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PREFACE

The work described in this volume was performed under Contract No.

DACW39—76—C—00T6 between the U. S. Army Engineer Waterways Experiment

Station (wEs), Vicksburg, Miss., and the University of Florida, Gaines-
ville. The work was sponsored by the U. S. Army Engineer District,

Jacksonville, and by the Office, Chief of Engineers, U. S. Army.

~Uhis is the fourth of eight volumes that constitute the first of a

series of reports documenting a large—scale operations management test

of use of the white amur for control of problem aquatic plants in Lake

Conway, Florida. Report 1 presents the results of the baseline studies

of Lake Conway; subsequent reports will present the annual poststocklng

results.

This volume was written by Messrs. Eldon C. Blancher 11 and

Charles R. Fellows of the Department of Enviornmental Engineering

Sciences of the University of Florida.

The authors wish to acknowledge Drs. T. L. Crisman , J. L. Fox,

P. L. Brezonik, and J. F. Heaney for their helpful comments during the

preparation of this report. Special thanks go to Miss Diane Sompongse ,

and Messrs. F. M. Kooijman and H. A. Conley for their help during the
field operations.

The work was monitored at WES in the Mobility and Environmental

Systems Laboratory (MESL) by Mr. R. F. Theriot under the general super—

vision of Mr. W. G. Shockley, Chief, MESL , and Mr. B. 0. Benn, Chief,
Environmental Systems Divison (ESD), and under the direct supervision

of Mr. J. L, Decell, Chief, Aquatic Plant Research Branch (APRB), ESD.

The ESD and APRB are now part of the recently organized Environmental

Laboratory of which Dr. John Harrison is Chief.

Director of WES during the period of the contract was COL J. L.
Cannon, CE. Technical Director was Mr. F. B. Brown.
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LARGE—SCALE OPERATION S N ukMk.r~r r~ :’i ~ USE OF ThE

WHITE AMUR FOR CONTROL OF rHOI q .NM AIS4UA TIC PLANTS

BA SELINE ~ l’UPl K~

Interim Report on the Ni tt -o~ cn and Phosphorus
Loading Characteristics of the Lake

Conway , F l or i d a , Ecosystem

PART I: rNTHor~ut’TION

1. It is now coz~~only accepted that inc reased availability or

nu t r i en t s , notably nitrogen and phosphorus , speeds the eut rophi cation

of lakes. This ~x~t~~iive availability or nu tr i ent~; may be due to either

increased loading from external sources or alteration ot  n u t r i e n t  cy~ lcs

within a lake. ~uclt enrichment modifies the ~-haracter  of a lake by

increasing primary pro d uct ivi ty  and t hus leads t o  problems a~~ociated

with inc reased growth or vascular pls~ t- s or algae.

- 0 t’ pr ime importance in t he understandIng of t lie cut roph i cat 1011

process is the  nutrient budget , a fund~uncntal concept of t heoretical L

and appl ted 1 imno logy I Vol lenwe I dec 1 *~) . Oeneral t heo t . I e~i ~ f nut n est

supp ly,  Losses , and concentration ,as well as the qualitat ive relation—

ships between n u t r i e n t s  and biological productivity, are well known .

~ua n t 1tat ive relationship s between these parameters have not yet been

ful ly understood .
~~. The need for a quantitative method ol ’ p r e d i ct  in g  t h e  response

of a lake to increased nut r ient  supply was expres~;ed by I~dmoti~tsoii et at.

(1961) In  a study of Lake Washington .  s ince  then , ~;evt-ru l worker s have

proposed models predictive of eu t roph i ca t ion  rates.  The tno ~;t Important .

are t hose of B! ff 1 ( l -)t~ ~
), Pion tel 11 and Tonol ii lL )~~i 1 , Vollenwelder

(1 QtO~ ) and Di i  ion ( 1  ‘)~~~ ~ . Improvement o t’ t lie~~t ’ simple models led to

the development of Vollenweid er ’ s (1969 ) cr i t  ical load ing ~‘~~i p t  . Ov er

the past few years , t h i s  concept has been used , c r i t  ically reviewed

D i l l on I ~) 
~~ 5) , and constantS ly refined (Vol 1 euWl ’ I 5te r 1Q~ ~ and ¼)~~t 5)

~e. The construction of a nu t  n est loading model re qu l  eo~; an

-~~~~~~~~~~~~~~~~~~ - - S~~~~~~~ - -  --~~~~~. ~~~~~ — - - S-- - -- - -- - —- - -- -~~~~ -- - - - _
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analysis of the sources and sinks of nutrients for a particular lake
(Table i). When constructing a nutrient budget , sources and sinks

generally refer to the flow of nutrients to and from the water column.

Figur e 1 shows a simple model of nutrient pathways to and within a lake.

Nutrient inputs may be either natural or cultural in origin and flow

into the lake directly or indirectly as either surface or subsurface

runoff from the watershed. These materials are then recycled between

the water, biota, and sediments , and are ultimately lost in the outflow—
ing waters or buried in sediments. Although there is a constant ex-

change between the sediments and the other components , in most lake

systems the net flow is to the sediments. Thus lakes act as traps by

storing more nutrients in the sediments than are released to the water

column .

5. The purpose of’ this study was to assess the inputs and output s

of nitrogen and phosphorus to and from the Lake Conway system. The

major flows of these nutrients were identified and measured and a

S 

NATU RAL CULTURAL

POINT
S NONPOINT

PRECIPITATION
AND FALLOUT

lATER OUTFLOI
BASIN

I STORM
lATER 

,.
‘

/ 
BIOTA SEDIMENTS

I
GROUND SEEPAGE

LAI(E

Figure 1. Simplified model of nutrient pathways in a lake ecosystem
(symbols after Odum 1971)
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general loading model was constructed. Additionally , bioassay techni-

ques were used to indicate the extent of nutrient limitation within the

lake. This information will be useful in determining whether the future

feeding activities of the white amur or grass carp (Ctenopharyngodon

idella) will have a significant impact on the nutrient loading of the

take by internal nutrient cycling.
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PART II: MATERIALS AND METHODS

t ’ . Lake and watershed areas were calculated from U. S. Geological

Survey (USGS ) topographical maps by electronic planimetric methods.

