60
ave 0.51* 0.55* 0.44 1.74
sidev 0.29 0.09 0.20 0.44
max 1.07 0.70 0.79 2.78
min 0.25 0.37 .21 1.45

* these averages must have been computed from a larger data set; the obtained averages
from the above compilation of monthly data do not agree with the average values

presented in Likens et. af 1977.

Figure 31: Chloride in Hubbard Brook
L
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In comparison to other rivers throughout the world, actual chloride concentrations
are on the low end of thé range. Chloride in precipitation at West Point averages .44
mg/L, and is also at the low end of the range of observed chloride concentrations. The
following table displays selected precipitation chloride concentrations. Values near
coastal stations are higher than the values presented in the table. For example,
Brownsville, Texas had an average chloride concentration in precipitation of 22 mg/L in
1955-1956 and the U.S. coastal average is 4.83 mg/L.. In West Ireland, an unpolluted
1967 average of chloride concentrations in precipitation was 36.42 mg/L. Following is a
summary of chloride concentrations in world rivers and precipitation taken from Berner

and Berner 1987.

Runoff Precipitation

Location [Cl-] mg/L Location [CI-] mg/L
Black Rock Brooks 2.16 West Point 44
Hubbard Brooks 55 Hubbard Brooks Sl
Africa 4.1 Kampala, Uganda 9
Asia 10 USSR-Asian L.5
S. America 4.1 Amazon River basin .49
N. America 9.2 N.E.U.S

Europe 20 ave.1978-1979 - 40
Oceania 6.8 N. Burope

World ave, 1955-1956 3.37
average 8.3 World ave. coastal 6
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Sulfate values in Black Rock Brook also are highest at the beginning of 1994, In
January, the average sulfate concentration is 13.8 ppm. In February the average drops
negligibly to 13.63. March begins the decreasing trend in sulfate concentrations from
around 12 ppm to 8 ppm in July. The sulfate concentrations then hover around 8 ppm

until October when they begin to rise slightly, ending the year with a concentration of

9.41 ppm in December.

__=-'||.l'

Hubbard Brook Black Rock Forest
[SO4--] Bulk Precipitation Stream water West Point P Stream water BRF
(dry dep. only)

mg/L mg/L. mg/L. mg/L
Jan 2.1 6.4 1.63 13.70
Feb 1.4 6.2 2.00 13.63
March 2.5 6.3 2.21 11.97
April 3.1 6.1 2.67 10.15
May 3.9 6.2 3.23 9.98
June 3.8 6.6 3.52 9.86
July 4.4 6.8 3.80 8.54
August 3.2 6.3 3.48 7.56
Sept 3.5 7.4 2.50 8.05
Oct 2.6 7 2,79 8.64
Nov 2.2 6.8 1.68 8.58
Dec 1.6 6.3 1.90 9.22
average 2.86 6.3* 2.62 9.80
stdev 0.95 0.39 0.75 2.07
max 4.40 7.40 3.80 13.70
min 1.40 6.10 1.83 7.56

* This value must have been obtained from an expanded data set since the average
obtained from the above table does not agree with the average given in Likens ez. al 1977.

Notice that the delivery of sulfate in precipitation is very similar at Hubbard
Brook and West Point. However, caution in comparing the data sets must be taken
because the Hubbard Watershed precipitation is bulk, while the West Point precipitation
is not. Still, both show a trend of values around 2 mg/L in January increasing steadily to
a peak in July of around 4 mg/L and then a steady decline to less tﬁan 2 mg/L in the

autumn and early winter.
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The stream concentrations of sulfate are much higher in the Black Rock Brooks in
the early part of the year. Sulfate concentrations in Black Rock Brook average almost 14
mg/L. in January and February while in Hubbard Brook, sulfate is approximately 6 mg/L
from January thru May. Sulfate concentrations in Black Rock Brook decline in March to
about 12 mg/L and April thru June exhibit sulfate concentrations of about 10 mg/L.. From
July throughout the rest of the year values for sulfate are closer in the 2 systems than in
the first half of the year. Sulfate in Black Rock Brook is at a minimum of 7.56 mg/L in
August and increase steadily to 9.22 mg/L, in December. In Hubbard Brook there is much
less variability in the sulfate concentrations and values from July-December range from
6.3 mg/L to 7.4 mg/L.. Differences in the stream concentration of sulfate could be due to
differences in input i.e. dry deposition in Black Rock Forest, differences in geology

causing weathering inputs of sulfate, climactic differences, changes in pollution etc..

[SO4--] A Comparison of Hubbard Brooks and Black Rock Brooks

—0—[S04--] In Bulk Precipitation
mg/L

=11 [SC4--] in Strearn waier mg/L
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—0—[S04--] in Stream water BAF
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Average continental sulfate concentrations in rivers throughout the world exhibit a
range from 3.8 mg/L for African rivers to 35.5 mg/L for European rivers. Following is a

summary of sulfate concentrations in rivers by continent and precipitation concentrations
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adapted from Berner and Berner 1987. The average in Black Rock Brook is slightly
below the actual world average of 11.5 mg/L, but far below the North American average
of 18 mg/L.. Precipitation sulfate is 1.63 mg/L. at West Point and falls within the range
presented in Berner and Berner 1987. However, values can be as high as sulfate in
Brownsville, Texas in 1955-1956, 10.68 mg/L. and 6.29 mg/L on the West coast of
Ireland in 1967.

Location [SO4--] mg/L Location [SO4--1 mg/L
Black Rock Brook  9.80 West Point - 1.63
Hubbard Brook 6.3 Hubbard Brook 2.87
Africa 4.2 Kampala, Uganda 1.8
Asia 13.3 USSR-Asia 4.35
S. America 3.8 Amazon River basin .49
N. America 18.0 N.E.US

Europe 35.5 ave. 1978-1979 2.81
Oceania 1.7 Northern Europe

World ave. 1955-1956 2.19
Average 11.5 World ave.coastal 1.45

The sulfate to chloride ratio are very high in the West Point precipitation data with
an average of 7.05 (derived from average of annual monthly averages over 12 years) or
7.94 (derived from 12 year monthly averages for each month) depending on the
calculations. In seawater, the sulfate/chloride ratio is .14. If the only source of chloride is

sea salt aerosols as is usuvally assumed, excess sulfate above sea salt concentrations is

very high. This sulfate may be a result of acid rain which is a problem in the northeast

U.S. because of transport of sulfur dioxide from the mid-west. The ratio of
sulfate/chloride in streamwater is somewhat lower at 5.91, possibly due to reduced
delivery of sulfate in 1994 below the 12 year means, biochemical reactions etc.

Various estimates of runoff were made. The best estimate of streamflow exhibits
fairly high flow in January with flow dropping somewhat in February, then increasing in

March. From March, streamflow declines to a low in July and then streamflow increases
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in August and generally increases in the fall with a high in November close to the January
peak. There was a fairly high range in the estimates of streamflow due to the many
assumptions that were necessary in the different approachs. The range of estimates was
from zero in some months due to the fact that evaporation exceeded precipitation to a
highs of 2 million plus m3 exported in one month.

The calculated runoff ratio averages .55. This is a bit higher than the world
average of .46. The runoff ratio is the ratio of runoff per unit area to rainfall per unit area.
A value of .55 indicates that roughly half of the water input to the forest is lost as
evapotranspiration (Berner and Berner 1987).

When runoff is plotted against chloride concentration, there is a correlation of .78.
There is not an inverse relationship between the two. Therefore, this is not a simple
dilution of a limited number of highly concentrated sources such as mineral deposits of
halite or other point sources (Holland 1978).

igur : fl

Streamflow vs. Chloride in Black Rock Forest
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Notice in January and February that there is an inverse relationship between
runoff and chloride concentration in Black Rock Brook providing further evidence to

support the road salt contribution of chloride. Remember, a highway in close proximity
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to Black Rock Brook in all likelihood is the cause of elevated chloride concentrations in

January and February to Black Rock Brook.

