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Summary
A serieg of laboratory and limnocosm-scale studies were conducted to evaluate the

impacts of recycied water addition, agration, and metal salt additions on water quality in
Lake Eisinore. Specifically, studies were conducted to quantify (i) algal response to
nutrient and racycled water additions, (i) the influence of aeration and metal salt
additions on nutrient concentrations and refsase from the seﬂiments, and (i) lake
response to recycled water additions and in-iake traatments through use of limnocosms.

Chiorophyll a ¢encentrations were found to increase significantly fallowing PO,-P and
-recycled water additions in laboratory incubation studies. Concentrations were not
influenced by N additions as either NO-N or NHe-N, however. Chiorophwl
congentrations increased from ~10 ugfl to appmximatély 45 and 62 ug/l. after 4 days
following PQy-P additions to 0.1 and 0.3 mg/L, respectively. Recycled water additians at
rates of 1:30, 1:10 and 1.3 yielded final chlorophyll concentrations of 50, 105 and 115
nafL, respectwery Based upan these r indings, cne can conclude that Lal-ce Elsinore is P-
limited in the late summer. Mareaver, recycled water inputs, in the absence of prior
nutrient removal or ather mitigation measures, have the potential to mgnrﬂﬂantiy increase
chlorophyll concentrations snd algal biomass in the [ake. '

Laboratory studies of nutrent flux from sediments revealed a.high rate of intamal
loading of PO.P under low dissolved oxygen (DO) conditions (8.8:0.7 mg/m¥d).
Commonly used restoration techniques significantly reduced PO,-P loading ratas. Alum
was the most effective treatment for reducfng P internal loading, completely stopping
release from the sediments cver the duration of the study. Calcium treatment reduced
PO,-P flux to 2.9:0.1 mg/m?/d (67% reduction) under low DO c_ﬁnditiuns, whila zeration
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(DO ~7 maik) recduced PO,-P release to 5.4+0.7 mg/m’d (38% reduction). Flux rales for
sediment treated with calciume+alum, with and without aeration, were not substantially
diffgrent than that for alurn alone. Similarly, nutrient flux from sediment cores treated with
alum+aeration was not significantly different than that for alum alone, although aeration
did favarably reduce the measuraed POL-P flux rate for the Ca treatment relative to nan-
a.eratad corgs. The flux of NM,-N from the sediment under low DO condilions (88+11
mgfm3d) was an order of magnitude higher than that for PO,-P. Rates of NH.-N flux
were not substantially influenced by asration (78419 mgrﬁﬁ*!d_} or metal salt additions
{o.g., B2:11 mgfm3fd with alum). _

Water quality responze to sarstion, alum, Ca and recycled water addilions in the
imnocesms was varied. In genersl, transparencies increased and chlerophyll a
concentrations decreased in all of the limnocosms, regardless of treatrr.uent, due to the
development of an attached slgee population. Mutrient concentrations in the limnocosms
without recycled water addition were all guite low, while those with recycled water
additions increaéed shamply following the sdditions and then decreased rapidly over the
next 7 days to levels comparable to control and treated limnocosms.

Introduction
Laka Elsinore is a iarge; shallow lake that has bean plagued by poor watar guality,
including tow transparencies, high chlerophyfi concsntrations, low DO, and periodic fish
kills. The lake is alsg subject to substantial evaporative losses, with an average annual
~water deficit of about 3,800 af (~7% of total lake volume), and anncal deficits as large as
15,000 af {30%] in -:lrg..ur vears. ‘Lake restoration and provisions for maintenance of the
lake leval with recycled water additions are currenlly under consideration.
in an effort to understand the potential impacts of varicus lake management and
restoration strategies on water guality in Lake Elsinare, a series of laboratory and field
experimants were conducted. Specifically, studies were conducted to quantify (i} algal
response to nutrient and recycled water additions, (i) the influance of aeration and metal
salt additions on nutrisnt concentrations and releass from the sediments, and i} lake
respanse to recycled water addifions and in-lake treatments through use of kmnocosms,

Algal Response ta Mutrient Additions

Algal response to nutrien! inpufs was guantified in laberatory studies in which
solutions of known M, P andior recycled water volumes were added to surface water
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samples from Lakes Elsinare. Approximately 25 L of sudface waler from Lake Elsinore
was sampled on August 24 and immediately brought ta the lab. Macroscopic algae and
zuoplankton were removed by sieving through a .053 urﬁ sigve. Approximately 0.6 L of
the treated water was decanted into a series of clear plastic vessals. The solulions were
spiked to known congcentrations of N, P and recycled water (Table 11,

