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EXECUTIVE SUMMARY
ANALYSIS OF AQUATIC PLANT AND NUTRIENT CONDITIONS IN LAKE DUNLAP

Lake Thinlap has 2 history of nuisance plant prablems, most of which are associated with
aquatic macroscopic plants called macrophytes. A moderate amount of macrophytes are desirable zs fish
habitat, but high densities can restrict boating and other uses. Several ways to control macrophytes in
Lake Dualap have been used including chemical (herbicides), and biological (grass carp and water letruce
weevils)., Also, mechanical cuming has been used in nearby arees and is being considered again. Another
method that has besn considered in the past and discussed recently is resiricting the concentration of
nutrients, primarily phosphorus fram domestic wastewater. The main focus of this study is on the nutrient
conirel altermative, but the cther methods are considered in parallel. This smdy is part of the Texas Clean
Rivers Program (CRP), eperated by the Guadalupe-Blanco River Authority (GBRA).

A conclusion of previous studies is that where nutrients exert a limiting effect on aquatic
plant growth, the nutrient most likely to be limiting is phespborus (PY. The main reason is that nitrogen,
particularly nitrate-N, exists in relatively high concentration (abour { mg/L. as N} in Comal Springs, a
majer source of water o Lake Dunlap, while P tends to be relatively low, on the order of 0.01 mg/L or
less. While P is most often in refativaly low supply, thete is still enough P in Comal Springs to support
extensive plant growth. Also, while P genersally is the motrienc that is least available, relatively high P
concentrations exist in Canyon Lake releases during the summer. Under those conditons there can be an
excess of all nutrients and it cannat be said that P will pecessarily be limiting.

New Braunfels Uhilitiss (MBU} operates three wastawater treatment plants that discharge
to the system; the South and North Kuehler planis wogether discharge 3 to 4 million gallons per day {mgd)
on average, and the much smaller Grusne plaat. The GBRA operates the relatively small Lake Dunlap
plant. Presently, none of these plants are designad to remove P from the effluent. During rimes when the
river flow is low, the treatment plants can comtribute a significant percentage of the system P
concentration. For example, with a river flow of 300 cubic feet per second (cis} znd a combined
background concentration of 0.01 me/l. of weal-P, the combined effluent of about 5 cfs with a total-P
of 5 mg/L constites less than 2% of the flow but over eight times the background P load. Under these
circurnstances the effluent can have a significant effect on the lake P concentration. However, whern the
background P concentration is higher, as it often 1s, or the flow larger, the relative impact of the point
sources on lake P concentration can he markedly less.
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To esrimate the effect of reducing the point source P load, numerical modeling work done
during the late 19705 was revisited. Using model coefficients and background data that are more
representative of current conditions, our study found that reducing point source P concentrations down
to 0.5 mg/L, which is about as low as technically achievable with fertiary (reatment, would reduce the
peak chlorophyll a concentration (& measure of microscopic algae that floats with the water} as much as
60%. This reduction is sensitive 1o the coefficients employed that have a substantal margin of error, and
the reduction percentage would be less i river flows were higher. This analysis must be viewed as a
preliminary estimate with much room for oncertainty.

Hawever, this analysis deals only with plankton {chlorophyll ) and dees not address rooted
macrophytes sich -as hydrilla. The original smdy in the 1970z did address macraphytes, but bad little in
the way of calibration data tc suppert the vahes presenied. Furthermore, the ztdy did not consider the
sediments as a source of nutrients for macrophytes. The hydroelectric lakes were built between the years
1928 and 1932. Canyon Reservoir, locaved upstream from the chain of hydroelectric lakes, raps
sediment during high fows, but did not begin to impound water until 1964. During the intervening
years, Lake Dunlap accurmilated an abundance of nutrient laden sediment. Rooted macrophytes such as
hydrilla have the ability to derive needed mutrienits from: the sediment, which means that reductions in the
water concentration of nutrients may have relatively littie effect on macrophyte growth. Barber (1991)
reached exacdy the same conclusion in a macraphyte modeling stxdy on the Colerade River below the
City of Austin.

If biolegical nutrient removal {(BNR} were required for al! four of the domestic treatment
plants discharging o Lake Duclap, the average amnual cost would be in the range of $300,000 to
$500,000. While nucrient removal effects would extend to the lakes below Dunlap to & degree, this is
substantially mare expensive than the other control mechanisms that are carrently nsed. For sxample, a
continuation of the current program of herbicide treatments on the hydro lakes is estimated to cast about
$180,000 per year, peticdic restocking with sterile grass carp about $15,000 per year and mechanical
cutting about $60,000 to $100,000 per year. All of these cost estimates are based on recent history and
can be expected (o vary substantially year-to-vear.

Since the effect of point sourte nutriemt removal on rooted macrophyte levels is likely to
be relatively small, BNR does not appear to be the preferred alternative from an economic perspective.
However, it is frequently difficult to capmre all nuances of a public issue in a financial balance sheet. All
of the other less costly alternatives have sotne negative aspects which nmust be considered in the balancing
and decisionmaking process. Where reductions in the print source nutrient load can be made in a cost-
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effective manner, they are desirable. Two specific actions, eliminating any remaining phosphates from
detergents used in the area and irrigatng with the effluent during dry weather, are recommended for

further investigation.

Considering all of the methods, it was concluded that the only practical approach will be

a management plan that employs all available tools to achieve cost-effective controls of nuisance aguatic
plants. From these results, the following study recommendations are mads:

142 1 5/S 80998

Given the diverse nature of the alterpatives and their consaquences, and the variable
nature of conditions in Lake Dunlap and the other hydro-lakes, it appears that the
most desirable plan 1o manage aquaiic plant preblems will be an imteprated
combination of all the available alterpatives. The options include: mechanical
cutting, chemical treatment with herbicides, and biological controls such as sterile
grass carp, water lettuce weevils, and replanting of native aquatic plants, A critical
element of the inteprated approach will be frequent monitoring of the degree of
aquatic plant infestaticn so that response measures can be taken while the problem
is relatively stmall and more easily managed.

As part of the inteprated approach, the GBRA and NBU shaunld initiate discussions
with the City of New Braunfels and major detargent vendors to determine the best
way to insure that any phosphomas input that can be easily avoided is removed from
the system.

In the same spirit, the GERA and the NBLU should begin preliminary engineering
to better quantify the cost of dry weather land application. If this can be achieved
at relatively low cost, the GBRA and NBU should consider gomyg forward with this
option, recognizing that reductions in point source nutrient inputs will be haipful
but are not likely to eliminste the aquatic plant prablem by itself,

While mechanical cutting probably has anly limited utility on Lake Duniap and
Lake McQuesney, it should be given further testing.

The management of vegetation in lakes is not unique to Lake Dunlap; it is similar

to other water resource issues that must be addressed. Means for recovery of costs
i5 a2 majar issue for sl management options.
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L0 oDy

Lake Dunlap is the first of a series of low bead, run-uf-river hydreelectric reservoirs on
the Guadalupe River. The dam forming Lake Dunlap and the hydroslectric generator was completad in
1928 by the Texas Power Corporation. In 1963 the Guadalupe Blanco River Authoricy (GBRA) toak over
the dam and has continued te produce electricity for the regicn. Figure 1-1 shaws the major waterways
in the immediate vicinicy of Lake Punlap as well as the other reservoirs operated by the GBRA.

While the primary reason Lake Dunlap was constructed was the generation of low-cast
electricity. aver the years it has daveloped a mumber of cther uses. First, 2 significant number of
waterfrant homes have been tuili around the lake, attracted by the visual amenicy and by the proximity
to vecreatjonal uses. Second, the lake has attracted a2 subsrantial amount of use for boating and fshing.
Finaily, the lake provides a convenient point for water diversion from the river. The fact that the lake
15 used extensively by the public means that when something inhibits that use significantly, there is an
immediate public concern.

The lake has a history of nuisance plant problems. Most of the problems appear to be
agsociated with aquatic macroscopic plants, as apposed to microscapis plankton. These macro plants are
called macrophytes. A mederate amount of macrophytes are desirable as fish babitat, but high densities
can resirict boating and other uses. Efforts to control macrophytes in Lake Dunlap have inchided
mechanical cutting, herbicides, and adding fish (grass carp) that eat the macrophytes. Another method
that has been considered in the past and discussed recently is restricting the concentration of nutrieats,
primarily phosphorus. The main focus of this study is on the nutrient control aliernative, but the other
methods are considersd in paraliel.

This report is divided into six sections. Section 2.0 (next section) reviews the history of
the problem. It describes the history of plant problems that have occurred as well as the many studies that
have been performed on the subject over the years. The third section foliows on this history with a
discussion of technical literature related te algal problems in lakes. The fourth secton describes water
and sediment measurements made in Lake Dunlap and major wastewater sources. Section five is a
fuantiative analysis of the system, drawing on the data obtained in earlier studies. It also includes use
of a simplified numerical model of the system that is used to estimate the effect of point source nuirient
reduction alternatives. In addition, other alternarives such as herbicide ase, sterile grass carp and
mechanical harvesting are compared. The final section addresses the overall situation and presents
recommendations for further work.

142154950658 1
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20 HISTORY OF PLANT PROBLEMS AND WATER QUALITY STUDIES

This section briefly reviews earlier information on aquatic plant cencerns and studies of
water quality that might relate to these concerns in Lake Dunlap. The section is broken into two major
parts, one dealing with the local history of aquatic plant concerns and the other summarizing local water
quality studies dealing with nutrients and plants. In reviewing the information, it is useful to consider
historical river flow. Figure 2-1 is a plot of the Guadalupe River flows entering the lake and downstrearn
of the lake from January 1, 1965 1o mid-1998.

2.1 AQUATIC PLANT HISTORY

During the period 1963-1972, Lake Dunlap was substantially covered by water hyacinth
(Eichhornia crassipes), a floating plant that exists in large mats with roots that can sometimes reach to
the sediments. Efforts to remove the plants with drag wires and earth-moving machinery were largely
ineffective. Attachment A contains copies of correspondence exchanged in the late 1960°s celative to the
topic. A high-flow period in May of 1972 removed most of the hyacinth, and the lake was clear for moest
of the 1970s. Referring to Figure 2-1, there were no lyw-flow periods between the summer of 1971 and
1G34.

An indication that macrophytes are natural concemns is provided in the correspondence
shown in Attachment B. This attachment contains letiers In 1969 between the mayor of New Braunfels
and the Executive I¥rector of the Texas Water Quality Board cencerning a new weedcutter used by the
City o contrel weeds in Landa Park on the Comal River. Also noted are cutting efforts by a Comal
County Recreational District and the Lower Calorada River Authority, operating a power plant below
Landa Park. The major concers addressed in the correspondence is not the aquatic weeds themsalves, but
the effect of the cut weeds moving downstream and constimting a nuisance problem on Lake Dunlap.
From this it is clear that macrophyte growth in the spring-fed Comal River has been common and a major
concern for & substantial peried of time.

In 1984 there was another low-flow pericd and a filamentous algae known as “Witches
Har” became dominant. It tended to form associations or “globs™ that drifted with the wind on the water
surface. It was noted that when ingested by an cutbeard engine cooling water pump, the algae was very
effective in stopping the water fow,
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FIGURE 2-1

FLOWS OBSERVED AT USGS GAGES
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In the late 1980s and 1990, the dorminamt plant became the water lettuce {Pistia stratioiles).
It alsa is free-floating and was moved in wind-driven rafts across the lake. The Waterlettuce was also
effective in stopping boating. High flows in the winter of 1991-92 cleared out the lake. However, there
is also file documentation in 1991 of a joint Texas Parks and Wildlife Depantment {TPWD) and Corps
of Engineers release of 200 letiuce weevils (NMeohydronymous affinis). This was an attermpt at using a
biological agent to comrol the macrophyte problem that was apparently successful. In June of 1998 the
TPWD released 1,000 lettuce weevils in the Hd reservair near Gonzales to contral a water latuge
infestation in that reservoir.

Hydriila was first discovered in Lake Duniap during the summer of 1593. In the following
two years, the TFWD applied berbicides in an atteript to contrel the hydrilla. Figure 2-2 is a map of the
major bloom areas of Lake Dunlap in 1995 prepared from TPWD surveys. [n 1996, the TPWD stocked
the river with triploid (sterile) grass carp (Cienopharyngodon idella) and also used herbicides. The
combined effects of these two, plus high flows of 1997, have substantially put the hydrilla problem in
remission.

Another passibly related concern was reported in 1996-97 dealing with taste and odor
(T&O) problems at the Canyon Regional Water Awthority’s Water Treatment Plant (CRWAY The
ptoblems were reported between late April and the end of August 1996, during a time of low flows.
Representatives of CRWA theorized that high levels of aquatic plant growth were the cause, possibly
exacerbated by the hydrilla control efforts in May 1996,

From this brief review, it is clear that earlier plant problems have not been restricred o
attached species that are able to obtain their nutrienzs from the sediment. Free floating plants as well as
attached species have all produced problems. Another observation is that plant probiems seem to be
associated primarily with low-flow periods, which in mrn suggests that nutrients could be a major
triggering factor along with bester waier clarity and longer detention time. Clearly, low-flows are also
essential to avoid washouot of non-attached species.