Extent of the catchment area was de te rmined  from topographic features

F and by .-~~~ ;i d t  ~ng area tax assessment maps at the Orange County Public

Works C f t ’ice for  street d x t h c t g e  patterns. Land use and development
pa t t e rns  t’cr the  watershed were e st i m a t ed  from recent (iQ7’~) aerial

photographs.

7. A ba thymet r ic  map was ~‘r oduced us ing both depth p ro f i l e s  ob— S

tam ed with a recording ,Iept i i  meter and an e x i s t i n g  bathymetric map

produced by J. P. Schardt , Florida Department of Na tu ra l  R e so u r c e s .  The

area ot’ each metre—dept h in terval  was determined w i t h  an electronic

p ian ime ter , and lake vo lume s were calcul ated by summing t h e  volumes

of each 1-rn interval . Mean depths were computed by dividin g lake

volumes  by their r e sp e ct i v e  area.

~~. Rainfall and evapora t ion  data were obtained from U. S. Weather

Bureau climatological- data reports. Rainfall data reported by the

Orlando weather  c t a t  ion at McCoy A i r  Base was used because of’ t he close

p r o x i m i ty  of the  airport  to the  lake . Averages of evapora tion  pan data

from the Lisbon and Lake Alfred stat ions were assumed to be representa-

tive of the Lake Conway area. Coefficient s used fo r  e s t ima t ing  evapora- H

t ion from t h e  lake surface were those determined for  Lak e Okeechohee

by Kolder (L~ 5h) .

. . A 2-litre plastic beaker was placed out immediately preceding a

storm to colle ct r a i n f a l l  for  n u t r i e n t  analysis. In addit ion , beakers
for the collect ion of dry fallout were placed out for 214—hour p e r iods .

10. The volume of d i r e c t  runoff  was calculated by the U. S. Depart-

ment of Agricul t ure Soil Conservation Service ( s c s )  metho d ( l97s)  ~
the  ra t ional  method (Chow 196 14) . The SCS method is described in deta i l  H
in a technical publicat ion “Urban 1Iydro1o~~ for Small Watersheds ”

(Technical Release No. 5’S , i~m) .  The method require s developing a
wei ghted curve number from land use and hydrologic so i l  groupin gs and
determining the am ount of direct runoff  from an empirical  model . The

_ _  _



rational method ~n n s i st s  of measuring the amount of’ direct runoff during

a storm event in order to calculate a runoff coefficient. To this end

a l” L~ha area of the  d ra inage  basin  was 1-le n ti fied from topographic

maps and confirmed with Grange County engineers for street drainage

pa t t e rns .  During am ~nitense  thunders torm in August lQ1 (~, flow through

an open channel draining into Lake Conway was measured.  Flow rate was

rne~isured with a Gurley flow meter at 15—minute intervals and water

samples wore co llect ed for turbidity, conductivity, arid nutrient deter—

minati ons. Rainfall was s i m u l ta n co uc l y  collected and measured.

11. Subsurface seepage into Lake Conway was measured using the

methods of Lee (1Q72 , 1977). Drums enclosing 0.255 rn of lake bottom

were pui;ht’ i (~~peu end down ) 10 to 15 cm into the sediments. The ci  o~ eJ V

ou ts were vented by O.9— ’rn—diameter p last V.- tubing into either a O .l~ 0—

or 3 . 5 — l i t r e  bag. Flow wac ca lcu la ted  by d i v i d i n g  t t ic volume of’ w u t  or

collected by the collection time . Water can ip lec  wore  collected from the

i nd i v i du a l  drum end s for  subsequent nutri ent analysis. Vram coil cot crc

wer e placed on a t rancect perpendicular  to the chord i no cince ccc age

~w decrea:.ec w i t h  inc reas ing  distance from the  shore (McB r ide  ~i i J

Pfannkuch 1Q75). Flow verrus  distance from chore was then calculated

in crIer to exprocs fl-ow per metre of shore l ine  when m t  egrat ed.

12. Beginning in February 1911 , monthly water samples for nutrient
analysis were collected at 1—rn intervals from the ceuter of each pool

of the Conway system . Additional nutrient data on the lakes were

obtained- by the U. S. Army Engineer Wate~’ways Exper i ment Station (W}~S).

13. All water samples were analyzed for nitrogen (NH~~, N0~~, NS~~,

and total Kjeldahl nitrogen or TKN ) and phosphorus (PO~ , TP) using

methods described in Standard Methods (American Water Works Association

1Q75) or the U. S. Environmental Protection Agency Methods handbook

( 1976) .  Loading rates were calculated by multiplying the yearly volumes

of combined inflows by the respective nutrient concentration and divid-

ing by the surface area. The mass balance—loading models used in th is

report are essentially those of Vollenwe ider (tQtV ~. ~~~~~
114. The nitrification capacity of sediments from the West Pool ~ t’

Lake Conway was evaluated. Suspended and unsuspended sediment-water

I
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systems con s i s t i n g  ot  7~~O ml each of sediments  and de ion ized  water  were

incuba ted  iii the lark at 10°C and 23°C. Samples were obtained from

thece experimental cjctcuc at in te rva l s of 0. ~ , 1, 2, 5, and 7 lays

an.! anaiv:~~.l for n i t r a t e  (N c  and a~~ onia  ( N H ~~)

15. Bioassay method s  i n c l u d i n g  Algal Assay Procedur e ( U .  E n v i —

r I n m m e n t r t i Pro tec t ion  Agency i~ 7i), alkal i ne phosphatase  assay (F i t z —

gt-ral d LQs 8 )  an,l nitrogen fixati ($tewart et al. l Q t 8 )  were use -I to

determine n u t r ien t  l i ” V t at i c : i .

