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ABSTRACT

Sylvan Lakedis a small'man-made 1ake‘of about 7.53 hectares (18.6
acres)dlocated inkcnster.State~Park}‘approximately 9.71kilometers
north of~Custer, Sonth Dakota;f'The lake, a focal pointvOf’ |
intense'recreational activity; has been impacted by accelerated
sedlmentatlon processes whlch decreased access to the lake,

reduced fish habitat, and,degraded aesthetics.

The SYlvan Lake Restoration Project’was initiated by‘thedSouth
g Dakota'Department”of Game,iFish‘andfParksfin 1979. Project
- objectives were to correct watershed and 1n—lake problems and
:control act1v1t1es detrlmental to the recreational experlencer
,prov1ded by the lake and 1ts surroundlngs. Appllcatlon was_made
and\a grant awarded tO‘the South Dakota Department’of Water and
Natural Resources by the United States Environmental'Protection
Agency under Public Law 92—~ 500 Sectlon 314. Matching funds were
> prov1ded by the South Dakota Department of Water and Natural
iResources' Lake Protectlon and Rehabllltatlon Program and the
~South- Dakota Department of_Game,»Flsh and Parks operat;onal
'budget. For activities not covered by the "314" grant,
ksupplemental‘funding was proVided by the National Park ServiCe
\throughpthe Land‘and Water Conservation Fund, the South Dakota
Department of Transportation, and the South Dakota Game, Fish and

Parks operational.budget.




;?
This final report discusses the follow1ng;

1) constructlon act1v1t1es that occurred at Sylvan Lake and its
watershed, 2) changes in land use practlces ‘and park management
procedures, and 3) the flnan01ng of the prOJect In addltlon, the
1mpact>of the project on the'water quallty in Sylvan Lake‘ls
dlscussed in terms of changes 1n water chemlstry and. thev

, phytoplankton communlty.. Based upon the results from thls

prOJect recommendatlons are made for 51m11ar prOJects.,



~ DISCLAIMER

The~contenté bf'this reportaéreiinterpretqtions of the authors
and do not necessarily‘reflectjthenViéWS or policies of the,U;S.
~ Environmental ﬁrotéctipn Agendy.  Méntion of trade‘hames‘or‘

; commérciél'products dbes not constitute endorééﬁeht or -

recommendation for use.
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ABBREVIATIONS

BOD - biochemical oxygen demand (5 day)
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~bo k-kdlssolved oxygen i
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~  (National Park Serv1ce)

- NPS ’,g:¥;Natlonal Park Serv1ce
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in = inohes
Km L i kilometers

m - meters




‘cubic meters
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SECTION 1
. INTRODUCTION

Sylvan Lake 1s a small man-made lake located in Custer State Park
T(CSP), approx1mately 9.7Km (6 mlles) north of Custer, South
,,Dakota via State nghways 87 and 89. The lake 1s located in one
of the most scenic areas of the Black Hllls of South Dakota, and
is the focal p01nt of intense recreatlonal act1v1ty, pr1nc1pally
flshlng,rsw1mm1ng, camplng,.and hlklng Figure 1 1llustrates the

‘ l1ake s locatlon relatlve to Black Hills 1andmarks.'
" HISTORY

. Sylvan Lake was 1n1t1ally constructed by a prlvate landowner, Mr.o
'Theodore Reder, in 1893., Aonatural dam 51te ex1stedfon Sunday
uGulch ‘a narrow openlng betweensmassiveigranite outcroppings; The
‘gorlglnal dam, of predomlnantly tlmber constructlon, 1mpounded a
’lake about one~half 1ts current 51ze. The ex1st1ng concrete-

g grav1ty arch dam, approx1mately 9.75m (32 feet) high, was

;'constructed by the C;v111an Conservatlon Corps in the mid-1930's

and‘impounded,the lake to its‘current'size.

,t;With the'formationfof Custer State Park (CSP) in the 1920‘s,vthe“{
kllake came under public ownershlp and is presently managed by ‘the
k;South Dakota Department of Game, FlSh and Parks (SDDGFP). The

'~,lake haskbeen an extremely popular‘recreatlonal area since its
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initial construction. Untll 1t was destroyed by fire in 1935
the hlstorlc Sylvan Lake Hotel operated successfully near the
‘northwest corner of the lake.' Sylvan Lake Lodge, w1th about 30'
rooms and 35 1nd1v1dual cablns, now operates on the west 51de of

the lake.
LAKE AND WATERSHED DESCRIPTION

~,Sy1vanfLake has a surfacekarea of~about‘7 5 Ha (18.6 acres), with
an average depth of 4, 6 m (15 feet), and a maximum depth of 11 m
(36 feet) Theplake»1s~rechargedvsolely-by natural prec1p1tatlon
from a 275 Ha,(lQOsksquare‘mile) watershed and is depleted‘byfi
evaporation and seepage. Excess runoff spllls over the concrete
dam during. perlods of high 1nflow. Flgure 2 1llustrates the~lake
and watershed topography and presents descrlptlve data for the

lake and watershed hydrologlc characterlstlcs.

The watershed geology 1s characterlzed by mass1ve granlte
outcropplngs with thin SOll layers of weathered granlte and
‘alluvial deposits. - Much of the surface~topography consists of"

; expoSed‘granite outcroppings; and the lake itself is impounded at
its north end by near verticalfgranite spires‘which form a
natural extension of the concrete arch dam. Watershed topography
1s moderately to steeply sloped with nearly vertlcal exposed |
granlte,outcropplngs. Vegetation con51sts principally of

 Ponderosa Pine forest, with smaller stands of spruce, aspen,'and
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Hydrologic Data Summary

P+Qy +Q=E+Q3+ Qg

-)

= 30 AC.th

P = Mean annual precipitation'into Lake (19"/yr. over 18.6 ac.

-Ft.)

Héan annual evaporation from Lake (41”/yr;

E=

over 18.6 ac. = 64 Ac.

Q; = Annual groundwater inflow (assumed negligible)

Ft.)

Ac.

miles = 7f

“fyr.

6

1 =

a3
Qg = Annual groundwater outflow {assumed neg]{gible)

over 0.9 sq.

Annual runoff into Lake (1

Annual outflow from Lake, or annual recharge rate

-ft. + 77 ac.-ft.) - 64 ac.-ft.

.-Ft.

= 43 Ac

k Q3 Avg. Annual Recharge Rate =(30 ac.

ic Résidencé Time = Lake Volume (217 ac.-ft.) + snnuat Inriow (3v ac.-ft

-ft

Jyr. +

Hydraul
17 ac.

ic data summary

.Jyr.) = 2.0 Years

Sy1vén Lake wétérshed;and hydrolog

2 .i

.

igure

F



birch._ Small meadows of natural grasses and shrubs comprlse an-

estimated 10/’of the total watershed area.

Although much of the watershed remains in its natural state,
,recreatlonal and commerc1al uses have resulted in s1gn1f1cant |
constructlon of paved and unpaved roads, parking areas,
bulldlngs, campgrounds, tralls,fand s1m11ar man-made features,
‘all of Wthh have altered the lake characterlstlcs over the :
years. It is estlmated that 5/ of the total watershed area has
been converted to commer01al or developed recreatlonal use.j
'Flgure 3 1llustrates land use in the Sylvan Lake area prlor to
‘restoratlonkwork Management of the watershed land area is

tapproximate1y<906 by the’SDDGFP,andolo%,by the USFS.
PROBLEM STATEMENT

'Because of its acce551b111ty and varlety of recreatlonal e
3act1v1t1es avallable to users, the lake and watershed area are
;!’subject to intense usage durlng the summer months. Table 1
J,'characterlzes recreatlonal act1v1t1es which existed in the Sylvan
'kLake watershed prlor to restoratlon work and thelr 1mpact on |
water quallty and Table 2 summarlzes the relatlve severlty and
~y nature of water quallty problems related to recreatlonal

act1v1ty.y

Traffic studies by CSP indicated total lake visitation in 1979

exceeded 325,QOO'people*for,the'use periodyof May through August
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'~Water‘quality analyses by Several’entitiés (Black Hills
Conservancy Subdistrict, 1971 and 1972, South Dakota Department

of Water and Natural Resources, 1980, Bauman,. 1980; Utlllty

»Englneerlng Corporatlon, 1981) determlned that moderate eutrophlc'

jcondltlons ex1sted in the lake, w1th detrlmental effects on

recreatlonal use. (See Sectlon,s for water quality baokground

- ,and'analyses.)



 SECTION 2
OBJECTIVES
. GENERAL

The Sylvan Lake Restoratlon Progect was 1n1t1ated by the SDDGFP ‘
in 1979 w1th the general objectlve of correctlng problems and‘
~lcontrolllng act1v1t1es whlch were detrlmental to. the recreatlonal
’experlence prov1ded by the lake and 1ts surroundlngs. The water
quallty,,aesthetlc and recreatlonal use of the lake were the

,pr1n01pal concerns of the restoratlon effort.

A maSter planning document for CSP'(Wirth ASSociates, 197S)7
,prov1ded general dlrectlon and objectlves for the Park as a
Whole, w1th spe01flc recommendatlons for 1mprovements to the
‘varlous fa0111t1es and attractlons, 1nclud1ng Sylvan Lake.
Restoratlon efforts, 1nclud1ng those related dlrectly to water

‘quallty, were coordlnated w1th the Park Master Plan.
WATER QUALITY

As the focal p01nt of‘the Sylvan Lake recreatlonal area, the
water quallty of the lake was a prlme concern in developlng )
hrestoratlon plans. Appllcatlon was made, and a grant was awarded
rbto the SDDWNR from the Env1ronmental Protectlon Agency (EPA) .for

restoratlon work at Sylvan Lake for: “lake protectlon and




‘ rehabllltatlon“ purposes under Publlc Law 92-500, Sectlon 314 (as
: deflned,ln 40 CFR 35, subpart H) on the basis of the document iﬁA

: PropdSal'for.the Restoratlon»of Sylvan~Lake," SDDWNR, ‘1979 : |
~kSDDWNR delegated the grant 1mp1ementatlon responsibility for the_k

grant funds to the SDDGFP v1a a contractual agreement




SECTION 3
PROJECT DESCRIPTION AND IMPLEMENTATION
- PROJECT ORGANIZATION |

VThe SDDGFP developed and 1mplemented the Sylvan Lake Restoratlon |
PrOJect through the comblned efforts of 1ts own staff, prlvate
_consultants, other State agenc1es, and prlvate constructlon
contractors and their subcontractors. An organlzatlonal chart of
pr1nc1pal partlclpants 1n progect development and 1mplementatlon

is presented in Flgure 7.

Major funding for_Sylvan bake restoration WOrkVWas provided
through the EPA Clean Lakes ‘Grant program. ‘Matching funds were
.xprov1ded by the SDDWNR Lake Protectlon and Rehabllltatlon funds
' and SDDGFP operatlonal budget. Supplemental fundlng was provided
| by the Natlonal Park Serv1ce v1a the Land and Water Conservatlon
: Fund (LWCF), South Dakota Department of Transportation (SDDOT),

and SDGFP operatlonal budgets. =

Elements of the: restoratlon work whlch were not funded by the -EPA
Clean Lakes Grant were constructed s1multaneously under the same
constructlon contract w1th EPA grant funded work. . Because of thek7
lcomblned effort, project descrlptlons in thls report refer in
~part to work which was not constructed with Clean Lakes Grant

funding. (See" Sectlon 4, Pro;ect Financing, of this report‘for
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further dlscu551on of progect fundlng sources and utlllzatlon of'

‘Clean Lakes Grant funds )
PROJECT DESCRIPTION

Based on prellmlnary englneerlng work by prlvate consultants
(Thomas and Ass001ates, 1979 Utlllty Englneerlng Corporatlon,'
1981), a restoratlon and protectlon prOJect scope was developed

- for Sylvan Lake Wthh 1ncluded three major constructlon phases.
.Phase 1. Partialkremoval of lake sediment deposits,,'

Phase 2. Paving of existing gravel surfaced access~roads
~and parking_areas~and-conStruction of new hard

surfaced access roads and parking areas.

Phase 3. Surface_restoration andkrevegetation, and

‘construction of sediment controls.