1-1in Black Rock Brook Januarv and F 4

Black Rock Brook Runoff vs, [CI-] in January and February 1994
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The dry deposition of chloride calculated using a weighted average of chloride
concentrations averages 1.06 kg/ha month. The dry deposition is high in January at 3,59
keg/ha. The delivery of chloride declines in February to 1.39 kg/ha. The decrease
continues throughout March, April, May and June with values of .91, .71, .69 and .11
kg/ha each month respectively. In July the delivery of chloride via dry deposition
increases t0.24 kg/ha and increases further in August to 1.08 kg/ha. In September the dry
deposition of chloride remains close to 1 kg/ha at .97 kg/ha. In October, there is a drop in
the chloride delivery via dry deposition with .45 kg/ha. Values in November and
December are above average at 1.23 and 1.34 kg/ha respectively. The range of monthly
delivery of chloride is .11 kg/ha- 3.59 kg/ha.

This results in an average dry to wet deposition ratio of 2.39 meaning that 2.39

times as much chloride falls to the forest as dry deposition as falls to the forest as wet

deposition in precipitation. The range of monthly deposition ratios ranges from .39 to-

7.82.  Unfortunately, no recent estimates of the dry deposition of chloride could be
located. The only estimate of this sort was found in Eriksson (1960), Eriksson, using the
same mass balance approach derives a dry:wet deposition ratio of approximately 3.

However, this estimate is made using bulk precipitation data and the tacit assumption that

the precipitation collection funnels do not collect dry deposition. This value seems to

agree fairly well with the estimate of 2.39 as a dry:wet deposition ratio of chloride
derived in this study especially since it is likely that the collection funnels catch some
aerosols of dry deposition. This implies that if the dry deposition is not accounted for in
element fluxes, large errors could be made. The potential impact of dry deposition can be

quite important if it is generally 3 times as much as is deposited in precipitation.
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VII. Recommendations for Further Research

Dry deposition estimates depend on a number of assumptions in this study.
It is assumed that groundwaler storage is in equilibrium. It is much more likely that
groundwater recharge = groundwater discharge over a long period of time. If streams
were gauged for a period of a decade, and flow measurements were taken on at least a
weekly basis, the estimate arrived at in this paper would be better. Precipitation data from
within the forest itself would also be helpful for future determinations of dry deposition,
but the quality of the West Point data is excellent. Of course, long term means would
prove the most useful.

Research within small catchments such as Black Rock Forest provide
methods of assessing forest management practices on water resources. Catchment
research provides principles and guidelines for improved management strategies. There
is a need to conduct research from an integrated multidisciplinary approach to better
utilize results and there implications for ecosystems. Studies should be planned with
careful theoretical considerations so that models which can be scaled up from
extrapolated results to apply to larger areas can be formulated.

There are many opportunities to use small catchment research to address
major environmental problems. The long term records for baseline forest ecosystems at
hydrologic stations provide a solid, unique basis for examining changes in forest health

and water quality from the perspective of primary pollutants and climate change.
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Appendix A

Black Rock Brook chloride concentrations sampled weekly- 1994

Month Sample Date ppm Cl- stdev *

Jan b 1 94004 16.06 0.3
brb 2 94011 16.15 0.28
brh 3 94018 16.12 0.16
brb 4 94025 16.13 0.13
brb 5 94032 22.65 0.39

average 17.42

stdev 2.92

max 22.65

min 16.06

Feb brb 6 24039 27.63 0.29
brb 9 24060 3.13 0.1

average 15.38

stdev 17.33

max 27.63

min 3.13

March brb 11 94074 2.88 0.12
brb 12 94081 2.68 0.04
brb 13 94088 2.09 0.05

average 2.55

stdev 0.41

max 2.88

min 2.09

April brb 14 94095 1.97 0.11
brb 15 94102 1.99 0.23
brb 16 94109 2.1 0.07
brb 17 94116 1.79 0.1

average 1.87

stdev 0.13

max 2.1

min 1.79

May brb 18 94123 2.14 0.1
brb 19 94130 1.88 0.14
brb 20 94137 1.81 0.04
brb 21 94144 1.96 0.08
brb 22 84151 1.83 0.09

average 1.2

stdev 0.13

max 2.14

min 1.81




June brb 23 94158 1.85
brb 24 94165 1.65
brh 25 94172 1.86
brb 26 94179 1.58
average 1.74
stdev 0.14
max 1.86
min 1.68
July brb 27 94186 1.31
brb 28 94193 1.97
brb 29 94200 1.77
brb 30 94207 1.62
average 1.67
stdev 0.28
max 1.97
min 1.31
August brb 31 94214 1.78
brb 32 94221 1.96
brb 33 94228 1.85
brb 34 94235 1.64
brb 35 94242 1.85
average 1.81
stdev 0.12
max 1.96
min 1.64
Sept brb 36 94249 1.62
brb 37 94256 1.68
brb 38 94263 1.71
brb 39 94270 1.76
average 1.69
stdev .06
max 1.76
min 1.62
Oct brb 40 94277 1.51
brb 41 94284 1.90
brb 42 94291 1.90
brb 43 94298 2.03
brb 44 94305 2.24
average 1.9
stdev 0.26
max 2.24
min 1.51
Nov brb 45 94312 1.94
brb 46 94319 1.94
brb 47 94326 2.10
brb 48 94333 1.88
average 1.96
stdev 0.10




max 2.10
min ) 1.88
Dec brb 49 94340 1.99 0.05
brb 50 94347 1,82 0.03
brb 51 284354 2.01 0.15
brb 52 94361 1.85 0.06
average . 1.91 )
stdev G.10
max 2.01
min 1.82
annual averagew/highs 4.03
stdev 5.92
averagew/o highs 1.93
stdev 0.33
max wrhighs 27.63
min 1.31
max w/o highs 3.13




Appendix B

Table 2a: Canterbury Brook chloride concentrations sampled weekly- 1994

Sample date ppm Cl-

Jan cant 1 94004 2.63 0.06
cant 2 94011 2.8 0.14
cant 3 94018 2.76 0.08
cant 4 94025 2.81 0.08
cant 5 94032 2.46 0.13

average , 2.69

stdev 0.15

max 2.81

min 2.46

Feb cant 6 94039 2.65 0.09
cant 7 04046 2.79 0.08
cant 8 94053 2.26 0.09
cant 9 94060 2.43 0.05

average 2.53

stdev 0.23

max 2.79

min 2.26

March cant 10 94067 2.43 0.08
cant 11 94074 2.24 0.03
cant 12 94081 1.94 0.07
cant 13 94088 1.77 0.03

average 2.09

stdev 0.30

max 2.43

min 1.77

April cant 14 94095 1.68 0.05
cant 15 94102 1.96 0.08
cant 16 94109 1.85 0.08
cant 17 94116 1.95 0.09

average : 1.86

stdev 0.13

max 1.96

min 1.68

May cant 18 94123 210 0.09
cant 19 94130 1.97 0.12
cant 20 94137 1.77 0.1
cant 21 94144 1.89 0.06
cant 22 94151 2.3 0.15