Table 1. Summary of treatments fuf'nutﬁent addition study,

Treatrment - Concentraffon (mgi ) —

: Leyw Mediurm High
Caontrol ' - - -
FOs-P 003 1 0.3
NOs-N 0.3 1.0 30
WHa-N 0.3 ' 1.4 30
N+P 003 03,03 0111 0.3,3,3
Recycled water 1300 1:10 113

'ﬁ:ncenuatiun of PP, NO:-N and NH.-N, respectively
bralioc of recycked water o Lake Elsinpra water
- Solutions were then placed in a tfemperature- and humidity-controlied growth
chamber. An #umination profie approximating that of natural conditions, with a 12-h
illumination/12-h darkness cycls was used. Samples were taken daily for 4 days and
analyzed for chlorophyll a using the 10200 H.3 (fluorescense) method (APHA, 1989).
Chlorophyll concenirations in the control solutions were unchanged st ~10 pgil for
the duration of the culture experiment, while concentrations in the PO,-P spiked samples
increased by up to Ex that of the control sarmples at the end of 4 days incubation (Fig. 1).
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Fig. 1. Chiorophyil 8 concentrations vs. time foilowing knawn PO.CP additions.
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Chipraphyll 2 concentrations followed PO-F concentrations and increased with
increasing PO4-P concentration (Fig. 1). Some difficully was experienced in maintaining
a vizhle culture after 4 or 5 days, thus limiting the duration of the experimant, however it

seems plausible that addiional increases in chlorophyll a concentration may be

witnessed in a lake setting, especially at high PO,-P additions.

Mitrate-N and NH,-N ware found to exert negligible influences on final .r:hlorophyll a
cancentration in the cultured samples, yielding chiorophyll & concentrations at or below
that of the control after 4 days {data not shown). Elased on the relative response to PO,-
P. NOs-N and NH,-N, the algal cammunrty present in Lake Elsiners at the time of
samplhing was strongly P-limited,

Simultanecus addition of N and P yielded evidence for a positive growth response
relative to the control (Fig. 2. A rapid increase in chlorophyll a was cbeerved for all
treatments qver the first 2 days, although concentrations declined after 3 days for the

lowest and highest freatment levals.,
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Fig. 2. Chiorophylt a concentrations vs. time folfowing known NP additions.

Recycled water additions had the most substantial impact on chlorophylt 2 production
in the cutture expariments, where concentrations exceeded 100 agdl after only 3 days at
the 1:10 and 1:3 ratios (Fig. 3). Even the lowest addition {1:30) resulted in chlorophyll a
eoncentrations that were 5x higher than the contro! (Fig. 33, Concentrations in the

_ reé}rcled water usad in these experiments were 2.0% mg/L PO.-F, 8.20 mg/L NO.-N, and
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0.15 mgfL WH.-N. Thus, PO.-P concenirations in the final culture solutions ranged from
0.07 — 0.7 mgit and NO;-N ranged from 0.27 - 273 mgiL.
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Fig. 2. Chlorophyll a concantrations vs. lime folfowing recyclfed waler sdoitions.

Nuytnent Release fraom Sediments

In separate studies, nutrient flux from intact sediment cores (Moore a! af, 1998) was
evaluated following aeration, alum addition, calcium treatment and combined
alum/caleium additions. A series of intact cares were collected Qclober 10 following
Beutel (2000] from the deepest portion of the lake (approximately 7.2 m depth) (Fig .‘4}.

The sediment was a finely textured materal with 4.6% organic carban, 9.8% CaCO,,
and 850 ug/g total P. Cores were collected uging 30.5 c¢m by 6.3 o diameter. Lucite
tubes with approximately 10 cm sediment and 20 ©m overlying water, Cores were
promptly sealed with #13 rubber stoppers upon sampling. A iotal of 24 cores were
collscted and transported back to the lab, where 10 mL of overlying water from each of
the cores ware filtered thraugh a 0.45 um polycarbonate fiker and acidified to pH<2 with
H.50,. Following sampling, triplicated cores were then treated with alum (at a rale of
~100 g Alim¥), calgium (~50 g Ca®'tm®), or alum+calcium undar aeratad or non-aerated
{sealed} condilions. The cores were incubated at room temperature (-22°C) in the dark.
Samples were then collected daily for 7 days, filtered and acidified for nutrient anatysis.
Dissolved O, measyrements were made using a YS! Model 55 DO meter,
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Fig. 4. Lake Elsinore showing approximate localion of core sampiss (x) and fimaccosms (&),

Afl of the treatments were found to have 8 significant effect on PD;—P release from the
sediments relative to the control {no treatmenf} {Fig. 3). In the absance of oxvgen inputs
or metal salt additians, the mean dissolved FQ.-P concentration in the water overlying
the sediments increased linsarly to mere than 0.4 mg/L after 7 days. Far comparison,
after 1 waek of aeration, PO,-F concentration reached appraximately 0.27 mg/l, while
its concentration actually decreased siightly following alum treatment (Fig. 5).

