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1. INTRODUCTION

This report is the result of a series of events related to the de-
velopment of a regional comprehensive water quality control program for
the ‘metropolitan area of Las Vegas, Nevada. An Inter~Agency Water
Pollution Control Task Force, éomposéd of municipalities, utility dis-
tricts, local industry, and agencies of local government, has developed
several alternate water quality control plans for Las Vegas Valley. One
of these plans provides for metropolitan waste water collection, treat-
ment, and effluent discharge to the Colorado River bélow Hoover Dam. To
adequately evaluate this plan, the Task TForce requested the State of
Nevada, Department of Health, Welfare, and Rehabilitation, to provide
discharge requirements for the Lower Colorado River below Hoover Dam.
With such requirements, the Task Force would then determine the degree of
treatment necessary and whether or not the alternative plan is feasible.

The State of Nevada then requested the FWQA to provide technical
assistance specifically for determining the effects of various nutrient
loadings on the Colorado River and Lake Mohave and for consultation iﬁ
the development of discharge requirements to the Lower Colorado River.
The State of Nevada plans to begin official procedures for establishing
the discharge requirements in July 1970,

The purpose of this study is to provide the State of Nevada with
data on which to base nutrient discharge requirements for the Colorado
River below Hoover Dam. Specifically, the study provides an under-
standing of the potential algal growth response of the receiving waters
for the ;ondition of direct discharge to the river.

This report is the Preliminary phase of a two-phase project. The
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objective was to collect and analyze samples from the study area during
February and March_1970, and to determine algal growth characteristics
before seasonal instream algal growth began. The second phase will
duplicate this initiai phase in August 1970 to provide comparative re-
sults during the active algal growth season. Consequently, the con-
clusions and recommendations from this report should be considered pre-
liminary subject to change on the basis of results from the second
phase. |
Authority

The.Federal Water Quality Administration is the agency of the
Federal government having primary responsibility for implementation of
a national policy for enhancement of the quality of the nation's water
resouxces through the control of pollution. This policy is described in
the Federal Water Pollution Control Act, as amended (33 U.S.C. 466 et
seq.). Section 5 of this Act authorizes the FWQA to provide technical
assistance to appropriate public agencies for investigations and studies
relating to the causes, control, and prevention of water pollution.

These studies were initiated by a letter of request from the State
of Nevada, Department of Health, Welfare, and Rehabilitation, dated
December 5, 1969. A copy is included in the report appendix.
Study Area

The study area is shown in Figure 1. It extends from the upper end
of Boulder Basin in Lake Mead downstream to Pavis Dam. Sampling stations
were selected to reflect changes in-water quality and algal growth char-
acteristics betweeq important geographical, hydrological, and structural

~

features. These stations are described in Table 1.
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Station

No.

1

LVGW-1

LVGW-2

LVGW-3

LVGW-4

LVGW-5

Table 1. Description of Sampling Locations

Description

Lake Mead upstream end of Boulder Canyon, across from 1ightedw
marker on state line.

Lake Mead in Boulder Canyon, across from Canyon Point on state
line. '

Lake Mead in Boulder Basin across from Callville Bay on state
line.

Las Vegas Bay 0.15 mile. from mouth of Las Vegas Wash.

Las Vegas Bay one-third mile from Las Vegas Boat Harbor near
center channel,

Las Vegas Bay about 2-1/2 miles from Las Vegas Boat Harbor
toward Lake Mead. (

Lake Mead at Hoover Dam.

Colorado River upstream from Willow Beach and Geological Survey
gage at Cableway.

Colorado River at head of Windy Canyon six miles below Willow
Beach,

Colorado River 200 yards below Davis Dam at mid-channel.

Large gravel pit (NE 1/4, Sec 31, T21S, R63E) down—graﬂient
of the BMI ponds on the south side of Las Vegas Wash.

Hand auger hole (NW 1/4, Sec 31, T218, R63E) immediately north
of the upstream BMI ponds. This represents the quality of
seepage which moves from the BMI ponds into Las Vegas Wash.

Gravel pit (SE 1/4, Sec 35, T21S, R62E).
Hand auger hole located between Duck Creek and Las Vegas Wash,
along the section line of Sections 23 and 26, one-fourth mile

east of the section corner in T215, R62E.

Qutlet of Charleston Drain.




II. SUMMARY

Grab samples were collected on three occasions within the study
area (January 25-26, February 16-17, March 1-4} and were énalyzed for
nitrogen, phosphorus, temperature, conductivity, and algal growth po-
tential (AGP). AGP bioassays were conducted for control or background
conditions and for conditions in which calculatéd amounts of nutrients
were added to the samples. The forms of added nutrients were: (1) inor-
ganic chemical nitrogen and phosphorus, (2) secondary sewage treatment
plant effluent, and (3) near-surface groundwater infiow to-las Vegas
Wash., ¢
Findings'

1. Grab samples collected from the surface watérs of Lake Mead

and the Colorado River below Hoover Dam had nitrate nitrogen

(NO4-N) concentrations between 0.30 and 0.66 mg/lL and total soluble

phosphorus concentrations of 0.006 to 0.054 mg/l. No significant

difference was noted between nitrate results by location. However,

the phosphorus concentrétion at Stations 4 and 5, near Las Vegas Bay,

were significantly greater than those at upstream or downstream

stations.

2. The results of the AG? bioassays on control samples reported as

| maximum growth response, indicate an average level of 11.5 ug/l at
Stations 1 and 3 above the Las Vegas Wash, 30.3.pg/1 at Stations

4 and 5 near the Las Vegas Wash, and between 17.1 to 21.6 at

Stations 6, 7, and 8 below the Las Vegas Wash. A large number of

replicate samples were analyzed to determine the reproducibility .

~

of the AGP tests at each of the eight stations at the 95 percent
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confidence level. In nearly every case the maximum deviation noted
was less than 10 percent.

3. AGP bioassays were conducted on Lake Mead and Colorado River
samples seedeq with inorganic nitrogen and phosphorus. Only those
samples seeded with phosphorus created a growth response étaﬁis?»ru
tically different than the contrals. The response was geqerally
three to five times greater than that for the control samples.