average 2.03

stdev 0.19




2.30

max
min 1.77
June cant 23 94158 2.20
cant 24 94165 2.02
cant 25 94172 2.21
cant 26 94179 1.81
average 2.06
stdev 0.19
max 2.21
min 1.81
July cant 27 94186 2.08
cant 28 94193 2.00
cant 29 94200 2.34
cant 30 94207 2.36
average 2.20
stdev 0.18
max 2.36
min 2.00
August cant 31 94214 2.10
cant 32 94221 2.12
cant 33 94228 2.00
cant 34 94235 1.31
cant 35 94242 1.98
average 1.90
stdev 0.34
max 212
min 1.31
Sept cant 36 894249 2.22
cant 37 94256 219
cant 38 94263 2.30
cant 39 94270 1.30
average 2.00
stdev 0.47
max 2.30
min 1.30
Oct cant 40 94277 2.28
cant 41 94284 2.10
cant 42 94291 4.50
cant 43 94298 0.69
cant 44 94306 2.44
average 2.40
stdev 1.36
max 4.50
min 0.69
Nov cant 45 94312 2.45
cant 46 94319 2.38
cant 47 94326 2.69




cant 48 94333 2.32 0.13

average 2.46

stdev 0.16

max 2.69

min 2.32

Dec cant 49 94340 2.30 0.01
cant 50 04347 2.60 0.10
cant 51 94354 1.87 0.18
cant52 94361 2.28 0.10

average 2.26

stdev 0.30

max 2.60

min 1.87

annual

average 2.21

stdev 0.51

max 4.50

min 0.69

* of replicate sample tests




Appendix C
Cascade Brook chloride concentrations sampled weekly- 1994
Sample Date ppm Ci-stdev *
i Jan casc 01 94004 3.03 0.10
1 casc 02 94011 2.61 0.02
casc 03 94018 2.73 0.05
casc 04 94025 3.12 0.05
casc 05 94032 2.38 0.12
average 2.77
stdev 0.30
max 3.12
min 2.38
Feb casc 08 94039 2.46 0.08
casc 07 94046 2.67 0.11
casc 08 94053 210 0.16
casc 09 94060 2.43 0.08
average 2.42
stdev ' 0.24
max 2.67
min 2.10
March casc 10 94067 217 0.03
casc 11 94074 2.02 0.03
casc 12 94081 1.98 0.06
casc 13 94088 1.61 0.09
average 1.94
stdev 0.24
max : 217
min 1.61
i April casc 14 94095 1.79 0.03
i casc 15 94102 1.95 0.06
- ‘ casc 16 94109 1.9 0.08
casc 17 94116 1.95 0.00
average 1.90
stdev ' 0.08
max . 1.95
min 1.79
May casc 18 94123 1.90 0.05
casc 19 94130 1.93 0.15
casc 20 94137 1.73 0.03
casc 21 94144 1.99 0.19
casc 22 94151 212 0.2
average 1.93
stdev 0.14
max 2.12




1.73

min

June casc 23 94158 2.18 0.02
casc 24 24165 2.19 0.19
casc 25 94172 2.23 0.12
casc 26 94179 1.73 0.07

average 2.08

stdev 0.23

max 2.23

min 1.73

July casc 27 94186 1.94 0.07
casc 28 94193 2.10 0.06
casc 29 894200 2.13 0.17
casc 30 94207 2.35 0.04

average 213

stdev 0.17

max 2.35

min 1.94

August casc 31 94216 1.95 0.2
casc 32 94221 2.33 0.03
casc 33 94228 2.09 0.01
casc 34 94235 1.26 0.1
casc 35 94242 1.96 0.09

average 1.92

stdev 0.40

max 2.33

min 1.26

Sept casc 36 94249 2.06 0.18
casc 37 94256 2.19 0.08
casc 38 94263 2.44 0.01
casc 39 94270 1.21 0.05

average 1.97

stdev 0.53

max 244

min 1.21

QOct casc 40 94277 2.56 0.05
casc 41 94284 2.31 0.09
casc 42 94291 2.40 0.18
casc 43 94298 2.54 0.04
casc 44 94305 2.29 0.3

average 242

stdev 0.13

max 2.56

min 2.29

Nov casc 45 94312 2.67
casc 46 94319 212
casc 47 94326 2.41
casc 48 94333 2.07

average 2.32




stdev 0.28

max ) 2.67

min 2.07

Dec casc 49 84340 1.95 0.01
casc 50 94347 2.28 0.04
casc 51 94354 1.89 0.05
casc 52 94361 2.35 0.03

average 2.14

stdev ) 0.21

max 2.35

min 1.95

annual

average 217

stdev 0.36

max 3.12

min 1.21

* of replicate sample tests

Appendix D
Mineral Springs Brook chloride concentrations sampled weekly- 1994
N Sample date  ppm Cl-stdev *
Jan " msb 01 94004 3.07 0.06
msb 02 94011 2.75 0.06
msb 03 94018 2.70 0.1
msb 04 94025 2.79 0.08
msh 05 84032 2.96 0.11
average 2.85
stdev 0.15
max . 3.07
min 2.70
Feb msb 06 94039 2.97 0.09
msb 07 94046 2.50 0.07
msb 08 94053 2,20 0.02
msb 09 24060 2.56 0.16
| average - 2.56
{ stdev 0.32
i max 2.97
min 2.20
March msh 10 94067 2.13 0.05 :
msh 11 94074 1.97 0.07 i
msb 12 94081 1.91 - 0.1 ‘




average

1.92
stdev 0.19
max 2.13
min 1.68
April msb 14 94095 2.00 0.22
msh 15 94102 1.67 0.05
msb 16 94109 1.72 0.04
msb 17 94116 1.64 0.07
average 1.76
stdev 0.16
max 2.00
min 1.64
May msb 18 94123 2.06 .09
msb 19 94130 1.95 0.06
msb 20 94137 1.86 0.03
msb 21 94144 1.72 0.02
msb 22 94151 2.43 0.04
average 2.01
stdev 0.27
max 2.43
min 1.72
June msb 23 94158 1.87 0.11
msb 24 94165 1.87 0.02
msb 25 94172 2.20 0.08
msb 26 94179 2.00 0.07
average 1.99
stdev 0.16
max 2.20
min 1.87
July msb 27 94186 1.82 0.08
msb 28 94193 1.99 0.03
msb 29 94200 1.86 .04
msb 30 94207 2.09 0.11
average 1.94
stdev 0.12
max 2.09
min 1.82
August msb 31 94216 2.41 0.05
msb 32 94221 2.39 0.05
msb 33 94228 2.22 0.06
msb 34 94235 1.19 0.15
msb 35 94242 1.96 ©0.07
average 2.03
stdev 0.50
max 2.41
min 1.19
Sept msh 36 94249 1.97 0.03
msb 37 94258 2.16 0.08




msb 38 94263 2.34 0.12
msb 39 84270 1.77 0.03

average 2.06

stdev 0.25

max 2.34

min 1.77

QOct msb 40 94277 1.62 0.07
msb 41 94284 2,11 0.01
msb 42 84291 2.25 0.05
msb 43 94298 4.1 0.22
msb 44 94305 277 0.02

average 2.61

stdev 0.84

max 4.01

min 1.2

Nov msb 45 94312 2.51 0.05
msb 46 94319 2.27 0.03
mshb 47 94326 2.73 0.01
msb 48 94333 2.33 0.12

average 2.46

stdev 0.21

max 2.73

min 2.27

Dec msb 49 94340 2.18 0.13
msb 50 94347 2.01 0.05
msb 51 94354 2.03 0.06
msb 52 94361 1.91 0.03

average 2.03

stdev : 0.1

max 2,18

min 1.91

annual

average 2.22

stdev Q.50

max 4.01

min 1.19

* of replicate sample tests




Appendix E

Black Rock Brook sulfate concentrations sampled weekly- 1994

Sample Date ppm stdev

Jan brb 1 94004 13.70 0
brb 2 94011 13.90 0
brb 3 24018 13.70 0.14
brb 4 24025 13.80 042
brb 5 94032 13.30 0.00