Fig. & POP concerirations (mesn £ 1 5.4} abave the sedimeant fallowing Ireatmenis.
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Ammonium release from the sediments was nof substantizlly influsnced by any of the
treatments, although varability lended to be higher than that abserved for PO,-P (Fig. B).
Nitrate-N concentrations remained low (generally <0.05 mgrL} for all samples, although
concentrations were observed 1o increases slightly under aerated conditions after 7 days,

suggesting the anset of nitrification.
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Fig. 6. NH-N concentrations {maan * 1 5.d.) above the sediment foliowing treatmants.

The data in Figs. S and 6 wers used ta caloulate nutrient flux rates from the sediment
following the different freatments (Table 2).

Table 2. Nutrient flux from sediments.

Treatment

Cantral
Alurm

Cazf
Alm+Ca™

Aeration
Agration+Adum
Aeration+Ca**
-Apratian+Alm+Cal

—— NH_“N -

% Reduction® Flux fmg/m%d) % Reduction

_ — POy P —
Flux [mg/m%d)
88107 - 86+ 11
0.2£03 100 82 + 28
28+01 57 ARy
05% 0.5 100 82 + 14
54+07 3g T8z 1%
02102 100 560+ 5
14 £1.40 88 43+ 29
03204 100 78217

'Bercent eduction ralathe to cantal
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Limnocesm Study

Field limnocpsm experfimants were conducted to evaluate lake response, insluding
transparency and chlorophyil a concentrations, to different treatment strategies and to
recycled water additions. A set of 20 limnocosms, each ~17' tall and 3’ in diameter, were
constructed using an aluminum frame-iransparent film design. The limnocosms were
placed at the northwest end of the |laks in approximately 14 of water (Fig. 4). '

& summary of the different treatmentz in the limnocosm study is given in Table 3.
Recycted water additions wera choze 1o reflect approximate volumes needed to m‘fset_
low, typical and high net annual evaporative losses {1:100, 1:20, and 1:4, respectively).
The limnocosms were sampled at varying intervale over a pericd of about. 30 days.
Samples were coltected every 2 or 3 days during the beginning of the experiment, ang

approximately once a week near the end. Measurements included transparency, as
| measurad by Secchi digk, and temperature, DO, pH, and EC measured usihg a
HydroLab, Water samples for nutrient and chlarophyll determinations weare collacted at 1
m depth using & van Dom sampler. As a reference, measurements were also made and
samples were also collected for the water column adjacent to the limnocosms.

Table 3. Treatment and replication for the limnocosm study.

Treatrnent Replication

Contrl (Mo aaration)

Agration

Alum'+ Agraticn

AlumfCa + Aeration

Zooplanktion + Asration

Racycled water at 1:100 + 2eration
Recycled water at 1:20 + Asration

Recycied water &t 1:4 + Aeratian
Alum/Recycled water at 1:20 + Aeration®
AlurmiCaRecycied water at 1:20 + Aaration®

B ka3 M3 BE R R ORI B2 R R

“alum was added and allowed 16 settle oul P o recycled water addition
to girulate recycded water addition fo an alum-treated lake.

._ The Secchi depth for the water cofurnn was largely unchanged over the ~30 day
éampling period, and averaged about B0 em (Fig. 7). In contrast, mean Secchi depths
increased over time for all the limnecoms, with transparencies more than deubling after
about 30 days. '
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Recycled water addition al a rate of about 1:20 with aeration yiglded transparencies
that were bruadlﬁ comparable to those for the control {f 2., na aeration and no recycled
water addition). Alum addition with aeration did not yield Secchi depths significantly
different than that for recycled water alons, although alum+Ca with aeration resulted in