*~A.fourth project phasefincluded changes'in management practices
uand land- uses by Csp to enhance and accommodate the objectlves of
the restoratlon plan.p Work accompllshed under thls prOJect
phase, although essentlal to the restoratlon effort did not ‘

1nvolve expendlture of EPA Clean Lakes Grant Funds.

Table 3 presents an inventory of restoration,project’components_

completed under eachlmajor construction phase of the SylvaniLake;
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Restoration ProjeCt along with a general rationale for the work
and the source of funding for each.-;(See Sectlon 4 for further

discussion of;progect'fundlng.)
DISCUSSION OF PROJECT COMPONENTS
Phase 1. Sediment Removal

Sediment removal was included as a component of the restoration

effort based on the folldwingffactors:

1. Sedlment dep051ts prevented shorellne ‘access. to nearly
one-third of the total: shorellne for several major,

’recreatlonal act1v1t1es, prlmarlly fishing.

2. 1 Removal of sedlment would enhance the flshery potentlal
'as a result of 1mprovement in several Water quallty
t:parameters requlred for a cold Water flshery (pr1n01pally

1temperature and dlssolved oxygen)

3. Aesthetlc values would be 1mproved by removal of emergent
.'Vegetatlon and restoratlon of the lake to 1ts orlglnal size

~and shorellne locatlon.

‘Alternatives for no sediment removal work, or minimal sediment
"removal~wcrk,“with'"sacrificing" the lost lake area and volunme,

~were considered. These'werekdiscardedkin favor of extensive, but -




not total removal of sedlment Shorellne access, 1mprovement of
flsh habltat and aesthetlc con51deratlons were the principal -

factors in justlfylng»the’sedlmentkremoval work.t

Sediment deposits°were removed‘only from the east and southeast
shorellne areas to a dlstance of about 31 to 61 m (100 ft. to 200
ft. ) from the shore as 1llustrated 1n Flgure 8._ Exten51ve
;excavatlon was performed on the south shorellne at the entry of
the pr1n01pal trlbutary to the lake to restore the shoreline to

~1ts orlglnal hlstorlcal locatlon.

To mlnlmlze 1nterruptlon of lake use during the summer months,
sedlment removal work was performed during the w1nter.' The lakei

‘ water level was lowered by approx1mately 2.7 m (9 ft. ) 1n
September, 1981 by s1phon1ng over the dam, and the exposed lake
&bottom dep051ts allowed to dry naturally until removal work began:"

F;n January, 1982.

~ Sedimentfremoval Wasraccomplished under a4competitive1y5bid unit-
,l price contract‘ by'a priwate'contractor.h The‘cOntractor elected
to employ conventlonal earth—mov1ng equipment for the work:
‘wheeled and tracked loaders and excavators, with haullng by dump
,truck. Removed sedlment was dlsposed of by dumplng at two
”predetermlned dlsposal>51tes., 1) a borrOW»plt from a previous
highway construction project,located,approximately,O.8,km
southwest‘othheslake, and'2)_an older borrow pit and dump site

located about 1.2 km south of the lake. The sediment deposits
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ywere generally 1n a frozen condltlon durlng removal and the/
contractor had little dlfflculty in remov1ng the frozen material

or operatlng_on:the frozen lake bed 1nrmost areas,

The only 51gn1f1cant problem encountered w1th the sedlment

removal progect was controlllng the contractor's removal work and

',llmltlng work to spec1f1ed 11nes and- grades. The'flnal measured'

‘ volume of sediment removal Was 60/ more than antlclpated (18, 580

m> or 24,300 c Y. vs. 11,469 n’

vor 15 000 C.Y. ), and was
kattr;butedkto 1nadvertent removal_of non—sedlment s0115»whichi
existed'in the lake prior to lake construction. The contractor
‘was unable to v1sually dlstlngulsh between sedlments and some
rnatlve 50115. Excavatlon was generally performed to expose a
unlform granular substrate of weathered granlte whlch is the
*,typlcal sub5011 in the area. Depths of excavatlng ranged from

’:0 3 m to 1 8 m in depth vVs. an estlmated 0 3mto 0.9 m depth in

the orlglnal contract quantlty estlmates.

‘;Control of the contractor's work was further hampered by the
‘absence of a full-time on-site technician or an effective:method
of monitoringethe contractor"s progreSS or'the‘status of the

volume of material removed.

1]’ Because it was determlned that hls performance was w1th1n the

scope | of the contract and was to the benefit of the progect the

, \
contractor was ultlmately pald for the entlre volume of materlal

,removed from the lake area.; However, use of EPA~funds for this




‘ effort was llmlted to the amount set forth in original progect
budgets, with ‘the balance prov1ded by . the SDDGFP. (See Sectlon 4

for further discussion and-cost analysis;)

- Phase 2. Access Rdad'and'Parkinq;Improvements ‘

Work under this project phase uas:conduCted through two
,gindependent~construction contraCts; one of which did not include'
»expendlture of EPA grant funds.; When taken together, these
»prOJects prov1ded for the constructlon or reconstructlon of 118
paved parklng spaces ‘and 0.6 km (0 4 mlles) of paved access

‘roadway.

The,paving projects were completed forythe‘followinggprincipal

reasons:

1,f;‘Erosion of unpaved roadways and parking was a significant

source of sediment.

2.»kahe lack of controlled and adequate parklng was promotlng
.the off—road use of vehlcles whlch lead to surface |

‘disturbance and er051on,

,The SDDOT‘designed administered ‘and. funded an improvement
progect for State nghway 87 near the south shorellne. The
pro;ect 1nc1uded reconstructlon and pav1ng of the West 51de

: park;ng area and paving the access road to the east s1de parking




area (former campground) along the south shorellne of the lake.

‘This work was completed in October, 1981.

A second project which included~partial funding through*the EPA
Clean Lakes Grant was completed to provide new paved parklng

fac111t1es for the ‘new east 51de day use area at Sylvan Lake. It'
also prov1ded new paved parklng fa0111t1es at the Cathedral
-Splres Trallhead about one m11e south of the lake (along nghway :
87) but w1th1n the Sylvan Lake watershed Flgure 9 111ustrates |
kthe parklng and access. fac111t1es constructed under restoratlon

: PhaseHz.

The’east side parking construction included the obliteration and -

removal,of about 1858 m2

(20 000 S. f ) of unpaved or denuded
dr1v1ng and parklng surfaces from the former lake shore

”campground and constructlon of 43 new paved parklng spaces.‘ The fo
paved access road to the east 51de parklng area was constructed

[as part of the SDDOT progect for State nghway 87.

~,The Cathedral Spires Trallhead parklng lot constructlon 1nc1uded
bthe obllteratlon and surface restoratlon of approx1mately 465 m2k
»(5 000 s. f ) of denuded 501ls resultlng from off-road vehlcle use
and unauthorlzed parklng, and constructlon of 21 new paved
"parklng spaces.fThe approach road to the parklng area was
utlllzed as part. of a sedlmentatlon structure built as part of

of Phase 3 restoratlon work at Sylvan Lake.‘,




~ Figure 9. Sylvan Lake restoration Phase II & Phase III Components ﬁ-‘ North 172 | ;



Parking facility COnstruction was initiated in,April,,l982’under
a comnetltiveIYEbid,unit-price contract with completion
'scneduled for»Junerls 1982.4 Unusually heavy sprlng ralns 1n
rAprll May, and June of 1982 resulted 1n delay of project
completlon until October, 1982.» Subgrade s011s were in an
unworkable condltlon durlng much of this perlod -and sprlng water
at both parklng fac111t1es necess1tated constructlon of unplanned
subsurface dralnage systems,‘whlch delayed constructlon |

completlonfand increased prOJect costs,by 23%.

Phase 3. Surface Restoration7and Sedimenthontrols.

Phase 3. restoratlon work Was accompllshed under a competltlvely— ,

bld unlt-prlce constructlon contract and cons1sted of the"et

follow1ng major componentS°

1.t 'Tops0111ng and seedlng (or soddlng) of approx1mately 2

hectares (5 acres) of denuded or dlsturbed surfaces.

'2./~fM1nor gradlng and excavation to correct steep erodlng slopesf,

unsultable for revegatatlon work and to stablllze erodlng

shoreline areas.

3.  Construction of a gravel:surfaCedﬁlakeShore hiking trail

systemn.



4.  Construction of eight sediment control structures or devices

- in the Watershed.

5. f;FlnlSh gradlng and seedlng of sediment dlsposal s1tes from

. Phase 1 work.'
6. Construction of a small swimming beach area.
Objectives of Phase 3 work were as follows:

1. Stabilize,and»revegetate'principal,sources of soil erosion

and‘sediment'in thevimmediaterlake shore area.

2. Contaln sediment from uncontrolled or natural erosion
:sources in upstream entrapments to retard future lake

sedimentation.

’T3;k f"Harden" and 1mprove deflnltlon of lake shore fa0111t1es to;

'control recreatlonal use and encourage revegetatlon efforts.;

Flgure 10 111ustrates the pr1nc1pal components of the Phase 3
rrestoratlon work. A dlscu551on of major Phase 3 restoratlon

~fcomponents follows.




" Figure 10. Sylvan Lake restoration Phase II & Phase III components - South 1/2



Slope Stabilization andwRoadWakabliterationk-élﬂ

Steep cut slopes ex1sted along the west shorellne where a gravel
access road connected the dam area with the main parklng area at
the south end of the lake. Actlve eros1on of roadway surfaces

and constructlon cut slopes was ev1dent in many areas.

The gravel roadway was obllterated and converted to hlklng use
only, and erodlng cuts were backsloped and/or fllled to a stable,;l
'sslope capable of supportlng Vegetatlon. Approx1mate1y 0.4 km of
roadway was . obllterated and approx1mately 0.2 Ha of erodible cut

slopes were stablllzed.
Surface Revegetation -

B Approximately 3.2fHaf(8 acres) of denuded soils in “the shorellne
r‘areas were covered with tops01l materlal and seeded w1th natlve '
e graSses; The sedlment dlsposal areas from Phase 1 work was also;"

revegetated.

Top5011 mater1a1 was obtalned from strlpplng constructlon 51tes
- from other progect components (pr1nc1pally parklng areas) and
~efrom salvage of sultable materlal from sedlment dep051ts removedf“
V_under’Phase l work. Lake sedlments were found to be variable in
j;character and»suitable'forutop501l. Most requ1red‘fert111zerf~'

/enhancement.“TopSOil was~placed from 10 to 15 cm in thickness in




all denuded areas, except those where non-erodlble rock was

exposed.;~

Seed materlal con51sted of natlve grass varletles 1nd1genous to
the v1c1n1ty. Seed was placed by hand broadcastlng methods due
to the 1nacces51b111ty of most areas for mechanlcal seeding

equlpment.

Revegetatlon of certaln prOJect areas w1th other plant mater1a15»
(natlve trees, shrubs, etc ) was cons1dered in detail but was

dultlmately ellmlnated from the prOJect as funds for plantlngs of

this type could not be obtalned from available fundlng sources.

- Tree and shrub plantlng is. a key element of Phase 4 restoratlon

‘work performed by CSP forces as an on-g01ng ‘element of 1mproved

*forestry and management practlces.
Sediment Control Structures --

"Sedlment control. dev1ces were 1ocated in the streams at pr1n01pal
‘dralnage courses enterlng the lake.; Sediment controls were of
two types:' 1) prev1ous gravel dlkes contalned within treated
:}tlmber crlbblng and 2) perforated p1pe riser. Typlcal
constructlon detalls for sedlment ‘control dev1ces are 1llustrated
~in Flgures 11 and 12.k Gravel dlkes were used in all locatlons
’except at the Cathedral Spires Parklng area due to less
, objectlonable aesthetlcs,‘and multiple use poss1b111t1es b

f_dlscussed herelnafter.
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Shoreline Trail System and SWimming Beach --

A shorelinekhikingvtrail systemland swimming beach area,were'~'
'constructed as part of Phase 3 surface restoration WOrk. »No well
‘ deflned tra11 system or sw1mm1ng area ex1sted at Sylvan Lake‘
prlor to restoration work and h1k1ng and swimming act1v1t1es
were unrestrlcted and‘uncontrolled over virtually all accessible
;shoreline areas. ’As‘a result’ surface vegetatlon had been

v1rtually eliminated 1n many shorellne areas.

kThe principal objective of the trailfand‘beach conStruction work
| was'to providekwell definedwand,easily accessiblekfacilities, to
lconfine'usage to facilities capable'of«handling this nse without“
degradation; and topenhance~surface revegetation efforts. The -
alternative of‘eliminatingvsWimming activities entirely wass
considered. However, swimming:was'a traditionallyvpopnlar
_act1v1ty, and no reasonable methods of enforcing swimmingk;

‘”restrlctlons were avallable.