average 13.70

stdev 0.24

max 13.80

min 13.30

Feb brb 6 94039 13.95 0.21
brb 9 94060 13.30 0.00

average 13.63

stdev 0.46

max 13.95

min 13.30

March brb 11 94074 13.10 0]
brb 12 94081 12.40 0
brb 13 94088 10.40 0

average 11.97

stdev 1.40

max 13.10

min 10.4C

April brb 14 94095 10.15 0.07
brb 15 94102 10.35 0.21
brb 16 94109 9.90 0
brb 17 94116 10.20 0

average 10.16

stdev 0.19

max 10.35

min 9.90

May brb 18 94123 10.20 0
brb 19 94130 10.05 0.08
brb 20 94137 9.99 0.00
brb 21 94144 9.90 0.11
brb 22 94151 9.74 0

average 9.98

stdev 0.17

max 10.20

min 9.74

June brb 23 94158 10.20 0
brb 24 941865 9.90 0




brb 25 94172 9.90 0
brb 26 94179 9.42 0

average 9.86

stdev 0.32

max 10.20

min 9.42

July brb 27 94186 8.61 0.00
brb 28 94193 8.61 0
brb 29 94200 8.16 0.13
brb 30 94207 8.77 0.23

average . 8.54

stdev 0.26

max 8.16

min 8.77

August brb 31 94214 7.33 0.00
brb 32 94221 7.43 0.26
brb 33 94228 7.15 0.00
brb 34 94235 7.79 0.00
brb 35 94242 ) 8.12 0.06

average 7.56

stdev 0.39

max 8.12

min 7.15

Sept brb 36 94249 8.12 0.06
brb 37 .84256 8.07 0.00
brb 38 94263 8.07 0.00
brb 39 94270 7.93 0.06

average 8.05

stdev © .08

max 812

min 7.93

QOct brb 40 94277 8.02 0.07
brb 41 94284 8.07 0.13
brb 42 942H 8.43 0.25
brb 43 94298 9.16 0.00
brb 44 94305 9.53 0.00

average 8.64

stdev 0.67

max 9.53

min 8.02

Nov brb 45 94312 8.57 0.06
brb 46 94319 8.43 0.00
brb 47 94326 8.68 0.25
brb 48 94333 8.64 0.06

average 8.58

stdev 0.11

max 8.68

min 8.43




Cec brb 49 94340 9.09 0.06
brb 50 94347 9.18 0.08
brb 51 94354 9.23 0.13
brb 52 94381 9.41 0.00

averageaverage g.22

stdev stdev 0.14

max 9.41

min 9.18

annual

average 9.80

stdev 1.97

max 13.95

min 7.15

* stdev of replicate samples




APPENDIX F.

Table : Ck & SO4--;: a comparison of 1994 stream chemistry

Sample Date ppm Cl- ppm S04--
Jan brb 1 94004 16.06 13.70
brb 2 24011 16.15 13.90
brb 3 24018 16.12 13.70
brb 4 94025 16.13 13.90
brb 5 94032 22.65 13.30
average 17.42 13.70
stdev 2.92 0.24
max 22.65 13.90
min 16.06 13.30
Feb brb 6 94039 27.63 13.95
brb 2 94060 3.13 13.30
average 15.38 13.63
stdev 17.33 0.46
max 27.63 13.95
min 3.13 13.30
March brb 11 94074 2.88 13.10
brb 12 94081 2.68 12.40
brb 13 94088 2.09 10.40
average ' 2.65 11.97
stdev 0.41 1.40
max 2.88 “13.10
min 2.09 10.40
April brb 14 94095 1.97 10.15
brb 15 94102 1.99 10.35
brb 16 94109 2.1 9.90
brb 17 941186 1.79 10.20
average 1.97 10.15
stdev 0.13 0.19
max 2.11 10.35
min 1.79 9.20
May brb 18 94123 2.14 10.20
brb 19 94130 1.88 10.05
brb 20 94137 1.81 9.99
brb 21 94144 1.96 9.90
brb 22 94151 1.83 9.74
average 1.2 9.98
stdev 0.13 0.17
max 2.14 10.20




min 1.81 9.74
June brb 23 94158 1.85 10.20
brb 24 94165 1.65 9.90
brb 25 o172 1.86 9.80
brb 26 94179 1.58 9.42
average 1.74 9.86
stdev 0.14 0.32
max 1.86 10.20
min 1.58 9.42
July brb 27 94186 1.31 8.61
brb 28 94193 1.97 8.61
brb 29 94200 1.77 8.16
brb 30 94207 1.62 B8.77
average 1.67 8.54
stdev 0.28 0.286
max 1.97 8.16
min 1.31 8.77
August brb 31 94214 1.78 7.33
brb 32 94221 1,96 743
brb 33 94228 1.85 7.15
brb 34 94235 1.64 7.79
brb 35 94242 1.85 8.12
average 1.81 7.56
stdev 0.12 0.39
max 1.96 8.12
min 1.64 7.15
Sept brb 36 94249 1.62 B.12
brb 37 94256 1.68 8.07
brb 38 94263 1.71 8.07
brb 39 94270 1.76 7.93
average 1.69 8.05
stdev 0.06 0.08
max 1.76 8.12
min 1.62 7.93
Qct brb 40 94277 1.51 8.02
T brb 41 94284 1.90 8.07
brb 42 94291 1.90 8.43
brb 43 94298 2.03 9.16
brb 44 94305 2.24 9.53
average 1.91 8.64
stdev 0.26 0.67
max 2.24 9.53
min 1.51 8.02
Nov brb 45 a4312 1.94 8.57
brb 46 24319 1.94 8.43
bro 47 94326 2.10 8.68
brb 48 94333 1.88 8.64
average 1.96 8.58




stdev 0.10 0.11
max 210 8.68
min 1.88 8.43
Dec brb 49 94340 1.99 2.09
brb 50 94347 1.82 9.18
brb 51 94354 2.01 9.23
brb 52 94361 1.85 9.41
average 1.91 9.22
stdev 0.10 0.14
max 2.01 9.41
min 1.82 9.18
annual averagew/highs 4.03 9.80
stdev 5.92 1.97
averagew/o highs 1.83 13.95
stdev 0.33 7.15
max w/highs 27.63
min 1.31
max w/o highs 3.13




APPENDIX G

West Point Precipitation 12 Year Annual Averages 1979-1992

Year Cl S04 Ppt
mg# mg/l cm
jun 1979 0.75 3.9 1.4
jul 1879 0.18 6.32 5.21
aug 1979 0.14 3.52 13.34
sep 1979 1.27 1.68 20.45
oct 1979 0.28 2.8 12.57
nov 1979 0.82 2.38 17.15
dec 1979 0.31 1.61 5.97
jan 1980 -- - 572
feb 1980 0.32 2.02 2.49
mar 1980 0.43 1.71 24.01
apr 1980 0.55 1.67 19.41
may 1980 0.28 517 6.61
ave 0.49 2.98 11.19
stdev 0.34 1.59 7.66
max 1.27 6.32 24.01
min 0.14 1.61 1.4
june 1980 0.34 4.86
jul 1980 0.21 4,28
aug 1980 0.22 6.49
sep 1980 0.34 3.78.
oct 1980 0.46 2.26
nov 1980 0.25 1.65
dec 1880 0.41 2.82
jan 1981 1.82 1.72
feb 1981 2,47 1.86
mar 1981 1.1 4.3
apr 1981 0.3 3.81
may 1981 - 0.48 : 2.52
ave 0.7 3.36
stdev 0.73 1.48
max 2.47 6.49
min 0.21 1.65
jun 1981 0.22 7.63
jul 1981 0.41 2.24
‘aug 1981 0.3 5.22
sep 1981 0.19 2.99
oct 1981 0.16 2.73
nov 1981 0.45 3.66
dec 1981 0.14 1.88
jan 1982 0.38 1.49
feb 1982 0.43 1.27
mar 1982 0.28 3.4