" substartial gaints in transparency after about 2-3 weeks (Fig. 7). Mean chlorophyll a
concentrations for these same limnocosms showed generally decreasing levels over

time, although variability was high {Fig. 8}.
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Fig. 7. Mean Seechi depths for selected limnocosms,
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Fig. 8 Mesn chiorophyll 8 concenlrations for selected fimnoeosms.
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The cbserved trends in Secchi depth and chlorophyil & over time follow gualitatively
the emergence of a substantial attached algae cammunity in the limnocosms {6.¢., Fig.
9). That is, as the ecology moved from a phytoplankton-dominated to a periphyton-
dominated system within the limnocosms, water clarity innreaséd. While an unfortunate
development in the context of this study, it dees underscore the benefits of a macrophyte
and aftached algae-hased ecosystern as compared to the phytoplankton-dominated
system presently in place in the lake. Aftached algal biamass was greatest near the
surface and decreased with increasing depth. Biomass alsc varied between some of the
treatments. For example, attached algae growth in the alum-treated limnecosm {Fig. 8b)
was noticeabiy lower than that in the controf {Fig, 9a),

Fig. 8. Photographs shawing attached algae growth in himnrocosms:
&} contraf and b)Y alum + aerafion.

Mean aigal biomass at the water surface (0-10 em) ranged from 1.41 - 39.7 g¢/m? and
tended t¢ increase with increased recycled water additions and decreased with alumn
additions, although considerable variability between duplicates was observed (Table 43,

Table 4. Algal biomass in limnocesms (0-10 cm depth, after 60 days).

Treatment Biormass (gim*)
Contral {No aeration} 18.7 £ 211
Aeration 397+ 35.5
Alum + Aeration 9.4+95
AlumiCa + sderation 64123
Zogplankton + Asration 2361296
Recycled water at 1100 + Aaration ‘hd4132
Recycied water at 1:20 + Asration 1941179
Racycled water at t:4 + Agration 4151207
Alum/Recycled water at 1:20 + Aeration 1441149
AlurmCa/Recycled water at 1:20 + Aeration 7B £323

10
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" Concentrations of NOQ-H In the mnocosms increased from about 0.05 mafl to ~0.15
= 0.2 mg/l upon recycled water addition at the infermediste (sstimated 1:20) rate, but
decreased rapidly over the next week or so {Fig. 10}. After one week, the NO,-N levels
in the limnacosms with recycled water added were very similar to the contral,

025 T T j

0.z
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Fig. 10. Mean NO«-N concentralions vs. Iime; imnocosms.

Phusphate-P concentrations did not exhibit any clesr fong-term trends over time.
Concentrations generally increased following recycled water “addition, but then
decreased before increasing again after about 3 weeaks {Fig. 11). The reasans for these
oscillations in P cancentrations are unclear, but it can be shown that the measured P
cancentratiéns are consistent with levels expected resulting from the intermediate levels
of recycled water addition used in the study.

Assuming a target 1:20 mixture of recycled water and Lake Elsinore water and an
inflial NQs-M concantration in the recycled water of about B mgiL (the concentration
previcusly measured for EVMWD treatment plant efffuent), one predicts an NO,-N
concentration of about 0.4 mg/L in the imnocosm. The concentralions in the limnocosms
following recycled water addition were ~0.15 ~ 0.2 mg/L (Fig. 109, so it appears thal the
mixing ratio was closer to 1.50. With a recycled water concantration of approximately 2
mg/l PCy-P, a 1:50 dilution (based upon N.-N) should yield s limnocosm PO-P
cancentration of about 0.040 mg/L. Since concentrations were 0.02 - 0.03 mg/L {Fig.
113, it may be that the PO-P level int the recycled watar added to the limnocosms was
somewhat Iess than 2 mg/L, although rapid PO~ remaoval might aiso be possible.

11
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Fig. 11, Mean PO, P concentrations va. irme: imnocosms.
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The highest recycled water addition rate (estimated T:4) yielded tha highast dissohvad
nutrient levels of any of the limnocosms immediately following addition, although the

“concentrations rapidly decreased over time (Fig. 123,

Fig. 12. Mean NOwN and FO-P limnocosm concentrations: high recyeled wsler vs. control
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The observed decreases in dissolved N and P over time were used to calculate
uptakefremnowval rate coefficients for NO.-N and PO,-P. Both N and P removal increaséd
with increasing inflial concentration (Figs. 10 and 12), and in fact reasonably fit first order
kingtics {Tabie &).

Table 5. Nitrate-N and PO,-P uptakefremoval rate coefficients and half-ives.