S
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PART III: THE STUD Y AR EA

16. Three lakes consis t ing of’ f ive pools comprise the Lak e Conway

system (Figure 2 ) .  From north to south the pools are Lake Gatlin , the

West and East Pools of Little Lake Conway, and the Middle and South

Pools of Lake Conway proper. Located in the central portion of Orange

County directly south of the City of Orlando, these lakes form the

upper portion of the Boggy Creek drainage basin. Average elevation of

the lakes is 26.2 m above mean sea level (msl). Lake level is controlled

by a concrete and wooden darn at the southeast corner of the South Pool.
Outflow from the system is into Lake More Prairie and eventually to Bog~ r

Creek via a canal.

17. Comprised of a series of fused dolines, the basins of the

Conway system exhibit a diversity of shapes and sizes. A bathymetric

map of the systeir is given in Figure 3 and inorphometric features of the

individual pools are described in Table 2.

18. Soils of the surrounding watershed are of the Blanton , Char-

lotte, and Orlando units and are composed of moderately to excessively

drained fine sands (Soil Conservation Service 1960 and 1973). Infiltra-

tion of rainfall into these soils is immediate and complete , resulting

in little or no surface runoff..

19. Orange County is underlain by marine limestone , dolemite ,

shale, and sand (Lichtler et al. 1968). Surficial undifferentiated

sediments of Pleistocene age are underlain by the discontinuous Hawthorne

formation of Eocene age. Porous limestones underlie the Hawthorne form-

ation and constitute the upper portion of the Floridian aquifer.

20. The piezonnetric surface of the Floridian aquifer averages

16.8 m above mean sea level around Lake Conway (Lichtler et al. 1968).

Since lake level never falls below the piezometric surface of the aqui—

fer, flow from the aquifer to the lake is unlikely . However, seepage of

groundwater into the aquifer is probable. The clay—rich sands of the

Hawthorne formation usually retard vertical movement of water between

the water table and the limestones of the Floridian aqui fer below.

Since this layer is discontinuous in Orange County, and the area is

9
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considered to be an area of’ good recharge for the aquifer (Lichtler
et al. 1968), the possibility of groundwater flow out of the lake is

great .
21. Land use patterns for the Lake Conway watershed are presented

in Table 3. Urban to suburban development dominates the surrounding

drainage basin , replacing areas previously allocated to agriculture .

12
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PART IV: RESULTS AND DISCUSSION

~y~iro1 o~~

~‘2. N ut r ient Inp uts  to a lacustrine system are closely related

t~ the hydrologic budget of the system. Thus , c r i t i c al  to the develop—

ment of’ any realistic materials budget is the construction of an accu-

rate water budget .

2t . The hydrologic budget ~f a lake may be expressed by the follow-

ing equation

s —  (r’ — E  )A + 
1
V — ‘ V + G

1 1 1 1 o —

where

2 = change I n water storage

P
1 

precip i t a t i on on lake surface

evaporation from lake surface

A
1 

= surface area of the lake

‘V1 
= sum of input s (influent streams and runoffs

= sum of out  put s (e f f luen t  st -r eams )

G = groundwater flow

2~ . Monthly ra lnt ’al 1 and evaporat ion for th e l ’Q T~’ water year are

presented in Table 14. The volume of direct  precipitation onto the

Lake Conway surface was 8.87 x ~~~ m~~. An annual evaporat ion volume of

9.30 ~ ~ 6 
m~ was determined by multip lying the annu al pan coe f f i c i ent

(0.78) (Kohier 19514) by t h e  lak e surface area (7. ~Q kin’ )  and t h e  he i ght

of pan evaporation (161 . 142 cm ) .

25 . Inflows to the lakes were divided i n t o  four  major component s

stream inflows , surface runof f , subsurface seepage , and groundwater.

Each of’ these components was assessed t o  determine Its significance in

the overall hydrological budget .

26. Stream inflow to the Conway system is produ ced p r imar i ly  by

small ditches that drain the surrounding watershed . Inflow fr o m  these

~1itches was considered as a part of total runo f f .  Total runoff  was

—5--—---- - - --- 5--  —--- -- - — -—- - - -  _ _ _ _  — S — - ~~~~~ l~-
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calculated from stormwat-er runoff and seepage. Stormwater runoff is

that water which enters stream channels associated with storms and forms

a run off hydro grap h. Seepage is  t hat portion of total runof f whi ch

enters the lake following int ’tl t rat i n  ot’ sot I s in the watershed.

‘7. The vo l ume of s tormwater  runoff can vary considerably w i t h i n

a drainage basin. Soil t ype , vegetat ion cover , and extent of impervious

as wel l  as frequency , 1 n t  ensity, and duration of r a i n f a l l  p lay

major roles in determining the amount of r u n o f f .  It is there fore neces-

sary to ob t a i n  hydrographs ‘V stormwater flows for t h e  basin in addit ion

- ‘ using ~~t andard empi ri - a l  met h ’t s for d et e r m i n i n g  d i re c t  r u n o f f .

‘0 . A st ~ rmwat or hydrograph for the Conway ba sin was calcula t c i

from data coll ec ted on 21 August 19Th (Figur e 14). Of t he p r e c i p i t a t i o n

tha t  f e l l  ~iur lug  tha t  ~t cm ( 1  . )2 cm )  , ~ . 11 percent entered the lak e as

a tor mw a t er runoff. m i t  i a t i or i of runoff and the t ime interval to peak

flow wer e rap id .  R eturn of f l ow  t o  s l ig h t l y  above base flow was also

rap 1.1.

.‘~~~~. i :~ t Imates of stormwater runoff by the 2oll Conservation Ocr—

vice method resulted in a curve number of S6 for the Conway basin.

This means t hat approximately 7.h cm of r a in fa l l  I s necessary b ef o r e  any

sur f riiti o f f  ‘an be let oct el.