4. AGP bioassays were conducted'on samples seeded with secondary
sewage treatment plant effluent, near surface groundwater and in-
oiggnic phosphorus. The purpose of the effluent seed was to
simulate a direct waste discharge to the river.. The groundwater
seed simulated potential Las Vegas Wash flows without present waste
flows. The inorganic phosphorus seed provideé a base for com-
parison with this and other AGP bioassays.

It was found that the response to the groundwater seed was
much greater and that the STP and KiipP0s4 seeds were similar up to
an addition of about 15 ug Phosphorus/1, after which the STP
seeded sample gave a greater response.

5. The possibility of iron as a contributor to algal growth was
also investigated in a set gf AGP bioassays. It was found that
by seeding control sémples from Lake Mead with iron the algal
growth doubled. However, no significant difference was noted
between the AGP results on samples seeded with groundwater, STP
effluent and KHyPO, with iron added and those without additional

iron.
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Conclusions

The results of the investigat;oﬁs described in this report have 1ed.
‘to the following tentative conclusions:

1. Under existing conditions, nitrogen does not limit the growth

of algae in the waters of Lake Mead and the Colorado River below

Hoover Dam.

2. 1Inorganic phosphorus is a limiting factor in the growth of
algae in waters of Lake Mead and the Colorado River below Hoover

Dam. '

3. Tor existing quality conditions, the algal growth potential

T e T B T ey o5 ke T 1 7 e

as measured by the AGP test increases between Lake Mead, upstream of

influences from Las Vegas Wash inflow, and below,Willow Beach in

T T T,
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Lake Mo jave.
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: 4. A density current is created by the Las Vegas Wash influent into . -
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] Lake Mead due to high concentrations of salt in the Wash flow. How—,;
{

§

)
. ever, the extent and significance was not determined in this stggyz L
A

Recommendations . ‘ I

!
{

Ea
As a result of the above findings and conclusions, it is’ tentatively

(RS

recommended that:

1. The State of Nevada informally establish a{dgsired;water quality

T

goalffor the Lower Colorado system which woul@”pievent-@utrophi-

e

o e i

cation nuisances.

B e

2., The State of Nevada require that discharges of treated waste-

water effluents to Lake Mead or below Hoover Dam be consistent with

the desired water quality goals; i.e., the projected mix of re-

s

ceiving water and treated wastewater effluent shall not produce




statistically measurable biostimulation above the water quality

goal.

3. The water quality goal established should be based on a com-

bination of goth the AGP test and total soluble phosphorus as de~

fined below. Using a representative sample of properly mixed re~
ceiving water and treated wastewater effldent, the: (a) peak algal
crop development in a 10-day incubation period, expressed as pg/l
chlorophyll, be limited to 10-20pg/l. (b) The total soluble phos-
phorus be limited to 10-20ug/l as P. '

‘ IITI. STUDY PROCEDURES

The project was planned in two phases to evaluate water quality
conditions in Lake Mead and the Colorado River below!Hoover Dam before
and during the period of peak seasonal algal growth. Phase I, the
period before algal growth, was conducted during January through March
1970. Phase 1II will be conducted in August 1970 and will duplicate the
procedures used in Phase 1.

To provide an analysis of the receiving water's response to nutrient
discharges, an algal bioassay technique termed the Algal Growth Potential
(AGP) test was utilized. " This test does not provide absolute indices
of optimum nutrient concentrations desired for a particular waste dis-
charge, but can indicate several iﬁportant algal response characteristics
such as: |

(1) Whether or not specific nutrient elements are limiting to

the growéh of algae.
(2) The relativé algal growth characteristics of a receiving water

Y

‘as influenced by various waste sources.

(3) The concentration of specific nutrients added to the receiving

water at which algal growth begins or is accelerated.




In drawing conclusions from the test results, it must be recog-
nized that the test is a laboratory analysis which is performed in
simulated conditions which may not correspond precisely with the natural
receiving water system.

Four independent AGF studies were performed on samples collected
from the Colorado River between the upper reaches of Lake Mead and Davis
Dam. The objectives of each of these tests were:

Biocassay #1 apd 2: To determine if either phosphorus or nitrogen

were limiting algal growth in the samples.

Bioassay #3: To determine whether the phbsphorus in groundwater
(collected between BMI ponds and Las Vegas Wash) and secondary
STP effluent gave the same algal growth responsé as the addition
of phosphorus in a chemical form (KHoPO.).

Bioassay #4: To determine if the presence of excess iron in
groundwater was the cause which stimulated élgal growth beyond
that produced by the addition of secondary effluent and chemical
phosphorus.

Sampling Program

Grab sampling‘procedures were used for the collection of all samples.
A total of nine surface water sampling stations in Lake Mead and the
Colorado River below Hoover Dam were established. These are described
in Table 1 and shown in Figure 1. 1In addition, five groundwater
sampling stations were established for near surface inflow to Las
Vegas Wash. These are also shown on Figure 1 and described in Table 1.

. The sampling program for this phase {(Phase 1), of the study in-

cluded three separate surveys of the study area: January 25-26,

e v —

2 A,

e b
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February 16-17 and March 2-4, 1970. During the first survey, which was
originally planned as a reconnaissance survey only, grab samples from

the surface were collected once per day from stations (3,4%4,6,7, 8) as

shown in Figure 1. Chemical analysis for the nitrogen and phosphorus

'.forms, temperature and SEC were made for each sample and the AGP bio-

assay #1.

The second suxvey was a dqplication of the first with an expansion
of the number of surface water stations sampled to nine (Stations 1 - 9
as shown on Figure 1). In addition, depth sampleé were collected at
stations.l, 2, and 6. |

During the third survey, all nine of the surface water stations

were sampled which, with the exception of stations 74 8 and 9, in-

cluded depth samples also. Near surface groundwater samples were
collected at the five stations described in Table 1 and composited
into one sample for use in AGP bioassays 3 and 4.