Nutrient klgh+1sd. T g (d)
NOs-N C 016002 4.3
PO,-P 0.11 % 0.02 _ £.3

Total P concentrations followed the same temporal trends as PQ,-P, although total P
concentrations were generally about 0.1 mg/L.higher {Fig. 13). Tatal P in the watsr
column, collected al the time of limnocosm sampling, was about 015 magil, while soluble
reactive PQs-P averaged 0.014 mg/l. Total P in the untreated {sontral) himnocosms
averaged approximately 0.10 mgfL (Fig. 13}, considefahly higher than the saluble PQ,-P
levels found (Fig. 12). Total P concentration increased approximately 4x immediately
after recycled water addition at the highest rate ta 0.28 mg/L although, like soluble PO.-
P, subsequently decraased over time (Fig. 13). The decrease in total P in the recycled
water-treated lfmnocosms is consislent with decreased chlorephyll (Fig. 8), increased
Secchi depth (Fig. 7), and development of significant attached algal biomass (Fig. 9,
Table 4),
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Fig. 13 Mean total F imnocosm concentralions. high recycled water vs,
ronfr -
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Discussion

Results from these studies indicate that the prdposed restoration and management
practices will have a significant effect on water quality in Lake Elsinore. Recycled water
additton to water samples resukted in subslantisl {5-12%) increases in chlorophyll
' concentrations over 4 days incubation when compared to an unamended control. In
separate nuirient addition expeqriments, chlorophyll produdlion was associated with BPO,-
P additions. Nitrate-N and NH,-N additions were not found to have any substantive effect
an chipraphyll levels, Thess results indicate that the lake ig P-limited in the late summer,
and furlher suggest that recycled water supplementation to the lake, in the absencs of
prior nutrienl remeval or other mitigation measures, will fikely resulf in potentially chronic
algal bloems and further degradation of the water quality in Lake Elsinere.

Column experiments demgonstrated significant PQ.-P and NHs-M release from tha fine
organic sediments dominating the lake bottom. Under low DO canditions (<1 mg/L), flux
of PO,-P and NH,-N averaged 8.820.7 and 86+11 mg/md, respectively. intemal toading
of PO4-P from the sediments was sig;ui'u'1‘“n:.a|ntl5,!r reduced with aeration and with metal salt
gaditions. Alum was the most effective treatment for reducing P internal loading,
completaly stopping release from the sediments over the duration of the study (fux rate
of -0.2 mgfmlzid]l. Caicium treatment reduced. PO,-P flux to 2 8+01 mg/m¥d (67%
reduction) undzr low 0Q conditions, while aeration (DO ~7 mg/L} reduced PO.-P release
to 54+07 mg/md (39% reduction). Alum treatments were effective reﬁardless'uf
aeration state, while calciurm additions were more effective under aerated conditions
{1.1+1.0 mgfm’id} than non-aerated. Aeration may decrease CO,.accumulation near the
sediments and thus decrease local CaCQ; solubility. There were no additional benafits
from addition of calcium and alum when compared with alum trestment alone.
Ammonium flux was high {86+11 mgim®d under low DO conditions) and largely
unaffected. by aeration (78£1% mg/m?/d) and melal sait addiions {e.q., 82+28 mgimid
with alum}.

The measured rates of PO,-P and NH,-N reiease from sediments can be compared
with rates determined in other studies. For example, preliminary measurements of
anoxic nutrient flux conducted by this investigator in March, 2000 yielded fux rates of
19.2:8.3 and B2.2+13.5 mgim®d for PO,-P and NH,N, raspactively (Table 6). Mére
recently, Beutel (2000} reported PO,-F release ratés under anoxic conditions that
ranged frem 7.7 — 26.6 mg/m%¥d {mean value of 17 (46,5 mgim¥d}. Beutel {20007

14
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observed a strong seasonal trend in PQO,-P flux, with flux decreasing from an average
value of 24.1 mg/m®id in July to 2.5 mgfm®/d in Septembar. Tha PO,-P release rate of
B.8 mg/mfd measured in this study for samples coliected in Octeber is balow the valuss
from other studies (Table 6}, but i5 consistent with the seasonal trend roted bty Beutel
(2000). NH,-N release rates were germérau[l'g.ur in good agreement across all studiss (Table
&).

- Table 8. Nutrient release rates under anoxic conditions.

Saurce PO P ' NH.-N
—mgim¥ig —
This study B8+07 BE+11
Andersan (2000] 19293 62 £ 14
Beute (2000) Fox8s ’ a0 & 27
Mortgomery-Watscn (1997} 169+ 48 79415

“Taken fram Fig. -8, 4-8 days

In addition to tempor&il variatian in nutrient flux, some of the differences in measursd
nutrient release rates in Table 6 may also be due to spatial variation. Beutel [2000)
reporied release rates for three sites within Lake Elsinore that varied by up to 20 — 30%:
Spatial variability in sediment properties has been explicitly evaluated as part of the Lake
Elsingre TMDL praject sponsored by the SARWQCE. Sedimeand sampling conducted
July 27 - August 2, 2000 demanstrated significant spatial variability in porewater N and P
concentrations (Fig. 14a, b). Work is ongoing to better define the spatial and temporal
vanaticns in porewater chemistry and impacts on intemal loading of nutrisnts.