‘Hiking trail,construction,consisted pr1n01pally of hand |

excavatlon and levellng of al.2 to 1 5 m w1de path w1th gravel
'wsurfac1ng 10.0 cm to 15.1 cm depth kTralls;were~constructed w1thm;
'ﬂtreated tlmber step, 15. 0 cm h1gh and theykwerefembedded and
’anchored to surroundlng soil where trall slopes exceeded about G
0. 3 m 1n 3.0m (a 10% grade) Ralsed embankments for tralls were
: constructed 1n low lylng areas for dralnage and also where tralls

were 1ncorporated as dlkes for sedlmentatlon ba51n contalnment




Both types of sedlment controls were 1ntended for temporary
'detentlon of runoff to fac111tate settllng of sedlments. No
fllterlng actlon was 1ntended or de51gned for, except to the
g extent that floatlng organlc debrls would be. removed by elther
type of structure. Sedlmentatlon areas or bas1ns upstream from“‘
structures were natural bas1ns, and no excavatlon, gradlng or
\Jsurface dlsturbance was, conducted to attempt to enhance .
sedlmentatlon characterlstlcs or storage volumes. The
mountalnous terraln and desire to keep structures as unobtrus1ve
,yas possible d1ctated that sedlmentatlon structures ‘be located
‘-Lonly where natural topographlc condltlons were favorable and
‘constructlon access and future malntenance was practlcal
Structural components were 51zed to pass natural base flows .and
frequent storm flows relatlvely unobstructed w1th 1mpoundment of
storm flows beglnnlng at about a 1-year return frequency ralnfall
or greater. All structures were de51gned to safely pass up tok
100—year frequency storm flows by overtopplng w1thout damage to

structures, roadways, or other fac111t1es.

Varlous alternatlves were consldered in sedlmentatlon structure
locatlon and design, 1nclud1ng more effectlve designs for

' “off-stream storage and relatlvely long term detentlon before
':release to the 1ake._ Topographlc cond;tlons did notyfavor

loff-stream detentlon,/andfon—stream sites were 1imitedlto‘
relatlvely small storage volumes whlch precluded long—term

ydetentlon w1thout major excavation work and dlsplacement of

recreatlonal fac111t1es.




areas.' In such cases, tralls served a dual purpose of prov1d1ng
-.a well dralned walklng surface along with prov1d1ng contalnment

xiof runoff for sedlmentatlon.

_Thephiking trail system~crossed the gravel filled Sedimentation
structures. Treated tlmber decklng, 15.2 x 15.2-cm (6 1n.'x 6
dln ), was added to the top of tlmber crlbblng ‘and 1ncorporated
1nto the trail system as a Walklng surface 1n these 1ocatlons.
~Crib type structures were also used at several addltlonal
klocatlons where mlnor dralnageways crossed tralls. These
structures were not spe01f1cally 1ntended to prov1de

sedlmentatlon functlons.

Gravel trailrsurfacincywasvtreated with an_ammonium liquid"
sulfonate‘stabilizinc material‘in an effort to bind grawelrb
'materlals to form a non-erodlble and ‘well bonded surface. Trall
k pav1ng with asphalt concrete or asphalt Chlp seal surface- |
4treatment was cons1dered but rejected due to negatlve comments

from SDGFP staff concernlng objectlonable ‘aesthetics.

The sw1mm1ng beach was 1ocated in a small natural cove on the

ﬂ east shorellne 1n an area whlch was relatively well removed from,

'prlme v1ew1ng and flshlng areas and was already one of the more
”popular spots for sw1mm1ng. Beach areas were prepared by |
iremov1ng sedlment rocks and debrls from a 3716 m (40 000 S. f )
-‘area from about 1.5 m (5 ft ) below normal hlgh water to about

'_0 9 m (3 ft ) above hlgh water., Beach;sand was spread overfthe




entire,prepared area to a depth*of 30.00 cm (12 in.). Slopes

were limited to about a 15% grade or flatter.

The hiking trail system and beach location are illustrated in

Figure 13.

- Phase 4. Land Use and~Manaqement*Practices

- To enhance revegetation'and soil,stabilization efforts, CSP

instituted several changes in management practlces and 1and uses.}b

‘ Pr1n01pa1 changes were as follows.

1. Lakeshore camping waskeliminated entirely. Lakeshore

facilities are'day-use tYpehonly.

2. ,'Horseback rldlng was ellmlnated from the Sylvan Lake
f'watershed. A horseback rldlng conces51on remalns in the
;v1c1n1ty but all horseback use is 11m1ted to areas where

*soll dlsturbance w111 not affect runoff to the lake.

;13. ,kAn extens1ve tlmber th1nn1ng and management program was ,
klnstltuted in the lake watershed to remove excess understory
materlal and enhance llght penetratlon and development of

lground cover vegetatlon.
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4. A gasollne sales operatlon near the main parklng area was
ellmlnated to reduce potentlal oil and grease spllls from

; motor vehlcles and torprov1de~add1tlonal parklngrspace,;‘

’5-;, A tree and shrub plantlng program was 1nst1tuted to ald s011
‘ stablllzatlon w1th native vegetatlon, prov1de natural foot
':trafflc controls in hlgh use areas,,and to 1mprove

f aesthetlcs and privacy for lake users.

,Ellmlnatlon or modlflcatlon of a number of other act1v1t1es and :
Vuses such as boatlng, commerc1al use near the maln parking area,
»and tourlst and employee res1dences in shorellne areas have been -
'cons1dered and may be 1nc1uded in future efforts to reduce |
unnecessary activities in the 1ake area and enable vegetatlon to

:stablllze in erodlble s01ls.'v




 SECTION 4
' PROJECT FINANCING
FUNDING SOURCES

~:,Fund1ng for Sylvan Lake restoratlon work was prov1ded by the EPA
‘(Clean Lakes Grant), SDDWNR (Lake Protectlon ‘and Rehabllltatlon ‘
Program Grant), Natlonal Park Serv1ce (NPS) (Land and Water
Conservatlon Fund), SDDOT and the SDDGFP (Custer State Park

D1v1s1on)

‘The,principal'source‘of'funds, and the impetus for'the‘oVerall
restoratlon effort was a grant from EPA (Sectlon 314 of the clean
Water Act per 40 CFR 35 subpart H) of $155 194. Matchlng funds

of $146 100 1n accordance with SDDWNR's Lake Protectlon and

E ,Rehabllltatlon Program (SDCL 34A-2 =-92-3) and $9, 094 of SDDGFP

ufunds resulted 1n a total prOJect budget of $310 388.: This
kbudget amount was establlshed solely for restoration work
‘ellglble for fundlng under the 314 Clean Lakes program. Other
fundlng sources were utlllzed on restoration progect elementsrl
:«whlch were determlned to be out51de the scope of the Clean Lakes

’(program, "’;




' ALLOCATION OF FUNDS -

’TheibudgetedﬁC1ean“Lakes program‘funding of $310,388 was'utilized
for significant portions of,the three construction phases'
descrlbed in Section 3 of thls report, as well as for englneerlng,
and consultlng serv1ces, and water quallty monltorlng as requlred_

,tby the grant condltlons. The flnal allocatlon of 314ffunds to

the various progect components is set forth in Table 4 along with

a summary of other fundlng and total costs.~

'Many prOJect components, determlned to be out51de the scope. of
314 fundlng durlng flnal work plan and budget reviews by EPA
were necessary to achleve overall progect objectlves.k Related
“but non-EPA funded work: was, 1n some cases, a prerequlslte for
kconcurrent constructlon effort w1th EPA grant ellglble work.
‘Constructlon prOJects were bld w1th both grant ellglble and
‘Vinon—ellglble work 1ncluded in the scope of work and were oftenv
1ncluded together in 1nd1v1dual line 1tems of unit prlce |
constructlon contracts. Although there was a clear understandlngf
regardlng allocatlon of EPA funds to contract work at the time of
‘blddlng,’actualgallocatlon of fund;ng tofas-bullt construction\.

‘;quantitiesfand change‘order work was'not'always*as clear.

EA con51derable amount of admlnlstratlve and technlcal effort was

l expended to allocate grant funds properly to flnal prOJect

Y,components and costs. Although the 1ntent of grant ellglblllty

‘was generally clear, the lack of full tlme 1nspectlon effort 1eft



FINANCIAL SUIVMARY - SYLV}\N LAKE RESTORAT ION ROJ ECI

TABLE 4.,

L -~ EPA Granf : ther, 1Tb+al
~Item » Eliglble, “Funds~ Cost
7'Pre; Engl neer 1 ng S+udies#4i" ‘ st R e
~ Thomas & Assoc. - s - $7,000.00 $ 7,000.00
UTIII?y Englneering Corp. $ 5,000,00 15,390.00 20,390.00
Englneerlng Service : N ;
Ut Ty Englneering Corp.j ,\22,572.o0 ~10,378.81  32,950.82
fPhase I Consfrucflon, ‘;f s , 
Siphon for Lake Drawdown . .1,780.00 T 1,780.00
SedimenT Removal - : ' 60,000.00 , 9,681.00k ;69’581'27
PhaserIJ Cbnsfrucfion:‘n' |
Main Parking Lot and -
Eastside Access Road * —-— — —
Eastside Parking Lot ;
and Cathedral Spires - L -
Parki ng'LO‘I' ~75,786.48 13,650.37 89,436.85
‘;Phase 111 Construction:
 Surface Restoration and Cme ‘ v , '
- Sediment Controls + - 105,655.20 - 84,741.31  190,396.51
‘Other Construction: B
~ Miscel |laneous Erosion
~Control Projecfs + —-—= — ——
Water Qual Ity Monlforing PR S
Program - 31,851.37 - 31,851.37
‘vAdmIntsfraTive Services 7,742.94 - 7,742.94
'kPROJECT TOTALS | $31b,388;oo{ $14o,841.76r $451,229.]6 

*

 1+

L%

ConsfrucTIon and fundlng Through Soufh Dakofa DeparfmenT of

~Transportation.

“Actual costs are undetermined as work was

‘Included within the scope of a highway construction project

which was not solely

related to the Sylvan Lake area.

~Includes non-EPA grant el igible work for shoreline Trall

.system and sw imming beach.

“Miscel laneous work. by Custer S'l'a're Park forces on mlnor
. _eroslon sources In the Sylvan Lake wafershed, but not within.
 Phase Il and |1l construction areas.

Not avallablexai,+|me of printing.



much doubt as to the correct proportlonskof work effort requlred
‘for grant ellglble and non-ellglble work 1tems. Pr1nc1pal
problems were encountered w1th 1tems such as pav1ng and earthwork
costs, 51nce constructlon records prov1ded totals only, with no;’
vmeans of proportlonlng to ellglble and non-ellglble 1tems. 'In
addltlon, no clear understandlng was reached ‘before constructlon
as to allocatlon costs, overruns and change orders resultlng from

unknown 51te condltlons or 1naccurate quantlty estlmates.;Thls -

'fgproblem was manlfested prlmarlly on Phase I - Sedlment Removal

’mwork where as-bullt sedlment removal quantltles exceeded contract

‘estlmates by some 60%

f Flnal allocatlon of funds was aocompllshed by supplemental field

vmeasurements and offlce computatlons to proportlon completed work o

to the various fundlng sources.’ Although fundlng allocatlon was -
successfully accompllshed to the mutual satlsfactlon of all
'»partles, the magnltude of thls effort was not. fully ant1c1pated
‘at progect 1ncept10n and caused much confus1on and delay in- fundsf
"dlstrlbutlon. There is no questlon that a total segregatlon of
s EPA grant ellglble and non—ellglble work 1nto separatel '
‘constructlon contracts would have eliminated the admlnlstratlve
problems. It is llkely, however, that overlapping constructlon

respon51b111t1es among two or more contractors would have been

o equally dlfflcult to manage.~ In retrospect '1t.1s~be11eved that~

a more careful selectlon of contract 1tems unlts of measurement
:and deflnltlon of payment methods may have helped. Fulletlme

inspection 1s_probably the most 1mportant'factor missing from the




project work‘which Wouldjhave‘streamlined the entire fund

allocation process.