2.2 WATER QUALITY STUDIES
The Lake Dunlap area of the Guadalupe River has to be one of the more heavily studied
portions of the state. Attachment C contains short summaries of the seventeen studies located, along with

relevant outrient data provided only in these studies, Data that are already included in state, USGS, or
GBRA monitoring datz files were not tabulated.

1421 508059453 3




New Braunfels g Figure 2-2
._ w2 Lake Dwunlap Hydrilla
1Y in 1995
) ‘ﬁq ,5?
LN Tr Yo &
e N7
2 _..;-":F' 5 .
New Bransfss
e, Vot Waker Tromirmenal Fland
Z 5
B %
%
L) vk
Cheluss Dr. ‘hﬁ =
o )
. (ﬂﬂ"' Southba ;
Py -
Echumansyille ; @.:aﬂ‘#.
| 5
al .Et:
&
,‘g.'?
s
4
]
w <} E
5 Wegetadon Key
D 2000 4000 B s
i =

FEET




ESPEY, HUSTON & ASSOCIATES, IMC.

Most of the studies deal with general water quality in the river. However, a few were
specificaily oriented to evaluating nuirient removal as a methed of controtling algae and macrophytes in
Lake Dhinlap, The conciusion of the Jatest evaluation of this topic (EH&A, 1981 and Glass Environmsnral
Consultants, 1982) was that remeval of phosphorus from point sources {specifically New Braunfels
effluent) was likely to reduce aquatic plant levels but would be very costly. However, that study was
performed almost twenty years ago. During that interval there hts been significant growth in wastewater
flows and the cost of phosphorus removal appears to be somewhat less than was the case in 1982

Another major conclusion of the previous studies is that where nutrients exert a limiting
effect on plant growth, the nuirient most likely to be limiting is phogphorus (P). The main reason is that
nicrogen, particularly nitrate-N, exists in relatively high concentration {abour 1 mg/L as N) in Comal
Springs, while P tends to be relatively low, on the order of 0.0l mg/L. While P is most ofien in
relatively low supply, there is still enough P in Comal Springs 1o suppert extensive plant growth. Also,
while P generally is the nutrient that is least available, relatively high P concentrations exist in Canyon
Lake releases during the surnmer. Under those conditions there can be an excess of all nutrients and it
cannot be said that P will necessarily be limiting.

142151980008 7
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30 LITERATURE REVIEW FOR MACROPHYTES

Before addressing the alternatives for dealing with the plant problem on Lake Dunlap, it
is worthwhile to review basic information on macrophytes. Most macrophytes are vascular plants with
roos, sterns, leaves and Aowers. Many free-floating species such as duckweed and water hyacinth have
roots hanging from the floating leaves. Macrophytes do not have woody stems but depend on buayancy
from aic-filled laaves and stems. Aquatic plants can reproduce sexually and by several asexual methods
and are able to rapidly colomze a site. The ability to rapidly reproduce and w quickly dominate a
waterbody are majar Ieasons why they are referred to as aquatic weeds.

Typicatly, macrophytes rooted in the sediment exist between the shoreline and a maximom
depth generally limited by light availability, Light appears to be a key factor in the extent of macrophyte
activity, with hurbid lakes having relatively little activity. Macrophyies promote clear water by rapping
particulate matier, which tends to further their spread.

Cooke et al. (1993) notes that excessive nutrient loading is not a direct cause of macrophyte
problems. They note that high mutrient loads are more often associated with phytoplankion blooms,
shading, and a reduction in macrophytes. Only free-floating forms like water hyacinths are noted o
respond directly to higher water contentrations of nutrients.

Sediment tvpe plays a major role with rooted macrophytes. Sediment can range from coarse
gravels and sands, where water exchanges freety through the sadiment, to very tight and organic clays,
which aflow little water exchanpe. In the case of coarse sediments, the nutrient content of the overlying
water is essentially the same as the interstitial sediment waters. While the plant nutrient uptake may occur
predominantly in the root zone, the putrient centent of the water is actally what is available for
macrophyte growth. Fine sediments allow little water exchange but can be major reservoirs of nutrients,
supporting abundant plant growth even when the water has insufficient nuirients to support normal
prowih,

Major contro] methods commen in the literature include periodic draining to kill the plants,

herbicides., organisms selected to eat the weeds {e.g., Grass Carp), sediment covers and water surface
shading, machinery to harvest the weeds, and mutrient removal. Every lake situation is unique, and the

14215/58099E B
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plants that grow well in a particular year may well be different from these that proliferare in other years
under different hydrologic and bialogic conditions. Coeke et al. (1993) nates that “shallow lakes, ponds
and reservoirs wirth nutrient-rich soils will support these plants. The desire to have “weed-free” lakes is
both naive and unreazonable™ {p 266).

There are rwo fundamental questions to be addressed in the literature search:

1. What P concentrations in the water and sadiment are low engugh o vield
significant reduction in macrephyte growth?

2. Are low P levels in the water sufficient to produce reduced prowth if sediment
sources af P are available?

At this ime we have some evidence of macrophytes® ability 1o use P from bath sediment
and water, hut quantitative values are limned. The following papers address the subject of water versus
sediment source. The basic conclusion of these and other papers seems io be that rootad vepetation will
obtain the bulk of its nutrient needs from the sediments, but is able to derive needed nuirients from the
water under conditions where the sediments are relatively poor sources. Another aspect of this is that
some sadiments liks sands or cobbles are in immediate communication with the overlying watar. In this
case the water can be a direct supplier of nutriznts to the plant roots. With less permeable sediments,
diffusion from the water is likely to be an insignificant factor. In many cases, such sediments tend to
diffuse nutrients into the overlying water.

Raitray, M.R.. C. Howard-Williams and J.ML.A. Brown. 1991, Sediment and water as sonrces of
nitrogen and phosphorus for submerged rooted aguatic macrophytes. Aguatic Botany. 40.
225237,

In comparing growth response in nutrient-enriched sediment and water, the authors concluded that

response was dependent on the availability of P in both the water and sediment. In field conditions the

macrophytes always absorbed P from the sediments, but will absorb P from the water via the sheots if
high enough concentrations are available.

Barke, J.W. and R, Michael Smart. 1986, Sediment-relaied mechanisins of growth Hmitation in
submerged macrophytes. Ecology. 67(5). 1328-1340.

Expariments with Myriopkyiltam spicatum L. and Hydritla verticillara (L.f.) demonstrated the mole of

sediment density and organic content in providing optiral growth conditons. They also demonstrated a

positive effect of nuerient addition in water when the sediment growth conditions were less than aptimal.

1421 /980998 9
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Burkholder, J.M. and R.GG. Wetzel. 1990, Epiphytic alknline phosphatase on natural and artificial
plaats in an oligotrophic iake: Re-evaluation of the role of macrophvies as a phosphorns
source for epiphyres. Limnology and QOceanography 35(3) 736-747.

Measurernents of epiphyte (atached siimes) ectivity were conducted in a P-limited lake. Epiphyte growth

was monitored on real and artificial macrophytes, and it was found that the real macrophytes stimmlated

epiphyte growih significamly. This indicated that the macrophytes were a source of P thraughout the

growing season. Since the water was the same for both, the source of the P for the macraphytes and the

epiphiytes had to be the sadiments.

Stephen, )., B. Moss, and G. Phillips. 1997. Do rooted macrophytes increase sediment phosphorns
release? Hydrobiotogicia. 342/343; 27-34.

Measurements were made of overlying water P concentrations from sediment cores with and without

macriphytes. [t was found that where differences oecurred, the macrophytes increased the P release from

the sedimnents.

Carignan, R. and J, Kalff. 1980. Phesphorus sources for agquatic weeds: Water or Sediments?.
Science 20T: 987.0%8,

Using 32P-labeled sedimemts, measurements were myde on seven macrophyte spacies to determine if the

P incorporated into the plants was from the water (without 1abel) oc the sediment. Tt was found that

overall, 72% of the P in the plant tissue ariginated in the sediments.

Wright, R.M. and A.JJ. McDonnell. 2986. Macrophyte Growih in Shallow Streams: Field
Investigations. ASCE Env. Vol 111. 953-966.

Field measurements are reported of macrophyte and periphytin prowth in streams with varying deprees

of nutrient anriclonent. For two streams with similar P concentrations but different sediment conditions,

a factor of two increase in macrophyte production was observed with higher sadiment P levels. They also

observed that water concentrations could affect sediment concentrations, and that higher water P

concenirations produced higher macrophyte growth and standing crop leveis,

Wright, R.M. end AJ. McDonnell. 1986, Macrophyte Growth in Shallow Streams: Blomass Model.
ASCE Env. Vol 112, 966-982.

This paper presents 1 medel of the macrophyie growth in the two stream teaches, one receiving and
dominated &y wastewater and the cther with no apparent wastewater sources. The mode]l only considered
waler concentratons of P and related a specific photosynihetic rate (day'') to the P concentrations. With
a reduction in the photosynthetic rate based on lower P levels, the model indicated a reduction m
macrophytes with a reduction in river water P concentrations. The range of P concentrations conswdered
was 1.15 mp/L of soluble ortho-P down to 0.0075 mg/L.
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4.0 LAKE DUNLAP SAMPLING

As a part of this study, a set of data was coliected in Lake Duniap on 10 September 1697,
This section af the report describes the methods and results of that sampling.

The objective of the sampling was to obtain concurrent data on water and sediment
conditions, during a time when aquatic plant grawth would be a concern. The unusually high flows
exising during most of 1997 meant that the effort had to be delayed until a time of the yesr when algal
growth terdds to be slower. Nevertheless, the data provides useful imformation on the overall system. The

river flow on the day of sampling averaged 793 cfs, with 519 cfs from the Guadalupe and 274 from the
Comal River.

A towal of 9 lake stations, shown on Figure 4-1, were sampled. Each lake station involvad
a transect of the stream, where composite water and sediment samples were collecied. The general patiern
was ¢ collect water and sediment samples at roughly 25%, mid-channel, and 75% of the way across each
transect, The Doat crew would then follow the same path with the boat engine idling, collecting depth
chservations every 3 seconds. They wonld then go back to the centerline to collect probe measurements.
Water and sediment grab sampies wers composied in the boat to yield single samples for laboratory
analysis.

This pattern had to be medified on several transects, where scouring of the boom made
it impessible to collect sediment at the vsual jocations. In these cases, sediment was collected from the
part of the transect where it was possible. With statien %, above the Gruene WWTP, there was no
sediment in the river to be sampled.

in addition to the water and sediment samples at the 9 stations, samples were collected from
the effluent of the Lake Dunlap WWTP (LDWWTP) and the New Braunfels Utlities WWTP
{NBUWWTP). The chemical characterisrics of the water and sedimem samples are tahulated in Tables 4-1
and 4-2.

Figure 4-2 shows the physical dimensions of the seven transects that could be sampied by
boat. The lake maximum depth is nearly 20 ft deep near the dam, but mnst of the lake averages between
7 and 8 feet in depth. While the average depth remains fairly constant, the width becomes progressively
smaller with distance upstream.

142154980098 11
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WATER QUALITY DATA COLLECTED FROM LAKE DUNLAP ON 9/10/1897

TABLE 441

Station Conductivity oG pH Temperature
(pmhos/cm) {(ma/L} {sU) {*C)
NG 400 | 928 7.7 258
NB 430 8.58 7.93 261
N7 440 B.62 7.72 253
N6 440 B.27 7.78 252
New B. WWTP 1,310 | 505 7.60 252
N5 a0 | 7.42 782 | 254
N4 410 ¢ 7.7 766 | 254
N3 420 7.73 773 258
NZ 420 7.60 7.1 26.3
Duniap WWTP .
N1 400 847 | 7.87 269
Station NH3N  NOZ+NO3-N TKN Diss. PO4-P TP
{mg/L) {mg/L} {mgdL) {mg/L) {mg/L)
ND 0.05 047 0.60 002 0.cH
NB 0.05 .47 0.71 003 0.09
N7 0.04 0.62 056 a.02 0.08
NE 0.04 0.92 114 0.03 6.00
New B YWTP p.48 8.00 187 | 2.70 2.62
N5 0.05 1.15 0.80 008 0.14
N4 006 0.82 0.90 0.04 0.11
N3 .06 0.77 069 0.05 0.10
N2 0.07 .90 1.01 906 0.41
Dunlap WWTP 0.09 15.90 132 | .20 3.48
Nt 0.06 0.B4 .77 0.06 0.11
Station coD TOC Total Solids | Totat Vol. Solids TSS V5SS
(mg/L) {mg/L} {mg/L} (mgiL) (mafL) imgil)
ND 24.0 37 315 | < 1 26 < 10
NE 17.8 2.3 328 < 1 34 < 10
N7 24.0 23 Mg < 1 22 < 10
NG 19.0 2.0 154 2 23 < 10
New B. WWTP 253 7.2 1,164 266 41 12
NS 102 1.8 364 12 23 |< 10
T TNa 19.0 2.2 341 3 15 3.0
N3 28.1 2.2 355 19 56 |< 1.0
N2 14.0 26 358 3 17 18
Dunlap WWTP 190 47 654 145 2.2 15
N1 215 2.8 356 6 6.8 1.5

Monida97 xis Tobles &/J8/85 8.30 AM YOS5
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TABLE 4-2
SEDIMENT QUALITY DATA COLLECTED FROM LAKE DUNLAP ON 9/10/1997

Station COD TOC % Vol. Solids | Sediment % Solids

{mg/kg) {ma/kg) (%) (%)

Ng 62,735 7.018 6 55.1

N7 55,600 7.321 7 86.6

NG 102,793 8,261 12 43.0

NS 51,208 2,333 4 26.2

N4 64,875 3,089 6 53.8

N3 59,051 5,217 6 538

N2 75,519 7,803 7 445

N1 85,987 13,900 B 38.4
Station NH3-N NOZ-N TKN PO4-P ™
(mafkg) {mg/kg) (ma/kg) {mg/kg) (ma/kg)
N 188.0 0.23 1,404 3.0 281
N7 98.4 0.07 1,368 33 320
NB 152.0 003 | 1882 5.0 3z
NS 966 022 | 1.488 8.8 852
N4 105.0 0.08 1,380 40 334
N3 114 0 004 1,238 36 333
TN 172.0 00 133 4.9 412
N 170.0 0.05 | 1,831 5.3 5171

MNote: TP & TKN were digested data, NC3-N, NH3-N and PG4-P were dissolved data.