The composite sample was prepared from samples collected at tﬁe

above five sites and had the following approximate volumetric compo-

sition:
Site Percent of Total Sample
IVGH-1 30
LVGW-2 15
LVGH-3 15
LVGH-4 30
LVGW=-5 10

Another site (LVGW-6) was sampled but was not used for the com-
posite. This site represents seepage which forms the flow of Duck

Creek above the Nevada Power Company plant.
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The secondary SIP seed used in AGP bioassays 3 and 4 was collected
at the confluence of the Clark County and Las Vegas STP effluents,
ihe same chemical analyses were made on all samples as described
in the first survey. AGP bioassay #3 was conducted for surface water
samples collected during this suxrvey and utilized the groundwater com-
posite, SIP sample and KH,PO, as seeds. ‘
AGP bioassay #4 was conducted using samples collected during the
third survey after noting from bioassay #3 that the algal growth from

groundwater was much greater than for the other two seeds.

Analytical Procedures

Field analyses were made for temperature and specific electrical
conductance (SEC). Nitrogen and phosphate analyses were conducted at the
Colorado River-Bonneville Basins Laboratory gt Salt Lake City, Utah.
Standard analytical procedures according to the 1l2th Edition of Standard
Methods were utilized for both the field and laboratory procedures.
The AGP bioassays were conducted at the Southwest Regional lLabora-
tory in Alameda, California. The AGP test is not presently considered
a ”staﬁdard test!"; however, its use and procedures have been well re- ?

[

é&ﬁsg.b A general description of the AGP bioassay is given here. I£

i
specific procedural details are required, they can be cobtained from the.
Southwest Regional Laboratory at Alameda, California.

Bivassay Methodology

Although the AGP analysis is a complex biological test which re~
quires rigorous technical skills, the test is conceptually quite simple

and straightforward. ¥For the present application of the test, water

h
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under study - say, Lake Mead - is combined with nutrient sources (seed) .
in several replicate flasks and incubated under artificial light con-
ditions until a maximum growth of algae is recorded. Flasks without
added nutrients are also tested to provide a relative measure of algae
response with existing background conditions. The nutrient seeds used
in these studies were: nitrogen as KNO3, phosphorus as KH2PO4, secondary
sewage treatment plant effluent, near-surface groundwater collected be-
tween BMI ponds and Las Vegas Wash, and iren.

The results of the biocassay are given as (1) thé maximum amount of
chlorophyll reached in the sample, (2) the increase in chlorophyll
derived by subtracting initial sample concentrations from maximum values,
and (3) the maximum observed growth rate (ﬂ, day“l).‘ Maximum growth
(item 1) is the most common and useful measure of growth for these studies.

IV. RESULIS

A summary of all chemical analyses is presented in Table 2. Be-
. sides characterizing the waters used in the AGP tests, these data pro-
vide thé basis for evaluating variations of quality with sample depth
and geographical location. The most striking result is the relatively |
small variation in quality between stations. The ranges of nitrate and
total phosphorus found in surface samples are tabulated below in related
station groups:

Range of Results, mg/1

Stations NO3-N ) Total Sol. P ﬁ
1-3 0.36 - 0.66 0.007 - 0.020
4 &5 0.32 - 0.46 0.020 - 0.054
6-9 0.30 - 0.64 . 0.006 - 0.023
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The variation of temperature and SEC was extremely slight except
for the case of samples taken close to the bottom of Las Vegas Bay at
stations 4A and 4. These samples indicate that the Wash inflow main-
tains its integrity as a density current for considerable distance put
into Las Vegas Bay. The extent and significance of this phenomenon
will be investigated at a later time. )

Results of tHe four AGP bioassays are presented in a graphical and
tabular form and represent a condensation of detailed laboratory studies

available as open-file reports.

Bioassay #1 & 2

Samples for these tests were collected on January 25-26, 1970 and
February 16-17, 1970; with the January collection serving as a prelimi-
nary test. Samples were collected once for biocassay #1 at Stations 3,

4, 6, 7, and 8; and once for bioassay #2, at all stations 1 through 9.
Fach sample was divided into three parts. One part remained the con-
trol with no additions. To one of the other parts was added 0.10 mg

P/1 (KHPO,) and to the other, 0.50 mg N/l (KNO3). The chemicals added
were concentrated so that only about a milliliter had to be added to a
liter of the sample, thus only very slightly diluting the original water.
The chemical analyses of water used in bioassay #1 are presented in Table
3.

Tables 4, 5, and 6 statistically describe the AGP results with
respect to variations between stations, type of nutrient seed, and
type of algal growth measurement. It is important to note in these
tables that the values of growth response connected by underlining do

~

not differ at the 95 percent confidence level. "
Figure 2 shows a typical growth response observed during bioassays

#1 and #2 incubation.

e,




Table 2. Basic Chemical Results
Lake Mead ~ Colorade River Study

Nitrate Ammonia OQrganic Total -N Phosphate Phosphate

NO4—N NHo-N N Kjeldshl Ortho Tot-Sol Specific
Station Date Sample mg/l mg/1l mg/1 mg/l mg/1 mg/1 Electrical
Number Collected Depth as N as N as N as N as P as P Temp °C Conductance
(1970)
I. Take Mead-Colorado River 3 1/26 5 0.56 0.03 0.21 0.24 0.003 0.020 14 1,300
6 1/26 5 0.48 0.07 0.29 0.36 0.010 0.016 12 1,350
7 1/26 3 0.51 0.03 0.34 0.37 0.013 0.020 13 1,350
8 1/25 5 0.64 0.04 0.19 0.23 0.013 0.023 i3 1,200
Las Vegas Bay 4 1/26 S 0.41 0.04 0.10 0.14 0.007 0.020 12 1,400
ITI. Lake Mead-Colorado River 1 2/17 S 0.66 0.07 0.23 0.30 0.002 0.007 - 14 1,250
1 2/17 2/3 0.63 0.06 0.24 0.30 0.002 0.007 13 1,200
Depth .
2 2/17 S 0.48 0.05 0.33 0.38 0.003 0.10 13 1,300
2 2/17 2/3 0.64 0.06 0.28 0.34 0.003 0.007 13 1,200
Depth
3 2/17 5 G.36 0.07 0.28 0.35 0.007 0.016 13 1,320
6 2/17 . S 0.32 0.07 0.24 0.31 0.003 0.016 i3 1,320
6 2/17 1047 0.40 0.05 0.26 0.31 0.007 0.020 13 1,300
6 2/17 2547 0.59 0.04 0.19 0.23 0.010 0.020 i3 1,200
7 2/16 B} 0.37 0.06 0.23 0.29 0.007 0.016 14 1,200
8 2/16 8 0.37 0.05 0.23 0.28 0.007 0.020 : 14 1,250
9 2/16 s 0.30 0.04 0.23 0.27 0.003 0.013 ‘12 1,300
Las Vegas Bay - 4 2/17 S 0.32 0.04 0.32 36 0.016 .0.032 13 1,350
5 2/17 5 0.34 0.03 0.25 0.28 0.007 0.020 13 1,320
T11I. Lake Mead-Colorado River 1 3/2 S 0.47 0.05 0.31 0.36 0.007 0.016 13 1,280