~0. rho vo lume of st ormwat er runoff was calculated by m u l t i p l y i n g

t h e  amoun t of p r e c i p i t a t i on in he basin by 0.0 st’ , a runoff  coeffic tent

determined from the hydrograph. Additi onal measurements of’ stormwater

f lows  were not p oss ible  due t i  I hi ’ p a u c i t y  of rainfa ll during spring and

early summer of ’  l0j’i.

31. In  situ seepage measurement s provide direct  measurement of

seepage f low.  Prior t o  t h e  1 ’vclopmeut of t h i s  techni que , seepage flow

was e st im a t e d  by s u b t r a c t i n g  the measurable output s from the input s .

The i’’pnco—m ot or met hod used in this study has provided integrated

values (per m shoreline values) with an error margin of + 20 percent .

~2. Annual seepage volumes have been generated by extrapolation of

the pre l iminary  data. Uti lL ’. in ~ samples from a s ingle  s i te  du r ing  a

193—day per iod , the  annual increase in lake level due t o  seepage has

been c a l c u l a t o l  for each poo 1 (Table 5 ) .  Recent sampl es  from two other

114
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tSQ .

• NOTE : TOTAL RAINFALL - 1.98 cm.
RAIN DURATION • 25 YIN .

!

b00 .
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25-

0—
1345 1800 1815 1830 1845 1900 1915 1930 1945

TIME

Figure 14. Runoff hydrograph of 21 August 1976 at Gatlin Avenue
and Bumby Drive for Lake Conway basin
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sites not considered here add credibility to t h ese  early estimate s .

~~. Eat i mat ion of the  accuracy of ’ t hi ’ val t ies C r the  runof f  ‘ ‘rn —

ponents was based on another method of de t e r m i n i n g  t ’ t al r u n o f f .  I t

was assumed tha t  co r r e l a t i on  of t ‘t al r a i n f a l l  In the bas in  w i t h  s t i t i s e —

quent r i se  in lake -level woul d provide  an add it  i ‘int l est  imat  o of t ot al

r u n o f f .  Wel 1— d ef in e l s torm events f o l l ow i n g  a dry periol were le t  er—

mined from ra infa l l dat a , and subsequent c han ges in lake st ‘rage and

es t ima te s  of t o t a l  r u n o f f  were ca lcula ted ( Table n I . Vrom t h e s e  cal cu—

lat ions it was de te rmined  t hat - ‘1’ the t ot al pr o - I p i t  itt I ‘n t h u t  f e l l  i n

the watershed an average  of 12.1~ percent on t  ore ! t he lake . Addi t I oni t  I y

i n f o rmation from the UO (iO ind ica tes  that. the average annual out flow v i a

Bog~~r Creek is 17 .0 cm. Cons t ier i ng tha t  tot al r a i n  f a l l  C r  t he a r ea

i s  120 cm , run of f  i i tpprox imalely 1.14.8 percent of t t it I r a i n  Ca 1 .

314 . By comb i i i i  ng sur face runoff and seepage and d l v i i i  ng by t lie

preci pi tat-ion in the  watershed ( ( 5 ’. 15 + 1 . N’) . ‘ 1 4 ’~~. 1414 ) a t ‘i a I runoff ’

coc I’ f t c  i m i t .  of ’ 0 . 14 percent is obtained.  Th i s  val ue Is  cons i derabl y

Lower than other  est  m a t  es ;  however , the  cut m a t  t’ wan let.ermi ned from

data obta ined  p r i m a r i ly  d u rin g  a dry year . ‘~- ‘t i r t  hermort ’ , seepage mea sure—

ment s may be low ~iue t.o f r i c t  tonal  rest stance Ii i  t h e  sampling apparatus.

Ad di  t i tn t  1 measu rements  and ex p er i m e n t a t i on  w i l l  improve t h e  accu racy

of these e s t i m a t i o ns .

An o ut  i mat. e o t’ groundwater inflow ( f rom t he cont’i med aqul C i i ~ ‘I

was de termined by cons i icr lu g  t - ho f a l l  in lake s I age lur I ng tin ext on to !

dry per i ‘1 and c o r r e l a t i n g  t h i s  value w i t  h l o u s es  out i mitt ml from ev i t  p - —

ra t  ion  til ‘t ie .  During three  such per i ’ds t h e  drop in lak e levels co in I t

be p redic t ed  by evaporat ion alone. These obst ’rva t  10 1 1:; : o lpp  r I t he

hypotlies i s that groundwater I’ lows t o t he Conway sy ut em a me i t :  sign i f  i - m t

Our face out flow through the out let occur i-e l ~iur lu g  Au g iu s

Ot’pt ember , and Oct obey of 1 97t’. From three  measur ement -s  obt a t  n e t  t t i t i t ig

those months , it was determined that  annual  seepage out fl ow was t t p p r x i —

mate ly  1.87 ~o6 
m ~~. A d d i t ion a l  out f lows from I he lake: :  ‘c’ at- v i a seep-

age , evapotranspirat  ion losses , and d o me s t i c  pumpage . N ’  a t t  otapt I ’

measure these f lows was made , anti it was assumed t hat  t h e  combine ! f l o w s

con at -  it-ut-ed t iti ’ d i f f e ren c e  between ca 5icu lat  e~l input ii and a I put ii 
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~7. Ilt i l i z  t u g  all t h i s  I n f o r m a t io n , h y d r o l o g i c  budgets for both

the  ~‘cnwtty system arid i t s  m d i  dua l  pool a were con at r i ’  t ed ( Tables

and 8) . It  Is cvi dent that -  t he hy i rodynami c cycle of thi s system Is

temi nate~I by prod p i t  at  I on — ev a p o r a t i o n  ev e n t s .  Othet- sign i f icant  i n f l o w s

are stormwater runof f  an t i seepage , w i t h  seepage the more important .