Monida9! xls Tabler &/15898 830 4M YCE Espey. Huston & Associares. Mee.
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Ancther longitudinal process in the lake is the change in sedimemt characteristics.
Figure 4-3 shows the distribution of sands, silts and clays for each station. It can be seen that the
upsireamn stations, which have a amaller ¢ross-sectional area and thus higher velocity flows, have a higher
propartion of coarse sediments {sand). With distance downstream the stations show progressively higher
content of silt and clay sediment.

Figure 4-4 shows the parameters measured by probe in the kake and the two effluents. The
difference between the NBUWWTP effluent and ambient lake data can be seen most strongly in the
conductivity data.

Figure 4-5 shows data related to oxygen demand and salids content. The CQD and TOC
values from both plants appear 1o be almost as low as ambient levels. The total solids and volatile toral
solids are higher than ambient at the NBUWWTP, reflecting the same difference shown in the
conductivity data. There are higher TSS levels at lake stations 1-3, These slightly elevated concantrations
are not reflected in the volagle data, suggesting that the source is inorganic in namre.

Figure 4-6 shows the major nutrients. The nitrase-N and phosphorus levels of the effluents
are subztantially higher than anbient, as would be expected. The upstream total N concentration is about
2 mg/L, and the NBUWWTP efflent total N is about 11.3. With 2 ratio of the flows of about 176 to 1,
the downsiream total N conrcentration is essemtially unchanged. For phosphorus, the upstream
concentration is 0.09 mg/L and the NBUWWTP eifluent is about 2.7 mg/L in this grab sample. The
calculated increase in total P is from 0.09 to 0.105 mg/L, and the downstream stations in Table 4-1
refiect that chanpe.

Figure 4-7 shows the sedimant chemical datz. Note that these figures do nat have the
wastewater samples, but the NBUWWTP effluent emers between stations 5 and 6. With these data it
appears that the omly indication of an effect from NBUWWTP is in the nitrate-M and phosphorus data.
There appears to he an indication of higher P levels with distance downstream, possibly ceflecting the
higher proportion of fine sediments in the lower lake stations. Interestingly, the TOC in the sediment
appears to be lowered markedly just downstream of the NBUWWTP discharpe and only slowly retums
to previems levels with distance downstream. The percent solids data drops sharply with distance
downstrzam reflecting the higher moisture content of the finer sediments in the lower lake.

1421 5/9B0948 16
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FIGURE 44
PROBE WATER QUALITY DATA COLLECTED FROM LAKE DIJNLAP ON 9/10/1997
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FIGURE 4-5
SOLIDS AND OXYGEN DEMAND DATA COLLECTED FROM LAKE DUNLAFP ON 9/10/1997
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FIGURE 46

NUTRIENTS DATA COLLECTED FROM LAKE DUNLAP ON 9/1011997
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5.0 ANALYSIS

This section of the report integrates information from various scurces and provides a
preliminary assessment of alternatives to manage or contral problems associated with excess aquatic plant
growth, primarily hydrilla, on Lake Dunlap. The alternatives considersd include;

Removal or reduction of phosphorus inputs from domestic wastewater point sources,
Continued periodic treatment with harbicides,

Periodic restocking of triploid grass carp,

Mechanical cutting, and

A combinaticn of all of the above in an integrated approach.

Habhital manipulations such as drawing down the lake to expase the hottem and kill plants, and using
battom covers in specific areas 1o prevent plant o from reaching the sediment may have utility in some
situations but are not evaluated in this study.

3.1 POINT SOURCE PHOSPHORIIS REMOYAL

This secticn is divided into two components. One is estimating the effect on aquatic plant
prvwth of a given amount of point source P removal, and the other is esthmating the cost of this removal
by several mechanisms.

Any plant’s basic requirements for growth include sunlight and sufficient inorganic
elements to form new plant tissue through photosynthesis. The ingrganic elements are called autrients.
1f nuirients, particularly nitrogen and phosphorus, are at low concemrations, they can limit the raie of
plant growth. However, if the motrients exist at excess concentrations, adding or removing some of the
nutrients will have little effect on plant growth. Esamating the effect of changes in phospborus thus
requires a quantitative undecstanding of background ¢enditions and the effect of aquatic plant activity.

5.1.1 Estimating the Effect of Point Source P Reduction

New Braunfels Utilities (NBUJ) operates three WWTPs that discharge to the system; the
South andl North Kuehler plants together discharpe 3 to 4 mgd on average, and the much smatler Gruene
plant. The GERA operates the relatively small Lake Dunlap plant. None of these plants are designed to
remove P from the effleent. During times when the river flow is low, the treatment plants can conatribute
a significamt percentage of the system P concentration. For example, with a river flow of 300 cfs and a

14215 FR09S 22
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combined backpround concentration of 0.01 mg/L of to1al-P, the combined effluent of abaut 5 cfs with
a total-P of 5 mg/L. constitutes less than 2% of the flow but over eight times the background P load.
Under these cimumstances the effluent can have a significant effect on the lake P concentration, However,
when the background P concentration is higher, as it often is, or the flow larger, the relative impact of
the point sources on lake P concentration can be markedly less.

It should be noted that the major WWTPs are not the only manmade source of phosphorus
ta the systern. Other minor sources inchude waterfront sepric systems along the lake and heavy swimming
use. While these undoubtedly contribute some nuntrients te the system, their net effect is not likely o be
significant. A properly functioning septic tack and drain field will typically do at l=ast as well as WWTPs
i nuirient removal, The total wastewater fiow from a few hundred waterfront septic systems, cormpared
ty tens of thousands of residents would be very difficult to detect.

The main question is determnining what amount of reduction it aquatic plants might be
achieved with a given reduction in point source phosphorus. As noted in Section 2.2, with the major input
of nitrate-N from the Comal River, P is almost always available in relatively smaller amounts thas N,
and is thus the nutrient with the greatest likelihood of being a limiting factor for plant growth. The major
question is whether there is already enough P available in the system to make reductions in point sources
relatively unimportant.

The primary toal to address the question of the effect of point svurce nutrient reduction
is a numerical model of aquatic plant grawth. Such models typically consider the effects of N and P
availability in water and sediment, temperatre, light, residence time, and ecosystem interactions. Such
maodels are a simplification of a very complex system designed o quantify the major compansats and help
the decision making process. Because the real world is quitz complex, involving many competing
ecasystem components at ¢ach level, such numerical models require 2 large mymber of coefficients to
represent even the simplified bulk processes of the model. These coefficients must be adjusted in the
calibradion process (o make the sumerical model properly represent key aspects of the prototype.

In the modeling work done i the fate 1970s (see Appendix C for references and a brief
sumwnary), a state-of-the-arnt model (for its time) was employed. The mode] was named WREDUN, after
Warer Resources Engineers and DUNlap, The model was applied using calibration data obtained during
1977. It 50 happens that 1977 was a reladvely wet year, with flow through Lake Dunlap staying above
1,000 cfs until well inte August. The model calibration o this data was necessarily imprecise as there
was little in the way of plant growth in the lake from which to gauge the model's response, Further, there
were severe limitations on the quantity and cqualicy of the calibration data that could be collected. For

14715980558 23
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example, there was no independent data available to verify or check the model calibration. With the
timited data available, calibration choices had to be made which had a major effect an the answers the

mogdel provided--the amount of reduction in aquatic plant growth for the P reduction alternatives
considersd.

While the conditians for this earlier srudy were far from ideai. the basic situatdon will
always exist to some extent. It is very rare to have all the data one would like, and weather conditions
can usually be depended upon to exhibit Jess than perfect cooperation. Judpements will always have to
be made hased on imperfect data, and such judgments can have important consequences. The model
results, which were used in the decisionmaking at the time, do not seem unreasonable today; a reduction
of NBUWWTPF's P concentration from 5.1 to 0.5 mg/L would reduce peak algal concentrations by 20
to 40%. However, the absolute levels that the model was simulating wers very low by historical
standards.

Far this analysis we have the benefit of 20-20 hindsight, but data that are only marginalty
better. Furthermore, this preject does not have the resources to support a more refined modeling effort.
All that can be done is to re-evaluate the simation with a simplified system, considering newer data and
modleling information.

To represent the Lake Dunlap system, the major elements af the WREDUN model's
equations for P uptake by alpae were coded into 2 steady state spreadsheet model. [nteractiens involving
mitrogen, g, temperaiore, setding, shading, eic. ars ignored. All of these can be important in
calibrating a model to specific aquatic plant levels and observed events, but ars relatively unimportant
in evaluating the effect of adjusting one parameter of interest, point source P inputs. The key parameter
which defines the sensitivity of WREDUN and other plant growth models to changes in P inputs is the
phosphorus half-saturstion constant. This is the concentration at which the maximum plant growth rate
i5 reduced by 5% because the P concentration in the water is low enongh to restrict prowrh. In a full
modeling study, the setting of this value nwst be done in concert with the overall calibration process,
because it can have a major effect on the moidel's representation of plant growth,

_ Tahle 5-1 shows the spreadsheet represemation of the Lake Dunfap system using the
calibration data available to the original study along with the calibration choices made at the time. The
Ciuadatupe and Comal River input phosphorus concentrations were set at very low levels in the modeling
study. Lake chlorophyll & vahues are very low, as are PO,-P concentrations. The spreadshest dernonstrates
an ability to approximate the 1977 field data. Next, the spreadsheet is adjusted to agaim match the field
data but using a maximum growth rate and half samration constant that appear t0 be more in the

1421 5950098 24
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mainstream of EPA compendium of modeling coefficients {EPA, 1985}, Table 5-2 shows the calculations
with only the half-saturation value lowered, resuliing in a higher chigrophyll a, and 5-3 shows the
calculations with the maximumn growth rate reduced to match the field high-flow observations. Figure 5-1
shows the adjusted calibration to the 1977 dats. The main effect of usmg a lower half samration constant
iz o allow the mexdeled plants to continue o grow at substantially lower P concentrations than was the
‘case in the original model calibration. We believe this lower half satration concentration is more
appropriate in that it tracks more closely values obtzined in other model calibratons, and because it
reflects the cammon abservation of heavy aquatic plant growth in the Cornal springs znd river area,
where P levels are rarely reperted to be higher than 0.01 mg/L {USGS, 1954).

The next stz in the analysis is to consider a range of Guadalupe and Comal river flows
that are more representative of lower flow conditicns thar have been the majar congern historically.
‘Table 5-4 shows a new run with the river flow reduced to a level that is an average for the August to
Dectober 1956 period. The healwaer PO,-P concentration is set to 0.01 mg/L., representative of available
low flow data. At the lower flow, model chlorophyll a is much higher: 15.3 ug/A. instead of 1.2 up/L.
The effect of reducing the WWTP effluent P concentration to 0.5 mg/L. can be seen in Table 5-5 and
Figure 5-2. The peak chlorophyll a is reduced to 6.2 ug/L, a 60% reduction. This reduction is s=nsitive
to the coefficients employed that have a substzmtial margin of error, and it would be less if river flows
were higher. The result must be viewed as a preliminary estimate with much room for uncertainty. Note
i, comparing figures 5-1 and 5-2 that the scales are different. Note also that ce algas (chlotophyl! a) had
not begun ta experience nutrient limitation by the time the water leaves the dam. Additional algae and
macrophyte growth and P uptake could be expected under this scenario further downstrzam. Another
consideration is that background concentrations of P are frequently sufficient for exxansive plant growth.
The point source addition can stimulate plant growth o same degree, but is frequently not the decisive
facror.