~ SECTION 5
 WATER QUALITY

AS'diSCussed in~SeCtion“1'°the Sylvan Lake restoratlon prOJect

N Was undertaken to correct Watershed problems affectlng water

’:“quallty in Sylvan Lake and to remove sedlments from the lake.

‘7;‘Recreat10na1 act1v1t1es had denuded several areas in: the

'T'kwatershed and along the shorellne resultlng 1n actlve eros1on of

funprotected s01lsvwhlch;accumu1ated in the lake.f

The SDDWNR has a551gned the follow1ng beneficial. uses to Sylvan

”Lake'-
; *coldlwaterfpermanent fish lifelpropagation;
 *Ihmerslonrecreation}Jl”
-*Limited COntaot’recreation;’and

~ *Wildlife propagation and stock watering.

Table 5 llsts the numerlcal water quallty standards a551gned by;f‘”

',the SDDWNR to protect these benef1c1al uses.

The sampling sitejlocationsrandldescriptions are described in

'Table'6.kTherfirst seven,sitesi(SYol through SY07) were sampled




TABLE 5. WATER QUALITY STANDARDS FOR SYLVAN LAKE

‘Parameter

~ Concentration
:Diésél§ed OXYgen~ 6.0 mg/l‘
Dissolved Oxygen (Spawnlng -
areas durlng spawnlng season)’ 7.0 mg/1l
';pH‘w‘ | >6.6 <8.6
‘,Téﬁpérature’ 18.3% k .
" fConduct1v1ty 4000 microhms/cm(zsoc)

fFecal Collform (1 May to 30 September)

~Total Chlorlne Res1dua1
1UTota1 Cyanlde
Free Cyanide' ‘
'  Total Alkallnlty
Hydrogen Sulflde
_:‘kTotallDlssolved Splids
:Tdtal'SQépénded Solids
v Uh-i§hized~Ammonié asN'f
Nitrate as N | )
;Polychlorlnated Blphenyls;

‘Chlorldes

1200/100 ml

0.02 mg/1

0.02 mg/1

1 0.005 mg/1

750 mg/1
0.002 mg/1
2500 mg/1

30 mg/1
b.bz‘mg/l
So}mg/l
‘.600001‘mg/l

100 mg/1




‘-;TABLE'Q, SAMPLING SITE DESCPRIPTIONS FOR THE SYLVAN LAKE
B “**‘ REHABILITATION PROJECT SRS

'toslte SYOl is lgcated at a longltude of 103 33'37" W,and a l7,='fy't

5lat1tude of 43050'37"N in township 2S range' 5E, and Section 30.
 This site is on the. -southeast tributary 15.2 m upstream from the

’If’stone brldge acces51ng the -east parklng Lot

y;:Slte gyoz 1s located at ‘a longltude of 103 33'38"W and a latltudeml 5
- of 43750'49"N in townshlp 28, range 5E and section 30. This site

Lf;ls ‘on the northeast trlbutary 18 3m upstream from the lake S
1;shore11ne at full pool.,' S : : : ; Ry

site §Y03 is located at a. longltude of 103 33'34"W and a latltude i

,v:jof 43¢ 50'51"N in township 2s, range 5E and section 30. - This site
- is on' the northeast trlbutary 168m upstream from the- shorellne atfv?

fﬂ]fu11 pool.

15%fSlte SY04 is located at a longltude of 103 33'21"W and a latltude'

- of - 43050'28"N in townshlp 28, range 5E and section 29. Above ;
. site SY01, SYO01 is on the southeast tributary 162m upstream from
“the wood brldge acce551ng the new campground._ PR LT e -

Site gYOS is located at: a'longltude of 103 33'21"W andya latltudeiﬁai
~of 43°50'40"N in township 28§, ~range 5E and section 30. This site

I;fls in the lake by the paddleboat dock on the. east 51de of“the,f

;’_1ake.,

”;Slte SY06 1s located at a longltude,of 103 33'54"W and a. 1at1tude-;,mu
“of 43 50 47"N ‘in township 2S, ‘range 5E and section 30. ThlS is

“:Sdan 1n-lake 51te off . the south shore}of the lake.“v

~ site gYO? is located at a long1tude3of 103° 33'54",and ‘a latltude; S
- of 437°50'47" in township 2S, range 5E and section 30. Th;sys;te% S

‘“Ijﬁls ‘on the outlet from Sylvan Lake,,61m below the dam.c

,_f51te gYOB is located at a longltude of 103 33'43" and a latltudeyl;;}f

- of 43750'47" in townshlp 28, range 5E and section 30. Thls s1ten5k,
- +is at the’ downstream end of a dralnage culvert that receives N
. runoff from that parklng lot: serv1ng the Sylvan Lake Store. Theiyy'

ff;’runoff dralns 1nto Sylvan Lake. j<

‘if}slte gYOQ is located at a longltude of 103" 33'43" and a latltudeﬁid“ffr‘
.4fjof 43°50'47" in township 2S5, range 5E and section 30.' This Slteffj\ S
- “is in: the,Sylvan Lake outlet 6. 1m&belowathe,dam.,'> Y




TABLE 6. CONTINUED

"Slte ngo is located at a longltude of 103 33'05" and a latitude
~of 43750'51" in townshlp 2S, range 5E and sectlon 30. Thls site
“is in north portlon of the lake.. . '

Slte ngl is located at a 1ong1tude of 103 33'0" and:a latltude
- of 43750'44" in township 2S, range 5E and section 30. This site
- is off the southwest shore in the lake. : e o

~ Site ngz is located at a 1ong1tude of 103 33’39" and a 1at1tudex
of 43750'38" in township 2S, range 5E. This site is on the '

~ southeast. tributary, at the upstream edge of a pool above  a

sediment collection structure. Paired ‘with site number SY13,
these sites were selected to determlne the effectiveness of
sedlment collectlon structures.

Site gY13 is located at a longltude of 103 33'40"W and a 1at1tude
of 43750'39"N in township 28§, range 5E and section 30. This site
is on the downstream edge of a sediment collectlon structure.
Paired with site SY12, these sites were selected to determlne the
effectlveness of sedlment collectlon ‘structures.

_ Site gY14 is located at a longltude of 103 ©33103"W and a latitude -

of 43750'37"N in township 2§, range 5E and section 29. This site
- is on the southwest trlbutary 55m northwest of the Cathedra1,~
Spires parklng lot. on trail number four.

Site SY15 is located at a 1ong1tude of 103 33'38"W and a latitude
-~ of 43750'49"N in township 2S, ‘range 5E and section 30. This site
" is on the northeast trlbutary at the upstream edge of a pool
“above a sediment collection structure. Paired with site SYis,
these sites were selected to determlne the effectlveness of
,asedlment control structures.;‘ '

,‘Slte ngG is 1ocated at a longltude of 103°331371y and a 1at1tude.

~of 43750'46"N in township 2§, range 5E and section 30. This site
‘is on the northeast trlbutary 6.1m below the downstream end of
the sediment collection structure. Paired with site SY15, these
sites were selected to determlne the effectiveness of sedlment
control structures. '

‘Site ng? is located at a longltude of 103 33'28"W and a latltude
of 43750'45"N in township 28, range 5E and section 30. This slte

was on an intermittent trlbutary 47.2m upstream of the east
parklng lot. : ~




from May 1979 through September 1979 All the samples collected
fdurlng this time perlod were surface grab samples.~ Sites sYo01
rand SY04 were located on the southeast inlet w1th SY04 ‘above -
SYOl.‘ Sltes SY02 and SY03 were located on the northeast 1nlet of
“the 1ake with SY03 above SYo02. In the lake, just offshore, S1teS"
’SYOS and SY06 were establlshed Slte Y07 Was located on the
routlet from Sylvan Lake. Flgure 14 shows these sampling‘and

s1tes.‘

After;September'1979,,sampling'was'discontinued until October,
"1981 immediately prior to restoration activities. At this time
new sampllng sites were establlshed 1n addition to the 1979 s1tes
-(Flgure 14) Slte SY04 was relocated on the southeast trlbutary
162 meters upstream from a wood brldge access1ng the new camp
ground (longltude 103" 33'21" W; latltude 43' to 5! 28" T28S, R5E
‘Sec. 30) Slte SY05 was located on an 1nterm1ttent trlbutary p
'downstream of a culvert in. the eastern part of the East Parklng
Lot. (1ong1tude 103' 331 22"- latltude‘43' 50' 47" T2S, RSE,

o Sec. 30).

 In 1981 and throughout the rest of the study, the 1n-lake 51tes
‘were des1gnated SYlO and SYll.' The samples were collected at
,depth 1ntervals. Parameters monltored from the lake 1ncluded

k':ammonla as nltrogen,‘nltrate as nltrogen, total Kjeldahl nltrogen,
as nltrogen, total phosphorus, dlssolved orthophosphate, total

hpsollds, total‘dlssolved sollds,,suspended,sollds,kchlorophyll a,"

algal»identification and enumeration, algal cell volume,talgal
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‘biomass, Secchi transparency, a1r and water temperature, pH ‘and
dissolved oxygen. Except for the blologlcal samples and Secchl
.transparency these same parameters were monltored in the 1nflows

and outflows.

vAll samples were collected follow1ng the procedures descrlbed in

g the fleld sampllng manual prepared by SDDWNR's quallty assurance

coordlnator (Lutter, 1981) Chemlcal anaylses were conducted by
" Trav1s Laboratory, Rapld Clty, and the methods used are. descrlbed
in standard Methods for Chemlcal Analy51s of Water and. Wastes i
(EPA 1979) Blologlcal samples for algal enumeratlon and | |
;1dent1f1catlon were preserved 1n Lugol s solution and were‘
~ processed by Aquanalys1s Inc., Sloux Falls, South Dakota.
',Membrane flltratlon was used to concentrate the samples. ‘The
‘volume blomass procedure used was that descrlbed by Wetzel andl
ilekens (1979), and chlorophyll a analyses were. done w1th the
trlchromatlc method (Strlckland and Parson, 1972) The water
chemlstry data are avallable through EPA's STORET system or o

JSDDWNR and the blologlcal data are avallable from SDDWNR g

‘The prlmary emphas1s of thls water quallty section is on the

, parameters observed in the lake ‘during and after restoration
kwork. Where approprlate, the water quallty observed 1n 1931@
through 1984 was statlstlcally compared to the water quallty‘.k
‘observed in 1979., However, all comparlsons were between surface
water samples, as samples were not collected throughout the water

column 1n 1979.,




'Water quallty comparlsons'w1th1n and between trlbutarles were |
:mm11m1ted because samples were not collected durlng comparable

~1ntervals and because storm events were not monltored._Thejt
hj reasons why only llmlted sampllng occurred were, 1nadequate;i

fundlng for chemlcal analys1s and manpower 11m1tatlons.
~ TEMPERATURE

= Flgures 15 and 16 are depth—tlme dlagrams of temperature
1sotherms observed 1n Sylvan Lake at sites SYlO and SYll.k The,
1ake 1s dlmlCth w1th sprlng turnover occurrlng when ice cover

' thaws about mld-Aprll The fall overturn occurred in October.

; o Stratlflcatlon occurred 1n the summer and in the w1nter, 1nverse;

:stratlflcatlon occurred w1th the colder waters overlylng the :
: warmer waters. These trends were more obv1ous in the deeper
1n—1ake 51te (SYlO) than 1n the shallow 1n-lake s1te (SYll)
 When the lake was belng drawn down for sediment removal all

ltrends were dlsrupted

':Before and after 1ake rehabllltatlon work lake temperatures
vperlodlcally exceeded the State s water quallty standard of

- 18.3" °c (65" F) As far as 1t can be determlned these hlgh

— vtemperatures were the result of natural amblent env1ronmental

: factors rather than non-related 1nfluences.'
, : ; .i;_

i
+
i

TOTAL PHOSPHORUS -
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- The total phosphorus concentrations observed in Sylvan Lake -

‘ durlng 1979 ranged from .034 mg/l to,.090 mg/l. The mean

concentration at s1te SY05 was .047 mg/l and at 51te SY06 it was
.051 mg/1. These mean concentratlons were based upon samples -

‘collected between May and September.