apr 1982 0.41 2.42




may 1982 0.11 2.47 7.03
ave 0.29 3.12 8.58
stdev 0.12 1.77 4
max 0.45 7.63 13.54
min 0.11 1.27 279
jun 1982 0.06 1.46 17.32
jul 1082 0.11 4,13 16.29
aug 1982 0.04 2.7 12.17
sep 1982 0.3 2.72 6.3
oct 1882 0.43 2.87 3.28
nov 1982 0.24 0.88 10.72
dec 1982 1.29 1.56 3.33
jan 1983 0.28 1.06 10.08
feb 1983 1.07 1.6 12.4
mar 1983 0.37 1.24 33.38
apr 1983 0.21 1.76 30.96
may 1983 0.25 3.27 12.01
ave 0.39 2.10 14.02
stdev 0.39 1.01 9.55
max 1.29 413 33.38
min 0.04 0.88 3.28
jun 1983 0.16 2,91 4.86
jul 1983 0.08 4,02 10,19
aug 1983 0.28 3.35 7.57
sep 1983 0.38 1.39 9.07
oct 1983 0.36 1.1 15.24
nov 1983 0.42 1.74 15.77
dec 1983 1.18 1.37 23.37
jan 1984 0.61 1.69 3.53
feb 1984 1.57 1.71 10.62
mar 1084 012 1.25 16.92
apr 1984 0.28 1.83 20.32
may 1984 0.25 2.31 14.22
ave 0.47 2.03 12.64
stdev 0.45 0.93 6.06
max 1.57 4.02 23.37
min 0.08 1.1 3.53
jun 1984 0.19 1.86 21.87
jul 1984 0.16 2.71 17.55
aug 1984 0.13 2.91 12.51
sep 1984 0.15 2.34 1.65
oct 1984 0.28 3.12 3

nov 1984 1.03 1.4 B.26
dec 1984 0.34 2.42 5.92
jan 1985 0.36 2.35 2.21
feb 1985 0.61 112 572
mar 1985 0.41 2.89 5.97
apr 1985 0.52 3.92 3,19
rnay 1985 0.17 2.22 17.75
ave 0.36 2.44 8.8
stdev 0.26 0.76 6.92
max 1.03 3.92 21.87




min 0.13 1.12 1.65
jun 1985 0.15 2.68 10.9
jul 19856 0.13 3.49 12.35
aug 1985 0.26 3.78 8.46
sep 1985 0.61 2.18 14.91
oct 1985 0.5 3.36 3.96
nov 1985 0.19 1.86 18.49
dec 1985 0.7 3.16 4.19
jan 1986 0.54 1.61 13.23
feb 1986 0.22 1.96 8.15
mar 1986 0.48 2.56 £6.48
apr 1986 0.38 4.086 9.97
may 1986 0.33 6.71 5.51
ave 0.38 3.12 972
stdev 0.18 1.38 4.48
max 0.7 6.71 18.49
min 0.13 1.61 3.96
jun 1986 0.16 3.69 15.24
jul 1986 0.43 3.76 15.24
aug 1986 0.18 4.4 9.65
sep 1986 0.34 6.37 3.48
oct 1986 0.19 2.73 6.02
nov 1986 0.31 1.23 16.1
dec 1986 0.66 1.16 14.02
jan 1087 0.38 1.38 12.42
feb 1987 0.49 1.43 4.75
mar 1987 0.64 1,67 7.52
apr 1987 0.5 1.53 20.68
may 1987 0.13 4.28 7.32
ave 0.37 2.80 11.04
stdev 0.18 1.69 5.36
max 0.66 6.37 20.66
min 0.13 1,16 3.48
jun 1987 0.23 5.4 7.08
jul 1987 0.24 4,95 8.13
aug 1987 0.18 4.36 11.51
sep 1987 0.28 1.65 18.85
oct 1987 0.2 1.42 16,79
nov 1987 0.98 1.6 8.79
dec 1987 0.35 2.77 4.5
jan 1988 0.28 1.23 7.01
feb 1988 0.45 1.72 8.89
mar 1988 0.21 2.76 5.59
apr 1088 0.33 3.41 6.02
may 1988 0.19 3.38 10.95
ave 0.33 2.82 9.51
stdev 0.22 1.44 4.41
max 0.8 54 18.85
min 0.18 1.23 4.5
jun 1988 0.32 4.02 1.47
jul 1988 0.14 4.34 18.24




aug 1988 0.49 2.4 10.9
sep 1988 0.23 1.53 8.66
oct 1888 0.53 1.46 6.53
nov 1988 0.42 1.07 22.33
dec 1988 0.91 2.93 2.11
jan 1989 0.88 2.85 3.66
feb 1989 0.51 3.12 5.33
mar 1989 0.32 2.37 2.22
apr 1989 0.28 2.72 298
may 1989 0.25 213 27.51
ave 0.44 2.58 10.49
stdev 0.24 0.98 8.18
max 0.91 4.34 27.51
min 0.14 1.07 1.47
jun 1989 0.31 3.33 24.26
jul 1989 0.39 3.13 6.81
aug 1989 0.22 1.3 2.04
sep 1989 0.99 1.72 18.9
oct 1989 0.29 1.28 16.69
nov 1989 0.47 1.49 9.7
dec 1989 0.49 1.58 3.6
jan 1990 0.41 1.48 11.94
feb 1990 0.38 2.54 8.53
mar 1990 0.3 2.35 10.11
apr 1990 0.32 2.46 6.2
may 1990 0.3 2.23 13.49
ave 0.41 2.08 11.61
stdev 0.2 0.70 5.89
max 0.99 3.33 24.26
min 0.22 1.28 3.6
jun 1990 0.15

jul 1990 0.21

aug 1990 017

sep 19920 0.29

oct 1990 0.87

nov 1890 1.32

dec 1990 0.68

jan 1991 0.4

feb 1991 0.47

mar 1991 0.57

apr 1991 0.33

may 1991 0.19

ave 0.47

stdev 0.35

max 1.32

min 0.15

jun 1891 0.16

jul 1991 0.23

aug 1991 0.22

sep 19H 0.12

oct 1991 0.65

nov 1891 0.25




dec 1991 0.26 1.63 513
jan 1992 0.66 1.44 6.81
feb 1992 0.4 2.55 5.36
mar 1992 0.88 1.76 13.11
apr 1992 0.51 4.43 7.75
may 1992 0.6 2.32 12.67
ave 0.41 2.43 10.23
stdev 0.24 1.06 3.33
max 0.88 4.57 15.06
min 0.12 1.44 513
annual

average 0.42 2.63 10.68

stdev 0.34 1.28 56.18
max 2.47 7.63 33.38
min 0.04 0.71 1.4




APPENDIX H

West Point Precipitation Monthly averages
Summary Year Cl S04 Ppt
Pericd mg/l mgl om
jan 1980 -- -- 5.72
jan 1981 1.82 1.72 7.82
jan 1982 038 1.49 13.39
jan 1983 029 1.06 10.08
jan 1984 0.61 1.69  3.53
jan 1984 089 222 356
jan 1985 036 235 221
jan 1986 054 1.61 13.23
jan 1987 0.38 1.38 1242
jan 1088 0.28 1.23 7.01
jan 1989 0.88 285 3.66
jan 1990 0.41 1.48 11.94
jan 1991 0.4 0.7 4.8b
jan 1892 066 144 6.81
average 0.608 1.633 7.559
stdev 0.417 0.586 3.962
feb 1980 032 202 249
feb 1981 247 186 2271
feb 1982 - 043 127 654
feb 1983 1.07 1.6 12.4
feb 1984 157 1.71 10.62
feb 1984 1.64 185 11.38
feb 1985 0.61 1.12 572
feb 1986 022 196 8.15
feb 1987 049 143 4,75
feb 1988 045 1.72 8,89
feb 1989 0.51 312 533
feb 1990 0.38 254 8.53
feb 1981 047 3.2 472
feb 1992 0.4 255 536
average 0.788 2.004 8.399
stdev 0.659 0.637 5.008
mar 1980 043 1.71 24.01
mar 1981 1.1 4.3 2.77
mar 1982 028 3.4 5.77
mar 1983 037 124 33.38
mar 1984 012 125 1692
mar 1984 0.21 1.32 16,15
mar 1985 041 289 587
mar 1986 046 256 6.48
mar 1987 084 157 7.62
mar 1988 - 021 276 558
mar 1989 032 237 922
mar 1990 0.3 235 10.11
mar 1991 057 152 138.18
mar 1992 088 176 13.11