~8. In cr i e r  to v er i fy  the  aL’curacy of t h i s  budget , the  calculat ed

f l o w s  w i l l  he used in a model t o  predict change in  storage w i t h i n  t~ io

lake  sy stem.  The results of t h i s  model w i l l  subsequent ly  be compared

w it h  actual -li angt -s in Lak e Level re - c r i e d  for the Conway system .

N u t r i e n t  Budget ¶

~~). One C I hi ’ mo st e t’t -o - t  lye  ways I o beg in  a q u a n t i t a t i v e  study

‘1’ a lake i ii by Lieve I ‘p i t ig  a nut len t -  budget  . Depending on the  type of

i t :  t’. t - mt t t  I - n iou i e e l  , t wo approaches for  lev i ’ l op  i tug budget . a are ava i lab le :

l i t ’ mut t  balance t tp t ’r ou ~-h (Veil enuwt’ I don -  1 Q 1”~; Imboden 1 Q 7 2)  and t h e  not.

t a u , l g e t  met. ii’ 1 .Ih n n ni and ~w et :  1’) , 1 . Net . bu lget  a are preferable  when

hi ’ nat are . ‘C f li t’ i n i p u i t  5 ’Ut’dOs i s  b et  tu g i tuvost i gut ed whereas mass

1’ ,~,lgct  a are more u p t ’t - ’p i- I i t t  e when t he behavior  C t he i n !  i vi dual nut r I —

t n t  s wi t h i n  the  lake is t ho p r ime  ‘otisiderat i o n  ( lkurns 1Q71 ’) In t h e
p

s e t ’ t he mass budget , the qwtnt i t  y f mat ou’ I al a i s  cons i Ic red i t: li ’~

~ e t : i e t : t ’t ’ the  ‘ ‘ri ~~e t i t  rat ion and is tilwttvu p’s it I ye. For puit’pose of

h i s  i t i v o s t  i gat ton I ho mass budge t  is t h e  a p p r o p r i a t e c h o i c e  of approach .

t :~ ’ut

140.  A tm ou p h er  i - I apiu t ot’ pii ’s~ -~:- ’ ~~~~~~ P)  and n i t  u’ ’ge:: ( N  or - i gi  —

e ft - cm a v a r i e t  v ‘1’ :: ‘u r ’ e u .  ~t i ’ ::i’ I t u o l  t i le feu’t i 1L’ei’ m i t t  i t i g  and

m:tt:a C t - t  tir ~’ , a ’  I la , i t : !  combunt -  i o n  cC v a r  i o u t : :  t y p e s  ¼, Ciii ’ 1 s , agri  cu l t  u ru l

b u r n i ng ,  an~1 t’. t ’ o : t  f i r es ) . F v e n t u i a i l y  t h e s e  m a t e r i a l s  are removed

from t h e  atmosphere its lr’y t’t t l  I ‘ i t t  or a ’tivetigt’ I by prec I pi t at. i o n .  I t

si t  iii .1 he t i o t  e l  t h at  much c t’ t ho mat en i al t hat t’al. is  on l and stir fact’:;

may pot out  I a l l y  be ro sa  ::peti Ie.l i n  t ~ t he’ a t m o s p h e r e .  I t ’ this is  t he

case anti i gn if i cant. no —t ’t l  t t R i  t u m e i i t  do os occ ur I hon open b o l l  en o C

w a t e r  w ’ u u l  1 rece ive  a Ii :;pu’ ’p ot -t  ionitt e uhat’e of atmospheric part Iculat - e

matter (Murphy 13714).
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141. Based on a limited nujnber of rainfall/dry fallout samples ,

annual loadin gs of’ 0.10 14 g/m
2/yr 1’ and 2. 3~ g/m~ /~rr N for r a i n f a l l  and

0.008 g/m ’~ ‘y n -  P and O. i42 gun ’ /yr N for dry fal lout  have been calculated .

These values are correspondingly high for’ rainfall and low t’or dry f a l l —

~ ut  when compared with similar data for Gainesville , Florida

(C. Hendry , personal communication). However , when these two i n p u t s  are

combined , the result ing loadings (0 .112 g/m~~/yr  P and 2 .75 g/m’Jyr N )

compare well with similar loading s of 0.10” g/m’/yr F arid 2 .58 g/m ’yl ’ N

t’ot’ tlai tiosv i lIe -

t O .  The accuniulat ion of mat t e r  in  urban areas and it s subsequent 
-

S

runoff Into water l ’o i i os  have recently been investigated (Cowen and Lee

I ~7n ;  Field ot al .  lQ7n ;  Barkdoll et al. 1977) .  An ear ly  at t idy showed

t hat runof f  contains  concent ra t ions  of suspended solids t hat exceed con—

cen t r a t i ons  in raw domest ic  wastewaters  (Weibe l  19n9) . Seven probable

sources o f’ contaminants l isted by Sart-or and Boyd (1972) were (a) pave-

ment , ( b )  veh icles , ( c )  atmosphere , (d) vegetation , (e) litter , (f) do—

m e s t ic  and indus t r ia l  sp i l ls , and (g) antiskid compounds. Transport ot~
these contaminants into nearby waters often results in s ign i f ican t

nutrient loadings and subsequent water quality degradation.

143. Analysis of nitrogen and phosphorus concentrat ions in st orm—

water runoff from the small watershed mentioned previously yielded aver’—
age concent ra t ions  of 2.3 mg/C and 0.33 mg/i for n i t rogen  and phosphorus ,

respect ively .  These compare closely wi th  published values of 3 .1 tng ’C

for N and O.~~t’ t iig/€ for P (Weibel  l Q n Q ) .  Calcula t ions  of areal loading

rates for the  Conway system were based on the above nu t r i en t  concen t ra—

t ions  and resulted in loadings 01’ 0.079 g/m /yr for ’ P and 0.2t~9 g irl yt-

for N.