T = H TN

=

L a—r—

~ Fig. 14. Parewaler concentrations {mg/L) on samples collected T/27- BA/2000¢
8) PO P and b) NH-N
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Aerated conditions decreased the rate of POL-P release refative to anaerobiz
canditiané, although M release was largely unaffected ({Table 2], This can aiso be
compared with recent findings of Bautel (2000) (Table 7), although it is imporant ia
consider differences in experimental design. Following Moore et &l (1988), Beutel
imitially aerated frash samples for 12 days, then scrubbed O; out of the system t:ﬁ.r
purging with Mx for @ days, and followed with 3 subsequent § day aeration. n this study, -
a series of cores were collected, with triplicate sets of cores subjected to various
treatments {e.g., asration, alum addition) and referenced against a set of triplicated
cores that were sealed against G; invasion that quickly reached DO concentralions =1
mgfL. The appropriate comparison betwesn Beutel {2000} and this study, then, is during
thé initigl phase when fresh core samples were brought into the 1ab and aerated. During
this period, PO:-F concentrations increased {Beutel, 2000, Fig. 7), yvielding fux ratss of
0.1 — 5.44 mgfmifd, with an average value of 2.23 mg/m¥/d (Beutel, 2000). Jar tests
vonducted by Montgomery-Watson (1997 also revealed FPO,-P release under oxic
conditions (Table 7). '

Table 7. Nutrient release rates under oxic conditions.

© Souice PP NH,-N
— mgfm’td —
This study ' E4+07 - 7B+19
Beute! {2000) 22%20 85"
Mantgomery-Watson (1997)° 44114 KA,

" "Taken from Fig. C-4, 4-8 days
®Taken from Fig. C-&, 448 days

Ammenium-N concentrations increased to 3 — 5 ma/L over a peried of 5-7 days both
in this study (Fig. B) and in that of Beutel (2000} (Beutel, Fig. 7). Subsequent decreases
i NHe-N  concentration after 5-7 days comesponds with increased NWO-N
concentrations, and are dus to nitrification reasctions. No evidence for increased NOy-N
production was obgerved under low DO condifions.

The observation of significantly reduced rates of PO,-P release following Ca®
addition relative to low DO (control} and even aerated conditions is noteworthy. Although
not as effective as alum (Table 2}, Ca was applied at a lower rate than Al {50 vs. 100
g/m¥/d). The mechanism of P retention in the Ca treatments is somewhat different than
alum, howeaver. In alum addition, PO, forms & strong surface complex with the hydrous
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oxide formed from Al ‘hydrolysis, specifically displacing surface hydroxyls through a
ligand exchange process. in Ca lreatment, one shifts the equilibrivm such that CaCQ,
precipitates aut of solution, and FO,-P then adsorbs or co-precipitates with the CaCO,
solid phase. While the potential for Ca and oiher metal safts to have beneficial effects on
internal 1oading_uf P has been suggested, the efficiency and long-term stabifity of such
atsociations have not been thorcughly investigated. Additional work would be needed
before the role of Ca treatment as a P mitigation measure can be fully understood.
Limnocosm  experimeants dembnstra_lted improved water guality associated with
changes from & phy‘tuplahktan- to periphyton-dominated ecosystern. Secchi depths
{transparencies) increased from ~0.8 m to -»2 m with concomitant decresses in
chlorophyll a goncentrations. Recycled water additions resulted in short-term (<7 )
increases in dissolved and total nutrients, but no quantifiable production of
phytoplanktan b_[n'mass. '