average 045 2214 12.186

stdev 0.272 0.908 8.359
apr 1980 0.55 1.67 19.41
apr 1981 0.3 3.81 935
apr 1982 041 242 13.54
apr 1983 021 1.76 30.96
apr 1984 028 153 20.32
apr 1984 0.38 1.74 21.63
apr 1985 0.52 3.92 319
apr 1986 0.38 4.06 9.97
apr 1987 0.5 1.53 20.66
apr 1988 0.33 341 6.02
apr 1989 0.28 272 9.98
apr 1990 032 246 82
apr 1991 033 191 B89
apr 1992 - 051 443 7.75
average 0.379 2.669 13.42

stdev 0.105 1.063 7.92
may 1980 0.28 517 6.61
may 1981 0.48 252 18.49
may 1982 011 247 7.03
may 1983 0.25 3.27 1201
may 1984 0.25 231 1422
may 1984 026 251 1412
may 1985 017 222 17.75
may 1986 033 6.71 5.51
may 1987 0.13 428 7.32
may 1988 019 3.38 1085
may 1989 0.25 213 27.51
may 1990 0.3 223 1349
may 1991 019 3.68 1257
may 1992 0.6 2.32 1267
average 0.271 3.22¢ 12.88

stdev 0.132 135 5.793
iun 1979 075 39 1.4
jun 1980 034 486 9.78
jun 1981 022 7.63 8.27
jun 1982 0.06 146 17.32
jun 1983 016 291 4.86
jun 1984 012 1.71 2418
jun 1984 019 186 21.87
jun 1985 015 268 109
jun 1986 0.16 3.69 1524
jun 1987 023 54 7.09
jun 1988 0.32 4.02 147
jun 1989 0.31 3.33 24.26
jun 1990 015 4 13.82
jun 1991 016 1.77 B.92
average 0.237 3.516 11.96

stdev 0.168 1.694 7.77
jul 1979 0.18 6.32 5.21
jul 1980 021 428 8

jul 1981 041 224 112
jul 1982 011 413 16.29
jul 1983 .08 4.02 10.19




jul 1984 016 244 17.35
jul 1984 016 271 17.55
jul 1985 0.13 349 12.35
jul 1986 043 3.76 15.24
jul 1987 0.24 495 8.13
jul 1988 0.14 434 18.24
jul 1989 039 313 6.81
jul 1990 021 282 979
jul 1991 0.23 457 13.16
average 022 3.8 12.11
stdev 0.113 1.107
aug 1979 014 352 13.34
aug 1980 0.22 642 47
aug 1981 0.3 522 279
faug 1982 0.04 27 12.17
aug 1983 028 335 757
aug 1984 016 319  11.41
aug 1984 013 291 1251
aug 1985 026 3.78 8.6
aug 1986 0.18 441 9865
aug 1987 0.18 436 11.51
aug 1988 049 24 10.9
aug 1989 022 1.3 9.04
aug 1990 0.17 256 2456
aug 1991 022 226 1175
average 0.214 3.461 10.74
stdev 0.104 1.333 4.993
sep 1979 1.27 1.68 2045
sep 1980 034 378 4.7
sep 1981 019 298 7.09
sep 1982 0.3 272 83
sep 1983 038 139 9.07
sep 1984 019 239 1.96
sep 1983 031 117 8
sep 1984 015 234 1.85
sep 1985 061 218 1491
sep 1986 0.34 B8.37 3.48
sep 1987 028 165 18.85
sep 1988 023 153 8.56
sep 1989 099 172 18.9
sep 1990 029 26 4.29
sep 1991 012 222 15.06
average 0.337 2.504 9.551
stdev 0.223 1.313 5.902
oct 1979 028 28 12.57
oct 1980 046 226 9.88
oct 1981 016 273 13.08
oct 1982 043 287 3.28
oct 1983 036 1.1 15.24
oct 1983 036 1.04 15.01
oct 1984 028 812 3
oct 1985 0.5 3.36 3.96
oct 1986 019 273 8.02
oct 1987 0.2 142 16.79
oct 1988 053 1.46 6.53




oct 1989 029 1.28 16.69
oct 1990 0.87 124 16.33
oct 1991 065 279 10.95
average 065 279 1067

stdev 0.196 0.849 5.209
nov 1979 082 238 17.15
nov 1980 025 165 1125
nov 1981 045 366 34
nov 1982 024 0.88 1072
nov 1983 0.42 174 1577
nov 1983 045 156 16.81
nov 1984 1.03 14 8.26
nov 1985 0.19 1.86 1849
nov 1986 031 123 1641
nov 1987 098 16 8.79
nov 1988 0.42 1.07 2233
nov 1989 047 149 97
nov 1990 1.32  1.58 187
nov 1991 025 1.44 1242
average 0.543 1.681 13.54

stdev 0.351 0.672 5.165
dec 1980 041 282 185
dec 1981 014 188 129
dec 1982 1.29 156 3.33
dec 1983 118 1.37 23.37
dec 1983 113  1.24 2349
dec 1984 034 242 592
dec 1985 0.7 3.16 4.19
dec 1986 0688 1.18 14.02
dec 1987 035 277 45
dec 1988 091 283 21
dec 1989 049 159 36
dec 1890 0.68 155 10.24
dec 1991 026 163 5,13
average 0.629 1.896 8.891

stdev - 0368 077 7.328




Jan
Feb
March
April
May
June
July
Aug
Sept
Oct
Nov
Dec
sum
average0.0630
stdev
max
min

ET

m
0.0150
0.0180
0.0280
0.0510
0.0810
0.1090
0.1320
0.1190
0.0860
0.0610
0.0360
0.0200
0.75860

0.0417
0.1320
0.0150

0.1089

APPENDIX 1
Calculation of Ruonoff Ratio

Ppt Ppt

m m/m2
0.0756 7.B3E-09
0.0840 B.37E-09
0.1216 1.21E-08
0.1342 1.34E-08
0.1288 1.28E-08
0.1196 1.19E-08
0.1211 1.21E-08
0.1074 1.07E-08
0.0955 9.51E-09
0.1067 1.06E-08
0.1354 1.35E-08
0.0889 8.86E-09
1.3187 1.09E-07
1.09E-08
0.0201 2.18E-09
0.0201 1.35E-08
0.0756 0.00E+00

Runoff Ratio= Runoff/meter: Rainfall/meter

In this case Black Rock Forest is 10040000 m?2.