1 3/2 250" 0.61 0.05 0.23 0.28 G.004 0.009 12 1,250
2 3/2 ] 0.38 0.07 0.28 0.35 0.009 0.020 13 1,300
2 3/2 250" 0.64 0.03 0.28 0.31 0.004 0,009 12 1,230
3 3/2 8 0.52 0.07 0.21 0.28 0.006 0.016 | 13 1,300
3 3/2 2507 0.54 0.04 0.26 0.30 0.008 0.015 12 1,300
6 3/2 S 0.55 0.05 0.22 0.27 0.012 0.022 12 1,300
6 3/2 104° 0.55 0.03 0.35 0.38 0.017 0.030 12 1,300
6 3/2 254" 0.61 0.03 0.24 0.27 0.012 0.023 12 1,250
7 3/3 ' 5 0.62 0.01 0.24 0.25 0.012 0.015 13 1,260
8 3/3 5 0.61 0.03 0.22 0.25 0.012 0.016 12 1,300
9 3/4 S 0.40 0.03 0.23 0.26 0.005 © 0,006 12 1,350




Table 2. (Contd.) Basic Chemical Results

H Lake Mead ~ Colorado River Study
. Nitrate Ammonia Organic Total -N Phosphate Phosphate
) NO3-N NH,-N N Kieldahl Ortho Tot—-Sol Specific
Station Date Sample mg/l mg?l mg/1l mg/1 mg/1l mg/l Electrical
- Number  Collected Depth as N as N as N as N as P ‘ as P Temp °C Conductance
o (1870} -
n Las Vegas Bay 4A 3/4 5 0.17 0.40 0.38 0.78 0.138 0.184 14 1,400
2] 4A 3/4 0.5' above 6.30 0.68 0.48 1.16 3.260 4.000 14 5,100
bottom
D= 12"
g 4 3/4 8 - 0.32 0.07 0.39 0.46 0.005 0.054 13 1,300
4 3/4 3' above <0.02 0.19 0.34 0.53 0.820 1.010 13 2,200
bottom . P
n 35
" 4 3/2 - S 0.38 0.05 0.34 0.39 0.023 0.050 13 1,350
3 3/2 S 0.46 0.03 0.33 0.36 0.009 ¢.025 - 13 1,300
g 5 3/2 iz20° 0.49 0.06 0.26 0.32 0.017 0.033 - 12 1,350

Ground Water Characterization

Composite of samples :
(LVGW 1-5) -- 3/2 - ©9.80 0.05 — 0.60 —— 0.160 - —

Gravel Pit LVGW~-1 3/1 - 0.34 0.06 0.04 0.10 0.010 _— 19 6,000
Seepage below BMI Ponds LVGW-2 3/1 - 2,10 0.15 0.68 0.83 0.047 0.316 13 7,000
Gravel Pit ' LVGW~3 3/1 - 0.06 0.04 0.62 0.66 0.035 0.069 14 6,250
! Groundwater between Duck
Creek and Wash LVGW-4 3/1 - <0.02 0.04 0.31 0.35 0.078 0.345 13 10,000
! Outlet of Charleston ~ .
Drain LVGW-5 3/1 —-— 0.70 0.04 0.27 0.31 0.140 - 18 3,000
' Duck Creek above NPC LVGW-6 3/4 - £0.02 0.02 0.24 0.26 0.031 0.033 12 7,500

H
i
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Table 3. Chemical Analyses of Water Used in Bioassay #L

Station Number: ' 3 4 6 7 8
Date (1970): 1/26  1/26  1/26  1/26  1/25
mg/1, NO3-N 0.56  0.41  0.48  0.51°' 0.64
mg/1, NOy-N 0.001 0,001 ©0.001L 0.001L 0.001
mg/1l, NH3~N B 0.03 0.04 0.07 0.03 0.04
mg/1, Total Org N 0.21  0.10 0.29  0.34  0.19
mg/l, Total Kjeldahl N - 0.24  0.14  0.36 0.37  0.23
mg/1, Ortho PO, - 0.01 0,02 ©0.03 0.04 0,04
mg/1l, Ortho PO,~P* 0.003 0.006 0.010 0.013 0.013
mg/l, Total Soluble PO;  0.06 0.06 0.05 0.06  0.07
Temperature, °C '__:t;”’ 14 12 12 13 i3

" Conductivity Wmhos/cm 1300 1400 1350 1350 1200

*P04-P = PO, x 0.326
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Table 5. Growth Responses of Individual Station Samples, Bioassay #1

Growth Station

Parameter Location Control N Addition P Addition

3 12.2 10.5 35.2

Maximum 4 33.4 . 31.0 59.6

cplora'pﬁ;ff\\ 6 17.9 14,7 | " 45,7

ﬂg Chl a/l//i 7 16.8 15.0 52.7

f o 8 10.1 11.0 75.6

‘ 3 2.8 1.3 25.8

Increase din 4 14.7 12.5 41,0

Chlorophyll 6 9.3 6, 1¢ 37.0

| v 1 /1 7 7.8 6.0 43.7

| | 8 1.3 2.1 66.8

3 0.13 0.15 0.33

R 4 1 0.34 0.31 0.53

Hb, pay~L 6 0.21 0.28 0.48

7 0.17 0.24 0.61

8 0.06 0.12 0.50

NOTE: Values connected by underlining are not different from each other
at the 95% confidence level,
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Table 6. Statistical Comparison of Growth Responses, Bioassay #1