1414. Since undeveloped land in the surrounding watershed has a high

i n f i l t r a t i on  rate , virtually no significant surface runoff should origi—

nate from these areas . Ot n oc  these types of areas are interspersed
throughout the urban area in the drainage basin , they are included in

the previous calculations for urban sources.

145 . Surface runoff from agricultural areas is considered neg l ig ib le

for several reasons. Urban encroachment in these areas is ver y evident ,

18
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and its classification as agricultural is questionable. Few active

citrus farms exist . Infiltration in these areas is also very great due

to the paucity of’ impermeable surfaces. Most of the impact in these

areas would be to the subsurface drainage or seepage to the lake.

t t .  Groundwater nut r ien t  input to lakes is a product of flow and

nutrient concentration . In the past t h i s  contribution was calculated by

determining the seepage input by subtraction and analyzing groundwater

from wells for nutrient concentrations. McBride and Pfannkuch (197’~’)

developed a model with suipp ot-ti ve evidence from Lee (1972), which corre-

lated decreased seepage into lakes wi th  increasing distance from the

shore . In an investigation of the fate of septic tank nutrients near

lakes, Lee (1972) showed that groundwater may not be homogeneous with

respect  to nu t r i en t  concen t ra t ion .  Furtherr~~re , Chen and Keeney (10(14)

reported that lake sediment s act as nitrate sinks (assimilatory nitrate

reduct ion  and d e n i t r i f i c a t i o n) as groundwater flows through them and

in to  a lake .

147. Nutrient input via subsurface seepage , generally, is poorly

understood. Annual seepage loading rates are reported in Table 9. Corn—

blued seepage for nitrate and nitrite nitrogen was found to range from

0.5—2.5 times the concenti-ations foun d in the lake. Due to greater

NH~ —N input , N0~ —NO~ n it rogen was con sidered to  be of small consequence.

Oingle—day NH~ -N loadings ranged from i.~~ — 2. 148 mg/day for three stations.

Extrapolations were made using the largest value since t~ months of hydro— 
S

logical data were available for this site (Figure 5). Similar extrapola-

tions for total phosphorus are given in Figure t~.

148. Detectable rates of nitrogen fixation occurred during August

1977 in Lake Gatlin and the East Pool of Little Lake Conway but repre-

sented an insignificant portion of the total nitrogen budget .

Outputs
149. Discharge of n u t r i e n t s  through the outfall accounted for only

a small portion of total nutrient loss. It was assumed that outf low

nutrient concentrations were equal to average surface concentrations ,

which were 0.8T mg/e for nitrogen and 0.0143 mg/e for phosphorus. Multi—

plying by the total outflow and converting to annual areal rates of loss

0
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gives figures of 0.22 g/m
2
/yr for nitrogen and 0.011 g/m’ /yr for

phosphorus .

50. Groundwater recharge as a n u t r i e n t  s ink for  the Conway systt-r~
was considered to be insignificant. Losses due to fish and weed removal ,

volatilization, and evaporation were n ot  assessed. However , losses ~~t a

these routes would probably represent only a minor p or t i o n  of the total.

51. Subtraction of’ nutrient output s fr~ ri total input s yields a

value which is considered to be representative nutrient loss due to  sedi-

mentat ion. Although this loss does not represent complete removal f’ro:~

the system, it is a sink wh ich eliminates nutrients from l logical or

chemical cycling within the lakes.

5- ’. Prel iminary ni t rogen ar5d phosphorus budgets for the t ake

-Oonway system are presented in Table 10. Loadings from aerial sources

represent the major external sources of both nitrogen and phosphorus to

Lak e Conway and represent  71 percent and 52 percent of’ the total ,

respectively. The second largest source of nitrogen loading was seepage .

Urban runoff’ was the second most important source of piioa~’ii \rus .

Load ing  Model

53. If steady s ta te  cond it ions  prevail , the bud get for a cc’naerva—

tive (not transformed) substance in a lake would follow the fol1ovin~
re la t ionship

INPUT - OUTPUT = 0

or

INPUT = OUTPUT

This is the fundamental mass balance equat ion.  Expressed in d i f fe ren-

tial form

1 o d m
Em. -Em  _ —~~= o1 o dt



where

~ in . sum of inputs

sum of output s

m total mass in the lake
w

For nonconservative (undergo transformation) substances , the basic

equation could be written

1 o s d i n
m . - E ‘~~ 

- - = 0

where ~~ m equals the sedimentation or transformation term for sub-

stances in the lake ( i . e .  losses other than through the out let ) .  The

above equation can be solved wi th  the restr ict ive assumptions th~~ mean

-
~ lake concentration (in ) is equal to the outflow concentration , and

sedimentation is a function of mean lake concentration. Vollenweider

(1975) solved the equation and obtainen

1( m )  — ç X 
~ + c (1/q ) ç

where
(m ) = mean lake concent ration at steady stat e

= yearly areal loading of substance , in

= discharge height , in

= sediment ation coeff ic ient
in

= mean depth , in

5 14. Vollenweider (1968 and 1969 ) applied th i s  equation in an

investigation of Swiss lakes. Generally , mean lake concentration is a

function of flushing (represented by mean depth and discharge height ),

areal loading , and sedimentation characteristics.