Another important ohservation is that this result deals only with plankton (chlorgphyl! a)
and does not address rooted macrophytes such as hydrilla. The original study did quantify macrophytes,
but had little in the way of calibration data to support the values presented. Furthermore, the smdy did
not consider the sediments as a source of nutrients for macrophytes. A much better macrophyte simulation
could be done today becawse more data are gvailable, and there is a better understanding of macrophyte
requiremnents, bt the study resources do not allow the model calibration and development required to use
the data. In the abzence of beter information, this analysis iz limited to phytoplankton {chlorophyll a).
However, the reader should recognize that reeted macrophytes have the ability to derive neaded nutrients
from the sediment, which means that reductions in the water concentration of numients may have
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relatively linde affect on macrophyte growth. Barber (1991) reached exactly the same conchision in a
macrophyte modeling study on the Colorado River below the City of Austin.

512 Estimating the Cost of Point Source P Reduction

When point source nutrient removal was considersd in the 1977-32 erz, the primary
aliernatives evaluated were chemical addition (lime, alum or ferric chloride). These methods are effective,
but relatively castly, both in terms of initial cost and i terms of O&M cosrs for chemicals and the cost
of additional sludge disposal. The cost estimated in 1982 to achieve 0.5 mg/L effluent P concemtration
was abour $2,000,000 in capital costs and between $126,000 and $782,000 per year in operating and
maintenance costs (GBRA and Glass Envirenmental Consuleants, 1932). That could amount to almost a
million per vear in anmoalized 1982 dollars, or several million per vear in inflation-adjusted 1998 dollars.
This relatively high cost of nutrient removal appears to have been a significant factor in the decision to
take no action on point scurce nuirient removal at that tme.

Since that time theve has been a great deal of work on biological nutrient cemoval (BNR).
In very brief terms, nitrogen is removed by first oxidizing organic and amomania farms of nitragen to
nitrate and then reducing this to nitrogen gas iz an anoxic zone of a treatment plant. Phosphorus is
reminved by process modifications that increase the P content of the sludge, sometimes combined with
chemical addition for effluent polishing, The nain advantape of BMR over chemical methods is that
chernical and excess sludpe treatment costs are affected to & much smaller extent.

White BNR is widely used on the East Coast of the US and other countries, it i5 not
common in Texas. However, thete is some experience in the local arsa. For approximately ten years the
City of Kerrville has operated a WWTP for P removal. They have been achieving an =fftuent limit of
1.0 mg/L all the time and 0.5 tatal mg P/L when the Guadalupe River flow drops below 50 cfs. Harder
et al. (1998) pravides detailz on the Kerrville program and success with methods to reduce chemical
additions. The City of Ausdn performed a retrofit of one train on the South Austin Regional WWTP to
achieve BNR. While the City had some development problems, they were able {0 achieve reliably an
effluent P level of less than 1 mg/L at the end of their evaluation project. Additional facilities in the area
include the City of San Marcas and the City of Cedar Park. All of this local ¢xperience can provide very
useful insight inio che likely cost and effectiveness of BNE, should it be considered. For this preliminary
analysis, discussions suggest that the two larger NBUWWTPs could be modified to achieve P reroval
similar to Kerrvilie's for a capital cost on the order of $2 million and annual additicnal costs for
chemicals, power and sludge of on the order af $200,000. Depending on interest rates and substantial
margin of uncerminty, this would be an annual average cost of $300,000 to $400,000. The smaller NBU
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Gruene plant and the GBRA Lake Dumlap plant would incur smaller but still substantial costs. To include
these plants, the upper limit of the annual cost estimate is increased to $3500,000. This cost can be
expected to reduce planiktonic algae levels in Lake Dunlap as well as the downstream lakes when the river
fiows are low to moderate, and may also produce smaller reductions in macrophytes.

On the subject of P removal, one item that should be considered is a ban on phosphare
detergents. The City of Austin (Bhattarai, pers. com. 1998) instituted such a ban in 1991, and over the
course of & year noted a 25% te 30% reduction in treatment plant effluent P concentrations. A desirable
aspect of this is that there was a very small cost imvolved. Sume reductions in phosphates in laundry
products has undoubtedly occurred from voluntary actions by manvfacturers over the years, and the
amount of additional reduction that cauld be obtained in the New Braunfals area would have to be
evaluated.

Another alwernative for point source P reducton that should be given further consideration
i5 dry-weather land application. Under this concept, the WWTPs would obtain refations with sufficient
nearby land 1o allow alt of the effluent to be used for irrigation when the need is grearest, during the
Erowing season when there is no major rain. This would remove essentially all of the point source P
during tirmes when it would have the higgest effect on the lake. During rainy periods gr when river flows
are high, and during the winter when plant growth is slow, the oeatment plants could discharge under

- the provisions of their current permits.

The major cost for this alternative would be the pumping and distribution system for the
effluent. Operating the irrigaticn system and complying with the regulations for land application wonld
require additional spacialized labor. The amount of land needed, the pumping distameas involved, and
affects on water rights issues would have to be determined in additional stadies. 1t is not clear whether
the affluent could be sold to landewnets desiring irmgation or wheather there wonld be a cost for disposal.
This would have to be determined in negotiations. Because of the above uncertainties, it is nat possible
{0 assign a cost for dry-weather land application, other than to note that it is likely to be substantially less
cosily than ENR.

5.2 HERBICIDE TREATMENT
This alternative essentially represents s continuation of present actions. For many yvears the

TPWD has oeated several of the Guadalupe River hydro lakes ta control nuisance plants. The following
is a tabulation of the TPFWD activity during the period late 1995 to 1957,
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m

Date Lake Species Acreage Herbicida
985 H-4 Waterhyacinth 2 Weedar 64
3496 McCQueeney Hydrilla 305 Sonar SRP
396 Dunlap Hydrilla 105 Aquathol-k
5196 McQueeney Hydrilla 103 Aquathol-k
6/96 Placid Hydrilia 17 Aquathol-k
&/B6 Cmniap Waterhyacinth 1 Weadar 64
6/96 Placid Waterhyacinth 4 Weedar 64
6596 H4 Waterhyacinth 4.5 Weedar 64
8/96 H4 ‘ ‘Waterhyacinth 8 Weedar 64
3/96 H-4 Waterhyacinth 11 Weedar 64
6197 H4 Waterhyacinth 11 Weedar &1
7497 H4 Waterhyacinth g Weedar 64
8/27 H4 Waterhyacinth 4 Weedar 64

The historical application frequency has varied substantially. The above table begins in the
fall of 1995, Herbicide applications had been made on Lake Dunlap in the spring of 1995, and alsa 1994,
but these are not included in the above table. The TPWD performed all of thess herbicide treatments.
Costs for the herbicide itseif range from $210 to over $1,000 per acre, depending on the chemical used
and the application tate (Harvey, TPWD, 1998). During 1996, the cost for the herbicide itself was
$25,000 on Lake Dunlap and $165.000 for Laks McQueeney. These direct herbicide costs were paid hy
the Friends of Lake McQueeney, the Preserve Lake Dunlap Association, and the GBRA.

All the costs associated with application were provided by TPWD, However, the TPWD
is making plans to charge the full costs including the administrative and overhead costs of the herhicide
program. In short, the cast of herbicide use, which up till naow has been partially supported by TPWD,
will increase.

For estimation purposes, we will assume the overall cost is approximately $500 per acre.
If that fipure is correct, the cast of the 1996 trearment oo Lake Dunlap would have been over 550,000,
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and the 400 acres treated on Lake McCueeney would be about $200.000. Casts for Lake Placid and H-4
would be approximately $30,000,

Assuming that treattnent will continue to be needed in the spring or early summer when
river flows are low to moderate (i.e. say 2 ont of 3 vears), a rough estimate can be developed. Taking
twa thirds of the 1996 cost, the annual average cost for this aliernative for all the lakes in the system
would be on the order of $180,000 per vear.

In addition to being a substantial cost, herbicide use can gensrate a measure of public
concern. Proper application requires a great deal of care and effort to provide notice of the event and 1o
coordinate with the public. Alsa, there needs to be careful menitoring of the tachnical literature cn
herbicide effects to be in & position to render informed tachnical ppinions on public health and safety
issues.

5.3 TRIPLOID GRASS CARP

Grass carp (Ctenopharyngodon ideila) have long been known 1o feed on macrophytes and
be effective in contralling plant jevels. Hawever, they are not native (o the area and can cause problems
if allowed to proliferate without proper controls. To address that concern, all prass carp added to Texas
waterways are required by TPWD to be sterile. The technical term is triploid.

Ome chnical question was whether grass carp wonld remain in the nvdro-lakes. To address
that questicn, the TFWD performed a study where it released 25 radio tagged triploid grass carp in each
aof five hydro-lakes in the sysiem in the spring of 1995, In January of 1996, follow-up tracking {Prentice,
1998} indicated all 25 of the carp were still accounted for in Lake Dunlap. In February 1997, the number
had daclined to 18, and by May of 1998 thece were only 2 remaining radio tagged fish. The bulk of the
reduction occurred during the spring and summer of 1997, a rime when river flows were unusually high.

In June of 1996 this effort was expanded 1o include 10,000 fish being released, with 5,000

each in Lake Dhumlap and McQueeney. [t can be presumed that roughly the same percentage (2/25 or 8%)
of thase fish remain in Lake Donlap following the high flows in 1997,

The cost for the initial radio-tagging effort was approximately $81,000. The expanded
program to stock the two lakes with triploid carp cost $78,750. The expanded stocking effort was paid
for by Friends of Lake McQueenay, Preserve Lake Dunlap Association, GBRA, Cormal and Guadalupe
County Commissioners Court, NBU, and the Corps of Engineers Aquatic Weed Control Program, with
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labor and equipment provided by the TPWD. A& full evaluation of the effectiveness of this efforl is
difficult. The high river flows in 1957 apparently washed out most of the carp as well as the hvdrilla.
While it may be assumed that the prass carp are effective and will stay in their assipned lakes during low
to moderate flows, it appears that restocking would be needed every Two to three years. A rough estimate
of annual average costs for macrophyte conrrol with triploid grass carp for Lake Dunlap would be
515,000 per vear.

The stocking of Lake Dunlap {and other lakes) with triploid grass carp can be expected to
be effective against macrophytes, but will have no effect on planktonic algae. Anather concern might be
that grass carp would overgraze vegetation, reducing the cover available for more desirable sport fish.
Perhaps the biggest concern is the possible effects on the estuarine areas where most of the carp are
ultimately teansported,

5.4 MECHANICAIL HARVESTING

Operating a mechanical harvaster to control macrophytes is not a new idea. Ore was used
in Landa Park in the late 1960s, and it was the major control mechanism for decades in Aquarena
Springs, similar to Comal Springs. Except for these, the use of harvesters has not been common in the
area, but recent developments have renewed mterest. Specifically, the LCRA has worked with the
Tennessee Valley Authority (TVA) on testing a portable harvester on Lake Bastrop it June of 1998, Also,
in Junz of 1998 the GBRA anmounced they were seeking to negotiate an agreement with LCRA, TPWD,
Friends of Lake McQueeney, Sportsman Conservatinnists of Texas and Angler's Group to share in the
cost of t=sting a mechanical vegetation harvester.

One of the concerns with mechanical harvesting is disposal of the cut material. There are
two basic alternatives, removal of the cuttings or leaving the cut material in the water. Leaving the
mateTial in the water is the least costly approach. However, in some cases the pieces can become 2 major
source of organic matter reumed to the lake whers it will decay and recycle the nutrients. This can pose
an oxygen demand problern as well as an aesthetic concern. In addition, with some plant species such as
hydrilla the pieces can form new plants, resulting in further spread of the probiem. The particalar
machine lent to the LCRA by the TVA cuis plants into smaller pieces that can sink to the bottom. LCRA
is perfarming tests for these effects on Lake Bastrop.

Remowval of the cuttings is desirable in avoiding these problams. However, the cost of
hauling the cuttings out of a lake and disposal at a suitable location ¢an be substantial.
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The U.5. Army Corps of Engineers” Lake Seminols Hydrilla Action Plan {USCE, Mobile
District, 1998) investigared the cost of mechanical harvesting at Lake Seminole. Their intent was to use
a combination of several methods to combar hydrilla. The Corps noted that control ef aguatic weeds could
be obtained, to a limited extent, using a mechanicat harvester, However, the Corps notes that equipment
cost is quite high and its opetating parameters severely limit the extant of acreage that can be controlled
as well as aress of operation. They note that current use of a harvester by TVA is limited to cutting 20-
40 foot wide boat lanes from public access points to open channels.

The Corps estimates the total initial investment in the mechanical harvester at $130,000.
Following is a summary of their cost analysis.

"The mechanical harvester has an 8-foot swath width (6-foot effective swarh
assuming a 25% overlap} and cuts the weeds off 3-5 feet below the surface,
The harvester has a curing speed of 1.0 mile per hour and will average
2 hours of cutting time per 8-hour day (25% efficiency coefficient becanse of
transport time freem one area to another). This combination of affective swath
width, speed and efficiency will result in only 0.182 acres being harvested
per houe.  Also, harvester does not operate efficiendy in and around docks
Of piers; or in areas where underwater obstructions are prevalent. For these
Icasons, it is estimated that the harvester can cover roughly 100 acres per
year during its July - September operating season. To date, use of the
harvester has been limited to clearing boat lanes in public use areas.