Growth CONTROL

Parameter 8 3 7 6 4
Maximum

Chlorophyll ' )

Mg Chl a/l 10.1 12.2 16.8 17.9 '33.4
Increase in

Chlorophyll

Hg Chl a/1) 1.3 2.8 7.8 9.3 14.7
N ““\/ .

ub, Day~t 0.06 0.13 0.17 0.21 0.31

é ///XE
R
NO3-N ADDITION
B 3 7 ) 6 4

Maximum

Chlorophyll

gug Chl a/l 11.0 10.5 15.0 14.7 31.0
Increase in

Chlorophyll

Mg Chl a/1 2.1 1.3 6.0 6.1 i2.5
ub, pay "1~ 0.12 0.15 0.24 0.28 0.31

ORTHO PO4-F ADDITION
3 6 7 4 8

Maximum

Chlorophyll

g Chl a/l 35.2 45,7 52.7 59.6 60.3
"Increase in

Chiorophyll

vg Chl a/fl 25.8 37.0 43.7 41.0 66.8
‘Wb, Day™t 0.33 0.48 0.50 0.53 0.61

NOTE: Values connected by underlining are not different from each other
at the 95% confidence level.
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The biocassay data, by all three measures of growth, gave similar
results. The addition of phosphorus stimulated maximum Tresponse clearlj
greater than that observed in the control and in the samples to which

‘nitrogen had been added. Growth response of the Station 3 samples, with
phosphorus added, was lowest of all the phésphorus addition results. It
is not statistically differént from Station 4 control and nitrogen
addition in the maximum chloreophyll c?mparisons,and overlaps several of
the other waters in growth rat /fﬁgi}values. The Station 3 sample had

ey |
the lowest phosphorus concentration (0.003 mg P/1) of all samples tested,
Although Station 3 phosphorus growth response was lower than those |

of the other phosphorus addition samples, the increase in chlorophyll

above that of the control brought about by the P04-F, additions gives

additional information. Thus, there was approximately a three-to~six
fold increase in chlorophyll concentrations over the controls for the
Stations 6 and 7 samples and for the Station 4 sample. In contrast,
Station 3 had a 20-times increase in chlorophyll concentration and
Station 8, a 50-times increase.

It can be noted that not a single one of the nitrogen additions
gave a response above the controls by any of the three growth measure-
ments, and control samples from Stations 3 and 8 and nitrogen addition
samples were consistently at the low end of the multiple-range test for
all growth measurements. However, it may be significant to note that
nitrogen additions only doubled the sample nitrate nitrogen concentrations,
whereas the phosphorus additions were 10 times the amount of P0,-P in the ,
samples. : )

The chemical analyses of water used in bioassay #2 are presented in b

Table 7.
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Tables 8 and 9 statistically describe the AGP results from bio-
assay #2 with respect to variations between stations, type of nutrient
seed, and type of algal growth measurement. The only additional work
done in bioassay #2 wag the counting of algal cells in two samples
initially and at the end of growth. These counts are presented in
Table 10.

The results of bioassay #2 were similar to those of bioassay #1.

All samples with phosphorus seed had growth above both the control and
the nitrogen seed when measured by maximum chlorophyll and total increase
in chlorophyll. Growth rate data though did not show greater phosphorus
responses for Stations 1, 2, 3; 5 and 9, This is attributed to the fact
that it is usually more difficult t§ obtain differences in growth rates
than in the other measured responses.

Responses to phosphorus addition were highest for the Willow Beach
(Station 7 and 8) samples and lowest for the one below Davis Dam (Station
9). The sample from Willow Beach also gave the highest response to the
phosphorus additions in the last experiment.

Bioassay #3

The chemical analyses of Lake Mead water used in this bioassay are
presented in Table 11. The water was collected on March 2 from Lake Mead
(Station 3 at the surface) and was tesfed for AGP using three seeds --
secondary STP effluent, composite groundwater sample, and inorganic
phosphorus as KHyPO,. These seeds were added in amounts that would pro-

vide similar phosphorus concentrationg so that a comparable relationship

between algal growth response and phosphorus concentration could be

~

developed for all three seeds. Table{g; presents the resultant nitrogen
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J

Table 8. Growth Responses of Individual Station Samples, Bioassay #2

Growth Station
FParameter Location Control N Addition P Addition
Maximum 1 10.6 10.3 58.1
_ Chlorophyll 2 10.5 9.8 37.3
Yg Chl a/l 3 15.1 15,2 . ,65.4
4 24.8 30.5 67.5
5 16.7 15.4 62.1
6 18.9 16.8 48.4
7 22.9 23.2 95.2 |
8 33.8 ___33.5. 97.9 !
9 8.9 8.4 22.9 %
_ i
Increase in 1 0.3 0.2 47.3 !
Chlorophyll 2 0.0 0.2 25.7 !
Yg Chl a/l 3 2.4 2.4 52.5 :
4 6.4 12.1 ¢ 49.0 |
5 4.0 2.7 49.4 ;
6 5.4 3.3 34.9 !
7 12.1 12.2 84.5 !
8 19.8 19.4 84.0 i
9 1.3 0.8 15.2 :
I
, ;
Growth Rate 1 0.17 0.11 0.34 (
Ph, day~1 2 0.03 0.03 0.24 i
| 3 0.15 0.10 0.32 4
' 4 0.15 0.14 0.45 ¢
5 ‘ 0.33 0.24 0.46 B
6 0.18 0.06 0.48 y
7 0.27 0.30 0.75 i
8 0.50 0.45 0.80 i
9 0.31 0.22 0.23 &
if:

NOTE: Values connected by underllning are not different from each other i
at the 95% confidence level. | T . W

\

1 RO . . e

0
x : B
.
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Table 10. Cell Count and Chlorophyll Concentration in the Phosphorus
Spiked Samples Initially and at the End of Growth, Bioassay #2