55. Using this  relationship for phosphorus in a number of lakes in

Switzerland and North America , Vollenweider (1975) developed empirical

23
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‘ ( .  Vo 1lenwe l~Ier foun d tha t  c r i t ic a l  loading levels are 0 .1 — 0.  ~
gum ’ yr for phosph orus  and 1. 0—2 .0 g/m ’ /yr  for ul trogen In  t emperat e

lakes. However , Rre;-. e i u i k  and Shannon (1971) found that t h ese  levels

may be somewhat h igher  for  Flor ida  lakes ( i i . 2~ —O. l4Q gum ’ /yr r and 2 . 0 —

~~~14 g/m~~/yr N ) ,  indicatin g that  F lor ida  lakes may be able  to a s s i m i l a t e

more nu t r i en t s and s t i l l  retain a relat i vely “c- i Igotrophic ” 1~ rant - i’ -

Lake Conway ’s phosphorus loadings fal l w i t h i n  the range of c r i t i c a l

- -~ td i ngs , whereas load I t u , ~s for n i t r o g e n  exceed  the “dangerous” I east i tu gs

l i i - !  i 5 ’a t -ed by both Voilenweider  and l~r es oiu  ik - N i t  rogen supp l y  i c -  t h e

l akes appears to be no i-c t. han ade iuat. t’ to p1-c-not. e cu t. rop l t  i c co ius l  it - I on

Oth er Con siderat ion s

57. External n u t r i e n t  l oadings  are oft en considered to be the

major f a c t o r s  cent.  ro I l I ng lake enrichment . iP wever , mechaul sins of

nutrient cycling such as sedimcnt rut, i en , nutrient r e cy c l i ng ,  and fixat. i o u

( N . )  play an important  role in t a c u s t . r in e  nu t r ien t-  cycles . Knowledge

of l i m i t  lug nutrients in a system is en s e t u t  lal when mak ing  dcc i  si ens us

to which source is most Important . F
C~. Resul t s  of algal bioassay expe t’ uncut  s of A p r i l  1 O ( ~ I in! I cItt - cI

t hat phosphorus became limit . i rig d u r i n g  Apr i  l~ in Lake Gat. l In .  ~~j ’ I kes of

nit r- ~geni and phosphorus combined and piuo splio u-it s al one caui se~l i i  giu I fi —
cant increases in alga l growth.

Alkaline phosphatase no t- i vi i.y t n e i t s u i r e s  i-tu e al~ t i l t  y o I’ p l a n t s

to ut ii I se organ ica lly  b ound p h o i i p t i o n u i s  — Enzyme u c t - lv i t.y I n c  rt ’iu s -s

when i i i -  u-ga il i c orthopho ii  pliat . c becotua ’u scarce  - Results f rom M tuy  and

June 1Q17 show sign I fI emit leve l of nct. l v i  t.y for various algal sp e c i e s

throughout  the system (Table I I ) . Fit. ‘genii 1 1  and Nelson (1 ~ t -t ~ I demon-

strated that plios plioi-ui s— l u n i t e d  algae e x t u i b i  i . a c t  I ~‘i t los of ~‘,14OO t-o

28 , 000 enzym e ut n l  t. u , on s t.o .‘~~ t i m e s  those of ’ uni Imi ted al gtie

Act lvi t . i es in June i tat i o u t e d  piio sph o i -uu s  l i m i t a t i o n  in u 11 poo l -

July, however , alkaline piio sp lint. use act. I v ii - I e s of a,1 1 spec i e s I cut e 1

were below the levels i nd i c a t i ve of l i m i t a t ion .

60. Mm ! t n t - I  on of ’ a I gal growt h by nit . rogen cc -u i  I si not be demon-

strated in Lake Conway . N e i t h e r  a lga l  b io~isuay t i c -n  nit nogetu  t’i x tt t l o u t

~ 
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indicated limitation for N for the period tested.

61. Nitrificatlon is a process whereb y ammonia is oxidized to NO 2
and NO

3 
by a select group of aerobic autotrophic bacteria. Although

nitrification rates of up to 5.14 mg/i/day were obtained in the experi-

ments, preliminary studies indicate that Lake Conway sediments do not

add appreciable amounts of N0
3—N 

to water except in well—oxidized ,

stirred situations such as might be occurring in shallow areas or during

lake turnover.

62. Although these results  did show that phosphorus was briefly

l i m i t i n g  during spring and early summer of 1977, it may not be a common

occurrence. Aerial loadings ( 5 2 . 3  percent ) and urban runoff  (36 .9  per-

cent ) are major sources of allochthonous phosphorus to the system.

Since t h i s  was an extremely dry year, a significant portion of P load—

ings was lost even if one assumes that bulk aerial loadings remained

const ant . Thus , the fact that phosphorus did become l imit ing is not

surpris ing.  What may be of more s igni f icance , however , is the rap id

response of the  system to a change in loadings , indicat ing rap id

ass imi la t ion  and e l iminat ion  of phosphorus entering the system .

26 
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PART V: CONCLIJSrON S

h ~. Preliminary studies in the Lake Conway ecosystem have resulted

in estimates of nitrogen and phosphorus loadings of ~.88 g/m2/yr and
0.2114 g/m

2/yr, respectively . Major external sources of nitrogen were

from aerial inputs and subsurface seepage flows, while phosphorus Inputs
were dominated by aerial loadings and urban runoff. The magnitudes of

nitrogen loadings exceed the dangerous loading levels indicated by both

Vollenweider (1968) for North American and Swiss Lakes , and Brezon ik and
Shannon (1971 ) for Florida lakes. Phosphorus inputs lie between permis-

sible and dangerous levels , indicating that the lake system should

exhibit mesotrophic conditions.

t2~. Due to decreased loadings during the spring and early summer

of 1977 because of a scarcity of rainfall, the lake briefly exhibi ted

symptoms of phosphorus limitation . This observation was supported by

evidence from algal bioassay and alkaline phosphatase experiments. No

indications of nitrogen limitation were found.

~
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Table 1

P-s’;ible Sources and Sinks for Nitrogen and Phosphorus for Lakes*

Natural Cultural

Sources

Precipit at ion on lake Was cs , 1 -mo t I c and i t t - I  u i s t  r i a]
Soil erosion Agricultural runoff
Fo r.e st. run o 1’ f Urban runo f f
Meadow runof f  Sep t ic  tank s
Swamp runoff Land fill leacha t s’s an d runoff

~lroundwat er i n f l ux
Ni trogen fixat  iori ~~~
Deposit ic-n of plan t l i t  t or
Animal wastes
Sediment rec’ycl ing

Sthks

Out flow Vol at i i i  :uu t  I on~~
Groundwater recharge A 1uat ic pl ant removal
D e n i t r i fi c a tl o n  recharge Fish remova l
Sediment losses

* After Brezon ik  et al. ( i*o) .
** Applie s to nitrogen alone.

_ _ _ _ _ _ _ _ _ _ _ _  
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Tabl e 2
Mor phomet rj c Feat ures of the Lake Conway System

Area Vo~ uzne Mean Depth Maximum Depthkin ” lO~~ rn 3 
— m m

South  Pool 1.37 8.2 14 6.01 9.0
Middle Pool 2.99 17.90 5.98 1~~.OEast Pool 1.27 5.76 14 .514 8.o
West Pool 1.148 8. lm 5.72 9.8
Lake Ga tl i n  0 .28 1.18 14.i8 8.0
All pools 7. ~Q 141.514 ‘; . 29 13.0

- 

Table 3
Features of the Lake Conway Drainage Dasiuu

Wat ershed Ar. ’nio~ al Watershed Lake Area (Less  Lak e 1 Percent PercentArea, kin2 km2 km2 Urban Cit rus
South Pool 3.12 1. 37 1. 11. 22. a
Middle Pool 6.114 ‘-.99 