Recommendations and Conclusions

Eaéed upon the results of these studies, a number of recommendations and
conclusions regarding lake restoration can be made. First of all, in the absence of prior
nutrient removal or other mitigation measures, addition of significant volumes of recycled
water to Lake Elsinore will maintain or exacerbate the water quality problems of the lake.
The magnitude of the impact of recycled water addition on water guality can be
estimated by cemparing internal P leading from the sediments with that resulting from
recycled water inputs. Since several different internal loading rates have bean'reportgd,
the average of ihe values reported in Table 6 will be used (15.9 mg PQ.-P/m?rd), with
the further assumptions that 60% of the lake sediment reieases P to the water column
(Fig. 14a), and that most of the release occurs during the warmest 6 months of the year,
(It should be recognized that these assumptions are based upen clirrently available
informalicn, and that ongeing work for the SARWGQCE will provide additional data
defining seasonal and spatial tfrends.) Subject to these assumptioné. one estimates an
internal leading of about 23,180 kg Pyr. For comparison, assuming an annual recycled
water addition of 3E00 af to offset average net evaporative losses, and a recycled water
PO.-P concentration of 2 mg/L, one estimates an external ioading of 8860 kg Piyr. Thus,
recycled water addition at 3800 afiyr will increase the P loading an sdditional 38%
relative 1o internal Ioading. During drought pericds where up te 15,000 af might be used,
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external leading from recycled water addition can be expecied to significantly exceed
internal Inading-. Mutrient removal, especislly FO,-P, from the recycled water andfor
other miligation measures, are thus necessary before significant volumes of recycled
water ¢an be added to the [ake without further degradation of water quality.

Aeration and metal salt additions can be expecied to have significant beneficial
impacts on internal loading of PO,-P and resuitant water quality, although N release will
net be substantially reduced. Alum addition wauld be the most effective treatment, and
promizes to var} effectively inhibit intemal loading of P, &l least in the shor term.
Calcium addition, while less effective that alum, alse holds some promise in reducing P
release from sediments. Results from this study indicated that aeration was less
effective than alum or calcium additions, aithough higher PO,-P removal efficiancies by
aerstion were reported by Beute! (2000) and Montgomery-Watson {199?}: Using the
difference between the mean PO,-P release rate under anoxic conditions {15.9 mgim3rd,
fram Table 8) anrd oxic conditions {40 mg/m®d, from Table 7), and the previous
assumptions, one estimales a potential offset of 17,400 kg Pivear due to aeration. Such
an offset is about 2x the P Ipading that results from recycled water supp[émentatiun to
ihe lake under typical conditions, Thus aeration should be able to offset nutrient inputs
resulting from recycled watsr addition un.-::ler average conditions, althaugh such an offset
would fall short of the P-loading from recirc[ed walar ét the highest additions in the
absence of additional mitigation measures. Thus othsr mitigation measures (a.¢., alum
addition, wetiands filtration) would be necessary to improve (ake water quality {Horne,
2000
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Appendix

Algal Response to Reeyeled Water Additions - Winter

The availsbility of recycled watar dictates that any additions to offsst the net
evaporative logses from Lake Elsinore will ocour principally during the winter months. In
the main body of the repart, résylts from an evaluation of algal respanse were presented
far regycled waler addition dursing the fate summer, where substantial algal growth was
observed. Given the lower light intensity, shorter photoperiod, and reduced temperatures
‘present duting the winter months, an additional study of algal responsa to recycled water
additions was conducted.

For this study, approximately 25 L of water from Lake Elsinore was collected an Dec,
13, 2000, About €& L of recycled water was also collected from the effluent of the
EVYMWD. Samples were treated as descrbed previnusly. with approximately 0.6 L of
lake waler decanted into B series of plastic vessels. Samples were spiked to known
coneentrations of recycled water {1:30, 1:10 and 1:3 v/} and then placed in a growih
chamber at 15 °C with a daily ~9 h illumination period. These conditions reasonably
reprasented the conditions present at the lake at the lime of sampling. As befors,
recycled water concentrations were selected to reflect the range of relative volumes that
may be added to the lake, rangirg from minirmal inputs as would be likely during wet
years, to more average conditisns (~1:10}, and to drought conditions, where up ta ~30%
of the lake volume could be supplied by recycled water. Duplicate samples were then
taken daily for 5 days and promptly analyzed for chorophyll a.

- The chiorophyll a concentration at the time of sampling was approximately 70 ngL':
this levef was higher than fevels found earlier in the fall, and consistent with the visual
observation of high algal turbidity at the time of sampling. Chlorophyll 2 concentrations
rémained near 70-80 pgil. over the incubation period in the control samples (Fig. A4).
Additions of recycled water at the 1:30 ratio resulted in a limited increase in chlorephyll a
concentrations relalive to the control, while the chlorophyll a concentration increased to
aver 150 ug/L when recycled water was added at a ratio of 1:10. At the highest addition.
chlerophyli & concentration increased by more than 5x its initlal level and exceeded 350
pg/L after 5 days.
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These results, in combination with tha results presentad in the main body of the
report {E g., Fig. 3), indicate that the timing of recycled water inputs WIII not signifi |::F3n'11:|3.r
influence algal response to increased nutrient additions.
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Sadimant Charactyrization and Alum Dose Detarminaton

‘Sediment Characterization
The sediments of Lake Elsincre have been recently characterzed {(Anderson, 2000). In
that study, 49 samples were collecled frem a regular sampling grid shown in Fig. 1.