2/18/70 2724770
Station Initial Terminal
Cells/ml Bbg Chl a/i Cells m/1 MgChl a/l
1 2,150 10.7 12,130 57.7
5 4,030 12.6 20,830 61.8
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Table 12. Total Inorganic Nitrogen and Ratios of N to P, Bicassay #3 -

LAKE MEAD WATER WITH ADDED INORGANIC POy4-P

Added PO4-P HEPR/1 0 5.0 15.0 30.0 50.0
Total PO4-P in sample after
addition of Mg P/l 6  11.0 21.0 36.0 56.0
Total inorganic N in sample
- ug N/1 583 583.0 583.0 583.0 583.0
Ratio of N to P 97 53.0 27.0 16.2 10.4
Percent of added seed volume
to total incubated volume Maximum was less than 0.5%

LAKE MEAD WATER WITH ADDED SEWAGE EFFLUENT
Added POs4~P ungPp/1 0 2.1 6.5 13.1 22.0
Total PO4~P in sample after
addition of pgpPp/1 6 8.1 i2.5 19.1 28.0
Total inorganic ¥ in sample
- HEN/1 583 584.0 594,0 605.0 619.0
Ratio of N to P 97 72.0 47.0 33.0 22.0
Percent of added seed volume
to total incubated volume Maximum was less than 0.3%

LAKE MEAD WATER WITH ADDED GROUND WATER
Added P04-Pug P/1 0 2,1 6.5 13.1 22.0
Total PO4~P in sample after
addition of Ug P/1 6 8.1 . 12.5 18.1 28.0
Total inorganic N in sample
~Hg N/1 583 720.0 995.0 1,405.0 1,963.0
Ratio of N to P in sample 97  89.0 80.0 78.0 70.0
Percent of added seed volume )
to total incubated volume 0% 1.4% 4.2% 8.3% 13.9%
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and phosphorus data after the mixing of the samples with the three seedsi

The average growth response from bioassay #3, using the three types
of seed (KH2PO4, STP and Groundwater) is presented in Table 13. This
Table also indicates those values which do not differ from each other
at the 95 percent confidence level. Table 14 presents algal cell counts
and chlorophyll concentrations of two replicaqe Lake Mead control samples
initially and at the end of incubation. While algae cell counts and
chlorophyll both increased slightly, it is doubtful that the differences
are statistically significant. '

Figure 3 illustrates the growth response of Lake Mead water to the
three nutrient seeds. Several features are readily apparent: (1) The
response to the groundwater seed was immediate and much greater than
for the other seeds and appears to be linear over the range studied.

(2) The STP and KHPO4 seeds responded similarly until about 15 pg P/1
after which the STP seeded sample gave a greater response. (3) The
KHoPO;, seeded sampie‘appeared to level off at the higher phosphorus
additions.

It is probable that the groundwater contained substances that
stimulated immediate algal growth even at low phosphorus concentrations
and promoted greater algal growth than occurred in the inorganic P and
effluent additions at higher phosphorus levels., The possibility that
this substance was iron was investigated in Bioassay #4.

Bioassay #4
The results of the bioassay are shown in Table 15 where the maxi-

mum chlorophyll concentration at the end of the experiment for the various
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Table 13. Statistical Comparison of Individual Nutrient Seed
Growth Response, Bioassay #3

Hg P/1 0 3 15 30 50

KHy POy .
Maximum 11.9 12.4 15.9 18.2 18.9
Bg Chl a/l

i

Hg P/1 0 2.1 6.5 . 13.1 22.0

Secondary
effluent, 11.9 11.1 11..9 14.5 28.8

Maximum
224 Chl:g/l'

Ground water
Maximum 11.9 15.0 19.9 26.7 40.8

pg Chl a/l

NOTE: 1) Results - Average growth response from KHp P04, STP, Ground
water at various concentrations of phosphorus.
2) Values connected by underlining do not differ from each other
at the 93% confidence level.
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Table 14. Cell Count and Chlorophyll Concentration of Lake Mead
Control Water, Bioassay #3

3/2/70 3/11/70 -
Replicate Initial Terminal
Cells/ml g Chl a/fl Cells/ml HE Chl a/l
No. 1 2,090 10.5 3,460 11.7
No. 2 1,890 10.5 2,600 11.7

NOTE: The diatoms Cylotella and Synedra comprised 80% of the algal cells.
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concentration additions are statistically analyzed. These values are
graphed in Figure 4, with further information on the samples given by
the inorganic nitrogen content and nitrogen to phosphorus ratios of
Table 16. The amount of iron in different volume additions of ground-
water and effluent are shown in Table 17.

Groundwater still gave the greatest growth response in spite of
additions of iron in excess to all samples (200 jig Fe/l). This was not
true to the degree that it was in the bioassay #3. For example, at the
15 pg P[l level, groundwater responses were not statistically higher than
those of the inorganic P0O4-P and sewage effluent samples (see Table 15).
They were numerically higher, but the use of only two replicates might
be responsible for the inability to distinguish between these values.

Groundwater responses were higher at the 40 jug P/l additions, but
it is possible that the nitrogen could be limiting in the inorganic P
and effluent samples.

The striking effect of the iron addition is on the Lake Mead con-
trols, where the iron-spiked sample had twice the algal growth of the
sample lacking iron.