'In{order to,determinetwhether thel1ake project'hadta positive or
negatiwe'effect on the in-lake’phosphorus concentrations by the
' removal of sedlments, the means and standard dev1atlons for
surface data between May and September were calculated for 1979
’1982 and 1983. All 1n—lake surface water data were pooled by
’year. After the meanS~and standard dev1atlons were calculated,:af
“the hypothe51s of equal varlances between years was tested.
'Dependlng upon whether the varlances were equal or unequal the ;
approprlate test was conducted At an alpha level of .05, the |
results revealed that the mean in-lake surface water phosphorus,
concentratlon was 51gn1f1cantly greater in 1982, than 1n~1979 or
1983. A probable explanatlon for hlgher concentratlons in 1982
is the release of nutrlents as the sedlments were dlsturbed
"'because of constructlon act1v1t1es. Based on the statistics,
phosphorus concentratlonspwere not ultimately affeCtedoby;the

rehabilitation project.

~Figures,17vand 18 demonstrate the reason for the lack of a
decrease in phosphorus4concentrations,in_Sylvan'Lake with the
removal of sediment. 'Duringdsummer and winter stratification

periods low dissolved oxygen concentrations occurred in the
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deeper waters (See the dlscuss1on on dlssolved oxygen) w1th an
accompanylng 1ncrease 1n phosphorus. These high phosphorus 2
o concentratlons in the upper lake levels durlng sprlng and fall

,overturn were apparently due to re01rculatlon._ Therefore, the

phosphorus concentratlons before and after the prOJect are [:

. approx1mately the same. Aeratlon to maintain oxygen levels in

“the hypollmnlon may be a method to reduce total phosphorus

'concentratlon 1n the lake.»~

The mean total phosphorus concentratlons at sites sYO05 and SYOG
( 047 mg/l and .051 mg/l) 1nd1cate Sylvan Lake is eutrophlc
V(Reckhow et al., 1980) When sedlment was be1ng removed the
ttrophlc status degenerated becomlng hypereutrophlc.- Once the
sedlment removal operatlons ceased the trophlc status returned

to eutrophlc. These comments on trophlc status are based only on

: surface water data.

lyMean total phosphorus concentratlons in the trlbutarles ranged
ffrom .077 to .563 mg/l. Because the number of data p01nts per
lyear ranged from two to ten and because storm events that 4
~occurred at nlght or on Weekends, were ‘not sampled, conclus1on54

‘\from the data were 11m1ted.y of the data avallable, the total

phosphorus concentratlons 1nd1cated euthrophlc to hypereutrophlcﬁ

condltlons 1n the streams.f How: these values relate to lake

‘loadlngs 1s not known because flow data was not collected




‘The mean total phosphorus concentratlon ‘in the outlet ranged from
.025 to .107 mg/l , Agaln, these waters would be con51dered to

kjmrange from eutrophlc to hypereutrophlc.
'ORTHOPHOSPHATE (DISSOLVED) o
Flgure 19 and 20 -are depth-tlme 1sopleths of dlssolved

orthophosphate concentratlons observed in Sylvan Lake. As was

observed Wlth total phosphorus dlssolved orthophosphate

'mfsaccumulated at the lower depth durlng the w1nter and summer,

becomlng avallable to the upper levels during overturn events.

»Statlstlcal comparlsons of means calculated from surface water

' data between May and September showed that the mean concentratlon,
“observed 1n 1982 was s1gn1flcantly greater (P<. 05) than 1n 1979.
Also,‘the 1983 mean concentratlon was 51gn1f1cantly greater

k(P< 05) than 1n 1979. The 1ndlcatlon is that orthophosphate

concentratlons 1ncreased after the progect.

kBecause sediments were beingnremOVed from the lake, 1t was not
unreallstlc to expect 1ncreases in total phosphorus and L
orthophosphate durlng the actual work phase of the prOJect
However, the overall 1ncrease in dlssolved orthophosphate was:

unexpected
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'lelgures 21 and 22. Flgure 21 statlon syio, 1llustrates

DISSOLVED OXYGEN
 The depth-time isopleths for'dissolved ‘oxygen are presented in

dlssolved oxygen levels of 0. 0 mg/l at the ‘bottom in June, 1982.

As the summer progressed th1s anoxic water increased in volume.
In the fall, 001n01d1ng w1th turnover, the anoxic 1ayer broke ,
down and the water column became oxygenated (1 e. 7 mg/l) |
'Durlng the w1nter of 1983 the dlssolved oxygen concentratlon was
klow throughout much of the Water column (1 e. 3 mg/l), and
abetween 7 meters,and~thevbottom,rthe d;ssolved oxygenkF
concentrations wererzero. These anoxic conditionskpersisted‘into
‘the summer although a'partial turnover occurred inAMay, 1983. |
The extension of anoxic conditions from the winter into thef‘t
summer possibly explains the greater levels;ofvdissolved f

orthophosphate observed in 1983.

ly‘Although dlssolved oxygen concentratlons at the shallow site
: (SYll) never reached 0.0 mg/l, a low value of 0.4 mg/l was

lkobserved in June,'1982‘While,rehabllltatlon activities were

*'h~occurring/(Figure 22). In general low dissolved oxygen

concentratlons were observed at the lower depths during the
summer and the w1nter months of 1982 and '1983. By 1984 then~
overall dlssolved oxygen concentratlons 1ncreased. It isy:
belleved that ‘the lower dlssolved oxygen concentratlons in 1982

and 1983 were related to wastewater act1v1t1es occurrlng in the

,lake and in the watershed.
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At the tributary sites SYOltthroughrSYO4 mean concentrations/of
dissolvedkoxygenﬁranged from 7.6 to 9;3,mg/l‘and thejobserved »f
values ranged from 5‘5Hto 8. 6’mg/l.: In the outlet, 61 meters
kkdownstream from the dam, values ranged from 3.5 to 7 6 mg/l w1th

a mean concentratlon of 6.2 mg/l in 1979 (only one sample was

“xcollected in 1982. ) Mean dissolved oxygen concentrations were 7.2

and 8 6 mg/l in 1983 and 1984 but these ‘means were based on only;

two data p01nts.

’Flgures 23 and 24 are tlme depth 1sopleths for pH in Sylvan Lake.t
‘Over a record perlod of 1982 to 1984 at 51te SYlO, pH values ;'
‘iranged from 6. 4 to.10.1 and at s1te SY11 from 6.6 to 10. 1. |
"Generally, acidic pH values occurred 1n the lower depths except
in the w1nter when values less than 7.0 were observed from top to
bottom. The explanatlon for lower pH values in the summer is
| probably: heterotrophlc degradatlon of organlc matter, mlcroblal
';methane fermentatlon, nltrlflcatlon of ammonla, .and sulflde ‘
;ox1datlon, generatlng CO 'and redu01ng pH (Wetzel 1983). These_ :
‘processes typlcally occur 1n eutrophlc waters. The hlgher pH |
:values observed in the upper waters reflect photosynthetlc

utlllzatlon of co2 concentratlons and 1ncrea51ng pH

‘jThe pH values in the trlbutarles ranged from ‘6. 1 to 7. 6.'1These B
low PH values are’ best explalned by the watershed'

characterlstlcs. The: terrain is characterlzed by Precambrian
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granlte formatlons w1th plne trees belng the most abundant
plants.k A comblnatlon of decomp051tlon of plne needles and
-,poorly buffered so1ls probably resulted in pH values less ‘than

70

In the outlet pH values reflected lake condltlons with pH values
ranglng from 6. 9 to 9.1. The mean pH values ranged from 7.4 to .

8.7,
 ALKALINITY

!In 1979, alkallnlty values ranged from 21 to 25 mg CaCO3/l.,
'Between October 1981 and. January 1982 alkallnlty values ranged'
ckbetween 36 and 72. mg CaCO3/1 These data indicate that Sylvan

SLake is a poorly buffered lake.,'

"‘Trlbutary alkallnltles tended to be lower than 1n—lake
falkallnltles. At the four 1nflow 51tes mean alkallnlty

,concentratlons ranged from 13 3 to 21 0 mg CaCO3/l in 1979. The

T outflow s1te had hlgher alkallnltles, with a mean concentratlon

of 32 4 mg CaCO3/l and a range of 22 to 40 ‘mg CaCO3/l.
~ SUSPENDED SOLIDS
Suspended sollds 1n the surface Waters of Sylvan Lake ranged froma

1ess than 1 mg/l to 38 mg/l w1th mean concentratlons of 7. 6 and

6.7 mg/l 1n 1979. Durlng rehabllltatlon act1v1t1es suspended



'sollds ranged from 1 to 26 mg/l w1th mean concentratlons ranglng

7from 8.1 to 9.3 mg/l

After rehabllltatlon act1v1t1es ceased mean suspended sollds

’ranged from 4.9 to 6. 9 mg/l and the observed values. ranged from
less than 1 to 20 mg/l.r Generally, suspended solids tended to be"
sllghtly hlgher in 1981 and 1982 during rehabllltatlon than B :

‘,before or after (Flgures 25 and 26)

Before thls prOJect started mean suspended solld concentratlons
v ranged from 24 to 70 mg/l at 51tes SYol and SY02 w1th observed
‘values ranglng from 21 to 550 mg/l. The 51tes upstream, SYo03 and

.;SY04 ‘had mean concentratlons ranglng from 9.4 to 10.8 mg/l w1th

C;observed values from <1 o to 37 mg/l., These upstream s1tes were

Anot 1mpacted by human act1v1ty to the same degree as those s1tes
closer to the lake. The outlet s1te, prlor to constructlon had a
u,mean concentratlon of 5 8 mg/L w1th values ranging from less than

1. 0 to 22 mg/l.

'Durlng and after rehabllltatlon, ‘mean concentratlons at 51tes
SYOl and SY02 ranged from 13 to 242 mg/l and the 242 mg/l mean

occurred in 1983 when rehabllltatlon act1v1t1es were apparently

fﬂflcompleted - A high value of 635 mg/l suspended SOlldS waS‘f

: ‘observed 1n 1983 but no explanatlon ‘about this can be glven. As'

' 1n 1979, less suspended SOlldS were observed upstream (mean

concentratlons of 5 8 mg/l and 4.2 mg/l) It is assumedythatk
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human act1v1t1es are respons1ble for the hlgh mean concentratlon

~Observed close to the lake.

The outlet site, SY09 was determlned to have suspended solld :
concentratlons about the same as 1n 1979. . Mean concentratlons of
m,8 5 mg/l and 4.5 mg/l were calculated for 1983 and 1984

.respectlvely.
 TOTAL DISSOLVED SOLIDS

The total dlssolved SOlldS concentratlons observed in the surface
waters ~of Sylvan Lake between May and September 1979, 1982 1983kk
and 1984 were statlstlcally compared to determ1ne if they

'1ncreased over the progects 11fe. No 51gn1flcant dlfferences

were detected

'e'During the course of the project and the~year after the project
‘fwas completed total dlssolved sollds in the lake ranged from 3
Tto 120 mg/1 w1th mean concentratlons ranglng from 51 to 62 mg/l.,'
,,In the trlbutarles, the mean concentratlons ranged from 41 to 79-;
:mg/l in 1979 and from 44 to 79 mg/l durlng and after the project |
‘There Were no apparent dlfferences 1n total dissolved Sollds
before and after the progect. Outlet sites had annual mean
flconcentratlons ranglng from 37.5 to 63 mg/l and the test readlngs'

‘ranged from 23 to 81 mg/l.




 AMMONIA

k'if’The ammonla as n1trogen data are plotted in Flgures 27 and 28

o It was expected that the removal of sedlments in Sylvan Lake

r would uncover partlally decomposed materlal that had been lost’to‘
i;mthe deeper sedlments and. that watershed constructlon act1v1t1es .
*,would 1ncrease allochthonous 1nputs to the lake durlng runoff
3events, resultlng in 1ncreases in organlc matter avallable for
decomp051tlon.. Stat1st1cal analyses supported thls expectatlon'?
as ammonla concentratlons ‘were greater durlng the prOJect thank

before or after (P<. 05)

;~However, further analyses us1ng the data from surface waters at

vthe deep s1te (SYlO) showed that ammonla concentratlons 1n 1984

‘ ',were s1gn1f1cant1y greater (P<. 05) than in 1979 (Note' Samples o

l, were not collected for the shallow s1te 1n 1984) . The mean for
’k1984 was not s1gn1f1cantly dlfferent from the means calculated 1np
sl982 or 1983 In Flgure 27 an ammonla concentratlon of. 105 |
'”mg/l occurred between two "less than. 03 mg/l" 1sopleths. ~The

reason for thlS 1ncrease is unknown.