0.0585

Runoff Runoff

m m/m2

0.0606 6.04E-09
0.0660 6.57E-09
0.0938 9.32E-09
0.0832 8.29E-09
0.0478 4.76E-09
0.0106 1.05E-09
-0.0109 -1.1E-09
-0.0116 -1.2E-09
0.0095 9.46E-10
0.0457 4.55E-09
0.0894 9.9E-09
0.0689 6.86E-09
0.5852 5.83E-08

5.83E-09 0.55

0.0310 3.09E-09
0.0994 9.90E-09
0.0000 0.00E+00

Runoff
Ratio
0.80
0.79
0.77
0.62
0.37
0.09

0.10
0.43
0.73
0.78

0.28
0.80
0.00




APPENDIX J
calculation of average chloride concentration
nsing a weighted approach
Moaonth Black Rock Canterbury Cascade Mineral Springs Unweighted
Brook Brook Brook Brook Average
ppm Cl- ppm Cl- ppm Cl- ppm Cl-
Jan 17.42 2.69 2.77 2.85 6.43
Feb 15.38 2.53 242 2.56 5.72
March 2.55 2.09 1.94 1.92 2.13
April 1.97 1.86 1.90 1.76 1.87
May 1.92 2.03 1.93 2.01 1.97
June 1.74 2.06 2.08 1.99 1.97
July 1.67 2.20 213 1.94 1.98
Aug 1.81 1.80 1.92 2.03 1.92
Sept 1.69 2.00 1.97 2.06 1.93
Oct 1.91 2.40 2.42 2.61 2.34
Nov 1.96 2.46 2.32 2.486 2.30
Dec 1.91 2.26 2.14 2.03 2.09
average4.33 2.21 2.16 2.18 272
stdev 5.66 0.26 0.27 0.34 1.58
max 17.42 2.69 2.77 2.85 6.43
min 1.67 1.86 1.90 1.76 1.87
BRB Cant Casc MSB Weighted Weighted
X .2928 X .2649 X ,1345 x.3078 Average  w/ highs
Jan 0.811710.,713290.372820.877642.78 7.06
Feb 0.732570.670640.325150.786942 2.562 6.29
March 0.747290.554630.261380.592002 1.71 2.16
Aprit  0.575600.492710.255550.541472 1.46 1.87
May  0.5638540.536690.259850.617242 1.51 1.08
June  0.508010.545690.280210.612009 1.49 1.5
July 0.488000.581460.286600.597389 1.51 1.95
Aug 0.531420.503630.258020.625831 1.45 1.92
Sept  0.495110.530240.265450.633222 1.45 1.92
Oct 0.560640.636090.325540.803327 1.72 2.33
Nov 0.574250.651090.311370.756095 1.73 2.29
Dec 0.560600.599160.287910.625022 1.60 2.07
ave 0.60 0.58 0.29 0.67 1.74 2.82
stdev 0.11 0.07 0.04 0.10 0.44 1.82
max  0.81 0.71 0.37 0.88 2.78 7.08
min 0.49 0.49 0.26 0.54 1.45 1.87
%
BRAB 0.2928
Cant 0.2649
Casc 0.1345
MSB  0.3078




APPENDIX K

estimates of streamflow

Cant - Casc BRB MSB Total Cant/Casc cant/cascilow:
m3/month cant/casc area
Jan 578158 350244 677734 714870 2321006 1.65 0.84
Feb T 327671 242477 416208 439014 1425371 1.35 0.69
March 451670 315293 559882 590561 1917406 1.43 0.73
April 443449 339322 571422 602733 1956926 1.31 0.66
May 359710 291992 475742 501811 1629255 1.23 0.63
June 124661 103407 166490 175612 570170 1.21 0.61
July 59709 44418 76012 80178 260317 1.34 0.68
Aug 234030 214301 327282 345215 1120829 1.09 0.56
Sept 267234 102610 269987 284780 924612 2.60 1.32
Oct 207525 175486 279598 294919 957529 1.18 0.60
Nov 462381 357526 598532 631328 2049767 1.29 0.68
Dec 405584 294176 510825 538816 1749401 1.38 0.70

m3/yr sum 3921782 2831252 4929715 5199837 16882586
m3/m ave 326815 235938 4108104 333201 406882 142 072

stdev 152742 107684 186976 197222 640330 0.40 0.20
m3/m max 578158 357526 677734 714870 2321006 2.60 1.32
m3/m min 59709 44418 76012 80178 260317 1.09 0.56
Cant Casc BRB MSB BRF unweightedBRFweighted
m3/month flow estimate  flow estimate
578158 350244 568761 599926 2321008 . 2097090
327671 242477 285940 301608 1425371 1157696
451670 315293 407755 430098 1917406 1604815
443449 339322 379651 400454 1956926 1562875
359710 291992 297955 314281 1629255 1263937
124661 103407 102038 107629 570169.6 437735
58709 44418 51947 54794 2603186.7 210868
234030 214301 181704 191660 1120829 821696
267234 102610 357469 377056 824611.6 1104370
207525 175486 168096 177307 857528.6 728415
462381 357526 393528 415091 2049767 1628525
405584 294176 358048 377667 1749401 1435476
3921782 2831252 3552893 3747572 14053499 6101287
326815 235938 296074 312298 1171125 508441
152742 107684 147012 155067 545174 336869
578158 357526 568761 599926 2097090 998191

8709 44418 51947 54794 210868 95380




APPENDIX L

detemination of Chloride

Methods

The method used determines the chloride ion concentration by the coulometric titration of
Cl- ions with Ag+ generated from a wire that sits in the sample. Coulometric analyses are based on
the measurement of current and time needed to complete a chemical reaction. The Buchler-Cotlove
instrument at Lamont automatically performs the titrations. The endpoint of the titration is
determined amperometrically (by measurement of electric current). Detection limits are about .25
mi!liequivalents of Cl- and by adjusting sample volumes or the instruments selisilivity, the high
range is 558.6 milliequivalents/L or the salinity of seawater. Precision is £0.15% generally limited by

pipetting errors.

Sample Collection

Samples were collected once each week and filtered, labelled and stored until analysis.

Sample Storage

Chloride samples should be stored in airtight , glass stoppered, impermeable glass bottles.
Low-density plastic bottles should be avoided for long term storage. It is recommended that the
samples be stored at room temperature and freezing or refrigeration is not recommended. If the
samples containers are rinsed thoroughly with the sample, contamination is not a problem. Also,
concentration by evaporation is the major source of error, therefore the airtight sample containers

are needed.

General




The Buchler-Cotlove Chloridometer immerses two silver electrodes into the sample and
passes an electrical current through the sample. Thus, silver cations are generated at the anode and
the silver cations react with the chloride anions in the solution to cause silver chloride to precipitate
out. Because silver cations are generated at a constant and known rate, the chloride anions are thus
consumed at a known rate, When the chloride in solution has been removed, the endpoint has been
reached. This is indicated by a quick rise in the current which is detected amperometrically by the
silver sensing electrodes. A tiny switch detects the current and breaks the circuit. Therefore, the
chloride anions in solution are proportional to the number of coulombs of current passed. The

Buchler-Cotlove Chloridometer measures time.

Interferences

Agt titrations precipitate Br- and F- and thus measure total halides in each sample. Since
Cl-, Br-, and F- in seawater are 558.6, 862, and .070 mmol/L the error due to Br- and F- amounts to
less than .2%. Other more serious errors are incurred in samples containing sulfide or sulfhydryl
groups. Some dissolved materials like organic compounds my complex Ag + and therefore interfere

with the titration. Check for this by doing standard additions to several standards.

Ranges

Titrations are most accurate and precise if the titration times fall between 20-200 seconds,
Therefore, adjusting the sample volume and/or generating current rate to fall within the prescribed
range. If we have some idea before testing of what the chloride anion concentrations are going to be
the procedure can be adjusted accordingly. If this is not the case, then the sample may have to be

titrated more than once.

Materials
Buchlier-Cotlove Chloridometer

Finm pipette for sample and standards




Pipetter tips

Reed pipettes for Cl- spike and reagent
tiny bulb pipette for gelatin Sml?

