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No criterion established, however, EPA has suggested 0.007 mg/l. (Sittig, 1981).

The suggested limit is based on human health effects.
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PARAMETER : ZINC (Zn) DISSOLVED, (mg . /l . )
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A. Less than 0.03 mg/l1 (McNeely, 1979)

E. 0.01 of the 96-hour LCSO determined through bioassay. (EPA, 1976).

The suggested limit is based on human health effects.
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A. Less than 0.03 mg/l (McNeely, 1979).

B. 0.01 of the 96 - hour LC50 determined through bioaséay (EPA, 1976).

Established to protect freshwater aguatic organisms.
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PARAMETER: TOTAL ORGANIC CARBON, (mg./l1.)
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A. No criterion established

B. Waters containing less than 3.0 mg/l have been observed to be relatively
clean, (McNeely et al, 1979).
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PARAMETER: ENDRIN, (ug/1)
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Less than 0.004 ug/1. (EPA, 1976; McNeely, 1979)

Established to protect freshwater aquatic organisms.
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Less than 0.01 ug/l. (EPA, 1976; Sittig, 1979).

Established to protect freshwater aquatic organisms.
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Less than 0.03 wg/l. (EPA, 1976; Sittig, 1981).

Established to protect freshwater aquatic organisms.
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Less than 100 ug/l (water supply) (EPA, 1976; Sittig, 1981).

Established to protect water supplies.
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ATTACHMENT B

A REVIEW OF A METHOD FOR PREDICTING THE POTENTIAL
FOR EUTROPHICATION IN IMPOUNDMENTS

The information contained herein was synthesized from the
following reports: Dillon and Rigler (1975), Dillon and Kirchner
(1975), Kirchner and Dillon (1975), Reckhow (1979), and
Utturmark and Hutchins (1978).

All of these authors cite the work of R.A. Vollenweider, who, in
1968, authored, "Scientific Fundamentals of the Eutrophication of
Lakes and Flowing Waters, with Particular Reference to Nitrogen
and Phosphorus as Factors in Eutrophication." Vollenweider's
work appears to be the basis for the techniques for predicting
eutrephication presented in the following pages.

Phosphorus is wusually considered to be the important nutrient
controliing algal growth in lakes. Phosphorus loading, the amount
of phosphorus added to a lake per unit area per unit time, is
recognized as the best measure of the degree of eutrophication
that may be predicted in a lake. A technique for predicting the
spring total phosphorus concentration in a lake appears below.

The phosphorus imported to a lake in runoff, when combired with
input directly to the lake's surface through precipitation and dry
fallout, gives a measure of the natural total phosphorus load. The
total natural phosphorus load can be combined with the total
artificial phosphorus load, the mean depth of the lake, the lake's
water budget expressed as the flushing rate, and the phosphorus
retention coefficient of the lake, to predict spring total phosphorus
concentration in tha2 lake. The predicted spring total phosphorus
concentration can then be used to predict trophic status expressed
as a summer chlorophyll "a" concentration, and this, in turn, can
be used to estimate the secchi disc transparency. The equation to
predict the total, steady-state phosphorus concentration is
expressed by:

zp
where: [P] = steady-state phosphorus concentration,
L = total loading (natural and artificial),
Z = mean depth of the lake (lake morphometry),
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flushing rate (water budget of the lake),

0 0O
n n

retention coefficient (the fraction of the loading
that is not lost via the outflow).

The total phosphorus concentration is equal to phosphorus loading
(phosphorus from each drainage basin multiplied by the
phosphorus coefficient) multiplied by (1 - the phosphorus retention
coefficient); divided by [the mean depth multiplied by the flushing
rate (the total outflow divided by the lake volume)].

According to the predictive model, the total concentration of
phosphorus may be predicted for a lake. Theoretically, this may
be used to predict the trophic status of a reservoir following the
impoundment of a stream or river.

Loading. Total phosphorus loading is calculated by totalling the
phosphorus load from the land (runoff), the phosphorus load from
precipitation, and the artifical phosphorus load (from human
development). Total phosphorus load from the land is equal to the
total area of each watershed or drainage basin contributing runoff
to the lake. Multiplied by the phosphorus export coefficignt, this
coefficient is the phosphorus exported from soil in g/m~ of the
land drainage per year. Dillon and Kirchner (1975) measured the
total phosphorus export for 34 southern Ontario watersheds. The
annual total phosphorus export for each watershed was obtained by
dividing the total phosphorus carried by each stream (kg/yr) by
the areas of the watershed. The total phosphorus export for all
watersheds was tabulated along with additional intormation on the
geology, land use, and population density of each watershed.
Upon inspection of these data, it was apparent that the watersheds
could be grouped according to whether they were forested or
consisted of pasture as well as forest, and according to whether
they were on igneous or sedimentary fo:érnations. The range and
mean phosphorus export values (mg/m“~/yr) obtained for each
two-way (land use-geology) classification were:

Land Use Igneous Sedimentary
Forest

Range 2:0 = 1.7 6.7 - 14.5
Mean 4.8 10.7

Forest & Pasture

Range 8.1 - 16.0 20.5 - 37.0
Mean v i R 28.8

s14/d B -2



Changing land use from '"forest" to 'forest and pasture" in
watersheds on igneous rock apparently doubles the phosphorus
export. Similarly, the export from a sedimentary forested
watershed is about double that freom an igneous forested
watershed. The total phosphorus load from the land is combined
with the total phosphorus load from precipitation to calculate the
total phosphorus load. The total phosphorus Iload , from
precipitation applicable to southern Ontario is 75 mg/m"/year
(Dillion and Rigler, 1975). This value may be expected to vary
according to geographical location.

Mean Depth. The mean depth of a lake or a measure of the lake's
morphometry is required in using the predictive model for
phosphorus concentrations.

Flushing Rate. The flushing rate is equivalent to the lake's
annual water budget and is expressed as the total outflow volume
per year divided by the lake volume.

Retention Coefficient. Successful use of this equation is
dependent on an accurate estimate of the phosphorus retention in
the lake in question. Phosphorus retention in the lake is a
function of sedimentation - specifically, the amount of phosphorous
that is retained by sedimentation. This amount is difficult to
calculate, but a model was used relating the areal water load (gs)
to phosphorus retention. The phosphorus retention coefficient is:
Rp = 0.426 exp (-0.271 gs) + 0.574 exp (-0.00949gs). Areal
loading (gs) in m/yr is the surface overflow rate and is calculated
as the lake outflow volume divided by the lake surface area.
Values for phosphorus retention in 15 Ontario lakes, using the
measurement model and the values derived from the theoretical
model were in close agreement (r = 0.94). "The fact that the
retention coefficient of phosphorus is more closely related to the
areal water load (gs) than the volumetric water load (ie. water
reriewal time) is not readily explainable, but in light of the above
advantages we feel that this model warrants acceptance on purely
empirical grounds," (Dillon and Rigler, 1975).

Application of Method to Susitna Project.

Application of the equation,

2] =

to the Susitna Hydroelectric Project was made using the following
rationale.
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Natural Land Loading. The annual average phosphorus loading in
runoff was assumed to equal 0.01 mg/l (the mean level measused at
Vee Canyon). This concentration was ,converted to mg/m~ and
multiplied by the average annual flow (m~/yr) at eEch dam site and
the product divided by the drginage area in m . Natural land
loading 3} Watana is 5.2 mg/m~/yr and at Devil Canyon it is
4.7 mg/m~/yr. These levels appear reasonable and in the same
range as the Ontario study discussed earlier. Comparable values
were seen in Ontario in the forest (undeveloped) areas.

Natui al Precipitation Loading. The phosphorus concentration in
precipitation was taken as 0.03 mg/l -- the maximum phosphorus
concentration reported in snow and rain samples collected at
Fairbanks, Alaska by Peterson (1973). Conversion of the area
used to collect samples and the wvolume of sample collected, and
using the normal annual precipitation at Ealkeetna indicates that
natural precipitation loading will be 22 mg/m”~/yr.

Artificial Loading. This is assumed to be zero since there are no
man-induced sources of phosphorus in the study area.

R, Retention Coefficient. R was assumed to be zero, a worst case
situation.

Z,_ Mean Depth. The mean depth at Watana is 34 m, and at Devil
Canyon it is 25 m. The mean depth was assumed to be 1/8 the
dam height. The mean depth at the dam would be % the dam
height if the side slopes were 45 degrees and the depth is zero at
the upper end of the reservoir. Therefore, the mean depth
should not be less than 1/8 the dam height. This assumption is
expected to be conservative and increases the value of [P].

p, Flushing Rate. The flushing rate at Watana is 1.64 yr, and at
Devil Canyon it is 0.16 yr (R&M Consultants, 1982).

Use of the above values incgcates that the spring p?osphorus
concentration [P] is 0.5 mg/m~ at Watana and 3.7 mg/m~ at Devil
Canyon if only one reservoir is in place. The concentration at
Devil Canyon will be reduced if the Watana Reservoir is in place
because it will act as a nutrient trap, thereby reducing the
natural land loading. These values of [P] indicate the rese:;voirs
will be oligotrophic. Levels between 10 and 20 mg/m~ are
indicative of mesotrgphic conditions, and eutrophic conditions
appear above 20 mg/m™.
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