V. DISCUSSION OF RESULTS

A key algal response characteristic identified by the AGP biocassay
is whether or not a specific nutrient element limits algal growth.
Biologists generally égree, that if the total-inorganic nitrogen
(NH4-N + NO3 - NK) to Ortho Phosphorus (N to P) ratio in water exceeds
the ratio found in algal cells living in the same water, then adequate

nitrogen is present for algal growth as long as adequate phosphorus

is also available. N to P ratios are in the neighborhood of 10:1 in




35

b Aessworg ‘uoa] snig
S3VIANOS JUITIINN 23IY] OF IA9IEM peal o3BT Jo 9suodsay yjmorn v aandrg

3= 0T

ot e -.o
* o o 3 .’.“
e sy TGS i.‘a‘
N P | — “‘\cl
-
G | ..
TS 0
-‘l 4
‘.‘.
| B |l|1.n
‘l“
‘lli ]
“‘.
Il‘l
CIOC
lil‘lll
Ll
L
A" A
w
-
-
»*
-
o*
-*
*
-
‘.
-
»*
-
"
“
o
-
»*
‘-
-®
+*
.
“
‘.
.
“
»
“
-*
Rl *
*
»*
*
+
Oi't’
| -
.‘
‘.
.
o‘too
o .
v T/2d 8w 7 0 snfd TOIIUOD pesl DYBR] O

T/24 Sw z*g snyd jueniije e e

T/24 8w z°g snTd IDIRAPUNOAD Vraxrxriramssvasury

/87 ‘BTu) - yamoan WNWTXEN




36

Table 16. Total Inorganic N and N to P Ratios, Biocassay #4

Added PO4~P
LgP/1 0 15 40 80
Total POy4~P
in Sample 6 21 46 86
Total Imorganic
Lake Mead | N in Sample 583 583 583 583
with Added pg N/1
PG,4-P
N to P Ratio 97 28 13 6.7
Total Inorganic
Sewage N in Sample 583 608 651 718
Effluent pgN/1
N to P Ratio 97 29 14 83
Total Inorganic
Ground N in Sample 583 | 1,510 3,063 5,513
Water kg N/1 '
N to P Ratio 97 72 67 64
Percentage Addition
to Lake Mead Water 0 9.4 | 25.0 50.0
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Table 17. Iron Concentrations, Bioassay #4

Raw Sample Concentration

Fe

ug /1 .
Lake Mead 20
Sewage Effluent 94
Ground Water 110

Iron Added to Lake Mead Control

P Additions, HgFe/l Added

Hg ~P/1 Ground Sewage
Waters Effluent

15 10.3 0.17
40 27.5 0.46 -

80 55.0 0.92
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algal cells (Birdge and Juday, 1922). Therefore, by examining the N
to P ratios and associated growth response data, it is possible to de-
termine if nitrogen or phosphorus is limiting algal growth. For ex-
ample, the ratio of N to P in biocassay #1 control samples ranged from
55:1 (Statiom 6) to 197:1 (Station 3). This shows an excess of
nitrogen relative to phosphorus. When more nitrogen is added to the
control no growth response is detected; but when phosphorus is'added
substantial growth results. Similar analysis for bioassays #2, 3, and &
indicate that abundant nitrogen is available.in the Lower Golorado River
to support algal growth while available phosphorus may limit such growth.'

It should be noted that for bicassays #3 and &4 (Tables 13 and 16)
the N to P ratios fall into the range expected for algal cells for both
the KHpPO; and sewage effluent seeds at the higher concentration addition.
Consequently, nitrogen may be limiting at these higher additions re-
sulting in the apparent reduced growth shown in Figures 3 and 4.

Another important result of the AGP bioassays is an indication of
the relative algal growth responses for existing background conditions
between stations in the study area. An analysis of maximum growth for

relevant station groupings follows.

Stations ( Number of Makimﬁm‘Chlofophyii;Résﬁanse
Replicates pe/l

1 -3 32 11.5 ¥ 0.8

4= 5 _ 16 30.3 T 3.0

6 2 17.1 ¥ 1.0

7 - 8 24 21.6 ¥ 3.8

The above table establishes quite well the existing levels of maximum

growth.
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These results also indicate that the inflow from Las Vegas Wash
affects the quality of the Colorado River water. However, the amount of
data available, including chemical quality, is not statistically strong
enough to support such a firm conclusion.

Bioassay #3 was designed to evaluate the effect of two waste sources
on the.Colorado River as represented by upper Lake Mead water. , Ground-
water was used because if present waste flows are removed from the Wash,
only groundwater will remain in the discharge to Las Vegas Bay. The
secondary treatment plant effluent was used to simulate future advanced
waste treatment discharges. TFigure 3 describes the growth responses to
these two sources if they are discharged in quantities capable of pro-
ducing phosphorus concentrations up to 26 pg P/1.

It is apparent that groundwater (as defined by the composite sample)
discharge to the Colorado River should be kept at a minimum to protect
Las Vegas Bay from continued algal growth. The greater algal growth
responses of groundwater may in part be due to its iron content. How~
ever, there are many inorganic micronutrients other than iron which
could bring about growth differences, such as manganese, molybdenum, }
vanadium, cobalt, zinc, and boron. These migﬁt be contained in greater
abundance in the groundwater than in Lake Mead water or in sewage effluent.

Consequently, it would be difficult to establish which substances are

responsible for the growth difference. It is doubtful that organic

micronutrients are responsible for the differences because sewage
effluent contains more of these substances than groundwater.

Accepting the results of bioassay #3 without qualifications would

indicate that secondary waste effluent could be discharged until the
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instream phosphorus concentration reached about 18 pug-P/1 without causing
a measurable algal growth response. However, the following qualifi-
cations on such a conclusion are relevant.

(1) The secondary waste source probably does not adequately

simulate future advanced waste treatment effluents.,

(2) The results reflect only one bioassay. The bioassay will be

repeated in August 1970.
VI. DISCUSSION OF DISCHARGE REQUIREMENTS

The development of effluent standards requires'the following logi-
cal seéuence of decisions: (1) determination of what beneficial uses
are to be protected in the receiving waters, (2) establishment of quan-
titative criteria that will protect those uses, (3) calculation of
effivent requirements that will meet the instream quality objectives for
various conditions of discharge and river flow.

Since a determination of the beneficial uses to be protected has
already been accomplished as a part of the water quality standards re-
quired by the Federal Clean Water Act of 1965, it remains only to com-
plete the second and third steps described above to set effluentirggg}géﬁ
ments.

Useful quantitative criteria may be expressed in terms of algal
crops achieved or the nutrient concentrations which are found. However,
the seasonal algal or aquatic plant nuisance achieved is probably the
more direct criteria from the water quality control managers viewpoint

since thege are the eutrophication symptoms to which water uses react.