The“deep'site, SYlO accumulated ammonla under ice cover in the
w1nter and in the _summer durlng stratlflcatlon. The same trend
1to a lesser extent, was noted 1n the shallow 51te. Thls is ‘not

-an uncommon occurrence in lakes where appre01able amounts of

organlc matter reach the sedlments. When the hypollmnlon becomes

‘anox1c,‘ammon1a accumulates because bacter1a1 nltrlflcatlon
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ceases and the absorptlve capac1ty of the sedlments is reduced

(Wetzel 1983)

,In the trlbutarles ammonla ranged from 02 to .59 mg/l w1th the
ahlghest value observed in- 1979 before rehabllltatlon. The values
ﬂ,1n the outlet ranged from .03 to .330 mg/l with the hlghest value

occurrlng in 1979.
. NITRATE

'Flgures 29 and 30 are tlme—depth 1sopleths of nltrate as nltrogen
‘data.' Statlstlcal comparlsons between means were conducted and
-~ no 51gn1flcant dlfferences between years were determlned even
't though the mean observed in 1982 was greater than the other
'~vcalculated means. Although no s1gn1flcant dlfferences were
lobserved 1t 1s of 1nterest to compare the tlme—depth 1sopleths
:for nltrate, ammonla and dlssolved oxygen at Site SY10 Durlng :
‘the anox1c perlods, ammonla levels 1ncreased and nltrate levels
'_decreased supportlng the concept that nltrlflcatlon reactlons
could not be completed under anox1c condltlons.‘ These
i dlfferences were not observed in the shallow site where dlssolved_

',~oxygen values remalned greater than ‘0.0 mg/l.

JDurlng the prOJect sampllng perlod mean nitrate concentratlons

'ranged from 100 mg/l to .157 mg/l ‘and the observed Values ranged N
from less than .10 to .630 mg/l. The hlghest values occurred '

durlng the rehabllltatlon phase. (Flgures 29 and 30)



‘2861 ANV €861
‘2861 ‘1861 '35V NVATAS NI OIAS 3LIS LV (1/OWIN3OOHLIN SV ILVHLIN 40 SHL31dOS! 40 NOILNGIMLSIA IWIL-H1d3ad ‘62 3uN9I4

SHLNOW Nt 3WIL
S YV PP WVWNS4L4IPFPANOSVY LI P WY WJCLPLONOTSUVY PP

N vV W 4 ¢ QN O

1))

gz

T I T ) L T |} T 1| T T T T L) T ] T ] — ]
f 6e'X
oy

o] 4

301

(WHL1d3a



"¥861 ANV €861 ‘2861 ‘1861 ‘INV NVAIAS
NI TIAS 3LIS LV (7/9W)N39O0YLIN SV 3LVHLIN 40 SHL3TdOSI 40 NOILNEIN1SIA 3IWIL-HId3d O¢ 3¥N9Id

" SHLNOW NI 3WIL
W4 P aGNOSVY Fr P WY WNJIP AONOSVY P NV W AIPANDO

INT I T NTTTAT T T

A og 07 or> 2r otz sl g o0¢ or» or» G¢ 8 o 0’7

«~N
(WHLd3a




’;Nltrate concentratlons 1n the trlbutarles ranged from less than
'_p.l to .200 mg/l and 1n the outlet they ranged from less than 1 :

' to .180 mg/l., In 1982 1983, and 1984 nltrate concentratlons'

i ranged from less than 10 to .490 mg/l in the trlbutarles and j”‘
| yrfrom .100 to 680 mg/l 1n the outlet Although there was an -

'y 1ndlcat10n of 1ncreased nltrates in the 1nflow1ng and outflow1ng
’waters 1t is dlfflcult to make statlstlcal 1nferences because of 3
:the pau01ty of data and the lack of coordlnated sampllng effortsi

" between 51m11ar seasons.'
NITRITE

,;fMean nltrlte concentratlons in Sylvan Lake ranged from' 01 to
:.015 ‘mg/1 and the observed values ‘ranged from 1ess than .01 to
| .085 mg/l. The majorlty of the observed values were less than

l.01 mg/1, the detectlon 11m1ts used durlng the prOJect

The majority of the values observed from the,inflows and outflows
were less than -01'mg/1., Mean concentratlons ranged from less
than .01 to .014 mg/l., Nltrltes were apparently not 1mpacted by ,

Tithls pro;ect
' ORGANIC AND INORGANIC NITROGEN

i Flgures 31 and 32 are depth-tlme 1sopleths of the organlc

nltrogen concentratlons observed durlng and after the prOJect.‘




. ‘b861 ANV €86l

‘2861 ‘1861 ‘INVT NVAIAS NI OIAS 3LIS 1V (1/9WINFOOHLIN OINVONO 40 SHLITdOSI 40 NOILNSINLSIA IWIL-HLJAA ‘I¢ 38NOI4
SHLNOW Nt JWIL
S Vr rWVYW4ICPFPANOSVY PP WUV WILICPL dNOSVY P P WY WAL -dNDO
v 1 I 1 I ] 1 i ! I 1 ] 1 ] 4 || ! T Ll i ] L) ] i Ll L] 4
o

&X , X .
x| L9IX

9 (O v (o)} |l
x_ "X 01 80X X

3901

[(o]
(WH1d3a




"$86!1 ANV £861 ‘2861 ‘I86] ‘3IWVT NVAIAS
NI HIAS 31IS LV (1/79WIN390YLIN JINVOHO 40 SH131d0SI 40 NOILNSINLSIO 3IWIL-H1ld3d ‘g€ 3M¥N9Id

SHLNOW NI 3WNIL

W 4 f & NO S Y P Pr WV KN 4 Fr GNO S V

fF r N VY W 4 ¢ 0N O

3901

W H - Dol y N
SL . m_,§i_.. /

0

ﬁ\

(W)H1d3a



Test statistics did not reveal significant differences between

years.

Means and standard dev1atlons Were’calculated for both organlck‘
and 1norganlc nltrogen to assess the trophlc status of the lake
(Table 7) Only the means and standard deviations for 1982 and
1983 represent annual values.v ‘The surface water samples |
collected in 1979 for 1norganlc nltrogen 1ndlcate »

‘ ultra-ollgotrophlc condltlons Whlle those collected 1n 1981
through 1984 1nd1cated ollgo-mesotrophlc condltlons (see Wetzelg
1983, Table 12- 4) Mean organlc nitrogen concentratlons in 1979‘
yylndlcated a trophlc status of meso-eutrophlc and the mean 'v‘
concentrations in 1981 through 1984 1nd1cated eutrophlc

kcondltlons.

MINOR CONSTITUENTS

; A number of water quallty parameters were monitored at s1tes SY10
'and SYll on November 11 and December 7, 1981 throughout the water
column when the 1ake ‘was belng drawn down. It is assumed that
ithese parameters reflect lake condltlons and not impacts

as5001ated w1th the prOJect
H§2Q2§§§

The mean concentratlon of hardness was 32.5 mg Caco3/l and-

observed values ranged from 32 to 34 mg CaCO3/l.




- TABLE 7. ‘MEAN INORGANIC‘AND:ORGANIC NITROGEN CONCENTRATIONS
‘ : OBSERVED IN SYLVAN LAKE, 1979, 1981 1982 1983_AND'

1984
A.‘ - Mean Iriorgénic Nltrogen Concentratlons (mg/L)
| | E 1979 - 1981 1982 1983 19084
# of observations 18 . 16 o111 %8 39
. Mean , o077 ,;.233 ' .436 ‘.370; f,,356V
- Standard Deviation 0195 2065 .3601 .3057 3447
“B. ‘Mean Organic Nitrogén\,‘:Concéntratio'ns (nig/L) '
. g . ‘19?9“~?,1 1981 1982 1983 1984
‘I# ofkobservations ‘ "'.18 ?'7I_ 16 I 111 197'~~' 39
Mean ) .60 .89 o .725 719 731

'ﬂstandard Deviation  .2700 .2616  .3035 .2005 3375




Calcium

The ca101um concentratlons ranged from 9. 0 to 10 mg/l and the
mean concentratlon was 9 55 mg/l. Based on those data Sylvan
jLake would be con51dered to be borderllne ca101um def1c1ent

(Wetzel 1983)
' Magnesium

The concentratlon of magne51um ranged from 1.8 to 2.0 mg/l Wlth a

ﬁemean concentratlon of 1 9 mg/l. i

Sodium

 The mean sedium concentration was 3.4 mg/1 and ranged from 3.0 to
v4.0'mg/l. uWetzel (1983) reportedrthat that a threshold level of
4 mg/l of sodlum is needed for near optimal growth of several
blue-green algae spec1es.'

Potassium

Potassium concentrations ranged‘from .80 to 2 mg/l. The mean,

;concentration Wasd1.4 mg/l}-




Chloride‘

The mean concentratlon of chlorlde was 3.25 mg/1 and ranged from
3.0 to 4 0 mg/l. In natural fresh waters, Wetzel (1983) reported

the average concentratlon to be 8 3 mg/l.
Sulfate

The mean sulfate concentratlon was 4.4 mg/l and ranged from 3. 0
'to 7 Y mg/l on the two sampl1ng dates. Wetzel (1983) reports the
usual range 1s from 5 to 30 mg/l w1th an- average of 11 mg/1 1n

natural lakes.
vManganese-»

AThe average concentratlon of manganese was about .035 mg/l based
“on a world average dlstrlbutlon and ranges from .010 tok.850 mg/l‘
'(Wetzel 1983) In. Sylvan Lake, the average concentratlon wasgg

.546 mg/l and ranged fromi 16 to 66-mg/1;

k'In typlcal neutral alkallne lakes total iron ranges from‘ 050 to
.200 mg/l (Wetzel 1983) The mean concentratlon in Sylvan Lake‘

was:.973 mg/l and the range was .65 to 1.3 mg/l




 SECCHI DISC

Flgures 33 and 34 1llustrate the Secchl dlSC depths observed 1n
Sylvan Lake. Between November and December, 1981 the mean Secchl
,dlsc transparency was 1. 2 m and the range was 1. 1 to 1. 4 m. The
annual mean Secchl d1sc transparency values for the two - lake
51tes in 1982 and 1983 ranged from .8 to1. 4 m and the observed ~
values ranged from 3 to 2 1 m. In 1984 the mean values ranged
ufrom 1.3 to 1.5 m and the observed values ranged from 0 4 to 2. 1

m.
TROPHIC STATE INDICES |

Trophic'State Indices (TSI's) ‘were calculated for surface water

.total phosphorus concentratlons, chlorophyll a concentratlons and

s Secch1 d1sc measurements (Carlson, 1977) Table 8 summarlzes the

calculatlons. Only the means reported for 1982 and 1983
representfannual values. The 1979 values were based on data
‘collected between May and September, the 1981 values on data’
collected between October and December, and the 1984 values on
data collected between January and September. Bes1des'
calculatlng means and standard deV1atlons, 956 confldence,
;1ntervals were calculated to see if s1gn1f1cant dlfferences
'goccurred between the different parameters and between years for

,each parameter.
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TABLE 8. SUMMARY STATISTICS FOR TROPHIC STATE INDICES CALCULATED
- ~ FOR TOTAL PHOSPHORUS, - CONCENTRATIONS, CHLOROPHYLL. a
CONCENTRATIONS AND SECCHI DISC MEASUREMENTS *

Total Phosphorus  Secchi disc Chlorophyll a

1979

e 59.8 -— ——
s.d. 3.3475 -— -—

n - 18 ; - -

R -~ 55-68 - -—

1981 ‘ . i :

X 63.2 57.3 -

s.d. - 4.9565 2.0616 -—
n 6 = 4 —
‘R 56-68 55-59 -==

1982 ; ‘ ,

X 69.2 E 63.3 - 58.3
s.d. 5.7536 - 5.8729 9.4327

'n 32 32 30
‘R 61-90 53=77 41-72

1983 ,

X 64.2 - 55.9 49.9
s.d. 10.3252 - - 5.8793 11.7686
n 32 “ 29 32

R 46-81 49-71 25-71.
1984
X 63.8 57.5 36.8
- s.d. 7.4067 7.8168 14.3000
n i3 13 14 ‘
R 51-74

49-73

22-59

(*x=mean, s.d.=standard deviation, n=number of observations,
r=range) : B : : : ' =



‘vThe TSI s for chlorophyll a were s1gn1flcantly lower (P< 05) than
1the TSI's for phosphorus in all years. This trend was also true
for Secchl dlSC TSI's 1n 1982 and 1983 There were no |
di s1gn1ficant differences between chlorophyll a TSI's and Secchlk
vdlsc TSI's. These results suggest that the phosphorus was not

v-being completely used by the phytoplankton.
- CHLOROPHYLL a

Table 9 summarlzes statistics calculated for chlorophyll a’
"concentratlons observed in the lake.' Based on the mean annual
chlorophyll a concentratlons for 1982 and 1983, Sylvan Lake»would
-be clas51f1ed as eutrophlc. (Wetzel 1983). However, the mean
jconcentratlon of chlorophyll a samples collected between January'

and September 1984 at site SYlO suggest mesotrophlc conditions.