The costs associated with the operation of 2 mechanical harvester can he
vharacterized as a high fixed-to-variable cost ratio, sssentially the exact
opposite of the chemical applicator. This would result in a continual decline
of per acre ¢osts as acreage is expanded. However, since the coverage is
limitsd to roughiy 100 acres per year, significant efficiencies associated with
the use of this equipment are noc physically attainable. Harvester costs
decline from just over $3,000 per acre (20 acres annually) to just over $1,000
per acre (75 acres annually). Coasts decline still further to $832 per acre if
100 acres are harvested. Any changes in operating procedures that result in
greater speed or reduce the travel time between weed infestations would
significantly improve the economics associated with the harvester.”

If a harvester were dedicated 1o the Trydro-lakes aree, there would be a reported capital cost
of about $130.000. Assuming a ten-year useful life, 10% of capital cost per year in aperation and
mainmenance, and operation only during the summer with a crew of two full-time staff used anly during
the summer, 4an annual average cost of about $60,000 to $100,000 iz estimated. However, given the
variable pawre of the need, it may not he cost-effective to own and operats a harvester for the hydro-
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lakes. If a contractor pravides harvesting services on am as-needed basis, the cost per acre harvested could
be higher trn che overall long-term cost might well be lower, The testing program with LORA and
TPWD described abave will provide improved operational and cost data to better evaluate this alternative.

5.5 INTEGRATED MANAGEMENT

With many situations and possible tools, it is clear that no single method is likely to be
optimal under all circumstances. The ideal approach is thus ane that employs all available resources to
achieve the highest degree of control at the lowest public cost.

There is little doubt that measures including some level of nutrient source managerment,
herbicide applicaticn, tiploid grass carp stocking and mechanical harvesting can all play a useful role.
One additional measure may be selective plantings of native macrophytes which do not have as high a
potential to achieve rapid growth and harmful levels as do hydrilla and watsr hyacinth. Under certzin
circumstances soch native macrophytes might prevent harmfill species from bacoming dominant and deing
damage to the lake resources. Another example is selective use of biological agents such as the leruce
weevil to control warer lettuce,

A key element to a successful integrated management progran: is continuous monitoring
of the aquatic plant sitation so that eacly wémlng of a problem is available. Early warning allows
TESpOnse measures w be taken hefore the major impact has occurred. This should substantially reduce the
cost of treatment actions, and alse minimize the adverse effects on lake usage.
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6.0 SUMMARY AND RECO NDATIONS

Aquatic plants have been documented as major concerns in Lake Dunlap since at least the
1960s, and were probably a problem from time to time since the lake was cresied in 1928. Qver the years
there have been a number of studies of the problem, but recent efforts to control harmful macrophyte
infestations have focused primarily on herbicides and triploid grass carp. More recently there has been
heightened attertion arising from concerns over centinued herbicide use and the effectivensss of other
options. This study was conceived as part of the Texas Clean Rivers Program to evaluate available data
and slternatives.

The primary emphasis of the study has been on revisiting the alternative of point source
nutrient reduction. This had been examined almost twenty years earlier, but no action was taken at that
time. In the meantime, a number of other alternatives including herbicides, sterile grass carp and
mechanical harvesting were either being used or actively considered. This study reexamined point source
nutrient removal in a preliminary manner, and put that alternative as well as the others mentionad oz a
roughly equal basis for comparison.

The majer findings of the smudy are:

1.  Bemoval of phospharus frem point sowrees down to the 0.5 mg/L. level wounld reduce
ta some degree but not eliminate excessive algae and macraphyte growth. Whether
the reduction in macrophyts density would be significant or not is preblematical
given the relatively high background concentration of phospherus and abilicy of the
major plant species of concern, hydrila, wo take its murients from the sediment. The
annualized cost for just the two major NBU WWTPs would be on the order of
$300,000 to $400,000 per vear. Additional costs would be required for the smaller
WWTPs operated by the GBRA and NBU. More accurate estimatas of the amount
of reduction uader given conditions could be developed, but such work would
depend on having additional phosphorus data {with lower detecticn limits) as well
a5 more complete observations of plant and macrophyte cancentrations.

2. A smaller reduction in point scurce P load might be achieved at very low cost by
banning higher phosphate detergents from use in the area. The City of Austin took
this step in 1991, and city staff (Bhatarsi, 1996) reparted a 25% to 30% reduction
in the total P effluent concenrration, Becanse of voluntary reductions in phosphates
from various manufacturers over time, the amount of reduction possible in New
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Braunfels mav be much smaller. Nevertheless, this is a low-cost action that should
be given further consideration, as it would be desirahle to have in place if nutrient
removal at the treahment plants were ever initiated.

Another alternative that needs further evaluatgon is dry weather eifluent irmigation.
Because open land appears to be available in reasonable proximity to the major
WWTPs, this could be at least as effective as biological numient removal but
considerably lass costly.

The other aliernatives considered, herbicides, sterile prass carp, and mechanical
harvesting all appear to be more effective and less costly than direct point source P
remeval on an anpual basis. However, they all carry with them some negative
aspects. Each is limited to the specific lake of application, while mitrient removal
benefits all downstream lakes to some degree.

From these findings, the following study recommendations are:

1.

Given the diverse nature of the altiernatives and their consequences, and the variable
nature of epnditions in Lake Thunlap znd the other hydro-lakes, it appears that che
mpst desirable plan to manage aguatic plant problems will be an integrated
cambination of all the available altarnatives. The options include: mechanical cutting,
chemical treatment with herbickles, and bictogical contrals such as sterile prass carp,
waler Jattoce weevils, and replanting of native aquatic plants. A critical element of
the integrated approach will be frequent menitoring of the degree of aquatic piant
infestation 5¢ that response measures can be taken while the problem is relatively
small and more easily managed.

Ag part of the integrated approach. the GBRA and NBU should initiate discussions
with the City of New Braunfels and major detergent veadors to determine the best
way to insure that any phosphorus input that can be easily avoided is removed from
the system.

In the same spirii, the GBRA and the NBU should begin preliminary engineering 1o

better quantify the cost of drv weather land applicatiom. If this can be achieved at
relatively low cost, the GRRA and NBU should consider gaing forward with this
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option, recognizing that reductions in point source nutrient inputs will be helpful but
are not likely to eliminate the aquatic plant problem by iself.

While mechanical cutning probably has only limited utility on Lake Dunlap and Laka
McQueeney, it should be givan further testing.

The managemeni of vegetation in lakes is not vnique to Lake Dunlap; it is similar

to other water resource issues that must be addressed. Means for recovery of costz
is a major issue for all managemens options.
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Guadalupe-Blanco River Authoricy
Tear dfrice Box £71
Seguin, Texas 7RLSS

Decar Porhky:

I read with much interest thse el fec to thz propoety awnors n MeQueeney
ol the Authority®s notice Lo luwer Ble level of thelr Lo« 1 xiay. We
huve Che daily eppartunity of workimt on our banks so I sodss we are
really beotier off then tihey are.

In all seripusness, you mentionud water guality, and we on Lanlap asc
faced with & much more serious condition then the daily charze in the
water level ln Chal we are expuriencing an incestation of ag.atic plants
which T om sure will Spread to the entire chain of lukes il something is
noi done.

TMeve have boen a numbor of Dunlan properby oWwnoss wWiwo have axpresscd
grive concern regarding this condition and rome thought Liaz aeen givan
to the posrsibility of Lforming 4 wiles maveuwalfon discricl wih powers
tf taxation which would work with the Authority in preservir; a very
fine lake which we all enjoy so much. [ would very much appgreciate
your viewe un this and uny suggestions you miphi have.

Il you would care to make an on the spot ingpecticn some GItaraeon artar
three my beat is at your disposal and we might sven find #uizable 1iguid
reireshments available.
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P
o LA
LRI
Me_. Hugh G, Yantis, Jr.
Exccutive Direckor —- LR
Texas Wacer GQuality Baaxd TN A ;;:JJ(-;
1106 Lavaca Screct . o e

Austin, Toxas 78/0QL

Dear Mr. Yantis:

Thank vou for your lelter datad Dccaber 21sk, 1969, We are sware that
ungedr heing cut in Landa Park by the Clty and voher apgencics have cawied some prob-
lems in Liw Guadalups and Comal bolow cheir spurce. However, we did et realize
that these cuttings which ¢xzcape ud ace vausing o pollution prohlum, 15 much as
they arc a guidance Lo proporty owiiers and Lewrdse fFaeilicies.

The Cicy has Caken quitc sXtensive steps ke climinate the w:ed problem.
We have just this past spring purchased a new aquatic weedeuCfer at a2 cast of
$27,000,00 which i$ desiygned to cub and Larvesk all weeds as Chey are cuk, and iE
is daing o good job. Our maln problem lies with a subdivisiom known 14 Landa FPatk
Estatns who govern 3 portian of £he Ciomal Rlver and cub cheir own wee s and de noc
collect them. fThis agancy conlrolling chat portion of the river is Kiown Az thoe
Comal County Wotar Recreational District #1.

At this Lime, sume woeds arve algo escaping the Lower Colerd [o River An-
thority Plant below Landa Park. Mr. Oliver llaas, Manager of the loca . LCRA Plant,
and I bave discusszed the problem and he hay assured me chat chey azc wrking on a
syatem to collecc all cuktings missed by our present machinery. The .anda Park
Managor and I ars working with the Cowal County Water Raercational Pi:cricc #1 e
eliminate their preoblem at the same time.

T am Eure vhnt the situacion wlil be mucli improved by nowt iprang.
Please kenp ue infopmed of any complainks you may receive and we @will contlnually
try to improve on our facility. I wowld )ike to invice you at your ¢ avenience,
te come to New Braunfels and inspect the situation willh me.

h;ncurcly nrs ¢ - 7
¥
Le 55’

AP // ¢

Jack Mlrlch, Mayor

JDfjr
cc: Heonorable Jamns B, Nowlin, San Antuvmico, Texan 7RIOG

Mr. Hinwared 1Y, Boaowell, Auatin, Texas THY0Y

My, Robort Vahrenliusp, Scopuin, Texas #5155
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CRNLRAL UMITCH Hovember 25, 1969
Honcorable Jack COhlrich, Mayor -
City of Hew Braunfels
B, 0. Box 644 : :
Naw Braunfelsy” Texas !

Dear Mayor Qhlrich:

I
1 certainly appreciate your letter of October 30, 1969, |roviding
to me the informatiocn reguasted in my letter of October (1, 1965,
relative to the nuisance problem in the Guadalupe Rivoer lelow
Landa Park caused by the ascope of agquatic waeeds cut Irol. the river
in the park area. I certainly appreciate the steps taker by the
city in centrolling this problem and hepe that the city': new
agquatic weed cutter functions as planned. I note that ir addition
to the city, the Lower Colorade River Authority and the {(omal
County Watar Racreation District #1 koth cut weeds in thi river and
that you have or propose to discuss the nuisance problem and its
solution with both parties. In this coanection, I am asl ing our
district representative, Mr, Tim Morris, to call on youw {t his next
opportunity to see if he can be of assistance in this ef:ort.

I certainly appreciate your . offer to carry me on an ingprcotion trip
to view this problem and the solutiens being put intoc ef:act. Due
to the press of other matters, howevar, I will be unable to accept
your wvary fine invitation.

Very Lruly yours,

ces: The Honorable Jares R. Nowlin
Guadalupe-Blance Riser huthorltyf
Lowexr Colerado River Authority
Mr. J. R. Singleton E.D., Texas
Parks & Wildlifi Dapt.
Mr, Howard E. Boswa 1, Texas Watar
Devalopment Boax d
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ATTACHMENT C

SUMMARIES OF STUDIES OF
NUTRIENTS AND AQUATIC PLANTS
ON LAKE DUNLAP




LITERATURE REVIEW AND SUMMARY
LAKE DUNLAP NUTRIENT AND EUTROPHICATION CONCERNS

Tha Lake Dunlap reach of the Guadalupa Rivar has been studied extensively over the
years in relation to nutrients and eutrophication concems, The following literature review
provides a brief summary of the reports and studies preparad for Lake Dunlap, as wel as
those for this reach of the Guadalupe River. Itis amanged chronologically, and attempts 10
inciude all major studias, Howeaver, in view of the large numbear of years that have passed, it is
racognized that some important work may have been overlooked.

In addition to the brief summary of the wark performad, any data collected that is not
part of some other database, is presented in tabular form as an attachment.

Hannan, Herbert H. and Willard C. Young. 1970. Physlochemical Limnolegy of the
Guadaiupe River, Taxas. Texas Water Quality Board, Grant No. 373,

This study, from February 1969 to January 1570, included taking water samples from
16 siations along the Guadalupe River downstream of tha confluence with the Comal River, to
peint 20 m above the dam in Lake Wood. Saveral limnological parameters ware analyzed,
including nutrient concentrations.

Throughout the study pariod, Hannan and Young, found that the concardration of
Nitrate-N ranged from 0.02 mg/L to 0.43 mg/l. Below the confluence with tha Camal River
and below wastewaler treatment plant cutfalls in New Braunfals and Mission Valley had
concantrations abova 0.20 mg/L. This incraasa in cancentration was attributed to low flow
conditions and natural springs that fesd the Comatl River. Nitrate-N was greater than 0.01
mg/L. and less than 0.02 mg/L far the ramaining stations. The TKN concentration ranged from
0.30 mg/L to 0.80 mgiL, with higher concentrations comrelated with increased chlorophyll 2.
Sawagea affluents antering the river increased ammaonia-N concentration in the river, however
this was quickly assimilatad.