~~~ 8.2 ~I.8East Pool 15.lt~ 1.27 114.149 ]1~. ~o .o
West Poo l 1 a.014 1.148 1 ~ . ‘-a aO . 114.
Lake Gatlin ~ .8c ~~~ ~4 . ‘-

-
~
- 

~ 8 ‘11.1

All pools 145. 0 1 7.30 
~$. ‘.- ,

, 
u ’ -O . Q 20 .2
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Table 14

Precipi ta t ion and Pan Evaporation Data (cm) for the Water Year 1976*

Month Precipitat ion** Evaporationt

Oct 1975 12.014 12.70

Nov l.aS

Dec 1.29 7.07

Jan 1976 0.Q~
Feb 2.11 10.23

Mar 14 .37 114.03

Apr 5.t40 l’i’.09

May ‘-a.~~l 17.01 
-

~~~

Jun 25 .22  la. ~i4

Jul l~~~)0 lT.aL

Aug 8.2o 17.25

Sep llt .0l 114 .70

Total 120.52 lt’-l.~4 .

* October 1075—S eptember lQ7t ~.
** For Orlando Weather Station O f f i c e , McCoy Air Base.
t Average for Lisbon and Lake Al fred Stations. 1

Table S

Estimated Annual. Seepage Inputs

Seepage Infl ow
cm/yr

Lake Gat l in  148. 14
West Pool 214.1

East Pool 31.a

Middle Pool 18.14

Sout h Pool 23.7

All pools 214 0
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Table 7
fly lno logical Budget for the Lake Conway S~’~~~ s~

Vc- ~um-
~~~~

- - U!’ -.‘ t ’

Precipi ta t ion on lake 8.87
Surface  inf lows N S*
Storinwater runof f
Seepage in 2 .15
Groundwater inflows _____

TOTAL IN 12 .a8

Sinks

Evaporation from lake s u n I a c e  9. 30
Surface out flows 1.87
Groundwater out flows N S
Evapotranspiration **
Seepage out l.51t
Puxnpage **

TOTAL OUT 12.c~8

~ Not significant.
** Not measured.
t Obtained by difference. 
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Table 9

Estimated Annual Seepage Inputs

N’H3—N Total P

g/m 2/yr 
________

Lake Gatlin 1.1514 0.026

West Pool 0.57 14 0.013

East Pool 0.753 0.017

Mi d dle Pool 0.1439 0.010

South Pool 0.565 0.013

All pools 0.753 0.017

L ~~-. — - --— . - . ‘ . 5 -  
_ _ _ _ _
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Table 10

Preliminary Nitrogen and Phosphorus B.idgets for the  Lake

Conway System During the Water Year 1976*

Ni tro,~~p~

Inputs

A i b o t t a ’
Cc-mist no-I wet and dry preci pitat ion 7 .750 0.1 12

Si t t  face
Urban storm water 0.269 0.079
Agricultural runoff (?) (?)
tindeve lope l I and runoff NS** NS
Domestic wastes NS NS
Industrial wastes NS NS

Subsurface
Groundwater inflow NS NS
Seepage 0.753 0.017
Septic tanks 0.108 o.o06

In situ
Nitrogen fixation NS ——
Sediment leaching (?) (?)
Nutrient recycling (?) (?)

TOTAL IN 3.88 0.7114

Output s

H Surface out falls 0.22 0.011
Groundwater recharge NS
Fish and weed removal (?) (?)
Volatilt~ ation and evaporation ( ? ‘

) --
Den it ri l’i cat. ion (? ) ——
Sediment ,at .  i on ~~~~~~ ) (0.203) t

TOTAL OUT ~~.R8 0.2114

L 

* Loaling are reported in grans per square metre of lake surface area
per year .

~“ Not significant .
t Obtained by difference. 
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Table 11
In Situ Alkaline Phosphatase Activity of Various Plant

Mater ials from the Lake Conway ~ystem*

Month
Locat ion Test Materials May** June July

Lake Gatlin Phytop lankton (Net ) + 7,000 — —
Lyngbya + 10,222 ——

East Pool Phytoplankton (Net ) + 7 ,500 1,200

Oedogoniuin + 10,285 -—
Hydrilla + ——
Vallisneria 0 .‘-~9 ——
Potamogeton 0 -— 200

Nitella — ~~~~~ 810
Middle Pool Phy’toplankton (Net) + ~~~~~~~ 591

Nitella — 1, ~~ 1 ,145b

Potamogeton 0 ——

* Activity reported in Alkaline Phosphatase units per milligram dry
weight of dry material .

** Due to improper sample fixation , rates coul d not be established for
this month. ( + )  indicates a positive response . (0). a negative
response; ( — )  indicates no sample was taken.

L ... 
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