A more detailed discussion of this follows.
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Algal crops can be quantified in many ways ranging from visual
evidences of turbidity, color or scum to more sophis;icated measurements
involving microscopy, fluorpmetry and spectroscopy. All have utility in
defining water quality goals; however these discussions will be confined
to the visual evidences and the chlorophyll content as derived from
fluorometry measurements used in the AGP analysis.

Visual impacts can be related to more numerical measurements, at
least crudely, and some judgements have been offered which relate tur-
bidity and algal chlorophyll levels to recreational ﬁses. Swimming
safety has been considered borderline at seccHi disc levels of 4 feet
or less; nuisances due to blue green algae have been judged at a threshold °
when crops reach 50 pg/l in the Potomac estuary. Highly eutrophic lakes
such as Clear Lake, Califoxnia and Upper Klamath Lake, Oregon, commonly
exceed 100 pg/l chlorophyll and are'characteristically plagued with blue
green algae, and most aesthetically offensive and least nourishing algae
to aquatic animals. Oligotrophic lakes such as Lake Tahoe seldom gener-
ate chlorophyll levels in excess of 1 pg/l. Water clarity varies in-
versely with chlorophyll as shown in secchi disc values for Clear Lake
which are commonly 5 feet or less and in Lake Tahoe where 100 foot
readings are common.

The lower Colorado River, below Hoover Dam has demonstrated its
abaility to grow sufficient algae for visual detection as evidenced by
reports of 'red tide’ in Lake Mohave and complaints over diatom scums
formed from periphyton growths below Davis Dam. As indicated by this

study, laboratory incubation of Lake Mead and Colorado River waters

generated about 20 pg/l chlorophyll. A comparison of chlorophyll values
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achieved in similar tests using California Basin waters is provided in
Table 18 to put these recent tests in perspective.
TABLE 18

Algal Growth Potential Comparisons

Location Season Sampled - AGPp*
Kaweah River (East Fork) Nowv. ’ 1.
Eel River below Scott Dam Jun~Sept 2-5
American River below Nimbus Dam July-Oct 4-6
San Joaquin Below Friant Dam July-Oct 7-13
American River at mouth . July-Oct 26-34
Merced River at mouth July=-0Oct . 26-85
San Joaquin River at Vernalis July-Oct 60-225
Kiamath River near Klamath Falls Nov 85-190
Stanislaus River at mouth July=-0Oct 105-210
Tuolumne River at mouth July-Oct 90-550

* Expressed as wug/l chloxophyll of peak algal crop developed in a
10 day incubation.

While the values tabulated suggest the lower Colorado River im-
mediately below Hoover is not highly enriched, some caution is needed in
view of the different seasons these waters were sampled. The visual
impact of algal growths reported in the Lower Colorado suggest somewhat
higher AGP values will occur in summer when more irrigation drainage
waters enter the stream.

At this time the AGP test is perhaps the best parameter to use as a

measure of stream biostimulation because the test reflects nitrogen, phos

phorus, heavy metal, and other micronutrient effects. However, the AGP
test ddes have characteristics which limit its use for routine surveil-
lance, the worst being the length of time required for analysis. Con-
sequently, the use of phosphorus would augment the AGP test by sexving

as a quicker analytical tool.
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Since it is improbable that the states of Nevada, Arizona, and
California will agree to compatible nutrient standardsggp time for use
by the Intexr-Agency Task Force, it is recommended that Nevada informally
formulate its own instream quality objective on which to base effluent
standards. A tentative instream quality objective utilizing both the
AGP and phosphorus parameters is suggested below for the waters of Lake
Mead and the Colorado River below Hoover Dam.

Using a répresentative sample of properly mixed receiving water
and]£reated waste water effluent, the:

L." Peak algal crop development in a 10O-day incubation period, ex-

pressed as |ig/1l chlorophyll, be limited to 10-20 ,g/1.

2. The total soluble phosphorus be limited to 10-20ug/l as P.

These objectives are consistent with levels suggested by others for
lakes such as Lake Erie, Lake Sebastaccok, Maine, and Lakes in the

Madison, Wisconsin area. However, bioassays of Colorado River waters

which are considered acceptable during the summer season would be most

helpful to support or adjust the above objectives.
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- Paul DeFalce, Jro, Reglonal Director
. Paciflc Southwest Ragional Offica AR AN A e e :
- Fedexal Water Pollution Control Adming: oo ot CAT PRI
- U. 8. Department of Interiow - A L SR P S
760 Morket Street v

San Prancisco, California 94102

1 Deax Mr, DeTalco:

Ona of the proposols of the consuliing engincers employed by
tha interagency Task Force on the pollurion control plan being devalop~
ed for Las Vegas Valley i3 to provide additional treatment to thae sevage )
effluents gonevated Lw the Valley and tramspovt this effluent to & poiat -

Tha Intent of this proposal is ta avold mesting shose standards estabe
lished by the Health Division for dischorges to the Las Vegas Wash in R
the belief that lower standards would ba.acceplable for discharges ko L
the waln stream {tself. ’ . ‘

At the laat Task Furce meating thae chadwman wag directed to' .. ;.
raquest ‘the State Board of fealth to develop standaxds for efflucnts T
being dizcharged to the wain stream. As you can appreciate, such stane G
dardg would pose nany quastions, the priscipal one boing the effects of e
additional nutriens loadingas comparable to thusa praesently found in 3 “,_
the River oz a guiescent body such as Laka Mojava. Additienally, there SRS
1o soma quastion as to whether or not thexe would bo assimilotion or . b,
depletion of the nutrients through patural processes in the River bae

. tweew the Dam and Lake Hojava,

While wa bave net received the requost from the Interagency ﬂfé;ﬂi;;f i
Task Forea, we would 1ika Lo anticlpate this request and have a reply_H':“g}g:“‘
Teady as soon as possible o expadito fuplemontation of tha waport . i,
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We would appreciata any technical assistance your office may
be abla to provide in detevmining the effects of various nutrient loadw
ings on the stieam aud Lake Mojava and consultatlion in development of -

‘the standaxde, SRR ) o I o T RS
. . IR : f:"_. Y . o c, '.',l. & ) ..";“4' SR '
.. .- Very truly yours, ., .- R R

Es G, Gregory; Chief _ ‘
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