"“Another method was used to look at the chlorophyll a
concentrations since. the above statistics assume normal
distributions. Medlan concentratlons and box plots (Figure 35)
'~were,uSed;as'a method to see if s1gn1ficant dlfferences occurred
between’years. The use of the median is considered to ‘be ‘a more
robust statistlc with water quallty data (Reckhow and Chapra,
<,1983) , The medlan chlorophyll 4 values observed in 1983 and 1984_
were 51gn1f1cantly less: than that observed in 1982 (Figure 35) ’
Thls observation was not true when mean values were used. Only

the 1984 mean ‘was 51gn1ficantly less (P<. 05) than the 1982 mean.




TABLE 9. MEAN CHLOROPHYLL a CONCENTRATIONS (mg/m3) IN SYLVAN
' ~ LAKE, 1982, 1983 AND 1984 SR ;

sYlo  svio . syi1 sY11
(2 feet) ‘(8 feet) (2 feet) (4 feet)

ox 20.93  19.10 26.94 . 23.69

s.d. 3.5 18.33 15,87 = 22.67

‘n - 15 15 : 15 o 15 T
R~ 1.42-45.98 0-68.65  1.23-68.74  1.32-89.45

x  13.65 14.75
s.d. 17.16 = - 19.37

n 16 L N 16 o
R  1.24-64.60 ~ -4.13-60.68

~1l9s4 T N S

B SR - 5.29 - P . .85

ors.d. 6.1230 o - .4066
n. 12 S G 2

R~ <0.80-17.41  1.13-1.14

‘*x—mean, ‘s.d. —Standard Dev1at10n,,N—Number of observatlons
R—Range. : . ,
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The:median'values'suggest that'thtoplankton produotion,wasii

decreasing after~rehabilitation~activities ceased.

Figure 36:(average surfaceiwater Chlorophyll a,values observed at\
sites SYlO and SY11) supports the change 1n chlorophyll a values

| based upon the medlans. Generally, chlorophyll a values were
relatlvely hlgh throughout 1982 compared with 1983 and 1984 -

values.
LIMITING NUTRIENT

*Two methodologles were used to determlne whether phosphorus or5
‘nltrogen was the llmltlng nutrlent in Sylvan Lake. The flrst -
method was to calculate the 1norgan1c nitrogen to dlssolved
:‘orthophosphate ratlo and~to use a ratlo of 7: 1 as the d1v151on o
llne between nltrogen llmltatlon and phosphorus llmltatlon.,.An
ratlo less than 7 1 1nd1cates nltrogen llmltatlon and a ratlo

greater than 71 1ndlcates phosphorus 11m1tatlon (Rast and Lee,

1978) The second method used the ratio of total nltrogen to LE

thtotal phosphorus and the d1v1s1on between phosphorus or nltrogen

511m1tatlon was. the ratlo 15:1 (EPA, 1980) A value 1ess than 15 1
E 1ndlcates nltrogen llmltatlon and a value greater than 15 1 |

‘41ndlcates phosphorus llmltatlon.,

) Figure737,illustrates the resultsdof calculating the'inorgani0~
: nltrogen to dlssolved orthophosphate ratio. Flgure 38" shows the

results of the total n1trogen to total phosphorus ratlo f:j,
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INORGANIC NITROGEN TO DISSOLVED ORTHOPHOSPHATE RATIOS
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TOTAL NITROGEN TO TOTAL PHOSPHORUS -RATIOS
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FIGURE 38. TOTAL NITROGEN TO TOTAL PHOSPHORUS RATIOS
OBSERVED IN THE SURFACE WATERS OF SYLVAN

LAKE, 1979, 198I, 1982, 1983 AND 1984,




L nltrogen llmltatlon in the fall. Nltrogen llmltatlon probably

: calculations.’ The values 1n the flgures were based on summlng
the two lake s1te observatlons on a glven date and d1v1d1ng by
htwo. It was felt that a comblnatlon of the two lake s1tes would
better reflect the overall lake condltlon. Also, for any value
reported as less than some detectlon llmlt the mldp01nt between

: the glven number and zero was used to calculate the ratlos.

Table 10 summarlzes the statlstlcs calculated from the ratlos. In,
‘fgeneral ‘1norgan1c nltrogen to- dlssolved orthophosphate ratlos'”
1nd1cated phosphorus 11m1tatlon. However, Flgure 37 shows that

hphosphorus llmltatlon occurred in the summer ‘and w1nter and

_occurs. durlng turnover when phosphorus from the anox1c lower

~ depth is c1rculated throughout the water column.‘

The total nltrogen to total phosphorus ratlos 1n Table 10 d1d not
'reflect the trend noted us1ng 1norgan1c nltrogen to dlssolved

orthophosphate ratlos. The mean ratlos suggest neither nutrlent

was llmltlngw(l e.. the means were rlght around the 15:1 ratlo)
\‘fHOWever, Flgure 38 suggests that n1trogen llmltatlon occurs 1n
l,the w1nter and co- llmltatlon or phosphorus llmltatlon occurs the‘

rest of the year.
. PHYTOPLANKTON |

‘Table 11 shows the phytoplankton observed on two sampllng dates

"1n 1979 Based upon cell counts, chlorophytes or green algae 2



"TABLE 10. LIMITING NUTRIENT DETERMINATION BASED ON 7 1 RATIO AND
: 15: l RATIO* ‘ '

Inorganlc N1trogen°‘ o Total Nitrogen}

Dissolved Orthophosphate E

1979

Total Phosphorus

X 1 28.6 14.6
s.d. 7.1884 6.1082
n s 18
1981 :
x 5.7 17.2 ;
s.d. 3.7771 9.1960
ey p P o
© 1982 S -
f X 10.3 14.3
s.d. . 7.1075 7.9167
'n 32 32 :
1983 ; IR
' X 8.7 , - 16.5
s.d. 4.4825 7.43
n - 32 32
1984 . . S
X 15.0 17.7
s.d. ©14.7139 10.4832
n 13 13

*x—mean, s.d. —Standard Dev1at10n, N—Number of observatlons,
R—Range. , : ;



TABLE 11. PYHTOPLANKTON SPECIES AND NUMBER PER MILLILITER
: OBSERVED IN SYLVAN LAKE ON JUN

1979

E 21, 1979 AND AUGUST 7,

Sampling

Algal Units per ml
6/21/79

~ Algal Units per ml

8/7/79

Crucigenia rectangulars
Oocystic sp. '
Anabaena circinalis
Anabaena flos-aquae
Scenedesmus sp. :
Cosmarium sp.
Tetraedron minimum

Cryptomonas ovata

- Staurastrum sp.

Chroococcus llmnetleuSV

Fragilaria- crotoner1s1s:

Asterionella formosa
Dinobryon sertularla
Closterium sp.
Pediastrum sp.
Unidentified Desmid
Schroederia sp.
‘Trachelomonas sp.
Navicula sp.

Gomphonema sp. =
Lagerheima subsalsa
Synedra acus

3,216

1,398

699

~680
419

o214
‘163

124

=101

93
93
54
54
54

19

ol

% % %D

~Anabaena flos-aquae
- - Cosmarium sp.
- Anabaena circinalis
- Unidentified Desmid
~ Scenedesmus sp.

‘EfCruc1gen1a rectangularls'
- Crytomonas erosa S

Staurtastrum sp. sp.

- Schroederia sp.

‘Cryptomonas ovata

Oocystis sp.

~Closterium Sp. ,
‘Tetraedron mlnlmum
‘Irachelomonas sp.

. Cocconeis placentula -
35 :

Lagerheima subsalsa
Navicula sp.

Ceratium hlrundlrella
‘Pediastrum sp.

Selenastrum sp.

Synedra acus -

5 106

916

858

308

264
141

o N W
WONN O R

S % ¥ % % DS DO O

= less;than‘4‘unitsEperfml}




vwere theymost abundant on:June 21,M1979, constituting'769 of the
total phytoplankton communlty Cyanophytes (blue green algae)

~ Were the second most abundant and made up to 20% of‘the
community. Chrysophytes only comprlsed 3% of the community. By
) August 7 1979 the pattern reversed with cyanophytes belng more
'prevalent (77%) than chlorphytes (22/) , Based on Table 15-2 in
Wetzel (1983) and the llmlted 1979 algal data, Sylvan;Lake would

be con51dered eutrophlc based.

‘Flgures 39 and 40 summarlzes the phytoplankton data collected
durlng the 11fe of the prOJect Flgure 39 is based upon cell
.counts and Flgure 40 is based upon biomass as a measure ‘of cell

volume.” Orlglnal data can be obtalned from SDDWNR

. Durlng the project, chrysophytes, based on counts, were the most
abundant between January and March :1982, June and July 1982 and';
between October and December 1983. Dlnobryon was the most

abundant chrysophyte 1n the the w1nter of 1982 but was replaced

on March 7 and July 23, 1982 by Asterlonella In October and ’

: November 1983‘ Fragllarla was the most abundant dlatom. It 1s of/
1nterest to note the abundance of Dlnobr on, a phytoplankton
1ndlcat1ve of nutrlent poor lakes (ollgotrophlc) or productlve
lakes durlng periods of nutrlent reductlon (Hutchlnson, 1967;'

: Wetzel 1983) ’ ‘ G
e The blue-green Anacystls was the most abundant genus of the
kphytoplankton communlty 1n May and June 1982. ' Th1s was

1nterrupted by the Asterlonella pulse mentloned above.' By July,
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- Anabaena becameythe‘mostiabundant blue-green and remained so
'untll the latter part of September. ‘On August 5, 1982, Eu’lena
became the second most common spe01es. From October to January

'Euglenophytes were the most abundant Division with Euglena :

peaking in October and November and Trachelomonas peaklng 1n
°7Decemberkand January.‘ Accordlng to Hutchinson (1967), the |
' euglenophytes are often abundant in small pools rlch in Organlcr
'matter and are unlmportant in- lakes. 'However, in Sylvan Lake the
euglenophytes based on cell counts, were 1mportant and the.

'b 1nference is drawn that the 1ake was organlcally enrlched .

After rehabilitation activities‘ceased' euglenophytes were,not as
common in the- phytoplankton communlty as in 1982 (Flgure 39)
‘They were abundant in December 1983 and January, May, August and
’~September, 1984 In February of 1983, Anacystls was the most
,iabundant whereas D1nobryon was. prevalent the year before.~‘

, Another change observed in 1983 from 1982 ‘was the magnitude of

N abundance of green algae from March to May chlorococcum succeeded

by Chlorella). This pulse was followed by a brlef pulse of the
“blue-green Chroococcus and then another pulse of chlorophytes
:represented by Carterla and Chlorococcum.y Chroococcus again
peaked in July and was rapldly succeeded by Anabaena whlch was

common from July 21st to August 31st. By October blue—greens

, constltuted only a minor portlon of the phytoplankton. Throughb L

'November the diatom (Chrysophyta) Fragllarla was the most

v,abundant alga.



In February 1984, Chroococcus was the most abundant algae
~‘followed in March by the chrysophyte Anklstrodesmus whlch was

followed 1n turn by the euglenophyte, Euglena.