Knox gelatin

Beaker for disposal of waste liquid

titration vials

Reagents

1. Pure HzO free of Chloride anions- Double-deionized water is appropriate.

2. HNO; Reagent. To prepare the HNO, reagent add 6.4 milliliters of concentrated reagent
grade HNO; to 900 milliliters of double-deionized water. Next, add 100 milliliters of regent-grade
7 glacial acetic acid. Mix thoroughly and store in a glass bottle. Label and date.

3. NaCl Standard Note: 100mM/L=100meq/L. Dissolved 5.8450 g of dried, reagent-grade
NaCl In double deionized water and dilute to 1L in a volumetric flask. This solution is used to check
the calibration of the instrument. Store in tightly sealed bottles.

4. Gelatin- Add 1L of hot double distilled water to 6.2 grams of dry powder Knox Gelatin
and heat to approximately 70-80°C and swirl until all of the powder is dissolved. Store the gelatin in
a wide mouth glass bottle, Date and label. Store in the refrigerator. Enough gelatin for each days
session should be spooned out of the refrigerated container into a glass beaker. Let the gelatin melt
somewhat to soften it. Heating may be necessary. The dry powder consists of 60 grams of gelatin, 1

gram of thymel blue and 1 gram of thymel.

Procedure

1. Make sure the power switch is off. Clean the pair of sensing electrodes and the
generating electrodes using silver polish. Make abselutely sure that the power switch is off whenever
touching electrodes immersed in double distilled water.

2. To prepare a sample for testing, pipette in the desired amount of sample, then the

chloride spike. Next add the HNO, reagent being sure to wash any of the chioride spike or sample




droplets that my have splashed onto the inside walls of the container. Last add 3 drops of gelatin,
Whenever testing a new sample, be sure to fill the pipette with that sample and discard. Then
repipette and use that sample. Pipetting skills are important and practice is the best way to get
better. 1 practiced with my samples on a balance so I could rate my accuracy. Also, the tiniest drop
hanging on the tip or clinging to the inside of the tip can ruin results. Change tips frequently and do
not invert the pipetter. Keep it upright or horizontal when between sampleg.

3. Condition the electrodes by running several replicate titrations until results agree and
then discard those results. The initial current should be less than 3 pamp. If it is not the electrodes
need to be recleaned and reconditioned.

4. Place the titration vial containing the sample on the machine and place in the raised
position, Set the selector switch to OFF. Turn the titration switch to ADJUST, The stirring
mechanism will start and the current indicator needle will fall to less than 3 pamps.

5. Reset the timer to 0.0 seconds and set the adjustable red current indicator needle to
10pamps above the indicator pointer.

- After turning the titration switch to ADJUST, avoid a further dela‘y of more than 20
seconds before starting the titration. It is not necessary to allow current indicator to fall to 3pamps
before starting the titration, only that it fall below the cut-off switch.

The delay before the baseline current is reached is due to incomplete mixing, to the reaction between
added CI- ions and excess Ag+ from the preceding titration, and to the response time of the indicator
electrodes. The baseline current increases during sequential titrations in the same vial, and the
current rise at the end point increases somewhat faster. The gelatin ensures the dispersion of the
AgCl precipitate, and prevents either Ag+ or Cl- sorption onto the AgCl miccelles by swamping their
surface sites.

6. Turn the switch to TITRATE. The timer will start instantaneously with the generation of
Ag+,

7. When titration stops, record the time.




8. If the sample vial is full or if the initial baseline current is too high, or if a noticeable AgCl
precipitate is clouding the vial, remove the sample vial and add another. Rinse the electrodes with
double-deioﬁized water to avoid cross contamination.

9. Polish the silver efectrodes at keast once every 100 titrations.

10. Itis necessary to clip off the end of the silver anode if it becomes thinner than a pin.

The particular machine used is somewhat old and seems tempermental, Due to electricity in
the Geochemistry building, I feel from my experience that the machines accuracy is subject to
available power and sometimes there seem to be surges or shortages of electricity. Also, the stirring
mechanism has a knob which seems to determine the stirring rate. I liked to check this at the end of
every titration and adjust its tightness to a certain desirable level which is slightly less than
completely tight to maximize consistency. The machine gets tired if used too long. On days when I
ran 109 samples I was unhappy with the large drift. Keeping the sampling at 60 runs per session

seemed to be the best procedure.

Reference Froelich, Philip N, Determination of Chloride in Seawater and Estuarine Waters




APPENDIX M
determination of Sulfate

Equipment:

Stopwatch with sweep second hand

One 10 or 20 ml glass pipet
50,100,500,1000 ul Eppendorf pipets
Eppendorf pipet tips

Several (3 per sample/standard)

125 ml erlnmeyer flasks

5 cm spectophotometer cells

500 ml wash bottle filled with deionized water
600 ml beaker for waste '
kimwipes

Thermometer (-10 to +160 degrees Celsius)
One 1000 ml erlenmeyer

2 magnetic stirring bars

1 magnetic stirrer
'Spectrophotometer

1 stirrer/hotplate

11 liter volumetric flask

15 50 ml volumetric flasks

2 1 gallon storage bottles

Reagents: .
Stock sulfate solution ( about 1000mg/L) Dissolve 1.8141 gm of K2S04 in distilled

water and dilute to one liter
1 N HCl: Add 85 ml conc. HCI to 300 ml distilled water and dilute to 1 liter.

Stock Gelatin Solution: Dissolve 1.5 gm Difco-Bacto Gelatin in 500 ml of hot (about
70 degrees Celsius) distilled water, cool and store at 4 degrees celsius for at least 16
hours before use. (Bring water to 70 degrees on the stirrer/hotplate, move flask to

* cold magnetic stirrer, add gelatin, stir 15 minutes, let stand at room temperature for
15 more minutes, then put in refrigerator).

Stable for 28 days if kept cold. Store 150 ml aliquots in 250 ml plastic bottles in the
refrigerator.

Barium/Gelatin Reagent: Bring 150 ml of stock gelatin solution to room
temperature ( by leaving it on a bench- DON'T cook it on a hotplate).

Add 1.5 gm BaCl2 H2O and stir for 1 hour. Let stand one additional hour at room
temperature and then put in the refrigerator. Stable for 7 days if kept cold.

Procedure: Charge triplicate 125 ml erlenmeyer flasks with 20 aliquots of each
sample/standard. Add 1000 ul of 1.0 N HCI to each flask and swirl to mix. This is




only necessary if the gelatin is very low in sulfate. Spike the solution with 5¢ uM/L
conc.. ex: .5 ml spike of 2050 uM/L diluted with 20 ml of sample/standard-would
equal an addition of 50 uM/L

At 1 minute intervals add 1000 ul of the Ba/Gelatin reagent to each flask, swirl to
mix, then let stand to allow formation of BaS0O4 colloid. Measure the absorbance of
each solution at 420 nm in 5 cm cells EXACTLY 30 minutes after adding the

Ba/Gelatin reagent.

Swirl solution gently just before transferring to cell

Notes

1. Measure absorbances against deionized water using double beam instrument if
available.

2. Calibration standards

Dilute 50 ul 1000 mg SO4--/L to 50 ml to make 1 ppm SO4--

" 100 ul n i .H T 2 ppm "
" 250ul " " " Sppm "
rn 500 ul ) " " 11 10 ppm r
1" 1000“1 " " " 20 ppm 17"

3. Run full calibration curve once each time a new reagent is used. At other times
the Blank, S ppm, and 20 ppm standards will suffice.

4. Detection Limit due to blank is .10-.15 ppm SO4--. No advantage is gained by
using 10 cm cells.

5. Top end is about 50 ppm SO4--., Samples over 20 ppm should be dlluted and run
again.

6. Rinse all glassware thoroughly with deionized water immediately after use.

Reference: Tabatabai, MLA. (1974) A Rapid Method for Determination of Sulfate
in Water Samples, Environ. Lett, 7(3), 237-243.