Hannan and Young stated that based on this study it appears that the river is
assimilating phosphorus as it travels downstream of the sewage treatment plants. Above the
New Braunfels treatmant plant, mean total phosphate-P concentrations were 0.C5 mg/L or
less. However below the treatment plant the mean concantration was greater than 0.5 mg/L.
Mean concentrations below the Sequin treatment plant were also higher than upstream, at
Q.08 mg/L or greater. Hannan and Young deduced that sewage treatment planis were an
abvious source in the study area. _

In comparing sources of nitrate-N and phosphate-P, Hannan and Young reparted that
whila phosphate-P was associated with sewage oulfalls, nitrate-N was not. Thay also
detarmined that retention in reservairs reduced the concentration of nitrate-N and that
phosphate-P was the mast critical parameter in addressing sutrophication,

Mayhew, Joe J. 1970. Nitrogen and Phosphorus Dynamics in a 153 Kilometer Stretch of
the Guadalupe River, Taxas. M.5. thesis, Southwest Taxas State University, San
Marcos, Taxas. 147 pp.




Southwest Texas State Linlvarsity. 1970, {in TWQEB Report No. 31990, Brandes and
Andrews, 1977)

H.H. Hannan, W.C. Long and J.J). Mayhew conducted studies on Lake Dunlap
indicating that nitrogen over the limiting nutrient. Southwest Texas State University conducted
a study from February 1989 to January 1970 at three stalions, one iocated just balow the
Camai and Guadalupe River canfluance, ona batwean the New Braunfels STP and Mission
Valley Mills effluent, and the last upstream batwean dam below Lake Dunlap.

Total pitregen increased to 1.37 my/L balow the point source dischanges (Station 2)
and decreased upstream of the dam below Lake Dunlap, Tetal phosphorus concentrations
ware as high as of 0.08 mg/L between the confluanca and the treatment plant discharges
which was atiributed 1o point and nanpoint sourcas of phaspherus. However, the primary
source was the New Braunfels STP. Phosphorus levels were suspectad to remain canstant
from the reatment plant discharge points to the station upstream from the dam, suggesting the
P uptake ig insignificant or being offset by othar sourcas.

The rophic state of the reservoir was also represented through biological
considerations. Tha diversity, extent and rate of growth of algal and agualic plants are related
to the sutrophication process. A table is included in the repart that summarizes available
information on aquatic vegatation in the vicinity of Lake Dunlap, The information above can be
found in, Data Eeport for Lake Dunlap Eutrophication Study, submitted 1o the Texas Water
Quality Board in April 1977.

Forrast and Cotton, Inc. 1970, Water Quality Management Study: Guadalupe River
Basin.
Report No.1, Survey of Existing Water Quality. Guadalupe-Blanco River Authority
and Upper Guadakipe River Authority.

Tha purpose of this study was to assist the Texas Water Quality Board (TWQEB) in
raviewinyg curent water quality standards and establishing future standards as well as
providing a source af informatian for quality management programs. The parameters of
primary concem were DO, pH, temperature, and Cl, however, other parameters were analyzed
and discussad briefly.

Same muirent analyses were made in the Seguin-New Braunfeis segment on June 16
and 18 and August 18, 1569; however, not all sites were analyzed for all nutrient parameters.
Nitrate concentrations at stations at or just balow the confluence with the Guadalupe Rivar
were as high as 1.15 mp/L with aother values of 1.12 and 1.09 mg/L in this area on July 18.
{Nitrate-N cancentrations in Lake Dunlap as well as other NB and Sequin locations ranged
from Q.1 mg/L 1o 1.27 mg/L on sampied dates.) Orthophosphate levels ranged from trace to
1.18 mg/L just above the confluenca of the Comai River on August 19. This was noted to be
39 timas higher than arthophosphate found in unpolluted watars. In the area of Lake Dundap,
concentrations on Juna 18 wers in the range of 0,29 mg/L. Just below Lake Dunlap, the
concentration of orthophosphate was 6,61 mg/L on this same day.

Nitrogen concentrations were notad to be high encugh to indicate nutrient concem in all
segmants. Total phosphate was in the range of 0.24 mg/l on July 16th and 0.36 on August
1&th in the Lake Duniap area. These data and other parameter data are included in tabular
form by segment, Victana, Karmrville, and Seguin-New Braunfels in the appendices. The
sampling data for those stalions in the Lake Dunlap area are included as an attachmant in




tabwilar lorm.

Water Quality Managemant Study - Supplement 1 Report A: Influence of Canyan
Reservoir on the Water Quality of the Guadalupe River, conducted by GBRA and UGRA
far Texas Water Quality Board. August 1871.

A profile of the physicochemical conditions in Canyon Lake, upstream of the resarvair
and in the tailrace of the Canyon Dam were prasented. Samplas were callected at four sitas,
ane station upstraam from the flood control level of Guadalupe River, two stations within the
resarvoir and one station in the tailrace of the dam. There were several other locations
betweaan stations that ware samplad intermittentlty, Theze stations wera sampled from
Hovembaer 1889 to January 1871. Nitrogen was determined in March and Auqust 1570 and
January 1971, with P determined in August 1970 and July 1971. Samples were collacted once
on each date.

Several nitrogen parameters were analyzed incdluding Nitrate, nitrite, and ammonia-N
and TKM. Both spring fed rivers, San Marcos and Comal, had higher inorganic nitrate-MN
concentrations. Nitrate-N concentrations in the Guadalupe River were at least twice that of the
resarvoir. Nitrate levels peakad in March 1570 while the iowast concentrations were obtained
in January 1971, Concentrations of Nitrate-N above the dam in Guadalupe River nevear
exceadad .0D2 mg/L; therefore water entering reservoir iz relatively pollutart free. Nitrate-N
ranged from .001 mg/l upstream from dam to .009 mg/L at 100 m out from the control towar of
the dam. Ammonia-N ranged from O to 0.18 mg/L and was only found occasionally in trace
amounts entering the mservoir. TKN was only slightty greatar in the reservoir than in the
upsiream niver.

Phosphorus in the study was at elevations less than other scosystermns with the
exception of Lake Waca. Lake Dunlap had higher phosphate-P concantrations than the
Canyon Reservoir. Tolal phosphate-P in the study was 0.03 mg/L with most forms less the

0.025 mg/L.

Brandes, .J. Robert and Howard O. Andrews. 1977. Data Report: Lake Dunlap
Eutrophication Study. Texas Water Quality Board No. 31990. Austin, Texas

& Data Report for Lake Duniap Eutrophication Study was preparad by Robert J.
Brandes and Howard Andrews and submitted 1o the TWQB in April 1977. The purpase of this
data report was to develop and calibrate a mathematical lake eutrophication model. Laks
Dunlap was salactad as the tast site and a monthiy water sampling program was initiated.

Thea repan included a discussion of the gaography of the Lake Dunlap area and &
discussion of pollutand sourcas. In the immediate vicinity of Lake Duniap, there are faur
wastewater discharges, New Braunfals WWTP, two Mission Valley mill discharges and GERA
River bend YWWTP, with New Braunfels and Mission Valley Mills discharges being the most
significant. A copy of the data tables, USGS Seasanal Water Cluality Data for Lake Dunlap
and Annual USGS Water Quality Data for Lake Dunlap, are included as attachments.

New Braunfels was noted to be the most significant source of nutrients to the Lake
Dunlap area, discharging an average of 19.0 mg/L total nitrogen and 8.4 mg/i of total
phosphorus during the Jg#t five years (1872.76). In addition, Total N concentrations of Mission
Valley Mills, 8.6 mg/L, was alsa considerad a significant source of nutrients. A discussion of




nonpaint saurce input was also included. Peint source discharges account for 58% of the
phosphorus inputs and only 12% of total nitrogen lcads. The Comal River is responsible for
over half of the nitregan loading in the Guadalupe River. Nonpoint sources had litthe affect on
the lake as a whole. it was concluded that Lake Duntap is a sink for nitrogen and loses
phasphonus,

Numerous water quality sources wene available to this study and summanes of some of
these sources were included in Labular form. The TWQB conducted a study fram 1971 to
1877, which included nutrient data. Based on thesa data, the average concentration of total
nitrogen in the Comal River was 1.93 mg/L {mara than twica the concentrations in the
Guadalupe River}. However, ammonia-N concentrations ware the same for bath rivers.
Average total-P valuas were Jow at 0.01 mg/L, however Comal River averaged 0.05 mg/L This
was unexpiained.

The USGS alsa conducted a water quality study for the Lake Dunlap segmant fram
1968 to 1978, which is discussed in the repart. Total nitragen averaged 1,17 mg/L, with a
reduction occurring from the aforementionad study at a statikon located above the Comal and
Guadalups River Conflusnce. This was atiributed to nutrient uptake by aquatic vegetation
{and sattling).

Taotal phosphorus averagaed 0.08 mg/L for Lake Dunlap in the study. This was four
timas the concantration below the confluence, and the main source was suspected to be the
New Braunfels wastewater treatment plant.

LURS/Forrest and Cotton, Inc. 1578. Interim Raport Number |: Guadalupe Basin Water
Quality Management Plan. Guadalupe-Blanco River Authority No. FDO65.

interim Report #1, Guadalupe Basin Water Quality Managament Plan, prepared by
LRS/ Forast and Cotton, in¢. for GBRA in February 1978, developed water quality
managemeant subplans in order to meet national goal of “fishakle, swimmable®, by 1983,

Several steps were mentioned in ordar to develop and implement these subplans.
Waste load projections from both point and nanpeint sources were analyzed for each segment
of the Guadalupe River Basin. Next & waste load analysis was preformed. Finally, altemative
plans were proposed complete with dasign of cost analysis, water rights and impacts. One of
the planning priorities was segment 1804, sagment of Guadalupe River balow San Marcos
confluence and confluence with Comal River. The problam noted in this segmeant was
autrophication within rver channal impoundmant.

The raport summarizes lcading to Lake Dunlap and Lake McQueany for point and
nonpoint sourcas. Structural requiremants ard management raquiremants for Lake Dunlap
were discussed including sewage collection at New Braunfels and sewage reatment and
collection at Lake Dunlap and Lake Placid. Twa altematives were presented for regional
wastewater collection systems as opposed to septic tank systems located along Lake Duniap.
These altematives, costs and impacts were also discussed.

URS/Forrest and Cotton, Inc. 1878. Basic Data Report Volume |: Guadalupe Basin Water
Quality Management Plan. Guadalupe-Blanco River Authority Mo, FO064,

in Vialumae | of the Guadalupe Basin Watesr Cluality Management Plan, information was
included on wastswatar traatment facilities, existing water quality, land use and population




ineluding projections of ecanamic growth, population and land use patterns. A nutriant saction
was included in the Water Quality Assessment chapter. The three nutrient parameters
discussad wara ammania-N, Nitrate-N and phosphorus.

MNHx-N concantrations were similar throughout the basin with areas ranging from 0.10
mg/L in most stream segments, to 0.9 mg/L at the San Antanio River corfluence. Nitrate-N
annual average cancentrations ranged from 0.08 mg/L to 2.10 mg/iL, with the highest
concentration (4.70 mg/L) occurting on the Comal River. Most stations had maximum
cancentrations below 1.60 mg/L.

TP annual average ranges from 0.01 mg/L to 0.88 mg/L with most stations at abaut
0.01 mg/L. The higher TP concenirations were primarily found in the Guadatupe River tidal,
the San Antonio River confluence and San Marcos River confluenca, Other parameters were
discussed including temperature, matals, bacteria, DO, TDS, chkridas and sulfatas.

Guadalupe-Blanco River Authority. 1978. Final Report: Data Gathering 19771978, Lake
Dunlap, Comal and (Guadalupe Counties, Texas.. Texas Departmeant of Water
Resourcas.

The repart preparad by GBEA for thae Texas Department of Water Resources in
Novamber of 1878, included detailed descriptions of sampling sites, collection and analytical
methods, a briaf review of data of certain parameters and all data collected during the study
pericd. Data gathering was begun in April 1977 and concluded in March 1978. Elevan
stations were located along Lake Dunlap from upstream of the Comal River confluence with
Guadalupe River to tha timber bridge ovar the powerhouse canal. In additian, three stations
waera samplad including those lacated at the New Braunfels wastewater treatment plant,
Dunlap wastewater treatment plant and the Mission Valiey Mills plant. Other stations inciuded
Bliaders Cresk, Dry Comal Cresk and Blinking Light Creek. All siations wera sampled within a
four-haur Eme span.