Samples were collected with a Ponar sampler.
Locations of sampling sites and the lake margin
ware recorded with GPS. Depth was also
racorded. Saﬁimant samples were placed in
500 rﬁL wide mouth glass jars wih screw cap
. lip and stored on ice until transport back to lab.
Sediment was then homogenized and
subsampled for porewater analysis and
sediment characterization. Resuls from
-sediment analysas are presented in Table 1.

Fia. 1. Sedimen! samoling sifes.

Table 1. Summary of sadiment charachernizaton dala,

Progorty Units - Maan S1d Dey adian Min | My
Swdimmnt

Sand ey 276 31 108 0. 955
Silt % 307 150 43.0 22 755
Clay % 337 20.2 387 23 59.6
Tolal C S 4,04 2.3 5.4 o1 5.8
Organic C . 319 154 4.5 01 &7
Inarganic & “h D.Bs 0.45 nsg 00 15
CaCo3 % 7.08 283 77 0.0 12.5
TolglN % 0.28 020 0.5 op o8
Tolal & L 0.78 0.5 1.1 0.Q 1.3
Total P mgikg 760 249 851 44 1113
inarganis P mgkg 524 183 558 Ty 853
Organls P mgskg 236 1432 295 K| 462

The #ﬂdimants were ganerélly fne-texiured, with significant organic C, CatO,, and P
contents (Table 1). The spatial distribution of total P within the basin is shown in Fig. 2.
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The distribution of total P closely followed that
of elay content {R? = 0.81), organic C (R*=0.86)
and total N (R*=0.83), High total P levels were
generally found in the deeper porticns of the
take. As shown in Table €, the tatat P in the
sediments were principally associated with an
inerganic fraclion az defined by Aspila &f 5l
{1976}. In that work, inorganic P was defined as
that extracted with 1 M HCI

IEEEEEERET g

Fia 2. Total P distnbubion in sediment

Alum Dose Detarminati

The alum dose for Lake Elsinore sedimenis was determined using the method of Rydin
and Welch (1999). Repraseniative samples were collecied from a site near the
norihwest shore located in about 4 m of water and from the ceniral portion of tha lake
{~7 m depth). The samples collected near the center of the lake were finely textured
arganic muck, while the nearshora samplas were sandy, coarse textured masierial. Dey-
weight determinations on thé fine organic sediment yielded a dry-waight content of 0.13
g dry-weight/g wet weight, while bulk density was measured at .13 g/iom®. Dry-weight
and bulk density of the coarse sediment was ~0.5 g dry-weight/g wel-weight and 1.87
glum®, respectively. Triplicale samples were extracted with 1 M NH,C {comespanding te
kosgly-sorbed P) and 0.11 M Nax5;04/NaHC O, {defined as mabile Inon-Py {Rydin and
Welch, 182€). A significani amount of P was recovered from the fine organic sedimant.
Loasely sorbed P averaged 8510 ug/g dry-weight, while Fe-P averaged 198+19 ug/g,
for & total mobke inorganic P of the fine orpanic sediment of 273+32 ug/g. Nagligible P
was recovered from the coarse sediment (mobile inorganic P of 2.311.0 ugfg). This
resull is consistent with the total P distribulion for the lake, which indicates vary low total
P near the margins of the lake (Fig. 2). Thus, only the fine organic sadiments with high
total P will be considered an important source of P to the water column. Following Rydin
and Welch {1998) and assuming the top 4 om is the active zene of P releasa, one
caiculates an areafly-averaged mobile incrganic P content of 1.6 g Pim2 Assuming an
AP ratio of 10011, one then caiculates a doss of 160 g Am? Based upon the obsarved
distribution of totat P in Lake Elsinore (Fig. 2), it was estimated that about 80%. of ~2000
acres, of lake sediments are contributing P 1o the water column. Thus. & fotaf alum dose
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of 1280 metric tons {as Al) would be needed t¢ inactivate the mobile inarganic P
estimated for the sediments using a 100:1 ALP 7atio. A lower ALP ratio of 30:1 has been
used in some other siudies; using such a retio, the aluminum dose is reduced o 48 g
Alim? or a fotal Al dose to the lake of 384 metric lons,
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