‘Generally, the phytoplankton was domlnated numerlcally by the -
blue—greens in the summer . and in February, except in 1982
,Chrysophytes were most abundant 1n ‘the fall except 1n 1983.
‘Euglenophytes were nearly always present espe01ally in the fall
and Wlnter of 1983 and fall of 1984.« Based upon these results
Sylvan Lake 1s a eutrophlc 1ake and there is an 1nference of

, organlc enrlchment

In addltlon to looklng at which group and genera of algae was
most prevalent based on counts blomass was also used.y Although~

Flgure 40 1llustrates abundance of phytoplankton based upon

k»,blomass, Flgures 41, 42 and 43 111ustrate whlch genera were most_l"'

prevalent and When. The use of blomass represents a dlfferent

:v1ewpolnt of Wthh genera domlnated the phytoplankton communlty

yIn 1982, Dlnobryon was the major the alga between January and
March as it did. 1n the dlscu551on of cell counts (Flgure 41)
_Euglena and Trachelomonas peaked in May and in November and

: December- Anabaena was observed to have two minor peaks, one in

7, July and one ‘in September. Of 1nterest is the presence of the

pyrrophyte Ceratlum in August.a Ceratlum is characterlstlc of -
mesotrophlc and eutrophlc lakes wh1ch are neutral to sllghtly Nt

“alkallne, characterlstlcs exh1b1ted by Sylvan Lake.‘
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,kFigure 42 shows the‘l983edata and theyiexhibit few of the
CharacteriStics'noted in 1982 the rehabilitation year.
Trachelomonas ‘and to a lesser extend ‘Euglena were the major
phytoplankton in January. In February, Asterlonella, a dlatom,
,had the greatest blomass as opposed to Anacystls in the count
dlscuss1on. Asterlonella agaln peaked 1n June and was followed
‘by Anabaena from July to September. This AsterlonellagAnabaena
trend was: also observed in 1984 (Flgure 43). -Asterionella peaked‘
'1n 1ate May and in June with a brief decline in early June %
probably due tO’competltlon~w1th Anabaena. As Anabaena declined'
k'ln 1983, Mlcrocystls increased w1th peaks in October and
‘Decemberff Fragllarla peaked in November between the Mlcrocystls

peaks.

In 1984 Chlamydomonus and Euglena were the major algae'fromkd“
February into May with Fragllarla maklng -an appearance in May
Agaln, Anabaena was the major algae of the summer phytoplankton

,communlty except for a brlef pulse of Oocystls 1n August.;

;Generally the chyrsophytes‘were“the‘mostkabundantlin‘the winter
“kmonths;~erceptkin’1984 and in the early summer. Typically;these'

ﬁperlods of abundance were followed by cyanophytes although
} euglenophytes 1nterrupted the pattern between October and Januaryoak
:1n 1982., There were dlfferences in success1onal patterns |
dependlng upon whether counts or blomass were used. However,

e1ther‘method suggested‘a eutrophlc lake.w1th organic enrichment.



'In attemptlng to 1nterpret the 1mpacts of this prOJect on the

kd‘phytoplankton, another method of data presentatlon was employed

o Flgure 44, 1llustrates a s1de by 51de comparlsons of the

A'percentage contrlbutlon of" the D1v1s10ns observed 1n Sylvan Lake
'based on counts and blomass. U51ng thls method the percentages

*hbased upon counts show that chlorophytes and. euglenophytes

‘rkdemonstrated no cons1stent trend whereas the chryosphytes

‘cons1stent1y decreased and the cyanophytes cons1stently : ’
zlncreased.t On the other hand blomass percentages demonstrated a
' ‘cons1stent decrease 1n chrysophytes and pyrrophytes. ;
dChlorophytes con51stent1y 1ncreased and cyanophytes and
| euglenophytes were 1ncons1stent Generally, 1t appears that the'
chrysophytes were decrea51ng and belng supplanted by the ' ‘
cyanophytes, whlch are not a partlcularly preferred food 1tem for

‘»zooplankton.’;‘
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 SECTION 6
SUMMARY AND CONCLUSIONS
Sylvan Lake is a small man—made lake (7 5 hectares) located 1n

Custer State Park South Dakota, one of the ‘most scenic areas 1n'

- the Black Hllls. A focal p01nt of 1ntense recreatlonal act1v1ty,f

~ the lake had experlenced severe aesthetlc and water quallty

problems. Shorellne and watershed areas were denuded of

vegetatlon and actlve er051on of the unprotected 501ls resulted

in accelerated sedlmentatlon to the lake.‘ ‘The reductlon in depthy g

of the 1ake from sedlmentatlon and nutrlent loadlngs ass001ated
‘vw1th the sedlmented partlcles had resulted 1n undes1rable A
aesthetlcs (algal blooms), llmlted access, and reduced flSh

hahltat

The Sylvan Lake Restoratlon Project was 1n1t1ated by the South

: Dakota Department of Game, FlSh and Parks in 1979 with the

-'general objectlves of correctlng watershed and in-lake. problems,
and controlllng act1v1t1es detrlmental to the recreatlonal

"experlence prov1ded by the lake and 1ts surroundlngs.

jAppllcatlon was, made and a grant awarded to the South Dakota

Department of Water and Natural Resources by the Unlted States

','Env1ronmental Protectlon Agency under Public Law 92-500, Sectlon

,314. Matchlng funds were prov1ded by the South Dakota Department;;
,l of Water and Natural Resources' Lake Protectlon and

7 Rehabllltatlon Program and the South Dakota Department Game Fish




and Parks“operational'budget. Supplemental fundlng was prov1ded
- by the Natlonal Park Serv1ce through the Land and Water ~ ’
Conservatlon Fund the South Dakota Department of Transportatlon,

and the ‘South Dakota Game, Flsh and Parks operatlonal budget. ‘,

v COnstruction activitiesainCiuded' 1)partiai removal ofglake"

: sediment’deposits, 2)pav1ng ex1st1ng gravel surface access roads
and,parking areas, 3)constructlon of new hard surface access
roads and parklng areas, 4)surface restoratlon and revegetatlon,k
and 5)constructlon of sedlment control structures. In addltlon |
to the constructlon act1v1t1es, the prOJect 1nc1uded changes in

g management practlces and 1and uses by Custer State Park to
'enhance and accommodate restoratlon activities.

'ben the lake, approx1mately 18,580 m3

(24 300 c. y ) of sedlment
were removed u51ng conventlonal constructlon equlpment In the

,watershed numerous act1v1t1es occurred.; Access road and parklng

'flmprovements 1nc1uded 1) reconstructlon of the West 51de parklng.

"jarea and pav1ng the access road to the east parking area (former

i»d'campground), 2) constructlon of new paved parklng fa0111t1es for

- the new east s1de day use area,dand 3) constructlon of new paved <
: parklng fa0111t1es 1.6 km (one mlle) south of the lake at the

Cathederal Splres Trallhead Prev1ously these areas had been

er denuded and contrlbuted to the lake s sedlmentatlon problems.

Other constructlon act1v1t1es 1nc1uded. 1) tops0111ng and seedlng o

"(or soddlng) approx1mate1y 12 4 Ha (5 ac.) of denuded or

'.'dlsturbed surfaces;:2) mlnor;gradlng and evacUation to‘correct_*



steep erodlng slopes unsultable for revegatlon work and’to
stablllze erodlng shorellne areas, 3) constructlon of a gravel

' surfaced lake shore hlklng trall system, 4) constructlon of eight
sedlment control structures or dev1ces in the watershed 5)
yflnlSh gradlng and seedlng of sedlment dlsposal areas, and 6)

5 constructlon of a small sw1mm1ng beach., Changes in land
management and land use practlces 1ncluded. l) ellmlnatlng
'lakeshore camplng, 2) de51gnat1ng lakeshore fa0111t1es for day‘
use only, 3) ellmlnatlng horeseback r1d1ng in ‘the watershed, 4)
1nst1tut1ng an: exten51ve tlmber thlnnlng and management program ,
to’ remove excessive under story materlal and enhance llght

:» penetratlon for the development of ground cover; 5) ellmlnatlng
'7gasollne sales operatlons in the main parking area; and 6)-
"1nst1tut1ng a tree and shrub plantlng program to aid soil
stablllzatlon, prov1de natural foot trafflc controls in h1gh use

~v;areas, 1mprove aesthetlcs and 1ncrease prlvacy for lake usersy

7f$The 1mpacts of thls prOJect on Sylvan Lake are dlfflcult to
v'ascertaln. Durlng actual constructlon ‘activities, the lake was
ffobserved to have 1ncreased total phosphorus, dlssolved
l'orthophosphate, suspended SOlldS and ammonla as nltrogen o 4
"'concentratlons. Wlth the exceptlon of dlssolved orthophosphate,“'
kall concentratlons were about the same level before the prOJect
l’began and after constructlon act1v1t1es ceased. The problem 1n e
'ldetermlnlng changes in water quallty is due to dlfferences 1n
sampllng procedures before, durlng and after the project and

k‘changes in sampling s1tes. Before~the prOJect, samples were




hjcollected just offshore and only from the surface waters between
May and September. Durlng and after constructlon samples were
tcollected at two new s1tes in the lake and throughout the water
,,“column. Samples were collected between October and December 1n :
1981 over the year in 1982 and 1983 and between January and |
.September in 1984 at the deep 51te and between January and March |
'1n 1984 at the shallow s1te. Statlstlcal comparlson before,
"durlng and after the prOJect were conducted u31ng only surface ;
brlwater data and only data collected between May and September. As

, mentloned above, there were 51gn1f1cant (P< 05) 1ncreases 1n some

o nutrlent concentratlons durlng the constructlon act1v1t1es, but

‘they tended to decrease to 1eve1s that were s1m11ar to

“fpre-restoratlon levels.,

~;In general the water chemlstry parameters were not greatly
1mpacted by the progect.‘ The lake;was st;ll'eutrophlc after

'progect completlonr,'

:rp‘An observatlon based upon the water quallty data collected k
‘dgthroughout the water column at the deep s1te may explaln the lackfu
_‘of changes in water quallty due to restoratlon act1v1t1es. o
;Sedlments were only removed from the shallow areas and not from
the deep areas.{ These deep waters go anox1c in the summer and
lwlnter~when'the lake stratlfles,,resultlng in the release of
'phosphorus from the sedlments into the water column and the'k
raccumulatlon of,ammonla. Wlth turnover these nutrlents are

: avallable throughout the water column.




yAlthough water chemlstrles did not change, the biological'data do
:1nd1cate a change 1n water quallty. In 1984 the chlorophyll a
5tlevels suggest mesotrophlc condltlons a lesser degree of
't eutrophy than observed in 1982 and 1983. ThlS decllne 1n -
eutrophy is based upon data collected only between January and
‘,September at the deep site and does not 1ncorporate the shallow o
"51tes.~ Therefore, the decllne must be viewed with thls quallfler
in mlnd U51ng counts per cublc meter and blomass in mllllgrams
,}per liter data, there is an 1nd1catlon that the phytoplankton is -
kshlftlng with an overall decllne in chrysophytes and an 1ncrease
in cyanophytes. Therefore, although eutrophy may have decllned
~ the algae may have shlfted to cyanophytes or blue—greens whlch

»‘are generally not a des1red food for zooplankton.

dBecause4of ‘manpower and budgetary constralnts, very llmlted data 3
were collected 1n the trlbutarles upstream and downstream from
the sedlment control structures., Some of the data were collected
as constructlon act1v1t1es were on-g01ng Wthh masked any real

4"effect1veness the structures may have had.‘

_ If thlS prOJect were contlnued or a s1m11ar prOJect started the
follow1ng recommendatlons are made based on the experlences w1th

this prOJect

‘VI)‘ Sample the lake throughout the water column prior to

: restoratlon act1v1t1es,,for at least one year.




2)

3

o

5)

| Spe01f1cally deflne the objectlves of the sampllng program S

'1and develop an adequate budget to cover sample analyses.

'Develop a sound statlstlcal program before the flrst sample:

’ 1s collected.

- Use only dedlcated personnel. One 1nd1v1dual should be
‘*d:a551gned to a prOJect of thls magnltude full-tlme so that
“sall sampllng requlrements are fulfllled (e. g. storm eventsf‘

‘and data can be processed as they are avallable.

?,Ensure that data are avallable to construct nutrlent
‘hydrologlc, and sedlment budgets before, durlng and after

o the pro;ect
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