Nitrate-N abovs the confluence of the Comal River containad an average concentration
of 0.7 mg/L. However, the nitrate-N levels in Comal River were naarly three times as high at
1.8 mgi.. This is characteristic of water from tha Edwards Aquifer. Below the confluenca, the
Nitrata-N value averages 11 mg/l. Thers was a slow decreass in nitrata values at river flows
downistream. In areas of high residential davelopment, thare was a summertime daecrease in
nitrate-N which was attributed 1o algal uptake, Ammonia-N levals ware associated with
wastewater treatment plant discharges. Above these paint discharge cancentration levels
were 0.02 mg/L and 0.01 mg/L for the Guadalupe and Comal River respectively. However,
below the New Braunfels YWWTP, the ammonia concentrations incraased to 0.09 mg/L.
Mitrate-N levels were present in very small concentrations with no downstream or seascnal
patierns.

Total-P and other phosphorus concentrations increased as water fliowed inta the main
lake, At the station balow the New Braumfels WWTP, avarage surface concentrations were
0.025 mg/L ortho-P and 0.051 mg/L. lotal P, with bottom concentrations of 0.085 mg/L orthe-P
and 0.140 mg/L Tatal P, Main laka stations had an average P concentration from 0.30 to .54
mg/L orthophosphate and 0.068 to 0.049 mg/L total P, Nitrate-N, total-P and ortho-P data
tables for Lake Dunlap are included as an attachment following the literature review. The New
Braunfals effluant phasphorus content was reported to be in excass of 2,000 times the stream
concentration,




Appendices include complete sampling data for each station. Cther parametars
discussed in the paper include primary productivity, canductivity, temperature, sacchi disc,
alkalinity, and arganic nitrogen.

Brandes, J. Robert and Aaron B. Stein. 1979. WREDLUN Model Documentation Report
with Lake Danlap Application. Texas Department of Water Resaurces No. 31990, Austin,
Texas.

Brandes and Stein devalopad a water quality model, called WREDUN, 1o simulate the
behavior af the hydrologic and water quality compenents of the systam. WREDUN was
developed to indicate the respensa of Lake Dunlap to changes in nutriant loading hydrology
and meteorology. The modal includes both phytoplankion {chiorophyll 2) and macrophytes in
the simulations. in order to farmat and calibrate the WREDUN modal, a comprebansive data
collection program was conducted aon Lake Dunlap by GBRA from April 1977 to March 1978,
These system inputs are included as an attachment in tabular form. Moded and prototypse
values were compared in order to fine-tune the model.

The modsel was calibrated to condiions in 1977, when flows ware modarately high. A
sensitivity analysis was performed, but there was no evaluation of nuirient reduction
altematives in this report

Guadalupe-Blanco Rlver Authority. 1981. Working Paper Lake Dunlap Study. Texas
Department of Water Resources.

In the working paper of the Laka Dunlap study, tha basic information on the watershad
was ravigwnd, The major problem was nated to be sutraphication, and excessive lavels of bath
algae and macraphytes. Analysis of the data suggested that phosphonis was mast often the
limiting nutrient. The paper identified 9 altemative methods to control eutrophication, and
recommended saveral for further sludy: selective withdrawal from Canyon during tha summer,
reduction in P from New Braunfels WWTP, a combination of the first two, plus nonpeint sowrce
analysis. The paper alsa recommended computer madeling to evaluate the effectiveness of
each aliernative.

Espay, Huston & Associates, Inc. {EHEA). 1981, Interim Report: Task 1804.312: Projected
Water Quality Lake Dunlap Study. EH&A Document No. 81538, Austin, Texas.

The report analyzed altemnative measures and feasibility for reduction of nutrient loads
of Lake Dunlap. Several methods were proposed ta contrd eutrophicatian including
destratification and/er selected withdrawal from Canyon Reservair, nutrient reduction from New
Braunfels STF effiuvant, a combmation of these two methads and control of nonpoint sourcas
gither simply or in combination with the above methods. The WREDUN model was used 1o
determine tha affactivanass of sach aitemnative. This model had been calibrated using data
collected by GBRA from April 1877 to March 1878.

Tha resudts from the modeled aliernatives showed that point saurce phospharus
contrals substantially affected lavels of orthophosphorus in Lake Duniap. The most effective
altemnative was combining New Braunfels STP phosphorus discharge contrals and contralling
N and P discharge from Canyon Reservoir, However, phosphorus contraf of just the New




Braunfels STP was also considered sffactive. The 2nd and 3rd most effective strategias,
respectively, wena reductions in effluant phespherus discharges from the New Braunfels STP
to 2 mgiL or to 0.05 mg/L. Al of the effactive sirategies included phaspheorus contral, and ne
nitrogen control stratagies alone were considarad effective. Alhough tha most effective case
incuded nitrogen and phaosphaorus control, this was primarily due to phasphons control of New
Braunfels STP. The modal alsa showed that limiting orthaphosphate-P and o some extent
nitrale-N levels in Lake Dunlap, would reducs macrophyte and algae production.

Glass Environmental Consultants. 1932, Interim Report: Lake Dunlap Study, Impacts of
Altarnate Control Strategies. Guadalupe-Blanco River Authority No. GO108.

An analysis of the socio-aconomic impacts of implementing the four control cases that
were presented in the 1981 EH&A analysis was included in the Interim Report. This raport
described the faciliies that would be required to implament the four mast effective alternates,
their feasibility and impacts. It conciudad that reducing nitrogen and phasphorus in the
discharga from the Canyon Reservoir, and the conirolling N and P in the stommwater runoff
from the New Braunfels area was not economically feasible with availabie technology. The
neaded control strategies would ba axpansiva and the controls used for treating urban runoff
are typically not very good at removing N and P. Based on this, the report eliminated
strategies that includad controlling N and P in urban runoff or from the Canyon Reservoir. The
twa control strategias that were considersd raquired reduction in ortho-P discharged from New
Braunfals WWTP to aither 0.5 mg/l or 2 mg/L artho-P. Both of thess cases would incur
significant costs, with reduction to 0.5 mg/L as P being 10 times more axpensive based on
construction, chamical and power cosis.

Raducing ortho-P to 2 mg/L would require mora man-hours and woudd make WWTP
operation more complex. Although this control stratagy would initially reduce the rate of algal
and macrophyte growth in Lake Dunlap, by the year 2000, growth rates would be approaching
levels experiencead in 1381. On the gthar hand, reducing ortho-P 16 4.5 mgil., in effluent frem
two major STP's in New Braunfels would significantly reduce algal and macrophyte growth
through the year 2000 (except for paak in July). If no action were taken then only a §%
increase in algal concentratian in July was projected o occur by the year 2000,

Otimers, Donald D. 1987, intensivae Survey of the Comal River Sagmeant 1811. Texas
Water Commission, IS 87-08.

An Intensive Survaey of the Comal River, Segmant 1B11, was conducted in July 1987 by
Mr. Daenakd D.Cttrmers of the Texas Water Commission. The Comal River is spring fed and
flows through the city of New Braunfels. Nine stations were sampled from the headwatars of
the Comail Rivar to just bafore the confluance with the Guadalupe River. Sampling spanned a
two day time paniod, July 8th and 9ih and several parameters were analyzed including
nutrients.

Ammonia-N was found at levels less than 0.02 mg/., with the exception of Prince
Solme park which had lavels as high as 0.03 mg/L. Nitrate-N, naturally fgund in spring water,
was detected all along the river ranging from 1.5% mg/t ko 1.76 mg/L. Ontho-P concentrations
wera lass than .01 mg/L along the river. This data are included in tabular form as an
attachmant. Basad on this data, Ottmers concluded that phosphorus was limiting algal growth
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in the Camal River.

Guadaiupe-Blance River Authority and the Upper-Guadalupe Rivar Authority. 1952.
Clean Rivers Program Repional Assessment of Water Quality: Guadatupe River Basin
and the Lavaca-Guadalupe Coastal Basin,

The 1892 Regional Assessment of Water Quality identified and documented specific
water quality conditions for the Guadalupe River Basin and the Lavaca-Guadalupe Coastal
Basin. Existing water quality data from the TNRCC, GBRA and UGRA wera includad and
reviewed in this summary. Nutrient parametars of interest includad total phosphorus, total
Kjeldahl nitrogan, ammania-M and nitrate-N. _

The averages for total P, NHa-N and NOx-N for the Guadalupe River at Lake Dunlap
wera 0.093, 0.081 and 0.761 mg/L, respectively. No sampies were analyzad for TKN reporied
in the survey. Likewise, although UGRA and GBRA data provided evidence of davelopment,
the effects of development appaared to be small. The UGRA sampling program was begun in
1984, while GBRA sampling program was begun in 1987. The averages for total P and NOs-N
in the Lake Dunlap area (A.C.'s piace) were 0.096 and 1.3B, raspectively. No samples were
analyzed for TKN or NH3-N as reported in the summary of GERA and UGRA data.
Summaries of the GERA and TNRCC data are includad in the literature review.

Watar quality paramsters varied substantially, with standard devlations approximately
agqual to means, and the ranges much larger than standard deviations in some cases.
Differances in water quality parameters ware discussed in this summary, and the effect of flow
was invastigated, It was concluded that flow was an important detarminant of variation for
saveral water quality parameters.

Otner topics in this summary included permitted municipal and industrial wastewater
activitias, inventory of water rights and an assessment of nonpaint source water quakty
assesameants. A complete annotated bibliography was also included from the GBRA and TWC
librarigg of studies performed in the basin,

Guadalupe-Blanco River Authority and the Upper Guadalupe River Authority. 1994,
Clean Rlvers Program Water Quality Assessment Guadalupe River Basin and the
Lavaca-Guadalups Cozastal Basin. Texas Natural Resource Conservation
Commission, 14215/840813.

Data included in this assessment were collected over a two-yaar span fram 1993 ta
1984, A requirement of the Clesan River Program was to assess water quality for each basin in
order to identity concems. These concems were identified based on screening criteria, which
weare set conservatively by TNRCC.

Paramaters of concemn for the Guadaiupe Basin, basad on data from all segments,
wara nutrients, dissolved solids and metals. Nutrients were a concem at the Guadalupe River
tidal, below the confluence with San Marcoes, on and below the Comal River, on the uppar and
lower San Marcos Rlver and at Plum Creek. Nutrients were also found to be a possible
cancem at Canyoa Laks, at Johnsan Creek and at the north and south fark of the Guadalupe
River. Focusing on nutrient concems the assessment then analyzed each sagment of the river.
Segments below the confluance with the San Antonio River had higher concentrations of
nutrienis. Nitrate-N had a mean average concentration of 1.695 mg/L, and a nitrite-N average
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mean concentration of 1.967 mg/L.  Total —P and artho-P wera also a concem, with average
mean concantrations of 0.495 mg/L and 0.394 mg/L respectively. Segment 1804 of the
Guadalups River, which includes tha cities of Naw Braunfels and Sequin, also had nutriant
levels of concarn. Nitrate-N had a mean average cancentration of 1.741 mg/L in this segment.
The Comat River also had a high mean average concerdration of Nitrate-N at 1.504 mg/L.
Nutirient levels continued to ba high thraughout the length of the Guadaiupe River.

In assessing causes for the high lavels of nutrients, it was first notad that one sagment
contains both the San Marcos River canfluence and the San Antonio River confluence. The
San Antonia River was highar in dissolved solids, nutrients and indicator bactara than the
Guadalupe River; thersfors it is expected that thosa parameters wauld have higher
cancantrations in this stretch than in othar reachas. The segment of tha rivar below the
confluence with the Comal River had nutrient concems that were nitrogen related, This is a
natural situation for this basin due to spring flow, which is high in nitrates.

Guadalupe-Blanco River Authority and the Upper Guadalupe River Authority. 1995,
Clean Rivers Program End-Of-Year Report, FY-84-95. Texas Natural Resource
Conservation Commission.

The Clean Rivers Program End of the Year Report, FY-94-85, preparad by the GBRA
and the UGRA, addresses problems which have bean dealt with since the publication of the
1994 water quality assessment. The specific purpose of cne of those task was dealing with
Hydrilla blcom of small hydro lakes along the Guadalupe River, which have caused restrictions
in lake access, swimming and boating.

Lake McCiueeny and Lake Dunlap are two such lakes. Both of these lakes have had
herbicide endothall applied to control hydrilla growth. This herbicide, Aquathol K, was also
usad in May 1984 and succasshilly controlled about 30% of the hydrilla. Other options such
as tha use of grass carp have also been addressad ta control hydrila vegatation. However,
thers is a majar concem of the abllity to contain the carp within the area needing treatment.
This was a summary of information taken from the Clean Rivers Frogram End of the Year
Report, FY-54-95.

Brown, P.F. 19%6. Influences of Flow and Basin Morphometry on Nutrient
Dynamics in a serles of Texas Resarvoirs. Masters Thesis, Southwest Texas
State University, Department of Biology.

Lakes Dunlap and McQueeny were sampled for nutrients, turbidity, alkalinity,
and chiorapiwll a, twice per month from May through December 19892, Both surface and
bottom samples were collected from five stations in each lake pius the Canyon ard
Comal River discharges. During this period, flows from Canyon were some of tha
highast on record. Data were analyzed both spatially and temparally. It was found that
with the high flows and short residence times, chiorophyll a remained very low
througheout the year. Late in the year when Canyon releases dropped to more typical
levels did the Comal River and New Braunfel wastewater effluent begin to have a
significant effect. The study provides a valuable pool of high quality nutriar data from
all the majar sourcas.
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Table IX (cnnt.)ig %g% é‘:ﬁ

>

Seguin--New Braunfels Segment: sampling Set No. 1T {Cont.)

Station Number 6 7 8 li? ?E ﬁ{ 12 13 14
River Mile 259.4 264.9 269.9 272,00 277.4 277.8 278.9 279.8 280.3
Sampling Date {1969) 8/19 8/19 8719 B/19 8/19 819 B/19 8/19 8/19
Sampling Time 1600 1450 141§ 1215 1140 1050 1005 0920 0830
Temperature {°C) 33 3 00 3N v 30 29 29 28
pH 8.3 8,26 8.0 82 8.15 8,15 8.1 8.1 8,15
BGD; (mg/3) 4.4 3.4 <2 -— < 2 <« ? <2 <2 <2
BOD,y (mg/1} —e mm sm e ee 2 €2 <2 -
Total-PQy (mg/1) - 16 .40 -- - .36 .42 24 W0
Ortho-P0g (mg/1}* --  trace .72 - -~ trace 9.6 HNO 1.18 o
Organic-N (mg/1) -- .63 .45 -- - .38 105 .20 .M
Ammonia-N (m2/1} -- 0 0 -- - 0 0 0 0
Nitrite-N (mg/1} -= trace trace -- -- 07 .01 trace trace
Nitrate-N {ma/1) -- .28 == - -- 87 91 .9} 56
Alk (mg/1 as Ca EﬂB] - - - - - 224 220 -- 194
Hardness {(mg/1 as Ca CO3) -- -~ -- - -- 75 220 -- 212
S04 (mg/1} == == == - a- 180 2.0 -- -
Fe {mg/1) trace trace trace trace trace trace trace trace trace

Dissolved Oxygen {mg/1) 7.7 8.1 7.1 8.2 5.9 56 7.3 6.8 7.1

Forrest and Cotton, Inc. 1970. Water Quality Management Study: Cuadalupe River Rasin.
Report No.1, Survey of Existing Water Quality. Guadalupe-Blanco River Autharity and

Upper Guadalupe River Authority.
Yol. Susp. Selids {mg/1) -- - - - - B0 320 -  --
Chlorides {mg/1} -- -- -- -- -~ 30 29 -~ 2h
Chlorophyil (mg/1) - 1 S L B b
Total Califorms (No/1) -- 200 3800 -- - - -- 1000 200
Fecal Coliforms (No/1) -~ -- 80 44 - - 0 7000 200
Light Penetration {In.} - - 24 - - - - 66 42

-— - -n -- 125 161 -- 125

Calcium (mg/1 as CaC03)

Flow {cfs) 346 346 346 346 346 346 135 13
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Seguin-New Jraunfels Segmen g;?iﬁ set ilg. [ {Cont.)

Station Murber 3 |9 Ny 13 14
Rivar Mile 270.0 270.8  277.7 277.9 278.9 279.4 2BU.S
Sampling Date (196%) 6/16 &6/16 &6/16 6/16 b/16 6/16 6/16
Sampling Time 1310 1410 1320 1250 1200 1105 1025
Temperature {°C) 27 27 25.5 25 25 25 23
pH 7.3 8.0 7.9 7.8 7.85 7.9 7.8
BOD: (mg/1) < 2 < 2 < 2 < 2 2.5 <2 < 2
cop (ma/1) -- - -- 1.7 156  -- --
Total-Fi, (mq/1) .05 -- - .E{ ed 24 -
Crtho-PG, (ra/1) .61 - -- .29 G .05 Qd
Organic-l {mg/1) .26 -- .- 07 0 W0r o --
Ammonia- (mg/1) 0 -- - 0 Q 0 --
Nitrite-N (mn/1) R -- - -1 L0 .01 ¢
Hitrate- (mg/1) .7 R— -- 1.15  1.12 1.09 .65
Alk (mg/1 as CaEﬂ3] : - -— - 240 230 -- 216
Hardness {ra/l as CaC0y) .- - - 180 153 -- 156

*Forrest and Cotton, Inc. 1970, Water Quality Management Stud;" C;u.ad.al;J;}erR.wer Basin,  ©
[ Report No. 1. Survey of Existing Water Quaiity. Guadalupe-Blanco River Authority and

Upper Guadalupe River Authority,

ssoived Uxygen {rn/l} Gad H.7 B.1 5.1 3.1 8.7 3.5
Conductivity {micromhos/em) -- -- - 534 538 -- 502
Susp. 501ids {mg/1) -- -~ - 6.2 5.5 - 1.2
Vol. Susp. Solids (mg/1} - - - 3.7 2.8 -- 3.7
Chlerophyll {rn/1) -- - -- - - 000 .-
Total Coliforms {Ho./1) -- - -~ -- 320 - 180
Light Peretration (in.} -- -~ -~ -- - 72 0
Flow (cfs) 633 633 633 633 633 I 3

* ND--lone detected
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Brandes, J. Robert angd Aaron B. Stein, 1979 WREDUN 'f .
Lake Dugls I T . . Model Documentation Report with
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Te tnlap Application. Texas De of Water Resources No. 31999, Austin,
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3 ¢ <
! TS
5 < £ >
"q.“' F o ' £ -':":- —
oo A S
2-‘% 2 TABLE 4 v < . 2
: Pl L4
S & EIS ~ < E‘- ™ -
. Laboratoryshle 4 o p
Iv i m%+ Yy asurements & :}_‘( @-i &
- -~ % s d¢ _&
: ‘3& T Y sutions | ' }‘ S
A F ns N -
Parameter 3 '& 3 é ~ ‘3, <§ 3 E]
(*} A B C D Egﬁ F G H 1
f-CBODg 1 1 1 9.5 0.5 0.5 0.5 1 1
CBODzg 1.3 1.5 1 1 1 1.5 1 2 3
f-CBODzp 1 1 0.5 1 1 ) | 1 1 1
TOC ]l <1 <] <1 2 <1 <1 <] <1
TSS8 8 <% <% <5 -] <5 < <5 <5
vas 2 <5 <% <% 1 <h <% <5 <5
L
Kjel-N 0.2 0.1 0.2 Q.1 0.3 0.1 0.1 0.1 6.2

NH,-H <0,02 <0,02 <0.02 <0.02 <002 <0,02 <0.02 <002 0.03
NO,-N 1.58 1.59 1.68 1.58 0.77 1.74 1.74 1.76 1.4

ND,~-N <0,01 <0,01 <¢.,0L <0.01 <«p.01 <0.01 <D.01 <0.01 0.01
Q-PO, «0.01 <0,01 <0.01 <0.01 p.01 <0.01 <0.01 <0,01 «(.01

T-PO, o.02 0.0z 0.1 0.0z 004 001 D001 <0.01 <0.01
al 15 15 15 18 3 16 15 15 15
SOy, 26 26 26 26 76 28 26 27 27
TR 439 298 27T 260 41z 224 286 246 310
Gond. st 5es S8 576 810 572 578 OO 502
umhos/cm

pH Units 7.7 7.8 7.5 7.3 7.7 7.5 7.4 7.5 7.8

Ottmers, Donald D, 1987 intensive S +
Commission, IS 87-08, y-of the Comal River Segment. [811:  Lextd Water
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APPENDIX B. Surface salublo reactive phosphorus (SRF) ¢ug L), nitrate

nitrogen (NO2+NOy-Nj {ug L"), and ammsnium (NH,-N) (ug L™ for
ail gites on Lake Dunlan I_I_d Lake Mr.-Quaanwy resarvaira.
P ;

SRF M Comul sm:'. Lodor
DATE DCOM D D4 D DI M5 Mi M3 M2 M1 MD
ObB/16/92 4 T 15 18 24 31 31 3 3= 34 23 ap
05/29/92 a 4 10 € 10 13 17 138 19 8B 19 28 21
OE/14/92 0 3 ) 6 10 11 12 132 13 4 16 18 L5
028492 48 o) | 4 28 55 S50 84 T3 BT NA 52 . b6
oTH M2 3 i} i 8 12 18 18 1T 1?7 17 1M 2 17
072602 2 4 10 9 W 82 1B 16 19 17 2 3 12
o2maas 1 a S 10D 18 29 28 22 24 o% 7 B 158
0823/ a 0 5 = 12 10 12 12 13 15 12 11 1%
DDE/o2 2 3 b 8 20 11 ) g & g 2 2 &
032752 3 2 14 18 27 3 %5 27 33 ag 6 19 21
10711192 a 1 10 8 I8 31 30 28 12 1l W 15 12
111502 | 4 15 22 40 23 3 29 29 30 3o
L& 492 d 1 15 14 23 3% 3@ 30 28 24 24 BT 21

NOANO-N
0541692 786 431 1138 1138 1122 1128 1083 106 1072 1103 1153 984 1012
0529/52 NA  BlB 976 B89 A5 BS52 B30 859 A% 853 854 A40 837
0B/14/62 783 6558 TIBE TA3 Bl1 T95 TIZ 772 T84 181 783 T93 7599
06/28/92 851 573 1004 BI5 976 935 995 1155 1108 10B8 NA 1017 1082
D¥11/02 584 608 1056 1022 1040 1013 979 1094 1003 G128 942 S12 1004
072EM2 537 BLT 922 538 923 OS50 965 957 999 994 TOZ 80T Q%5
0BCGMS2 275 451 DAl 1040 1040 044 961 567 1002 958 769 823 9ag
OR/23/32 208 422 1079 1062 1100 986 1002 1018 1045 103R 10G4 1005 o5
090682 132 428 1038 1055 1050 10L8 979 982 980 998 878 A28 943
caRTmEz 41 486 1142 1151 1165 1341 112 1341 1157 1145 1112 1121 1023
1V11/42 67 658 1358 1350 1368 1364 1387 1358 1346 1339 1267 1238 15863
1171582 272 591 1415 1403 1417 Ma NaA 1373 1394 1421 13%6 1327 1338
13452 am 411 1105 1084 1117 1109 LO7S 108A 1083 1099 1081 1078 1076
NH N
051692 4 & 13 15 10 10 5 3 5 15 & 15 3
05/25/82 40 12 24 217 30 23 178 % 53 B5 NA 30 43
o¥1me 19 a2 7 5 29 58 56 4% 46 46 42 289 45
I7id6iMe 43 25 ] a 15 41 0 5 28 54 19 B 48
0840992 BT 7 i 8 41 7 58 5 52 5 35 27 37
08/23/92 130 4 10 B 65 73 61 43 62 33 55 45 55
DBAD6/52 286 42 11 12 128 144 125 120 B8 87 80 34 85
COr2TR2 383 23 13 14 153 208 355 5 188 187 B2 NA 119
10411528 485 40 34 93 47 8 48 |ma 1 12 119 a 20
111588 15 B 5 D 83 NA NA 8 B 77 31 3 u
121448 21 a 2 5 15 8 25 26 22 30 =9 a1 32

" L A . — . A . e

A o
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APPENDIL C. Bottom soluble resctive phosphorus (SRF) {(ug 1™, nitrate

nitrogen (RO +NO N} (ug L), and smmonium (NH-N) (ug L™" for

all sites on Lake Dunlep and Lake MeQuesney rosorvoirs.

#

BRP AITE
DATE D4 D3 Dz Dl Mi M3 M: Ml
ob6m2 21 a5 * i g ]
OE/202 a4 65 10 (2]
7n152 13 17 21 iT. 18
072482 22 18 16 by 5 19
OEATS/D2 . 25 22
-1t 13 11 14 14
ORXGERE 12 12 11 B
OoITRZ ali 27 a2 i ) 21
11152 aa 14
111542 28 W
12402 a2 24
NO-NO-N
05882 1341 1051 10856 1064
062882 1026 g7 1066 1077
7 1ee 1ac8 o8& 994 101& 1037
O7/28/92 S50 9465 993 %80 B3z S558
ORSER2 963 444
OR2 3T 103y 993 971 a7r9
09062 103% 1012 1008 958
D272 1133 1l1a¢ 1137 1047
1081 1/82 1392 1302
11/1587 1341 1335
121482 1079 1a5%
NHN
05/16/92 g 14 E [}
082392
arivee 233 5 &0 %)
oif2ema 17 5l 53 38
ORAISYOD 96 57
QR2352 57 1] 48
Domesa2 147 127 iil Bl
2702 343 250 197 89 61
10:11/82 A? 2%
1171582 100 36
1214/92 32 k)1
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APPENDIX D. Surfaca chloroohvll @ tug L) for sites cn Lake Dunlap and Lake

McQueoney reservaoirs,
m
SITE

DATE COM D§ D4 D D2 DI ME M4 M3 Mz M1 MD

2982 37 O 33 3 27 24 14 12 1% 11 18 16
080992 0 11 0 02 05 24 0 63 07 16 31 19
o83M2 12 03 04 13 0 44 39 31 32 26 52 32
09/66/892 07 12 1 03 02 21 24 31 34 66 147 298
@212 03 16 12 0 02 056 14 21 29 47 118 32
wiime 19 11- 08 03 07 26 18 4B 21 27 4 24

111502 0 05 4.1 0 0.9 ] 16 05 0 1.4 0 2.2
L - —




